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RESUMO GERAL

O género Rhizoctonia é formado por grupos de individuos relacionados, mas
geneticamente distintos agrupados com base em caracteristicas moleculares e um método
classico de compatibilidade vegetativa, denominados grupos de anastomose (AGs). Nesse
contexto, varios iniciadores especificos baseados na regido do espacador interno transcrito
(ITS) ja foram desenvolvidos para discriminar AGs e seus subgrupos no complexo de
espécies de Rhizoctonia, mas inexistem estudos da eficacia desses iniciadores
considerando um grande nimero de AGs conhecidos. Portanto, o objetivo deste trabalho,
foi avaliar a eficacia de iniciadores especificos para deteccdo dos quatro predominantes
AGs de Rhizoctonia solani predominantes em nivel mundial (AG-1 1A, AG-1 IB, AG-2-1,
AG-3 PT, AG-3 TB, AG-4 HGI e AG-4 HGII). Inicialmente o DNA gendmico de treze
isolados de R. solani e sete de Rhizoctonia binucleado pertencentes a diferentes AGs foram
extraidos e quantificados. A regido ITS do DNA ribossémico destes isolados foi
sequenciada utilizando iniciadores universais (ITS1 e ITS4) para confirmar a identicidade
dos AGs. As relacdes filogenéticas foram analisadas pelo método de maxima
verossimilhanca individualmente. Os isolados de R. solani e Rhizoctonia binucleada
juntamente com espécies fungicas ndo relacionadas utilizadas como controle negativo
(Fusarium oxysporum, Macrophomina phaseolina e Sclerotium rolfsii) foram testados
simultaneamente com cada conjunto de iniciadores descrito acima. A identidade de todos
0s AGs de R. solani e Rhizoctonia binucleadas foram confirmados atraves de analises
filogenéticas das sequéncias da regido ITS. Os resultados das analises de PCR mostraram
que todos os conjuntos de iniciadores amplificaram outros AGs sob as condi¢6es indicadas
e muitos destes iniciadores produziram amplificaces para espécies flungicas ndo
relacionadas com R. solani. Concluimos que o exclusivo uso destes iniciadores ndo €
indicado para deteccdo de AGs, visto a grande diversidade intra e interespecifica das
espécies de Rhizoctonia. Portanto é de grande importancia o desenvolvimento de novos
iniciadores baseado em regifes génicas mais variaveis considerando o numero de AGs

atualmente conhecidos.

Palavras-chave: AGs, deteccdo molecular, reacdo PCR, teste de iniciadores especificos,

Thanatephorus cucumeris.



GENERAL ABSTRACT

The genus Rhizoctonia is composed of groups of related but genetically distinct
individuals grouped on the basis of molecular characteristics and a classical method of
vegetative compatibility, called anastomosis groups (AGSs). In this context, several specific
primers based on the transcribed internal spacer (ITS) region have already been developed
to discriminate AGs and their subgroups in the Rhizoctonia species complex, but there are
no studies of the efficacy of these primers considering a large number of known AGs.
Therefore, the objective of this work was to evaluate the efficacy of specific primers for
the detection of the four predominant Rhizoctonia solani AGs worldwide (AG-1 IA, AG-1
IB, AG-2-1, AG-3 PT, AG-3 TB, AG-4 HGI e AG-4 HGII). Initially the genomic DNA of
thirteen isolates of R. solani and seven of binucleated Rhizoctonia belonging to different
AGs were extracted and quantified. The ITS region of the ribosomal DNA of these isolates
was sequenced using universal primers (ITS1 and ITS4) to confirm the identity of the AGs.
Phylogenetic relationships were analyzed by the maximum likelihood method individually.
The isolates of R. solani and binucleate Rhizoctonia together with unrelated fungal species
used as negative control (Fusarium oxysporum, Macrophomina phaseolina and Sclerotium
rolfsii) were tested simultaneously with each set of primers described above. The identity
of all AGs from R. solani and binucleated Rhizoctonia were confirmed by phylogenetic
analysis of the sequences ITS region. The results of the PCR analyzes showed that all
primer sets used amplified other AGs under the conditions indicated and most these
primers produced amplifications for unrelated fungal species with R. solani. We conclude
that the exclusive use of these primers is not indicated for the detection of AGs, since the
great intra and interspecific diversity of Rhizoctonia species. Therefore, is very important
to develop new specific primers based in gene regions more variables for AGs detection

considering the number of AGs currently known.

Key-words: AGs, molecular detection, PCR reaction, specifc primers test,

Thanatephorus cucumeris.
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AVALIACAO DE INICIADORES ESPECIFICOS PARA DETECCAO DE
GRUPOS DE ANASTOMOSE DE RHIZOCTONIA SOLANI

INTRODUCAO GERAL

1. Género Rhizoctonia

O género Rhizoctonia DC. pertence ao dominio Eukarya, reino Fungi, subreino
Dikarya, filo Basidiomycota, subfilo Agaricomycotina, classe Agaricomycetes, ordem
Ceratobasidiaceae e familia Cantharellales (AJAYI-OYETUNDE; BRADLEY, 2018). Esse
género foi proposto por De Candolle, em 1815, designando R. crocorum (Pers.) DC. como
espécie-tipo. Posteriormente, em 1858, Julius Kuhn descreveu R. solani [teleomorfo =
Thanatephorus cucumeris Frank (Donk)] como espécie-tipo (ANDERSON, 1982; OGOSHI,
1987). Em 1970 foi efetuada uma revisdo de Rhizoctonia, sendo que as caracteristicas de R.
solani passaram a definir esse género (PARMETER JR.; WHITNEY, 1970; OGOSHI, 1975).
Com base nessa nova revisdo, 0 género possui como caracteristicas: ramificacdo em angulo
reto proxima ao septo distal em hifas jovens; presenca de um septo na ramificacdo da hifa
proximo do seu ponto de origem; presenca de septos do tipo doliporo; ramificacGes de hifas
que sdo concéntricas em sua extremidade basal; auséncia de grampos de conexao; auséncia de
conidios; tecido esclerocial ndo diferenciado em membrana, cortex e medula; auséncia de
rizomorfas (CARLING; SUMNER, 1992; OGOSHI, 1987; PARMETER JR.; WHITNEY,
1970; SNEH; BURPEE; OGOSHI, 1991).

Além da grande diversidade existente neste grupo, com aproximadamente 120
espécies ja identificadas desde a constatacdo do género, a taxonomia convencional de
Rhizoctonia, que utiliza caracteristicas como o tamanho, forma, coloracdo e septacdo das
estruturas de reproducdo assexual e sexual, tem limitacGes para ser aplicada em todas as
situacbes (OGOSHI, 1996).

Diversos critérios podem ser utilizados para diferenciar espécies de Rhizoctonia, entre
estes, inclui a contagem do nimero de nucleos por célula, grupo de anastomose, morfologia
do teleomorfo e por meio de caracteristicas bioquimicas e moleculares (AGARWAL, 2010;
GONZALEZ-GARCIA; ONCO; SUSAN, 2006; KUNINAGA, 2002; OGOSHI, 1996;
SNEH; BURPEE; OGOSHI, 1991; YANG,; LI, 2012).

A quantificacdo do numero de nucleos nas células das hifas tem fundamental

importéncia na identificacdo de Rhizoctonia, haja vista a separacdo das espécies em dois
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principais grupos: Rhizoctonia multinucleada (MNR) e Rhizoctonia binucleada (BNR)
(AGARWAL, 2010; AIELLO et al., 2017, GONZALEZ-GARCIA; ONCO; SUSAN, 2006;
KUNINAGA, 2002; PARMETER JR.; WHITNEY, 1970; SNEH; BURPEE; OGOSHI,
1991). As espécies multinucleadas incluem R. solani, Rhizoctonia zeae Voorhees e
Rhizoctonia oryzae Ryker, sendo a primeira considerada a espécie mais importante como
patégeno de planta. O segundo grupo compreende as espécies binucleadas, que incluem
Rhizoctonia callae E. Castell, Rhizoctonia cerealis Van Der Hoeven, Rhizoctonia endophytica
Saksena & Vaartaja, Rhizoctonia fragariae S. Husain & W.E. McKeen, Rhizoctonia fumigata
S. Gunnell & R.K. Webster, Rhizoctonia ramicola W.A. Weber & D.A. Roberts, Rhizoctonia
oryzae-sativae (Sawada) Mordue, Rhizoctonia repens Bernard e Rhizoctonia anaticula
Currah, (SNEH; BURPEE; OGOSHI, 1991).

Os teleomorfos de Rhizoctonia pertencem ao filo Basidiomycota, classe
Agaricomycetes e o0s principais teleomorfos sdo Thanatephorus Donk., Ceratobasidium
Rogers, Waitea Warcup & Talbot e Tulasnella Schroter. Entre as espécies multinucleadas,
Thanatephorus cucumeris (Frank) Donk. (teleomorfo de R. solani), Waitea circinata Warcup
& Talbot (teleomorfo de R. zeae e R. oryzae). Entre as espécies binucleadas, R. repens e R.
oryzae-sativae, associam-se a varias espécies de Ceratobasidium, como Ceratobasidium
cornigerum (Bourdot) D.P. Rogers, Ceratobasidium gramineum (lkata & T. Matsuura) e
Ceratobasidium oryzae-sativae P.S. Gunnell & R.K. Webster, ou ainda, a Tulasnella
(CARLING; SUMNER, 1992; GONZALEZ-GARCIA; ONCO; SUSAN, 2006; OGOSHI,
1987; SNEH; BURPEE; OGOSHI, 1991).

2. Biologia e controle de Rhizoctonia

Considerado um fungo cosmopolita, espécies de Rhizoctonia encontram-se
distribuidas em grande parte dos solos agricolas do mundo (MORDUE, 1974). Espécies de
Rhizoctonia causam importantes doencas radiculares e foliares em uma ampla variedade de
plantas cultivadas, incluindo fruteiras, pastagens, espécies florestais e plantas ornamentais, e
possuem uma elevada capacidade saprofitica, que viabiliza sua sobrevivéncia na matéria
organica morta no solo (AGARWAL, 2010; FARR; ROSSMAN, 2018; OGOSHI, 1996;
PATIL; SOLANKI, 2016; SNEH; BURPEE; OGOSHI, 1991; YANG,; LI, 2012).

Na auséncia de plantas hospedeiras, os propagulos de Rhizoctonia viabilizam sua
sobrevivéncia no solo por longos periodos. Isso ocorre na forma de hifas com paredes

espessas, junto a restos culturais e outros detritos organicos, bem como na forma de estruturas
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de sobrevivéncia, denominadas esclerocios, especialmente nas partes superficiais do solo
(SNEH; BURPEE; OGOSHI, 1991; VAN BRUGGEN; ARNESON, 1986).

Na presenca de exsudatos radiculares, liberados pelas raizes das plantas, ricas em
substancias atrativas, tais como aminoacidos, acidos organicos, acgucares, substancias
proteicas e fenois, o micélio germina a partir do esclerdcio e cresce em direcdo ao hospedeiro.
Apdbs o primeiro contato, ocorre o crescimento direcional sobre as células da rizoderme. As
hifas se ramificam formando almofadas de infecgéo, auxiliando na fixagdo do fungo ao tecido
do hospedeiro antes da penetracdo ativa (KEIJER, 1996). Além da penetragdo ativa,
Rhizoctonia também pode penetrar passivamente no hospedeiro. Porém, isso dificilmente
ocorre, ficando limitada as infecgdes foliares (KEIJER, 1996; WEINHOLD; SINCLAIR,
1996). Enzimas liticas, tais como cutinases, pectinases e Xilases facilitam o processo de
penetracdo do patogeno nos tecidos do hospedeiro (WEINHOLD; SINCLAIR, 1996). No
entanto, a presséo hidrostatica também contribui de forma importante nessa etapa (DEMIRCI;
DOKEN, 1998). Apo6s a penetracdo, o fungo coloniza os tecidos inter e intracelulares,
resultando nos sintomas, tais como lesdes necrdticas nas partes aéreas da planta, raizes,
estolbes e, principalmente, no tombamento de plantas jovens (AGARWAL, 2010; BAKER,
1970; OGOSHI, 1987; PATIL; SOLANKI, 2016).

Rhizoctonia € um tipico habitante do solo, provocando comumente doencas
radiculares. Contudo, sob determinadas circunstancias, como elevada umidade relativa do ar,
pode atacar as partes aereas de plantas. Os hospedeiros ou 6rgdos infectados por Rhizoctonia
podem manifestar diferentes sintomas, tais como podriddes e cancros de caules e raizes,
tombamento de pré e pds-emergéncia, queima e morte de plantas, podridées em tubérculos,
degeneracdo de frutos e gréos, alem de manchas e queima das folhas e brotos, na parte aérea
(AGARWAL, 2010; AJAYI-OYETUNDE; BRADLEY, 2018; BAKER, 1970; OGOSHI,
1987; PATIL; SOLANKI, 2016).

Doencas causadas por Rhizoctonia sdo de dificil controle, haja vista sua elevada
agressividade, associada a sua eficiente habilidade de competicdo saprofitica, possibilidade de
sobrevivéncia no solo sem a presenca de um hospedeiro potencial, facilidade de transmissao
via sementes e ampla gama de hospedeiros (AGARWAL, 2010; CUBETA; VILGALYS,
2000; LEACH; GARBER, 1970; OGOSHI, 1987). Sabe-se que cultivares/variedades
comerciais com grau de resisténcias aceitavel a rizoctoniose ndo sdo disponiveis, a rotacdo de
cultura é pouco eficiente e o controle quimico € ineficiente, economicamente inviavel e de
elevado impactos ambientais (AGARWAL, 2010). Resisténcia do hospedeiro em funcéo da

reacdo contra fitopatdgenos necrotroficos, tal como Rhizoctonia, ndo tem sido tarefa facil.
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Isso ocorre devido as maltiplas formas pelos quais eles desempenham o processo patogénico,
através da répida inducdo de enzimas, anulagcdo dos mecanismos de defesas do hospedeiro,
sintese de toxinas e outros efetores (OKUBARA; PAULITZ, 2005).

O uso de agentes biocontroladores é uma alternativa para o controle de Rhizoctonia
(DAVID et al., 2018; COELHO et al., 2018), destacando-se bactérias do género de Bacillus
(HUANG et al., 2012; GUO et al., 2014; KHEDHER et al., 2015; MARTINS et al., 2018) e
Pseudomonas (especialmente as fluorescentes) (NAGARAJKUMAR et al. 2004), bem como
espécies de fungos do género Trichoderma (REITHNER et al. 2007; OLIVEIRA et al.,
2012).

3. Grupos de anastomose de Rhizoctonia

O género Rhizoctonia € constituido por individuos agrupados com base em
caracteristicas morfoldgicas, patologicas, fisiologicas, moleculares e em uma reacdo de
compatibilidade vegetativa, baseada na anastomose de hifas entre representantes de mesmo
grupo ou incompatibilidade somatica entre individuos de grupos distintos (AGARWAL,
2010; GONZALEZ-GARCIA; ONCO; SUSAN, 2006; KUNINAGA, 2002; OGOSHI, 1987;
OGOSHI, 1996).

A compreensdo de grupo de anastomose (AG) tem grande importancia para o género
Rhizoctonia, pois contitui um grupo de isolados relacionados capazes de auto-reconhecimento
por meio da fusdo entre hifas (reacdo de anastomose). Isto &, hifas de isolados pertencentes ao
mesmo AG sdo conectadas por meio da fusdo umas as outras, ao passo que isolados de
diferentes AGs ndo manifestam esse comportamento (OGOSHI, 1987). O pareamento das
hifas para a anastomose tem sido aplicada para caracterizar isolados de R. solani, R. zeae, R.
oryzae e R. repens, espécies binucleadas de Rhizoctonia e isolados de Rhizoctonia com o
teleomorfo pertencente ao género Waitea (AGARWAL, 2010; CARLING, 1996;
GONZALEZ-GARCIA; ONCO; SUSAN, 2006; SNEH; BURPEE; OGOSHI, 1991; PATIL;
SOLANKI, 2016; YANG; LI, 2012). A importancia da determinacdo dos AGs é devido ao
fato de que cada grupo pode ser considerado uma unidade evolucionéria, pois representam
populacdes geneticamente isoladas e ndo intercruzaveis (ANDERSON, 1982; CARLING,
1996).

Determinados AGs tém sido divididos em subgrupos, chamados grupos intra-
especificos (ISGs) (OGOSHI, 1987). O conceito de 1SGs é fundamentado em evidéncias de

reacOes de anastomose, patogenicidade, morfologia, requerimento de vitaminas, taxa de
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crescimento micelial, temperatura 6tima de crescimento, tipo de esclerécios produzidos e
gama de hospedeiros (OGOSHI, 1987, 1996; SNEH; BURPEE; OGOSHI, 1991). No entanto,
a distingdo clara entre ISGs ndo é facil, quando se baseia apenas na reacdo de anastomose
(GONZALEZ-GARCIA; ONCO; SUSAN, 2006; YANG; LI, 2012).

Pesquisas atuais indicam um grande complexo de espécies existente nos AGs e
subgrupos de Ceratobasidium e de Thanatephorus com anamorfos de Rhizoctonia, composta
de diversas linhagens geneticamente diferentes, mas morfologicamente inseparaveis
(CERESINI, 2014). Os subgrupos possivelmente representam as unidades evolutivas mais
recentes, onde provavelmente indicam populagbes dentro de um AG. Ceratobasidium e
Thanatephorus filogeneticamente constituem géneros proximos, embora ainda exista
necessidade de resolver esta relacéo filogenética existente (GONZALEZ et al., 2016; DAVID
et al., 2018).

Por muito tempo, a classificacdo dos AGs de Rhizoctonia foi baseada simplesmente
pelo pareamento de hifas utilizando isolados testadores (CARLING, 1996; KUNINAGA,
2002; SNEH; BURPEE; OGOSHI, 1991). Contudo, diversos problemas ja foram
identificados com a utilizacdo desse método. Dessa forma, com o advento da biologia
molecular, variadas ferramentas vem sendo utilizadas para determinacéo precisa e alocacao
dos isolados de R. solani e Rhizoctonia binucleada nos AGs, incluindo reacdo da cadeia
polimerase (PCR) da regido espacadora transcrita interna (ITS) do DNA ribossomico (rDNA),
hibridizacdo DNA/DNA, gel de eletroforese em campo pulsado, polimorfismo do DNA
amplificado ao acaso (RAPD), polimorfismo do comprimento dos fragmentos restringidos
(RFLP) e polimorfismo do comprimento dos fragmentos amplificados (AFLP) regido
amplificada de sequéncia caracterizada (SCAR), Sequéncias simples repetidas (SSR) e
isoenzimas (AGARWAL, 2010; GONZALEZ-GARCIA; ONCO; SUSAN, 2006;
LAKSHMAN et al., 2016).

Dentre essas técnicas, 0 estudo da regido ITS é a mais utilizada por oferecer suporte
filogenético molecular aceitdvel para maioria dos AGs e subgrupos de Rhizoctonia
(AGARWAL, 2010; ARAKAWA; INAGAKI, 2014; CERESINI, 2014; CUBETA;
VILGALYS, 2000; DAS et al., 2014; GONZALEZ-GARCIA; ONCO; SUSAN, 2006;
KUNINAGA, 2002; LUBECK, 2004; MUZHINJI et al., 2015; PATIL; SOLANKI, 2016;
SHARON et al., 2006, 2008). Nesse sentindo, sabe-se que a regido ITS possui um grande
nimero de coOpias de rDNA presentes por genoma, tal como relativa alta variagdo
interespesifica (espécies diferentes) e baixa variagdo intraespecifica (mesma espécie)
(KUNINAGA, 2002; KUNINAGA et al., 2000; MUZHINJI et al., 2015). Além disso, quando
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comparado ao método de agrupamento baseado no pareamento de hifas, as técnicas
moleculares sdo mais precisas e menos desafiadoras tecnicamente (KUNINAGA, 2002;
KUNINAGA et al., 2000; MUZHINJI et al., 2015). O estudo da regido ITS tem sido uma
ferramenta (til para classificacdo de R. solani e Rhizoctonia binucleada, haja visto alguns
estudos comprovarem sua utilidade na alocacdo de isolados em determinados AGs (SHARON
et al., 2006, 2008). Além destes, a analise da subunidade grande (LSU) do DNA ribossémico
e dos genes B-tubulina (BT) e segunda maior subunidade do RNA polimerase 1l (RPB2)
também tém fornecido suporte filogenético para maioria desses grupos (CUBETA et al. 1996;
KUNINAGA et al. 1997; GONZALEZ-GARCIA; ONCO; SUSAN, 2006; GONZALEZ et
al., 2016; SHARON et al. 2006, 2008).

Até o momento, existem 13 AGs em R. solani somaticamente incompativeis ja
identificados, denominados AG-1 a AG-13 (AGARWAL, 2010; ARAKAWA; INAGAKI,
2014; CARLING, 1996; CERESINI, 2014; GONZALEZ-GARCIA; ONCO; SUSAN, 2006;
GONZALEZ et al., 2016; INOKUT et al., 2018; PATIL; SOLANKI, 2016; SHARON et al.,
2006, 2008; TSROR, 2010; YANG,; LI, 2012). Atualmente, ja foram relatados cinco 1SGs
dentro do AG-1 (AG-1-1A, AG-1-1B, AG-1-IC, AG-1-1D e AG-1-1F), oito dentro do AG-2
(AG-2-1, AG-2-2-111B, AG-2-2-1V, AG-2-2-HB, AG-2-2-LP, AG-2-3, AG-2-4 e AG-2-Bl),
dois dentro de AG-3 (PT e TB), trés dentro do AG-4 (HG-1, HG-11 e HG-IIl), dois dentro do
AG-6 (HG-1 e GV) e dois dentro do AG-9 (TP e TX) (CERESINI, 2014; GODOY-LUTZ et
al., 2008; GONZALEZ et al., 2016; SHARON et al., 2006, 2008; YANG; LI, 2012, DAVID
et al., 2018). Quanto a distribuicdo, existem indicios que somente 0s quatros primeiros grupos
(AG-1, AG-2, AG-3 e AG-4) tém predominancia mundial, sendo identificados na maioria dos
agroecossistemas do mundo (CARLING, 1996; CERESINI, 2014; GONZALEZ-GARCIA;
ONCO; SUSAN, 2006).

Dentre os complexos de espécies existentes, certamente R. solani, juntamente com as
demais espécies multinucleadas, sdo as mais estudadas em nivel mundial, justificado pela
capacidade de causarem impactos econdmicos em uma ampla gama de plantas cultivadas. Na
Tabela 1 sdo apresentados 0s AGs, ISGs e plantas hospedeiras de R. solani relatados em nivel
mundial.

No que se refere a Rhizoctonia binucleada, ja foram identificados 18 AGs, com
teleomorfo em Ceratobasidium, denominados AG-A a AG-W (AIELLO et al., 2017; YANG
et al.,, 2015). Porém, sabe-se que AG-J, AG-M e AG-N foram excluidos de Rhizoctonia,
isolados representativos de AG-M foram perdidos, AG-T e AG-U foram reclassificados
subsequentemente como AG-A e AG-P (SHARON et al., 2008), enquanto AG-V e AG-W
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foram recentemente reportados (AIELLO et al., 2017; DONG et al., 2017; YANG et al.,
2015). S&o relatados trés ISGs dentro do AG-B (AG-Ba, AG-Bb e AG-B(0)) e trés dentro do
AG-D (I, Il e ) (YANG,; LI, 2012; YANG et al., 2015). Na Tabela 2 sdo apresentados 0s
AGs, ISGs e plantas hospedeiras de Rhizoctonia binucleada relatados em nivel mundial.

Tabela 1. Grupos de anastomose de Rhizoctonia solani e plantas hospedeiras (adaptado de
CERESINI, 2014; INOKUTI, 2016; YANG,; LI, 2012).

AGs ISGs Plantas hospedeiras

AG-1 |A feijdo-caupi, soja, arroz, milho, sorgo, braquiaria, gramados, canfora
alface, batata, repolho, feijdo-comum, soja, arroz, café, horténcia,
IB eucalipto
IC cenoura, soja, trigo, eucalipto, pinheiro
ID feijdo-comum, pimenta-do-reino, maracuja, cafe
IF Feijdo, soja, arroz,

alho-porro, batata, couve-flor, nabo, morango, café, iris, lirio, tulipa,
AG-2 1 pinheiro

beterraba acucareira, feijao-comum, gengibre, taro, soja, arroz,
2-111B milho, gramados, crisantemo, gradiolo, junco,

berinjela, beterraba agucareira, cenoura, pimentdo, feijdo comum,
2-1V gramados

2-HB seringueira, maracuja

2-LP arroz, gramados

3 soja

4 cenoura, milho

Bl ndo patogénico
AG-3 PT batata, berinjela, tomate

TB fumo
AG-4 HG-I abobora, batata, beterraba, beterraba acucareira, brocolis
AG-4 HG-II cebola, ervilha, espinafre, meldo, tomate, taro, mamona,
AG-4 HG-1I amendoim, ervilha, feijdo-comum, feijdo-caupi, soja, algodao

canola, trigo, fumo, alfafa, tremoco, braquiaria, crisantemo,
geranio, eucalipto, pinheiro, jambd, urucum, caruru,
beldroega, jua-de-capote, maria-pretinha

AG-5 batata, beterraba, beterraba agucareira, morango, feijdo comum
soja, trigo, centeio, tremoco, grao-de-bico, macieira, gramados
AG-6 HG-I cenoura, trigo, macieira, cravo
GV N&o patogénico
AG-7 batata, melancia, rabanete, algodao, soja, cravo
AG-8 batata, pimentdo, trigo, centeio
AG-9 TP batata
X repolho, couve-flor, trigo, centeio
AG-10 N&o patogénico
AG-11 soja, trigo, centeio, tremogo
AG-12 couve-flor, rabanete

AG-13 N&o patogénico
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Tabela 2. Grupos de anastomose para 0 complexo de espécies binucleada de Rhizoctonia
(adaptado de INOKUTI, 2016; YANG; LI, 2012; YANG et al., 2015).

AG ISGs Hospedeiros
AG-A alface, batata, beterraba, espinafre,morango, tomate, meldo,
pepino, ervilha, feijdo-comum, girassol, macieira
AG-B a arroz, milheto, capim-arroz
b
(0)
AG-C beterraba, trevo, trigo, orquidea (simbiose)
AG-D I batata, beterraba, cebola, ervilha, feijdo-comum, soja, trigo,
Il cevada, milheto, trevo
11
AG-E alface, cebola, beterraba, amedoim, ervilha, feijdo-caupi
feijdo-comum, soja, centeio, pinheiro, orquidea (simbiose)
AG-F Alface, cebola, morango, rabanete, tomate, amendoim, feijdiocomum
algodéo, taro
AG-G beterraba, ervilha, meldo, morango, tomate, girassol, macieira
AG-H orquidea (simbiose)
AG-I beterraba, morango, trigo, macieira, orquidea (simbiose)
AG-K alho, beterraba, cebola, cenoura, morango, rabanete, tomate,
milho, trigo, pereira
AG-L ndo patogénico
AG-O macieira
AG-P cha
AG-Q gramados
alface, batata, cebola, rabanete, tomate, amedoim, feijao-caupi, feijao
AG-R comum,
feijdo-fava, soja, azalea
AG-S trigo, cevada, azalea
AG-V gengibre
AG-W batata

O conhecimento dos AGs e ISGs tem grande relevancia na compreensdao da

diversidade genética de Rhizoctonia, haja vista as possiveis interferéncias epidemioldgicas

dessa diversidade no manejo das doencas causadas por esse fitopatdégeno (AGARWAL, 2010;
ANDERSON, 1982; OGOSHI, 1987; GODOY-LUTZ et al., 2008; SHARMA-POUDYAL et
al., 2015; TSROR, 2010). Representantes de diferentes AGs de Rhizoctonia podem responder
de diferentes formas as medidas de controle (CAMPION et al., 2003; KATARIA,; GISI, 1996,
1999; OZER; BAYRAKTAR, 2015), fortalecendo a necessidade de formas adequadas e
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precisas para identificacdo dos AGs dos isolados (GONZALEZ et al, 2016; PATIL;
SOLANKI, 2016; VAN BENEDEN et al., 2009).

4. Iniciadores especificos para deteccédo de grupos de anastomose (AG) de Rhizoctonia

Ferramentas moleculares para o diagndstico de doencas causasadas por Rhizoctonia
estdo avangando rapidamente pela integracdo de analises fenotipicas e moleculares. Analises
bem apuradas da regido ITS do rDNA fornecem diferengas genéticas de AGs e ISGs
(SHARON et al. 2008), e essas distingdes sdo aplicadas ao desenho de marcadores
moleculares para diferenciar grupos e subgrupos de Rhizoctonia (ARAKAWA; INAGAKI,
2014).

Entretanto, no que diz respeito a regido ITS em Rhizoctonia, heterogeneidades
presente na sequencia ITS em um Unico isolado tem sido evidenciada como caracteristica
comum (AHVENNIEMI et al., 2009; ARAKAWA; INAGAKI, 2014; BOYSEN et al., 1996;
JUSTESEN et al., 2003; PANNECOUCQUE; HOFTE, 2009). Isso tem gerado reducéo na
qualidade do sequenciamento direto, pois produtos de PCR obtidos a partir dessas insercdes
heterogéneas, em funcdo de substituicbes ou delecGes de alguns nucleotideos de regides
variaveis de ITS1 e ITS2, acabam causando trocas nos pontos de leitura da fita molde de
DNA durante as reacfes de sequenciamento. Dessa forma, uma alternativa para evitar o
problema da heterogeneidade na sequencia de ITS em um Unico isolado, seria a clonagem de
genes (ARAKAWA; INAGAKI, 2014). No entanto, devido ao elevado custo, em muitas
situacbes 0 uso da clonagem torna-se restritivo, havendo a necessidade do desenvolvimento
de outras ferramentas de deteccdo molecular, dentre as quais os iniciadores especificos.

Iniciadores sdo sequéncias responsaveis pelo processo de sintese e correspondem a
curtas cadeias complementares a regido inicial (primer forward) e regido final (primer
reverse) da sequéncia que se deseja copiar, denominada sequéncia-alvo. Em uma mesma
reacdo de PCR, iniciadores e sequéncia-alvo, a qual deve estar na forma desnaturada, ou seja,
fita simples, se ligam por complementaridade entre suas bases. Para que a nova molécula seja
sintetizada, a enzima DNA polimerase utiliza a sequencia-alvo como molde e, segundo o
principio da complementaridade entre as bases, adiciona novos nucleotideos aos iniciadores.
No final da reacdo, a sequéncia especifica sera acumulada em bilhdes de copias (LORENZ,
2012). Um iniciador é especifico se ele amplifica apenas o DNA alvo para a qual ele foi
projetado (GARG et al. 2008). Iniciadores inespecificos acarretam na amplificacdo de

fragmentos de DNA néo correspondentes a regido-alvo (MAED et al., 2014).
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Vérios iniciadores especificos baseados nas regifes ITS ou separadoras intergenéricas
foram desenvolvidos para discriminar AGs e seus subgrupos no complexo de espécies de
Rhizoctonia, incluindo teleomorfos em Thanatephorus, Ceratobasidium e Waitea
(ARAKAWA,; INAGAKI, 2014; CARLING; KUNINAGA; BRAINARD, 2002; GODOY-
LUTZ et al., 2008; GROSCH et al., 2007; JAAFAR et al., 2016; JOHANSON et al., 1998;
JUSTESEN et al., 2003; KUNINAGA, 2003; LEES et al., 2002; MATSUMOTO, 2002;
OKUBARA; SCHROEDER; PAULITZ, 2008; SALAZAR; JULIAN; RUBIO, 2000;
SAYLER; YANG, 2007; TODA et al., 2004; WOODHALL et al., 2013; ZHAO et al., 2014).
Estes iniciadores sdo Uteis ndo s6 para a genotipagem de AGs e subgrupos, mas também para
diagnosticar doencas causadas por Rhizoctonia e para detectar esses patdgenos em materiais
vegetais e no solo (ARAKAWA,; INAGAKI, 2014).

Nos ultimos anos, em diversas situagdes os iniciadores especificos tém sido efetivos
na caracterizacdo dos AGs e seus subgrupos no complexo Rhizoctonia (FERRUCHO et al.,
2012; KHODAYARI; SAFAIE; SHAMSBAKHSH, 2009; MISAWA et al., 2015; MISAWA;
KUROSE; KUNINAGA, 2017; MORA-UMANA et al., 2013; YANG et al, 2017). A
combinacdo de conjuntos de primers pode ser utilizada para a deteccdo e identificacdo
especifica de AGs. No entanto, para alocacdo precisa de AGs conhecidos e desconhecidos em
isolados recém-coletados de Rhizoctonia é necessarioa determinacdo de suas reacbes de
anastomose com isolados testadores para confirmacdo das informacdes das sequéncia de
nucleotideos. Desenvolvimento de iniciadores especificos e sondas para AGs e subgrupos de
Rhizoctonia spp. para o uso em métodos de PCR convencional e PCR em tempo real (Q-PCR)
facilita a identificacdo e quantificacdo desses patégenos em amostras agricolas (LEES et al.,
2002; OKUBARA; SCHROEDER; PAULITZ, 2008; SAYLER; YANG 2007).

Embora os iniciadores especificos para discriminar AGS e seus subgrupos no
complexo de espécies de Rhizoctonia tenham sido desenvolvidos, inexistem estudos de
eficdcia desses iniciadores considerando um grande namero de isolados com AGs conhecidos.
Evidéncias em alguns estudos mostram que iniciadores especificos podem néo ser totalmente
eficazes para deteccdo de AGs e ISGs (MATSUMOTO, 2002; SALAZAR; JULIAN; RUBIO,
2000), tendo em vista a quantidade de grupos e subgrupos descobertos nos dltimos anos
(ALAEI et al., 2017; DONG et al., 2017; GAINO et al., 2010; YANG et al., 2015). Dessa
forma, o objetivo dessa dissertacdo foi avaliar a eficicia de iniciadores especificos para

deteccdo dos quatros AGs de R. solani predominantes em nivel mundial.
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Abstract Several specific PCR primers based on ITS region have been used to discriminate
anastomosis groups (AGs) and subgroups in Rhizoctonia solani, but the efficacy of these primers
was not evaluated considering a large number of known AGs. This study was performed to
evaluate the efficacy of seven PCR specific primers in the detection of the four predominant AGs
of R. solani worldwide, including some subgroups (AG-1 IA, AG-1 1B, AG-2-1, AG-3 PT, AG-3
TB, AG-4 HGI and AG-4 HGII). Thirteen isolates of R. solani and seven isolates of binucleate
Rhizoctonia belonging to different AGs and subgroups were sequenced using ITS1 and 1TS4
primers and the phylogenetic analysis confirm the previous identification of 20 AGs and
subgroups. This isolates and three isolates of unrelated fungal species (Fusarium oxysporum,
Macrophomina phaseolina and Sclerotium rolfsii) were tested simultaneously with each primer
set above. All primer used nonspecifically amplified other AGs and the most of the primers
produced bands for unrelated fungal species. Therefore, the exclusive use these primers under the

PCR conditions used in this study should be avoided due to lack of accuracy in the results.

Keywords Rhizoctonia solani « AG groups * PCR reaction « molecular detection « ITS primers

Introduction

The soil-borne fungi Rhizoctonia occurs worldwide in agricultural and non-agricultural fields,
living as plant pathogens, symbionts or saprophytes (Ogoshi 1987; Gonzalez et al. 2006;
Gonzalez et al. 2016). The study of Rhizoctonia is largely associated with their economic
importance as pathogen on more than 600 species of plants (Farr et al. 2018), causing diseases
symptoms such as damping off, root rot, stem cankers, crown rot and blights (Ogoshi 1996).

Control of diseases resulting from Rhizoctonia infection is a major concern for farmers and plant
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pathologists (Arakawa and Inagaki 2014), due to the high pathogen aggressiveness, associated to
its efficient competitive saprophytic ability, capacity for soil survival without the presence of a
potential host, and a wide host range (Leach and Garber 1970; Cubeta and Vilgalys 2000;
Agarwal 2010; Ajayi-Oyetunde and Bradley 2018).

The genus Rhizoctonia comprises a complex of genetically distinct species, and the
classification is based on the cell’s nuclear condition (multi-, bi-, or uninucleate) and the ability
of hyphae to anastomose with tester isolates of designated anastomosis groups (AGs) (Sneh et al.
1991). In addition to hyphal interaction, other characteristics have been used to differentiate
subgroups within several AGs (Sharon et al. 2006).

Rhizoctonia solani (teleomorf Thanatephorus cucumeris) is multinucleate and the most
important species within the genus Rhizoctonia. Considerable diversity in colony morphology,
host range, aggressiveness, nutritional requirement and other characteristics exist among
members of this species (Sneh et al. 1991; Cubeta and Vilgalys 2000; Agarwal 2010; Ajayi-
Oyetunde and Bradley 2018). Currently, there are 13 AGs in R. solani (AG-1 to AG-13) and
numerous subgroups (Sharon et al. 2006; Arakawa and Inagaki 2014; Gonzélez et al. 2016;
Inokuti et al. 2018). To date, there is evidence that only first four (AG-1 to AG-4) among the
AGs that make up the complex of species R. solani has global distribution, occurring in most
agro-ecosystems in the world (Ogoshi 1987; Gonzalez et al. 2006; David et al. 2018).

The knowledge of AGs and subgroups has great relevance in understanding the genetic
diversity of R. solani, considering the possible epidemiological interferences of this diversity in
the management of diseases caused by this pathogen (Ogoshi 1987; Agarwal 2010; Tsror 2010;
Ajayi-Oyetunde and Bradley 2018).

The classical methodology for AG-grouping based on hyphal interaction has proven to be a

questionable and unreliable criterion, especially for subgroups. On the other hand, the
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introduction of polymerase chain reaction (PCR)-based tools provided the accurate identification
of isolates for AGs and their subgroups (Sharon et al. 2006).

Sequencing of the internal transcribed spacer (ITS) region of ribosomal DNA (rDNA)
seems to be an appropriate method for genetic differentiation of AGs and their subgroups (Sharon
et al. 2008), and these differences are applied to the design of molecular markers for
distinguishing those groups (Arakawa and Inagaki 2014). Several specific PCR primers based on
ITS region have been designed to discriminate AGs and their subgroups in the R. solani
(Arakawa and Inagaki 2014). This specific primers has been used in several research works
(Matsumoto 2002; Okubara et al. 2008; Budge et al. 2009; Mora-Umafia et al. 2013; Hannukkala
et al. 2016; Misawa et al. 2017), but the efficacy of these primers was not evaluated considering a
large number of known AGs.

The present study was undertaken to evaluate the efficacy of seven PCR specific primers in
the detection of the four predominant AGs of R. solani worldwide, including some subgroups

(AG-1 1A, AG-1 1B, AG-2-1, AG-3 PT, AG-3 TB, AG-4 HGI and AG-4 HGII).

Materials and methods

Fungal isolates

Thirteen isolates of R. solani and seven isolates of binucleate Rhizoctonia belonging to different

AGs e subgroups were used in this study are listed in Table 1. Isolates of Fusarium oxysporum,

Macrophomina phaseolina and Sclerotium rolfsii (Supplementary Table 1), characterized by

DNA sequencing, were used as negative control in the evaluation of specific primers experiment.
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DNA isolation, sequencing and phylogenetic analyzes to confirm the AGs

The isolates of Rhizoctonia were grown on a cellophane disc placed on potato-dextrose-agar
(PDA) (Acumedia, Lansing, USA) in a Petri dish at 25 °C. After 4 days, the mycelium was
scraped from the surface of culture with sterile toothpick. The genomic DNA of each Rhizoctonia
isolate was obtained using the Wizard® Genomic DNA Purification Kit (Thermo Fisher
Scientific, Waltham, USA) following the manufacturer’s instructions. The ITS-rDNA region was
amplified using the primers ITS1 and ITS4 (White et al. 1990). For each 12.5 uL PCR reaction, a
mixture was made containing 6.25 uL GoTaq® Green Master Mix (2X) (Promega Corporation,
Madison, USA), 0.5 uL each of forward and reverse primer, 4.25 uL of nuclease-free water and 1
uL of DNA template. Amplifications were performed using the following program: initial
denaturation at 94 °C for 5 min, followed by 35 cycles of denaturing at 94 °C for 1 min,
annealing at 57 °C for 1 min, and extension at 72 °C for 1 min; one cycle of extension at 72 °C
for 10 min and final incubation at 4 °C. PCR products were purified and sequenced in both
directions with the same primers used for amplification.

The consensus sequences were assembled using the SeqMan Pro version 8.1.2 software
(DNASTAR Inc., Madison, USA). Reference ITS sequences available in GenBank for each AG
were retrieved for construction of phylogenetic tree (Supplementary Table 2). Sequences were
aligned using ClustalW algorithm (Thompson et al., 1997), and phylogenetic analyses were done
separately for multinucleate and binucleate Rhizoctonia datasets using MEGA 7.0.14 (Kumar et
al. 2016). Maximum Likelihood with Kimura 2-parameter nucleotide substitution model was
used to construct the phylogenetic trees. All positions containing gaps and missing data were

eliminated. Bootstrapping was performed with 1,000 replications of data. The ITS sequence of
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Athelia rolfsii (FSR-052) (GenBank Accession N° AY684917) was used as outgroup. Sequences
generated in this study were deposited in GenBank (Table 1) and the alignments in TreeBASE

(under deposit).

Evaluation of specific primers for AGs detection

Isolates of Rhizoctonia and unrelated fungal species (F. oxysporum, M. phaseolina and S. rolfsii)
were grown on a cellophane disc placed on PDA (Acumedia) and the mycelium was scraped with
sterile toothpick. The genomic DNA of the isolates was extracted as described above. The
isolates were tested with AG-1 1A, AG-1 1B, AG-2-1, AG-3 PT, AG-3 TB, AG-4 HGI and AG-4
HGII, using seven primer pairs shown in Table 2. Amplification reactions using primer pairs
were carried out using 25 ng/ul of genomic DNA and the same procedures mentioned above,
with annealing temperatures indicated in Table 2. Control with 1 uL of nuclease-free water was
performed for all sets of primers during PCR reactions. The PCR amplification products were
separated by electrophoresis in 1% agarose gels in 1.0x Tris-acetate acid EDTA (TAE) buffer,
stained with GelRed™ (Biotium Inc., Hayward, USA) in a 1x TAE buffer and visualized under

UV light and photographed. The tests were repeated twice.

Results and discussion

The phylogenetic analysis of the ITS region of Rhizoctonia isolates allowed the identification of
20 AGs, being 13 of R. solani and seven of binucleate Rhizoctonia (Table 1; Fig. 1 and Fig. 2;),
and confirmed the AGs classification previously performed for some isolates (Kuninaga et al.

1997; Carling et al. 2002; Matsumoto 2002; Strausbaugh et al. 2011).
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The primers sets AG-1 IA and AG-1 IB produced the expected product for the
representative isolates from these groups, with evident band of 540 pb and 324 pb, respectively.
However, nonspecific annealing was visualized in other AGs for this primers set, suggesting
nonspecific annealing (Table 3; Supplementary Fig. 1). For primer set AG-2-1, although we do
not have isolates belonging to this subgroup, PCR products of the expected size were visualized
in the AG-9, AG-Fa and AG-P isolates, as well as the presence of amplicon for AG-4 HGI isolate
(Table 3; Supplementary Fig. 2).

The AG-3 PT primer set amplified DNA from AG-3 PT isolate, but with amplicon above
500 bp, different of the indicated by Kuninaga et al. (2000). In addition, it was observed the
presence of multiple nonspecific bands, with different sizes for all subgroups, except for AG-1 1A
subgroup. In the AG 3-TB primer set, PCR products of the expected size (470 pb) were not
visualized, since we do not have isolates from this AG. However, amplicons were evident for
AG-4 HGI, AG-Fa and AG-G isolates (Table 3; Supplementary Fig. 3). In the case of the AG-4
HGI primer set, a band fragment of expected size (420 pb) was produced for the AG-4 HGI
isolate, but multiple bands of different sizes were detected for other subgroups. The AG-4 HGII
primer set produced a single band of expected size (420 pb) for the representative isolate these
group, but band of expected size also were visualized for isolates of AG-2-2 I1IB and AG-2-2 IV,
as well as multiple bands for other subgroups (Table 3; Supplementary Fig. 4). The pair primers
AG-1 IA, AG-3 PT, AG-3 TB, AG-4 HGI and AG-4 HGII produced bands for fungal species (F.
oxysporum, M. phaseolina and S. rolfsii) used in the negative control during the PCR reactions.
No PCR product was observed in the control with water during the reactions (Table 3;
Supplementary Figs. 1-4).

Considering the presence of nonspecific amplifications, the specific primers used for

detection of AG-1 IA, AG-1 IB, AG-2-1, AG-3 PT, AG-3 TB, AG-4 HGI and AG-4 HGII were
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nonspecific. Although primers has already been used to detect Rhizoctonia AGs and subgroups
(Matsumoto 2002; Okubara et al. 2008; Budge et al. 2009; Hannukkala et al. 2016; Misawa et al.
2017), it was seen that the specificity was not evaluated or evaluation were based on a small
amount of different AGs (Kuninaga et al. 2000; Salazar et al. 2000; Carling et al. 2002). In the
present study, the efficacy of specific primers was evaluated using isolates of R. solani and
binucleate Rhizoctonia distributed in 20 different AGs. Nonspecific detection and identification
of Rhizoctonia AGs using primers designed from their specific regions of ribosomal DNA for
PCR amplification have already been demonstrated by Matsumoto (2002). The nonspecificity of
some primers may be due to the great intraspecific and interspecific diversity of Rhizoctonia
species (Sneh et al. 1991; Cubeta and Vilgalys 2000; Agarwal 2010; Misawa et al. 2017; Ajayi-
Oyetunde and Bradley 2018). Moreover, the possibility of emergency of new AGs in Rhizoctonia
should be considered (Gaino et al. 2010; Yang et al. 2015; Alaei et al. 2017; Dong et al. 2017),
mainly due to the occurrence of heterokaryosis and sexual recombination of genotypes in field
isolates (Misawa et al. 2017).

In conclusion, the present study revealed that other AGs could be nonspecifically amplified
using the primer pairs AG-1 IA, AG-1 IB, AG-2-1, AG-3 PT, AG-3 TB AG-4 HGI and AG-4
HGII. This finding indicated that the exclusive use these primers under the PCR conditions used
in this study should be avoided due to lack of accuracy in the results. Molecular markers such as
large subunit of ribosomal DNA (LSU), B-tubulin (BT) and the second largest subunit of RNA
polymerase 1l (RPB2) genes provided phylogenetic support and are very useful for discrimination
of Rhizoctonia AGs (Gonzalez et al. 2001; Gonzalez et al. 2006; Sharon et al. 2006; Gonzalez et
al. 2016). Therefore, is very important to develop new specific primers based in gene regions

more variables for AGs detection, considering the number of AGs currently known.
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Table 1 Rhizoctonia solani (Rs) and binucleate Rhizoctonia (BNR) isolates used in evaluation

of specific primers for detection of anastomosis groups (AG)

Isolate code Reference AG? Host plant or Geographic origin - GenBank
substrate accession no.

CS-KA Rs 11A Rice Japan This study
SHIBA-2 Rs 11B Potato Japan This study
C-96 Rs 2-2 11IB Mat rush Japan This study
RI-64 Rs 2-2 IV Beet Japan This study
TE2-4 Rs 2 BI Soil Japan This study
CMM-1806 Rs 3PT Potato Brazil This study
AH-1 Rs 4 HGI Peanut Japan This study
MMBF45/11 Rs 4 HGII Beet United States This study
CMM-2989 Rs 4 HGIII Cowpea Brazil This study
CU-8904 Rs 5 Squash China This study
HO-1556 Rs 7 Soil Japan This study
SqR1 Rs 9 Soil United States This study
RH-31 Rs 11 Soybean United States This study
CMM-2473 BNR A Potato Brazil This study
MMBF38/11 BNR Ba Soybean Brazil This study
MMBF25/11 BNR Bb Soybean United States This study
MMBF40/11 BNR Fa Soybean Brazil This study
MMBF39/11 BNR G Soybean Brazil This study
MMBF35/11 BNR P Soybean Brazil This study
CMM-1315 BNR R Potato Brazil This study

8Anastomosis group
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this study, with annealing temperature (AT) and amplicon size expected (AS)
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Table 2 Primer sets for detection of anastomosis groups (AG) of Rhizoctonia solani used in

3
4
AG Primer sequence (Forward/Reverse) AT (°C) AS (bp) Reference
AG-1 1A CCTTAATTTGGCAGGAGGG 58 540 Kuninaga (2003)
GACTATTAGAAGCGGTTCA
AG-11B ACACTAGAGTAGGTGGTATCA 53 324 Grosch et al. (2007)
AGCGTGCTAACATAGTCACTC
AG-2-1 CAAAGGCAAT(A/G)GGTTATTGGAC 60 480 Carling et al. (2002)
CCTGATTTGAGATCAGATCATAAAG
AG-3 PT GTTTGGTTGTAGCTGGTCT 65 470 Kuninaga et al. (2000)
CTGAGATCCAGCTAATAC
AG-3TB GTTTGGTTGTAGCTGGCCC 65 470 Kuninaga et al. (2000)
CTGAGATCCAGCTAATGT
AG-4 HGI GGACCTACTCTC(C/T)TTGG 55 420 Kuninaga (2003)
ACAGGGTGTCCTCAGCGA
AG-4 HGII GGACCTTCTACTCCCCCT 55 420 Kuninaga (2003)
ACAGGGTGTCCTCAGCGA
5

6  *Annealing temperature

7 "Amplicon size
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Table 3 Amplification results of anastomosis groups (AG) of Rhizoctonia solani and binucleate Rhizoctonia isolates and other fungi using specific

primers

AG Amplification results using specific primers®
AG-1 IA AG-1 1B AG-2-1 AG-3PT AG-3 TB AG-4 HGI AG-4 HGII

Rhizoctonia solani
AG-1 1A + - - - * * *
AG-1IB - + - * * * *
AG-2-2 11IB * - - * * * +
AG-2-2 IV - - - * * * +
AG-2 BI - - - * * * *
AG-3PT - - - * * * *
AG-4 HGI - - * s * + *
AG-4 HGII - - - * * * +
AG-4 HGIII - - * * * * *
AG-5 - - - * * * *
AG-7 - * * * * * *
AG-9 - - + * * * *
AG-11 * - - * * * *
Binucleate Rhizoctonia
AG-A - * - * * * *
AG-Ba - - - * * * *
AG-Bb - - * ¢ * * *
AG-Fa - * + * * * %
AG-G - - - * * * *
AG-P - - + * * * *
AG-R - - - * * * *
Negative control - - - - - - -
Fusarium oxysporum * - - * * * *
Sclerotium rolfsii * - - * * * *
Macrophomina phaseolina  * - - * * * *




# According to Table 2. (+) Presence of a single evident band with expected size; (*) Presence of band with size not expected or nonspecific amplification; (-)
Absence of band
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Fig. 1 Phylogenetic tree constructed by the maximum likelihood method obtained from the

alignment of the sequences of the ITS-rDNA region of the Rhizoctonia solani isolates. The

numbers on the branches are confidence values obtained from 1000 bootstrap replicates (only

values over 70% are shown). AGs and subgroups of the R. solani isolates used in this study are

highlighted in bold
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— AG-Fa DQ102434
—— MMBF40/11

AG-Fa DQ102435
CMM-1315

— AG-R AB219146
— AG-R AJ427407

MMBF35/11

— AG-P KC782936
—— AG-P KC782941
— AG-Ba AB286930
—— MMBF38/11

AG-Ba AB196641
AG-Bb AB122144

— AG-Bb DQ279058
——— MMBF25/11

AG-G AB196657

— AG-G AB196658
———— MMBF39/11

AG-A DQ102407

— AG-ADQ102421
— CMM-2473

Athelia AY684917

Fig. 2 Phylogenetic tree constructed by the maximum likelihood method obtained from the

alignment of the sequences of the ITS-rDNA region of the binucleate Rhizoctonia isolates. The

numbers on the branches are confidence values obtained from 1000 bootstrap replicates (only

values over 70% are shown). AGs and subgroups of the binucleate Rhizoctonia isolates used in

this study are highlighted in bold
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1 Supplementary Table 1 Fusarium oxysporum, Macrophomina phaseolina and Sclerotium

2 rolfsii isolates used this study

Species Isolate code  Host plant ~ Geographic ~ GenBank accession
origin no.
Fusarium oxysporum CMM-13 Cowpea Brazil ITS (under deposit)
TEF (under deposit)
Macrophomina phaseolina CMM-4047  Castor bean Brazil ITS (KU058929)
TEF (KU058899)
Sclerotium rolfsii CMM-3065  Bean Brazil RPB2 (KM521797)

TEF (KM521770)
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1 Supplementary Table 2 Rhizoctonia solani (Rs) and binucleate Rhizoctonia (BNR) reference

2 isolates used in phylogenetic analysis on ITS sequences

3
Geannk Isolate code Reference AG? Host plant or substrate Ge_:o_graphic
accession no. origin
KF907702 STMX04-1 Rs 11A Chinese flowering cabbage  Vietnam
KF907703 STMX04-2 Rs 11A Chinese flowering cabbage  Vietnam
AB122139 R 147 Rs 11B White clover Japan
KF907717 LDDLO04-1 Rs 11B White cabbage Vietnam
AJ238166 No-2 Rs 2111B Maize Japan
AF354116 15Rs Rs 2111B Lomandra longifolia Japan
AJ238164 K-1 Rs 21V Sugarbeet Japan
AJ238172 S-2 Rs 21V Sugarbeet Japan
AB054874 All-4 Rs 2 BI Soil Japan
AB054877 SHC81 Rs 2 BI Soil Japan
AB054876 SH1-3 Rs 2Bl Soil Japan
JX161902 RS 002 Rs 3PT Potato New Zealand
JX161903 RS 004 Rs 3PT Potato New Zealand
KF907732 STST03-2 Rs 4 HGI Pak choi Vietnam
KF907733 HNDDO01-4 Rs 4 HGI White cabbage Vietnam
FJ492064 F5 Rs 4 HGIl  Sugarbeet United States
FJ492065 F6 Rs 4 HGIl  Sugarbeet United States
KF712285 Rh-81 Rs 4 HGIIl  Potato South Africa
DQ102449 Rs 20 Rs 4 HGIIl  Strawberry Israel
DQ913034 R 96 Rs 5 Potato Finland
EF532827 Rh 184 Rs 5 Sugarbeet Finland
KF907734 HNDAO02-1 Rs 7 White cabbage Vietnam
AF354099 63Rs Rs 7 Soil Japan
AF354108 111Rs Rs 9 Potato United States
AF354109 65Rs Rs 9 Potato United States
AF354114 Roth16 Rs 11 Soybean United States
DQ102421 Str3 BNR A Strawberry Israel
DQ102407 Stré BNR A Strawberry Israel
AB286930 Scl-2 BNR Ba Rice Japan
AB196641 C-484 BNR Ba Rice Japan



AB122144
DQ279058
DQ102434
DQ102435
AB196657
AB196658
KC782936
KC782941
AB219146
AJ427407

C-350

Str 10

Str 36
1Shi-1299
4\Wak-600
Rh 218
Rh 225
BN-37

BNR
BNR
BNR
BNR
BNR
BNR
BNR
BNR
BNR
BNR

Rice

Orchid
Strawberry
Strawberry
Rosa odorata
Rosa odorata
Apple rootstock
Apple rootstock
Cucumis

Cucumis

Japan
Netherlands
Israel

Israel

Japan

Japan
Austria
Austria
United States
United States

o1

4

5  ®Anastomosis group
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M 1 2 3 4 5 6 7 8 9 10 11 12

a M 13 14 15 16 17 18 19 20 21 22 23 24

M1 2 3 4 5 6 7 8 9 10 11 12

b M 13 14 15 16 17 18 19 20 21 22 23 24

1000—
750—
500—

250—

Supplementary Fig. 1 Amplification of genomic DNA using the primer sets of AG-1 IA (a)
and AG-1 IB (b); M = Molecular marker (1-KB ladder marker); 1 = CS-KA (AG1-1A), 2 =
SHIBA-2 (AG1-IB), 3 = C-96 (AG-2-2 IlIB), 4 = RI-64 (AG-2-2 1V), 5 = TE2-4 (AG-2 BI),
6 = CMM-1806 (AG-3 PT), 7 = AH-1 (AG-4 HGI), 8 = MMBF45/11 (AG-4 HGII), 9 =
CMM-2989 (AG-4 HGIII), 10 = CU-8904 (AG-5), 11 = HO-1556 (AG-7), 12 = Sq R1 (AG-
9), 13 = RH-31 (AG-11), 14, CMM-1806 (AG-A), 15 = AH-1 (AG-Ba), 16 = MMBF25/11
(AG-Bb), 17 = MMBF40/10 (AG-Fa), 18 = MMBF39/10 (AG-G), 19 = MMBF35/10 (AG-P),
20 = CMM-1315 (AG-R), 21 = CMM-13 (Fusarium oxysporum), 22 = CMM-3065
(Sclerotium rolfsii), 23 = CMM-4047 (Macrophomina phaseolina) and 24 = water (H,0)
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M 1 2 3 4 5 6 7 8 9 10 11 12

1000—
750 —

500—
250 —

M 13 14 15 16 17 18 19 20 21 22 23 24

1000—
750—

500—
250—

Supplementary Fig. 2. Amplification of genomic DNA using the primer set of AG-2-1; M =
Molecular marker (1-KB ladder marker); 1 = CS-KA (AG1-1A), 2 = SHIBA-2 (AG1-IB), 3 =
C-96 (AG-2-2 11IB), 4 = RI-64 (AG-2-2 IV), 5 = TE2-4 (AG-2 BIl), 6 = CMM-1806 (AG-3
PT), 7 = AH-1 (AG-4 HGI), 8 = MMBF45/11 (AG-4 HGII), 9 = CMM-2989 (AG-4 HGlIII),
10 = CU-8904 (AG-5), 11 = HO-1556 (AG-7), 12 = Sq R1 (AG-9), 13 = RH-31 (AG-11), 14,
CMM-1806 (AG-A), 15 = AH-1 (AG-Ba), 16 = MMBF25/11 (AG-Bb), 17 = MMBF40/10
(AG-Fa), 18 = MMBF39/10 (AG-G), 19 = MMBF35/10 (AG-P), 20 = CMM-1315 (AG-R),
21 = CMM-13 (Fusarium oxysporum), 22 = CMM-3065 (Sclerotium rolfsii), 23 = CMM-
4047 (Macrophomina phaseolina) and 24 = water (H,0)
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Supplementary Fig. 3. Amplification of genomic DNA using the primer sets of AG-3 PT (a)
and AG-3 TB (b); M = Molecular marker (1-KB ladder marker); 1 = CS-KA (AG1-1A), 2 =
SHIBA-2 (AG1-IB), 3 = C-96 (AG-2-2 IlIB), 4 = RI-64 (AG-2-2 1V), 5 = TE2-4 (AG-2 BI),
6 = CMM-1806 (AG-3 PT), 7 = AH-1 (AG-4 HGI), 8 = MMBF45/11 (AG-4 HGII), 9 =
CMM-2989 (AG-4 HGIII), 10 = CU-8904 (AG-5), 11 = HO-1556 (AG-7), 12 = Sq R1 (AG-
9), 13 = RH-31 (AG-11), 14, CMM-1806 (AG-A), 15 = AH-1 (AG-Ba), 16 = MMBF25/11
(AG-Bb), 17 = MMBF40/10 (AG-Fa), 18 = MMBF39/10 (AG-G), 19 = MMBF35/10 (AG-P),
20 = CMM-1315 (AG-R), 21 = CMM-13 (Fusarium oxysporum), 22 = CMM-3065
(Sclerotium rolfsii), 23 = CMM-4047 (Macrophomina phaseolina) and 24 = water (H,0)
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Supplementary Fig. 4. Amplification of genomic DNA using the primer sets of AG-4 HGI
(@) and AG-4 HGII (b); M = Molecular marker (1-KB ladder marker); 1 = CS-KA (AG1-1A),
2 = SHIBA-2 (AG1-IB), 3 = C-96 (AG-2-2 I1IB), 4 = RI-64 (AG-2-2 1V), 5 = TE2-4 (AG-2
Bl), 6 = CMM-1806 (AG-3 PT), 7 = AH-1 (AG-4 HGI), 8 = MMBF45/11 (AG-4 HGII), 9 =
CMM-2989 (AG-4 HGIII), 10 = CU-8904 (AG-5), 11 = HO-1556 (AG-7), 12 = Sq R1 (AG-
9), 13 = RH-31 (AG-11), 14, CMM-1806 (AG-A), 15 = AH-1 (AG-Ba), 16 = MMBF25/11
(AG-Bb), 17 = MMBF40/10 (AG-Fa), 18 = MMBF39/10 (AG-G), 19 = MMBF35/10 (AG-P),
20 = CMM-1315 (AG-R), 21 = CMM-13 (Fusarium oxysporum), 22 = CMM-3065
(Sclerotium rolfsii), 23 = CMM-4047 (Macrophomina phaseolina) and 24 = water (H,0)
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CONCLUSOES GERAIS

1. Os conjuntos de iniciadores para AG-1 IA, AG-1 1B, AG-2-1, AG-3 PT, AG-3 TB,
AG-4 HGI e AG-4 HGII ndo séo eficazes para deteccdo dos respectivos grupos de
anastomose (AGs) de Rhizoctonia solani.

2. Os conjuntos de iniciadores para AG-1 1A, AG-3 PT, AG-3 TB, AG-4 HGI e AG-4
HGII podem amplificar o DNA de espécies fungicas nao relacionadas com R. solani.

3. Ha necessidade do desenvolvimento de novos iniciadores especificos para detecgédo
dos AGs de R. solani baseados em regides génicas mais variaveis considerando o

nuimero de AGs atualmente conhecidos.
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Abbreviations should be defined at first mention and used consistently thereafter.
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a reference included in the reference list. They should not consist solely of a reference
citation, and they should never include the bibliographic details of a reference. They
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