
 

 

 
 
 
 

 

Tese de Doutorado 
 
 
 
 
 

 

FILOGENÔMICA DE NOVAS ESPÉCIES DO COMPLEXO 

Burkholderia cepacia E GENÔMICA COMPARATIVA DE 

ISOLADOS DE B. cenocepacia LINHAGENS IIIA E IIIB, 

CAUSADORAS DE PODRIDÃO DAS ESCAMAS DA 

CEBOLA 
 
 
 

 
 
 
 
 

 

Leandro da Silva Velez 
 
 
 
 
 
 
 
 
 
 

 
RECIFE-PE 

 
2021 

 

 

UNIVERSIDADE FEDERAL RURAL 
DE PERNAMBUCO 

PRÓ-REITORIA DE PESQUISA E PÓS-GRADUAÇÃO 
 

 

 

 

PROGRAMA DE PÓS-
GRADUAÇÃO 

EM FITOPATOLOGIA 



 

LEANDRO DA SILVA VELEZ 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FILOGENÔMICA DE NOVAS ESPÉCIES DO COMPLEXO Burkholderia cepacia E 

GENÔMICA COMPARATIVA DE ISOLADOS DE B. cenocepacia LINHAGENS IIIA 

E IIIB, CAUSADORAS DE PODRIDÃO DAS ESCAMAS DA CEBOLA 

 
 
 
 
 
 
 

Tese apresentada ao Programa de Pós-Graduação em 

Fitopatologia da Universidade Federal Rural de 

Pernambuco, como parte dos requisitos para obtenção 

do título de Doutor em Fitopatologia. 
 
 
 
 
 
 
 
 
 
 

COMITÊ DE ORIENTAÇÃO: 
 

Orientador: Prof. Dr. Marco Aurélio Siqueira da Gama 

Coorientadora: Profª. Dra. Flavia Figueira Aburjaile 

Coorientadora: Profª. Dra. Ana Maria Benko-Iseppon 
 
 
 
 
 
 
 
 
 
 
 

RECIFE-PE 
 

SETEMBRO – 2021 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Dados Internacionais de Catalogação na Publicação  

Universidade Federal Rural de Pernambuco 

Sistema Integrado de Bibliotecas 

Gerada automaticamente, mediante os dados fornecidos pelo(a) autor(a) 

 

V436f Velez, Leandro da Silva 

        Filogenômica de novas espécies do complexo Burkholderia cepacia e genômica comparativa de isolados de B. 

cenocepacia linhagens IIIA e IIIB, causadoras de podridão das escamas da cebola / Leandro da Silva Velez. - 2021. 

        94 f. : il. 

        Orientador: Marco Aurelio Siqueira da Gama. 

        Coorientadora: Flavia Figueira Aburjaile.         

Inclui referências. 

        Tese (Doutorado) - Universidade Federal Rural de Pernambuco, Programa de Pós-Graduação em Fitopatologia, 

Recife, 2021. 

        1. Burkholderia solum. 2. Burkholderia semiaridus. 3. Podridão das escamas . 4. Genômica comparativa. I. Gama, 

Marco Aurelio Siqueira da, orient. II. Aburjaile, Flavia Figueira, coorient. III. Título 

                                                                                                                                                   CDD 632 

 

 

 

 

 

 



 

FILOGENÔMICA DE NOVAS ESPÉCIES DO COMPLEXO Burkholderia 

cepacia E GENÔMICA COMPARATIVA DE ISOLADOS DE B. cenocepacia 

LINHAGENS IIIA E IIIB, CAUSADORAS DE PODRIDÃO DAS ESCAMAS DA 

CEBOLA 

 

 

LEANDRO DA SILVA VELEZ 

 

 

 

 

Tese defendida e aprovada pela Banca Examinadora em:  29/09/2021. 

 
 
 
ORIENTADOR:  
 
 
 

___________________________________________________ 
Prof. Dr. Marco Aurélio Siqueira da Gama 

 
 
EXAMINADORES: 
 
 
 
 

_____________________________________________________ 
Dr. Adriano Márcio Freire Silva 

 
 

_____________________________________________________ 
Profª Dra. Ana Maria Benko Iseppon 

 
 

_____________________________________________________ 
Profª Dra. Elineide Barbosa de Sousa 

 
 

_____________________________________________________ 
Dra. Flávia Figueira Aburjaile 

 

RECIFE - PE 

SETEMBRO - 2021 

 



 

 

Aos meus irmãos, Alde Velez Júnior., Aldilene 

Velez e Elder Velez, pelo apoio, incentivo, amizade 

e compreensão. A minha esposa, Barbara 

Marchesini Malta, pelo companheirismo, 

paciência e ajuda nos momentos mais difíceis e, aos 

meus sogros, José Alvaro Malta e Angelica 

Marchesini, por nos ensinar como a vida deve ser 

vivida. 

OFEREÇO 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Aos meus pais, Gilda Velez e Alde Velez, por 

todo o esforço que fizeram para que eu pudesse 

estar aqui, pelo exemplo de caráter e de 

pessoas determinadas que são, e a minha 

querida avó, Neuza Velez, que nos mostrou que 

com fé chegaremos aonde quisermos  

 

 

DEDICO 



 

AGRADECIMENTOS 

 

A Deus, pela dádiva da vida, força e fé para superar os contratempos encontrados 

durante essa caminhada. 

Aos meus pais, Alde e Gilda, por todo amor e apoio durante minha vida; à minha 

esposa e companheira, Barbara, por sua paciência e compreensão nas horas mais difíceis; 

e ao meu sogro José Alvaro e a minha sogra Angelica, por toda compreensão e apoio 

durante esta caminhada; 

À Universidade Federal Rural de Pernambuco, pelo apoio institucional, e ao 

CNPq, pela concessão da bolsa de estudo; 

Ao meu orientador, Prof. Dr. Marco Aurélio Siqueira da Gama, pela orientação, 

apoio e pronto atendimento sempre; 

Às minhas coorientadoras, Profª. Dra. Flavia Figueira Aburjaile, que despertou a 

minha curiosidade pela bioinformática me fazendo trilhar esse caminho com mais 

facilidade e a Profª. Dra. Ana Maria Benko Iseppon, por todo apoio durante o período que 

utilizei o Laboratório de Genética e Biologia Vegetal (LGBV) e a Profª. Dra. Elineide 

Barbosa de Souza, por toda paciência e aprendizado durante toda minha vida acadêmica. 

Ao Dr. Adriano Márcio Freire Silva, por sua contagiante busca incessante pelo 

conhecimento, e a Profª Rosa de Lima Mariano, por iluminar a caminhada de todos do 

LAFIBAC; 

Aos professores Jong Hyun Ham e Lawrence E. Datnoff da Lousiana State 

University (EUA), e a todos os membros do Laboratório do Dr. Ham, pelo apoio 

incondicional durante minha estada por lá.  

Aos amigos Dr. Roberto Farias e Juan Ariute por todo apoio e ajuda no decorrer 

das análises, com isso o trabalho se tornou menos árduo; 

Aos meus companheiros do Laboratório de Fitobacteriologia pela amizade e apoio 

nos momentos de indecisão; 

A todos que de alguma forma colaboraram para meu sucesso, muito obrigado. 

 

 

 

 

 

 



 

Sumário 

RESUMO GERAL ......................................................................................................... 7 

GENERAL ABSTRACT ................................................................................................ 8 

CAPÍTULO I .................................................................................................................. 9 

1. A CULTURA DA CEBOLA: ASPECTOS CULTURAIS E ECONÔMICOS .......................... 10 

2. PODRIDÃO EM ESCAMAS DA CEBOLA ................................................................... 12 

3. COMPLEXO BURKHOLDERIA CEPACIA ................................................................... 15 

4. BURKHOLDERIA CENOCEPACIA .............................................................................. 17 

5. FILOGENÔMICA DO GÊNERO BURKHOLDERIA ........................................................ 19 

REFERÊNCIAS BIBLIOGRÁFICAS ....................................................................... 21 

CAPÍTULO II ............................................................................................................... 31 

Burkholderia semiaridus sp. nov. and Burkholderia solum sp. nov., two novel B. 

cepacia complex species causing onion sour skin ....................................................... 31 

ABSTRACT ................................................................................................................... 32 

1 INTRODUCTION ..................................................................................................... 33 

2 MATERIALS AND METHODS .............................................................................. 34 

3 RESULTS ................................................................................................................... 37 

4 DISCUSSION ............................................................................................................. 39 

DESCRIPTION OF BURKHOLDERIA SEMIARIDUS SP. NOV. .......................................... 42 

DESCRIPTION OF BURKHOLDERIA SOLUM SP. NOV. .................................................. 43 

CAPÍTULO III ............................................................................................................. 60 

Comparative genome analysis of Burkholderia cenocepacia lineages IIIA and IIIB 

causing onion sour skin ................................................................................................ 61 

ABSTRACT ................................................................................................................... 61 

1 INTRODUCTION ..................................................................................................... 62 

2 MATERIALS AND METHODS .............................................................................. 64 

3 RESULTS ................................................................................................................... 68 

4. DISCUSSION ............................................................................................................ 73 

ACKNOWLEDGMENTS .................................................................................................. 77 

CONCLUSÕES GERAIS ............................................................................................ 93 

 



7 

 
RESUMO GERAL 

 

No Brasil, a cebola (Allium cepa L.) apresenta elevada importância socioeconômica, 
destacando-se como a hortaliça mais produzida dentro do gênero Allium. Diversas 
doenças podem acometer essa cultura, tanto durante a produção como na fase de 
pós-colheita. Dentre as que apresentam elevada importância econômica, destaca-se 
a podridão em escamas, conhecida popularmente como camisa d’água. Esta doença 
está associada a várias espécies bacterianas, dentre as quais se sobressaem espécies 
do complexo Burkholderia cepacia (CBC), como B. cepacia e B. cenocepacia, além de 
B. gladioli pv. alliicola, Pseudomonas aeruginosa e Serratia marcescens. Isolados do 
CBC são os mais frequentemente associados aos sintomas da doença, e isolados de 
B. cenocepacia são predominantes na região do Vale do São Francisco. Estudos 
polifásicos incluindo análises de rep-PCR, perfis bioquímicos e patológicos e análise 
de sequência multilocus (MLSA) com os isolados demonstraram a predominância 
de isolados de B. cenocepacia linhagens IIIA e IIIB e de isolados pertencendo a duas 
supostas novas linhagens dessa bactéria, que aparentemente atuam exclusivamente 
como fitopatógenos. Assim, os objetivos desta tese foram sequenciar, montar e 
anotar cinco genomas de isolados de duas novas linhagens de B. cenocepacia 
associadas à podridão em escamas da cebola na região Nordeste do Brasil e analisar 
a posição taxonômica desses isolados por meio de uma abordagem filogenômica, e 
sequenciar, montar e anotar os genomas de isolados fitopatogênicos de B. 
cenocepacia pertencentes as linhagens IIIA e IIIB, visando a caracterização dos 
fatores de virulência e patogenicidade envolvidos na interação deste patógeno e a 
comparação com isolados obtidos de diferentes nichos ecológicos. A análise das 
sequências do core genoma revelaram que as duas supostas novas linhagens de B. 
cenocepacia pertencem ao CBC, porém não estão relacionados a nenhuma espécie já 
descrita deste complexo. Análise comparativa do genoma total dos cinco isolados 
contra os isolados tipo membros do CBC revelou valores médios de identidade de 
nucleotídeos (ANI) de 86,73 a 94,82%. Dados combinados de ANI, digital 
hibridização DNA-DNA (dDDH) e analise da sequência multilocus do core genome 
indicaram que estas supostas novas linhagens são, na verdade, duas novas espécies 
do CBC, as quais foram classificadas no presente estudo como B. semiaridus e B. 
solum. Adicionalmente, 12 isolados de B. cenocepacia, sendo cinco da linhagem IIIA 
e sete da linhagem IIIB isolados de cebola com sintomas de podridão em escamas 
foram comparados com 21 genomas completos isolados de patógenos humanos e do 
ambiente disponíveis em bancos de dados públicos. Através dos resultados de ANI, 
dDDH e cMLSA, foi possível constatar que os isolados fitopatogênicos das linhagens 
IIIA e IIIB apresentaram poucas variações em relação aos outros grupos estudados, 
contudo, de acordo com os resultados obtidos, essas duas linhagens se comportam 
como duas espécies distintas. Isolados fitopatogênicos de B. cenocepacia linhagem 
IIIA e IIIB apresentaram uma maior quantidade de fatores de patogenicidade e 
virulência a humanos. Até onde sabemos, este é o primeiro relato de um drafft 
genoma de B. cenocepacia causando podridão em escamas da cebola, e nossos dados 
serão, portanto, um recurso valioso para estudos futuros.  
 

Palavras-Chave: Burkholderia solum, Burkholderia semiaridus, podridão em escamas, 

genômica comparativa 
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GENERAL ABSTRACT 

 

In Brazil, the onion (Allium cepa L.) has high socioeconomic importance, standing out as 

the most produced vegetable within the Allium genus. Several diseases can affect onion 

growing, both during production and in the post-harvest process. Among those with high 

economic importance, the onion sour skin has great importance. This disease is associated 

with several bacterial species, among which species of the Burkholderia cepacia complex 

(BCC), such as B. cepacia and B. cenocepacia, in addition to B. gladioli pv. alliicola, 

Pseudomonas aeruginosa and Serratia marcescens. BCC strains are the most frequently 

associated with disease symptoms, and B. cenocepacia strains are predominant in the São 

Francisco Valley region. After a polyphasic approach including rep-PCR analyses, 

biochemical and pathological profiles, and multilocus sequence analysis (MLSA) with 

the strains, a predominance of B. cenocepacia lineages IIIA and IIIB and five strains 

belonging to two new lineages of this bacterium was observed, which act exclusively as 

phytopathogens. Thus, the aim of this thesis was to sequence, assemble and annotate five 

genomes of strains of two new strains of B. cenocepacia associated with onion sour skin 

in Northeastern Brazil and analyze the taxonomic position of these strains through a 

phylogenomic approach, and sequence, assemble and annotate the genomes of 

phytopathogenic strains of B. cenocepacia belonging to IIIA and IIIB lineages, aiming to 

characterize the virulence and pathogenicity factors involved in the plant-pathogen 

interaction and comparison with strains obtained from different ecological niches. The 

analysis of the core genome sequences revealed that they belong to the CBC, but they are 

not related to any previously described species of this complex. Comparative analysis of 

the total genome of the five strains against the CBC member-like strain revealed average 

nucleotide identity (ANI) values of 86.73 to 94.82%. Combined data from ANI, digital 

DNA-DNA hybridization (dDDH), and analysis of the core genome indicated that the 

strains IBSBF 3371T and IBSBF 3372T represent two new species of the genus 

Burkholderia, belonging to the Burkholderia cepacia complex. Additionally, 12 strains 

of B. cenocepacia, five from lineage IIIA and seven from lineage IIIB isolated from 

onion, were compared with 21 complete genomes isolated from human pathogens and 

environmental groups. Through the ANI, dDDH, and core genome, we verify that the 

phytopathogenic strains from lineage IIIA and IIIB showed little variation in relation to 

the other studied groups. However, according to them to the results obtained, they behave 

as two distinct species. Phytopathogenic strains of B. cenocepacia lineage IIIA and IIIB 

showed a more significant amount of pathogenicity and virulence factors to humans. Our 

data will therefore be a valuable resource for future studies. In addition, our data 

contribute to the extensive genomic resources available for Burkholderiaceae species. 

 

Keywords: Burkholderia solum, Burkholderia semiaridus, onion sour skin, comparative 

genomics 
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FILOGENÔMICA DE NOVAS ESPÉCIES DO COMPLEXO Burkholderia cepacia E 

GENÔMICA COMPARATIVA DE ISOLADOS DE B. cenocepacia LINHAGENS 

IIIA E IIIB, CAUSADORAS DE PODRIDÃO DAS ESCAMAS DA CEBOLA 

 

INTRODUÇÃO GERAL 

 

1. A cultura da cebola: aspectos culturais e econômicos 

O gênero Allium pertence à classe Monocotyledoneae, ordem Asparagales e 

família Alliaceae (KILL et al., 2007). Seu centro de origem até o momento não foi 

totalmente esclarecido, porém, esta espécie é encontrada naturalmente na Ásia, na região 

entre o sul da Sibéria, no Golfo Pérsico e no Mar Cáspio. No entanto, através de análises 

filogenéticas da região ITS, foi possível concluir que a cebola comum (Allium cepa) tem 

como possível progenitor Allium vavilovii (GURUSHIDZE et al., 2007). 

O consumo desta hortaliça pode ser realizado das mais diversas formas, desde in 

natura, em saladas, assim como em condimentos industrializados. No mundo, a cebola 

apresenta elevada importância socioeconômica, devido a características como sabor, 

pungência, aroma e propriedades terapêuticas, destacando-se como a cultura mais 

produzida dentro do gênero Allium (QUARTIERO et al., 2014). Além do consumo e valor 

econômico, a cebolicultura é considerada a terceira hortaliça com maior valor agregado 

do mundo, juntamente com a batata e o tomate (EL BALLA; HAMID; 

ABDELMAGEED, 2013). 

A cebola é uma hortaliça herbácea, apresenta folhas grandes subcilíndricas 

tubulares (ocas), lisas e cobertas por uma camada cerosa. O caule verdadeiro situa-se na 

base do bulbo de onde partem as folhas e as raízes, e é composto por um disco achatado 

(prato), localizado abaixo da superfície do solo (KILL et al., 2007). No entanto, as 

sobreposições das bainhas das folhas formam o pseudocaule. Os bulbos são formados 

pelas bainhas carnosas das folhas e, nas partes externas, são envoltos por túnicas 

brilhantes de coloração variável (COSTA et al., 2002). 

A produção mundial de cebola, em 2019, foi de 99,9 milhões de toneladas. Os 

principais produtores mundiais foram China (24,9 milhões), Índia (22,8 milhões), Estados 
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Unidos (3,1 milhões) e Egito (3,0 milhões), os quais produziram cerca de 53 milhões de 

toneladas (FAO, 2021). 

Por sua vez, os estados produtores no Brasil são Piauí, Ceara, Rio Grande do 

Norte, Paraíba, Pernambuco e Bahia, na região Nordeste, Minas Gerais, Espírito Santo e 

São Paulo, na região Sudeste, Paraná, Santa Catarina e Rio Grande do Sul, na região Sul 

e por fim, os estados de Goiás e Distrito Federal na região Centro-Oeste. Sendo assim, o 

Brasil deteve em 2019 de uma produção de aproximadamente 1.556.885 toneladas de 

cebola, destacando-se o estado de Santa Catarina, com uma produção de 529.885 

toneladas. A região Nordeste foi responsável pela produção de 396.594 toneladas, 

destacando-se a Bahia, com uma produção de 319.704 toneladas, e Pernambuco, com 

54.542 toneladas produzidas (IBGE, 2021).  

No Nordeste, a região do Submédio do Vale do São Francisco destaca-se como 

grande produtora de cebola. Nessa região, os principais municípios pernambucanos 

produtores desta hortaliça são Belém do São Francisco, Cabrobó, Orocó, Petrolândia e 

Santa Maria da Boa Vista. Por sua vez, no estado da Bahia, os principais municípios 

produtores de cebola são Abaré, Casa Nova, Curaçá, Itaguaçú, Juazeiro e Sento Sé 

(BAIA et al., 2021). Fora do entorno do Submédio do Vale do São Francisco, a 

cebolicultura também é realizada nos municípios baianos de Irecê, João Dourado e 

Mucugê (OLIVEIRA et al., 2019). 

Pernambuco, além de sua representativa parcela na produção regional, é também 

um importante produtor de sementes cebola. O Instituto Agronômico Pernambuco (IPA) 

desde 1970 implantou um Programa de Melhoramento Genético da Cebola como 

objetivo desenvolver variedades adaptadas às condições edafoclimáticas e resistentes às 

principais pragas e doenças regionais, bem como dotadas de características compatíveis 

com as exigidas pelo mercado consumidor. Este programa vem sendo executado 

ininterruptamente até o presente momento. Como resultados foram desenvolvidas as 

variedades ValeOuro IPA 11 (bulbos amarelo) e Franciscana IPA 10 (bulbos roxo) (IPA, 

2021). 

Apesar dessa elevada produção, o Brasil não é autossuficiente e o alto consumo, 

associado às menores safras em algumas regiões em determinados períodos do ano, torna 

essencial a importação de cebola, principalmente da Argentina, Holanda e Espanha 

(SCHMITT, 2010). Além disso, diversas doenças podem acometer a cebola, tanto durante 

a produção quanto no processo de pós-colheita. Nesse sentido, dentre as doenças de 
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grande importância econômica, a podridão em escamas, causada por vários gêneros e 

espécies bacterianas, ocasionam perdas significativas podendo chegar até 50% durante a 

comercialização dos bulbos (WORDELL FILHO et al., 2006). 

 

2. Podridão em escamas da cebola 

 

A podridão em escamas da cebola tem sido observada em áreas de cultivo em 

vários países, como Estados Unidos, Japão e Brasil (BURKHOLDER, 1950; OLIVEIRA 

et al., 2017; SOTOKAWA; TAKIKAWA, 2004). No Brasil, foi oficialmente relatada nos 

estados de São Paulo, Rio de Janeiro, Santa Catarina, Minas Gerais (MALAVOLTA JR. 

et al., 2008), Bahia e Pernambuco (OLIVEIRA et al., 2017). Os sintomas da doença 

caracterizam-se por uma podridão viscosa de coloração amarelada a marrom claro, firme, 

podendo haver a quebra de uma ou poucas escamas internas do bulbo (MOHAN, 1995). 

As escamas adjacentes às infectadas podem permanecer firmes e, embora sejam 

observadas podridões nas escamas individualmente, todo o bulbo é comprometido 

(DAVIS et al., 2014; ROBERTS, 2013). 

 

Figura 1: Sintomas da podridão bacteriana das escamas (B. cepacia) (A) e da 

podridão escorregadia (B. gladioli pv. alliicola) (B) em bulbos de cebola. Fonte: 

SILVA et al, (2019). 

 

O termo “podridão das escamas” tem sido utilizado como uma nomenclatura 

generalista atribuída a podridões em bulbos de cebola causadas por bactérias de diferentes 

gêneros e espécies, cuja sintomatologia e nome da doença podem variar em função da 
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bactéria envolvida (SILVA et al., 2019). As principais bactérias associadas a doença são 

espécies do complexo Burkholderia cepacia (CBC) (Palleroni e Holmes) Yabuuchi et 

al., B. gladioli pv. alliicola (Burkholder) Young et al., Pseudomonas aeruginosa 

(Schroeter) Migula (BAIA et al., 2021; OLIVEIRA et al., 2019); WORDELL FILHO et 

al., 2006) e Serratia marcescens Bizio (MARQUES et al., 1994). Adicionalmente, 

isolados do CBC são os mais frequentemente associados aos sintomas da doença 

(JACCOUD FILHO et al., 1987), além de predominarem na região semiárida produtora de 

cebola (BAIA et al., 2021) e serem mais agressivos a bulbos de cebola (OLIVEIRA et al., 

2019). 

Dentre as diferentes podridões, destaca-se a podridão bacteriana das escamas, a 

qual é conhecida popularmente no Brasil como camisa d’água ou capa d’água 

(WORDELL FILHO et al., 2006) e está associada a espécies do CBC, como B. cepacia 

(Palleroni e Holmes) Yabuuchi et al. (BURKHOLDER, 1950), B. cenocepacia 

Vandamme et al. (BAIA et al., 2021; OLIVEIRA et al., 2017), B. ambifaria e B. 

pyrrocinia (TSUJI; KADOTA, 2020). A primeira ocorrência dessa doença foi realizada 

em 1950, em Nova York, sendo a causa atribuída à B. cepacia (sin. Pseudomonas 

cepacia). Nessa ocasião, a doença foi chamada no inglês de “sour skin”, devido ao odor 

avinagrado exalado pelos catafilos mais externos, que se apresentavam apodrecidos 

(BURKHOLDER, 1950). Atualmente pouco se conhece a respeito da diversidade de 

isolados do CBC associados a essa doença no Brasil e no mundo. Essa ausência de 

informações não se deve exclusivamente a carência de estudos, mas também a elevada 

diversidade dos gêneros e espécies envolvidas com a doença (SILVA et al., 2019). 

A etiologia da doença na região Nordeste do Brasil foi recentemente estudada por 

sequenciamento e análise filogenética do gene 16S rRNA e da técnica de rep-PCR, sendo 

observada a presença de bactérias do CBC, P. aeruginosa e B. gladioli. No entanto, 

devido à baixa resolução do marcador utilizado, não foi possível identificar quais espécies 

do CBC estavam associadas à podridão das escamas nesta região por análise de rep-PCR 

(OLIVEIRA et al., 2019). Posteriormente, após uma abordagem polifásica incluindo 

análises de rep-PCR, perfis bioquímicos e patológicos e análise de sequência multilocus 

(MLSA) com os isolados do CBC oriundos da região semiárida do Nordeste brasileiro, 

foi observada predominância de isolados de B. cenocepacia linhagens IIIA e IIIB e de 

duas novas linhagens dessa bactéria f. No entanto, apesar das evidências encontradas, 

as análises realizadas não foram suficientes para uma classificação específica dessas duas 
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novas linhagens. Além disso, curiosamente, nesses estudos nenhum isolado foi 

identificado como B. cepacia, demonstrando que essa espécie provavelmente não está 

associada à doença nesta região (BAIA et al., 2021).  

A infecção geralmente ocorre no campo após a formação dos bulbos devido a 

disseminação das bactérias pelo solo ou água de irrigação, mas também pode ocorrer 

durante o armazenamento (PARKE; GURIAN-SHERMAN, 2001). Na presença de 

ferimentos, temperatura ideal (30 e 35°C) e presença de água livre, os danos causados pela 

podridão das escamas podem ser mais severos (DAVIS, et al., 2014). Além disso, é 

durante o armazenamento que grande parte das perdas acontece (PARKE; GURIAN-

SHERMAN, 2001). Nesse contexto, os ferimentos causados durante o manejo da cultura 

e colheita ou quando as folhas caem durante a maturação dos bulbos, são porta de entrada 

para as bactérias. A infecção progride para escamas individuais e as escamas superficiais 

através das folhas infectadas, não sendo possível a locomoção para as escamas 

adjacentes, a menos que haja lesões (Davis, et al., 2014). 

Para o manejo da doença é necessário ter conhecimento prévio da etiologia e 

epidemiologia da doença. Assim, as medidas de controle dependem da identificação 

adequada do agente causal envolvido, pois, do contrário, essas medidas podem ocasionar 

perda de tempo e dinheiro, levando a perdas ainda mais significativas. Portanto, o correto 

diagnóstico da doença e a identificação de seu agente causal são vitais para o sucesso do 

controle (SILVA, et al., 2019). 

Recomenda-se o uso de bulbos e sementes sadias, evitar excesso de umidade no solo, 

evitar a irrigação aérea perto da época da colheita, evitar a utilização de implementos 

agrícolas de onde a doença foi constatada, realizar rotação com espécies de outras 

famílias botânicas, controlar insetos pragas, eliminar plantas com sintomas no campo,  

após a colheita, armazenar os bulbos de cebola em baixas temperaturas, com baixa 

umidade do ar e em locais aerados evitará a propagação da podridão em escamas da 

cebola de bulbo para bulbo (GAVA; TAVARES, 2016; ROMEIRO, 2000). Ainda assim, 

deve-se ter o máximo cuidado nos tratos culturais durante o cultivo e manuseio dos 

bulbos desta hortaliça durante a colheita e armazenamento, evitando assim, qualquer 

choque que possa comprometer a integridade das escamas ou ferir as folhas próximo ao 

pescoço (WORDELL FILHO et al., 2006). 

Sabendo que a propagação desta bactéria aumenta em temperaturas mais altas, 

não permitir que os bulbos maduros permaneçam no campo durante períodos de alta 
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temperatura associados com a espera da cura dos bulbos no campo por muito tempo. 

Além disso, é recomendado o uso de práticas que reduzam a chance de contaminação da 

água de irrigação com essa bactéria e a eliminação dos bulbos infectados deve ser 

realizada antes do armazenamento, pois a doença pode disseminar de bulbos infectados 

para bulbos saudáveis (SILVA, et al., 2019).  

Ainda não existem variedades comprovadamente resistentes à podridão em 

escamas, o que poderia amenizar consideravelmente as perdas ocasionadas pela doença 

(GAVA; TAVARES, 2016). No entanto, estudo recente verificou a tolerância de 58 

genótipos de cebolas a três isolados de B. gladioli pv. alliicola, e atestou que 37 genótipos 

apresentaram níveis de tolerância a esta bactéria, contudo apenas sete apresentaram 

estabilidade na tolerância aos três diferentes isolados deste patógeno. Diante desses 

resultados, os autores concluíram que esses sete genótipos se apresentam como fontes 

promissoras tolerantes à podridão escorregadia da cebola, podendo ser utilizados em 

programas de melhoramento visando à obtenção de variedades de cebola com resistência 

a doença (VELEZ et al., 2020). 

 

3. Complexo Burkholderia cepacia 

 

O gênero Burkholderia abriga espécies Gram-negativas, em forma de bastonetes, 

oxidade positiva, aeróbicas, possuem células móveis, medindo entre 1,6 e 3,2 μm e 8 a 10 

μm, com flagelo monotríquio. Está inserido no reino Bacteria, filo Proteobacteria, classe 

Betaproteobacteria, ordem Burkholderiales e família Burkholderiaceae. Esta espécie tem 

um metabolismo diversificado, e está disseminada no meio ambiente, comumente dentro 

da rizosfera (COENYE, 2013; MAHENTHIRALINGAM; BALDWIN; DOWSON, 

2008). 

O primeiro registro da bactéria atualmente classificada como B. cepacia foi 

realizado em 1950, por Burkholder (1950), no estado de Nova York, ocasião em que o 

patógeno foi classificado como P. cepacia. Em 1980, esse epíteto foi excluído da 

“Approved Lists of Bacterial Names” (PARKE; GURIAN-SHERMAN, 2001), voltando 

a ser validado em 1981, após estudos taxonômicos (PALLERONI: HOLMES, 1981). 

Posteriormente, com base em análises de hibridação DNA-DNA, o gênero Burkholderia 

foi proposto para acomodar espécies de Pseudomonas que compunham o grupo II de 
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homologia rRNA-DNA (YABUUCHI et al., 1992), ocasião em que P. cepacia foi 

reclassificada como B. cepacia. 

Devido à baixa sensibilidade das técnicas disponíveis para estudos taxonômicos 

até meados dos anos 90, isolados de diferentes espécies de Burkholderia intimamente 

relacionados foram erroneamente classificadas como B. cepacia. No entanto, a notável 

diversidade entre os isolados classificados nesta espécie foi observada por Vandamme et  

al., (1997) através de técnicas moleculares, que reportou que isolados de diferentes 

nichos ecológicos classificados como B. cepacia pertenciam a pelo menos cinco 

genomovares (o termo usado para se referir a espécies genômicas), a saber: B. cepacia 

(genomovar I), B. multivorans (genomovar II), B. cenocepacia (genomovar III), B. 

estabilis (genomovar IV) e B. vietnamiensis (genomovar V). Este grupo de cinco 

genomovares foi referido coletivamente como o complexo B. cepacia (COENYE et al., 

2001). 

Atualmente, o CBC é composto por 22 espécies distintas (Burkholderia alpina, 

B. ambifaria, B. arboris, B. anthina, B. cepacia, B. cenocepacia, B. contaminans, B. 

diffusa, B. dolosa, B. latens, B. metallica, B. multivorans, B. puraquae, B. 

pseudomultivorans, B. pyrrocinia, B. seminalis, B. stagnalis, B. territorii, B. ubonensis, 

B. lata, B. estabilis e B. vietnamiensis) (MARTINA et al., 2018) que apresentam altos 

níveis de similaridade nas sequências dos genes 16S rDNA (98-100%) e recA (94-

95%), níveis moderados de hibridização DNA-DNA (30-50%) (COENYE et al., 2001) 

e valores médios de identidade de nucleotídeos (ANI) do genoma abaixo de 90% 

(85,04 a 89,92%) (PEETERS et al., 2016). Espécies do CBC possuem um grande 

genoma que consiste em múltiplos replicons cromossômicos circulares, contendo 

duas vezes o tamanho do material genético de E. coli. As espécies do CBC codificam 

muitos genes de virulência e resistência a antibióticos (SOUSA et al., 2017). 

As espécies presentes no CBC, podem ser encontradas nos mais variados 

ambientes, como em água de rios (VANDAMME et al., 1997), solo (MARTINA et al., 

2018), plantas (endofiticamente ou causando doença) (GILLIS et al., 1995), ambiente 

hospitalar (MARTINA et al., 2018) e humanos (COENYE et al., 2001), (VANDAMME 

et al., 2003). 
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4. Burkholderia cenocepacia 

 

Burkholderia cenocepacia é um patógeno oportunista que causa infecções em 

indivíduos imunocomprometidos e em pacientes com fibrose cística (CHIARINI et al., 

2006), o qual tem sido relatado como patógeno de cebola (BAIA et al., 2021; OLIVEIRA 

et al., 2017; TSUJI; KADOTA, 2020) e banana (LEE; CHAN, 2007). Com base em 

sequências do gene recA, B. cenocepacia quatro linhagens filogenéticas têm sido 

caracterizadas: IIIA, IIIB, IIIC e IIID (VANDAMME et al., 2003). As linhagens IIIA e 

IIIB têm sido encontradas com maior frequência em indivíduos com fibrose cística 

(GOLINI; CAZZOLA; FONTANA, 2006). Recentemente, estas linhagens também 

foram detectadas causando podridão das escamas no Nordeste brasileiro (BAIA et al., 

2021; OLIVEIRA et al., 2019).  

A linhagem IIIC é comumente encontrada em isolados do ambiente, 

diferentemente da linhagem IIID que é diretamente relacionada a isolados clínicos 

(MAHENTHIRALINGAM; BALDWIN; DOWSON, 2008). Outro fato interessante 

observado por BAIA et al. (2021) foi a descoberta de uma nova linhagem entre os 

isolados causadores de podridão em escamas da cebola no Nordeste brasileiro, além da 

existência de uma possível sinonímia entre a linhagem IIID e B. contaminans. No 

entanto, os mecanismos envolvidos na adaptação de B. cenocepacia à colonização de 

hospedeiros humanos e vegetais ainda não foram estudados. 

Embora para isolados clínicos o conhecimento dos fatores de virulência e seus 

respectivos reguladores sejam bem compreendidos, os mecanismos envolvidos na 

adaptação de B. cenocepacia à colonização em plantas hospedeiras ainda precisam ser 

esclarecidos. Muitos fatores de virulência foram identificados em B. cenocepacia, 

incluindo enzimas extracelulares, toxinas, sistemas de secreções, sistemas de aquisição 

de ferro, comunicação célula-célula (quorum sensing), proteínas reguladoras, bem como 

genes que contribuem à motilidade, adesão, invasão celular, sobrevivência intracelular e 

proteção bacteriana dos fatores do hospedeiro (LOUTET; VALVANO, 2010). O fato de 

B. cenocepacia ser capaz de produzir uma ampla gama de fatores de virulência, resistir 

ao estresse oxidativo, persistir nos macrófagos, produção de toxinas, proteases e sistemas 

de secreção tipo VI, contribui para a relevância deste organismo (BARTELL et al., 2014).  
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Um estudo recente comparou isolados ambientais com isolados clínicos, 

revelando que existem alguns genes em isolados clínicos, como cable pilus (cblA), 22 

kDa adhesion (adhA), transcriptional regulator (kdgR), bile acid 7-alpha, dehydratase 

(baiE), taurine dehydrogenase (tauX), sulfoacetaldehyde acetyltransferase (xsc), tellurite 

resistance cluster (telA), low oxygen activated locus (lxa), respiratory nitrate reductase 

cluster (narIJHGK), nitrate sensor e regulation cluster (narLX), que são ausentes em 

isolados ambientais (isolados do solo, rizosfera de plantas e água), demonstrando que 

existem diferenças na composição genética de acordo com o nicho ecológico do isolado 

(WALLNER et al., 2019). Também foi possível observar que alguns              genes estavam 

presentes em maioria dos isolados ambientais e ausentes nos isolados clínicos, como é o 

caso dos genes lectin like bacteriocin 88 (llpA), nitrile hydratase cluster (nthAB), 

phenylacetaldoxime dehydratase (oxd), feruloyl-esterase (faeB), pyrrolnitrin 

biosynthesis cluster (prn), galacturonate metabolism genes (uxaAB) (WALLNER et al., 

2019).  

Em isolados fitopatogênicos, tem-se observado que a presença do gene da 

endopoligalacturonase pehA caracteriza-se como um fator de virulência e está relacionado 

à patogenicidade em cebolas. Por sua vez, a patogenicidade à cebola e a presença de pehA 

não tem sido observada em alguns isolados clínicos oriundos de pacientes com fibrose 

cística. Em contraste, um grupo relacionado consistindo em alguns isolados obtidos em 

solos e rizosfera de cebola apresentaram o gene pehA e foram patogênicos quando 

inoculados em cebola. Adicionalmente, a ausência do gene pehA e da capacidade de 

causar doença em cebola podem ser explicadas pela perda ancestral da pehA na maioria 

dos isolados clínicos (SPRINGMAN et al., 2009). 

Um dos fatores de virulência mais conhecidas e essenciais em B. cenocepacia é a 

formação de biofilme. Biofilmes são comunidades de células inseridas em uma matriz de 

exopolissacarídeos dinâmica autoproduzida, caracterizada por uma estrutura 

tridimensional complexa. A matriz mantém as células juntas e acima de uma superfície 

e, eventualmente, as libera, resultando na colonização de outras superfícies 

(PELLIZZONI et al., 2016). O processo de formação de biofilme é parcialmente 

controlado pelo quorum sensing, um sistema de comunicação dependente da densidade 

celular que coordena a expressão de vários fatores de virulência (COENYE, 2010). 

Nesse contexto, B. cenocepacia apresenta dois sistemas baseados em acil-

homoserina lactona (AHL) chamados de CepIR e CciIR. O sistema CepIR é encontrado 
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em todos os isolados do CBC e é responsável pela regulação positiva de genes regulados 

por quorum-sensing. Por sua vez, o CciIR atua principalmente como um regulador 

negativo (O’GRADY et al., 2009). Outro sistema de detecção de quorum-sensing em B. 

cenocepacia usa o ácido cis- 2-dodecenóico e é conhecido como “Burkholderia diffusible 

signal factor” (BDSF) como uma molécula de sinalização. O BDSF é detectado pelo RpfR 

e sintetizado pelo RpfF (SUPPIGER et al., 2013). Adicionalmente, há uma interação 

complexa entre a acil- homoserina lactona e os sistemas de quorum sensing baseados em 

BDSF (FAZLI et al., 2014). 

Outro estudo recente mostrou que a metilação do DNA é uma função reguladora 

essencial para a expressão de genes relacionados à formação de biofilme, agregação 

celular e motilidade. Este estudo confirma que dois genes de DNA-metiltransferases 

(Mtases) estão envolvidos na regulação da expressão gênica pela estrutura do biofilme e 

agregação celular, causando também a redução da motilidade, confirmando que a 

metilação do DNA desempenha um papel essencial na regulação da expressão dos genes 

envolvidos na formação de biofilme e motilidade (VANDENBUSSCHE et al., 2020). 

 

5. Filogenômica do gênero Burkholderia 

 

Uma maneira reprodutível, confiável e altamente informativa para inferir relações 

filogenéticas entre procariotos caracteriza-se pelo uso da genômica através da utilização 

de ferramentas da bioinformática (ROSSELLÓ-MÓRA; AMANN, 2015). Nesse contexto, 

plataformas de sequenciamento de nova geração produzem massivamente dados de alto 

rendimento ao longo das últimas décadas. Estes dados são analisados e interpretados para 

inferir a classificação, identificação e caracterização genômica (CHUNG et al., 2018) 

Estudos genômicos revelaram que B. cenocepacia tem um alto teor de G + C, em 

torno de 67%, múltiplos replicons, duplicações de genes, sequências de inserções e 

componentes móveis. Acredita-se que esses componentes aumentem a versatilidade dos 

genomas de Burkholderia e sua capacidade de obter um amplo escopo de vias metabólicas 

(LOUTET; VALVANO, 2010) 

O sequenciamento genômico completo do isolado B. cenocepacia J2315, da 

linhagem IIIA, revelou que este membro do BCC contém um grande genoma com 
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múltiplos replicons de 8,06 Mb, consistindo em três cromossomos e um plasmídeo, que 

codificam um total de 7.261 quadros abertos de leitura (HOLDEN et al., 2009). O 

cromossomo 1 contém uma proporção maior de genes que codificam funcionalidades do 

núcleo, enquanto os cromossomos 2 e 3 contêm principalmente genes que codificam para 

outros funcionalidades (HOLDEN et al., 2009). Uma vez que um genoma bacteriano pode 

sofrer redução ou expansão como consequência da adaptação às mudanças nas 

condições ambientais, este tamanho relativamente grande do genoma levanta dúvidas 

sobre qual genes são indispensáveis e quais genes são necessários para a sobrevivência e 

persistência em nichos diferentes (AUJOULAT et al., 2012) 

 Experimentos como identidade média de nucleotídeos (ANI) e hibridização DNA- 

DNA digital (dDDH) têm sido realizados para determinar a relação entre as bactérias. 

Estas foram algumas das poucas técnicas universalmente aplicáveis disponíveis que 

poderiam oferecer comparações genuínas de todo o genoma entre organismos. Essas duas 

abordagens avaliam toda a semelhança do genoma das bactérias, e o dDDH é um 

substituto rápido e preciso para o DDH convencional realizado em laboratório 

(COLSTON et al., 2014). Outra ferramenta disponível é o TYGS (Type Strain Genome 

server) um servidor de alto rendimento para taxonomia de procariontes baseada no 

genoma. Esta última técnica se baseia nos valores do dDDH como delimitador de 

espécies, estabelecido em 70%, além da distância entre os genomas, a qual é obtida pelo 

método GBDP (Genome Blast Distance Phylogeny), que realiza inferências filogenéticas 

utilizando genomas completos (HENZ, et al., 2005). Similarmente, a identidade média 

de nucleotídeos (ANI) também apresenta alta resolução para delimitação de espécies 

de bactérias e arqueias, utilizando um limiar de 95 a 96% para classificação de espécies 

(RICHTER; ROSSELLÓ-MÓRA, 2009). 

Além das técnicas citadas acima, a frequência de fragmentos de quatro 

nucleotídeos no genoma (TETRA) é sugerida como um parâmetro complementar na 

identificação de genomas em nível de espécie (ONG et al., 2016). Recomenda-se ainda 

que seja realizada a comparação genômica por um ou mais parâmetros, no caso do 

TETRA, para ser considerado da mesma espécie os valores precisam ser maiores que 

0,998 - 0,999 a fim de garantir a delimitação de espécies que deverão ser verificadas de 

acordo com uma abordagem polifásica (RICHTER; ROSSELLÓ-MÓRA, 2009). Outra 

abordagem de alta confiabilidade é a utilização do pangenoma, que inclui análises do 
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core do genoma, o qual é composto por genes compartilhados por todas as linhagens 

(VERNIKOS et al., 2015; MEDINI et al., 2005). 

Os avanços obtidos com a genômica comparativa para estudo dos isolados do 

CBC são evidentes. No entanto, estas técnicas ainda não foram aplicadas aos genomas dos 

isolados que causam podridão em escamas da cebola, evidenciando a necessidade de mais 

pesquisas para melhorar a compreensão das características intrínsecas desses organismos, 

como fatores de patogenicidade e virulência, além das relações taxonômicas e 

filogenéticas entre isolados de outros nichos ecológicos. Portanto, o presente estudo teve 

como objetivos: I. sequenciar, montar e anotar cinco genomas de isolados de duas novas 

linhagens de B. cenocepacia associadas à podridão em escamas da cebola na região 

Nordeste do Brasil e analisar a posição taxonômica desses isolados por meio de uma 

abordagem filogenômica; e II. sequenciar, montar e anotar os genomas de isolados 

fitopatogênicos de B. cenocepacia CCRMBC02, CCRMBC21, CCRMBC56, 

CCRMBC147 e CCRMBC157 pertencentes à linhagem IIIA, e dos isolados 

CCRMBC18, CCRMBC23, CCRMBC27, CCRMBC31, CCRMBC60, CCRMBC67 e 

CCRMBC109 pertencentes a linhagem IIIB, visando à caracterização dos fatores de 

virulência e e comparação com genomas de isolados de B. cenocepacia diferentes nichos 

ecológicos. 
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Abstract 

 

Two new Burkholderia cenocepacia lineages found in Northeastern Brazil 

causing scale rot on the central onion-producing regions in Pernambuco and Bahia states 

were studied using genomic approaches to determine their positioning taxonomic. Five 

strains, four belonging to one new lineage and one strain belonging to another new 

lineage, had their whole genome sequenced to carry out a phylogenomic analysis. 
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Genome sizes varied from 7.5 to 8.1 Mb, with G+C content varying from 66.66 to 

67.03%. Comparative whole-genome analysis of the five strains analyzed in this study 

showed average nucleotide identity (ANI) values ranging from 86.73 to 94.82% 

concerning the type strains of Bcc. dDDH values ranging from 25.0 to 55.9% were 

observed for all isolates studied. The phylogenomics performed with the core genome of 

the five isolates demonstrated two different clades among the isolates CCRMBC16, 

CCRMBC33, CCRMBC74, and CCRMBC171, and the isolate CCRMBC51. Combined 

data from ANI, dDDH, and core genome analyses indicated that the strains represent two 

novel species of the genus Burkholderia, belonging to Burkholderia cepacia complex 

(Bcc), which were reclassified as B. semiaridus and B. solum.  

 

 

1 INTRODUCTION 

 

The bacterium Burkholderia cepacia (synonym Pseudomonas cepacia) was 

initially described in 1950 as the causal agent of onion sour skin (Burkholder, 1950). Over 

years, strains phenotypically similar obtained from diverse ecological niches were 

classified as B. cepacia (Coenye et al., 2001). These strains were posteriorly reclassified 

at five distinct genomic species, which passed to be referred to as the B. cepacia complex 

(Bcc) (Vandamme et al., 1997). Nowadays, Bcc is composed of a versatile group of 22 

closely related species (Martina et al., 2018), which may be satisfactorily identified using 

multilocus sequence analysis (MLSA) with housekeeping genes (Baia et al., 2021; 

Peeters et al., 2013; Tsuji & Kadota, 2020) and genomic analyses (Santos et al., 2018; 

Vanlaere et al., 2009; Wallner et al., 2019).  

 Although most studies about the diversity of Bcc species have been carried out 

with strains obtained from clinical environments and environmental samples (Coenye et 

al., 2001, Peeters et al., 2013, Martina et al., 2018, Spilker et a., 2009, Vandamme et al., 

1997, Vanlaere et al., 2009), the knowledge about the diversity of species causing onion 

sour skin has been improved and other Bcc species beyond B. cepacia have also been 

associated with this disease in the last years (Baia et al., 2021; Oliveira et al., 2017; 

Oliveira et al. 2019; Tsuji and Kadota, 2020). In this context, strains of B. cepacia, B. 

cenocepacia, B. ambifaria, and B. pyrrocinia have been recently associated with the rot 

of onion bulbs in Japan (Tsuji & Kadota, 2020), where this disease was reported since 
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2001 (Sotokawa and Takikawa, 2004). In turn, since 2015, strains of the Bcc have also 

been identified in the main onion-producing regions of north-east Brazil (Oliveira et al., 

2017; Oliveira et al., 2019), and MLSA with housekeeping genes have revealed the 

predominance of strains of B. cenocepacia causing onion sour skin (Baia et al., 2021).  

Taking into consideration Bcc species associated with the rot of onion bulbs so 

far, B. cenocepacia stands out because its behaver is a genetically heterogeneous group 

composed of at least four phylogenetic lineages (IIIA, IIIB, IIIC, and IIID) 

(Mahenthiralingam et al., 2000; Vandamme et al., 2003). Among them, the lineages IIIA 

and IIIB have been found both, clinical isolates (Wallner et al. 2019) and onion sour skin 

(Baia et al., 2021), while lineages IIIC and IIID have been detected exclusively in soil 

and human clinical settings, respectively (Vandamme et al., 2003).  

Based on comparisons between genomes of isolates from lineages IIIA and IIIB, 

it was recently proposed that isolates from the former lineage should be classified as B. 

cenocepacia sensu stricto. In contrast, isolates from the latter lineage were reclassified as 

B. servocepacia (Wallner et al., 2019). In turn, the high percentage of divergence of the 

concatenated sequence of seven housekeeping genes (recA, gyrB, atpD, gltB, lepA, phaC, 

and trpB) has indicated that lineages IIIC and IIID may be distinct species. This 

hypothesis is reinforced because the lineage IIID and B. contaminans show low 

percentage divergence, indicating a synonymy (Baia et al., 2021). In addition, two new 

Burkholderia cenocepacia lineages were recently found causing onion sour skin in the 

semi-arid region of northeast Brazil (Baia et al., 2021), but their taxonomic status has not 

yet been elucidated. Therefore, this study aims to investigate the taxonomic positioning 

of these new lineages using a genomic approach to classify them appropriately within the 

Bcc. 

 

2 MATERIALS AND METHODS 

 

2.1 Bacterial strains and data set preparation 

 

Four (CCRMBC16, CCRMBC33, CCRMBC74, and CCRMBC171) and one 

(CCRMBC51) strain belonging to two new B. cenocepacia lineages associated with onion 

sour skin in the semi-arid region of north-east Brazil (Baia et al. 2021) were obtained 

from Phytopathogenic Bacterial Culture Collection of the Phytobacteriology Laboratory 
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(LAFIBAC) of the Federal Rural University of Pernambuco (UFRPE) and used for the 

whole-genome DNA sequencing. Additionally, 26 whole-genome sequences of the type 

strains of all available Bcc species at the NCBI database (by May 2021) were included in 

the dataset. We also included whole-genome sequences of B. gladioli, B. glumae, and 

Paraburkholderia fungorum as outgroup (Table 1).  For the analysis, the genomes were 

filtered using as the criteria the N50 > 20.000 and/or BUSCO (presence of conserved 

genes) > 90%, which is implemented in the QUAST software v. 5.0.2 (Gurevich et al. 

2013). 

 

2.2 Whole-genome DNA sequencing, assembly, and annotation 

 

The strains' DNA was extracted using the MiniPrep kit for bacterial genomic DNA 

extraction (Axygen Biosciences, Massachusetts, USA) following the manufacturer's 

recommendations. The quality and quantity of DNA samples were assessed, and DNA 

concentration was adjusted for 10 ng µl-1 using a Biodrop (BiodropTM, Cambridge, 

Canada). 

 The genome sequencing was performed in Illumina HiSeq 2500 platform 

(Illumina, EUA), and libraries were paired-sequenced (2x 150 bp) at the University of 

Göttingen, Institute of Veterinary Medicine, Göttingen, Germany. The quality of raw 

sequencing data was evaluated using FastQC v0.11.8 (Andrews 2010). Adapter screening 

and quality filtering of reads were performed using Trimmomatic 0.36 (Bolger, Lohse, 

and Usadel 2014). De novo genome assemblies were performed using SPAdes v3.13.0 

(Bankevich et al. 2012), selecting the careful option. The quality of assemblies was 

checked using QUAST v5.0.2 (Gurevich et al. 2013). The assembled contigs were 

automatically annotated using the PROKKA software v.1.13.3 (Seemann 2014). In 

addition, the draft genome sequences of the strains CCRMBC16, CCRMBC33, 

CCRMBC51, CCRMBC74, and CCRMBC171 were deposited as whole-genome shotgun 

projects in GenBank under the accession numbers SAMN19592385, SAMN19592386, 

SAMN19592387, SAMN19592388, and SAMN19592389 (Table 1), respectively. 

 

2.3 Taxogenomic analysis 

 

Taxonomic affiliations of the isolated Burkholderia spp. were inferred at the 

genomic level using the Type (Strain) Genome Server (TYGS), a free bioinformatics 
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platform available under https://tygs.dsmz.de (accessed on May 21, 2021), for a whole 

genome-based taxonomic analysis (Meier-Kolthoff and Göker 2019). The tree was 

inferred with FastME 2.1.6.1 (Lefort et al. 2015) from genome BLAST distance 

phylogeny (GBDP), calculated from genome sequences. The branch lengths were scaled 

in terms of GBDP distance formula d5.  

Average nucleotide identity (ANI) and tetranucleotide frequency correlation 

coefficient (TETRA) were calculated by pyani v.0.10 Python3 (Pritchard et al. 2016) 

using whole-genome alignments through mummer. In turn, digital DNA–DNA 

hybridization (dDDH) values among the whole-genomes were computed using the web 

server genome-to-genome distance calculator v.2.1 http://ggdc.dsmz.de/distcalc2.php for 

genome alignments, under the recommended Formula 2 (DDH estimates based on 

identities/HSP - High Scoring Pair length), with the alignment tool BLAST+ (Meier-

Kolthoff et al. 2014).  

 

2.4 Phylogenomic Analysis  

 

Pan-genomic analyses were performed without the outgroup, using only the Bcc 

species aiming at high precision to obtain the core genes using Roary v3.13.0 (Page et al. 

2015). At this point, .gff files were used as input for Roary pan-genome analysis. For the 

genome downloaded from the RefSeq/NCBI, the .gbk files were converted to .gff format. 

In turn, for the genomes sequenced in this study (CCRMBC16, CCRMBC33, 

CCRMBC51, CCRMBC74, and CCRMBC171) were used the .gff files outputted by 

PROKKA. A cut-off of 95% identity was used. The resulting orthologous were classified 

as core-, softcore-, shell-, and cloud-genes according to the software's default 

configuration. The core genes were automatically aligned with MAFFT v. 7.310 (Katoh 

and Standley 2013), using the -e --mafft parameter in Roary, creating a multi-FASTA 

alignment of the nucleotide sequence of all the core genes. This file was then used as 

input to build a maximum-likelihood (ML) phylogenomics by IQ-TREE software 

(version 2.0.4) (Nguyen et al. 2015) using the automatic selection of nucleotide 

substitution model on ModelFinder for selection of the best fitting DNA substitution 

model (Kalyaanamoorthy et al. 2017). The node support was assessed with ultrafast 

bootstrap (Minh, Nguyen, and von Haeseler 2013) using 100,000 replicates. The ML tree 

was visualized using the FigTree software v1.4.3 (Rambaut, 2009) 

(http://tree.bio.ed.ac.uk/software/figtree/). Additionally, the genetic distances were 

https://tygs.dsmz.de/
https://tygs.dsmz.de/
http://ggdc.dsmz.de/distcalc2.php
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estimated using the Kimura 2-parameter matrix and constructed using MEGA v.10.2.6 

software (Kumar et al. 2018). 

 

3 RESULTS 

3.1 Whole-genome DNA sequencing, assembly, and annotation 

 

     The de novo genome assemblies showed a total of 15, 13, 19, and 16 contigs 

larger than 500 bp to the strains CCRMBC16, CCRMBC33, CCRMBC74, and 

CCRMBC171, while 61 contigs were observed for the strain CCRMBC51 

(Supplementary Table 1). They also showed N50 values ranging from 1.388.868 to 

2.176.560 bp among the strains CCRMBC16, CCRMBC33, CCRMBC74, and 

CCRMBC171, resulting in genome sizes ranging from 7,523,028 to 7,575.069 bp, while 

the strain CCRMBC51 showed an N50 value of 515,855 and a genome of 8,114,250 bp. 

The alignment annotated resulted in coding sequences (CDSs) ranging from 6.734 to 

6.788 to the strains      CCRMBC16, CCRMBC33, CCRMBC74, and CCRMBC17. In 

turn, the number of CDSs in the CCRMBC51 strain was 7.833. The genomic annotation 

revealed the presence of 6.852, 6.832, 6.861, and 6.811 total genes in strains 

CCRMBC16, CCRMBC33, CCRMBC74, and CCRMBC171, showing several CDSs 

with 6.646, 6.601, 6.635, and 6.582 proteins, respectively. In turn, the strain CCRMBC51 

presented a total number of 7.918 genes and CDSs with 7.318 protein, representing 

around 6.78% of the annotated genes.  

 

3.2 Taxogenomic analysis 

 

The phylogenomic tree from the Bcc species shared the strain CCRMBC51 and 

strains CCRMBC16, CCRMBC33, CCRMBC74, and CCRMBC171 in two different 

clades, which were not clustered with any known species of the Bcc group (Figure 1). 

Pairwise comparison based on TYGS using the genomes of these strains showed digital 

DDH (d4) values lower than 56.6% between strain CCRMBC51 and the strains 

CCRMBC16, CCRMBC33, CCRMBC74, and CCRMBC171 (Supplementary Table 2). 

Similarly, digital DDH values among genomes of the strain CCRMBC51 and type strains 

of the BCC were lower than 57.1%. In turn, digital DDH values among the genomes of 

the strains CCRMBC16, CCRMBC33, CCRMBC74, and CCRMBC171 were higher than 
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93.2%, while digital DDH values among the genomes of these strains and type strains of 

the BCC were lower than 55.5%. Additionally, both CCRMBC51 and strains 

CCRMBC16, CCRMBC33, CCRMBC74, and CCRMBC171 showed the highest values 

of digital DDH concerning B. cenocepacia lineage IIIA (J2315), which ranged from 

55.2% to 57.1%. 

 ANIm analysis of the 34 genomes of the Burkholderia genus showed an average 

similarity value of 91,74% among all genomes (Figure 2). A high level of similarity was 

observed among the strains CCRMBC16, CCRMBC33, CCRMBC74, and 

CCRMBC171, which showed values ranging from 99.2 to 99.9%. Regarding the strain 

CCRMBC51, the ANIm values ranged from 94.36 to 94.49 in relation to the other four 

strains analyzed in this study. The strains CCRMBC16, CCRMBC33, CCRMBC74, and 

CCRMBC171 showed values below 94.42% compared to all Bcc type strains analyzed. 

Similarly, the strain CCRMBC51 showed ANIm values below 94.82% in relation to all 

Bcc type strains. All strains analyzed in this study showed ANI values below 85.38% in 

relation to species used as outgroup (B. gladioli, B. glumae, and P. fungorum). 

 The TETRA coefficients between most species of the BCC were above 0.99, 

including the strain CCRMBC51 and strains CCRMBC16, CCRMBC33, CCRMBC74, 

and CCRMBC171 (Supplementary Table 3). However, when using the genomes of the 

type strains of B. dolosa, B. multivorans, B. paludis, B. pseudomultivorans, B. paraquae, 

B. stagnalis, B. thailandensis, B. ubonensis, and B. vietnamiensis in comparisons, TETRA 

coefficients ranged from 0.94 to 0.99. In turn, TETRA coefficients among genomes of 

the Bcc strains and genomes of the type strains of B. gladioli, B. glumae, and P. fungorum 

were always below 0.94. 

Regarding dDDH analysis, values below 56,6% were observed between the strain 

CCRMBC51 and strains CCRMBC16, CCRMBC33, CCRMBC74, and CCRMBC171, 

while values below 59.0% were observed between the strain CCRMBC51 and Bcc 

species (Figure 2). In turn, the strains CCRMBC16, CCRMBC33, CCRMBC74, and 

CCRMBC171 showed dDDH values ranging from 93.2 to 99.5%, while dDDH values 

between these strains and Bcc species were below 56.0%. Values below 25.1% were 

observed between all strains analyzed in this study and species used as outgroup. 

Considering the cut-off value (>70%), the studied genomes agree with all others analyzes 

carried out, they presented values below 70%, varying from 25.0 to 55.9%.  

 

3.3 Phylogenomic analysis  
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Analysis of the core and accessory genomes revealed the presence of 90.015 

genes, with 309 core genes (99% in ≥ 100% of strains), 592 soft-core genes (95% in ≥ 

99% of the strains), 6.023 shell genes (15% in ≥ 95% of the strains), and 83.091 cloud 

genes (0% in less than 15% of the strains). The phylogenetic ML tree constructed with 

the core genes of the strains sequenced in this study and Bcc species provided one true 

reproduction of the current taxonomic positions of these species, with the strain 

CCRMBC51 and strains CCRMBC16, CCRMBC33, CCRMBC74, and CCRMBC171 

grouping in two exclusive clades with 79,4% and 100% bootstrap, respectively (Figure 

3). These clades did not cluster with any known species of the Bcc and both clades 

clustered more closely to B. cenocepacia lineage IIIB.  

 

4 DISCUSSION  

 

Five strains associated with onion sour skin in the semi-arid region of northeast 

Brazil and described as new lineages of B. cenocepacia (Baia et al. 2021) were better 

analyzed using genomic approaches to find the best taxonomic positioning within Bcc. 

Among them, four strains (CCRMBC16, CCRMBC33, CCRMBC74, and CCRMBC171) 

were characterized as a new lineage, while only one strain (CCRMBC51) belonged to 

another new lineage. As for the genomic characteristics found in the five genomes from 

onion bulbs with symptoms of sour skin, it was possible to verify that the strain 

CCRMBC51 showed a greater genome size and number of CDSs than the CCRMBC16, 

CCRMBC33, CCRMBC74, and CCRMBC171 strains. However, the G+C content was 

lower compared to the four other genomes studied. Based on these parameters, it was 

possible to verify that these values are like those obtained by other studies, within the 

range reported for other species of Bcc (66-69%) (Vandamme and Dawyndt 2011; 

Martina et al. 2018; Wallner et al. 2019). 

Previous research has shown that using the dDDH cut-off 70% for species 

delimitation is generally more stringent than the ANI species cut-off (95-96%) (Chung et 

al., 2018). In this study, we used 70% dDDH and an upper boundary of 95% to classify 

the species. 

Based on TYGS, the strains CCRMBC16, CCRMBC33, CCRMBC74, 

CCRMBC171, and the strain CCRMBC51 were satisfactorily classified as two new 
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species (Figure 1). Using TYGS, we checked that the strains CCRMBC16, CCRMBC33, 

CCRMBC74, CCRMBC171 grouped into the same clade with 87% bootstrap, while the 

strain CCRMBC51 formed a separate clade, with 84% bootstrap.  When analyzing the 

dDDH data, it was possible to verify that they agree with those already analyzed by 

TYGS. dDDH values observed among the strains CCRMBC16, CCRMBC33, 

CCRMBC74, and CCRMBC171, were above 93.2. In turn, dDDH values below 59% 

were observed when these five strains were compared concerning Bcc species, indicating 

that the strains analyzed in this study do not belong to any known species of the Bcc.  

The TYGS data contains the pairwise dDDH values between the studied genomes 

and the selected type strain genome and dDDH values are provided along with their 

confidence intervals for the GBDP formula d4, which is independent of genome length 

and has been considered as robust to be used for the analysis of incomplete draft genomes 

(Boxberger et al., 2020). The values of dDDH found by TYGS indicated that these five 

strains belong to two new species within Bcc because dDDH values were consistently 

below 70% concerning Bcc species, which is used as a threshold to species classification 

(Jin et al., 2020).  

ANI values observed among the strains CCRMBC16, CCRMBC33, CCRMBC74, 

and CCRMBC171, were above 99.21%, while ANI values observed among these strains 

and the strain CCRMBC51 were below 94.36%. In turn, ANI values below 95% were 

observed when these five strains were compared concerning Bcc species, indicating that 

the strains analyzed in this study do not belong to any known species of the Bcc (Ritcher 

and Rosselo-Mora, 2009). In addition, when analyzed against the outgroup (strains 

outside Bcc), ANI values were below 85.96% for CCRMBC16, CCRMBC33, 

CCRMBC74, and CCRMBC171 strains, and below 85.89% for CCRMBC51 strain. The 

values observed in these analyses were, in general, like those observed in the TYGS 

analysis.  

Interestingly, two ANI analyses, one based on BLAST+ (ANIm) and the other on 

MUmmer (ANIm) were performed, and for the strains used in this study, the comportment 

was the same. However, the delimitation between the species B. cenocepacia lineage IIIA 

and IIIB showed divergences between these approaches. In ANIb analysis, the value was 

0.94, below the cut-off value to consider the same species. However, this value in ANIm 

analysis was 0.95, which can already be considered the same species. This result was also 

observed in a recent study by Wallner et al. (2019), where lineage IIIB was reclassified 



41 

 
as a new species, named B. servocepacia. Nevertheless, other authors used ANI values to 

classify Bcc species above 96% (Jin et al., 2020).  

Regarding the TETRA correlation coefficients results, this analysis does not have 

a suitable resolution for species separation within Bcc because it could not differentiate 

the type Bcc species analyzed in this study. In other words, the cut-off value for species 

delimitation through this analysis is 0.99 (Richter and Rosselló-Móra 2009). For the 

isolates analyzed in this study, values below 0.99 were only possible to verify when 

analyzed against the outgroup and B. multivorans, B. dolosa, B. ubonensis, and B. 

vietnamienses. Nevertheless, TETRA coefficients satisfactorily may be used for species 

delimitation for the Xanthomonas genus (Gama et al., 2018).  

      A set of 309 concatenated single-copy core gene alignments composed of 

orthologous genes present in one copy in each analyzed genome was used to estimate the 

phylogeny of these bacteria by maximum likelihood. The phylogenetic analysis revealed 

that the closest neighbors were the strains CCRMBC51 and the group formed by strains 

CCRMBC16, CCRMBC33, CCRMBC74, and CCRMBC171. The strains CCRMBC16, 

CCRMBC33, CCRMBC74, and CCRMBC171 grouped in one cluster within the Bcc, 

supported by bootstrap values of 100% (Figure 3), while another cluster was formed only 

by strain CCRMBC51, which was grouped closest with the strain AU1054 from B. 

cenocepacia lineage IIIB.  

In addition, based on the TYGS, ANI, dDDH, and core-genome phylogeny 

performed in this study, we conclude that the five strains found causing sour skin in onion 

bulbs in the semiarid region of north-east Brazil belong to two new species of the Bcc, 

which were formerly described below. Using a whole-genome approach for the 

classification and delimitation of species provides a better approach, as was done in this 

study. We use core phylogeny based on single-copy orthologous genes and pangenome 

based on ANI and dDDH. These same approaches were used and recommended to Bcc 

taxonomic studies by Jin et al., (2020). 

For all analyses, genomes of type strains available at the NCBI were used. Among 

the strains, there are some representing B. cenocepacia lineages IIIA (J2315T) and IIIB 

(AU1054). However, as no genomes are available for lineage IIIC and IIID, the inclusion 

of these lineages is unfeasible in the present work, as observed by Jin et al. (2020). 

However, the data indicate that the IIIC and IIID lineages may be distinct species since 

analyzes with the concatenated sequences of the housekeeping genes (recA, gyrB, atpD, 
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gltB, lepA, phaC, and trpB) showed a synonymy between the IIID lineage and B. 

contaminans and that lineage IIIC is related with other BCC strains (Baia et al., 2021). 

Therefore, we are confident that they are different species based on data 

obtained through the approach used based on whole-genome analyses, as TYGS, 

dDDH, and core genome. 

 

DESCRIPTION OF Burkholderia semiaridus sp. nov. 

 

Burkholderia semiarius (se.mi.a.ri.dus. L. semiaridus of the semiarid) referring to the fact 

that strains of this species have been obtained, causing onion sour skin in the semiarid 

region of north-east Brazil. 

 

Cells are Gram-negative, non-sporulating rods. All strains grow on TB-T, and NYDA 

medium. Growth is observed at 30 C. Yellow-pigment productions on NYDA medium, 

and on Biolog GEN III MicroPlate System show positive reaction for L-malic acid, D-

malic acid, D-fructose, D-raffinose, D-galactose, D-mannose, D-trehalose, gentiobiose, 

L-fucose, N-acetyl-D-glucosamine, 1% NaCl, pectin, pH 6, sucrose, Tween 40, D-malic 

acid, formic acid, fusidic acid, γ-amino-butyric acid, D-arabitol, D-mannitol, D-sorbitol, 

guanidine HCl, myo-inositol, Niaproof 4, Aztreonam and α-D-glucose and negative 

reaction for citric acid, α-keto-glutaric acid, D-cellobiose, D-aspartic acid, L-galactonic 

acid lactone, N-acetyl-D-galactosamine, N-acetylneuraminic acid, sodium bromate, 

sodium butyrate, lithium chlorite, D-serine, D-serine, α-D-lactose, minocycline, 4% 

NaCl, 8% NaCl, potassium tellurite, troleandomycin, and β-methyl-D-glucoside. The 

G+C content is about 67%. Strains have been isolated from symptomatic onion bulbs with 

onion sour skin in the semiarid region of San Francisco Valley, Brazil and may be 

satisfactorily different from other BCC species using TYGS web server, ANIm, isDDH, 

and core genome.  

 

The type strain is IBSBF 3371T (= CCRMBC74T). Phenotypic characteristics of the type 

strain are the same as those described above for the species. Its G+C content is 66.99%. 
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DESCRIPTION OF Burkholderia solum sp. nov. 

 

Burkholderia solum (so.lum. L. solum of the alone) referring to the fact that only one 

strain of this species has been obtained, causing onion sour skin in the semiarid Brazilian 

northeastern region. 

 

Cells are Gram-negative, non-sporulating rods. All strains grow on TB-T, and NYDA 

medium. Growth is observed at 30 C. Yellow-pigment productions on NYDA medium 

and on Biolog GEN III MicroPlate System show 100% positive reaction for L-malic acid, 

D-fructose, D-fructose-6-PO4, D-galactose, D-mannose, L-fucose, N-acetyl-D-

glucosamine, 1% NaCl, pectin, pH 6, sucrose, Tween 40, D-malic acid, formic acid, 

fusidic acid, γ-amino-butyric acid, D-arabitol, D-mannitol, D-sorbitol, Citric acid, 

Bromo-succinic acid, myo-inositol, Niaproof 4, and α-d-glucose and negative reaction 

for citric acid, α-keto-glutaric acid, D-cellobiose, D-aspartic acid, L-galactonic acid 

lactone, D-trehalose, Gentiobiose, Guanidine HCl, N-acetyl-D-galactosamine, N-

acetylneuraminic acid, sodium bromate, sodium butyrate, lithium chlorite, D-serine, D-

serine, α-D-lactose, minocycline, 4% NaCl, 8% NaCl, potassium tellurite, 

troleandomycin, and β-methyl-D-glucoside. The G+C content is about 66.66%. Strains 

have been isolated from symptomatic onion bulbs with onion sour skin in the semiarid 

region of San Francisco Valley, Brazil and may be satisfactorily different from other BCC 

species using TYGS web server, ANIm, isDDH, and core genome.  

 

 

The type strain is IBSBF 3372T (= CCRMBC51T). Phenotypic characteristics of the type 

strain are the same as those described above for the species. Its G+C content is 66.66%. 
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Table 1: General features of the strains used in this study 
Isolate Geographic 

region 
BioSample Contigs Size 

(bp) 
N50 
(bp) 

CDS %GC BUSCO 
(%) 

References 

CCRMBC16 Brazil SAMN19592385 15 7523028 1841467 6773 67.03 99.9 This study 

CCRMBC33 Brazil SAMN19592386 13 7535064 1388868 6752 67.01 99.7 This study 

CCRMBC51 Brazil SAMN19592387 61 8114250 515855 7833 66.66 99.9 This study 

CCRMBC74 Brazil SAMN19592388 19 7575069 2176560 6788 66.99 99.4 This study 

CCRMBC171 Brazil SAMN19592389 16 7543708 1914232 6734 67.03 99.4 This study 

B. aenigmata LMG 
13014T 

Belgium SAMEA5795692 158 8897342 98861 8336 65.95 99.7 Depoorter et 
al., 2020 

B. ambifaria AMMDT USA SAMN02598309 4 7528567 2646969 6439 66.77 100 Johnson et 
al., 2015  

B. anthina LMG 20980T USA SAMEA5780075 73 7608177 201942 6819 66.74 100 Depoorter et 
al., 2020 

B. arboris LMG 24066T USA SAMEA5780076 83 8271305 191329 7364 66.84 100 Depoorter et 
al., 2020 

B. catarinensis DNA89T Brazil SAMN05521522 892 8118333 18250 6128 66.46 99.2 Bach et al., 
2017  

B. cenocepacia IIIA 
J2315T 

United 
Kingdom 

SAMEA1705928 4 8055782 3217062 7114 66.90 99.6 Holden et 
al., 2009  

B. cenocepacia IIIB 
AU1054 

USA SAMN02598326 3 727912 2788459 6381 66.92 99.7 Lipuma et 
al.. 2002 

B. cepacia ATCC 
25416T 

USA SAMN04167160 4 8605945 3408190 7490 66.61 99.8 Holden et 
al., 2009  

B. contaminans LMG 
23361T  

Spain SAMN02402687 18 9263236 1108159 8038 65.89 99.9 Bloodworth 
et al., 2015 

B. diffusa LMG 24065T USA SAMEA5780085 87 7077396 201102 6309 66.26 99.5 Depoorter et 
al., 2020 

B. dolosa LMG 18943T USA SAMEA5795690 165 6079078 81572 5248 66.97 99.4 Depoorter et 
al., 2020 

B. lata LMG 22485T Trinidad and 
Tobago 

SAMN02598262 3 8676277 3587082 7552 66.27 99.7 Depoorter et 
al., 2020 

B. latens LMG 24064T Italy SAMEA5795707 115 7075522 104925 6253 66.83 99.7 Depoorter et 
al., 2020 

B. metallica LMG 
24068T 

USA SAMEA5795708 118 7532498 133502 6685 67.04 100 Depoorter et 
al., 2020 

B. multivorans ATCC 
BAA-247T 

Belgium SAMN03140189 3 6322746 3428264 5543 67.24 100 Johnson et 
al., 2015  

B. paludis LMG 30113T Malaysia SAMEA5795709 98 8627646 187105 7499 67.15 99.7 Depoorter et 
al., 2020 

B. 
pseudomultivorans LMG 
26883T 

USA SAMEA5795710 150 7396511 93947 6712 66.99 99.3 Depoorter et 
al., 2020 

B. puraquae CAMPA 
1040T 

Argentina SAMN06675007 82 8097195 290133 7103 66.59 99.8 Leguizamon 
et al., 2017  

B. pyrrocinia DSM 
10685T 

Japan SAMN03651233 4 7961346 3214757 6820 66.46 99.9 Kwak and 
Shin, 2015  

B. seminalis LMG 
24067T 

USA SAMEA5795711 197 7928753 86332 7151 67.07 99.5 Depoorter et 
al., 2020 

B. stabilis ATCC BAA-
67T 

Belgium SAMN05367054 3 8527947 3318880 7509 66.42 99.9 Bugrysheva 
et al., 2016  

B. stagnalis LMG 
28156T 

Australia SAMEA5795712 242 7948011 61121 6980 67.18 99.7 Depoorter et 
al., 2020 

B. territorii LMG 28158T Australia SAMEA5795713 101 6907990 129850 6033 66.65 100 Depoorter et 
al., 2020 

B. thailandensis E264T Thailand SAMN02604021 2 6723972 3809201 5632 67.63 100 Johnson et 
al., 2015  

B. ubonensis LMG 
20358T 

Thailand SAMEA5795714 153 7692957 84900 6745 67.24 99.4 Depoorter et 
al., 2020 

B. vietnamiensis LMG 
10929T 

Vietnam SAMN03107475 4 6930496 2262093 5851 66.83 100 Johnson et 
al., 2015  

B. gladioli LMG 2216T USA SAMN03010439 5 8899459 4668573 7772 67.61 100 Johnson et 
al., 2015  

B. glumae LMG 2196T Japan SAMEA6503528 142 6662149 162494 5937 68.30 99.7 Unpublished 

P. fungorum LMG 
20227T 

France ASM90283364 33 893876 3508455 7885 61.80 100 Johnson et 
al., 2015  
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Figure 1: Phylogenomic tree inferred with FastME 2.1.6.1 from GBDP distances 

calculated from genome sequences. From type strain genome server (TYGS) pairwise 

comparison of the strains of Burkholderia cepacia complex (CCRMBC16, CCRMBC33, 

CCRMBC51, CCRMBC74, and CCRMBC171) associated with onion sour skin in the 

semi-arid region of north-east Brazil. The numbers above branches are GBDP pseudo-

bootstrap support values > 60 % from 100 replications, with an average branch support 

of 87.5 %.  The symbol + indicates user strains, which represents the strains used in this 

study and used for this analysis. The tree was rooted at the midpoint. 
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Figure 2: Heatmap of Average Nucleotide Identity (ANIm) and dDDH from pairwise 

genome comparisons of five strains of Burkholderia cepacia complex (BBC) isolated 

from onion causing onion sour skin in the Northeastern of Brazil, against 26 Burkholderia 

species belonging to BCC available at NCBI database, and an outgroup composed by 

three strains. The lower triangle displays the ANI values, and the upper triangle displays 

the dDDH values. 
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Figure 3: Core gene phylogeny of the Burkholderia cepacia complex (BCC) genomes. 

Core genome phylogeny built using IQ-Tree software from the concatenated nucleotide 

sequences of 309 single copy orthologous of protein codes from BCC genome strains 

available in the NCBI database and five new genomes of strains sequenced for this study. 

The tree structure shows that the new five strains are new species belonging to BCC. 

Bootstrap values are indicated in the nodes of the tree. 
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Supplementary Table 1: Metric assembly parameters of the five strains of Burkholderia 

cepacia complex causing sour skin in onion bulbs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Assembly CCRMBC16 CCRMBC33 CCRMBC51 CCRMBC74 CCRMBC171 

# contigs (>= 0 bp) 48 48 307 52 30 

# contigs (>= 1000 bp) 13 9 46 13 13 

# contigs (>= 5000 bp) 8 6 22 8 8 

# contigs (>= 10000 bp) 6 6 21 8 8 

# contigs (>= 25000 bp) 5 5 19 8 6 

# contigs (>= 50000 bp) 5 5 19 7 6 

Total length (>= 0 bp) 7530728 7543403 8186273 7581044 7547108 

Total length (>= 1000 bp) 7521954 7532022 8104481 7570980 7541762 

Total length (>= 5000 bp) 7514201 7526460 8049476 7562309 7533911 

Total length (>= 10000 bp) 7496557 7526460 8042648 7562309 7533911 

Total length (>= 25000 bp) 7481693 7512651 8017605 7562309 7501790 

Total length (>= 50000 bp) 7481693 7512651 8017605 7524329 7501790 

# contigs 15 13 61 19 16 

Largest contig 2379354 3418472 1393841 2199546 2061719 

Total length 7523028 7535064 8114250 7575069 7543708 

GC (%) 67.03 67.01 66.66 66.99 67.03 

N50 1841467 1388868 515855 2176560 1914232 

N75 1006109 1359968 415158 1341144 1781195 

L50 2 2 6 2 2 

L75 4 3 11 3 3 

# N's per 100 kbp 43.87 46.45 325.27 43.56 29.16 
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Supplementary table 2: Pairwise comparisons of five strains causing onion sour skin 

concerning type-strains genomes from Burkholderia cepacia complex, performed at Type 

Strain Genome Server (TYGS).  

Strains used in this study 

Query Subject d0 C.I.d0 d4 C.I.d4 d6 C.I.d6 Diff. 

G+C 

Percent 

CCRMBC74' CCRMBC171' 98.3 [97.1 - 

99.0] 

99.5 [99.2 - 

99.7] 

99.2 [98.6 - 

99.5] 

0.03 

CCRMBC16' CCRMBC33' 97.8 [96.4 - 

98.6] 

97.4 [96.3 - 

98.1] 

98.7 [97.9 - 

99.2] 

0.02 

CCRMBC171' CCRMBC33' 98.4 [97.3 - 

99.1] 

94.2 [92.4 - 

95.5] 

98.9 [98.1 - 

99.3] 

0.02 

CCRMBC16' CCRMBC171' 96.7 [94.8 - 

97.9] 

93.6 [91.7 - 

95.0] 

97.7 [96.5 - 

98.5] 

0 

CCRMBC74' CCRMBC16' 96.9 [95.2 - 

98.0] 

93.3 [91.4 - 

94.8] 

97.8 [96.7 - 

98.6] 

0.03 

CCRMBC74' CCRMBC33' 95.9 [93.9 - 

97.3] 

93.2 [91.3 - 

94.7] 

97.2 [95.8 - 

98.1] 

0.01 

CCRMBC33' CCRMBC51' 77.2 [73.2 - 

80.8] 

56.6 [53.8 - 

59.3] 

75.4 [71.9 - 

78.6] 

0.37 

CCRMBC171' CCRMBC51' 77 [73.0 - 

80.5] 

56.6 [53.9 - 

59.3] 

75.2 [71.7 - 

78.4] 

0.39 

CCRMBC74' CCRMBC51' 73.7 [69.7 - 

77.3] 

55.9 [53.1 - 

58.6] 

72.2 [68.7 - 

75.4] 

0.35 

CCRMBC16' CCRMBC51' 75.2 [71.2 - 

78.8] 

55.8 [53.1 - 

58.5] 

73.5 [70.0 - 

76.7] 

0.39 

CCRMBC16 

Query Subject d0 C.I.d0 d4 C.I.d4 d6 C.I.d6 Diff. 

G+C 

Percent 

CCRMBC16' Burkholderia 

cenocepacia 

J2315 

59.8 [56.1 - 

63.3] 

55.3 [52.6 - 

58.0] 

60.0 [56.8 - 

63.2] 

0.12 

CCRMBC16' Burkholderia 

arboris LMG 

24066 

53.2 [49.7 - 

56.7] 

46.5 [44.0 - 

49.1] 

52.2 [49.1 - 

55.3] 

0.18 

CCRMBC16' Burkholderia 

seminalis LMG 

24067 

61.2 [57.5 - 

64.8] 

45.5 [42.9 - 

48.0] 

58.6 [55.4 - 

61.8] 

0.06 

CCRMBC16' Burkholderia 

catarinensis 89 

53.2 [49.7 - 

56.7] 

44.8 [42.2 - 

47.4] 

51.7 [48.6 - 

54.8] 

0.62 

CCRMBC16' Burkholderia 

pyrrocinia 

DSM 10685 

58.0 [54.4 - 

61.5] 

44.1 [41.6 - 

46.7] 

55.5 [52.4 - 

58.6] 

0.56 

CCRMBC16' Burkholderia 

stabilis ATCC 

BAA-67 

48.0 [44.6 - 

51.4] 

43.4 [40.8 - 

45.9] 

46.9 [43.9 - 

49.9] 

0.6 
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CCRMBC16' Burkholderia 

cepacia ATCC 

25416 

55.5 [51.9 - 

59.0] 

42.9 [40.4 - 

45.5] 

53.1 [50.0 - 

56.2] 

0.41 

CCRMBC16' Burkholderia 

puraquae 

CAMPA 1040 

58.0 [54.4 - 

61.5] 

42.8 [40.3 - 

45.3] 

55.1 [51.9 - 

58.2] 

0.42 

CCRMBC16' Burkholderia 

metallica LMG 

24068 

60.3 [56.6 - 

63.8] 

42.8 [40.3 - 

45.3] 

57.0 [53.8 - 

60.1] 

0.03 

CCRMBC16' Burkholderia 

contaminans 

LMG 23361 

51.3 [47.8 - 

54.7] 

42.7 [40.1 - 

45.2] 

49.5 [46.4 - 

52.5] 

1.14 

CCRMBC16' Burkholderia 

lata 383 

49.2 [45.8 - 

52.7] 

42.7 [40.2 - 

45.2] 

47.8 [44.7 - 

50.8] 

0.75 

CCRMBC16' Burkholderia 

paludis MSh1T 

43.5 [40.1 - 

46.9] 

41.9 [39.4 - 

44.5] 

42.6 [39.7 - 

45.7] 

0.1 

CCRMBC16' Burkholderia 

territorii 

CCUG 65687 

51.0 [47.5 - 

54.4] 

39.1 [36.7 - 

41.7] 

48.2 [45.2 - 

51.3] 

0.46 

CCRMBC33 

Query Subject d0 C.I.d0 d4 C.I.d4 d6 C.I.d6 Diff. 

G+C 

Percent 

CCRMBC33' Burkholderia 

cenocepacia 

J2315 

60.0 [56.3 - 

63.6] 

55.2 [52.5 - 

57.9] 

60.2 [57.0 - 

63.4] 

0.1 

CCRMBC33' Burkholderia 

arboris LMG 

24066 

53.1 [49.6 - 

56.6] 

46.6 [44.0 - 

49.2] 

52.1 [49.0 - 

55.1] 

0.16 

CCRMBC33' Burkholderia 

seminalis LMG 

24067 

62.1 [58.4 - 

65.7] 

45.4 [42.9 - 

48.0] 

59.4 [56.1 - 

62.5] 

0.08 

CCRMBC33' Burkholderia 

catarinensis 89 

53.0 [49.5 - 

56.5] 

44.7 [42.2 - 

47.3] 

51.5 [48.4 - 

54.6] 

0.6 

CCRMBC33' Burkholderia 

pyrrocinia 

DSM 10685 

58.1 [54.5 - 

61.6] 

44.1 [41.5 - 

46.6] 

55.6 [52.4 - 

58.7] 

0.54 

CCRMBC33' Burkholderia 

stabilis ATCC 

BAA-67 

47.9 [44.5 - 

51.3] 

43.4 [40.9 - 

45.9] 

46.8 [43.7 - 

49.8] 

0.58 

CCRMBC33' Burkholderia 

cepacia ATCC 

25416 

55.5 [52.0 - 

59.0] 

43.0 [40.5 - 

45.6] 

53.1 [50.0 - 

56.2] 

0.39 

CCRMBC33' Burkholderia 

puraquae 

CAMPA 1040 

57.9 [54.3 - 

61.4] 

42.8 [40.3 - 

45.4] 

55.0 [51.9 - 

58.1] 

0.4 

CCRMBC33' Burkholderia 

metallica LMG 

24068 

59.9 [56.2 - 

63.4] 

42.8 [40.3 - 

45.4] 

56.7 [53.5 - 

59.8] 

0.05 
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CCRMBC33' Burkholderia 

lata 383 

49.1 [45.7 - 

52.5] 

42.7 [40.2 - 

45.3] 

47.6 [44.6 - 

50.7] 

0.73 

CCRMBC33' Burkholderia 

contaminans 

LMG 23361 

51.6 [48.1 - 

55.0] 

42.7 [40.2 - 

45.2] 

49.7 [46.7 - 

52.8] 

1.12 

CCRMBC33' Burkholderia 

latens CCUG 

54555 

57.2 [53.6 - 

60.7] 

39.3 [36.9 - 

41.9] 

53.3 [50.2 - 

56.4] 

0.16 

CCRMBC33' Burkholderia 

territorii 

CCUG 65687 

50.8 [47.4 - 

54.3] 

39.1 [36.6 - 

41.6] 

48.1 [45.1 - 

51.1] 

0.44 

CCRMBC33' Burkholderia 

anthina LMG 

20980 

48.6 [45.2 - 

52.1] 

39.0 [36.5 - 

41.5] 

46.3 [43.3 - 

49.3] 

0.25 

CCRMBC33' Burkholderia 

vietnamiensis 

LMG 10929 

47.6 [44.2 - 

51.0] 

36.1 [33.6 - 

38.6] 

44.6 [41.6 - 

47.6] 

0.17 

CCRMBC51 

Query Subject d0 C.I.d0 d4 C.I.d4 d6 C.I.d6 Diff. 

G+C 

Percent 

CCRMBC51' Burkholderia 

cenocepacia 

J2315 

62.1 [58.3 - 

65.7] 

57.1 [54.3 - 

59.8] 

62.5 [59.2 - 

65.7] 

0.26 

CCRMBC51' Burkholderia 

arboris LMG 

24066 

52.4 [48.9 - 

55.9] 

47.3 [44.7 - 

49.9] 

51.6 [48.6 - 

54.7] 

0.21 

CCRMBC51' Burkholderia 

seminalis LMG 

24067 

62.6 [58.9 - 

66.2] 

45.9 [43.3 - 

48.4] 

59.9 [56.6 - 

63.1] 

0.44 

CCRMBC51' Burkholderia 

catarinensis 89 

52.6 [49.1 - 

56.0] 

45.3 [42.7 - 

47.8] 

51.3 [48.2 - 

54.4] 

0.23 

CCRMBC51' Burkholderia 

pyrrocinia 

DSM 10685 

56.7 [53.1 - 

60.2] 

44.5 [42.0 - 

47.1] 

54.6 [51.4 - 

57.7] 

0.18 

CCRMBC51' Burkholderia 

stabilis ATCC 

BAA-67 

46.9 [43.5 - 

50.3] 

43.7 [41.2 - 

46.3] 

46.0 [43.0 - 

49.0] 

0.21 

CCRMBC51' Burkholderia 

puraquae 

CAMPA 1040 

55.4 [51.8 - 

58.9] 

43.7 [41.2 - 

46.3] 

53.2 [50.1 - 

56.3] 

0.03 

CCRMBC51' Burkholderia 

metallica LMG 

24068 

55.7 [52.2 - 

59.2] 

43.6 [41.1 - 

46.2] 

53.5 [50.4 - 

56.6] 

0.42 

CCRMBC51' Burkholderia 

contaminans 

LMG 23361 

51.4 [47.9 - 

54.8] 

43.3 [40.8 - 

45.8] 

49.7 [46.7 - 

52.8] 

0.75 

CCRMBC51' Burkholderia 

lata 383 

47.9 [44.5 - 

51.3] 

43.2 [40.7 - 

45.7] 

46.7 [43.7 - 

49.7] 

0.36 
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CCRMBC51' Burkholderia 

cepacia ATCC 

25416 

55.6 [52.1 - 

59.1] 

43.2 [40.7 - 

45.8] 

53.3 [50.2 - 

56.4] 

0.03 

CCRMBC51' Burkholderia 

paludis MSh1T 

43.1 [39.7 - 

46.5] 

42.1 [39.6 - 

44.7] 

42.3 [39.3 - 

45.3] 

0.48 

CCRMBC51' Burkholderia 

territorii 

CCUG 65687 

48.1 [44.7 - 

51.5] 

39.4 [36.9 - 

41.9] 

45.9 [42.9 - 

49.0] 

0.07 

CCRMBC74 

Query Subject d0 C.I.d0 d4 C.I.d4 d6 C.I.d6 Diff. 

G+C 

Percent 

CCRMBC74' Burkholderia 

cenocepacia 

J2315 

59.5 [55.8 - 

63.0] 

55.5 [52.7 - 

58.2] 

59.8 [56.6 - 

63.0] 

0.09 

CCRMBC74' Burkholderia 

arboris LMG 

24066 

53.2 [49.7 - 

56.6] 

46.5 [43.9 - 

49.1] 

52.1 [49.0 - 

55.2] 

0.14 

CCRMBC74' Burkholderia 

seminalis LMG 

24067 

60.8 [57.1 - 

64.3] 

45.4 [42.9 - 

48.0] 

58.2 [55.0 - 

61.4] 

0.09 

CCRMBC74' Burkholderia 

catarinensis 89 

53.2 [49.7 - 

56.7] 

44.7 [42.1 - 

47.2] 

51.7 [48.6 - 

54.7] 

0.58 

CCRMBC74' Burkholderia 

pyrrocinia 

DSM 10685 

57.6 [54.0 - 

61.1] 

44.0 [41.5 - 

46.6] 

55.1 [52.0 - 

58.2] 

0.53 

CCRMBC74' Burkholderia 

stabilis ATCC 

BAA-67 

47.9 [44.5 - 

51.4] 

43.3 [40.7 - 

45.8] 

46.8 [43.8 - 

49.8] 

0.57 

CCRMBC74' Burkholderia 

cepacia ATCC 

25416 

55.0 [51.5 - 

58.5] 

43.0 [40.5 - 

45.6] 

52.7 [49.6 - 

55.8] 

0.38 

CCRMBC74' Burkholderia 

metallica LMG 

24068 

59.5 [55.9 - 

63.1] 

42.8 [40.3 - 

45.4] 

56.4 [53.2 - 

59.5] 

0.06 

CCRMBC74' Burkholderia 

puraquae 

CAMPA 1040 

58.0 [54.4 - 

61.5] 

42.7 [40.2 - 

45.3] 

55.1 [51.9 - 

58.2] 

0.39 

CCRMBC74' Burkholderia 

lata 383 

49.1 [45.7 - 

52.6] 

42.7 [40.2 - 

45.3] 

47.7 [44.7 - 

50.7] 

0.72 

CCRMBC74' Burkholderia 

contaminans 

LMG 23361 

51.0 [47.6 - 

54.5] 

42.6 [40.1 - 

45.1] 

49.3 [46.2 - 

52.3] 

1.1 

CCRMBC74' Burkholderia 

latens CCUG 

54555 

57.3 [53.7 - 

60.8] 

39.2 [36.7 - 

41.7] 

53.3 [50.2 - 

56.4] 

0.15 

CCRMBC74' Burkholderia 

territorii 

CCUG 65687 

50.5 [47.1 - 

54.0] 

39.1 [36.7 - 

41.7] 

47.9 [44.8 - 

50.9] 

0.43 
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CCRMBC74' Burkholderia 

anthina LMG 

20980 

48.4 [45.0 - 

51.9] 

38.9 [36.5 - 

41.5] 

46.1 [43.1 - 

49.1] 

0.24 

CCRMBC74' Burkholderia 

vietnamiensis 

LMG 10929 

46.5 [43.1 - 

49.9] 

36.0 [33.6 - 

38.5] 

43.6 [40.7 - 

46.7] 

0.16 

CCRMBC171 

Query Subject d0 C.I.d0 d4 C.I.d4 d6 C.I.d6 Diff. 

G+C 

Percent 

CCRMBC171' Burkholderia 

cenocepacia 

J2315 

60.1 [56.4 - 

63.6] 

55.4 [52.7 - 

58.1] 

60.3 [57.1 - 

63.5] 

0.12 

CCRMBC171' Burkholderia 

arboris LMG 

24066 

53.3 [49.8 - 

56.8] 

46.5 [44.0 - 

49.1] 

52.2 [49.1 - 

55.3] 

0.18 

CCRMBC171' Burkholderia 

seminalis LMG 

24067 

61.9 [58.2 - 

65.5] 

45.5 [42.9 - 

48.1] 

59.2 [56.0 - 

62.3] 

0.05 

CCRMBC171' Burkholderia 

catarinensis 89 

53.5 [50.0 - 

57.0] 

44.7 [42.1 - 

47.2] 

51.9 [48.8 - 

55.0] 

0.62 

CCRMBC171' Burkholderia 

pyrrocinia 

DSM 10685 

58.0 [54.3 - 

61.5] 

44.1 [41.5 - 

46.6] 

55.5 [52.3 - 

58.6] 

0.56 

CCRMBC171' Burkholderia 

stabilis ATCC 

BAA-67 

48.1 [44.7 - 

51.5] 

43.3 [40.8 - 

45.8] 

47.0 [43.9 - 

50.0] 

0.6 

CCRMBC171' Burkholderia 

cepacia ATCC 

25416 

55.9 [52.4 - 

59.4] 

43.0 [40.5 - 

45.6] 

53.5 [50.4 - 

56.6] 

0.41 

CCRMBC171' Burkholderia 

metallica LMG 

24068 

59.9 [56.2 - 

63.4] 

43.0 [40.4 - 

45.5] 

56.7 [53.5 - 

59.8] 

0.03 

CCRMBC171' Burkholderia 

puraquae 

CAMPA 1040 

58.4 [54.8 - 

62.0] 

42.7 [40.2 - 

45.3] 

55.4 [52.3 - 

58.6] 

0.42 

CCRMBC171' Burkholderia 

contaminans 

LMG 23361 

51.5 [48.1 - 

55.0] 

42.7 [40.2 - 

45.2] 

49.7 [46.7 - 

52.8] 

1.14 

CCRMBC171' Burkholderia 

lata 383 

49.3 [45.9 - 

52.7] 

42.7 [40.2 - 

45.3] 

47.8 [44.8 - 

50.9] 

0.75 

CCRMBC171' Burkholderia 

paludis MSh1T 

43.4 [40.0 - 

46.8] 

42.0 [39.5 - 

44.6] 

42.6 [39.6 - 

45.6] 

0.09 

CCRMBC171' Burkholderia 

ambifaria 

AMMD 

58.1 [54.5 - 

61.6] 

39.1 [36.6 - 

41.6] 

53.9 [50.8 - 

57.0] 

0.25 

CCRMBC171' Burkholderia 

territorii 

CCUG 65687 

50.7 [47.3 - 

54.1] 

39.1 [36.7 - 

41.7] 

48.0 [45.0 - 

51.0] 

0.46 
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CCRMBC171' Burkholderia 

anthina LMG 

20980 

48.8 [45.3 - 

52.2] 

39.0 [36.5 - 

41.5] 

46.4 [43.4 - 

49.4] 

0.27 
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Supplementary table 3: Tetranucleotide frequency correlation coefficients of 34 

Burkholderia spp. strains. 
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CCRMBC16 1.0000 1.0000 0.9992 0.9999 0.9999 0.9942 0.9977 0.9974 0.9946 0.9969 0.9990 0.9989 0.9960 0.9948 0.9968 0.9834 0.9929 0.9961 0.9981 0.9835 0.9933 0.9931 0.9937 0.9963 0.9973 0.9957 0.9897 0.9962 0.9616 0.9889 0.9883 0.8203 0.9120 0.9284

CCRMBC33 1.0000 1.0000 0.9992 0.9999 1.0000 0.9942 0.9976 0.9974 0.9946 0.9970 0.9989 0.9988 0.9960 0.9949 0.9968 0.9832 0.9929 0.9960 0.9981 0.9834 0.9932 0.9929 0.9937 0.9964 0.9973 0.9957 0.9895 0.9961 0.9618 0.9887 0.9882 0.8206 0.9115 0.9281

CCRMBC51 0.9992 0.9992 1.0000 0.9993 0.9992 0.9949 0.9985 0.9974 0.9950 0.9972 0.9994 0.9991 0.9960 0.9956 0.9972 0.9845 0.9935 0.9970 0.9981 0.9839 0.9930 0.9946 0.9941 0.9967 0.9969 0.9953 0.9904 0.9953 0.9578 0.9898 0.9902 0.8196 0.9108 0.9277

CCRMBC74 0.9999 0.9999 0.9993 1.0000 1.0000 0.9944 0.9977 0.9974 0.9948 0.9971 0.9990 0.9989 0.9961 0.9950 0.9969 0.9832 0.9931 0.9961 0.9981 0.9834 0.9934 0.9930 0.9939 0.9964 0.9974 0.9957 0.9897 0.9960 0.9613 0.9889 0.9882 0.8210 0.9119 0.9287

CCRMBC171 0.9999 1.0000 0.9992 1.0000 1.0000 0.9943 0.9977 0.9974 0.9948 0.9970 0.9989 0.9989 0.9960 0.9949 0.9969 0.9830 0.9931 0.9959 0.9981 0.9833 0.9934 0.9929 0.9938 0.9963 0.9973 0.9957 0.9895 0.9960 0.9613 0.9888 0.9881 0.8215 0.9120 0.9286

 B. aenigmata  LMG13014T 0.9942 0.9942 0.9949 0.9944 0.9943 1.0000 0.9951 0.9958 0.9979 0.9975 0.9953 0.9954 0.9984 0.9988 0.9968 0.9710 0.9988 0.9900 0.9967 0.9720 0.9947 0.9889 0.9985 0.9975 0.9959 0.9963 0.9878 0.9935 0.9461 0.9851 0.9802 0.8270 0.9160 0.9265

 B. ambifaria  AMMDT 0.9977 0.9976 0.9985 0.9977 0.9977 0.9951 1.0000 0.9974 0.9945 0.9963 0.9983 0.9982 0.9960 0.9959 0.9980 0.9854 0.9936 0.9975 0.9973 0.9847 0.9923 0.9958 0.9939 0.9961 0.9967 0.9947 0.9925 0.9960 0.9567 0.9914 0.9922 0.8220 0.9182 0.9350

 B. anthina LMG20980T 0.9974 0.9974 0.9974 0.9974 0.9974 0.9958 0.9974 1.0000 0.9971 0.9973 0.9978 0.9978 0.9972 0.9961 0.9978 0.9813 0.9956 0.9954 0.9982 0.9800 0.9943 0.9921 0.9962 0.9972 0.9969 0.9975 0.9889 0.9972 0.9564 0.9888 0.9863 0.8317 0.9138 0.9267

 B. arboris LMG24066T 0.9946 0.9946 0.9950 0.9948 0.9948 0.9979 0.9945 0.9971 1.0000 0.9979 0.9959 0.9960 0.9980 0.9971 0.9961 0.9725 0.9985 0.9906 0.9973 0.9723 0.9955 0.9888 0.9987 0.9978 0.9967 0.9974 0.9853 0.9947 0.9450 0.9847 0.9792 0.8247 0.9090 0.9202

 B. catarinensis DNA89T 0.9969 0.9970 0.9972 0.9971 0.9970 0.9975 0.9963 0.9973 0.9979 1.0000 0.9976 0.9971 0.9984 0.9971 0.9977 0.9761 0.9966 0.9929 0.9979 0.9766 0.9957 0.9927 0.9978 0.9990 0.9981 0.9971 0.9888 0.9953 0.9510 0.9880 0.9820 0.8191 0.9107 0.9246

 B. cenocepacia IIIA J2315T 0.9990 0.9989 0.9994 0.9990 0.9989 0.9953 0.9983 0.9978 0.9959 0.9976 1.0000 0.9995 0.9967 0.9957 0.9976 0.9825 0.9943 0.9961 0.9983 0.9817 0.9939 0.9945 0.9944 0.9970 0.9979 0.9962 0.9902 0.9962 0.9546 0.9898 0.9881 0.8183 0.9137 0.9277

 B. cenocepacia IIIB AU1054 0.9989 0.9988 0.9991 0.9989 0.9989 0.9954 0.9982 0.9978 0.9960 0.9971 0.9995 1.0000 0.9966 0.9959 0.9977 0.9819 0.9946 0.9957 0.9983 0.9815 0.9935 0.9936 0.9946 0.9968 0.9975 0.9961 0.9891 0.9961 0.9554 0.9892 0.9879 0.8224 0.9127 0.9268

 B. cepacia ATCC 25416T 0.9960 0.9960 0.9960 0.9961 0.9960 0.9984 0.9960 0.9972 0.9980 0.9984 0.9967 0.9966 1.0000 0.9980 0.9973 0.9739 0.9979 0.9919 0.9979 0.9736 0.9958 0.9903 0.9983 0.9987 0.9982 0.9977 0.9897 0.9955 0.9507 0.9873 0.9810 0.8193 0.9136 0.9245

 B. contaminans LMG23361T 0.9948 0.9949 0.9956 0.9950 0.9949 0.9988 0.9959 0.9961 0.9971 0.9971 0.9957 0.9959 0.9980 1.0000 0.9961 0.9728 0.9980 0.9912 0.9970 0.9725 0.9954 0.9893 0.9976 0.9969 0.9954 0.9965 0.9896 0.9936 0.9484 0.9873 0.9839 0.8330 0.9200 0.9297

 B. diffusa  LMG24065T 0.9968 0.9968 0.9972 0.9969 0.9969 0.9968 0.9980 0.9978 0.9961 0.9977 0.9976 0.9977 0.9973 0.9961 1.0000 0.9805 0.9955 0.9953 0.9971 0.9809 0.9933 0.9936 0.9961 0.9976 0.9975 0.9961 0.9896 0.9973 0.9540 0.9894 0.9855 0.8255 0.9159 0.9301

 B. dolosa  LMG18943T 0.9834 0.9832 0.9845 0.9832 0.9830 0.9710 0.9854 0.9813 0.9725 0.9761 0.9825 0.9819 0.9739 0.9728 0.9805 1.0000 0.9687 0.9927 0.9797 0.9939 0.9659 0.9859 0.9716 0.9765 0.9772 0.9737 0.9750 0.9806 0.9570 0.9779 0.9869 0.7955 0.8733 0.9050

 B. lata  LMG22485T 0.9929 0.9929 0.9935 0.9931 0.9931 0.9988 0.9936 0.9956 0.9985 0.9966 0.9943 0.9946 0.9979 0.9980 0.9955 0.9687 1.0000 0.9884 0.9966 0.9679 0.9944 0.9863 0.9988 0.9970 0.9948 0.9964 0.9853 0.9934 0.9434 0.9831 0.9774 0.8277 0.9117 0.9202

 B. latens LMG24064T 0.9961 0.9960 0.9970 0.9961 0.9959 0.9900 0.9975 0.9954 0.9906 0.9929 0.9961 0.9957 0.9919 0.9912 0.9953 0.9927 0.9884 1.0000 0.9947 0.9893 0.9863 0.9944 0.9899 0.9930 0.9931 0.9910 0.9886 0.9941 0.9589 0.9894 0.9921 0.8123 0.9016 0.9236

 B. metallica  LMG24068T 0.9981 0.9981 0.9981 0.9981 0.9981 0.9967 0.9973 0.9982 0.9973 0.9979 0.9983 0.9983 0.9979 0.9970 0.9971 0.9797 0.9966 0.9947 1.0000 0.9787 0.9943 0.9921 0.9970 0.9979 0.9972 0.9975 0.9901 0.9963 0.9560 0.9885 0.9861 0.8187 0.9097 0.9249

 B. multivorans ATCC BAA 247T 0.9835 0.9834 0.9839 0.9834 0.9833 0.9720 0.9847 0.9800 0.9723 0.9766 0.9817 0.9815 0.9736 0.9725 0.9809 0.9939 0.9679 0.9893 0.9787 1.0000 0.9662 0.9875 0.9723 0.9769 0.9781 0.9736 0.9734 0.9807 0.9633 0.9748 0.9853 0.7942 0.8827 0.9150

 B. paludis LMG30113T 0.9933 0.9932 0.9930 0.9934 0.9934 0.9947 0.9923 0.9943 0.9955 0.9957 0.9939 0.9935 0.9958 0.9954 0.9933 0.9659 0.9944 0.9863 0.9943 0.9662 1.0000 0.9875 0.9945 0.9942 0.9950 0.9945 0.9899 0.9918 0.9496 0.9891 0.9786 0.8387 0.9255 0.9348

 B. pseudomultivorans LMG26883T 0.9931 0.9929 0.9946 0.9930 0.9929 0.9889 0.9958 0.9921 0.9888 0.9927 0.9945 0.9936 0.9903 0.9893 0.9936 0.9859 0.9863 0.9944 0.9921 0.9875 0.9875 1.0000 0.9881 0.9927 0.9929 0.9893 0.9904 0.9906 0.9517 0.9899 0.9911 0.8017 0.9143 0.9327

 B. puraquae  CAMPA 1040T 0.9937 0.9937 0.9941 0.9939 0.9938 0.9985 0.9939 0.9962 0.9987 0.9978 0.9944 0.9946 0.9983 0.9976 0.9961 0.9716 0.9988 0.9899 0.9970 0.9723 0.9945 0.9881 1.0000 0.9980 0.9955 0.9965 0.9860 0.9942 0.9483 0.9841 0.9775 0.8212 0.9062 0.9184

 B. pyrrocinia  DSM 10685T 0.9963 0.9964 0.9967 0.9964 0.9963 0.9975 0.9961 0.9972 0.9978 0.9990 0.9970 0.9968 0.9987 0.9969 0.9976 0.9765 0.9970 0.9930 0.9979 0.9769 0.9942 0.9927 0.9980 1.0000 0.9978 0.9976 0.9882 0.9953 0.9513 0.9869 0.9824 0.8157 0.9084 0.9213

 B. seminalis LMG24067T 0.9973 0.9973 0.9969 0.9974 0.9973 0.9959 0.9967 0.9969 0.9967 0.9981 0.9979 0.9975 0.9982 0.9954 0.9975 0.9772 0.9948 0.9931 0.9972 0.9781 0.9950 0.9929 0.9955 0.9978 1.0000 0.9966 0.9895 0.9961 0.9523 0.9884 0.9825 0.8171 0.9168 0.9286

 B. stabilis ATCC BAA 67T 0.9957 0.9957 0.9953 0.9957 0.9957 0.9963 0.9947 0.9975 0.9974 0.9971 0.9962 0.9961 0.9977 0.9965 0.9961 0.9737 0.9964 0.9910 0.9975 0.9736 0.9945 0.9893 0.9965 0.9976 0.9966 1.0000 0.9871 0.9955 0.9518 0.9865 0.9824 0.8257 0.9157 0.9252

 B. stagnalis LMG28156T 0.9897 0.9895 0.9904 0.9897 0.9895 0.9878 0.9925 0.9889 0.9853 0.9888 0.9902 0.9891 0.9897 0.9896 0.9896 0.9750 0.9853 0.9886 0.9901 0.9734 0.9899 0.9904 0.9860 0.9882 0.9895 0.9871 1.0000 0.9861 0.9617 0.9969 0.9871 0.8112 0.9258 0.9469

 B. territorii  LMG28158T 0.9962 0.9961 0.9953 0.9960 0.9960 0.9935 0.9960 0.9972 0.9947 0.9953 0.9962 0.9961 0.9955 0.9936 0.9973 0.9806 0.9934 0.9941 0.9963 0.9807 0.9918 0.9906 0.9942 0.9953 0.9961 0.9955 0.9861 1.0000 0.9557 0.9860 0.9837 0.8212 0.9126 0.9242

 B. thailandensis E264T 0.9616 0.9618 0.9578 0.9613 0.9613 0.9461 0.9567 0.9564 0.9450 0.9510 0.9546 0.9554 0.9507 0.9484 0.9540 0.9570 0.9434 0.9589 0.9560 0.9633 0.9496 0.9517 0.9483 0.9513 0.9523 0.9518 0.9617 0.9557 1.0000 0.9648 0.9578 0.8035 0.8679 0.9074

 B. ubonensis LMG20358T 0.9889 0.9887 0.9898 0.9889 0.9888 0.9851 0.9914 0.9888 0.9847 0.9880 0.9898 0.9892 0.9873 0.9873 0.9894 0.9779 0.9831 0.9894 0.9885 0.9748 0.9891 0.9899 0.9841 0.9869 0.9884 0.9865 0.9969 0.9860 0.9648 1.0000 0.9873 0.8201 0.9198 0.9423

 B. vietnamiensis LMG10929T 0.9883 0.9882 0.9902 0.9882 0.9881 0.9802 0.9922 0.9863 0.9792 0.9820 0.9881 0.9879 0.9810 0.9839 0.9855 0.9869 0.9774 0.9921 0.9861 0.9853 0.9786 0.9911 0.9775 0.9824 0.9825 0.9824 0.9871 0.9837 0.9578 0.9873 1.0000 0.8201 0.9156 0.9391

 B. fungorum LMG20227T 0.8203 0.8206 0.8196 0.8210 0.8215 0.8270 0.8220 0.8317 0.8247 0.8191 0.8183 0.8224 0.8193 0.8330 0.8255 0.7955 0.8277 0.8123 0.8187 0.7942 0.8387 0.8017 0.8212 0.8157 0.8171 0.8257 0.8112 0.8212 0.8035 0.8201 0.8201 1.0000 0.8544 0.8423

 B. gladioli  LMG2216T 0.9120 0.9115 0.9108 0.9119 0.9120 0.9160 0.9182 0.9138 0.9090 0.9107 0.9137 0.9127 0.9136 0.9200 0.9159 0.8733 0.9117 0.9016 0.9097 0.8827 0.9255 0.9143 0.9062 0.9084 0.9168 0.9157 0.9258 0.9126 0.8679 0.9198 0.9156 0.8544 1.0000 0.9779

 B. glumae  LMG2196T 0.9284 0.9281 0.9277 0.9287 0.9286 0.9265 0.9350 0.9267 0.9202 0.9246 0.9277 0.9268 0.9245 0.9297 0.9301 0.9050 0.9202 0.9236 0.9249 0.9150 0.9348 0.9327 0.9184 0.9213 0.9286 0.9252 0.9469 0.9242 0.9074 0.9423 0.9391 0.8423 0.9779 1.0000
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Abstract 

Burkholderia cenocepacia is a Gram-negative bacterium that belongs to the 

Burkholderia cepacia complex (Bcc), family Burkholderiaceae, phylum Proteobacteria, and 

genus Burkholderia. This bacterium is a significant opportunistic human pathogen that 
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causes infections in immunocompromised individuals and patients with cystic fibrosis and 

has been found in the environment. This bacterium has also been reported to cause diseases 

in onion bulbs, leading to significant losses in the productivity of this vegetable. Furthermore, 

many virulence factors have been identified in this species, increasing the potential damage 

of this microorganism. Here we provide sequence of 12 genomes isolated from onion with 

symptoms of sour skin. These genomes are compared with 21 complete genomes isolated 

from human pathogen and environmental groups, available in public databases and Bcc 

members. In silico taxonomic methods and core-genome were carried out the evolutionary 

relatedness for B. cenocepacia strains. Comparative genomic analyses were also performed 

across three groups, including plant pathogens, human pathogens, and environmental 

samples. It was possible to determine that our 12 strains belong to the lineages IIIA and IIIB 

with few variations between the studied groups through the analysis carried out. According 

to the combined results of the comparative genomic analyses, the values of ANIm and dDDH 

agreed with the results verified through the core-genome analysis. These lineages behave like 

two distinct species. We also report the genomic characterization of 12 original strains and 

identified genes that are likely to contribute to the pathogenicity in humans. To our 

knowledge, this is the first report of a draft genome sequence for B. cenocepacia causing 

sour onion skin. Therefore, our data will be a valuable resource for future studies and 

contribute to the comprehensive genomic resources available for Burkholderiaceae. 

 

1 INTRODUCTION 

 

 Burkholderia cenocepacia is considered an opportunistic pathogen able to cause 

infections in immunocompromised human individuals and patients with cystic fibrosis (CF) 

(Chiarini et al., 2006; Wallner et al., 2019) as well as cause onion sour skin (Baia et al., 2020; 

Oliveira et al., 2017, 2019) and banana finger-tip (Ansari et al., 2019; Lee & Chan, 2007). 
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This bacterium has also been reported as a plant-beneficial endophytic bacterium (Ho & 

Huang, 2015), plant growth promoter and biocontrol agent against fungi (Ho et al., 2015), 

endosymbionts of fungi (Izumi et al., 2007), in the rhizosphere of corn (Zekic et al., 2017b), 

in samples of water (Ginther et al., 2015a) and soil (Martina et al., 2018). In addition, strains 

of B. cenocepacia have shown potential for degrading pollutants and bioremediation 

(Martínez-Ocampo et al., 2015). Such a diversity of hosts from three different kingdoms 

is unusual, turning this group of bacteria one of the most interesting from the point of 

view of adaptability and opportunism. 

 Phylogenetic analysis based on the recA gene sequences has shown that strains of B. 

cenocepacia may be shared in four lineages: IIIA, IIIB, IIIC, and IIID (Vandamme et al., 

2003). Interestingly, B. cenocepacia lineages IIIA and IIIB have been found more frequently 

in clinical environments (Golini et al., 2006), causing also plant disease (Ansari et al., 2019; 

Baia et al., 2020; Lee & Chan, 2007; Oliveira et al., 2017, Oliveira et al., 2019). In turn, 

lineage IIIC has been found exclusively in soil (Vandamme, 2003), whereas lineage IIID has 

also been detected in human clinical settings. Notwithstanding, the whole genomes of strains 

of the lineages IIIA and IIIB were newly analyzed using average nucleotide identity (ANI) 

and in silico DNA-DNA hybridization. Accordingly, these lineages shall be reclassified as 

B. cenocepacia stricto sensu and B. servocepacia, respectively (Wallner et al., 2019). In 

addition, multilocus sequence analysis (MLSA) has shown that the lineage IIID and B. 

contaminans show a low level of divergence and probably are synonymous (Baia et al., 

2021). 

Core-genome analyses using strains of B. cenocepacia obtained from different 

ecological niches have shown that the lineage IIIA harbor predominantly clinical strains 

presenting conservated virulence factors associated with human pathogenesis and lack 

several genes associated with plant pathogenesis. In contrast, lineage IIIB harbors mainly 

environmental strains and plant pathogens that show an opposite distribution of these genes 
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(Wallner et al., 2019). On the other hand, strains of both lineages IIIA and IIIB have been 

recently found to cause onion sour skin (Baia et al., 2021). However, a characterization of 

the genetic repertory of these strains was not yet performed. Thus, we performed the genomic 

sequencing of strains of B. cenocepacia lineages IIIA and IIIB associated with onion sour 

skin to help understand these bacteria's behavior concerning their different hosts and the role 

of the plants in the evolution of these bacteria. In addition, given the lack of information on 

virulence factors involved in the colonization and pathogenicity process on onions, our study 

also characterized virulence and pathogenicity factors involved in the plant-pathogen 

interaction between this bacterium and the onion bulbs.  

 

2 MATERIALS AND METHODS 

 

2.1 Genomes of B. cenocepacia lineages IIIA and IIIB  

The genomes of five strains of B. cenocepacia lineage IIIA (CCRMBC02, 

CCRMBC21, CCRMBC56, CCRMBC147, and CCRMBC157) and seven strains of B. 

cenocepacia lineage IIIB (CCRMBC18, CCRMBC23, CCRMBC27, CCRMBC31, 

CCRMBC60, CCRMBC67, and CCRMBC109) were sequenced in this study (Table 1). 

These strains were isolated from onion bulbs showing sour skin symptoms in the semi-arid 

region of Northeast Brazil and were previously characterized using a polyphasic approach 

(Baia et al., 2021). The strains are stored at the Phytopathogenic Bacterial Culture Collection 

of the Phytobacteriology Laboratory (LAFIBAC), Universidade Federal Rural de 

Pernambuco (UFRPE). Additionally, 21 complete genome of B. cenocepacia (J2315, 842, 

895, H111, ST32, toggle4, k56-2, VC12308, AU1054, CR318, HI2424, PC184MULKS, 

VC12802, MC-03, FL-5-3-30-51-D7, PS27, YG3, MSMB384WGS, VC7848, DDS22E1 and 

DWS37E2) classified in this study as human pathogens (blood, cord blood, nasal 

inflammation, and CF sputum) and environmental (soil, rhizosphere of maize, endophytic in 
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poplar, P-solubilizing, and isolated from water) were included in the dataset (Table 1). These 

genomes were obtained from Genbank/NCBI 

https://www.ncbi.nlm.nih.gov/genome/?term=burkholderia+cenocepacia in June of 2021.  

 

2.2 DNA Extraction and Sequencing 

 The DNA of the strains was extracted using the MiniPrep kit for bacterial genomic 

DNA extraction (Axygen Biosciences, Massachusetts, USA) following the manufactures 

recommendations. The Biodrop (BiodropTM, Cambridge, Canada) was used to assess the 

quality and quantity of DNA samples. Libraries were performed by paired-sequenced (2x 

150 bp). The genome sequencing was performed in HiSeq 2500 platform (Illumina, EUA). 

  

2.3 Quality, assembly, and genomic annotation 

The quality of raw sequencing data was evaluated using FastQC v0.11.8 (Andrews, 

2010). Adapter screening and quality filtering of reads were performed using Trimmomatic 

0.36 (Bolger et al., 2014). 

The quality of the assemblies was checked using QUAST v5.0.2 (Gurevich et al., 

2013). De novo genome assemblies from the 12 strains were performed using SPAdes 

genome assembler v.3.13.0 (Bankevich et al., 2012). The genomes were automatically 

annotated using Prokka tool v.1.13.3 (Seemann, 2014). 

 

2.4 recA gene  

The phylogenetics lineages of strains of B. cenocepacia were determined from each 

strain used in this study using sequences of the recA gene. The recA sequences of the strains 

J2315T, AU1054, LMG 19230, and LMG 21462 were used as representative sequences of B. 

cenocepacia lineages IIIA, IIIB, IIIC, and IIID, respectively 

(https://pubmlst.org/bigsdb?db=pubmlst_Bcc_seqdef&page=query&scheme_id=1). 

https://www.ncbi.nlm.nih.gov/genome/?term=burkholderia+cenocepacia
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 Sequences of the recA gene of the type strains of 22 species of Bcc, and the 21 B. 

cenocepacia strains available at GenBank (https://www.ncbi.nlm.nih.gov) downloaded from 

PubMLST were included in the dataset. In addition, the recA sequences of type strains of B. 

glalioli, B. glumae, and P. fungorum available from PubMLST Bcc and GenBank were also 

included in the analyses as an outgroup. Multiple sequences alignment (MSA) was performed 

with the online version of MAFFT 7 (Katoh et al., 2019; Kuraku et al., 2013) using the G-

INS-i integrative refinement method 200PAM/k = 2 nucleotide scoring matrix. The 

alignment used was the result masked that showed a score of 99% of the specific residues. 

Maximum likelihood (ML) trees were inferred for all 33 strains. The phylogenies were 

estimated in RAxML – HPC2 (Stamatakis, 2014) implemented on the CIPRES Science 

Gateway portal (https://www.phylo.org/portal2/login!input.action). The ML tree searches 

were performed assuming the GTRGAMMA model and bootstrap support were calculated 

with 1000 pseudoreplicates.  

 

2.5 Genomic comparisons, core-genome calculation, and phylogenomic analyses 

 Average nucleotide identity (ANIm) and tetranucleotide usage patterns (TETRA) 

were performed using pyani.py (Pritchard et al., 2015) subsequently used to Pyani tool in 

ANIm (MUMmer). Digital DNA-DNA hybridization (dDDH) was calculated by GGDC 2.1 

(genome-to-genome distance calculator, http://ggdc.dsmz.de/distcalc2.php) under the 

formula 2 with the alignment tool Blast+ (Meier-Kolthoff et al., 2014). B. gladioli, B. glumae, 

and Paraburkholderia fungorum were used as an outgroup.  

 Core-genome analyses were performed without the outgroup strains used previously, 

aimed at high precision to obtain the core genes. The strains were performed using Roary 

v3.13.0 (Page et al., 2015).  

 Two core-genome analyses were performed, the first one with the 12 strains 

sequenced in this study along with 21 strains of B. cenocepacia lineage IIIA and IIIB 
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available at Genbank/NCBI, and core-genome analysis with all these strains and the 22 type 

strains of the Bcc. A cutoff of 95% identity was used, and according to the software’s default 

configuration, the resulting orthologous were classified as core-, softcore-, shell-, and cloud-

genes. The core genes were automatically aligned with MAFFT v. 7.310 (Katoh & Standley, 

2013), using the -e –mafft parameter in Roary, creating a multi-FASTA alignment of the 

nucleotide sequence of all the core genes. This file was then used as input to build maximum-

likelihood phylogenomics by IQ-TREE software v.2.0.4 (Nguyen et al., 2015), in a local 

computer, using the automatic selection of nucleotide substitution model on ModelFinder for 

selection of the best fitting DNA substitution model (Kalyaanamoorthy et al., 2017). The 

node support was assessed with ultrafast bootstrap (Minh et al., 2013) using 100,000 

replicates. The maximum likelihood tree was visualized using the FigTree software v.1.4.3 

(http://tree.bio.ed.ac.uk/software/figtree/) (Rambaut: FigTree Version 1.4.0).  

 

2.6 Virulence factors in plant pathogenic strains of B. cenocepacia lineages IIIA and 

IIIB 

The search for virulence factors in genomes of strains was performed through the 

Virulence Factor Database – VFDB (http://www.mgc.ac.cn/cgi-bin/VFs/v5/main.cgi) to 

genes encoding known virulence factors (E-value <1e-15 and sequence identity > 95%) (Liu 

et al., 2019). The functional annotations were obtained from the categories provided by the 

VFDB and compared with the annotations in UniProt (https://www.uniprot.org/) and Pfam 

(https://pfam.xfam.org/)  databases.  

 

2.7 Cellular localization, Isoelectric point, and Molecular weight 

 The bacterial localization prediction PSORTb version 3.0.2 tool 

(https://www.psort.org/psortb/) was used to predict the cellular localization of the proteins 

(Yu et al., 2010) from whole-genomes of the strains CCRMBC56, J2315, and 

http://www.mgc.ac.cn/cgi-bin/VFs/v5/main.cgi
https://pfam.xfam.org/
https://www.psort.org/psortb/
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MSMB384WGS from lineage IIIA and CCRMBC56, VC7848, and MC03 from lineage IIIB. 

Due to these strains having a more significant amount of virulence factors compared to the 

other strains of each studied group. JvirGel 2.0 software (http://www.jvirgel.de/index.html) 

was used to predict the theoretical isoelectric points (pI) and molecular weights (MW) of 

proteins (Hiller et al., 2006). These parameters were verified in the whole-genomes and 

directly for the virulence factors found by the VFDB database. 

 

3 RESULTS 

3.1 Sequencing, assembly, and genomic annotation 

 The genomes of the strains CCRMBC02, CCRMBC21, CCRMBC56, CCRMBC147, 

and CCRMBC157of B. cenocepacia lineage IIIA presented a genome size ranging from 7.68 

to 7.96 Mb, G + C content from 67.11 to 67.29%, total gene number from 6883 to 7167, and 

the number of CDSs from 7038 to 7235. In turn, the genomes of the CCRMBC18, 

CCRMBC23, CCRMBC27, CCRMBC31, CCRMBC60, CCRMBC67, and CCRMBC109 of 

B. cenocepacia lineage IIIB presented a variation ranging from 7.54 to 7.86 Mb in genome 

size, G + C content from 66.72 to 66.93%, total gene number from 6743 to 8261, and the 

number of CDSs from 6833 to 8261 (Table 1). The Busco results showed a high level of 

single-copy ortholog genes retrieval for the genome assemblies of the strains of both B. 

cenocepacia lineages isolated from onions with symptoms of sour skin, with at least a 98% 

ratio.   

 

3.2 recA gene analysis 

 

 

 The Maximum likelihood (ML) trees constructed with the recA sequences grouped 

the strains in the lineages IIIA and IIIB. The strains CCRMBC02, CCRMBC21, 

CCRMBC56, CCRMBC147, and CCRMBC157 grouped along with strain J2315T of the B. 

cenocepacia lineage IIIA, while the strains CCRMBC18, CCRMBC23, CCRMBC27, 
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CCRMBC31, CCRMBC60, CCRMBC67, and CCRMBC109 were grouped with strains 

AU1054 of the B. cenocepacia lineage IIIB (Figure 1). The strains DDS22E1, DWS37E2, 

and YG3 of the B. cenocepacia did not group in any of the two clades belonging to the 

lineages IIIA and IIIB. 

 

3.3 Genomic comparisons, core-genome calculation, and phylogenomic analyses  

 

Regardless of whether the strains were obtained causing onion sour skin, in 

nosocomial infections, or environmental samples, ANIm values above 99.0% were observed 

among all genomes of the strains of B. cenocepacia lineages IIIA. In turn, ANIm values 

above 97.8% were observed among all genomes of the strains of B. cenocepacia lineage IIIB 

(Figure 2). ANIm values ranging from 95.0 to 95.1% were observed between the genomes 

of the strains of B. cenocepacia lineages IIIA and IIIB. In addition, ANIm values ranging 

from 86.7 to 93.0% were observed among all genomes of the strains of B. cenocepacia 

lineages IIIA and IIIB concerning genomes of other BCC species. 

Tetra nucleotide analyses (TETRA) showed correlations coefficients values above 

0.99 among most Bcc species (Supplementary Table 1). TETRA correlations coefficients 

values below 0.99 were observed only when the comparisons were performed concerning B. 

thailandensis (E264T; TETRA value = 0.95-0.96), B. dolosa (LMG18943T; TETRA value = 

0.98), and B. multivorans (ATCC BAA 247T; TETRA value = 0.98).  

dDDH values above 89% were observed among all genomes of the strains of B. 

cenocepacia lineage IIIA, while dDDH values were above 78.2% were observed among all 

genomes of the strains of B. cenocepacia lineage IIIB (Figure 2). dDDH values ranging from 

89 to 99.8% were observed between the genomes of the human pathogen and environmental 

strains of B. cenocepacia lineage IIIA and ranging from 78.2 to 100% in lineage IIIB. In 

addition, dDDH values ranging from 26.7 to 48.6% were observed among all genomes of the 
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strains of B. cenocepacia lineages IIIA and IIIB and genomes of other Bcc species (Figure 

2). 

The strains DWS37E2, DDS22E1, and YG3 did not present results following the 

requirements for classification as B. cenocepacia. The strain DWS37E2 presented ANI 

values ranging from 36.9 to 90.23% concerning strains of lineage IIIA and 37 to 90.34% in 

lineage IIIB. The DD22E1 strain presented ANI values ranging from 37.9 to 90.59% among 

the lineage IIIA and between 37.4 and 90.61% in lineage IIIB. The YG3 strain presented 

ANI values between 56.4 and 94.63% for the strains of the IIIA lineage and 58 to 94.98% 

for the IIIB strains. These same strains showed dDDH values below 59.4% for all B. 

cenocepacia strains studied.  

The core-genome analyses performed with the genomes of the 33 strains of B. 

cenocepacia lineages IIIA and IIIB revealed the presence of 30.906 genes, with 1482 core 

genes (99% in >= 100% of strains), 642 soft-core genes (95% in >= 99% of the strains), 6.856 

shell genes (15% in >= 95% of the strains), and 21.926 cloud genes (0% in less than 15% of 

the strains). Regardless of where the strains were obtained, a phylogenetic tree generated 

using ML build using core-genes grouped all strains of B. cenocepacia lineage IIIA in an 

exclusive clade. In turn, all strains of B. cenocepacia lineage IIIB were grouped in another 

exclusive clade. The strains DWS37E2, DDS22E1, and YG3 were not grouped along with 

any strain and formed individual clades (Figure 3).  

The supplementary core-genome analysis performed with the genomes of the 33 

strains of B. cenocepacia lineages IIIA and IIIB and type strains of the Bcc species revealed 

the presence of 100.452 genes, with 303 core genes (99% in >= 100% of strains), 792 soft-

core genes (95% in >= 99% of the strains), 7.111 shell genes (15% in >= 95% of the strains), 

and 92.246 cloud genes (0% in less than 15% of the strains). Like the first approach, a 

phylogenetic tree generated using ML build using core-genes grouped all strains of B. 

cenocepacia lineage IIIA in an exclusive clade. In contrast, all strains of B. cenocepacia 



71 

 

lineage IIIB were grouped in another exclusive clade (Figure 4). The strains DWS37E2, 

DDS22E1, and YG3 did not group into any of these two clades belonging to the lineages 

IIIA and IIIB. In addition, due to ANI, dDDH, and core-genome analysis results, the strains 

DWS37E2, DDS22E1, and YG3 were removed from the following analyses. 

 

3.4 Virulence Factors  

 The output of the VFDB database showed a ranging from 70 to 97 genes related to 

virulence factors to humans among the genomes of the 33 strains of B. cenocepacia lineages 

IIIA and IIIB. Regarding the strains of B. cenocepacia lineages IIIA (CCRMBC02, 

CCRMBC21, CCRMBC56, CCRMBC147, and CCRMBC157) and IIIB (CCRMBC18, 

CCRMBC23, CCRMBC27, CCRMBC31, CCRMBC60, CCRMBC67, and CCRMBC109) 

causing onion sour skin were observed from 71 to 81 and 94 to 97 genes related to virulence 

factors, respectively. Regarding the human pathogen strains, the number of virulence factor 

genes ranged from 71 to 94 for lineage IIIA and from 73 to 77 for lineage IIIB. When 

analyzing the environmental strains, this variation in the IIIB lineage ranged from 72 to 89 

genes of virulence factors, noting that only the environmental strain MSMB384WGS belongs 

to the IIIA lineage, which showed 70 genes (Table 1). 

 The main virulence factors found included genes involved in the classes: actin-based 

motility, adherence, antiphagocytosis, invasion, secretion system, toxin, endotoxin, immune 

evasion, serum resistance, serum resistance, and immune evasion, cell surface components, 

anaerobic respiration, colonization, and immune evasion, iron uptake, and stress adaptation.  

Regarding plant pathogens, human pathogens, and strains from the environment, the strains 

of B. cenocepacia lineage IIIA that presented the highest virulence factors were 

CCRMBC56, J2315, and MSMB384WGS, reaching 81, 94, and 70 genes. In contrast, the 

strains of B. cenocepacia lineage IIIB that presented the highest virulence factors were 

CCRMBC23, VC7848, and MC-03, reaching 97, 77, and 89 genes.  
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3.5 Protein characterization  

 The molecular weight and isoelectric point for the strains of B. cenocepacia lineage 

IIIA belonging to the groups of plant pathogen (CCRMBC56), human pathogen (J2315T), 

and environment (MSMB384WGS) showed the molecular weight of the proteins of the 

genome ranging from 5.35 to 484.79 kDa and the isoelectric point 2.9 to 12.95 pH, 5.35 to 

484.57 kDa and isoelectric point ranging from 2.9 to 13.55, and 4.17 to 484.84 kDa and 

isoelectric point 2.9 to 12.95 pH. These strains have 5178, 5429, and 5215 proteins, 

respectively. 

The IIIB lineage strains CCRMBC23, B. cenocepacia VC7848, and B. cenocepacia 

MC-03 show the molecular weight of the proteins of the genome ranging from 8.02 to 477.05, 

9.57 to 477,39, and 5.96 to 477.88 kDa, and isoelectric point ranging from 3.00 to 12.9, 3.20 

to 12.96, and 2.77 to 12.95 pH. These strains have 5290, 4963, and 5278 proteins. (Figure 

5). 

When the strains were analyzed only with virulence factors, it was verified for B. 

cenocepacia lineage IIIA a molecular weight ranging from 9.48 to 67.74 and isoelectric point 

ranging from 3.88 to 10.95 pH for strain CCRMBC56. For the strain J2315, the variation in 

molecular weight was 9.48 to 288.70 and in the isoelectric point 4.91 to 10.95 and for the 

environmental strain MSMB384WGS this variation in molecular weight was between 9.48 

and 67.72 kDA, and the isoelectric point was 3.88 to 10.95 pH. 

For the strains of B. cenocepacia lineage IIIB, the variation was from 9.45 to 267.89 

in molecular weight and from 4.32 to 11.19 in CCRMBC23 strain, 9.48 to 299.97 in 

molecular weight and from 4.09 to 11.21 in isoelectric point in VC7848 strain, and finally, 

the variation was 9.45 to 365.73 in molecular weight and from 4.21 to 11.24 in isoelectric 

point for strain MC-03 (Figure 6). 
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In general, the variation between the strains analyzed was minimal. Approximately 

43% of proteins are basic, and 57% are acidic in all analyzed strains from B. cenocepacia 

lineages IIIA and IIIB. The predicted subcellular location for all the virulence factors studied 

was cytoplasmic membrane, extracellular, cytoplasmic, outer membrane, periplasmic, and 

unknown. All strains showed the same profile. 

 

4. DISCUSSION  

The whole-genome sequencing of the strains of B. cenocepacia lineages IIIA 

(CCRMBC02, CCRMBC21, CCRMBC56, CCRMBC147, and CCRMBC157) and IIIB 

(CCRMBC18, CCRMBC23, CCRMBC27, CCRMBC31, CCRMBC60, CCRMBC67, and 

CCRMBC109) associated with onion sour skin revealed a high percent of G+C content, with 

average 67.17% in lineage IIIA and 66.83 in lineage IIIB, a large genome with an average of 

7.87 Mb in lineage IIIA and 7.70 Mb in lineage IIIB, encoding an average of 7.151 reading 

frames in lineage IIIA and 7.206 in lineage IIIB (Table 1). These values confirm similar 

genomic characteristics with the genomes available in public databases and other studies that 

revealed that B. cenocepacia strains have a high percent G+C content, multiple replicons 

structures, gene duplications, insertions sequences, and mobile components (Loutet & 

Valvano, 2010). When checked the strain type of these species, the complete genome 

sequencing of the B. cenocepacia strain J2315T revealed that this member of Bcc also 

contains a large genome with multiple replicons of 8.06 Mb consisting of three chromosomes 

and a plasmid, which encodes a total of 7.261 reading frames (Holden et al., 2009a).  

These characteristics are thought to increase the versatility of Burkholderia genomes 

and their capacity to gain a broad scope of metabolic pathways (Loutet & Valvano, 2010).  

As verified, with the genomes available in public databases, our 12 genomes have genomic 

characteristics compatible with the genomes already studied and contain genes in all classes 
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of virulence factors studied, indicating the need for depth studies to understand this 

versatility. 

The phylogenetic tree built from the recA gene grouped the strains of B. cenocepacia 

lineages IIIA and IIIB associated with onion sour skin according to the results presented in 

the previous study Baia et al. (2020) and Oliveira et al. (2019). Regarding the human 

pathogen and environmental groups, the strains were grouped as already verified by Wallner 

2009. The strains J2315, K56-2, H111, ST32, 895, 842, MSMB384WGS, and VC12308 

belonging to lineage IIIA, and strains AU1054, PC184MULKS, MC0-3, HI2424, CR318, 

VC7848, FL-5-3-30-S1-D7, and VC12802 belong to lineage IIIB are described as a new 

species named B. servocepacia.  

Average nucleotide identity (ANI) represents the average nucleotide identity of all 

orthologous genes shared between two genomes. It offers a complete resolution between 

strains of the same or closely related species (Jin et al., 2020), as the B. cenocepacia lineages 

IIIA and IIIB. Regardless the source, i.e., if the strains were obtained from onion sour skin, 

nosocomial infections, or environmental samples, high ANIm values were observed between 

the isolates within each lineage. However, between the isolates of the two lineages, values 

from 95.0 to 95.1% were observed, which are within a limit for species division. 

Theoretically, they should not be considered distinct species.  On the other hand, dDDH 

results clearly showed a division between strains from lineages IIIA and IIIB, with dDDH 

values above 78% among strains of the same lineage and below 65% among strains of the 

opposite lineages, agreeing with the proposed value of 70 % minimum to dDDH as the 

recommended standard for delineating species (Depoorter et al., 2020).  

 TETRA tetranucleotide frequency correlation analysis was used as a complement to 

ANIm. However, values above 0.99 were observed between all strains, except for three of 

them. Due to these results, TETRA analysis was not adequate to distinguish the species of 

the BCC.  
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Regarding the TETRA correlation coefficients results, this analysis does not have a 

suitable resolution for species separation within Bcc because it could not differentiate the 

type Bcc species analyzed in this study. In other words, the cut-off value for species 

delimitation through this analysis is 0.99 (Richter and Rosselló-Móra 2009), and for the 

isolates analyzed in this study, values below 0.99 were only possible to verify when analyzed 

against the outgroup and B. multivorans, B. dolosa, B. ubonensis, B. thailandensis, B. 

stagnalis, and B. vietnamienses. Nevertheless, for bacteria belonging to the Xanthomonas 

genus, TETRA coefficients satisfactorily may be used for species delimitation (Gama et al., 

2018). 

Based on the core-genome analysis, Wallner et al. (2019) concluded that the lineage 

IIIB is phylogenetically distinct from B. cenocepacia. They proposed that the B. cenocepacia 

strains (J2315, K56-2, H111, ST32, 895, 842, MSMB384WGS, and VC12308) classified as 

lineage IIIA, continue to be called B. cenocepacia. However, the strains (AU1054, 

PC184MULKS, MC0-3, HI2424, CR318, VC7848, FL-5-3-30-S1-D7, and VC12802), 

belonging to lineage IIIB, should be classified as a new species, Burkholderia servocepacia. 

So far, this suggestion has not been accepted yet by the international committee. However, 

based on this study, it was verified that the strains used in this study behaved in the same way 

as previously verified. We use six strains for comparative genomic analysis, belonging to the 

human pathogens, environment, plant-pathogen lineages IIIA and IIIB. 

Two core-genome analyzes were performed in this study. The first was performed 

with our 12 strains, obtained from onion with symptoms of sour skin, together with the 21 B. 

cenocepacia strains available at the NCBI as a complete genome. The second core-genome 

analysis was performed with the strains used in the first analysis plus the type strain of the 

members of the Bcc. These results agree with the results verified in the ANI and dDDH 

analyses and indicate that the lineages IIIA and IIIB are two distinct species, as can also be 

verified by Wallner et al. (2019), that named the lineage IIIB as B. servocepacia. However, 
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this naming needs confirmation from the List of Prokaryotic names with Standing in 

Nomenclature (Parte et al. 2020). 

Interestingly, regardless of the number of core genes found in the two analyzes that 

were very contrasting, the structure of the trees was the same. This result shows that some 

genes are super informative for species delimitation within this genus. Seven housekeeping 

genes are known to be very informative for this genus. recA, gyrB, atpD, gltB, lepA, phaC, 

and trpB genes have been shown to have high discriminatory power for the differentiation of 

Bcc species and tested to our strains (Baia et al., 2020). 

Human virulence genes were found similarly in the two lineages, regardless of the 

isolation group. The VFDB database used to determine virulence factors is very effective 

when discussing virulence factors related to clinical pathogenesis in humans. Because of this, 

it was necessary to search for genes related to plant pathogenesis through a BLAST using the 

genes Endo-polygalacturonase (pehA) against the genomes used in this study, and it was 

found that all onion strains have the pehA gene, except for the strain CCRMBC109, agreeing 

with the results already presented demonstrating the pathogenicity of these strains to onion 

bulbs. 

Polygalacturonase is a virulence factor known to be involved in the maceration of 

plant tissue. This enzyme is encoded by the pehA gene and transmitted horizontally through 

plasmid. According to phytopathogenic strains of B. cepacia can produce this enzyme, 

whereas strains of clinical origin and soil do not. Virulence determinants may be 

disseminated among the bacteria of the Bcc by horizontal transfer in the onion rhizosphere.  

The pehA endopolygalacturonase gene presence, a known virulence factor, is related 

to the pathogenicity in onions (Springman et al., 2009). They detected those only strains 

consisting of agricultural strains contain the pehA gene encoding endopolygalacturonase. The 

pathogenicity of onion was correlated with the source from which the strains were isolated. 

Onion pathogenicity and pehA were both absent in some strains from cystic fibrosis patients. 
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In contrast, a related group consisting of some strains from onion field soil or rhizosphere 

were pathogenic to the onion and contained pehA. The characteristic of onion pathogenicity 

and the presence of the pehA gene could be explained by the acquisition of pehA by onion 

strains or the loss of ancestral pehA from most clinical isolates.  

The ability of B. cenocepacia to produce a wide range of virulence factors as cited 

above, as well as its resistance to oxidative stress, persistence in macrophages, production of 

toxins, proteases, and type VI secretion systems, contributes to the clinical relevance of this 

organism (Bartell et al., 2014). 

In this context, studies that clarify the pathogenesis mechanisms of B. cenocepacia 

isolates in plants and humans are not yet fully understood. Additional relevant information 

about which genes are involved in processes such as pathogenicity, virulence, metabolism, 

and adaptability of B. cenocepacia is mandatory to understand the adaptability of this 

important pathogen.  
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Tabela 2: General features of strains of Burkholderia cenocepacia lineages IIIA and IIIB 

isolated from onion bulbs showing sour skin symptoms (plant pathogens group), nosocomial 

infections (human pathogens group), and from environmental samples (environmental group) 
 

Strains 
Geographic 

Region 

Assembly 

accession 

Genome 

size (Mb) 

G+C 

content 

(%) 

CDSs 

Number 

of VF 

genes 

Lineage 
Isolation 

source 
Reference 

P
la

n
t 

P
a
th

o
g
en

 

CCRMBC02 Brazil SAMN19592372 78757 67.11 7035 71 IIIA Onion bulbs This study 

CCRMBC21 Brazil SAMN19592374 79642 67.12 7117 74 IIIA Onion bulbs This study 

CCRMBC56 Brazil SAMN19592378 79341 67.12 7044 81 IIIA Onion bulbs This study 

CCRMBC147 Brazil SAMN19592383 79267 67.23 7167 78 IIIA Onion bulbs This study 

CCRMBC157 Brazil SAMN19592384 76866 67.29 6883 74 IIIA Onion bulbs This study 

CCRMBC18 Brazil SAMN19592373 75486 66.72 6770 94 IIIB Onion bulbs This study 

CCRMBC23 Brazil SAMN19592375 78601 66.79 7092 97 IIIB Onion bulbs This study 

CCRMBC27 Brazil SAMN19592376 77759 66.80 6981 96 IIIB Onion bulbs This study 

CCRMBC31 Brazil SAMN19592377 78598 66.79 7087 96 IIIB Onion bulbs This study 

CCRMBC60 Brazil SAMN19592379 75976 66.93 6743 95 IIIB Onion bulbs This study 

CCRMBC67 Brazil SAMN19592380 77057 66.92 8261 97 IIIB Onion bulbs This study 

CCRMBC109 Brazil SAMN19592382 76148 66.88 6829 96 IIIB Onion bulbs This study 

H
u

m
a
n

 P
a
th

o
g
en

 

B. cenocepacia J2315* Scotland GCF_000009485.1 8,06 66,92 7201 94 IIIA Human (CF 

sputum) 

(Holden et al., 

2009b) 

B. cenocepacia toggle4 Taiwan GCF_018223805.1 7,95 67,25 6972 71 IIIA Human 

(Blood) 

Unpublished 

B. cenocepacia ST 32 Czech 

Republic 

GCF_001484665.1 8,09 67,01 7027 72 IIIA Human (CF 

sputum) 

(Fila & 

Dřevínek, 

2017)  

B. cenocepacia 

VC12308 

Canada GCF_001999825.1 7,39 67,03 6530 72 IIIA Human (CF 

sputum) 

(Zlosnik et al., 

2015) 

B. cenocepacia H111 Switzerland GCF_000236215.2 7,71 67,31 6812 72 IIIA Human (CF 

sputum) 

(Carlier et al., 

2014) 

B. cenocepacia 842 Malaysia GCF_001606115.1 8,15 66,98 7187 76 IIIA Human (nasal 

inflammation) 

Unpublished 
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B. cenocepacia 895 Malaysia GCF_001606135.1 8,73 66,74 7817 71 IIIA Human (Cord 

blood) 

Unpublished 

B. cenocepacia K56-2 Canada GCF_014357995.1 7,74 67,02 6851 71 IIIA Human (CF 

sputum) 

(P. Darling et 

al., 1998) 

B. cenocepacia PC 184 

MULKS 

USA GCF_003076415.1 7,07 66,83 6206 74 IIIB Human (CF 

sputum) 

Unpublished 

B. cenocepacia VC7848 Canada GCF_001999785.1 7,5 66,9 6647 77 IIIB Human (CF 

sputum) 

(Zlosnik et al., 

2015) 

B. cenocepacia 

VC12802 

Canada GCF_001999885.1 7,63 67,14 6792 76 IIIB Human (CF 

sputum) 

(Zlosnik et al., 

2015) 

B. cenocepacia AU 1054 USA GCF_000014085.1 7,28 66,92 6381 73 IIIB Human 

(Blood) 

(LiPuma et al., 

2002) 

B. cenocepacia 

DDS22E1 

Australia GCF_000755725.1 8,05 66,97 7065 59 - Human 

(Aerosol) 

(Daligault et al., 

2014) 

E
n

v
ir

o
n

m
en

t 

B. cenocepacia MSMB 

384 WGS 

Australia GCF_001718895.1 7,74 67,24 6918 70 IIIA Water (Ginther et al., 

2015b) 

B. cenocepacia HI2424 USA GCF_000203955.1 7,7 66,8 6867 76 IIIB Soil (LiPuma et al., 

2002) 

B. cenocepacia MC 03 USA GCF_000019505.1 7,97 66,58 7060 89 IIIB Soil (Jacobs et al., 

2008) 

B. cenocepacia FL 5 3 

30 51 D7 

USA GCF_001718515.1 6,33 67,04 5616 75 IIIB Soil (Sahl et al., 

2016) 

B. cenocepacia PS27 India GCF_014211915.1 7,61 66,96 6600 73 IIIB Soil Unpublished 

B. cenocepacia CR 318 Canada GCF_002007585.1 7,66 66,82 6773 72 IIIB Corn (Zekic et al., 

2017a) 

B. cenocepacia YG3 China GCF_003966315.1 8,04 66,79 7016 77 - Populus (X et al., 2019) 

B. cenocepacia 

DWS37E2 

Australia GCF_000764955.1 6,61 66,5 5720 69 - Soil (Daligault et al., 

2014) 
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Figure 1: Phylogenetic tree based on the recA genes of 12 strains of Burkholderia 

cenocepacia obtained in this study, against 25 Bcc type strains, represented strains from 

the lineages (IIIA, IIIB, IIIC, and IIID), 21 B. cenocepacia strains from NCBI, and three 

strains as outgroup. The maximum-likelihood method was used for the construction of 

the three. Bootstrap scores (1000 replicates) are displayed at each node. 
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Figure 2: Heatmap of Average Nucleotide Identity (ANIm) and dDDH from pairwise 

genome comparisons of 12 Burkholderia cenocepacia isolated from onion causing onion 

sour skin in the Northeastern of Brazil, 25 type strains of B. cepacia complex, and 21 B. 

cenocepacia strains from NCBI. The outgroup was composed of strains B. gladioli, B. 

glumae, and Paraburkholderia fungorum. The lower triangle displays the ANI values, 

and the upper triangle displays the dDDH values. 
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Figure 3: Maximum likelihood tree of 33 core-genome of 12 Burkholderia cenocepacia 

strains from lineages IIIA and IIIB, isolated from onion bulbs symptomatic, and 21 B. 

cenocepacia strains available at NCBI database as complete genome belonging to human 

pathogen and environment groups. 
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Figure 4: Phylogenomic tree based on the core-genome of 12 Burkholderia cenocepacia 

strains from plant pathology group obtained in this study, 13 strains from human pathogen 

group, and eight belonging to the environmental group. Besides, type strains from B. 

cepacia complex.  The maximum-likelihood method was used for the construction of the 

three. Bootstrap scores (1000 replicates) are displayed at each node.  
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Figure 5: Virtual 2D gel showing the theoretical isoelectric point and molecular weight 

of genomes belonging to three groups of isolation sources of strains of Burkholderia 

cenocepacia. The gels A, B, and C represent the genomes of the strains from lineage IIIA, 

and the gels D, E, and F represent the genomes of the strains from lineage IIIB.  
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Figure 6: Virtual 2D gel showing the theoretical isoelectric point and molecular weight 

of the virulence factors outputted from VFDB database belonging to three groups of 

isolation sources of strains of Burkholderia cenocepacia. The gels A, B, and C represent 
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the corresponding virulence factors of each genome from lineage IIIA, and the gels D, E, 

and F represent the corresponding virulence factors of each genome from lineage IIIB.  
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of genomes belonging to three groups of isolation sources of strains of Burkholderia 

cenocepacia. The gels A, B, and C represent the genomes of the strains from lineage IIIA, 

and the gels D, E, and F represent the genomes of the strains from lineage IIIB. 
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of the virulence factors outputted from VFDB database belonging to three groups of 
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the corresponding virulence factors of each genome from lineage IIIA, and the gels D, E, 

and F represent the corresponding virulence factors of each genome from lineage IIIB.  
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CONCLUSÕES GERAIS 

 

• Foram identificadas e descritas duas novas espécies ocasionando podridão das 

escamas em cebola na região do semiárido, as quais foram classificadas como 

Burkholderia semiaridus e B. solum; 

• Isolados de B. cenocepacia linhagens IIIA e IIIB se comportam e devem ser 

classificados como duas espécies distintas; 

• Isolados fitopatogênicos de B. cenocepacia linhagem IIIA e IIIB apresentaram uma 

maior quantidade de fatores de patogenicidade e virulência a humanos; 

• Não há variação no peso molecular e no ponto isoelétrico das proteínas entre as 

linhagens IIIA e IIIB e as fontes de isolamento; 

• Coeficientes de correlação de frequência tetranucleotídica (TETRA) não possui boa 

resolução para delimitação de espécies dentro do complexo Burkholderia cepacia. 

 

 

 

 

 

 

 

 

 

 

 

 


