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Resumo

A soja [Glycine max(L.) Merril] € uma espécie pertencente a famikabacea
(leguminosas), de grande importancia econémica aodm Por isso, foi recomendada
como planta modelo para estudos genéticos e malesu(Gepts et al., 2005). O sucesso
na cultura dessa espécie pode ser limitado porstigsdatores bidticos e abidticos. Dentre
os fatores bidticos, destacam-se as doencas, @lagea Ferrugem Asiatica causada pelo
fungo Phakopsora pachyrhizenquanto a desidratagdo causada pela seca é uatates
abidticos de maior relevancia. A introducéo deicaites resistentes tem se mostrado uma
alternativa eficiente para a reducao de perdasodupvidade causada por esses estresses
por patogeno e pela seca. Varios genes que cadiffatores de transcricdo tém sido
utilizados como tentativa para aumentar a tolegadeiplantas a condi¢cdes adversas. Entre
as familias de fatores de transcricdo, a familiaHbKbasic helix-loop-helix) destaca-se
como a maior familia de fator de transcricdo detpke esta envolvida em diferentes rotas
regulatorias conferindo maior tolerancia a difeesngstresses ambientais. Neste contexto,
0 objetivo deste trabalho foi a caracterizagao imad de genes que codificam fatores de
transcricdo bHLH em resposta aos estresses ggpadBsiakopsora pachyrhiza seca. Na
tentativa de esclarecer o papel de genes bHLH sengelvimento de planta de soja,
foram produzidas plantas transgénicasAdabidopsis thalianasuperexpressando o gene
bHLH (Gm06g01430) de soja, 0 qual mostrou-se difgisgmente expressos em condi¢des
de estresses. Estas plantas transgénicas aprasengaremissao e a abertura dos
cotilédones, assim como a emissdo das folhas mewote, em relacdo aos mesmos
parametros observados na planta selvagem. Aindan ale elucidar provaveis rotas
sinalizadoras em que os fatores de transcricdo bld&tdo envolvidos, identificou-se,
através de urscreeningde duplo hibrido em leveduras, uma interagéo deejra bHLH
(Gm05g02110) com a proteina polyamina oxidase 2O®A Essa interacdo foi
confirmada em ensaios de BiFC em protoplastos aleidpsis que demonstrou que esta
interacdo ocorre no citoplasma e no ndcleo daslalDs resultados sugerem que
Gm05g02110 esta relacionado a resposta de sufidatilei ao patdégeno causador da
ferrugem asiatica. A proteina por ele codificadaypvelmente liga-se ao motivo de DNA
G-box (CACGTG) e sua interagdo com a proteina PAO8e estar relacionada ao

mecanismo de regulacdo da resposta a estressesdwnabioticos.



Abstract

Soybean [Glycine max (L.) Merrill] is a speciesd@ding to Fabacea family (legumes), of
great economic importance in the world. Therefdrejas recommended as a model plant
for genetic and molecular studies (Gepts et aD520The successful culture of this species
may be limited by various biotic and abiotic fastoAmong the biotic factors, there are the
diseases, among them, the soybean rust causdéhakopsora pachyrhiziwhile the
dehydration caused by drought is one of the abfatitors most relevant. The introduction
of resistant cultivars has proven to be an effectalternative for reducing yield losses
caused by these stresses by pathogen and drowytdrab genes encoding transcription
factors have been used in an attempt to increasetdlerance of plants to adverse
conditions. Among the families of the bHLH (bagielix- loop - helix) transcription
factor,family stands out as the largest familyrahscription factores plants and is involved
in different regulatory routes conferring tolerarioesarious environmental stresses. In this
context, the aim of this work was the functionahi@cterization of genes encoding bHLH
transcription factor in response to stresses géeetayPhakopsora pachyrhiand dry. In

an attempt to clarify the role of the bHLH genesthe development of soybean plants,
transgenicArabidopsis thaliangplants overexpressing the bHLH gene (Gm06g01480) o
soybean, which proved to be differentially expredsseder conditions of stress were
produced. These transgenic plants showed the @miasid the opening of the cotyledons,
and the emission of advance sheets to the sammeiais observed in wild plant. Further,
in order to elucidate signaling likely routes tlat involved bHLH transcription factor, it
was identified through a two-hybrgtreeningn yeast, the interaction of the bHLH protein
(Gm05g02110) with polyamina oxidase 2 (PAO2) prwgeil his interaction was confirmed
in assays BIFC inArabidopsis thalianaprotoplasts which demonstrated that this
interaction occurs in the cytoplasm and nucleuscells. The results suggest that
Gm05g02110 response is related to susceptibilitthéo causative pathogen of soybean
rust, probably binds to the motif of DNA G -box (C&TG) and its interaction with the
protein PAO2 can be related to the mechanism ailagign of response to stress biotic

and abiotic.



INTRODUCAO GERAL

1. Soja

A soja [Glycine max(L.) Merrill] pertence a familia Fabacea (legunsas),
originaria da Asia (Embrapa, 2013), sendo destamiee as oleaginosas produzidas no
mundo (Silva et al., 2009). Em meados dos anos @0gea cultivada para a producéo de
graos comecou a crescer de forma exponencial, péwaa nos EUA, como também no
Brasil e Argentina. Atualmente, sdo produzidos, poo, cerca de 200 milhdes de
toneladas deste grédo. O Brasil aparece como o degomaior produtor e exportador
mundial de soja, atras apenas dos EUA (Embrapa&)28&gundo levantamentos da safra
de 2012/2013 no Brasil, a area de soja plantadaef@7 milhdes de hectares e a producao
foi estimada em 81,5 milhdes de toneladas (httpmvenpso.embrapa.br/index.).

Devido a sua grande importancia, a comunidade ifi@ntinternacional que
trabalha com leguminosas, recomendou a soja coambgpinodelo para estudos genéticos

e moleculares (Gepts et al., 2005).

2. Estresses ambientais

Entre os diversos fatores bioticos que limitam tewffo de altos rendimentos da
soja, as doencas estdo em destaque entre os npaddmnies e dificeis de controlar. A
expansao das culturas para novas areas a monaceltuutilizacao de praticas ineficazes
de manejo tém aumentado o numero de doencas causad&ungos, bactérias, virus e
nematoides, além de outras anormalidades descdaBe(Buzuki & Yuyama, 2005).
Apesar do uso de fungicidas e outras técnicas tpaenvo controle ou a eliminacdo dos
patogenos, as moléstias fungicas sdo responsaseigrgndes prejuizos nas colheitas
todos os anos.

Diversos fungos atacam as culturas da soja. Osg@ad8 mais comumente
envolvidos com podriddao de sementes e morte deutd&nsaoPythiumsp.,Phytophtora
sojae Rhizoctonia solani e Fusarium sp. Esses dois Ultimos, juntamente com
Macrophomina phasegl&clerotium rolfsiie S. sclerotiorumséao também responsaveis por

podriddes radiculares, do colo e da haste (Reisa&aC2002). Os autores salientam que



em soja nao ha fonte de resisténcia para a malegaes fungos, sendo este um grande
desafio para os programas de melhoramento.

A Ferrugem Asiatica, causada pelo funtakopsora pachyrhiziSydow, foi
detectada no Brasil ha mais de uma década e, ddoacom as informacdes da safra de
soja de 2001/2002, perdas de até 90% foram codatatao estado da Bahia, onde a
doencga ocorreu com alta severidade (Yorinori e2802). O desenvolvimento da infeccao
pode ser visto a partir da presenca de pustuleangmas as faces da folha, formando lesdes
de coloracdo amarelo-avermelhadas facilmente vési® avanco da doenca resulta no
amarelecimento e queda prematura das folhas, duitanplena formacdo dos gréos,
comprometendo a qualidade e rendimento de graosluea (Embrapa 2002).

Nas lavouras do Rio Grande do Sul, os prejuizosaths pela Ferrugem Asiatica
tém sido uma constante, tendo sido registradogd® da doenca na safra de 2008/2009,
seguidos por 405 casos em 2009/2010 (Embrapa, .20lD)safra de 2010/2011 foi
evidenciado o primeiro foco de Ferrugem Asiaticapgropriedades do municipio de Julio
de Castilhoscom estimativas de perdas de até 80% das lavogessndo uma reducao
drastica no rendimento de gréos (Canal Rural, 20AEm de propriedades no RS, o
Consorcio Antiferrugem registrou a ocorréncia darlgeem Asiatica da soja em outras
areas comerciais na safra 2013/2014, como foitragis no Parana, Goias e Mato Grosso
(Embrapa 2014).

Assim como ocorre para outros fungos, nao havistreg de cultivares resistentes a
Ferrugem Asiatica até a safra de 2009. Porém, wwa cultivar com resisténcia parcial a
Ferrugem Asiatica, foi desenvolvida pela Embrapa parceria com a Secretaria de
Agricultura, Pecuaria e Abastecimento do Estad@di&s (SEAGRO). A cultivar de soja
BRSGO 7560 é portadora de um gene maior recesgiMoconfere resisténcia vertical a
ferrugem. A nova cultivar pode evitar ou minimizer perdas de produtividade (Embrapa
2009). Entretanto, até o momento, o controle deugem da soja ndo se mostrou eficiente.
A cultivar recentemente lancada apresenta resiaté&ectical & Ferrugem asiatica, e esta
sujeita a quebra dessa resisténcia devido a Viadede genética do fungBhakopsora
pachyrhizj causador da doenca. Ainda, o g&pp4de resisténcia a Ferrugem Asiatica,
foi identificado como primeiro gene de resistéreciesta doenga, porém a perda deste gene
durante o processo de selecdo tem mostrado ald#ae de se obter plantas resistentes a

Ferrugem Asiatica em soja (Meyer et al., 2009).
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A tentativa de controle através de fungicidas sstraccara e ineficiente, devido a
agressividade do fungo e a dificuldade de deteng&cestagios iniciais da infec¢do. Além
disso, o controle quimico causa forte impacto antble (Utiamada, 2003; Suzuki &
Yuyama, 2005; Calvo et al., 2008).

Além de doencgas, outro fator, como o estressecbidlimita a obtengcéo de altos
rendimentos na cultura da Soja. Entre todos osfidesdo melhoramento genético de
plantas, a tolerancia a seca tem se mostrado ergairicipalmente no Rio Grande do Sul,
devido a destruicdo das lavouras pela falta deachuérios projetos de pesquisa visando a
obtencdo de cultivares de soja transgénica tokerantseca vém sendo atualmente
realizados no Brasil. Um dos estudos mais avang@slé sendo desenvolvido pela
Embrapa Soja de Londrina em parceria com o JIRCFpan International Research
Center for Agricultural Sciences), que visa o0 aulmeta expressdo dos genes DREB
(Dehydration Responsive Element Binding protein)
(http://'www.cnpso.embrapa.br/noticia/ver_noticigpbod_noticia=670). O fator de
transcricdo DREB1 € descrito como ativador da esgéi@ de varios genes responsivos a
estresses emirabidopsis thaliana A superexpressdo do ge@enDREBlem plantas
transgénicas de milho resultou em um aumento rexdtatia a seca, salinidade e frio,
sugerindo que este fator de transcricdo € um abtenpial para ser utilizado como
ferramenta na engenharia genética (Qin et al.,)2004

Diversas familias de fatores de transcricdo estéeeptes no genoma da soja,
sendo que de um total de aproximadamente 43.0Q3 lgae codificam proteinas, 5.671
sdo provaveis genes que codificam fatores de trigéec ou seja, 12,2% dos genes. Em
termos de comparacéo, eknabidopsis thalianaeste numero é de 7,1% (Schmutz et al.,
2010). Entre os genes que codificam fatores desdrayo em soja, diferentes familias
génicas foram identificadas como: BZIP, C2H2 (ZNAC, WRKY, MADS, bHLH,
SNF2, MYB, ABI3/VPI, AP2/EREBP, AUX-IAA-ARF, entreoutros (Schmutz et al.,,
2010).

3. Fatores de transcrigéo basic helix-loop-helix (bHLH

Os fatores de transcricdo sao definidos pela cdpdeide se ligarem a um ou

mais dominios de ligacdo ao DNA presentes na regr@mnotora de genes alvos e
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regularem a transcricdo. S&o identificados comalaelgres chave do metabolismo e
desenvolvimento e séo classificados de acordo ctippale dominio de ligagdo ao DNA
(Hughes 2011). Alteracfes na estrutura da cromdsogditam a ligacdo de fatores de
transcricdo em seus respectivos sitios de ligagddNaA, ativando a transcricdo de genes
(Latchman, 2008). A capacidade intrinseca de ligag® DNA € apenas um dos varios
parametros que podem determinar seu local de bgagdgenoma. O local pode ser
influenciado pela acessibilidade dentro da croraafoela cooperacdo ou competicdo com
outras proteinas a sequéncias especificas de digacBNA, por interagcdes com proteinas
da cromatina e por modifica¢cdes da cromatina (Hsi@iod 1).

As proteinas basic helix-loop-helix (bHLH) corresdem a maior familia de
fatores de transcricdo presentes em todos 0s srgasieucariotos, e atuam em diferentes
processos regulatorios (Jin et al., 2014: htt@hffdb.cbi.pku.edu.cn/). Grande parte da
diversidade das proteinas bHLH vegetais teve origen plantas terrestres ancestrais ha
mais de 440 milhBes de anos. As proteinas bHLH msénofiléticas e constituem 26
subfamilias (Pires & Dolan, 2010).

As subfamilias sdo caracterizadas pela presencdodonio bHLH altamente
conservado. O dominio bHLH consiste de 50-60 ancidod com a formacgdo de dois
segmentos distintos: um trecho de 10-15 contendmlopninantemente aminoacidos
bésicos (regido basica) e uma sec¢do de cerca dmihdacidos prevista para formar duas
a-hélices anfipaticas constituida de residuos hidicbs, separadas por um loop de
comprimento variavel (regido helix-loop-helix) @sr& Dolan, 2010). O dominio HLH
promove a interacdo proteina-proteina, permitindo faamacdo de complexos
homodimérico ou heterodimérico (Massari & MurreQ@pPe, os aminoacidos conservados
na regido basica servem para determinar o recanbatd de sequéncias consensu E-Box
5-CANNTG-3’, enquanto outros residuos proporciterar especificidade para um
determinado tipo de E-box (por exemplo, 0 G-box@&CGTG-3’]) (Carretero-Paulet et
al., 2010). A especificidade ao motivo E-box reqaereconhecimento de dois residuos
especificos de aminoacidos na regido basica (Gle-ABg-16), o qual esta presente em
pelo menos 359 proteinas bHLH de plantas em umigariéita com proteinas bHLH de
Arabidopsis thaliana arroz, musgos e algas. Para a especificidadgatgib ao DNA, sao
necessarios ao motivo G-box residuos como His/L.¥3h®13 e Arg-17, os quais tém sido
identificados em 280 proteinas bHLH (Carretero-taet al., 2010).
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Em plantas vasculares foram encontradas seis sillabHLH, as quais séo
classificadas em seis grupos maiores (A-F), baseadosua capacidade de ligacdo ao
DNA. Diferentes estudos filogenéticos propem asifacacdo das proteinas bHLH em
15-25 subgrupos (Li et al. 2006b). Em plantas, %2 proteinas bHLH possui o grupo B
(Hs-Eg9-R13) caracteristico de proteinas bHLH presentes emmaisie apenas 8% tem o
grupo A (R-Eg) também tipico de animais. Apenas 11% das pratefegetais tém um
motivo conservado §Aq-Ri13 que, por sua vez, diferentemente dos demais nsotivéo
esta presente em animais (Pires & Dolan, 2010)tdDgeau de similaridade de sequéncia
entre os dominio bHLH de proteinas vegetais e dsjmam especial na regiao
compreendendo a regido de aminoacidos basicos mfeeage com o DNA e os
aminoacidos hidrofébicos que estabilizam a hélsestra que a estrutura molecular e a
atividade das proteinas bHLH s&o altamente coadasventre animais e plantas (Pires &
Dolan, 2010).

Dentre os genes que codificam fatores de transcro@& apresentam o dominio
bHLH, destacam-se: (i) o gene LC, envolvido na d#aiossintese de antocianina; (ii) os
genesPIFs, responsaveis pela sinalizacao do fitocromo; diigenelCE1, que atua como
regulador positivo na tolerancia ao frio; (iv) ;ng&PCH envolvido no desenvolvimento
de estdmatos; (v) o gei@l 3, responsavel pelo desenvolvimentos de tricom#sp (gene
BIGPETALp, envolvido na morfogénese floral; (vii) genesrdseposta ao ABA e (viii)
genes de percepcéao da deficiéncia ao ferro (Kb, &099).

A relacdo de geneBHLH e estresses abioticos tem sido relatada (Zhou. et a
2009; Liu et al., 2013). Segundo Zhou et al. (20@®antas deOryza rufipogon(arroz
silvestre) superexpressando o gebebHLH2 mostraram aumento na resisténcia ao
estresse salino, porém, ndo exibiram toleranciacagelamento. Como consequéncia da
superexpressao derbHLH, os niveis da expressao de genes responsivosrassessalino
foram induzidos. Além diss@rbHLH possui um papel importante na transducgéo de sinal
no estresse de seca por indiREB1A/CBF3cruciais na resposta a se@abHLH2 pode
funcionarupstreamde DREB1/CBF que, por sua vez, liga-se aos eleme@i@&/DRENo0s
genesRD29Ae KIN1, que conferem melhor tolerancia das plantas aess&t salino. Em
Arabidopsis thaliang o genebHLH122 esta relacionado a resposta ao estresse por seca,
sal e estresse osmoético, uma vez que plantas sppessanddHLH122 apresentaram

maior resisténcia a tais estresses. Este aumentolarancia destas plantas pode estar
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relacionado com a capacidade do gdmdLH122 regular a expressdo de genes
relacionados a estresses (Liu et al., 2013).

Diferentes fatores de transcricdo bHLH tém sidadiehados a estresses bidticos
via rotas dependentes de fito-horménios como jaatoofBoter et al., 2004; Todd et al.
2010). O fator de transcricio ORCAS3 que participarata de biossintese de alcalbéides
pode ser induzido pela acdo de bHLHs, que por emamodulam as funcdes dependentes
de jasmonato erArabidopsis thaliangBoter et al., 2004). Todd et al. (2010) mostraram
que os fatores de transcricdo bHLH1 e bHLH2 atoamo ativadores na biossintese do
jasmonato em Nicotiana benthamianaTodd et al., 2010). A superexpressao e 0
silenciamento dos genésbbHLH1 e NbbHLH2 alteraram pouco a expressédo de outros
fatores de transcricdo. Entretanto, em plantas REAixpressdo de genes envolvidos na
biossintese de alcaléides aumentou mais de deg VEadd et al., 2010).

A subfamilia 25 de proteinas bHLH est& envolvida eosinalizagdo de hormonios
tais como o0s Brassinosterdides (BR), os quais aegub desenvolvimento vegetal
(Carretero-Paulet et al., 2010). Wang e colaboesd(2009), destacam a importancia das
proteinas bHLH na regulacéo nuclear na rota ddiziigdo de BR, evidenciando duas
familias de proteinas bHLH capazes de modular alizatdo de BR, tais como as
proteinas BEE1 e BEE3 eArabidopsis thaliana Os elementos E-box, reconhecidos por
proteinas bHLH, estdo presentes nos promotoresuitestgenes responsivos aos BR. As
proteinas BEE1, BEE2 e BEE3, contendo dominios bigbHem também regular outros
horménios como o0 acido abscisico (ABA), antagoniaBR. A superexpressao destas
proteinas reduziram a resposta ao ABA em plantggrido que as proteinas BEE podem
funcionar como sinalizadores intermediarios em iplak rotas (Friedrichsen et al., 2002).

Em soja, foram identificados 480 bHLH (Jin et al2p) Embora se conheca a
importancia de bHLH em diferentes estresses, aiy@s®lacdo de proteinas bHLH de
soja com estresses tem sido pouco relatada. Ostailo (2012) identificaram pelo menos
14 genedbHLH de soja envolvidos em respostas a estressesdsi@i@bioticos. O gene
RD29 é um exemplo bem consolidado do papel de bhtHesposta da planta a estresses,
como por exemplo estresse de seca. Plantas tracesg&@m sido geradas usando o
promotor do gene bHLIRD29 para dirigir a expressado de genes alvos e assmergar a
tolerancia ao deficit hidrico em soja (Bihmidineakf 2012).
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Os resultados realizados neste trabalho serdoesypael®s em quatro capitulos:

O capitulo 1 apresenta uma reviséo de fatoresadsdricdo bHLH envolvidos na
resposta das plantas ao estresse ocasionado palaEste estudo resultou em um artigo
intitulado: “Possible roles of basic helix-loop-ixetranscription factors in adaptation to
drought”, publicado na revisilant Science

O capitulo 2 apresenta dados de expressdo do dgehel loodificado por
Glyma05g0211@m plantas de soja submetidas a estressBh@kopsora pachyrhiz ao
estresse por seca, assim como a identificacdotdea¢do do produto deste gene com a
proteina Poliamina oxidase 2 de soja, a partir sesareeningde duplo hibrido em
levedura, utilizando uma biblioteca de cDNA de &slde soja submetida ao estresse por
tunicamicina.

O capitulo 3 descreve os resultados obtidos arpatisuperexpressdo do gene
bHLH Glyma06g0143@&m plantas transgéncias de Arabidospsis. Alénodiestambém
realizado um estudo do padrdo de expressao desteege resposta a estresses bibtico e
abiaotico.

Por fim, o capitulo 4 refere-se aos dados obtidoarde o doutorado sanduiche
na Universidade Nova de Lisboa sob a orientacaoDdoNelson Saibo. O estudo
apresenta-se em fase preliminar e objetivou elugidavaveis rotas regulatérias em que o
gene bHLH estdo envolvidos. Nesse trabalho, o matkekestudo foi o arroQryza sativa
devido a disponibilidade, em nosso grupo, de ptactatendo niveis endogenos alterados
de perdéxido de hidrogénio que superexpressam une gele codifica um fator de
transcricdo bHLH, mostrando que essa espécie aedévoxigénio faz parte das vias que
regulam a expressao desses genes. Assim, paratudiog foi utilizado o gene bHLH
0s01g0664como isca e foram identificados dois fatores dedcricdo que se ligam a
regido promotora deste gene, a partir de sareeningde mono-hibrido em levedura,

utilizando uma biblioteca de cDNA de plantas deasubmetidas ao estresse por frio.
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OBJETIVO

O objetivo geral deste trabalho foi caracterizargeses que codificam proteinas
bHLH em soja, em especial agueles relacionadosasprocessos de resposta ao ataque

do fungoPhakopsora pachyrhiz ao estresse hidrico.

Objetivos especificos

a) Identificar, no genoma da soja, genes que cadlifiproteinas bHLH;

b) Analisarin silico o padrédo de expressao dos genes bHLH162 e bHLHG63;

c) Determinar, através de PCR quantitativo apoéséeeale transcriptase reversa (RT-
gPCR), o perfil de expressdo dos genes identifeadoitem “b” como diferencialmente
expressos em resposta ao fuRd@kopsorgpachyrhizj

d) Determinar, através de RT-qPCR, o perfil de esgfio dos genes identificados no item
“b” como diferencialmente expressos em resposteéioit hidrico;

e) Caracterizar funcionalmente o gene bHLH63 pasdmente responsivos a infeccéo
com o fungo e ao déficit hidrico em soja, atravassdperexpressdo dos mesmos em
plantas transgénicas éeabidopsis thaliana

g) Identificar e caracterizar genes que codificantginas que interagem com os fatores de
transcricdo bHLH162.

h) Determinar o potencial de ativacdo da transcrigéicsehuéncias-alvo dos fatores de
transcricao bHLH162.

i) Identificar provaveis fatores de transcricdo gedigam a regido promotora do gene
0s01g06640de arroz a fim de esclarecer rotas metabdlicas em que asefatde

transcricdo bHLH podem estar envolvidos.
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Capitulo | — Uma revisao sobre bHLH e estresseada s

Artigo Publicado

Titulo do trabalho: Possible roles of basic helix-loop-helix transédpt factors in
adaptation to drought

Autores: Graciela Castilhos, Fernanda Lazzarotto, Leilag8pkp-Fonini, Maria Helena
Bodanese-Zanettini, Marcia Margis-Pinheiro.

Ano: 2014

Revista: Plant Science, v.223, p. 1-7.

Fator de Impacto: 2,922
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Capitulo Il —

Caracterizacdo do ge@mbHLH162relacionado as respostas a estresses em soja.

GmbHLH162 interacts with polyamine oxidase and paricipates in drought and Rust

infection responses

Graciela Castilhos, Fernanda Lazzarotto, Leila SpkgFonini, André Cordeiro, Maria
Helena Bodanese-Zanettini, Nelson Saibo, LuciaetidiMarcia Margis-Pinheiro.

Artigo em preparagdo

Introduction

SoybeanGlycine maxL.) Merrill] is one the major oilseeds producedtihe world
(Silva et al., 2009). Environmental stresses represerious threats to agriculture. Several
researches have been done in plants to permiteea@pment of strategies to allow plants
to better respond to the stress conditions and thewmpe with environmental challenges
(Castilhos et al., 2014).

Transcription factors are involved in the regulatiof transcription of responsive
gene to stresses (Shinozaki et al., 200HLH transcription factor are consider the major
family of transcription factors in plants being repented by 225 membersAmnabidopsis
thaliana and 480 members in soybean (Jin et al., 2014:/huignttfdb.cbi.pku.edu.cn/).
The bHLH transcription factor are characterizedthg presence of a highly conserved
domain consisting of 50-60 amino acids with twotidid segments: a basic region
responsible to DNA-binding and two amphipathibelices separated by a loop of variable
length (helix-loop-helix region or HLH), which fditates protein-protein interactions,
enabling the formation of homodimeric or heterodimeomplexes. The basic region of
bHLH domain allow the recognition of the E-Box (BANNTG-3') and/or G-Box (5'-
CACGTG-3’) in the promoter sequences of target géQarretero-Paulet, et al 2010).
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Glyma05g0211@s described as a MYC-type bHLH transcription dadh the Plant
Transcription Factor Database v3.0 (Jin et al.,420itp://planttfdb.cbi.pku.edu.cn/). We
nominatedGm05g02110yene asGmbHLH162 which is homologous to th&tbHLH162
gene(accession number: AT4G20970.1) (Carretero-Paulket,e2010). The MYC proteins
are related to several stress responses activatingpressing gene transcription (Chen et
al., 2011; Song et al., 2013). MYCs protein areolagd in transcriptional networks related
to defense response (Woldemariam et al. 2013) antectolerance to multiple abiotic
stresses such as cold, osmotic and salt (Feng, @04l3). MYC2 is the best characterized
among the MYC bHLH transcription factores, pressptmultifunctional role in the
Jasmonate (JA) signaling pathway (Kazan and Manrz043). MYC2 regulates the
expression of downstream and upstream genes ofa#imonate pathway such as the
JASMONATE-ZIM-DOMAIN (JAZ) repressors, which actpstream from MYC2. Kazan
and Manners (2008) showed that MYC2 negatively lega the expression of pathogen
defense response genes, such as PDF1.2 (Dombteaht 2007). The MYC2 repression
mechanism includes the dimerization of MYC2 witlpressors interfering in the bind to
the G-box motif. Therefore, the activation of tleressor mechanism requires the binding
of MYC2 to the G-box and the recruitment of co-emor complexes such as histone
deacetylases (HDAC) and DNA methyl transferasethéotarget promoters (Kazan and
Manners, 2013).

In this study, we identified a MYC-typ&mbHLH162transcription factor from
soybean. To elucidate the potential roleGrhbHLH162in stress response, we analyzed
the transcript level o6mbHLH162in plant tissues as well as in respons@hakopsora
pachyrhiziand drought conditions. In addition, we detectgdivieo hybrid screeningan
interaction between GmbHLH162 and a polyamine weda (GmPAO?2) in the cytosol

and nucleus of the cell.

Results

The GmbHLH162 gene expression profiles in different organs and imesponse to

stresses.
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The GmbHLH162gene expression profile was analyzed in diffemaht organs by RT—
gPCR. The lowest transcript level detected was tsatrmalize the transcript levels in
other organs and thereby to quantify transcriptuamdation. TheGmbHLH162 gene
expression was detected in all organs analyzedouitktatistical significant differences
among them. Therefore, this gene presents ubiqgiggpression in the plant (Figure 1).

To verify theGmbHLH162gene expression patterns occurring in responbetit stress,
soybean cultivars with contrasting susceptibildyPhakopsora pachyrhizvere challenge
by the pathogen (Figure ZkmbHLH162transcript increased 1h and 48h post-inoculation
(hpi) with a peak of expression in 12 hpi in thecaptible plant (EMBRAPA 48). The
resistent cultivar (P1561356) did not presentedration significantly after the expression
level of GmbHLH162 after different hours of infection witlPhakopsora pachyrhizi
fungus.

Changes in th&mbHLH162gene expression pattern in the leaves and rogilasfts
submitted to drought stress were detected (Figin3)he tolerant cultivar Embrapa 48 a
pick of expression in 50 minutes after stress eixposwas observed in leaves, whereas in
roots this pick of expression, with about 6 foldscurred after 100 minutes after
exposition (Fig. 3A). In the sensitive cultivar B&Rthere was no difference in the level of
transcripts in roots at different times of expostarelehydration stress, whilst in leaves the
transcript level was reduced after 50 minutes gisxre to drought stress (Fig. 3B).
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Figurel. Relative expression levels of tikambHLH162gene in different organs of the
Conquista Brazilian soybean cultivar. The ACTII, B and metalloprotease reference
genes were used as internal controls to normabzéheé amount of mMRNA present in each

sample. The lowest transcript level was used tanabze the transcript levels in other

organs.
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Figure 2. GmbHLH162gene expression profiles in responsePtmakopsora pachyrhizi
infection in the leaves of P1561356 (resistant) &MBRAPA48 (susceptible) soybean
genotypes. The relative expression levelsGon059g02110gene was measured by RT-
gPCR at 1, 12, 24, 48 hpi (hours post-inoculatidrje white bars represent the mock
plants (non-infected), and the black bars repregeninfected plants. The values are the
means of three biological replicates with four t@chl replicates each. The means that are
labeled identically (with a letter) in the same tmalr do not differ significantly
(Bonferroni multiple comparison test (p<0.05). ThHeox and metalloproteaseaeference
genes were used as internal controls to normadizéheé amount of mMRNA present in each
sample. The transcript levels from the mock-inomdaplants were used to normalize the

transcript levels from the inoculated plants.
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Figure 3. GmbHLH162gene expression in the leaves and roots of (A) RWMBA48
(tolerant) and (B) BR16 (sensitive) cultivars ispense to dehydration stress. The relative
expression levels were measured by RT- qPCR abritr(), 25, 50, 75 and 100 minutes
of dehydration stress. The values are the meartbreé biological replicates with four
technical replicates each. The means that areddbééntically (with a letter) in the same
cultivar and the same organ (leaf or root) do nffedsignificantly (Bonferroni multiple
comparison test, p<0.05). The transcript levelsmftbe plants at 0 minutes (control) were
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used to normalize the transcript levels from thentd subjected to dehydration stress. The
f-box,ACTIl andELF (Jian et al. 2008) genes were used for normalizatio

GmbHLH162 protein interacts with a Polyamine oxidase 2 (GmPAQ)

The coding sequence of tli&mbHLH162soybean gene was isolated and used as bait to
isolate probable targets proteins that interactsuih the yeast two-hybrid (Y2H) system.
For this, a cDNA library derived from soybean lemeeated with tunicamycin and PEG
was used. We have screened 3x(lc) and one candidate that displayed growth in media
with auxotrophic selection (SD-LTH) was selected fiarther testing. The cDNA clone
isolated in thisscreeningharbor about half-length (770pb) sequence encodisgybean
amine oxidase (Phytozome accession Glymal8gl4a2f) is similar to polyamine
oxidase 2 (PAO2) proteins (Phytozome accession AIBPR20) of Arabidopsis thaliana
with oxireductase activity (Figure 4). Due this gence similarity betweeArabidopsis
thaliana and soybean protein, we have named this protei@raPAO. After, the full-
length coding sequence of the gene (1481pb) engadtiea GmPAO was amplified and
used to transform yeasts. First, the ability tof-aetivate transcription of the
Glyma05g02110 and GmPAOQO proteins was tested byasiong concentrations of 3-AT
and these proteins showed ability to self-activatio medium lacking histidine but the
self-activation can be controlled when the mediuaswgupplemented with 5mM 3-AT
(Fig. 5A and 5B). The protein interaction was congd by growing yeast in selective
medium without leucine, tryptophan and histidinp@amented with OmM, 5mM, 10mM
and 20mM 3-AT. The interaction was higher with figlhgth protein than the interaction
observed with partial protein length, which wadased in the Y2Hscreening at all 3-AT
doses tested. The interaction remained stable 20miM 3-AT (Fig. 5C).

In order to confirm if the interaction between Grg08110 and GmPAO is effective, a
BiIFC assay was performed iArabidopsis thalianaleaves protoplasts (Fig. 6). The
fluorescence signal was clearly localized in th@syt and nucleus of the cell, indicating
that GmbHLH162 and GmPAO proteins interact formagomplex localized in both
cytosol and nucleus. This system confirmed theragteon GmbHLH162 and GmPAO
proteins previously observed in the Y2H assay (6)g.
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hybrid screeningas probably target gene of t@enbHLH162 was carried out by Blast tool

available on Phytozome (http://www.phytozome.nefB) Sequence similarity between

Gm18g14620 soybean protein and AtPAO2 was veritimbugh protein sequences

alignments using ClustalW tool (Thompson et al94)%rom MEGA v4.0 (Tamura et al.,

2007).
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Figure 5. Interaction between GmbHLH162 and GmPAO?2 idesdifby yeast two-hybrid
screening assay using a cDNA library derived from soybeaavés treated with
tunicamycin and PEG, using GmbHLH162 as bait. (Ad &B): Ability to self-activation
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in selective medium. In (AGmbHLH162and GmPAO2 were cloned into pDEST32 ye
expression vector, which contain the GAL4 bindingmain. The se-activation was
verified by yeast growth in medium lacking Leucine and Hisg ~LH) amino acids. (B
GmbHLH162and GmPAO2 were cloned into pDEST22 yeast expnessator, whiclt
contains GAL4 activation domain. The <activation was verified by yeast growth

medium lacking Typtophair and Histidine (FH) amino acids. The basal growing w
eliminated supplementing the medium with 5n3-Amino-1, 2, 4triazol (3-AT). (C)

Interaction betweerGmbHLH16z and GmPAO2 proteins. Yeasblonies grownuntil

concentration of the 20nM 3-AT in the medium lacking Leucine,ryptophan and
Histidine (L TH). The yeast growth was verified either withfn@70pb) or full (1481pb-

length of the protein GmPAQO2. The-AT doses used in this experiment were: On
5mM, 10mM and 20mM of the-AT.

Figure 6. GmbHLH162interacts with GmPA'in Arabidopsis thaliandeaf protoplasts by
BiFC. Green signals indicate YHluorescence (C-Kand red signals indicate chloroph
autofluorescence (B-F-JBIFC system showing proteiprotein interaction through YF
fluorescence restoratiorD{L) Positive control of thenteraction using 35-GUS::YFPN
and 35SGUS::YFP C cassettt (A-B-C-D) Negative control withouRestoration of YFI
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fluorescence. (E-F-G-HRestoation of YFP fluorescence throughteraction betwee
GmO05g02110 and GmP# (I-J-K-L).

Analysis of the capacity 0iGmbHLH162 to bind the G-box ciselemen

To determine whethgdmbHLH16: interacts with G-box motifg vivc, a transactivation
assay was performed. Accordirthe domain similarity, GmbHLH16: is a MYC-like
bHLH showing conservedminoacids in the basic region of bHLH domain (Fig. R)e
aligned the sequence of four different M*Arabidopsis thaliangrotein (MYC2, MYC3,
MYC4 and MYC5) withGmbHLH16: soybean protein sequence (I7A). The presence
of conserved amino acidssiduesin the basic region of the bHLH domain sugge¢hat
GmbHLH162 is a MYClike bHLH protein. According the domain classificet proposed
by Dang et al. (1992}this MYC-like proteinbelongs to bHLH class B that contains
CACGTG binding sitewhich is a +box motif (Fig. 7A). Based ro this informatiol we
constructedh synthetic promot (pCAMBIA::G-box).

A

LHLH Class B Basic Regions : Binding Site CACGTG

Atde17880 (MYC4) Bi=H KR : = ) ] = LIRAN V PINeg

ATbgd6830(MYCD) _gigucbds : Ry | 'lL]RAVV P
I

STEes SN

B

Forward promoter sequence

G|AACGTTTTCTCCACGTG ACAAGAACCAAATGTTTCTCCACGTGATGATTATCTCATTAAATTA
AAACACGTGTTTTAAATGTG

Reverse promoter sequence
TCGACACATTTAAAACACGTGTTTTAATTTAATGAGATAATCATCACGTGGAGAAA CATTTGGT
TCTTGTCACGTGGAGAAAACGTICTGCA

Figure 7. Design of the synthetic promoter containing t-box motif. (A). Alignment of
the GmbHLH162with different MYC Arabidopsis thaliangroteins. Sequencsimilarly
among GmbHLH162nd MYC protein:sof the bHLHClass B, core DNA binding site ai

amino acid residues of the bHLH protein basic neg¢ (red box were established

30



according to Dang et al., 1S, (B) synthetic promoter sequence: bold is-box cis-
element; sequence in box is a BCAT4 promoter wizightain two -box cis-elements;
underlinedsequence is a JAZ2 promoter; red sequence isrictiest site of the Pst | an

Sal | enzymes.

The result oftransactivation assedemonstrated that when theporter was ffiltrated in
Arabidopsis thaliangrotoplas, a substantial amount of GUS/LUALtivity was detected
(Figures 8), indicating the endogenous factors @éfrabidopsis thalianémay activate the
expression of the G-boreporter The expression oGmbHLH162did not change the
GUS/LUC intensity (Figure8B). It was also observed thathen GmbHLH162 co-
expressed with GmPAQCAMB G-box: bHLH x pCAMB G-boxPAQO) the GU/LUC
expression was naignificantly differen of theGUS expression level in comparison v
control (pCAMB:G-box) Fig. 8E). Thus, these results suggest tthere are endogeno
expressions of othetsanscription factcs and when th&mbHLH162is cc-expressed with
GmPAQ the effect of this interaction cannbe measuredThis methodologywas not
sufficient to determinate Gm05g0211Qs a repressor or aictivatorof the transcription

of the target genes.

A

Effector constructs
> >

CaMV35S CaMV35S

Reporter constructs

>
Synthetic promoter — CaMV35S
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pcambia pcambiapcambia pcambia Gbox Ghox Gbox  Gbox
bHLH PAO bHLH PAO bHLH bHLH
PAO PAO

GUS/LUC ratio

Figure 8. (A) Constructs used fokrabidopsis thaliangrotoplast transformation. Effector
constructs used correspond to the transcriptiotofaznding region under the control of
the full CaMV35S promoter. Reporter constructs aomthe GUS gene driven by the
minimal CaMV35S promoter (m35S) plus the fragmenttioe synthetic promoter
containing g-box (CACGTC) motif. The LUC gene undke control of the full 35S
promoter was used to normalize GUS expressiondeyB) Transactivation analysis as a
GUS/LUC activity ratio. The reporter vector usedswiie one carrying the synthetic
promoter fragment. Values shown are multiples ef 8JS/LUC ratio obtained with the
reporter vector without effector. Differences e IGUS/LUC values of the reporter vector

alone are not statistically significant (t-test, P0<). bHLH: GmbHLH162; PAO:
GmPAO.

Discussion

Analyzing the expression pattern in different pldigsues in normal growth
condition, GmbHLH162 gene exhibited ubiquitous expression with samensity in
soybean organs either in vegetative or reprodustizage of the development (Fig. 1). The
ERF1 (ETHYLENE-RESPONSE-FACTOR1) gene also presentsstiioiive expression,
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howevwe, its overexpression conferred resistanaeetootrophic fungi (Berrocal-Lobo et
al., 2002).

GmbHLH162gene was recently identified as an MYC-Type bHLlkhscription
factor in the Plant Transcription Factor Databas8.0v (Jin et al., 2014:
http://planttfdb.cbi.pku.edu.cn/) in soybean. Wef@ened an alignment and verified a
sequence similarity of th&mbHLH162with others AtMYC proteins (Fig. 7A). MYC
proteins are involved in the regulation of plantethse and developmental processes, and
are described either positive (Song et al., 20t3)egative (Chen et al., 2011) regulators
of the jasmonate-mediated defense response.

Regarding the expression ddbmbHLH162 when EMBRAPA48 susceptible
cultivar was challenged witRhakopsora pachyrhizioccurred a faster increasing in the
transcript level at early time of exposure, whiist resistant cultivar (P1561356) no
differences were observed in the gene expressuatslén different exposure times (Fig 2).
This result suggests th&mbHLH162may be modulating some stress-related target genes
leading to susceptible responsePloakopsora pachyrhizungus. Anderson et al. (2004)
identified a reduced susceptibility to pathogen whaserved iimyc2mutantsplants, which
exhibited increased resistance to the fungal pa&hégsarium oxysporunfAnderson et
al., 2004). This increased pathogen responseyit? mutants was related with reduced JA
sensibility leading to the attenuation of lesionvelepment induced byFusarium
oxysporum(Anderson et al., 2004).

bHLH genes have been described as transcripti@paéssor in pathogen defense
responses. The HOMOLOG OF BEE2 INTERACTING WITH IBKHBI1) is a bHLH
transcription factor characterized as a negatigellegor in defense response. Transgenic
Arabidopsis thaliana lines over-expressingHBI1 showed an enhanced disease
susceptibility to phytopathogenic bacteria leadimeggative impacts in innate immunity
(Malinovsky et al., 2014). Expression studies witHLH subgroup llid, using mutant
plants demonstrated an increased in jasmonate-teddi@sistance against funguB. (
cinereg whereas its over-expression reduced the jasmoregponse. These results
suggest that thedeHLH genes act as transcription repressor of the jaateanediated
plant defense ikrabidopsis thaliangSong et al., 2013).

Besides the participation of the bHLH transcriptfantors in the pathogen defense

response, its evolvements in abiotic stress haea levestigated. In transgenic tobacco
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plants, the INDUCER OF CBF EXPRESSION (ICE1l) bHLKepexpression conferred
enhanced chilling, osmotic and salt tolerance byagulation of the expression of stress-
tolerant genes as CBF/DREB and its expected taggetss (Feng et al., 2013).

Concerning drought stres§mbHLH162showed a contrasting pattern of gene
expression in tolerant and sensitive cultivars. ¥as in leaves of the tolerant cultivar the
gene expression level increased at 50 minutes stfiess exposure, in the sensitive plants
the transcript level decrease at 50 minutes aftaydration. In roots, the gene expression
level increased five folds at 1,5 h after drougtiess and this expression pattern was
observed only in the tolerant (Embrapa48) cultigig. 3A and 3B). Therefore, these
results suggest th@mbHLH162may be a positive regulator involved in the regasnto
drought stresses and the increased levébmbHLH162expression observed in roots of
the tolerant cultivar, could assist the plant tdigate the damages caused by drought
stress. InArabidopsis thaliana the MYC2 bHLH was described as a JA-mediated
repressor of the auxin pathway, down-regulating irabelated PLETHORA genes
expression, which is evolved in root developmeihie PLETHORArepression via MYC2
leads to inhibition of root growth, retaining theogth plasticity during root meristem
development when exposure to adverse environmeatalition and then increasing the
adaptation of the plant to the stresses (Chen,&2Gil1).

Moreover, an increased @mbHLH162transcription level in leaves of tolerant
cultivar, strengthens the hypothesis ti@&nbHLH162 may be a positive regulator in
drought stress responses. It is known that MYC2 jmsitive regulator in ABA response
alleviating drought damages in plants (Abe et2003). Therefore, more detailed studies,
evaluating the root growth as well as hormones aesgs in transgenic plants, are
necessary to clarify the potential role@hbHLH162in the drought stress responses.

In order to elucidate in which signaling pathwasmnbHLH1620perates, we carried
out an Y2Hscreening Ours results revealed an interaction betwéembHLH162and a
GmPAO in yeast assay (Fig. 5) in the cytosol arel thcleus of the cell (Fig. 6). In
Arabidopsis thalianagenome there are fivdtPAO genes AtPAO1to AtPAOY encoding
five isoforms of the polyamine oxidase related edypmine catabolism (Takahashi et al.,
2010). The GmPAO found in Y2Bcreeningis very similar to AtPAO2 protein sequence
(Fig. 4B), which was recently identified in soybe@uerrero-Gonzalez et al., 2014) and

has been described as a peroxisomal protein (Takale al., 2010) with regulatory
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function (Guerrero-Gonzalez et al.,, 2014). The piggical role and regulation
mechanisms of PAOs are still not well understood.

Polyamines are low-molecular weight aliphatic amimxpressed ubiquitously in
plant cells. They have ROS-scavenging and memhlpestecting properties, increasing
plant tolerance to the stressful condition (Kasekabal., 2004). Increasing of PA levels
has been observed in stress tolerant plants unddtipla environmental stresses
conferring freezing, salt, drought and osmotic raee (Kasukabe et al., 2004).
Transcriptomic analyzes showed alteration in d#fifer stress related genes in plants
overexpressing polyamine biosynthesis enzymes agdested that PAs are molecular
signals involved in the stress response (Wimalaseéeal., 2011). The increase in the PA
level in response to the osmotic stress in plant®nsistent with the results in which PAO
and a bHLH interacted in the Y2streening once the cDNA library was prepared with
plants submitted to osmaotic stress (Fig. 5).

The PAO is a polyamine catabolism enzyme that @péeies in several biological
processes through its reaction products from the&abolism. Among these products, the
H.O, has a key role in the plant development and defeesponses, mediating cell death
and promoting a hypersensibility response to tlieqeen (Cona et al., 2006). Also;®b
produced by PAO are required in ABA-induced stofnatasure improving water loss
stress tolerance (Wimalasekera et al., 2011). Gtbeondary metabolic produced by PAO
via PA catabolism is the 1-3 diaminopropane, whglalso involved in stress tolerance
(Cona et al., 2006).

It is known the PAO can promote gene expressioniaci@ase the DNA-binding
activity of transcription factors (Kasukabe et &004). Many genes exhibit responsive
elements to polyamines and their transcription appebe regulated by the redox status of
the cell (Pegg, 2009). We are speculating thatithéaction with the PAO may modulate
the activity of theGmbHLH162ranscription factar

In Arabidopsis thalianathe over-expression of ttB®PERMIDINE SINTASHene, a
product of PA catabolism by PAO, resulted in anregulation of genes encoding
transcription factors as DREB, WRKY and MYB, whidre able to regulate the
expression of several stress-responsive genes KKlaswet al., 2004). Furthermore, there
are evidences that in luminosity stress, the irseaf PAO in response to high light
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intensity could inhibit the extension growth in thesocotyl apex, and this is correlated
with decrease in the auxin levels in the mesoagidermis (Cona et al., 2006).

Studies reveal that AtPAOL participates in a regpescomplex of the gene
expression by hyperacetylation of histones, adtinthe flowering pathway inhibiting the
FLOWERING LOCUS C gene, which is a MADS-box tramsiion factor that blocks the
transition from vegetative to reproductive develeptn (He et al., 2003). There are
evidences that PAO can participate of the co-reyoresomplex of transcriptional gene
silencing in animals and plants. This co-repressomplex is composed by two
components: SWIRM domain PAO-like protein (AtSWPdnNd a plant-specific C2H2 zinc
finger-SET domain histone methyltransferase (AtCZB)ese two factors interact and
promote the repression of targets genes througiongishypoacetilation irabidopsis
thaliana Also, this transcriptional complex co-repressorolving a PAO may acts as a
gene expression global regulator in plants (Krickgwet al., 2007). Moreover, is possible
that the PAO-like protein acts as histone deme8igylekinases or ubiquitin ligases.
Consequently, this AtSWP1/ AtCZS co-repressor cems a multifunctional chromatin
modifier (Krichevsky et al., 2007).

In summary,GmbHLH162may affect the expression state of stress relateesy
The transactivation assay using GmbHLH162 as effeath Arabidopsis thaliana
protoplasts was not efficient to determinate iEthene acts as a repressor or activator of
the gene expression. Therefore, we need a moraledetstudy to conclude if the
interaction of the bHLH and PAO2 promotes incre@sin decreasing in its target genes.
In addition, it is necessary to identify the potaintarget gene of th&ambHLH162
transcription factor for then proceed a new tratigaiion assay to elucidate the role of
GmbHLH162and PAO interaction in the gene regulation.

Together, our results support the hypothesis @BrabHLH162could be a negative
regulator of genes related to the biotic stresmadigg pathway, suggesting that
GmbHLH162 is associates with susceptibility response Rbakopsora pachyrhizi
Conversely, under abiotic stre€mbHLH162is a positive regulator in leaves and roots of
plants submitted to drought stress which can nigiglae damages occurred by dehydration
in plants. Further studies are necessary to eltecithee effect of the interaction between
GmbHLH162 and GmPAO proteins.
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Materials and Methods

In silico analyses o6EmbHLH162

Expression profiles of the identified bHLH sequenae both biotic and abiotic situations
were obtained from subtractive libraries experiraeatailable in the LGE Soybean
Genome database (http://bioinfo03.ibi.unicamp.l@/$30Soybean plants access Pl 561356
(resistant genotype) were inoculated with the pgghdPhakopsora pachyrhizior the
construction of the subtractive libraries. Makingeuof this database generated by the
GENOSOJA project, we selected (expressed sequagskdifferentially expressed ESTs.
Specific primers were designed to confirm the esgimn pattern by RT-gPCR.

Phakopsora pachyrhizi infection

Soybean reaction to Asiatic Rust infection was sss@& by an experiment carried out in
Embrapa Soja, Londrina, PR, Brazil. Soybean plarde grown in a pot-based system
and maintained in a greenhouse at 28+1°C with lightvdark at a light intensity of 22.5
HEm?%s®. The Embrapa-48 genotype was used as a suscepitihigasd, which develops a
Tan lesion (Van de Mortel et al.,, 2007), and th&6BB56 genotype was used as the
resistant standard, which carries tRpplresistance gene to soybean rust (Kim et al.,
2012). The soybean leaves used in these assay speayed with a fungal spore
suspension according Wiebke-Strohm et al. (2018 tifoliolate leaf from each plant in
V2 stage was collected at 1, 12, 24 and 48 houey @fioculation, frozen in liquid
nitrogen, and stored at -80 °C. Three biologicallicates from each genotype were

analyzed for both treatments.

Drought stress

A highly sensitive BR16 cultivar and a tolerant ERIBPA48 cultivar (Oya et al. 2004)

were grown in a greenhouse according to the medlesdribed by Kulcheski et al. (2011)
and were submitted to dehydration stress as destchly Martins et al. (2008). Briefly,

seedlings in the V2 stage were removed from a Ipahi@ solution and kept in a tray in
the dark without nutrients. Leaves and roots welkected at 0 (control), 25, 50, 75 and

100 min after the initiation of dehydration stremsd were frozen in liquid nitrogen at
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—-80°C until RNA extraction. Three biological reg@tes (three plants/replicate) were
sampled for each treatment point.

Expression pattern in different organs

Leaves, roots, and stems of plants in the vegetéty phase and seeds, pods and flowers
before and after fertilization were harvested fréime MGBR-46 Conquista Brazilian
soybean cultivar grown under greenhouse conditionissues were harvested and
immediately frozen in liquid nitrogen before beistpred at -80° C until RNA extraction.
Three biological replicates, with three plants peplicate, were sampled for each plant

organ.

Quantitative real-time PCR (RT-qPCR)

To Phakopsora pachyrhizinfection assay, primer pairs designed to ampdifyf-Box
(Libault et al.,, 2008) andiletalloprotease(Libault et al., 2008) coding sequences were
used as internal controls to normalize the amotiniRNA present in each sample. The
box, ACTIl andELF (Jian et al. 2008) genes were used for normaliaatiothe drought
stress, for the analysis of the expression in dffe organs th&CTIl, CYP2 (Jian et al.
2008), and metalloproteasegenes were used as normalizer genes. Reactions wer
performed with 2.5 ngi. cDNA, 0.2 uM forward and reverse primers, 0.1 mM of dNTPs,
1x PCR Buffer, 1.5 mM MgG] 0.1x Sybr Green and 0.25 U Platinum Taqg DNA
polymerase (Invitrogen). The PCR conditions incthd@ initial step of denaturation of 5
minutes at 94°C, followed by 40 cycles of 15 sesoatd94°C, 10 seconds at 60°C and 15
seconds at 72 °C. Melting curve was performed bgelfonds at 95°C for denaturation, 1
minute at 60°C for annealing, and measurement @aiC up to 95°C. The method for
evaluating the relative expression of Glyma05g02tedes were 2! (Livak et al.,
2001).

Statistical analysis
To Phakopsora pachyrhiziinfection and drought stress experiments, the ivelat
expression level o5m05g02110gene in each treatment was statistically compéaned

variance analysis considering stress exposure éntk cultivar. Data were transformed
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using the weighted least squares method. Means w@rgared using the Bonferroni
multiple comparison test with significance of tH#.5

To expression pattern in different organs, the esgion level was measured by variance
analysis, the data were not transformed and thensneg@re compared using the Tukey
multiple comparison test. For all expression aredys was used the Statistical Analysis
System (SAS) 9.2 and the Statistical Package ®iSibcial Sciences (SPSS/PASWSTAT)

18 programs.

Yeast two-hybridScreening

cDNA Library Construction

To determinate possible target proteins that ictewgith the GmbHLH162 protein a
screeningof a Yeast two-hybrid library, kindly provided Brofessor Dr. Luciano Fietto
of the Universidade Federal de Vigosa (UFV), wadgomed. This library was prepared
with cDNA of soybean plantsGlycine max variety Conquista) submitted to two stress
conditions: tunicamycin- and PEG-treated accorditiges et al., 2011. cDNAs were
synthesized and cloned into pEXP-AD502 yeast espyasplasmids, transformed into
Escherichia coliDH5a, allowing the expression of the fusion library lwihe activation
domain of the GAL4 transcription factor.

GmbHLH162 Cloning and yeast transformation

A cDNA of 650bp corresponding to the GmbHLH162 eagdsequence was amplified by
PCR and inserted into the entry vector pENTR/D-TORQvitrogen) and then was
recombinated by LR Clonase Il (Invitrogen) into tymast expression vector pDEST32,
which contain the sequence of the GAL4 DNA bindohgmain. The construction was
confirmed by PCR, sequencing and cleavage withrickeh enzymes. The bacterial
transformations were carried out by heat shock vighmcompetent DHb bacteria
(Appendix). The yeast strain used was AH109 (CldmkeYeasts were transformed by the
LiAc-mediated, ssDNA and PEG (Gietz and Woods, 200@thod. The auxotrophic
markers used were tryptophan for pEXP-AD502, leaidior pDEST32, and HIS3 as
reporter gene. The transformed cells were platedsymthetic dropout (SD) medium
lacking leucine, tryptophan and histidine (SD-LTHphe ability to self-activation

transcription of the GmbHLH162 protein was testgdrizreasing concentrations of de 3-
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Amino-1, 2, 4-triazol (3-AT). This protein showedw self-activation transcription

allowing conducting the secreening without 3-AT iidd. The colonies that grew in SD-
LTH were plated in SD-LTH media with 5mM of the 3FAo0 impair the basal yeast
growth and eliminate false positives. To confirne brotein interactions, colonies were
plated in SD-LTH media containing 10mM or 20mM bEt3-AT. Positive interactions

were characterized by growth on SD-LTH after sedagys. Negative interactions were
characterized by the absence of growth in SD mediitimout auxotrophic markers and
reporter (SD-LTH).

Interaction assay using bipartite fluorescence dementation (BiFC) system

A BIFC assay was used for detection of GmbHLH16@ @mPAO interactions in plant
living cells (Walter et al., 2004). The split- YBnstructs pX-NYFP, pY-CYFP (where X
and Y correspond to the GmbHLH162 and GmPAO, rdspdyg), pGUS-NYFP and

pGUS-CYFP, were produced using the plasmids pE3p&3130. pGUS-NYFP and
pGUS-CYFP contain in-frame fusions of GUS with Matehal YFP and C-terminal YFP,

respectively. The amplified cDNAs were introducetbithe appropriate plasmids using

the Gateway technology. The resulting vectors wesed for protoplast transformation.
Protoplast isolation was performed through Tapeabidopsis thalianaSandwich as

described by Wu et al. (2009). Transformed protsiplavere incubated in the dark for 24—
48 h at 27°C before imaging. Fluorescence microseggs performed under an Olympus
FluoView 1000 confocal laser scanning microscopaped with a set of filters capable
of distinguishing between green and yellow fluorescprotein (EGFP and EYFP,

respectively) and plastid autofluorescence. Image® waptured with a high-sensitivity

photomultiplier tube detector.

Transient transactivation assayArabidopsis thaliangrotoplasts

Firstly, a synthetic promoter containing in tandg#ox motifs was designed to be used as
reporter plasmid for transactivation assay. Prinveese designed from the union of two
different promoter sequencesBranched-chain aminotransferasBCAT4) gene
(Schweizer et al., 2013), which has two g-box t&nents near in its promoter sequence
and the gene JAZ2 (Figueroa and Browse, 2012), lwhas promoter sequence rich in
AAAA (up-stream) and TTTT (dowstream) flanking thédox (CACGTG) motif (Fig 7b).
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It is known that these nucleotides arounddiseelement may increase the binding affinity
of the transcription factor to DNA binding site. &3® two promoter sequences usgdhe
purpose of construct the synthetic promoter havan lescribed as a target of the MYC
gene sequences. The forward and reverse primeses bt with restriction sites test |
and Sal | enzymes (Fig. 7b). After, an annealing reactismg the forward and reverse
sequences of the manufactured primers to amplibpya®0pb was performed. For thagl 1
tris-HCI pH 8.0 1M; 1,4l NaCl 3M; 0,2 EDTA 0,5M; 1ul forward primer 100
picomolful; 1ul reverse primer 100 picompl/and 95,1l H,O were used. The annealing
reaction conditions included 95°C/5 min; 95°C/1rdecreasing 1°C/min until reaching
melting temperature (66°C); 66°C/30 min and deanga%°C/min until reaching room
temperature. The amplified product was introducegd ™ ligase reaction into
pPCAMBIA1391z previously cleaved with the same enegm

The reporter plasmid containing the g-box motif wmslt using the pCAMBIA1391z
promoter-cloning vector backbone, which contairs anamycin plant resistance gene,
downstream of the full CaMV35S promoter accordinguEiredo et al. (2012). Effector
plasmids were constructed by cloning the codingore@f the GmbHLH162into the
pH7WG2-D plasmid (pH7WG2-D: bHLH) an@m18g14620nto the pH7W2F plasmid
(PH7W2F: PAO), to be under the control of the fGhMV35S promoterArabidopsis
thaliana protoplasts were prepared as described by Figueietdal. (2012). For each
independent transformationu® of reporter plasmid and 1@y of effector plasmid were
used. Each transformation was performed in tripdgaThe cells were incubated for 24 h
at 22°C in the dark and then collected at 450 dLfamin in a swing-out rotor. Cell lysis
was performed by resuspension in 150 pl 100 mppP®% (from a 1M pH 7.8 stock
solution), 1 mM EDTA (from a 0.5 M pH 8 stock saart), 7 mM 2-mercaptoethanol, 1%
Triton X-100, and 10% glycerol, followed by two éze—thaw cycles. The lysate was then
cleared by centrifugation for 2 min at 17,000 gr th® GUS quantification assay, @u5of

50 mM 4-methylumbel-liferyl-b- D -glucuronide weealded to 2Qul of the lysate (in
triplicate). Reactions were carried at 37°C in diaek for 1 h and stopped with 180 of
200 mM NaCQ0;s. Fluorescence was detected using a spectrofluair{feuoromax-4 with
Micromax plate reader, Horiba) with excitation &31m, emission at 455 nm, and a slit
of 1.5 nm. Readings were performed in triplicatasciferase levels were determined by
adding 150ul LUC reagent (20 mM Tricine pH 7.8, 5 mM MgCD.1 mM EDTA, 3.3
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mM DTT, and 2 mM ATP) to 2Qd of the cell lysate. An aliquot (7hl) of 1.5 mM
luciferin was added to each sample and light intgnsas read for 10 seconds in a
luminometer (Modulus Microplate, Turner BiosystemBeadings were performed in

triplicates. Activation of gene expression was gkdted as a GUS/LUC ratio.

Table 1.Primers used in the experiments

GmbHLH162 Forward sequence Reverse sequence

Quantitative CCACGTACATAAAGCGTCTGAAG CCCGAACCCAAGTCCTTTATC
real-time PCR

Yeast two- CACCATGAAAAAACCAAACACTAGTACT ACTTAAGACTCACCCAAATCCAC
hybrid

Screening

BiFC system CACCATGAAAAAACCAAACACTAGTACT ACTTAAGACTCACCCAAATCCAC

Transient CACCATGAAAAAACCAAACACTAGTACT ACTTAAGACTCACCCAAATCCAC

transactivation

assay

G-box GAACGTTTTCTCCACGTGACAAGAACCAA TCGACACATTTAAAACACGTGTT

synthetic ATGTTTCTCCACGTGATGATTATCTCATTA TTAATTTAATGAGATAATCATCA

promoter AATTAAAACACGTGTTTTAAATGTG CGTGGAGAAACATTTGGTTCTTG
TCACGTGGAGAAAACGTT

CTGCA
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Capitulo Ill — O gene GmbHLHG63 antecipa o desermmwnto inicial da planta e pode
estar relacionado ao aumento da tolerancia a estdsotico em soja

Functional analysis of theGmbHLH®63, a soybean bHLH transcription factor involved

with plant development and biotic and abiotic stres responses.

Graciela Castilhos, Ciliana Rechenmacher, Douglasdith Messender, Fernanda

Lazzarotto, Marcia Margis-Pinheiro, Maria HelenadBoese-Zanettini.

Artigo em preparacao

Introduction

The basic helix-loop-helix (bHLH) is a major tranption factor family in
eukaryote organismshere are about 225 members Anabidopsis thalianaand 480
members in soybean (Jin et al., 2014: http://pldinitbi.pku.edu.cn/). These transcription
factores present a highly conserved domain composéde basic region responsible to
DNA-binding and two amphipathig-helices separated by a loop of variable lengthixthe
loop-helix region or HLH) liable for protein-proteinteractions (Carretero-Paulet et al.,
2010). The bHLH transcription factors are often trmred as stress responsive (Bihmidine
et al., 2012; Liu et al., 2014). In soybean, thpregsion pattern of bHLH encoding-genes
was analyzed through SuperSage data indicating likttH transcription factors are
involved in responses to abiotic and biotic streg€esorio et al., 2012).

Environmental stresses as drought can reduce aapugtion yields the drought
stress in plants can be mitigated by the manipnatf genes that act directly in the plant
protection such as chaperones proteins, or by giragegulate the expression of other
stress-related genes such as WRKY, E2F and bziRdrgtion factors (Minh-Thu et al.,
2013). RD29 bHLH transcription factor is an examplie gene highly responsive to
dehydration able to mitigate abiotic stress in sayb(Bihmidine et al., 2012).

Regarding biotic stres®hakopsorapachyrhiziis a fungus responsible by Asian
Soybean Rust (ASR) disease, which can defoliatdesy fields within a few days,
representing an economical threat in the soybeadugtion (Goellner et al., 2010). Due to
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the facility of fungus to develop new races, thsistance mediated by Rpp resistance
genes has been overcome (Bromfield and Melching)1988re studies are needed to
identify promising candidate genes to promote tasie into soybean agairighakopsora
pachyrhizj which could be used to genetic engineer plaiat $nstainable way (Goellner et
al., 2010). The participation of bHLH transcriptidactors in Phakopsora pachyrhizi
defense response is not documented. Some bHLHctrptisn factors are related to
pathogen responses, such as MYC transcription rfactchich is described as
transcriptional repressor and activator in jasm@maédiated defense responses, allowing
theplant to survive in a changing environment (Songlet2013).

Gm06g01430is a bHLH transcription factor called as cryptaohe-interacting
basic-helix-loop-helix (CIB1), which is homologous the bHLH63 in Arabidopsis
thaliana (accession number: AT4G34530) in the Plant Trapson Factor Database v3.0
(Jin et al., 2014: http://planttfdb.cbi.pku.edu)cn¥We namedGm06g01430gene as
GmbHLHG63 due to the homology wittbHLH63 The CIB1 genes, which are involved in
blue-light signaling, interacts with cryptochroméCRY?2) and promotes the activation of
the FLOWERING LOCUS TKT) gene (Liu et al., 2008). THeT gene encodes a mobile
transcriptional regulator that migrates from leavesapical meristem activating floral
meristem identity irArabidopsis thaliandLiu et al., 2011). To data, 5-25% of the genes in
Arabidopsis thalianahas its expression modulated by blue-light respansédiated by
CRY2 and in most of these genes the changes iressipn is due to CRY2-CIBs pathway
(Liu et al., 2011).

The involvement of the CIB1 in the modulation dfidlight responsive genes is
well documented. However, it remains unclear hoBXCis related to stress conditions in
plants. Elucidate stress tolerance mechanisms Asagv@lant adaptation mechanisms in
soybean represent an advantageous alternativeripartson to studies using model plants,
once this knowledge could be useful in soybeanvaultoreeding aiming to increase the
tolerance to stress (Ge et al., 2011).

Finally, the transcription factor could be a poiginttarget gene to genetic
manipulation aiming to increase tolerance. Oncastaption factor can participate in a
range of regulatory pathways, they may increaserdoke to one or more stresses. In the
present work, we have evaluated the expressionlgraf GmbHLH63in two different

stress situations in soybean: drought stress dadtion byPhakopsorgachyrhizj as well
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as evaluated the effect of the expressionGih06g01430in Arabidopsis thaliana
transgenic plants.

Results

Expression pattern of theGmbHLH63 gene

The GmbHLH63)ene expression pattern in soybean in differenarmsof the plant was

performed. The lowest transcript level detected wsed to normalize the transcript levels
in other organs and thereby to quantify the redativanscript accumulation. The

GmbHLH63gene was expressed ubiquitously in all organsyaadl(Fig. 1).

1,5

1
0,5
0

Steams Leaves Flower befor Flower after Pods Seeds
fertilization fertilization

Relative expression level

Figure 1. Relative expression levels of ti&mbHLH63gene in different organs of the
Conquista Brazilian soybean cultivar. The loweshscript level was used to normalize the
transcript levels in other organs.

The gene expression levels at successive time aifier infection byPhakopsora
pachyrhiziin leaves of the resistant and susceptible culiiveere compared (Fig. 2). The
transcript accumulation édmbHLH63was relatively enhanced 1,5 fold showing a peak of
expression after about 12 h, followed by a decréas24 h in resistance cultivar. In
contrast, no marked increase in tBenbHLH63transcription levels was observed in a

susceptible plant under biotic stress (Fig. 2).
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Figure 2. GmbHLH63 gene expression profiles in responsePtwakopsora pachyrhizi
infection in the leaves of EMBRAPA48 (susceptibéa)d PI561356 (resistant) soybean
genotypes at 1, 12, 24, 48 hpi (hours post-inomriat The white bars represent the mock
plants (non-infected), and the black bars repregeninfected plants. The values are the
means of three biological replicates with four ta@chl replicates each. The means that are
labeled identically (with a letter) in the same timalr do not differ significantly

(Bonferroni multiple comparison test (p<0.05).

Regarding abiotic stress, the expression leveGmobHLHG63in roots was not significantly
altered in plants subjected to different time obwdjht exposure either in tolerant or
sensitive cultivars tested (data not shown). Howewe leaves of the two different
cultivars the expression level decreased with exireg exposure to drought stress (Fig. 3).
GmbHLHG63exhibited relatively half of expression level af&) minutes of stress (Fig.
3A) in tolerant cultivar and 25 minutes after drbtigxposure in sensitive plants (Fig. 3
B).

50



>

2 Embrapa 48- Tolerant

1,5

ab
bc
1
bc
0,5
C

0 L

25 50 75 100

Time after drought exposure (minutes)

Relative expression level

vy
N

BR16 - Sensitive

=
u

Relative expression level
o
« -

b
0 B ==
25 50 75

Time after drought exposure (minutes)

100

Figure 3. GmbHLH63gene expression in the leaves (A) EMBRAPAA48 (taigrand (B)
BR16 (sensitive) cultivars in response to dehydrasitress. The relative expression levels
were measured by RT-gPCR at 0 (control), 25, 50an® 100 minutes of dehydration
stress. The means that are labeled identicallyh(@aitetter) in the same cultivar do not
differ significantly (Bonferroni multiple comparisotest, p<0.05). The transcript levels
from the plants at 0 minutes (control) were useddonalize the transcript levels from the

plants subjected to dehydration stress.

Effect of the GmbHLH63 overexpression inArabidopsis thaliana plants
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Arabidopsis transgenic plants were developmentedrder to evaluate the phenoty,
characterization in these transgene plarFour different development sta¢ in

GmbHLHG63overexpressingArabidopsis thalianaplants were evaluate in T3 stage
(homozygous). Seveimdependent transgenic lir (#5, #8, #9, #10, #11, #12 and #

were produced ananalyze: (Fig. 4). The emission of roots wasnilar between wild type
and transgenic plants. kdl lineage, the root emissiostarted about 3 days after sow

(Fig. 4A). The transgeniplants exhibited the cotyledoemission and opeed one day
before when compared tbe wild type plants (Fig. 4B and 4CRRegardini leaf emission,
five independents lines (#9, #10, #11, #12 and jpresentecemission about five day
after sowing, whereas e wild typeplants leaf emission occurretk days after sowin
(Fig. 4D).
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Figure 4. Characterization of transgenfrabidopsis thaliangplants overexpressing the
GmbHLH63 gene. DAS: Days after sowing; NT: non transformapéaht; #5 to #16:
different lineages of transgenic plants.

GmbHLHG63 has transcriptional activation capacity
We performed an assay to verify the capabilitgsaibHLH63to transcribe a reporter gene
in yeast cell. The result of this analysis showdugh capacity to act as a transcriptional

activator in selective media with addition until0bOM of the 3-AT.

-LEU

-LEU - HIS

-LEU - HIS + SmM 3AT

-LEU — HIS + 10mM 3AT

-LEU — HIS + 20mM 3AT

-LEU — HIS + 40mM 3AT

-LEU - HIS + 30mM 3AT

-LEU - HIS + 70mM 3AT

clejejejelejelele

-LEU — HIS +100mM3AT

Figure 5. Self-activation of the transcription by tii@mbHLH63in yeast cell. The self-
activation was tested under increasing doses of3tAd (5 to 100mM 3-AT) in media
with autotrophic selection (SD —LH).

Discussion

GmbHLH63 encodes a cryptochrome-interacting basic-helixdbelix (CIB1)
transcription factor and is homologous to bHLH63 Ashbidopsis thaliana(accession
number: AT4G34530) according to the Plant TransiompFactor Database v3.0 (Jin et al.,
2014: http://planttfdb.cbi.pku.edu.cnfLIBl is a MYC like gene and it is known that
positively regulate&LOWERING LOCUS TGene expression via CRY protein interaction
(Jin et al., 2014: http://planttfdb.cbi.pku.edu)cnThe overexpression oAthCIB1 in
Arabidopsis thaliana,anticipated the flowering, indicating that CIBloprotes floral
initiation in a CRY-dependent model (Liu et al.,08). Interestingly, in a two-hybrid

assay, using soybean CIBs proteins it was demaedttahat GmbHLH63 does not interact
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with CRY2a in response to blue light in yeast céNgeng et al., 2013). So, possibly
GmbHLHG63 does not participates of the CRY-dependgmaling mechanism.

Several works have been done to investigate tleeabbHLH transcription factor
in adverse conditions due its capacity to reguiateinge of stress response pathways.
MYC and others bHLH transcription factors have bdencribed as negative regulator of
pathogen responsesAmabidopsis thaliangSong et al., 2013; Malinovsky et al., 2014). In
Arabidopsis thalianaHOMOLOG OF BEE2 INTERACTING WITH IBH1 (HBI1) bHLH
is a negative regulator of the bacterium immurgyponses resulting in more than two fold
inhibition in HBI1 transcript levels after 1 hour of stress leadmgensibility response in
Arabidopsis thalianaseedlings (Malinovsky et al., 2014). In additiohthCIB1 over-
expression also negatively regulates immunity kaitincrease susceptibility response to
bacteriumPseudomonas syringg®lalinovsky et al., 2014).

Our results suggest a significant increase onrdnestription level ofoGmbHLHG63
in a susceptible cultivar at 12 hours und®rakopsorapachyrhizi infection (Fig. 2).
GmbHLH63does not seem to be related to the response teitslity since the level of
transcripts did not change with the advancemerdtralss in a susceptible cultivar under
Phakopsorapachyrhiziinfection (Fig 2). This data of the expressionelepattern could
indicate a possible role faBmbHLH63as a positive regulator in defense responses to
Phakopsorapachyrhizi fungus in soybean. Regarding abiotic stress, pusvin silico
analysis of the SuperSage data available in LGEbdae revealed th&mbHLH63
expression was not modulated by drought (annexhdwever, our RT-gPCR data were
conflicting with thein silico analyzes. Th&mbHLH63expression level reduced with the
exposure to drought stress with a similar pattertoierant and sensitive soybean cultivars
(Fig. 3).

GmbHLHG63is a transcription factor with high self-activatiantivity in yeast assay
(Fig. 5) and is ubiquitously express in vegetatied reproductive stages of the
development in soybean (Fig. 1). There is the pdagi that GmbHLH63 controls
development related genes in steam, leaves, flgyeels and seeds because its transcripts
had been detected constitutively in all these ag#ig. 1). To further characterize the
function of GmbHLH63we obtained and characterizédabidopsis thalianaransgenic
plants carrying the constru85S::GmbHLH63Arabidopsis thalianglants overexpressing

GmbHLH63presented early development compared to the wypd tn some parameters
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such as emission and opening cotyledons and leskem (Fig. 4). These results suggest
thatGmbHLHG63positively regulates the plant growth in early elepment stages.

Few studies have reported the relationship betvidttirH transcription factor and
early stages of the plant development and the oblthese transcription factors is still
unknown. MYC2 bHLH transcription factor is a growtgulator and its overexpression in
tomato transgenic lines led to an increase inatexdl root number and the root length was
longer than the wild type (Gupta et al.,, 2014). écent study showed th&mCIBJ
homologous ofGmbHLH63 promotes leaf senescence in soybean transgeaitspl
suggesting thaGmCIB1 activates transcription of senescence-associatedsy such as
WRKY DNA BINDING PROTEIN53b (WRKY53b) (Meng et al2013).

Ultimately, the GmbHLHG63 is a bHLH transcriptiorctar with high self-activation
activity. The role of GmbHLHG63 in the stresses oeses is not well understood. Our data
suggest thaGmbHLH63probably is a positive regulator Rhakopsorgachyrhizidefense
response in soybean. The functionGrhbHLH63in drought stress does not seem to be
relevant since the transcription level were redueétler on the tolerant or sensitive
cultivar. The data presented here indicated @rabHLHG63is a gene regulator involved in
plant growth pathway and ttembHLH630overexpressiomnticipates cotyledon opening
and cotyledon and leaves emissionAirabidopsis thalianaransgenic plants. A detailed
analysis of the plant development and physiologgesessary to conclude if this gene is
able to achieve the tolerance to stresses. Fusthdies are in progress in our laboratory.

GmbHLHG63 is a good target gene to genetic engingesince it was observed an
increasing in its transcription level in a resistanltivar under pathogen stress. In addition
the overexpression of this gene in transgénabidopsis thaliangoromoted early plant
development. Due to the economic importance of sagp these traits should be
considered and the GmbHLH63 genetic manipulatiariccbe evaluated as useful strategy

in crop improvement.

Materials and Methods

In silico analysis ofGmbHLHG63
Expression profiles of the bHLH sequences in respdn both biotic and abiotic stresses

were obtained from subtractive libraries and sup&E data available in LGE Soybean
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Genome database (http://bioinfo03.ibi.unicamp.lp@/$@ccording to Osorio et al. (2012)
(Annex I). The expression patterns were searchewats and leaves from susceptible
cultivar (BR16) submitted to drought stress (25 to 150 niegyes from resistant genotype
(P1561356) infected witlPhakopsorgpachyrhizi(12 to 192 h) and roots from MG/BR46
inoculated withBradyrhizobium japonicum

Stress related experiments

Phakopsorgachyrhizilnfection

This experiment was conducted at Embrapa Soja, rimedPR, Brazil. Soybean plants
were grown in a pot-based system and maintainedgreenhouse at 28+1°C with 16/ h
light/dark at a light intensity of 22.5 pEfsi*. Two genotypes were evaluated: susceptible
(Embrapa-48) and resistant (P1561356). The Emb4&pgenotype develops a Tan lesion
in response to the fungal infection (Van de Moetedl., 2007), and the PI561356 genotype
is a resistant standard, which carries the resistan soybean rust. One trifoliolate leaf
from each genotype previously inoculated wihakopsora pachyrhizispores was
collected at 1, 12, 24, 48h after inoculation, &ozn liquid nitrogen, and stored at -80 °C.
Three biological replicates from each genotype vesayzed for both treatments.

Drought stress

This experiment was performed at Embrapa Soja, tioad PR, Brazil using a highly
sensitive (BR16) cultivar and a tolerant (EMBRAPA4&ultivar (Oya et al. 2004),
according described by Kulcheski et al. (2011).débydration stress, seedlings in the V2
stage were removed from a hydroponic solution agpt kn a tray in the dark without
nutrients. Leaves and roots were collected at @t(ob, 25, 50, 75 and 100 min after the
initiation of dehydration stress and were frozdiquid nitrogen at — 80 °C until RNA
extraction (Martins et al., 2008). Three biologicaplicates (three plants/replicate) were

sampled for each organ/genotype/treatment point.
Organs

Leaves, roots, and stems of plants in the vegetdil) phase and seeds, flowers before

and after fertilization and pods in reproductivg (fRase were harvested and immediately
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frozen in liquid nitrogen before being stored a®°& until RNA extraction. For this
experiment it was used the Conquista Brazilian saybcultivar (MGBR-46) grown under
greenhouse conditions. Three biological replicataty three plants per replicate, were

sampled for each plant organ.

Quantitative real-time PCR (RT-qPCR)

The RT-qPCR reactions were performed with spegifimers forGmbHLH63 F-Boxand
Metalloprotease(Libault et al., 2008) sequences were used asemfe genes in the
Phakopsora pachyrhiznfection analyses. To the drought stressfihex, ACTIl andELF
(Jian et al. 2008) genes were used as internataisrio normalize the amount of mMRNA
present in each sample. To the analyses of theessipn in different organs, the
normalizer genes ACTII, CYP2 (Jian et al. 2008)d anetalloproteasewere used.
Reactions were performed with 2.5 pg/cDNA, 0.2 uM forward and reverse primers, 0.1
mM of dNTPs, 1x PCR Buffer, 1.5 mM Mg£10.1x Sybr Green and 0.25 U Platinum Taq
DNA polymerase (Invitrogen). The PCR conditionduded a initial step of desnaturation
of 5 minutes at 94°C, followed by 40 cycles of #8@ds at 94°C, 10 seconds at 60°C and
15 seconds at 72 °C. Melting curve was performed 1By seconds at 95°C for
desnaturation, 1 minute at 60°C for annealing, medsurement each 0.4°C up to 95°C.
The method for evaluating the relative expressibiGlyma06g0143@enes were 2!
(Livak and Schmittgen, 2001)

Statistical analyses

To statistically analyze thembHLH63expression pattern under biotic and abiotic steess
variance analysis was performed a variance analgsicompare the gene relative

expression level considering stress exposure tinte aultivar. Data were transformed

using the weighted least squares method and thensneere compared using the

Bonferroni multiple comparison test. All experimgnelated to the expression patterns
were analyzed with Statistical Analysis System (A2 and the Statistical Package for
the Social Sciences (SPSS/PASWSTAT) 18 programs.

GmbHLHG63 over-expression vector construction
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The GmbHLH63coding sequence was amplified (1180 bp) by PCRgusoybean cDNA
as template. The PCR fragment was inserted intoettitey vector pENTR/D-TOPO
(Invitrogen) and then recombinated using LR Clondséinvitrogen) into the plant
expression binary vector pH7WG2-D, which contaihe steptomicine/spectinomicine

bacterium resistance gene and hygromycin planstessie gene.

Yeast two-hybrid Screening

cDNA Library Construction

The cDNA library of soybean plants (Conquista ealt) was kindly provided by Professor
Dr. Luciano Fietto of the Universidade Federal dgoga (UFV). The library was prepared
with cDNA of soybean plants submitted to tunicamyand PEG-treated simulating two
stress conditions, according Alves et al. (201DINAs were synthesized and cloned into
PEXP-AD502 yeast expression plasmids, transformetd Escherichia coli DH5a,
allowing the expression of the fusion library withe activation domain of the GAL4

transcription factor.

GmbHLHG63 Cloning and yeast transformation

A coding sequence of 1180 bp of tBenbHLH63was amplified by PCR from cDNA of
soybean and inserted, by gateway technology, hoyeast expression vector pDEST32,
which contain the sequence encoding the DNA bindiomain of GAL4. The bacterial
transformations were carried out by heat shock watimocompetent DHbbacteria. The
yeast strain used was AH109 (Clontech). Yeasts warsformed by the LiAc-mediated,
ssDNA and PEG (Gietz and Woods, 2005) method. Thestormants clones were
selected by auxotrophic markers (tryptophan for BED502, leucine for pDEST32, and
was evaluated HIS3 reporter gene) and plated othatya dropout (SD) medium lacking
leucine, tryptophan and histidine (SD-LTH) in diffat 3-Amino-1, 2, 4-triazol (3-AT)
concentrations. The ability to self-activation sanption of the GmbHLH63 protein was

tested by increasing concentrations from 5mM tomi®iOof the 3-AT.

Arabidopsis thaliana transformation
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TransgenicArabidopsis thalianglants were obtained b&grobacteriummediated floral-

dip method according Zhang et al., 2006. The t@nshtion was accomplished by dipping
developing Arabidopsis thalianainflorescences for a few seconds into a 5% sucrose
solution containing 0.01-0.05% (vol/vol) Silwet [Z-7and resuspendedgrobacterium
cells carrying th&5S:: GmbHLH630 be transferred. The dipped plants were covertd
plastic films to maintain high humidity for 16—24 RAfter this, plastic covers were
removed and plants were maintained in a growth tesrfor 1 month. Dry seeds were
collected and submitted to plant selection in hygyoin (25 mg %) according to Zhang

et al., 2006.

Analysis of transgenic Arabidopsis thaliana

The hygromicin-resisteirabidopsis thalianaeeds were placed on half MS agar medium
without hygromycin (30 seeds per plate in a tofall® plates). The radicule emission,
cotyledon emission, cotyledon opening and leaf simiswere evaluated 0, 3, 6 and 9 days
after sowing th&5S:: GmbHLH63and wild type seeds.

Table 1.Primers used in the experiments

GmbHLHG63  Forward sequence Reverse sequence

Quantitative CCCGAGTCCGAGTCCAAG CTCCATCATCAGAGCCGAA
real-time PCR

Yeast two- CACCATGTTGCACTGCGCCAACACG TTGCAGAAGGAAATAGAAGCTC

hybrid
Screening

Arabidopsis CACCATGTTGCACTGCGCCAACACG TTGCAGAAGGAAATAGAAGCTC

thaliana

transformation
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Capitulo IV

Identificacdo de Fatores de Transcricdo que regulam gene bHLH Os 01g06640 em
arroz (Oryza sativa)

Os experimentos descritos neste capitulo foramizesfls durante estagio
Sanduiche no Instituto de Tecnologia Quimica e @jickh em Oeiras, Portugal, sob a
orientacéo do Dr. Nelson Saibo. Os resultados aptados neste trabalho sé&o preliminares

e estdo em andamento em nosso laboratorio.

Introducao

O sistema antioxidante tem sido estudado como nmuande defesa a estresses
devido a sua capacidade de aumentar a toleranciplag@a, diminuindo os efeitos
causados pelas espécies reativas de oxigénio (ER@}lucdo da peroxidacao de lipideos,
bem como o controle dos niveis das ERO na utilzal@s mesmos como mensageiros
secundarios em rotas de transducéo de sinal, €fiopdos conhecidos de acdo do sistema
antioxidante. As plantas desenvolveram mecanismoisn@ticos e ndo enzimaticos que as
permitem detoxificar as ERO. Estes mecanismos s§oeridos para a remocao destas
espécies reativas nos diferentes compartimentoglaoet, sendo essenciais para a
sobrevivéncia da planta ao estresse (Melteal, 2007).

O mecanismo enzimatico de defesa antioxidante cmenple enzimas que
catalisam as reacdes de neutralizacdo das espévees de oxigénio como, por exemplo, a
Superoxido Dismutase (SOD), Catalase (CAT), AsdoriReroxidase (APX), Glutationa
Redutase (GR) e Ascorbato Oxidase (AOX). O mecamist@o enzimatico abrange
moléculas pequenas como 0 ascorbato (AsA) e o gdeptidis ndo protéicos (NPSH)
(Noctor & Foyer, 1998).

A fim de investigar o papel de fatores de tranéaripHLH envolvidos na
regulacdo redox da célula, nés selecionamos olgéfe Os01g06640, o qual codifica um

FT do tipo bHLH ainda nao caracterizado em arrae, @resentou aumento no seu padrao
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de expressao em resposta ao silenciamento de atrqréroxidases citoplasmaticas de
arroz, APX1 e APX2 (Riberio et al, 2012). Estasnpda silenciadas para estas APXs
mostraram alteracdo na homestase redox (Rosa2ftldl). Analises anteriores permitiram
a identificacdo de uma interacdo da proteina bidElima05g02110) e poliamina oxidase
(PAO) (capitulo 2), utilizando a técnica de dupibrido em levedura. As PAOs de plantas
estdo envolvidas nas respostas de defesa a estt@éfieos e abidticos. Muitos genes
apresentam elementos responsivos a poliaminasaascticdo destes parece estar regulada
atraveés do status redox da célula (Pegg, 2009) elSidsculamos que esta interacdo com a
PAO pode estar modulando o estado redox das pastediterando a atividade do fator de
transcrigao bHLH.

Ha indicacbes que esses fatores de transcricao bidgpbndem as alteracdes do
estado redox da célula em diferentes espéciesadéapl Para identificar quais séo as vias
que levam a ativacao da transcricdo das bHLH eposts ao estado redox, nés buscamos
identificar os provaveis fatores de transcricdo sidigam na regido promotora do gene
codificado por LOC_0s01g06640 através da técnicendeohibrido em levedura (Yeast
one Hybrid- Y1H). Mais estudos devem ser feitosrade elucidar a relacdo destes fatores

de transcricdo encontrados atravésateeningpor Y1H com estresses em geral.

Resultados e discussao

Visando identificar os provaveis fatores de trag8cr que se ligam na regido
promotora do gene LOC_0s01g06640 foram utilizadaas cbibliotecas de cDNA de
expressdo de arroz, uma induzida pela salinidaoigtra pelo frio, disponibilizadas pelo
Instituto de Tecnologia Quimica e Bioldgica - Unsidade Nova de Lisboa (ITQB). Essas
bibliotecas foram utilizadas para experimentos déH.YA pesquisa na biblioteca de
salinidade n&o permitiu identificar qualquer fatter transcricdo. Por outro lado, foram
identificados dois fatores de transcricdo que gami a regido promotora do gene
LOC_0s01g06640, utilizando uma biblioteca de cDNApthntas submetidas ao estresse
por frio. Os fatores de transcricdo identificadas sereeningde mono-hibrido foram:
LOC_0s08g01090, o qual foi identificado 20 vezakzahdo como isca o fragmento 1.2
(préximo ao ATG) e LOC_0s04g51190, o qual foi idicado 2 vezes utilizando o

fragmento 2 como isca (Tabela 1).
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O fator de transcricdo LOC_0s08g01090, que possiginoinio B3 de ligacdo ao
DNA, é também denominado IRON DEFICIENCY-RESPONSIFEEMENT FACTOR
1 (IDEF1), envolvido na resposta e tolerancia écdefcia de ferro. IDEF1 foi encontrado
como uma proteina que se liga ao promotor do g&%2,| o qual € induzido por
deficiéncia de ferro em cevada (http://www.unigyag/uniprot/Q62Z12Z3). O gene fator de
transcricdo LOC_0s08g01090 possui homologia ao ¢er@G24650 deArabidopsis
thaliana o qual pertence a familia de fatores transcraion AP2/B3
(http://www.phytozome.net). De acordo com Kobayashal. (2009) IDEF1 pertence a
familia de fatores de transcricdo ABI3/VP1, recagh@ sequéncia de cis-elementos
CATGC e regula varios genes de resposta a toleré@ndeficiéncia de ferro. O fator de
transcricdo IDEF1 é constitutivamente expresso etha$ e raizes de arroz e esta
relacionado com a inducéo de genes envolvidos naraté@o da semente (Kobayashi et
al., 2009). Plantas transgénicas de arroz superesgmddDEF1 apresentaram aumento
no numero de transcritos do gedslRO2 o qual é um fator de transcricdo bHLH induzido
por deficiéncia de Fe (Kobayashi et al., 2007). id&rgenes bHLH envolvidos na
aquisicao de Fe tém sido induzidos em condi¢cdedetieiéncia de Fe, como o gene FER
em tomate e o ortélogo (FIT FIT1/FRU/AtbHLH29) érabidopsis thaliangdKobayashi
et al., 2009).

O gene LOC_0s049g51190, é um fator de transcrigaciomado com a regulacao
do crescimento da planta, conhecido como o ativadmrscricional Growth-regulating
factor 3 (GRF3), possui dois dominios: QLQ envalvith interacao proteina-proteina e o
dominio WRC responséavel pela ligacdo ao DNA. Eaterfde transcricdo possui papel
regulatério na elongacéo do caule induzida por rglvea
(http://www.uniprot.org/uniprot/Q6AWY6). Possui hofogia ao gene AT3G13960 de
Arabidopsis thaliana conhecido como growth-regulating factor 5 (GRF5)

(http://'www.phytozome.net).

Material e Métodos

A sequéncia de ger@s01g0664doi obtida doRice Genome Annotation Project
(http://rice.plantbiology.msu.edu).
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Identificacdo de fatores de transcrigdo utilizanda técnica de Yeast One hybrid

O promotor do gene LOC _0s01g06640 foi dividido emmattp fragmentos
sobrepostos (até 1500 pb antes do ATG), os quamfasados como iscas (baits) para o
screeningde Y1H. Desta forma, foram obtidas quatro conseacdiferentes (4 iscas):
fragmento 1.1 (préximo ao ATG) com 200pb; fragméntcom 332pb; fragmento 2 com
441pb e fragmento 3 com 557pb (Fig.1). Cada fragonédpi clonado no vetor
pHIS3/pINT1 (Ouwerkerk and Meijer, 2001) e integrada cepa de levedura Y187
(Clontech). Estas estirpes foram transformadas @dmilioteca de cDNA de expresséo e
crescidas em meio seletivo (CM-His + 5mM 3AT) dedwm@ identificar interagdes fator
de transcricdo-DNA (Ouwerkerk and Meijer, 2001)raPaada fragmento do promotor
foram pesquisados mais de trés milhdes de clonemeim seletivo (CM-His + 5mM3-
AT). Os plasmideos dos clones de levedura que ena@scem meio seletivo foram
extraidos e o inserto contendo o cDNA foi sequaelwid sequéncia foi identificada por
homologia no genoma do arroz usando BLAST.

As bibliotecas de cDNA de plantas tratadas conessts de frio e salinidade foram
disponibilizadas pelo laboratorio de Genémica @gmfals em Stress no ITQB. As plantulas
de arroz foram crescidas em solucao hidroponicauenmmeio de crescimento de arroz
(Yoshida et al., 1976), a 28°C, 700 Imol photoris 70% de umidade, fotoperiodo de
12/12h (luz/escuro) durante 14 dias. Para o trateonele frio as plantulas foram
transferidas para camara de crescimento a 5°C %L Fara o estresse de salinidade, as
plantulas foram transferidas para um meio contez@® mM NaCl. Para o tratamento
controle as plantulas foram transferidas para solupntendo agua conforme Figueiredo
et al. (2012).
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Tabelal. Genes que codificam proteinas que se ligam naaegi@motora do ger

0Os01g06640
Nome do Locus Funcao Referéncia Isca N° de vezes
gene utilizada | encontrado
IDEF1 LOC_0Os08g0109i| Deficiéncia | Kobayashi 1.2 20
de ferro. | etal., 2007
GRF3 LOC_0Os049g5119i| Crescimentg Choi et al., 2 2
da planta 2004

IDEF1: Iron DeficiencyResponsive Element Factor 1; GRF3: Gre¢-regulating factor 3.

2 1.1
200pb

l

ATG

1.2
322pb
Figura 1. Promotor do geneOs01g06640 As iscas foram construidas a partir
fragmentos sobrepostos da sequéncia promotora me Os01g0664. As iscas foram

denominadas de 1.1; 1.2; 2 ¢
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DISCUSSAO GERAL

A soja tem sido recomendada como planta modelo parados genéticos e
moleculares (Gepts et al., 2005). Em 2010, foi jpadb o sequenciamento do genoma
inteiro da soja e dentre as familias génicas, 68lii@s codificam fatores de transcri¢cdo, o
qgue representa 12,2% nos locus que codificam paaio genoma da soja (Schmutz et
al., 2010). Os fatores de transcricdo tém sidoidersdos genes alvos potenciais para o
uso em engenharia genética devido a sua capacrdgdéatoria em diversas rotas de
sinalizagdo. Os fatores de transcricdo bHLH reptase a maior familia de fatores de
transcricdo com 480 membros em soja (Jin et all4R00 emprego de fatores de
transcricdo bHLH tem sido considerado muito proorisgevido a sua participacdo na
regulacdo da expressdo de genes downstream eroslwio controle de loops feed-
forward e feed-backs que podem resultar em possigsposta de tolerancia a condigbes
adversas.

Neste trabalho foi analisado o perfil de expresséadois genes bHLH de soja
submetidas a estresses bioticos e abioticos. Aigso,doram utilizadas diferentes técnicas
moleculares para tentar esclarecer a participagdatdres de transcricdo bHLH em rotas
metabolicas.

O gene Glyma05g02110foi nomeado GmbHLH162 devido a homologia ao
bHLH162 de Arabidopsis thaliana(Jin et al., 2014). A analise do perfil de expaesde
GmbHLH162em plantas de soja infectadas com o fuRgakopsora pachyrhizugeriu
que este gene pode estar envolvido na modulacgerges alvos relacionados a estresses
levando a resposta de susceptibilidade ao fungoottom lado, o0 gen&mbHLH162pode
ser um regulador positivo relacionado com a respastestresse por seca, uma vez que 0s
niveis de transcritos foram aumentados na raizutiavar tolerante analisada, sugerindo
que este gene pode estar envolvido na respostiagéagédo da planta.

GmbHLH162é um fator de transcricdo bHLH do tipo MYC (Jinagt 2014), e
diversos trabalhos tém classificado as proteinasCM¥mo ativadoras ou repressoras
envolvidas em diferentes rotas metabolicas (Sowady,e2013; Chen et al., 2011). A fim de
identificar qual a possivel rota metabolica em @uebHLH162atua, foi conduzido um
screeningde duplo-hibrido em leveduras, utilizando umaibibta de cDNA de plantas de

soja submetidas ao estresse osmotico ocasionadoupi@amicina. Nossos resultados
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permitiram a identificacdo de uma interacdo daginat GmbHLH162com a proteina
poliamina oxidase 2 (PAO2) no citoplasma e no rojcke esta interacdo pode ser
confirmada pela técnica de BIiFC. NOs especulamas egta interacdo possa estar
alterando o status redox da célula e modulandoviglade do fator de transcricdo bHLH.
Ainda, na tentativa de verificar o possivel papestd interacado, foi realizado um ensaio de
transativacdo em protoplastos Al@bidopsis thaliangara verificar s&smbHLH162esta
envolvido na ativacdo ou repressdo de genes alvpmleo efeito desta interagdo com a
PAO2 na modulacdo da expressdo génica. Os ressilthltransativacdo mostraram que
GmbHLH162provavelmente liga-se a G-box, no entanto a atio de um promotor
sintético ndo permitiu verificar qual o efeito nadulacdo génica desta interagdo. Novos
experimentos com plantas transgénicas Alabidopsis thaliana superexpressando
GmbHLH162estdo em andamento. Estas plantas estdo sendiorsatizs em higromicina
com o intuito de realizarmos um experimento de R&&Y para entdo identificar os
possiveis genes alvos e por fim conduzir o ensaimathsativacdo utilizando um promotor
especifico.

O gene Glyma06g01430codifica um fator de transcricdo que apresenta alta
homologia com o geneHLH63 de Arabidopsis thaliangJin et al., 2014), por este motivo,
este gene foi nomeadambHLHG63 O perfil de expressao do geBenbHLH63também foi
analisado em plantas de soja submetidas a infecgAdoPhakopsora pachyrhize os
resultados mostraram um aumento no nivel de tridépsateste gene na cultivar resistente
analisada. Estes resultados sugerem @ue#HLH63 pode ser um regulador positivo
relacionado com a resposta ao fungo.

Além disso, tem sido relatado o envolvimento deegeAthCIB1 ao longo do
desenvolvimento da planta (Meng et al., 2013). Ghi68 € um fator de transcricdo
relacionado a CIB1, o qual pertence a familia M¥fatores de transcricdo (Gupta et al.,
2014). O gene MYC2 é conhecido como regulador dscamento em tomate, aumentando
o0 numero de raizes laterais de plantas de tomaeretpressando MYC2 (Gupta et al.,
2014). Visando avaliar o papel de bHLH no deserimmwnto da planta, foram geradas
plantas deArabidopsis thalianasuperexpressando o ge®@mbHLH63 Estas plantas
transgénicas apresentaram um crescimento antecgimgdanta em estagios iniciais de
desenvolvimento, como a emissao e abertura deédoties e a emissdo de folhas. Estes
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dados indicam uma possivel relacdo do gemdHLH63com a regulacdo do crescimento
emArabidopsis thaliana.

Além de verificar o envolvimento de genes bHLH d@aem diferentes situacdes
de estresses, neste trabalho nds avaliamos o ¢efetores de transcricdo bHLH de arroz
envolvidos na regulacdo redox da célula. Para fal, selecionado o gene
LOC_0s01g06640, que apresentou alteracdo no névéfadiscritos de plantas de arroz
com homeostase redox alterada (Ribeiro et al., 2MN2 tentativa de identificar em qual
rota metabolica associada a estresse o gene IBH0g0664@sta envolvido, realizou-se
um screnning de mono-hibrido em levedura a pagtnrda biblioteca de cDNA de plantas
de arroz submetidas ao estresse por frio. Estelestermitiu identificar dois fatores de
transcricdo que se ligam a regido promotora do @=dg06640IDEF1 e GRF3. O fator
de transcricdo IDEF1 esta envolvido na resposidetieiéncia de ferro e, outros trabalhos
mostram que IDEF1 liga-se a sequéncia promotoraud®s genes bHLH como por
exemplo o gene FER (Kobayashi et al., 2009). Aléssa] os resultados sugerem que
0Os01g0664@ode estar relacionado a regulacédo do crescingenptanta de arroz via rota
de GRF3.

Por fim, existe um grande potencial para a expauiséatilizacdo de fatores de
transcricdo em biotecnologia devido a participagéstes em diferentes vias regulatorias,
visando o aumento da tolerancia a estresses. Nestielo, 0 melhoramento genético por
transgenia vem ao encontro desta necessidadebiitmsiio 0 aumento na produtividade
e, assim, aumentando a eficiéncia da producéo.eQdtados de expressdo dos genes
bHLH estudados mostraram uma relacdo destes copostas a estresses bidticos e
abidticos, indicando que estes genes poderiam\ses potenciais para o desenvolvimento

de novas estratégias para o melhoramento vegetal.
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