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RESUMO

FALQUETO,  Silvia  Altoé.  Universidade  Federal  de  Mato  Grosso  –  UFMT.  Junho/2021.  Insetos  e

Microrganismos:  interações  positivas  e  negativas  como  abordagem  para  a  prospecção  de  produtos

biotecnológicos. Orientador: Prof. Dr. Marcos Antônio Soares, Co-orientador: Prof. Dr. Wolf Christian Luz

Insetos,  bactérias  e  fungos  são  grupos  megadiversos  que  interagem  em  praticamente  todos  os

ambientes  terrestres,  trazendo  implicações  à  vida  humana,  animal  e  ao  ambiente.  Partimos  de  interações

positivas e negativas entre os insetos para a prospecção de microrganismos com aplicações biotecnológicas. Em

uma abordagem às interações negativas, prospectamos bactérias do gênero Bacillus capazes de matar larvas do

mosquito  Aedes  aegypti.  Obtivemos  quatro  isolados  (Bacillus  safensis  BacI67,  Bacillus  paranthracis C21,

Bacillus velezensis B15 e B64a) capazes de produzir sobrenadantes e lipopeptídeos tóxicos à larva, mas inócuos

a organismos modelo como  Caenorhabditis elegans,  Galleria mellonella,  Tetrahymena pyriformis e  Chlorella

vulgaris. Montamos os genomas dos quatro isolados e encontramos, por meio de genome mining, clusters para

lipopeptídeos, terpenos, e outras moléculas que podem ser responsáveis pela ação larvicida. Na abordagem às

interações  positivas,  estudamos a  microbiota  intestinal  de  uma larva  de  besouro  da  subfamília  Rutelinae  –

Pelidnota luridipes – que vive em madeira em decomposição, usando métodos dependentes e independentes de

cultivo.  Isolamos  272  isolados  bacterianos  e  e  29   de  leveduras;  identificadas  em  57  e  7  espécies,

respectivamente,  enquanto  detectamos  por  metabarcoding 1.481  e  267  OTUs  de  bactérias  e  fungos,

respectivamente.  A microbiota  de  suas  câmaras  intestinais se  distingue  pela  composição  e  abundância  de

bactérias e fungos, com uma tendência a  maior  riqueza e diversidade de leveduras na câmara anterior,  e de

bactérias na posterior. Isolamos microrganismos capazes de produzir diversas enzimas – que podem ajudar o

inseto a sobreviver com uma dieta nutricionalmente fraca.  Entre os isolados,  Apiotrichum siamense L29A e

Bacillus  sp.  BL17B  tiveram  atividade  antibacteriana  in  vitro e  protegeram  a  larva  da  mariposa  Galleria

mellonella contra  infecção  pelas  bactérias  patogênicas  Listeria  monocytogenes  ATCC19111 e  Pseudomonas

aeruginosa ATCC 9027. Este é o primeiro trabalho com a microbiota de larvas tribo Rutelini, demonstrando sua

diversidade e potencial  na prospecção de produtos microbianos como probióticos. O trabalho mostra que as

interações entre microrganismos e insetos são um ponto de partida importante para a busca e desenvolvimento de

produtos biotecnológicos. 

Palavras-chave: microbioma, insetos vetores, Bacillus, probióticos, diversidade microbiana
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ABSTRACT

FALQUETO, Silvia Altoé. Universidade Federal de Mato Grosso. 2021, June. Insects and Microbes:

Positive and negative  interactions as starting points  for  prospection of  biotechnological  and natural  product

discovery. Advisor: Prof. Dr. Marcos Antônio Soares, Co-Advisor: Prof. Dr. Wolf Christian Luz

Insects,  bacteria  and  fungi  are  megadiverse  groups  that  interact  in  practically  all  terrestrial

environments, with implications to human life. We start from positive and negative interactions between insects

and  microbes  to  prospect  for  microorganisms  with  biotechnological  applications.  Approaching  negative

interactions, we prospect Bacillus bacteria able to kill Aedes aegypti mosquito larvae. We obtained four isolates

(Bacillus safensis BacI67, Bacillus paranthracis C21, Bacillus velezensis B15 and B64a) producing supernatants

and  lipopeptides  toxic  to  the  larva  but  safe  to  model  organisms  such  as  Caenorhabditis  elegans,  Galleria

mellonella,  Tetrahymena pyriformis  and Chlorella vulgaris. We assembled and mined the genomes of the four

bacteria  and found clusters  for  lipopeptides,  terpenes,  and other  molecules  that  may be accountable for  the

larvicidal  action.  Approaching  positive  interactions,  we  studied  the  intestinal  microbiota  of  the  larva  of  a

Rutelinae beetle - Pelidnota luridipes - that lives in decomposing wood by dependent and independent cultivation

methods. We isolated 272 and 29 bacterial isolates and yeasts identified in 57 and 7 species, respectively. Using

metabarcoding, we found 1,481 and 267 OTUs of bacteria and fungi, respectively. Microbiota of midgut and

hindgut is distinguished by the composition and abundance of bacteria and fungi, with a tendency for greater

richness and diversity of yeasts in the anterior chamber, and the opposite for bacterial communities. We isolated

microbes able to produce several enzymes - which can help the insect to survive on a nutritionally weak diet.

Among the isolates, Apiotrichum siamense L29A and Bacillus sp. BL17B hadprobiotic and antibacterial activity

in vitro and protected Galleria mellonella moth larvae against infection by the pathogens Listeria monocytogenes

ATCC19111 and Pseudomonas aeruginosa ATCC 9027. This is the first work with the larval microbiota Rutelini,

demonstrating its diversity and potential for prospection of microbial products like probiotics. This work shows

that  the interactions between microorganisms and insects  are an important  starting point  for the search and

development of biotechnological products. 

Keywords: microbiome, vector insects, Bacillus, probiotics, microbial diversity
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Introdução Geral

A interação entre microrganismos e insetos  é  muito importante ambientalmente,  já  que ambos os

grupos têm funções  ecológicas muito diversas e participam de inúmeros processos em praticamente todos os

ambientes. Microrganismos são a base de diversas cadeias alimentares, e sua interação com insetos permite que

estes  ocupem  nichos  diferentes1.  Por  sua  vez,  os  insetos  facilitam  a  sobrevivência  e  dispersão  de

microrganismos, agindo como vetores e sobre materiais (triturando, abrindo túneis) usados pelos microrganismos
2.

Microrganismos interagem com animais  e  plantas  no ambiente  influenciando sua  sobrevivência e

performance.  O  estudo  destas  interações  é  uma  abordagem  para  a  descoberta  de  novas  aplicações

biotecnológicas.  Falando de microrganismos e  insetos,  a  alta  diversidade metabólica  e  de  habitats  dos dois

grupos, e a influência de ambos nos ecossistemas e na vida humana, animal e no ambiente são um tema de

estudo quase inesgotável O estudo destas interações pode ajudar a desenhar aplicações biotecnológicas mais

alinhadas ao conceito do One Health, que aponta a necessidade de considerar a conexão entre a saúde ambiental,

animal  e  humana  nas  atividades  humanas3,4.  As  aplicações  biotecnológicas  das  interações  entre  insetos  e

microrganismos podem ser exploradas no controle biológico e manejo de pragas5, no estudo da decomposição e

detoxificação de materiais6, na produção de probióticos7, fármacos e suplementos8 e na produção de energia .

Os insetos sofrem efeitos negativos de microrganismos quando estes são patogênicos, ou seja, causam

infecções  e  esta  é,  provavelmente,  a  interação  microrganismo-inseto  mais  estudada.  No  entanto,  há  outros

exemplos de interações negativas entre os dois: alguns microrganismos produzem compostos tóxicos que podem

matar o inseto ou reduzir seu crescimento10.  Há ainda microrganismos associados a insetos, como a bactéria

Wolbachia, que apesar de trazer alguns benefícios ao hospedeiro podem causar problemas reprodutivos como

incompatibilidade  citoplasmática,  morte  ou  feminilização  em  embriões  machos11.  O  estudo  deste  tipo  de

interação para o manejo de pragas e vetores é uma abordagem promissora em estudo.

No entanto, há interações em que insetos têm sua performance e sobrevivência aumentadas pelos

microrganismos.  O  estudo  dos  microbiomas  de  insetos  (e  de  outros  animais)  têm  mostrado  que  os

microrganismos associados ao intestino e cutícula de vários insetos têm papel na defesa contra patógenos, no

enriquecimento da dieta12, na detoxificação de compostos inibitórios13 e na digestão de materiais recalcitrantes14.

Entender este tipo de interação permite a  busca de microrganismos que produzam enzimas e compostos de

interesse biotecnológico ou que possam ser usados como probióticos.
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Justificativa

A diversidade de interações entre microrganismos e insetos é um ponto de partida para a busca de

aplicações biotecnológicas para resolver problemas médicos e ambientais. A existência de insetos vetores de

agentes causadores de doenças e a necessidade de controlá-los causando menos impacto ambiental justifica a

procura por microrganismos patogênicos e/ou produtores de moléculas para o controle. Ao mesmo tempo, a

diversidade de microrganismos associados a intestinos de insetos que vivem em ambientes nutricionalmente

desafiadores como a madeira em decomposição pode ser acessada para a busca de probióticos com aplicação

humana ou animal. 

Assim,  neste  trabalho,  focamos  em duas  abordagens  biotecnológicas  envolvendo  interações  entre

microrganismos e insetos:

1. a busca de bactérias patogênicas ou produtoras de moléculas larvicidas para o controle de Aedes

aegypti e 

2. o  estudo  da  microbiota  intestinal  de  uma  larva  de  besouro  que  vive  em  madeira (Pelidnota

luridipes,  um  besouro  da  família  Scarabaeidae,  subfamília  Rutelinae)  e  o  isolamento  de  microrganismos

intestinais da mesma para uso como probióticos. 

O  trabalho  justifica-se  pela  necessidade  de  novas  alternativas  de  larvicidas  e  probióticos,  que

abordamos  pela  perspectiva  da  interação  entre  microrganismos e  insetos  como um caminho para  encontrar

produtos biotecnológicos seguros, efetivos e menos impactantes ambientalmente. 
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Revisão bibliográfica

Interações entre Insetos e Microrganismos

O estudo de grupos megadiversos e de suas interações abriga inúmeras possibilidades biotecnológicas

e os insetos e microrganismos são dois destes grupos.  As estimativas do número de espécies de bactérias e

fungos mais atuais giram na casa dos milhões para bactérias, arquéias e fungos1,15,16. Alguns autores  propoem

números ainda maiores: entre 1011–1012 espécies microbianas no planeta 17.  Outras estimativas, mais recentes e

que tomam em conta novas metodologias de amostragem, estimam que haja cerca de 5,5 bilhões de espécies de

insetos18. Tanto insetos quanto microrganismos estão espalhados por todos os ambientes do planeta (exceto, para

os insetos, o alto-mar) e se associam de várias maneiras. A diversidade de espécies, de habitats e modos de vida

de ambos os grupos, torna a interação microrganismo-inseto um objeto de estudo bastante profícuo, assim como

suas possíveis aplicações biotecnológicas.

Interações biológicas costumam ser analisadas quanto aos benefícios e desvantagens que trazem para

os organismos envolvidos. No entanto, as interações também costumam ter uma certa flexibilidade, que pode

levar uma espécie  a cooperar  em determinadas situações  e não cooperar em outras19. Há ainda as interações

neutras, em que as espécies estão associadas por interações que não trazem prejuízo nem benefício para nenhuma

delas. Em todos os casos, o estudo das interações biológicas tem o potencial de encontrar funções e processos

que podem ser aplicados na biotecnologia.

Os avanços metodológicos das últimas décadas, especialmente o surgimento das ciências “Ômicas” e

da Bioinformática, representaram uma imensa revolução no conhecimento das interações entre microrganismos e

hospedeiros,  sejam  eles  humanos,  animais ou  plantas20,21.  Até  a  década  de  1990,  o  conhecimento  das

comunidades microbianas era severamente limitado pelas técnicas existentes: cerca de 1% das espécies de uma

comunidade  conseguem  crescer  em meio  de  cultura,  os  outros  99%  dependem  de  condições  praticamente

impossíveis de simular em laboratório. O surgimento de técnicas independentes de cultivo, baseadas em extração

de  ácidos  nucleicos  totais  das  amostras,  permitiu  a  detecção  de  uma  imensa  diversidade  microbiana  não

cultivável. No momento, é possível não só saber que espécies estão presentes em uma amostra, mas ter uma

noção também de que funções elas desempenham neste sistema, que genes abrigam, que enzimas e metabólitos

produzem. O relativo barateamento das técnicas de sequenciamento de DNA e os avanços da bioinformática

também tornaram acessível o sequenciamento de genomas22 e a identificação de clusters gênicos de metabólitos

de interess23.

Nos últimos anos, inúmeros estudos relacionam a microbiota associada a um organismo à sua saúde e

desempenho. Acredita-se que os microrganismos podem ter tido um papel importante na imensa diversificação
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dos insetos, melhorando dietas pobres14; ajudando a digerir compostos tóxicos ou recalcitrantes13,24,25; protegendo

de predadores, parasitas e patógenos26; contribuindo com a comunicação intra e interespecífica; afetando sua

eficiência  como  vetores  de  doenças27 e  interferindo  em  sistemas  de  acasalamento  e  reprodução28.  Para  os

microrganismos, a associação com os insetos traz os benefícios do acesso a fontes de açúcares (e à dispersão

quando estas acabam)1; ao aumento da superfície acessível às enzimas pela trituração ou abertura de túneis29 e o

acesso à microambientes mais favoráveis dentro e fora do inseto14.  O estudo das interações benéficas entre

insetos e microrganismos inicialmente se concentrava em simbioses obrigatórias (por exemplo, entre pulgões e

seus  endossimbiontes  ou entre  cupins  e  protozoários).  No entanto,  nem todas  as  interações  entre  insetos  e

microrganismos são positivas ou neutras. Entre estas, a patogênese – definida aqui como a capacidade de um

organismo  de  produzir  uma  infecção30–  e  a  capacidade  de  produzir  compostos  que  causem  dano  a  um

organismo31–33 são as mais comuns e de maior potencial biotecnológico.

Patógenos microbianos são alternativas ao controle químico de pragas e vetores, tendo menor risco do

desenvolvimento de resistência pelas pragas, maior seletividade e podendo ser biodegradados ao final do período

de ação34. O mercado de inseticidas tem uma longa história de ingredientes ativos derivados ou inspirados por

produtos naturais: calcula-se que 60% dos modos de ação conhecidos de produtos para proteção de plantas são

de produtos naturais e 70% das vendas globais de inseticidas são de produtos naturais ou baseados neles (NPSEs

– Natural Product Synthetic Equivalents)35. A crescente preocupação com os impactos de pesticidas no ambiente

e na saúde humana e animal torna ainda mais urgente a busca por novas alternativas de controle de pragas e

vetores  que  sejam mais  específicas  (menos  tóxicas  para  espécies  não  alvo),  seguras  para  a  saúde humana,

economicamente  viáveis  e  ambientalmente  amigáveis.  Produtos  biotecnológicos  também  são  usados  para

proteger  animais  e  humanos  de  infecções  e  promover  seu  crescimento36,  pela  produção  de  compostos

antimicrobianos,  exclusão  competitiva  de  patógenos.  Microrganismos  benéficos  aos  insetos  podem  ser

explorados para esse tipo de aplicação.

As doenças transmitidas pelo Aedes aegypti e o combate às larvas

O mosquito  Aedes aegypti é o transmissor de três arboviroses importantes no Brasil atualmente, a

dengue, a chikungunya e a zika. Reportada no Brasil desde 1846, a dengue ganhou importância epidemiológica a

partir da década de 80 do século XX37. Desde então, o número de casos, de estados e localidades atingidas pela

doença tem aumentado ano a ano, tendo atingido 1.527.119 casos prováveis  em 201938.  A entrada da febre

chikungunya no ano  de 2014 e  da zika,  em 2015,  causam ainda agora grande sofrimento e preocupação  à

população  e  entidades  governamentais.  Há  ainda  a  preocupação  quanto  à  expansão  global  destas  doenças,

principalmente em países em desenvolvimento, já que o mosquito transmissor tem ampla distribuição 39,40.  O

número de casos reportados anualmente à Organização Mundial de Saúde aumentou de 0,5 milhões em 2010

4



para 3,34 milhões em 201641. Em 2019, através da Organização Panamericana da Saúde, foram reportados à

OMS mais de 2,7 milhões de casos, com 1.206 mortes de janeiro a outubro. Destes casos, 2 milhões foram

reportados pelo Brasil42.

A dengue manifesta-se, clinicamente, sob duas formas principais: a dengue clássica (também chamada

febre de dengue); e a forma hemorrágica, ou febre hemorrágica de dengue (FHD), às vezes com síndrome de

choque de dengue (FHD/SCD)37. Os sintomas podem variar de leves a fatais, geralmente sendo eles: febre alta

repentina  (39  a  40 ),  dores  de  cabeça,  pelo  corpo  e  nas  juntas,  fraqueza,  dor  atrás  dos  olhos,  coceira  e℃
vermelhidão pelo corpo. Podem ocorrer perda de peso, náuseas e vômitos. Em casos mais severos, o paciente

pode apresentar dor abdominal severa, sangramento de mucosas e outros sintomas, que podem ser fatais43. A

febre chikungunya tem sintomas parecidos,  porém, o paciente apresenta fortes  dores  nas  juntas,  pés,  mãos,

tornozelos e punhos. Cerca de 30% dos casos são assintomáticos44.  Quanto à zika, aproximadamente 80% das

pessoas infectadas não desenvolve nenhum sintoma, porém, nos casos sintomáticos, os sintomas costumam ser

mais leves que os da dengue e incluem dor de cabeça, febre baixa, dores moderadas nas juntas e vermelhidão na

pele e olhos. Geralmente, a evolução da zika é benigna e os sintomas desaparecem espontaneamente depois de 3

a 7 dias da infecção, no entanto, as dores nas juntas ainda podem persistir por cerca de um mês 45. A maior

preocupação  é  a  associação  da  infecção  pelo  vírus  da  zika  em  gestantes  ao  nascimento  de  bebês  com

microcefalia46. 

Até o momento, só há uma vacina para a dengue, mas ela só é recomendada para pacientes que já

tiveram a doença pelo menos uma vez, sob o risco de provocar sintomas ainda mais fortes quando da infecção 47.

Assim, a estratégia para prevenir ou reduzir a transmissão do vírus depende inteiramente do controle do vetor41.

Desde o início do século XX, o Brasil leva a cabo campanhas para erradicar o  Ae. aegypti, inicialmente por

causa dos surtos de febre amarela, e, mais para o fim do século XX, pelos surtos de dengue. O principal meio de

controle tem sido a aplicação de inseticidas químicos, como em fumigações para controle dos adultos, uso de

larvicidas em recipientes d’água e uso caseiro de inseticidas e repelentes pela população37. O principal produto

larvicida em uso é o organofosforado Temefós: ele é um inibidor de acetilcolinesterase, considerado seguro para

aplicação  em água potável.  No entanto,  há  vários  estudos  mostrando  desenvolvimento  de  resistência  pelas

larvas48–51.

O desenvolvimento de resistência aumenta os custos e diminui a segurança do controle populacional

do  A. aegypti, já que uma maior quantidade de aplicações é necessária para garantir um controle satisfatório.

Outras  moléculas  têm sido  usadas,  como o  inibidor  de  crescimento  piriproxifeno,  um inseticida  de  amplo

espectro,  da classe dos reguladores de crescimento, análogo ao hormônio juvenil  dos insetos e considerado

seguro para uso em água potável 52. Novas formas de aplicação têm sido testadas com este inseticida, com bons

resultados,  como a  dispersão  por adultos  para  criadouros  de  difícil  acesso53.  No entanto,  a  aplicação  deste

larvicida em corpos d’água e suas proximidades não é recomendada54 pela sua longa persistência e por ter efeitos
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deletérios a vertebrados aquáticos. Por exemplo, o piriproxifeno reduz a performance natatória 55 e a eclosão de

ovos56 de peixes,  provoca anormalidade severa no desenvolvimento de embriões  em altas  concentrações57 e

provoca  disrupção  hormonal,  limitação  da  função  cardíaca,  alterações  enzimáticas  e  comportamentais  em

girinos58. O efeito deletério pode ser potencializado se houver presença de toxinas produzidas por algas, como a

microcistina, comum em corpos d’água com florescimento de cianobactérias56.

Há ainda na literatura estudos com o spinosad e outros inseticidas. O spinosad é a combinação de dois

macrolídeos tetracíclicos, as espinosinas A e D, produzidas pela actinobacteria Saccharopolyspora spinosa, o que

o classifica como um produto natural59. Foi inclusive reconhecido, em 2008, como um inseticida essencial para o

manejo de pragas-chave, contribuindo para a sustentabilidade da agricultura e recebendo autorização para uso

em cultivos orgânicos pela European Union Council Regulation33. No entanto, os mesmos autores citam vários

estudos em que o spinosad foi tóxico contra mamíferos, embora em doses bem maiores que as usadas para o

controle do mosquito.  Testes da eficácia deste inseticida no controle de larvas de Aedes em pneus, ao lado da

lambda-cialotrina e do piriproxifeno, em uma área onde já havia sido detectada resistência ao temefós pelos

mosquitos, mostraram que os pneus com spinosad e lambda-cialotrina tiveram menos larvas e pupas de Aedes

aegypti, mas o spinosad foi menos tóxico que a lambda-cialotrina para larvas do mosquito Toxorhynchites spp.,

predador de outras larvas de mosquito60. No entanto, os pneus com lambda-cialotrina tiveram menos ovos de

Aedes.

No Brasil,  além do piriproxifeno,  usa-se  o  diflubenzuron,  um inibidor  da  síntese  de  quitina.  No

entanto,  já  há  relatos  de  resistência  a  este  inseticida:  em testes  de  inibição  da  emergência  de  adultos  pelo

diflubenzuron e pelo temefós em 16 localidades do estado de Pernambuco, todas  as populações  apresentaram

graus variados de resistência ao temefós e Doses de Inibição de Emergência muito maiores que a população

suscetível  de referência51.  O quadro é ainda mais preocupante:  100% das populações testadas pelos autores

quanto à eficácia da cipermetrina (um piretróide usado para controle de adultos) se mostraram resistentes.

Para o controle de adultos, os piretróides, como a deltametrina e a cipermetrina, são os principais

inseticidas encontrados no mercado. São seguros para humanos, mas tem alto custo e são tóxicos para peixes 61, e

por isso, não podem ser usados como larvicidas. Apesar disso, mesmo as larvas de Ae. aegypti tem desenvolvido

resistência à piretróides, provavelmente um reflexo da resistência desenvolvida pelos adultos62. De acordo com a

Arthropod Pesticide Resistance Database (http://www.pesticideresistance.org), que compila relatos de resistência

a inseticidas, há relatos de resistência do Ae. aegypti a moléculas de diversas classes e até a agentes de controle

biológico, intensificando a necessidade de pesquisa e métodos alternativos de controle. 

Dentre  as  alternativas  existentes  para  o  controle  dos  vetores  está  o  controle  biológico  por

microrganismos  patogênicos,  antagônicos  ou  que  produzem  substâncias  tóxicas  para  o  organismo  a  ser

controlado (embora o controle biológico microbiano não seja livre de problemas e sua aplicação também precise

ser racionalizada e minimizada63. O mercado global de agentes de biocontrole foi avaliado em US $ 1,3 bilhões
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em 2011, e esperava-se que chegasse a US $ 3,2 bilhões em 201764. Na prática, a Markets and Markets Research

Private Ltd. estimava que o mercado de Biopesticidas em 2018 havia atingido a marca de US$ 3 bilhões, e previa

um aumento  significativo do  seu  valor,  chegando a  US$ 6,4 bilhões em 202365.  Especificamente  quanto a

larvicidas, o mercado mundial atingiu o valor de USD 719,7 milhões em 2017, e a projeção é de que atinja os

952,7  milhões  em  202366.  Quanto  aos  ativos  disponíveis, nos  EUA  há  cerca  de  356  ingredientes  ativos

biopesticidas  registrados,  entre  estas  57  espécies  ou  linhagens  microbianas  usadas  contra  ácaros,  insetos  e

nematóides67.  O aumento da demanda por biopesticidas se deve, segundo  o mesmo trabalho, à preocupação

crescente com o uso excessivo de pesticidas químicos, a mudanças nos padrões de segurança de resíduos e à

demanda por alimentos orgânicos.

Especificamente para o Ae. aegypti, há várias frentes de estudo, como predação por outros artrópodes
68, novos metabólitos microbianos 33,69, microrganismos associados que produzem efeitos reprodutivos deletérios,

como  Wolbachia spp.70, outros microrganismos patogênicos71 e, mais recentemente, até o uso de RNA-i72.  O

organismo mais bem-sucedido até o momento é o  Bacillus thuringiensis var.  israelensis (Bti)73. Os produtos à

base de Bti são formulações granuladas ou líquidas contendo esporos e células vegetativas. Os esporos contêm

duas  proteínas,  que,  dentro  do  tubo  digestivo  do  inseto,  são  ativadas  e  se  ligam à  membrana  das  células

epiteliais,  formando poros e  desorganizando o epitélio74.  O inseto morre  por  sepse  e  por  não  conseguir  se

alimentar. Além de altamente efetivo, é um produto para o qual quase não houve desenvolvimento de resistência,

provavelmente  pela  dificuldade  de  desenvolver  resistência  a todas  as  suas  várias  proteínas  tóxicas48,75.  No

entanto, é um produto de alto custo, o que limita sua implementação em países em desenvolvimento. Além disso,

há  problemas  com  a  inativação  das  pró-toxinas  pela  luz  UV,  embora  novas  linhagens e  alterações  nas

formulações tentem aumentar a persistência da sua atividade76.

A diversidade metabólica microbiana faz com que os microrganismos sejam objeto permanente de

pesquisa  em  produtos  naturais.  Além  de  abrigar  patógenos  para  controle  biológico,  o  gênero  Bacillus é

especialmente diverso metabolicamente: várias espécies são produtoras de lipopeptídeos com várias aplicações

de  interesse,  embora  estes  tenham  sido  pouco  explorados  como  inseticidas.  Lipopeptídeos  são  compostos

sintetizados por vários microrganismos como metabólitos secundários, constituído por cadeias de ácidos graxos

hidrofóbicas e por uma cadeia peptídica hidrofílica cíclica curta77. Entre as aplicações já estudadas estão a ação

fungicida,  surfactante,  antitumoral,  antiinflamatória,  antiviral  e  antibiótica,  além  do  uso  como  aditivo  em

alimentos para aumentar sua vida de prateleira77. Como inseticidas, há alguns trabalhos citando seu uso32,78, mas

há bastante campo para pesquisa.

O gênero Bacillus é um excelente candidato para a prospecção de inseticidas, já que além de abrigar

várias espécies que produzem proteínas inseticidas,  também são conhecidos produtores de lipopeptídeos79–81.

Além da prospecção tradicional, podemos explorar compostos pelo genome mining, que consiste em identificar

clusters gênicos  em genomas  sequenciados,  mesmo  sem extrair  uma  estrutura  química  da  cultura.  Mesmo
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linhagens bem estudadas podem conter o potencial genético para sintetizar muitos outros compostos que não

foram analiticamente detectados a partir de seu cultivo, e esta capacidade é revelada pelo genome mining82. Com

a popularização das técnicas de sequenciamento e o  boom  da bioinformática,  a  montagem de genomas e a

exploração de clusters gênicos para metabólitos de interesse se tornaram mais acessíveis, assim como a análise

das sequências das enzimas codificadas por estes clusters gênicos e identificação experimental dos produtos dos

clusters gênicos encontrados. Além disso, a montagem e análise do genoma permitem conhecer os mecanismos

de regulação dos genes envolvidos na síntese dos produtos de interesse.

Microbiomas de insetos e a busca de novos probióticos

A  decomposição  da  madeira  envolve  processos  de  degradação  e  mineralização  da  celulose,

hemicelulose e lignina em unidades menos complexas. É um processo lento que pode se estender por décadas

nos ecossistemas florestais, onde a madeira em decomposição pode representar de 10 a 25% da biomassa acima

do solo29. Os processos de decomposição são efetuados pela microbiota e o acesso dos microrganismos à madeira

é  facilitado  por  invertebrados  saproxílicos.  Organismos  saproxílicos  são  os  que  dependem  direta  ou

indiretamente da madeira em decomposição83. Estes animais facilitam a ação e acesso dos microrganismos à

madeira por meio de abertura de túneis, trituração mecânica e ação enzimática, além de interações simbióticas

com microrganismos decompositores29. 

A interação entre cupins  e  protozoários decompositores de celulose é um exemplo clássico deste

processo84. Cupins da família Termitidae abrigam em seus intestinos uma diversa comunidade bacteriana capaz

de degradar celulose e fixar nitrogênio85,86. No caso da subfamília Macrotermitinae, existe ainda uma associação

com fungos Basidiomicetos87. Os cupins coletam resíduos vegetais e os digerem parcialmente, misturando-os

com esporos do fungo durante uma primeira passagem pelo seu intestino. As fezes são depositadas no jardim de

fungos, e a ingestão do fungo pelos cupins fornece biomassa fúngica e material vegetal um pouco mais digerido.

A digestão da celulose é finalizada nesta segunda passagem pelo intestino87. Em geral, não apenas os cupins, mas

outros insetos da madeira, por sua vez, tem o potencial de acelerar a liberação de nitrogênio imobilizado em

tecidos fúngicos e de promover a atividade de procariotos fixadores de nitrogênio, aumentando a quantidade

deste  elemento  no  ambiente88.  Segundo  o  mesmo  autor,  os  procariotos  fixadores  de  nitrogênio  já  foram

reportados nas  ordens Blattodea,  Coleoptera  e  Hymenoptera,  em 13 famílias,  33 gêneros e  pelo  menos 60

espécies. A associação entre microrganismos e insetos parece promover uma transformação benéfica à madeira,

aumentando seu valor nutricional, como no caso da larva do besouro de madeira Cetonia aurataeformis Curtis,

191389.

Os  besouros  são  o  grupo  mais  diverso  de  animais,  abrigando  várias  famílias  com  espécies

saproxílicas, como Anobiidae, Bostrichidae, Brentidae, Buprestidae, Cerambycidae, Lymexylidae, Zopheridae e
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várias  famílias  de  Scarabaeoidea29.  O  intestino  dos  insetos  possui  ampla  variação  morfológica,  tendo

comprimentos  e  compartimentalização  que  variam com a  espécie,  o  estágio  de  desenvolvimento  e  tipo  de

dieta28,90.  A composição  microbiana  costuma  ser  diferente  em cada  compartimento,  e  o  perfil  funcional  da

microbiota também mostra compartimentalização de funções91,92.

Por ser  um material  pobre em nitrogênio e constituído por moléculas recalcitrantes,  muitas  vezes

impregnado com compostos tóxicos25, a digestão da madeira é um processo lento e difícil1,29. Há evidências de

que os microrganismos intestinais dos insetos saproxílicos são os responsáveis por contornar estes problemas. Os

microrganismos forneceriam aos insetos moléculas que não estão presentes na madeira e que ele não consegue

sintetizar,  como  esteróis  e  aminoácidos93,94.  A  análise  paralela  do  transcriptoma  do  besouro  saproxílico

Anoplophora glabripennis (Motschulsky, 1854) (Cerambycidae) e do seu metatranscriptoma intestinal mostra

que sua microbiota possui genes responsáveis por vias metabólicas para a produção de celulases, aminoácidos

essenciais,  esteróis  e  vitaminas,  sem as  quais  a  sua  sobrevivência  não  seria  possível95.  Experimentos  com

administração de antibióticos a insetos de madeira ou a autoclavagem do substrato e isolamento de larvas com o

intuito  de  impedir  a  colonização  normal  do  intestino  das  larvas  resultam  em  atrasos  ou  cessamento  do

desenvolvimento das mesmas96.

Microrganismos são responsáveis por detoxificar compostos presentes na madeira ou material vegetal:

a madeira rica em resinas terpenóides ingerida pela broca do pinus Hylobius abietis W. Roelofs, 1873 tem uma

grande redução nos níveis de diterpenos após a passagem pelo tubo digestivo do inseto, e a administração de

antibióticos reduz significativamente esta detoxificação25.  No mesmo trabalho, os autores  ainda encontraram,

através de metagenômica,  clusters de genes para a  degradação de diterpenos,  além de isolados bacterianos,

provenientes do intestino do inseto, capazes de degradar um ácido diterpênico proveniente de uma conífera.

Outros trabalhos relatam a diminuição de toxinas presentes em materiais vegetais pela microbiota de besouros

(como a redução dos níveis de cafeína em grãos de café pela microbiota da broca Hypothenemus hampei Ferrari,

186713 ou a detoxificação de diversas toxinas pela levedura Symbiotaphrina kochii, isolada do besouro do fumo

Lasioderma serricorne (Fabricius, 1792)24.

O  comportamento  e  anatomia  do  hospedeiro  indicam  a  importância  da  microbiota  associada:

estruturas  contendo leveduras,  comportamentos de trofalaxia (regurgitação para alimentar  outro indivíduo) e

coprofagia  são  estratégias  frequentes  em  besouros  de  madeira.  Os  besouros  da  família  Passalidae  tem

comportamento subsocial, vivendo em pequenos grupos familiares compostos por um casal de adultos, larvas e

às vezes, adultos juvenis que ajudam no cuidado das larvas96. As larvas são alimentadas pelos adultos, e acredita-

se que estes inoculem microrganismos que colonizam o tubo digestivo das larvas.  Os adultos do passalídeo

Odontotaenius disjunctus  (Illiger,  1800), recém-saídos da pupa, readquirem leveduras das paredes da galeria

onde vivem, ingerindo uma massa composta por uma mistura de fezes com esporos e madeira91.  Em várias

famílias de besouros saproxílicos, os adultos, especialmente as fêmeas, possuem micângios: invaginações da
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cutícula que abrigam leveduras93,97–99. Algumas das leveduras isoladas de micângios conseguem degradar xilose97,

o  principal  monossacarídeo  liberado  pela  decomposição  da  hemicelulose,  uma  característica  desejável

biotecnologicamente100.  Em algumas famílias,  como Lucanidae,  o micângio só está presente nas  fêmeas e a

abertura do mesmo se encontra logo acima do ovipositor, evidenciando sua função inoculatória97. Nesta família,

as fêmeas morrem após a oviposição; assim, a inoculação de microrganismos e a escolha do local de oviposição

são as únicas contribuições maternas possíveis101. A maioria dos micângios estudados abriga leveduras, como

Pichia e  Saccharomyces.  No  entanto,  1.546  filotipos  de  bactérias  foram  encontrados  em  micângios  de

exemplares de besouros que cultivam fungos (família Curculionidae, subfamílias Scolytidae e Platypodidae) de

nove localidades ao redor do mundo, usando técnicas de metagenômica98. Alguns dos filotipos encontrados neste

trabalho se repetem consistentemente em várias espécies ao longo do mundo.

A possibilidade de encontrar aplicações biotecnológicas em interações simbióticas é quase ilimitada,

visto que as interações envolvem serviços mútuos que podem ter utilidade para o homem102. Nesse sentido, a

associação de microrganismos com insetos saproxílicos pode fornecer desde enzimas a compostos de defesa 103, e

conhecer os sistemas e as espécies nele envolvidas é o primeiro passo para a elucidação de suas aplicações.

Uma  das  possíveis  aplicações  de  microrganismos  associados  aos  besouros  saproxílicos  é  a  sua

utilização  como  probióticos.  Probióticos  são  organismos  vivos  que  quando  administrados  em  quantidades

adequadas conferem um benefício à saúde do hospedeiro, segundo a definição do Consenso da  International

Scientific Association for Probiotics and Prebiotics104. Entre os possíveis benefícios estão o favorecimento de co-

habitantes benéficos à saúde do hospedeiro, em detrimento de patógenos ou parasitas, a produção de moléculas

de defesa e a disponibilização de vitaminas e enzimas ao hospedeiro. Os efeitos mais comuns produzidos pela

maioria das cepas probióticas são a resistência à colonização e exclusão competitiva de patógenos, regulação da

microbiota,  produção de  ácidos e aumento da renovação dos enterócitos,  além de  regularização do trânsito

intestinal. Efeitos mais específicos dependem da capacidade enzimática de cada espécie ou linhagem probiótica,

como  produção  de  vitaminas  e  enzimas,  antagonismo  direto  a  patógenos,  reforço  da  barreira  intestinal,

neutralização de carcinógenos e, dependendo da cepa, até efeitos neurológicos, imunológicos e endócrinos104.

As principais  espécies  estudadas e comercialmente disponíveis de probióticos  são as bactérias  do

ácido lático Lactobacillus spp., Bifidobacterium spp. e Enterococcus spp., e a levedura Saccharomyces boulardii,

que podem ser administrados em pílulas, alimentos e bebidas104 ou encontradas em alimentos fermentados105.

Probióticos e alimentos contendo células microbianas vivas e ativas têm sido relacionados em várias metanálises

a  benefícios  na  saúde  humana  e  animal,  como  redução  da  necessidade  de  prescrição  de  antibióticos  em

crianças106, a melhora de enfermidades gastrointestinais em adultos107 ou a prevenção e redução da duração de

quadros  de  diarreia108–111.  Em  ratos,  a  administração  de  Lactobacillus  plantarum provocou  aumento  da

diversidade alfa da microbiota intestinal, redução de peso corporal, melhora em inflamações de baixo grau e do

perfil lipídico, além de reversão de quadros de síndrome metabólica induzida por monolaurato de glicerol 112.
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Lactobacillus brevis isolado de alimentos fermentados mostrou ser capaz de inibir o crescimento  in vitro do

patógeno intestinal  Listeria monocytogenes, além de apresentar capacidade antifúngica e anti-aflatoxigênica113.

Os  microrganismos  probióticos  têm  sido  estudados  como  uma  alternativa  para  a  urgente  substituição  dos

antibióticos em alimentação animal36,114, com bons resultados em suínos115, aves116,117, gado bovino118, cães119 e até

em moscas da fruta estéreis criadas para controle biológico120.

Da mesma forma, como auxiliam os insetos saproxílicos a sobreviver em uma dieta nutricionalmente

pobre  como  a  madeira,  digerindo  material  vegetal,  detoxificando  compostos  e  produzindo  vitaminas  e

aminoácidos,  os  microrganismos  associados  ao  intestino  destes  insetos  podem ter  interesse  probiótico  para

humanos e animais,  especialmente,  no caso destes  últimos,  para a  introdução e aproveitamento de material

vegetal  de difícil  digestão.  O interesse  em estudar  a  microbiota de intestinos de  besouros  saproxílicos  tem

aumentado nos últimos anos pelo seu potencial de fornecer degradadores de material vegetal que permitam a sua

utilização como fontes renováveis de energia  121. Além disso, a alta diversidade microbiana do sistema28 e a

diversidade de interações já relatadas na literatura  25,99,122 indicam que este seja um sistema onde podem ser

encontrados isolados com capacidades probióticas úteis tanto para uso humano como  produção e tratamento

animal.

Pelidnota luridipes Blanchard, 1850 é uma das espécies mais comuns do gênero Pelidnota na região de

Cuiabá.  Sabe-se  muito  pouco  a  respeito  de  sua  biologia,  mas  suas  larvas  são  encontradas  em troncos  em

decomposição em fragmentos florestais (observação pessoal). Assim como outras espécies do gênero Pelidnota,

os adultos são capturados no início da estação chuvosa. O gênero comporta 195 espécies e subespécies segundo

a última sinopse taxonômica da tribo123. O gênero pertence à subfamília de escarabeídeos herbívoros Rutelinae,

próxima filogeneticamente às subfamílias Melolonthinae e Dynastinae, que abrigam várias espécies cujas larvas

são  rizófagas (corós)124,125.  Os adultos de  Pelidnota são frequentemente capturados em armadilhas de luz ou

frutas126,127, mas há relatos de adultos de várias espécies se alimentando de material vegetal vivo, como brotos,

flores e folhas123,127–129. As larvas do gênero já descritas são saproxílicas (como as da espécie Pelidnota virescens

Burmeister, 1844, encontradas em troncos de mangueira apodrecidos no México127) ou rizófagas125. As espécies

cujo ciclo de vida já foi descrito são uni ou bivoltinas, o ciclo pode se estender mais em climas mais frios e os

indivíduos passam a maior parte do ciclo como larvas de terceiro ínstar 127,130. Estudos da microbiota intestinal de

besouros  das  subfamílias  Melolonthinae  e  Dynastinae  encontraram  uma  alta  diversidade  microbiana,  com

espécies capazes de degradar celulose e xilose121,124,131. Os hábitos e dieta das espécies destas subfamílias são

similares aos de espécies de Rutelinae, assim como a morfologia intestinal de larvas e adultos. O estudo da

microbiota de P. luridipes e sua caracterização funcional são importantes para entender a participação destes

insetos na degradação da madeira e seu potencial como fonte de novos probióticos e enzimas. 
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Objetivo Geral

Prospectar microrganismos com potencial biotecnológico (larvicida ou probiótico) usando insetos

como fonte de microrganismos ou visando o controle de insetos vetores. 

Objetivos Específicos - Capítulo 1

 Prospectar bactérias capazes de matar larvas de Aedes aegypti.

 Determinar o efeito larvicida das células e de metabólitos das bactérias selecionadas;

 Sequenciar e avaliar os genomas das linhagens larvicidas.

Objetivos Específicos - Capítulo 2

 Avaliar a estrutura da comunidade da microbiota associada ao intestino da larva Pelidnota luridipes

por métodos dependentes e independentes de cultivo.

 Detectar se há diferenças de diversidade, composição e abundância entre a câmara anterior e 

posterior do tubo digestivo de P. luridipes.

 Selecionar bactérias e leveduras probióticas do intestino da larva com traços funcionais 

importantes para uso humano ou veterinário.

O documento está organizado em uma Introdução Geral, uma Revisão Bibliográfica e dois capítulos

em forma de artigo. O primeiro capítulo, intitulado "Bacillus spp. metabolites are effective in eradicating Aedes

aegypti (Diptera:Culicidae) larvae with low toxicity to non-target species" foi publicado no periódico Journal of

Invertebrate  Pathology em  janeiro  de  2021.  O  segundo,  intitulado  "Microbiota  associada  ao  intestino  de

Pelidnota luridipes Blanchard (Coleoptera:  Scarabaeidae) com potencial  probiótico" será submetido à revista

Applied  Microbiology and  Biotechnology.  O  primeiro  capítulo  trata  da  prospecção  de  bactérias  do  gênero

Bacillus com atividade contra larvas de Aedes aegypti, identificando alguns dos compostos produzidos por estas

e  sequenciando  o  seu  genoma.  O  segundo  capítulo  explora  a  diversidade  microbiana  associada  ao  trato

gastrointestinal de  Pelidnota luridipes – um besouro cujas larvas vivem em madeira em decomposição – por

métodos dependentes e independentes de cultivo. O segundo capítulo também trata do isolamento e prospecção

de  bactérias  e  leveduras  com características  interessantes  para  uso  como probiótico.  O  documento  de  tese

termina com a Conclusão Geral.
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A B S T R A C T   

The growing spread of dengue, chikungunya and Zika viruses demand the development of new and environ-
mentally safe control methods for their vector, the mosquito Aedes aegypti. This study aims to find novel larvi-
cidal agents from mutualistic (endophytic and rhizospheric) or edaphic bacteria that have no action against non- 
target organisms. Eleven out of the 254 bacterial strains tested were able to kill Ae. aegypti larvae. Larvicidal 
activity did not depend on presence of cells, since culture supernatants or crude lipopeptide extracts (CLEs) killed 
the larvae. Bacillus safensis BacI67 and Bacillus paranthracis C21 supernatants were the best performing super-
natants, displaying the lowest lethal concentrations (LC50 = 31.11 µL/mL and 45.84 µL/mL, respectively). 
Bacillus velezensis B64a and Bacillus velezensis B15 produced the best performing CLEs (LC50 = 0.11 mg/mL and 
0.12 mg/mL, respectively). Mass spectrometry analysis of CLEs detected a mixture of surfactins, iturins, and 
fengycins. The samples tested were weakly- or non-toxic to mammalian cells (RAW 264.7 macrophages and 
VERO cells) and non-target organisms (Caenorhabditis elegans, Galleria mellonella, Scenedesmus obliquus, and 
Tetrahymena pyriformis) – especially B. velezensis B15 CLE. The biosynthetic gene clusters related to secondary 
metabolism identified by whole genome sequencing of the four best performing bacteria strains revealed clusters 
for bacteriocin, beta-lactone, lanthipeptide, non-ribosomal peptide synthetases, polyketide synthases (PKS), 
siderophores, T3PKS, type 1 PKS-like, terpenes, thiopeptides, and trans-AT-PKS. Purification of lipopeptides may 
clarify the mechanisms by which these extracts kill Ae. aegypti larvae.   

1. Introduction 

Illnesses transmitted by the mosquito Aedes aegypti have rapidly 
grown in the last century. Dengue fever has had an immense 
geographical spread since 1943, with the appearance of four new sero-
types of dengue virus (Messina et al., 2014), and now represents a major 
threat to about half of the world’s population (World Health Organiza-
tion, 2018). The 2005 chikungunya epidemic in the Indian Ocean 
islands (Leparc-Goffart et al., 2014; Ng and Ojcius, 2009) and the 
emergence of this illness in the Americas in 2016 have shifted the dis-
ease paradigm from minor to major concern, with forecast of worldwide 

spreading in the next few years (Charrel et al., 2014). In Brazil, the need 
to effectively control this vector after the last Zika epidemic in 2016 and 
its possible association with microcephaly and Guillain-Barré syndrome 
are even more clear (Khaiboullina et al., 2018). In addition, the recent 
reemergence of yellow fever has signaled the return of a dangerous le-
thal disease transmitted by Ae. aegypti in urban areas as well (Wilder- 
Smith et al., 2017). 

Larval source management (LSM) is a quintessential mosquito con-
trol measure (World Health Organization-WHO, 2013). Standing water 
containers and improperly disposed trash are breeding grounds for Ae. 
aegypti larvae, whose development is traditionally controlled with 

Abbreviations: CLE, Crude Lipopeptide Extract; NRPS, Non-Ribosomal Peptide Synthetases; PKS, Polyketide Synthases; ESI-IT-MS, Electrospray Ionization - Ion 
Trap - Mass Spectrometry. 
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chemical and biological larvicides. However, the vector’s increasing 
resistance to several chemicals and the low persistence of biological 
agents make the search for novel alternatives necessary (Araújo et al., 
2013, 2019). In Brazil, LSM is performed mainly using the chemical 
larvicides temephos and pyriproxyfen, but Ae. aegypti larvae from most 
localities are resistant to the former (Araújo et al., 2013, 2019; Dos 
Santos Dias et al., 2017; Garcia et al., 2018). 

Resistance to larvicides increases the costs of larvae population 
control and the risk of toxicity to non-target organisms due to the need of 
higher doses. Pyriproxifen is a wide-range insect growth regulator that is 
safe for potable water (Fawell et al., 2008) but is not recommended for 
natural water bodies (Sullivan and Goh, 2008) due to deleterious effects 
on fish and tadpoles (Azevedo-Linhares et al., 2018; Caixeta et al., 2016; 
Lajmanovich et al., 2019; Maharajan et al., 2018). Methoprene is a ju-
venile hormone analogue that is considered more rational and safe than 
pyriproxyfen (Lawler, 2017), but its effects can accumulate in the 
presence of other toxins, such as microcystin in algal blooms (Azevedo- 
Linhares et al., 2018). Other molecules used as larvicides are diflu-
benzuron and spinosad: the former is toxic and harmful to fish in doses 
much smaller than the LC50 (Abe et al., 2019), while the latter is toxic to 
some mammals in doses much higher than the toxic doses to mosquitoes 
(Santos and Pereira, 2019). Spinosad is a natural product synthesized by 
the actinobacteria Saccharopolispora spinosa whose use for pest man-
agement in organic crops is authorized by the European Union Council 
Regulation. Despite being a good alternative for LSM when resistance to 
other molecules is present, spinosad is not as target-specific as bacterial 
larvicides (World Health Organization-WHO, 2013). 

Bacteria and their metabolites are highly diverse and have a wide 
variety of applications (Sansinenea and Ortiz, 2011). Bacillus thur-
ingiensis has dominated the insect pest-control agents market because it 
is efficient and specific, does not affect natural enemies, and is less prone 
to resistance development in target species when compared with 
chemical insecticides (Chattopadhyay et al., 2004). Other bacteria 
strains are currently being investigated and used to control pests and 
vectors, such as the nematode symbionts Xenorhabdus and Photorhabdus 
(Cardoso et al., 2015; Park et al., 2016) that produce promising micro-
bial metabolites to control mosquito larvae growth (Kim et al., 2017).] 

Microbial toxins and metabolites are used to control Culex, Aedes and 
Anopheles mosquitoes. Bacillus thuringiensis var. israelensis (Bti) and 
Lysinibacillus sphaericus (Ls, formerly Bacillus sphaericus/Bs) produce 
effective toxins against these mosquito larvae; when used together, Bti 
and Ls toxins act synergistically to kill Aedes and Culex larvae and may 
delay the development of resistance (Asha et al., 2011; Lawler, 2017). 
Bti is the main microbial product used to control Aedes larvae (Lacey 
et al., 2015) with high efficacy. However, its toxins have low resistance 
to UV light (Porter, 1996; Zhang et al., 2016) and must be ingested to kill 
the insect, which means that they must be available where the insects 
feed. This can be a drawback for mosquito control because toxins in 
water bodies can be taken away from the larval feeding zone and be 
adsorbed by clay particles on the bottom (Porter, 1996; World Health 
Organization-WHO, 1999). Bti treatment may have lackluster results in 
organically enriched waters, where bacteria communities are already 
concentrated, since larvae do not need to filter much water to develop 
and thereby may not ingest an amount of crystals sufficient to cause 
death (Lawler, 2017). In addition, its high final costs can also be pro-
hibitive in developing countries (Chattopadhyay et al., 2004). 

Lipopeptides are a structurally diverse group of molecules with a 
wide range of biotechnological applications, from oil displacement to 
antibiotics (Gond et al., 2015; Raaijmakers et al., 2010; Zhang et al., 
2017), and these molecules show thermal, pH and UV resistance (Chen 
et al., 2017). Bacillus subtilis (Das and Mukherjee, 2006; Geetha et al., 
2010; Ghribi et al., 2012; Parthipan et al., 2018; Revathi et al., 2013), 
Bacillus amyloliquefaciens (Ben Khedher et al., 2015; Geetha et al., 2011), 
and Bacillus tequilensis (Pradhan et al., 2018) produce lipopeptide lar-
vicides and insecticides with desirable characteristics, such as low lethal 
doses, shortening of oviposition periods, and decreased longevity of 

adulthood. To date, few studies have explored the chemical composition 
of extracts from these bacteria strains and their toxicity to non-target 
organisms. 

The search for new alternative molecules and biocontrol agents for 
LSM is still extremely important, as we face the ever-increasing spread of 
Aedes diseases and the complexity of their control. Bacillus species and 
related genera are good candidates for finding novel pathogenic strains 
and larvicidal metabolites, due to their known metabolic diversity, 
which may harbor undiscovered larvicidal molecules. This study aims to 
identify bacteria strains from different niches that are capable of con-
trolling Ae. aegypti larvae development and can be used in LSM in 
tropical areas without impacting non-target organisms. 

2. Materials and methods 

2.1 Bacterial strains 

We screened a set of 76 bacterial strains (Table S1) previously iso-
lated and preserved in 20% glycerol at − 20 ℃, composed of endophytic 
or rhizospheric bacterial strains associated with the host plants 
Aeschynomene fluminensis Vell., Polygonum acuminatum Kunth., Paullinia 
cupana Mart., and Phaseolus vulgaris L. (Liotti et al., 2018; Mariano et al., 
2020; Mello et al., 2019). In addition, we isolated and identified sedi-
ment lineages from samples collected in lakes from the Brazilian Pan-
tanal, an extensive repository of Brazilian biodiversity (16◦23′18′′S, 
56◦26′50′′W) (Junk et al., 2014). The collected sediments were diluted 
tenfold in 225 mL of sterile saline and incubated for 30 min, at 80 ℃ 
(Wendisch et al., 2001). The suspension was then serially diluted and 
plated on Nutrient Agar, Trypticase Soy Agar, and T3 Agar. The plates 
were incubated at 28 ± 3 ℃ and analyzed daily for the appearance of 
colonies. Colonies with different morphologies were purified and pre-
served in 20% glycerol at − 20 ℃. 

The sediment lineages that killed at least 75% of larvae were iden-
tified by amplifying and sequencing 16S rRNA (Miller et al., 2013). The 
amplicons were enzymatically purified (ExoSAP-IT, Applied Biosystems) 
and Sanger sequenced using BigDye Terminator Cycle Sequencing. The 
reads were then edited using BioEdit version 7.2.5, and then compared 
with existing sequences from GenBank, using the BLASTN tool 
(http://www.ncbi.nlm.nih.gov/). Finally, the sequences that shared 
97% of similarity with a bank entry were identified at the species level 
(Tindall et al., 2010) and deposited in GenBank (http://www.ncbi.nlm. 
nih.gov) under accession numbers MT269006 to MT269009. 

2.2. Aedes aegypti larvae rearing 

Ae. aegypti eggs in filter paper strips were obtained from the insectary 
facility of the Institute of Biomedical Sciences at the University of São 
Paulo. The eggs were allowed to hatch for 3 to 4 days in plastic boxes 
filled with 10 mL water per larvae and placed in BOD chambers, at 28 ±
1 ◦C with a 12/12 h (light/dark) photoperiod. Larvae were fed ground 
fish food (Tetramin®, Tetra) and kept until they reached the third instar 
(L3). The L3 larvae were used in the assays. 

2.3. Screening for larvicidal activity 

Bacterial isolates were grown in liquid T3 broth for 72 h, at 28 ◦C, on 
a rotary shaker (150 rpm). For the initial screening, 10 L3 larvae in 20 
mL of water were treated with 3 mL of bacterial cultures or sterile T3 
broth (control), in plastic cups, at 28 ± 1 ◦C with a 12/12 h (light/dark) 
photoperiod. Live and dead larvae were counted after 24 h (first 
screening 1◦ SC – Table S1). The bacterial strains that killed more than 
50% of larvae were assayed again (second screening 2◦ SC – Table S1), 
using 20 L3 larvae and 3 cups per strain, and following a standard 
procedure recommended by the WHO (WHO, 2005). Negative control 
cups received T3 broth just as before, and positive control cups received 
a spray of a Bti-based commercial product (Biovech® - Neovech - Campo 
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Bom/RS, Brazil), according to the manufacturer’s instructions. 

2.4 Lipopeptide production and larvicidal activity 

Production of lipopeptides by the strains selected in the first 
screening (Table S1) was analyzed as reported by Zhao et al. (2013). 
Crude lipopeptide extracts (CLEs) were obtained by acid precipitation; 
after determining their weight, they were suspended in water and stored 
at − 20 ◦C. The larvicidal activity of CLEs was determined at the con-
centration of 0.5 mg/mL (WHO, 2005), after 24 h of treatment. The CLEs 
selected were analyzed by mass spectrometry (ESI-IT-MS and MS/MS) 
on an ESI-Qq-TOF-MS Bruker Maxis Impact High-Resolution Mass 
Spectrometer, using the acquisition range m/z 0 – 3200 (Kim et al., 
2010). 

2.5 Larvicidal activity of bacterial cells and culture supernatants 

The bacterial strains that killed more than 75% of larvae in the 
second screening were grown in T3 broth for 72 h, at 28 ± 3 ◦C, under 
shaking at 150 rpm, and then centrifuged (500 rpm/10 min). Superna-
tants were filter-sterilized with a 0.22 µM PES membrane filter, while 
pellets were washed twice with 10 mL of 0.85% saline and suspended in 
0.85% saline to adjust the optical density to 0.8 at 600 nm. Larvicidal 
assays were performed as described before, using 3 mL of cell suspension 
or sterile supernatant. Control cups were treated with 3 mL of 0.85% 
saline or sterile T3 broth. Cups were incubated as described in Section 
2.3, and dead larvae were counted 24 h later. All treatments were per-
formed in triplicate. 

The protein nature of supernatants was investigated using different 
denaturing agents: (1) thermal treatment, where supernatants were 
autoclaved for 2 min at 121 ◦C; (2) pH variations, where the samples 
were alkalized to pH 10 for 2 h and acidified to reach the original pH. 
The larvicidal activity of treated and untreated supernatants was 
determined as described above. 

2.6 Determination of lethal concentrations of supernatants and CLEs 

The concentration that killed 50% (CL50), 90% (CL90), and 99% 
(CL99) of Ae. aegypti larvae L3 was determined using different concen-
trations of supernatant or CLE. Larvicidal activity of supernatants was 
assessed as described above (WHO, 2005), while the concentration- 
dependent effect of CLEs was assayed on a smaller scale, using five L3 
larvae in 5 mL of water. All the supernatant and CLE concentrations 
were tested in quadruplicate. Dead and live larvae were counted after 
24 h, to calculate the mean mortality rate. LC50, LC90, and LC99 were 
calculated with the aid of the R software (R Core Team, 2018), using the 
calcula.lc function (Pacheco et al., 2013). 

2.7 Toxicity of supernatants and lipopeptide extracts 

The toxicity of bacterial supernatants and CLEs was tested in 
different models. First, cytotoxicity to RAW 264.7 macrophages and 
VERO cells was assessed in triplicate using the tetrazolium colorimetric 
assay (MTT) to analyze the cell metabolic viability, according to the 
procedure reported by Sousa et al. (2019). The percentages of cell 
viability of treated cells and the positive control (10% DMSO) were 
compared with the negative control (RPMI medium) using T tests on 
SPSS software (SPSS, 2007). 

Second, toxicity of supernatants and CLEs to the model organisms 
Caenorhabditis elegans N2 (nematode) and Galleria mellonella (moth) was 
determined. Adult (stage L4) C. elegans N2 were synchronized in M9 
medium (Porta-De-La-Riva et al., 2012) and used in the toxicity bioassay 
(Sousa et al., 2019), performed in triplicate. Supernatants and CLEs were 
diluted to their LC90 concentration in K medium. Untreated K medium 
was used as the control. The nematode survival was determined visually 
and confirmed with contact stimuli after 24 h of treatment at 25 ± 1 ◦C. 

Ten last-stage Galleria mellonella larvae weighing 0.2 to 0.3 g were 
injected with 10 µL of supernatants or CLE (Kavanagh and Fallon, 2010; 
Megaw et al., 2015). Dead larvae were counted daily for seven days. 
Positive control treatments were performed with autoclaved and non- 
autoclaved Bacillus thuringiensis var. israelensis cells in saline (OD =
0.2), while negative control treatments were performed with sterile T3 
broth and sterile saline. All treatments were carried out in triplicate. The 
survival curves were compared using a Log-rank (Mantel-Cox) Test for 
trends on the GraphPad Prism software (GraphPad Software, La Jolla 
California USA). 

Third, toxicity of supernatants and CLEs at the LC90 concentration to 
the ciliated protozoa Tetrahymena pyriformis was assessed according to 
Maurya et al. (2019). Sterile T3 broth, Proteose Peptone Yeast Extract 
Medium (PPY) (used to grow T. pyriforms cells), and saline buffer were 
used as negative controls. Autoclaved and non-autoclaved Bti were used 
as positive controls. Cells were counted after 48 h of growth at 25 ± 1 ◦C. 
The number of living cells from each treatment was compared with the 
control treated with PPY medium, using a T test on the SPSS software 
(SPSS, 2007). 

Last, toxicity of supernatants and CLEs at the LC90 concentration to 
the algae Scenedesmus obliquus BR003 was assessed using the protocol 
reported by Sousa et al. (2019). Supernatants and CLEs were added to 
flasks containing 20 mL of algae cell suspension (1 × 103 cells/mL) in 
BG11 medium, and the mixture was incubated for 14 days, at 28 ± 1 ◦C, 
under fluorescent lamps and constant stirring. Aliquots were taken at 
days 7 and 14 to count cells in a Neubauer Chamber and assess algae 
growth. Results were analyzed as described for T. pyriformis. 

2.8 Persistence of larvicidal activity 

To assess the persistence of larvicidal activity of selected superna-
tants and CLEs over time, they were diluted to the concentrations cor-
responding to their LC99 and stored in plastic bottles for up to 30 days, 
at 28 ± 3 ◦C, protected from direct sunlight. At t = 0, 10, 20 and 30 days 
after dilution, 20 mL of supernatants and CLEs were used to treat 20 L3 
larvae. The mortality rate was determined 24 h later and each treatment 
was performed in triplicate. 

2.9. Genome assembly and mining 

Total DNA from B. safensis BacI67, B. paranthracis C21, B. velezensis 
B64a, and B. velezensis B15 was extracted using the DNEasy PowerSoil 
Kit (Qiagen), according to the manufacturer’s instructions. DNA was 
quantified using the NanoDrop One/OneC Microvolume UV–Vis spec-
trophotometer and libraries were prepared following the Nextera XT 
DNA Library Prep (Illumina Inc., San Diego, CA). Libraries were 
normalized by qPCR with the KAPA Library Quantification Kit Illu-
mina® Platforms (Roche Sequencing, Pleasanton, CA) and sequenced 
using the Illumina HiSeq 2500 Platform (Illumina Inc., San Diego, CA). 
Raw data was processed with Trimmomatic (Bolger et al., 2014) to trim 
and filter adapters, primer sites, and low quality ends of reads (param-
eters on Table S2). The trimmed reads were assembled using Spades 
v3.13.0 without error correction (Bankevich et al., 2012) and Newbler 
(Roche) with default settings, then combined these assemblies using 
MegaMerge (Scholz et al., 2014) with default settings. Assemblies were 
compared and analyzed using QUAST (Gurevich et al., 2013) and 
COMPASS (Fass, 2020), and the best ones were chosen for gene pre-
diction on Prokka (Seemann, 2014). BUSCO (Seppey et al., 2019) and 
BLASTp were used to evaluate completeness. Functional annotation of 
predicted proteins was carried out using BLAST2GO (Conesa et al., 
2005). Assemblies were annotated using Prokka (Seemann, 2014) and 
PGAP (Tatusova et al., 2016). The strain identity was confirmed using 
the Type (Strain) Genome Server - TYGS (Meier-Kolthoff and Göker, 
2019), which compares query genomes with reference species strains’ 
genomes. A plasmid search was performed on PlasmidFinder (Carattoli 
et al., 2014). Secondary metabolism genes were searched on AntiSMASH 
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5.0 (Blin et al., 2019). 

3 Results 

We examined the larvicidal activity of 254 bacterial strains, from 
which 178 strains were isolated in this study and 76 strains were pre-
viously isolated by other authors. About one quarter (24%) of the strains 
exerted larvicidal activity ranging from 4% to 100% in the first 
screening (Table S1). 

After the second screening, eight bacterial strains killed more than 
75% of Aedes aegypti larvae L3 (Fig. 1 and Table S1): three strains were 
isolated from Pantanal sediments and identified as Bacillus pumilus B08 
(Genebank: MT269006), Bacillus safensis B138 (Genebank: MT269007), 
and Bacillus safensis B145 (Genebank: MT269008); three strains were 
isolated from Polygonum acuminatum rhizospheric soil (Bacillus subtilis 
C10, Bacillus paranthracis C21, Bacillus aerophilus C57) (Mariano et al., 
2020); one endophytic strain was isolated from Aeschynomene flumi-
nensis (Bacillus safensis BacI67) (Mello et al., 2019); and one endophytic 
strain was isolated from Paullinia cupana (Bacillus subtilis R236b) (Liotti 
et al., 2018). 

Four out of the 23 strains selected in the first screening produced CLE 
after acid precipitation at pH 2.0: B. velezensis B15 (from Phaseolus vul-
garis rhizospheric soil, Genebank: MH279754), B. subtilis C10, 
B. velezensis B64a (from Pantanal sediment, GeneBank: MT269009), and 
Bacillus sp. C101 (from Polygonum acuminatum rhizospheric soil) 
(Table S1). The supernatants from three out of the four strains 
(B. velezensis B15, B. velezensis B64a, and Bacillus sp. C101) did not 
achieve the minimum threshold of 75% of dead larvae on the second 
screening (Table S1); thus, only their CLEs were tested in the subsequent 
experiments. 

Supernatants were mostly responsible for larval deaths, killing 100% 
of L3 larvae after 24 h (Fig. 1). Bacterial cells had very low larvicidal 
activity and killed from 0% (B. paranthracis C21) to 3.33 ± 2.89% of 
larvae (B. safensis BacI67). The commercial biological control agent 
Biovech® (Bacillus thuringiensis var. israelensis – Bti) exhibited inverse 
results: the cell fraction was essential for its larvicidal activity and killed 
100% of L3 larvae after 24 h (Fig. 1). 

The supernatants produced by B. safensis BacI67 and B. paranthracis 
C21 killed larvae but did not yield lipopeptide precipitates at pH 2.0. We 
examined the protein nature of these supernatants with denaturing 
agents and tested their efficacy. Heat or alkalization did not affect their 
larvicidal activity (Table S4, binomial GLMM tests: p > 0.05). 

The lethal concentrations were determined in order to rank the most 

efficient supernatants and CLEs (Fig. 2). Supernatants from B. safensis 
BacI67 and B. paranthracis C21 had the lowest values of LC50 (31.11 µL/ 
mL and 45.84 µL/mL, respectively) and LC90 (61.22 µL/mL and 85.52 
µL/mL, respectively). CLEs from B. velezensis B64a and B. velezensis B15 
were the most efficient larvicides, since their LC50 (0.11 mg/mL and 
0.12 mg/mL, respectively) and LC90 (0.17 mg/mL and 0.34 mg/mL, 
respectively) values were the lowest ones. 

Three peptide clusters around the m/z 1080, m/z 1460, and m/z 
1270 regions were detected in the ESI-IT mass spectra of B. velezensis 
B64a and B15. The ions found after expansion of these clusters and their 
putative identification are reported in Supplementary Material 
(Table S3). B. velezensis B64a CLE had a more diverse profile, with 21 
peaks identified on the spectrograms that corresponded mainly to fen-
gycins, surfactins and iturins; it also contained a lipo-chitin- 
oligosaccharide, a monosialoganglioside, an O-deacylated lipopolysac-
charide glycoform, mepartricin A, and diacetylmepartricin. 

Only the CLE from B. velezensis B15 reduced viability of VERO cells at 
the LC50 and LC90 concentrations (Table 1); the other agents were not 
toxic to this cell line. The B. safensis BacI67 supernatant reduced 
viability of RAW 264.7 macrophages at the LC50 and LC90 concentra-
tions (Table 1). 

The B. safensis BacI67 and B. paranthracis C21 supernatants, as well 
as B. velezensis B64a and B15 CLEs were not toxic to T. pyriformis, 
C. elegans, and G. mellonella larvae (Table 2). Non-autoclaved Bti was 
highly toxic to both model organisms: it killed 100% of C. elegans in-
dividuals in 24 h and 90% of G. mellonella larvae in 7 days. Autoclaved 
Bti cells, saline and T3 broth did not kill G. mellonella larvae. Compared 
with the sterile T3 broth control, the B. velezensis B64a CLE was weakly 
toxic to Scenedesmus obliquus after 7 and 14 days of treatment (T test: p 
= 0.00129) (Table 2). The B. safensis BacI67 culture supernatant was 
weakly toxic and reduced algae growth only after 14 days of treatment 
(T test: p < 0.01 for 7 days, p = 0.0048 for 14 days) (Table 2). 

Next, we assessed the persistence of supernatants from B. safensis 
BacI67 and B. paranthracis C21 and of CLEs from B. velezensis B64a and 
B. velezensis B15 (Fig. 3). CLE fractions were more persistent than su-
pernatants and killed 100% larvae until the 20th day after dilution. 

We assembled the genomes of the strains with the lowest LC50s for 
supernatants or CLEs. The genome assemblies performed using Spades, 
Newbler and MegaMerge were analyzed on QUAST (Table S5). To select 
the best assembly for each strain, we took into account the lowest 
number of scaffolds, the highest N50 and L50 values, the highest fraction 
assembled, and the lowest number of misassemblies. The MegaMerge 
assembly was chosen for the four strains. 

Fig. 1. Larvicidal activity of cell and supernatant fractions of bacterial cultures. Bars are mean and standard deviation of percentage larval mortality. Sal: Saline 
buffer; T3: T3 broth. 
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Assemblies varied from 3.88 Mbp (B. safensis BacI67) to 5.7 Mpb 
(B. paranthracis C21) (Table 3). The GC content of the B. safensis BacI67, 
B. paranthracis C21, B. velezensis B64a, and B. velezensis B15 genomes 
was 41.23%, 35.25%, 46.16%, and 46.42%, respectively. The number of 
genes predicted by Prokka varied from 3.943 (B. safensis I67) to 5.857 
(B. paranthracis C21). The strain identity was confirmed using the TYGS 
(Type (Strain) Genome Server) platform; this analysis confirmed the 
identity of B. velezensis B64a but corrected prior identities of the other 
three strains determined using 16S rDNA sequencing – B. safensis 
BacI67, B. paranthracis C21, and B. velezensis B15 were previously 
identified as B. pumilus, B. safensis, and Lysinibacillus xylanilyticus, 
respectively. Plasmid search on PlasmidFinder did not find any plasmid 
in the four assemblies. 

The B. velezensis B64a and B. velezensis B15 genomes had similar 
profiles and percentage of annotated proteins, as detected by functional 
annotation on Blast2GO (Table S6). Both B. velezensis strains differed 

with respect to the composition of (i) proteins related to carboxylic acid 
metabolic process and cation and drug binding, which were present in 
the B64a genome; and (ii) proteins involved in cellular amino acid 
metabolic process (biological process) detected in the B15 genome 
(Table S6). Genome profiles of B. safensis BacI67 and B. paranthracis C21 
displayed similar proportion of proteins involved in molecular functions 
(Table S6). 

Genome mining on AntiSMASH detected 13 classes of biosynthetic 
gene clusters (BGCs) in the four genomes analyzed (Tables S7-S10), such 

Fig. 2. Lethal concentrations of supernatants (A) and CLEs (B). Bars are calculated LC50 and LC90 with a 95% confidence interval. *Upper limit for LC90 of 
B. velezensis 64a CLE is a NaN (not a number). 

Table 1 
Cytotoxicity of larvicidal supernatants and crude lipopeptide extract (CLE).  

Sample RAW 264.7 macrophages (% 
viability) 

Vero cells (% viability)  

LC50 LC90 LC50 LC90 

Supernatant     
B. paranthracis 

C21 
86.12 ±
11.34 

63.16 ±
4.51* 

112.14 ±
7.96 

102.91 ±
6.85 

B. safensis BacI67 84.32 ±
5.98* 

81.32 ±
2.25* 

91.46 ± 6.36 88.90 ± 7.94 

RMPI medium 100 ± 0.52 100 ± 0.52 100 ± 2.96 100 ± 2.96 
DMSO 10% 6.78 ±

1.17** 
6.78 ±
1.17** 

0.01 ±
0.00** 

0.01 ±
0.00** 

CLE     
B. velezensis B15 99.72 ±

1.52 
91.25 ±
3.51 

10.29 ±
1.39** 

5.43 ±
2.89** 

B. velezensis B64a 90.90 ±
5.80 

83.57 ±
2.12 

107.14 ±
9.19 

96.15 ± 4.87 

RMPI medium 100 ± 10.93 100 ±
10.93 

100 ± 18.87 100 ± 18.87 

DMSO 10% 8.99 ±
0.58** 

8.99 ±
0.58** 

12.20 ±
0.22** 

12.20 ±
0.22** 

Data are expressed as mean ± standard deviation (n = 3). *p < 0.05 and **p <
0.01 when compared with the respective RMPI medium treatment (t-test). 

Table 2 
Toxicity of larvicidal supernatants (SN) and crude lipopeptide extract (CLE) at 
their DL90 to non-target algae and animal models.  

Sample C. elegans 
survival 
(%) 

G. mellonella 
survival 
(%)1 

T. pyriformis 
survival 
(log cell/ 
mL)2 

S. obliquus 
survival (log 
cell/mL) 3 

7 days 14 
days 

B. paranthracis 
C21 – SN 

100 100 5.02 ± 0.10 6.17 
±

0.05 

6.76 
±

0.00 
B. safensis 

BacI67 – SN 
100 100 5.03 ± 0.05 6.49 

±

0.03 

6.46 
±

0.07* 
B. velezensis B15 

- CLE 
100 100 4.97 ± 0.06 6.57 

±

0.11 

6.58 
±

0.09 
B. velezensis 

B64a – CLE 
100 100 5.10 ± 0.18 5.84 

±

0.22* 

6.37 
±

0.03* 
Bti - Autoclaved 100 100 4.86 ± 0.31 – – 
Bti – Not 

Autoclaved 
0 10** 5.06 ± 0.25 – – 

PPY medium – – 5.04 ± 0.09 – – 
K medium 100 – – – – 
Saline – 100 5.14 ± 0.06 – – 
T3 Broth – 100 5.30 ± 0.04 6.37 

±

0.12 

6.73 
±

0.12  

1 Survival curves significantly differed from the control T3 Broth, in Log-rank 
(Mantel-Cox) tests (**p ≤ 0.001); 2Means in the column did not differ from the 
PPY medium treatment (t-test; p > 0.05); 3Survival means significantly differed 
from the T3 Broth treatment (*p < 0.05, t-test). 
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as bacteriocin, beta-lactone, lanthipeptide, NRPS (non-ribosomal pep-
tide synthetases), PKS (type 1 polyketide synthases)-like, siderophore, 
T3PKS, terpene, thiopeptide, trans-AT-PKS, and fengycin. Specifically, 
the software detected seven classes (nine clusters) of BGCs in B. safensis 
BacI67 genome, five classes (seven clusters) in B. paranthracis C21 
genome, nine classes (fourteen clusters) in B. velezensis B64a genome, 
and ten classes (fifteen clusters) in B. velezensis B15 genome (Tables S7- 
S10). B. velezensis B64a had a plipastatin gene cluster and three other 
unknown metabolic gene clusters that were absent in B. velezensis B15. 

4 Discussion 

In the present study, we identified four bacterial strains – B. safensis 
BacI67, B. paranthracis C21, B. velezensis 64a, and B. velezensis B15 – that 
produced larvicidal compounds against Ae. aegypti. Their mechanism of 
action was independent from the presence of bacterial cells and spores, 
in contrast to the Bti-derived larvicidal products (Ben-Dov, 2014; Kha-
waled et al., 1992). It is an advantageous feature that makes our agents 
less prone to the common problems of biological larvicides, like sus-
ceptibility to UV radiation and maintenance of cell viability (Zhang 

Fig. 3. Persistence of supernatants (SN) and crude lipopeptide extracts (CLE) for up to 30 days. Data expressed as means and standard deviation of the percentage of 
larvae mortality. Concentrations used: B. safensis BacI67 supernatant = 85.9 µL/mL; B. paranthracis C21 supernatant = 117.25 µL/mL; B. velezensis B64a CLE = 244 
µg/mL; B. velezensis B15 CLE = 520 µg/mL. 
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et al., 2016). Bti is a widely used larvicide that is usually considered very 
safe and specific (Raymond et al., 2017), but it was toxic to G. mellonella 
and C. elegans under the conditions assessed in our study. Other authors 
have reported the Bti toxicity to non-target invertebrates (Allgeier et al., 
2019; Iatsenko et al., 2014; Olmo et al., 2016) and tadpoles (Lajmano-
vich et al., 2015), with both direct and indirect effects on food chains 
(Allgeier et al., 2018). 

B. safensis BacI67 and B. paranthracis C21 are endophytic and rhi-
zospheric bacteria, respectively, originated from the Brazilian wetlands 
known as the Pantanal (Mariano et al., 2020; Mello et al., 2019). The 
culture supernatants from these strains exhibited similar larvicidal ac-
tivity against Ae. aegypti larvae, which was not affected by temperature 
and pH variation. B. safensis and B. velezensis belong to the endospore- 
forming endophytic bacteria from the B. subtilis group (Rabbee et al., 
2019), while B. paranthracis C21 belongs to the B. cereus taxonomic 
group (Carroll et al., 2019). These species are known producers of a 
range of special metabolites that promote plant growth and protect the 
host against phytopathogens and pests, and are important to pesticide 
development (Fan et al., 2018; Grady et al., 2019; Rabbee et al., 2019; 
Zhang et al., 2018). 

B. safensis BacI67, B. paranthracis C21, B. velezensis 64a, and 
B. velezensis B15 genomes have size, number of genes, CDSs, and RNA 
genes similar to other strains from the same species (Coil et al., 2015; 
Domingos et al., 2015; Ficarra et al., 2016; Gan et al., 2015). Genomic 
annotation has detected clusters for several NRPS, PKS and terpenes in 
Bacillus (Chen et al., 2019; Domingos et al., 2015; Gan et al., 2015; Ma 
and Hu, 2019), as well as a range of other secondary metabolites (Ficarra 
et al., 2016; Yi et al., 2018) identified on the genomes of strains selected 
in this study. 

Insecticidal activity of Bacillus species is usually mediated by crystal 
proteins (Bravo et al., 2007; Debro et al., 1986; Elleuch et al., 2015; Mnif 
and Ghribi, 2015; Park et al., 2010; Vachon et al., 2012) or lipopeptides 
(Hathout et al., 2000; Mnif and Ghribi, 2015; Pradhan et al., 2018). 
B. safensis Bac I67 and B. paranthracis C21 did not produce precipitates at 
pH 2.0, indicating low or no presence of lipopeptides in the extracts able 
to precipitate under acidic conditions. However, AntiSMASH analysis 
detected B. safensis BacI67 gene clusters for fengycin, lichenysin, and 

bacillibactin. Type III-PKS gene clusters may also be responsible for at 
least part of this activity, since chalcone-like compounds have larvicidal 
and insecticidal activity against Drosophila melanogaster and Ae. aegypti 
(Gross et al., 2018; Targanski et al., 2020). Future studies are required to 
investigate the presence of chalcones or terpenes in culture supernatants 
that are toxic to insects (Cheng et al., 2003; Smith et al., 2018). 

Several lipopeptides produced by Bacillus exhibit a wide range of 
applications (Aleti et al., 2015; Chen et al., 2017; Cochrane and Vederas, 
2016; Das and Mukherjee, 2006; Hertlein et al., 2016; Jha et al., 2016; 
Jin et al., 2017; Ongena and Jacques, 2008; Pradhan et al., 2018; 
Raaijmakers et al., 2010; Soares et al., 2016). B. velezensis produced 
CLEs that killed larvae at low concentrations and that were not toxic to 
non-target animal species. The low toxicity of these CLEs to C. elegans, G. 
mellonella, T. pyriformis protozoa cells, and S. obliquus algae cells is a 
good indicator of their environmental safety. The B. velezensis strains 
B64a and B15 were isolated from the Pantanal sediment and Phaseolus 
vulgaris rhizosphere, respectively. 

B. subtilis produces lipopeptide extracts that inhibit the development 
of Anopheles stephensi pupae (Geetha et al., 2010) and Culex quinque-
fasciatus larvae (Das and Mukherjee, 2006); however, there are no re-
ports on their action on non-target organisms. Surfactins, fengycins and 
iturins usually account for the larvicidal activity (Assié et al., 2002; 
Geetha et al., 2011, 2010; Pradhan et al., 2018). Surfactins decrease 
water surface tension and hinder larvae permanence on surfaces, which 
elevates the energetic expenditure and kill larvae by exhaustion and 
asphyxia (Pradhan et al., 2018). 

B. velezensis genome has gene clusters for NRPSs that encode several 
lipopeptides (Domingos et al., 2015; Grady et al., 2019; Vater et al., 
2018; Xu et al., 2018) and produce mixtures that may have distinct 
lipopeptide signatures under different conditions (Farias et al., 2018). 
We detected other gene clusters in B. velezensis B64a and B15 related to 
trans-AT-PKS and trans-AT-PKS-like, T3-PKS, terpenes, lanthipeptides, 
and thiopeptides (Chen et al., 2019; Fan et al., 2018; Ma and Hu, 2019; 
Yi et al., 2018; Zhang et al., 2018). Future work to explore different 
culture conditions may render a diversity of mixtures with improved 
efficacy. 

5 Conclusion 

B. paranthracis C21 (LC50 = 45.84 µL/mL) and B. safensis BacI67 
(LC50 = 31.11 µL/mL) culture supernatants and B. velezensis B15 (LC50 
= 0.11 mg/mL) and B64a (LC50 = 0.12 mg/mL) CLEs are effective 
larvicidal agents against Ae. aegypti, whose action do not depend on the 
presence of bacterial cells. The genomes of these bacteria strains bear a 
series of gene clusters for NRPSs, trans-AT-PKSs and trans-AT-PKSs-like, 
T3-PKSs, terpenes, lanthipeptides, and thiopeptides that may account 
for larvicidal activity. 

CLEs from B. velezensis strains contain fengycin, iturin and surfactin 
lipopeptides. The CLE from B. velezensis B15 is especially promising due 
to its low larvicidal dose, persistence of its activity for 20 days, and lack 
of toxicity to the non-target organisms tested (C. elegans, G. mellonella, 
S. obliquus, and T. pyriformis). Future purification of lipopeptides may 
demonstrate and improve their action against Ae. aegypti larvae. 
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Table 3 
Genome assembly and annotation statistics.  

Parameter B. safensis 
BacI67 

B. paranthracis 
C21 

B. velezensis 
B64a 

B. velezensis 
B15 

Assembly 
statistics     

Paired end 
reads used 

13,474,416 15,588,021 8,978,117 13,547,724 

Assembly size 
(bp) 

3,876,779 5,666,621 3,995,905 4,163,934 

Number of 
contigs 

61 171 44 67 

Scaffold N50 
(bp) 

399,846 225,045 673,669 337,314 

Scaffold L50 
(Kbp) 

4 8 3 5 

Maximum 
scaffold 
length (bp) 

713,688 640,754 915,485 558,274 

Total aligned 
length 

326,822 902,102 3,664,547 3,805,198 

GC content 41.23 35.25 46.16 46.42 
Genome 

reference 
species 

B. pumilus B. cereus B. velezensis B. velezensis 

Gene statistics     
Number of 

genes 
(predicted 
by Prokka) 

3,943 5,857 3,955 4,057 

rRNA genes 1 2 3 3 
tRNA genes 47 36 43 54  
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Supplementary data 

Table S1. Larvicidal activity of 254 bacterial strains against Aedes aegypti larvae L3, after 48 hours of treatment.
Source Strain Larvae mortality (%) Lipopeptide

***1º SC* 2º SC**

Sediment from Pantanal lagoons Bacillus safensis B138 (MT269007) 100 97.50 ± 2.5 -

Bacillus safensis B145 (MT269008) 100 95.83 ± 4.49 -

Bacillus pumilus B08 (MT269006) 100 78.73 ± 23.39 -

B77 100 48.33 ± 48.45 -

B95 100 5.83 ± 5.34 -

B61 90 55.00 ± 17.56 -

B23 90 30.83 ± 19.24 -

B108 80 1.67 ± 2.36 -

Bacillus velezensis B64a (MT269009) 70 31.67 ± 31.31 +

B07 70 0.83 ± 1.86 -

B155 60 0.00 ± 0.00 -

B119 40 - NS

B123 40 - NS

B53 30 - NS

B88 20 - NS
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B92 20 - NS

B132 20 - NS

B174 20 - NS

B116 15 - NS

B151 10 - NS

B182 10 - NS

B52 10 - NS

B122 10 - NS

B173 10 - NS

B92 10 - NS

B180 10 - NS

B41 10 - NS

B46 10 - NS

B98 10 - NS

B99 10 - NS

B1, B2, B3, B4, B5, B6, B9, B11, B12, B13, B14, B15, 

B16, B17, B18, B19, B20, B21, B22, B24, B25, B26, 

B27, B28, B29, B30, B31, B32, B33, B34, B35, B36, 

0 - NS
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B37, B38, B39, B40, B42, B43, B44, B45, B47, B48, 

B49, B50, B51, B54, B55, B56, B57, B58, B59, B60, 

B62, B63, B65, B66, B67, B68, B69, B70, B71, B72, 

B73, B74, B76, B78, B79, B80, B82, B83, B84, B85, 

B87, B90, B91, B93, B94, B96, B97, B100, B101, 

B102, B103, B104, B105, B106, B107, B109A, B109C,

B110, B111, B112, B113, B114, B115, B116, B117, 

B118, B120, B121, B125, B126, B127, B128, B129, 

B130, B133, B134, B135, B136, B137, B139, B140, 

B142, B143, B144, B146, B147, B148, B149, B149B, 

B150, B151, B152, B153, B154, B156, B157, B158, 

B159, B160A, B160B, B162, B163, B164, B165, B166,

B168, B169, B170, B171, B172, B174, B175, B177, 

B178, B179, B184

Rhizosphere of Phaseolus 

vulgaris (unpublished)

Bacillus amyloliquefaciens N05 (MH279750) 70 9.17 ± 9.75 -

Bacillus velezensis B15 (MH279754) 60 68.33 ± 12.47 +

Paenibacillus alvei N52 (MH279770) 60 5 ± 7.64 -

Paenibacillus illinoisensis N12 (MH279755) 40 - NS

Paenibacillus lautus N46 (MH279757) 40 - NS
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Bacillus megaterium N09 (MH279752) 30 - NS

Lysinibacillus sphaericus N44 (MH279753) 10 - NS

Brevibacillus brevis N16 (MH279759), Bacillus cereus 

N13 (MH279756), Bacillus cereus N56 (MH279756), 

Bacillus cereus N62 (MH279756), Bacillus 

megaterium N39 (MH279752), Bacillus niacini N03 

(MH279776), Bacillus pumilus N29 (MH279766), 

Bacillus pumilus N61 (MH279766), Bacillus subtilis 

N25 (MH279764), Lysinibacillus sphaericus N10 

(MH279753), Paenibacillus lautus N14 (MH279757), 

Paenibacillus polymyxa N21 (MH279762), 

Paenibacillus illinoisensis N49 (MH279755) 

0 - NS

Rhizosphere of A. fluminensis 

or P. accuminatum (Mariano et 

al., 2020)

Bacillus safensis C55 100 56.67 ± 43.56 -

Bacillus sp. C101 100 36.67 ± 35.32 +

Bacillus safensis C21 90 97.50 ± 3.82 -

Bacillus aerophilus C57 80 90.00 ± 10.41 -

Bacillus subtilis C10 50 86.67 ± 15.46 +

Bacillus cereus C27 20 - NS
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Bacillus cereus C29 10 - NS

Bacillus cereus C94 10 - NS

Bacillus megaterium C100 10 - NS

Bacillus subtilis C89 10 - NS

Bacillus amyloliquefaciens C13, Bacillus aryabhattai 

C84, Bacillus cereus C88, Bacillus megaterium C28, 

Bacillus megaterium C46, Bacillus megaterium C58, 

Bacillus megaterium C61, Bacillus megaterium C71, 

Bacillus methylotrophicus C4, Bacillus shandongensis 

C37

0 - NS

Endophyte from A. fluminensis 

or P. accuminatum (Mello et al., 

2019)

Bacillus pumilus BacI67 (KX641551) 96 99.17 ± 1.86 -

Bacillus subtilis BacI75 (KX641559) 68 0.00 ± 0.00 -

Bacillus sp. BacI19 (KX641508) 48 - NS

Bacillus velezensis BacI82 (KX641565) 8 - NS

Bacillus megaterium BacI64 (KX641548) 8 - NS

Bacillus sp. BacI95 (KX641578) 8 - NS

Bacillus cereus BacI87 (KX641570) 4 - NS

Bacillus cereus BacI96 (KX641579) 4 - NS
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Bacillus amyloliquefaciens BacI76 (KX641560), 

Bacillus cereus BacI42 (KX641526), Bacillus cereus 

BacI61 (KX641545), Bacillus cereus BacI86 

(KX641569), Bacillus sp. BacI30 (KX641585), 

Bacillus sp. BacI34 (KX641519)

0 - NS

Endophyte from Paulinia 

cupana (Liotti et al., 2018)

Bacillus subtilis R236B (KX618358) 100 94.17 ±  6.07 -

Bacillus altitudinis R409 (KX618335) 80 68.33 ±  28.38 -

Bacillus stratosphericus R212 (KX618327) 40 - NS

Bacillus pumilus R15 (KX618264) 20 - NS

Bacillus safensis R7 (KX618337) 20 - NS

Bacillus aquimaris R51 (KX618263) 10 - NS

Bacillus anthracis R13(KX618295), Bacillus anthracis 

R66 (KX618295), Bacillus aquimaris R50 

(KX618265), Bacillus cereus R8 (KX618250),  

Bacillus cereus R31 (KX618339), Bacillus cereus R123

(KX618250), Bacillus marisflavi R56 (KX618339), 

Bacillus megaterium R202 (KX618350), Bacillus 

pumilus R16 (KX618294), Bacillus sp. R128 

0 - NS
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(KX618346), Bacillus thuringiensis R125 (KX618303),

Bacillus thuringiensis R256 (KX618266), Bacillus 

thuringiensis R302 (KX618266), Paenibacillus 

dendritiformis R105 (KX618387), Paenibacillus sp. 

R190 (KX618292), Paenibacillus sp2 R201B 

(KX618276)

Control B. thuringiensis var. israelensis (Bti) 100 100 NS

Control T3 broth 0 0 NS

Control Water 0 0 NS

The strain codes in parenthesis are GenBank Accession Numbers. *1 st SC – First screening (n = 1 cup): selection of strains that cause larval mortality ≥ 50%;

**2nd SC – Second screening (n = 3): mean ± standard deviation of the percentage of dead A. aegypti larvae L3; ***Lipopeptide – presence (+) or absence (-)

of precipitate under acidic conditions. NS: Not screened.

Table S2: Assembly parameters for each strain.

Assembly B. safensis BacI67 B. paranthracis C21 B. velezensis 64a B. velezensis B15

Trimmomatic Slinding Window 4:18 4:17 4:17 4:18

Trimmomatic Min Lenght 70 65 100 70
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Assembly chosen Mega Merge Mega Merge Mega Merge Mega Merge
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Table S3. Putative assignments of m/z peaks from peptide spectrograms of B. velezensis B64a and B. velezensis B15 crude lipopeptide extracts.
Peak mass (m/z) B. velezensis B64a B. velezensis B15 Putative assignments Reference

1016.6 X - C13 surfactin [M+Na+]

1022.6 - X C14 surfactin [M+H]+

1030.6 X X C13 surfactin [M+Na+]

1043.5 X - C14 iturin [M+H+]

1044.6 - X C14 surfactin, [M+Na and K]+

1057.5 X X C15 iturin [M+H+]

1065.5 X X C14 iturin [M+Na+]

1072.6 - X C16 surfactin [M+Na]+

1079.5 X X C15 iturin A [M+Na+]

1093.5 X X C16 iturin A

1107.5 X X C17 iturin [M+Na+]

1117.4 X X Lipo-chitin oligossacharide [M+Na]+

1240.1 X - mepartricin A [M+Na]+

1247.1 X - NN'-diacetylmepartricin A [M+Na]+

1261.1 X - monosialoganglioside GM2

1301.1 X - O-deacylated lipopolysaccharide
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1435.7 X X fengycin A [M+H]+

1449.7 X X C15 fengycin

1463.8 X X fengycin A [M+H]+

1471.3 X X C15 fengycin [M+Na]+

1477.8 - X fengycin B2

1478.8 X - fengycin A

1485.3 X X C16 fengycin [M+Na]+

1492.8 X X C16 fengycinB

1499.8 - X C17 fengycin [M+Na]+

1505.8 X X fengycin A [M+H]+

1513.3 - X C16 fengycin [M+Na]+

1519.8 - X C17 fengycin B1 [M+H]+
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Table S4. Larvicidal activity of supernatants (SN) treated with denaturing agents. 
Strain Larvae mortality (%)

Untreated SN Autoclaved SN Alkalized SN

B. safensis BacI67 98.33 ± 2.88a 96.67 ± 2.88a 98.33 ± 2.88a

B. paranthracis C21 100.00 ± 0a 100.00 ± 0a 100.00 ± 0a

Data expressed as the mean ± standard deviation (n = 3) of the percentage of larvae mortality after 24 hours of treatment. Means on the same line followed by

the same letter are statistically similar, according to the binomial GLMM test (p < .05).
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Table S5. Partial QUAST report for assemblies performed using different assemblers.
Parameter

B. safensis BacI67 B. paranthracis C21 B. velezensis B64a B. velezensis B15

Newbler Spades MMerge Newbler Spades MMerge Spades MMerge Newbler Spades MMerge

N50 60.984 399.846 399.846 141.075 225.045 225.045 673.669 673.669 107.975 330.779 337.314

L50 20 4 4 13 8 8 3 3 11 5 5

# Contigs 93 198 61 128 484 171 134 44 62 185 67

Largest contig 253.555 713.688 713.688 640.673 640.754 640.754 915.485 915.485 358.624 558.274 558.274

Genome fraction (%) 8.199 8.491 8.414 16.582 16.732 16.596 93.35 93.239 93.337 94.095 93.984

Duplication ratio 1.001 1.007 1.003 1.001 1.007 1.004 1.001 1.001 1.001 1.002 1.031

Largest alignment 55.749 55.898 55.898 55.121 55.368 55.368 453.157 453.157 326.814 326.814 326.814

Total aligned length 318.242 331.045 326.822 900.832 912.463 902.012 3.671.283 3.664.547 3.669.211 3.702.262 3.805.198

# Misassemblies 0 0 0 0 0 0 55 55 40 42 45

# Unaligned mis. contigs 58 21 21 53 36 36 0 0 0 0 0

# Fully unaligned contigs 17 128 29 58 332 108 56 19 3 84 27

Fully unaligned length 194.100 34.037 25.472 384.103 390.668 369.819 19.154 16.023 76.079 30.003 25.534
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# Partially unaligned 
contigs 76 23 23 68 48 48 9 9 32 13 13

Partially unaligned length 3.312.975 3.524.148 3.523.915 4.239.706 4.392.432 4.392.693 313.831 313.831 240.740 326.335 331.193

# Mismatches 12.144 12.252 12.230 34.239 34.031 33.950 75.744 75.684 55.283 55.911 57.442
# Mismatches per 100 
kbp 3818.52 3719.89 3747.44 3.804.79 3.747.68 3.769.34 2064.73 2065.56 1507.2 1512.03 1555.27

# N's 0 96 116 0 1850 1755 781 781 0 774 779

# N's per 100 kbp 0 2.47 2.99 0 32.47 30.97 19.5 19.55 0 19.06 18.71
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Table S6. GO annotation for B. safensis BacI67, B. paranthracis C21, B. velezensis B64a, and B. velezensis B15. 
GO-term B. safensis BacI67 B. paranthacis C21 B. velezensis B64a B. velezensis B15

BIOLOGICAL PROCESS (BP) 3,159* 3,262 3,669 3,566

Aromatic compound biosynthetic process 6.49** - - -

Carboxylic acid metabolic process - 8.52 7.96 -

Cellular amino acid metabolic process 6.08 - - 5.78

Cellular component organization or biogenesis 5.95 - 5.67 5.97

Cellular macromolecule biosynthetic process 6.84 0 7.88 8.1

Cellular macromolecule metabolic process - 13.27 - -

Cellular nitrogen compound biosynthetic process 9.91 9.2 - -

Cellular protein metabolic process 6.46 - 6.16 6.17

Cellular response to stimulus - 6.71 5.72 5.8

Gene expression 8.17 8.06 8.67 8.95

Heterocycle biosynthetic process 6.93 6.62 - -

Nucleic acid metabolic process - 10.58 - -

Nucleobase-containing compound biosynthetic process - - 6.6 6.7

Organic cyclic compound biosynthetic process 7.09 6.77 - -

Organic cyclic compound biosynthetic process - - - -

Organonitrogen compound biosynthetic process 8.96 8.95 10.22 10.66

Oxidation-reduction process - - 6.76 6.79
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Phosphate-containing compound metabolic process - - 7.09 6.87

Protein metabolic process - 6.62 - -

Regulation of cellular process 6.39 6.93 7.11 7.23

Response to stimulus 8.26 - - -

RNA metabolic process 6.11 - 6.68 7.04

Small molecule biosynthetic process - - 6.16 6.48

Transmembrane transport - - 7.33 7.46

Transport 6.36 7.76 - -

CELLULAR COMPONENT (CC) 3,068 1,687 2,223 2,252

Cytosol - 18.44 13.99 14.34

Plasma membrane - 23.12 22.31 22.25

Protein-containing complex - 12.63 8.73 8.97

Cell - 45.82 37.97 38.54

DNA binding 14.6 - - -

Hydrolase activity 19.65 - - -

Integral component of membrane - - 17 15.9

Ion binding 22.78 - - -

Oxidoreductase activity 11.8 - - -

Transferase activity 19.36 - - -

Transmembrane transporter activity 11.8 - - -

51



MOLECULAR FUNCTION (MF) 2,374 3,068 3,210 2,739

Anion binding - - 10.44 11.39

Cation binding - - 7.82 0

DNA binding 13.06 14.6 10.56 13.58

Drug binding - - 7.98 0

Hydrolase activity 18.07 19.65 16.7 19.97

Ion binding 27.38 22.78 - -

Nucleotide binding - - 9.72 10.7

Oxidoreductase activity 12.05 11.8 10.47 13.11

Transferase activity 18.7 19.36 17.23 20.41

Transmembrane transporter activity 10.74 11.8 9.1 10.84

* Total number of proteins identified in the category; ** Percentage of proteins identified in each category.
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Table S7. Secondary metabolite gene clusters of B. safensis BacI67 detected by AntiSMASH. 
Type From To Size (nt) Metabolite/MSKC

Bacteriocin 77,829 88,146 10,318 Unknown

Beta-lactone 451,990 478,368 26,379 Unknown

Siderophore 376,986 405,622 28,637 Unknown

Terpene 67,095 88,696 21,875 Unknown

LAP 240,543 226,723 22,181 Plantazolicin (91%)

NRPS 194,741 229,869 35,129 Bacillibactin (53%)

NRPS 75,803 159,509 83,707 Lichenysin (92%)

Beta-lactone 137,221 165,633 28,413 Fengycin (53%)

T3PKS 1 28,888 28,888 Unknown

Terpene 67,095 88,969 21,875 Unknown

MSKC: Most similar known cluster in the MiBig database, where the numbers in parenthesis are the percentage of similarity.
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Table S8. Secondary metabolite gene clusters of B. paranthracis C21 detected by AntiSMASH. 
Type From To Size (nt) Metabolite/MSKC

NRPS 17,433 67,160 49,718 Bacillibactin (46%)

Beta-lactone 200,565 225,803 25,239 Fengycin (40%)

Bacteriocin 327,225 337,491 10,267 Unknown

LAP, Bacteriocin 162,585 186,091 23,507 Unknown

Terpene 1 13,499 13,499 Unknown

Bacteriocin 1 6,639 6,639 Unknown

Bacteriocin 1 5,870 5,870 Unknown

MSKC: Most similar known cluster in the MiBig database, where the numbers in parenthesis are the percentage of similarity.
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Table S9. Secondary metabolite gene clusters of B. velezensis B64a detected by AntiSMASH. 
Type From To Size (nt) Metabolite/MSKC

Other 228,781 270,199 41,419 Bacylisin (100%)

Bacteriocin, NRPS 786,361 838,154 51,794 Bacillibactin (100%)

Trans-AT-PKS, trans-AT-PKS-like 542,296 648,462 106,167 Difficidin (100%)

Trans-AT-PKS-like, trans-AT-PKS, NRPS, T3PKS 20,435 130,140 109,706 Bacillaene (100%)

Trans-AT-PKS 349,293 437,499 88,207 Macrolactin H (100%)

Lanthipeptide 602,798 631,687 28,890 -

NRPS 205,658 271,065 65,408 Surfactin (78%)

PKS-Like 62,897 104,141 41,245 Butirosin A/Butirosin B (7%)

Terpene 186,177 206,917 20,741 Unknown

T3PKS 1 26,394 26,394 Unknown

Terpene 95,059 116,942 21,884 Unknown

NRPS 139,672 178,102 38,431 Plipastatin (46%)

NRPS, beta-lactone, trans-AT-PKS 1 87,619 87,619 Fengycin (80%)

Fengycin 1 9,487 9,487 Fengycin (13%)
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MSKC: Most similar known cluster in the MiBig database, where the numbers in parenthesis are the percentage of similarity.
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Table S10. Secondary metabolite gene clusters of B. velezensis B15 detected by AntiSMASH. 
Type From To Size (nt) Metabolite/MSKC

PKS-like 63,692 104,936 41,245 Butirosin A/Butirosin B (7%)

Terpene 187,740 208,480 20,741 -

NRPS, beta-lactone, trans-AT-PKS 3 99,803 99,801 Fengycin (86%)

Trans-AT-PKS-like, trans-AT-PKS, NRPS, T3PKS 162,026 272,134 110,109 Bacillaene (100%)

Other 42,529 83,947 41,419 Bacilysin (100%)

Terpene 49,157 71,040 21,884 -

T3PKS 134,507 175,607 41,101 -

Trans-AT-PKS-like 291,468 337,314 41,847 Difficidin (53%)

Thiopeptide, LAP 92,101 121,834 29,734 -

NRPS 133,234 198,641 65,408 Surfactin (91%)

Trans-AT-PKS-like 185,896 220,367 34,472 Difficidin (46%)

NRPS, bacteriocin 134,660 186,452 51,793 Bacillibactin (100%)

Trans-AT-PKS 1 81,573 81,573 Macrolactin H (100%)

Trans-AT-PKS-like 1 22,938 22,938 Difficidin (26%)
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NRPS 1 13,471 13,471 Fengycin (20%)

MSKC: Most similar known cluster in the MiBig database, where the numbers in parenthesis are the percentage of similarity.

58



Capítulo 2 - Larval gut microbiome of Pelidnota luridipes (Coleoptera: Scarabaeidae): high bacterial diversity,
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Abstract

Pelidnota luridipes Blanchard (1850) is a tropical beetle of the family Scarabaeidae, whose larvae live

on wood without parental care. Microbiota of mid- and hindgut of larvae was evaluated by culture-dependent

and independent methods, and the results show a diverse microbiota, with most species of bacteria and fungi

shared between midgut and hindgut. We isolated 272 bacterial  and 29 yeast isolates,  identified in 57 and 7

species,  respectively,  while  using  metabarcoding,  we accessed  1,481 and  267 OTUs of  bacteria  and  fungi,

respectively. The composition and abundance of bacteria and fungi differed between mid- and hindgut, with a

tendency for higher richness and diversity of yeasts in the midgut, and bacteria on the hindgut. Some taxa are

abundant  in  the  intestine  of  P.  luridipes  larvae,  such  as  Firmicutes,  Bacteroidetes,  Proteobacteria,  and

Actinobacteria; as well as Saccharomycetales and Trichosporonales yeasts. Mid- and hindgut metabolic profiles

differ (e.g. biosynthesis of amino acids, cofactors, and lipopolysaccharides) with higher functional diversity in

the hindgut.  Isolates  have  different  functional  traits  such  as  secretion of  hydrolytic  enzymes and  antibiosis

against pathogens.  Apiotrichum siamense L29A and Bacillus  sp. BL17B protected larvae of the moth Galleria

mellonella (Linnaeus,  1758),  against  infection  by  the  pathogens  Listeria  monocytogenes  ATCC19111  and

Pseudomonas aeruginosa ATCC 9027. This is the first work with the larval microbiome of a  Rutelini beetle,

demonstrating its diversity and potential in prospecting microbial products as probiotics. The functional role of

microbiota for the nutrition and adaptability of P. luridipes larvae needs to be evaluated in the future.

Keywords: metabarcoding, saproxylic beetles, grub, Rutelinae, probiotics, lytic enzymes

Key Points:

 Gut microbiome of P. luridipes larvae is dominated by Firmicutes and Bacteroidetes.

 Yeasts Spathaspora and Candida are abundant in larval gut.

 Apiotrichum siamense L29A e Bacillus sp. BL17B showed probiotic features.
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Introduction

Microbes and insects share and modify environments, and the association between them is complex,

diverse,  and ancient.  Throughout  their  diversification,  insects  have  generated niches occupied  by symbiotic

and/or parasitic microbiota  (Dillon and Dillon 2004; Blackwell 2017) that are associated with different parts of

their  body,  especially  the  cuticle  and  the  gut  (Mattoso  et  al.  2012;  Stefanini  2018).  Temporally,  the  host-

associated microbiota can be transient - momentarily acquired from habitat or food (Santos-Garcia et al. 2020) -

or  represented  by  resident  species,  constituting  a  community  that  can  be  relatively  stable  (Douglas  2015).

Microbial  communities  associated  with  insect  guts  have  interesting  functional  traits  for  the  insect,  such as

substrate fermentation (Lemke et al. 2003), secretion of lytic enzymes (Sheng et al. 2015), and detoxification of

toxic compounds (Adams et al 2013; Ceja-Navarro et al. 2015). Conversely, insects contribute to the dispersion

of microbes (Madden et  al.  2018; Jacquemyn et  al.  2021),  facilitate  microbial  action on comminuted foods

(Brune 2014; Ulyshen 2016), and provide a favourable micro-habitat to microbial growth (Blackwell 2017).

These microbes can supplement nutrients,  such as sterols (Nasir and Noda 2003) and essential amino acids

(Douglas 2013; Ayayee et al. 2016; Alonso-Pernas et al. 2017b), required for maintenance and insect growth on

nutritionally poor substrates such as wood or flour. Biological nitrogen fixation by the microbial community is

capable  of  ameliorating the  carbon:nitrogen  (C:N) balance in  some groups  of  termites  (Brune and Dietrich

2015), for example. In general, not only termites, but other wood boring insects have the potential to accelerate

the release of immobilised nitrogen in fungal tissues and to promote the activity of nitrogen-fixing prokaryotes,

incorporating it into their biomass and increasing the amount of this element in the environment (Ulyshen 2015).

Microbial biomass of the gut itself can be a nutritional source for insects, as occurs in termites and passalids

(Reyes Castillo 1970; Nalepa et al. 2001).

The gut of insects has three main segments, the stomodeum (foregut) directly connected to the mouth,

the mesodeum (midgut), and the proctodeum (hindgut) (Holtof et al. 2019). These regions vary anatomically

according to the group and their diet, with several groups also having crypts, caeca, or enlargements that promote

the persistence of microorganisms inside the tube (Engel and Moran 2013). In addition to anatomical differences,

the  intestinal  compartments  have  varying  functions  and  pH,  constituting  different  environments  in  which

microbial  colonisation occurs.  In  termites,  the  wood crushed by mandibulae  and by the gizzard  crosses  an

alkaline midgut facilitating the extraction of hemicelluloses (Terra 1990) that are hydrolysed by the microbiota

of the proctodeal chamber (Brune and Dietrich 2015). Similarly, xylophagous beetles (e.g. family Scarabaeidae)

have an expansion of the midgut with alkaline pH, ranging from 8.38 in Odontotaenius disjunctus (Illiger, 1800)

(Ceja-Navarro et al. 2014) to 10.7 in Trypoxylus dichotomus (Linnaeus, 1771) (Wada et al. 2014); in addition to

a large chamber in the hindgut that hosts a very diverse microbial community (Egert et al. 2005; Arias-Cordero
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et al. 2012; Alonso-Pernas et al. 2017a; Shelomi et al. 2019). The bacterial phyla most often found in these

beetles are  Proteobacteria  (mainly classes  γ and  β),  Firmicutes, Bacteroidetes and  Actinobacteria  (Egert et al.

2005;  El-Sayed  and  Ibrahim  2015;  Ziganshina  et  al.  2018).  Although  most  studies  focus  on  bacterial

communities, some authors frequently indicate Saccharomycetes yeasts in the insect guts, and less frequently

Basidiomycota yeasts (Ziganshina et al. 2018).

This diverse microbiota is an important repository of species for the development of biotechnological

products  and  processes  (Ankrah  and  Douglas  2018).  It  can  bear  enzymes  of  industrial  interest  for  textile

processing, paper recycling, production of nutritional supplements, for the food industry, for the production of

alcohol from lignocellulosic materials (Berasategui et al. 2016), antimicrobial compounds for pest management

and medical applications (Xie et al. 2019), and probiotic microbial strains (Honey Chandran and Keerthi 2018;

Borah et al. 2019).

Probiotics can be defined as live microorganisms that, when administered in adequate amounts, have

health  benefits  to  the  host  (Hill  et  al.  2014).  However,  this  definition  has  been  updated  to  include  dead,

inactivated, disrupted cells or even cell metabolites that have shown probiotic effects (Zendeboodi et al. 2020).

Probiotic effects are species or lineage-specific (McFarland et al. 2018), and may work for a limited number of

indications (Sniffen et al. 2018). Therefore, it is necessary to prospect for new broader spectrum probiotics or for

functions not yet covered. Probiotics act mainly by reinforcing the epithelial barrier, adhering to the intestinal

mucosa  (and  inhibiting  pathogen  adhesion),  inhibiting  pathogens  by  competitive  exclusion,  producing

antimicrobial molecules, and modulating the immune system (Bermudez-Brito et al. 2012), although the exact

mechanisms are not fully known (Cremon et al. 2018). In addition to these mechanisms, probiotic strains can

secrete useful vitamins and enzymes to the host (Daliri and Lee 2015; Dawood et al. 2019), increase enterocyte

renewal and regulate intestinal transit (Hill et al. 2014). Some probiotic strains have specific effects against

certain  gastrointestinal  pathogens,  neutralise  carcinogenic  compounds,  and  even  have  neurological,

immunological, and endocrine effects (Zendeboodi et al. 2020).

Antibiosis against  gastrointestinal  pathogens is  an extremely desirable feature for probiotics,  as  it

helps to avoid the use of antibiotics and their growing microbial resistance. Microorganisms isolated from insects

and other animals are potential probiotics, such as Lactobacillus kunkeei (isolated from bee intestine) which is

capable  of  inhibiting  Pseudomonas  aeruginosa in  larvae  of  the  moth  Galleria  mellonella (Linnaeus,  1758)

(Fernández et al. 2017). Other studies demonstrate the  in vitro and  in vivo inhibition of pathogens that cause

vaginal  dysbiosis (Pino et al. 2021) and mastitis (Bousmaha-Marroki et al.  2021), in humans. Probiotics for

animal production can combine pathogen inhibition to the production of nutrients for the animal (Dawood et al.

2019), like three isolates of Lactococcus lactis subsp. lactis which, inhibit Salmonella Heidelberg (a serovar from

S. enterica) and Staphylococcus aureus, and also secrete folate and riboflavin, essential for the development of

chickens (Sabo et al. 2020).
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Pelidnota luridipes is a beetle of the family Scarabaeidae (subfamily Rutelinae) of mostly unknown

biology (Morón and Deloya 2002; Lunz et al. 2011; Rodrigues and Falco 2011). As far as it is known, there are

no published studies on either the species and genus microbiota. Pelidnota adults are usually caught at light or in

fruit traps at the beginning of the rainy season (Moore et al. 2017). Adults live for a few weeks and feed on

flowers, fruits, and buds - in some species, adults do not feed (Ritcher 1966; Morón and Deloya 2002; Lunz et al.

2011; Rodrigues and Falco 2011; Moore et al. 2017). Pelidnota larvae feed on wood, humus, or roots and spend

most of their development in the third instar (Rodrigues and Falco 2011). They resemble grubs, rhizophagous

pests  of  the  subfamilies  Dynastinae and  Melolonthinae  (Scholtz  and  Grebennikov  2016).  Larvae  of  these

families and other  Scarabaeidae usually have an expanded midgut with an alkaline pH (Wada et al. 2014), as

well as an even bulkier fermentation chamber in the hindgut, which pH is close to neutral (Areekul 1957; Zheng

et al. 2012; Wada et al. 2014). Within these chambers, the pH and availability of O2 vary, creating microhabitats

exploited by the associated microbiota (Ceja-Navarro et al. 2014) in Dynastinae, Melolonthinae as well as other

closely related families. Larvae in this group harbour microbes able to ferment sugars such as cellulose and

xylose (Selim et al. 2020)  and are also able to recycle nitrogen waste which is later absorbed by the insect

(Cadete et al. 2009; Alonso-Pernas et al. 2017b), in addition to secreting several enzymes of biotechnological

interest (Egert et al. 2005; Handique et al. 2017; Wales et al. 2018).

In this work, we used cultivation-dependent and independent methods to analyse the structure of the

bacteria and fungi communities associated with the gut of P. luridipes larvae, in addition to evaluating functional

traits and probiotic potential of cultivable isolates. We aim to unveil and understand microbial diversity in the gut

of  a tropical  beetle larva that  lives under a very poor diet,  and check for the presence of  species  featuring

interesting antimicrobial and/or enzymatic properties that may help larvae thrive on decaying wood, and may be

of biotechnological interest.

Material and Methods

Insect collection and processing

Third instar larvae of Pelidnota luridipes were found and collected manually during April 2018 on a

decaying  log  in  a  forest  fragment  in  the  municipality  of  Cuiabá,  Mato  Grosso,  Brazil  (15.606750  S,

56.047229W) (access  number  on Sisgen  A9C82C6).  Larvae  were  transported  to  the  laboratory  inside  their

substrate to avoid potential contamination or stress to the animals. Insect vouchers (three larvae) were deposited

at the Entomology Section of the Universidade Federal de Mato Grosso (UFMT) Zoological Collection (CEMT).

Five larvae were kept in individual plastic pots containing fragments of wood and soil from the site until the

emergence of adults for identification. A couple of emerged adults were kept for breeding in plastic containers

and for obtaining eggs. The remaining adults were deposited at CEMT (CEMT 00042724-40725). Three third
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instar larvae obtained from these eggs were dissected and mid- and hindgut were separated and macerated in 3

mL of ultrapure water for pH measuring.

Isolation and identification of cultivable microorganisms from larval guts

Initially, larvae (Online Resource 1, Fig. S1a) were superficially disinfected with 70% alcohol for 1

min, and rinsed three times in a sterile phosphate buffer (PBS) (81mM Na2HPO4, 19mM NaH2PO4, 150mM

NaCl, pH 7.4). Then, larvae were dissected in a laminar flow hood (Online Resource 1, Fig. S1b). The guts of

five larvae were processed without separation of midgut and hindgut initially, only for plating and cultivation of

microorganisms. Afterwards, three other larvae were processed, individualising the two digestive chambers for

enumeration and isolation of microorganisms and for total DNA extraction.

The  mass  of  whole  tubes  and  chambers  was  measured  on  an  analytical  scale.  Sequentially,  the

materials were macerated in Eppendorf tubes containing PBS buffer  for  isolation of cultivable microbes.  A

fraction of the macerate obtained from each gut chamber was stored at -20ºC for total DNA extraction. The

macerates were plated on TSA 10% with nystatin, ACA with nystatin (100 µg / mL) and YPD culture medium

with chloramphenicol (100 µg / mL). Plates were incubated at 28º C and observed daily. The colonies were

purified and morphotyped, and then stored in 20% glycerol at -20ºC.

Isolates were identified by extracting their DNA (Bio-Rad Instagene Matrix Kit) and amplifying the

regions 16S of bacterial rDNA with the 1492R-P027F oligos (Lane 1991) and yeasts’ ITS rDNA with the ITS1-

ITS4 oligos (White  et  al.  1990)  by PCR. The amplicons  were  purified  enzymatically  with ExoSap-it  PCR

Product  Cleanup  Reagent  (GE  Healthcare)  and  Sanger  sequenced  using  the  BigDye™  Terminator  Cycle

Sequencing  kit.  Sequences  were  filtered  and  edited  in  BioEdit  version  7.2.6.1  and  aligned  for  molecular

identification  in  NCBI  with  BLASTn  algorithm  (Altschul  and  Gish,  W.  Miller,  E.  W.  Myers  1990).  The

identification considered sharing at least 97% the identity with the sequences deposited in GenBank (Janda and

Abbott 2007). Sequences were deposited in GenBank with access numbers MW142049 to 142152, MW147750

to 147755 and MW165500 to 165513 (Online Resource 2, Table S1).

Sequencing and metabarcoding of gut samples

We extracted and purified total  DNA from larval  gut macerates  with the DNEasy Power Soil  kit

(Qiagen),  according  to  the  manufacturer's  instructions  and  using  the  equivalent  of  50  mg of  intestine.  We

identified the communities of bacteria and fungi in the samples by next generation sequencing on Illumina -

MiSeq platform (2 × 300 bp), according to the manufacturer's recommendations. The 16S rRNA genes were

amplified  with  primers  S-D-Bact-0341-b-S-17  (5′-CCTACGGGNGGCWGCAG-3′)  e  S-D-Bact-0785-a-A-21
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(5′-GACTACHVGGGTATCTAATCC-3′)  that  flank the  hypervariable regions V3 and V4 (Klindworth et  al.

2013).  The  nRLSU-U (nuclear  ribosomal  large  subunit  rDNA)  region  of  the  fungal  28S  rDNA gene  was

amplified using primers U1 and U2 ( Huang et al. 2014).

Sequences  were  processed  using  USEARCH  v11.0.667  (Edgar  2010).  First,  the  paired-end  raw

readings were joined with overlap criteria: identity higher than 90% and less than 30 differences between the

ends of pairs. Then, the adapters were eliminated and the reads selected by final size of 400 bp (16S) and 210 bp

(nRLSU-U).

Sequences were filtered using the criterion of expected average errors (“max_EE” = 02 average errors

per sequence) and were not replicated, obtaining representative sequences for each OTU. OTUs represented by

only one read were eliminated (Debroas et al. 2017). Subsequently, the unreplicated sequences went through

grouping or clustering, recruiting in a single group all sequences with up to 97% similarity (Yoon et al. 2017).

The  chimeric  sequences  were  removed  with  the  UCHIME  algorithm  (Edgar  et  al.  2011)  implemented  in

USEARCH. The counting matrices were obtained with the “usearch_global” algorithm. Finally, the taxonomy of

the non-replicated sequences was predicted using the SINTAX algorithm, implemented in USEARCH. We used

an 80% confidence bootstrap to predict a taxonomic level for an OTU. The database for taxonomic prediction

was made with the combination of the Ribosomal Database Project - RDP (http://rdp.cme.msu.edu/), added with

mitochondrial sequences from the NT bank - National Center for Biotechnology Information - NCBI and the

SILVA database (Yarza et al. 2014) . For further analysis, we removed the sequences classified as chloroplasts

and mitochondria. Sequences were deposited in GenBank under accession numbers PRJNA718877.

Evaluation of probiotic functional traits of isolates

Stocked bacteria and yeasts were previously activated in LB and YPD broth, respectively, at 28 ºC

under agitation of 100 rpm for 24 h. The isolated strains were characterised by their ability to secrete hydrolytic

enzymes:  cellulases,  proteases,  pectinases,  amylases,  esterases  (Carrim et  al.  2006);  ligninases  (growth  and

production of halos in medium with tannic acid: tannic acid, 5 g / L; malt extract, 15 g / L; agar 40 g / L) and by

phosphate solubilisation (Katznelson and Bose 1959). The growth and production of halos (or precipitate, in the

case of esterase) was evaluated semi-quantitatively by scales of 0 (absence) and 1 to 3 (relative size of halos:

small, medium and large).

Antagonistic antibiotic activity of the isolates was determined by the overlay method (Pugsley and

Oudega 1987). Liquid cultures of the isolates were inoculated in Petri dishes containing LB agar and inactivated

with  chloroform vapour  after  24  h  of  growth.  Then,  an  over-layer  of  semi-solid  LB  medium (0.8% agar)

containing 50μL of culture of the pathogenic strain (OD 600nm 0.8) was deposited on the inactivated cultures.

After half an hour at 4º C, plates were incubated at 37º C for 24 h. Antagonistic activity was determined by the
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size of the inhibition halo on the pathogens: Escherichia coli ATCC25922, Listeria monocytogenes ATCC19111,

Pseudomonas  aeruginosa ATCC9027,  Salmonella  enterica  serovar Typhimurium  ATCC14028,  Yersinia

enterocolitica IAL2449,  Shigella  flexneri ATCC12022,  Staphylococcus  aureus ATCC6538.  Inhibition  of

pathogenic yeasts  Candida albicans 159 and  Candida tropicalis 160 (clinical isolates obtained from Hospital

Universitário  Julio  Muller)  were  also  tested.  Pathogen  inhibition  halos  were  used  to  calculate  qualitative

inhibition scores (number of inhibited pathogen species) and total scores (total sum of halo values).

The ability  of  the isolates  to  grow at  different  pHs was determined in liquid medium in 96-well

microplates at 28º C. Cellular growth in liquid LB at pH 2, 4, 7 and 8 was measured in a spectrophotometer by

the optical density at 600 nm for 48 h. Finally, the ability of the isolates to grow in the presence of bile salts was

determined in Petri dishes containing TSA 10% or YMA medium with 0.3% bile salts (Sedláčková et al. 2015).

Saccharomyces boulardii (Repoflor® - Legrand) and Bacillus clausii (Enterogermina Plus® - Sanofi commercial

probiotic strains were used as a reference in all tests.

Evaluation of antagonistic activity in vivo in Galleria mellonella larvae

The antagonistic activity of the isolates against pathogenic microorganisms was evaluated in Galleria

mellonella (Linnaeus, 1758) larvae (Scalfaro et al. 2017). Initially, we selected strains that inhibited at least two

pathogenic species or strains that showed a quantitative inhibition score higher than 5. The strains identified as

pathogenic species were eliminated from the selection. At the end, seven species were selected for the assays

with G. mellonella (Table 1).
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Table 1. Characterisation of the isolates selected for in vivo antibiosis assay in Galleria mellonella larvae. 

Isolate
Functional Traits Growth Antibiosis halos in vitro (mm)

PT ES CELPEC AM LG SB PO4 pH2 pH4 pH7 pH8 CA CT EC PA SF ST YE LM SA
Halo
Sums

Apiotrichum siamense 
L29A

0 0 0 0 2 0 2 0 1 1 1 1 0 0 0 9 0 0 0 8 0 17

Bacillus paranthracis B73 3 2 2 0 3 0 0 0 0 0 1 1 0 0 0 14 0 0 0 14 0 28
Bacillus pumilus B34 1 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 14 18 32
Bacillus sp. BL17B 3 0 3 2 3 0 1 0 0 0 1 1 0 0 0 0 3 0 10 0 20 33
Bacillus thuringiensis 
B27B

3 3 0 1 2 1 3 1 1 0 1 1 0 0 0 18 0 0 0 15 26 59

Bacillus velezensis BL14 3 0 2 2 2 0 0 0 0 0 1 1 0 0 19 0 11 10 34 0 45 119
Xanthomonas maliensis 
B6B

0 0 1 0 0 0 3 2 0 0 1 1 0 0 14 0 15 16 0 0 0 45

Bacillus clausii – 
comercial

0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

Saccharomyces boulardii –
comercial

0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0

Functional traits indicated by halo semi-quantitative measure: PT: Protease, ES: Esterase, CEL: Cellulase, PEC: Pectinase, AM: Amylase, LG: Ligninase, SB: Growth in

medium with bile salts, PO4: Phosphate solubilisation. Growth in culture medium with different pHs: 0 - Non-growth and 1- Growth. Halos of in vitro antibiosis: CA:  Candida

albicans 159, CT: Candida tropicalis 160, EC: Escherichia coli ATCC25922, PA: Pseudomonas aeruginosa ATCC9027, Shigella flexneri ATCC12022, Salmonella enterica serovar

Typhimurium ATCC14028, YE: Yersinia enterocolitica IAL2449, LM: Listeria monocytogenes ATCC19111, Staphylococcus aureus ATCC6538. 
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Initially, the concentration of pathogen cells capable of killing G. mellonella larvae was determined.

Larvae  were  bred  in  laboratory  conditions  according  to  Harding  et  al.  (2013).  Listeria  monocytogenes

ATCC19111, Shigella flexneri ATCC12022 and P. aeruginosa ATCC9027 were activated in BHI broth at 37 ºC,

under agitation (100 rpm for 24 h). Cells were collected by centrifugation (5,000 rpm, for 5 min) and the pellet

was rinsed twice in a sterile saline solution (NaCl 0.8%). The cell pellet was resuspended in saline, and optical

density at 600nm OD was adjusted using a spectrophotometer. Five healthy larvae, weighing between 0.2-0.3 g,

were chosen at random and subject to injections (in the left third pseudo-leg) with 10μL of the microbial cell

suspension. Larvae were incubated at 37 ºC in the dark and evaluated daily for mortality and melanisation up to

seven days (Megaw et al. 2015; Champion et al. 2018). Control treatments consisted of larvae injected or not

with sterile saline solution and uninjected larvae. The pathogenicity of the seven selected strains (Table 1) was

determined similarly to the procedure described previously. 

The protective effect on  G. mellonella  larvae was evaluated by co-injection of selected strains and

pathogenic bacteria. Cell suspensions were prepared as described above. Initially, a volume of 10  μL of cell

suspensions of the selected species (Table 1) was injected into the third left pro-leg of ten G. mellonella larvae.

Control treatments were set up with commercial probiotics. After keeping larvae at 37 ºC for 2 h, 10 μL of cell

suspensions of the pathogens was injected into the third right pro-leg of larvae. Larvae were incubated at 37 ºC

in the dark, and the rate of death and melanisation was monitored daily for 7 days.  Survival  analysis were

performed by comparisons by treatment pairs (co-injection treatment vs. pathogen treatment) using the Log rank

test (Mantel-Cox) in the GraphPad Prism 6.0 software.

Statistical analyses

Diversity of communities identified by cultivation dependent and independent methods was estimated

and compared between the mid- and hindgut. Alpha diversity parameters (Richness, equitability, Shannon and

Simpson index) were estimated using Fossil (Vavrek 2011) and Vegan (Oksanen 2017) packages in R (R Core

Team 2020).  Differences in  beta  diversity  between microbial  communities  between mid-  and  hindgut  were

evaluated  by  composition  (Jaccard  index)  and  abundance  (Bray-Curtis  index)  of  the  different  taxa  using

transformed abundance data (ln + 1). Similarities were visualised via NMDS (Non-Metric Multidimensional

Scaling Analysis).

Differences in community composition were visualised by Venn diagrams using the BioInformatics

and  Evolutionary  Genomics  online  tool  (http://bioinformatics.psb.ugent.be/webtools/Venn/).  We used  Mann-

Whitney U tests to determine whether the gut chamber influences the relative abundance of cultivable and non-

cultivable  microorganisms.  Metabolic  functions  of  bacterial  communities  identified  from  the  16S  rRNA
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sequences were predicted by annotating OTU pathways against the KEGG database using PICRUST v. 1.1.4

(Phylogenetic  Investigation of  Communities  by Reconstruction of  Unobserved State)  (Langille  et  al.  2013).

Analyses were performed on the Microbiome Analyst platform (Chong et al. 2020). Data were filtered using the

standard procedure and normalized by Cumulative sum scaling (CSS). Cluster analyses were performed using

the  Bray-Curtis  distance  matrix  and  Ward  clustering  algorithm.  Differential  abundance  analysis  of  the  KO

descriptors was determined by the edgeR algorithm (p <0.05). The differentially abundant descriptors between

mid  and  hindgut  of  P.  luridipes  were  mapped  in  the  metabolic  pathways  using  the  website

https://www.genome.jp/kegg/ko.html.

Results

Gut microbial community of Pelidnota luridipes analysed by culture-dependent method

The midgut and hindgut of P. luridipes larvae differ in their pH. Contents of the midgut were more

alkaline (pH 10.44 ± 1.13) in relation to the material collected from the hindgut (pH 7.65 ± 0.15) (t= 4,209, p-

value=  0.048).  Counting  with  the  initial  plating  tests,  we  obtained  a  total  of  125  bacterial  isolates,  147

actinobacteria and 29 yeasts, for a total of 302 isolates from eight larvae. We identified 64 species of cultivable

microorganisms, 22 of which are actinobacterial, 35 bacterial and seven yeast species (Online Resource 2,  Table

S1). From this total, when considering only the second isolation with separation of mid and hindgut, we obtained

60 bacterial isolates, 59 actinobacteria and nine yeasts (Online Resource 2, Table S1).

There were no significant differences between the alpha diversity indices estimated for the microbial

communities  between the mid- and hindgut of  P.  luridipes  (t  test,  p  <0.05) (Table 2).  The NMDS analysis

indicates a separation between the chambers in the composition (Jaccard Distance) and abundance (Bray-Curtis

Distance) of bacteria and yeasts, with a more evident separation between the bacterial communities (Online

Resource 1, Figs. S2 and S3). 

Considering each species, there were no significant differences in relative abundance between mid-

and hindgut by the Mann-Whitney U test (p <0.05). Although we did not observe any statistically significant

differences in alpha diversity, the data indicate a tendency for higher richness and diversity of yeasts in the

midgut in relation to hindgut, and the opposite is observed in bacterial communities which tend to be more rich

and diverse in the hindgut (Fig. 1).
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Table 2. Abundance and alpha diversity measures of cultivable microbial  community of mid- and

hindgut of Pelidnota luridipes.

Group Measure Midgut Hindgut p value

Bacteria

Abundance (log UFC/mg) 4.23 ±2.35  2.98 ± 1.30 0.45
Shannon 1.04 ± 0.33 1.46 ± 0.49 0.29
Richness 14.33 ± 11.59 15.33 ± 2.52 0.90
Eveness 0.59 ± 0.32 0.54 ±0.20 0.84
Simpson 0.49 ± 0.06 0.69 ±0.14 0.84

Yeasts

Abundance (log UFC/mg) 2.98 ± 1.18 3.3 ± 1.3 0.58
Shannon 0.69 ± 0.73 0.51 ± 0.45 0.72
Richness 3.33 ± 1.53 2.67 ± 1.53 0.57
Eveness 0.49 ± 0.46 0.62 ± 0.06 0.85
Simpson 0.38 ± 0.37 0.34 ± 0.29 0.34

Total

Abundance (log UFC/mg) 7.22 ± 3.08 9 ± 0.96 0.47
Shannon 0.8 ± 0.84 0.93 ± 0.93 0.47
Richness 17.67 ± 12.5 18.00 ± 3.61 0.97
Eveness 0.31 ± 0.27 0.31 ± 0.32 0.53
Simpson 0.33 ± 0.3 0.44 ± 0.40 0.13

Of  the  six  classes  of  bacteria  identified,  Gammaproteobacteria (68.90%)  and  Bacilli (24.01%)

abundantly  colonise  the  intestine  of  P.  luridipes larvae  (Online  Resource  2,  Table  S2).  The  classes

Alphaproteobacteria and  Flavobacteria were  exclusive  to  the  midgut.  We  detected  28  genera  (midgut:  21;

hindgut:  16),  with  Citrobacter (midgut:  46.41%; hindgut:  77.15%),  Enterococcus (midgut:  35.86%; hindgut:

5.54%), Lactococcus (midgut: 1.11%; hindgut: 7.31%) and Sporosarcina (midgut: 8.94%; hindgut: 0.30%) being

the most abundant (Online Resource 2, Table S2).

We isolated 50 species of bacteria (midgut: 31; hindgut: 34), and the most abundant were Citrobacter

amalonaticus  (66.38%),  Enterococcus  termitis (10.47%),  and  Lactococcus  sp.  (5.41%)  (Fig.  1).  The  most

common species of the midgut were  Citrobacter amalonaticus (46.41%),  Enterococcus termitis (35.76%) and

Sporosarcina contaminans.  (8.94%);  while  Citrobacter  amalonaticus (74.63%),  Lactococcus sp.  (7.31%) and

Enterococcus hirae. (5.54%) were more abundant in the hindgut (Online Resource 1, Fig. 1 and Online Resource

2, Table S2).

Yeasts contributed to  only 2.3% of the average abundance of  cultivable microorganisms, and are

represented by species of the orders  Saccharomycetales (99.74% of CFUs/mg of yeasts) and Trichosporonales

(0.26% of CFUs/mg of yeasts) (Fig. 1 and Online Resource 2, Table S3). Spathaspora (29.34% of yeast CFUs in

the midgut and 58.31% in the hindgut) was the most abundant genus among the yeasts identified, followed by

Candida (16.58% of the yeasts in the midgut against 30.49% of hindgut), Scheffersomyces (45.64% of the yeasts

of  midgut  against  10.58% of  hindgut)  and  Meyerozyma (exclusive  of  midgut,  8.29%)  (Fig.  1  and  Online

Resource 2, Table S3). Apiotrichum (0.15% of yeasts of midgut versus 0.31% of hindgut) was the least abundant
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genus in the counts. Only Candida was represented by three species, with all other genera represented by one

species each (Fig. 1 and Online Resource 2, Table S3).

Fig. 1 Richness (a) and relative abundance (b) of cultivable bacterial (left) and yeast (right) species in

the mid- and hindgut of Pelidnota luridipes

Analysis of the non-cultivable microbial community of mid and hindgut of P. luridipes

After the quality and size filtering procedures, the 1,009,086 total reads were distributed in 345,316

bacterial and 788,973 fungal reads (Table 3).
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Table  3.  Total  number  of  sequences  from  gut  chambers  of  Pelidnota  luridipes  according  to  the

parameters of the different sequencing phases.

Group Sample* R1 R2 Merged Trimmed Filtered Mapped OTUs

Bacteria

P6A 113,911 113,911 80,998 80,822 75,838 64,608 1,023
P7A 106,886 106,886 72,496 72,371 67,014 54,365 271
P8A 125,811 125,811 90,462 90,009 85,127 51,413 1,154
P6R 128,594 128,594 94,009 93,530 88,876 53,716 1,005
P7R 147,871 147,871 108,905 108,099 102,601 58,607 1,120
P8R 169,305 169,305 124,272 123,165 116,906 62,607 1,235

Fungi

P6A 146,351 146,351 131,195 131,055 130,115 127,024 130
P7A 142,304 142,304 125,214 125,100 124,229 121,233 122
P8A 135,853 135,853 121,200 121,164 120,313 118,516 171
P6R 150,142 150,142 134,599 134,553 133,717 128,748 86
P7R 141,815 141,815 126,601 126,356 125,439 123,000 106
P8R 195,376 195,376 174,322 174,185 173,019 170,452 141

*Samples refer to animal codes (P6, P7, P8) combined with chamber source (A: midgut, R: hindgut).

The main difference between the two compartments is shown in diversity (Shannon index) of phyla,

genera and bacterial OTUs. Hindgut showed higher values  in relation to midgut (test t, p <0.01) (Table 4). In

addition, hindgut showed higher evenness of bacterial phyla (test t, p <0.05) (Table 4). We found no differences

in the parameters of alpha diversity in the fungal community (order, family and OTU) (test t, p <0.05) (Table 4).

Bacterial community tends to have higher richness in the hindgut, while the fungal community tends to be more

rich in the midgut (Table 4, Figs. 2 and 4), similarly to what we observed with cultivation dependent methods.

73

358

359

360

361

362

363

364

365

366

367

7



Table 4. Diversity of uncultivable microorganisms for the two gut chambers of Pelidnota luridipes.

Bacteria Phylla Genera OTUs 

Midgut Hindgut p Midgut Hindgut p Anterior Hindgut p
Richness 7.33 ± 2.08 6.67 ± 0.58 0.64 106.33 ± 35.23 75.00 ± 14.73 0.26 662.00 ± 427.17 991.00 ± 116.05 0.31
Shannon 0.69 ± 0.06 0.93 ± 0.05 0.01 2.03 ± 0.04 2.61 ± 0.03 0.0001335 2.63 ± 0.54 4.96 ± 0.10 0.01
Chao1 7.33 ± 2.08 6.67 ± 0.58 0.64 116.58 ± 30.03 107.21 ± 31.19 0.73 842.47 ± 403.15 1091.96 ± 98.03 0.40

Eveness 0.37 ± 0.03 0.50 ± 0.01 0.02 0.51 ±0.09 0.62 ± 0.01 0.15 0.54 ± 0.13 0.74 ± 0.04 0.11

Fungi Orders Families OTUs

Midgut Hindgut p Midgut Hindgut p Midgut Hindgut p
Richness 38.67 ± 3.79 31.67 ± 3.21 0.07 43.67 ±9.71 50.33 ± 8.39 0.42 137.00 ± 26.15 105.67 ± 25.11 0.21
Shannon 1.48 ± 0.04 1.25 ± 0.51 0.51 1.28 ±0.54 1.54 ± 0.01 0.48 2.60 ± 0.08 2.07 ± 0.67 0.31
Chao1 39.00 ± 3.61 32.6 ± 4.16 0.12 45.08 ±9.66 57.83 ± 0.14 0.14 186.61 ± 94.01 117.34 ± 25.95 0.14

Eveness 0.45 ± 0.05 0.39 ± 0.17 0.63 0.33 ± 0.13 0.46 ± 0.05 0.22 0.55 ± 0.02 0.47 ± 0.15 0.48

* Values are mean and standard deviation of the indices. Values were compared by an unpaired t test.
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The  two  compartments  share  11  bacterial  phyla,  Parcubacteria and  Armatimonadetes are  midgut

exclusive (Fig. 2). Approximately 4.1% and 14.9% of the reads from the mid and hindguts, respectively, could

not be classified at  the phylum level.  Only the abundances of the  Firmicutes and  Bacteroidetes reads were

statistically different between the compartments (t test, p <0.05). The most abundant phyla in both chambers are

Firmicutes (67.75% of the reads from the midgut against 44.95% reads from the hindgut), Bacteroidetes (9.51%

- midgut against 32.71% - hindgut), and Proteobacteria (14.31% - midgut against 4.53 % - hindgut) (Fig. 2). An

unidentified phylum of the Bacteria Domain had 4.06% of the reads from midgut and 14.98% of the reads from

hindgut. Midgut had 48 exclusive genera (Fig. 2), and only one taxon (Clostridiaceae1) was foregut-exclusive,

with an abundance of about 0.036%.

We  obtained  1,481  bacterial  OTUs  with  different  abundances  between  the  two  chambers  of  P.

luridipes’ gut, and 1,076 of the OTUs are shared between both (Fig. 2; Online Resource 2, Table S4). Exclusive

OTUs  are  enriched  in  the  hindgut  (Fig.  2).  Considering  the  total  OTUs,  some stand  out  for  their  relative

abundance, such as Firmicutes_OTU1 representing 10.47% of total reads (20.3% in the midgut and 0.65% in the

hindgut),  Enterobacteriaceae_OTU2  with  4.79%  (9.4%  in  the  midgut,  0.2  %  in  the  hindgut),

Porphyromonadaceae_OTU3 (3.94% of total; 5.7% in the midgut, 2.17% in the midgut) and Lactococcus_OTU4

(3.01% of total; 5.03% in the midgut, 1% in the hindgut) (Fig. 2, and Online Resource 2, Table S4).

About 118 OTUs showed relative frequency (RF) equal to or higher than 0.1% of the total reads,

represented  by  Actinobacteria (3  OTUs), Bacteroidetes (83  OTUs), Candidatus_Saccharibacteria  (2  OTUs),

Firmicutes (64 OTUs), Proteobacteria (9 OTUs), Verrucomicrobia (1 OTUs), and without specific phylum (14

OTUs) (Online Resource 2, Table S4). We identified 19 families (55 OTUs) and 13 genera (17 OTUs) among the

selected OTUs (FR> 0.1) (Table 5). Among OTUs with abundance higher than 0.1%, we observed 15 OTUs

absent in the midgut and only three not detected in the hindgut (Bacteroidetes_OTU12, Providencia_OTU34 and

Paenibacillus_OTU78)  (Table  5).  The  most  abundant  OTUs  in  the  midgut  were  Firmicutes_OTU1,

Enterobacteriaceae_OTU2,  Porphyromonadaceae_OTU3,  Lactococcus_OTU4  and  Firmicutes_OTU7;  while

Bacteroidia_OTU5,  Clostridia_OTU11,  Bacillales_OTU6,  Clostridium_XlVa_OTU15 and  Clostridiales_OTU9

were the most abundant in the hindgut.
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Fig. 2 Richness (a) and relative abundance (b)  of phyla,  genera and OTUs of bacteria detected by

metabarcoding in the gut chambers of Pelidnota luridipes

76

397

398



Table 5. Bacterial OTUs with a relative frequency higher than 0.1% present in the gut chambers of Pelidnota luridipes with relative abundance higher than 0.1%.

Relative abundance Classification
#OTU Total MG HG MG/HG Domain Phyllum Class Order Family Genus
Otu132 0.13 0.04 0.22 0.2 Bacteria Proteobacteria Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter
Otu79 0.15 0.29 0.02 18.29 Bacteria Firmicutes Bacilli Bacillales Bacillaceae_1 Bacillus
Otu92 0.12 0.22 0.02 9.6 Bacteria Firmicutes Clostridia Clostridiales Peptostreptococcaceae Clostridium_XI
Otu15 1.53 0 3.05 0 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae Clostridium_XlVa
Otu54 0.27 0.3 0.25 1.19 Bacteria Proteobacteria Deltaproteobacteria Desulfovibrionales Desulfovibrionaceae Desulfovibrio
Otu106 0.12 0.07 0.16 0.47 Bacteria Proteobacteria Deltaproteobacteria Desulfovibrionales Desulfovibrionaceae Desulfovibrio
Otu22 0.75 0.84 0.67 1.25 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Dysgonomonas
Otu66 0.2 0.3 0.11 2.79 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Dysgonomonas
Otu61 0.19 0.27 0.1 2.58 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Dysgonomonas
Otu32 0.9 0.8 1.01 0.8 Bacteria Firmicutes Bacilli Lactobacillales Enterococcaceae Enterococcus
Otu37 0.48 0.26 0.7 0.37 Bacteria Actinobacteria Actinobacteria Actinomycetales Microbacteriaceae Gryllotalpicola
Otu4 3.02 5.03 1.01 4.99 Bacteria Firmicutes Bacilli Lactobacillales Streptococcaceae Lactococcus

Otu130 0.12 0.21 0.02 9.89 Bacteria Firmicutes Bacilli Bacillales Planococcaceae Lysinibacillus
Otu78 0.26 0.51 0 - Bacteria Firmicutes Bacilli Bacillales Paenibacillaceae_1 Paenibacillus
Otu14 1.38 1.4 1.37 1.02 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Proteiniphilum
Otu30 0.46 0.46 0.47 0.98 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Proteiniphilum
Otu34 0.53 1.07 0 - Bacteria Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Providencia
Otu1 10.47 20.28 0.65 31.01 Bacteria Firmicutes U U U U
Otu2 4.79 9.38 0.2 47.44 Bacteria Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae U
Otu3 3.95 5.73 2.17 2.64 Bacteria Bacteroidetes BacteroidiaU Bacteroidales Porphyromonadaceae U
Otu7 2.83 4.95 0.72 6.87 Bacteria Firmicutes U U U U
Otu6 2.43 1.75 3.11 0.56 Bacteria Firmicutes Bacilli Bacillales NI U
Otu5 2.26 1.06 3.46 0.31 Bacteria Bacteroidetes Bacteroidia U U U
Otu11 2.18 1.15 3.2 0.36 Bacteria Firmicutes Clostridia U U U
Otu9 1.92 1.34 2.51 0.53 Bacteria Firmicutes Clostridia Clostridiales U U
Otu10 1.63 0.76 2.5 0.3 Bacteria Bacteroidetes Bacteroidia U U U
Otu8 1.6 3.19 0.01 315.11 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu12 1.33 2.66 0 - Bacteria Bacteroidetes U U U U
Otu13 1.12 0 2.24 0 Bacteria Bacteroidetes U U U U
Otu18 1.07 1.66 0.49 3.41 Bacteria Firmicutes U U U U
Otu23 1.05 0.93 1.17 0.79 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae U
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Otu19 0.97 0.49 1.45 0.34 Bacteria Bacteroidetes U U U U
Otu16 0.93 1.13 0.72 1.56 Bacteria U U U U U
Otu24 0.88 0.21 1.55 0.14 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu17 0.88 1.36 0.39 3.45 Bacteria Firmicutes Clostridia Clostridiales U U
Otu26 0.85 0 1.7 0 Bacteria Firmicutes Clostridia Clostridiales U U
Otu21 0.81 1.49 0.13 11.41 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu28 0.81 0 1.62 0 Bacteria Firmicutes U U U U
Otu20 0.79 0 1.59 0 Bacteria Bacteroidetes U U U U
Otu45 0.74 0.83 0.64 1.3 Bacteria U U U U U
Otu29 0.68 0 1.36 0 Bacteria Firmicutes U U U U

Otu42 0.66 0.48 0.84 0.56 Bacteria Actinobacteria Actinobacteria Actinomycetales
Promicromonosporace

ae
U

Otu25 0.61 0.86 0.37 2.36 Bacteria U U U U U
Otu48 0.61 0.43 0.79 0.55 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae U
Otu27 0.57 0.6 0.54 1.11 Bacteria Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae U
Otu33 0.5 0.21 0.79 0.26 Bacteria Proteobacteria Deltaproteobacteria Desulfovibrionales U U
Otu36 0.49 0 0.99 0 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae U
Otu31 0.49 0.43 0.56 0.77 Bacteria Bacteroidetes Bacteroidia Bacteroidales U U

Otu41 0.46 0.8 0.13 6.36 Bacteria
Candidatus_Sacchari

bacteria
U U U U

Otu49 0.44 0.59 0.28 2.06 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu38 0.43 0.04 0.83 0.05 Bacteria Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae U
Otu35 0.43 0.21 0.65 0.32 Bacteria Firmicutes U U U U
Otu40 0.42 0.01 0.84 0.01 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu46 0.42 0.25 0.6 0.41 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu43 0.38 0 0.77 0 Bacteria Firmicutes Clostridia Clostridiales U U
Otu47 0.38 0.32 0.44 0.72 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu39 0.37 0.35 0.38 0.91 Bacteria Candidatus_Sacchari
bacteria

Saccharibacteria_genera
_incertae_sedis

U U U

Otu80 0.33 0.19 0.47 0.41 Bacteria Firmicutes U U U U
Otu50 0.33 0.5 0.16 3.19 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu44 0.32 0.14 0.5 0.28 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae U
Otu81 0.32 0.13 0.51 0.25 Bacteria Bacteroidetes U U U U
Otu82 0.31 0 0.62 0 Bacteria Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae U
Otu55 0.3 0 0.6 0 Bacteria Firmicutes U U U U
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Otu86 0.3 0.2 0.41 0.48 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu52 0.3 0.04 0.57 0.07 Bacteria Firmicutes U U U U
Otu51 0.3 0.27 0.32 0.84 Bacteria Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae U
Otu59 0.28 0.06 0.49 0.13 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu57 0.27 0.08 0.47 0.16 Bacteria Firmicutes U U U U
Otu72 0.25 0 0.5 0 Bacteria Firmicutes Clostridia Clostridiales U U
Otu75 0.25 0.11 0.39 0.27 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu53 0.25 0 0.49 0 Bacteria Proteobacteria Epsilonproteobacteria Campylobacterales Campylobacteraceae U
Otu56 0.25 0.22 0.27 0.81 Bacteria U U U U U
Otu90 0.25 0.27 0.22 1.19 Bacteria U U U U U
Otu71 0.24 0.21 0.27 0.78 Bacteria U U U U U
Otu58 0.24 0.19 0.29 0.66 Bacteria Bacteroidetes Bacteroidia Bacteroidales Rikenellaceae U
Otu62 0.23 0.06 0.4 0.15 Bacteria Bacteroidetes U U U U
Otu60 0.23 0.05 0.4 0.13 Bacteria U U U U U
Otu879 0.23 0 0.45 0 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu63 0.21 0.21 0.21 1 Bacteria Verrucomicrobia Opitutae Opitutales U U
Otu119 0.21 0.17 0.25 0.68 Bacteria Firmicutes U U U U
Otu70 0.2 0.02 0.39 0.04 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu67 0.2 0.2 0.2 0.99 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu73 0.19 0.24 0.14 1.68 Bacteria U U U U U
Otu76 0.19 0 0.37 0.01 Bacteria Firmicutes Clostridia Clostridiales U U
Otu85 0.18 0.1 0.27 0.37 Bacteria Firmicutes U U U U
Otu65 0.18 0.12 0.24 0.51 Bacteria U U U U U
Otu112 0.18 0 0.36 0 Bacteria Firmicutes U U U U
Otu64 0.17 0 0.35 0 Bacteria Bacteroidetes U U U U
Otu77 0.17 0.14 0.2 0.71 Bacteria Firmicutes Negativicutes Selenomonadales Veillonellaceae U
Otu74 0.17 0.13 0.2 0.65 Bacteria Bacteroidetes U U U U
Otu68 0.16 0.01 0.32 0.02 Bacteria Firmicutes U U U U
Otu133 0.16 0.07 0.25 0.29 Bacteria Firmicutes Negativicutes U U U
Otu83 0.16 0.12 0.2 0.61 Bacteria U U U U U
Otu120 0.16 0.13 0.18 0.7 Bacteria Firmicutes Clostridia Clostridiales Syntrophomonadaceae U
Otu89 0.16 0 0.31 0 Bacteria U U U U U
Otu165 0.15 0.06 0.24 0.25 Bacteria U U U U U
Otu69 0.14 0.25 0.03 8.33 Bacteria Firmicutes Clostridia Clostridiales U U
Otu91 0.14 0.03 0.25 0.12 Bacteria Firmicutes U U U U
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Otu94 0.14 0.03 0.25 0.14 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu123 0.13 0.05 0.21 0.22 Bacteria Actinobacteria Actinobacteria Actinomycetales U U
Otu141 0.13 0.05 0.21 0.22 Bacteria Proteobacteria Deltaproteobacteria Desulfovibrionales U U
Otu95 0.13 0.08 0.17 0.49 Bacteria Firmicutes U U U U
Otu84 0.13 0.23 0.02 13.06 Bacteria Firmicutes Negativicutes Selenomonadales Veillonellaceae U
Otu93 0.13 0 0.25 0 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu88 0.12 0.15 0.1 1.44 Bacteria Firmicutes Clostridia U U U
Otu97 0.12 0.06 0.19 0.32 Bacteria U U U U U
Otu101 0.12 0.07 0.17 0.42 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu98 0.12 0 0.23 0 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu145 0.12 0.13 0.1 1.28 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu87 0.12 0 0.23 0.01 Bacteria Firmicutes Clostridia Clostridiales U U
Otu195 0.11 0.17 0.05 3.28 Bacteria Firmicutes Clostridia Clostridiales U U
Otu246 0.11 0.13 0.09 1.42 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu99 0.11 0.01 0.21 0.03 Bacteria Firmicutes U U U U
Otu108 0.11 0.16 0.06 2.82 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu96 0.11 0.16 0.05 3.4 Bacteria Firmicutes U U U U
Otu103 0.1 0.05 0.15 0.31 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu122 0.1 0.08 0.12 0.71 Bacteria Firmicutes Clostridia U U U
Otu117 0.1 0.13 0.07 1.92 Bacteria U U U U U

Total: OTU's relative abundance in relation to the total bacterial OTUs. MG and HG: OTU's relative abundance in the midgut and hindgut respectively. MG/HG:

Relative abundance of OTU in the midgut divided by relative abundance of OTU in the hindgut. U: unidentified taxon
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Of  the  267  OTUs  of  fungi,  244  OTUs  were  identified  as  Ascomycota, Basidiomycota,

Mortierellomycota and  Mucoromycota, and identification of the phylum of 23 other OTUs was not possible

(Online Resource 2, Table S5). Taxonomic attribution allowed identification of 87 genera of fungi in the gut of P.

luridipes (Online Resource 2, Table S5).

Most orders, families and fungal OTUs are shared between the mid- and hindgut, with a decrease in

the number of exclusive taxa from the mid- to the hindgut (Fig. 3, and Online Resource 2, Table S5). P. luridipes

gut chambers are colonised by yeasts of the order Saccharomycetales (57% of the reads in the midgut and 65%

of the reads in the hindgut), and by Trichosporonales (4% in the previous, 9% in the later), and the same pattern

was observed for the  Debaryomycetaceae (71.8% in the midgut, 51% in the hindgut) and  Trichosporonaceae

(2.8% in the midgut, 10.2% in the hindgut) families.

Midgut had a higher number of fungal OTUs, with 90 of these OTUs being exclusive (Fig. 3, Online

Resource  2,  Table  S5).  OTUs  Candida_OTU1  (24.63%  in  the  midgut,  32.80%  in  the  hindgut)  and

Spathaspora_OTU2 (25.97% in the midgut, 24.53% in the hindgut) represent over 50% of all reads detected in

the  intestine  of  P.  luridipes (Fig.  4,  and  Online  Resource  2,  Table  S8).  Other  OTUs  stand  out  as

Apiotrichum_OTU4 (3.9% in  the  midgut,  9.03% in the hindgut)  and  Scheffersomyces_OTU3 (5.1% in  the

midgut, 5.8% in the hindgut) (Online Resource 2, Table S5).

Fifty-two OTUs stand out for their relative abundance, higher than 0.1% ,and are distributed in the

Ascomycota (44  OTUs),  Basidiomycota (5  OTUs),  Mucoromycota (1  OTU-  Umbelopsis_OTU48)  and  two

OTUs of unidentified phyla (Fungi_OTU16 and  Fungi_OTU43) . Among these OTUs there are eight classes:

Sordariomycetes (14 OTUs), Agaricomycetes (3), Leotiomycetes (6), Dothideomycetes (2), Eurotiomycetes (7),

Saccharomycetes (6), Umbelopsidomycetes (1), and Tremellomycetes (1), in addition to another 12 OTUs whose

classes have not been identified (Table 6). The Basidiomycota_OTU28, Ascomycota_OTU29 and Nais_OTU30

taxa are exclusive to the midgut (Table 6).

Some OTUs were more abundant in the midgut than in the hindgut: Hyphoderma_OTU23 (20.6 times

more abundant in the midgut),  Sordariomycetes_OTU18 (10.6x),  Leotiomycetes_OTU45 (9.5x) and other 16

OTUs with minor differences. Among OTUs more abundant in the hindgut, were  Ascomycetes_OTU19 (23.5

times more abundant in hindgut) and Ascomycetes_OTU37 (7.5x).

Microbial  communities  of  bacteria  and  fungi  identified  by  culture  independent  methods  are  also

visually very different in composition (Jaccard index) and abundance (Bray-Curtis index) in the ordering by

NMDS (Online Resource 1, Fig. S2).
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Fig.  3 Richness  (a)  and  relative  abundance  (b)  of  order,  family  and  OTUs  of  fungi  detected  by

metabarcoding in the gut chambers of Pelidnota luridipes
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Table 6. Fungal OTUs with relative abundance higher than 0.1% in the gut chambers of Pelidnota luridipes.

Relative abundance Classification

#OTU ID Total MG HG MG/HG Kingdom Phyllum Class Order Family Genus

OTU1 28.72 24.63 32.8 0.75 Fungi Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae Candida

OTU10 1.16 0.3 2.03 0.15 Fungi Ascomycota U U U U

OTU11 0.89 0.45 1.33 0.33 Fungi Ascomycota Dothideomycetes U U U

OTU12 1.19 2.1 0.28 7.64 Fungi Ascomycota Dothideomycetes Aulographales Rhizodiscinaceae Rhizodiscina

OTU13 1 0.32 1.68 0.19 Fungi Ascomycota Sordariomycetes Xenospadicoidales Xenospadicoidaceae Spadicoides

OTU132 1.04 0.89 1.2 0.74 Fungi Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae Spathaspora

OTU14 0.92 0.71 1.12 0.64 Fungi Ascomycota Eurotiomycetes Eurotiales Thermoascaceae Byssochlamys

OTU140 0.16 0.15 0.17 0.85 Fungi Ascomycota Sordariomycetes Hypocreales Hypocreaceae Trichoderma

OTU15 0.92 1.02 0.82 1.25 Fungi Ascomycota Sordariomycetes, Hypocreales Hypocreaceae U

OTU16 1.47 1.13 1.8 0.63 Fungi Fungi_OTU16 U U U U

OTU17 0.77 1.13 0.42 2.73 Fungi Ascomycota Sordariomycetes U U U

OTU172 0.49 0.42 0.57 0.74 Fungi Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae Candida

OTU18 0.88 1.6 0.15 10.56 Fungi Ascomycota Sordariomycetes U U U

OTU185 0.17 0.21 0.12 1.77 Fungi Ascomycota Sordariomycetes Hypocreales Hypocreaceae Trichoderma

OTU19 0.44 0.04 0.85 0.04 Fungi Ascomycota U U U U

OTU198 0.11 0.08 0.13 0.61 Fungi Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Exophiala

OTU2 25.25 25.97 24.54 1.06 Fungi Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae Spathaspora

OTU20 0.54 0.3 0.78 0.38 Fungi Ascomycota Sordariomycetes Coniochaetales U U

OTU21 0.52 0.64 0.4 1.61 Fungi Ascomycota U U U U
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OTU22 0.42 0.39 0.44 0.87 Fungi Ascomycota Leotiomycetes Helotiales U U

OTU23 0.39 0.75 0.04 20.64 Fungi Basiodiomycota Agaricomycetes Polyporales Hyphodermataceae Hyphoderma

OTU24 0.35 0.16 0.54 0.3 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus

OTU248 0.45 0.45 0.45 1.01 Fungi Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae Scheffersomyces

OTU25 0.31 0.27 0.35 0.77 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus

OTU26 0.29 0.48 0.1 4.65 Fungi Ascomycota Sordariomycetes Xylariales Hypoxylaceae Hypoxylon

OTU27 0.38 0.58 0.19 2.98 Fungi Ascomycota Sordariomycetes U U U

OTU28 0.3 0.61 0 - Fungi Basiodiomycota U U U U

OTU29 0.23 0.45 0 - Fungi Ascomycota U U U U

OTU3 5.46 5.11 5.82 0.88 Fungi Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae Scheffersomyces

OTU30 0.21 0.43 0 - Fungi Ascomycota Sordariomycetes Microascales Halosphaeriaceae Nais

OTU31 0.19 0.27 0.11 2.38 Fungi Ascomycota Sordariomycetes U U U

OTU32 0.19 0.34 0.04 8.54 Fungi Basiodiomycota Agaricomycetes Hymenochaetales Rickenellaceae Sidera

OTU33 0.2 0.27 0.13 2.12 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus

OTU34 0.19 0.17 0.22 0.75 Fungi Ascomycota Leotiomycetes Erysiphales Erysiphaceae Leveillula

OTU35 0.15 0.14 0.16 0.87 Fungi Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Exophiala

OTU36 0.17 0.24 0.09 2.55 Fungi Ascomycota U U U U

OTU37 0.25 0.06 0.45 0.13 Fungi Ascomycota U U U U

OTU38 0.3 0.14 0.45 0.31 Fungi Ascomycota Sordariomycetes Microascales Microascaceae Microascus

OTU39 0.15 0.25 0.04 5.7 Fungi Ascomycota Leotiomycetes Erysiphales U U

OTU4 6.52 4 9.04 0.44 Fungi Basiodiomycota Tremellomycetes Trichosporonales Trichosporonaceae Apiotrichum

OTU40 0.14 0.15 0.12 1.31 Fungi Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Fonsecaea
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OTU41 0.12 0.12 0.12 1.02 Fungi Ascomycota Sordariomycetes U U U

OTU42 0.15 0.25 0.04 6.52 Fungi Ascomycota Leotiomycetes Helotiales U U

OTU43 0.12 0.16 0.07 2.13 Fungi Fungi_OTU43 U U U U

OTU44 0.11 0.16 0.06 2.61 Fungi Ascomycota U U U U

OTU45 0.11 0.21 0.02 9.46 Fungi Ascomycota Leotiomycetes U U U

OTU48 0.11 0.1 0.12 0.82 Fungi Mucoromycota
Umbelopsidomycete

s
Umbelopsidales Umbelopsidaceae Umbelopsis

OTU5 2.57 2.68 2.45 1.1 Fungi Ascomycota Leotiomycetes Erysiphales Erysiphaceae Leveillula

OTU6 3.67 5.01 2.34 2.14 Fungi Ascomycota U U U U

OTU7 3.24 4.85 1.63 2.97 Fungi Basiodiomycota Agaricomycetes Corticiales Corticiaceae Subulicystidium

OTU8 1.81 3.17 0.45 7 Fungi Ascomycota Sordariomycetes U U U

OTU9 1.58 2.63 0.53 4.96 Fungi Ascomycota U U U U

Total: OTU's relative abundance in relation to total fungal OTUs. MG and HG: OTU's relative abundance in the mid and hindgut, respectively. MG/HG: Relative

abundance of the OTU in the midgut divided by the relative abundance of OTU in the hindgut. U: Unidentified taxon.
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Functional profile of microbial community on gut chambers

The KEGG Orthology (KO) descriptors identified 12 metabolic pathways that are important in the

bacterial  gut  microbiome of  P.  luridipes. Pathways Biosynthesis  of  amino acids,  Porphyrin and chlorophyll

metabolism, 2- oxocarboxylic acid metabolism and lipopolysaccharide biosynthesis were highly significative (p

FDR <0.0001) (Online Resource 2, Table S6).

We obtained 2575 KO (KEGG Orthology) descriptors differentially abundant between the two gut

chambers (Online Resource 2, Table S9) (p <0.05), with 47% and 53% of these descriptors being more abundant

in  the  mid-  and  hindgut,  respectively  (Online  Resource  2,  Table  S9).  Mid-  and  hindgut  also  have  distinct

functional profiles shown by the separation into two groups in the cluster analysis using the KO identifiers

(Online Resource 1, Fig. S3). Functions attributed to the selected KOs (15 highest and lowest values of log2FC)

relate to different functions and metabolic pathways according to the analysed gut chamber (Online Resource 2,

Table S7). Midgut presents KO identifiers involved with the secretion system, chemotaxis and metabolism of

glutathione and purines; while in the hindgut we observed a differential abundance of KOs involved with amino

acid metabolism and O antigen biosynthesis.

The KEGG pathway map revealed the distribution of the 2,575 descriptors in 242 paths mapped, with

160 and 211 routes being specifically distributed in the mid- and hindgut, respectively (Online Resource 2, Table

S10 ). The higher diversity of routes mapped in the hindgut indicated that in 68 of the routes the number of KO

descriptors is at least twice as high as the number of the midgut (Online Resource 2, Table S10).

The midgut did not present KO descriptors for metabolic pathways such as Ribosome, Amino sugar

and  nucleotide  sugar  metabolism,  Aminoacyl-tRNA biosynthesis,  Cell  cycle  -  Caulobacter,  Streptomycin

biosynthesis, Nitrotoluene degradation, Base excision repair, Other glycan degradation, Biosynthesis of various

secondary metabolites, HIF-1 signaling pathway, while descriptors for Phosphotransferase system were detected

exclusively in the midgut (Online Resource 2, Table S10).

Evaluation of functional traits and antibiosis in vivo in Galleria mellonella larvae

We evaluated  different  functional  traits  of  169 isolates  of  bacteria  and  yeasts  from the gut  of  P.

luridipes. Candida albicans 159 and Candida tropicalis 160 were not inhibited by any of the isolates. In contrast,

49.3% and 37.3% of the mid- and hindgut isolates, respectively, are antagonistic to pathogenic bacteria (Online

Resource 2, Table S1). Most of the microorganisms (94.7%) could grow in culture medium at pH 7 and 8, while

few managed to grow at pH 2 (3.5%) and 4 (12.9%). The secretion of ligninase and cellulase was detected in a

smaller  proportion  of  the  strains  in  relation  to  the  secretion  of  other  enzymes  such  as,  protease,  esterase,
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pectinase and amylase (Online Resource 2,  Table S1). The midgut had a higher percentage of positive isolates

for almost all enzymes (Online Resource2, Table S8), except esterase, which had practically the same percentage

of positives in both chambers. The midgut had a higher percentage of positive isolates for growth in medium

with bile salts and for PO4 solubilisation, as well as a higher percentage of isolates able to grow at pH 2 and 4,

and the hindgut, at pH 7 and 8 (Online Resource 2, Table S8).

From the seven strains selected for the  in vivo antibiosis assay,  Bacillus methylotrophicus  BL14,

Xanthomonas maliensis B6B, Bacillus thuringiensis B27B, Bacillus pumilus B34 and Bacillus paranthracis B73

had their tests interrupted because they showed pathogenicity to Galleria mellonella larvae in the tested dose (10

µLof  cell  suspension  0.1  OD 600nm).  Pathogenicity  was  verified  by  the  high  mortality  rate  (>  50%)  and

melanisation of the larvae. Strains  Apiotrichum siamense  L29A and  Bacillus  sp. BL17B showed no signs of

pathogenicity against the larvae.

Bacillus sp. BL17B (OD 0.05) efficiently controlled S. flexneri  ATCC12022 in G. mellonella larvae

(Comparison  of  the  mortality  curve  using  the  Mantel-Cox  log-rank  test,  p:  0.0001)  (Table  7,  and  Online

Resource 1,  Fig.  S4).  We observed no difference in the mortality curve between treatments of  G. mellonella

larvae infected with Bacillus clausii + S. flexneri ATCC12022 and the control treatments infected only with S.

flexneri  ATCC12022 (Mantel-Cox,  p> 0.05).  Apiotrichum siamense L29A (OD 0.1)  protects  G.  mellonella

larvae  against  pathogenic  bacteria L.  monocytogenes ATCC19111  (ODs  0.05  and  0.1)  and  Pseudomonas

aeruginosa  ATCC9027 (OD 0.4) (Mantel-Cox,  p <0.05) (Table 7, and Online Resource 1, Figs. S5 and S6),

reducing the mortality rate relative to the control (larvae infected only with pathogen) (Mantel-Cox,  p <0.05)

(Table 7). Commercial probiotic  Saccharomyces boullardii (OD 0.05 and 0.1) was able to protect larvae only

against  L. monocytogenes ATCC19111 (OD 0.1) compared to the control (Mantel-Cox, p <0.05).  A. siamense

L29A (OD 0.05) + P. aeruginosa ATCC9027 (OD 0.5), S. boullardii (OD 0.1) + L. monocytogenes ATCC19111

(OD 0.05) and S. boullardii (OD 0.1) + P. aeruginosa ATCC9027 (OD 0.5) induced a higher mortality rate in the

larvae compared with the control treatment (larvae infected only with pathogen) (Mantel-Cox, p <0.05) (Table

7).
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Table 7. Survival analysis of Galleria mellonella larvae infected with pathogens and probiotic strains.

Co-Inoculation Treatment Control Treatment
p**

Isolate OD600 Pathogen OD600 Pathogen OD600

Apiotrichum siamense L29A 0.05 LM 0.05 LM 0.05 >0.05
Apiotrichum siamense L29A 0.05 LM 0.1 LM 0.1 >0.05
Apiotrichum siamense L29A 0.05 PA 0.4 PA 0.4 >0.05
Apiotrichum siamense L29A 0.05 PA 0.5 PA 0.5 0.03
Apiotrichum siamense L29A 0.1 LM 0.05 LM 0.05 0.01
Apiotrichum siamense L29A 0.1 LM 0.1 LM 0.1 0.02
Apiotrichum siamense L29A 0.1 PA 0.4 PA 0.4 0.04
Apiotrichum siamense L29A 0.1 PA 0.5 PA 0.5 >0.05
Saccharomyces boullardii 0.05 LM 0.05 LM 0.05 >0.05
Saccharomyces boullardii 0.05 LM 0.1 LM 0.1 0.02
Saccharomyces boullardii 0.05 PA 0.4 PA 0.4 >0.05
Saccharomyces boullardii 0.05 PA 0.5 PA 0.5 >0.05
Saccharomyces boullardii 0.1 LM 0.05 LM 0.05 0.02
Saccharomyces boullardii 0.1 LM 0.1 LM 0.1 0.01
Saccharomyces boullardii 0.1 PA 0.4 PA 0.4 >0.05
Saccharomyces boullardii 0.1 PA 0.5 PA 0.5 <0.0001
Bacillus sp. BL17B 0.05 SF 0.4 SF 0.4 >0.05
Bacillus sp. BL17B 0.05 SF 0.5 SF 0.5 <0.0001
Bacillus sp. BL17B 0.1 SF 0.4 SF 0.4 0.0024
Bacillus sp. BL17B 0.1 SF 0.5 SF 0.5 >0.05
Bacillus clausii 0.05 SF 0.4 SF 0.4 <0.0001
Bacillus clausii 0.05 SF 0.5 SF 0.5 >0.05
Bacillus clausii 0.1 SF 0.4 SF 0.4 >0.05
Bacillus clausii 0.1 SF 0.5 SF 0.5 >0.05

*Pathogen: LM: Listeria monocytogenes ATCC19111, PA: Pseudomonas aeruginosa ATCC9027*, SF:

S. flexneri  ATCC12022.  **Survival  analysis, Log-rank Mantel-Cox test. Significant  p-values in bold are for

treatments with higher mortality than control.  Saccharomyces boullardii  and  Bacillus clausii  are commercial

strains.

Discussion

We  used  culture  dependent  and  independent  methods  to  access  and  describe  the  associated

microbiome of the gut of P. luridipes larvae. This species has evident gut macroanoatomic and pH distinctions

between the mid- and hindgut.  The results  obtained by dependent  and independent  cultivation methods are

convergent, indicating differences in the composition and abundance of bacteria and fungi between the mid- and

hindgut. Microbiota associated with P. luridipes larvae, in addition to secreting different hydrolytic enzymes and

antibiosis against pathogenic bacteria,  also has strains such as Apiotrichum siamense  L29A and  Bacillus  sp.

BL17B, which are able to protect Galleria mellonella larvae against pathogens.
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Cultivation dependent and independent methods are intended to describe and understand the dynamics

of  microbial  communities  in  different  environments.  High-throughput  sequencing techniques  allow in-depth

access to hyper-diverse communities, and although cultivation-dependent methods access a limited number of

microbial diversity, the cultivation of microorganisms is essential in the development of microbial products and

processes,  as  well  as  in  the  evaluation of  functionality  and microbial  ecology (Pascoal  et  al.  2021).  Using

metabarcoding,  we  identified  11  bacterial  phyla  and  four  fungal  phyla  (Ascomycota,  Basidiomycota,

Mortierellomycota  and  Mucoromycota) associated with the gut of  P.  luridipes  larvae, while only  Firmicutes

bacteria,  Proteobacteria,  Flavobacteria and  Actinobacteria,  and  yeasts  Ascomycota and  Basidomycota were

detected by cultivation methods. Metabarcoding data indicate higher abundance of Firmicutes and Bacteroidetes

in the midgut than in the hindgut, respectively. There are records of all these phyla associated with the gut of

beetle  larvae (Ebert  et  al.,  2021; Podgwaite et  al.  2013;  Rojas-Jiménez et  al.  2015; Wang & Rozen,  2017;

Shelomi et al. 2019 and 2020). It is not uncommon for microorganisms grown in a culture media not to be

observed by independent culture methods and vice versa due to the limitations of each technique (Wang et al.

2015).

The interaction of  the  intestinal  microbiota  is  very  dynamic,  and  balanced between transient  and

persistent species (Shade & Handelsman 2012; Bhatt et al. 2018). The individual variation in these microbial

communities tends to be high, since this is an open system, with a constant flow of microorganisms originating

mainly from food intake (Brune and Dietrich 2015). Other factors such as the proximity between competitors

and mutualists in the gut, microbial adhesion in the epithelial cells and the genetic variation of the host influence

this complex dynamics between transient and persistent species (Douglas 2014). These factors may be important

in the intraspecific variation of microbial communities, especially for insects that do not have mechanisms for

sharing microorganisms such as trophalaxis (Brune 2014) or coprophagy (Rosas et al. 2018) as is the case of P.

luridipes  larvae. Environmental pH acts directly on microbial survival and growth rate, and therefore directly

influences species composition, abundance and activity in edaphic microbial communities (Zheng et al. 2020;

Wan et al. 2020; Bang-Andreasen et al. 2021), as well as in the microbiota associated with animal guts (Koziolek

et al. 2015; Lkhagva et al. 2021). As observed in P. luridipes  larvae, the guts of other insects have along their

length,  anatomical  divisions with variations  in  pH.  In  many  Scarabaeidae  and  termites,  the midgut  is  very

alkaline and the hindgut is more neutral, which suggests that the digestion process is compartmentalised (Brune

and Emerson 1995; Watanabe et  al. 2010; Wada et  al.  2014).  This variation in pH may explain part of the

variation in composition, abundance and diversity observed in the intestine of P. luridipes larvae.

Richness and diversity of bacterial species (cultivable) and OTUs (metabarcoding) tends to increase

along the passage of the intestinal content, while the fungi community has an inverse profile, which differentiates

the composition and abundance of microorganisms associated with the gut chambers larvae of P. luridipes. A

similar observation was made in relation to the chambers of the beetle Odontotaenius disjunctus (Illiger, 1800)
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(Ceja-Navarro et al. 2019).

The result obtained here that the majority of the diversity of bacteria and yeasts is shared between the

two  gut  compartiments  has  also  been  reported  in  other  beetle  species  (Shelomi  et  al.  2020).  Richness  of

cultivable species in the intestine of P. luridipes larvae (57 bacterial species and seven yeasts) is higher when we

compare  the  larvae  of  other  coleopterans  such  as  Oryctes  rhinoceros  (16  bacterial  species  and  3  fungi)

(Scarabaeidae: Dynastinae) (Shelomi et al. 2020),  Nicrophorus vespilloides  Herbst, 1783 (28 bacterial species

and 1 yeast)  (Silphidae:  Necrophorinae)  (Wang and Rozen.  2017), Anaplophora  glabripennis (Motschulsky,

1854) (Cerambycidae: Lamiinae) (22 bacterial species) (Podgwaite et al. 2013), and xylophagous Scarabaeidae

larvae (18 bacterial species and 18 fungi).  However,  both cultive-dependent and metabarcoding studies with

Scarabaeidae larvae vary widely in terms of methodology, making comparisons difficult. Other larvae from this

family, such as the coprophagus Copris incertus Say, 1835 (Scarabaeinae), are less species rich but more diverse

(Suarez-Moo et al.,  2020). Ziganshina et al. (2018) found approximately 470 bacterial  OTUs and 50 fungal

OTUs in Oryctes nasicornis (Linnaeus, 1758), a species of a genus overall closer to Pelidnota. In the same work,

the authors found between 168 to 433 OTUs of bacteria and between 23 and 39 OTUs of fungi in the hindgut of

Amphimallon  solstitiale (Linnaeus,  1758)  (Melolonthinae).  The  diversity  measured  by  the  Shannon  index,

however, was higher for both beetle species in terms of fungi and bacteria however, the authors did not separate

mid- and hindgut of  O. nasicornis.  Firmicutes, Bacteroidetes, Proteobacteria  and  Actinobacteria are the most

abundant phyla in the compartiments of P. luridipes, and are frequently reported in larvae of Oryctes nasicornis

and  Amphimallon solstitiale (Ziganshina et al. 2018), in addition to being dominant in other species of wood

insects (Jang and Kikuchi 2020).

The phyla  Parcubacteria and  Armatimonadetes were exclusive to the midgut, despite being in very

low abundance. In fact, few studies with beetles report the presence of these phyla, and the majority of these

report them in very low abundance (Guerrero et al., 2016; Kaczmarczyk-Ziemba et al., 2020). There are studies

that detect these phyla in other insects, but always with a relative abundance of less than 1% (Costa et al., 2012;

Muturi et al., 2017; Sharma et al., 2011). Citrobacter (Enterobacteriaceae) is abundant among cultivable strains

obtained from P. luridipes larvae and can play an important functional role in hydrolysis of the ingested substrate

or production of nitrogenous compounds for the larva. This genus is often described in the digestive tract of

beetles  such  as  the  melolontines  Melolontha  melolontha (Linnaeus,  1758)  (Skowronek  et  al.  2020)  and

Holotrichia parallella (Motschulsky, 1854) (Zhang et al. 2018), and also the dynastine  Oryctes (El-Sayed and

Ibrahim 2015; Shelomi et al. 2019).  Citrobacter is usually related to cellulose degradation (Huang et al. 2012;

Muhammad et al. 2017; Handique et al. 2017) and nitrogen fixation in termites (French et al. 1976). The genus

also  dominates  the  intestinal  microbial  community  of  larvae  of  the  weevils  (Curculionidae)  Conorhynchus

palumbus (Olivier, 1807) and Menecleonus virgatus Schoenherr, 1832 two Lixinae beetles that live in the Negev

desert, Israel, reaching 71% of OTUs (Meng et al. 2019). The authors of the work make the assumption that their
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dominance would play a role in the survival of the larvae in the desert environment, by probably helping to fix

nitrogen.

Firmicutes_OTU1, Enterobacteriaceae_OTU2, Porphyromonadaceae_OTU3, and Lactococcus_OTU4

were the most abundant OTUs in the gut of P. luridipes. They belong to groups also abundant in other larvae, and

on species that feed on lignocellulosic material (Ziganshina et al., 2018; 2018; Shelomi et al., 2019; Alonso-

Pernas et al., 2017a; Tagliavia et al., 2014). The Enterobacteriaceae family also has representatives able to fix

nitrogen (Rizo et al., 2020) and degrade carbohydrates, such as Citrobacter, Klebsiella, and Enterobacter (Huang

et  al.,  2012).  In  larvae  of  Cotinis  nitida (Linnaeus,  1764)  (rhizophagous  Melolonthidae)  living  in  soils

experimentally contaminated with phenanthrene,  Porphyromonadaceae tend to proliferate (Jung et al., 2020).

The genera of Dysgonomonas and Proteiniphilum (Porphyromonadaceae) were also found in our samples, with

higher  abundance  in  the  midgut.  These  have  also  been  found  in  species  of  the  coprophagus  Euoniticellus

(Scarabaeinae)from several  countries (Parker et al.,  2020), with a higher abundance of  Dysgonomonas. Few

studies approach the role of the  Porphyromonadaceae family outside of humans however, Parker et al. (2020)

propose  that  the  genus  Dysgonomonas may  be  related  to  the  production  of  antifungal  compounds  in

Euoniticellus.  Luo  et  al.  (2020)  found  four  dominant  genera  in  the  microbiome  of  the  bamboo  weevil

Cyrtotrachelus buqueti Guérin-Méneville,  1844  (Dryophthorinae),  among  them,  Dysgonomonas and

Lactococcus.  The authors  also  analysed  the  genomes  of  species  of  this  genus  and  found several  genes  for

glycosyl hydrolases and carbohydrate esterases, indicating that both genera may be involved in carbohydrate

metabolism. Lactococcus is a genus of lactic acid bacteria (LAB), of fermentative metabolism (Daliri and Lee,

2015). In termites, lactic acid produced in the fermentation of lignocellulosic substrates is converted into acetate

and then into short-chain fatty acids, which can be absorbed by the insect (Brune, 2014). In  P. luridipes, our

cultivated  Lactococcus produce  proteases,  esterases,  ligninases,  and  some  solubilises  PO .  The  four  most₄
abundant  OTUs  are  in  higher  numbers  in  the  midgut  of  P.  luridipes,  and  they  are  possibly  involved  in

carbohydrate metabolism, but further studies are needed to understand their role.

Saccharomycetales and Trichosporonales  were the main orders of yeasts identified in the gut of  P.

luridipes larvae,  regardless  of  the  method  used.  These  orders  exist  in  larvae  of  Oryctes  nasicornis and

Amphimallon solstitiale (Ziganshina et al. 2018). Spathaspora brasiliensis is a very abundant yeast in the gut of

P. luridipes larvae. This species is reported in decaying wood (Cadete et al. 2013) and the genus is often isolated

from wood and xylophagous insects (Wang et al. 2016; Morais et al. 2017). Spathaspora has several species able

to convert D-xylose to ethanol and/or xylitol, with potential application in the food and energy industries (Cadete

et al. 2009; Hou 2012; Cadete et al. 2013; Morais et al. 2020; Selim et al. 2020). Candida, Scheffersomyces,

Meyerozyma, and Apiotrichum are present in the microbiota associated with P. luridipes and have species able to

ferment xylose (Trichez et al. 2019; Morais et al. 2020). The genus Apiotrichum, which we were able to isolate,

is an oleaginous yeast, with several species that accumulate lipids in the cytoplasm (Akindumila and Glatz 1998;
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Aliyu et al. 2020; Morais et al. 2020). All of these genera have already been reported from beetle larvae or

decaying wood (Cadete et  al.,  2013; da Silveira et  al.,  2020; Trichez et  al.,  2019; Wang et  al.,  2016).  The

functional traits of these yeasts may have a role in larval nutrition, either in the form of fermentative properties

of these yeasts or even in the possible digestion of their cells by the larvae. This should be subject to further

studies, since, part of the nutrients obtained by insects comes from the microbial biomass itself (Alonso-Pernas

et al. 2017b), either by re-ingestion by trophallaxis (Brune and Dietrich 2015) or by larvae being fed by the

adults with wood mixed with faeces, as seen in the Passalidae (Reyes Castillo 1970). In the case of P. luridipes,

no subsocial behaviour is known. Since the adults die before the larvae hatch, parental care is absent, making this

type of behaviour somewhat impossible. Therefore, the functional role of these species of bacteria and yeasts in

larval nutrition needs to be further investigated.

The inference of the functional profile via PICRUST indicates a metabolic profile consistent with a

gut microbiome of an insect subject to poor nutrition from plant food. The abundance of metabolic pathways

linked to the metabolism of amino acids and cofactors is consistent with the hypothesis that microorganisms help

supplement nutrients that are poor in the diet or that the larva cannot synthesize. Indeed, other studies indicate

that  the microbiota  associated  with the gut  has  an important  role in  the synthesis  of  nutrients  for  the  host

(Douglas 2018), such as with the published works with larvae of Melolontha melolontha (Alonso-Pernas et al.

2017b)  and  the  weevil  Cryptorhynchus  lapathi (Linnaeus,  1758)  (Cryptorhynchinae)  (Jing  et  al.  2020).

PICRUST  functional  prediction  demonstrated  a  distinct  profile  between  mid-  and  hindgut  of  P.  luridipes

indicating that some metabolic pathways such as amino acid and cofactor metabolism, nitrogen metabolism,

hydrolases, sugar metabolism and nucleotides occur preferentially in the hindgut. Metabolic functions related to

amino acid metabolism, antibiotic biosynthesis, nitrogen metabolism, and polysaccharide hydrolysis have been

inferred in the microbiota associated with the gut of beetle larvae such as C. incertus (Suárez-Moo et al. 2020)

and Euoniticellus (Shukla et al., 2016). This functional profile indicates that the microbiota in larval guts helps

larvae in various ways, such as producing nutrients (vitamins, amino acids,  co-factors),  antibiotics, enzymes

involved in the detoxification and processing of ingested foods (Douglas, 2009). The data inferred by PICRUST

must  be  looked under  the  limitations of  the  metabolic  prediction via  16S (Langille  et  al.  2013),  and  need

validation in future experiments.

The  functionalities  evaluated  in  vitro  indicate  that  P.  luridipes larvae  harbour  microbes  able  to

hydrolyse polysaccharides (cellulose,  pectin,  and starch),  proteins,  lignin,  and solubilise phosphate.  Bacteria

associated  with  the  gut  of  Holotrichia  paralella (Melolonthinae)  and  Pachnoda  marginata (Drury,  1773)

(Cetoniinae) secrete cellulases that aid in the digestion of plant material (Cazemier et al. 2003; Huang et al.

2012), as well as Bacteroidetes and Firmicutes present in H. parallela (Sheng et al. 2015) and the yeasts Candida

tropicalis and Candida xylanilytica isolated from Oryctes rhinocerus (Shelomi and Chen 2020).

Like A. siamense L29A and Bacillus  sp. BL17B, other microbes with probiotic characteristics have
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already  been  isolated  from  insect  guts  (Callegari  et  al.,  2020;  Fernandez  et  al.,  2017;  Grau  et  al.,  2017;

Mathialagan et al., 2018; Yao et al., 2017), as well as microbes that produce antimicrobial compounds (Amer et

al., 2021). The ability to grow with bile salts and inhibit gastrointestinal pathogens are important functional traits

in the development of probiotics (de Melo Pereira, 2018; Plaza-Diaz, 2020). G. mellonella has been widely used

in infection tests thanks to the similarity of its innate immune response to that of vertebrates and the ease of

obtaining a high number of larvae at a low cost, with simple management (Hernandez et al., 2019; Ramarao et

al.,  2012; Tsai et al., 2016). More recently, the larva has also been proposed as an appropriate organism for

testing probiotics (Scalfaro et al., 2017; Fernández et al., 2017; Jorjão et al., 2018). In our tests,  A. siamense

L29A and  Bacillus  sp.  BL17B reduced  G. mellonella larval  mortality when injected before injection of the

pathogens L. monocytogenes ATCC19111, P. aeruginosa ATCC 9027, and S. flexneri ATCC 12022, although not

in all concentrations. The isolates performed similarly or better than the commercial strains, e.g. Saccharomyces

boulardii  only  protected  the  larva  against  L.  monocytogenes ATCC19111,  while  A.  siamense L29A also

protected  it  against  both  L.  monocytogenes ATCC19111  and  P.  aeruginosa ATCC  9027.  The  mechanisms

involved in  the protection of  G.  mellonella larvae may involve stimulation of  the  host's  immune response,

competitive exclusion of the pathogen, or production of antimicrobial substances (de Melo Pereira, 2018; Plaza-

Diaz, 2020). These mechanisms need to be elucidated in future tests, including protection of mammals against

gastrointestinal pathogens. Inhibition of pathogens in vitro is evidence that A. siamense L29A and Bacillus sp.

BL17B produce antibacterial substances, but it does not exclude other possibilities. The commercial probiotics

tested had no activity in vitro against any of the pathogens tested. The enzymatic profile of A. siamense L29A

and Bacillus sp. BL17B was also broader than that of commercial probiotics, especially for Bacillus sp. BL17B,

which produced protease, cellulase, amylase, and pectinase. Inhibition of other pathogens by Bacillus sp. BL17B

in vitro is also a positive characteristic, which should be tested in future studies in mammals, since the pathogens

in  question  -  Salmonella  enterica  serovar  Typhimurium ATCC14028, Yersinia  enterocolitica  IAL2449,  and

Staphylococcus aureus ATCC6538 - were not pathogenic to the larva.

In conclusion, this is the first report of the microbiota associated with the intestines of the larvae of the

beetle Pelidnota luridipes, and, as far as we know, it is the first for Rutelini. The data obtained by dependent and

independent cultivation methods are convergent,  indicating that  the communities of  bacteria and fungi have

different profiles between mid- and hindgut. The microbiota of P. luridipes is mainly composed of bacteria from

the Firmicutes, Bacteroidetes, Proteobacteria, and yeasts Saccharomycetales and Trichosporonales. In addition to

the difference in composition and abundance, gut chambers have microbes with different metabolic profiles that

may correlate with the colonisation and function of microorganisms in each habitat. The microbiota associated

with  P.  luridipes larvae is  an important  repository for  prospecting strains  with probiotic  potentials,  such  as

Apiotrichum  siamense L29A and  Bacillus  sp.  BL17B,  that  protected  Galleria  mellonella larvae  against

pathogenic bacteria. The mechanisms of action of antibiosis need to be elucidated in the future, as well as other
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tests of safety and resistance to stomach conditions, and a finer prospection of these strains metabolic properties.

New collections in different environments and breeding and experiments on P. luridipes and closer species may

support  new studies  to differentiate  the microbiota associated with the stage of  development,  as  well  as  to

determine transient and resident species in the intestine of this beetle.
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Figures and Tables

Fig. 1 Richness (a) and relative abundance (b) of cultivable bacterial (left) and yeast (right) species in the mid-

and hindgut of Pelidnota luridipes
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Fig. 2 Richness (a) and relative abundance (b)  of phyla,  genera and OTUs of bacteria detected by

metabarcoding in the gut chambers of Pelidnota luridipes
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Fig.  3 Richness  (a)  and  relative  abundance  (b)  of  order,  family  and  OTUs  of  fungi  detected  by

metabarcoding in the gut chambers of Pelidnota luridipes
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Table 1. Characterisation of the isolates selected for in vivo antibiosis assay in Galleria mellonella larvae. 

Isolate
Functional Traits Growth Antibiosis halos in vitro (mm)

PT ES CELPEC AM LG SB PO4 pH2 pH4 pH7 pH8 CA CT EC PA SF ST YE LM SA
Halo
Sums

Apiotrichum siamense 
L29A

0 0 0 0 2 0 2 0 1 1 1 1 0 0 0 9 0 0 0 8 0 17

Bacillus paranthracis B73 3 2 2 0 3 0 0 0 0 0 1 1 0 0 0 14 0 0 0 14 0 28
Bacillus pumilus B34 1 0 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 14 18 32
Bacillus sp. BL17B 3 0 3 2 3 0 1 0 0 0 1 1 0 0 0 0 3 0 10 0 20 33
Bacillus thuringiensis 
B27B

3 3 0 1 2 1 3 1 1 0 1 1 0 0 0 18 0 0 0 15 26 59

Bacillus velezensis BL14 3 0 2 2 2 0 0 0 0 0 1 1 0 0 19 0 11 10 34 0 45 119
Xanthomonas maliensis 
B6B

0 0 1 0 0 0 3 2 0 0 1 1 0 0 14 0 15 16 0 0 0 45

Bacillus clausii – 
comercial

0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0

Saccharomyces boulardii –
comercial

0 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0

Functional traits indicated by halo semi-quantitative measure: PT: Protease, ES: Esterase, CEL: Cellulase, PEC: Pectinase, AM: Amylase, LG: Ligninase, SB: Growth in

medium with bile salts, PO4: Phosphate solubilisation. Growth in culture medium with different pHs: 0 - Non-growth and 1- Growth. Halos of in vitro antibiosis: CA:  Candida

albicans 159, CT: Candida tropicalis 160, EC: Escherichia coli ATCC25922, PA: Pseudomonas aeruginosa ATCC9027, Shigella flexneri ATCC12022, Salmonella enterica serovar

Typhimurium ATCC14028, YE: Yersinia enterocolitica IAL2449, LM: Listeria monocytogenes ATCC19111, Staphylococcus aureus ATCC6538
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Table 2. Abundance and alpha diversity measures of cultivable microbial  community of mid- and

hindgut of Pelidnota luridipes.

Group Measure Midgut Hindgut p value

Bacteria

Abundance (log UFC/mg) 4.23 ±2.35  2.98 ± 1.30 0.45
Shannon 1.04 ± 0.33 1.46 ± 0.49 0.29
Richness 14.33 ± 11.59 15.33 ± 2.52 0.90
Eveness 0.59 ± 0.32 0.54 ±0.20 0.84
Simpson 0.49 ± 0.06 0.69 ±0.14 0.84

Yeasts

Abundance (log UFC/mg) 2.98 ± 1.18 3.3 ± 1.3 0.58
Shannon 0.69 ± 0.73 0.51 ± 0.45 0.72
Richness 3.33 ± 1.53 2.67 ± 1.53 0.57
Eveness 0.49 ± 0.46 0.62 ± 0.06 0.85
Simpson 0.38 ± 0.37 0.34 ± 0.29 0.34

Total

Abundance (log UFC/mg) 7.22 ± 3.08 9 ± 0.96 0.47
Shannon 0.8 ± 0.84 0.93 ± 0.93 0.47
Richness 17.67 ± 12.5 18.00 ± 3.61 0.97
Eveness 0.31 ± 0.27 0.31 ± 0.32 0.53
Simpson 0.33 ± 0.3 0.44 ± 0.40 0.13
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Table  3.  Total  number  of  sequences  from  gut  chambers  of  Pelidnota  luridipes  according  to  the

parameters of the different sequencing phases.

Group Sample* R1 R2 Merged Trimmed Filtered Mapped OTUs

Bacteria

P6A 113,911 113,911 80,998 80,822 75,838 64,608 1,023
P7A 106,886 106,886 72,496 72,371 67,014 54,365 271
P8A 125,811 125,811 90,462 90,009 85,127 51,413 1,154
P6R 128,594 128,594 94,009 93,530 88,876 53,716 1,005
P7R 147,871 147,871 108,905 108,099 102,601 58,607 1,120
P8R 169,305 169,305 124,272 123,165 116,906 62,607 1,235

Fungi

P6A 146,351 146,351 131,195 131,055 130,115 127,024 130
P7A 142,304 142,304 125,214 125,100 124,229 121,233 122
P8A 135,853 135,853 121,200 121,164 120,313 118,516 171
P6R 150,142 150,142 134,599 134,553 133,717 128,748 86
P7R 141,815 141,815 126,601 126,356 125,439 123,000 106
P8R 195,376 195,376 174,322 174,185 173,019 170,452 141

*Samples refer to animal codes (P6, P7, P8) combined with chamber source (A: midgut, R: hindgut).
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Table 4. Diversity of uncultivable microorganisms for the two gut chambers of Pelidnota luridipes.

Bacteria Phylla Genera OTUs 

Midgut Hindgut p Midgut Hindgut p Anterior Hindgut p
Richness 7.33 ± 2.08 6.67 ± 0.58 0.64 106.33 ± 35.23 75.00 ± 14.73 0.26 662.00 ± 427.17 991.00 ± 116.05 0.31
Shannon 0.69 ± 0.06 0.93 ± 0.05 0.01 2.03 ± 0.04 2.61 ± 0.03 0.0001335 2.63 ± 0.54 4.96 ± 0.10 0.01
Chao1 7.33 ± 2.08 6.67 ± 0.58 0.64 116.58 ± 30.03 107.21 ± 31.19 0.73 842.47 ± 403.15 1091.96 ± 98.03 0.40

Eveness 0.37 ± 0.03 0.50 ± 0.01 0.02 0.51 ±0.09 0.62 ± 0.01 0.15 0.54 ± 0.13 0.74 ± 0.04 0.11

Fungi Orders Families OTUs

Midgut Hindgut p Midgut Hindgut p Midgut Hindgut p
Richness 38.67 ± 3.79 31.67 ± 3.21 0.07 43.67 ±9.71 50.33 ± 8.39 0.42 137.00 ± 26.15 105.67 ± 25.11 0.21
Shannon 1.48 ± 0.04 1.25 ± 0.51 0.51 1.28 ±0.54 1.54 ± 0.01 0.48 2.60 ± 0.08 2.07 ± 0.67 0.31
Chao1 39.00 ± 3.61 32.6 ± 4.16 0.12 45.08 ±9.66 57.83 ± 0.14 0.14 186.61 ± 94.01 117.34 ± 25.95 0.14

Eveness 0.45 ± 0.05 0.39 ± 0.17 0.63 0.33 ± 0.13 0.46 ± 0.05 0.22 0.55 ± 0.02 0.47 ± 0.15 0.48

* Values are mean and standard deviation of the indices. Values were compared by an unpaired t test.
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Table 5. Bacterial OTUs with a relative frequency higher than 0.1% present in the gut chambers of Pelidnota luridipes with relative abundance higher than 0.1%.

Relative abundance Classification
#OTU Total MG HG MG/HG Domain Phyllum Class Order Family Genus
Otu132 0.13 0.04 0.22 0.2 Bacteria Proteobacteria Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter
Otu79 0.15 0.29 0.02 18.29 Bacteria Firmicutes Bacilli Bacillales Bacillaceae_1 Bacillus
Otu92 0.12 0.22 0.02 9.6 Bacteria Firmicutes Clostridia Clostridiales Peptostreptococcaceae Clostridium_XI
Otu15 1.53 0 3.05 0 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae Clostridium_XlVa
Otu54 0.27 0.3 0.25 1.19 Bacteria Proteobacteria Deltaproteobacteria Desulfovibrionales Desulfovibrionaceae Desulfovibrio
Otu106 0.12 0.07 0.16 0.47 Bacteria Proteobacteria Deltaproteobacteria Desulfovibrionales Desulfovibrionaceae Desulfovibrio
Otu22 0.75 0.84 0.67 1.25 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Dysgonomonas
Otu66 0.2 0.3 0.11 2.79 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Dysgonomonas
Otu61 0.19 0.27 0.1 2.58 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Dysgonomonas
Otu32 0.9 0.8 1.01 0.8 Bacteria Firmicutes Bacilli Lactobacillales Enterococcaceae Enterococcus
Otu37 0.48 0.26 0.7 0.37 Bacteria Actinobacteria Actinobacteria Actinomycetales Microbacteriaceae Gryllotalpicola
Otu4 3.02 5.03 1.01 4.99 Bacteria Firmicutes Bacilli Lactobacillales Streptococcaceae Lactococcus

Otu130 0.12 0.21 0.02 9.89 Bacteria Firmicutes Bacilli Bacillales Planococcaceae Lysinibacillus
Otu78 0.26 0.51 0 - Bacteria Firmicutes Bacilli Bacillales Paenibacillaceae_1 Paenibacillus
Otu14 1.38 1.4 1.37 1.02 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Proteiniphilum
Otu30 0.46 0.46 0.47 0.98 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Proteiniphilum
Otu34 0.53 1.07 0 - Bacteria Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae Providencia
Otu1 10.47 20.28 0.65 31.01 Bacteria Firmicutes U U U U
Otu2 4.79 9.38 0.2 47.44 Bacteria Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae U
Otu3 3.95 5.73 2.17 2.64 Bacteria Bacteroidetes BacteroidiaU Bacteroidales Porphyromonadaceae U
Otu7 2.83 4.95 0.72 6.87 Bacteria Firmicutes U U U U
Otu6 2.43 1.75 3.11 0.56 Bacteria Firmicutes Bacilli Bacillales NI U
Otu5 2.26 1.06 3.46 0.31 Bacteria Bacteroidetes Bacteroidia U U U
Otu11 2.18 1.15 3.2 0.36 Bacteria Firmicutes Clostridia U U U
Otu9 1.92 1.34 2.51 0.53 Bacteria Firmicutes Clostridia Clostridiales U U
Otu10 1.63 0.76 2.5 0.3 Bacteria Bacteroidetes Bacteroidia U U U
Otu8 1.6 3.19 0.01 315.11 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu12 1.33 2.66 0 - Bacteria Bacteroidetes U U U U
Otu13 1.12 0 2.24 0 Bacteria Bacteroidetes U U U U
Otu18 1.07 1.66 0.49 3.41 Bacteria Firmicutes U U U U
Otu23 1.05 0.93 1.17 0.79 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae U
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Otu19 0.97 0.49 1.45 0.34 Bacteria Bacteroidetes U U U U
Otu16 0.93 1.13 0.72 1.56 Bacteria U U U U U
Otu24 0.88 0.21 1.55 0.14 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu17 0.88 1.36 0.39 3.45 Bacteria Firmicutes Clostridia Clostridiales U U
Otu26 0.85 0 1.7 0 Bacteria Firmicutes Clostridia Clostridiales U U
Otu21 0.81 1.49 0.13 11.41 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu28 0.81 0 1.62 0 Bacteria Firmicutes U U U U
Otu20 0.79 0 1.59 0 Bacteria Bacteroidetes U U U U
Otu45 0.74 0.83 0.64 1.3 Bacteria U U U U U
Otu29 0.68 0 1.36 0 Bacteria Firmicutes U U U U

Otu42 0.66 0.48 0.84 0.56 Bacteria Actinobacteria Actinobacteria Actinomycetales
Promicromonosporace

ae
U

Otu25 0.61 0.86 0.37 2.36 Bacteria U U U U U
Otu48 0.61 0.43 0.79 0.55 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae U
Otu27 0.57 0.6 0.54 1.11 Bacteria Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae U
Otu33 0.5 0.21 0.79 0.26 Bacteria Proteobacteria Deltaproteobacteria Desulfovibrionales U U
Otu36 0.49 0 0.99 0 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae U
Otu31 0.49 0.43 0.56 0.77 Bacteria Bacteroidetes Bacteroidia Bacteroidales U U

Otu41 0.46 0.8 0.13 6.36 Bacteria
Candidatus_Sacchari

bacteria
U U U U

Otu49 0.44 0.59 0.28 2.06 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu38 0.43 0.04 0.83 0.05 Bacteria Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae U
Otu35 0.43 0.21 0.65 0.32 Bacteria Firmicutes U U U U
Otu40 0.42 0.01 0.84 0.01 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu46 0.42 0.25 0.6 0.41 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu43 0.38 0 0.77 0 Bacteria Firmicutes Clostridia Clostridiales U U
Otu47 0.38 0.32 0.44 0.72 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu39 0.37 0.35 0.38 0.91 Bacteria Candidatus_Sacchari
bacteria

Saccharibacteria_genera
_incertae_sedis

U U U

Otu80 0.33 0.19 0.47 0.41 Bacteria Firmicutes U U U U
Otu50 0.33 0.5 0.16 3.19 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu44 0.32 0.14 0.5 0.28 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae U
Otu81 0.32 0.13 0.51 0.25 Bacteria Bacteroidetes U U U U
Otu82 0.31 0 0.62 0 Bacteria Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae U
Otu55 0.3 0 0.6 0 Bacteria Firmicutes U U U U

117

55

56



Otu86 0.3 0.2 0.41 0.48 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu52 0.3 0.04 0.57 0.07 Bacteria Firmicutes U U U U
Otu51 0.3 0.27 0.32 0.84 Bacteria Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae U
Otu59 0.28 0.06 0.49 0.13 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu57 0.27 0.08 0.47 0.16 Bacteria Firmicutes U U U U
Otu72 0.25 0 0.5 0 Bacteria Firmicutes Clostridia Clostridiales U U
Otu75 0.25 0.11 0.39 0.27 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu53 0.25 0 0.49 0 Bacteria Proteobacteria Epsilonproteobacteria Campylobacterales Campylobacteraceae U
Otu56 0.25 0.22 0.27 0.81 Bacteria U U U U U
Otu90 0.25 0.27 0.22 1.19 Bacteria U U U U U
Otu71 0.24 0.21 0.27 0.78 Bacteria U U U U U
Otu58 0.24 0.19 0.29 0.66 Bacteria Bacteroidetes Bacteroidia Bacteroidales Rikenellaceae U
Otu62 0.23 0.06 0.4 0.15 Bacteria Bacteroidetes U U U U
Otu60 0.23 0.05 0.4 0.13 Bacteria U U U U U
Otu879 0.23 0 0.45 0 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu63 0.21 0.21 0.21 1 Bacteria Verrucomicrobia Opitutae Opitutales U U
Otu119 0.21 0.17 0.25 0.68 Bacteria Firmicutes U U U U
Otu70 0.2 0.02 0.39 0.04 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu67 0.2 0.2 0.2 0.99 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu73 0.19 0.24 0.14 1.68 Bacteria U U U U U
Otu76 0.19 0 0.37 0.01 Bacteria Firmicutes Clostridia Clostridiales U U
Otu85 0.18 0.1 0.27 0.37 Bacteria Firmicutes U U U U
Otu65 0.18 0.12 0.24 0.51 Bacteria U U U U U
Otu112 0.18 0 0.36 0 Bacteria Firmicutes U U U U
Otu64 0.17 0 0.35 0 Bacteria Bacteroidetes U U U U
Otu77 0.17 0.14 0.2 0.71 Bacteria Firmicutes Negativicutes Selenomonadales Veillonellaceae U
Otu74 0.17 0.13 0.2 0.65 Bacteria Bacteroidetes U U U U
Otu68 0.16 0.01 0.32 0.02 Bacteria Firmicutes U U U U
Otu133 0.16 0.07 0.25 0.29 Bacteria Firmicutes Negativicutes U U U
Otu83 0.16 0.12 0.2 0.61 Bacteria U U U U U
Otu120 0.16 0.13 0.18 0.7 Bacteria Firmicutes Clostridia Clostridiales Syntrophomonadaceae U
Otu89 0.16 0 0.31 0 Bacteria U U U U U
Otu165 0.15 0.06 0.24 0.25 Bacteria U U U U U
Otu69 0.14 0.25 0.03 8.33 Bacteria Firmicutes Clostridia Clostridiales U U
Otu91 0.14 0.03 0.25 0.12 Bacteria Firmicutes U U U U
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Otu94 0.14 0.03 0.25 0.14 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu123 0.13 0.05 0.21 0.22 Bacteria Actinobacteria Actinobacteria Actinomycetales U U
Otu141 0.13 0.05 0.21 0.22 Bacteria Proteobacteria Deltaproteobacteria Desulfovibrionales U U
Otu95 0.13 0.08 0.17 0.49 Bacteria Firmicutes U U U U
Otu84 0.13 0.23 0.02 13.06 Bacteria Firmicutes Negativicutes Selenomonadales Veillonellaceae U
Otu93 0.13 0 0.25 0 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu88 0.12 0.15 0.1 1.44 Bacteria Firmicutes Clostridia U U U
Otu97 0.12 0.06 0.19 0.32 Bacteria U U U U U
Otu101 0.12 0.07 0.17 0.42 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu98 0.12 0 0.23 0 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu145 0.12 0.13 0.1 1.28 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu87 0.12 0 0.23 0.01 Bacteria Firmicutes Clostridia Clostridiales U U
Otu195 0.11 0.17 0.05 3.28 Bacteria Firmicutes Clostridia Clostridiales U U
Otu246 0.11 0.13 0.09 1.42 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu99 0.11 0.01 0.21 0.03 Bacteria Firmicutes U U U U
Otu108 0.11 0.16 0.06 2.82 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu96 0.11 0.16 0.05 3.4 Bacteria Firmicutes U U U U
Otu103 0.1 0.05 0.15 0.31 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu122 0.1 0.08 0.12 0.71 Bacteria Firmicutes Clostridia U U U
Otu117 0.1 0.13 0.07 1.92 Bacteria U U U U U

Total: OTU's relative abundance in relation to the total bacterial OTUs. MG and HG: OTU's relative abundance in the midgut and hindgut respectively. MG/HG:

Relative abundance of OTU in the midgut divided by relative abundance of OTU in the hindgut. U: unidentified taxon
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Table 6. Fungal OTUs with relative abundance higher than 0.1% in the gut chambers of Pelidnota luridipes.

Relative abundance Classification

#OTU ID Total MG HG MG/HG Kingdom Phyllum Class Order Family Genus

OTU1 28.72 24.63 32.8 0.75 Fungi Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae Candida

OTU10 1.16 0.3 2.03 0.15 Fungi Ascomycota U U U U

OTU11 0.89 0.45 1.33 0.33 Fungi Ascomycota Dothideomycetes U U U

OTU12 1.19 2.1 0.28 7.64 Fungi Ascomycota Dothideomycetes Aulographales Rhizodiscinaceae Rhizodiscina

OTU13 1 0.32 1.68 0.19 Fungi Ascomycota Sordariomycetes Xenospadicoidales Xenospadicoidaceae Spadicoides

OTU132 1.04 0.89 1.2 0.74 Fungi Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae Spathaspora

OTU14 0.92 0.71 1.12 0.64 Fungi Ascomycota Eurotiomycetes Eurotiales Thermoascaceae Byssochlamys

OTU140 0.16 0.15 0.17 0.85 Fungi Ascomycota Sordariomycetes Hypocreales Hypocreaceae Trichoderma

OTU15 0.92 1.02 0.82 1.25 Fungi Ascomycota Sordariomycetes, Hypocreales Hypocreaceae U

OTU16 1.47 1.13 1.8 0.63 Fungi Fungi_OTU16 U U U U

OTU17 0.77 1.13 0.42 2.73 Fungi Ascomycota Sordariomycetes U U U

OTU172 0.49 0.42 0.57 0.74 Fungi Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae Candida

OTU18 0.88 1.6 0.15 10.56 Fungi Ascomycota Sordariomycetes U U U

OTU185 0.17 0.21 0.12 1.77 Fungi Ascomycota Sordariomycetes Hypocreales Hypocreaceae Trichoderma

OTU19 0.44 0.04 0.85 0.04 Fungi Ascomycota U U U U

OTU198 0.11 0.08 0.13 0.61 Fungi Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Exophiala

OTU2 25.25 25.97 24.54 1.06 Fungi Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae Spathaspora

OTU20 0.54 0.3 0.78 0.38 Fungi Ascomycota Sordariomycetes Coniochaetales U U

OTU21 0.52 0.64 0.4 1.61 Fungi Ascomycota U U U U
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OTU22 0.42 0.39 0.44 0.87 Fungi Ascomycota Leotiomycetes Helotiales U U

OTU23 0.39 0.75 0.04 20.64 Fungi Basiodiomycota Agaricomycetes Polyporales Hyphodermataceae Hyphoderma

OTU24 0.35 0.16 0.54 0.3 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus

OTU248 0.45 0.45 0.45 1.01 Fungi Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae Scheffersomyces

OTU25 0.31 0.27 0.35 0.77 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus

OTU26 0.29 0.48 0.1 4.65 Fungi Ascomycota Sordariomycetes Xylariales Hypoxylaceae Hypoxylon

OTU27 0.38 0.58 0.19 2.98 Fungi Ascomycota Sordariomycetes U U U

OTU28 0.3 0.61 0 - Fungi Basiodiomycota U U U U

OTU29 0.23 0.45 0 - Fungi Ascomycota U U U U

OTU3 5.46 5.11 5.82 0.88 Fungi Ascomycota Saccharomycetes Saccharomycetales Debaryomycetaceae Scheffersomyces

OTU30 0.21 0.43 0 - Fungi Ascomycota Sordariomycetes Microascales Halosphaeriaceae Nais

OTU31 0.19 0.27 0.11 2.38 Fungi Ascomycota Sordariomycetes U U U

OTU32 0.19 0.34 0.04 8.54 Fungi Basiodiomycota Agaricomycetes Hymenochaetales Rickenellaceae Sidera

OTU33 0.2 0.27 0.13 2.12 Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus

OTU34 0.19 0.17 0.22 0.75 Fungi Ascomycota Leotiomycetes Erysiphales Erysiphaceae Leveillula

OTU35 0.15 0.14 0.16 0.87 Fungi Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Exophiala

OTU36 0.17 0.24 0.09 2.55 Fungi Ascomycota U U U U

OTU37 0.25 0.06 0.45 0.13 Fungi Ascomycota U U U U

OTU38 0.3 0.14 0.45 0.31 Fungi Ascomycota Sordariomycetes Microascales Microascaceae Microascus

OTU39 0.15 0.25 0.04 5.7 Fungi Ascomycota Leotiomycetes Erysiphales U U

OTU4 6.52 4 9.04 0.44 Fungi Basiodiomycota Tremellomycetes Trichosporonales Trichosporonaceae Apiotrichum

OTU40 0.14 0.15 0.12 1.31 Fungi Ascomycota Eurotiomycetes Chaetothyriales Herpotrichiellaceae Fonsecaea
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OTU41 0.12 0.12 0.12 1.02 Fungi Ascomycota Sordariomycetes U U U

OTU42 0.15 0.25 0.04 6.52 Fungi Ascomycota Leotiomycetes Helotiales U U

OTU43 0.12 0.16 0.07 2.13 Fungi Fungi_OTU43 U U U U

OTU44 0.11 0.16 0.06 2.61 Fungi Ascomycota U U U U

OTU45 0.11 0.21 0.02 9.46 Fungi Ascomycota Leotiomycetes U U U

OTU48 0.11 0.1 0.12 0.82 Fungi Mucoromycota
Umbelopsidomycete

s
Umbelopsidales Umbelopsidaceae Umbelopsis

OTU5 2.57 2.68 2.45 1.1 Fungi Ascomycota Leotiomycetes Erysiphales Erysiphaceae Leveillula

OTU6 3.67 5.01 2.34 2.14 Fungi Ascomycota U U U U

OTU7 3.24 4.85 1.63 2.97 Fungi Basiodiomycota Agaricomycetes Corticiales Corticiaceae Subulicystidium

OTU8 1.81 3.17 0.45 7 Fungi Ascomycota Sordariomycetes U U U

OTU9 1.58 2.63 0.53 4.96 Fungi Ascomycota U U U U

Total: OTU's relative abundance in relation to total fungal OTUs. MG and HG: OTU's relative abundance in the mid and hindgut, respectively. MG/HG: Relative

abundance of the OTU in the midgut divided by the relative abundance of OTU in the hindgut. U: Unidentified taxon.
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Table 7. Survival analysis of Galleria mellonella larvae infected with pathogens and probiotic strains.

Co-Inoculation Treatment Control Treatment
p**

Isolate OD600 Pathogen OD600 Pathogen OD600

Apiotrichum siamense L29A 0.05 LM 0.05 LM 0.05 >0.05
Apiotrichum siamense L29A 0.05 LM 0.1 LM 0.1 >0.05
Apiotrichum siamense L29A 0.05 PA 0.4 PA 0.4 >0.05
Apiotrichum siamense L29A 0.05 PA 0.5 PA 0.5 0.03
Apiotrichum siamense L29A 0.1 LM 0.05 LM 0.05 0.01
Apiotrichum siamense L29A 0.1 LM 0.1 LM 0.1 0.02
Apiotrichum siamense L29A 0.1 PA 0.4 PA 0.4 0.04
Apiotrichum siamense L29A 0.1 PA 0.5 PA 0.5 >0.05
Saccharomyces boullardii 0.05 LM 0.05 LM 0.05 >0.05
Saccharomyces boullardii 0.05 LM 0.1 LM 0.1 0.02
Saccharomyces boullardii 0.05 PA 0.4 PA 0.4 >0.05
Saccharomyces boullardii 0.05 PA 0.5 PA 0.5 >0.05
Saccharomyces boullardii 0.1 LM 0.05 LM 0.05 0.02
Saccharomyces boullardii 0.1 LM 0.1 LM 0.1 0.01
Saccharomyces boullardii 0.1 PA 0.4 PA 0.4 >0.05
Saccharomyces boullardii 0.1 PA 0.5 PA 0.5 <0.0001
Bacillus sp. BL17B 0.05 SF 0.4 SF 0.4 >0.05
Bacillus sp. BL17B 0.05 SF 0.5 SF 0.5 <0.0001
Bacillus sp. BL17B 0.1 SF 0.4 SF 0.4 0.0024
Bacillus sp. BL17B 0.1 SF 0.5 SF 0.5 >0.05
Bacillus clausii 0.05 SF 0.4 SF 0.4 <0.0001
Bacillus clausii 0.05 SF 0.5 SF 0.5 >0.05
Bacillus clausii 0.1 SF 0.4 SF 0.4 >0.05
Bacillus clausii 0.1 SF 0.5 SF 0.5 >0.05

Pathogen: LM: Listeria monocytogenes ATCC19111, PA: Pseudomonas aeruginosa ATCC9027*, SF: S.

flexneri  ATCC12022.  **Survival  analysis,  Log-rank  Mantel-Cox  test.  Significant  p-values  in  bold  are  for

treatments with higher mortality than control.  Saccharomyces boullardii  and  Bacillus clausii  are commercial

strains
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Anexo 2 - Material Suplementar do Capítulo 2
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Supplementary Material

Fig. S1. Third instar larvae of Pelidnota luridipes. 
a. Live larva. b. Dissected larva showing gut compartments. mg: Midgut. hg: Hindgut 
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Fig. S2. NMDS ordinations of cultivable (first row) and uncultivable (second and third row) microbial 
communities from P. luridipes using Bray-Curtis distances .
a-c: bacterial, yeast and total species; d-f: bacterial phyla, genera and OTUs; g-i: fungal orders, families and 
OTUs
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Fig.  S3. NMDS  ordinations  of  cultivable  (first  row)  and  uncultivable  (second  and  third  row)  microbial
communities from P. luridipes using Jaccard distances.
a-c: bacterial, yeast and total species; d-f: bacterial phyla, genera and OTUs; g-i: fungal orders, families and 
OTUs
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Fig. S4. Hierarchical clustering of KO descriptors predicted for the bacterial community of P. luridipes using 
Bray-Curtis distance and Ward algorithm
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Fig. S5. Seven day plates of Galleria mellonella on confrontation tests with Bacillus sp. BL17B (BL17B) and S. 
flexneri ATCC 12022 (SF).
a. BL17B (OD 0.05) with SF (OD 0.4). b. BL17B (OD 0.05) with SF (OD 0.5). Pathogen control: c. Saline and 
SF on OD 0.4. d. Saline and SF on DO 0.5. e. Uninjected control and f. Saline Control
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Fig. S6. Seven day plates of G. mellonella on confrontation tests with A. siamense L29A (L29A) and P. 
aeruginosa ATCC 9027 (PA). 
a. L29A (OD 0.05) with PA (OD 0.4). b. L29A (OD 0.05) with PA (OD 0.5). c. L29A (OD 0.1) with PA (OD 
0.4). d. L29A (OD 0.1) with PA na (OD 0.5). Pathogen Control: e. Saline with PA (OD 0.4) OD and f. Saline 
with PA (OD 0.5)
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Fig. S7. Seven day plates of G. mellonella on confrontation tests with A. siamense L29A (L29A) and L. 
monocytogenes ATCC 1911 (LM). 
a. L29A (OD 0.05) with LM (OD 0.05). b. L29A (OD 0.05) with LM (OD 0.1). c. L29A (OD 0.1) with LM (OD 
0.05). d. L29A (OD 0.1) with LM (OD 0.1). Pathogen Controls: e. Saline with LM (OD 0.05) and f. Saline with 
LM (DO 0.1)
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Table S1. Functional traits of microbial isolates from Pelidnota luridipes

Isolate Source Grp GenBank UFC/mg MG UFC/mg HG
Halo Growth

prt est cel pec aml lgn PO4 Inib SB pH2 pH4 pH7 pH8
Alcaligenes faecalis BL27 MG bac MW142152 3.09 0.00 0 0 0 0 0 0 0 0 0 0 0 1 1
Apiotrichum siamense L29A HG lev MW165509 0.00 42.20 0 0 0 0 2 0 0 3 2 1 1 1 1
Apiotrichum siamense L30A MG and HG lev MW138108 1.67 4.27 0 0 0 0 2 0 0 2 2 1 1 1 1
Apiotrichum siamense L30B MG and HG lev MW165510 1.67 4.27 0 0 0 0 2 0 0 2 1 0 0 1 1
Apiotrichum siamense L43 MG lev MW138107 0.56 0.00 0 0 0 0 2 0 0 1 2 1 1 1 1
Apiotrichum siamense L43A MG lev MW138107 0.56 0.00 0 0 0 0 1 0 0 1 2 1 1 1 1
Apiotrichum siamense L44 MG lev MW165512 1.11 0.00 0 0 0 0 2 0 0 2 2 0 1 1 1
Apiotrichum siamense L45 MG lev MW165513 1.11 0.00 0 0 0 0 2 0 0 2 2 1 1 1 1
Apiotrichum siamense L38A MG and HG lev MW165511 4.44 4.63 0 2 0 1 1 0 0 2 2 0 1 1 1
Apiotrichum siamense L40 HG lev MW165508 0.00 1.16 0 0 0 0 2 0 0 3 2 0 1 1 1
Apiotrichum siamense LB13 WG lev MW165507 - - 0 0 0 0 2 0 0 2 2 0 0 1 1
Bacillus cereus B62 MG and HG bac MW142079 462.96 347.22 3 2 1 0 3 0 1 0 0 0 0 1 1
Bacillus cereus B38A WG bac MW142137 - - 3 2 2 0 3 0 0 2 3 0 1 1 1
Bacillus cereus B38B WG bac MW142137 - - 0 2 0 0 0 0 0 0 3 0 0 1 1
Bacillus cereus B38C WG bac MW142137 - - 0 0 0 0 1 0 0 0 0 0 0 1 1
Bacillus cereus B62 MG and HG bac MW142069 462.96 347.22 3 2 0 0 0 0 2 1 0 0 0 1 1
Bacillus paranthracis B73 MG and HG bac MW142143 154.32 115.74 3 2 2 0 3 0 0 2 0 0 0 1 1
Bacillus paranthracis B73B MG and HG bac MW142144 154.32 115.74 3 2 2 0 2 0 0 0 0 0 0 1 1
Bacillus pumilus B34 WG bac MW142134 - - 1 0 1 1 0 0 0 2 0 0 0 1 1
Bacillus sp. BL17B WG bac MW147750 - - 3 0 3 2 3 0 0 5 1 0 0 1 1
Bacillus subtilis BL2 MG and HG bac MW142061 23.95 4.63 3 0 3 2 3 0 0 3 0 0 0 1 1
Bacillus subtilis BL24A MG bac MW142053 4.12 0.00 3 0 3 2 3 0 0 3 0 0 0 1 1
Bacillus subtilis BL24B MG bac MW142053 4.12 0.00 3 0 3 2 3 0 0 4 0 0 0 1 1
Bacillus subtilis BL26 MG bac MW142051 6.17 0.00 3 0 3 2 3 0 0 3 0 0 0 1 1
Bacillus subtilis BL37 WG bac MW142060 - - 3 0 3 2 3 0 0 5 2 0 0 1 1
Bacillus subtilis BL39 HG bac MW142059 0.00 6.94 3 0 3 2 3 0 0 4 0 0 0 1 1
Bacillus thuringiensis B18 MG bac MW142080 154.32 0.00 3 2 1 0 3 1 1 2 1 0 0 1 1
Bacillus thuringiensis B18B MG bac MW142080 154.32 0.00 1 2 0 1 3 1 0 1 1 0 0 1 1
Bacillus thuringiensis B27A WG bac MW142109 - - 0 0 0 1 0 0 2 0 2 0 0 1 1
Bacillus thuringiensis B27B WG bac MW142109 - - 3 3 0 1 2 1 1 2 3 1 0 1 1
Bacillus velezensis BL14 WG bac MW142055 - - 3 0 2 2 2 0 0 5 0 0 0 1 1
Burkholderia cenocepacia B69a MG bac MW142075 308.64 0.00 3 3 0 0 0 0 0 0 0 0 0 1 1
Candida alai B53 MG and HG lev MW142077 925.925 4,022.99 0 0 0 1 0 0 0 0 2 0 1 1 1
Candida jeffriesii L5C MG and HG lev MW165506 1.52 0.77 0 0 0 0 0 0 0 0 2 0 1 1 1
Candida sp. B53C MG and HG lev MW165503 925.925 4,022.99 1 0 0 1 0 0 0 0 1 0 0 1 1
Chryseobacterium gwangjuense 
A138

MG bac MW142142 1,543.21 0.00 1 3 0 0 0 0 3 0 0 0 0 1 1

Chryseobacterium gwangjuense MG bac MW142076 308.64 0.00 3 3 0 0 0 0 0 1 0 0 0 0 0
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B69b
Citrobacter amalonaticus B2B MG and HG bac MW142078 38,858.02 279,522.79 0 1 0 1 3 0 2 2 1 0 0 1 1
Citrobacter amalonaticus B2C MG and HG bac MW142078 38,858.02 279,522.79 1 2 0 2 0 0 1 1 1 0 0 1 0
Citrobacter amalonaticus B79A MG and HG bac MW142146 22,160.49 385.80 0 0 0 1 0 0 1 1 2 0 0 1 1
Citrobacter amalonaticus B79B MG and HG bac MW142102 22,160.49 385.80 0 0 0 1 0 0 1 0 2 0 0 1 1
Citrobacter koseri B101 HG bac MW142065 0.00 1,709.40 1 0 0 1 0 0 3 0 2 0 0 1 1
Citrobacter koseri B60 HG bac MW142070 0.00 766.28 0 0 0 1 0 0 1 0 2 0 0 1 1
Citrobacter sp. B1A HG bac MW142050 0.00 8,237.55 0 1 0 0 0 0 2 1 1 0 0 1 1
Citrobacter sp. B1B HG bac MW142050 0.00 8,237.55 0 1 0 1 0 0 2 1 1 0 0 1 1
Cytobacillus kochii B75 MG bac MW142145 1,543.21 0.00 0 0 0 0 0 0 0 3 1 0 0 1 1
Enterococcus hirae B76 MG and HG bac MW142073 14,176.95 284.90 0 3 0 0 0 0 1 0 0 0 0 0 1
Enterococcus hirae B76A MG and HG bac MW142073 14,176.95 284.90 0 1 0 0 0 0 1 0 1 0 0 1 1
Enterococcus hirae B76B MG and HG bac MW142072 14,176.95 284.90 0 0 0 0 0 0 0 0 0 0 0 1 1
Enterococcus hirae B96A HG bac MW142064 0.00 20,370.37 0 0 0 1 0 0 3 0 2 0 0 1 1
Enterococcus hirae B96B HG bac MW142064 0.00 20,370.37 0 0 0 1 0 0 3 0 1 0 0 1 1
Enterococcus termitis B89A MG bac MW724806 34,444.44 0.00 0 0 0 0 0 0 1 0 2 0 0 1 1
Enterococcus termitis B89B MG bac MW725072 34,444.44 0.00 0 0 0 0 0 0 1 0 0 0 0 1 1
Galactobacter valiniphilus B91A MG bac MW725071 555.56 0.00 1 0 0 0 0 0 2 0 0 0 0 1 1
Galactobacter valiniphilus B91C MG bac MW142057 555.56 0.00 1 2 1 0 1 0 2 2 3 0 0 1 1
Isoptericola dokdonensis B56B HG act MW142100 0.00 191.57 0 0 1 0 0 0 1 0 2 0 0 1 1
Kitasatospora sp. A61A MG act MW142104 308.6419753 0.00 ND ND ND ND ND ND ND ND ND ND ND ND ND
Kitasatospora sp. A61B MG act MW142104 308.64 0.00 ND ND ND ND ND ND ND ND ND ND ND ND ND
Klebsiella michiganensis B7 WG bac MW142049 - - 0 0 0 0 1 0 2 2 2 0 0 1 1
Klebsiella michiganensis B71 MG bac MW725073 1,152.26 0.00 0 0 0 1 0 0 1 0 0 0 0 1 1
Kosakonia cowanii B116A MG bac MW142097 2,469.14 0.00 0 0 0 1 0 0 3 0 0 0 0 1 1
Lactococcus garvieae B9 WG bac MW142135 - - 1 0 0 0 0 0 2 2 3 0 0 1 1
Lactococcus sp. B10A MG and HG bac MW142105 843.62 18,287.04 1 0 0 0 0 0 1 1 1 0 0 1 1
Lactococcus sp. B10B MG and HG bac MW142105 843.62 18,287.04 3 2 0 0 0 1 1 1 1 0 0 1 1
Lactococcus sp. B10C MG and HG bac MW142105 843.62 18,287.04 1 2 0 0 0 0 2 1 0 0 0 1 1
Lactococcus taiwanensis B81 MG bac MW142147 925.93 0.00 0 0 0 0 0 0 0 1 0 0 0 0 0
Luteimicrobium album B11A HG act MW147752 0.00 766.28 1 0 0 2 0 0 0 1 0 0 0 1 1
Luteimicrobium album B11B HG act MW147752 0.00 766.28 0 0 0 1 0 0 1 0 3 0 0 1 1
Lysinibacillus fusiformis B63 WG bac MW142136 - - 2 1 0 0 0 0 1 2 2 0 0 1 1
Lysinibacillus fusiformis B84 HG bac MW142068 0.00 231.48 0 0 0 0 0 0 0 0 0 0 0 1 1
Lysinibacillus fusiformis B84B HG bac MW142068 0.00 231.48 3 0 0 1 0 0 1 1 0 0 0 1 1
Lysinibacillus xylanilyticus B85B HG bac MW142067 0.00 231.48 0 1 0 0 0 0 0 0 0 0 0 1 1
Lysinibacillus xylanilyticus B85 HG bac MW142066 0.00 231.48 0 1 0 0 0 0 0 0 0 0 0 1 1
Meyerozyma guilliermondii L48 MG lev MW165501 617.28 0.00 2 0 0 0 0 0 0 0 2 0 1 1 1
Microbacterium natoriense B72A MG act MW142074 1,728.40 0.00 1 0 0 1 3 0 0 0 0 0 0 1 1
Mycobacterium porcinum A121 HG act MW142088 0.00 46.30 ND ND ND ND ND ND ND ND ND ND ND ND ND
Bacillus clausii- comercial comercial - - - - 0 0 0 0 0 0 0 0 0 0 0 1 1
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Saccharomyces boulardii- 
comercial

comercial - - - - 0 0 0 0 0 0 1 0 2 0 0 1 1

unidentified A10B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A12 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A126 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A129A1 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A129A2 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A130 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A131A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A133 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A142 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A143 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A143B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A144 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A147 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A150 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A151 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A152 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A153 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A155 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A157 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A163A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A164A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A165A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A167A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A169A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A171A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A171B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A172A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A173 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A175 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A175B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A177 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A181 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A185 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A186 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A187 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A190 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A19C WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A1B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A20 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
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unidentified A20B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A24B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A24C WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A24D WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A24E WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A25A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A25C WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A27A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A27B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A27C WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A28 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A29 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A29B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A29C WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A2A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A31 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A31B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A33 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A35 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A39 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A39B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A40 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A41 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A42 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A43 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A44 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A44B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A46 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A48 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A49 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A49A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A4B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A4C WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A50 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A51 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A51B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A52 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A53 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A54 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A55A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A55B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
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unidentified A56 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A57 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A5C WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A60 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A62 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A63 WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A82A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A97A WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified A97B WG act - - - ND ND ND ND ND ND ND ND ND ND ND ND ND
unidentified B109A WG bac - - - 3 3 0 0 0 0 1 1 3 0 0 1 1
unidentified B109B WG bac - - - 3 3 0 0 0 0 3 1 3 0 0 1 1
unidentified B112A WG bac - - - 0 2 0 0 0 0 3 0 2 0 0 1 1
unidentified B114A WG bac - - - 0 2 0 1 0 0 3 0 3 0 0 1 1
unidentified B115 WG bac - - - 0 0 1 1 0 0 3 0 3 0 0 1 1
unidentified B120 WG bac - - - 3 3 0 0 0 0 3 1 3 0 0 1 1
unidentified B14 WG bac - - - 0 0 0 0 0 0 0 0 0 0 0 1 0
unidentified B144A WG bac - - - 0 0 0 1 0 0 0 0 2 0 0 1 1
unidentified B15 WG bac - - - 1 0 0 0 0 0 0 1 2 0 0 1 1
unidentified B19 WG bac - - - 3 2 0 0 3 0 1 1 0 0 0 1 1
unidentified B20 WG bac - - - 1 0 0 1 0 0 0 1 0 0 0 1 0
unidentified B21 WG bac - - - 0 0 0 0 0 0 1 0 0 0 0 1 1
unidentified B22 WG bac - - - 0 1 0 0 0 0 1 0 1 0 0 1 1
unidentified B31B WG bac - - - 1 1 0 1 0 0 1 1 3 0 0 1 1
unidentified B32 WG bac - - - 0 1 0 1 0 0 2 1 3 0 0 1 1
unidentified B37 WG bac - - - 3 2 1 0 0 0 1 1 3 0 0 1 1
unidentified B41B WG bac - - - 0 0 0 0 0 0 0 0 0 0 0 1 1
unidentified B42 WG bac - - - 0 0 0 0 0 0 0 0 3 0 0 1 1
unidentified B43 WG bac - - - 0 0 0 0 0 0 0 0 0 0 0 1 1
unidentified B44 WG bac - - - 1 0 0 0 1 0 1 0 0 0 0 1 1
unidentified B46B WG bac - - - 1 0 0 0 1 0 0 0 3 0 0 1 1
unidentified B47 WG bac - - - 0 2 0 1 0 0 1 0 0 0 0 1 1
unidentified B48 WG bac - - - 0 0 0 1 0 0 1 0 1 0 0 1 1
unidentified B49 WG bac - - - 0 0 2 1 3 0 1 0 0 0 0 1 1
unidentified B4A WG bac - - - 3 3 0 1 1 0 1 1 3 0 0 1 1
unidentified B4B WG bac - - - 3 3 0 0 1 0 1 1 3 0 0 1 1
unidentified B4C WG bac - - - 3 3 0 0 1 0 2 1 3 0 0 1 1
unidentified B5 WG bac - - - 2 3 1 3 3 0 1 0 0 0 0 1 1
unidentified B61 WG bac - - - 0 0 0 0 1 0 0 0 0 0 0 0 1
unidentified B61 WG bac - - - 0 0 0 0 0 0 1 0 0 0 0 0 1
unidentified B64 WG bac - - - 0 1 0 0 0 0 0 0 2 0 0 1 1
unidentified B65 WG bac - - - 0 1 0 0 0 0 0 0 0 0 0 1 1
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unidentified B66 WG bac - - - 0 0 0 0 0 0 1 1 0 0 0 1 1
unidentified B67 WG bac - - - 2 1 0 3 1 0 0 1 0 0 0 1 0
unidentified B67 WG bac - - - 0 0 0 0 0 0 0 0 0 0 0 0 0
unidentified B87 WG bac - - - 3 3 0 1 1 0 1 0 3 0 0 1 1
unidentified B88 WG bac - - - 0 0 0 1 0 0 1 1 3 0 0 1 1
unidentified B94A WG bac - - - 0 1 0 0 0 0 3 0 0 0 0 1 1
unidentified BL22 WG bac - - - 2 0 0 0 0 0 0 1 1 0 0 1 1
unidentified BL3 WG bac - - - 1 0 0 2 2 0 0 0 0 0 0 1 1
unidentified BL35 WG bac - - - 3 2 0 3 2 0 0 1 0 0 1 1 1
unidentified BL36 WG bac - - - 0 0 0 0 0 0 1 0 1 0 0 1 1
unidentified BL4 WG bac - - - 0 0 1 2 0 0 0 0 3 0 0 1 1
unidentified BL49 WG bac - - - 0 0 0 0 1 0 0 0 2 0 1 1 1
unidentified BL8A WG bac - - - 0 0 0 0 0 0 0 0 2 0 1 1 1
unidentified BL8B WG bac - - - 0 0 0 0 2 0 0 0 2 0 1 1 1
unidentified L21 WG lev - - - 0 0 0 0 0 0 0 0 1 0 1 1 1
unidentified L23 WG lev - - - 1 0 0 0 0 0 0 0 1 0 0 1 1
unidentified L28 WG lev - - - 0 0 0 0 0 0 0 1 2 0 1 1 1
unidentified L32 WG lev - - - 0 0 0 0 1 0 0 1 2 0 1 1 1
unidentified L34 WG lev - - - 0 0 0 0 2 0 0 1 2 0 0 1 1
unidentified L4 WG lev - - - 0 0 0 0 0 0 0 0 0 0 0 1 1
unidentified L4B WG lev - - - 0 0 0 0 0 0 0 0 2 0 1 1 1
unidentified L50 WG lev - - - 2 0 0 0 0 0 0 0 2 0 0 1 1
unidentified L51 WG lev - - - 0 0 0 0 0 0 0 0 1 0 0 1 1
Nocardiopsis alba A103A HG act MW142091 0.00 231.48 ND ND ND ND ND ND ND ND ND ND ND ND ND
Oceanobacillus aidingensis B53B MG and HG bac MW142077 925.925 4,022.99 1 1 0 1 3 0 2 0 0 0 0 1 1
Ochrobactrum ciceri BL24 MG bac MW142132 4.12 0.00 0 0 0 0 0 0 0 2 2 0 0 1 1
Paenibacillus alvei B57 HG bac MW142071 0.00 1,149.43 0 0 0 0 2 0 0 1 0 0 0 1 1
Paenibacillus alvei B70 MG and HG bac MW142103 4,938.27 231.48 1 0 0 0 0 0 0 0 0 0 0 1 1
Paenibacillus alvei B71B MG bac MW724809 1,152.26 0.00 0 0 0 1 0 0 1 0 0 0 0 0 1
Paenibacillus alvei B79C MG and HG bac MW142107 22,160.49 385.80 0 3 0 0 0 0 1 0 0 0 0 1 1
Paenibacillus alvei B83 HG bac MW142148 0.00 694.44 0 0 0 0 0 0 0 0 0 0 0 1 1
Paenibacillus alvei B90A MG bac MW724805 1,111.11 0.00 1 0 0 2 0 0 1 0 0 0 0 1 1
Paenibacillus alvei B90B MG bac MW724805 1,111.11 0.00 1 0 0 2 3 0 0 0 0 0 0 1 1
Paraburkholderia caballeronis 
B56A

HG bac MW142099 0.00 191.57 0 0 0 0 0 0 1 0 0 0 0 1 1

Pseudomonas aeruginosa B17 WG bac MW142138 - - 3 1 1 0 0 0 2 2 3 0 0 1 1
Pseudomonas citronellolis B71A MG bac MW724811 1,152.26 0.00 0 0 0 0 0 0 1 2 3 0 0 1 1
Raoultella ornithinolytica B78A MG bac MW142098 617.28 0.00 0 0 1 3 1 0 1 1 3 0 0 1 1
Rothia kristinae BL11 WG bac MW142151 - - 1 0 0 0 1 0 0 4 0 0 1 1 1
Scheffersomyces stipitis L5A MG and HG lev MW165504 1.52 0.77 0 0 0 0 0 0 0 1 2 0 0 1 1
Scheffersomyces stipitis L5B MG and HG lev MW165505 1.52 0.77 0 0 0 0 0 0 0 0 2 0 0 1 1
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Serratia marcescens B86 WG bac MW142106 - - 3 2 1 0 0 0 1 2 3 0 0 1 1
Serratia sp. B30 WG bac MW147751 - - 3 3 0 1 0 0 2 2 3 0 0 1 1
Spathaspora brasiliensis L18 HG lev MW165502 0.00 498.08 1 0 0 0 0 0 0 0 1 0 0 1 1
Spathaspora brasiliensis L1A MG and HG lev MW165500 1,087.97 4,881.63 0 0 0 0 0 0 0 0 1 0 0 1 1
Spathaspora brasiliensis L1B MG and HG lev MW165500 1,087.97 4,881.63 3 0 2 3 3 0 0 4 0 0 0 1 1
Spathaspora brasiliensis L25B MG lev MW138109 9.26 0.00 0 0 0 0 0 0 0 0 2 0 0 1 1
Sporosarcina contaminans B92A MG bac MW142056 1,111.11 0.00 1 2 1 0 0 0 3 2 3 0 0 1 1
Sporosarcina contaminans B92B MG bac MW724804 1,111.11 0.00 0 0 0 0 0 0 2 0 0 0 0 1 1
Sporosarcina contaminans B93A MG bac MW724807 12,777.78 0.00 0 0 0 0 0 0 1 0 1 0 0 1 1
Sporosarcina contaminans B93B MG bac MW724807 12,777.78 0.00 0 2 0 0 0 0 0 1 0 0 0 1 1
Sporosarcina contaminans B93C MG bac MW724807 12,777.78 0.00 0 1 0 0 0 0 3 1 2 0 0 1 1
Sporosarcina contaminans B98A HG bac MW142063 0.00 2,279.20 1 0 0 1 0 0 3 0 2 0 0 1 1
Streptomyces antibioticus A108 HG act MW142090 0.00 462.96 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces antibioticus A158 HG act MW142095 0.00 76.63 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces atratus A123C MG and HG act MW142118 200.62 69.44 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces atratus A71A HG act MW142140 0.00 28.49 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces atratus A72A MG and HG act MW142139 1.11 28.49 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces atratus A79A MG and HG act MW142084 0.56 14.25 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces atratus A79B MG and HG act MW142083 0.56 14.25 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces costaricanus A94B MG act MW142150 55.56 0.00 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces diastaticus A96 MG act MW756916 1.11 0.00 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces drozdowiczii A118 HG act MW142089 0.00 23.15 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces flavogriseus A110A HG act MW142116 0.00 231.48 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces flavogriseus A161 HG act MW142115 0.00 76.63 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces flavogriseus A82 MG and HG act MW142113 1.67 13.28 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces flavogriseus A82 MG and HG act MW142114 1.67 13.28 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces flavogriseus A83A MG and HG act MW142111 2.22 24.29 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces griseofuscus A81 HG act MW142082 0.00 1.42 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces misionensis A116A MG and HG act MW142128 1,604.94 514.85 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces misionensis A149 MG act MW142117 30.86 0.00 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces misionensis A66B MG and HG act MW142086 77.78 142.59 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces misionensis A73 MG and HG act MW142092 2.47 129.49 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces rochei A104A MG and HG act MW142130 87.54 412.81 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces rochei A104B MG and HG act MW142131 87.54 412.81 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces rochei A134A MG act MW142052 617.28 0.00 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces rochei A148A MG act MW147755 61.73 0.00 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces rochei A159 HG act MW142094 0.00 38.31 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces rochei A70A HG act MW142133 0.00 28.49 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces rochei A76A HG act MW142149 0.00 113.96 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces rochei A78 HG act MW142087 0.00 74.79 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces rochei A80 MG and HG act MW142101 11.11 1.42 ND ND ND ND ND ND ND ND ND ND ND ND ND
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Streptomyces sanglieri A119 HG act MW142112 0.00 23.15 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces sp. A104C MG and HG act MW142129 87.54 412.81 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces sp. A15 MG and HG act MW142096 61.73 383.14 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces sp. A58 HG act MW142093 0.00 766.28 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces sp. A74C MG and HG act MW753133 6.67 114.25 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces sp. A75 HG act MW142085 0.00 28.49 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces sp. A85 HG act MW142081 0.00 0.28 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces sp. A86 HG act MW147753 0 0.28 ND ND ND ND ND ND ND ND ND ND ND ND ND
Streptomyces thermosacchari A102 HG act MW142119 0.00 231.48 ND ND ND ND ND ND ND ND ND ND ND ND ND
Xanthomonas maliensis B6A WG bac MW142058 - - 0 0 0 1 0 0 2 0 0 0 0 1 1
Xanthomonas maliensis B6B WG bac MW142058 - - 0 0 1 0 0 0 2 4 3 0 0 1 1
Xilanimicrobium sp. A67A HG act MW147754 0 284.9 ND ND ND ND ND ND ND ND ND ND ND ND ND
Xylanimicrobium sp. B58A HG act MW142125 0.00 11,494.25 0 2 0 0 0 0 1 0 1 0 0 1 1
Xylanimicrobium sp. B58B HG act MW142124 0.00 11,494.25 0 0 0 0 0 0 0 0 1 0 0 1 1
Xylanimonas allomyrinae B51A HG act MW142122 0.00 5,172.41 0 0 0 0 0 0 3 0 0 0 0 0 0
Xylanimonas allomyrinae B51B HG act MW142122 0.00 5,172.41 0 0 0 0 0 0 1 0 2 0 0 1 1
Xylanimonas allomyrinae B52 HG act MW142121 0.00 13,409.96 0 0 0 0 0 0 1 0 0 0 0 1 1
Xylanimonas allomyrinae B54 HG act MW142123 0.00 3,831.42 1 2 0 1 0 0 2 0 0 0 0 1 1
Xylanimonas allomyrinae B55A MG and HG act MW142126 1,028.81 2,681.99 0 0 0 0 0 0 0 0 1 0 0 1 1
Xylanimonas allomyrinae B55B MG and HG act MW142108 1,028.81 2,681.99 0 0 0 0 0 0 0 0 0 0 1 1 1
Xylanimonas allomyrinae B55C MG and HG act MW142127 1,028.81 2,681.99 0 0 0 0 0 0 0 0 0 0 0 1 1
Xylanimonas allomyrinae B59 HG act MW142110 0.00 383.14 0 0 0 0 0 0 1 0 0 0 0 1 1
Xylanimonas allomyrinae B80 MG act MW142120 308.64 0.00 1 0 0 0 0 0 2 0 2 0 0 1 1
Isolates in bold were selected on the first pathogen antagonism screening. Grp: Group. GenBank: Accession number on GenBank. Prt: protease. Est: Esterase. Cel: Cellulase. Pec: 
Pectinase. Aml: Amylase. Lgn: Ligninase. PO4: Phosphate solubilisation. Inib: Pathogen Inhibition. ND: Not determined (isolate not subject to tests)
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Table S2. Relative Frequency (%) of cultivable bacteria on gut compartiments of Pelidnota luridipes
Species Class Total Midgut Hindgut

Galactobacter valiniphilus Actinobacteria 0.1047 0.3576 0
Isoptericola dokdonensis Actinobacteria 0.018 0 0.0255
Kitasatospora sp. Actinobacteria 0.0582 0.1987 0
Luteimicrobium album Actinobacteria 0.1444 0 0.2042
Microbacterium natoriense Actinobacteria 0.1629 0.5563 0
Mycobacterium porcinum Actinobacteria 0.0044 0 0.0062
Nocardiopsis alba Actinobacteria 0.0218 0 0.0308
Streptomyces antibioticus Actinobacteria 0.0508 0 0.0719
Streptomyces atratus Actinobacteria 0.0237 0.0312 0.0206
Streptomyces diastaticus Actinobacteria 0.0001 0.0004 0
Streptomyces drozdowiczii Actinobacteria 0.0022 0 0.0031
Streptomyces flavogriseus Actinobacteria 0.03 0.0018 0.0417
Streptomyces griseofuscus Actinobacteria 0.0001 0 0.0002
Streptomyces misionensis Actinobacteria 0.1664 0.2742 0.1217
Streptomyces rochei Actinobacteria 0.1957 0.3103 0.1483
Streptomyces sanglieri Actinobacteria 0.0022 0 0.0031
Streptomyces sp. 1 Actinobacteria 0.0221 0.0021 0.0304
Streptomyces sp. 3 Actinobacteria 0 0 0
Streptomyces sp. 4 Actinobacteria 0 0 0
Streptomyces sp. 6 Actinobacteria 0.0722 0 0.1021
Streptomyces sp.5 Actinobacteria 0.0419 0.0199 0.051
Streptomyces thermosacchari Actinobacteria 0.0218 0 0.0308
Xylanimicrobium sp. Actinobacteria 2.1928 0 3.1003
Xylanimonas allomyrinae Actinobacteria 3.7132 1.0928 4.7977
Ochrobactrum ciceri Alphaproteobacteria 0.0004 0.0013 0
Bacillus cereus Bacilli 0.0654 0 0.0925
Bacillus paranthracis Bacilli 0.0509 0.0993 0.0308
Bacillus subtilis Bacilli 0.0047 0.0123 0.0015
Bacillus thuringiensis Bacilli 0.1163 0.3974 0
Cytobacillus kochii Bacilli 0.1454 0.4967 0
Enterococcus hirae Bacilli 3.9481 0.0993 5.541
Enterococcus termitis Bacilli 10.4692 35.7644 0
Lactococcus sp. Bacilli 5.4073 0.8146 7.3081
Lactococcus taiwanensis Bacilli 0.0872 0.298 0
Lysinibacillus fusiformis Bacilli 0.0436 0 0.0617
Lysinibacillus xylanilyticus Bacilli 0.0436 0 0.0617
Oceanobacillus aidingensis Bacilli 0.3109 0.1987 0.3573
Paenibacillus alvei Bacilli 0.5135 1.0862 0.2765
Sporosarcina contaminans Bacilli 2.832 8.9411 0.3036
Alcaligenes faecalis Betaproteobacteria 0.0003 0.001 0
Burkholderia cenocepacia Betaproteobacteria 0.0582 0.1987 0
Paraburkholderia caballeronis Betaproteobacteria 0.018 0 0.0255
Chryseobacterium gwangjuense Flavobacteria 0.1745 0.5961 0
Citrobacter amalonaticus Gammaproteobacteria 66.3674 46.4142 74.6257
Citrobacter koseri Gammaproteobacteria 0.2333 0 0.3298
Citrobacter sp. Gammaproteobacteria 1.5522 0 2.1947
Klebsiella michiganensis Gammaproteobacteria 0.1086 0.3709 0
Kosakonia cowanii Gammaproteobacteria 0.2326 0.7948 0
Pseudomonas citronellolis Gammaproteobacteria 0.1086 0.3709 0
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Raoultella ornithinolytica Gammaproteobacteria 0.0582 0.1987 0
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Tabela S3. Relative Frequency (%) of cultivable yeasts on gut compartiments of Pelidnota luridipes
Species Total Midgut Hindgut
Apiotrichum siamense 0.27 0.15 0.31
Candida alai 13.17 8.29 15.24
Candida jeffriesii 0.01 0.01 0.01
Candida sp. 13.17 8.29 15.24
Meyerozyma guilliermondii 2.46 8.29 0
Scheffersomyces stipitis 21.22 45.64 10.89
Spathaspora brasiliensis 49.69 29.34 58.31
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Tabela S4. Absolute and Relative abundance of bacterial OTUs on gut compartiments of P. luridipes
#OTU Absolute abundance Relative abundance Classification

P6A P7
A

P8
A

P6
R

P7
R

P8
R

Total Midgut Hindgut Total Midgut Hindgu
t

Domain Phylum Class Order Family Genus

Otu1 1295
1

176 492
1

28 434 120 18630.00
00

18048.00
00

582.000
0

10.469
0

20.2839 0.6541 Bacteria Firmicutes U U U U

Otu10 412 253 10 902 301 102
1

2899.000
0

675.0000 2224.00
00

1.6291 0.7586 2.4995 Bacteria Bacteroidetes Bacteroidia U U U

Otu100 2 14 0 35 1 95 147.0000 16.0000 131.000
0

0.0826 0.0180 0.1472 Bacteria Firmicutes U U U U

Otu1000 0 1 0 12 1 9 23.0000 1.0000 22.0000 0.0129 0.0011 0.0247 Bacteria U U U U U
Otu1001 0 0 0 0 10 7 17.0000 0.0000 17.0000 0.0096 0.0000 0.0191 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1002 0 4 0 3 0 7 14.0000 4.0000 10.0000 0.0079 0.0045 0.0112 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1003 4 4 0 1 2 0 11.0000 8.0000 3.0000 0.0062 0.0090 0.0034 Bacteria U U U U U
Otu1004 1 0 1 1 5 0 8.0000 2.0000 6.0000 0.0045 0.0022 0.0067 Bacteria Planctomycetes Planctomycetia Planctomycetales Planctomycetaceae Aquisphaera
Otu1005 0 4 0 3 0 4 11.0000 4.0000 7.0000 0.0062 0.0045 0.0079 Bacteria Firmicutes U U U U
Otu1006 0 0 3 0 6 0 9.0000 3.0000 6.0000 0.0051 0.0034 0.0067 Bacteria Actinobacteria Actinobacteria Actinomycetales Microbacteriaceae Agromyces
Otu1007 1 1 0 3 3 3 11.0000 2.0000 9.0000 0.0062 0.0022 0.0101 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1008 0 0 0 0 7 0 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales U U

Otu1009 1 0 0 5 0 0 6.0000 1.0000 5.0000 0.0034 0.0011 0.0056 Bacteria Firmicutes U U U U
Otu101 5 57 1 88 1 61 213.0000 63.0000 150.000

0
0.1197 0.0708 0.1686 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu1010 0 0 0 1 0 2 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1011 6 0 6 0 23 2 37.0000 12.0000 25.0000 0.0208 0.0135 0.0281 Bacteria Actinobacteria Actinobacteria U U U
Otu1012 0 0 0 8 0 10 18.0000 0.0000 18.0000 0.0101 0.0000 0.0202 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1013 0 0 0 13 0 8 21.0000 0.0000 21.0000 0.0118 0.0000 0.0236 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1014 0 0 1 0 2 0 3.0000 1.0000 2.0000 0.0017 0.0011 0.0022 Bacteria Actinobacteria Actinobacteria U U U
Otu1015 0 1 0 4 0 6 11.0000 1.0000 10.0000 0.0062 0.0011 0.0112 Bacteria Firmicutes U U U U
Otu1016 1 4 0 1 1 8 15.0000 5.0000 10.0000 0.0084 0.0056 0.0112 Bacteria Firmicutes U U U U
Otu1017 4 0 0 0 2 1 7.0000 4.0000 3.0000 0.0039 0.0045 0.0034 Bacteria U U U U U
Otu1018 2 7 0 2 0 4 15.0000 9.0000 6.0000 0.0084 0.0101 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1019 0 3 0 2 3 2 10.0000 3.0000 7.0000 0.0056 0.0034 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu102 9 53 0 45 2 24 133.0000 62.0000 71.0000 0.0747 0.0697 0.0798 Bacteria U U U U U
Otu1020 0 0 0 0 13 1 14.0000 0.0000 14.0000 0.0079 0.0000 0.0157 Bacteria Firmicutes U U U U
Otu1021 0 2 0 0 0 4 6.0000 2.0000 4.0000 0.0034 0.0022 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1022 0 0 0 6 10 3 19.0000 0.0000 19.0000 0.0107 0.0000 0.0214 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1023 1 5 0 0 0 2 8.0000 6.0000 2.0000 0.0045 0.0067 0.0022 Bacteria U U U U U
Otu1024 2 0 0 12 10 1 25.0000 2.0000 23.0000 0.0140 0.0022 0.0258 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1025 0 0 0 9 1 1 11.0000 0.0000 11.0000 0.0062 0.0000 0.0124 Bacteria Firmicutes U U U U
Otu1026 2 0 0 0 3 1 6.0000 2.0000 4.0000 0.0034 0.0022 0.0045 Bacteria Proteobacteria Gammaproteobac

teria
U U U

Otu1027 0 0 0 10 1 0 11.0000 0.0000 11.0000 0.0062 0.0000 0.0124 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1028 0 3 0 0 2 6 11.0000 3.0000 8.0000 0.0062 0.0034 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1029 0 3 0 2 0 3 8.0000 3.0000 5.0000 0.0045 0.0034 0.0056 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
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Otu103 9 34 0 25 1 111 180.0000 43.0000 137.000
0

0.1011 0.0483 0.1540 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu1030 0 0 0 1 6 1 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria U U U U U
Otu1031 10 0 0 0 1 0 11.0000 10.0000 1.0000 0.0062 0.0112 0.0011 Bacteria Proteobacteria Gammaproteobac

teria
U U U

Otu1032 0 4 0 0 0 4 8.0000 4.0000 4.0000 0.0045 0.0045 0.0045 Bacteria U U U U U
Otu1033 0 2 0 0 0 4 6.0000 2.0000 4.0000 0.0034 0.0022 0.0045 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1034 0 0 0 27 9 39 75.0000 0.0000 75.0000 0.0421 0.0000 0.0843 Bacteria Firmicutes U U U U
Otu1035 0 2 0 2 0 5 9.0000 2.0000 7.0000 0.0051 0.0022 0.0079 Bacteria U U U U U
Otu1036 0 4 0 6 1 2 13.0000 4.0000 9.0000 0.0073 0.0045 0.0101 Bacteria Firmicutes U U U U
Otu1037 0 4 0 11 0 6 21.0000 4.0000 17.0000 0.0118 0.0045 0.0191 Bacteria Proteobacteria Deltaproteobacter

ia
Desulfovibrionales U U

Otu1038 1 1 0 9 0 4 15.0000 2.0000 13.0000 0.0084 0.0022 0.0146 Bacteria Firmicutes U U U U
Otu1039 6 0 0 0 3 0 9.0000 6.0000 3.0000 0.0051 0.0067 0.0034 Bacteria Proteobacteria Deltaproteobacter

ia
Myxococcales U U

Otu104 40 98 0 3 12 20 173.0000 138.0000 35.0000 0.0972 0.1551 0.0393 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu1040 1 10 0 0 0 0 11.0000 11.0000 0.0000 0.0062 0.0124 0.0000 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1041 0 1 0 1 2 5 9.0000 1.0000 8.0000 0.0051 0.0011 0.0090 Bacteria U U U U U
Otu1042 0 0 0 1 2 1 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae
Otu1043 0 0 0 0 9 0 9.0000 0.0000 9.0000 0.0051 0.0000 0.0101 Bacteria Proteobacteria Gammaproteobac

teria
U U U

Otu1044 0 0 0 0 15 2 17.0000 0.0000 17.0000 0.0096 0.0000 0.0191 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1045 0 4 0 1 0 5 10.0000 4.0000 6.0000 0.0056 0.0045 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1046 0 0 0 20 0 0 20.0000 0.0000 20.0000 0.0112 0.0000 0.0225 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1047 0 0 1 0 4 1 6.0000 1.0000 5.0000 0.0034 0.0011 0.0056 Bacteria Actinobacteria Actinobacteria Actinomycetales Microbacteriaceae U
Otu1048 2 0 5 0 10 1 18.0000 7.0000 11.0000 0.0101 0.0079 0.0124 Bacteria Actinobacteria Actinobacteria Actinomycetales U U
Otu1049 1 3 0 2 1 6 13.0000 4.0000 9.0000 0.0073 0.0045 0.0101 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu105 5 78 0 19 1 71 174.0000 83.0000 91.0000 0.0978 0.0933 0.1023 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1050 2 1 0 1 0 5 9.0000 3.0000 6.0000 0.0051 0.0034 0.0067 Bacteria Firmicutes U U U U
Otu1051 2 3 0 2 0 5 12.0000 5.0000 7.0000 0.0067 0.0056 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U

Otu1052 7 0 2 0 3 0 12.0000 9.0000 3.0000 0.0067 0.0101 0.0034 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu1053 0 0 0 0 0 14 14.0000 0.0000 14.0000 0.0079 0.0000 0.0157 Bacteria Firmicutes U U U U
Otu1054 2 0 0 7 0 0 9.0000 2.0000 7.0000 0.0051 0.0022 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1055 2 2 0 1 0 0 5.0000 4.0000 1.0000 0.0028 0.0045 0.0011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1056 3 0 0 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Proteobacteria Alphaproteobacte

ria
Rhodospirillales Rhodospirillaceae U

Otu1057 0 2 0 3 5 2 12.0000 2.0000 10.0000 0.0067 0.0022 0.0112 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1058 1 4 0 0 0 1 6.0000 5.0000 1.0000 0.0034 0.0056 0.0011 Bacteria Firmicutes U U U U
Otu1059 0 3 0 1 1 2 7.0000 3.0000 4.0000 0.0039 0.0034 0.0045 Bacteria U U U U U
Otu106 6 60 0 75 3 61 205.0000 66.0000 139.000

0
0.1152 0.0742 0.1562 Bacteria Proteobacteria Deltaproteobacter

ia
Desulfovibrionales Desulfovibrionaceae Desulfovibrio

Otu1060 0 0 0 0 8 4 12.0000 0.0000 12.0000 0.0067 0.0000 0.0135 Bacteria U U U U U
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Otu1061 0 0 0 5 8 1 14.0000 0.0000 14.0000 0.0079 0.0000 0.0157 Bacteria Firmicutes U U U U
Otu1062 0 2 0 3 0 4 9.0000 2.0000 7.0000 0.0051 0.0022 0.0079 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1063 0 0 0 8 2 0 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria U U U U U
Otu1064 0 0 0 0 12 0 12.0000 0.0000 12.0000 0.0067 0.0000 0.0135 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales Bradyrhizobiaceae Bosea

Otu1065 1 1 0 6 0 2 10.0000 2.0000 8.0000 0.0056 0.0022 0.0090 Bacteria Firmicutes U U U U
Otu1066 1 1 0 1 0 1 4.0000 2.0000 2.0000 0.0022 0.0022 0.0022 Bacteria Firmicutes Clostridia U U U
Otu1067 5 0 0 0 4 0 9.0000 5.0000 4.0000 0.0051 0.0056 0.0045 Bacteria Armatimonadet

es
U U U U

Otu1068 0 5 0 0 0 0 5.0000 5.0000 0.0000 0.0028 0.0056 0.0000 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1069 0 0 0 7 3 0 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria U U U U U
Otu107 5 114 0 32 1 17 169.0000 119.0000 50.0000 0.0950 0.1337 0.0562 Bacteria Proteobacteria Deltaproteobacter

ia
U U U

Otu1070 0 1 0 0 0 4 5.0000 1.0000 4.0000 0.0028 0.0011 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1071 1 0 0 6 3 2 12.0000 1.0000 11.0000 0.0067 0.0011 0.0124 Bacteria U U U U U
Otu1072 1 6 0 0 2 0 9.0000 7.0000 2.0000 0.0051 0.0079 0.0022 Bacteria U U U U U
Otu1073 0 4 0 2 0 2 8.0000 4.0000 4.0000 0.0045 0.0045 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1074 0 2 0 5 1 3 11.0000 2.0000 9.0000 0.0062 0.0022 0.0101 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1075 2 2 0 1 4 1 10.0000 4.0000 6.0000 0.0056 0.0045 0.0067 Bacteria U U U U U
Otu1076 0 2 0 0 0 0 2.0000 2.0000 0.0000 0.0011 0.0022 0.0000 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1077 0 0 0 18 6 2 26.0000 0.0000 26.0000 0.0146 0.0000 0.0292 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1078 0 0 0 2 5 29 36.0000 0.0000 36.0000 0.0202 0.0000 0.0405 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1079 2 6 0 0 0 0 8.0000 8.0000 0.0000 0.0045 0.0090 0.0000 Bacteria Firmicutes Clostridia Clostridiales U U
Otu108 13 128 0 25 14 11 191.0000 141.0000 50.0000 0.1073 0.1585 0.0562 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1080 1 0 0 7 0 11 19.0000 1.0000 18.0000 0.0107 0.0011 0.0202 Bacteria Firmicutes U U U U
Otu1081 8 0 0 0 0 0 8.0000 8.0000 0.0000 0.0045 0.0090 0.0000 Bacteria Proteobacteria Betaproteobacteri

a
Burkholderiales Oxalobacteraceae U

Otu1082 0 0 0 2 2 2 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria U U U U U
Otu1083 0 2 0 2 0 4 8.0000 2.0000 6.0000 0.0045 0.0022 0.0067 Bacteria Firmicutes U U U U
Otu1084 1 3 0 1 1 4 10.0000 4.0000 6.0000 0.0056 0.0045 0.0067 Bacteria Firmicutes Clostridia U U U
Otu1085 0 0 0 0 7 5 12.0000 0.0000 12.0000 0.0067 0.0000 0.0135 Bacteria U U U U U
Otu1086 0 4 0 4 2 4 14.0000 4.0000 10.0000 0.0079 0.0045 0.0112 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1087 0 5 0 1 0 4 10.0000 5.0000 5.0000 0.0056 0.0056 0.0056 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1088 0 0 0 0 2 1 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1089 0 0 0 2 2 6 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria U U U U U
Otu109 1 125 0 26 0 2 154.0000 126.0000 28.0000 0.0865 0.1416 0.0315 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1090 0 0 1 0 7 0 8.0000 1.0000 7.0000 0.0045 0.0011 0.0079 Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae U
Otu1091 0 0 0 3 0 0 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1092 0 0 0 1 0 9 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1093 0 1 0 1 6 0 8.0000 1.0000 7.0000 0.0045 0.0011 0.0079 Bacteria U U U U U
Otu1094 7 0 0 0 1 0 8.0000 7.0000 1.0000 0.0045 0.0079 0.0011 Bacteria Proteobacteria Betaproteobacteri

a
Burkholderiales Burkholderiaceae Burkholderia

Otu1095 6 3 0 7 1 3 20.0000 9.0000 11.0000 0.0112 0.0101 0.0124 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1096 0 1 0 4 2 2 9.0000 1.0000 8.0000 0.0051 0.0011 0.0090 Bacteria U U U U U
Otu1097 0 1 0 1 1 0 3.0000 1.0000 2.0000 0.0017 0.0011 0.0022 Bacteria Firmicutes Clostridia U U U
Otu1098 0 1 0 1 0 2 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
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Otu1099 1 2 0 4 1 0 8.0000 3.0000 5.0000 0.0045 0.0034 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu11 418 598 5 222

6
434 190 3871.000

0
1021.000

0
2850.00

00
2.1753 1.1475 3.2031 Bacteria Firmicutes Clostridia U U U

Otu110 8 75 0 24 0 23 130.0000 83.0000 47.0000 0.0731 0.0933 0.0528 Bacteria U U U U U
Otu1100 0 0 0 1 1 1 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria U U U U U
Otu1101 0 0 0 0 13 7 20.0000 0.0000 20.0000 0.0112 0.0000 0.0225 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1102 2 1 0 0 3 0 6.0000 3.0000 3.0000 0.0034 0.0034 0.0034 Bacteria Actinobacteria Actinobacteria Gaiellales Gaiellaceae U
Otu1103 2 0 0 0 14 0 16.0000 2.0000 14.0000 0.0090 0.0022 0.0157 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales U U

Otu1104 0 0 0 0 4 2 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria Actinobacteria Actinobacteria Actinomycetales U U
Otu1105 0 0 0 7 1 0 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1106 0 3 0 2 1 1 7.0000 3.0000 4.0000 0.0039 0.0034 0.0045 Bacteria U U U U U
Otu1107 0 2 0 1 1 1 5.0000 2.0000 3.0000 0.0028 0.0022 0.0034 Bacteria Firmicutes U U U U
Otu1108 0 0 0 1 6 4 11.0000 0.0000 11.0000 0.0062 0.0000 0.0124 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1109 2 0 0 0 14 0 16.0000 2.0000 14.0000 0.0090 0.0022 0.0157 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales Xanthobacteraceae Labrys

Otu111 8 80 0 40 0 46 174.0000 88.0000 86.0000 0.0978 0.0989 0.0967 Bacteria Firmicutes Clostridia U U U
Otu1110 0 2 0 2 5 0 9.0000 2.0000 7.0000 0.0051 0.0022 0.0079 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1111 0 0 0 0 1 1 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Firmicutes U U U U
Otu1112 0 0 0 5 2 5 12.0000 0.0000 12.0000 0.0067 0.0000 0.0135 Bacteria Firmicutes Clostridia Clostridiales
Otu1113 3 0 0 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Proteobacteria Alphaproteobacte

ria
Rhodospirillales Rhodospirillaceae U

Otu1114 1 2 0 0 0 3 6.0000 3.0000 3.0000 0.0034 0.0034 0.0034 Bacteria Firmicutes U U U U
Otu1115 0 1 0 6 0 2 9.0000 1.0000 8.0000 0.0051 0.0011 0.0090 Bacteria U U U U U
Otu1116 0 0 0 0 0 5 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria Firmicutes Clostridia U U U
Otu1117 0 0 0 0 3 3 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria Firmicutes U U U U
Otu1118 2 8 0 0 4 6 20.0000 10.0000 10.0000 0.0112 0.0112 0.0112 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1119 0 1 0 2 0 5 8.0000 1.0000 7.0000 0.0045 0.0011 0.0079 Bacteria Firmicutes U U U U
Otu112 0 0 0 194 88 34 316.0000 0.0000 316.000

0
0.1776 0.0000 0.3551 Bacteria Firmicutes U U U U

Otu1120 0 0 0 0 2 3 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria Firmicutes Clostridia U U U
Otu1121 0 0 0 3 0 0 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1122 0 0 0 0 1 4 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1123 0 0 0 0 3 0 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria U U U U U
Otu1124 2 0 0 0 1 0 3.0000 2.0000 1.0000 0.0017 0.0022 0.0011 Bacteria Proteobacteria Alphaproteobacte

ria
U U U

Otu1125 0 0 3 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Proteobacteria Deltaproteobacter
ia

Myxococcales U U

Otu1126 0 3 0 4 5 3 15.0000 3.0000 12.0000 0.0084 0.0034 0.0135 Bacteria Firmicutes U U U U
Otu1127 0 1 0 1 4 0 6.0000 1.0000 5.0000 0.0034 0.0011 0.0056 Bacteria Firmicutes U U U U
Otu1128 0 0 0 2 1 4 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria U U U U U

Otu1129 2 0 0 0 1 0 3.0000 2.0000 1.0000 0.0017 0.0022 0.0011 Bacteria Proteobacteria Alphaproteobacte
ria

Alphaproteobacteri
a_i ncertae_sedis

U U

Otu113 0 0 0 51 78 14 143.0000 0.0000 143.000
0

0.0804 0.0000 0.1607 Bacteria U U U U U
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Otu1130 1 6 0 2 2 0 11.0000 7.0000 4.0000 0.0062 0.0079 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1131 0 1 0 5 0 1 7.0000 1.0000 6.0000 0.0039 0.0011 0.0067 Bacteria U U U U U
Otu1132 0 0 0 4 2 2 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1133 0 0 0 1 2 1 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Firmicutes Clostridia U U U
Otu1134 0 0 3 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Actinobacteria U U U U
Otu1135 1 7 0 0 0 0 8.0000 8.0000 0.0000 0.0045 0.0090 0.0000 Bacteria Firmicutes U U U U
Otu1136 0 0 0 2 0 5 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria Firmicutes U U U U
Otu1137 0 1 0 2 0 1 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1138 1 0 0 4 0 1 6.0000 1.0000 5.0000 0.0034 0.0011 0.0056 Bacteria Firmicutes U U U U
Otu1139 0 1 0 2 0 0 3.0000 1.0000 2.0000 0.0017 0.0011 0.0022 Bacteria Firmicutes U U U U
Otu114 0 0 170 5 0 0 175.0000 170.0000 5.0000 0.0983 0.1911 0.0056 Bacteria Firmicutes Erysipelotrichia Erysipelotrichales Erysipelotrichaceae U
Otu1140 0 0 0 2 0 0 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Firmicutes U U U U
Otu1141 0 0 0 2 0 1 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria U U U U U
Otu1142 0 2 0 1 0 1 4.0000 2.0000 2.0000 0.0022 0.0022 0.0022 Bacteria U U U U U
Otu1143 0 0 0 5 1 2 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria U U U U U
Otu1144 1 2 0 1 2 6 12.0000 3.0000 9.0000 0.0067 0.0034 0.0101 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae Ruminococcus
Otu1145 0 0 0 1 2 1 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Firmicutes Erysipelotrichia Erysipelotrichales Erysipelotrichaceae Erysipelothrix
Otu1146 0 0 0 0 0 2 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1147 0 0 0 0 0 16 16.0000 0.0000 16.0000 0.0090 0.0000 0.0180 Bacteria Firmicutes Clostridia U U U
Otu1148 1 0 0 0 3 0 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Proteobacteria Alphaproteobacte

ria
U U U

Otu1149 2 1 0 3 1 7 14.0000 3.0000 11.0000 0.0079 0.0034 0.0124 Bacteria Firmicutes U U U U
Otu115 121 1 0 0 54 0 176.0000 122.0000 54.0000 0.0989 0.1371 0.0607 Bacteria Proteobacteria Alphaproteobacte

ria
Sphingomonadales Sphingomonadaceae Sphingomonas

Otu1150 0 1 0 2 0 1 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Firmicutes Negativicutes U U U
Otu1151 0 4 0 0 1 2 7.0000 4.0000 3.0000 0.0039 0.0045 0.0034 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1152 0 1 0 1 4 3 9.0000 1.0000 8.0000 0.0051 0.0011 0.0090 Bacteria U U U U U
Otu1153 0 0 0 0 3 0 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales U U

Otu1154 0 0 0 0 7 0 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1155 0 0 0 2 3 1 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1156 2 7 0 0 0 0 9.0000 9.0000 0.0000 0.0051 0.0101 0.0000 Bacteria Firmicutes U U U U
Otu1157 0 0 0 0 2 0 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Proteobacteria Alphaproteobacte

ria
Sphingomonadales Sphingomonadaceae Sphingobium

Otu1158 0 0 0 0 2 0 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Proteobacteria Alphaproteobacte
ria

Rhodospirillales U U

Otu1159 0 0 1 0 3 0 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Proteobacteria Alphaproteobacte
ria

Rhizobiales U U

Otu116 0 20 0 84 3 47 154.0000 20.0000 134.000
0

0.0865 0.0225 0.1506 Bacteria Proteobacteria Deltaproteobacter
ia

Desulfovibrionales Desulfovibrionaceae Desulfovibrio

Otu1160 0 0 0 14 0 3 17.0000 0.0000 17.0000 0.0096 0.0000 0.0191 Bacteria U U U U U
Otu1161 5 0 0 0 6 0 11.0000 5.0000 6.0000 0.0062 0.0056 0.0067 Bacteria U U U U U
Otu1162 0 1 5 0 0 0 6.0000 6.0000 0.0000 0.0034 0.0067 0.0000 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae Clostridium_XlVa
Otu1164 15 26 0 0 16 8 65.0000 41.0000 24.0000 0.0365 0.0461 0.0270 Bacteria Firmicutes U U U U
Otu1165 0 3 0 0 0 2 5.0000 3.0000 2.0000 0.0028 0.0034 0.0022 Bacteria U U U U U
Otu1166 2 0 0 0 0 0 2.0000 2.0000 0.0000 0.0011 0.0022 0.0000 Bacteria Firmicutes Clostridia Clostridiales Peptostreptococcaceae U
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Otu1167 0 0 0 11 4 1 16.0000 0.0000 16.0000 0.0090 0.0000 0.0180 Bacteria U U U U U
Otu1168 0 0 0 3 0 0 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1169 1 2 0 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Firmicutes Clostridia U U U
Otu117 11 106 0 42 0 19 178.0000 117.0000 61.0000 0.1000 0.1315 0.0686 Bacteria U U U U U
Otu1170 2 1 1 3 2 0 9.0000 4.0000 5.0000 0.0051 0.0045 0.0056 Bacteria Firmicutes Clostridia U U U
Otu1171 0 0 0 0 2 1 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Proteobacteria Alphaproteobacte

ria
Rhodospirillales Acetobacteraceae U

Otu1172 4 0 1 0 2 0 7.0000 5.0000 2.0000 0.0039 0.0056 0.0022 Bacteria Acidobacteria Acidobacteria_G
p10

Gp10 U U

Otu1173 0 0 0 2 0 0 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1174 1 0 0 0 6 0 7.0000 1.0000 6.0000 0.0039 0.0011 0.0067 Bacteria Firmicutes U U U U
Otu1175 0 1 0 0 1 0 2.0000 1.0000 1.0000 0.0011 0.0011 0.0011 Bacteria Firmicutes Clostridia U U U
Otu1176 1 0 0 5 1 1 8.0000 1.0000 7.0000 0.0045 0.0011 0.0079 Bacteria Firmicutes Clostridia U U U
Otu1177 5 0 0 0 3 0 8.0000 5.0000 3.0000 0.0045 0.0056 0.0034 Bacteria Bacteroidetes Cytophagia Cytophagales U U
Otu1178 1 3 0 0 0 2 6.0000 4.0000 2.0000 0.0034 0.0045 0.0022 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1179 6 0 0 0 7 0 13.0000 6.0000 7.0000 0.0073 0.0067 0.0079 Bacteria Actinobacteria Actinobacteria Actinomycetales Nocardioidaceae Nocardioides
Otu118 1 7 0 27 2 122 159.0000 8.0000 151.000

0
0.0893 0.0090 0.1697 Bacteria Firmicutes U U U U

Otu1180 1 5 0 0 0 1 7.0000 6.0000 1.0000 0.0039 0.0067 0.0011 Bacteria Firmicutes U U U U
Otu1181 0 0 0 1 0 5 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria U U U U U
Otu1182 0 2 1 1 3 1 8.0000 3.0000 5.0000 0.0045 0.0034 0.0056 Bacteria Planctomycetes Planctomycetia Planctomycetales Planctomycetaceae U
Otu1183 0 0 0 4 4 2 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria Firmicutes U U U U
Otu1184 0 3 0 2 0 5 10.0000 3.0000 7.0000 0.0056 0.0034 0.0079 Bacteria Firmicutes U U U U
Otu1185 1 0 0 1 1 5 8.0000 1.0000 7.0000 0.0045 0.0011 0.0079 Bacteria U U U U U
Otu1186 1 1 0 2 0 4 8.0000 2.0000 6.0000 0.0045 0.0022 0.0067 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1187 0 2 0 4 1 2 9.0000 2.0000 7.0000 0.0051 0.0022 0.0079 Bacteria U U U U U
Otu1188 0 0 0 0 3 1 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1189 1 1 0 2 0 5 9.0000 2.0000 7.0000 0.0051 0.0022 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu119 73 75 0 76 21 121 366.0000 148.0000 218.000

0
0.2057 0.1663 0.2450 Bacteria Firmicutes U U U U

Otu1190 0 0 1 0 4 1 6.0000 1.0000 5.0000 0.0034 0.0011 0.0056 Bacteria Firmicutes U U U U
Otu1191 0 0 0 2 1 0 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1192 1 9 0 3 1 0 14.0000 10.0000 4.0000 0.0079 0.0112 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1193 0 0 0 4 0 1 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria Firmicutes U U U U
Otu1194 0 0 0 6 0 0 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria U U U U U
Otu1195 0 0 0 0 3 0 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Proteobacteria Alphaproteobacte

ria
U U U

Otu1196 0 0 0 2 1 2 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria Firmicutes U U U U
Otu1197 2 0 0 0 4 0 6.0000 2.0000 4.0000 0.0034 0.0022 0.0045 Bacteria Proteobacteria Betaproteobacteri

a
Burkholderiales Burkholderiaceae Burkholderia

Otu1198 2 0 0 0 2 2 6.0000 2.0000 4.0000 0.0034 0.0022 0.0045 Bacteria U U U U U
Otu1199 0 0 0 2 0 0 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Firmicutes U U U U
Otu12 1665 698 0 0 0 0 2363.000

0
2363.000

0
0.0000 1.3279 2.6557 0.0000 Bacteria Bacteroidetes U U U U

Otu120 14 100 0 49 6 109 278.0000 114.0000 164.000
0

0.1562 0.1281 0.1843 Bacteria Firmicutes Clostridia Clostridiales Syntrophomonadaceae U
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Otu1200 0 2 0 4 3 0 9.0000 2.0000 7.0000 0.0051 0.0022 0.0079 Bacteria Firmicutes Clostridia U U U
Otu1201 1 0 0 0 3 0 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Planctomycetes Planctomycetia Planctomycetales Planctomycetaceae Planctomicrobium
Otu1202 0 0 0 0 1 1 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae Lachnospiracea_in

certae_sedis

Otu1203 1 0 0 0 3 0 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Verrucomicrobi
a

Spartobacteria
Spartobacteria_gen

era
_incertae_sedis

U U

Otu1204 0 0 0 1 2 5 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria U U U U U
Otu1205 1 0 0 3 1 2 7.0000 1.0000 6.0000 0.0039 0.0011 0.0067 Bacteria Firmicutes Clostridia U U U
Otu1206 0 1 0 1 1 3 6.0000 1.0000 5.0000 0.0034 0.0011 0.0056 Bacteria Firmicutes U U U U
Otu1207 0 0 0 0 1 3 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria U U U U U
Otu1208 5 0 0 0 0 0 5.0000 5.0000 0.0000 0.0028 0.0056 0.0000 Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Flavobacterium
Otu1209 1 5 0 0 0 0 6.0000 6.0000 0.0000 0.0034 0.0067 0.0000 Bacteria Firmicutes Clostridia Clostridiales U U
Otu121 0 0 158 0 0 0 158.0000 158.0000 0.0000 0.0888 0.1776 0.0000 Bacteria Firmicutes Bacilli Lactobacillales Streptococcaceae Lactococcus

Otu1210 0 0 1 0 1 0 2.0000 1.0000 1.0000 0.0011 0.0011 0.0011 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu1211 1 0 1 0 9 0 11.0000 2.0000 9.0000 0.0062 0.0022 0.0101 Bacteria Actinobacteria Actinobacteria Actinomycetales Micrococcaceae U
Otu1212 0 1 0 0 13 1 15.0000 1.0000 14.0000 0.0084 0.0011 0.0157 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1213 5 0 0 0 0 0 5.0000 5.0000 0.0000 0.0028 0.0056 0.0000 Bacteria Acidobacteria Acidobacteria_G

p1
U U U

Otu1214 0 0 3 0 6 0 9.0000 3.0000 6.0000 0.0051 0.0034 0.0067 Bacteria Actinobacteria Actinobacteria U U U
Otu1215 0 0 0 7 3 1 11.0000 0.0000 11.0000 0.0062 0.0000 0.0124 Bacteria Firmicutes U U U U
Otu1216 0 2 0 4 0 2 8.0000 2.0000 6.0000 0.0045 0.0022 0.0067 Bacteria U U U U U
Otu1217 0 2 0 0 0 6 8.0000 2.0000 6.0000 0.0045 0.0022 0.0067 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1218 0 5 0 0 1 0 6.0000 5.0000 1.0000 0.0034 0.0056 0.0011 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu122 13 62 0 6 5 94 180.0000 75.0000 105.000

0
0.1011 0.0843 0.1180 Bacteria Firmicutes Clostridia U U U

Otu1221 1 4 0 0 4 2 11.0000 5.0000 6.0000 0.0062 0.0056 0.0067 Bacteria Firmicutes U U U U
Otu1222 0 4 0 7 22 34 67.0000 4.0000 63.0000 0.0377 0.0045 0.0708 Bacteria Firmicutes Clostridia U U U
Otu1223 0 3 0 2 1 0 6.0000 3.0000 3.0000 0.0034 0.0034 0.0034 Bacteria Firmicutes U U U U
Otu1224 0 3 0 1 0 4 8.0000 3.0000 5.0000 0.0045 0.0034 0.0056 Bacteria Firmicutes U U U U
Otu1225 0 0 0 4 0 0 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1227 0 4 0 0 0 2 6.0000 4.0000 2.0000 0.0034 0.0045 0.0022 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1228 0 0 0 2 0 0 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1229 0 0 0 4 2 0 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu123 7 7 28 2 178 10 232.0000 42.0000 190.000

0
0.1304 0.0472 0.2135 Bacteria Actinobacteria Actinobacteria Actinomycetales U U

Otu1230 1 2 0 0 1 4 8.0000 3.0000 5.0000 0.0045 0.0034 0.0056 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1231 2 0 0 0 8 0 10.0000 2.0000 8.0000 0.0056 0.0022 0.0090 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales Hyphomicrobiaceae U

Otu1232 0 0 0 0 3 0 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria U U U U U
Otu1233 2 3 0 2 2 0 9.0000 5.0000 4.0000 0.0051 0.0056 0.0045 Bacteria U U U U U
Otu1234 3 0 0 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Parcubacteria U U U U
Otu1235 0 0 0 3 1 2 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1236 0 0 0 0 4 0 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Planctomycetes Planctomycetia Planctomycetales Planctomycetaceae U
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Otu1237 0 0 0 0 5 1 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria U U U U U
Otu1238 0 0 0 0 2 0 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Actinobacteria Actinobacteria Actinomycetales Micromonosporaceae U
Otu1239 0 0 0 0 9 1 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria Firmicutes Clostridia Clostridiales U U
Otu124 0 0 171 3 0 0 174.0000 171.0000 3.0000 0.0978 0.1922 0.0034 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae Clostridium_IV
Otu1240 0 0 0 2 1 1 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria U U U U U
Otu1241 3 0 0 0 1 0 4.0000 3.0000 1.0000 0.0022 0.0034 0.0011 Bacteria U U U U U
Otu1242 0 0 0 0 2 5 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria Firmicutes U U U U
Otu1243 0 1 0 4 0 2 7.0000 1.0000 6.0000 0.0039 0.0011 0.0067 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1244 0 2 0 2 0 2 6.0000 2.0000 4.0000 0.0034 0.0022 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1245 0 0 0 12 4 2 18.0000 0.0000 18.0000 0.0101 0.0000 0.0202 Bacteria Firmicutes U U U U
Otu1246 0 0 0 7 0 0 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1247 0 12 0 6 2 2 22.0000 12.0000 10.0000 0.0124 0.0135 0.0112 Bacteria Firmicutes Clostridia U U U
Otu1248 0 1 0 6 0 7 14.0000 1.0000 13.0000 0.0079 0.0011 0.0146 Bacteria U U U U U
Otu1249 0 0 0 9 5 0 14.0000 0.0000 14.0000 0.0079 0.0000 0.0157 Bacteria Firmicutes U U U U
Otu125 0 3 0 129 1 26 159.0000 3.0000 156.000

0
0.0893 0.0034 0.1753 Bacteria U U U U U

Otu1250 0 2 0 1 1 1 5.0000 2.0000 3.0000 0.0028 0.0022 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1251 2 4 0 2 0 5 13.0000 6.0000 7.0000 0.0073 0.0067 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1252 0 1 0 1 0 2 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria U U U U U
Otu1253 0 0 0 0 3 0 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1254 0 3 0 2 0 4 9.0000 3.0000 6.0000 0.0051 0.0034 0.0067 Bacteria U U U U U
Otu1255 0 0 0 1 0 4 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1256 3 1 0 0 0 0 4.0000 4.0000 0.0000 0.0022 0.0045 0.0000 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1257 2 6 0 0 0 0 8.0000 8.0000 0.0000 0.0045 0.0090 0.0000 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1258 0 1 0 0 1 0 2.0000 1.0000 1.0000 0.0011 0.0011 0.0011 Bacteria U U U U U
Otu1259 1 3 0 3 0 7 14.0000 4.0000 10.0000 0.0079 0.0045 0.0112 Bacteria Firmicutes Clostridia U U U
Otu126 9 19 0 67 3 46 144.0000 28.0000 116.000

0
0.0809 0.0315 0.1304 Bacteria Firmicutes Clostridia Clostridiales U U

Otu1260 0 0 0 0 3 3 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria U U U U U
Otu1261 0 0 0 6 0 3 9.0000 0.0000 9.0000 0.0051 0.0000 0.0101 Bacteria U U U U U
Otu1262 0 5 0 1 0 0 6.0000 5.0000 1.0000 0.0034 0.0056 0.0011 Bacteria Firmicutes U U U U
Otu1263 0 1 0 3 0 1 5.0000 1.0000 4.0000 0.0028 0.0011 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1264 0 0 0 0 3 1 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Planctomycetes Planctomycetia Planctomycetales Planctomycetaceae U
Otu1265 1 0 0 0 1 0 2.0000 1.0000 1.0000 0.0011 0.0011 0.0011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1266 1 3 0 0 0 7 11.0000 4.0000 7.0000 0.0062 0.0045 0.0079 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1267 1 5 0 0 0 1 7.0000 6.0000 1.0000 0.0039 0.0067 0.0011 Bacteria Firmicutes U U U U
Otu1268 1 1 0 2 0 5 9.0000 2.0000 7.0000 0.0051 0.0022 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1269 1 0 0 0 0 1 2.0000 1.0000 1.0000 0.0011 0.0011 0.0011 Bacteria U U U U U
Otu127 1 7 0 19 5 72 104.0000 8.0000 96.0000 0.0584 0.0090 0.1079 Bacteria U U U U U
Otu1270 5 0 0 0 0 0 5.0000 5.0000 0.0000 0.0028 0.0056 0.0000 Bacteria Bacteroidetes Sphingobacteriia Sphingobacteriales Chitinophagaceae U
Otu1271 2 0 0 1 0 1 4.0000 2.0000 2.0000 0.0022 0.0022 0.0022 Bacteria U U U U U
Otu1272 0 0 0 0 1 2 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria U U U U U
Otu1273 2 0 0 0 4 0 6.0000 2.0000 4.0000 0.0034 0.0022 0.0045 Bacteria Firmicutes U U U U
Otu1274 2 4 0 1 1 3 11.0000 6.0000 5.0000 0.0062 0.0067 0.0056 Bacteria Firmicutes U U U U
Otu1275 0 0 0 5 0 2 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1276 0 0 0 7 3 0 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria U U U U U

150



Otu1277 1 1 0 1 0 6 9.0000 2.0000 7.0000 0.0051 0.0022 0.0079 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1278 0 0 0 4 1 1 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria Firmicutes U U U U
Otu1279 2 0 0 4 2 2 10.0000 2.0000 8.0000 0.0056 0.0022 0.0090 Bacteria Firmicutes U U U U
Otu128 27 10 1 27 3 69 137.0000 38.0000 99.0000 0.0770 0.0427 0.1113 Bacteria U U U U U
Otu1280 0 0 0 0 14 2 16.0000 0.0000 16.0000 0.0090 0.0000 0.0180 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1281 0 0 0 1 3 0 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria U U U U U
Otu1282 0 0 0 0 2 0 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales U U

Otu1283 4 0 0 0 1 0 5.0000 4.0000 1.0000 0.0028 0.0045 0.0011 Bacteria Proteobacteria Alphaproteobacte
ria

U U U

Otu1285 0 4 0 4 0 1 9.0000 4.0000 5.0000 0.0051 0.0045 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1286 0 0 1 0 5 0 6.0000 1.0000 5.0000 0.0034 0.0011 0.0056 Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Myroides
Otu1287 0 2 0 1 1 6 10.0000 2.0000 8.0000 0.0056 0.0022 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1288 0 0 15 0 0 0 15.0000 15.0000 0.0000 0.0084 0.0169 0.0000 Bacteria Proteobacteria Gammaproteobac

teria
Enterobacteriales Enterobacteriaceae U

Otu1289 0 3 0 0 0 5 8.0000 3.0000 5.0000 0.0045 0.0034 0.0056 Bacteria Firmicutes U U U U
Otu129 1 22 0 66 14 57 160.0000 23.0000 137.000

0
0.0899 0.0258 0.1540 Bacteria Firmicutes Clostridia Clostridiales U U

Otu1290 0 0 0 2 1 1 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1291 0 0 0 0 0 3 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1292 0 2 0 4 0 2 8.0000 2.0000 6.0000 0.0045 0.0022 0.0067 Bacteria Firmicutes Clostridia Clostridiales Syntrophomonadaceae U
Otu1293 0 1 0 1 0 0 2.0000 1.0000 1.0000 0.0011 0.0011 0.0011 Bacteria Firmicutes U U U U
Otu1294 0 0 0 0 4 0 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria U U U U U

Otu1295 3 0 0 0 4 1 8.0000 3.0000 5.0000 0.0045 0.0034 0.0056 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu1296 0 0 0 2 4 2 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1297 0 1 0 2 4 5 12.0000 1.0000 11.0000 0.0067 0.0011 0.0124 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu1298 0 0 0 0 5 3 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria Firmicutes Clostridia U U U
Otu1299 0 0 0 3 1 2 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria U U U U U
Otu13 0 0 0 0 287 171

0
1997.000

0
0.0000 1997.00

00
1.1222 0.0000 2.2444 Bacteria Bacteroidetes U U U U

Otu130 2 2 184 1 16 2 207.0000 188.0000 19.0000 0.1163 0.2113 0.0214 Bacteria Firmicutes Bacilli Bacillales Planococcaceae Lysinibacillus
Otu1300 0 0 0 1 3 1 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria Firmicutes U U U U
Otu1301 7 0 0 0 1 0 8.0000 7.0000 1.0000 0.0045 0.0079 0.0011 Bacteria Proteobacteria Alphaproteobacte

ria
Rhodospirillales U U

Otu1302 3 0 0 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Verrucomicrobi
a

Subdivision3
Subdivision3_gene
ra_ incertae_sedis

U U

Otu1303 1 0 0 0 1 0 2.0000 1.0000 1.0000 0.0011 0.0011 0.0011 Bacteria Bacteroidetes Cytophagia U U U

Otu1304 4 0 0 0 3 0 7.0000 4.0000 3.0000 0.0039 0.0045 0.0034 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu1306 0 2 0 0 0 1 3.0000 2.0000 1.0000 0.0017 0.0022 0.0011 Bacteria Actinobacteria Actinobacteria Actinomycetales Propionibacteriaceae U
Otu1307 2 5 0 0 10 0 17.0000 7.0000 10.0000 0.0096 0.0079 0.0112 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1308 0 0 0 0 7 2 9.0000 0.0000 9.0000 0.0051 0.0000 0.0101 Bacteria U U U U U
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Otu1309 0 2 0 4 1 4 11.0000 2.0000 9.0000 0.0062 0.0022 0.0101 Bacteria Firmicutes U U U U
Otu131 18 81 0 23 3 42 167.0000 99.0000 68.0000 0.0938 0.1113 0.0764 Bacteria Firmicutes U U U U
Otu1310 0 0 0 0 5 2 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria Firmicutes U U U U
Otu1311 0 1 0 0 0 3 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1312 0 0 0 0 8 4 12.0000 0.0000 12.0000 0.0067 0.0000 0.0135 Bacteria U U U U U
Otu1313 0 1 0 0 2 1 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Firmicutes U U U U
Otu1314 3 2 0 0 0 0 5.0000 5.0000 0.0000 0.0028 0.0056 0.0000 Bacteria Firmicutes Clostridia U U U
Otu1315 0 2 0 0 0 8 10.0000 2.0000 8.0000 0.0056 0.0022 0.0090 Bacteria Firmicutes U U U U
Otu1316 0 0 1 0 3 0 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Actinobacteria Actinobacteria Actinomycetales Microbacteriaceae U
Otu1317 0 0 0 0 4 0 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1318 0 1 0 0 0 1 2.0000 1.0000 1.0000 0.0011 0.0011 0.0011 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1319 1 1 0 3 1 2 8.0000 2.0000 6.0000 0.0045 0.0022 0.0067 Bacteria U U U U U
Otu132 1 0 37 0 168 26 232.0000 38.0000 194.000

0
0.1304 0.0427 0.2180 Bacteria Proteobacteria Gammaproteobac

teria
Pseudomonadales Moraxellaceae Acinetobacter

Otu1320 0 0 0 2 0 6 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1321 0 0 0 0 0 4 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria U U U U U
Otu1322 0 0 0 4 1 2 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria U U U U U

Otu1323 1 0 0 0 3 0 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu1325 0 0 0 2 0 1 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Firmicutes U U U U
Otu1326 4 0 0 0 0 1 5.0000 4.0000 1.0000 0.0028 0.0045 0.0011 Bacteria U U U U U
Otu1327 1 2 0 0 0 4 7.0000 3.0000 4.0000 0.0039 0.0034 0.0045 Bacteria Firmicutes U U U U
Otu1328 0 2 0 1 0 4 7.0000 2.0000 5.0000 0.0039 0.0022 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1329 1 2 0 1 4 0 8.0000 3.0000 5.0000 0.0045 0.0034 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu133 12 52 0 28 149 42 283.0000 64.0000 219.000

0
0.1590 0.0719 0.2461 Bacteria Firmicutes Negativicutes U U U

Otu1330 0 1 0 9 0 0 10.0000 1.0000 9.0000 0.0056 0.0011 0.0101 Bacteria Firmicutes U U U U
Otu1331 9 0 0 0 1 0 10.0000 9.0000 1.0000 0.0056 0.0101 0.0011 Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Cryomorphaceae Fluviicola
Otu1332 0 0 0 4 0 0 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae Clostridium_XlVa
Otu1333 3 1 0 0 0 0 4.0000 4.0000 0.0000 0.0022 0.0045 0.0000 Bacteria Firmicutes Clostridia Clostridiales U U
0,00% 0 5 0 1 0 1 7.0000 5.0000 2.0000 0.0039 0.0056 0.0022 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu1336 5 0 0 0 0 0 5.0000 5.0000 0.0000 0.0028 0.0056 0.0000 Bacteria Proteobacteria Gammaproteobac

teria
U U U

Otu1337 0 1 0 1 0 5 7.0000 1.0000 6.0000 0.0039 0.0011 0.0067 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1338 0 4 0 0 2 2 8.0000 4.0000 4.0000 0.0045 0.0045 0.0045 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu1339 0 5 0 0 0 0 5.0000 5.0000 0.0000 0.0028 0.0056 0.0000 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu134 18 19 0 55 4 33 129.0000 37.0000 92.0000 0.0725 0.0416 0.1034 Bacteria Firmicutes U U U U
Otu1340 3 0 0 0 8 0 11.0000 3.0000 8.0000 0.0062 0.0034 0.0090 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales U U

Otu1341 6 0 0 0 5 0 11.0000 6.0000 5.0000 0.0062 0.0067 0.0056 Bacteria Proteobacteria Deltaproteobacter
ia

Myxococcales U U

Otu1342 2 0 0 0 0 0 2.0000 2.0000 0.0000 0.0011 0.0022 0.0000 Bacteria Proteobacteria Deltaproteobacter
ia

Myxococcales U U

Otu1343 6 0 2 0 7 2 17.0000 8.0000 9.0000 0.0096 0.0090 0.0101 Bacteria Actinobacteria Actinobacteria Actinomycetales Micromonosporaceae U
Otu1344 1 0 0 0 1 0 2.0000 1.0000 1.0000 0.0011 0.0011 0.0011 Bacteria Firmicutes U U U U
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Otu1345 0 3 0 2 0 3 8.0000 3.0000 5.0000 0.0045 0.0034 0.0056 Bacteria Firmicutes U U U U
Otu1346 0 0 0 1 0 3 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Proteobacteria Deltaproteobacter

ia
Desulfovibrionales U U

Otu1347 0 0 0 1 2 3 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria U U U U U
Otu1348 1 0 0 3 7 4 15.0000 1.0000 14.0000 0.0084 0.0011 0.0157 Bacteria Firmicutes U U U U
Otu1349 6 0 0 0 2 0 8.0000 6.0000 2.0000 0.0045 0.0067 0.0022 Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Flavobacterium
Otu135 18 42 0 96 3 1 160.0000 60.0000 100.000

0
0.0899 0.0674 0.1124 Bacteria Firmicutes Clostridia U U U

Otu1350 0 1 0 0 0 4 5.0000 1.0000 4.0000 0.0028 0.0011 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1351 3 0 0 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Actinobacteria Actinobacteria Actinomycetales Micromonosporaceae U
Otu1352 0 0 0 1 2 0 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1353 5 0 0 0 0 0 5.0000 5.0000 0.0000 0.0028 0.0056 0.0000 Bacteria U U U U U
Otu1354 0 3 0 0 1 0 4.0000 3.0000 1.0000 0.0022 0.0034 0.0011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1355 0 6 0 2 0 9 17.0000 6.0000 11.0000 0.0096 0.0067 0.0124 Bacteria Firmicutes Clostridia U U U
Otu1356 0 1 0 1 0 1 3.0000 1.0000 2.0000 0.0017 0.0011 0.0022 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1357 1 3 0 3 1 2 10.0000 4.0000 6.0000 0.0056 0.0045 0.0067 Bacteria U U U U U
Otu1358 1 0 0 0 4 0 5.0000 1.0000 4.0000 0.0028 0.0011 0.0045 Bacteria Acidobacteria Acidobacteria_G

p6
Gp6 U U

Otu1359 0 0 0 6 0 2 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria U U U U U
Otu136 5 35 1 63 39 10 153.0000 41.0000 112.000

0
0.0860 0.0461 0.1259 Bacteria Firmicutes U U U U

Otu1360 0 0 0 2 2 4 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria U U U U U
Otu1361 0 2 0 1 0 2 5.0000 2.0000 3.0000 0.0028 0.0022 0.0034 Bacteria Firmicutes U U U U
Otu1362 3 0 0 0 1 0 4.0000 3.0000 1.0000 0.0022 0.0034 0.0011 Bacteria Proteobacteria Alphaproteobacte

ria
Rhodospirillales U U

Otu1363 0 0 0 0 2 0 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria
Candidatus_Sac

chari bacteria
U U U U

Otu1364 1 0 0 6 0 0 7.0000 1.0000 6.0000 0.0039 0.0011 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1365 0 4 0 0 0 2 6.0000 4.0000 2.0000 0.0034 0.0045 0.0022 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1366 2 2 0 0 0 0 4.0000 4.0000 0.0000 0.0022 0.0045 0.0000 Bacteria Firmicutes U U U U
Otu1367 0 0 0 0 4 0 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales Rhizobiaceae Rhizobium

Otu1368 0 4 0 2 4 0 10.0000 4.0000 6.0000 0.0056 0.0045 0.0067 Bacteria Firmicutes U U U U
Otu1369 0 0 3 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Firmicutes U U U U
Otu137 52 1 13 4 56 8 134.0000 66.0000 68.0000 0.0753 0.0742 0.0764 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales Rhizobiaceae Rhizobium

Otu1370 4 0 0 0 2 1 7.0000 4.0000 3.0000 0.0039 0.0045 0.0034 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu1371 2 3 0 0 2 0 7.0000 5.0000 2.0000 0.0039 0.0056 0.0022 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1372 0 0 3 0 1 0 4.0000 3.0000 1.0000 0.0022 0.0034 0.0011 Bacteria Actinobacteria Actinobacteria U U U
Otu1373 1 0 3 0 3 1 8.0000 4.0000 4.0000 0.0045 0.0045 0.0045 Bacteria Actinobacteria Actinobacteria Actinomycetales Mycobacteriaceae Mycobacterium
Otu1374 0 10 0 1 0 0 11.0000 10.0000 1.0000 0.0062 0.0112 0.0011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1375 1 0 1 0 2 0 4.0000 2.0000 2.0000 0.0022 0.0022 0.0022 Bacteria Proteobacteria Deltaproteobacter

ia
Myxococcales U U

Otu1377 0 4 0 0 0 1 5.0000 4.0000 1.0000 0.0028 0.0045 0.0011 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
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Otu1378 0 4 0 0 0 4 8.0000 4.0000 4.0000 0.0045 0.0045 0.0045 Bacteria Firmicutes U U U U
Otu1379 2 0 1 0 1 0 4.0000 3.0000 1.0000 0.0022 0.0034 0.0011 Bacteria Planctomycetes U U U U
Otu138 0 0 0 0 90 68 158.0000 0.0000 158.000

0
0.0888 0.0000 0.1776 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U

Otu1380 0 0 0 6 0 8 14.0000 0.0000 14.0000 0.0079 0.0000 0.0157 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1381 2 0 0 0 11 0 13.0000 2.0000 11.0000 0.0073 0.0022 0.0124 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales U U

Otu1382 0 0 0 1 0 2 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1383 0 2 0 1 0 0 3.0000 2.0000 1.0000 0.0017 0.0022 0.0011 Bacteria U U U U U
Otu1384 3 3 0 0 0 3 9.0000 6.0000 3.0000 0.0051 0.0067 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1385 3 0 1 0 2 0 6.0000 4.0000 2.0000 0.0034 0.0045 0.0022 Bacteria Proteobacteria Alphaproteobacte

ria
Caulobacterales Caulobacteraceae U

Otu1386 1 8 0 3 1 1 14.0000 9.0000 5.0000 0.0079 0.0101 0.0056 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1387 0 0 4 0 0 0 4.0000 4.0000 0.0000 0.0022 0.0045 0.0000 Bacteria Actinobacteria Actinobacteria Actinomycetales Nakamurellaceae Nakamurella
Otu1388 0 0 0 0 3 6 9.0000 0.0000 9.0000 0.0051 0.0000 0.0101 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1389 1 0 0 0 2 0 3.0000 1.0000 2.0000 0.0017 0.0011 0.0022 Bacteria Proteobacteria Gammaproteobac

teria
Xanthomonadales Xanthomonadaceae U

Otu139 1 23 0 52 3 47 126.0000 24.0000 102.000
0

0.0708 0.0270 0.1146 Bacteria U U U U U

Otu1390 0 1 0 0 15 2 18.0000 1.0000 17.0000 0.0101 0.0011 0.0191 Bacteria U U U U U
Otu1391 0 0 0 0 3 1 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 U U U U U U
Otu1392 0 1 0 0 0 3 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria U U U U U
Otu1393 1 0 2 0 7 0 10.0000 3.0000 7.0000 0.0056 0.0034 0.0079 Bacteria Actinobacteria Actinobacteria U U U
Otu1394 0 0 0 1 0 4 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria Firmicutes U U U U
Otu1395 4 0 1 0 3 0 8.0000 5.0000 3.0000 0.0045 0.0056 0.0034 Bacteria Proteobacteria Alphaproteobacte

ria
U U U

Otu1396 0 1 0 3 1 4 9.0000 1.0000 8.0000 0.0051 0.0011 0.0090 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1397 4 0 0 0 0 0 4.0000 4.0000 0.0000 0.0022 0.0045 0.0000 Bacteria U U U U U
Otu1399 1 3 0 3 0 0 7.0000 4.0000 3.0000 0.0039 0.0045 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
Otu14 513 733 0 841 12 363 2462.000

0
1246.000

0
1216.00

00
1.3835 1.4004 1.3666 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Proteiniphilum

Otu140 3 80 0 30 0 61 174.0000 83.0000 91.0000 0.0978 0.0933 0.1023 Bacteria Firmicutes U U U U
Otu1400 1 0 0 0 1 1 3.0000 1.0000 2.0000 0.0017 0.0011 0.0022 Bacteria Verrucomicrobi

a
Spartobacteria U U U

Otu1401 0 1 0 2 0 0 3.0000 1.0000 2.0000 0.0017 0.0011 0.0022 Bacteria Proteobacteria U U U U
Otu1402 0 0 0 0 3 0 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1403 0 0 0 0 6 1 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria Firmicutes U U U U

Otu1404 4 0 0 0 0 0 4.0000 4.0000 0.0000 0.0022 0.0045 0.0000 Bacteria Proteobacteria Alphaproteobacte
ria

Alphaproteobacteri
a_i ncertae_sedis Rhizomicrobium

U

Otu1405 3 0 2 0 6 2 13.0000 5.0000 8.0000 0.0073 0.0056 0.0090 Bacteria Actinobacteria Actinobacteria Actinomycetales Mycobacteriaceae Mycobacterium
Otu1406 0 0 0 1 1 11 13.0000 0.0000 13.0000 0.0073 0.0000 0.0146 Bacteria Firmicutes U U U U
Otu1407 8 0 0 0 1 0 9.0000 8.0000 1.0000 0.0051 0.0090 0.0011 Bacteria Proteobacteria Gammaproteobac

teria
U U U

Otu1408 0 1 0 0 1 2 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1409 1 3 0 0 1 0 5.0000 4.0000 1.0000 0.0028 0.0045 0.0011 Bacteria Firmicutes U U U U
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Otu141 9 32 0 89 41 58 229.0000 41.0000 188.000
0

0.1287 0.0461 0.2113 Bacteria Proteobacteria Deltaproteobacter
ia

Desulfovibrionales U U

Otu1410 0 0 0 1 1 3 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria U U U U U
Otu1412 1 0 0 0 0 5 6.0000 1.0000 5.0000 0.0034 0.0011 0.0056 Bacteria U U U U U

Otu1413 2 0 0 0 6 2 10.0000 2.0000 8.0000 0.0056 0.0022 0.0090 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu1414 0 0 0 0 9 1 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria Firmicutes Bacilli Lactobacillales Leuconostocaceae U
Otu1415 1 1 0 0 0 2 4.0000 2.0000 2.0000 0.0022 0.0022 0.0022 Bacteria Verrucomicrobi

a
Spartobacteria U U U

Otu1416 2 0 0 0 2 0 4.0000 2.0000 2.0000 0.0022 0.0022 0.0022 Bacteria Proteobacteria Alphaproteobacte
ria

Caulobacterales Caulobacteraceae Asticcacaulis

Otu1417 0 7 0 0 0 0 7.0000 7.0000 0.0000 0.0039 0.0079 0.0000 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1418 0 4 0 0 3 3 10.0000 4.0000 6.0000 0.0056 0.0045 0.0067 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu1419 0 0 0 1 2 0 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu142 21 57 0 50 6 13 147.0000 78.0000 69.0000 0.0826 0.0877 0.0775 Bacteria Firmicutes U U U U
Otu1420 0 0 0 0 0 2 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1421 0 0 0 1 8 2 11.0000 0.0000 11.0000 0.0062 0.0000 0.0124 Bacteria Firmicutes U U U U
Otu1422 1 4 0 2 0 4 11.0000 5.0000 6.0000 0.0062 0.0056 0.0067 Bacteria U U U U U
Otu1423 0 0 0 1 1 23 25.0000 0.0000 25.0000 0.0140 0.0000 0.0281 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1424 0 0 0 2 2 2 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria Firmicutes U U U U
Otu1425 2 0 0 0 9 1 12.0000 2.0000 10.0000 0.0067 0.0022 0.0112 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales Roseiarcaceae U

Otu1426 0 0 0 2 1 1 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Firmicutes Clostridia U U U
Otu1427 0 0 0 2 2 2 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1428 0 0 0 1 0 1 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Firmicutes Clostridia U U U
Otu1429 1 2 0 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu143 3 27 0 34 4 31 99.0000 30.0000 69.0000 0.0556 0.0337 0.0775 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1430 2 3 0 2 6 5 18.0000 5.0000 13.0000 0.0101 0.0056 0.0146 Bacteria Firmicutes U U U U
Otu1431 0 1 0 2 3 1 7.0000 1.0000 6.0000 0.0039 0.0011 0.0067 Bacteria Firmicutes Clostridia U U U
Otu1432 0 0 0 5 0 3 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria Firmicutes U U U U
Otu1433 0 0 1 0 1 2 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Actinobacteria Actinobacteria Actinomycetales Mycobacteriaceae Mycobacterium
Otu1434 0 4 0 0 0 0 4.0000 4.0000 0.0000 0.0022 0.0045 0.0000 Bacteria Firmicutes Clostridia U U U
Otu1435 0 1 3 0 2 0 6.0000 4.0000 2.0000 0.0034 0.0045 0.0022 Bacteria Acidobacteria Acidobacteria_G

p16
Gp16 U U

Otu1436 0 0 0 3 2 0 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1437 0 0 0 0 14 11 25.0000 0.0000 25.0000 0.0140 0.0000 0.0281 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1438 1 0 0 0 1 0 2.0000 1.0000 1.0000 0.0011 0.0011 0.0011 Bacteria Proteobacteria Alphaproteobacte

ria
U U U

Otu1439 1 3 0 0 4 0 8.0000 4.0000 4.0000 0.0045 0.0045 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu144 64 0 0 0 46 6 116.0000 64.0000 52.0000 0.0652 0.0719 0.0584 Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae U
Otu1440 1 0 0 0 4 0 5.0000 1.0000 4.0000 0.0028 0.0011 0.0045 Bacteria Bacteroidetes U U U U
Otu1441 0 3 0 2 0 2 7.0000 3.0000 4.0000 0.0039 0.0034 0.0045 Bacteria U U U U U
Otu1442 1 0 0 4 1 1 7.0000 1.0000 6.0000 0.0039 0.0011 0.0067 Bacteria U U U U U
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Otu1443 0 0 0 1 1 4 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1444 2 0 0 0 4 0 6.0000 2.0000 4.0000 0.0034 0.0022 0.0045 Bacteria U U U U U
Otu1445 0 0 0 0 3 0 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Verrucomicrobi

a
Spartobacteria Terrimicrobium U U

Otu1446 1 4 0 0 0 3 8.0000 5.0000 3.0000 0.0045 0.0056 0.0034 Bacteria U U U U U

Otu1447 5 0 0 0 0 0 5.0000 5.0000 0.0000 0.0028 0.0056 0.0000 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu1448 3 4 0 2 0 2 11.0000 7.0000 4.0000 0.0062 0.0079 0.0045 Bacteria Firmicutes U U U U
Otu1449 0 0 1 4 3 0 8.0000 1.0000 7.0000 0.0045 0.0011 0.0079 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu145 6 109 0 26 22 42 205.0000 115.0000 90.0000 0.1152 0.1292 0.1011 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1450 1 3 0 0 0 4 8.0000 4.0000 4.0000 0.0045 0.0045 0.0045 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1451 0 1 0 0 0 3 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Firmicutes Clostridia U U U
Otu1452 2 1 0 0 3 0 6.0000 3.0000 3.0000 0.0034 0.0034 0.0034 Bacteria Verrucomicrobi

a
Spartobacteria U U U

Otu1453 3 0 0 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Bacteroidetes U U U U
Otu1454 0 0 0 3 1 2 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria U U U U U
Otu1455 0 0 1 0 2 0 3.0000 1.0000 2.0000 0.0017 0.0011 0.0022 Bacteria Actinobacteria Actinobacteria Solirubrobacterales U U

Otu1456 8 0 0 0 0 0 8.0000 8.0000 0.0000 0.0045 0.0090 0.0000 Bacteria Verrucomicrobi
a

Subdivision3
Subdivision3_gene
ra_ incertae_sedis

U U

Otu1457 0 2 0 1 0 1 4.0000 2.0000 2.0000 0.0022 0.0022 0.0022 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1458 5 0 0 0 0 0 5.0000 5.0000 0.0000 0.0028 0.0056 0.0000 Bacteria Acidobacteria Acidobacteria_G

p3
Gp3 U U

Otu1459 0 1 0 0 1 2 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Firmicutes U U U U
Otu146 8 40 0 12 4 55 119.0000 48.0000 71.0000 0.0669 0.0539 0.0798 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1460 0 0 0 0 1 2 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria U U U U U
Otu1461 0 0 0 0 0 6 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria U U U U U
Otu1462 0 0 0 0 5 7 12.0000 0.0000 12.0000 0.0067 0.0000 0.0135 Bacteria Firmicutes U U U U
Otu1463 0 1 0 2 0 5 8.0000 1.0000 7.0000 0.0045 0.0011 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1464 1 0 0 0 3 0 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Proteobacteria U U U U
Otu1465 1 1 0 1 0 0 3.0000 2.0000 1.0000 0.0017 0.0022 0.0011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1466 0 1 0 2 0 3 6.0000 1.0000 5.0000 0.0034 0.0011 0.0056 Bacteria Firmicutes U U U U
Otu1467 1 3 0 0 0 2 6.0000 4.0000 2.0000 0.0034 0.0045 0.0022 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1468 1 1 0 1 2 1 6.0000 2.0000 4.0000 0.0034 0.0022 0.0045 Bacteria Firmicutes Clostridia U U U
Otu147 2 6 0 51 46 13 118.0000 8.0000 110.000

0
0.0663 0.0090 0.1236 Bacteria U U U U U

Otu1470 0 6 0 2 0 2 10.0000 6.0000 4.0000 0.0056 0.0067 0.0045 Bacteria Firmicutes U U U U
Otu1471 0 0 0 2 1 8 11.0000 0.0000 11.0000 0.0062 0.0000 0.0124 Bacteria Firmicutes Clostridia U U U

Otu1472 2 0 0 0 1 0 3.0000 2.0000 1.0000 0.0017 0.0022 0.0011 Bacteria Verrucomicrobi
a

Spartobacteria
Spartobacteria_gen

era
_incertae_sedis

U U

Otu1473 0 2 0 1 0 0 3.0000 2.0000 1.0000 0.0017 0.0022 0.0011 Bacteria Firmicutes U U U U
Otu1474 0 0 0 0 0 2 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1475 0 4 0 1 1 0 6.0000 4.0000 2.0000 0.0034 0.0045 0.0022 Bacteria Firmicutes U U U U
Otu1476 0 0 0 1 0 4 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
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Otu1477 0 0 0 0 2 0 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu1478 5 0 0 0 1 0 6.0000 5.0000 1.0000 0.0034 0.0056 0.0011 Bacteria Proteobacteria Alphaproteobacte
ria

Rhodospirillales Acetobacteraceae U

Otu1479 3 0 0 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Bacteroidetes Sphingobacteriia Sphingobacteriales U U
Otu148 8 107 0 25 0 24 164.0000 115.0000 49.0000 0.0922 0.1292 0.0551 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1480 0 0 1 2 0 3 6.0000 1.0000 5.0000 0.0034 0.0011 0.0056 Bacteria U U U U U
Otu1481 0 0 0 1 7 2 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria Firmicutes U U U U
Otu1482 3 0 0 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Proteobacteria Betaproteobacteri

a
U U U

Otu1483 3 0 0 0 3 0 6.0000 3.0000 3.0000 0.0034 0.0034 0.0034 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu1484 0 1 0 1 0 0 2.0000 1.0000 1.0000 0.0011 0.0011 0.0011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu1485 0 0 0 8 0 0 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria Firmicutes U U U U
Otu1486 0 0 0 5 0 1 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria Firmicutes U U U U
Otu1487 0 3 0 4 0 8 15.0000 3.0000 12.0000 0.0084 0.0034 0.0135 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu1488 0 0 0 2 0 2 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Firmicutes U U U U

Otu1489 3 0 0 0 4 0 7.0000 3.0000 4.0000 0.0039 0.0034 0.0045 Bacteria Verrucomicrobi
a

Spartobacteria
Spartobacteria_gen

era
_incertae_sedis

U U

Otu149 23 0 2 0 100 12 137.0000 25.0000 112.000
0

0.0770 0.0281 0.1259 Bacteria Proteobacteria Gammaproteobac
teria

Enterobacteriales Enterobacteriaceae U

Otu1490 3 0 0 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria U U U U U
Otu1491 2 0 0 0 2 1 5.0000 2.0000 3.0000 0.0028 0.0022 0.0034 Bacteria Acidobacteria Acidobacteria_G

p1
U U U

Otu1492 2 0 0 0 0 0 2.0000 2.0000 0.0000 0.0011 0.0022 0.0000 Bacteria Acidobacteria Acidobacteria_G
p3

U U U

Otu1493 2 1 0 0 0 3 6.0000 3.0000 3.0000 0.0034 0.0034 0.0034 Bacteria Firmicutes U U U U
Otu15 0 0 0 0 253

1
185 2716.000

0
0.0000 2716.00

00
1.5262 0.0000 3.0525 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae Clostridium_XlVa

Otu150 0 11 1 36 1 43 92.0000 12.0000 80.0000 0.0517 0.0135 0.0899 Bacteria Firmicutes U U U U
Otu151 59 4 2 1 101 6 173.0000 65.0000 108.000

0
0.0972 0.0731 0.1214 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales U U

Otu152 0 153 0 7 2 11 173.0000 153.0000 20.0000 0.0972 0.1720 0.0225 Bacteria Firmicutes Clostridia Clostridiales U U
Otu153 3 33 0 35 2 48 121.0000 36.0000 85.0000 0.0680 0.0405 0.0955 Bacteria Proteobacteria Deltaproteobacter

ia
Desulfovibrionales Desulfovibrionaceae U

Otu154 1 7 0 26 3 73 110.0000 8.0000 102.000
0

0.0618 0.0090 0.1146 Bacteria Proteobacteria Betaproteobacteri
a

Burkholderiales Comamonadaceae U

Otu155 37 72 0 3 18 17 147.0000 109.0000 38.0000 0.0826 0.1225 0.0427 Bacteria Firmicutes Clostridia Clostridiales U U
Otu156 70 8 4 0 22 2 106.0000 82.0000 24.0000 0.0596 0.0922 0.0270 Bacteria Proteobacteria Gammaproteobac

teria
Pseudomonadales Pseudomonadaceae Pseudomonas

Otu157 13 28 0 22 3 34 100.0000 41.0000 59.0000 0.0562 0.0461 0.0663 Bacteria U U U U U
Otu158 96 26 6 1 1 0 130.0000 128.0000 2.0000 0.0731 0.1439 0.0022 Bacteria Actinobacteria Actinobacteria Actinomycetales Streptomycetaceae Streptomyces
Otu159 3 40 0 50 4 29 126.0000 43.0000 83.0000 0.0708 0.0483 0.0933 Bacteria Proteobacteria Deltaproteobacter Desulfovibrionales Desulfovibrionaceae U

157



ia
Otu16 690 311 3 633 3 9 1649.000

0
1004.000

0
645.000

0
0.9266 1.1284 0.7249 Bacteria U U U U U

Otu160 0 7 0 30 1 77 115.0000 7.0000 108.000
0

0.0646 0.0079 0.1214 Bacteria Firmicutes U U U U

Otu161 1 65 0 28 4 50 148.0000 66.0000 82.0000 0.0832 0.0742 0.0922 Bacteria Firmicutes Clostridia Clostridiales U U
Otu162 0 0 0 27 1 78 106.0000 0.0000 106.000

0
0.0596 0.0000 0.1191 Bacteria Acidobacteria Acidobacteria_G

p3
Gp3 U U

Otu163 1 48 0 40 1 51 141.0000 49.0000 92.0000 0.0792 0.0551 0.1034 Bacteria U U U U U
Otu164 0 0 108 0 0 0 108.0000 108.0000 0.0000 0.0607 0.1214 0.0000 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu165 11 42 1 30 36 148 268.0000 54.0000 214.000

0
0.1506 0.0607 0.2405 Bacteria U U U U U

Otu166 1 14 0 46 0 35 96.0000 15.0000 81.0000 0.0539 0.0169 0.0910 Bacteria Firmicutes Clostridia Clostridiales U U
Otu167 2 0 0 50 18 33 103.0000 2.0000 101.000

0
0.0579 0.0022 0.1135 Bacteria Firmicutes U U U U

Otu168 0 14 0 89 0 6 109.0000 14.0000 95.0000 0.0613 0.0157 0.1068 Bacteria Firmicutes U U U U
Otu169 4 18 0 49 0 27 98.0000 22.0000 76.0000 0.0551 0.0247 0.0854 Bacteria Proteobacteria Deltaproteobacter

ia
Desulfovibrionales U U

Otu17 1041 170 0 328 15 8 1562.000
0

1211.000
0

351.000
0

0.8778 1.3610 0.3945 Bacteria Firmicutes Clostridia Clostridiales U U

Otu170 5 29 0 37 17 6 94.0000 34.0000 60.0000 0.0528 0.0382 0.0674 Bacteria Firmicutes U U U U
Otu171 0 0 0 0 105 11 116.0000 0.0000 116.000

0
0.0652 0.0000 0.1304 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu172 14 48 0 32 5 41 140.0000 62.0000 78.0000 0.0787 0.0697 0.0877 Bacteria Firmicutes Clostridia Clostridiales
Clostridiales_Incertae_

Sedis_XIII Anaerovorax
Otu173 0 11 0 46 3 39 99.0000 11.0000 88.0000 0.0556 0.0124 0.0989 Bacteria Firmicutes U U U U
Otu174 10 27 0 15 1 42 95.0000 37.0000 58.0000 0.0534 0.0416 0.0652 Bacteria U U U U U
Otu175 5 16 0 13 35 57 126.0000 21.0000 105.000

0
0.0708 0.0236 0.1180 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu176 9 71 0 21 5 28 134.0000 80.0000 54.0000 0.0753 0.0899 0.0607 Bacteria Firmicutes Clostridia Clostridiales U U
Otu177 0 2 0 0 94 23 119.0000 2.0000 117.000

0
0.0669 0.0022 0.1315 Bacteria Firmicutes U U U U

Otu178 1 73 0 12 2 10 98.0000 74.0000 24.0000 0.0551 0.0832 0.0270 Bacteria Firmicutes U U U U
Otu179 14 40 2 59 5 3 123.0000 56.0000 67.0000 0.0691 0.0629 0.0753 Bacteria Firmicutes U U U U
Otu18 1383 65 30 9 368 57 1912.000

0
1478.000

0
434.000

0
1.0744 1.6611 0.4878 Bacteria Firmicutes U U U U

Otu180 3 15 0 24 5 69 116.0000 18.0000 98.0000 0.0652 0.0202 0.1101 Bacteria Firmicutes U U U U
Otu181 0 26 0 83 0 19 128.0000 26.0000 102.000

0
0.0719 0.0292 0.1146 Bacteria Proteobacteria Deltaproteobacter

ia
Desulfovibrionales U U

Otu182 2 18 0 12 5 71 108.0000 20.0000 88.0000 0.0607 0.0225 0.0989 Bacteria Firmicutes Negativicutes U U U

Otu183 1 0 1 0 113 8 123.0000 2.0000 121.000
0

0.0691 0.0022 0.1360 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu184 11 22 0 60 2 11 106.0000 33.0000 73.0000 0.0596 0.0371 0.0820 Bacteria U U U U U
Otu185 11 23 0 11 0 13 58.0000 34.0000 24.0000 0.0326 0.0382 0.0270 Bacteria U U U U U
Otu186 3 4 0 52 7 15 81.0000 7.0000 74.0000 0.0455 0.0079 0.0832 Bacteria U U U U U
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Otu187 2 4 0 65 14 10 95.0000 6.0000 89.0000 0.0534 0.0067 0.1000 Bacteria Proteobacteria Deltaproteobacter
ia

Desulfovibrionales Desulfovibrionaceae Desulfovibrio

Otu188 18 51 0 0 18 3 90.0000 69.0000 21.0000 0.0506 0.0775 0.0236 Bacteria Firmicutes Clostridia Clostridiales U U
Otu189 12 29 0 53 8 30 132.0000 41.0000 91.0000 0.0742 0.0461 0.1023 Bacteria Bacteroidetes U U U U
Otu19 233 206 0 217 37 103

9
1732.000

0
439.0000 1293.00

00
0.9733 0.4934 1.4532 Bacteria Bacteroidetes U U U U

Otu190 0 0 0 84 0 6 90.0000 0.0000 90.0000 0.0506 0.0000 0.1011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu191 9 3 28 1 98 6 145.0000 40.0000 105.000

0
0.0815 0.0450 0.1180 Bacteria Actinobacteria Actinobacteria Actinomycetales U U

Otu192 3 46 2 54 14 1 120.0000 51.0000 69.0000 0.0674 0.0573 0.0775 Bacteria Firmicutes Clostridia Clostridiales U U
Otu193 0 0 0 0 98 29 127.0000 0.0000 127.000

0
0.0714 0.0000 0.1427 Bacteria Firmicutes Clostridia U U U

Otu194 9 48 0 28 2 57 144.0000 57.0000 87.0000 0.0809 0.0641 0.0978 Bacteria Firmicutes Clostridia U U U
Otu195 14 137 0 4 38 4 197.0000 151.0000 46.0000 0.1107 0.1697 0.0517 Bacteria Firmicutes Clostridia Clostridiales U U
Otu196 20 33 1 30 2 2 88.0000 54.0000 34.0000 0.0495 0.0607 0.0382 Bacteria Firmicutes Clostridia Clostridiales U U
Otu197 79 0 1 0 1 0 81.0000 80.0000 1.0000 0.0455 0.0899 0.0011 Bacteria Proteobacteria Gammaproteobac

teria
Xanthomonadales Xanthomonadaceae Pseudoxanthomon

as
Otu198 5 6 0 54 3 30 98.0000 11.0000 87.0000 0.0551 0.0124 0.0978 Bacteria U U U U U
Otu199 5 18 0 30 5 51 109.0000 23.0000 86.0000 0.0613 0.0258 0.0967 Bacteria Firmicutes Clostridia Clostridiales U U
Otu2 35 0 831

4
0 159 17 8525.000

0
8349.000

0
176.000

0
4.7906 9.3833 0.1978 Bacteria Proteobacteria Gammaproteobac

teria
Enterobacteriales Enterobacteriaceae U

Otu20 0 0 0 141
2

0 0 1412.000
0

0.0000 1412.00
00

0.7935 0.0000 1.5869 Bacteria Bacteroidetes U U U U

Otu200 21 16 0 28 8 30 103.0000 37.0000 66.0000 0.0579 0.0416 0.0742 Bacteria Bacteroidetes Bacteroidia Bacteroidales U U
Otu201 13 27 0 44 8 29 121.0000 40.0000 81.0000 0.0680 0.0450 0.0910 Bacteria Firmicutes Negativicutes U U U
Otu202 2 11 0 27 36 20 96.0000 13.0000 83.0000 0.0539 0.0146 0.0933 Bacteria Firmicutes Clostridia Clostridiales U U
Otu203 0 0 2 0 53 32 87.0000 2.0000 85.0000 0.0489 0.0022 0.0955 Bacteria Proteobacteria Gammaproteobac

teria
Xanthomonadales Xanthomonadaceae Stenotrophomonas

Otu204 21 23 0 15 1 73 133.0000 44.0000 89.0000 0.0747 0.0495 0.1000 Bacteria Firmicutes U U U U
Otu205 4 59 0 35 1 19 118.0000 63.0000 55.0000 0.0663 0.0708 0.0618 Bacteria U U U U U
Otu206 0 44 0 4 3 24 75.0000 44.0000 31.0000 0.0421 0.0495 0.0348 Bacteria Actinobacteria Actinobacteria U U U
Otu207 29 34 0 4 10 1 78.0000 63.0000 15.0000 0.0438 0.0708 0.0169 Bacteria Firmicutes Clostridia Clostridiales U U
Otu208 4 18 0 25 0 43 90.0000 22.0000 68.0000 0.0506 0.0247 0.0764 Bacteria Firmicutes U U U U
Otu209 0 1 0 39 13 14 67.0000 1.0000 66.0000 0.0377 0.0011 0.0742 Bacteria U U U U U
Otu21 69 125

4
1 116 0 0 1440.000

0
1324.000

0
116.000

0
0.8092 1.4880 0.1304 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U

Otu210 6 70 0 5 0 27 108.0000 76.0000 32.0000 0.0607 0.0854 0.0360 Bacteria Firmicutes U U U U
Otu211 4 16 0 38 2 14 74.0000 20.0000 54.0000 0.0416 0.0225 0.0607 Bacteria Bacteroidetes U U U U
Otu212 1 10 0 1 19 28 59.0000 11.0000 48.0000 0.0332 0.0124 0.0539 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu213 0 0 1 60 3 10 74.0000 1.0000 73.0000 0.0416 0.0011 0.0820 Bacteria Firmicutes U U U U
Otu214 19 20 0 15 5 32 91.0000 39.0000 52.0000 0.0511 0.0438 0.0584 Bacteria Firmicutes Clostridia Clostridiales U U
Otu215 1 0 0 42 64 20 127.0000 1.0000 126.000

0
0.0714 0.0011 0.1416 Bacteria Firmicutes Clostridia Clostridiales U U

Otu216 7 41 0 11 1 30 90.0000 48.0000 42.0000 0.0506 0.0539 0.0472 Bacteria Proteobacteria Betaproteobacteri
a

Burkholderiales U U

Otu217 4 25 0 41 25 15 110.0000 29.0000 81.0000 0.0618 0.0326 0.0910 Bacteria U U U U U
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Otu218 6 21 0 16 4 26 73.0000 27.0000 46.0000 0.0410 0.0303 0.0517 Bacteria Firmicutes U U U U
Otu219 0 32 0 17 0 31 80.0000 32.0000 48.0000 0.0450 0.0360 0.0539 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu22 263 471 10 323 74 200 1341.000

0
744.0000 597.000

0
0.7536 0.8362 0.6710 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Dysgonomonas

Otu220 1 14 0 37 0 42 94.0000 15.0000 79.0000 0.0528 0.0169 0.0888 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu221 1 4 0 57 11 3 76.0000 5.0000 71.0000 0.0427 0.0056 0.0798 Bacteria U U U U U
Otu222 6 6 0 4 36 38 90.0000 12.0000 78.0000 0.0506 0.0135 0.0877 Bacteria Firmicutes U U U U
Otu223 0 0 0 20 0 40 60.0000 0.0000 60.0000 0.0337 0.0000 0.0674 Bacteria Firmicutes U U U U
Otu224 16 23 0 22 11 2 74.0000 39.0000 35.0000 0.0416 0.0438 0.0393 Bacteria Firmicutes Clostridia Clostridiales U U
Otu225 0 0 0 0 97 18 115.0000 0.0000 115.000

0
0.0646 0.0000 0.1292 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U

Otu226 0 0 1 66 16 6 89.0000 1.0000 88.0000 0.0500 0.0011 0.0989 Bacteria Firmicutes U U U U
Otu227 2 5 0 19 8 30 64.0000 7.0000 57.0000 0.0360 0.0079 0.0641 Bacteria Firmicutes U U U U
Otu228 37 8 0 6 35 1 87.0000 45.0000 42.0000 0.0489 0.0506 0.0472 Bacteria Proteobacteria Betaproteobacteri

a
Burkholderiales Burkholderiaceae Burkholderia

Otu229 7 32 0 15 6 41 101.0000 39.0000 62.0000 0.0568 0.0438 0.0697 Bacteria U U U U U
Otu23 242 584 1 556 68 420 1871.000

0
827.0000 1044.00

00
1.0514 0.9295 1.1733 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae U

Otu230 34 4 1 0 24 3 66.0000 39.0000 27.0000 0.0371 0.0438 0.0303 Bacteria Proteobacteria Betaproteobacteri
a

Burkholderiales Burkholderiaceae Burkholderia

Otu231 7 48 0 29 1 22 107.0000 55.0000 52.0000 0.0601 0.0618 0.0584 Bacteria Firmicutes U U U U
Otu232 0 12 0 31 5 29 77.0000 12.0000 65.0000 0.0433 0.0135 0.0731 Bacteria Firmicutes Clostridia Clostridiales U U
Otu233 27 33 0 0 2 2 64.0000 60.0000 4.0000 0.0360 0.0674 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu234 16 42 0 11 0 33 102.0000 58.0000 44.0000 0.0573 0.0652 0.0495 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu235 1 4 0 69 1 66 141.0000 5.0000 136.000

0
0.0792 0.0056 0.1528 Bacteria Firmicutes U U U U

Otu236 0 0 0 71 0 0 71.0000 0.0000 71.0000 0.0399 0.0000 0.0798 Bacteria U U U U U
Otu237 0 0 0 27 0 29 56.0000 0.0000 56.0000 0.0315 0.0000 0.0629 Bacteria U U U U U
Otu238 2 30 0 20 3 26 81.0000 32.0000 49.0000 0.0455 0.0360 0.0551 Bacteria Firmicutes U U U U
Otu239 2 1 0 76 0 1 80.0000 3.0000 77.0000 0.0450 0.0034 0.0865 Bacteria U U U U U
Otu24 6 181 2 893 296 193 1571.000

0
189.0000 1382.00

00
0.8828 0.2124 1.5532 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu240 0 0 62 10 6 4 82.0000 62.0000 20.0000 0.0461 0.0697 0.0225 Bacteria Firmicutes U U U U
Otu241 3 21 0 19 22 20 85.0000 24.0000 61.0000 0.0478 0.0270 0.0686 Bacteria U U U U U
Otu242 1 16 0 27 6 32 82.0000 17.0000 65.0000 0.0461 0.0191 0.0731 Bacteria U U U U U
Otu243 0 7 0 34 9 2 52.0000 7.0000 45.0000 0.0292 0.0079 0.0506 Bacteria Firmicutes U U U U
Otu244 2 9 0 38 2 47 98.0000 11.0000 87.0000 0.0551 0.0124 0.0978 Bacteria Firmicutes U U U U
Otu245 6 3 8 0 37 4 58.0000 17.0000 41.0000 0.0326 0.0191 0.0461 Bacteria Actinobacteria Actinobacteria Actinomycetales Microbacteriaceae U
Otu246 21 94 0 18 3 60 196.0000 115.0000 81.0000 0.1101 0.1292 0.0910 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu247 9 28 1 29 8 8 83.0000 38.0000 45.0000 0.0466 0.0427 0.0506 Bacteria Proteobacteria Betaproteobacteri

a
Burkholderiales U U

Otu248 31 9 0 15 2 15 72.0000 40.0000 32.0000 0.0405 0.0450 0.0360 Bacteria Bacteroidetes Bacteroidia Bacteroidales Rikenellaceae Alistipes
Otu249 33 0 0 4 30 4 71.0000 33.0000 38.0000 0.0399 0.0371 0.0427 Bacteria Acidobacteria Acidobacteria_G

p1
Edaphobacter U U

Otu25 70 698 0 90 4 231 1093.000
0

768.0000 325.000
0

0.6142 0.8631 0.3653 Bacteria U U U U U
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Otu250 11 1 1 2 49 10 74.0000 13.0000 61.0000 0.0416 0.0146 0.0686 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu251 1 23 0 6 0 34 64.0000 24.0000 40.0000 0.0360 0.0270 0.0450 Bacteria Firmicutes Clostridia Clostridiales U U
Otu252 3 30 0 17 0 16 66.0000 33.0000 33.0000 0.0371 0.0371 0.0371 Bacteria Firmicutes Clostridia Clostridiales U U
Otu253 0 10 0 12 0 35 57.0000 10.0000 47.0000 0.0320 0.0112 0.0528 Bacteria Firmicutes Clostridia Clostridiales U U
Otu254 0 5 0 2 50 66 123.0000 5.0000 118.000

0
0.0691 0.0056 0.1326 Bacteria Firmicutes Negativicutes U U U

Otu255 0 3 1 16 43 6 69.0000 4.0000 65.0000 0.0388 0.0045 0.0731 Bacteria U U U U U
Otu256 0 35 0 5 2 13 55.0000 35.0000 20.0000 0.0309 0.0393 0.0225 Bacteria Firmicutes U U U U
Otu257 1 30 0 32 0 31 94.0000 31.0000 63.0000 0.0528 0.0348 0.0708 Bacteria Firmicutes U U U U
Otu258 1 3 0 9 15 25 53.0000 4.0000 49.0000 0.0298 0.0045 0.0551 Bacteria U U U U U
Otu259 0 2 0 7 9 47 65.0000 2.0000 63.0000 0.0365 0.0022 0.0708 Bacteria Firmicutes U U U U
Otu26 0 0 0 1 138

8
121 1510.000

0
0.0000 1510.00

00
0.8485 0.0000 1.6971 Bacteria Firmicutes Clostridia Clostridiales U U

Otu260 2 5 0 20 35 18 80.0000 7.0000 73.0000 0.0450 0.0079 0.0820 Bacteria Firmicutes Clostridia U U U
Otu261 3 3 0 14 30 16 66.0000 6.0000 60.0000 0.0371 0.0067 0.0674 Bacteria Firmicutes U U U U
Otu262 4 27 0 2 14 18 65.0000 31.0000 34.0000 0.0365 0.0348 0.0382 Bacteria Firmicutes U U U U
Otu263 7 5 0 51 1 3 67.0000 12.0000 55.0000 0.0377 0.0135 0.0618 Bacteria Firmicutes U U U U
Otu264 0 0 89 1 0 0 90.0000 89.0000 1.0000 0.0506 0.1000 0.0011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu265 1 20 0 21 0 25 67.0000 21.0000 46.0000 0.0377 0.0236 0.0517 Bacteria Firmicutes Clostridia Clostridiales U U
Otu266 5 32 0 8 7 12 64.0000 37.0000 27.0000 0.0360 0.0416 0.0303 Bacteria Firmicutes U U U U
Otu267 2 4 0 52 0 22 80.0000 6.0000 74.0000 0.0450 0.0067 0.0832 Bacteria Firmicutes Clostridia Clostridiales U U
Otu268 18 9 1 49 9 32 118.0000 28.0000 90.0000 0.0663 0.0315 0.1011 Bacteria Bacteroidetes Bacteroidia U U U
Otu269 6 26 0 5 5 22 64.0000 32.0000 32.0000 0.0360 0.0360 0.0360 Bacteria U U U U U
Otu27 201 333 0 30 12 440 1016.000

0
534.0000 482.000

0
0.5709 0.6002 0.5417 Bacteria Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae U

Otu270 9 20 0 2 6 24 61.0000 29.0000 32.0000 0.0343 0.0326 0.0360 Bacteria U U U U U
Otu271 7 23 0 2 8 15 55.0000 30.0000 25.0000 0.0309 0.0337 0.0281 Bacteria Firmicutes Clostridia Clostridiales U U
Otu272 6 16 0 6 0 40 68.0000 22.0000 46.0000 0.0382 0.0247 0.0517 Bacteria Firmicutes Clostridia U U U
Otu273 2 16 0 16 2 26 62.0000 18.0000 44.0000 0.0348 0.0202 0.0495 Bacteria Firmicutes U U U U
Otu274 0 4 0 24 0 24 52.0000 4.0000 48.0000 0.0292 0.0045 0.0539 Bacteria U U U U U
Otu275 6 38 0 8 1 15 68.0000 44.0000 24.0000 0.0382 0.0495 0.0270 Bacteria Firmicutes U U U U
Otu276 0 1 0 5 30 18 54.0000 1.0000 53.0000 0.0303 0.0011 0.0596 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu277 20 19 0 14 1 26 80.0000 39.0000 41.0000 0.0450 0.0438 0.0461 Bacteria U U U U U
Otu278 0 0 0 56 8 2 66.0000 0.0000 66.0000 0.0371 0.0000 0.0742 Bacteria Firmicutes U U U U
Otu279 0 0 0 34 21 7 62.0000 0.0000 62.0000 0.0348 0.0000 0.0697 Bacteria U U U U U
Otu28 0 0 0 0 133

0
107 1437.000

0
0.0000 1437.00

00
0.8075 0.0000 1.6150 Bacteria Firmicutes U U U U

Otu280 10 33 0 9 0 0 52.0000 43.0000 9.0000 0.0292 0.0483 0.0101 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu281 4 2 0 10 37 2 55.0000 6.0000 49.0000 0.0309 0.0067 0.0551 Bacteria Firmicutes Clostridia Clostridiales U U
Otu282 18 32 0 3 60 17 130.0000 50.0000 80.0000 0.0731 0.0562 0.0899 Bacteria Firmicutes Clostridia Clostridiales U U
Otu283 0 0 0 1 35 4 40.0000 0.0000 40.0000 0.0225 0.0000 0.0450 Bacteria U U U U U
Otu284 1 14 0 14 5 17 51.0000 15.0000 36.0000 0.0287 0.0169 0.0405 Bacteria U U U U U
Otu285 13 28 0 14 3 4 62.0000 41.0000 21.0000 0.0348 0.0461 0.0236 Bacteria Firmicutes Clostridia Clostridiales U U
Otu286 7 1 0 17 58 7 90.0000 8.0000 82.0000 0.0506 0.0090 0.0922 Bacteria Firmicutes Clostridia Clostridiales U U
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Otu287 2 39 0 5 3 13 62.0000 41.0000 21.0000 0.0348 0.0461 0.0236 Bacteria Firmicutes Clostridia Clostridiales U U
Otu288 5 12 0 18 6 10 51.0000 17.0000 34.0000 0.0287 0.0191 0.0382 Bacteria Proteobacteria Deltaproteobacter

ia
Desulfovibrionales Desulfovibrionaceae Desulfovibrio

Otu289 1 15 0 13 3 34 66.0000 16.0000 50.0000 0.0371 0.0180 0.0562 Bacteria Firmicutes Clostridia Clostridiales U U
Otu29 0 0 0 0 110

6
108 1214.000

0
0.0000 1214.00

00
0.6822 0.0000 1.3644 Bacteria Firmicutes U U U U

Otu290 24 33 0 1 0 0 58.0000 57.0000 1.0000 0.0326 0.0641 0.0011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu291 4 69 0 22 5 12 112.0000 73.0000 39.0000 0.0629 0.0820 0.0438 Bacteria Firmicutes Clostridia Clostridiales U U
Otu292 3 9 0 14 4 24 54.0000 12.0000 42.0000 0.0303 0.0135 0.0472 Bacteria U U U U U
Otu293 0 0 1 0 3 56 60.0000 1.0000 59.0000 0.0337 0.0011 0.0663 Bacteria Firmicutes Clostridia Clostridiales U U
Otu294 21 0 0 0 20 2 43.0000 21.0000 22.0000 0.0242 0.0236 0.0247 Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Chryseobacterium
Otu295 42 0 1 0 19 1 63.0000 43.0000 20.0000 0.0354 0.0483 0.0225 Bacteria Bacteroidetes Sphingobacteriia Sphingobacteriales Chitinophagaceae Taibaiella
Otu296 14 49 0 13 4 6 86.0000 63.0000 23.0000 0.0483 0.0708 0.0258 Bacteria Firmicutes U U U U
Otu297 4 17 0 17 0 27 65.0000 21.0000 44.0000 0.0365 0.0236 0.0495 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu298 0 0 0 0 97 9 106.0000 0.0000 106.000

0
0.0596 0.0000 0.1191 Bacteria Firmicutes Bacilli Lactobacillales Enterococcaceae Enterococcus

Otu299 2 17 0 12 66 48 145.0000 19.0000 126.000
0

0.0815 0.0214 0.1416 Bacteria Firmicutes U U U

Otu3 246 485
1

1 622 59 125
0

7029.000
0

5098.000
0

1931.00
00

3.9499 5.7296 2.1702 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae U

Otu30 285 120 0 0 101 313 819.0000 405.0000 414.000
0

0.4602 0.4552 0.4653 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Proteiniphilum

Otu300 16 29 0 2 2 0 49.0000 45.0000 4.0000 0.0275 0.0506 0.0045 Bacteria Firmicutes U U U U
Otu301 5 20 0 43 3 33 104.0000 25.0000 79.0000 0.0584 0.0281 0.0888 Bacteria Proteobacteria Deltaproteobacter

ia
U U U

Otu302 0 0 0 8 2 41 51.0000 0.0000 51.0000 0.0287 0.0000 0.0573 Bacteria Firmicutes Clostridia U U U
Otu303 3 45 0 11 4 35 98.0000 48.0000 50.0000 0.0551 0.0539 0.0562 Bacteria Firmicutes Clostridia Clostridiales U U
Otu304 0 21 0 14 1 35 71.0000 21.0000 50.0000 0.0399 0.0236 0.0562 Bacteria Firmicutes Clostridia Clostridiales U U
Otu305 4 30 0 11 5 11 61.0000 34.0000 27.0000 0.0343 0.0382 0.0303 Bacteria Firmicutes Clostridia U U U
Otu306 4 11 0 17 1 36 69.0000 15.0000 54.0000 0.0388 0.0169 0.0607 Bacteria U U U U U
Otu307 0 33 0 31 4 24 92.0000 33.0000 59.0000 0.0517 0.0371 0.0663 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu308 7 34 0 7 16 7 71.0000 41.0000 30.0000 0.0399 0.0461 0.0337 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu309 16 19 0 13 0 21 69.0000 35.0000 34.0000 0.0388 0.0393 0.0382 Bacteria Firmicutes Clostridia Clostridiales U U
Otu31 281 99 0 167 216 112 875.0000 380.0000 495.000

0
0.4917 0.4271 0.5563 Bacteria Bacteroidetes Bacteroidia Bacteroidales U U

Otu310 0 0 0 0 4 59 63.0000 0.0000 63.0000 0.0354 0.0000 0.0708 Bacteria U U U U U
Otu311 0 23 0 16 2 11 52.0000 23.0000 29.0000 0.0292 0.0258 0.0326 Bacteria U U U U U
Otu312 2 13 0 43 6 18 82.0000 15.0000 67.0000 0.0461 0.0169 0.0753 Bacteria U U U U U
Otu313 7 16 0 21 1 14 59.0000 23.0000 36.0000 0.0332 0.0258 0.0405 Bacteria U U U U U
Otu314 0 44 0 1 1 3 49.0000 44.0000 5.0000 0.0275 0.0495 0.0056 Bacteria Actinobacteria Actinobacteria Actinomycetales Propionibacteriaceae U
Otu315 6 24 0 23 0 2 55.0000 30.0000 25.0000 0.0309 0.0337 0.0281 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu316 17 27 0 0 2 0 46.0000 44.0000 2.0000 0.0258 0.0495 0.0022 Bacteria Firmicutes Clostridia Clostridiales U U
Otu317 6 23 0 10 10 3 52.0000 29.0000 23.0000 0.0292 0.0326 0.0258 Bacteria Firmicutes U U U U
Otu318 0 0 79 4 15 0 98.0000 79.0000 19.0000 0.0551 0.0888 0.0214 Bacteria Firmicutes Erysipelotrichia Erysipelotrichales Erysipelotrichaceae U
Otu319 0 0 0 0 29 20 49.0000 0.0000 49.0000 0.0275 0.0000 0.0551 Bacteria Firmicutes Clostridia U U U
Otu32 2 0 712 16 827 52 1609.000 714.0000 895.000 0.9042 0.8025 1.0059 Bacteria Firmicutes Bacilli Lactobacillales Enterococcaceae Enterococcus
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0 0
Otu320 3 10 0 6 6 10 35.0000 13.0000 22.0000 0.0197 0.0146 0.0247 Bacteria Firmicutes Clostridia Clostridiales U U
Otu321 16 27 0 3 4 1 51.0000 43.0000 8.0000 0.0287 0.0483 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu322 20 0 2 0 47 0 69.0000 22.0000 47.0000 0.0388 0.0247 0.0528 Bacteria Actinobacteria Actinobacteria Actinomycetales Nocardioidaceae Nocardioides
Otu323 7 15 1 11 7 1 42.0000 23.0000 19.0000 0.0236 0.0258 0.0214 Bacteria U U U U U
Otu324 5 38 0 66 8 21 138.0000 43.0000 95.0000 0.0775 0.0483 0.1068 Bacteria U U U U U
Otu325 46 0 0 0 29 0 75.0000 46.0000 29.0000 0.0421 0.0517 0.0326 Bacteria Proteobacteria U U U U
Otu326 0 1 0 10 8 25 44.0000 1.0000 43.0000 0.0247 0.0011 0.0483 Bacteria Firmicutes U U U U
Otu327 10 9 0 7 20 5 51.0000 19.0000 32.0000 0.0287 0.0214 0.0360 Bacteria Firmicutes Clostridia Clostridiales U U
Otu328 16 4 0 1 38 4 63.0000 20.0000 43.0000 0.0354 0.0225 0.0483 Bacteria Firmicutes Clostridia Clostridiales U U
Otu329 0 0 12 0 49 4 65.0000 12.0000 53.0000 0.0365 0.0135 0.0596 Bacteria Proteobacteria Gammaproteobac

teria
Pseudomonadales Moraxellaceae Acinetobacter

Otu33 23 162 0 351 39 314 889.0000 185.0000 704.000
0

0.4996 0.2079 0.7912 Bacteria Proteobacteria Deltaproteobacter
ia

Desulfovibrionales U U

Otu330 18 1 4 2 123 7 155.0000 23.0000 132.000
0

0.0871 0.0258 0.1484 Bacteria Proteobacteria Alphaproteobacte
ria

Rhizobiales Bradyrhizobiaceae U

Otu331 0 1 0 7 5 54 67.0000 1.0000 66.0000 0.0377 0.0011 0.0742 Bacteria Firmicutes Clostridia U U U
Otu332 0 2 0 11 15 22 50.0000 2.0000 48.0000 0.0281 0.0022 0.0539 Bacteria U U U U U
Otu333 2 14 0 27 18 8 69.0000 16.0000 53.0000 0.0388 0.0180 0.0596 Bacteria U U U U U
Otu334 1 15 0 1 1 30 48.0000 16.0000 32.0000 0.0270 0.0180 0.0360 Bacteria Firmicutes U U U U
Otu335 0 0 108 0 1 0 109.0000 108.0000 1.0000 0.0613 0.1214 0.0011 Bacteria Firmicutes Bacilli Bacillales Paenibacillaceae_1 Paenibacillus
Otu336 7 50 0 6 0 12 75.0000 57.0000 18.0000 0.0421 0.0641 0.0202 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu337 1 48 0 5 1 7 62.0000 49.0000 13.0000 0.0348 0.0551 0.0146 Bacteria Firmicutes Clostridia Clostridiales U U
Otu338 1 6 0 5 1 13 26.0000 7.0000 19.0000 0.0146 0.0079 0.0214 Bacteria U U U U U
Otu339 0 0 0 0 40 8 48.0000 0.0000 48.0000 0.0270 0.0000 0.0539 Bacteria U U U U U
Otu34 0 0 948 0 0 0 948.0000 948.0000 0.0000 0.5327 1.0654 0.0000 Bacteria Proteobacteria Gammaproteobac

teria
Enterobacteriales Enterobacteriaceae Providencia

Otu340 19 3 1 0 29 1 53.0000 23.0000 30.0000 0.0298 0.0258 0.0337 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu341 3 24 0 9 0 28 64.0000 27.0000 37.0000 0.0360 0.0303 0.0416 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu342 38 0 0 0 3 0 41.0000 38.0000 3.0000 0.0230 0.0427 0.0034 Bacteria Proteobacteria Alphaproteobacte

ria
Sphingomonadales Sphingomonadaceae Sphingomonas

Otu343 6 15 0 9 0 10 40.0000 21.0000 19.0000 0.0225 0.0236 0.0214 Bacteria Firmicutes Clostridia Clostridiales U U
Otu344 1 17 0 32 1 27 78.0000 18.0000 60.0000 0.0438 0.0202 0.0674 Bacteria Firmicutes Clostridia Clostridiales U U
Otu345 6 32 0 35 0 11 84.0000 38.0000 46.0000 0.0472 0.0427 0.0517 Bacteria Proteobacteria Deltaproteobacter

ia
Desulfovibrionales Desulfovibrionaceae Desulfovibrio

Otu346 16 32 0 24 2 10 84.0000 48.0000 36.0000 0.0472 0.0539 0.0405 Bacteria U U U U U
Otu347 15 0 0 0 44 9 68.0000 15.0000 53.0000 0.0382 0.0169 0.0596 Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Chryseobacterium
Otu348 4 41 0 5 0 5 55.0000 45.0000 10.0000 0.0309 0.0506 0.0112 Bacteria Firmicutes U U U U
Otu349 12 8 0 2 6 1 29.0000 20.0000 9.0000 0.0163 0.0225 0.0101 Bacteria Firmicutes Clostridia Clostridiales U U
Otu35 18 165 0 270 2 305 760.0000 183.0000 577.000

0
0.4271 0.2057 0.6485 Bacteria Firmicutes U U U U

Otu350 3 0 0 36 1 8 48.0000 3.0000 45.0000 0.0270 0.0034 0.0506 Bacteria Firmicutes U U U U
Otu351 0 0 0 19 4 13 36.0000 0.0000 36.0000 0.0202 0.0000 0.0405 Bacteria Firmicutes U U U U
Otu352 4 48 0 0 0 0 52.0000 52.0000 0.0000 0.0292 0.0584 0.0000 Bacteria Firmicutes Clostridia U U U
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Otu353 0 0 0 8 3 41 52.0000 0.0000 52.0000 0.0292 0.0000 0.0584 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu354 2 6 0 11 0 32 51.0000 8.0000 43.0000 0.0287 0.0090 0.0483 Bacteria Firmicutes U U U U
Otu355 0 0 0 29 3 45 77.0000 0.0000 77.0000 0.0433 0.0000 0.0865 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu356 5 17 0 5 2 24 53.0000 22.0000 31.0000 0.0298 0.0247 0.0348 Bacteria Proteobacteria Deltaproteobacter

ia
Desulfovibrionales Desulfovibrionaceae Desulfovibrio

Otu357 0 0 0 6 3 37 46.0000 0.0000 46.0000 0.0258 0.0000 0.0517 Bacteria U U U U U
Otu358 0 0 0 0 3 51 54.0000 0.0000 54.0000 0.0303 0.0000 0.0607 Bacteria Proteobacteria Betaproteobacteri

a
U U U

Otu359 9 4 2 0 27 5 47.0000 15.0000 32.0000 0.0264 0.0169 0.0360 Bacteria Proteobacteria Alphaproteobacte
ria

Rhizobiales U U

Otu36 0 0 0 0 126 751 877.0000 0.0000 877.000
0

0.4928 0.0000 0.9856 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae U

Otu360 9 1 2 2 24 3 41.0000 12.0000 29.0000 0.0230 0.0135 0.0326 Bacteria Proteobacteria Alphaproteobacte
ria

Rhizobiales U U

Otu361 9 9 1 2 2 7 30.0000 19.0000 11.0000 0.0169 0.0214 0.0124 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu362 15 4 0 4 32 4 59.0000 19.0000 40.0000 0.0332 0.0214 0.0450 Bacteria Proteobacteria Alphaproteobacte

ria
U U U

Otu363 0 0 0 46 10 1 57.0000 0.0000 57.0000 0.0320 0.0000 0.0641 Bacteria Firmicutes Clostridia Clostridiales U U
Otu364 2 8 0 7 1 15 33.0000 10.0000 23.0000 0.0185 0.0112 0.0258 Bacteria Firmicutes Clostridia U U U
Otu365 4 1 0 0 48 3 56.0000 5.0000 51.0000 0.0315 0.0056 0.0573 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales U U

Otu366 2 14 0 10 0 28 54.0000 16.0000 38.0000 0.0303 0.0180 0.0427 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu367 28 0 0 0 21 2 51.0000 28.0000 23.0000 0.0287 0.0315 0.0258 Bacteria Bacteroidetes Sphingobacteriia Sphingobacteriales Chitinophagaceae U
Otu368 0 0 0 0 44 27 71.0000 0.0000 71.0000 0.0399 0.0000 0.0798 Bacteria Firmicutes U U U U
Otu369 4 21 0 13 3 22 63.0000 25.0000 38.0000 0.0354 0.0281 0.0427 Bacteria Firmicutes Clostridia U U U
Otu37 46 26 156 17 572 32 849.0000 228.0000 621.000

0
0.4771 0.2562 0.6979 Bacteria Actinobacteria Actinobacteria Actinomycetales Microbacteriaceae Gryllotalpicola

Otu370 0 0 0 0 22 14 36.0000 0.0000 36.0000 0.0202 0.0000 0.0405 Bacteria Firmicutes Clostridia U U U
Otu371 16 4 0 2 1 2 25.0000 20.0000 5.0000 0.0140 0.0225 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu372 21 5 0 0 8 9 43.0000 26.0000 17.0000 0.0242 0.0292 0.0191 Bacteria Firmicutes U U U U
Otu373 1 11 0 12 8 13 45.0000 12.0000 33.0000 0.0253 0.0135 0.0371 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu374 4 16 0 6 1 12 39.0000 20.0000 19.0000 0.0219 0.0225 0.0214 Bacteria U U U U U
Otu375 0 0 0 3 3 33 39.0000 0.0000 39.0000 0.0219 0.0000 0.0438 Bacteria U U U U U
Otu376 12 21 0 4 3 0 40.0000 33.0000 7.0000 0.0225 0.0371 0.0079 Bacteria Firmicutes Clostridia U U U
Otu377 0 10 0 38 0 12 60.0000 10.0000 50.0000 0.0337 0.0112 0.0562 Bacteria Actinobacteria Actinobacteria Actinomycetales U U
Otu378 1 7 0 8 0 33 49.0000 8.0000 41.0000 0.0275 0.0090 0.0461 Bacteria Proteobacteria Betaproteobacteri

a
U U U

Otu379 4 10 0 49 3 77 143.0000 14.0000 129.000
0

0.0804 0.0157 0.1450 Bacteria Firmicutes U U U U

Otu38 23 11 3 216 353 166 772.0000 37.0000 735.000
0

0.4338 0.0416 0.8261 Bacteria Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae U

Otu380 0 5 0 3 17 2 27.0000 5.0000 22.0000 0.0152 0.0056 0.0247 Bacteria Firmicutes U U U U
Otu381 9 6 0 11 6 7 39.0000 15.0000 24.0000 0.0219 0.0169 0.0270 Bacteria Proteobacteria U U U U
Otu382 0 4 0 6 0 29 39.0000 4.0000 35.0000 0.0219 0.0045 0.0393 Bacteria Firmicutes Clostridia U U U
Otu383 0 11 1 38 0 1 51.0000 12.0000 39.0000 0.0287 0.0135 0.0438 Bacteria Firmicutes Clostridia U U U
Otu384 5 24 0 10 0 9 48.0000 29.0000 19.0000 0.0270 0.0326 0.0214 Bacteria Firmicutes U U U U
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Otu385 9 11 0 7 4 10 41.0000 20.0000 21.0000 0.0230 0.0225 0.0236 Bacteria U U U U U
Otu386 8 39 0 5 1 0 53.0000 47.0000 6.0000 0.0298 0.0528 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu387 0 0 0 2 0 35 37.0000 0.0000 37.0000 0.0208 0.0000 0.0416 Bacteria U U U U U
Otu388 4 12 0 17 8 13 54.0000 16.0000 38.0000 0.0303 0.0180 0.0427 Bacteria Firmicutes U U U U
Otu389 2 5 0 10 2 7 26.0000 7.0000 19.0000 0.0146 0.0079 0.0214 Bacteria Firmicutes Clostridia Clostridiales U U

Otu39 109 201 0 79 31 230 650.0000 310.0000 340.000
0

0.3653 0.3484 0.3821 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu390 30 7 0 17 12 2 68.0000 37.0000 31.0000 0.0382 0.0416 0.0348 Bacteria Firmicutes Clostridia Clostridiales U U
Otu391 0 0 0 54 1 2 57.0000 0.0000 57.0000 0.0320 0.0000 0.0641 Bacteria Firmicutes Clostridia Clostridiales U U
Otu392 33 21 0 0 5 1 60.0000 54.0000 6.0000 0.0337 0.0607 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu393 14 18 1 5 5 0 43.0000 33.0000 10.0000 0.0242 0.0371 0.0112 Bacteria Firmicutes Clostridia Clostridiales U U
Otu394 0 0 28 0 0 0 28.0000 28.0000 0.0000 0.0157 0.0315 0.0000 Bacteria Firmicutes U U U U
Otu395 0 0 0 3 0 29 32.0000 0.0000 32.0000 0.0180 0.0000 0.0360 Bacteria Firmicutes U U U U
Otu396 6 7 0 17 11 7 48.0000 13.0000 35.0000 0.0270 0.0146 0.0393 Bacteria Firmicutes Clostridia Clostridiales U U
Otu397 0 0 0 0 0 47 47.0000 0.0000 47.0000 0.0264 0.0000 0.0528 Bacteria Actinobacteria Actinobacteria Actinomycetales U U
Otu398 5 25 0 0 11 2 43.0000 30.0000 13.0000 0.0242 0.0337 0.0146 Bacteria Firmicutes Clostridia Clostridiales U U
Otu399 0 2 1 22 24 3 52.0000 3.0000 49.0000 0.0292 0.0034 0.0551 Bacteria Firmicutes U U U U
Otu4 65 3 440

9
249 492 156 5374.000

0
4477.000

0
897.000

0
3.0199 5.0316 1.0081 Bacteria Firmicutes Bacilli Lactobacillales Streptococcaceae Lactococcus

Otu40 0 5 1 3 615 131 755.0000 6.0000 749.000
0

0.4243 0.0067 0.8418 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu400 0 2 0 12 1 19 34.0000 2.0000 32.0000 0.0191 0.0022 0.0360 Bacteria Firmicutes Clostridia Clostridiales Peptococcaceae_1 U
Otu401 3 2 0 19 0 6 30.0000 5.0000 25.0000 0.0169 0.0056 0.0281 Bacteria U U U U U
Otu402 3 10 0 38 4 13 68.0000 13.0000 55.0000 0.0382 0.0146 0.0618 Bacteria U U U U U
Otu403 24 0 1 0 7 1 33.0000 25.0000 8.0000 0.0185 0.0281 0.0090 Bacteria Proteobacteria Gammaproteobac

teria
Xanthomonadales Xanthomonadaceae Pseudoxanthomon

as
Otu404 2 36 0 12 0 18 68.0000 38.0000 30.0000 0.0382 0.0427 0.0337 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu405 2 8 0 2 0 13 25.0000 10.0000 15.0000 0.0140 0.0112 0.0169 Bacteria Firmicutes Clostridia U U U
Otu406 4 1 3 0 19 8 35.0000 8.0000 27.0000 0.0197 0.0090 0.0303 Bacteria U U U U U
Otu407 0 0 0 0 5 25 30.0000 0.0000 30.0000 0.0169 0.0000 0.0337 Bacteria Firmicutes Clostridia Clostridiales U U
Otu408 3 51 0 15 0 8 77.0000 54.0000 23.0000 0.0433 0.0607 0.0258 Bacteria Firmicutes Negativicutes U U U
Otu409 1 4 0 14 6 6 31.0000 5.0000 26.0000 0.0174 0.0056 0.0292 Bacteria Firmicutes U U U U

Otu41 91 620 1 48 27 37 824.0000 712.0000 112.000
0

0.4630 0.8002 0.1259 Bacteria
Candidatus_Sac

chari bacteria
U U U U

Otu410 1 1 0 5 0 31 38.0000 2.0000 36.0000 0.0214 0.0022 0.0405 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu411 0 3 0 17 0 23 43.0000 3.0000 40.0000 0.0242 0.0034 0.0450 Bacteria Firmicutes U U U U
Otu412 0 2 0 18 0 16 36.0000 2.0000 34.0000 0.0202 0.0022 0.0382 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu413 1 1 0 7 5 21 35.0000 2.0000 33.0000 0.0197 0.0022 0.0371 Bacteria U U U U U
Otu414 1 4 0 28 1 4 38.0000 5.0000 33.0000 0.0214 0.0056 0.0371 Bacteria U U U U U
Otu415 1 3 0 17 10 5 36.0000 4.0000 32.0000 0.0202 0.0045 0.0360 Bacteria Firmicutes U U U U
Otu416 4 10 0 24 10 15 63.0000 14.0000 49.0000 0.0354 0.0157 0.0551 Bacteria U U U U U
Otu417 7 2 0 1 18 7 35.0000 9.0000 26.0000 0.0197 0.0101 0.0292 Bacteria Proteobacteria Alphaproteobacte

ria
Sphingomonadales Sphingomonadaceae Sphingobium

Otu418 6 8 1 0 11 9 35.0000 15.0000 20.0000 0.0197 0.0169 0.0225 Bacteria U U U U U
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Otu419 0 1 0 2 0 9 12.0000 1.0000 11.0000 0.0067 0.0011 0.0124 Bacteria U U U U U

Otu42 76 136 211 38 650 63 1174.000
0

423.0000 751.000
0

0.6597 0.4754 0.8440 Bacteria Actinobacteria Actinobacteria Actinomycetales
Promicromonosporacea e U

Otu420 0 4 0 7 1 22 34.0000 4.0000 30.0000 0.0191 0.0045 0.0337 Bacteria Firmicutes U U U U
Otu421 14 14 0 1 12 6 47.0000 28.0000 19.0000 0.0264 0.0315 0.0214 Bacteria Firmicutes Clostridia Clostridiales U U
Otu422 1 1 0 3 0 21 26.0000 2.0000 24.0000 0.0146 0.0022 0.0270 Bacteria Firmicutes U U U U
Otu423 1 7 0 7 1 5 21.0000 8.0000 13.0000 0.0118 0.0090 0.0146 Bacteria U U U U U
Otu424 0 10 0 1 0 8 19.0000 10.0000 9.0000 0.0107 0.0112 0.0101 Bacteria Firmicutes U U U U
Otu425 13 19 0 19 4 2 57.0000 32.0000 25.0000 0.0320 0.0360 0.0281 Bacteria U U U U U
Otu426 3 0 0 3 0 24 30.0000 3.0000 27.0000 0.0169 0.0034 0.0303 Bacteria Firmicutes U U U U
Otu427 22 20 0 3 2 1 48.0000 42.0000 6.0000 0.0270 0.0472 0.0067 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae Clostridium_IV
Otu428 2 12 0 2 0 27 43.0000 14.0000 29.0000 0.0242 0.0157 0.0326 Bacteria Firmicutes U U U U
Otu429 0 12 0 13 1 19 45.0000 12.0000 33.0000 0.0253 0.0135 0.0371 Bacteria U U U U U
Otu43 0 0 0 12 513 160 685.0000 0.0000 685.000

0
0.3849 0.0000 0.7699 Bacteria Firmicutes Clostridia Clostridiales U U

Otu430 1 3 0 17 2 19 42.0000 4.0000 38.0000 0.0236 0.0045 0.0427 Bacteria U U U U U
Otu431 1 15 0 13 4 10 43.0000 16.0000 27.0000 0.0242 0.0180 0.0303 Bacteria Firmicutes Clostridia Clostridiales U U
Otu432 10 33 0 5 2 6 56.0000 43.0000 13.0000 0.0315 0.0483 0.0146 Bacteria Firmicutes U U U U
Otu433 8 21 0 6 1 5 41.0000 29.0000 12.0000 0.0230 0.0326 0.0135 Bacteria U U U U U
Otu434 12 8 0 4 0 0 24.0000 20.0000 4.0000 0.0135 0.0225 0.0045 Bacteria U U U U U
Otu435 1 20 0 40 22 15 98.0000 21.0000 77.0000 0.0551 0.0236 0.0865 Bacteria U U U U U
Otu436 9 17 0 1 2 5 34.0000 26.0000 8.0000 0.0191 0.0292 0.0090 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu437 0 1 0 20 4 7 32.0000 1.0000 31.0000 0.0180 0.0011 0.0348 Bacteria U U U U U
Otu438 2 7 0 16 0 14 39.0000 9.0000 30.0000 0.0219 0.0101 0.0337 Bacteria Proteobacteria Deltaproteobacter

ia
U U U

Otu439 0 0 1 17 9 3 30.0000 1.0000 29.0000 0.0169 0.0011 0.0326 Bacteria U U U U U
Otu44 36 87 0 68 26 348 565.0000 123.0000 442.000

0
0.3175 0.1382 0.4968 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae U

Otu440 1 5 0 10 1 14 31.0000 6.0000 25.0000 0.0174 0.0067 0.0281 Bacteria Firmicutes Clostridia Clostridiales U U
Otu441 0 5 0 37 2 4 48.0000 5.0000 43.0000 0.0270 0.0056 0.0483 Bacteria Firmicutes U U U U
Otu442 0 12 0 8 2 6 28.0000 12.0000 16.0000 0.0157 0.0135 0.0180 Bacteria Firmicutes U U U U
Otu443 1 1 2 0 25 2 31.0000 4.0000 27.0000 0.0174 0.0045 0.0303 Bacteria Actinobacteria Actinobacteria Actinomycetales Nocardioidaceae Nocardioides
Otu444 3 22 0 4 0 15 44.0000 25.0000 19.0000 0.0247 0.0281 0.0214 Bacteria Firmicutes U U U U
Otu445 4 5 0 4 1 10 24.0000 9.0000 15.0000 0.0135 0.0101 0.0169 Bacteria U U U U U
Otu446 0 6 0 20 3 14 43.0000 6.0000 37.0000 0.0242 0.0067 0.0416 Bacteria U U U U U
Otu447 0 10 0 13 0 10 33.0000 10.0000 23.0000 0.0185 0.0112 0.0258 Bacteria Proteobacteria Deltaproteobacter

ia
Desulfovibrionales Desulfovibrionaceae Desulfovibrio

Otu448 0 3 0 14 0 11 28.0000 3.0000 25.0000 0.0157 0.0034 0.0281 Bacteria Firmicutes Clostridia Clostridiales U U
Otu449 1 5 0 9 3 19 37.0000 6.0000 31.0000 0.0208 0.0067 0.0348 Bacteria U U U U U
Otu45 73 667 0 106 44 420 1310.000

0
740.0000 570.000

0
0.7361 0.8317 0.6406 Bacteria U U U U U

Otu450 1 3 0 7 0 14 25.0000 4.0000 21.0000 0.0140 0.0045 0.0236 Bacteria U U U U U
Otu451 0 15 0 41 0 24 80.0000 15.0000 65.0000 0.0450 0.0169 0.0731 Bacteria Firmicutes Clostridia Clostridiales U U
Otu452 0 0 0 1 14 13 28.0000 0.0000 28.0000 0.0157 0.0000 0.0315 Bacteria Firmicutes U U U U
Otu453 2 5 0 18 13 6 44.0000 7.0000 37.0000 0.0247 0.0079 0.0416 Bacteria Firmicutes U U U U
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Otu454 0 0 0 11 13 16 40.0000 0.0000 40.0000 0.0225 0.0000 0.0450 Bacteria Firmicutes Clostridia Clostridiales U U
Otu455 10 20 0 10 11 2 53.0000 30.0000 23.0000 0.0298 0.0337 0.0258 Bacteria Firmicutes U U U U
Otu456 4 15 0 6 0 14 39.0000 19.0000 20.0000 0.0219 0.0214 0.0225 Bacteria Firmicutes U U U U
Otu457 5 8 0 7 30 32 82.0000 13.0000 69.0000 0.0461 0.0146 0.0775 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu458 0 0 0 0 40 6 46.0000 0.0000 46.0000 0.0258 0.0000 0.0517 Bacteria Firmicutes U U U U
Otu459 0 0 0 0 2 32 34.0000 0.0000 34.0000 0.0191 0.0000 0.0382 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu46 65 153 0 24 358 153 753.0000 218.0000 535.000

0
0.4231 0.2450 0.6013 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu460 2 7 0 7 25 3 44.0000 9.0000 35.0000 0.0247 0.0101 0.0393 Bacteria Firmicutes Clostridia U U U
Otu461 5 6 0 5 3 22 41.0000 11.0000 30.0000 0.0230 0.0124 0.0337 Bacteria Firmicutes U U U U
Otu462 1 7 0 31 0 4 43.0000 8.0000 35.0000 0.0242 0.0090 0.0393 Bacteria Firmicutes Clostridia Clostridiales U U
Otu463 0 5 0 24 0 17 46.0000 5.0000 41.0000 0.0258 0.0056 0.0461 Bacteria U U U U U
Otu464 1 19 0 18 7 8 53.0000 20.0000 33.0000 0.0298 0.0225 0.0371 Bacteria Firmicutes Clostridia Clostridiales U U
Otu465 2 19 0 0 4 9 34.0000 21.0000 13.0000 0.0191 0.0236 0.0146 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu466 8 0 0 0 0 0 8.0000 8.0000 0.0000 0.0045 0.0090 0.0000 Bacteria Proteobacteria Gammaproteobac

teria
Pseudomonadales Pseudomonadaceae Pseudomonas

Otu467 2 13 0 11 0 3 29.0000 15.0000 14.0000 0.0163 0.0169 0.0157 Bacteria U U U U U
Otu468 1 4 0 1 1 10 17.0000 5.0000 12.0000 0.0096 0.0056 0.0135 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu469 3 5 1 22 5 0 36.0000 9.0000 27.0000 0.0202 0.0101 0.0303 Bacteria U U U U U
Otu47 11 270 0 179 148 66 674.0000 281.0000 393.000

0
0.3787 0.3158 0.4417 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu470 0 0 0 0 7 10 17.0000 0.0000 17.0000 0.0096 0.0000 0.0191 Bacteria Firmicutes U U U U
Otu471 8 10 0 6 2 10 36.0000 18.0000 18.0000 0.0202 0.0202 0.0202 Bacteria U U U U U
Otu472 1 23 0 6 0 10 40.0000 24.0000 16.0000 0.0225 0.0270 0.0180 Bacteria Firmicutes Clostridia U U U
Otu473 5 6 0 0 3 20 34.0000 11.0000 23.0000 0.0191 0.0124 0.0258 Bacteria U U U U U
Otu474 0 0 0 15 0 29 44.0000 0.0000 44.0000 0.0247 0.0000 0.0495 Bacteria Firmicutes Clostridia Clostridiales Syntrophomonadaceae U
Otu475 2 3 0 3 0 16 24.0000 5.0000 19.0000 0.0135 0.0056 0.0214 Bacteria U U U U U
Otu476 8 0 0 0 35 1 44.0000 8.0000 36.0000 0.0247 0.0090 0.0405 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales U U

Otu477 8 3 2 9 16 15 53.0000 13.0000 40.0000 0.0298 0.0146 0.0450 Bacteria Firmicutes U U U U
Otu478 0 0 1 8 4 9 22.0000 1.0000 21.0000 0.0124 0.0011 0.0236 Bacteria Firmicutes U U U U
Otu479 1 4 1 18 4 9 37.0000 6.0000 31.0000 0.0208 0.0067 0.0348 Bacteria Firmicutes Clostridia U U U
Otu48 83 302 0 366 25 308 1084.000

0
385.0000 699.000

0
0.6091 0.4327 0.7856 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae U

Otu480 14 1 0 1 29 3 48.0000 15.0000 33.0000 0.0270 0.0169 0.0371 Bacteria Proteobacteria Alphaproteobacte
ria

Rhodospirillales Reyranella U

Otu481 0 0 0 6 25 7 38.0000 0.0000 38.0000 0.0214 0.0000 0.0427 Bacteria Firmicutes Clostridia Clostridiales U U
Otu482 0 0 2 2 35 12 51.0000 2.0000 49.0000 0.0287 0.0022 0.0551 Bacteria Firmicutes U U U U
Otu483 0 14 0 3 21 4 42.0000 14.0000 28.0000 0.0236 0.0157 0.0315 Bacteria U U U U U
Otu484 0 0 0 6 15 9 30.0000 0.0000 30.0000 0.0169 0.0000 0.0337 Bacteria Firmicutes Clostridia Clostridiales U U
Otu485 0 0 0 1 2 20 23.0000 0.0000 23.0000 0.0129 0.0000 0.0258 Bacteria U U U U U
Otu486 1 7 0 5 6 10 29.0000 8.0000 21.0000 0.0163 0.0090 0.0236 Bacteria Firmicutes Clostridia Clostridiales U U
Otu487 1 2 0 12 9 11 35.0000 3.0000 32.0000 0.0197 0.0034 0.0360 Bacteria Firmicutes U U U U
Otu488 0 0 0 18 13 4 35.0000 0.0000 35.0000 0.0197 0.0000 0.0393 Bacteria Firmicutes U U U U
Otu489 4 0 1 0 14 0 19.0000 5.0000 14.0000 0.0107 0.0056 0.0157 Bacteria Proteobacteria Alphaproteobacte

ria
Sphingomonadales Sphingomonadaceae U
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Otu49 29 20 473 18 161 74 775.0000 522.0000 253.000
0

0.4355 0.5867 0.2843 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu490 5 4 0 2 0 7 18.0000 9.0000 9.0000 0.0101 0.0101 0.0101 Bacteria U U U U U
Otu491 3 21 0 6 0 14 44.0000 24.0000 20.0000 0.0247 0.0270 0.0225 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu492 3 25 0 9 4 3 44.0000 28.0000 16.0000 0.0247 0.0315 0.0180 Bacteria Firmicutes U U U U
Otu493 0 5 0 7 6 4 22.0000 5.0000 17.0000 0.0124 0.0056 0.0191 Bacteria U U U U U
Otu494 3 6 0 24 1 13 47.0000 9.0000 38.0000 0.0264 0.0101 0.0427 Bacteria Firmicutes Clostridia Clostridiales U U
Otu495 1 11 0 4 1 16 33.0000 12.0000 21.0000 0.0185 0.0135 0.0236 Bacteria Firmicutes Clostridia U U U
Otu496 2 9 0 10 12 6 39.0000 11.0000 28.0000 0.0219 0.0124 0.0315 Bacteria Firmicutes U U U U
Otu497 0 0 0 9 0 13 22.0000 0.0000 22.0000 0.0124 0.0000 0.0247 Bacteria Firmicutes Clostridia Clostridiales U U
Otu498 0 0 0 0 6 25 31.0000 0.0000 31.0000 0.0174 0.0000 0.0348 Bacteria U U U U U
Otu499 0 0 33 0 0 0 33.0000 33.0000 0.0000 0.0185 0.0371 0.0000 Bacteria Firmicutes Clostridia Clostridiales Clostridiaceae_1 Clostridium_sensu

_stricto
Otu5 290 652 4 219

6
332 550 4024.000

0
946.0000 3078.00

00
2.2613 1.0632 3.4593 Bacteria Bacteroidetes Bacteroidia U U U

Otu50 82 360 1 44 8 87 582.0000 443.0000 139.000
0

0.3271 0.4979 0.1562 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu500 3 3 23 0 26 0 55.0000 29.0000 26.0000 0.0309 0.0326 0.0292 Bacteria Actinobacteria Actinobacteria Actinomycetales U U
Otu501 1 5 0 6 2 21 35.0000 6.0000 29.0000 0.0197 0.0067 0.0326 Bacteria U U U U U
Otu502 0 8 0 10 0 22 40.0000 8.0000 32.0000 0.0225 0.0090 0.0360 Bacteria U U U U U
Otu503 0 1 0 5 2 8 16.0000 1.0000 15.0000 0.0090 0.0011 0.0169 Bacteria Firmicutes Clostridia Clostridiales U U
Otu504 2 16 0 12 0 17 47.0000 18.0000 29.0000 0.0264 0.0202 0.0326 Bacteria Firmicutes U U U U
Otu505 0 0 0 3 19 13 35.0000 0.0000 35.0000 0.0197 0.0000 0.0393 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu506 3 10 0 13 0 0 26.0000 13.0000 13.0000 0.0146 0.0146 0.0146 Bacteria Firmicutes U U U U
Otu507 23 2 0 0 1 0 26.0000 25.0000 1.0000 0.0146 0.0281 0.0011 Bacteria U U U U U
Otu508 0 0 0 0 58 6 64.0000 0.0000 64.0000 0.0360 0.0000 0.0719 Bacteria U U U U U
Otu509 0 0 0 34 2 0 36.0000 0.0000 36.0000 0.0202 0.0000 0.0405 Bacteria U U U U U
Otu51 68 172 0 91 9 187 527.0000 240.0000 287.000

0
0.2961 0.2697 0.3226 Bacteria Bacteroidetes Bacteroidia Bacteroidales Bacteroidaceae U

Otu510 8 7 0 18 0 0 33.0000 15.0000 18.0000 0.0185 0.0169 0.0202 Bacteria Firmicutes U U U U
Otu511 0 0 0 6 8 15 29.0000 0.0000 29.0000 0.0163 0.0000 0.0326 Bacteria U U U U U
Otu512 9 16 0 3 12 23 63.0000 25.0000 38.0000 0.0354 0.0281 0.0427 Bacteria Firmicutes Clostridia Clostridiales U U
Otu513 2 3 0 14 6 0 25.0000 5.0000 20.0000 0.0140 0.0056 0.0225 Bacteria Firmicutes U U U U
Otu514 0 1 0 7 6 18 32.0000 1.0000 31.0000 0.0180 0.0011 0.0348 Bacteria Firmicutes Clostridia Clostridiales U U
Otu515 0 5 0 7 0 26 38.0000 5.0000 33.0000 0.0214 0.0056 0.0371 Bacteria Firmicutes Clostridia U U U
Otu516 0 1 0 9 16 7 33.0000 1.0000 32.0000 0.0185 0.0011 0.0360 Bacteria Firmicutes Clostridia Clostridiales U U
Otu517 6 0 0 0 3 0 9.0000 6.0000 3.0000 0.0051 0.0067 0.0034 Bacteria Bacteroidetes Sphingobacteriia Sphingobacteriales Chitinophagaceae U
Otu518 0 0 0 0 30 0 30.0000 0.0000 30.0000 0.0169 0.0000 0.0337 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Dysgonomonas
Otu519 0 0 0 0 5 20 25.0000 0.0000 25.0000 0.0140 0.0000 0.0281 Bacteria U U U U U
Otu52 7 24 2 5 364 135 537.0000 33.0000 504.000

0
0.3018 0.0371 0.5664 Bacteria Firmicutes U U U U

Otu520 0 4 0 7 1 16 28.0000 4.0000 24.0000 0.0157 0.0045 0.0270 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu522 5 1 0 1 9 0 16.0000 6.0000 10.0000 0.0090 0.0067 0.0112 Bacteria Firmicutes Clostridia Clostridiales U U
Otu523 3 11 0 6 0 3 23.0000 14.0000 9.0000 0.0129 0.0157 0.0101 Bacteria Firmicutes Negativicutes U U U
Otu524 2 5 0 5 0 10 22.0000 7.0000 15.0000 0.0124 0.0079 0.0169 Bacteria Firmicutes U U U U
Otu525 0 1 0 8 0 11 20.0000 1.0000 19.0000 0.0112 0.0011 0.0214 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
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Otu526 0 3 0 8 0 11 22.0000 3.0000 19.0000 0.0124 0.0034 0.0214 Bacteria U U U U U
Otu527 16 10 0 3 0 3 32.0000 26.0000 6.0000 0.0180 0.0292 0.0067 Bacteria U U U U U
Otu528 0 8 0 0 9 10 27.0000 8.0000 19.0000 0.0152 0.0090 0.0214 Bacteria Firmicutes U U U U
Otu529 0 0 36 0 18 0 54.0000 36.0000 18.0000 0.0303 0.0405 0.0202 Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Elizabethkingia
Otu53 1 1 0 163 5 271 441.0000 2.0000 439.000

0
0.2478 0.0022 0.4934 Bacteria Proteobacteria Epsilonproteobac

teria
Campylobacterales Campylobacteraceae U

Otu530 0 0 0 7 23 3 33.0000 0.0000 33.0000 0.0185 0.0000 0.0371 Bacteria Firmicutes U U U U
Otu531 4 2 5 0 15 3 29.0000 11.0000 18.0000 0.0163 0.0124 0.0202 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales Hyphomicrobiaceae Hyphomicrobium

Otu532 0 14 0 4 8 15 41.0000 14.0000 27.0000 0.0230 0.0157 0.0303 Bacteria Firmicutes Clostridia U U U
Otu533 1 19 0 2 1 13 36.0000 20.0000 16.0000 0.0202 0.0225 0.0180 Bacteria Firmicutes Clostridia U U U
Otu534 17 22 0 2 0 4 45.0000 39.0000 6.0000 0.0253 0.0438 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu535 0 0 0 36 7 0 43.0000 0.0000 43.0000 0.0242 0.0000 0.0483 Bacteria Firmicutes Clostridia U U U
Otu536 2 7 0 10 0 5 24.0000 9.0000 15.0000 0.0135 0.0101 0.0169 Bacteria U U U U U
Otu537 5 16 0 1 13 2 37.0000 21.0000 16.0000 0.0208 0.0236 0.0180 Bacteria Firmicutes Negativicutes U U U
Otu538 0 0 0 8 11 9 28.0000 0.0000 28.0000 0.0157 0.0000 0.0315 Bacteria Firmicutes U U U U
Otu539 1 0 0 0 24 2 27.0000 1.0000 26.0000 0.0152 0.0011 0.0292 Bacteria Proteobacteria Gammaproteobac

teria
Aeromonadales Aeromonadaceae Aeromonas

Otu54 36 228 0 154 7 60 485.0000 264.0000 221.000
0

0.2725 0.2967 0.2484 Bacteria Proteobacteria Deltaproteobacter
ia

Desulfovibrionales Desulfovibrionaceae Desulfovibrio

Otu540 0 0 0 7 3 2 12.0000 0.0000 12.0000 0.0067 0.0000 0.0135 Bacteria U U U U U
Otu541 0 0 0 16 0 3 19.0000 0.0000 19.0000 0.0107 0.0000 0.0214 Bacteria Firmicutes U U U U
Otu542 0 0 1 0 31 3 35.0000 1.0000 34.0000 0.0197 0.0011 0.0382 Bacteria Firmicutes Clostridia Clostridiales U U
Otu543 0 0 0 14 9 4 27.0000 0.0000 27.0000 0.0152 0.0000 0.0303 Bacteria Firmicutes Clostridia Clostridiales U U
Otu544 0 8 0 16 2 4 30.0000 8.0000 22.0000 0.0169 0.0090 0.0247 Bacteria U U U U U
Otu545 0 13 0 3 0 10 26.0000 13.0000 13.0000 0.0146 0.0146 0.0146 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu546 1 6 0 1 11 1 20.0000 7.0000 13.0000 0.0112 0.0079 0.0146 Bacteria Firmicutes Clostridia Clostridiales U U
Otu547 0 3 0 4 12 1 20.0000 3.0000 17.0000 0.0112 0.0034 0.0191 Bacteria U U U U U
Otu548 0 0 1 6 26 17 50.0000 1.0000 49.0000 0.0281 0.0011 0.0551 Bacteria U U U U U
Otu549 0 11 0 6 2 11 30.0000 11.0000 19.0000 0.0169 0.0124 0.0214 Bacteria Firmicutes Clostridia U U U
Otu55 0 2 0 167 331 40 540.0000 2.0000 538.000

0
0.3034 0.0022 0.6047 Bacteria Firmicutes U U U U

Otu550 3 10 0 10 1 4 28.0000 13.0000 15.0000 0.0157 0.0146 0.0169 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu551 4 9 0 18 10 20 61.0000 13.0000 48.0000 0.0343 0.0146 0.0539 Bacteria Firmicutes Clostridia Clostridiales U U
Otu552 0 4 0 7 9 0 20.0000 4.0000 16.0000 0.0112 0.0045 0.0180 Bacteria U U U U U
Otu553 1 2 0 3 7 8 21.0000 3.0000 18.0000 0.0118 0.0034 0.0202 Bacteria U U U U U
Otu554 5 8 0 4 1 0 18.0000 13.0000 5.0000 0.0101 0.0146 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu555 2 10 0 2 1 15 30.0000 12.0000 18.0000 0.0169 0.0135 0.0202 Bacteria Firmicutes Clostridia U U U
Otu556 0 1 0 7 13 3 24.0000 1.0000 23.0000 0.0135 0.0011 0.0258 Bacteria Firmicutes Clostridia Clostridiales U U
Otu557 1 13 0 1 4 5 24.0000 14.0000 10.0000 0.0135 0.0157 0.0112 Bacteria Firmicutes Clostridia U U U
Otu558 0 4 0 9 5 7 25.0000 4.0000 21.0000 0.0140 0.0045 0.0236 Bacteria U U U U U
Otu559 10 0 0 0 14 0 24.0000 10.0000 14.0000 0.0135 0.0112 0.0157 Bacteria Bacteroidetes Sphingobacteriia Sphingobacteriales Chitinophagaceae Terrimonas
Otu56 52 143 0 36 20 186 437.0000 195.0000 242.000

0
0.2456 0.2192 0.2720 Bacteria U U U U U

Otu560 2 0 6 0 12 0 20.0000 8.0000 12.0000 0.0112 0.0090 0.0135 Bacteria Planctomycetes Planctomycetia Planctomycetales Planctomycetaceae U
Otu561 0 0 0 18 11 2 31.0000 0.0000 31.0000 0.0174 0.0000 0.0348 Bacteria Firmicutes U U U U
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Otu562 0 11 0 6 0 8 25.0000 11.0000 14.0000 0.0140 0.0124 0.0157 Bacteria U U U U U
Otu563 1 1 3 1 13 0 19.0000 5.0000 14.0000 0.0107 0.0056 0.0157 Bacteria Actinobacteria Actinobacteria Actinomycetales Nocardioidaceae Nocardioides
Otu564 0 0 0 19 7 9 35.0000 0.0000 35.0000 0.0197 0.0000 0.0393 Bacteria Firmicutes Clostridia Clostridiales U U
Otu565 0 4 0 8 0 22 34.0000 4.0000 30.0000 0.0191 0.0045 0.0337 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu566 2 8 0 3 12 0 25.0000 10.0000 15.0000 0.0140 0.0112 0.0169 Bacteria U U U U U
Otu567 3 15 0 7 1 8 34.0000 18.0000 16.0000 0.0191 0.0202 0.0180 Bacteria U U U U U
Otu568 0 0 0 2 4 13 19.0000 0.0000 19.0000 0.0107 0.0000 0.0214 Bacteria U U U U U
Otu569 3 16 0 1 0 12 32.0000 19.0000 13.0000 0.0180 0.0214 0.0146 Bacteria Firmicutes Clostridia U U U
Otu57 26 41 1 79 67 271 485.0000 68.0000 417.000

0
0.2725 0.0764 0.4687 Bacteria Firmicutes U U U U

Otu570 0 0 0 0 12 18 30.0000 0.0000 30.0000 0.0169 0.0000 0.0337 Bacteria Firmicutes U U U U
Otu571 2 10 0 6 1 13 32.0000 12.0000 20.0000 0.0180 0.0135 0.0225 Bacteria U U U U U
Otu572 1 1 0 4 0 5 11.0000 2.0000 9.0000 0.0062 0.0022 0.0101 Bacteria U U U U U
Otu573 0 1 0 7 9 16 33.0000 1.0000 32.0000 0.0185 0.0011 0.0360 Bacteria Firmicutes U U U U
Otu574 5 0 1 0 7 0 13.0000 6.0000 7.0000 0.0073 0.0067 0.0079 Bacteria Bacteroidetes Cytophagia Cytophagales U U
Otu575 1 13 0 13 6 6 39.0000 14.0000 25.0000 0.0219 0.0157 0.0281 Bacteria Firmicutes U U U U
Otu576 0 1 0 3 3 7 14.0000 1.0000 13.0000 0.0079 0.0011 0.0146 Bacteria Firmicutes U U U U
Otu577 10 9 0 3 0 0 22.0000 19.0000 3.0000 0.0124 0.0214 0.0034 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu578 15 7 0 0 0 0 22.0000 22.0000 0.0000 0.0124 0.0247 0.0000 Bacteria Firmicutes

Candidatus_Sac
chari

Clostridia
Saccharibacteria_

genera

Clostridiales U U

Otu579 9 3 0 0 11 1 24.0000 12.0000 12.0000 0.0135 0.0135 0.0135 Bacteria bacteria _incertae_sedis U U U
Otu58 64 106 0 107 97 55 429.0000 170.0000 259.000

0
0.2411 0.1911 0.2911 Bacteria Bacteroidetes Bacteroidia Bacteroidales Rikenellaceae U

Otu580 0 0 0 3 0 19 22.0000 0.0000 22.0000 0.0124 0.0000 0.0247 Bacteria Firmicutes U U U U
Otu581 0 6 0 7 0 4 17.0000 6.0000 11.0000 0.0096 0.0067 0.0124 Bacteria Proteobacteria Deltaproteobacter

ia
Desulfovibrionales Desulfovibrionaceae Desulfovibrio

Otu582 0 0 0 1 2 11 14.0000 0.0000 14.0000 0.0079 0.0000 0.0157 Bacteria Firmicutes U U U U
Otu583 11 29 0 0 1 0 41.0000 40.0000 1.0000 0.0230 0.0450 0.0011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu584 0 2 0 17 0 0 19.0000 2.0000 17.0000 0.0107 0.0022 0.0191 Bacteria U U U U U
Otu585 2 9 0 10 8 1 30.0000 11.0000 19.0000 0.0169 0.0124 0.0214 Bacteria U U U U U
Otu586 0 1 0 10 2 2 15.0000 1.0000 14.0000 0.0084 0.0011 0.0157 Bacteria U U U U U
Otu587 9 12 0 7 0 10 38.0000 21.0000 17.0000 0.0214 0.0236 0.0191 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu588 4 27 0 2 0 8 41.0000 31.0000 10.0000 0.0230 0.0348 0.0112 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu589 22 12 0 4 0 0 38.0000 34.0000 4.0000 0.0214 0.0382 0.0045 Bacteria Firmicutes Clostridia U U U
Otu59 4 51 0 102 8 327 492.0000 55.0000 437.000

0
0.2765 0.0618 0.4911 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu590 7 41 0 8 2 6 64.0000 48.0000 16.0000 0.0360 0.0539 0.0180 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu591 0 15 0 1 0 8 24.0000 15.0000 9.0000 0.0135 0.0169 0.0101 Bacteria U U U U U
Otu592 1 7 0 0 2 3 13.0000 8.0000 5.0000 0.0073 0.0090 0.0056 Bacteria Actinobacteria Actinobacteria Actinomycetales Propionibacteriaceae U
Otu593 11 11 0 0 1 1 24.0000 22.0000 2.0000 0.0135 0.0247 0.0022 Bacteria U U U U U
Otu594 1 0 0 0 23 0 24.0000 1.0000 23.0000 0.0135 0.0011 0.0258 Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae U
Otu595 0 0 26 0 0 0 26.0000 26.0000 0.0000 0.0146 0.0292 0.0000 Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Chryseobacterium
Otu596 0 0 0 1 7 1 9.0000 0.0000 9.0000 0.0051 0.0000 0.0101 Bacteria Firmicutes U U U U
Otu597 0 0 0 12 2 14 28.0000 0.0000 28.0000 0.0157 0.0000 0.0315 Bacteria U U U U U
Otu598 0 0 0 7 8 3 18.0000 0.0000 18.0000 0.0101 0.0000 0.0202 Bacteria U U U U U
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Otu599 3 3 0 0 13 9 28.0000 6.0000 22.0000 0.0157 0.0067 0.0247 Bacteria Firmicutes Clostridia U U U
Otu6 864 120 574 84 244

1
240 4323.000

0
1558.000

0
2765.00

00
2.4293 1.7510 3.1075 Bacteria Firmicutes Bacilli Bacillales U U

Otu60 11 34 0 180 5 174 404.0000 45.0000 359.000
0

0.2270 0.0506 0.4035 Bacteria U U U U U

Otu600 0 5 0 4 0 17 26.0000 5.0000 21.0000 0.0146 0.0056 0.0236 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu601 0 0 1 22 4 7 34.0000 1.0000 33.0000 0.0191 0.0011 0.0371 Bacteria Firmicutes U U U U
Otu602 2 1 0 22 0 13 38.0000 3.0000 35.0000 0.0214 0.0034 0.0393 Bacteria Firmicutes Clostridia Clostridiales Peptococcaceae_2 U
Otu603 1 12 0 6 4 4 27.0000 13.0000 14.0000 0.0152 0.0146 0.0157 Bacteria Firmicutes U U U U
Otu604 1 4 0 10 5 8 28.0000 5.0000 23.0000 0.0157 0.0056 0.0258 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu605 8 25 0 0 2 7 42.0000 33.0000 9.0000 0.0236 0.0371 0.0101 Bacteria Firmicutes Clostridia Clostridiales U U
Otu606 0 0 0 32 0 0 32.0000 0.0000 32.0000 0.0180 0.0000 0.0360 Bacteria Firmicutes Clostridia Clostridiales Clostridiaceae_1 U
Otu607 0 3 0 0 2 18 23.0000 3.0000 20.0000 0.0129 0.0034 0.0225 Bacteria Firmicutes Clostridia Clostridiales U U
Otu608 4 20 0 2 2 10 38.0000 24.0000 14.0000 0.0214 0.0270 0.0157 Bacteria Firmicutes Clostridia Clostridiales U U
Otu609 0 3 0 9 3 17 32.0000 3.0000 29.0000 0.0180 0.0034 0.0326 Bacteria U U U U U
Otu61 95 143 2 36 6 51 333.0000 240.0000 93.0000 0.1871 0.2697 0.1045 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Dysgonomonas
Otu610 0 0 1 5 1 5 12.0000 1.0000 11.0000 0.0067 0.0011 0.0124 Bacteria Firmicutes Clostridia Clostridiales U U
Otu611 4 11 0 1 0 1 17.0000 15.0000 2.0000 0.0096 0.0169 0.0022 Bacteria Firmicutes U U U U
Otu612 4 14 0 10 10 15 53.0000 18.0000 35.0000 0.0298 0.0202 0.0393 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu613 2 5 0 1 0 4 12.0000 7.0000 5.0000 0.0067 0.0079 0.0056 Bacteria Firmicutes U U U U
Otu614 4 10 0 6 2 11 33.0000 14.0000 19.0000 0.0185 0.0157 0.0214 Bacteria U U U U U
Otu615 0 0 1 0 22 0 23.0000 1.0000 22.0000 0.0129 0.0011 0.0247 Bacteria Proteobacteria Gammaproteobac

teria
Pseudomonadales Moraxellaceae Acinetobacter

Otu616 1 1 0 29 17 5 53.0000 2.0000 51.0000 0.0298 0.0022 0.0573 Bacteria Firmicutes Clostridia Clostridiales U U
Otu617 1 7 0 6 0 3 17.0000 8.0000 9.0000 0.0096 0.0090 0.0101 Bacteria Firmicutes Clostridia Clostridiales U U
Otu618 9 0 0 0 24 1 34.0000 9.0000 25.0000 0.0191 0.0101 0.0281 Bacteria Verrucomicrobi

a
U U U U

Otu619 0 1 0 1 7 9 18.0000 1.0000 17.0000 0.0101 0.0011 0.0191 Bacteria U U U U U
Otu62 29 25 0 111 188 61 414.0000 54.0000 360.000

0
0.2326 0.0607 0.4046 Bacteria Bacteroidetes U U U U

Otu620 0 1 0 0 25 6 32.0000 1.0000 31.0000 0.0180 0.0011 0.0348 Bacteria Firmicutes U U U U
Otu621 0 13 0 7 0 10 30.0000 13.0000 17.0000 0.0169 0.0146 0.0191 Bacteria Firmicutes Clostridia U U U
Otu622 2 2 0 10 3 3 20.0000 4.0000 16.0000 0.0112 0.0045 0.0180 Bacteria Firmicutes U U U U
Otu623 0 5 0 2 0 3 10.0000 5.0000 5.0000 0.0056 0.0056 0.0056 Bacteria Firmicutes Clostridia U U U
Otu624 6 0 0 0 26 1 33.0000 6.0000 27.0000 0.0185 0.0067 0.0303 Bacteria Actinobacteria Actinobacteria Actinomycetales Nocardioidaceae U
Otu625 0 0 0 12 0 0 12.0000 0.0000 12.0000 0.0067 0.0000 0.0135 Bacteria U U U U U
Otu626 0 0 0 1 21 8 30.0000 0.0000 30.0000 0.0169 0.0000 0.0337 Bacteria U U U U U
Otu627 0 0 0 5 0 13 18.0000 0.0000 18.0000 0.0101 0.0000 0.0202 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu628 0 5 0 4 0 5 14.0000 5.0000 9.0000 0.0079 0.0056 0.0101 Bacteria Firmicutes Clostridia U U U
Otu629 1 7 0 3 0 15 26.0000 8.0000 18.0000 0.0146 0.0090 0.0202 Bacteria Firmicutes Clostridia Clostridiales U U
Otu63 41 149 0 73 17 100 380.0000 190.0000 190.000

0
0.2135 0.2135 0.2135 Bacteria Verrucomicrobi

a
Opitutae Opitutales U U

Otu630 0 1 0 3 0 21 25.0000 1.0000 24.0000 0.0140 0.0011 0.0270 Bacteria Firmicutes Clostridia Clostridiales U U
Otu631 1 3 0 0 1 13 18.0000 4.0000 14.0000 0.0101 0.0045 0.0157 Bacteria Firmicutes Clostridia Clostridiales U U
Otu632 0 0 0 0 6 8 14.0000 0.0000 14.0000 0.0079 0.0000 0.0157 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales Phyllobacteriaceae U

171



Otu633 0 6 0 7 0 16 29.0000 6.0000 23.0000 0.0163 0.0067 0.0258 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu634 12 2 1 0 3 0 18.0000 15.0000 3.0000 0.0101 0.0169 0.0034 Bacteria Proteobacteria Betaproteobacteri

a
Burkholderiales Burkholderiaceae Burkholderia

Otu635 6 1 0 0 11 1 19.0000 7.0000 12.0000 0.0107 0.0079 0.0135 Bacteria Proteobacteria Alphaproteobacte
ria

Rhodospirillales Reyranella U

Otu636 0 0 0 7 1 2 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria U U U U U
Otu637 7 3 0 0 26 2 38.0000 10.0000 28.0000 0.0214 0.0112 0.0315 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu638 0 0 0 14 2 3 19.0000 0.0000 19.0000 0.0107 0.0000 0.0214 Bacteria Firmicutes U U U U
Otu639 0 0 0 0 12 5 17.0000 0.0000 17.0000 0.0096 0.0000 0.0191 Bacteria Firmicutes U U U U
Otu64 0 0 0 0 19 292 311.0000 0.0000 311.000

0
0.1748 0.0000 0.3495 Bacteria Bacteroidetes U U U U

Otu640 0 0 1 4 13 1 19.0000 1.0000 18.0000 0.0107 0.0011 0.0202 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu641 2 15 0 3 0 1 21.0000 17.0000 4.0000 0.0118 0.0191 0.0045 Bacteria Firmicutes Clostridia U U U
Otu642 0 8 0 7 1 4 20.0000 8.0000 12.0000 0.0112 0.0090 0.0135 Bacteria Firmicutes U U U U
Otu643 1 2 0 2 3 7 15.0000 3.0000 12.0000 0.0084 0.0034 0.0135 Bacteria Firmicutes Clostridia Clostridiales U U
Otu644 2 16 0 0 0 0 18.0000 18.0000 0.0000 0.0101 0.0202 0.0000 Bacteria Firmicutes Clostridia Clostridiales U U
Otu645 0 3 0 7 1 12 23.0000 3.0000 20.0000 0.0129 0.0034 0.0225 Bacteria Firmicutes Clostridia Clostridiales U U
Otu646 6 8 0 2 1 3 20.0000 14.0000 6.0000 0.0112 0.0157 0.0067 Bacteria U U U U U
Otu647 2 4 0 2 0 4 12.0000 6.0000 6.0000 0.0067 0.0067 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu648 3 6 0 5 1 0 15.0000 9.0000 6.0000 0.0084 0.0101 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu649 3 3 0 1 5 0 12.0000 6.0000 6.0000 0.0067 0.0067 0.0067 Bacteria U U U U U
Otu65 25 81 1 145 4 61 317.0000 107.0000 210.000

0
0.1781 0.1203 0.2360 Bacteria U U U U U

Otu650 0 3 0 4 0 11 18.0000 3.0000 15.0000 0.0101 0.0034 0.0169 Bacteria U U U U U
Otu651 6 8 0 10 0 2 26.0000 14.0000 12.0000 0.0146 0.0157 0.0135 Bacteria U U U U U
Otu652 1 0 1 21 2 0 25.0000 2.0000 23.0000 0.0140 0.0022 0.0258 Bacteria U U U U U
Otu653 0 13 0 12 4 4 33.0000 13.0000 20.0000 0.0185 0.0146 0.0225 Bacteria U U U U U

Otu654 7 0 1 0 11 0 19.0000 8.0000 11.0000 0.0107 0.0090 0.0124 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu655 0 0 0 1 9 3 13.0000 0.0000 13.0000 0.0073 0.0000 0.0146 Bacteria Firmicutes Clostridia Clostridiales U U
Otu656 0 0 0 19 0 0 19.0000 0.0000 19.0000 0.0107 0.0000 0.0214 Bacteria Proteobacteria Betaproteobacteri

a
Burkholderiales Comamonadaceae U

Otu657 0 1 0 3 0 11 15.0000 1.0000 14.0000 0.0084 0.0011 0.0157 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu658 0 6 0 2 0 12 20.0000 6.0000 14.0000 0.0112 0.0067 0.0157 Bacteria Firmicutes Clostridia U U U
Otu659 4 14 0 5 0 12 35.0000 18.0000 17.0000 0.0197 0.0202 0.0191 Bacteria Firmicutes Clostridia Clostridiales U U
Otu66 59 207 2 65 13 18 364.0000 268.0000 96.0000 0.2045 0.3012 0.1079 Bacteria Bacteroidetes Bacteroidia Bacteroidales Porphyromonadaceae Dysgonomonas
Otu660 4 5 0 3 1 1 14.0000 9.0000 5.0000 0.0079 0.0101 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu661 4 21 0 2 0 0 27.0000 25.0000 2.0000 0.0152 0.0281 0.0022 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu662 3 8 0 6 0 5 22.0000 11.0000 11.0000 0.0124 0.0124 0.0124 Bacteria U U U U U
Otu663 0 21 0 14 4 14 53.0000 21.0000 32.0000 0.0298 0.0236 0.0360 Bacteria Firmicutes Clostridia Clostridiales U U
Otu664 11 0 0 0 10 0 21.0000 11.0000 10.0000 0.0118 0.0124 0.0112 Bacteria Proteobacteria Alphaproteobacte

ria
Rhodospirillales Rhodospirillaceae U

Otu665 0 2 0 16 1 1 20.0000 2.0000 18.0000 0.0112 0.0022 0.0202 Bacteria U U U U U
Otu666 1 4 0 3 2 5 15.0000 5.0000 10.0000 0.0084 0.0056 0.0112 Bacteria U U U U U
Otu667 4 1 2 0 15 1 23.0000 7.0000 16.0000 0.0129 0.0079 0.0180 Bacteria Proteobacteria Alphaproteobacte Rhizobiales U U
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ria
Otu668 8 0 0 5 14 2 29.0000 8.0000 21.0000 0.0163 0.0090 0.0236 Bacteria Firmicutes Clostridia U U
Otu669 11 11 0 2 0 0 24.0000 22.0000 2.0000 0.0135 0.0247 0.0022 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu67 25 150 0 34 7 135 351.0000 175.0000 176.000

0
0.1972 0.1967 0.1978 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu670 0 0 0 3 16 2 21.0000 0.0000 21.0000 0.0118 0.0000 0.0236 Bacteria Firmicutes U U U U
Otu671 1 4 0 13 6 1 25.0000 5.0000 20.0000 0.0140 0.0056 0.0225 Bacteria U U U U U
Otu672 0 0 0 0 6 18 24.0000 0.0000 24.0000 0.0135 0.0000 0.0270 Bacteria Firmicutes Clostridia Clostridiales U U
Otu673 0 0 0 9 2 1 12.0000 0.0000 12.0000 0.0067 0.0000 0.0135 Bacteria Firmicutes Clostridia Clostridiales U U
Otu674 11 0 0 0 8 0 19.0000 11.0000 8.0000 0.0107 0.0124 0.0090 Bacteria Proteobacteria Alphaproteobacte

ria
Sphingomonadales U U

Otu675 4 5 0 16 3 6 34.0000 9.0000 25.0000 0.0191 0.0101 0.0281 Bacteria Proteobacteria Deltaproteobacter
ia

Desulfovibrionales U U

Otu676 0 4 0 14 8 1 27.0000 4.0000 23.0000 0.0152 0.0045 0.0258 Bacteria Firmicutes U U U U
Otu677 13 12 0 2 2 2 31.0000 25.0000 6.0000 0.0174 0.0281 0.0067 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu678 8 9 0 0 3 0 20.0000 17.0000 3.0000 0.0112 0.0191 0.0034 Bacteria Firmicutes Clostridia Clostridiales U U
Otu679 2 6 0 0 0 7 15.0000 8.0000 7.0000 0.0084 0.0090 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu68 2 3 1 283 0 1 290.0000 6.0000 284.000

0
0.1630 0.0067 0.3192 Bacteria Firmicutes U U U U

Otu680 0 6 0 5 0 2 13.0000 6.0000 7.0000 0.0073 0.0067 0.0079 Bacteria U U U U U
Otu681 1 3 0 5 1 5 15.0000 4.0000 11.0000 0.0084 0.0045 0.0124 Bacteria Firmicutes U U U U
Otu682 5 7 0 0 3 2 17.0000 12.0000 5.0000 0.0096 0.0135 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu683 0 6 0 16 1 19 42.0000 6.0000 36.0000 0.0236 0.0067 0.0405 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu684 0 0 0 0 20 2 22.0000 0.0000 22.0000 0.0124 0.0000 0.0247 Bacteria Firmicutes Clostridia Clostridiales U U
Otu685 5 25 0 13 1 15 59.0000 30.0000 29.0000 0.0332 0.0337 0.0326 Bacteria U U U U U
Otu686 0 10 0 11 0 8 29.0000 10.0000 19.0000 0.0163 0.0112 0.0214 Bacteria U U U U U
Otu687 1 5 0 21 11 1 39.0000 6.0000 33.0000 0.0219 0.0067 0.0371 Bacteria Firmicutes U U U U
Otu688 2 0 0 2 0 5 9.0000 2.0000 7.0000 0.0051 0.0022 0.0079 Bacteria Firmicutes U U U U
Otu689 2 0 0 0 3 0 5.0000 2.0000 3.0000 0.0028 0.0022 0.0034 Bacteria U U U U U
Otu69 169 56 0 6 19 2 252.0000 225.0000 27.0000 0.1416 0.2529 0.0303 Bacteria Firmicutes Clostridia Clostridiales U U
Otu690 9 8 0 1 0 0 18.0000 17.0000 1.0000 0.0101 0.0191 0.0011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu691 0 5 0 2 4 1 12.0000 5.0000 7.0000 0.0067 0.0056 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu692 2 3 0 6 5 2 18.0000 5.0000 13.0000 0.0101 0.0056 0.0146 Bacteria U U U U U
Otu693 0 0 0 2 18 4 24.0000 0.0000 24.0000 0.0135 0.0000 0.0270 Bacteria Firmicutes Clostridia U U U
Otu694 0 0 0 11 5 0 16.0000 0.0000 16.0000 0.0090 0.0000 0.0180 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu695 1 7 0 2 0 5 15.0000 8.0000 7.0000 0.0084 0.0090 0.0079 Bacteria Firmicutes U U U U
Otu696 0 0 0 25 0 0 25.0000 0.0000 25.0000 0.0140 0.0000 0.0281 Bacteria U U U U U
Otu697 7 9 0 1 2 3 22.0000 16.0000 6.0000 0.0124 0.0180 0.0067 Bacteria U U U U U
Otu698 5 0 0 0 4 0 9.0000 5.0000 4.0000 0.0051 0.0056 0.0045 Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Flavobacterium
Otu699 0 6 0 10 0 7 23.0000 6.0000 17.0000 0.0129 0.0067 0.0191 Bacteria Firmicutes Clostridia Clostridiales U U
Otu7 826 21 355

5
4 585 52 5043.000

0
4402.000

0
641.000

0
2.8339 4.9473 0.7204 Bacteria Firmicutes U U U U

Otu70 1 14 0 9 6 328 358.0000 15.0000 343.000
0

0.2012 0.0169 0.3855 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu700 2 5 0 2 9 0 18.0000 7.0000 11.0000 0.0101 0.0079 0.0124 Bacteria U U U U U
Otu701 0 2 0 14 13 0 29.0000 2.0000 27.0000 0.0163 0.0022 0.0303 Bacteria Firmicutes U U U U
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Otu702 0 1 0 17 2 2 22.0000 1.0000 21.0000 0.0124 0.0011 0.0236 Bacteria Firmicutes U U U U
Otu703 0 5 0 2 0 5 12.0000 5.0000 7.0000 0.0067 0.0056 0.0079 Bacteria Firmicutes U U U U
Otu704 1 9 0 3 0 6 19.0000 10.0000 9.0000 0.0107 0.0112 0.0101 Bacteria U U U U U
Otu705 0 0 0 1 20 9 30.0000 0.0000 30.0000 0.0169 0.0000 0.0337 Bacteria Firmicutes U U U U
Otu706 6 4 0 0 2 0 12.0000 10.0000 2.0000 0.0067 0.0112 0.0022 Bacteria Firmicutes Clostridia Clostridiales U U
Otu707 2 4 0 1 0 9 16.0000 6.0000 10.0000 0.0090 0.0067 0.0112 Bacteria Firmicutes Clostridia Clostridiales U U
Otu708 1 2 0 0 3 6 12.0000 3.0000 9.0000 0.0067 0.0034 0.0101 Bacteria Firmicutes Clostridia Clostridiales U U
Otu709 8 0 0 0 14 1 23.0000 8.0000 15.0000 0.0129 0.0090 0.0169 Bacteria Verrucomicrobi

a
Spartobacteria U U U

Otu71 69 120 1 42 37 164 433.0000 190.0000 243.000
0

0.2433 0.2135 0.2731 Bacteria U U U U U

Otu710 0 2 0 2 1 17 22.0000 2.0000 20.0000 0.0124 0.0022 0.0225 Bacteria U U U U U

Otu711 5 0 0 0 18 1 24.0000 5.0000 19.0000 0.0135 0.0056 0.0214 Bacteria Verrucomicrobi
a

Subdivision3
Subdivision3_gene
ra_ incertae_sedis

U U

Otu712 0 10 0 2 1 4 17.0000 10.0000 7.0000 0.0096 0.0112 0.0079 Bacteria Firmicutes Clostridia U U U
Otu713 0 0 0 18 0 0 18.0000 0.0000 18.0000 0.0101 0.0000 0.0202 Bacteria Firmicutes U U U U
Otu714 0 7 0 8 4 8 27.0000 7.0000 20.0000 0.0152 0.0079 0.0225 Bacteria U U U U U
Otu715 0 3 0 20 0 0 23.0000 3.0000 20.0000 0.0129 0.0034 0.0225 Bacteria U U U U U
Otu716 0 0 19 0 0 0 19.0000 19.0000 0.0000 0.0107 0.0214 0.0000 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu717 0 6 0 3 2 13 24.0000 6.0000 18.0000 0.0135 0.0067 0.0202 Bacteria Firmicutes U U U U

Otu718 6 0 1 0 11 0 18.0000 7.0000 11.0000 0.0101 0.0079 0.0124 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu719 2 1 0 9 9 4 25.0000 3.0000 22.0000 0.0140 0.0034 0.0247 Bacteria Firmicutes Clostridia Clostridiales U U
Otu72 0 0 0 0 250 197 447.0000 0.0000 447.000

0
0.2512 0.0000 0.5024 Bacteria Firmicutes Clostridia Clostridiales U U

Otu720 0 1 0 6 0 10 17.0000 1.0000 16.0000 0.0096 0.0011 0.0180 Bacteria U U U U U
Otu721 0 1 1 0 17 0 19.0000 2.0000 17.0000 0.0107 0.0022 0.0191 Bacteria Actinobacteria Actinobacteria Actinomycetales Nocardioidaceae Nocardioides
Otu722 0 1 0 6 0 19 26.0000 1.0000 25.0000 0.0146 0.0011 0.0281 Bacteria Firmicutes U U U U
Otu723 0 3 0 7 0 5 15.0000 3.0000 12.0000 0.0084 0.0034 0.0135 Bacteria Firmicutes U U U U
Otu724 2 6 0 1 0 3 12.0000 8.0000 4.0000 0.0067 0.0090 0.0045 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu725 1 1 3 0 5 2 12.0000 5.0000 7.0000 0.0067 0.0056 0.0079 Bacteria Proteobacteria Alphaproteobacte

ria
Rhodospirillales Acetobacteraceae U

Otu726 0 3 0 10 1 0 14.0000 3.0000 11.0000 0.0079 0.0034 0.0124 Bacteria Firmicutes Clostridia Clostridiales U U
Otu727 3 0 0 4 0 0 7.0000 3.0000 4.0000 0.0039 0.0034 0.0045 Bacteria U U U U U
Otu728 2 2 0 14 1 1 20.0000 4.0000 16.0000 0.0112 0.0045 0.0180 Bacteria U U U U U
Otu729 1 0 0 5 2 0 8.0000 1.0000 7.0000 0.0045 0.0011 0.0079 Bacteria U U U U U
Otu73 17 196 0 64 4 59 340.0000 213.0000 127.000

0
0.1911 0.2394 0.1427 Bacteria U U U U U

Otu730 3 24 0 0 0 0 27.0000 27.0000 0.0000 0.0152 0.0303 0.0000 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu731 7 15 0 43 1 23 89.0000 22.0000 67.0000 0.0500 0.0247 0.0753 Bacteria U U U U U
Otu732 0 0 0 0 12 2 14.0000 0.0000 14.0000 0.0079 0.0000 0.0157 Bacteria Firmicutes Clostridia Clostridiales U U
Otu733 0 4 0 7 0 1 12.0000 4.0000 8.0000 0.0067 0.0045 0.0090 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu734 0 0 0 2 13 1 16.0000 0.0000 16.0000 0.0090 0.0000 0.0180 Bacteria U U U U U
Otu735 0 0 1 6 7 15 29.0000 1.0000 28.0000 0.0163 0.0011 0.0315 Bacteria Firmicutes U U U U
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Otu736 0 0 0 0 5 11 16.0000 0.0000 16.0000 0.0090 0.0000 0.0180 Bacteria Firmicutes Clostridia Clostridiales U U
Otu737 1 3 0 2 1 15 22.0000 4.0000 18.0000 0.0124 0.0045 0.0202 Bacteria Firmicutes U U U U
Otu738 0 3 0 0 0 10 13.0000 3.0000 10.0000 0.0073 0.0034 0.0112 Bacteria Firmicutes Clostridia Clostridiales U U
Otu739 17 0 0 0 4 0 21.0000 17.0000 4.0000 0.0118 0.0191 0.0045 Bacteria Bacteroidetes U U U U
Otu74 74 45 0 63 9 110 301.0000 119.0000 182.000

0
0.1691 0.1337 0.2045 Bacteria Bacteroidetes U U U U

Otu740 8 6 0 0 0 0 14.0000 14.0000 0.0000 0.0079 0.0157 0.0000 Bacteria Bacteroidetes U U U U
Otu741 0 2 0 6 0 10 18.0000 2.0000 16.0000 0.0101 0.0022 0.0180 Bacteria Firmicutes U U U U
Otu742 0 3 0 1 0 5 9.0000 3.0000 6.0000 0.0051 0.0034 0.0067 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu743 1 12 0 3 0 2 18.0000 13.0000 5.0000 0.0101 0.0146 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu744 7 1 0 1 0 3 12.0000 8.0000 4.0000 0.0067 0.0090 0.0045 Bacteria Firmicutes Clostridia U U U
Otu745 6 0 0 0 2 0 8.0000 6.0000 2.0000 0.0045 0.0067 0.0022 Bacteria Bacteroidetes U U U U
Otu746 1 2 0 4 2 1 10.0000 3.0000 7.0000 0.0056 0.0034 0.0079 Bacteria U U U U U
Otu747 0 0 0 8 0 0 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu748 1 3 0 2 2 1 9.0000 4.0000 5.0000 0.0051 0.0045 0.0056 Bacteria Firmicutes U U U U
Otu749 0 4 0 11 0 8 23.0000 4.0000 19.0000 0.0129 0.0045 0.0214 Bacteria Firmicutes Clostridia Clostridiales U U
Otu75 5 89 0 42 12 296 444.0000 94.0000 350.000

0
0.2495 0.1056 0.3934 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu750 2 5 0 5 1 4 17.0000 7.0000 10.0000 0.0096 0.0079 0.0112 Bacteria Firmicutes U U U U
Otu751 1 0 0 0 3 0 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Planctomycetes Planctomycetia Planctomycetales Planctomycetaceae U
Otu752 0 0 0 11 1 2 14.0000 0.0000 14.0000 0.0079 0.0000 0.0157 Bacteria Firmicutes Clostridia Clostridiales U U
Otu753 0 4 0 3 0 8 15.0000 4.0000 11.0000 0.0084 0.0045 0.0124 Bacteria Firmicutes U U U U
Otu754 0 10 0 1 0 9 20.0000 10.0000 10.0000 0.0112 0.0112 0.0112 Bacteria Firmicutes Clostridia U U U
Otu755 2 2 0 0 15 1 20.0000 4.0000 16.0000 0.0112 0.0045 0.0180 Bacteria Planctomycetes U U U U
Otu756 0 0 0 0 20 4 24.0000 0.0000 24.0000 0.0135 0.0000 0.0270 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu757 0 0 0 2 5 5 12.0000 0.0000 12.0000 0.0067 0.0000 0.0135 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu758 0 0 0 0 11 5 16.0000 0.0000 16.0000 0.0090 0.0000 0.0180 Bacteria Firmicutes U U U U
Otu759 1 5 0 2 0 7 15.0000 6.0000 9.0000 0.0084 0.0067 0.0101 Bacteria Firmicutes U U U U
Otu76 2 2 0 0 278 54 336.0000 4.0000 332.000

0
0.1888 0.0045 0.3731 Bacteria Firmicutes Clostridia Clostridiales U U

Otu760 1 1 0 8 6 6 22.0000 2.0000 20.0000 0.0124 0.0022 0.0225 Bacteria Firmicutes Clostridia Clostridiales U U
Otu761 0 0 0 12 0 5 17.0000 0.0000 17.0000 0.0096 0.0000 0.0191 Bacteria U U U U U
Otu762 2 4 0 2 0 11 19.0000 6.0000 13.0000 0.0107 0.0067 0.0146 Bacteria Firmicutes Clostridia U U U
Otu763 0 2 0 1 4 1 8.0000 2.0000 6.0000 0.0045 0.0022 0.0067 Bacteria Proteobacteria Deltaproteobacter

ia
Desulfovibrionales Desulfovibrionaceae U

Otu764 3 5 0 3 0 1 12.0000 8.0000 4.0000 0.0067 0.0090 0.0045 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu765 0 0 1 13 0 3 17.0000 1.0000 16.0000 0.0096 0.0011 0.0180 Bacteria U U U U U
Otu766 0 3 0 8 0 3 14.0000 3.0000 11.0000 0.0079 0.0034 0.0124 Bacteria Firmicutes U U U U
Otu767 1 1 0 7 0 8 17.0000 2.0000 15.0000 0.0096 0.0022 0.0169 Bacteria Firmicutes Clostridia U U
Otu768 0 0 0 3 6 3 12.0000 0.0000 12.0000 0.0067 0.0000 0.0135 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu769 0 0 0 3 0 8 11.0000 0.0000 11.0000 0.0062 0.0000 0.0124 Bacteria U U U U U
Otu77 21 107 0 106 6 69 309.0000 128.0000 181.000

0
0.1736 0.1439 0.2034 Bacteria Firmicutes Negativicutes Selenomonadales Veillonellaceae U

Otu770 0 0 0 0 13 2 15.0000 0.0000 15.0000 0.0084 0.0000 0.0169 Bacteria Firmicutes Clostridia Clostridiales Eubacteriaceae Anaerofustis
Otu771 1 0 1 1 4 1 8.0000 2.0000 6.0000 0.0045 0.0022 0.0067 Bacteria Actinobacteria Actinobacteria Actinomycetales Mycobacteriaceae Mycobacterium
Otu772 0 5 0 5 2 8 20.0000 5.0000 15.0000 0.0112 0.0056 0.0169 Bacteria Actinobacteria Actinobacteria Actinomycetales U U
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Otu773 0 2 1 11 1 0 15.0000 3.0000 12.0000 0.0084 0.0034 0.0135 Bacteria Firmicutes U U U U
Otu774 4 0 0 0 0 0 4.0000 4.0000 0.0000 0.0022 0.0045 0.0000 Bacteria Proteobacteria Alphaproteobacte

ria
U U U

Otu775 1 5 0 1 1 2 10.0000 6.0000 4.0000 0.0056 0.0067 0.0045 Bacteria U U U U U
Otu776 0 1 0 2 1 5 9.0000 1.0000 8.0000 0.0051 0.0011 0.0090 Bacteria Firmicutes Clostridia U U U
Otu777 0 0 12 0 0 0 12.0000 12.0000 0.0000 0.0067 0.0135 0.0000 Bacteria Firmicutes U U U U
Otu778 0 0 0 0 14 1 15.0000 0.0000 15.0000 0.0084 0.0000 0.0169 Bacteria Planctomycetes Planctomycetia Planctomycetales Planctomycetaceae Planctomicrobium
Otu779 4 0 3 0 17 0 24.0000 7.0000 17.0000 0.0135 0.0079 0.0191 Bacteria Actinobacteria Actinobacteria U U U
Otu78 0 0 455 0 0 0 455.0000 455.0000 0.0000 0.2557 0.5114 0.0000 Bacteria Firmicutes Bacilli Bacillales Paenibacillaceae_1 Paenibacillus
Otu780 9 0 0 0 3 0 12.0000 9.0000 3.0000 0.0067 0.0101 0.0034 Bacteria Spirochaetes Spirochaetia Spirochaetales Spirochaetaceae Spirochaeta
Otu781 0 1 0 2 0 2 5.0000 1.0000 4.0000 0.0028 0.0011 0.0045 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu782 3 5 0 0 1 1 10.0000 8.0000 2.0000 0.0056 0.0090 0.0022 Bacteria Firmicutes Clostridia Clostridiales U U
Otu783 0 0 0 11 2 14 27.0000 0.0000 27.0000 0.0152 0.0000 0.0303 Bacteria Firmicutes Clostridia Clostridiales U U
Otu784 0 0 0 4 1 3 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu785 13 0 0 0 0 1 14.0000 13.0000 1.0000 0.0079 0.0146 0.0011 Bacteria Acidobacteria Acidobacteria_G

p1
U U U

Otu786 0 0 0 14 1 12 27.0000 0.0000 27.0000 0.0152 0.0000 0.0303 Bacteria U U U U U
Otu787 0 2 0 5 3 9 19.0000 2.0000 17.0000 0.0107 0.0022 0.0191 Bacteria Firmicutes U U U U
Otu788 4 0 0 0 3 3 10.0000 4.0000 6.0000 0.0056 0.0045 0.0067 Bacteria Proteobacteria Alphaproteobacte

ria
Rhodospirillales Acetobacteraceae U

Otu789 0 5 0 4 3 3 15.0000 5.0000 10.0000 0.0084 0.0056 0.0112 Bacteria Firmicutes U U U U
Otu79 109 6 141 6 6 2 270.0000 256.0000 14.0000 0.1517 0.2877 0.0157 Bacteria Firmicutes Bacilli Bacillales Bacillaceae_1 Bacillus
Otu790 5 4 0 5 1 6 21.0000 9.0000 12.0000 0.0118 0.0101 0.0135 Bacteria Firmicutes U U U U
Otu791 0 1 0 3 5 6 15.0000 1.0000 14.0000 0.0084 0.0011 0.0157 U U U U U U
Otu792 12 0 0 0 4 0 16.0000 12.0000 4.0000 0.0090 0.0135 0.0045 Bacteria Proteobacteria Alphaproteobacte

ria
Caulobacterales Caulobacteraceae Asticcacaulis

Otu793 0 4 0 4 1 18 27.0000 4.0000 23.0000 0.0152 0.0045 0.0258 Bacteria U U U U U
Otu794 0 8 0 4 1 2 15.0000 8.0000 7.0000 0.0084 0.0090 0.0079 Bacteria Firmicutes U U U U
Otu795 6 10 0 3 2 0 21.0000 16.0000 5.0000 0.0118 0.0180 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu796 0 0 0 15 0 0 15.0000 0.0000 15.0000 0.0084 0.0000 0.0169 Bacteria Firmicutes Clostridia Clostridiales U U
Otu797 1 0 0 1 4 0 6.0000 1.0000 5.0000 0.0034 0.0011 0.0056 Bacteria U U U U U
Otu798 0 8 0 1 1 0 10.0000 8.0000 2.0000 0.0056 0.0090 0.0022 Bacteria U U U U U
Otu799 0 0 0 5 4 1 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu8 10 1 282

5
0 8 1 2845.000

0
2836.000

0
9.0000 1.5987 3.1873 0.0101 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U

Otu80 16 154 1 144 2 271 588.0000 171.0000 417.000
0

0.3304 0.1922 0.4687 Bacteria Firmicutes U U U U

Otu800 0 0 0 1 7 8 16.0000 0.0000 16.0000 0.0090 0.0000 0.0180 Bacteria U U U U U
Otu801 2 0 0 0 0 0 2.0000 2.0000 0.0000 0.0011 0.0022 0.0000 Bacteria Proteobacteria Deltaproteobacter

ia
Bdellovibrionales Bacteriovoracaceae Peredibacter

Otu802 0 0 14 2 0 0 16.0000 14.0000 2.0000 0.0090 0.0157 0.0022 Bacteria Firmicutes U U U U
Otu803 4 9 0 5 3 1 22.0000 13.0000 9.0000 0.0124 0.0146 0.0101 Bacteria Firmicutes Clostridia Clostridiales U U
Otu804 0 0 0 0 13 11 24.0000 0.0000 24.0000 0.0135 0.0000 0.0270 Bacteria Firmicutes U U U U
Otu805 14 0 0 0 6 0 20.0000 14.0000 6.0000 0.0112 0.0157 0.0067 Bacteria Proteobacteria Gammaproteobac

teria
U U U

Otu806 0 8 0 1 1 7 17.0000 8.0000 9.0000 0.0096 0.0090 0.0101 Bacteria Firmicutes Clostridia U U U
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Otu807 0 0 0 4 0 4 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu808 1 8 0 2 0 4 15.0000 9.0000 6.0000 0.0084 0.0101 0.0067 Bacteria Firmicutes U U U U
Otu809 0 1 0 14 1 0 16.0000 1.0000 15.0000 0.0090 0.0011 0.0169 Bacteria U U U U U
Otu81 52 60 0 311 63 78 564.0000 112.0000 452.000

0
0.3169 0.1259 0.5080 Bacteria Bacteroidetes U U U U

Otu810 0 0 0 3 6 1 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria Firmicutes U U U U
Otu811 1 3 0 1 1 0 6.0000 4.0000 2.0000 0.0034 0.0045 0.0022 Bacteria U U U U U
Otu812 1 6 0 9 0 1 17.0000 7.0000 10.0000 0.0096 0.0079 0.0112 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu813 0 0 0 0 11 1 12.0000 0.0000 12.0000 0.0067 0.0000 0.0135 Bacteria Firmicutes Clostridia Clostridiales U U
Otu814 0 7 0 11 3 2 23.0000 7.0000 16.0000 0.0129 0.0079 0.0180 Bacteria Firmicutes U U U U
Otu815 0 0 0 2 0 6 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria Firmicutes U U U U
Otu816 1 10 0 7 1 17 36.0000 11.0000 25.0000 0.0202 0.0124 0.0281 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu817 9 13 0 1 0 0 23.0000 22.0000 1.0000 0.0129 0.0247 0.0011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu818 0 0 0 0 0 21 21.0000 0.0000 21.0000 0.0118 0.0000 0.0236 Bacteria U U U U U
Otu819 0 9 0 3 2 2 16.0000 9.0000 7.0000 0.0090 0.0101 0.0079 Bacteria Firmicutes U U U U
Otu82 0 0 0 0 499 55 554.0000 0.0000 554.000

0
0.3113 0.0000 0.6226 Bacteria Proteobacteria Gammaproteobac

teria
Enterobacteriales Enterobacteriaceae U

Otu820 0 0 0 3 7 1 11.0000 0.0000 11.0000 0.0062 0.0000 0.0124 Bacteria U U U U U
Otu821 3 0 0 0 3 0 6.0000 3.0000 3.0000 0.0034 0.0034 0.0034 Bacteria Bacteroidetes Sphingobacteriia Sphingobacteriales Sphingobacteriaceae Mucilaginibacter
Otu822 0 3 0 5 9 6 23.0000 3.0000 20.0000 0.0129 0.0034 0.0225 Bacteria Firmicutes U U U U
Otu823 2 0 0 0 11 1 14.0000 2.0000 12.0000 0.0079 0.0022 0.0135 Bacteria Proteobacteria Deltaproteobacter

ia
Bdellovibrionales Bdellovibrionaceae Bdellovibrio

Otu824 0 0 0 2 1 6 9.0000 0.0000 9.0000 0.0051 0.0000 0.0101 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu825 5 0 0 0 6 0 11.0000 5.0000 6.0000 0.0062 0.0056 0.0067 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu826 3 5 0 4 4 1 17.0000 8.0000 9.0000 0.0096 0.0090 0.0101 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu827 0 0 0 1 6 4 11.0000 0.0000 11.0000 0.0062 0.0000 0.0124 Bacteria Firmicutes U U U U
Otu828 0 0 0 0 8 2 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria Firmicutes Clostridia Clostridiales U U
Otu829 1 0 0 0 1 12 14.0000 1.0000 13.0000 0.0079 0.0011 0.0146 Bacteria U U U U U
Otu83 15 92 0 50 2 122 281.0000 107.0000 174.000

0
0.1579 0.1203 0.1956 Bacteria U U U U U

Otu830 1 0 0 0 8 1 10.0000 1.0000 9.0000 0.0056 0.0011 0.0101 Bacteria Proteobacteria Alphaproteobacte
ria

Rhizobiales U U

Otu831 0 1 0 5 0 6 12.0000 1.0000 11.0000 0.0067 0.0011 0.0124 Bacteria Firmicutes Clostridia Clostridiales U U
Otu832 0 0 0 2 0 6 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu833 1 4 0 6 0 11 22.0000 5.0000 17.0000 0.0124 0.0056 0.0191 Bacteria Firmicutes Clostridia Clostridiales U U
Otu834 1 7 0 0 0 1 9.0000 8.0000 1.0000 0.0051 0.0090 0.0011 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu835 1 7 0 0 0 6 14.0000 8.0000 6.0000 0.0079 0.0090 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu836 0 1 0 2 1 4 8.0000 1.0000 7.0000 0.0045 0.0011 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu837 3 0 1 0 6 0 10.0000 4.0000 6.0000 0.0056 0.0045 0.0067 Bacteria Actinobacteria Actinobacteria U U U
Otu838 0 22 0 0 0 2 24.0000 22.0000 2.0000 0.0135 0.0247 0.0022 Bacteria Firmicutes U U U U
Otu839 3 1 0 7 3 1 15.0000 4.0000 11.0000 0.0084 0.0045 0.0124 Bacteria Firmicutes Clostridia Clostridiales U U
Otu84 9 200 0 6 2 8 225.0000 209.0000 16.0000 0.1264 0.2349 0.0180 Bacteria Firmicutes Negativicutes Selenomonadales Veillonellaceae U
Otu840 0 0 0 2 0 4 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria U U U U U
Otu841 0 8 0 3 0 6 17.0000 8.0000 9.0000 0.0096 0.0090 0.0101 Bacteria Firmicutes U U U U
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Otu842 0 0 0 3 6 2 11.0000 0.0000 11.0000 0.0062 0.0000 0.0124 Bacteria Firmicutes Clostridia Clostridiales U U
Otu843 6 0 0 0 4 1 11.0000 6.0000 5.0000 0.0062 0.0067 0.0056 Bacteria Proteobacteria Betaproteobacteri

a
Burkholderiales Comamonadaceae U

Otu844 0 0 0 21 0 0 21.0000 0.0000 21.0000 0.0118 0.0000 0.0236 Bacteria Firmicutes U U U U
Otu845 3 5 0 1 5 8 22.0000 8.0000 14.0000 0.0124 0.0090 0.0157 Bacteria Firmicutes Negativicutes U U U
Otu846 2 2 0 2 0 7 13.0000 4.0000 9.0000 0.0073 0.0045 0.0101 Bacteria Firmicutes Clostridia Clostridiales U U
Otu847 1 5 0 4 0 0 10.0000 6.0000 4.0000 0.0056 0.0067 0.0045 Bacteria Firmicutes Clostridia U U U
Otu848 0 1 0 0 0 11 12.0000 1.0000 11.0000 0.0067 0.0011 0.0124 Bacteria Firmicutes Negativicutes U U U
Otu849 0 0 0 0 20 0 20.0000 0.0000 20.0000 0.0112 0.0000 0.0225 Bacteria Proteobacteria Betaproteobacteri

a
Burkholderiales Comamonadaceae U

Otu85 27 60 1 137 48 51 324.0000 88.0000 236.000
0

0.1821 0.0989 0.2652 Bacteria Firmicutes U U U U

Otu850 4 6 0 0 1 0 11.0000 10.0000 1.0000 0.0062 0.0112 0.0011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu851 4 5 0 3 17 11 40.0000 9.0000 31.0000 0.0225 0.0101 0.0348 Bacteria Firmicutes Clostridia Clostridiales U U
Otu852 0 0 0 0 4 2 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria U U U U U
Otu853 1 6 0 0 0 4 11.0000 7.0000 4.0000 0.0062 0.0079 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu854 0 0 0 15 0 0 15.0000 0.0000 15.0000 0.0084 0.0000 0.0169 Bacteria U U U U U
Otu855 7 11 0 0 0 0 18.0000 18.0000 0.0000 0.0101 0.0202 0.0000 Bacteria Firmicutes Clostridia Clostridiales U U
Otu856 1 18 0 4 3 14 40.0000 19.0000 21.0000 0.0225 0.0214 0.0236 Bacteria Firmicutes Clostridia Clostridiales U U
Otu857 0 0 0 12 2 6 20.0000 0.0000 20.0000 0.0112 0.0000 0.0225 Bacteria Firmicutes Clostridia Clostridiales U U
Otu858 0 0 0 2 20 8 30.0000 0.0000 30.0000 0.0169 0.0000 0.0337 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu859 1 9 1 4 0 5 20.0000 11.0000 9.0000 0.0112 0.0124 0.0101 Bacteria U U U U U
Otu86 37 135 4 128 51 185 540.0000 176.0000 364.000

0
0.3034 0.1978 0.4091 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu860 0 0 0 13 0 0 13.0000 0.0000 13.0000 0.0073 0.0000 0.0146 Bacteria Firmicutes U U U U
Otu861 0 3 0 4 2 2 11.0000 3.0000 8.0000 0.0062 0.0034 0.0090 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu862 8 0 0 0 1 0 9.0000 8.0000 1.0000 0.0051 0.0090 0.0011 Bacteria Bacteroidetes Cytophagia Cytophagales U U
Otu863 0 0 0 6 0 0 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria Firmicutes Clostridia U U U
Otu864 5 5 0 0 1 0 11.0000 10.0000 1.0000 0.0062 0.0112 0.0011 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U
Otu865 4 7 0 5 1 3 20.0000 11.0000 9.0000 0.0112 0.0124 0.0101 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu866 0 0 0 5 0 0 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria Firmicutes U U U U
Otu867 0 0 0 0 1 5 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria U U U U U
Otu868 2 0 0 0 2 0 4.0000 2.0000 2.0000 0.0022 0.0022 0.0022 Bacteria Bacteroidetes Flavobacteriia Flavobacteriales Flavobacteriaceae Flavobacterium
Otu869 1 3 0 6 0 1 11.0000 4.0000 7.0000 0.0062 0.0045 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu87 1 2 0 129 11 62 205.0000 3.0000 202.000

0
0.1152 0.0034 0.2270 Bacteria Firmicutes Clostridia Clostridiales U U

Otu870 0 0 0 2 4 3 9.0000 0.0000 9.0000 0.0051 0.0000 0.0101 Bacteria Firmicutes Clostridia Clostridiales U U
Otu871 3 5 0 11 0 0 19.0000 8.0000 11.0000 0.0107 0.0090 0.0124 Bacteria Firmicutes U U U U

Otu872 4 0 1 0 3 1 9.0000 5.0000 4.0000 0.0051 0.0056 0.0045 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu873 0 0 0 9 0 0 9.0000 0.0000 9.0000 0.0051 0.0000 0.0101 Bacteria U U U U U
Otu874 10 0 0 0 0 0 10.0000 10.0000 0.0000 0.0056 0.0112 0.0000 Bacteria Bacteroidetes Sphingobacteriia Sphingobacteriales Chitinophagaceae U
Otu875 4 1 0 0 17 1 23.0000 5.0000 18.0000 0.0129 0.0056 0.0202 Bacteria Spirochaetes Spirochaetia Spirochaetales Spirochaetaceae U
Otu876 0 0 1 11 0 1 13.0000 1.0000 12.0000 0.0073 0.0011 0.0135 Bacteria Firmicutes Clostridia U U U
Otu877 4 0 0 0 6 0 10.0000 4.0000 6.0000 0.0056 0.0045 0.0067 Bacteria Proteobacteria Alphaproteobacte Rhodospirillales Acetobacteraceae U
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ria
Otu878 0 0 0 1 0 1 2.0000 0.0000 2.0000 0.0011 0.0000 0.0022 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu879 0 0 0 0 225 176 401.0000 0.0000 401.000

0
0.2253 0.0000 0.4507 Bacteria Firmicutes Clostridia Clostridiales Lachnospiraceae U

Otu88 12 119 0 28 5 58 222.0000 131.0000 91.0000 0.1248 0.1472 0.1023 Bacteria Firmicutes Clostridia U U U
Otu880 2 5 0 4 5 0 16.0000 7.0000 9.0000 0.0090 0.0079 0.0101 Bacteria U U U U U
Otu881 3 7 0 1 0 7 18.0000 10.0000 8.0000 0.0101 0.0112 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu882 5 0 0 0 4 0 9.0000 5.0000 4.0000 0.0051 0.0056 0.0045 Bacteria Proteobacteria Gammaproteobac

teria
Xanthomonadales U U

Otu883 0 1 0 2 2 3 8.0000 1.0000 7.0000 0.0045 0.0011 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu884 5 0 0 0 2 4 11.0000 5.0000 6.0000 0.0062 0.0056 0.0067 Bacteria Firmicutes Clostridia U U U
Otu885 0 0 0 1 6 2 9.0000 0.0000 9.0000 0.0051 0.0000 0.0101 Bacteria Firmicutes Clostridia Clostridiales U U
Otu886 3 0 0 0 8 0 11.0000 3.0000 8.0000 0.0062 0.0034 0.0090 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales U U

Otu887 4 0 0 0 1 0 5.0000 4.0000 1.0000 0.0028 0.0045 0.0011 Bacteria U U U U U
Otu888 2 0 0 0 14 0 16.0000 2.0000 14.0000 0.0090 0.0022 0.0157 Bacteria Planctomycetes Planctomycetia Planctomycetales Planctomycetaceae U
Otu889 0 0 1 0 6 0 7.0000 1.0000 6.0000 0.0039 0.0011 0.0067 Bacteria Proteobacteria Gammaproteobac

teria
Enterobacteriales Enterobacteriaceae U

Otu89 0 0 0 1 174 103 278.0000 0.0000 278.000
0

0.1562 0.0000 0.3124 Bacteria U U U U U

Otu890 2 0 0 0 2 0 4.0000 2.0000 2.0000 0.0022 0.0022 0.0022 Bacteria U U U U U
Otu891 0 0 0 0 1 6 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria Firmicutes U U U U
Otu892 0 0 0 0 4 3 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U
Otu893 1 0 0 0 3 1 5.0000 1.0000 4.0000 0.0028 0.0011 0.0045 Bacteria Actinobacteria Actinobacteria Actinomycetales Nocardioidaceae Aeromicrobium
Otu894 0 0 0 4 0 2 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria U U U U U
Otu895 3 0 0 0 3 0 6.0000 3.0000 3.0000 0.0034 0.0034 0.0034 Bacteria Bacteroidetes Sphingobacteriia Sphingobacteriales Chitinophagaceae Sediminibacterium
Otu896 0 1 0 6 6 2 15.0000 1.0000 14.0000 0.0084 0.0011 0.0157 Bacteria Firmicutes Clostridia U U U
Otu897 1 5 0 0 0 0 6.0000 6.0000 0.0000 0.0034 0.0067 0.0000 Bacteria Firmicutes Clostridia U U U
Otu898 0 0 0 7 1 2 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria Firmicutes Clostridia Clostridiales U U
Otu899 6 0 0 0 13 0 19.0000 6.0000 13.0000 0.0107 0.0067 0.0146 Bacteria U U U U U
Otu9 190 997 5 202

7
144 58 3421.000

0
1192.000

0
2229.00

00
1.9224 1.3397 2.5051 Bacteria Firmicutes Clostridia Clostridiales U U

Otu90 63 174 0 111 46 42 436.0000 237.0000 199.000
0

0.2450 0.2664 0.2237 Bacteria U U U U U

Otu900 0 1 0 4 0 5 10.0000 1.0000 9.0000 0.0056 0.0011 0.0101 Bacteria U U U U U
Otu901 0 2 0 3 0 0 5.0000 2.0000 3.0000 0.0028 0.0022 0.0034 Bacteria U U U U U
Otu902 5 0 0 0 5 0 10.0000 5.0000 5.0000 0.0056 0.0056 0.0056 Bacteria U U U U U
Otu903 0 3 0 6 0 2 11.0000 3.0000 8.0000 0.0062 0.0034 0.0090 Bacteria Firmicutes U U U U
Otu904 0 0 0 1 1 6 8.0000 0.0000 8.0000 0.0045 0.0000 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu905 2 1 0 1 2 4 10.0000 3.0000 7.0000 0.0056 0.0034 0.0079 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu906 0 3 0 3 0 5 11.0000 3.0000 8.0000 0.0062 0.0034 0.0090 Bacteria U U U U U
Otu907 1 7 1 9 11 13 42.0000 9.0000 33.0000 0.0236 0.0101 0.0371 Bacteria Firmicutes U U U U
Otu908 0 6 0 1 0 7 14.0000 6.0000 8.0000 0.0079 0.0067 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu909 1 6 0 5 2 0 14.0000 7.0000 7.0000 0.0079 0.0079 0.0079 Bacteria Firmicutes U U U U
Otu91 12 15 0 92 79 52 250.0000 27.0000 223.000

0
0.1405 0.0303 0.2506 Bacteria Firmicutes U U U U
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Otu910 0 0 0 1 10 2 13.0000 0.0000 13.0000 0.0073 0.0000 0.0146 Bacteria U U U U U
Otu911 0 0 0 0 5 0 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria

Candidatus_Sac
chari

Saccharibacteria_
genera

U U U

Otu912 1 0 0 0 7 0 8.0000 1.0000 7.0000 0.0045 0.0011 0.0079 Bacteria bacteria _incertae_sedis U U U
Otu913 0 0 0 0 4 6 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria U U U U U
Otu914 4 5 0 0 2 3 14.0000 9.0000 5.0000 0.0079 0.0101 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu915 1 0 0 1 0 3 5.0000 1.0000 4.0000 0.0028 0.0011 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu916 10 11 0 1 2 1 25.0000 21.0000 4.0000 0.0140 0.0236 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu917 1 6 0 1 0 0 8.0000 7.0000 1.0000 0.0045 0.0079 0.0011 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu918 0 4 0 1 0 1 6.0000 4.0000 2.0000 0.0034 0.0045 0.0022 Bacteria Firmicutes U U U U
Otu919 4 0 0 0 0 0 4.0000 4.0000 0.0000 0.0022 0.0045 0.0000 Bacteria Verrucomicrobi

a
Opitutae Opitutales Opitutaceae Opitutus

Otu92 0 0 192 0 20 0 212.0000 192.0000 20.0000 0.1191 0.2158 0.0225 Bacteria Firmicutes Clostridia Clostridiales Peptostreptococcaceae Clostridium_XI
Otu920 0 1 0 14 0 3 18.0000 1.0000 17.0000 0.0101 0.0011 0.0191 Bacteria Firmicutes Clostridia Clostridiales U U
Otu921 0 0 0 0 6 6 12.0000 0.0000 12.0000 0.0067 0.0000 0.0135 Bacteria Firmicutes Clostridia Clostridiales U U
Otu922 0 3 0 2 0 18 23.0000 3.0000 20.0000 0.0129 0.0034 0.0225 Bacteria Firmicutes U U U U
Otu923 0 0 0 1 5 3 9.0000 0.0000 9.0000 0.0051 0.0000 0.0101 Bacteria Firmicutes U U U U
Otu924 1 5 0 0 1 1 8.0000 6.0000 2.0000 0.0045 0.0067 0.0022 Bacteria Firmicutes U U U U
Otu925 0 6 0 0 4 2 12.0000 6.0000 6.0000 0.0067 0.0067 0.0067 Bacteria Firmicutes U U U U
Otu926 0 5 0 1 0 1 7.0000 5.0000 2.0000 0.0039 0.0056 0.0022 Bacteria U U U U U
Otu927 0 0 0 2 1 8 11.0000 0.0000 11.0000 0.0062 0.0000 0.0124 Bacteria Firmicutes U U U U
Otu928 1 0 0 2 0 6 9.0000 1.0000 8.0000 0.0051 0.0011 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu929 6 0 0 0 11 1 18.0000 6.0000 12.0000 0.0101 0.0067 0.0135 Bacteria U U U U U
Otu93 0 0 1 74 135 14 224.0000 1.0000 223.000

0
0.1259 0.0011 0.2506 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu930 3 3 0 1 0 5 12.0000 6.0000 6.0000 0.0067 0.0067 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu931 0 0 0 5 1 0 6.0000 0.0000 6.0000 0.0034 0.0000 0.0067 Bacteria Firmicutes Clostridia Clostridiales U U
Otu932 2 0 1 0 7 4 14.0000 3.0000 11.0000 0.0079 0.0034 0.0124 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales U U

Otu933 3 5 0 0 0 2 10.0000 8.0000 2.0000 0.0056 0.0090 0.0022 Bacteria Firmicutes U U U U
Otu934 4 3 1 1 0 1 10.0000 8.0000 2.0000 0.0056 0.0090 0.0022 Bacteria Firmicutes Clostridia Clostridiales U U
Otu935 0 0 0 0 10 3 13.0000 0.0000 13.0000 0.0073 0.0000 0.0146 Bacteria Actinobacteria Actinobacteria Actinomycetales U U
Otu936 0 0 1 0 6 0 7.0000 1.0000 6.0000 0.0039 0.0011 0.0067 Bacteria Actinobacteria Actinobacteria Actinomycetales U U
Otu937 0 0 1 4 3 0 8.0000 1.0000 7.0000 0.0045 0.0011 0.0079 Bacteria Firmicutes U U
Otu938 3 0 0 0 1 0 4.0000 3.0000 1.0000 0.0022 0.0034 0.0011 Bacteria Bacteroidetes Sphingobacteriia Sphingobacteriales Sphingobacteriaceae Mucilaginibacter
Otu939 0 0 0 16 1 0 17.0000 0.0000 17.0000 0.0096 0.0000 0.0191 Bacteria U U U U U
Otu94 10 19 1 4 137 79 250.0000 30.0000 220.000

0
0.1405 0.0337 0.2473 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu940 0 0 1 0 5 3 9.0000 1.0000 8.0000 0.0051 0.0011 0.0090 Bacteria Proteobacteria Betaproteobacteri
a

Burkholderiales Alcaligenaceae Achromobacter

Otu941 2 0 0 0 3 0 5.0000 2.0000 3.0000 0.0028 0.0022 0.0034 Bacteria Proteobacteria Alphaproteobacte
ria

Rhodospirillales Rhodospirillaceae U

Otu942 0 6 0 1 0 2 9.0000 6.0000 3.0000 0.0051 0.0067 0.0034 Bacteria U U U U U
Otu943 0 0 0 8 0 2 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria Firmicutes Clostridia Clostridiales U U
Otu944 0 1 0 5 0 4 10.0000 1.0000 9.0000 0.0056 0.0011 0.0101 Bacteria Firmicutes U U U U
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Otu945 1 9 0 6 1 1 18.0000 10.0000 8.0000 0.0101 0.0112 0.0090 Bacteria Firmicutes U U U U
Otu946 4 1 0 1 1 1 8.0000 5.0000 3.0000 0.0045 0.0056 0.0034 Bacteria Firmicutes U U U U
Otu947 0 0 1 0 5 1 7.0000 1.0000 6.0000 0.0039 0.0011 0.0067 Bacteria U U U U U
Otu948 1 1 0 1 2 2 7.0000 2.0000 5.0000 0.0039 0.0022 0.0056 Bacteria Firmicutes Negativicutes Selenomonadales U U
Otu949 1 0 0 1 7 4 13.0000 1.0000 12.0000 0.0073 0.0011 0.0135 Bacteria Verrucomicrobi

a
Opitutae Opitutales Opitutaceae U

Otu95 26 49 0 73 10 69 227.0000 75.0000 152.000
0

0.1276 0.0843 0.1708 Bacteria Firmicutes U U U U

Otu950 2 5 0 2 1 0 10.0000 7.0000 3.0000 0.0056 0.0079 0.0034 Bacteria U U U U U
Otu951 0 0 0 3 7 0 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria Firmicutes Clostridia Clostridiales U U
Otu952 3 0 0 0 4 0 7.0000 3.0000 4.0000 0.0039 0.0034 0.0045 Bacteria Proteobacteria Alphaproteobacte

ria
Rhodospirillales Acetobacteraceae U

Otu953 0 0 0 2 0 1 3.0000 0.0000 3.0000 0.0017 0.0000 0.0034 Bacteria Firmicutes U U U U
Otu954 1 1 0 6 5 4 17.0000 2.0000 15.0000 0.0096 0.0022 0.0169 Bacteria Firmicutes Clostridia Clostridiales U U
Otu955 2 3 0 0 0 0 5.0000 5.0000 0.0000 0.0028 0.0056 0.0000 Bacteria Firmicutes Clostridia Clostridiales U U

Otu956 1 0 0 0 1 0 2.0000 1.0000 1.0000 0.0011 0.0011 0.0011 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu957 2 10 0 0 1 0 13.0000 12.0000 1.0000 0.0073 0.0135 0.0011 Bacteria Firmicutes Clostridia Clostridiales U U
Otu958 1 6 0 11 0 2 20.0000 7.0000 13.0000 0.0112 0.0079 0.0146 Bacteria Firmicutes Clostridia Clostridiales U U
Otu959 1 2 0 10 0 2 15.0000 3.0000 12.0000 0.0084 0.0034 0.0135 Bacteria Firmicutes Clostridia Clostridiales U U
Otu96 68 78 0 38 2 3 189.0000 146.0000 43.0000 0.1062 0.1641 0.0483 Bacteria Firmicutes U U U U
Otu960 0 2 0 6 0 6 14.0000 2.0000 12.0000 0.0079 0.0022 0.0135 Bacteria Firmicutes Clostridia Clostridiales U U
Otu961 1 1 0 0 0 3 5.0000 2.0000 3.0000 0.0028 0.0022 0.0034 Bacteria Firmicutes U U U U
Otu962 0 0 0 0 0 19 19.0000 0.0000 19.0000 0.0107 0.0000 0.0214 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu963 0 0 0 0 1 3 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu964 0 1 9 0 7 3 20.0000 10.0000 10.0000 0.0112 0.0112 0.0112 Bacteria Planctomycetes Planctomycetia Planctomycetales Planctomycetaceae U
Otu965 4 0 0 0 15 0 19.0000 4.0000 15.0000 0.0107 0.0045 0.0169 Bacteria Actinobacteria Actinobacteria U U U
Otu966 0 0 0 0 4 0 4.0000 0.0000 4.0000 0.0022 0.0000 0.0045 Bacteria U U U U U
Otu967 0 0 0 0 7 4 11.0000 0.0000 11.0000 0.0062 0.0000 0.0124 Bacteria Firmicutes U U U U
Otu968 3 13 0 1 0 3 20.0000 16.0000 4.0000 0.0112 0.0180 0.0045 Bacteria Firmicutes Clostridia Clostridiales U U
Otu969 7 0 0 0 2 0 9.0000 7.0000 2.0000 0.0051 0.0079 0.0022 Bacteria U U U U U
Otu97 13 40 0 77 69 22 221.0000 53.0000 168.000

0
0.1242 0.0596 0.1888 Bacteria U U U U U

Otu970 0 0 2 0 5 0 7.0000 2.0000 5.0000 0.0039 0.0022 0.0056 Bacteria Actinobacteria Actinobacteria Acidimicrobiales Iamiaceae Aquihabitans
Otu971 0 6 0 0 0 0 6.0000 6.0000 0.0000 0.0034 0.0067 0.0000 Bacteria U U U U

Otu972 2 0 0 0 5 1 8.0000 2.0000 6.0000 0.0045 0.0022 0.0067 Bacteria
Candidatus_Sac

chari bacteria
Saccharibacteria_

genera
_incertae_sedis

U U U

Otu973 0 0 0 7 0 0 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria U U U U U
Otu974 0 0 3 0 14 0 17.0000 3.0000 14.0000 0.0096 0.0034 0.0157 Bacteria Actinobacteria Actinobacteria Solirubrobacterales U U
Otu975 4 0 0 0 4 0 8.0000 4.0000 4.0000 0.0045 0.0045 0.0045 Bacteria U U U U U
Otu976 0 1 0 1 0 2 4.0000 1.0000 3.0000 0.0022 0.0011 0.0034 Bacteria Firmicutes U U U U
Otu977 0 0 0 2 0 3 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu978 1 0 0 0 13 1 15.0000 1.0000 14.0000 0.0084 0.0011 0.0157 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales U U
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Otu979 0 0 3 0 0 0 3.0000 3.0000 0.0000 0.0017 0.0034 0.0000 Bacteria Bacteroidetes Sphingobacteriia Sphingobacteriales Sphingobacteriaceae Sphingobacterium
Otu98 0 0 0 0 129 80 209.0000 0.0000 209.000

0
0.1174 0.0000 0.2349 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U

Otu980 0 0 8 0 1 0 9.0000 8.0000 1.0000 0.0051 0.0090 0.0011 Bacteria Bacteroidetes Sphingobacteriia Sphingobacteriales Sphingobacteriaceae Sphingobacterium
Otu981 0 0 0 9 0 1 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria U U U U U
Otu982 0 0 0 3 1 3 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria U U U U U
Otu983 0 1 0 1 0 3 5.0000 1.0000 4.0000 0.0028 0.0011 0.0045 Bacteria Firmicutes U U U U
Otu984 0 1 0 0 0 8 9.0000 1.0000 8.0000 0.0051 0.0011 0.0090 Bacteria Firmicutes Clostridia Clostridiales U U
Otu985 0 4 0 8 1 0 13.0000 4.0000 9.0000 0.0073 0.0045 0.0101 Bacteria Firmicutes Clostridia U U U
Otu986 4 2 0 2 0 7 15.0000 6.0000 9.0000 0.0084 0.0067 0.0101 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu987 1 4 0 1 0 4 10.0000 5.0000 5.0000 0.0056 0.0056 0.0056 Bacteria Firmicutes U U U U
Otu988 0 0 0 0 7 2 9.0000 0.0000 9.0000 0.0051 0.0000 0.0101 Bacteria Firmicutes Clostridia Clostridiales Ruminococcaceae U
Otu989 0 0 0 0 5 0 5.0000 0.0000 5.0000 0.0028 0.0000 0.0056 Bacteria Proteobacteria Alphaproteobacte

ria
Rhizobiales Xanthobacteraceae Ancylobacter

Otu99 1 5 0 48 6 136 196.0000 6.0000 190.000
0

0.1101 0.0067 0.2135 Bacteria Firmicutes U U U U

Otu990 0 7 0 6 3 4 20.0000 7.0000 13.0000 0.0112 0.0079 0.0146 Bacteria Firmicutes Clostridia U U U
Otu991 0 2 0 7 0 7 16.0000 2.0000 14.0000 0.0090 0.0022 0.0157 Bacteria Firmicutes Clostridia U U U
Otu992 0 0 0 0 12 3 15.0000 0.0000 15.0000 0.0084 0.0000 0.0169 Bacteria Firmicutes Clostridia Clostridiales U U
Otu993 6 0 0 0 6 0 12.0000 6.0000 6.0000 0.0067 0.0067 0.0067 Bacteria Bacteroidetes Sphingobacteriia Sphingobacteriales Sphingobacteriaceae U
Otu994 0 10 0 2 6 4 22.0000 10.0000 12.0000 0.0124 0.0112 0.0135 Bacteria Firmicutes U U U U
Otu995 1 1 0 0 9 1 12.0000 2.0000 10.0000 0.0067 0.0022 0.0112 Bacteria U U U U U
Otu996 0 1 0 0 1 4 6.0000 1.0000 5.0000 0.0034 0.0011 0.0056 Bacteria Firmicutes Clostridia Clostridiales U U
Otu997 0 0 0 6 0 4 10.0000 0.0000 10.0000 0.0056 0.0000 0.0112 Bacteria Firmicutes U U U U
Otu998 0 0 0 3 1 3 7.0000 0.0000 7.0000 0.0039 0.0000 0.0079 Bacteria Firmicutes U U U U
Otu999 3 1 0 2 3 2 11.0000 4.0000 7.0000 0.006

2
0.0045 0.0079 Bacteria Firmicutes Clostridia Clostridiales U U

P6A to P8A: midgut samples. P6R to P8R: hindgut samples. U: Unidentified taxon
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Table S5. Absolute and Relative abundance of fungal OTUs in Pelidnota luridipes gut

OTU 
ID

Abundância Absoluta
Abundância

Relativa
Classificação

P6A P7A P8A P6R P7R P8R Total Midgut Hindgut Total
Midg

ut
Hindg

ut
Kingd

om
Phylum Class Order Family Genus

OTU1
36880.00

00
30228.00

00
20459.00

00
56508.00

00
36250.00

00
23861.00

00
204186.00

00
87567.00

00
116619.0

000
28.716

5
24.630

5
32.802

1
Fungi Ascomycota Saccharomycetes

Saccharomycet
ales

Debaryomycetaceae Candida

OTU1
0

219.000
0

4.0000 833.0000
192.000

0
2940.00

00
4082.000

0
8270.000

0
1056.00

00
7214.000

0
1.163

1
0.297

0
2.029

1
Fungi Ascomycota U U U U

OTU1
00

0.0000 0.0000 0.0000 0.0000 0.0000 60.0000 60.0000 0.0000 60.0000
0.008

4
0.000

0
0.016

9
Fungi

Basidiomycot
a

U U U U

OTU1
01

0.0000 118.0000 0.0000 0.0000 0.0000 0.0000 118.0000 118.0000 0.0000
0.016

6
0.033

2
0.000

0
Fungi Ascomycota U U U U

OTU1
02

1.0000 7.0000 1.0000 0.0000 99.0000 3.0000 111.0000 9.0000 102.0000
0.015

6
0.002

5
0.028

7
Fungi Ascomycota

Dothideomycete
s

Capnodiales Mycosphaerellaceae Davidiella

OTU1
03

81.0000 0.0000 0.0000 0.0000 0.0000 0.0000 81.0000 81.0000 0.0000
0.011

4
0.022

8
0.000

0
Fungi Ascomycota Sordariomycetes

Ophiostomatal
es

Ophiostomataceae
Hawksworthio

myces

OTU1
04

0.0000 0.0000 20.0000 0.0000 79.0000 0.0000 99.0000 20.0000 79.0000
0.013

9
0.005

6
0.022

2
Fungi Ascomycota

Dothideomycete
s

Mycosphaerell
ales

Dissoconiaceae
Ramichloridiu

m

OTU1
05

8.0000 7.0000 3.0000 2.0000 4.0000 62.0000 86.0000 18.0000 68.0000
0.012

1
0.005

1
0.019

1
Fungi Ascomycota Sordariomycetes U U U

OTU1
06

3.0000 1.0000 1.0000 3.0000 92.0000 0.0000 100.0000 5.0000 95.0000
0.014

1
0.001

4
0.026

7
Fungi Ascomycota

Dothideomycete
s

Dothideales Saccotheciaceae Aureobasidium

OTU1
07

0.0000 0.0000 21.0000 0.0000 70.0000 0.0000 91.0000 21.0000 70.0000
0.012

8
0.005

9
0.019

7
Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus

OTU1
08

50.0000 0.0000 48.0000 0.0000 0.0000 13.0000 111.0000 98.0000 13.0000
0.015

6
0.027

6
0.003

7
Fungi Ascomycota U U U U

OTU1
09

81.0000 0.0000 0.0000 0.0000 0.0000 0.0000 81.0000 81.0000 0.0000
0.011

4
0.022

8
0.000

0
Fungi

Fungi_OTU1
09

U U U U

OTU1
1

510.000
0

149.000
0

924.0000
439.000

0
52.0000

4250.000
0

6324.000
0

1583.00
00

4741.000
0

0.889
4

0.445
3

1.333
5

Fungi Ascomycota
Dothideomycete

s
U U U

OTU1
10

0.0000 0.0000 0.0000 0.0000
101.000

0
0.0000 101.0000 0.0000 101.0000

0.014
2

0.000
0

0.028
4

Fungi Ascomycota
Dothideomycete

s
U U U

OTU1
11

0.0000 0.0000 0.0000 0.0000 78.0000 0.0000 78.0000 0.0000 78.0000
0.011

0
0.000

0
0.021

9
Fungi Ascomycota

Saccharomycete
s

Saccharomyce
tales

Trichomonascaceae Sugiyamaella

OTU1
12

0.0000 0.0000 0.0000 0.0000 0.0000 77.0000 77.0000 0.0000 77.0000
0.010

8
0.000

0
0.021

7
Fungi

Fungi_OTU11
2

U U U U

OTU1
13

1.0000 1.0000 1.0000 0.0000 0.0000 68.0000 71.0000 3.0000 68.0000
0.010

0
0.000

8
0.019

1
Fungi Ascomycota

Dothideomycete
s

Capnodiales Mycosphaerellaceae Davidiella

OTU1 78.0000 0.0000 0.0000 0.0000 14.0000 0.0000 92.0000 78.0000 14.0000 0.012 0.021 0.003 Fungi Ascomycota Sordariomycetes Chaetosphaeri Chaetosphaeriaceae Chaetosphaeria
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14 9 9 9 ales

OTU1
15

72.0000 0.0000 0.0000 0.0000 0.0000 0.0000 72.0000 72.0000 0.0000
0.010

1
0.020

3
0.000

0
Fungi Basidiomycot

a
Microbotryomy

cetes
Sporidiobolale

s
Sporidiobolaceae Rhodotorula

OTU1
16

57.0000 0.0000 0.0000 0.0000 0.0000 31.0000 88.0000 57.0000 31.0000
0.012

4
0.016

0
0.008

7
Fungi U U U U U

OTU1
17

0.0000 0.0000 103.0000 0.0000 0.0000 0.0000 103.0000
103.000

0
0.0000

0.014
5

0.029
0

0.000
0

Fungi Ascomycota Dothideomycete
s

Pleosporales Thyridariaceae Roussoella

OTU1
18

2.0000 7.0000 3.0000 0.0000 56.0000 0.0000 68.0000 12.0000 56.0000
0.009

6
0.003

4
0.015

8
Fungi Basidiomycot

a
Malasseziomyce

tes
Malasseziales Malasseziaceae Malassezia

OTU1
19

89.0000 0.0000 0.0000 0.0000 0.0000 0.0000 89.0000 89.0000 0.0000
0.012

5
0.025

0
0.000

0
Fungi Ascomycota Leotiomycetes U U U

OTU1
2

3223.00
00

2903.00
00

1357.000
0

239.000
0

140.000
0

601.0000
8463.000

0
7483.00

00
980.0000

1.190
2

2.104
8

0.275
7

Fungi Ascomycota Dothideomycete
s

Aulographales Rhizodiscinaceae Rhizodiscina

OTU1
20

0.0000 0.0000 0.0000 0.0000 0.0000 48.0000 48.0000 0.0000 48.0000
0.006

8
0.000

0
0.013

5
Fungi Ascomycota Eurotiomycetes Chaetothyriale

s
Herpotrichiellaceae Exophiala

OTU1
21

0.0000 31.0000 20.0000 0.0000 0.0000 20.0000 71.0000 51.0000 20.0000
0.010

0
0.014

3
0.005

6
Fungi Ascomycota U U U U

OTU1
22

3.0000 0.0000 67.0000 0.0000 0.0000 0.0000 70.0000 70.0000 0.0000
0.009

8
0.019

7
0.000

0
Fungi Ascomycota Dothideomycete

s
Pleosporales Pleosporaceae Alternaria

OTU1
23

18.0000 0.0000 11.0000 0.0000 1.0000 31.0000 61.0000 29.0000 32.0000
0.008

6
0.008

2
0.009

0
Fungi Ascomycota Dothideomycete

s
Pleosporales Massarinaceae Massarina

OTU1
24

0.0000 79.0000 0.0000 0.0000 0.0000 0.0000 79.0000 79.0000 0.0000
0.011

1
0.022

2
0.000

0
Fungi Basidiomycot

a
U U U U

OTU1
25

43.0000 26.0000 0.0000 0.0000 0.0000 0.0000 69.0000 69.0000 0.0000
0.009

7
0.019

4
0.000

0
Fungi Ascomycota Sordariomycetes Hypocreales Cordycipitaceae Lecanicillium

OTU1
26

38.0000 0.0000 34.0000 2.0000 0.0000 0.0000 74.0000 72.0000 2.0000
0.010

4
0.020

3
0.000

6
Fungi Ascomycota Sordariomycetes Hypocreales Ophiocordycipitaceae Harposporium

OTU1
27

46.0000 0.0000 40.0000 0.0000 0.0000 0.0000 86.0000 86.0000 0.0000
0.012

1
0.024

2
0.000

0
Fungi Ascomycota Sordariomycetes Microascales Microascaceae Scedosporium

OTU1
28

0.0000 0.0000 9.0000 40.0000 0.0000 0.0000 49.0000 9.0000 40.0000
0.006

9
0.002

5
0.011

3
Fungi Ascomycota Sordariomycetes Xylariales Xylariaceae U

OTU1
29

0.0000 16.0000 1.0000 0.0000 0.0000 26.0000 43.0000 17.0000 26.0000
0.006

0
0.004

8
0.007

3
Fungi Fungi_OTU1

29
U U U U

OTU1
3

770.000
0

17.0000 356.0000
1798.00

00
3705.00

00
461.0000

7107.000
0

1143.000
0

5964.000
0

0.999
5

0.321
5

1.677
5

Fungi Ascomycota Sordariomycetes Xenospadicoid
ales

Xenospadicoidaceae Spadicoides

OTU1
30

60.0000 2.0000 4.0000 0.0000 1.0000 1.0000 68.0000 66.0000 2.0000
0.009

6
0.018

6
0.000

6
Fungi Ascomycota Dothideomycete

s
Pleosporales Lophiostomataceae Lophiostoma

OTU1
31

0.0000 0.0000 14.0000 0.0000 40.0000 0.0000 54.0000 14.0000 40.0000
0.007

6
0.003

9
0.011

3
Fungi Ascomycota Sordariomycetes Hypocreales Nectriaceae Dialonectria

OTU1 1253.00 1115.000 781.0000 2222.00 1145.000 898.0000 7414.000 3149.00 4265.000 1.042 0.885 1.199 Fungi Ascomycota Saccharomycete Saccharomyce Debaryomycetaceae Spathaspora
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32 00 0 00 0 0 00 0 7 7 6 s tales

OTU1
33

0.0000 14.0000 20.0000 2.0000 0.0000 5.0000 41.0000 34.0000 7.0000
0.005

8
0.009

6
0.002

0
Fungi Ascomycota Dothideomycete

s
Capnodiales Mycosphaerellaceae Davidiella

OTU1
34

31.0000 0.0000 13.0000 1.0000 0.0000 42.0000 87.0000 44.0000 43.0000
0.012

2
0.012

4
0.012

1
Fungi Ascomycota Dothideomycete

s
Botryosphaeri

ales
Botryosphaeriaceae U

OTU1
35

0.0000 60.0000 0.0000 0.0000 0.0000 0.0000 60.0000 60.0000 0.0000
0.008

4
0.016

9
0.000

0
Fungi Basidiomycot

a
Agaricomycetes Atheliales Atheliaceae Myriococcum

OTU1
36

0.0000 10.0000 17.0000 0.0000 0.0000 27.0000 54.0000 27.0000 27.0000
0.007

6
0.007

6
0.007

6
Fungi Basidiomycot

a
U U U U

OTU1
37

0.0000 0.0000 39.0000 0.0000 0.0000 0.0000 39.0000 39.0000 0.0000
0.005

5
0.011

0
0.000

0
Fungi Ascomycota Sordariomycetes Hypocreales Stachybotryaceae Albifimbria

OTU1
38

0.0000 54.0000 0.0000 0.0000 0.0000 0.0000 54.0000 54.0000 0.0000
0.007

6
0.015

2
0.000

0
Fungi Ascomycota Sordariomycetes Trichosphaeria

les
Trichosphaeriales_Incerta

e_sedis
Nigrospora

OTU1
39

0.0000 60.0000 0.0000 0.0000 0.0000 0.0000 60.0000 60.0000 0.0000
0.008

4
0.016

9
0.000

0
Fungi Basidiomycot

a
Agaricomycetes Russulales Wrightoporiaceae Wrightoporia

OTU1
4

371.000
0

990.000
0

1177.000
0

261.000
0

1155.000
0

2577.000
0

6531.000
0

2538.00
00

3993.000
0

0.918
5

0.713
9

1.123
1

Fungi Ascomycota Eurotiomycetes Eurotiales Thermoascaceae Byssochlamys

OTU1
40

82.0000 71.0000 368.0000 55.0000 2.0000 559.0000
1137.000

0
521.000

0
616.0000

0.159
9

0.146
5

0.173
3

Fungi Ascomycota Sordariomycetes Hypocreales Hypocreaceae Trichoderma

OTU1
41

0.0000 0.0000 0.0000 0.0000 0.0000 32.0000 32.0000 0.0000 32.0000
0.004

5
0.000

0
0.009

0
Fungi Ascomycota U U U U

OTU1
42

44.0000 0.0000 6.0000 0.0000 0.0000 0.0000 50.0000 50.0000 0.0000
0.007

0
0.014

1
0.000

0
Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus

OTU1
43

0.0000 0.0000 0.0000 0.0000 51.0000 1.0000 52.0000 0.0000 52.0000
0.007

3
0.000

0
0.014

6
Fungi Ascomycota Dothideomycete

s
U Pleurotremataceae Pleurotrema

OTU1
44

0.0000 0.0000 25.0000 2.0000 0.0000 0.0000 27.0000 25.0000 2.0000
0.003

8
0.007

0
0.000

6
Fungi Basidiomycot

a
U U U U

OTU1
45

36.0000 0.0000 0.0000 0.0000 0.0000 0.0000 36.0000 36.0000 0.0000
0.005

1
0.010

1
0.000

0
Fungi Ascomycota Sordariomycetes Xylariales Xylariaceae Annulohypoxyl

on

OTU1
46

0.0000 0.0000 44.0000 0.0000 0.0000 0.0000 44.0000 44.0000 0.0000
0.006

2
0.012

4
0.000
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OTU7
4

0.0000 0.0000 0.0000 29.0000 0.0000 258.0000 287.0000 0.0000 287.0000
0.040

4
0.000

0
0.080

7
Fungi Basidiomycot

a
Agaricomycetes U U U

OTU7
5

0.0000 0.0000 0.0000 0.0000
133.000

0
0.0000 133.0000 0.0000 133.0000

0.018
7

0.000
0

0.037
4

Fungi Ascomycota Sordariomycetes Ophiostomatal
es

Ophiostomataceae Phialocephala

OTU7
6

39.0000
124.000

0
10.0000 5.0000 0.0000 12.0000 190.0000

173.000
0

17.0000
0.026

7
0.048

7
0.004

8
Fungi Ascomycota Saccharomycete

s
Saccharomyce

tales
Debaryomycetaceae Meyerozyma

OTU7
7

0.0000 0.0000 0.0000 0.0000 58.0000 54.0000 112.0000 0.0000 112.0000
0.015

8
0.000

0
0.031

5
Fungi Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Aspergillus

OTU7
8

113.0000 1.0000 1.0000 0.0000 0.0000 0.0000 115.0000 115.0000 0.0000
0.016

2
0.032

3
0.000

0
Fungi Ascomycota Sordariomycetes U U U

OTU7
9

0.0000
162.000

0
0.0000 0.0000 0.0000 0.0000 162.0000

162.000
0

0.0000
0.022

8
0.045

6
0.000

0
Fungi Ascomycota Leotiomycetes Erysiphales Erysiphaceae U

OTU8
5584.00

00
1.0000

5701.000
0

325.000
0

459.000
0

829.0000
12899.00

00
11286.00

00
1613.000

0
1.814

1
3.174

5
0.453

7
Fungi Ascomycota Sordariomycetes U U U

OTU8
0

0.0000 0.0000 0.0000 0.0000
107.000

0
0.0000 107.0000 0.0000 107.0000

0.015
0

0.000
0

0.030
1

Fungi Ascomycota U U U U

OTU8
1

0.0000
162.000

0
0.0000 0.0000 0.0000 3.0000 165.0000

162.000
0

3.0000
0.023

2
0.045

6
0.000

8
Fungi Ascomycota U U U U

OTU8
2

0.0000
132.000

0
0.0000 0.0000 0.0000 0.0000 132.0000

132.000
0

0.0000
0.018

6
0.037

1
0.000

0
Fungi Ascomycota Dothideomycete

s
Capnodiales Mycosphaerellaceae Davidiella

OTU8
3

0.0000
146.000

0
0.0000 0.0000 0.0000 0.0000 146.0000

146.000
0

0.0000
0.020

5
0.041

1
0.000

0
Fungi Ascomycota U U U U

OTU8
4

0.0000 0.0000 14.0000 0.0000 0.0000 124.0000 138.0000 14.0000 124.0000
0.019

4
0.003

9
0.034

9
Fungi Ascomycota Dothideomycete

s
Tubeufiales Tubeufiaceae Helicoarctatus

OTU8
5

0.0000 9.0000 0.0000 0.0000
129.000

0
0.0000 138.0000 9.0000 129.0000

0.019
4

0.002
5

0.036
3

Fungi Ascomycota Dothideomycete
s

Pleosporales Pleosporaceae Alternaria

OTU8
6

0.0000 34.0000 166.0000 0.0000 0.0000 19.0000 219.0000
200.000

0
19.0000

0.030
8

0.056
3

0.005
3

Fungi Ascomycota Dothideomycete
s

Pleosporales Pleosporaceae

OTU8
7

0.0000 0.0000 28.0000 0.0000 0.0000 98.0000 126.0000 28.0000 98.0000
0.017

7
0.007

9
0.027

6
Fungi Ascomycota Orbiliomycetes Orbiliales Orbiliaceae Drechslerella

OTU8
8

0.0000
127.000

0
0.0000 0.0000 0.0000 0.0000 127.0000

127.000
0

0.0000
0.017

9
0.035

7
0.000

0
Fungi Ascomycota Sordariomycetes U U U

OTU8
9

0.0000 0.0000 0.0000 0.0000 0.0000 87.0000 87.0000 0.0000 87.0000
0.012

2
0.000

0
0.024

5
Fungi Basidiomycot

a
Microbotryomy

cetes
U U U

OTU9
104.000

0
109.000

0
9120.000

0
324.000

0
317.000

0
1242.000

0
11216.00

00
9333.00

00
1883.000

0
1.577

4
2.625

1
0.529

6
Fungi Ascomycota U U U U

OTU9
0

36.0000 71.0000 4.0000 1.0000 13.0000 10.0000 135.0000 111.0000 24.0000
0.019

0
0.031

2
0.006

8
Fungi Ascomycota Sordariomycetes Xylariales Amphisphaeriaceae Pestalotiopsis

OTU9 0.0000 1.0000 4.0000 1.0000 56.0000 22.0000 84.0000 5.0000 79.0000 0.011 0.001 0.022 Fungi Ascomycota Sordariomycetes Trichosphaeria U U
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1 8 4 2 les

OTU9
2

0.0000 0.0000 0.0000 1.0000
106.000

0
0.0000 107.0000 0.0000 107.0000

0.015
0

0.000
0

0.030
1

Fungi Ascomycota U U U U

OTU9
3

98.0000 0.0000 0.0000 0.0000 0.0000 0.0000 98.0000 98.0000 0.0000
0.013

8
0.027

6
0.000

0
Fungi Ascomycota Sordariomycetes U U U

OTU9
4

0.0000 50.0000 0.0000 0.0000 0.0000 57.0000 107.0000 50.0000 57.0000
0.015

0
0.014

1
0.016

0
Fungi Ascomycota Dothideomycete

s
Pleosporales Lophiostomataceae Massarina

OTU9
5

0.0000 0.0000 0.0000 0.0000
121.000

0
0.0000 121.0000 0.0000 121.0000

0.017
0

0.000
0

0.034
0

Fungi Ascomycota Sordariomycetes Hypocreales Cordycipitaceae Simplicillium

OTU9
6

39.0000 38.0000 9.0000 36.0000 25.0000 10.0000 157.0000 86.0000 71.0000
0.022

1
0.024

2
0.020

0
Fungi Ascomycota U U U U

OTU9
7

0.0000 0.0000 0.0000 0.0000 0.0000 80.0000 80.0000 0.0000 80.0000
0.011

3
0.000

0
0.022

5
Fungi Ascomycota Sordariomycetes U U U

OTU9
8

93.0000 0.0000 23.0000 0.0000 0.0000 10.0000 126.0000 116.0000 10.0000
0.017

7
0.032

6
0.002

8
Fungi Ascomycota Sordariomycetes Hypocreales Nectriaceae Calonectria

OTU9
9

0.0000 62.0000 14.0000 0.0000 0.0000 30.0000 106.0000 76.0000 30.0000
0.014

9
0.021

4
0.008

4
Fungi Ascomycota Saccharomycete

s
Saccharomyce

tales
Saccharomycetaceae Saccharomyces

P6A to P8A: midgut samples. P6R to P8R: hindgut samples. U: Unidentified taxon.

196



Tabela S6. Metabolic pathways identified by KO descriptors of Pelidnota luridipes gut microbiome
Pathway Total Expected Hits  p-value FDR
Biosynthesis of amino acids 223 0 55 0 0
Porphyrin and chlorophyll metabolism 76 0 22 0 0
2-Oxocarboxylic acid metabolism 67 0 17 0 0
Lipopolysaccharide biosynthesis 17 998 8 0 0
Valine, leucine and isoleucine biosynthesis 15 881 7 0 0
Histidine metabolism 38 0 10 0 0
Phenylalanine, tyrosine and tryptophan biosynthesis 70 0 13 0 0
Thiamine metabolism 23 0 7 0 0
Pantothenate and CoA biosynthesis 29 0 7 0 0
Cysteine and methionine metabolism 78 0 12 0 0
Glycine, serine and threonine metabolism 91 0 13 0 0
Arginine and proline metabolism 126 0 16 0 0
C5-Branched dibasic acid metabolism 21 0 5 0 0
Amino sugar and nucleotide sugar metabolism 126 0 14 0 163
Lysine biosynthesis 46 0 7 0 172
One carbon pool by folate 27 0 5 0 177
D-Arginine and D-ornithine metabolism 4 235 2 19 177
Carbon metabolism 299 0 26 0 213
Folate biosynthesis 31 0 5 0 269
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Tabela S7. KEGG pathway map predicted by PICRUST differentially represented in bacterial communities 
found in midgut and hindgut of Pelidnota luridipes. (discriminant KEGG terms according to KO Database - 
https://www.genome.jp/kegg/ko.html)

KO log2FC logCPM Pvalues FDR Definition
K14061 -8.4226 4.6977 2.44E-05 0.00047902 universal stress protein F
K11016 -7.7864 2.0579 5.88E-05 0.00095911 hemolysin
K11017 -7.7864 2.0579 5.91E-05 0.00095911 hemolysin activation/secretion protein
K05811 -7.7542 3.3579 0.00030677 0.0032099 putative lipoprotein
K05877 -7.7519 3.3548 0.00036905 0.0037191 methyl-accepting chemotaxis protein IV

K08308 -7.7501 3353 0.00037038 0.0037256
membrane-bound lytic murein 
transglycosylase

K13041 -7.5939 3.1985 0.00040285 0.0039292
two-component system, LuxR family, 
response regulator TtrR

K07351 -7.5931 3.1975 0.00042177 0.0040492 fimbrial protein
K07348 -7.5931 3.1975 0.00042182 0.0040492 minor fimbrial subunit
K01460 -7.5911 3.1956 0.00042482 0.0040575 glutathionylspermidine amidase/synthetase

K08163 -7.5911 3.1956 0.00042565 0.0040575
MFS transporter, DHA1 family, multidrug 
resistance protein

K07350 -7.5911 3.1956 0.00042565 0.0040575 minor fimbrial subunit

K08154 -7452 3.3644 0.00049263 0.0043399
MFS transporter, DHA1 family, 2-module 
integral membrane pump EmrD

K00892 -7.4499 3.3619 0.00052979 0.0044246 inosine kinase
K14588 -7.4498 3.3619 0.00052767 0.0044154 blue copper oxidase
K17899 5.3445 1.2415 0.00014271 0.0018066 D-ornithine 4,5-aminomutase subunit alpha
K09944 5579 1.5899 0.00024022 0.0027165 uncharacterized protein
K07097 5579 1.5899 0.00024101 0.0027198 uncharacterized protein

K18284 5.6826 1.1945 0.00080103 0.0053033
adenosylhomocysteine/aminodeoxyfutalosine 
nucleosidase

K18992 6.9599 1.1767 0.00011061 0.0014828
TetR/AcrR family transcriptional regulator, 
cmeABC operon repressor

K05927 6.9599 1.1767 0.00011073 0.0014828
quinone-reactive Ni/Fe-hydrogenase small 
subunit

K17251 6.9599 1.1767 0.00011083 0.0014828 protein glycotransferase

K05922 6.9599 1.1767 0.00011092 0.0014828
quinone-reactive Ni/Fe-hydrogenase large 
subunit

K08077 6.9599 1.1767 0.00011106 0.0014828 UDP-sugar diphosphatase

K15896 6.9599 1.1767 0.00011116 0.0014828
UDP-4-amino-4,6-dideoxy-N-acetyl-beta-L-
altrosamine N-acetyltransferase

K15899 6.9599 1.1767 0.00011116 0.0014828 pseudaminic acid cytidylyltransferase
K07288 6.9599 1.1767 0.00011126 0.0014828 uncharacterized membrane protein

K15897 6.9599 1.1767 0.0001113 0.0014828
UDP-2,4-diacetamido-2,4,6-trideoxy-beta-L-
altropyranose hydrolase

K06882 6.9599 1.1767 0.0001113 0.0014828 uncharacterized protein

K15895 6.9599 1.1767 0.00011131 0.0014828
UDP-4-amino-4,6-dideoxy-L-N-acetyl-beta-
L-altrosamine transaminase
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Table S8. Proportion (%) of isolates presenting funtional traits according to gut source
Funtional trait Midgut Hingut Total

Amilase 34.3 23.7 31.2
Cellulase 17.9 11.9 15.9
Esterase 32.8 32.2 32.9
Ligninase 4.5 1.7 2.4
Pectinase 31.3 35.6 33.5
Protease 41.8 32.2 40
Bile Salts 52.2 54.2 58.2
PO4 solubilization 44.8 50.8 48.8
Growth on pH2 6 3.4 3.5
Growth on pH4 14.9 11.9 12.9
Growth on pH7 94 96.6 94.7
Growth on pH8 95.5 96.6 94.7
Pathogen Inhibition 49.3 37.3 44.7
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Tabela S9. Comparison of predicted KO identifiers using PICRUSt between midgut and hindgut of Pelidnota 
luridipes. Negative and positive log2FC values indicate higher abundance in the mid and hindgut, respectively
KO log2FC logCPM  p-values FDR
K14061 -8.4226 4.6977 2.4381e-05 0.00047902
K11016 -7.7864 2.0579 5.8764e-05 0.00095911
K11017 -7.7864 2.0579 5.9129e-05 0.00095911
K05811 -7.7542 3.3579 0.00030677 0.0032099
K05877 -7.7519 3.3548 0.00036905 0.0037191
K08308 -7.7501 3353 0.00037038 0.0037256
K13041 -7.5939 3.1985 0.00040285 0.0039292
K07351 -7.5931 3.1975 0.00042177 0.0040492
K07348 -7.5931 3.1975 0.00042182 0.0040492
K01460 -7.5911 3.1956 0.00042482 0.0040575
K08163 -7.5911 3.1956 0.00042565 0.0040575
K07350 -7.5911 3.1956 0.00042565 0.0040575
K08154 -7452 3.3644 0.00049263 0.0043399
K00892 -7.4499 3.3619 0.00052979 0.0044246
K14588 -7.4498 3.3619 0.00052767 0.0044154
K11021 -7.4493 2122 4.4184e-05 0.00077849
K03788 -7.2917 3.2055 0.00060524 0.0046363
K11929 -7272 2.8806 0.00050525 0.0043862
K13631 -7.2696 2.8781 0.00050935 0.0043881
K05952 -7.2483 2.0792 0.00019115 0.0022746
K03812 -7.1625 3.2162 0.00031371 0.00327
K05984 -7.0523 2.6651 0.0004716 0.0042699
K08723 -7049 2.6614 0.00051596 0.0043986
K06141 -7.0455 2.6572 0.00061402 0.0046363
K07781 -7.0427 2.6544 0.00061428 0.0046363
K03468 -7.0427 2.6544 0.00061429 0.0046363
K12147 -7.0427 2.6544 0.00061446 0.0046363
K16703 -7.0427 2.6544 0.00061513 0.0046363
K16710 -7.0427 2.6544 0.0006168 0.0046363
K02467 -7.0426 2.6544 0.00061167 0.0046363
K07701 -7.0426 2.6544 0.00061271 0.0046363
K09475 -7.0426 2.6544 0.00061289 0.0046363
K15548 -7.0426 2.6544 0.000613 0.0046363
K05594 -7.0426 2.6544 0.00061302 0.0046363
K02468 -7.0426 2.6544 0.00061317 0.0046363
K03971 -7.0426 2.6544 0.0006132 0.0046363
K12945 -7.0426 2.6544 0.00061353 0.0046363
K08137 -7.0426 2.6544 0.00061365 0.0046363
K12290 -7.0426 2.6544 0.0006138 0.0046363
K19587 -7.0387 2.6504 0.00062872 0.0046557
K11941 -6.9779 2675 0.0004762 0.004277
K10011 -6.9651 3.4036 0.00042842 0.0040767
K05798 -6.9351 3.2216 0.00057117 0.0046287
K07026 -6923 2.6181 0.00090149 0.0057495
K08353 -6915 2348 0.00051609 0.0043986
K12660 -6.9114 2.3449 0.00047295 0.0042699
K19354 -6.9102 2343 0.00053298 0.004431
K19709 -6.9102 2343 0.00053517 0.0044378
K19697 -6.9102 2343 0.00053542 0.0044378
K17466 -6.9101 2343 0.00052317 0.0044154
K17467 -6.9101 2343 0.0005256 0.0044154
K17468 -6.9101 2343 0.00052788 0.0044154
K17473 -6.9101 2343 0.00053067 0.0044252
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K18862 -6.9101 2343 0.00053183 0.0044281
K11264 -6.91 2343 0.00051339 0.0043986
K13923 -6.91 2343 0.00051441 0.0043986
K16324 -6.91 2343 0.00051699 0.0043986
K17463 -6.91 2343 0.00051824 0.0044022
K17465 -6.91 2343 0.0005207 0.0044154
K06146 -6.9099 2343 0.00050287 0.0043806
K07319 -6.9099 2343 0.00050559 0.0043862
K07821 -6.9099 2343 0.00050832 0.0043862
K08277 -6.9099 2343 0.00051106 0.0043959
K04025 -6.9098 2343 0.00049477 0.0043518
K05245 -6.9098 2343 0.00049746 0.0043614
K05887 -6.9098 2343 0.00050016 0.0043729
K03755 -6.9097 2343 0.00048413 0.0043137
K04016 -6.9097 2343 0.00048677 0.0043302
K04020 -6.9097 2343 0.00048943 0.0043397
K04022 -6.9097 2343 0.00049209 0.0043399
K03276 -6.9096 2343 0.00047409 0.004273
K03278 -6.9096 2343 0.00047626 0.004277
K03279 -6.9096 2343 0.00047887 0.0042879
K03329 -6.9096 2343 0.0004815 0.0043043
K02080 -6.9095 2343 0.00046724 0.0042699
K02173 -6.9095 2343 0.0004698 0.0042699
K02850 -6.9095 2343 0.00047192 0.0042699
K03277 -6.9064 2.3399 0.00047083 0.0042699
K02840 -6.9064 2.3399 0.00047118 0.0042699
K00785 -6.9064 2.3399 0.00047146 0.0042699
K11200 -6.9064 2.3399 0.00047166 0.0042699
K07358 -6.9064 2.3399 0.00047176 0.0042699
K15722 -6.9063 2.3399 0.00046594 0.0042699
K14587 -6.9063 2.3399 0.00046682 0.0042699
K13654 -6.9063 2.3399 0.0004677 0.0042699
K13243 -6.9063 2.3399 0.00046858 0.0042699
K12684 -6.9063 2.3399 0.00046947 0.0042699
K11922 -6.9063 2.3399 0.00047066 0.0042699
K07352 -6.9063 2.3399 0.00047066 0.0042699
K03836 -6.9063 2.3399 0.00047073 0.0042699
K16136 -6.8843 3.3639 0.00096812 0.0060433
K08348 -6.8427 4.2241 0.00054084 0.0044623
K08478 -6.8156 2.0401 0.00064831 0.0046997
K03815 -6.7812 2.3602 0.0004058 0.0039332
K10984 -6.7793 2354 0.00059011 0.0046363
K10985 -6.7793 2354 0.000593 0.0046363
K10986 -6.7793 2354 0.0005957 0.0046363
K17464 -6.7793 2354 0.00059849 0.0046363
K08297 -6.7792 2354 0.00058725 0.0046363
K11203 -6.7783 2.3951 0.00064565 0.0046997
K13683 -6.7772 2.3944 0.00061272 0.0046363
K16076 -6.7762 2.3928 0.00067969 0.0046997
K11201 -6.7762 2.3928 0.0006804 0.0046997
K15831 -6.7727 2.3894 0.0006734 0.0046997
K15832 -6.7727 2.3894 0.00067442 0.0046997
K15833 -6.7727 2.3894 0.00067545 0.0046997
K16695 -6.7727 2.3894 0.0006764 0.0046997
K18140 -6.7727 2.3894 0.00067715 0.0046997
K16711 -6.7727 2.3894 0.0006774 0.0046997
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K18141 -6.7727 2.3894 0.00067806 0.0046997
K19234 -6.7727 2.3894 0.00068019 0.0046997
K18142 -6.7727 2.3894 0.00068028 0.0046997
K18325 -6.7727 2.3894 0.00068162 0.0046997
K19148 -6.7727 2.3894 0.00068169 0.0046997
K18479 -6.7727 2.3894 0.00068239 0.0046997
K19688 -6.7727 2.3894 0.00068304 0.0046997
K19238 -6.7727 2.3894 0.00068318 0.0046997
K14064 -6.7726 2.3894 0.00066193 0.0046997
K15735 -6.7726 2.3894 0.0006648 0.0046997
K15827 -6.7726 2.3894 0.00066757 0.0046997
K15828 -6.7726 2.3894 0.00066913 0.0046997
K15829 -6.7726 2.3894 0.00067054 0.0046997
K12943 -6.7725 2.3894 0.0006478 0.0046997
K12944 -6.7725 2.3894 0.00065025 0.0046997
K13620 -6.7725 2.3894 0.00065374 0.0046997
K13629 -6.7725 2.3894 0.00065674 0.0046997
K13650 -6.7725 2.3894 0.00065736 0.0046997
K13632 -6.7725 2.3894 0.00065821 0.0046997
K13630 -6.7725 2.3894 0.00065903 0.0046997
K13684 -6.7725 2.3894 0.00065969 0.0046997
K11732 -6.7724 2.3894 0.00063647 0.0046915
K11938 -6.7724 2.3894 0.00063897 0.0046953
K12151 -6.7724 2.3894 0.00064214 0.0046953
K12299 -6.7724 2.3894 0.00064527 0.0046997
K07470 -6.7723 2.3894 0.00062282 0.0046458
K07592 -6.7723 2.3894 0.00062527 0.0046465
K07796 -6.7723 2.3894 0.0006269 0.0046524
K08225 -6.7723 2.3894 0.00062906 0.0046557
K09612 -6.7723 2.3894 0.00063128 0.0046658
K11685 -6.7723 2.3894 0.00063349 0.0046759
K04333 -6.7722 2.3894 0.00061068 0.0046363
K04334 -6.7722 2.3894 0.00061391 0.0046363
K04336 -6.7722 2.3894 0.0006171 0.0046363
K07229 -6.7722 2.3894 0.00061996 0.0046427
K02814 -6.7721 2.3894 0.00059912 0.0046363
K02815 -6.7721 2.3894 0.00059978 0.0046363
K02972 -6.7721 2.3894 0.00060297 0.0046363
K03712 -6.7721 2.3894 0.00060521 0.0046363
K03838 -6.7721 2.3894 0.00060804 0.0046363
K02255 -6772 2.3894 0.0005875 0.0046363
K02317 -6772 2.3894 0.00058993 0.0046363
K02430 -6772 2.3894 0.00059202 0.0046363
K02506 -6772 2.3894 0.00059412 0.0046363
K02812 -6772 2.3894 0.00059639 0.0046363
K00885 -6.7719 2.3894 0.00058325 0.0046363
K00932 -6.7719 2.3894 0.00058456 0.0046363
K01169 -6.7719 2.3894 0.00058588 0.0046363
K10906 -6.7693 2.3869 0.00057577 0.0046363
K11530 -6.7671 2.3846 0.00059431 0.0046363
K05804 -6.7603 4.7089 0.00038494 0.0038155
K11391 -6.7473 2.6688 0.00089714 0.0057447
K08279 -6.7149 2.4187 0.00037452 0.0037466
K03819 -6.7089 2.4109 0.00054924 0.004491
K03756 -6.7012 2.4026 0.00064133 0.0046953
K04337 -6659 2.4406 0.00052497 0.0044154
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K04335 -6659 2.4406 0.00052521 0.0044154
K01406 -6.6531 2.5489 0.00025962 0.0028361
K03290 -6.6254 2.4065 0.0006632 0.0046997
K01671 -6.6241 2.4043 0.00081248 0.0053596
K07811 -6.5848 2.3659 0.00081752 0.005367
K11932 -6.5822 4.2491 0.00051202 0.0043973
K16347 -6.5816 2.4027 0.0006633 0.0046997
K07812 -6.58 2361 0.00083944 0.0054639
K04018 -6.5799 2361 0.00083563 0.0054596
K12528 -6.5767 2.3579 0.00081354 0.0053601
K12529 -6.5767 2.3579 0.00081707 0.005367
K13480 -6.5767 2.3579 0.00081994 0.0053764
K16346 -6.5767 2.3579 0.00082378 0.0053886
K04064 -6.5619 2.6849 0.00066058 0.0046997
K05517 -6553 2.7306 0.00074555 0.0050039
K02100 -6.5212 1.4398 0.00015739 0.0019406
K15834 -6.48 2.4068 0.0010178 0.0062188
K03485 -6.4799 2.4068 0.00099966 0.0061977
K02079 -6.4799 2.4068 0.0010009 0.0061985
K05775 -6.4799 2.4068 0.0010052 0.0062101
K05880 -6.4799 2.4068 0.0010099 0.0062122
K09900 -6.4799 2.4068 0.0010111 0.0062122
K13636 -6.4799 2.4068 0.0010119 0.0062122
K07784 -6.4799 2.4068 0.0010122 0.0062122
K15830 -6.4799 2.4068 0.0010151 0.0062188
K07686 -6407 3.8891 0.0010611 0.0064073
K01407 -6388 3.4085 0.0021328 0.0098609
K05839 -6.3879 3.4085 0.0020688 0.0098481
K05790 -6.3879 3.4085 0.0020753 0.0098481
K04067 -6.3879 3.4085 0.0020817 0.0098481
K02853 -6.3879 3.4085 0.0020878 0.0098481
K02682 -6.3879 3.4085 0.0020938 0.0098488
K02681 -6.3879 3.4085 0.0021002 0.0098488
K02679 -6.3879 3.4085 0.0021066 0.0098511
K02507 -6.3879 3.4085 0.002113 0.0098554
K02504 -6.3879 3.4085 0.0021198 0.0098556
K02425 -6.3879 3.4085 0.0021262 0.0098556
K12582 -6.3878 3.4085 0.0020046 0.0097934
K12288 -6.3878 3.4085 0.0020079 0.0097953
K12148 -6.3878 3.4085 0.0020141 0.0097961
K11923 -6.3878 3.4085 0.0020185 0.009809
K11751 -6.3878 3.4085 0.0020249 0.0098154
K09917 -6.3878 3.4085 0.00203 0.0098164
K09911 -6.3878 3.4085 0.0020327 0.0098164
K08682 -6.3878 3.4085 0.0020386 0.0098338
K07676 -6.3878 3.4085 0.0020434 0.0098338
K06144 -6.3878 3.4085 0.0020494 0.0098481
K06006 -6.3878 3.4085 0.0020557 0.0098481
K05997 -6.3878 3.4085 0.0020625 0.0098481
K19162 -6.3877 3.4085 0.0019665 0.0097471
K16868 -6.3877 3.4085 0.0019725 0.009759
K16704 -6.3877 3.4085 0.0019779 0.009759
K16693 -6.3877 3.4085 0.0019821 0.009762
K15974 -6.3877 3.4085 0.0019886 0.0097633
K14762 -6.3877 3.4085 0.0019951 0.009782
K13301 -6.3877 3.4085 0.0020013 0.0097865
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K18988 -6.3705 3.4148 0.00046921 0.0042699
K03720 -6.3631 3.4164 0.001721 0.0089825
K12500 -6352 3.4258 0.0010301 0.0062793
K15922 -6.3419 2.5714 0.0010787 0.0064676
K02505 -6.2815 3414 0.0018989 0.0095616
K12152 -6.2767 3.4222 0.0017865 0.0091746
K07357 -6.2739 3.2305 0.00283 0.01164
K09998 -6.2722 3.4171 0.0021574 0.0098612
K09997 -6.2722 3.4171 0.0021631 0.0098612
K09910 -6.2722 3.4171 0.0021675 0.0098612
K09907 -6.2722 3.4171 0.0021716 0.0098612
K09904 -6.2722 3.4171 0.0021782 0.0098612
K09896 -6.2722 3.4171 0.002179 0.0098612
K09897 -6.2722 3.4171 0.0021818 0.0098612
K09899 -6.2722 3.4171 0.0021845 0.0098612
K09894 -6.2722 3.4171 0.0021849 0.0098612
K09891 -6.2722 3.4171 0.0021915 0.0098612
K03603 -6.2722 3.4171 0.002196 0.0098612
K09802 -6.2722 3.4171 0.0021975 0.0098612
K07648 -6.2722 3.4171 0.0021986 0.0098612
K07251 -6.2722 3.4171 0.0022018 0.0098612
K05809 -6.2722 3.4171 0.0022024 0.0098612
K06080 -6.2722 3.4171 0.0022027 0.0098612
K03591 -6.2722 3.4171 0.002203 0.0098612
K07479 -6.2722 3.4171 0.0022048 0.0098612
K06957 -6.2722 3.4171 0.0022061 0.0098612
K07269 -6.2722 3.4171 0.002207 0.0098612
K07186 -6.2722 3.4171 0.0022077 0.0098612
K03573 -6.2722 3.4171 0.0022081 0.0098612
K03632 -6.2722 3.4171 0.0022085 0.0098612
K05803 -6.2722 3.4171 0.0022101 0.0098612
K05590 -6.2722 3.4171 0.0022116 0.0098612
K03840 -6.2722 3.4171 0.0022118 0.0098612
K02344 -6.2722 3.4171 0.0022122 0.0098612
K05368 -6.2722 3.4171 0.0022151 0.0098612
K03674 -6.2722 3.4171 0.0022158 0.0098612
K03804 -6.2722 3.4171 0.0022169 0.0098612
K03764 -6.2722 3.4171 0.0022169 0.0098612
K01146 -6.2722 3.4171 0.0022188 0.0098612
K03633 -6.2722 3.4171 0.0022193 0.0098612
K04770 -6.2722 3.4171 0.0022211 0.0098612
K19226 -6.2721 3.4171 0.0020855 0.0098481
K18657 -6.2721 3.4171 0.0020897 0.0098481
K18446 -6.2721 3.4171 0.0020951 0.0098488
K15723 -6.2721 3.4171 0.0021012 0.0098488
K12961 -6.2721 3.4171 0.0021069 0.0098511
K12525 -6.2721 3.4171 0.0021102 0.0098511
K12149 -6.2721 3.4171 0.0021165 0.0098554
K11926 -6.2721 3.4171 0.0021231 0.0098556
K11925 -6.2721 3.4171 0.0021292 0.0098556
K11107 -6.2721 3.4171 0.0021357 0.0098609
K10748 -6.2721 3.4171 0.0021407 0.0098612
K10000 -6.2721 3.4171 0.0021455 0.0098612
K09999 -6.2721 3.4171 0.0021516 0.0098612
K19304 -6272 3.4171 0.0020588 0.0098481
K19230 -6272 3.4171 0.0020649 0.0098481
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K19229 -6272 3.4171 0.0020704 0.0098481
K19228 -6272 3.4171 0.0020746 0.0098481
K19227 -6272 3.4171 0.0020799 0.0098481
K16322 -6.2599 4.0022 0.00074573 0.0050039
K00835 -6.25 3.4249 0.001781 0.0091686
K13498 -6.2499 3.4249 0.0017751 0.0091518
K02521 -6.2473 3422 0.0019755 0.009759
K08350 -6.2367 3.2597 0.0025512 0.010894
K08349 -6.2367 3.2597 0.0025546 0.010894
K14187 -6.2337 3.4381 0.0013837 0.0076342
K03645 -6.2308 3424 0.0014892 0.0080534
K01175 -6.2216 3425 0.0021347 0.0098609
K09893 -6.2213 3.5258 0.00049078 0.0043399
K11750 -6.2161 3.4194 0.0022461 0.0099049
K03490 -6.2108 2.4005 0.0011479 0.0066988
K19789 -6.1925 3.4244 0.0020846 0.0098481
K07773 -6.1914 3.4233 0.0021242 0.0098556
K02466 -6.1871 2.6771 0.0022093 0.0098612
K00387 -6.1867 0.86083 0.00048844 0.004338
K12973 -6.1838 3.4438 0.0017558 0.0090732
K12243 -6.1827 0.66849 0.00094588 0.0059452
K06079 -6.1799 3.2662 0.0027575 0.011442
K02560 -6.1661 3.4257 0.0022446 0.0099049
K07751 -6.1661 3.4257 0.0022486 0.0099049
K09901 -6.1661 3.4257 0.0022527 0.0099148
K09476 -6.1629 3.9018 0.002028 0.0098164
K06074 -6.1198 3.2669 0.0029097 0.011832
K06073 -6.1198 3.2669 0.0029114 0.011832
K19236 -6.1198 3.2669 0.0029115 0.011832
K06212 -6.1198 3.2669 0.0029124 0.011832
K09161 -6.1198 3.2669 0.0029151 0.011832
K08162 -6.1198 3.2669 0.0029152 0.011832
K06866 -6.1198 3.2669 0.0029158 0.011832
K19778 -6.1182 3276 0.00075486 0.0050404
K03623 -6.1171 3.7583 0.00093987 0.0059211
K14055 -6.1127 3.4314 0.0014405 0.0078447
K08227 -6.1113 3.4209 0.001369 0.0075991
K03834 -6.1092 3.2863 0.0022955 0.010071
K02742 -6.0888 3.4599 0.0010616 0.0064073
K13014 -6.0855 3.4565 0.0011353 0.0066749
K12963 -6.0855 3.4565 0.001137 0.0066749
K09890 -6.0855 3.4565 0.001137 0.0066749
K07806 -6.0855 3.4565 0.0011376 0.0066749
K09908 -6.0855 3.4565 0.0011377 0.0066749
K06899 -6.0855 3.4565 0.0011377 0.0066749
K06219 -6.0855 3.4565 0.0011405 0.0066841
K05851 -6.0855 3.4565 0.0011444 0.0066988
K05787 -6.0855 3.4565 0.0011479 0.0066988
K03112 -6.0855 3.4565 0.0011488 0.0066988
K01766 -6.0832 3.4542 0.0011656 0.0067572
K02565 -6.0828 3.4284 0.0017281 0.0089853
K09918 -6.0781 2.7565 0.00086576 0.0056028
K03828 -6.0772 3.5427 0.00090368 0.0057495
K12981 -6.0764 2.3782 0.0010714 0.0064482
K07757 -6.0716 2.9071 0.0020251 0.0098154
K07349 -6.0712 3.4112 0.0026971 0.011271
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K09898 -6.0648 3.4612 0.0011141 0.0066041
K07490 -6.0624 3.2733 0.0019385 0.0096843
K11606 -6.0607 3.4624 0.00040116 0.0039235
K18918 -6.0476 0.57736 0.00012017 0.0015816
K18800 -6.0454 3.4915 0.00079398 0.0052694
K15545 -6.0059 3.4217 0.0032006 0.012742
K07674 -6.0003 3.1498 0.0031764 0.012673
K02848 -5.9855 2.4475 0.00077063 0.0051331
K06157 -5.9706 2.3695 0.002677 0.01123
K07724 -5.9688 4746 0.0014275 0.0078046
K08993 -5.9497 3.4703 0.0010411 0.0063185
K03516 -5.9339 2.9635 0.0026049 0.011055
K18164 -5.9007 0.073606 0.00059872 0.0046363
K09994 -5848 2.6881 0.0025427 0.010867
K05937 -5.8389 1.0857 0.0026702 0.011227
K07345 -5.8204 6.1922 1.5039e-05 0.00033527
K07237 -5.8188 3464 0.0011792 0.0067631
K07236 -5.8188 3464 0.0011808 0.0067631
K06159 -5.8129 2.9665 0.0036128 0.013877
K07685 -5.8082 3.4543 0.0013204 0.0073893
K11106 -5.8062 2.7643 0.00092252 0.005832
K06858 -5.7967 3.3155 0.0024453 0.010575
K03837 -5.7915 4.0668 0.00014894 0.0018701
K04338 -5.7809 2.6116 0.0015386 0.008247
K02441 -5.7789 3.4787 0.0010036 0.0062077
K03532 -5.7514 2.3921 0.0026208 0.011099
K13735 -5.7465 3.4529 0.0047193 0.015815
K06197 -5.7435 2.4946 0.0011492 0.0066988
K03675 -5.7371 2.7049 0.0042974 0.015473
K18336 -5.7355 0.52434 0.00063839 0.0046953
K00813 -5734 3.4907 0.0006565 0.0046997
K02345 -5.7159 3.4627 0.0041799 0.0152
K02750 -5.7148 2.6984 0.002783 0.011507
K13256 -5.7143 3.6916 0.00025522 0.0028101
K18837 -5.7127 2.7467 0.003881 0.014523
K12974 -5.7094 2.7435 0.0038863 0.014523
K03425 -5.7094 2.7435 0.0038874 0.014523
K12975 -5.7094 2.7435 0.0038879 0.014523
K18324 -5.7094 2.7435 0.0038898 0.014523
K12289 -5.7094 2.7435 0.0038939 0.014523
K09996 -5.7094 2.7435 0.0038945 0.014523
K07643 -5.7094 2.7435 0.0038952 0.014523
K11736 -5.7062 2.7403 0.0039507 0.01465
K02532 -5.7055 3.6308 0.0013005 0.0072853
K06214 -5.7041 2.6429 0.0016427 0.0086777
K11911 -5.6736 2.5034 0.0042384 0.015362
K12984 -5652 2.5198 0.0032792 0.01296
K14051 -5.6198 2.4621 0.0011269 0.0066544
K09906 -5.6137 3.5102 0.0043242 0.015498
K18838 -5.6016 2.7603 0.0044213 0.015624
K08219 -5.5983 2.7571 0.0044407 0.015624
K02562 -5.5983 2.7571 0.0044419 0.015624
K18765 -5.5983 2.7571 0.0044446 0.015624
K07266 -5.5956 1.5249 0.00014289 0.0018066
K09477 -5.5838 2.4782 0.001114 0.0066041
K08992 -5.5657 3515 0.0045306 0.015647
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K07274 -5.5628 4.0193 0.0041769 0.015199
K06211 -5.5576 3.4314 0.0018543 0.0094538
K08485 -5.5519 3.5183 0.0045665 0.015677
K04099 -5.5476 0.34268 0.0006709 0.0046997
K06205 -5.5457 3514 0.00082118 0.005378
K19303 -5.5434 2.7662 0.0030295 0.012214
K00840 -5537 2.8366 0.0046809 0.015763
K15835 -5.5364 2.1297 0.0064459 0.018618
K11192 -5.5363 2.1297 0.0064308 0.018594
K10038 -5.5334 2.7509 0.0051199 0.016127
K08160 -5.5325 2859 0.0039984 0.014746
K04775 -5.5282 2791 0.0030792 0.012368
K16210 -5528 3.4787 0.0038728 0.014523
K01216 -5.5241 -0.28126 0.0012448 0.0070676
K05525 -5.5241 -0.28126 0.0012517 0.0070846
K11607 -5.5216 3.5147 0.00090472 0.0057495
K11604 -5.5216 3.5147 0.00090508 0.0057495
K11605 -5.5216 3.5147 0.00090527 0.0057495
K14591 -5.5212 2.7607 0.0014818 0.0080213
K19235 -5.4968 2.7706 0.0050414 0.016028
K08344 -5496 3.2694 0.0018152 0.0093006
K10972 -5.4787 2.4536 0.0051712 0.01613
K12678 -5.4762 5.2282 0.0018758 0.0095193
K04017 -5475 2.45 0.0051782 0.01613
K07690 -5.4638 2.6618 0.0011571 0.0067236
K14338 -5.4614 3.1423 0.001176 0.0067631
K04691 -5455 3.5552 0.0027237 0.011348
K09916 -5455 3.5552 0.0027286 0.011359
K19775 -5.4549 2.4959 0.0047999 0.015875
K07700 -5.4549 2.4959 0.0048018 0.015875
K07702 -5.4549 2.4959 0.0048029 0.015875
K18326 -5.4549 2.4959 0.0048048 0.015875
K11744 -5.4549 2.4959 0.0048067 0.015875
K08318 -5.4549 2.4959 0.0048084 0.015875
K14062 -5.4549 2.4959 0.0048098 0.015875
K12265 -5.4549 2.4959 0.0048103 0.015875
K13918 -5.4549 2.4959 0.0048113 0.015875
K08320 -5.4549 2.4959 0.004813 0.015875
K18923 -5.4436 2.5486 0.0033785 0.013219
K04081 -5.4372 2.5106 0.0043113 0.015488
K07740 -5.4337 2.8187 0.0030473 0.012274
K18148 -5.4311 2.3396 0.0050766 0.016065
K02783 -5.4296 4.5523 0.00039015 0.0038465
K07810 -5.4155 2.7145 0.0015768 0.0084023
K11382 -5.4148 2.4353 0.0033858 0.013228
K01825 -5.4046 3.5598 0.0027094 0.011297
K02846 -5.3772 2744 0.0014927 0.0080644
K15737 -5.3665 2736 0.0012436 0.0070676
K03651 -5.3628 3.5828 0.0024999 0.010752
K19334 -5.3461 2512 0.0055336 0.016644
K13638 -5.3377 3.4405 0.0018314 0.0093662
K09923 -5.3361 3.4885 0.0011813 0.0067631
K08153 -5.3274 3.2603 0.0028514 0.011693
K05789 -5.3047 2.4773 0.0037551 0.014273
K12962 -5.3034 3.5505 0.00075289 0.0050334
K16234 -5.3007 2.2491 0.004067 0.014871
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K11710 -5.2942 1.7232 0.00066234 0.0046997
K07235 -5.2877 3.5623 0.0024512 0.010592
K07347 -5.2861 6.3626 2.6208e-05 0.00050761
K04103 -5.2803 3635 0.00050091 0.0043729
K04013 -5.2611 2.4866 0.006577 0.018917
K04014 -5.2611 2.4866 0.0065862 0.018924
K04015 -5.2611 2.4866 0.0065899 0.018924
K05802 -5.2542 4368 0.00042504 0.0040575
K05792 -5.2525 2.4782 0.0022603 0.0099402
K02485 -5.2096 3539 0.0046382 0.015724
K00068 -5.2049 3.5692 0.0025956 0.011024
K13938 -5.1923 2.5848 0.003832 0.014435
K08317 -5.1876 1.2835 0.0030813 0.012368
K03668 -5.1616 2.9085 0.0039655 0.014675
K01096 -5.1609 3.6871 0.00067241 0.0046997
K07070 -5.1572 3.6151 0.0015878 0.008443
K01085 -5.1495 3.4529 0.010523 0.027203
K11258 -5.1479 3.5303 0.0053695 0.016421
K03184 -5.1467 3.5291 0.0054061 0.016459
K02336 -5.1319 3.5527 0.00065856 0.0046997
K01545 -5.1283 0.52018 0.00052531 0.0044154
K06155 -5.1232 2.7668 0.0042615 0.015399
K03288 -5.1217 2.6593 0.0011515 0.0067053
K07703 -5.0971 2.6861 0.0057719 0.017134
K07014 -5.0955 3.4657 0.010216 0.026621
K08312 -5.0821 3.5784 0.0036655 0.01402
K13053 -5.0817 3.4931 0.0060752 0.017783
K19231 -5.0499 2.5304 0.001998 0.0097865
K13794 -5.0418 2.4552 0.0056513 0.016877
K09961 -5.0046 2226 0.0012866 0.0072371
K02839 -4.9968 2.6681 0.0032649 0.012922
K16348 -4992 2.8304 0.0025571 0.010894
K03207 -4.9837 2.5097 0.0022824 0.010021
K13040 -4.9798 3.2337 0.018127 0.040885
K07136 -4963 3.7533 0.00040464 0.0039327
K19611 -4.9517 3.4972 0.0073261 0.020531
K04774 -4.9316 3.6583 0.0012723 0.007179
K08997 -4.9294 2.9138 0.011101 0.028294
K11250 -4.9279 3.4482 0.0023005 0.010085
K13255 -4.9167 2.6047 0.0021455 0.0098612
K01771 -4913 0.90098 0.0012143 0.006916
K07807 -4.8886 -0.12355 0.0020095 0.0097953
K08324 -4886 2.9509 0.0053201 0.016345
K11535 -4.8768 4.1944 0.00031718 0.0032999
K09909 -4.8743 2.9259 0.011803 0.029518
K10938 -4.8739 -0.13609 0.0015753 0.0084023
K00884 -4.8561 4.1228 0.0013323 0.0074483
K07678 -4.8542 2.9725 0.0074872 0.020907
K00316 -4851 -0.15624 0.0011731 0.0067631
K03548 -4.8497 3.3563 0.0040497 0.014863
K07265 -4.8344 0.9235 0.0033506 0.013128
K07346 -4.8336 5.1752 0.00018579 0.0022205
K15524 -4.8242 2.7034 0.010019 0.026208
K19734 -4.8197 2.5535 0.013553 0.0329
K18843 -4.8185 2602 0.0033175 0.013041
K11733 -4817 4277 0.00030468 0.0032003
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K09912 -4816 3.6528 0.0055632 0.016687
K00998 -4.8075 3.4746 0.013639 0.033035
K02753 -4.7904 2.5237 0.0069449 0.019695
K03528 -4.7877 3.6712 0.0054713 0.016561
K15396 -4.7874 3.6887 0.0051464 0.01613
K03683 -4.7865 3.6878 0.0051812 0.01613
K09895 -4.7864 3.6878 0.0051699 0.01613
K07153 -4.7846 3.6591 0.0058178 0.017205
K09902 -4.7828 3.6573 0.0059121 0.017418
K05796 -4.7821 3299 0.0084609 0.023015
K01194 -4.7606 4.0765 0.00025402 0.0028029
K05835 -4759 2.6818 0.013097 0.03203
K09712 -4.7584 2.6971 0.004286 0.015452
K06880 -4.7485 3.5713 0.0028203 0.011617
K00484 -4.7306 2.2961 0.0019651 0.0097471
K05793 -4.7258 2232 0.011683 0.029338
K15662 -4.7249 1.7695 0.004317 0.015488
K03607 -4.72 3.4675 0.013829 0.033417
K07312 -4.7168 3.4909 0.0057054 0.016992
K07689 -4.7118 3.4965 0.0030279 0.012214
K04753 -4.7114 3.4463 0.0064147 0.018558
K08351 -4.7108 3.1501 0.003685 0.014041
K07283 -4.7093 3.1419 0.0031088 0.012449
K15536 -4.7027 2696 0.013957 0.033612
K13695 -4.6893 3.4648 0.0048182 0.015882
K02680 -4.6871 3.4532 0.0052385 0.016239
K05777 -4.6846 2485 0.0047696 0.015875
K05778 -4.6846 2485 0.0047853 0.015875
K05779 -4.6846 2485 0.0047935 0.015875
K06986 -4.6737 1064 0.0022224 0.0098612
K02526 -4.6709 4126 0.0017019 0.0089079
K00118 -4.6586 -0.075729 0.0017502 0.0090602
K00247 -4.6554 3307 0.021722 0.047044
K11933 -4.6515 3.3032 0.022403 0.048119
K07306 -4.6505 4.7699 0.001437 0.007841
K02791 -4.6468 4.5894 0.0027036 0.011281
K07069 -4.6449 7.1148 5.3315e-07 4.2815e-05
K19000 -4.6382 3.4747 0.0046161 0.015724
K10857 -4.6223 3.2079 0.0020854 0.0098481
K11921 -4.5885 2.8476 0.0024158 0.010489
K03759 -4.5803 2.4382 0.020084 0.044039
K11738 -4.5731 2.9507 0.0040444 0.014863
K05785 -4.5705 3.5511 0.0068277 0.019451
K13889 -4.5691 3.1793 0.0036563 0.014005
K12700 -4.5573 2.7082 0.0052822 0.016291
K08194 -4.5543 2.6499 0.0028942 0.011832
K13891 -4552 3.0713 0.0036097 0.013875
K19430 -4.5315 1.8259 0.0017257 0.0089853
K03472 -4.5233 3.5777 0.012815 0.031472
K03658 -4.5193 3506 0.019865 0.043681
K13795 -4519 2.6101 0.0046976 0.01578
K05791 -4.5183 2.4596 0.0046035 0.015724
K07310 -4.5157 2.3949 0.012331 0.030587
K08298 -4.5157 2.3949 0.012354 0.030615
K03807 -4.5155 2.9734 0.010644 0.027397
K06149 -4.5144 3.5218 0.0038322 0.014435
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K16209 -4.5131 0.040995 0.0054282 0.01649
K05526 -4.5079 3.0173 0.0031077 0.012449
K15984 -4.5021 3605 0.011763 0.029445
K12685 -4.5007 2.2705 0.0099317 0.026018
K13890 -4.4913 3.0882 0.0038527 0.014493
K09920 -4.4841 3.0146 0.010842 0.027794
K08314 -4.4673 2.5774 0.01245 0.030783
K03533 -4.4639 2.4169 0.01194 0.029805
K11905 -4.4628 2.7312 0.0032716 0.01294
K06447 -4.4549 3.4163 0.0014761 0.0079983
K11910 -4.4474 2.6884 0.0033979 0.013257
K06609 -4.44 0.61844 0.0033091 0.013035
K07400 -4.4271 3.6947 0.0034777 0.013462
K17203 -4.4237 2.8807 0.0038122 0.01442
K17204 -4.4208 2.8779 0.0038289 0.014435
K17202 -4.4208 2.8779 0.0038457 0.014477
K13657 -4.4175 0.0020232 0.002324 0.010171
K01994 -4.4058 7.2139 1.3322e-07 3.3154e-05
K06328 -4.4058 7.2139 1.3332e-07 3.3154e-05
K06426 -4.4058 7.2139 1.3349e-07 3.3154e-05
K13853 -4.3973 7.2161 1.5271e-07 3.3154e-05
K06386 -4.3953 7.2277 1.1849e-07 3.3154e-05
K11636 -4389 3.7062 0.0032539 0.012888
K07640 -4.3882 3.5326 0.008749 0.023645
K06305 -4.3859 7195 1.5432e-07 3.3154e-05
K07637 -4.3782 3.5506 0.0044602 0.015624
K00367 -4.3755 -0.9725 0.001293 0.0072635
K15540 -4.3755 3.6651 0.0025313 0.010838
K02182 -4.3725 3.0143 0.0028698 0.01175
K08368 -4.3487 2.8189 0.0050681 0.016063
K18333 -4.3405 0.55658 0.0018829 0.0095402
K01484 -4.2895 3.1776 0.0033736 0.013209
K00879 -4.2809 2.6441 0.013707 0.033156
K18654 -4.2715 1.3403 0.0073342 0.020543
K18653 -4.2715 1.3403 0.0073423 0.020555
K13283 -4.2707 3.2023 0.0031273 0.012505
K17850 -4269 3.8003 0.0012939 0.0072635
K01184 -4.2638 0.52153 0.0036835 0.014041
K11787 -4.2524 0.06286 0.0059155 0.017418
K07675 -4.2454 4.1486 0.0012063 0.0068921
K19168 -4.2304 3.7345 0.008883 0.023936
K07285 -4.2293 3.5696 0.0058577 0.017313
K13892 -4.2245 3.0666 0.0048109 0.015875
K06887 -4.2185 2.9449 0.0057129 0.016998
K06078 -4.2121 3.4914 0.012586 0.031051
K01027 -4.2067 0.10069 0.0055631 0.016687
K11202 -4.1994 3.8877 0.015324 0.036376
K15468 -4.1974 1.9823 0.0020425 0.0098338
K13796 -4.1939 2738 0.0051705 0.01613
K12661 -4.1901 2.7877 0.0039092 0.014557
K12536 -4.1699 2.5042 0.013902 0.033514
K12537 -4.1699 2.5042 0.013904 0.033514
K07230 -4.1653 3483 0.0063184 0.018347
K07311 -4.1632 2.4978 0.016463 0.038296
K18697 -4.1427 3.0445 0.0073554 0.020581
K12538 -4.1372 2.4599 0.015609 0.036906
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K00137 -4.1367 2.9101 0.0057532 0.017088
K07660 -4.1345 3.6395 0.0047129 0.015814
K00055 -4.1301 0.23856 0.0034686 0.013437
K10014 -4.1086 3.0369 0.0048003 0.015875
K07264 -4.0939 3968 0.0060332 0.017688
K01387 -4.0911 2647 0.012363 0.030622
K00322 -4.0901 3.7425 0.0052675 0.016281
K08990 -4.0842 3.8434 0.0019524 0.0097039
K06918 -4.0842 3.8434 0.001956 0.0097124
K02236 -4.0838 7.3297 4.3708e-08 3.3154e-05
K09982 -4.0736 2.7906 0.0058774 0.017362
K03810 -4.0724 4.9256 0.00037852 0.0037796
K07771 -4.0721 3.4834 0.01081 0.027733
K19585 -4.0717 2.6567 0.011205 0.028487
K16514 -4.0681 1.6132 0.0014094 0.0077446
K07677 -4.0669 3.6688 0.005161 0.01613
K11534 -4.0639 3.7509 0.003821 0.01443
K15509 -4.0619 1572 0.0015682 0.0083813
K08481 -4.0599 -0.95129 0.0040563 0.014863
K18889 -4.0563 3.4875 0.011346 0.028757
K18890 -4.0563 3.4875 0.01136 0.02878
K05358 -4.0537 1.1652 0.010343 0.026849
K19222 -4.0478 3.5693 0.0038815 0.014523
K11734 -4.0438 3.8818 0.0033085 0.013035
K19586 -4.0412 2.8792 0.0076584 0.021266
K00216 -4.0384 3.3456 0.0078633 0.021703
K03805 -4.0314 2.6501 0.010034 0.026235
K05365 -4.0238 3.7516 0.0079503 0.02191
K00673 -4.0176 3.4962 0.0016787 0.0088121
K01252 -4.0138 3.3564 0.0080252 0.022038
K08313 -4.0109 2.5738 0.016772 0.038867
K02855 -4.0085 2.7139 0.0071773 0.020228
K06312 -4.0069 2.3438 0.0096893 0.025481
K02617 -4.0061 0.51051 0.0044013 0.01561
K12291 -3.9939 0.75357 0.014631 0.034988
K13727 -3991 1.3725 0.0032369 0.012847
K14063 -3.9737 -1.3177 0.0011731 0.0067631
K11477 -3.9667 1.4488 0.0018626 0.0094727
K02024 -3965 3.5411 0.0086404 0.02341
K01521 -3.9582 2.9684 0.0097946 0.025733
K06445 -3.9574 4.0341 0.0020758 0.0098481
K11940 -3.9543 3.9737 0.0014533 0.0078907
K14189 -3.9519 1528 0.0043834 0.015585
K02362 -3.9518 2.5548 0.011746 0.029445
K13633 -3.9455 2.7809 0.0095518 0.025179
K14348 -3.9425 2.7054 0.022613 0.048473
K02364 -3.9412 2.6812 0.013882 0.033504
K08319 -3.9308 0.6126 0.016147 0.037674
K14414 -3.9298 3.3626 0.014017 0.033729
K01101 -3.9283 7.3604 9.6137e-08 3.3154e-05
K16842 -3.9234 0.91012 0.019694 0.043409
K02465 -3.9152 0.59609 0.022195 0.04788
K19615 -3.9142 -1.1989 0.0016795 0.0088121
K06222 -3.9127 3.6672 0.0066972 0.019132
K11031 -3906 3.1873 0.01499 0.035706
K02798 -3905 3.7986 0.0054729 0.016561
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K10831 -3899 3.0474 0.0081037 0.02222
K11066 -3.8893 3.7863 0.0047994 0.015875
K13928 -3886 -1.0708 0.00093404 0.005898
K16077 -3.8749 0.79672 0.017003 0.039318
K17938 -3.8564 3.2125 0.008496 0.023087
K10538 -3.8553 3.1592 0.006635 0.019004
K16839 -3.8386 0.95076 0.018884 0.042246
K13525 -3.8348 1.4268 0.0068302 0.019451
K03777 -3.8331 3.8829 0.0038897 0.014523
K10537 -3.8278 3.1666 0.0068957 0.019576
K02170 -3.8248 4.1309 0.0039724 0.01469
K11183 -3.8243 3.3189 0.0076486 0.021266
K08484 -3823 4.2446 0.00083773 0.0054639
K19147 -3.8119 1.1068 0.0068508 0.019495
K08970 -3.8025 2.9169 0.0094376 0.024968
K01569 -3.7942 2.3698 0.0043906 0.015589
K15736 -3.7932 2.9002 0.011792 0.029503
K03312 -3.7814 7.3357 1.0989e-06 6.0205e-05
K04033 -3.7641 2.7434 0.01064 0.027397
K07589 -3.7572 2.6432 0.015822 0.037283
K04780 -3756 2053 0.018487 0.041537
K18954 -3.7504 3.0678 0.0070015 0.019815
K14054 -3.7473 2.6045 0.016899 0.039129
K02363 -3745 3.4748 0.0074093 0.020722
K10017 -3.7449 3.1551 0.0078401 0.021674
K10016 -3.7449 3.1551 0.007844 0.021674
K10015 -3.7449 3.1551 0.007845 0.021674
K09160 -3.7447 4.1763 0.0012469 0.0070721
K05982 -3741 3904 0.0049981 0.016019
K09914 -3.7409 3.1433 0.0088457 0.023871
K07308 -3.7391 4.8928 0.0090496 0.024234
K14060 -3.7388 1.3307 0.0043059 0.015483
K07109 -3.7385 3.9777 0.010347 0.026849
K07396 -3.7331 2.4849 0.011591 0.029175
K00880 -3.7275 2.8264 0.020537 0.044834
K16080 -3.7182 2.3236 0.012181 0.030283
K01575 -3717 4.3568 0.0037669 0.014298
K07281 -3.7127 -1.9656 0.0081277 0.022275
K12957 -3709 3.0684 0.015366 0.036459
K06136 -3.7084 2.8529 0.0057948 0.017174
K08299 -3.7082 3.1052 0.0080074 0.022014
K11747 -3692 4.2051 0.0030669 0.012344
K07664 -3.6919 3.6605 0.010414 0.026996
K00032 -3.6672 -1.7731 0.0053267 0.016345
K01182 -3.6653 7.4029 3.4497e-07 3.7684e-05
K06946 -3.6567 2.6069 0.020533 0.044834
K01185 -3.6431 3.7053 0.0052512 0.01625
K10539 -3.63 3.1971 0.0098153 0.025752
K12988 -3.6253 -0.74208 0.0058909 0.017393
K08724 -3.6165 7.3939 0 3.4274e-05
K08195 -3.6011 4.1549 0.0016106 0.0085244
K00450 -3.5975 3116 0.0089383 0.024005
K08172 -3.5943 2.7078 0.018081 0.040808
K03346 -3.5875 7.4309 2.4059e-07 3.5814e-05
K02167 -3.5871 3.8139 0.006515 0.018778
K09516 -3.5816 -0.98294 0.010701 0.027489
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K19707 -3.5792 2.0813 0.005623 0.01681
K11144 -3.5683 7.4324 2.4694e-07 3.5814e-05
K11735 -3.5619 3.2944 0.011597 0.029177
K09976 -3.5545 7.4339 3.1024e-07 3.6882e-05
K08226 -3.5509 0.42363 0.016413 0.038196
K03535 -3548 3.7553 0.0059034 0.017418
K04065 -3.5411 3.8112 0.0078315 0.021669
K13421 -3.5361 0.13262 0.0093494 0.024801
K02243 -3.5353 7.4162 3.4439e-07 3.7684e-05
K18692 -3.5353 7.4162 3.4445e-07 3.7684e-05
K02598 -3.5235 3.7684 0.0052155 0.016195
K07261 -3.5219 3.4623 0.0071188 0.020095
K11249 -3.5219 -0.1514 0.0090557 0.024234
K10681 -3.5137 2.1116 0.017599 0.040052
K01576 -3.5108 2.9229 0.0092826 0.024648
K15552 -3.4937 3.3487 0.011275 0.028616
K07498 -3491 3.9835 0.005497 0.016588
K11037 -3.4907 1.5354 0.017955 0.040693
K11036 -3.4907 1.5354 0.017973 0.040697
K06325 -3.4907 1.5354 0.017993 0.040712
K15551 -3.4904 3.2529 0.012522 0.030921
K16924 -3.4876 3.5951 0.018645 0.041789
K16509 -3.4792 7594 1.8817e-07 3.3154e-05
K02240 -3.4707 7.4215 4.0965e-07 3.9956e-05
K01782 -3467 4.3095 0.0017517 0.0090602
K11635 -3.4642 4.2589 0.001738 0.0090169
K00855 -3.4516 3.7887 0.0084245 0.022938
K12507 -3.4494 2.6868 0.019912 0.043713
K16258 -3.4462 0.63223 0.010895 0.027912
K08680 -3.4417 4.7403 0.00029557 0.0031468
K03291 -3.4398 4.1624 0.0035797 0.013789
K18983 -3434 1.8766 0.0064592 0.018647
K19270 -3.4317 4.9846 0.00029451 0.0031418
K19429 -3.4295 1.0102 0.0065632 0.018895
K16066 -3.4274 3653 0.011435 0.028935
K16074 -3.4259 4.1011 0.0030121 0.012178
K13075 -3.4236 0.56154 0.019398 0.042991
K14989 -3.4236 0.56154 0.019406 0.042991
K18591 -3.4236 0.56154 0.019408 0.042991
K09124 -3.4236 0.56154 0.019413 0.042991
K11034 -3.4236 0.56154 0.019416 0.042991
K14988 -3.4236 0.56154 0.019422 0.042991
K16901 -3.4236 0.56154 0.019425 0.042991
K08777 -3.4236 0.56154 0.019439 0.042991
K06307 -3.4236 0.56154 0.019441 0.042991
K06335 -3.4236 0.56154 0.019448 0.042991
K16654 -3.4236 0.56154 0.01945 0.042991
K06372 -3.4236 0.56154 0.019455 0.042991
K05338 -3.4236 0.56154 0.019457 0.042991
K19349 -3.4236 0.56154 0.019459 0.042991
K08603 -3.4236 0.56154 0.019462 0.042991
K19428 -3.4236 0.56154 0.019465 0.042991
K05339 -3.4236 0.56154 0.019468 0.042991
K02249 -3.4236 0.56154 0.01948 0.042991
K01408 -3.4236 0.56154 0.019504 0.043026
K07687 -3.4135 4.0105 0.0062482 0.018192
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K06330 -3.4093 0.58089 0.018943 0.042295
K16135 -3.4048 2.7166 0.022043 0.047598
K05281 -3.4006 0.66481 0.011437 0.028935
K18478 -3.3862 2.8443 0.02229 0.04798
K07487 -3.3832 0.57606 0.018054 0.040798
K06979 -3.3713 0.59524 0.016733 0.038809
K16692 -3.3707 3.4004 0.01235 0.030615
K00471 -3.3706 -1.8225 0.0063048 0.018327
K01727 -3.3696 3.1562 0.019284 0.042921
K06198 -3.3663 4.0994 0.01213 0.030183
K11737 -3.3652 4.3639 0.0016755 0.0088121
K07029 -3.3614 7.5309 1.8136e-07 3.3154e-05
K19419 -3.3606 0.94819 0.008199 0.022425
K02688 -3.3561 3.5311 0.018217 0.041031
K04568 -3.3485 4.1138 0.0044322 0.015624
K08152 -3.3424 3.6053 0.017498 0.039905
K19295 -3.3391 -1.0916 0.0085614 0.023242
K14266 -3.3378 4.0688 0.010358 0.026863
K04080 -3.3362 4.4361 0.00059803 0.0046363
K02777 -3.3342 7.5409 1.2988e-07 3.3154e-05
K08715 -3.3294 1.4056 13 0.031827
K07340 -3.3281 4.1544 0.0051661 0.01613
K09970 -3.3265 3.4704 0.0090493 0.024234
K01641 -3.3255 4.0629 0.022257 0.047956
K09823 -3.3141 4.4114 0.00085613 0.0055537
K18925 -3.3051 4.0861 0.0034638 0.013428
K03583 -3.2975 4.0365 0.0065015 0.018749
K06948 -3.2899 7.4591 2.3093e-06 8.8828e-05
K00370 -3.2741 4.2988 0.0075477 0.021044
K12372 -3.2588 3.8325 0.0090657 0.024241
K12371 -3.2581 3.8319 0.009089 0.024287
K12370 -3.2581 3.8319 0.0090931 0.024287
K12369 -3.2581 3.8319 0.0091015 0.024297
K09945 -3.2514 2.8026 0.014701 0.035126
K18297 -3.2511 0.10641 0.014525 0.034781
K10212 -3.2391 -0.0099102 0.016102 0.037618
K13060 -3.2388 3.1366 0.017529 0.039938
K07711 -3.2388 3.5971 0.023462 0.049864
K09859 -3.2345 -0.2707 0.010739 0.027564
K15915 -3.2165 -1.2936 0.022624 0.048478
K11906 -3.2115 3.4226 0.016545 0.038432
K10013 -3.2037 3.1303 0.019101 0.042585
K07140 -3.2012 4.2795 0.002764 0.011455
K01195 -3.1967 1.0674 0.01634 0.038044
K10561 -3.1909 3.5617 0.011563 0.029131
K17737 -3.1896 0.59326 0.020489 0.044782
K06203 -3.1798 4.1221 0.0066277 0.018993
K09984 -3.1793 2.8018 0.015569 0.036845
K09971 -3.1652 3.5112 0.011077 0.028271
K19701 -3.1606 1.2482 0.010975 0.02809
K13926 -3.1603 3.7475 0.011101 0.028294
K14470 -3.16 1.0101 0.01813 0.040885
K19290 -3.1559 -1.2443 0.01155 0.029124
K01139 -3.1531 4.0271 0.010705 0.027489
K12368 -3153 4178 0.0051982 0.01615
K03862 -3.1513 2.9932 0.015879 0.0374
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K11892 -3.1506 4.0842 0.0077894 0.021575
K06139 -3.1505 2.3459 0.010701 0.027489
K09021 -3.1404 -0.9423 0.006296 0.018321
K00158 -3.1401 4.1157 0.0047223 0.015815
K19591 -3.1336 -1.3648 0.010128 0.02643
K09972 -3.1315 3.5918 0.0094577 0.024968
K11617 -3.1304 4.7897 0.00073316 0.0049561
K04062 -3.1266 3.7831 0.020663 0.045091
K07645 -3.1244 4.2099 0.011587 0.029175
K18924 -3.1114 3.9117 0.0060458 0.017716
K16169 -3.1078 4.7147 0.0011764 0.0067631
K03095 -3.1078 4.7147 0.0011789 0.0067631
K17950 -3.1054 1.3609 0.011688 0.029338
K00383 -3.0994 5.3379 0.00061568 0.0046363
K19005 -3.0994 4.8653 0.00089847 0.0057464
K02399 -3.0978 3.6873 0.019475 0.042991
K03732 -3.0966 3.7978 0.017231 0.039456
K06138 -3.0948 2.3756 0.012986 0.031807
K01222 -3.0903 5.3606 0.00030571 0.0032049
K16869 -3.0891 4152 0.0045977 0.015724
K03693 -3.0869 4633 0.0017289 0.0089853
K07113 -3.0866 4.8306 0.00045537 0.0042699
K11622 -3083 3.6673 0.008043 0.022076
K09020 -3082 -0.99152 0.0073212 0.020531
K16515 -3.0811 1.6396 0.012592 0.031051
K02781 -3.07 4.2915 0.023261 0.049571
K02765 -3.0645 7.4311 4.5832e-06 0.00014064
K06443 -3.0602 1.4086 0.023554 0.049967
K03638 -3.0588 4.6171 0.00043585 0.004133
K16516 -3.0588 1.2752 0.011537 0.029107
K09964 -3055 1.3805 0.018068 0.040798
K08178 -3.0546 1883 0.011619 0.029219
K02822 -3.0535 5.6877 0.0039199 0.014574
K05994 -3.0534 -0.77442 0.018943 0.042295
K07733 -3.05 4.4385 0.0045237 0.015638
K11073 -3.0487 4.0564 0.0057805 0.01715
K03919 -3.0436 4.0339 0.0098309 0.025778
K18382 -3.0422 -0.91772 0.0071897 0.020237
K07684 -3.0422 3.7273 0.016549 0.038432
K05685 -3.0354 4.2922 0.011448 0.028949
K04712 -3.0348 -1.0355 0.017979 0.040697
K14056 -3.0322 -1.7895 0.011555 0.029124
K01716 -3.0313 4.1392 0.0082709 0.022588
K05275 -3.0311 1.0173 0.018335 0.041246
K00883 -3031 4.1308 0.0079064 0.021799
K00564 -3.0303 7.6992 5.8553e-07 4.2815e-05
K11616 -3.0236 0.90936 0.012484 0.03084
K17736 -3.0226 -1.3532 0.01342 0.032651
K00146 -3019 2.1055 0.017063 0.039333
K08996 -3.0121 1.6826 0.015823 0.037283
K03933 -3.0096 4.4703 0.0049152 0.016019
K19425 -3.0085 0.92725 0.019049 0.042485
K12555 -3007 4.8582 0.00091392 0.0057843
K05774 -3.0069 3367 0.022308 0.04798
K11102 -3.0065 4.2506 0.0049227 0.016019
K02043 -3.0056 3.3212 0.022733 0.048692

215



K17713 -3.0018 3.8999 0.01556 0.036839
K06884 -2.9973 3.7251 0.010539 0.027219
K01200 -2.9958 7356 1.0743e-05 0.00025403
K07586 -2.9942 7.5028 3.7185e-06 0.00012285
K02508 -2.9916 -1.5958 0.011761 0.029445
K11075 -2.9879 3.8165 0.0090323 0.024219
K17224 -2.9839 -0.21913 0.014715 0.035144
K18104 -2.9833 3.8028 0.0084597 0.023015
K05823 -2.9814 4.0412 0.0071649 0.020204
K06165 -2.9809 3372 0.023516 0.049959
K14647 -2.9781 3.4495 0.016099 0.037618
K02248 -2.9718 4.5936 0.0019056 0.0095777
K02244 -2.9718 4.5936 0.0019078 0.0095777
K09806 -2.9654 4.0276 0.012957 0.031778
K00999 -2964 -0.49776 0.010294 0.026773
K00675 -2.9537 4.3948 0.0017218 0.0089825
K10560 -2.9509 3.5308 0.017124 0.039333
K16164 -2.9483 -0.21149 0.011741 0.029445
K05549 -2.9454 1.4149 0.017134 0.039333
K01795 -2.9345 -1527 0.017255 0.039482
K19292 -2.9344 -1527 0.017059 0.039333
K17061 -2.9344 -1527 0.017077 0.039333
K18300 -2.9344 -1527 0.017082 0.039333
K19291 -2.9344 -1527 0.017083 0.039333
K17060 -2.9344 -1527 0.017087 0.039333
K19744 -2.9344 -1527 0.017095 0.039333
K16081 -2.9344 -1527 0.017102 0.039333
K13007 -2.9344 -1527 0.017117 0.039333
K14268 -2.9344 -1527 0.017122 0.039333
K19293 -2.9344 -1527 0.017126 0.039333
K11916 -2.9344 -1527 0.017136 0.039333
K19296 -2.9344 -1527 0.017139 0.039333
K11383 -2.9344 -1527 0.017153 0.039348
K11914 -2.9344 -1527 0.017172 0.039375
K08985 -2.9344 -1527 0.017184 0.039388
K08085 -2.9344 -1527 0.017219 0.039451
K02625 -2.9344 -1527 0.017236 0.039456
K03482 -2933 -1867 0.013649 0.033045
K02086 -2.9297 7497 8.6756e-06 0.00021699
K11891 -2924 4.1572 0.012053 0.030047
K02246 -2.9235 4.5703 0.0021829 0.0098612
K08234 -2919 5.1888 0.00054646 0.0044817
K09018 -2.9168 -0.70113 0.010298 0.026773
K05783 -2.9109 1.3716 0.017975 0.040697
K02819 -2.9083 5.1299 0.002343 0.01023
K07401 -2.9083 1.9865 0.016497 0.038344
K11076 -2908 3.8543 0.010099 0.02638
K00448 -2.9069 3.4749 0.018369 0.041307
K01919 -2.9032 7.5048 1.9999e-05 0.00041853
K02779 -2.9031 4.6007 0.0092718 0.024632
K06879 -2.8985 3.8708 0.019841 0.043679
K11904 -2.8975 5.3328 0.00054249 0.0044625
K00354 -2.8914 3.7208 0.010502 0.027174
K17228 -2.8914 1.9125 0.015643 0.036967
K07074 -2.8839 4.5342 0.0026214 0.011099
K02859 -2.8807 3.9717 0.0097764 0.025697

216



K05550 -2.8786 1.4333 0.019925 0.043724
K03048 -2878 7509 6.9128e-06 0.000186
K12256 -2.8776 1.6385 0.02322 0.049522
K14205 -2.8767 4.8436 0.0010653 0.0064226
K02804 -2.8762 5137 0.00073874 0.0049876
K05916 -2.8663 4781 0.00088844 0.0057023
K02821 -2.8626 5.6076 0.0020879 0.0098481
K01857 -2.86 4.1678 0.011177 0.028435
K00662 -2859 7.3274 7.2963e-05 0.0011194
K13052 -2.8584 7.5442 8.8167e-06 0.0002189
K00694 -2.8581 3.6217 0.015754 0.037185
K03475 -2.8537 5.5629 0.0089331 0.024005
K19745 -2.8447 4.5402 0.0022243 0.0098612
K08964 -2.8442 3.7535 0.012472 0.030825
K03471 -2.8408 7.4987 1.1832e-05 0.00027148
K10896 -2.8406 -0.76441 0.013101 0.03203
K18354 -2.8406 -0.76441 0.013116 0.032054
K10848 -2.8406 -0.76441 0.013139 0.032094
K04046 -2.8399 4.4204 0.0028192 0.011617
K01631 -2.8358 3.5223 0.021433 0.046473
K01226 -2.8352 5.0194 0.0028032 0.011582
K02478 -2835 4.4801 0.013363 0.03254
K19572 -2.8347 -1.1197 0.013833 0.033417
K13281 -2.8329 7.3851 7.2914e-05 0.0011194
K08965 -2.8317 3.4453 0.019894 0.043703
K03888 -2.8309 3.5785 0.014182 0.034078
K03887 -2.8309 3.5785 0.014243 0.034196
K09932 -2.8307 3.7724 0.015907 0.037435
K15975 -2.8289 5.3492 0.00035178 0.0036049
K08967 -2.8231 3735 0.013193 0.032184
K17472 -2822 3.5521 0.015648 0.036967
K09969 -2.8217 4.0825 0.0099968 0.026176
K13531 -2.82 3.5477 0.015907 0.037435
K11210 -2.82 3.5477 0.015939 0.037487
K02826 -2.82 3.5477 0.015983 0.037489
K02829 -2.82 3.5477 0.015985 0.037489
K02828 -2.82 3.5477 0.015988 0.037489
K06349 -2.82 3.5477 0.015989 0.037489
K06294 -2.82 3.5477 0.015991 0.037489
K02827 -2.82 3.5477 0.015994 0.037489
K06314 -2.82 3.5477 0.015999 0.037489
K00491 -2.8165 3.5556 0.015811 0.037283
K03886 -2.8142 3.5607 0.01558 0.036854
K08168 -2.8039 3.4476 0.020846 0.045381
K06956 -2.8024 7.4994 3.5265e-05 0.00064421
K15973 -2.8003 4.9297 0.0026728 0.01123
K17829 -2.7992 0.27414 0.022505 0.048281
K08969 -2.7962 3.5269 0.016974 0.039267
K08966 -2.7948 3.5256 0.017036 0.039333
K02497 -2.7948 3.5256 0.017064 0.039333
K13639 -2.7947 3.5476 0.023255 0.049571
K03392 -2.7866 1.8739 0.017644 0.040138
K18456 -2.7858 -0.11396 0.022297 0.04798
K08139 -2.7827 -0.17152 0.022047 0.047598
K02298 -2.7785 4.4223 0.0031798 0.012678
K13490 -2.7741 -0.68564 0.017511 0.03992

217



K19610 -2774 -1.1427 0.022309 0.04798
K18093 -2774 -1.1427 0.022312 0.04798
K19609 -2774 -1.1427 0.022356 0.048035
K07223 -2.7707 4.2302 0.013947 0.033603
K18221 -2.7681 -1289 0.018479 0.041535
K05875 -2.7649 4.2099 0.023392 0.049784
K07823 -2.7646 -0.098398 0.022175 0.047855
K03713 -2.7638 4.7576 0.0028068 0.011588
K04766 -2.7614 3555 0.017673 0.040187
K02761 -2.7595 7105 0.0010391 0.0063129
K07290 -2.7545 3.5444 0.022355 0.048035
K15125 -2.7518 4407 0.012638 0.031123
K03673 -2.7503 4.5574 0.0080123 0.022014
K01589 -2.7427 7.7818 6.7125e-06 0.0001815
K00364 -2.7421 5.0907 0.0021634 0.0098612
K02759 -2.74 6.6233 0.00086081 0.0055774
K01690 -2.7351 4.1359 0.01128 0.028617
K02300 -2.7181 4.3675 0.0050226 0.016028
K02297 -2.7181 4.3675 0.0050699 0.016063
K00130 -2.7118 4.9796 0.00098323 0.0061167
K13488 -2.7051 -0.96579 0.02287 0.048967
K13487 -2.7051 -0.96579 0.022897 0.049007
K06408 -2.7043 7.4378 5.1707e-05 0.00088257
K00917 -2.7008 4.2584 0.021966 0.047498
K13489 -2.6995 -0.85383 0.020723 0.045203
K08989 -2.6915 3.9839 0.013809 0.033388
K00449 -2.6794 3.6073 0.021922 0.047458
K01851 -2.6783 -1259 0.017534 0.039938
K13491 -2.6764 -0.81866 0.022461 0.048223
K11896 -2.6758 4.0143 0.022487 0.048262
K02760 -2.6738 6.9599 0.0011148 0.0066041
K07697 -2.6672 4.3534 0.0044752 0.015624
K03808 -2.6665 4653 0.0053095 0.016345
K18098 -2.6641 -0.5082 0.021233 0.046149
K09975 -2.6616 4.1405 0.017298 0.039549
K02082 -2.6562 4.7974 0.0070737 0.019996
K07789 -2.6511 4.4785 0.0044713 0.015624
K06304 -2.6416 3.5015 0.022978 0.049161
K08994 -2.6388 4207 0.012844 0.031531
K09023 -2.6388 -0.047228 0.023374 0.049774
K00517 -2.6376 3.9043 0.014817 0.035372
K11074 -2.6354 4.2295 0.011088 0.028287
K19267 -2632 4.6438 0.0025564 0.010894
K16079 -2.6192 4.6049 0.0096702 0.025455
K03486 -2.6082 4.7746 0.0055059 0.016604
K07788 -2.6007 4.4122 0.0066167 0.018987
K01531 -2.5908 5.1495 0.01023 0.026645
K06350 -2.5852 3633 0.022572 0.048406
K01299 -2582 7593 2.2381e-05 0.00045444
K01788 -2.5767 7.7539 0,01 0.00026295
K00167 -2.5695 4.2172 0.012322 0.030578
K00166 -2.5615 4.1957 0.012851 0.031534
K09699 -2.5529 4.1616 0.013887 0.033504
K08167 -2.5467 4.4624 0.0094295 0.024966
K03761 -2542 3882 0.023556 0.049967
K09781 -2.5403 4.3463 0.011904 0.029744

218



K06286 -2.5277 4883 0.0055185 0.016626
K06019 -2.5164 7.4011 0.00025052 0.0027868
K06191 -2.5068 5.2435 0.0061606 0.018004
K01479 -2.5009 5.0089 0.0016486 0.0086917
K00480 -2.4994 3.9411 0.02163 0.046883
K02250 -2.4905 4.2566 0.012191 0.030294
K01223 -2.4761 8.2164 0 3.9594e-05
K05539 -2.4631 4.3107 0.014896 0.03553
K03119 -2.4627 4.4749 0.0057836 0.01715
K02423 -2.4613 4.5136 0.0092401 0.024571
K05836 -2.4459 4.0999 0.020345 0.044557
K07300 -2.4439 5.1529 0.0017265 0.0089853
K04752 -2.4382 4488 0.0071504 0.020173
K13771 -2428 4.6888 0.0049811 0.016019
K04091 -2.4261 4.62 0.0037937 0.01437
K05800 -2.4237 4.3692 0.011212 0.028487
K11209 -2.4211 5.3495 0.00098297 0.0061167
K07708 -2.4181 4.4597 0.0087668 0.02367
K09763 -2.4105 4.1458 0.021083 0.045841
K07275 -2.3955 4.4319 0.011068 0.028263
K01070 -2.3869 4.4288 0.010936 0.028003
K14392 -2.3825 4.5012 0.012295 0.030538
K02444 -2.3678 4.3847 0.015174 0.036082
K03185 -2.3629 4.6765 0.0054876 0.016581
K03746 -2.3555 4.7862 0.0089184 0.024005
K03809 -2.3466 4.6411 0.0052794 0.016291
K00841 -2.3464 4.8989 0.00968 0.025468
K01304 -2.3241 7.7085 5.6768e-05 0.0009396
K07119 -2.3161 4.9663 0.0028236 0.011622
K01894 -2.3155 4.4873 0.011029 0.028204
K00108 -2306 4.9981 0.0030299 0.012214
K03643 -2.3043 4.4177 0.01439 0.034519
K04755 -2.2969 5.0724 0.0034944 0.013517
K11618 -2.2939 4974 0.0089304 0.024005
K02054 -2.2872 5.7605 0.0010786 0.0064676
K05822 -2.2753 4.4284 0.016602 0.038539
K10806 -2.2645 4.3978 0.016037 0.037561
K06938 -2.2601 4.4394 0.013504 0.032812
K01497 -2.2557 4.6257 0.017697 0.040224
K14188 -2251 4.7284 0.0095271 0.025126
K01664 -2.2463 5.3757 0.0043923 0.015589
K04565 -2.23 5.3402 0.0031193 0.012482
K03762 -2.2267 4.4796 0.017319 0.039563
K09862 -2.2239 4.4571 0.015771 0.037211
K07659 -2.2066 4.3754 0.020809 0.04535
K03739 -2.1971 4.6488 0.013159 0.032116
K06190 -2.1854 4.4753 0.016079 0.037612
K06726 -2.1839 5.4335 0.011529 0.029106
K07638 -2.1833 4428 0.018299 0.041182
K05527 -2.1758 4.5313 0.014678 0.035086
K02339 -2.1713 4.5247 0.01501 0.035738
K10805 -2169 5.2813 0.0053789 0.01643
K17716 -2.1689 7.4342 0.0035231 0.013619
K02064 -2.1667 4.6186 0.018602 0.041725
K02063 -2.1667 4.6186 0.018619 0.041747
K16925 -2.1659 4825 0.016479 0.038318

219



K02168 -2.1517 4.6102 0.023074 0.049309
K11719 -2.1447 4.4399 0.020472 0.044763
K03367 -2.1413 4.6593 0.015251 0.036234
K02062 -2.1383 4622 0.020333 0.044549
K03782 -2.1375 4.5064 0.013377 0.032561
K07177 -2.1367 5.5219 0.0042854 0.015452
K03740 -2.1349 4.7512 0.012963 0.031779
K02800 -2.1205 4.9717 0.016281 0.037922
K06221 -2.12 5.1756 0.010002 0.026176
K01048 -2.1127 5122 0.0079959 0.022002
K15772 -2.1093 7.8715 0.00088534 0.0056946
K10974 -2106 4.5577 0.021335 0.046354
K02245 -2.1055 4.9621 0.019383 0.042991
K03071 -2.1035 4.4784 0.020991 0.045677
K11939 -2.0958 5.0747 0.012037 0.030022
K16301 -2.0958 4.8046 0.017452 0.039818
K07224 -2.0922 4.8433 0.017849 0.040503
K00799 -2.0843 7.0539 0.00021735 0.0025205
K00285 -2.0825 5.6098 0.0024877 0.010716
K07245 -2074 5.1973 0.0088587 0.023895
K12262 -2068 4.77 0.0098162 0.025752
K10111 -2.0617 4.6269 0.012109 0.030159
K02200 -2.0614 4.5994 0.017268 0.039496
K00568 -2061 4.7624 0.014879 0.035505
K04085 -2.0544 4.9796 0.011414 0.028902
K01637 -2.0484 5.6098 0.0039485 0.01465
K07222 -2.0466 4.5547 0.016065 0.037612
K15770 -2.0347 7.9639 0.00058745 0.0046363
K00009 -2.0156 4.6551 0.023532 0.049967
K02299 -2.0155 4588 0.019605 0.04323
K02302 -2.0089 5.1724 0.0092399 0.024571
K03566 -1.9877 5.4124 0.0058169 0.017205
K03449 -1.9872 5.4335 0.007616 0.021213
K11103 -1.9849 5.1854 0.011143 0.028375
K00101 -1.9839 4.7701 0.013361 0.03254
K02053 -1.9702 5.9928 0.0021712 0.0098612
K08224 -1.9461 4.8099 0.017894 0.040587
K07693 -1.9397 5.2382 0.010619 0.027385
K01119 -1.9374 7.8032 0.0024366 0.010554
K00121 -1.9262 5.5211 0.0053246 0.016345
K15771 -1.9247 7.9213 0.0021569 0.0098612
K08987 -1.9196 5.1754 0.015965 0.037489
K05838 -1914 5.3109 0.010615 0.027385
K03417 -1.9017 4.9796 0.019015 0.042426
K00574 -1897 5.6974 0.0065811 0.018919
K09771 -1.8953 4.5749 0.023445 0.049847
K03893 -1.8839 5.1321 0.014973 0.035682
K00381 -1.8828 4.8614 0.016814 0.038948
K09780 -1877 4.9959 0.016721 0.038799
K07778 -1.8745 5.1325 0.016238 0.037854
K00116 -1.8601 5.3775 0.011518 0.0291
K01061 -1.8347 5299 0.011683 0.029338
K00758 -1.8292 5.1117 0.021959 0.047498
K07570 -1.8235 7.7128 0.0020121 0.0097953
K19577 -1.7712 5.8477 0.011915 0.029757
K00140 -1.7559 5.5126 0.010178 0.02655

220



K07156 -1.7522 5.3866 0.022228 0.047911
K00156 -1.7244 5.3958 0.01777 0.040358
K00135 -1723 6.8939 0.0026763 0.01123
K00325 -1.7188 5.2097 0.019851 0.043679
K06994 -1.7134 6.3376 0.0076454 0.021266
K00362 -1.7024 5.1597 0.023397 0.049784
K00299 -1693 5.5219 0.016229 0.037849
K00242 -1.6711 5.3411 0.02079 0.045332
K03592 -1.6646 7.6917 0.0098521 0.025822
K06916 -1.6637 5367 0.020382 0.044621
K02012 -1.6629 7.8961 0.0036337 0.013936
K02446 -1.6626 7702 0.006987 0.019784
K03929 -1.6513 5.4335 0.01804 0.040784
K00324 -1.6426 5.5934 0.015417 0.036565
K00982 -1.6317 5.4093 0.023089 0.04932
K00526 -1.6198 8.1486 0.0019509 0.0097039
K07305 -1.6103 6.4736 0.0086463 0.023414
K00851 -1.5986 6.2712 0.016075 0.037612
K08974 -1.5762 7.8673 0.0092033 0.024515
K00249 -1.5159 5.9319 0.022037 0.047598
K00344 -1512 6.4738 0.010455 0.027065
K02010 -1.4966 7.9313 0.009052 0.024234
K03700 -1.4863 8002 0.0063847 0.018495
K00674 -1.4637 8.0091 0.0092056 0.024515
K17074 -1.4607 8.6649 0.0060069 0.01764
K01255 -1.2082 8.1855 0.023063 0.049304
K02032 0.75196 10202 0.016742 0.038814
K02057 0.75582 10862 0.017797 0.040402
K02056 0.76875 9.8874 0.020511 0.044813
K02028 0.78474 10579 0.020825 0.045352
K02029 0.79496 10691 0.018948 0.042295
K11189 0.83552 9.7753 0.023161 0.049435
K02016 0.86864 10973 0.012098 0.030146
K00655 0.87453 10031 0.012978 0.031802
K03466 0.87464 10.04 0.010844 0.027794
K06180 0.87582 11092 0.019259 0.042882
K01356 0.89251 9.6767 0.01692 0.03916
K00763 0.89438 9.7178 0.019476 0.042991
K03530 0.90327 10458 0.022218 0.047908
K00820 0.90424 9.8388 0.018888 0.042246
K07025 0.90705 10148 0.014264 0.03423
K00805 0.90714 9.7292 0.017121 0.039333
K19302 0.90901 9.9527 0.010659 0.027423
K08884 0.91018 10028 0.0077268 0.021434
K03439 0.91043 9.7178 0.018793 0.042104
K02013 911 10.95 0.0077834 0.021569
K00847 0.91151 9.7629 0.017309 0.039557
K03699 0.91183 9.5588 0.023367 0.049774
K01142 0.91571 9.8616 0.014456 0.03466
K03100 0.91739 10748 0.009804 0.025745
K01996 0.91919 9.8083 0.011112 0.028308
K02036 0.92133 9.8406 0.01415 0.034018
K03569 0.92574 10494 0.014075 0.033852
K03442 0.92629 9.6893 0.020398 0.044638
K01995 0.93005 9.7925 0.010336 0.026846
K08998 0.9311 9.6173 0.018522 0.041594

221



K01953 0.93335 9.8924 0.013267 0.032335
K01424 0.93677 9.6852 0.018152 0.04092
K05592 0.94445 9.7635 0.013243 0.032292
K14155 0.94555 9.7555 0.011225 0.028504
K07658 0.94564 9.6418 0.021365 0.046381
K03217 0.95288 9937 0.0072195 0.020305
K01624 0.95298 9985 0.0063039 0.018327
K02030 0.95423 10961 0.0039839 0.014723
K02109 0.95468 9.8883 0.010448 0.027057
K03496 0.95506 10672 0.0067125 0.019161
K01489 0.95517 9752 0.013571 0.0329
K02945 0.95691 9.7838 0.015707 0.037092
K01778 0.95698 9.7604 0.014018 0.033729
K01998 0.96073 9.8741 0.0063795 0.018495
K00059 0.96146 11311 0.0028401 0.011664
K00014 0.96236 9.9358 0.0066799 0.019112
K01951 0.9627 9.9445 0.0063863 0.018495
K00012 0.96832 9625 0.018847 0.042189
K06959 0.9701 9.6751 0.014615 0.034981
K01997 0.97423 9.8679 0.0060275 0.017681
K03324 0.97538 9.7383 0.012758 0.031389
K02495 0.97552 10674 0.0062093 0.018117
K01952 0.97624 10264 0.004154 0.015126
K00286 0.97764 9.8565 0.0092707 0.024632
K02954 0.97765 9.9098 0.0063597 0.018457
K00088 0.97819 9.9452 0.0053175 0.016345
K00876 0.97888 9906 0.0082844 0.022613
K04486 0.98212 9.4944 0.017716 0.040252
K01586 0.98382 9.8892 0.0090247 0.024211
K02111 0.98388 9.8241 0.011762 0.029445
K03630 0.98404 9.8562 0.012431 0.030764
K02108 0.98434 9.8239 0.011753 0.029445
K00134 0.98456 9.9932 0.0054044 0.016459
K02114 0.98486 9821 0.011821 0.029549
K11754 0.9869 9.8948 0.0070765 0.019996
K00973 0.98695 9.7912 0.015258 0.036234
K02115 0.98741 9.8229 0.011532 0.029106
K00948 0.98815 9.9334 0.0050388 0.016028
K01710 0.98835 9783 0.013882 0.033504
K01449 0.98865 9.5094 0.014942 0.035624
K02110 0.99019 9.8259 0.011153 0.028386
K01893 0.99023 9662 0.013569 0.0329
K01465 0.99121 9.9369 0.0057486 0.017083
K03544 0.9916 9.9098 0.0060244 0.017681
K00567 0.99192 9.7195 0.010643 0.027397
K02040 0.99223 9.9392 0.0050907 0.016082
K05810 0.99282 9.6176 0.012591 0.031051
K02039 0.99309 9.7438 0.0090671 0.024241
K06217 0.99351 9.8738 0.0086763 0.023484
K01921 0.99448 9.9695 0.0042563 0.015399
K00873 0.99752 9.9028 0.0063815 0.018495
K03686 0.99941 10028 0.004296 0.015473
K01956 0.99948 9.8441 0.0093475 0.024801
K02335 0.99992 9.9081 0.0051653 0.01613
K07052 1.0008 10243 0.0037851 0.014347
K02356 1001 9.8968 0.0061031 0.017855
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K01619 1.0024 9.7777 0.0089217 0.024005
K02493 1.0025 9.9087 0.0050638 0.016063
K01759 1.0036 9.9524 0.0032503 0.012883
K09458 1.0048 9.9743 0.005537 0.016645
K01992 1005 12412 0.0033336 0.013071
K09761 1.0052 9.8004 0.010638 0.027397
K00382 1.0055 9.9831 0.0048343 0.015925
K02909 1.0059 9.8982 0.0055968 0.016741
K01735 1.0084 9.8626 0.0079937 0.022002
K00661 1.0089 9.6368 0.010587 0.027327
K01887 1.0092 9906 0.0046591 0.015737
K03629 1.0093 9.8197 0.0081514 0.022328
K01835 1.0123 9.8053 0.0088942 0.023955
K00067 1013 9.6744 0.01344 0.032685
K03168 1.0139 9.8872 0.0055884 0.016725
K01934 1014 9.7942 0.0078312 0.021669
K00640 1.0145 9.8575 0.0083925 0.022863
K01868 1.0162 9.8968 0.0052494 0.01625
K01756 1.0165 9.8914 0.0055338 0.016644
K06173 1017 10.01 0.0034258 0.013347
K00891 1.0172 9.9891 0.0043857 0.015585
K04069 1.0175 10687 0.0047234 0.015815
K01972 1.0177 9.9182 0.0047376 0.015837
K10773 1.0183 9.8922 0.0057369 0.017058
K03438 1.0196 9.9973 0.003994 0.01474
K01104 1.0212 10412 0.0019731 0.009759
K00859 1022 9.8472 0.0074816 0.020902
K02834 1.0222 9836 0.0071046 0.020065
K04078 1.0249 9.9082 0.0044929 0.015624
K04771 1025 9.9874 0.0026348 0.011139
K12267 1.0253 9.29 0.020999 0.045677
K01866 1.0255 9.9141 0.0040677 0.014871
K03091 1.0276 11507 0.0031455 0.012568
K00858 1.0276 9.8894 0.0050366 0.016028
K06158 1.0281 9.8445 0.011068 0.028263
K04077 1.0285 9.8982 0.0050099 0.016019
K03565 1.0286 9.7892 0.008308 0.022666
K01783 1029 9.8921 0.004904 0.016015
K01714 1.0291 10252 0.0027373 0.011387
K00981 1.0301 9.8896 0.0048389 0.015925
K01448 1.0304 10949 0.0027489 0.011427
K01265 1.0306 10.26 0.0022091 0.0098612
K01937 1.0311 9.8813 0.0052709 0.016281
K01803 1.0315 9.9107 0.0040572 0.014863
K01776 1032 9.8213 0.0068592 0.019503
K07107 1.0327 9.9961 0.0040602 0.014864
K01867 1.0334 9.8874 0.0049886 0.016019
K01733 1.0339 9.9071 0.0049719 0.016019
K01881 1.0346 9.8852 0.0051857 0.01613
K00761 1.0346 9.8262 0.0069698 0.019756
K03665 1.0352 9.8775 0.0053241 0.016345
K03657 1.0359 10963 0.0025861 0.010992
K02283 1.0361 8.5921 0.021941 0.04748
K12573 1.0363 9757 0.0094569 0.024968
K03210 1.0371 9.8192 0.0078504 0.021678
K07699 1.0384 9.4781 0.0096025 0.025289
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K03624 1.0387 9983 0.0034595 0.01342
K03783 1.0387 9.7009 0.010509 0.027178
K06997 1.0389 9.8832 0.0049647 0.016019
K00600 1.0396 9.8864 0.0049572 0.016019
K03631 1.0398 9.8516 0.0065657 0.018895
K03218 1.04 9.8773 0.0046609 0.015737
K01151 1.0407 9.7006 0.0081654 0.022356
K00942 1.0409 9.8952 0.0041954 0.015246
K08303 1041 10715 0.0042434 0.01537
K01892 1.0416 9.8823 0.0049388 0.016019
K00075 1.0418 9.8783 0.0049485 0.016019
K03595 1.0422 9.8556 0.0064441 0.018618
K00688 1.0426 9956 0.0030818 0.012368
K09903 1.0432 9.8815 0.0048398 0.015925
K02968 1.0452 9.8652 0.0066273 0.018993
K01872 1.0454 10094 0.0024373 0.010554
K00826 1.0454 9.9788 0.0036802 0.014041
K02824 1.0454 9631 0.0089765 0.024093
K03101 1.0459 9.9135 0.0030209 0.012204
K09811 1046 9.8353 0.005996 0.017617
K00762 1.0461 9.8917 0.0046544 0.015737
K01875 1.0463 9.8805 0.0046742 0.015755
K03470 1.0463 9.8576 0.0061576 0.018004
K01491 1.0468 9.8826 0.0046646 0.015737
K03723 1.0476 9.8801 0.0047255 0.015815
K02563 1.0479 9.8795 0.004741 0.015838
K03076 1.0483 9.8799 0.0046638 0.015737
K09748 1.0489 9.8235 0.0066928 0.019129
K02343 1.0492 9.8651 0.0056657 0.016901
K07089 1.0493 9.5234 0.015121 0.035972
K09816 1.0498 9.7459 0.0081839 0.022395
K03284 1.0502 9.9957 0.004352 0.015537
K01810 1.0505 9.8571 0.0056702 0.016905
K03703 1051 9.8803 0.0045971 0.015724
K00700 1051 9.7892 0.0072918 0.020477
K01945 1.0511 9.8634 0.005531 0.016644
K01870 1.0513 9.8698 0.0054042 0.016459
K00800 1.0514 9.8811 0.0046757 0.015755
K00057 1.0515 9879 0.0045178 0.015635
K07478 1.0517 9.8823 0.0042656 0.015399
K04043 1.0519 9.8832 0.0044379 0.015624
K00969 1.0522 9.8871 0.0044484 0.015624
K01939 1.0523 9.8782 0.0045521 0.015647
K02860 1.0523 9.8547 0.0055819 0.016715
K03531 1.0524 9875 0.0054889 0.016581
K03106 1.0526 9.8635 0.0055084 0.016604
K03070 1.0528 9.8921 0.0041164 0.015029
K04485 1.0531 9.8382 0.0067143 0.019161
K09817 1.0532 9.7491 0.0079851 0.021994
K04068 1.0532 9642 0.0083656 0.022801
K11991 1.0533 9.8533 0.0059151 0.017418
K01869 1.0534 9.8784 0.0044782 0.015624
K00554 1.0536 9.8783 0.004373 0.01558
K01889 1.0537 9.8645 0.0054409 0.016492
K02518 1054 9.8819 0.0044435 0.015624
K02902 1054 9.8779 0.004534 0.015647
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K00133 1.0541 9.8793 0.0043784 0.01558
K01873 1.0542 9.8777 0.0045747 0.015691
K01736 1.0545 9.8772 0.0047541 0.015872
K03584 1.0546 9.8671 0.0056446 0.016866
K02886 1.0547 9.8775 0.0045385 0.015647
K02996 1.0547 9.8775 0.0045397 0.015647
K02600 1.0547 9.8775 0.0045437 0.015647
K03551 1.0547 9.8775 0.0045439 0.015647
K03625 1.0547 9.8775 0.0045499 0.015647
K01924 1.0548 9.8874 0.0044873 0.015624
K03536 1.0548 9.8578 0.005818 0.017205
K03702 1.0551 9.8783 0.0044435 0.015624
K03177 1.0551 9.8735 0.0055669 0.016689
K07447 1.0552 9861 0.0054402 0.016492
K03043 1.0554 9.8822 0.0043329 0.015498
K00919 1.0554 9.8614 0.0062454 0.018192
K01000 1.0555 9878 0.0045129 0.015635
K09710 1.0555 9.8752 0.005435 0.016492
K02986 1.0556 9.8782 0.0044299 0.015624
K02895 1056 9.8773 0.0045025 0.015624
K02838 1.0562 9.8624 0.005325 0.016345
K03977 1.0562 9.8624 0.00533 0.016346
K03110 1.0562 9.8624 0.0053339 0.016349
K02341 1.0562 9.8738 0.0054322 0.016492
K02990 1.0564 9.8728 0.0055481 0.016659
K02519 1.0565 9.8817 0.0044167 0.015624
K02916 1.0566 9.8623 0.0053522 0.016385
K06207 1.0568 9875 0.0053547 0.016385
K03501 1.0572 9.8601 0.0053478 0.016382
K03553 1.0575 9.8774 0.0044279 0.015624
K06187 1.0577 9.8759 0.0050947 0.016085
K04096 1.0578 9.8773 0.0044906 0.015624
K01929 1.0578 9.8764 0.0044986 0.015624
K03664 1058 9.8765 0.0044952 0.015624
K02528 1058 9.8764 0.0044979 0.015624
K01056 1058 9.8766 0.0045018 0.015624
K00954 1058 9.8762 0.0050468 0.016036
K03687 1.0581 9.8765 0.0044855 0.015624
K04066 1.0581 9.8764 0.0044904 0.015624
K02963 1.0581 9.8765 0.0044906 0.015624
K02836 1.0581 9.8764 0.0044907 0.015624
K02935 1.0582 9.8764 0.0044834 0.015624
K02338 1.0582 9.8764 0.0046244 0.015724
K03550 1.0582 9.8762 0.0050076 0.016019
K01933 1.0582 9.8758 0.0050746 0.016065
K03979 1.0583 9.8764 0.004614 0.015724
K02994 1.0583 9.8764 0.0046159 0.015724
K03685 1.0583 9.8764 0.0046161 0.015724
K03596 1.0583 9.8764 0.0046185 0.015724
K02967 1.0583 9.8764 0.0046227 0.015724
K02982 1.0583 9.8764 0.0046253 0.015724
K02988 1.0583 9.8764 0.0046293 0.015724
K02965 1.0583 9.8764 0.00463 0.015724
K02992 1.0583 9.8764 0.0046354 0.015724
K02961 1.0583 9.8764 0.004643 0.015724
K02952 1.0583 9.8764 0.0046436 0.015724
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K02950 1.0583 9.8764 0.0047333 0.015832
K02946 1.0583 9.8764 0.0047756 0.015875
K02939 1.0583 9.8764 0.0047848 0.015875
K02931 1.0583 9.8764 0.0048677 0.016007
K02933 1.0583 9.8764 0.0048754 0.016015
K02899 1.0583 9.8764 0.0048961 0.016015
K02884 1.0583 9.8764 0.0048987 0.016015
K02906 1.0583 9.8764 0.0048992 0.016015
K02926 1.0583 9.8764 0.0049005 0.016015
K02892 1.0583 9.8764 0.0049083 0.016015
K02878 1.0583 9.8764 0.004937 0.016019
K02881 1.0583 9.8764 0.0049373 0.016019
K02879 1.0583 9.8764 0.0049394 0.016019
K02876 1.0583 9.8764 0.004948 0.016019
K02887 1.0583 9.8763 0.0049715 0.016019
K02357 1.0583 9.8764 0.0049746 0.016019
K02863 1.0583 9.8764 0.0049854 0.016019
K02871 1.0583 9.8764 0.0049909 0.016019
K02867 1.0583 9.8764 0.0049909 0.016019
K02835 1.0583 9.8763 0.0049992 0.016019
K02904 1.0583 9.8763 0.0050049 0.016019
K02888 1.0583 9.8763 0.005005 0.016019
K00962 1.0583 9.8763 0.0050091 0.016019
K01890 1.0583 9.8763 0.0050106 0.016019
K02956 1.0585 9.8763 0.0049887 0.016019
K02864 1.0585 9.8763 0.0049965 0.016019
K01925 1.0587 9906 0.0045054 0.015624
K02340 1.0587 9.8756 0.0051062 0.016098
K02959 1.0588 9.8762 0.0049945 0.016019
K01883 1059 9.8785 0.0042653 0.015399
K02911 1.0591 9.8773 0.004374 0.01558
K01923 1.0594 9.8806 0.0042271 0.015331
K02890 1.0594 9.8759 0.005024 0.016028
K02520 1.0594 9.8656 0.0051623 0.01613
K01588 1.0595 9.8775 0.0043186 0.015488
K04075 1.0598 9.8757 0.005037 0.016028
K06942 1.0599 9.8779 0.0043326 0.015498
K00783 1.06 9.7697 0.0068529 0.019495
K02337 1.0601 9.9261 0.0038699 0.014523
K00604 1.0601 9.8882 0.0039223 0.014574
K03601 1.0604 9.8666 0.0054134 0.016463
K01775 1.0605 10067 0.0020104 0.0097953
K06941 1.0612 9916 0.0036339 0.013936
K02907 1.0612 9.8411 0.005939 0.017478
K03602 1.0614 9.8663 0.005425 0.016489
K11175 1.0618 9.8599 0.0052453 0.01625
K02874 1.0619 9.8752 0.0050983 0.016087
K00925 1.0621 9.8756 0.0046058 0.015724
K01591 1.0626 9.8745 0.0051235 0.016129
K03046 1.0628 9.8818 0.0041379 0.015078
K00927 1.0631 9.8748 0.0048095 0.015875
K03075 1.0631 9.8747 0.0050696 0.016063
K03040 1.0637 9.8832 0.0040566 0.014863
K00609 1065 9.8927 0.0037662 0.014298
K02314 1.0659 9937 0.0032267 0.01282
K02316 1.0659 9887 0.0040114 0.014774
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K01620 1.0665 9.6952 0.0077677 0.021537
K02503 1.0669 9.8748 0.0049669 0.016019
K00939 1.0672 9.8868 0.003875 0.014523
K01689 1.0681 9.9144 0.0028941 0.011832
K01990 1.0682 12646 0.0015264 0.0081977
K01179 1.0683 9.7091 0.0048913 0.016015
K00760 1.0684 9.8743 0.0050123 0.016019
K06925 1.0685 9.8569 0.005031 0.016028
K00645 1.0686 9.8687 0.0051837 0.01613
K03469 1069 9.8661 0.0057136 0.016998
K03671 1.0691 10811 0.0033121 0.013035
K15633 1.0691 9605 0.0082496 0.022552
K07082 1.0696 9.8558 0.0048839 0.016015
K03524 1.0709 9.8951 0.0033124 0.013035
K01874 1.0714 9.9023 0.0034313 0.013359
K01938 1.0743 9.6314 0.0068093 0.019411
K03073 1.0747 9.8664 0.0053904 0.016439
K01358 1.0753 10219 0.0014364 0.007841
K00806 1076 9.8883 0.0032274 0.01282
K07444 1076 9.6334 0.0084919 0.023087
K11753 1.0779 9.9021 0.0032389 0.012847
K04567 1.0788 9.8824 0.0035455 0.013676
K09815 1.0792 9.8285 0.0059698 0.017549
K02970 1.0797 9.8225 0.0059508 0.017503
K01520 1.0799 9.8248 0.0050636 0.016063
K03695 1.0816 9.8401 0.0045764 0.015691
K02948 1082 9.8687 0.0046466 0.015725
K01926 1.0827 9.7047 0.0066188 0.018987
K02238 1.0829 9925 0.0026289 0.011122
K00949 1.0852 9.6293 0.0062435 0.018192
K01880 1.0855 9.6789 0.0069084 0.019602
K14742 1.0871 9.7163 0.0068789 0.019539
K02914 1.0885 9.8423 0.0044464 0.015624
K03495 1.0894 9.8237 0.0053769 0.01643
K00648 1.0903 10181 0.0029479 0.011953
K03572 1.0906 9.8302 0.0053815 0.01643
K03650 1.0906 9.8225 0.0054917 0.016581
K06287 1.0921 9.8646 0.0047715 0.015875
K02346 1.0929 10055 0.0011123 0.0066041
K06400 1.0929 9.2798 0.018065 0.040798
K03437 1.0941 9.9069 0.0031912 0.012714
K00764 1.0951 10029 0.0018583 0.0094594
K03555 1.0957 9.8337 0.005146 0.01613
K00789 1.0958 9.9599 0.0019068 0.0095777
K02313 1.0963 9.9076 0.0027002 0.011275
K01791 1.0967 9.6291 0.0076531 0.021266
K03615 1.0976 9.6894 0.0066407 0.01901
K00656 1.0977 10.07 0.0028478 0.011687
K03978 1.0979 9.81 0.0049072 0.016015
K00566 1.0986 9.9284 0.0023626 0.010307
K09812 1.0997 9.8964 0.0022018 0.0098612
K07560 1.0997 9834 0.0043762 0.01558
K16264 1.0997 7.8347 0.023434 0.049843
K07566 1.1003 9.8506 0.0043615 0.01556
K00991 1.1006 9.8032 0.0045198 0.015635
K00528 1.1008 9.8069 0.005579 0.016715
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K13038 1.1024 9853 0.0040107 0.014774
K00602 1.1029 9.9331 0.0026433 0.011161
K03527 1.1057 9.8686 0.004206 0.015275
K05366 1.1074 9.9318 0.0027703 0.011472
K07462 1.1095 9.8346 0.0042622 0.015399
K01808 1.1096 9863 0.0040416 0.014863
K11749 1.1102 9.8469 0.0044702 0.015624
K01534 1.1103 9.9085 0.001175 0.0067631
K03570 1.1109 9.8262 0.0043485 0.015534
K01662 1.1113 9.8646 0.0041283 0.015063
K01770 1.1113 9.7597 0.0051075 0.016098
K03545 1.1126 10084 0.0018255 0.0093447
K00773 1.1129 9.8471 0.0043164 0.015488
K03526 1.1131 9.84 0.0046855 0.015764
K03742 1.1141 9.7399 0.0053878 0.016439
K00099 1117 9823 0.0043368 0.015502
K12410 1118 9.7947 0.004515 0.015635
K00703 1.1182 9.7567 0.0052272 0.016222
K00527 1.1188 9.8843 0.0023355 0.010205
K02003 1.1198 12189 0.00089217 0.0057195
K02601 1.1205 9.9556 0.0019285 0.0096548
K02358 1.1221 10016 0.0018353 0.0093775
K03823 1.1225 8.6365 0.010057 0.026283
K06973 1.1245 9659 0.0059124 0.017418
K01876 1.1289 9.9776 0.0013399 0.0074681
K01719 1.1295 8.0115 0.015943 0.037487
K06178 1.1325 9.8152 0.0039567 0.014652
K01886 1.1338 9.6378 0.0068642 0.019507
K03310 1.1356 10099 0.00069605 0.0047642
K03613 1136 9.5789 0.0060559 0.017736
K03734 1.1389 9.8733 0.0030803 0.012368
K13789 1.1422 9.7752 0.0036862 0.014041
K06949 1.1429 10088 0.0016772 0.0088121
K03424 1.1448 10161 0.0014394 0.0078447
K07456 1.1481 9731 0.0039893 0.014733
K03617 1.1499 9.6065 0.0050364 0.016028
K07088 1.1505 10159 0.00044985 0.0042363
K00215 1.1505 9.9915 0.0014164 0.0077599
K03722 1.1521 8.2373 0.018831 0.04217
K01512 1.1523 8.1665 0.018897 0.042249
K04487 1.1535 10442 0.00036579 0.0037137
K01752 1.1552 10346 0.00062049 0.0046427
K06168 1.1565 9.8803 0.0022271 0.0098657
K04079 1.1565 9.7503 0.0038228 0.01443
K03786 1.1598 9.8172 0.0032837 0.012969
K01548 1.1603 7.9455 0.023146 0.049423
K09022 1.1642 9.8288 0.0026442 0.011161
K09936 1.1658 8.1416 0.023171 0.049438
K02371 1.1667 9.6621 0.0044081 0.015624
K02355 1.1672 10851 0.0014431 0.0078505
K04758 1.1682 10787 0.00074171 0.0049907
K01679 1.1702 7.7605 0.018212 0.041031
K01462 1.1717 10429 0.0004539 0.0042671
K18332 1.1719 9.3934 0.01027 0.026738
K01493 1.1731 9.7571 0.0034526 0.013412
K03614 1.1767 9643 0.0037968 0.014371
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K07043 1.1768 9724 0.0029896 0.012105
K17828 1.1793 9.7699 0.0030023 0.012147
K07112 1.1803 8.1605 0.019856 0.043679
K03497 1.1816 10882 0.00061838 0.0046396
K05808 1183 9.7957 0.0032992 0.013021
K06966 1183 8.3755 0.010277 0.026743
K03498 1.1856 10106 0.00070202 0.0047991
K18707 1.1857 9.7284 0.0039125 0.014557
K02823 1.1863 9.7657 0.0028554 0.0117
K06881 1187 9.7903 0.0027761 0.011487
K10439 1.1873 9192 0.0046899 0.015764
K01903 1.1873 7.7519 0.019875 0.043685
K01006 1.1885 9731 0.0033314 0.013071
K06409 1.1892 9.8101 0.0019313 0.0096599
K18682 1.1938 9.7969 0.0025091 0.01078
K00266 1.1972 10156 0.00067974 0.0046997
K01153 1.1976 9.7901 0.0020565 0.0098481
K06153 1.2006 10123 0.00062431 0.0046458
K03169 1.2096 10066 0.00056475 0.0045835
K05601 1.2113 9.6546 0.0035423 0.013674
K00784 1.2132 8.3224 0.009496 0.025057
K02078 1.2194 10472 0.00030415 0.0032003
K01950 1.2219 9.7859 0.0025675 0.01093
K01338 1.2229 9.9237 0.0013365 0.0074639
K00334 1.2246 9.7592 0.0040481 0.014863
K10441 1.2261 9.0428 0.0043033 0.015483
K06969 1.2314 10067 0.00071101 0.0048423
K17759 1.2366 9706 0.0023776 0.010364
K06381 1.2388 9.7916 0.00093917 0.0059211
K00338 1.2409 7.5247 0.016257 0.037883
K02428 1.2417 10168 0.00074868 0.0050114
K07238 1.2453 9.9414 0.00057504 0.0046363
K00945 1.2475 10214 0.00036877 0.0037191
K03701 1248 10169 0.0006575 0.0046997
K00791 1.2506 10104 0.00071541 0.0048662
K01091 1.2533 10457 0.00013816 0.0017631
K07056 1.2556 10131 0.00066991 0.0046997
K07636 1.2583 10119 0.0013639 0.007583
K00615 1.2619 10734 0.00015679 0.0019375
K00257 1.2621 7.9526 0.018224 0.041031
K07071 1.2623 7.7793 0.012619 0.031103
K00951 1.2656 10115 0.00062395 0.0046458
K00046 1.2686 8.1004 0.007494 0.020916
K00342 1.2714 7582 0.012368 0.030622
K02470 1277 10379 0.00015635 0.0019365
K03525 1.2779 9.9058 0.00058933 0.0046363
K00666 1.2786 8.3321 0.0080828 0.022174
K03856 1.2799 9.6879 0.00094347 0.0059369
K01079 1.2827 7.3755 0.01743 0.039783
K06603 1.2831 7.0786 0.019776 0.043555
K02020 1.2837 8.4031 0.0063182 0.018347
K00339 1.2839 7.6053 0.012657 0.031154
K02469 1.2842 10381 0.00014941 0.0018717
K00928 1.2856 10295 0.0002557 0.0028101
K00340 1.2864 7.6701 0.013547 0.0329
K00341 1.2865 7.6267 0.012037 0.030022

229



K01902 1.2876 7.8549 0.01054 0.027219
K02049 1.2886 10344 0.00011076 0.0014828
K01495 1.2886 8.6124 0.0035555 0.013705
K02650 1.2911 6.8812 0.023054 0.049304
K03427 1.2929 9.9146 0.00035933 0.0036686
K03655 1.2973 10322 0.00025034 0.0027868
K01190 1.3046 10215 0.0010991 0.0065612
K01676 1.3073 7.6106 0.014625 0.034988
K00265 1.3074 7765 0.0085198 0.02314
K07568 1.3083 10098 0.00054206 0.0044625
K03667 1309 7.2221 0.015255 0.036234
K01419 1.3099 7.2218 0.015434 0.03659
K02051 1.3111 10241 0.00010485 0.0014499
K01738 1.3137 10338 7.5445e-05 0.0011479
K01955 1.3148 10347 0.00031865 0.0033088
K02413 1.3215 7764 0.0092155 0.02453
K01409 1.3256 10225 0.00010619 0.0014647
K00845 1326 10336 0.00025299 0.0028014
K01745 1.3281 7.9627 0.0088682 0.023908
K01154 1329 9.9593 0.00025337 0.0028014
K07090 1.3327 10817 5.0973e-05 0.00087278
K03737 1.3328 9802 0.00096339 0.0060206
K02418 1.3336 7.8899 0.010429 0.027023
K01661 1.3365 7.6612 0.0083587 0.022793
K02034 1.3375 10302 9.1224e-05 0.0013078
K02551 1.3391 7.6602 0.0082576 0.022563
K00790 1.3424 10513 5.6055e-05 0.00093346
K07105 1.3445 8.0699 0.0054531 0.01652
K02050 1.3494 10385 6.3309e-05 0.001017
K03415 1.3524 7.5489 0.0078783 0.021733
K02004 1.3531 12202 9.0302e-05 0.0013014
K01915 1.3587 10603 6.9446e-05 0.0010837
K03499 1.3604 10525 5.8075e-05 0.00095407
K07058 1.3629 9.3252 0.00068741 0.0047228
K08600 1.3702 7.9123 0.0069833 0.019783
K10716 1.3709 7.7758 0.0072501 0.020381
K07718 1.3718 9.4105 0.0018994 0.0095616
K02426 1374 7.8321 0.0062371 0.018188
K03711 1.3784 10477 0.00012852 0.0016677
K09685 1.3826 6.8442 0.019166 0.042695
K07258 1.3856 10635 1.5286e-05 0.00033802
K01802 1.3856 7.9479 0.0071905 0.020237
K02031 1.3866 9.5475 0.00043373 0.0041201
K00275 1.3876 7.4574 0.012785 0.031443
K07259 1.3919 7.5172 0.0072845 0.020467
K02407 1.3989 8.4385 0.0033188 0.013041
K06972 1.4017 7.0338 0.010671 0.027441
K03271 1.4075 6.9182 0.019899 0.043703
K07777 1.4092 6.9955 0.015465 0.03663
K02033 1.4129 10.3 5.0114e-05 0.00086317
K01468 1.4196 7.65 0.005231 0.016225
K03798 1.42 10526 2.7303e-05 0.00052326
K01712 1.4205 7.7085 0.0049413 0.016019
K07053 1.4248 10364 3.8152e-05 0.00068774
K00208 1.4295 8.1068 0.0025766 0.01096
K01633 1.4338 8.1266 0.0025369 0.010851

230



K02035 1.4342 10634 2.8977e-05 0.00054955
K05349 1.4343 10609 0.00022323 0.0025723
K07667 1.4372 8.7959 0.0017608 0.0090903
K03924 1.4381 9.6548 0.00018258 0.002187
K02018 1.4401 8.4373 0.0017843 0.0091746
K06910 1.4409 7.4855 0.0094504 0.024968
K00868 1.4421 8.9058 0.0019443 0.0096937
K01665 1.4439 7.6791 0.0065308 0.018814
K00337 1.4451 7.7472 0.0046196 0.015724
K07720 1.4458 9697 0.00021498 0.0024983
K01812 1.4471 7.9621 0.0029085 0.011832
K03797 1.4485 10348 0.00017633 0.002145
K03299 1.4493 7.3969 0.0086153 0.023353
K01811 1.4521 7.5405 0.0093984 0.024895
K00241 1.4553 8.1482 0.0020516 0.0098481
K06199 1.4566 8724 0.00064072 0.0046953
K09770 1.4569 7.3923 0.0050899 0.016082
K02396 1.4575 8.7783 0.00097391 0.0060725
K07646 1.4606 8.9049 0.00095547 0.0059849
K00657 1.4618 8.0332 0.0019857 0.0097633
K01533 1.4635 8.0545 0.0036841 0.014041
K00240 1.4672 8.2097 0.0017761 0.0091518
K18349 1.4701 7.2172 0.021418 0.04646
K00940 1.4712 8.4524 0.0011117 0.0066041
K03455 1.4724 8.0059 0.0033315 0.013071
K01192 1.4765 6847 0.021707 0.04703
K03640 1.4768 7.1332 0.011635 0.029245
K09793 1485 7.1557 0.010108 0.02639
K01610 1.4864 8.1666 0.0018911 0.0095581
K00001 1.4881 7.3872 0.013155 0.032116
K02411 1.4928 8.2481 0.0011078 0.0066041
K00024 1.4951 8.1804 0.0015891 0.008443
K06934 1.4978 6.2498 0.018011 0.040734
K06113 1.4994 7.1987 0.012163 0.030253
K02619 1.5017 7.5794 0.0054125 0.016463
K06223 1.5042 6.9234 0.0071915 0.020237
K03639 1.5056 8.6628 0.00077613 0.0051635
K03980 1.5074 7.8897 0.0017088 0.0089318
K00850 1.5105 10758 9.0232e-06 0.00022301
K03644 1.5133 8.2178 0.0019763 0.009759
K01613 1.5149 8.4855 0.0010515 0.0063624
K03088 1.5156 12601 1.1939e-05 0.00027171
K01971 1.5164 8.0629 0.0036083 0.013875
K03750 1.5189 8582 0.0013794 0.0076258
K02017 1.52 8.3088 0.0013821 0.0076332
K03306 1.52 8.1409 0.0019214 0.0096283
K19055 1.5234 8.3737 0.0011089 0.0066041
K01935 1.5371 7.4074 0.008759 0.023661
K07078 1.5377 7.3208 0.010316 0.026806
K02548 1.5443 8031 0.0013748 0.0076152
K04518 1.5464 8.0372 0.0011666 0.0067572
K01751 1.5476 6.3266 0.013561 0.0329
K19265 1.5477 8.2082 0.0016581 0.0087336
K02041 1.5489 6.3844 0.0093654 0.024822
K01749 1.5514 8.6669 0.00050793 0.0043862
K04762 1.5528 7.8055 0.0023322 0.010199

231



K01207 1553 9.1329 0.00020526 0.002403
K00796 1.5532 8.8643 0.00024219 0.0027275
K01687 1.5544 9.7513 0,02 0.00043365
K03118 1.5573 8.3838 0.00088475 0.0056946
K01537 1.5574 10483 9.2743e-06 0.00022514
K07386 1566 7.62 0.002272 0.0099838
K17103 1567 8436 0.00091006 0.0057704
K01673 1.5673 8.7775 0.0005475 0.0044835
K03637 1.5709 8.5517 0.00060253 0.0046363
K01271 1.5719 8.4211 0.00066193 0.0046997
K15532 1.5726 7.0859 0.020043 0.043965
K03801 1.5758 7.9393 0.0019451 0.0096937
K00639 1.5766 8.2285 0.0024791 0.010687
K10979 1.5769 7.9281 0.003437 0.013371
K16053 1.5844 7.2538 0.003425 0.013347
K00433 1.5862 7.2989 0.00732 0.020531
K03590 1.5889 8.3753 0.00058285 0.0046363
K00872 1.5913 8.5977 0.00040415 0.0039327
K01647 1.5922 9.7122 0,02 0.00045102
K03587 1.5924 8.2527 0.00087379 0.0056414
K07260 1.5952 8.3908 0.0024741 0.010674
K00104 1.5971 7.6117 0.0026816 0.011234
K00330 1.5972 7.9308 0.0020704 0.0098481
K00331 1.5979 7.9215 0.0020713 0.0098481
K09955 1.5983 8.2106 0.0022485 0.0099049
K07735 1606 7.2733 0.0036752 0.014041
K02647 1.6061 8.7288 0.0002457 0.0027606
K03811 1.6061 7.7477 0.0018863 0.0095484
K00616 1.6073 9.1948 0.00012333 0.0016116
K07149 1.6079 7084 0.012794 0.031449
K00077 1.6081 9.4586 5.9032e-05 0.00095911
K02406 1609 9.4031 5.8166e-05 0.00095407
K07220 1609 7.9453 0.0020617 0.0098481
K07130 1.6101 6.1096 0.0091263 0.02435
K02843 1.6108 6.6744 0.0087001 0.023536
K01567 1.6117 7.7403 0.0013733 0.0076152
K01524 1614 9.0036 0.00017864 0.0021547
K02397 1.6208 8.4016 0.00055533 0.004534
K00343 1.6238 7.8085 0.0013761 0.0076152
K00606 1.6248 8.9211 0.00011846 0.0015629
K00281 1.6255 7.7766 0.0014639 0.0079405
K02190 1.6255 7.4454 0.0023832 0.01038
K07652 1626 7.6851 0.0014143 0.0077561
K01840 1.6316 8.1218 0.0018934 0.0095581
K03313 1.6342 7.5417 0.0015037 0.0081079
K18968 1.6377 5.8493 0.021373 0.046381
K03594 1.6385 7.6848 0.0028113 0.011598
K03814 1.6414 7.4421 0.0075212 0.020981
K03610 1.6417 8383 0.00044089 0.0041735
K07271 1.6427 7.3992 0.0052657 0.016281
K03706 1.6482 8.2297 0.00064558 0.0046997
K01579 1.6492 8.6375 0.00015024 0.0018736
K03183 1.6493 8367 0.00047687 0.004277
K13653 1.6516 9.9797 8.8296e-05 0.0012778
K03832 1653 8.7463 0.0010325 0.0062871
K11928 1.6535 8.2159 0.00029613 0.0031468

232



K03116 1.6541 8.5796 0.00038418 0.0038155
K01438 1.6575 7.5578 0.0015121 0.0081449
K00819 1.6578 7.2079 0.004332 0.015498
K07738 1.66 9.1845 6.5994e-05 0.0010459
K17723 1.6613 6.1079 0.0076624 0.021266
K01652 1.6616 10166 7.7049e-07 5.0704e-05
K03148 1.6687 6.3202 0.020444 0.044719
K02404 1.6689 7.6927 0.00074747 0.0050094
K00074 1.6718 9.3241 2.0589e-05 0.00042917
K00970 1.6749 7.9937 0.0010519 0.0063624
K07126 1.6759 8.4268 0.00033468 0.0034426
K04767 1.6768 6.3687 0.0074145 0.020726
K01308 1.6793 6.4698 0.0064657 0.018656
K09922 1.6794 6523 0.0073228 0.020531
K07496 1681 6.6468 0.0045476 0.015647
K01761 1.6816 7.4655 0.00353 0.013636
K01585 1.6816 7.3599 0.0044347 0.015624
K00817 1.6851 9.6476 5.1613e-06 0.00015321
K02401 1.6907 8.6373 8.6996e-05 0.0012671
K03589 1.6923 9.2389 4.7695e-05 0.00082965
K01897 1694 9.9751 3.0374e-05 0.00057012
K01464 1.6943 7.6671 0.0015913 0.0084436
K11085 1.6994 8.2776 0.00050652 0.0043862
K01918 1.7001 8.9893 5.2799e-05 0.0008984
K03179 1.7002 7.9633 0.00081482 0.0053621
K03409 1.7009 5.8686 0.016091 0.037618
K04759 1.7064 10786 1.0307e-06 0,06
K01845 1707 9.0063 0,07 0.0011091
K01698 1.7105 8.6404 0.00019994 0.0023587
K15372 1.7139 5.8765 0.020815 0.04535
K07443 1714 8536 0.00018844 0.0022473
K02398 1.7145 8336 0.00030009 0.0031765
K00798 1.7154 7.8833 0.0012975 0.0072763
K01999 1.7188 9.7641 8.1754e-06 0.00020866
K19350 1.7191 7.8417 0.0019813 0.009762
K00318 1.7191 6958 0.0062 0.0181
K11358 1.7279 7.4096 0.0010062 0.0062101
K01696 1728 9.3253 2.4292e-05 0.00047899
K14445 1.7323 5.6776 0.019145 0.042664
K03559 1.7332 8.1973 0.00083903 0.0054639
K00004 1.7349 5.8337 0.013479 0.032764
K01653 1.7432 9.6903 2.6966e-06 0.0001002
K02415 1.7439 7.3634 0.00094886 0.0059502
K03654 1.7445 9.7369 3.3052e-06 0.0001156
K03281 1.7459 7.8477 0.00088619 0.0056946
K02389 1.7478 8.7039 8.1316e-05 0.0012102
K05311 1.7483 7.0265 0.0015811 0.0084169
K05595 1.7484 7973 0.00079591 0.0052758
K00031 1.7487 9.2253 2.3082e-05 0.00046351
K07154 1.7497 7.6839 0.001096 0.0065588
K01805 1.7511 7.5976 0.0010975 0.0065588
K02851 1.7515 8.6538 0,05 0.00090649
K02654 1.7535 9.1371 3.8057e-05 0.00068774
K00831 1.7537 9.3853 1.1826e-05 0.00027148
K03628 1.7545 9.2263 0,03 0.00062374
K11927 1.7558 8422 0.0003731 0.0037392

233



K06975 1.7564 8.8428 0.00011464 0.0015198
K03752 1.7576 7.8183 0.00064083 0.0046953
K01737 1.7577 8.7642 9.3835e-05 0.0013382
K03453 1.76 7.8332 0.00069186 0.0047474
K03800 1.7607 9.1936 2.8908e-05 0.00054955
K03518 1.7653 8.2155 0.001877 0.0095193
K00558 1.7664 9.7303 1.4799e-06 7.0908e-05
K04749 1.7719 7.0949 0.0013395 0.0074681
K00937 1.7761 9.0832 2.7149e-05 0.00052214
K18928 1.7767 7.3153 0.002514 0.01078
K06894 1.7774 7425 0.0028353 0.011653
K03406 1.7776 11.48 2.2087e-07 3.5482e-05
K07114 1.7785 9.0934 0.00049167 0.0043399
K06919 1.7808 6.6213 0.0032203 0.012811
K03303 1.7809 6.6726 0.0026562 0.011195
K00989 1.7813 8.4552 6.6066e-05 0.0010459
K02409 1.7814 8.7459 5.9176e-05 0.00095911
K01790 1.7818 9.1951 4.2088e-05 0.00074397
K11473 1782 6.5661 0.0039491 0.01465
K00620 1.7854 9.0632 0,03 0.00054123
K01755 1.7856 9.4665 6.4342e-06 0.00017749
K02067 1.7864 8.1888 0.00073988 0.0049892
K06926 1.7878 5.6831 0.016128 0.037645
K18929 1.7887 7.3107 0.0022392 0.0099032
K02585 1.7887 5.9156 0.013614 0.03299
K04562 1789 7.8171 0.00026972 0.0029173
K09765 1.7899 8.2609 0.00012171 0.001598
K01008 1.7924 8.13 0.00032949 0.003402
K09153 1.7935 7.0244 0.0036359 0.013936
K05776 1794 6.7264 0.0053201 0.016345
K02422 1.7951 9134 1.7893e-05 0.00038629
K03413 1.7968 9.5017 5.4359e-06 0.00015697
K02042 1.7988 7.0993 0.0017026 0.0089079
K07343 1.7992 6.9867 0.0042164 0.015302
K03320 1.8006 9.6033 2.5973e-06 9.7168e-05
K03402 1.8024 9.3611 1.3234e-05 0.00029993
K04656 1.8058 6.5259 0.0053193 0.016345
K07668 1.8124 7.8682 0.00024984 0.0027868
K07091 1.8128 7.8688 0.00084029 0.0054639
K00766 1816 9.1453 2.0665e-05 0.00042917
K01975 1821 8.5337 0.0001787 0.0021547
K02203 1822 6.1058 0.0055437 0.016656
K00878 1.8231 8.9627 1.8451e-05 0.00039523
K08722 1.8251 7525 0.001165 0.0067572
K01715 1.8264 8172 5.5937e-05 0.00093346
K04761 1.8264 7.3719 0.0010174 0.0062188
K07729 1831 9.7777 3.5111e-06 0.00011912
K03833 1.8326 6115 0.0094511 0.024968
K01991 1835 8.2605 0.0015261 0.0081977
K11752 1836 9.1369 1.1178e-05 0.00026204
K02492 1.8368 8.5724 8.2078e-05 0.0012182
K10541 1.8381 6.9032 0.0045628 0.015674
K04061 1.8387 8.1463 0.0002222 0.0025659
K10542 1.84 6.9049 0.0044854 0.015624
K02279 1.8408 6.6633 0.002532 0.010838
K01895 1.8434 9.0614 3.3419e-05 0.0006146

234



K15727 1847 7.2756 0.013067 0.031976
K19158 1847 5.7502 0.017901 0.040587
K01958 1.8471 7.8102 0.00038989 0.0038465
K02591 1.8497 6.0071 0.0093662 0.024822
K01077 1.8499 8.3009 7.8787e-05 0.0011805
K02437 1.8525 8.9947 3.0581e-05 0.00057203
K03186 1.8525 7.8016 0.00036249 0.0036896
K03652 1.8546 8.0274 0.00117 0.0067626
K00029 1.8559 7845 0.0010968 0.0065588
K05364 1.8563 8.3645 6.4166e-05 0.0010278
K04654 1.8583 6.2439 0.0067903 0.019367
K02400 1.8585 9.1171 9.4054e-06 0.00022731
K00610 1.8624 8.3251 8.3447e-05 0.0012285
K00030 1.8637 6.3294 0.012116 0.030162
K01007 1865 7051 0.002248 0.0099049
K00794 1.8652 9.2007 0,01 0.0002248
K01034 1.8661 7.5303 0.00075593 0.0050414
K00946 1.8662 8.3149 0.00016802 0.0020577
K02517 1.8664 8.1658 0.00020792 0.0024215
K00793 1867 9.1524 1.0527e-05 0.00025
K02006 1.8692 7.5509 0.0007064 0.0048229
K06196 1.8697 8.7494 4.5784e-05 0.00079896
K00008 1.8698 7.9709 0.00010718 0.0014746
K00147 1.8709 9.5453 1.7144e-06 7.4319e-05
K00931 1.8724 9545 0 7.3471e-05
K08218 1.8756 7.1564 0.0012399 0.0070543
K00058 1876 10103 6.1528e-08 3.3154e-05
K00853 1.8767 6.9286 0.0019891 0.0097633
K05540 1.8795 7.2799 0.0004111 0.0039672
K02044 1.8798 6.7864 0.00094841 0.0059502
K01657 1.8814 9371 4.9735e-06 0.00014988
K18369 1.8847 6.0168 0.0066859 0.01912
K02837 1.8852 9.3055 3.0878e-06 0.00010881
K01681 1.8866 9558 2.9281e-06 0.00010662
K00239 1.8867 8.8463 4.4352e-05 0.00077894
K06905 1.8874 5.3943 0.014231 0.034183
K08744 1.8897 7.7776 0.00035758 0.0036575
K04773 1.8913 8.1483 0.00024859 0.0027824
K08679 1.8918 6.6595 0.0031603 0.012618
K01693 1.8931 9.1886 8.6595e-06 0.00021699
K06897 1.8937 8.0711 8.7347e-05 0.0012689
K07814 1.8944 7.7516 0.00037274 0.0037392
K02066 1.8967 8.3056 0.00050118 0.0043729
K03608 1.8978 8.2948 0,08 0.0011805
K05606 1.8984 7.9005 0.00071971 0.0048833
K03696 1.8995 9.5586 1.5685e-06 7.3225e-05
K02408 1.9002 9.0087 0,01 0.0002248
K02421 1.9006 9.0094 9.8704e-06 0.00023542
K07175 1.9006 8.0444 0.00039725 0.0039095
K03925 1.9027 9.5412 1.7757e-06 7.6054e-05
K02897 1.9028 8.9616 1.9514e-05 0.00040993
K02556 1.9043 9.2261 6.4873e-06 0.00017806
K03474 1.9051 7.8025 0.00091067 0.0057704
K00652 1.9061 7.9841 0.00030378 0.0032003
K02662 1.9062 7.0888 0.0019397 0.0096843
K13652 1.9067 6.1858 0.0041356 0.015078

235



K05367 1.9069 7333 0.0012137 0.006916
K02416 1911 9.0401 8.2232e-06 0.00020891
K01695 1.9116 9.4717 1.6455e-06 7.3402e-05
K02417 1.9126 9.0804 6.9653e-06 0.00018649
K03517 1913 9.3043 1.1007e-05 0.00025914
K19117 1.9137 5.4029 0.0076617 0.021266
K19119 1914 5408 0.0076067 0.021198
K19118 1914 5408 0.007639 0.021266
K06872 1.9158 8.1588 0.00028851 0.003096
K02419 1.9173 9.0821 6.4284e-06 0.00017749
K02420 1.9202 9093 5.9899e-06 0.00016692
K01129 1.9213 9543 7.5511e-07 5.0298e-05
K07402 1922 8.7391 4.4965e-05 0.00078718
K12257 1.9245 8.9034 0,02 0.00046645
K02387 1.9254 9.0672 6.5765e-06 0.00017956
K02410 1.9257 9.0594 6.6078e-06 0.00017956
K01818 1.9262 6.7047 0.0012699 0.007173
K01480 1.9264 8.5326 1.6508e-05 0.00036067
K00633 1.9274 5.0168 0.018595 0.041725
K02412 1.9281 9.1026 5.5776e-06 0.00015867
K00941 1.9297 9.2722 2.9828e-06 0.00010714
K01940 1.9314 9.5595 5.9477e-07 4.2815e-05
K00788 1.9326 9.5579 5.8291e-07 4.2815e-05
K02405 1.9333 9.0793 5.3665e-06 0.00015614
K06920 1.9337 7.9863 8.2372e-05 0.0012193
K00930 1.9344 9.5534 6.6534e-07 4.6591e-05
K02669 1.9358 9.2165 5.1983e-06 0.00015348
K00145 1.9365 9.5589 5.9574e-07 4.2815e-05
K00605 1937 8.9927 2.2771e-05 0.00046066
K11720 1.9372 8.0126 0.00017843 0.0021547
K00013 1.9379 9.5435 0 4.6235e-05
K01057 1939 7.4406 0.0013647 0.007583
K03412 1.9396 9.0924 4.58e-06 0.00014064
K01704 1.9402 9.5572 5.5317e-07 4.2815e-05
K02500 1.9413 9.5585 5.8664e-07 4.2815e-05
K00575 1.9435 9.1485 3.4135e-06 0.00011726
K03340 1.9436 8.2072 9.7399e-05 0.0013818
K09810 1.9438 8.0004 0.00041296 0.0039781
K02501 1.9439 9.5513 5.8298e-07 4.2815e-05
K14761 1.9496 8.9366 7.4994e-06 0.00019884
K08301 1.9526 9.0426 1.1288e-05 0.00026295
K02557 1.9568 9.5209 9.7967e-07 5.7537e-05
K07979 1.9578 9.6895 2.0477e-06 8.3465e-05
K09118 1.9585 6.6226 0.0012757 0.0071907
K07181 1.9585 6.5569 0.0024971 0.010748
K01596 1962 7699 0.00036682 0.0037172
K15460 1962 7.6047 0.0010258 0.0062602
K01667 1.9628 7.4774 0.0014525 0.0078907
K01649 1.9633 10019 0 2.1047e-05
K00705 1964 9.3271 3.3229e-06 0.0001156
K02429 1.9642 8.1639 0.00061462 0.0046363
K05837 1.9658 9.6051 2.6637e-07 3.5814e-05
K06209 1.9677 8.5518 1.8815e-05 0.00039833
K02388 1.9683 9149 3.5516e-06 0.00011974
K11755 1.9703 9.2747 1.6338e-06 7.3402e-05
K08982 1.9711 5.9746 0.009189 0.024495
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K02523 1.9718 7.9402 0.00040154 0.0039235
K00767 1.9723 9.4554 4.1445e-06 0.00013238
K03521 1.9734 9765 5.3126e-07 4.2815e-05
K12340 1.9734 8.3907 0.00049657 0.0043605
K01658 1.9744 9.1912 7.6489e-06 0.00020086
K06179 1.9756 8.9376 5.3096e-06 0.00015592
K02536 1.9768 8.1929 0.00038425 0.0038155
K03563 1.9777 9.0558 0 0.0001387
K00821 1978 8.9286 5.4892e-06 0.00015697
K14652 1979 9.1705 9.4591e-06 0.0002276
K15923 1.9793 7.6899 0.00056376 0.0045828
K03407 1.9813 9.1944 2.2956e-06 8.8828e-05
K13018 1.9815 5.9261 0.021994 0.04754
K02687 1.9825 9.5173 4.1713e-07 3.9971e-05
K03609 1.9827 8.9764 5.3741e-06 0.00015614
K18014 1.9834 5.6896 0.0051553 0.01613
K04751 1.9848 8.6447 0,04 0.00066579
K01703 1.9858 9.5614 0 4.2815e-05
K18640 1.9866 8346 0.00012232 0.0016021
K00294 1.9875 7.1699 0.0013499 0.007516
K00018 1988 8.0882 3.0044e-05 0.00056635
K02390 1.9883 9.1315 3.0011e-06 0.00010714
K02171 1.9899 7.2106 0.0014049 0.0077279
K02065 1.9916 8.1894 0.0002401 0.0027165
K07813 1.9917 8144 5.4389e-05 0.00091421
K01372 1.9922 7.6466 0.00040614 0.0039332
K00052 1.9923 9.5789 0 3.9956e-05
K03770 1.9927 7.8663 0.00029707 0.0031506
K07403 1.9945 7.3485 0.0012096 0.0069036
K00226 1.9947 7653 0.00047238 0.0042699
K07277 1.9953 8.0603 0.00026055 0.0028405
K03708 1.9959 7.8179 5.4397e-05 0.00091421
K00053 1.9967 9.5315 5.3926e-07 4.2815e-05
K00765 1.9971 9.5069 7.1315e-07 0,05
K09155 1.9984 7.2157 0.0022232 0.0098612
K05807 1.9987 7.8496 0.00027639 0.0029776
K06306 1.9989 8.3684 7.1148e-05 0.001104
K02502 1.9995 9.1251 3.7744e-06 0.00012345
K07003 2.0007 8318 5.7137e-05 0.00094285
K07183 2.0008 9.0865 5.4663e-06 0.00015697
K01814 2.0015 9.5015 4.4363e-07 4.0684e-05
K00833 2.0022 7.3851 0.00030364 0.0032003
K00278 2.0039 9.5426 1.1126e-06 6.0205e-05
K06391 2.0053 7.2543 0.00053748 0.0044413
K19294 2.0055 8.8789 2.5847e-05 0.00050241
K09808 2.0057 8.7789 9.4513e-05 0.0013444
K00797 2.0061 8.6658 7.6896e-06 0.00020096
K06923 2.0075 8.5325 3.5553e-05 0.0006473
K06042 2.0079 8.4794 7.7851e-06 0.00020249
K00854 2.0112 9.3668 7.4102e-07 4.9969e-05
K03558 2.0125 7.7767 0.00026295 0.0028553
K09704 2.0131 6.9168 0.0037056 0.014095
K06167 2014 7.6469 0.00052627 0.0044154
K07588 2.0147 7.9766 0.00014981 0.0018725
K18350 2.0151 7.0686 0.0036601 0.01401
K05825 2.0154 6.8106 0.00061589 0.0046363
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K03522 2018 9.7694 4.5436e-07 4.0684e-05
K04652 2.0196 7.7452 0.00022068 0.0025537
K03688 2.0201 7974 7.3343e-05 0.0011221
K06208 2.0205 6.7335 0.00051701 0.0043986
K03269 2.0213 7.5434 0.00044191 0.004176
K03826 2.0217 6.9882 0.0015923 0.0084436
K07037 2.0242 8.5067 2.3434e-05 0.00046544
K01035 2.0248 7.5704 0.00036849 0.0037191
K03585 2.0267 8.8074 0.00017319 0.0021115
K12952 2.0272 7.1454 0.0017383 0.0090169
K18139 2.0273 6.3277 0.015098 0.035933
K03154 2.0274 9059 3.8484e-06 0.00012512
K01993 2.0291 8.6278 5.0254e-05 0.00086317
K00050 2.0308 5.7313 0.019732 0.043475
K00856 2.0319 5.1606 0.011001 0.028144
K06871 2.0362 9.4975 0 3.7129e-05
K00782 2.0362 7.6 0.00040131 0.0039235
K06861 2.0389 8.0506 0.00019354 0.0022981
K04041 2041 8.4698 1.6024e-05 0.00035292
K05989 2.0417 7.6152 0.0014955 0.0080717
K01627 2.0425 7.9764 0.00019409 0.0022996
K09251 2.0438 6.3204 0.0010092 0.0062122
K03152 2.0454 8.9535 2.3082e-06 8.8828e-05
K01885 2.0478 9.7284 3.1061e-07 3.6882e-05
K08217 2.0501 6.7791 0.0003856 0.0038155
K07736 2.0507 9.0491 0 0.00014988
K03408 2.0509 9.5805 2.7487e-07 3.5814e-05
K04651 2.0513 7.91 8.8429e-05 0.0012778
K02014 2052 10.48 4.3887e-06 0.00013776
K01241 2.0527 7.3312 0.00081055 0.0053578
K01740 2.0531 10207 6.4047e-09 1.8065e-05
K00297 2.0542 9.3493 1.3646e-06 6.7759e-05
K02122 2.0545 8.7021 0,03 0.00059711
K00172 2.0551 5.8784 0.0017456 0.0090458
K00091 2.0551 5.8092 0.014496 0.034726
K00595 2.0554 8.4095 7.2874e-06 0.00019416
K02304 2.0572 8.4074 1.4564e-05 0.00032603
K02189 2061 8.4637 4.9011e-06 0.00014872
K09778 2.0613 5.1876 0.017378 0.039682
K19221 2064 9.1776 9.2194e-07 0,06
K15342 2065 8.4344 5.7638e-06 0.00016145
K09888 2.0658 9.4603 4.5286e-07 4.0684e-05
K02527 2.0658 7.9255 0.00017756 0.0021547
K00912 2.0665 7951 0.00022862 0.0026178
K07391 2.0674 9.5886 2.6711e-07 3.5814e-05
K00748 2.0674 7.9612 0.00017255 0.0021084
K01817 2.0675 9.3774 1.7823e-06 7.6054e-05
K06310 2.0686 6594 0.0010179 0.0062188
K00262 2.0687 9.6374 1.3133e-07 3.3154e-05
K01847 2069 8.6947 0.00017927 0.0021568
K00950 2.0696 8.6985 1.5235e-05 0.00033802
K00169 2.0698 5.8172 0.0020728 0.0098481
K04070 2.0722 8.3357 8.7002e-06 0.00021699
K02588 2.0731 6509 0.001157 0.0067236
K19049 2.0737 4.8179 0.021352 0.046371
K07460 2.0744 9.5681 2.1802e-07 3.5482e-05
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K01609 2.0762 9.3998 1.4537e-06 0,07
K05934 2.0783 8.4698 4.3508e-06 0.00013758
K07216 2.0807 7.6499 5.6267e-05 0.00093413
K02586 2.0808 5.8994 0.0128 0.031451
K01599 2.0834 8.8199 1.5191e-06 7.2151e-05
K03307 2.0837 9.3463 8.5037e-07 5.5294e-05
K07406 2.0848 5.7716 0.0020253 0.0098154
K00283 2.0861 8.0828 7.7894e-05 0.0011753
K00548 2.0871 9.8263 8.0825e-08 3.3154e-05
K09777 2.0873 8.5871 3.3735e-06 0.00011662
K02392 2.0875 10012 6.6149e-09 1.8065e-05
K07263 2.0881 7.8131 0.00048381 0.0043137
K03775 2.0888 7658 0.00025298 0.0028014
K00282 2.0896 8.0931 7.7271e-05 0.0011691
K06041 2.0906 7.9213 9.1201e-05 0.0013078
K00818 2.0935 8.2686 6.0365e-05 0.00097261
K03327 2.0955 8.4263 9.2193e-06 0.0002248
K09181 2.0958 7.3721 0.00027102 0.0029255
K00131 2.0997 7.1231 0.012627 0.03111
K08978 2.1021 7.9636 0.00029227 0.0031301
K07171 2.1023 9.5702 4.3021e-07 4.0514e-05
K03149 2.1025 8.4875 2.2981e-05 0.00046318
K15726 2.1032 7.7522 0.0028966 0.011832
K00097 2.1039 8.6221 1.1361e-05 0.00026295
K00651 2105 9.2196 5.0209e-07 4.2815e-05
K03113 2.1054 7.5918 0.00027732 0.0029818
K00677 2.1061 8.1191 0.00010144 0.0014243
K12343 2.1146 4.4914 0.017599 0.040052
K00768 2.1172 8.8325 9.6415e-07 5.7241e-05
K07011 2.1186 8.5078 0.00072533 0.0049153
K01711 2.1193 7.8803 0.00033408 0.0034426
K02361 2.1202 7.2495 0.00069283 0.0047481
K02315 2.1215 9.4279 2.7662e-07 3.5814e-05
K02217 2124 8.8159 1.2456e-06 6.2996e-05
K09457 2.1261 7.6938 0.00046524 0.0042699
K02224 2.1266 8.7352 2.3462e-06 8.9615e-05
K15635 2.1267 7.7334 0,03 0.00056635
K16881 2.1282 6.4878 0.00045661 0.0042699
K03605 2.1284 6.2225 0.0029018 0.011832
K09749 2.1288 8.1987 5.6127e-06 0.00015884
K01012 2.1301 9.5683 1.7106e-07 3.3154e-05
K03561 2.1301 8.8656 8.6496e-05 0.0012666
K01628 2.1367 8.8725 1.8413e-06 7.6527e-05
K01284 2.1389 8.4383 5.4111e-05 0.00091421
K12524 2.1407 7382 0.00019934 0.0023567
K01089 2141 7.1741 0.00040963 0.00396
K03205 2.1441 9.7567 2.0709e-06 8.3788e-05
K07315 2.1452 7.0559 0.00022782 0.0026142
K05946 2147 8.1944 1.1879e-05 0.00027148
K04074 2151 8.9327 3.8845e-06 0.00012555
K00634 2152 7.2833 0.00038522 0.0038155
K03411 2154 8.9475 1.7995e-06 7.6195e-05
K03147 2.1545 8.9565 9.1425e-07 0,06
K07045 2.1546 8.4952 6.5958e-05 0.0010459
K00979 2.1549 8068 7.1417e-05 0.001105
K06411 2155 8.6354 4.3578e-06 0.00013758
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K04653 2.1553 7.6787 6.5456e-05 0.0010454
K03410 2.1556 8.8756 2.1967e-06 8.6945e-05
K06395 2.1581 7755 0.00024614 0.0027606
K11785 2.1588 5.4285 0.0038149 0.01442
K04076 2.1591 6.9504 0.0002667 0.0028903
K08963 2.1605 8.7279 1.2192e-06 6.2291e-05
K07133 2.1608 9.8159 4.1114e-05 0.00072911
K07168 2.1616 4.5193 0.020108 0.044072
K02007 2.1637 8.3477 9.6385e-06 0.0002309
K13626 2.1641 8.9632 1.8181e-06 7.6389e-05
K06382 2.1641 8.8055 2.9072e-06 0.00010657
K03718 2.1665 8.0776 6.7055e-05 0.001058
K03666 2.1671 8.7265 2.2336e-06 0,09
K11615 2.1674 5448 0.0056599 0.016893
K07166 2.1678 8.9519 1.2203e-06 6.2291e-05
K03325 2.1727 8.2697 0.00036275 0.0036896
K09157 2.1758 8.9628 1.0889e-06 6.0205e-05
K15778 2.1768 5.4755 0.0087283 0.023601
K01611 2178 8.6722 4.0267e-06 0.00012938
K01026 2.1794 7.6412 4.9944e-05 0.00086317
K18856 2.1796 6.7159 0.0040299 0.014832
K03839 2.1797 8.1604 7.8573e-05 0.0011805
K02005 2.1809 9.9124 4.6714e-07 4.1153e-05
K08307 2.1809 7.8213 0.00012854 0.0016677
K03802 2.1809 4.7484 0.023538 0.049967
K01849 2183 5.2927 0.002759 0.011442
K00929 2.1857 7.6226 0.0015318 0.0082187
K06438 2.1862 8.8484 2.1279e-06 8.4837e-05
K07576 2.1866 8598 1.8929e-06 7.7735e-05
K00971 2.1885 8.7776 8.3558e-06 0.00021129
K03771 2.1926 8.5489 0.00011829 0.0015629
K05936 2.1931 8.8944 1.0782e-06 6.0205e-05
K06864 2.1974 8.46 0 0.00012037
K11105 2.1979 7664 4.0923e-05 0.00072808
K03296 2.1985 9.4494 4.8901e-05 0.00084794
K10540 2.1988 7.8256 0.00023848 0.002708
K09764 2.1996 7.4337 0.00034107 0.0035018
K06397 2.2027 8.8783 0 7.3402e-05
K06396 2203 8.8789 1.6249e-06 7.3402e-05
K06392 2203 8.8789 1.6304e-06 7.3402e-05
K06283 2.2044 8878 1.6375e-06 7.3402e-05
K00184 2.2047 6.1757 0.01892 0.042284
K06385 2.2057 8.9612 1.1796e-06 6.1362e-05
K02008 2.2068 8.2592 7.8327e-06 0.00020276
K06394 2.2081 8847 1.8494e-06 7.6527e-05
K11690 2.2099 5.7975 0.0037819 0.014345
K04084 2.2103 7.8036 0.00014377 0.0018136
K11614 2.2106 5.3812 0.0048868 0.016015
K08309 2.2109 8.4043 5.0216e-06 0.00014988
K16927 2.2113 7.3714 0.00025808 0.0028298
K01571 2.2125 8.8326 2.9961e-06 0.00010714
K14441 2.2139 9.5155 1.5515e-07 3.3154e-05
K03074 2.2153 8.8945 0 0.00010814
K07079 2.2193 9.4954 2.9619e-07 3.6768e-05
K07723 2.2208 6.7972 0.00012576 0.0016394
K03072 2.2216 8.9267 2.7735e-06 0.00010236
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K06393 2223 8.8735 1.5661e-06 7.3225e-05
K06390 2223 8.8735 1.6814e-06 7.3471e-05
K03270 2.2237 7.9799 7.6746e-05 0.0011644
K07164 2.2248 7.9381 0.00023214 0.0026474
K08641 2.2265 7.2815 4.0235e-05 0.00071819
K11783 2.2273 5.3053 0.0037042 0.014095
K15987 2.2295 9.3508 1.1231e-06 6.0205e-05
K18691 2.2298 7.6054 0.00022666 0.0026064
K07085 2.2313 7.5653 2.6913e-05 0.00051943
K07713 2.2331 7351 0.00040076 0.0039235
K02499 2.2335 8.9828 9.4648e-07 0,06
K04477 2.2352 8.4621 5.6749e-06 0.00015977
K02614 2.2374 6.9164 0.00013497 0.0017387
K16089 2.2375 8.6204 7.3657e-05 0.0011238
K02385 2.2377 8.7647 2.4951e-06 9.4642e-05
K13542 2.2419 8916 0 0,06
K15024 2.2421 7.4973 8.0597e-05 0.0012028
K07787 2.2444 6.9439 0.00052238 0.0044154
K04516 2.2445 7.5666 0.00020703 0.0024162
K05515 2.2508 9.7919 3.5614e-08 3.3154e-05
K07005 2.2526 9624 3.0165e-08 3.3154e-05
K06423 2.2563 7.1782 7.0169e-05 0.0010919
K01251 2.2586 8.8475 5.9685e-05 0.0009645
K12251 2.2589 7277 0.00086958 0.0056209
K02227 2.2601 9.2028 1.3285e-07 3.3154e-05
K07316 2.2653 6.3151 0.0013955 0.0076836
K00757 2.2663 8.4786 1.1353e-06 6.0205e-05
K03473 2267 7166 0.0001522 0.0018936
K11537 2.2672 6.9874 0.00025852 0.0028298
K00248 2.2675 7.9944 1.7361e-05 0.0003778
K03092 2.2683 9.3167 4.8813e-07 0,04
K02233 2272 9.2165 1.6108e-07 3.3154e-05
K18866 2.2756 5.9722 0.0016916 0.008867
K03612 2.2775 9.2719 9.8854e-08 3.3154e-05
K08999 2.2782 7.8607 0.00071752 0.0048745
K18348 2279 5.9828 0.0016467 0.0086902
K04720 2.2799 8.8566 3.6924e-07 3.8865e-05
K02124 2.2813 9.0541 1.1304e-06 6.0205e-05
K02123 2.2813 9.0541 1.1328e-06 6.0205e-05
K02231 2.2815 9.1927 1.3846e-07 3.3154e-05
K00348 2.2825 7.2903 0.00023217 0.0026474
K02377 2.2843 7.7864 0.000202 0.0023779
K06284 2.2855 8889 4.8772e-06 0.00014872
K01159 2.2888 9.4256 4.0421e-07 3.9956e-05
K02226 2.2912 9.2233 1.5346e-07 3.3154e-05
K05895 2.2946 7.7713 1.8576e-05 0.00039523
K00721 2.2955 8.8966 9.7738e-05 0.001383
K02232 2.2958 9.1821 1.2464e-07 3.3154e-05
K11381 2.2966 5.9979 0.0080116 0.022014
K19405 2.3007 7921 6.7213e-05 0.001058
K06384 2.3018 7.8471 5.5591e-05 0.0009314
K02188 2302 8.7018 1.8248e-07 3.3154e-05
K07322 2.3022 7.7247 0.00020341 0.0023893
K02118 2.3053 9.1848 9.4197e-07 0,06
K02120 2.3053 9.1848 9.4396e-07 0,06
K02117 2.3054 9.1847 9.3696e-07 0,06
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K03394 2.3117 8.6356 5.7413e-07 4.2815e-05
K11784 2.3158 5.7815 0.0010354 0.0062977
K03660 2.3176 8652 1.3486e-06 6.7577e-05
K12373 2.3196 9.1246 2.0901e-06 8.3941e-05
K07705 2.3197 7.3404 0.00015899 0.0019558
K11645 2.3216 6.8236 0.00056383 0.0045828
K13688 2.3235 5.8659 0.0094499 0.024968
K03150 2.3274 9.2612 9.6063e-08 3.3154e-05
K10206 2.3282 9.0446 2.8137e-07 3.5814e-05
K14534 2.3369 7243 6.7485e-05 0.0010592
K11782 2.3385 5.7915 0.00090077 0.0057495
K03093 2342 6.3529 0.00032703 0.0033894
K19271 2.3433 7.6439 3.3364e-05 0.0006146
K01639 2.3526 7.0368 3.9284e-05 0.00070351
K18346 2.3537 6.9671 0.000156 0.0019365
K00170 2359 5.7754 0.00062372 0.0046458
K12960 2.3618 8.3187 3.7001e-07 3.8865e-05
K18285 2.3619 5828 0.00077753 0.0051665
K02119 2.3654 8.5861 1.8596e-05 0.00039523
K00772 2.3723 6.8562 0.004088 0.014936
K01572 2.3776 9.44 6.8887e-07 4.7628e-05
K19165 2.3785 5.7006 0.0025144 0.01078
K02334 2.3911 9.0462 1.8584e-05 0.00039523
K01206 2.3914 9.0712 2.5709e-05 0.00050151
K06143 2.3922 6.6742 0.00029429 0.0031418
K03606 2.3958 7.1955 0.00013649 0.00175
K01173 2.4056 6.1003 0.0018555 0.0094538
K13993 2.4124 9.4836 2.1257e-05 0.00043814
K00812 2.4255 9.5281 2.2109e-05 0.00045102
K02009 2.4286 7.6611 1.9485e-05 0.00040993
K07075 2.4311 6.3932 0.001812 0.0092932
K00171 2.4323 5.4723 0.00071006 0.0048419
K07571 2437 8.7168 0 6.1362e-05
K19411 2.4375 8.3586 0,02 0.00038629
K06001 2.4384 8.7389 2.4018e-07 3.5814e-05
K17992 2.4468 8.1194 9.2304e-05 0.0013198
K06206 2.4511 8.7948 1.0618e-06 6.0205e-05
K06402 2.4529 8165 2.5804e-06 9.7168e-05
K01156 2.4554 6.2451 0.00081122 0.0053578
K01615 2.4575 5.7983 0.001072 0.0064482
K09007 2.4646 5.2619 0.0039562 0.014652
K03803 2.4757 8.5446 1.6456e-07 3.3154e-05
K00983 2.4762 6.0556 0.016118 0.037639
K08678 2.4825 7.2296 0.0016325 0.0086321
K04655 2485 7.5406 7.9912e-06 0.00020589
K03385 2.5001 7.1682 0.00013368 0.0017261
K02103 2.5022 5.7205 0.00026235 0.0028545
K14475 2.5072 5.7085 0.014486 0.034718
K07012 2.5139 7.9462 3.4629e-06 0.00011821
K00895 2515 7.2115 8.4092e-05 0.0012347
K18234 2515 7.3898 0.00011187 0.0014867
K07590 2.5168 8.0777 1.4592e-06 0,07
K06898 2519 8.3603 2.3207e-05 0.00046375
K09121 2.5228 8.3613 2.1385e-05 0.00043912
K18330 2.5243 8.7452 0,07 0.0010617
K06142 2529 9.2967 1.6171e-05 0.00035472
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K17073 2.5298 6.4943 0.0013899 0.0076605
K07464 2.5302 8.0393 4.4728e-06 0.00013881
K16363 2.5378 7.5688 0.0048963 0.016015
K06383 2.5408 8.6201 1.4311e-06 7.0422e-05
K01163 2.5443 9.1857 7.7051e-08 3.3154e-05
K01144 2.5558 7.5144 0.0048816 0.016015
K03773 2.5561 8.7283 8.1035e-06 0.0002078
K11051 2.5577 5.6801 0.011327 0.028722
K11050 2.5609 5.6795 0.011213 0.028487
K00350 2.5781 7.2437 0.00010052 0.0014151
K05970 2.5794 8.1814 0.0022339 0.0098876
K01278 2.5812 8.3224 0.0020325 0.0098164
K00351 2.5814 7.2431 0.00010269 0.0014345
K00349 2.5814 7.2431 0.00010355 0.0014402
K00347 2.5814 7.2431 0.00010363 0.0014402
K00346 2.5852 7.2425 0.00010456 0.0014495
K01583 2.5915 5.7526 0.013658 0.033053
K00844 2.5995 4.8769 0.012448 0.030783
K01912 2.6008 9.0583 2.8195e-07 3.5814e-05
K05516 2.6234 7.4155 7.5623e-06 0.00019954
K01848 2.6243 4.7624 0.0027543 0.01144
K02474 2626 7.5189 0.0017872 0.0091746
K00174 2.6398 9.8883 3.7188e-06 0.00012285
K00175 2.6421 9.8827 3.7336e-06 0.00012285
K02666 2.6452 5.5029 0.0019895 0.0097633
K07219 2.6572 6.7586 0.00031087 0.0032466
K09797 2.6822 5.5061 0.0029627 0.012005
K08676 2.6892 6.7029 0.0050198 0.016028
K03738 2.6963 6.0036 0.018528 0.041594
K07138 2.6995 8.1847 1.4313e-05 0.00032173
K16212 2.7156 6.4614 0.0019525 0.0097039
K07099 2.7166 8.2186 1.4133e-05 0.00031899
K09163 2.7194 7.7239 3.3079e-05 0.00061247
K01960 2.7306 7.5849 0.0012516 0.0070846
K01277 2734 7.4708 0.0070739 0.019996
K02121 2742 8.1562 0.00020546 0.002403
K07405 2.75 7.5194 0.0056747 0.01691
K05979 2.7622 7.3585 0.00013714 0.0017543
K00290 2.7705 8.6191 0.00014863 0.0018701
K03931 2.7764 6.6713 0.0034594 0.01342
K13747 2.7892 8.6441 0.00013564 0.0017432
K19091 2.8006 6.4395 2.4773e-05 0.00048497
K06990 2804 4.9843 0.015441 0.03659
K07706 2.8141 6.8294 0.0046892 0.015764
K02241 2.8199 7.1372 2.3264e-05 0.00046375
K00177 2.8729 9.2056 0.00044866 0.0042325
K00179 2888 8.2661 0.00010203 0.001429
K00180 2.8933 8.2769 9.9026e-05 0.0013976
K03332 2.8933 6.8006 0.00067399 0.0046997
K02587 2.9063 4.4268 0.0095777 0.025236
K02594 2.9167 5.1364 0.0024048 0.010449
K15876 2.9205 7.1208 0.0058078 0.017203
K00176 2.9229 9.1602 0.00032851 0.0033983
K13043 2.9349 7.0353 0.00084143 0.0054648
K01787 2.9663 6.9492 8.6995e-05 0.0012671
K13963 2.9725 7.2466 0.00013042 0.001688
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K03465 2.9947 7.3689 3.8987e-05 0.00070048
K17489 3.0153 0.069969 0.0091301 0.02435
K00096 3.0277 5.6565 0.001076 0.0064657
K09789 3.0279 5.3353 0.0034421 0.013381
K01186 3.0332 6881 0.0001411 0.0017965
K08282 3042 4.3423 0.0089392 0.024005
K09011 3.0627 7.1763 0.0020014 0.0097865
K00603 3.0657 7.1024 0.00010939 0.0014828
K00196 3.0657 6.9303 0.0015746 0.0084023
K05773 3.0692 4.6164 0.0039101 0.014557
K00198 3.0869 7.2552 0.00072983 0.0049397
K00194 3.0885 1.2214 0.011514 0.0291
K05772 3.1017 4.6714 0.0033929 0.013247
K03077 3.1067 6.2913 0.00117 0.0067626
K18831 3.1117 6.0553 0.0012639 0.0071463
K01654 3.1154 5.4513 0.00087511 0.0056432
K03390 3197 5.9812 0.0024254 0.010522
K03389 3.1981 5.9865 0.0023025 0.010085
K07182 3.2083 4.0253 0.004919 0.016019
K15864 3.2131 -0.44819 0.012319 0.030578
K19090 3.2542 0.04155 0.011041 0.02822
K03388 3.2734 6.0854 0.001605 0.0085028
K02482 3.3193 5.6124 0.0036043 0.013874
K02590 3.3848 4.2444 0.0085796 0.02327
K02589 3.3848 4.2444 0.0085802 0.02327
K02626 3.3953 4.4098 0.0052731 0.016281
K01622 3.4083 -0.22599 0.0031072 0.012449
K01399 3417 -0.77767 0.0061923 0.018087
K02481 3.4313 7.5852 0.0005569 0.00454
K11527 3.4443 4.9969 0.0020417 0.0098338
K00968 3.4646 4.3116 0.010193 0.026574
K10819 3.4672 4352 0.0021091 0.0098511
K09740 3.4873 4.4296 0.0023935 0.010417
K07457 3.5077 4.9405 0.0018969 0.0095616
K07076 3.5439 1.6706 0.0050895 0.016082
K03620 3.5441 4.4572 0.0046395 0.015724
K02584 3.5609 5.4179 0.0005076 0.0043862
K19727 3.5908 -0.79124 0.0051491 0.01613
K19726 3.5908 -0.79124 0.0051519 0.01613
K19725 3.5908 -0.79124 0.0051634 0.01613
K19723 3.5908 -0.79124 0.0051723 0.01613
K12826 3.5908 -0.79124 0.0051763 0.01613
K19741 3.5908 -0.79124 0.0051831 0.01613
K00043 3.5908 -0.79124 0.0051911 0.016138
K11384 3.6074 3.4994 0.0054855 0.016581
K14138 3.6143 1.0235 0.006398 0.018519
K06857 3.7096 4.5468 0.001049 0.0063589
K09729 3.7371 5.4812 8.2825e-05 0.0012227
K07257 3.7505 4.3877 0.0015506 0.0083036
K07321 3.7898 4.9301 3.2113e-05 0.00059711
K03941 3.8143 -0.33455 0.0018927 0.0095581
K17229 3.8143 -0.33455 0.0019101 0.0095805
K01746 3.8698 1.0691 0.0049577 0.016019
K19714 3.8905 4.1105 0.0049745 0.016019
K09126 3.9312 1.7121 0.0033828 0.013226
K15023 4.1016 3.2463 0.0026821 0.011234
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K00197 4.1016 3.2463 0.002684 0.011234
K15022 4104 0.05704 0.0018697 0.0094997
K14088 4.1128 4.3518 0.00046754 0.0042699
K06027 4.1552 0.24552 0.0021268 0.0098556
K14086 4.1928 4.5295 0.00016665 0.0020454
K09138 4.2411 0.39352 0.0025123 0.01078
K11261 4.2666 5.5469 0.00018128 0.0021762
K03851 4.3322 3.4507 0.0051325 0.01613
K14089 4.3397 4.1729 0.00057897 0.0046363
K14087 4.3632 4.1682 0.00054342 0.0044634
K11646 4.3664 4.1725 0.0024384 0.010554
K09141 4368 4421 0.0011937 0.0068274
K16846 4.3712 4.0837 0.0026507 0.01118
K16845 4.3712 4.0837 0.002666 0.011219
K00534 4.3839 4.0831 0.0026097 0.011067
K08352 4.3864 4.3014 0.00074194 0.0049907
K14090 4.3984 4.1854 0.0021947 0.0098612
K07151 4.4016 4.1259 0.0024022 0.010447
K07469 4.4195 4.1887 0.0015614 0.0083529
K06873 4.4264 3.9306 0.0026662 0.011219
K18008 4.4267 4.1598 0.0020999 0.0098488
K14091 4.4267 4.1598 0.0021008 0.0098488
K07096 4.4267 4.1598 0.0021025 0.0098488
K06951 4.4267 4.1598 0.0021155 0.0098554
K00437 4.4267 4.1598 0.0021285 0.0098556
K16915 4474 4.31 0.00095681 0.0059863
K11181 4.4769 4.3034 0.00099006 0.0061521
K11180 4.4769 4.3034 0.00099875 0.0061977
K16886 4.4824 4.2735 0.0011168 0.0066091
K16885 4.4824 4.2735 0.0011258 0.0066544
K09133 4.5004 2596 0.0047134 0.015814
K19134 4.5376 1.5408 0.0015157 0.0081562
K13819 4.5503 4.4198 0.00067806 0.0046997
K16180 4.5954 -0.11613 0.0014124 0.0077531
K16182 4.5954 -0.11613 0.0014207 0.0077756
K07488 4.6113 3.8219 0.0018398 0.0093914
K05299 4.6183 3.6087 0.00053649 0.0044398
K00183 4.7202 0.66485 0.0012849 0.0072351
K15898 4.7311 1.6795 0.00058277 0.0046363
K16181 4.7359 -0.64362 0.00023737 0.0027011
K17248 4909 1.2123 0.0024663 0.010649
K09860 4.9801 1.2169 0.0026915 0.011256
K17898 5.3445 1.2415 0.00014229 0.0018066
K17899 5.3445 1.2415 0.00014271 0.0018066
K09944 5579 1.5899 0.00024022 0.0027165
K07097 5579 1.5899 0.00024101 0.0027198
K18284 5.6826 1.1945 0.00080103 0.0053033
K18992 6.9599 1.1767 0.00011061 0.0014828
K05927 6.9599 1.1767 0.00011073 0.0014828
K17251 6.9599 1.1767 0.00011083 0.0014828
K05922 6.9599 1.1767 0.00011092 0.0014828
K08077 6.9599 1.1767 0.00011106 0.0014828
K15896 6.9599 1.1767 0.00011116 0.0014828
K15899 6.9599 1.1767 0.00011116 0.0014828
K07288 6.9599 1.1767 0.00011126 0.0014828
K15897 6.9599 1.1767 0.0001113 0.0014828
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K06882 6.9599 1.1767 0.0001113 0.0014828
K15895 6.9599 1.1767 0.00011131 0.0014828
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Tabela S10. KEGG pathway map predicted by PICRUST differentially represented in bacterial communities 
found in mid and hindgut of Pelidnota luridipes
(Discriminant KEGG terms according to KO Database - https://www.genome.jp/kegg/ko.html)

Pathway Midgut Hindgut Total
Midgut/
Hindgut

ko00860 Porphyrin and chlorophyll metabolism 2 30 32 15
ko00340 Histidine metabolism 1 15 16 15
ko00720 Carbon fixation pathways in prokaryotes 3 42 45 14
ko00730 Thiamine metabolism 1 14 15 14
ko03018 RNA degradation 1 14 15 14
ko01502 Vancomycin resistance 1 13 14 13
ko01210 2-Oxocarboxylic acid metabolism 2 25 27 0
ko00900 Terpenoid backbone biosynthesis 1 11 12 11
ko00630 Glyoxylate and dicarboxylate metabolism 2 21 23 0
ko01230 Biosynthesis of amino acids 10 104 114 0
ko00541 O-Antigen nucleotide sugar biosynthesis 2 20 22 10
ko00020 Citrate cycle TCA cycle 3 26 29 0
ko00061 Fatty acid biosynthesis 1 8 9 8
ko02040 Flagellar assembly 4 31 35 0
ko00770 Pantothenate and CoA biosynthesis 2 15 17 0
ko01240 Biosynthesis of cofactors 18 128 146 0
ko03420 Nucleotide excision repair 1 7 8 7
ko00710 Carbon fixation in photosynthetic organisms 2 13 15 0
ko00220 Arginine biosynthesis 2 12 14 6
ko01200 Carbon metabolism 16 91 107 0
ko02030 Bacterial chemotaxis 3 17 20 0
ko00550 Peptidoglycan biosynthesis 4 21 25 0
ko00260 Glycine, serine and threonine metabolism 5 26 31 0
ko00250 Alanine, aspartate and glutamate metabolism 4 20 24 5
ko03060 Protein export 3 15 18 5
ko00290 Valine, leucine and isoleucine biosynthesis 2 10 12 5
ko00261 Monobactam biosynthesis 1 5 6 5
ko00780 Biotin metabolism 2 9 11 0
ko00670 One carbon pool by folate 3 13 16 0
ko00910 Nitrogen metabolism 3 12 15 4
ko00660 C5-Branched dibasic acid metabolism 2 8 10 4
ko00430 Taurine and hypotaurine metabolism 1 4 5 4
ko00625 Chloroalkane and chloroalkene degradation 1 4 5 4
ko04142 Lysosome 1 4 5 4
ko05134 Legionellosis 1 4 5 4
ko00400 Phenylalanine, tyrosine and tryptophan biosynthesis 6 23 29 0
ko00680 Methane metabolism 9 33 42 0
ko01110 Biosynthesis of secondary metabolites 65 235 300 0
ko00750 Vitamin B6 metabolism 2 7 9 0
ko00300 Lysine biosynthesis 5 16 21 0
ko00010 Glycolysis / Gluconeogenesis 11 33 44 3
ko00620 Pyruvate metabolism 10 30 40 3
ko00600 Sphingolipid metabolism 1 3 4 3
ko00785 Lipoic acid metabolism 1 3 4 3
ko00960 Tropane, piperidine and pyridine alkaloid biosynthesis 1 3 4 3
ko01523 Antifolate resistance 1 3 4 3
ko03020 RNA polymerase 1 3 4 3
ko04141 Protein processing in endoplasmic reticulum 1 3 4 3
ko04212 Longevity regulating pathway - worm 1 3 4 3
ko05415 Diabetic cardiomyopathy 1 3 4 3
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ko05418 Fluid shear stress and atherosclerosis 1 3 4 3
ko00270 Cysteine and methionine metabolism 10 28 38 0
ko03430 Mismatch repair 5 14 19 0
ko03030 DNA replication 4 11 15 0
ko03440 Homologous recombination 6 16 22 0
ko00790 Folate biosynthesis 7 18 25 0
ko00040 Pentose and glucuronate interconversions 4 10 14 0
ko00240 Pyrimidine metabolism 11 27 38 0
ko00190 Oxidative phosphorylation 14 29 43 0
ko01100 Metabolic pathways 261 529 790 0
ko00472 D-Arginine and D-ornithine metabolism 1 2 3 2
ko00531 Glycosaminoglycan degradation 1 2 3 2
ko00940 Phenylpropanoid biosynthesis 1 2 3 2
ko00950 Isoquinoline alkaloid biosynthesis 1 2 3 2
ko04146 Peroxisome 1 2 3 2
ko04714 Thermogenesis 1 2 3 2
ko05010 Alzheimer disease 1 2 3 2
ko05131 Shigellosis 1 2 3 2
ko00330 Arginine and proline metabolism 10 18 28 0
ko00983 Drug metabolism - other enzymes 5 9 14 0
ko01212 Fatty acid metabolism 5 9 14 0
ko01120 Microbial metabolism in diverse environments 81 143 224 0
ko00650 Butanoate metabolism 14 24 38 0
ko00230 Purine metabolism 17 29 46 0
ko05111 Biofilm formation - Vibrio cholerae 6 10 16 0
ko00450 Selenocompound metabolism 3 5 8 0
ko00030 Pentose phosphate pathway 11 18 29 0
ko00640 Propanoate metabolism 14 22 36 0
ko02024 Quorum sensing 20 31 51 0
ko03070 Bacterial secretion system 10 15 25 0
ko00401 Novobiocin biosynthesis 2 3 5 0
ko00440 Phosphonate and phosphinate metabolism 2 3 5 0
ko03320 PPAR signaling pathway 2 3 5 0
ko00130 Ubiquinone and other terpenoid-quinone biosynthesis 9 13 22 0
ko00760 Nicotinate and nicotinamide metabolism 8 10 18 0
ko00360 Phenylalanine metabolism 5 6 11 0
ko00410 beta-Alanine metabolism 5 6 11 0
ko04122 Sulfur relay system 5 6 11 0
ko00564 Glycerophospholipid metabolism 7 8 15 0
ko01501 beta-Lactam resistance 8 9 17 1125
ko00540 Lipopolysaccharide biosynthesis 14 15 29 0
ko00051 Fructose and mannose metabolism 20 21 41 0
ko00740 Riboflavin metabolism 5 5 10 1
ko00473 D-Alanine metabolism 2 2 4 1
ko00561 Glycerolipid metabolism 2 2 4 1
ko00643 Styrene degradation 1 1 2 1
ko04070 Phosphatidylinositol signaling system 1 1 2 1
ko04213 Longevity regulating pathway - multiple species 1 1 2 1
ko05016 Huntington disease 1 1 2 1
ko05020 Prion disease 1 1 2 1
ko00500 Starch and sucrose metabolism 14 13 27 0
ko00280 Valine, leucine and isoleucine degradation 9 8 17 0
ko00310 Lysine degradation 8 6 14 0
ko00052 Galactose metabolism 10 7 17 0
ko00920 Sulfur metabolism 13 9 22 0
ko00627 Aminobenzoate degradation 6 4 10 0
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ko02010 ABC transporters 70 45 115 0
ko02020 Two-component system 91 57 148 0
ko00350 Tyrosine metabolism 8 4 12 0
ko00053 Ascorbate and aldarate metabolism 6 3 9 0
ko00071 Fatty acid degradation 6 3 9 0
ko00626 Naphthalene degradation 2 1 3 0
ko00830 Retinol metabolism 2 1 3 0
ko00980 Metabolism of xenobiotics by cytochrome P450 2 1 3 0
ko00982 Drug metabolism - cytochrome P450 2 1 3 0
ko00998 Biosynthesis of various secondary metabolites - part 2 2 1 3 0
ko05014 Amyotrophic lateral sclerosis 2 1 3 0
ko05022 Pathways of neurodegeneration - multiple diseases 2 1 3 0
ko02025 Biofilm formation - Pseudomonas aeruginosa 11 5 16 0
ko00380 Tryptophan metabolism 7 3 10 0
ko02026 Biofilm formation - Escherichia coli 20 8 28 0
ko00480 Glutathione metabolism 7 2 9 0
ko00562 Inositol phosphate metabolism 4 1 5 0
ko01503 Cationic antimicrobial peptide resistance 29 6 35 0
ko05133 Pertussis 5 1 6 0
ko00362 Benzoate degradation 11 2 13 0
ko01220 Degradation of aromatic compounds 11 2 13 0
ko00510 N-Glycan biosynthesis 13 2 15 0
ko01053 Biosynthesis of siderophore group nonribosomal 
peptides 

7 1 8 0

ko03010 Ribosome 0 53 53 0
ko00520 Amino sugar and nucleotide sugar metabolism 0 31 31 0
ko00970 Aminoacyl-tRNA biosynthesis 0 22 22 0
ko04112 Cell cycle - Caulobacter 0 10 10 0
ko00521 Streptomycin biosynthesis 0 8 8 0
ko00633 Nitrotoluene degradation 0 8 8 0
ko03410 Base excision repair 0 8 8 0
ko00195 Photosynthesis 0 6 6 0
ko00511 Other glycan degradation 0 6 6 0
ko00997 Biosynthesis of various secondary metabolites - part 3 0 5 5 0
ko04066 HIF-1 signaling pathway 0 5 5 0
ko00523 Polyketide sugar unit biosynthesis 0 4 4 0
ko04626 Plant-pathogen interaction 0 4 4 0
ko04922 Glucagon signaling pathway 0 4 4 0
ko05132 Salmonella infection 0 4 4 0
ko05230 Central carbon metabolism in cancer 0 4 4 0
ko00333 Prodigiosin biosynthesis 0 3 3 0
ko00460 Cyanoamino acid metabolism 0 3 3 0
ko00471 D-Glutamine and D-glutamate metabolism 0 3 3 0
ko04217 Necroptosis 0 3 3 0
ko04621 NOD-like receptor signaling pathway 0 3 3 0
ko04910 Insulin signaling pathway 0 3 3 0
ko04931 Insulin resistance 0 3 3 0
ko05152 Tuberculosis 0 3 3 0
ko00332 Carbapenem biosynthesis 0 2 2 0
ko00405 Phenazine biosynthesis 0 2 2 0
ko00513 Various types of N-glycan biosynthesis 0 2 2 0
ko00524 Neomycin, kanamycin and gentamicin biosynthesis 0 2 2 0
ko00525 Acarbose and validamycin biosynthesis 0 2 2 0
ko00603 Glycosphingolipid biosynthesis - globo and isoglobo 
series 

0 2 2 0

ko00966 Glucosinolate biosynthesis 0 2 2 0
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ko03013 RNA transport 0 2 2 0
ko03450 Non-homologous end-joining 0 2 2 0
ko04151 PI3K-Akt signaling pathway 0 2 2 0
ko04152 AMPK signaling pathway 0 2 2 0
ko04216 Ferroptosis 0 2 2 0
ko04727 GABAergic synapse 0 2 2 0
ko04920 Adipocytokine signaling pathway 0 2 2 0
ko04930 Type II diabetes mellitus 0 2 2 0
ko05012 Parkinson disease 0 2 2 0
ko05200 Pathways in cancer 0 2 2 0
ko05417 Lipid and atherosclerosis 0 2 2 0
ko00140 Steroid hormone biosynthesis 0 1 1 0
ko00542 O-Antigen repeat unit biosynthesis 0 1 1 0
ko00572 Arabinogalactan biosynthesis - Mycobacterium 0 1 1 0
ko00604 Glycosphingolipid biosynthesis - ganglio series 0 1 1 0
ko00908 Zeatin biosynthesis 0 1 1 0
ko01051 Biosynthesis of ansamycins 0 1 1 0
ko01055 Biosynthesis of vancomycin group antibiotics 0 1 1 0
ko03008 Ribosome biogenesis in eukaryotes 0 1 1 0
ko03040 Spliceosome 0 1 1 0
ko04016 MAPK signaling pathway - plant 0 1 1 0
ko04068 FoxO signaling pathway 0 1 1 0
ko04138 Autophagy - yeast 0 1 1 0
ko04210 Apoptosis 0 1 1 0
ko04612 Antigen processing and presentation 0 1 1 0
ko04657 IL-17 signaling pathway 0 1 1 0
ko04659 Th17 cell differentiation 0 1 1 0
ko04721 Synaptic vesicle cycle 0 1 1 0
ko04723 Retrograde endocannabinoid signaling 0 1 1 0
ko04724 Glutamatergic synapse 0 1 1 0
ko04914 Progesterone-mediated oocyte maturation 0 1 1 0
ko04915 Estrogen signaling pathway 0 1 1 0
ko04919 Thyroid hormone signaling pathway 0 1 1 0
ko04932 Non-alcoholic fatty liver disease 0 1 1 0
ko04934 Cushing syndrome 0 1 1 0
ko04940 Type I diabetes mellitus 0 1 1 0
ko04962 Vasopressin-regulated water reabsorption 0 1 1 0
ko04964 Proximal tubule bicarbonate reclamation 0 1 1 0
ko04973 Carbohydrate digestion and absorption 0 1 1 0
ko04974 Protein digestion and absorption 0 1 1 0
ko05120 Epithelial cell signaling in Helicobacter pylori infection 0 1 1 0
ko05130 Pathogenic Escherichia coli infection 0 1 1 0
ko05143 African trypanosomiasis 0 1 1 0
ko05146 Amoebiasis 0 1 1 0
ko05165 Human papillomavirus infection 0 1 1 0
ko05203 Viral carcinogenesis 0 1 1 0
ko05205 Proteoglycans in cancer 0 1 1 0
ko05206 MicroRNAs in cancer 0 1 1 0
ko05211 Renal cell carcinoma 0 1 1 0
ko05215 Prostate cancer 0 1 1 0
ko05231 Choline metabolism in cancer 0 1 1 0
ko02060 Phosphotransferase system 33 0 33 0
ko05150 Staphylococcus aureus infection 5 0 5 0
ko00364 Fluorobenzoate degradation 4 0 4 0
ko00622 Xylene degradation 4 0 4 0
ko00281 Geraniol degradation 3 0 3 0
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ko00624 Polycyclic aromatic hydrocarbon degradation 3 0 3 0
ko00072 Synthesis and degradation of ketone bodies 2 0 2 0
ko00623 Toluene degradation 2 0 2 0
ko00903 Limonene and pinene degradation 2 0 2 0
ko00906 Carotenoid biosynthesis 2 0 2 0
ko00930 Caprolactam degradation 2 0 2 0
ko01040 Biosynthesis of unsaturated fatty acids 2 0 2 0
ko03460 Fanconi anemia pathway 2 0 2 0
ko05204 Chemical carcinogenesis 2 0 2 0
ko00253 Tetracycline biosynthesis 1 0 1 0
ko00361 Chlorocyclohexane and chlorobenzene degradation 1 0 1 0
ko00404 Staurosporine biosynthesis 1 0 1 0
ko00621 Dioxin degradation 1 0 1 0
ko00902 Monoterpenoid biosynthesis 1 0 1 0
ko00943 Isoflavonoid biosynthesis 1 0 1 0
ko00944 Flavone and flavonol biosynthesis 1 0 1 0
ko01054 Nonribosomal peptide structures 1 0 1 0
ko01524 Platinum drug resistance 1 0 1 0
ko04071 Sphingolipid signaling pathway 1 0 1 0
ko04113 Meiosis - yeast 1 0 1 0
ko04918 Thyroid hormone synthesis 1 0 1 0
ko05100 Bacterial invasion of epithelial cells 1 0 1 0
ko05135 Yersinia infection 1 0 1 0
ko05200 Pathways in cancer 1 0 1 0
ko05219 Bladder cancer 1 0 1 0
ko05225 Hepatocellular carcinoma 1 0 1 0
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Conclusão Geral 

Com este trabalho, podemos concluir que as interações entre insetos e microrganismos são uma fonte

muito  importante  de  aplicações  biotecnológicas.  A  miríade  de  interações  positivas  e  negativas  entre

microrganismos e insetos é um ponto de partida para a busca e desenvolvimento de produtos biotecnológicos. 

A prospecção de bactérias do gênero  Bacillus capazes de controlar as larvas de  Aedes aegypti  se

mostrou bem-sucedida: obtivemos quatro isolados com boa capacidade larvicida e baixa toxicidade a organismos

não alvo, portadores de genes para uma série de lipopeptídeos e outros compostos potencialmente larvicidas e

que podem ainda ser usados para outras aplicações. A exploração in silico dos genes de metabolismo secundário

e a anotação do genoma de  Bacillus safensis BacI67,  Bacillus paranthracis C21,  B. velezensis B15 e B64a

mostram a versatilidade destas espécies e nos ajudarão a desenhar novos estudos que ajudem a otimizar as

condições de cultivo e obter sobrenadantes e extratos lipopeptídicos mais potentes. 

O estudo da comunidade microbiana  intestinal  de  P.  luridipes,  uma larva  de  besouro  saproxílica,

mostrou uma comunidade microbiana diversa e heterogênea, com variações entre as câmaras, que possivelmente

ajudam a larva a crescer  em um meio pobre em nutrientes.  Obtivemos bactérias e  leveduras com potencial

probiótico  e  outras  capazes  de  inibir  patógenos  e  secretar  enzimas  líticas.  Novos  testes  de  segurança  e  de

resistência a condições estomacais precisam ser feitos com Apiotrichum siamense L29A e Bacillus sp. BL17BA,

mas  a  sua  capacidade  de  proteger  as  larvas  de  Galleria  mellonella de  patógenos  é  animadora.  A predição

funcional a partir dos dados de metabarcoding mostra que ainda há possibilidades biotecnológicas a explorar: a

microbiota das câmaras tem perfis que sugerem a existência de genes relacionados uma série de funções de

interesse  biotecnológico,  como  metabolismo  de  aminoácidos  e  cofatores,  degradação  de  xenobióticos  e

degradação de carboidratos. 

Conhecer e entender a diversidade de espécies e interações microbianas em um sistema como o do

intestino de insetos é importante ainda para aumentar a probabilidade de acessar de microrganismos que escapam

às técnicas tradicionais. Futuras explorações com técnicas de cultivo mais modernas,  específicas e de maior

rendimento  podem  se  beneficiar  desse  conhecimento,  ajudando  a  acessar  microrganismos  com  outras

potencialidades.
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INTRODUCTION 

The Journal of Invertebrate Pathology publishes articles on all aspects of original research concerned 

with the causation and manifestation (including immunologic responses) of infectious and noninfectious diseases

of invertebrates, the suppression of such diseases in beneficial species, and the use of these pathogens in 

controlling undesirable species such as agricultural pests and vectors of pathogens transmissible to other 

organisms. In addition, this journal publishes the results of biochemical, physiological, morphological, genetic, 

and ecological studies related to the etiologic agents of diseases of invertebrates. The journal is particularly 

dedicated to the publication of contributions of a basic and fundamental nature, although it will accept suitable 

articles pertaining to the applications of invertebrate pathology. The editor-in-chief and members of the Editorial 

Board will examine contributions from any qualified worker in any country of the world.

Types of paper 

The Journal of Invertebrate Pathology publishes the following types of articles:

Regular Articles. Manuscripts for Regular Articles are full-length papers the reports the results of a 

large and well-defined study. There is no page limit, but this type of article is usually in the range of eight 

published pages.

Short Communications. Manuscripts for Short Communications should be 1500 or fewer words and 

contain not more than two illustrations or two tables, or one of each. Manuscripts should contain an abstract of 

not more than 100 words. References should be kept to a minimum and should be styled according to the 

guidelines in the section on References.

Minireviews. Manuscripts for Minireviews typically range from four to six published pages and 

provide a succinct review of important and recent developments in any field of invertebrate pathology.

Opinion Articles. Manuscripts for Opinion Articles typically range from one to four published pages 

and focus on a topical issue in invertebrate pathology. It is the intent of Opinion Articles to stimulate discussion 

of controversial or unresolved issues relevant to all aspects of invertebrate pathology.

Important Note: When you reach the submission page, you will see a drop down box with the label 

"Select Issue Type'. Please click on the drop down box and select "Regular issue" unless you are invited by a 

editor for a special issue.
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If you have been invited for a special issue, then select the corresponding special issue from the drop 

down

Submission checklist 

You can use this list to carry out a final check of your submission before you send it to the journal for review. 

Please check the relevant section in this Guide for Authors for more details. 

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:

• E-mail address

• Full postal address 

All necessary files have been uploaded:

Manuscript:

• Include keywords

• All figures (include relevant captions)

• All tables (including titles, description, footnotes)

• Ensure all figure and table citations in the text match the files provided

• Indicate clearly if color should be used for any figures in print

Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

• Manuscript has been 'spell checked' and 'grammar checked'

• All references mentioned in the Reference List are cited in the text, and vice versa

• Permission has been obtained for use of copyrighted material from other sources (including the Internet)

• A competing interests statement is provided, even if the authors have no competing interests to declare

• Journal policies detailed in this guide have been reviewed

• Referee suggestions and contact details provided, based on journal requirements 

For further information, visit our Support Center.

You can use this list to carry out a final check of your submission before you send it to the journal for review. 

Please check the relevant section in this Guide for Authors for more details. 

Ensure that the following items are present:
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One author has been designated as the corresponding author with contact details:

• E-mail address

• Full postal address 

All necessary files have been uploaded:

Manuscript(With the Line numbers inserted):

• Include keywords

• All figures (include relevant captions)

• All tables (including titles, description, footnotes)

• Ensure all figure and table citations in the text match the files provided

• Indicate clearly if color should be used for any figures in print

Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

• Manuscript has been 'spell checked' and 'grammar checked'

• All references mentioned in the Reference List are cited in the text, and vice versa

• Permission has been obtained for use of copyrighted material from other sources (including the Internet)

• Relevant declarations of interest have been made

• Journal policies detailed in this guide have been reviewed

• Referee suggestions and contact details provided, based on journal requirements 

For further information, visit our Support Center.

Note: Please ensure that the line numbers are inserted in the manuscript file

Ethics in publishing 

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Declaration of interest 

All authors must disclose any financial and personal relationships with other people or organizations that could 

inappropriately influence (bias) their work. Examples of potential competing interests include employment, 

consultancies, stock ownership, honoraria, paid expert testimony, patent applications/registrations, and grants or 

other funding. Authors must disclose any interests in two places: 1. A summary declaration of interest statement 
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in the title page file (if double anonymized) or the manuscript file (if single anonymized). If there are no interests

to declare then please state this: 'Declarations of interest: none'. 2. Detailed disclosures as part of a separate 

Declaration of Interest form, which forms part of the journal's official records. It is important for potential 

interests to be declared in both places and that the information matches. More information.

Submission declaration and verification 

Submission of an article implies that the work described has not been published previously (except in the form of

an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent publication' for more 

information), that it is not under consideration for publication elsewhere, that its publication is approved by all 

authors and tacitly or explicitly by the responsible authorities where the work was carried out, and that, if 

accepted, it will not be published elsewhere in the same form, in English or in any other language, including 

electronically without the written consent of the copyright-holder. To verify originality, your article may be 

checked by the originality detection service Crossref Similarity Check.

Preprints 

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy. Sharing 

your preprints e.g. on a preprint server will not count as prior publication (see 'Multiple, redundant or concurrent 

publication' for more information).

Use of inclusive language 

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences, and 

promotes equal opportunities. Content should make no assumptions about the beliefs or commitments of any 

reader; contain nothing which might imply that one individual is superior to another on the grounds of age, 

gender, race, ethnicity, culture, sexual orientation, disability or health condition; and use inclusive language 

throughout. Authors should ensure that writing is free from bias, stereotypes, slang, reference to dominant 

culture and/or cultural assumptions. We advise to seek gender neutrality by using plural nouns ("clinicians, 

patients/clients") as default/wherever possible to avoid using "he, she," or "he/she." We recommend avoiding the 

use of descriptors that refer to personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, 

disability or health condition unless they are relevant and valid. These guidelines are meant as a point of 

reference to help identify appropriate language but are by no means exhaustive or definitive.

Changes to authorship 

Authors are expected to consider carefully the list and order of authors before submitting their manuscript and 
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provide the definitive list of authors at the time of the original submission. Any addition, deletion or 

rearrangement of author names in the authorship list should be made only before the manuscript has been 

accepted and only if approved by the journal Editor. To request such a change, the Editor must receive the 

following from the corresponding author: (a) the reason for the change in author list and (b) written confirmation

(e-mail, letter) from all authors that they agree with the addition, removal or rearrangement. In the case of 

addition or removal of authors, this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of authors 

after the manuscript has been accepted. While the Editor considers the request, publication of the manuscript will

be suspended. If the manuscript has already been published in an online issue, any requests approved by the 

Editor will result in a corrigendum.

Copyright 

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see more 

information on this). An e-mail will be sent to the corresponding author confirming receipt of the manuscript 

together with a 'Journal Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal

circulation within their institutions. Permission of the Publisher is required for resale or distribution outside the 

institution and for all other derivative works, including compilations and translations. If excerpts from other 

copyrighted works are included, the author(s) must obtain written permission from the copyright owners and 

credit the source(s) in the article. Elsevier has preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete a 

'License Agreement' (more information). Permitted third party reuse of gold open access articles is determined 

by the author's choice of user license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work. More information.

Elsevier supports responsible sharing 

Find out how you can share your research published in Elsevier journals.

Role of the funding source 

You are requested to identify who provided financial support for the conduct of the research and/or preparation 

of the article and to briefly describe the role of the sponsor(s), if any, in study design; in the collection, analysis 
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and interpretation of data; in the writing of the report; and in the decision to submit the article for publication. If 

the funding source(s) had no such involvement then this should be stated.

Open access 

Please visit our Open Access page for more information.

Language (usage and editing services) 

Please write your text in good English (American or British usage is accepted, but not a mixture of these). 

Authors who feel their English language manuscript may require editing to eliminate possible grammatical or 

spelling errors and to conform to correct scientific English may wish to use the English Language Editing service

available from Elsevier's Author Services.

Submission 

Our online submission system guides you stepwise through the process of entering your article details and 

uploading your files. The system converts your article files to a single PDF file used in the peer-review process. 

Editable files (e.g., Word, LaTeX) are required to typeset your article for final publication. All correspondence, 

including notification of the Editor's decision and requests for revision, is sent by e-mail.

 

Peer review 

This journal operates a single anonymized review process. All contributions will be initially assessed by the 

editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of two 

independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible for the final 

decision regarding acceptance or rejection of articles. The Editor's decision is final. Editors are not involved in 

decisions about papers which they have written themselves or have been written by family members or 

colleagues or which relate to products or services in which the editor has an interest. Any such submission is 

subject to all of the journal's usual procedures, with peer review handled independently of the relevant editor and

their research groups. More information on types of peer review.

Use of word processing software 

It is important that the file be saved in the native format of the word processor used. The text should be in single-

column format. Keep the layout of the text as simple as possible. Most formatting codes will be removed and 

replaced on processing the article. In particular, do not use the word processor's options to justify text or to 

259

https://www.elsevier.com/reviewers/what-is-peer-review
https://webshop.elsevier.com/language-editing-services/language-editing/
https://www.elsevier.com/journals/journal-of-invertebrate-pathology/0022-2011/open-access-options


hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. When preparing tables, if you 

are using a table grid, use only one grid for each individual table and not a grid for each row. If no grid is used, 

use tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar to that of 

conventional manuscripts (see also the Guide to Publishing with Elsevier). Note that source files of figures, 

tables and text graphics will be required whether or not you embed your figures in the text. See also the section 

on Electronic artwork. 

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check' functions of 

your word processor.

Article structure 

Subdivision - numbered sections 

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1 (then 1.1.1, 

1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this numbering also for internal cross-

referencing: do not just refer to 'the text'. Any subsection may be given a brief heading. Each heading should 

appear on its own separate line.

Introduction 

State the objectives of the work and provide an adequate background, avoiding a detailed literature survey or a 

summary of the results.

Material and methods 

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods that are 

already published should be summarized, and indicated by a reference. If quoting directly from a previously 

published method, use quotation marks and also cite the source. Any modifications to existing methods should 

also be described.

Results 

Results should be clear and concise.

Discussion 

This should explore the significance of the results of the work, not repeat them. A combined Results and 

Discussion section is often appropriate. Avoid extensive citations and discussion of published literature.

Conclusions 

The main conclusions of the study may be presented in a short Conclusions section, which may stand alone or 

form a subsection of a Discussion or Results and Discussion section.
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Appendices 

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in appendices 

should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. 

Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information 

• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations and 

formulae where possible.

• Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each author and 

check that all names are accurately spelled. You can add your name between parentheses in your own script 

behind the English transliteration. Present the authors' affiliation addresses (where the actual work was done) 

below the names. Indicate all affiliations with a lower-case superscript letter immediately after the author's name 

and in front of the appropriate address. Provide the full postal address of each affiliation, including the country 

name and, if available, the e-mail address of each author.

• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and 

publication, also post-publication. This responsibility includes answering any future queries about Methodology 

and Materials. Ensure that the e-mail address is given and that contact details are kept up to date by the 

corresponding author.

• Present/permanent address. If an author has moved since the work described in the article was done, or was 

visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as a footnote to that author's 

name. The address at which the author actually did the work must be retained as the main, affiliation address. 

Superscript Arabic numerals are used for such footnotes.

Highlights 

Highlights are mandatory for this journal as they help increase the discoverability of your article via search 

engines. They consist of a short collection of bullet points that capture the novel results of your research as well 

as new methods that were used during the study (if any). Please have a look at the examples here: example 

Highlights. 

Highlights should be submitted in a separate editable file in the online submission system. Please use 

'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet

point).

261

https://www.elsevier.com/authors/journal-authors/highlights
https://www.elsevier.com/authors/journal-authors/highlights


Abstract 

A concise and factual abstract is required. The abstract should state briefly the purpose of the research, the 

principal results and major conclusions. An abstract is often presented separately from the article, so it must be 

able to stand alone. For this reason, References should be avoided, but if essential, then cite the author(s) and 

year(s). Also, non-standard or uncommon abbreviations should be avoided, but if essential they must be defined 

at their first mention in the abstract itself.

Graphical abstract 

A graphical abstract is mandatory for this journal. It should summarize the contents of the article in a concise, 

pictorial form designed to capture the attention of a wide readership online. Authors must provide images that 

clearly represent the work described in the article. Graphical abstracts should be submitted as a separate file in 

the online submission system. Image size: please provide an image with a minimum of 531 × 1328 pixels (h × 

w) or proportionally more. The image should be readable at a size of 5 × 13 cm using a regular screen resolution 

of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts 

on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images also in 

accordance with all technical requirements.

Keywords 

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and avoiding general

and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing with abbreviations: only 

abbreviations firmly established in the field may be eligible. These keywords will be used for indexing purposes.

Abbreviations 

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the article. 

Such abbreviations that are unavoidable in the abstract must be defined at their first mention there, as well as in 

the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements 

Collate acknowledgements in a separate section at the end of the article before the references and do not, 

therefore, include them on the title page, as a footnote to the title or otherwise. List here those individuals who 

provided help during the research (e.g., providing language help, writing assistance or proof reading the article, 

etc.).
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Formatting of funding sources 

List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; 

the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of Peace 

[grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When 

funding is from a block grant or other resources available to a university, college, or other research institution, 

submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or 

not-for-profit sectors.

Units 

Follow internationally accepted rules and conventions: use the international system of units (SI). If other units 

are mentioned, please give their equivalent in SI.

Footnotes 

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word processors 

can build footnotes into the text, and this feature may be used. Otherwise, please indicate the position of 

footnotes in the text and list the footnotes themselves separately at the end of the article. Do not include 

footnotes in the Reference list.

Artwork 

Electronic artwork 

General points

• Make sure you use uniform lettering and sizing of your original artwork. 

• Embed the used fonts if the application provides that option. 

• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts 

that look similar. 

• Number the illustrations according to their sequence in the text. 

• Use a logical naming convention for your artwork files. 

• Provide captions to illustrations separately. 

• Size the illustrations close to the desired dimensions of the published version. 
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• Submit each illustration as a separate file.

• Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then please 

supply 'as is' in the native document format. 

Regardless of the application used other than Microsoft Office, when your electronic artwork is finalized, please 

'Save as' or convert the images to one of the following formats (note the resolution requirements for line 

drawings, halftones, and line/halftone combinations given below): 

EPS (or PDF): Vector drawings, embed all used fonts. 

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi. 

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi. 

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi.

Please do not: 

• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low number 

of pixels and limited set of colors; 

• Supply files that are too low in resolution; 

• Submit graphics that are disproportionately large for the content.

Color artwork 

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS Office 

files) and with the correct resolution. If, together with your accepted article, you submit usable color figures then

Elsevier will ensure, at no additional charge, that these figures will appear in color online (e.g., ScienceDirect 

and other sites) regardless of whether or not these illustrations are reproduced in color in the printed version. For 

color reproduction in print, you will receive information regarding the costs from Elsevier after receipt of your 

accepted article. Please indicate your preference for color: in print or online only. Further information on the 

preparation of electronic artwork.

Illustration services 

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but concerned 

about the quality of the images accompanying their article. Elsevier's expert illustrators can produce scientific, 

technical and medical-style images, as well as a full range of charts, tables and graphs. Image 'polishing' is also 

available, where our illustrators take your image(s) and improve them to a professional standard. Please visit the 

website to find out more.
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Figure captions 

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A caption 

should comprise a brief title (not on the figure itself) and a description of the illustration. Keep text in the 

illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables 

Please submit tables as editable text and not as images. Tables can be placed either next to the relevant text in the

article, or on separate page(s) at the end. Number tables consecutively in accordance with their appearance in the

text and place any table notes below the table body. Be sparing in the use of tables and ensure that the data 

presented in them do not duplicate results described elsewhere in the article. Please avoid using vertical rules and

shading in table cells.

References 

Citation in text 

Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Any 

references cited in the abstract must be given in full. Unpublished results and personal communications are not 

recommended in the reference list, but may be mentioned in the text. If these references are included in the 

reference list they should follow the standard reference style of the journal and should include a substitution of 

the publication date with either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in 

press' implies that the item has been accepted for publication.

Reference links 

Increased discoverability of research and high quality peer review are ensured by online links to the sources 

cited. In order to allow us to create links to abstracting and indexing services, such as Scopus, CrossRef and 

PubMed, please ensure that data provided in the references are correct. Please note that incorrect surnames, 

journal/book titles, publication year and pagination may prevent link creation. When copying references, please 

be careful as they may already contain errors. Use of the DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article. 

An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., 

Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern 

Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format of 

such citations should be in the same style as all other references in the paper.
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Web references 

As a minimum, the full URL should be given and the date when the reference was last accessed. Any further 

information, if known (DOI, author names, dates, reference to a source publication, etc.), should also be given. 

Web references can be listed separately (e.g., after the reference list) under a different heading if desired, or can 

be included in the reference list.

Data references 

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in your text

and including a data reference in your Reference List. Data references should include the following elements: 

author name(s), dataset title, data repository, version (where available), year, and global persistent identifier. Add

[dataset] immediately before the reference so we can properly identify it as a data reference. The [dataset] 

identifier will not appear in your published article.

References in a special issue 

Please ensure that the words 'this issue' are added to any references in the list (and any citations in the text) to 

other articles in the same Special Issue.

Reference management software 

Most Elsevier journals have their reference template available in many of the most popular reference 

management software products. These include all products that support Citation Style Language styles, such as 

Mendeley. Using citation plug-ins from these products, authors only need to select the appropriate journal 

template when preparing their article, after which citations and bibliographies will be automatically formatted in 

the journal's style. If no template is yet available for this journal, please follow the format of the sample 

references and citations as shown in this Guide. If you use reference management software, please ensure that 

you remove all field codes before submitting the electronic manuscript. More information on how to remove 

field codes from different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following link:

http://open.mendeley.com/use-citation-style/journal-of-invertebrate-pathology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-ins for 

Microsoft Word or LibreOffice.

Reference formatting 

There are no strict requirements on reference formatting at submission. References can be in any style or format 

as long as the style is consistent. Where applicable, author(s) name(s), journal title/book title, chapter title/article 

title, year of publication, volume number/book chapter and the article number or pagination must be present. Use
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of DOI is highly encouraged. The reference style used by the journal will be applied to the accepted article by 

Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for the author to correct. If 

you do wish to format the references yourself they should be arranged according to the following examples:

Reference style 

Text: All citations in the text should refer to: 

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of publication; 

2. Two authors: both authors' names and the year of publication; 

3. Three or more authors: first author's name followed by 'et al.' and the year of publication. 

Citations may be made directly (or parenthetically). Groups of references can be listed either first alphabetically, 

then chronologically, or vice versa. 

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)…. Or, as demonstrated (Jones, 

1999; Allan, 2000)… Kramer et al. (2010) have recently shown …' 

List: References should be arranged first alphabetically and then further sorted chronologically if necessary. 

More than one reference from the same author(s) in the same year must be identified by the letters 'a', 'b', 'c', etc.,

placed after the year of publication. 

Examples: 

Reference to a journal publication: 

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci. Commun. 

163, 51–59. https://doi.org/10.1016/j.Sc.2010.00372. 

Reference to a journal publication with an article number: 

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon. 19, 

e00205. https://doi.org/10.1016/j.heliyon.2018.e00205. 

Reference to a book: 

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York. 

Reference to a chapter in an edited book: 

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S., Smith , 

R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281–304.

Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. 

http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak wilt disease 

and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/xwj98nb39r.1.
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Reference to software:

Coon, E., Berndt, M., Jan, A., Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef, E., 

Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S., 2020. 

Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88). Zenodo. https://doi.org/10.5281/zenodo.3727209.

Journal abbreviations source 

Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video 

Elsevier accepts video material and animation sequences to support and enhance your scientific research. 

Authors who have video or animation files that they wish to submit with their article are strongly encouraged to 

include links to these within the body of the article. This can be done in the same way as a figure or table by 

referring to the video or animation content and noting in the body text where it should be placed. All submitted 

files should be properly labeled so that they directly relate to the video file's content. In order to ensure that your 

video or animation material is directly usable, please provide the file in one of our recommended file formats 

with a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation files supplied will be 

published online in the electronic version of your article in Elsevier Web products, including ScienceDirect. 

Please supply 'stills' with your files: you can choose any frame from the video or animation or make a separate 

image. These will be used instead of standard icons and will personalize the link to your video data. For more 

detailed instructions please visit our video instruction pages. Note: since video and animation cannot be 

embedded in the print version of the journal, please provide text for both the electronic and the print version for 

the portions of the article that refer to this content.

Data visualization 

Include interactive data visualizations in your publication and let your readers interact and engage more closely 

with your research. Follow the instructions here to find out about available data visualization options and how to 

include them with your article.

Supplementary material 

Supplementary material such as applications, images and sound clips, can be published with your article to 

enhance it. Submitted supplementary items are published exactly as they are received (Excel or PowerPoint files 

will appear as such online). Please submit your material together with the article and supply a concise, 

descriptive caption for each supplementary file. If you wish to make changes to supplementary material during 
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any stage of the process, please make sure to provide an updated file. Do not annotate any corrections on a 

previous version. Please switch off the 'Track Changes' option in Microsoft Office files as these will appear in 

the published version.

Research data 

This journal encourages and enables you to share data that supports your research publication where appropriate,

and enables you to interlink the data with your published articles. Research data refers to the results of 

observations or experimentation that validate research findings. To facilitate reproducibility and data reuse, this 

journal also encourages you to share your software, code, models, algorithms, protocols, methods and other 

useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement 

about the availability of your data when submitting your manuscript. If you are sharing data in one of these 

ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to the "References" 

section for more information about data citation. For more information on depositing, sharing and using research

data and other relevant research materials, visit the research data page.

Data linking 

If you have made your research data available in a data repository, you can link your article directly to the 

dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with relevant 

repositories, giving readers access to underlying data that gives them a better understanding of the research 

described.

There are different ways to link your datasets to your article. When available, you can directly link 

your dataset to your article by providing the relevant information in the submission system. For more 

information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published 

article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your 

manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 

1XFN).

Mendeley Data 

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and processed 

data, video, code, software, algorithms, protocols, and methods) associated with your manuscript in a free-to-use,
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open access repository. During the submission process, after uploading your manuscript, you will have the 

opportunity to upload your relevant datasets directly to Mendeley Data. The datasets will be listed and directly 

accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief 

You have the option of converting any or all parts of your supplementary or additional raw data into a data article

published in Data in Brief. A data article is a new kind of article that ensures that your data are actively reviewed,

curated, formatted, indexed, given a DOI and made publicly available to all upon publication (watch this video 

describing the benefits of publishing your data in Data in Brief). You are encouraged to submit your data article 

for Data in Brief as an additional item directly alongside the revised version of your manuscript. If your research 

article is accepted, your data article will automatically be transferred over to Data in Brief where it will be 

editorially reviewed, published open access and linked to your research article on ScienceDirect. Please note an 

open access fee is payable for publication in Data in Brief. Full details can be found on the Data in Brief website.

Please use this template to write your Data in Brief data article.

Data statement 

To foster transparency, we encourage you to state the availability of your data in your submission. This may be a 

requirement of your funding body or institution. If your data is unavailable to access or unsuitable to post, you 

will have the opportunity to indicate why during the submission process, for example by stating that the research 

data is confidential. The statement will appear with your published article on ScienceDirect. For more 

information, visit the Data Statement page.

Additional information 

(To appear before "Preparation of Supplementary Material")

Identification of Pathogens. Pathogens should be identified using current methods accepted for each 

pathogen group. Molecular methods should be used to identify pathogens being described for the first time 

where these methods are standard for the field.

Pesticidal Protein Nomenclature. Manuscripts reporting on recombinant, bacteria-derived pesticidal 

proteins must use names as defined in the 2020 nomenclature, published in 

https://doi.org/10.1016/j.jip.2020.107438 and listed online at www.bpprc.org
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Online proof correction 

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof 

corrections within two days. Corresponding authors will receive an e-mail with a link to our online proofing 

system, allowing annotation and correction of proofs online. The environment is similar to MS Word: in addition

to editing text, you can also comment on figures/tables and answer questions from the Copy Editor. Web-based 

proofing provides a faster and less error-prone process by allowing you to directly type your corrections, 

eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions for 

proofing will be given in the e-mail we send to authors, including alternative methods to the online version and 

PDF.

We will do everything possible to get your article published quickly and accurately. Please use this proof only for

checking the typesetting, editing, completeness and correctness of the text, tables and figures. Significant 

changes to the article as accepted for publication will only be considered at this stage with permission from the 

Editor. It is important to ensure that all corrections are sent back to us in one communication. Please check 

carefully before replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is 

solely your responsibility.

Offprints 

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free access to the 

final published version of the article on ScienceDirect. The Share Link can be used for sharing the article via any

communication channel, including email and social media. For an extra charge, paper offprints can be ordered 

via the offprint order form which is sent once the article is accepted for publication. Both corresponding and co-

authors may order offprints at any time via Elsevier's Author Services. Corresponding authors who have 

published their article gold open access do not receive a Share Link as their final published version of the article 

is available open access on ScienceDirect and can be shared through the article DOI link.

 

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from Frequently 

Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will be published.
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Anexo 4 - Normas para publicação na Revista Applied Microbiology and Biotechnology

https://www.springer.com/journal/253/submission-guidelines#Instructions%20for%20Authors (Retiradas do site

Acessadas em 15/05/2021)
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Instructions for Authors

Springer is a participant of CrossCheck, a multi-publisher plagiarism detection initiative to screen 

published and submitted content for originality. CrossCheck consists of two products: a database of scholarly 

publications (CrossCheck) and a web-based tool (iThenticate) to check an authored work against that database.

This journal uses the plagiarism tool to detect instances of overlapping and similar text in submitted 

manuscripts and your manuscript may be screened upon submission for plagiarism against previously published 

works.

Authorship Policy

Authorship should incorporate and should be restricted to those who have contributed substantially to 

the work in one or more of the following categories:

• Conceived of or designed study

• Performed research

• Analyzed data

• Contributed new methods or models

• Wrote the paper

Author Contribution Statement

Authors must provide a short description of the contributions made by each listed author (please use 

initials). This will be published in a separate section in front of the Acknowledgments. 

For example: AM and DB conceived and designed research. AM and BB conducted experiments. GR 

contributed new reagents or analytical tools. AM and GR analyzed data. AM wrote the manuscript. All authors 

read and approved the manuscript.
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Manuscript Submission

Manuscript Submission

Submission of a manuscript implies: that the work described has not been published before; that it is 

not under consideration for publication anywhere else; that its publication has been approved by all co-authors, if

any, as well as by the responsible authorities – tacitly or explicitly – at the institute where the work has been 

carried out. The publisher will not be held legally responsible should there be any claims for compensation.

Permissions

Authors wishing to include figures, tables, or text passages that have already been published 

elsewhere are required to obtain permission from the copyright owner(s) for both the print and online format and

to include evidence that such permission has been granted when submitting their papers. Any material received 

without such evidence will be assumed to originate from the authors.

Online Submission

Please follow the hyperlink “Submit manuscript” on the right and upload all of your manuscript files 

following the instructions given on the screen.

Please ensure you provide all relevant editable source files. Failing to submit these source files might 

cause unnecessary delays in the review and production process.

Back to top 

Title page

Title Page

Please make sure your title page contains the following information. 

Title

The title should be concise and informative.

Author information

 The name(s) of the author(s)

 The affiliation(s) of the author(s), i.e. institution, (department), city, (state), country

 A clear indication and an active e-mail address of the corresponding author

274

https://www.springer.com/journal/253/submission-guidelines#contents


 If available, the 16-digit ORCID of the author(s)

If address information is provided with the affiliation(s) it will also be published.

For authors that are (temporarily) unaffiliated we will only capture their city and country of residence, 

not their e-mail address unless specifically requested.

Abstract

Please provide an abstract of 150 to 250 words. The abstract should not contain any undefined 

abbreviations or unspecified references.

For life science journals only (when applicable)

Trial registration number and date of registration 

Trial registration number, date of registration followed by “retrospectively registered” 

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.

Declarations

All manuscripts must contain the following sections under the heading 'Declarations'. 

If any of the sections are not relevant to your manuscript, please include the heading and write 'Not 

applicable' for that section.

To be used for all articles, including articles with biological applications

Funding (information that explains whether and by whom the research was supported)

Conflicts of interest/Competing interests (include appropriate disclosures)

Availability of data and material (data transparency)

Code availability (software application or custom code)

Authors' contributions (optional: please review the submission guidelines from the journal whether 

statements are mandatory)

Additional declarations for articles in life science journals that report the results of studies involving 

humans and/or animals 
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Ethics approval (include appropriate approvals or waivers)

Consent to participate (include appropriate statements)

Consent for publication (include appropriate statements)

Please see the relevant sections in the submission guidelines for further information as well as various 

examples of wording. Please revise/customize the sample statements according to your own needs. 

Graphical Abstracts

Authors are encouraged to submit a Graphical Abstract in addition to the regular abstracts text. The 

figure should be a visual summary of the main finding of the article – a figure from the article or a figure that is 

additionally created for this purpose. The graphical abstract figure must be original and should not be previously 

published. The one-image file should be prepared in one of the following file types: .tiff, .eps, .jpg, .bmp, .doc, or

.pdf. It should be no wider than 8 cm and no taller than 4 cm when printed at full scale (100%). Please do not 

include additional text, any text or label must be part of the figure file or described in the abstracts text. Please 

avoid unnecessary white space or headings within the figure file.

Key Points

All submissions require 3 key points (maxium length of 85 characters including spaces per key point) 

that highlight the core findings and implications of the article. These should not repeat verbatim text found in the

abstract. They should be placed beneath the abstract.

Text

Text Formatting

Manuscripts should be submitted in Word.

 Use a normal, plain font (e.g., 10-point Times Roman) for text.

 Use italics for emphasis.

 Use the automatic page numbering function to number the pages.

 Do not use field functions.

 Use tab stops or other commands for indents, not the space bar.

 Use the table function, not spreadsheets, to make tables.
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 Use the equation editor or MathType for equations.

 Save your file in docx format (Word 2007 or higher) or doc format (older Word versions).

Manuscripts with mathematical content can also be submitted in LaTeX.

https://static.springer.com/sgw/documents/468198/application/zip/LaTeX_DL_468198_240419.zip

Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of a reference 

included in the reference list. They should not consist solely of a reference citation, and they should never 

include the bibliographic details of a reference. They should also not contain any figures or tables. 

Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript 

lower-case letters (or asterisks for significance values and other statistical data). Footnotes to the title or the 

authors of the article are not given reference symbols. 

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the title 

page. The names of funding organizations should be written in full.

Manuscript Preparation

 Please select a concise and informative title (composed of no more than 130 characters). 

 Preferred length of Original Papers is 6-8 printed pages. The indicated length includes figures, 

tables and references: one printed page corresponds to approximately 6,500 characters (9,000 characters in the 

sections "Materials and methods" and "References"). 

 Please insert automatic line numbers to ensure easy referencing during the reviewing process. 

(please do NOT add line numbers manually) 
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 Manuscripts must be written in English.

Mini Reviews:

 Authors are asked to contact the Editor-in-Chief at steinbu@uni-muenster.de before submitting

a mini-review.

 It is a strict policy of the journal to consider Mini-Reviews only from authors who have in the 

past successfully investigated the subject of the Mini-Review and who can document this by at least a few 

original publications.

 Mini-Reviews on biotechnological products and processes or an apparatus and reactors used 

for biotechnological processes are welcome. They should provide a short historical outline of the development, 

extensively review the current state and conclude with an outline of trends and prospects for the future. For 

biotechnological products the competitiveness of the biotechnological process as compared to chemical 

processes or to processes, which rely on the isolation of the product from natural sources, should be provided. 

Applications and cost figures should be provided. Mini-reviews should contain a structural formula or a 

photograph of the biotechnological product, an outline of the biosynthetic pathway, a scheme of the apparatus, 

plant or reactor or a flow scheme of the process.

Please arrange your manuscript for Original Papers as follows:

 Abstract Each paper mu/Graphical Abstractst be preceded by an abstract presenting the most 

important results and conclusions in no more than 250 words. 

 Key Points All submissions require 2 to 4 key points (maxium length of 85 characters 

including spaces per key point) that highlight the core findings and implications of the article. These should not 

repeat verbatim text found in the abstract. They should be placed beneath the abstract. 

 Footnotes Essential footnotes to the text should be numbered consecutively and placed at the 

bottom of the page to which they refer.Footnotes on the title page are not given reference symbols. Footnotes to 

the text are numbered consecutively; those to tables should be indicated by superscript lower-case letters (or 

asterisks for significance values and other statistical data). 

 Introduction The Introduction should state the purpose of the investigation and give a short 

review of the pertinent literature (max. one printed page). 

 Materials and methods The Materials and methods section should follow the Introduction and 

should provide enough information to permit repetition of the experimental work.The microorganisms used in 

the study and in particular new isolates must be deposited in a publicly accessible culture collection belonging to
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the WDCM (e.g. DSM, ATCC, NCIMB; see the below Link for a complete list of the WDCM culture collections

which are all suitable). The authors must refer to the collection and the strain number in the text to ensure that 

the strains are available to other scientists. If nucleic acid or amino acid sequences are presented (this includes 

also optimized sequences of known genes), a GenBank/EMBL accession number for primary nucleotide and/or 

amino acid sequence data must be included in a separate paragraph at the end of the Materials and methods 

section. Huge sequencing datasets or raw data must also be deposited, e.g. as a NCBI BioProject (via the Link 

below).For studies in proteomics, the minimum information about a proteomics experiment (MIAPE) of the 

HUPO proteomics standard initiative (see the Link below) and publication guidelines for the analysis and 

documentation of peptide and protein identifications by the American Society for Biochemistry and Molecular 

Biology (at the below Link) must be followed up. One biological replicate will not be acceptable. For X-ray 

crystallographic analyses of proteins (enzymes), the authors should obtain each PDB ID to one structure of 

protein from PDB (The Worldwide Protein Data Bank (wwPDB)) and add it to the manuscript just like as 

nucleotide accession numbers.For commercial sources of used materials, the name of the company, town and 

country should be indicated. 

 Results The Results section should describe the outcome of the study. Data should be presented

as concisely as possible, if appropriate in the form of tables or figures, although very large tables should be 

avoided. 

 Discussion The Discussion should be an interpretation of the results and their significance with

reference to publications of other laboratories. 

 Author Contribution Statement Authors must provide a short description of the contributions 

made by each listed author (please use initials). This will be published in a separate section in front of the 

Acknowledgments. For example: AM and DB conceived and designed research. AM and BB conducted 

experiments. GR contributed new reagents or analytical tools. AM and GR analyzed data. AM wrote the 

manuscript. All authors read and approved the manuscript.

WDCM culture collections 

NCBI Bio Project 

HUPO proteomics standard initiative 

American Society for Biochemistry and Molecular Biology guidelines 

Scientific Style

All taxa names (species names, genus names, and names of higher categories) should be in italics.
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References

Citation

Cite references in the text by name and year in parentheses. 

Multi-author papers must be cited in the text with "et al."; first author name is not sufficient; names of 

two-authors papers must both be given.

Some examples: 

 Negotiation research spans many disciplines (Thompson 1990).

 This result was later contradicted by Becker and Seligman (1996).

 This effect has been widely studied (Abbott 1991; Barakat et al. 1995; Kelso and Smith 1998; 

Medvec 1993).

Reference list

The list of references should only include works that are cited in the text and that have been published 

or accepted for publication. Personal communications and unpublished works should only be mentioned in the 

text. Do not use footnotes or endnotes as a substitute for a reference list. 

Reference list entries should be alphabetized by the last names of the first author of each work.

 Journal article 

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S, Bosquet L (2009) Effect of high 

intensity intermittent training on heart rate variability in prepubescent children. Eur J Appl Physiol 105:731-738. 

doi: 10.1007/s00421-008-0955-8 

 Article by DOI 

Slifka MK, Whitton JL (2000) Clinical implications of dysregulated cytokine production. J Mol Med. 

doi:10.1007/s001090000086

Book 

South J, Blass B (2001) The future of modern genomics. Blackwell, London

 Book chapter 
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Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise of modern genomics, 3rd 

edn. Wiley, New York, pp 230-257

 Online document 

Cartwright J (2007) Big stars have weather too. IOP Publishing PhysicsWeb. 

http://physicsweb.org/articles/news/11/6/16/1. Accessed 26 June 2007

 Dissertation 

Trent JW (1975) Experimental acute renal failure. Dissertation, University of California

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word 

Abbreviations, see 

ISSN Website 

Please note:

 All author names should be provided in the references of AMB-manuscripts! 

 Please do not use an EndNote Style abbreviating long author lists with "et al."!

Tables

 All tables are to be numbered using Arabic numerals.

 Tables should always be cited in text in consecutive numerical order. 

 For each table, please supply a table caption (title) explaining the components of the table.

 Identify any previously published material by giving the original source in the form of a 

reference at the end of the table caption.

 Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for 

significance values and other statistical data) and included beneath the table body.

Artwork and Illustrations Guidelines

Electronic Figure Submission

 Supply all figures electronically.

 Indicate what graphics program was used to create the artwork.
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 For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. 

MSOffice files are also acceptable.

 Vector graphics containing fonts must have the fonts embedded in the files.

 Name your figure files with "Fig" and the figure number, e.g., Fig1.eps.

Line Art

                            

 Definition: Black and white graphic with no shading.

 Do not use faint lines and/or lettering and check that all lines and lettering within the figures 

are legible at final size.

 All lines should be at least 0.1 mm (0.3 pt) wide.

 Scanned line drawings and line drawings in bitmap format should have a minimum resolution 

of 1200 dpi.

 Vector graphics containing fonts must have the fonts embedded in the files.
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Halftone Art

 

 Definition: Photographs, drawings, or paintings with fine shading, etc.

 If any magnification is used in the photographs, indicate this by using scale bars within the 

figures themselves.

 Halftones should have a minimum resolution of 300 dpi. 
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Combination Art

 

 Definition: a combination of halftone and line art, e.g., halftones containing line drawing, 

extensive lettering, color diagrams, etc.

 Combination artwork should have a minimum resolution of 600 dpi.

Color Art

 Color art is free of charge for online publication.

 If black and white will be shown in the print version, make sure that the main information will 

still be visible. Many colors are not distinguishable from one another when converted to black and white. A 

simple way to check this is to make a xerographic copy to see if the necessary distinctions between the different 

colors are still apparent. 

 If the figures will be printed in black and white, do not refer to color in the captions.

 Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

 To add lettering, it is best to use Helvetica or Arial (sans serif fonts). 
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 Keep lettering consistently sized throughout your final-sized artwork, usually about 2–3 mm 

(8–12 pt).

 Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an 

axis and 20-pt type for the axis label.

 Avoid effects such as shading, outline letters, etc.

 Do not include titles or captions within your illustrations.

Figure Captions

 Each figure should have a concise caption describing accurately what the figure depicts. 

Include the captions in the text file of the manuscript, not in the figure file.

 Figure captions begin with the term Fig. in bold type, followed by the figure number, also in 

bold type.

 No punctuation is to be included after the number, nor is any punctuation to be placed at the 

end of the caption.

 Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as 

coordinate points in graphs.

 Identify previously published material by giving the original source in the form of a reference 

citation at the end of the figure caption.

Figure Placement and Size

 Figures should be submitted separately from the text, if possible.

 When preparing your figures, size figures to fit in the column width.

 For large-sized journals the figures should be 84 mm (for double-column text areas), or 174 

mm (for single-column text areas) wide and not higher than 234 mm.

 For small-sized journals, the figures should be 119 mm wide and not higher than 195 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain permission from 

the copyright owner(s) for both the print and online format. Please be aware that some publishers do not grant 
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electronic rights for free and that Springer will not be able to refund any costs that may have occurred to receive 

these permissions. In such cases, material from other sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures, please 

make sure that

 All figures have descriptive captions (blind users could then use a text-to-speech software or a 

text-to-Braille hardware) 

 Patterns are used instead of or in addition to colors for conveying information (colorblind users

would then be able to distinguish the visual elements)

 Any figure lettering has a contrast ratio of at least 4.5:1

Supplementary Information (SI)

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary

files to be published online along with an article or a book chapter. This feature can add dimension to the author's

article, as certain information cannot be printed or is more convenient in electronic form.

Before submitting research datasets as Supplementary Information, authors should read the journal’s 

Research data policy. We encourage research data to be archived in data repositories wherever possible.

Submission

 Supply all supplementary material in standard file formats.

 Please include in each file the following information: article title, journal name, author names; 

affiliation and e-mail address of the corresponding author.

 To accommodate user downloads, please keep in mind that larger-sized files may require very 

long download times and that some users may experience other problems during downloading.

Audio, Video, and Animations

 Aspect ratio: 16:9 or 4:3 

 Maximum file size: 25 GB 

 Minimum video duration: 1 sec 
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 Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4v, 3gp

Text and Presentations

 Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability. 

 A collection of figures may also be combined in a PDF file.

Spreadsheets

 Spreadsheets should be submitted as .csv or .xlsx files (MS Excel).

Specialized Formats

 Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), 

and .tex can also be supplied.

Collecting Multiple Files

 It is possible to collect multiple files in a .zip or .gz file.

Numbering

 If supplying any supplementary material, the text must make specific mention of the material 

as a citation, similar to that of figures and tables.

 Refer to the supplementary files as “Online Resource”, e.g., "... as shown in the animation 

(Online Resource 3)", “... additional data are given in Online Resource 4”.

 Name the files consecutively, e.g. “ESM_3.mpg”, “ESM_4.pdf”.

Captions

 For each supplementary material, please supply a concise caption describing the content of the 

file. 

Processing of supplementary files

 Supplementary Information (SI) will be published as received from the author without any 

conversion, editing, or reformatting. 
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Accessibility

In order to give people of all abilities and disabilities access to the content of your supplementary 

files, please make sure that 

 The manuscript contains a descriptive caption for each supplementary material

 Video files do not contain anything that flashes more than three times per second (so that users 

prone to seizures caused by such effects are not put at risk)

English Language Editing

For editors and reviewers to accurately assess the work presented in your manuscript you need to 

ensure the English language is of sufficient quality to be understood. If you need help with writing in English 

you should consider: 

 Asking a colleague who is a native English speaker to review your manuscript for clarity.

 Visiting the English language tutorial which covers the common mistakes when writing in 

English.

 Using a professional language editing service where editors will improve the English to ensure 

that your meaning is clear and identify problems that require your review. Two such services are provided by our

affiliates Nature Research Editing Service and American Journal Experts. Springer authors are entitled to a 10% 

discount on their first submission to either of these services, simply follow the links below. 

English language tutorial 

Nature Research Editing Service 

American Journal Experts 

Please note that the use of a language editing service is not a requirement for publication in this 

journal and does not imply or guarantee that the article will be selected for peer review or accepted.

If your manuscript is accepted it will be checked by our copyeditors for spelling and formal style 

before publication.

为便于编辑和评审专家准确评估您稿件中陈述的研究工作，您需要确保您的英语语言质量足以
令人理解。如果您需要英文写作方面的帮助，您可以考虑：

● 请一位以英语为母语的同事审核您的稿件是否表意清晰。
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● 查看一些有关英语写作中常见语言错误的教程。
● 使用专业语言编辑服务，编辑人员会对英语进行润色，以确保您的意思表达清晰，并识别需

 要您复核的问题。我们的附属机构 Nature Research Editing Service  和合作伙伴 American Journal Experts 

即可提供此类服务。
 教程

Nature Research Editing Service 

American Journal Experts 

英文校正サービスの利用は、投稿先のジャーナルに掲載されるための条件ではないこと、ま
た論文審査や受理を保証するものではないことに留意してください。

原稿が受理されると、出版前に弊社のコピーエディターがスペルと体裁のチェックを行いま
す。

.

  영어원고의경우,           에디터및리뷰어들이귀하의원고에실린결과물을정확하게평가할수
있도록,         그들이충분히이해할수있을만한수준으로작성되어야합니다.     만약영작문과관련하여도움을

     받기를원하신다면다음의사항들을고려하여주십시오:

•           귀하의원고의표현을명확히해줄영어원어민동료를찾아서리뷰를의뢰합니다.

•           영어튜토리얼페이지에방문하여영어로글을쓸때자주하는실수들을확인합니다.

•  리뷰에대비하여,         원고의의미를명확하게해주고리뷰에서요구하는문제점들을식별해서영문
      수준을향상시켜주는전문영문교정서비스를이용합니다. Nature Research Editing Service  와 American 

Journal Experts       에서저희와협약을통해서비스를제공하고있습니다. Springer     저자들이본교정서비스를
      첫논문투고를위해사용하시는경우 10%   의할인이적용되며,     아래의링크를통하여확인이가능합니다.

   영어튜토리얼페이지
Nature Research Editing Service 

American Journal Experts 

      영문교정서비스는게재를위한요구사항은아니며,       해당서비스의이용이피어리뷰에논문이
      선택되거나게재가수락되는것을의미하거나보장하지않습니다.
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  원고가수락될경우,            출판전저희측편집자에의해원고의철자및문체를검수하는과정을
 거치게됩니다.

Ethical Responsibilities of Authors

This journal is committed to upholding the integrity of the scientific record. As a member of the 

Committee on Publication Ethics (COPE) the journal will follow the COPE guidelines on how to deal with 

potential acts of misconduct. 

Authors should refrain from misrepresenting research results which could damage the trust in the 

journal, the professionalism of scientific authorship, and ultimately the entire scientific endeavour. Maintaining 

integrity of the research and its presentation is helped by following the rules of good scientific practice, which 

include*:

 The manuscript should not be submitted to more than one journal for simultaneous 

consideration. 

 The submitted work should be original and should not have been published elsewhere in any 

form or language (partially or in full), unless the new work concerns an expansion of previous work. (Please 

provide transparency on the re-use of material to avoid the concerns about text-recycling (‘self-plagiarism’).

A single study should not be split up into several parts to increase the quantity of submissions and 

submitted to various journals or to one journal over time (i.e. ‘salami-slicing/publishing’).

 Concurrent or secondary publication is sometimes justifiable, provided certain conditions are 

met. Examples include: translations or a manuscript that is intended for a different group of readers. 

 Results should be presented clearly, honestly, and without fabrication, falsification or 

inappropriate data manipulation (including image based manipulation). Authors should adhere to discipline-

specific rules for acquiring, selecting and processing data.

 No data, text, or theories by others are presented as if they were the author’s own 

(‘plagiarism’). Proper acknowledgements to other works must be given (this includes material that is closely 

copied (near verbatim), summarized and/or paraphrased), quotation marks (to indicate words taken from another 

source) are used for verbatim copying of material, and permissions secured for material that is copyrighted. 

 Important note: the journal may use software to screen for plagiarism.

 Authors should make sure they have permissions for the use of software, questionnaires/(web) 

surveys and scales in their studies (if appropriate).
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 Research articles and non-research articles (e.g. Opinion, Review, and Commentary articles) 

must cite appropriate and relevant literature in support of the claims made. Excessive and inappropriate self-

citation or coordinated efforts among several authors to collectively self-cite is strongly discouraged. 

 Authors should avoid untrue statements about an entity (who can be an individual person or a 

company) or descriptions of their behavior or actions that could potentially be seen as personal attacks or 

allegations about that person. 

 Research that may be misapplied to pose a threat to public health or national security should be

clearly identified in the manuscript (e.g. dual use of research). Examples include creation of harmful 

consequences of biological agents or toxins, disruption of immunity of vaccines, unusual hazards in the use of 

chemicals, weaponization of research/technology (amongst others).

 Authors are strongly advised to ensure the author group, the Corresponding Author, and the 

order of authors are all correct at submission. Adding and/or deleting authors during the revision stages is 

generally not permitted, but in some cases may be warranted. Reasons for changes in authorship should be 

explained in detail. Please note that changes to authorship cannot be made after acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third parties rights such as 

copyright and/or moral rights.

Upon request authors should be prepared to send relevant documentation or data in order to verify the 

validity of the results presented. This could be in the form of raw data, samples, records, etc. Sensitive 

information in the form of confidential or proprietary data is excluded.

If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry out an 

investigation following COPE guidelines. If, after investigation, there are valid concerns, the author(s) concerned

will be contacted under their given e-mail address and given an opportunity to address the issue. Depending on 

the situation, this may result in the Journal’s and/or Publisher’s implementation of the following measures, 

including, but not limited to: 

 If the manuscript is still under consideration, it may be rejected and returned to the author. 

 If the article has already been published online, depending on the nature and severity of the 

infraction: 

- an erratum/correction may be placed with the article

- an expression of concern may be placed with the article
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- or in severe cases retraction of the article may occur.

The reason will be given in the published erratum/correction, expression of concern or 

retraction note. Please note that retraction means that the article is maintained on the platform, watermarked 

“retracted” and the explanation for the retraction is provided in a note linked to the watermarked article.

 The author’s institution may be informed

 A notice of suspected transgression of ethical standards in the peer review system may be 

included as part of the author’s and article’s bibliographic record.

Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant error or inaccuracy in 

their published article. The author(s) is/are requested to contact the journal and explain in what sense the error is 

impacting the article. A decision on how to correct the literature will depend on the nature of the error. This may 

be a correction or retraction. The retraction note should provide transparency which parts of the article are 

impacted by the error.

Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain individuals 

when they submit their manuscripts. When suggesting reviewers, authors should make sure they are totally 

independent and not connected to the work in any way. It is strongly recommended to suggest a mix of reviewers

from different countries and different institutions. When suggesting reviewers, the Corresponding Author must 

provide an institutional email address for each suggested reviewer, or, if this is not possible to include other 

means of verifying the identity such as a link to a personal homepage, a link to the publication record or a 

researcher or author ID in the submission letter. Please note that the Journal may not use the suggestions, but 

suggestions are appreciated and may help facilitate the peer review process.

Authorship principles

These guidelines describe authorship principles and good authorship practices to which prospective 

authors should adhere to.
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Authorship clarified

The Journal and Publisher assume all authors agreed with the content and that all gave explicit consent

to submit and that they obtained consent from the responsible authorities at the institute/organization where the 

work has been carried out, before the work is submitted.

The Publisher does not prescribe the kinds of contributions that warrant authorship. It is recommended

that authors adhere to the guidelines for authorship that are applicable in their specific research field. In absence 

of specific guidelines it is recommended to adhere to the following guidelines*:

All authors whose names appear on the submission 

1) made substantial contributions to the conception or design of the work; or the acquisition, analysis, 

or interpretation of data; or the creation of new software used in the work;

2) drafted the work or revised it critically for important intellectual content; 

3) approved the version to be published; and 

4) agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy

or integrity of any part of the work are appropriately investigated and resolved. 

* Based on/adapted from:

ICMJE, Defining the Role of Authors and Contributors, 

Transparency in authors’ contributions and responsibilities to promote integrity in scientific 

publication, McNutt at all, PNAS February 27, 2018 

Disclosures and declarations

All authors are requested to include information regarding sources of funding, financial or non-

financial interests, study-specific approval by the appropriate ethics committee for research involving humans 

and/or animals, informed consent if the research involved human participants, and a statement on welfare of 

animals if the research involved animals (as appropriate).

The decision whether such information should be included is not only dependent on the scope of the 

journal, but also the scope of the article. Work submitted for publication may have implications for public health 

or general welfare and in those cases it is the responsibility of all authors to include the appropriate disclosures 

and declarations.
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Data transparency

All authors are requested to make sure that all data and materials as well as software application or 

custom code support their published claims and comply with field standards. Please note that journals may have 

individual policies on (sharing) research data in concordance with disciplinary norms and expectations.

Role of the Corresponding Author

One author is assigned as Corresponding Author and acts on behalf of all co-authors and ensures that 

questions related to the accuracy or integrity of any part of the work are appropriately addressed. 

The Corresponding Author is responsible for the following requirements:

 ensuring that all listed authors have approved the manuscript before submission, including the 

names and order of authors;

 managing all communication between the Journal and all co-authors, before and after 

publication;*

 providing transparency on re-use of material and mention any unpublished material (for 

example manuscripts in press) included in the manuscript in a cover letter to the Editor;

 making sure disclosures, declarations and transparency on data statements from all authors are 

included in the manuscript as appropriate (see above).

* The requirement of managing all communication between the journal and all co-authors during 

submission and proofing may be delegated to a Contact or Submitting Author. In this case please make sure the 

Corresponding Author is clearly indicated in the manuscript.

Author contributions

In absence of specific instructions and in research fields where it is possible to describe discrete 

efforts, the Publisher recommends authors to include contribution statements in the work that specifies the 

contribution of every author in order to promote transparency. These contributions should be listed at the 

separate title page.

Examples of such statement(s) are shown below:

• Free text:

All authors contributed to the study conception and design. Material preparation, data collection and 

analysis were performed by [full name], [full name] and [full name]. The first draft of the manuscript was 
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written by [full name] and all authors commented on previous versions of the manuscript. All authors read and 

approved the final manuscript.

Example: CRediT taxonomy: 

• Conceptualization: [full name], …; Methodology: [full name], …; Formal analysis and investigation:

[full name], …; Writing - original draft preparation: [full name, …]; Writing - review and editing: [full name], 

…; Funding acquisition: [full name], …; Resources: [full name], …; Supervision: [full name],….

For review articles where discrete statements are less applicable a statement should be included who 

had the idea for the article, who performed the literature search and data analysis, and who drafted and/or 

critically revised the work. 

For articles that are based primarily on the student’s dissertation or thesis, it is recommended that the 

student is usually listed as principal author: 

A Graduate Student’s Guide to Determining Authorship Credit and Authorship Order, APA Science 

Student Council 2006 

Affiliation

The primary affiliation for each author should be the institution where the majority of their work was 

done. If an author has subsequently moved, the current address may additionally be stated. Addresses will not be 

updated or changed after publication of the article.

Changes to authorship

Authors are strongly advised to ensure the correct author group, the Corresponding Author, and the 

order of authors at submission. Changes of authorship by adding or deleting authors, and/or changes in 

Corresponding Author, and/or changes in the sequence of authors are not accepted after acceptance of a 

manuscript. 

 Please note that author names will be published exactly as they appear on the accepted 

submission!

Please make sure that the names of all authors are present and correctly spelled, and that addresses and

affiliations are current. 

Adding and/or deleting authors at revision stage are generally not permitted, but in some cases it may 

be warranted. Reasons for these changes in authorship should be explained. Approval of the change during 
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revision is at the discretion of the Editor-in-Chief. Please note that journals may have individual policies on 

adding and/or deleting authors during revision stage.

Author identification

Authors are recommended to use their ORCID ID when submitting an article for consideration or 

acquire an ORCID ID via the submission process. 

Deceased or incapacitated authors

For cases in which a co-author dies or is incapacitated during the writing, submission, or peer-review 

process, and the co-authors feel it is appropriate to include the author, co-authors should obtain approval from a 

(legal) representative which could be a direct relative.

Authorship issues or disputes

In the case of an authorship dispute during peer review or after acceptance and publication, the 

Journal will not be in a position to investigate or adjudicate. Authors will be asked to resolve the dispute 

themselves. If they are unable the Journal reserves the right to withdraw a manuscript from the editorial process 

or in case of a published paper raise the issue with the authors’ institution(s) and abide by its guidelines.

Confidentiality

Authors should treat all communication with the Journal as confidential which includes 

correspondence with direct representatives from the Journal such as Editors-in-Chief and/or Handling Editors 

and reviewers’ reports unless explicit consent has been received to share information.

Compliance with Ethical Standards

To ensure objectivity and transparency in research and to ensure that accepted principles of ethical and

professional conduct have been followed, authors should include information regarding sources of funding, 

potential conflicts of interest (financial or non-financial), informed consent if the research involved human 

participants, and a statement on welfare of animals if the research involved animals.

Authors should include the following statements (if applicable) in a separate section entitled 

“Compliance with Ethical Standards” when submitting a paper:

 Disclosure of potential conflicts of interest 

 Research involving Human Participants and/or Animals
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 Informed consent 

Please note that standards could vary slightly per journal dependent on their peer review policies (i.e. 

single or double blind peer review) as well as per journal subject discipline. Before submitting your article check

the instructions following this section carefully.

The corresponding author should be prepared to collect documentation of compliance with ethical 

standards and send if requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned 

guidelines. The author will be held responsible for false statements or failure to fulfill the above-mentioned 

guidelines.

Conflicts of Interest / Competing Interests

Authors are requested to disclose interests that are directly or indirectly related to the work submitted 

for publication. Interests within the last 3 years of beginning the work (conducting the research and preparing the

work for submission) should be reported. Interests outside the 3-year time frame must be disclosed if they could 

reasonably be perceived as influencing the submitted work. Disclosure of interests provides a complete and 

transparent process and helps readers form their own judgments of potential bias. This is not meant to imply that 

a financial relationship with an organization that sponsored the research or compensation received for 

consultancy work is inappropriate. 

Interests that should be considered and disclosed but are not limited to the following:

Funding: Research grants from funding agencies (please give the research funder and the grant 

number) and/or research support (including salaries, equipment, supplies, reimbursement for attending symposia,

and other expenses) by organizations that may gain or lose financially through publication of this manuscript. 

Employment: Recent (while engaged in the research project), present or anticipated employment by 

any organization that may gain or lose financially through publication of this manuscript. This includes multiple 

affiliations (if applicable). 

Financial interests: Stocks or shares in companies (including holdings of spouse and/or children) that 

may gain or lose financially through publication of this manuscript; consultation fees or other forms of 

remuneration from organizations that may gain or lose financially; patents or patent applications whose value 

may be affected by publication of this manuscript.

Non-financial interests: In addition, authors are requested to disclose interests that go beyond financial

interests that could impart bias on the work submitted for publication such as professional interests, personal 
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relationships or personal beliefs (amongst others). Examples include, but are not limited to: position on editorial 

board, advisory board or board of directors or other type of management relationships; writing and/or consulting 

for educational purposes; expert witness; mentoring relations; and so forth. 

Primary research articles require a disclosure statement. Review articles present an expert synthesis of

evidence and may be treated as an authoritative work on a subject. Review articles therefore require a disclosure 

statement.Other article types such as editorials, book reviews, comments (amongst others) may, dependent on 

their content, require a disclosure statement. If you are unclear whether your article type requires a disclosure 

statement, please contact the Editor-in-Chief.

Please note that, in addition to the above requirements, funding information (given that funding is a 

potential conflict of interest (as mentioned above)) needs to be disclosed upon submission of the manuscript in 

the peer review system. This information will automatically be added to the Record of CrossMark, however it is 

not added to the manuscript itself. Under ‘summary of requirements’ (see below) funding information should be 

included in the ‘Declarations’ section.

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section before the 

reference list under a heading of ‘Funding’ and/or ‘Conflicts of interests’/’Competing interests’. Other 

declarations include Ethics approval, Consent, Data, Material and/or Code availability and Authors’ contribution 

statements.

Please see the various examples of wording below and revise/customize the sample statements 

according to your own needs. 

When all authors have the same (or no) conflicts and/or funding it is sufficient to use one blanket 

statement.

Examples of statements to be used when funding has been received:

 Partial financial support was received from [...]

 The research leading to these results received funding from […] under Grant Agreement 

No[…].

 This study was funded by […]

 This work was supported by […] (Grant numbers […] and […]

Examples of statements to be used when there is no funding:
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 The authors did not receive support from any organization for the submitted work.

 No funding was received to assist with the preparation of this manuscript.

 No funding was received for conducting this study.

 No funds, grants, or other support was received.

Examples of statements to be used when there are interests to declare:

 Financial interests: Author A has received research support from Company A. Author B has 

received a speaker honorarium from Company Wand owns stock in Company X. Author C is consultant to 

company Y.

Non-financial interests: Author C is an unpaid member of committee Z.

 Financial interests: The authors declare they have no financial interests.

Non-financial interests: Author A is on the board of directors of Y and receives no compensation as 

member of the board of directors.

 Financial interests: Author A received a speaking fee from Y for Z. Author B receives a salary 

from association X. X where s/he is the Executive Director.

Non-financial interests: none.

 Financial interests: Author A and B declare they have no financial interests. Author C has 
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