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RESUMO

A soja constitui uma das culturas mais importantes mundialmente, tanto social quanto economicamente.
Consequentemente, informagdes moleculares sobre processos de desenvolvimento, bem como conhecimento
detalhado das interacdes entre condicdes estressoras e a resposta da planta a fatores ambientais sdo necessarios. A
identificacgdo e caracterizagdo de genes que respondem a condi¢des ambientais especificas constituem um passo inicial
no entendimento dos processos adaptativos. Proteinas ricas em glicina (GRPs) sdo polipeptideos contendo um grande
nimero do aminoécido glicina em sua estrutura primaria. Os genes codificantes de GRPs sdo regulados ao longo do
desenvolvimento e regulados por auxina, ABA, frio, ferimentos, luz, ritmo circadiano, salinidade, seca, patégenos e
encharcamento. Entretanto, hd pouca informacao sobre GRPs de plantas e seus papéis no desenvolvimento e resposta a
estresses. As GRPs podem ser divididas em quatro classes (I, II, III, IV) de acordo com sua estrutura primadria e
presenca de dominios caracteristicos. A classe IV é composta por proteinas ligantes de RNA. Dominios adicionais
permitem dividir a classe IV de GRPs em quatro subclasses (IVa, IVb, IVc, IVd). A subclasse IVc € representada por
proteinas contendo um cold-schock domain (CSD) e dedos de zinco CCHC tipo retrovirais. O objetivo do presente
estudo foi: (i) identificar e caracterizar os genes codificantes de classe IV de GRPs, (ii) verificar a padrdo de expressao
dos genes codificantes da subclasse IVc de GRPs e (iii) produzir plantas de soja transgénicas expressando o gene
AtGRP2, o qual foi mostrado estar envolvido na floragdo e desenvolvimento da semente em Arabidopsis, e também
poderia desempenhar um papel na aclimatacio ao frio. Um total de 47 genes codificantes da classe IV de GRPs foi
identificado no genoma da soja: 19 da subclasse IVa, sete da IVDb, seis daIVc e 15 da IVd. Andlises in silico indicaram
uma expressao preferencial de todos os genes codificantes da subclasse IVc em tecidos em desenvolvimento. Andlises
de RT-gPCR revelaram que plantas jovens e maduras exibem uma expressao mais alta em folhas do que em outros
orgdos, com excecdo dos genes GRP2L_4/5 que tiveram expressdo mais alta em sementes. GRP2L_4/5 e GRP2L_2
foram induzidos em resposta a baixas temperaturas. Sob estresse com ABA a expressao de todos os genes foi reprimida
em folhas e/ou raizes, com excec¢do do gene GRP2L_2 que foi induzido em raizes. Em resposta a infec¢do com
Phakopsora pachyrhizi, a expressdo de GRP2L_2 e GRP2L_3 foi mais alta e precoce no genétipo suscetivel quando
comparada com o resistente, enquanto que a resposta de GRP2L_4/5 e GRP2L_6 foi mais tardia no genétipo resistente.
Ainda, embrides somdticos secunddrios das cultivares Bragg, IAS-5 ¢ BRSMG 68 Vencedora de soja foram usados
para introduzir o gene AtGRP2 no genoma da soja por bombardeamento e sistema bombardeamento/Agrobacterium.
Seis eventos de transformacdo independentes foram confirmados por PCR. No presente momento as plantas estdo em
desenvolvimento em frascos de vidro. No presente estudo a classe IV de GRPs em soja foi identificada e caracterizada.

Este € o primeiro passo para elucidar o papel destas proteinas em plantas.

Palavras-chave: Estresse abidtico. Estresse bidtico. Padrdo de expressdo. Proteinas ricas em glicina. Cold-shock

domain. Transformacao de soja. Proteinas ligantes de RNA.



ABSTRACT

Molecular information on plant developmental process, as well as detailed knowledge of the interaction between stress
conditions and plant response to environmental factors are essential for understanding the adaptive response.
Glycine-Rich Proteins (GRP) have the amino acid glycine well represented in their primary structure. The genes
encoding GRPs are developmentally regulated and induced by auxin, ABA, cold, wound, light, circadian rhythm,
salinity, drought, pathogens, and flooding. However, there is scarce information about plant GRPs and its role on
development and stress response. The GRPs can be divided into four classes (I, I, II and IV) according to their primary
structure and the presence of characteristic domains. Class IV is composed by RNA-binding proteins. Additional
domains permit to split class IV GRPs into four subclasses (IVa, IVb, IVc and IVd). Subclass IVc is represented by
proteins containing a Cold-Shock Domain (CSD) and retroviral-like CCHC zinc fingers. The goal of the present study
was: (i) to identify and characterize the genes encoding class IV GRPs, (ii) to verify the relative expression of genes
encoding subclass IVe GRPs and (iii) to produce transgenic soybean plants expressing the AtGRP2 gene, which was
shown to be involved in Arabidopsis flower and seed development, and can also play a role in cold acclimation. A total
of 47 genes encoding class IV GRPs were found in the soybean genome: 19 from I'Va, seven from IVb, six from IVc
and 15 from IVd subclasses. In silico analyses indicated a preferential expression of all genes encoding subclass IVc
GRPs in tissues under development. RT-qPCR analyses revealed that both young and mature plants exhibit relative
higher expression of subclass [IVc GRPs in leaves than in other organs, with exception of GRP2L_4/5 genes that have
higher expression in seeds. The GRP2L_4/5 and GRP2L_2 were up-regulated in response to low temperatures. Under
ABA stress the expression of all genes was down-regulated in leaves and roots, with exception of GRP2L_2 gene that
was up-regulated in roots. In response to Phakopsora pachyrhizi infection, GRP2L_2 and GRP2L_3 expression was
higher and earlier in the susceptible genotype when compared with that of the resistant one, while GRP2L_4/5 and
GRP2_6 respond later in the resistant genotype. Furthermore, secondary somatic embryos of Bragg, IAS-5 and
BRSMG 68 Vencedora soybean cultivars were used to introduce the AtGRP2 gene into the soybean genome by particle
bombardment and bombardment/Agrobacterium system. Six independent Bragg transformation events were
confirmed by PCR. In the present moment the plants are under development in glass flasks. In the present study the
soybean class IV GRPs were identified and characterized. This is the first step to elucidate the role of these proteins in

plants.

Key-words: Abiotic stress. Biotic stress. Expression pattern. Glycine-rich proteins. Cold-shock domain. AtGRP2.

Soybean transformation. RNA-binding proteins.
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1 INTRODUCAO GERAL

1.1 SOJA

A soja, Glycine max (L). MERRIL, é uma espécie anual, dipléide (2n = 40) e de
autofecundacdo da familia Fabaceae. Nativa da China integra a lista das mais antigas plantas
cultivadas. Constitui uma das mais importantes culturas mundiais, correspondendo a 48% do
mercado de plantas oleaginosas, sendo também uma das mais relevantes fontes de proteina para a
alimentacdo humana (Zhang et al. 2004). A maior parte de seus graos € moida e utilizada para a
producdo de farinha e 6leo, destinados ao consumo tanto humano quanto animal, além de ser uma

importante cultura para a produgdo de biocombustiveis.

Apesar do seu cultivo em larga escala ter comegado apenas em 1960 (Reetz et al. 2008)
possui grande importancia econdmica para o Brasil, segundo maior produtor mundial, tendo
produzido 58,4 milhdes de toneladas na safra de 2006/07 e 60 milhdes de toneladas na safra de
2007/08, perdendo apenas para os Estados Unidos (CNPSO 2009a; CNPSO 2009b). Em 2008 a
soja gerou um movimento de US$ 17 bilhdes, com uma produgido estimada de 68,60 milhdes de
toneladas em 2009/10 (CONAB 2010). A produtividade média da soja brasileira foi de 2.823
quilogramas por hectare, sendo o estado do Mato Grosso o maior produtor. Esta cultura destaca-se
no comércio do pais, em 2006 representou quase sete porcento do total de produtos exportados
(CNPSO 2009a; CNPSO 2009b), sendo o principal responsavel pelo crescimento da economia.
Atualmente o Brasil compete com os Estados Unidos pelo titulo de maior produtor mundial.
Previsdes mostram que até o ano de 2019 o Brasil terd um aumento de 40% na producdo desta

oleaginosa (Tollefson 2010).

Apesar de existir um cendrio positivo para a cultura da soja, todas as culturas estdo expostas
a estresses tanto bidticos quanto abidticos, o que diminui o rendimento e a produtividade
(Varshney et al. 2009). Fatores abidticos causam a perda de milhdes de ddlares a cada ano devido a

queda no rendimento (Mahajan and Tuteja 2005). Uma das causas de maior redugdo na
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produtividade é o ataque de doencas, sendo a ferrugem asidtica da soja, causada pelo fungo
Phakopsora pachyrhizi a maior ameaca atual. Na safra de 2002/03, quando a doenca tomou maior
propor¢do no Brasil, o prejuizo chegou a dois bilhdes de ddlares (Goellner et al. 2010). Alguns
métodos foram empregados para tentar conter a disseminagdo da doencga pelo pais, dentre eles
estdo o vazio sanitdrio (periodo de auséncia de cultura) com o objetivo de diminuir a quantidade de
esporos vidveis, o plantio simultdneo em macrorregides visando evitar a disseminacao de esporos
para regides mais atrasadas e a utilizacdo de cultivares com ciclo de floragdo precoce (Barros

2009).

Em 2004 a soja foi recomendada como planta modelo para estudos genéticos e moleculares
em leguminosas de estacdo quente, em adi¢cdo a outras duas leguminosas de estacdo fria ja
utilizadas como modelo, Medicago truncatula e Lotus japonicus (Gepts et al. 2005). A soja teve
recentemente seu genoma quase completamente seqiienciado (Schmutz et al. 2010), representando

grande avango para estudos gendomicos.

Em vista da grande importancia econdmica para o Brasil, o melhoramento genético desta
cultura € de grande interesse. Neste contexto, os estudos de genodmica funcional e engenharia
genética, representam ferramentas importantes para estudos bdsicos, podendo potencialmente
fornecer subsidios para os programas de melhoramento da soja. Entender os detalhes dos
mecanismos moleculares de resposta a diferentes estresses pode levar a novas estratégias para

minimizar os seus impactos negativos.

1.2 FLORACAO EM SOJA

A floracgdo é controlada por uma série de fatores ambientais bem como desenvolvimentais.
A complexidade dessa regulacdo é determinada por uma intrincada rede de transducdo de sinais,
através da qual o meristema apical (que origina folhas e caules) se converte em um meristema

floral, que passa entdo a produzir 6rgaos florais (Zik and Irish 2003).
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O fotoperiodo e a temperatura sdo determinantes para que ocorra a floragao em soja, visto
que estas condi¢Oes provocam mudangas qualitativas no desenvolvimento da cultura. E importante
ressaltar que ha determinados periodos especificos do desenvolvimento em que a planta consegue

captar ou ndo estas diferencas ambientais (Major et al. 1975; Embrapa 2008).

Na fase juvenil, as plantas sdo insensiveis ao fotoperiodo. Quando aparece a primeira folha
verdadeira inicia o processo de maturagdo, no qual a planta passa a perceber estimulos do meio
ambiente e entra na fase indutiva (passagem do periodo vegetativo para o reprodutivo), e a partir
dai segue a antese. O tempo de permanéncia em cada estddio € determinado pelo grau de

sensibilidade termofotoperiddica de cada gendtipo (Rodrigues et al. 2001).

Em ambientes com fotoperiodo constante, a temperatura possui grande importincia sobre o
tempo de florescimento. Temperaturas mais baixas promovem florescimento tardio, sendo que
naquelas inferiores ou iguais a 10 °C o crescimento € pequeno ou nulo, pois a floracdo somente é
induzida acima de 13 °C, estando a faixa de crescimento 6tima para a cultura em torno dos 30 °C

(Embrapa 2003; Embrapa 2008).

Nao havendo fotoperiodo constante, em temperaturas baixas ocorre uma diminui¢do no
nimero de primoérdios reprodutivos e na taxa de desenvolvimento. Em dias longos, a taxa de

desenvolvimento dos 6rgaos reprodutivos € menor (Rodrigues et al. 2001).

A soja pode ser classificada como uma planta de dia curto, mesmo possuindo ampla
variabilidade genética de resposta as exigéncias fotoperiddicas. A maioria das cultivares € sensivel
a mudancas de latitudes e datas de semeadura devido as suas respostas a variagcdes no fotoperiodo
(Hartwig and Kiihl 1979). As regides tropicais possuem um fotoperiodo mais curto, causando
assim um florescimento precoce e consequentemente reducdo na produtividade

(Shanmugasundaram and Tsou 1978).

Existem modelos matemdticos que podem prever a data de floracdo. Entretanto, tais
modelos possuem férmulas complexas e resultados dificultados pela ampla combinacdo de fatores
que influenciam a floragdo. Em vista disto, o estudo dos genes que controlam a passagem do
estadio vegetativo para o reprodutivo € de grande importincia para o aprofundamento do

conhecimento deste processo.
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A maioria do conhecimento sobre a regulagdo da floragao foi estabelecida nos ultimos dez
anos através de estudos genéticos e moleculares realizados com a planta modelo Arabidopsis
thaliana. Analises genéticas e fisiologicas do tempo de floracdo em Arabidopsis possibilitaram a
identificagdo de um grande nimero de genes que regulam o processo em resposta a estimulos
ambientais e endogenos. O principal mecanismo que controla o tempo da floracdo parece ser a
repressdo desta, onde genes reguladores do crescimento vegetativo reprimem genes que controlam
o desenvolvimento floral. Vdrios genes de florescimento vém sendo identificados e caracterizados.
Dentre eles estd um que codifica uma proteina rica no aminodacido glicina capaz de se ligar a RNA,

0 AtGRP2 (Fusaro et al. 2007).

1.3 PROTEINAS RICAS EM GLICINA (GRP)

Ha alguns anos um grupo de Proteinas Ricas em Glicina (GRP, do inglés Glycine-Rich
Protein) foi caracterizado em plantas. Desde entdo, um grande nimero de informagdes foi
produzido, revelando que os diferentes genes que as codificam possuem padrdes de expressiao
altamente especificos e seus produtos apresentam diversas localiza¢des subcelulares. No entanto,

até o momento as func¢des que essas proteinas desempenham ainda ndo sio totalmente conhecidas.

A semelhanga entre todas GRPs € a presenca de dominios repetidos de glicina. Contudo,
hd outras regides que ndo estdo presentes em todas GRPs, sendo que duas delas permitem a divisao
destas proteinas em dois grupos principais: (1) as que contem o peptideo sinal (SP, do inglés Signal
Peptide; sequéncia alvo de direcionamento para o reticulo endoplasmadtico), presente na maioria
das proteinas descritas e (ii) as que contem sequéncias consenso de ligacdo ao RNA (revisdo de
Sachetto-Martins et al. 2000). Exemplos de outras regides sdao o motivo de reconhecimento ao
RNA (RRM, do inglés RNA Recognition Motif), dominio conservado de oleosina, dominio
cold-shock (CSD, do inglés Cold-Shock Domain), dedos de zinco CCHC tipo retrovirais (CCHC),
terminagOes carboxiterminal ricas em C (cisteina), hélice anfifilica e sequéncias ricas em H

(histidina), P (prolina) e T (treonina) (Fusaro et al. 2001).
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Segundo Sachetto-Martins et al. (2000) o dominio rico em glicina nestas proteinas pode ser
descrito de maneira geral por meio da féormula (Gly)n-X, onde o X representa qualquer
aminoécido, incluindo glicina. Estas repeticoes podem ter um importante papel, pois como formam
alcas (loops) (Steinert et al. 1991) conferem grande flexibilidade a estas proteinas, gerando

estruturas tercidrias importantes para fungdes de reconhecimento molecular.

Devido a ampla modulacdo e varia¢do na localizac@o subcelular das diversas GRPs, estas
proteinas ndo representam uma tUnica familia, mas sim um grupo, ndo estando necessariamente
relacionadas. Ou seja, um grande grupo diverso de proteinas contendo um motivo estrutural

comum (Sachetto-Martins et al. 2000).

O grupo das GRPs é composto por quatro classes, divididas de acordo com suas
caracteristicas primdrias e presenga de dominios (Fig 1). As GRPs de classe I s@o as mais cldssicas
e geralmente tém seu papel atribuido a funcdes estruturais devido a localiza¢do na parede celular da
maioria delas. Esta classe possui na por¢ao C-terminal um dominio rico em glicina (GR - do inglés
Glycine-Rich), podendo conter ou ndo a sequéncia SP na regido N-terminal. A classe II, ap6s o
dominio GR, possui uma regido rica no aminodcido cisteina (C). Proteinas classificadas como III
fazem desta a mais variada classe, possuindo o menor conteido de glicina e as mais caracterizadas
sdo aquelas relacionadas a dominios oleosina. A ultima classe (IV) representa proteinas ligantes de
RNA, possuindo dominios adicionais como o RRM, CSD e CCHC (Fusaro and Sachetto-Martins
2007), os quais levam a subdivisdo desta classe em quatro grupos distintos (subclasse I, II, IIT e IV)
(Bocca et al. 2005). No presente trabalho foi adotada a nomenclatura sugerida por Mangeon et al.
(2010) para estas subclasses, IVa, IVb, IVc e IVd, respectivamente, com o objetivo de evitar

possiveis confusdes entre classe e subclasse.
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Classe I — GRP com repetigées GGGX

Classe II — GRP com repetigdes GGXXXG
e/ou regido C-terminal rica em cisteina

o ) A
GRP-oleosina
Classe III - GRP com baixo
- comteid de gcna (XG0
) )
G  subcluseIva
D GEED v
N >- Classe IV — GRP ligantes
CGEEDGEED G de RN
T Ee—

s
Peptideo sinal @ Regido conservada de oleosina @) Dominio cold-shock @ Regido rica em glicina
@ Regifio rica em cisteina Motivo de reconhecimento ao RNA Dedo de zinco CCHC

Fig 1 Representacdo esquemadtica da organiza¢do dos dominios de proteinas ricas em glicina (GRP). Fonte:
(Bocca et al. 2005)

1.4 EXPRESSAO GERAL DE GENES CODIFICANTES DE GRPs

Virios genes que codificam GRPs em plantas ja foram descritos, contudo apenas poucos
foram caracterizados e sua fun¢io permanece especulativa. No entanto, os dados obtidos sugerem
importante papel dessas proteinas em transducido de sinais, resposta a diferentes estresses, €
regulacdo transcricional (Bocca et al. 2005). A expressdo destes genes também € regulada em
func¢do do desenvolvimento e, em alguns géneros de plantas, através de fatores bioldgicos, fisicos e
quimicos. Ainda, como estes genes apresentam um padrdo bem diverso de expressao e possuem

seus produtos em diferentes localizagdes subcelulares, é possivel que estas proteinas estejam



19

envolvidas em muitos processos fisiologicos independentes. Pouco se sabe sobre o papel biolégico
dos genes codificando GRPs em plantas (Fusaro and Sachetto-Martins 2007). A compreensao das
funcdes e importancia destas proteinas em resposta a estresses € bastante limitada pela falta de

dados funcionais in vivo (Kim et al. 2005; Kim et al. 2007).

Buscando EST (do inglés Expressed Sequence Tag) em diferentes bibliotecas (fases de
desenvolvimento e diferentes estresses sofridos pelas plantas coletadas), em cana-de-actcar,

Fusaro et al. (2001) observaram a expressdo diferencial tecido-especifica destes genes.

Genes codificantes de GRPs sdo regulados por auxina, dcido abscsico (ABA, do inglés
Abscisic Acid), estresse hidrico, frio, ferimentos, luz, ritmo circadiano, temperatura, salinidade,
seca, encharcamento e patdgenos, com padrdo de expressao bem diversos, variando em funcdo do
desenvolvimento (de Oliveira et al. 1990; Sachetto-Martins et al. 2000) e do tecidos/6rgaos
analisados. Podem ser expressos em tecidos vasculares, epiderme, flores, frutas, nédulos, tecidos
em crescimento, meristematicos e ponta de raiz, dependendo das espécies e gene em questdo. Além

disto, a regulagcdo pds-transcricional vem sendo evidenciada (Sachetto-Martins et al. 2000).

Bocca et al. (2005) afirmam que os genes codificantes de GRPs s@o finamente regulados
durante o desenvolvimento bem como sob muitas influéncias externas, tendo em muitos casos
regulacdo tecido-especifica. de Oliveira et al. (1990), trabalharam com cinco diferentes genes que
codificam GRPs em A. thaliana, destes, trés tem expressdo preferencial em flores, sendo que todos
podem ser altamente regulados em termos de especificidade de 6rgao e perfil desenvolvimental.
Kim et al. (2005) e Kwak et al. (2005) levantam a possibilidade de que estas proteinas auxiliam na

aclimatacio ao frio, em temperaturas ndo congelantes.

1.5 GRPs LIGANTES DE RNA

As GRPs ligantes de RNA constituem um dos principias grupos das GRPs

(Sachetto-Martins et al. 2000; Fusaro et al. 2007). Em plantas, tais proteinas provavelmente estao
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envolvidas em respostas celulares a estimulos ambientais e desenvolvimentais, entretanto um
possivel papel no metabolismo do RNA permanece desconhecido (revisdo de Sachetto-Martins et

al. 2000).

Ja foi observado que algumas GRPs ligam-se ao RNA in vitro e também ao DNA fita
simples. Alguns estudos mostram que o dominio de ligacdo ao RNA e a regido C-terminal rica em
glicina sdo essenciais para esta atividade, levando a especulacdo que estas GRPs estejam
envolvidas no processamento do RNA, na maturacio e no controle da expressao génica (Fusaro et

al. 2001; Fusaro et al. 2007).

Esta classe, além dos dominios GR, € caracterizada por apresentar, na metade N-terminal da
proteina, os dominios RRM ou CSD e, na por¢do C-terminal, pode ou nio apresentar variado
nimero de CCHC. A maioria dos RRMs possui uma regido conservada de 80 a 100 aminoécidos, e
dentro desta sequéncia duas regides, denominadas de RNP-1 e RNP-2, sdo altamente conservadas
(Sachetto-Martins et al. 2000). Conforme ja referido, estas proteinas sdo divididas em quatro

diferentes subclasses denominadas IVa, IVb, IVc e IVd, de acordo com os dominios presentes (Fig

1.

A subclasse IVa € caracterizada por apresentar, na metade N-terminal da proteina, um
dominio RRM e, na regido C-terminal, residuos ricos em glicina com repeti¢des RGG-box (Burd
and Dreyfuss 1994; Bocca et al. 2005). Um dos membros melhor caracterizado deste grupo € a
proteina MA16 de milho, a qual se localiza no nucleo e parece desempenhar um papel no

metabolismo de rRNA bem como no crescimento (Gendra et al. 2004).

A subclasse IVb, em adi¢do ao RRM na por¢ao N-terminal e os dominios GR, possui um
CCHC (Bocca et al. 2005). Um de seus representantes € o gene que codifica a proteina RZ-1 de
tabaco, a qual supostamente estd envolvida no processamento do pré-mRNA e/ou transporte

nucleo-citoplasmatico (Hanano et al. 1996).

A TVc € a subclasse das proteinas com dominio cold-shock. Estas proteinas ndo contém o
RRM, mas sim um CSD que, apesar de ser diferente, também se liga a DNA e RNA. Possuem dois
ou mais CCHC dispersos dentro da regido rica em glicina (Graumann and Marahiel 1998; Bocca et
al. 2005). Um de seus membros mais estudado, o gene AtGRP2 de A. thaliana, é descrito com

maiores detalhes no item 1.6. Outra proteina integrante desta subclasse ¢ a WCSP1 de trigo, esta
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por sua vez regulada por baixas temperaturas (Karlson et al. 2002). Hd indica¢do de que esta tltima
proteina possua atividade de chaperona de RNA, sugerindo um possivel envolvimento na
aclimatacao ao frio. Localiza-se no nucleo e no reticulo endoplasmético, sendo que para o ultimo é
necessdria a presenca da por¢do C-terminal contendo os CCHCs (Nakaminami et al. 2006). Outro

membro pertencente a subclasse IVc € NsGRP2 de Nicotiana sylvestris (Kingsley and Palis 1994).

As proteinas da subclasse IVd sdo semelhantes a IVa, possuindo dominios GR e RRM. A
diferenca € que enquanto na subclasse [Va ha apenas um RRM, na IVd ocorrem dois ou mais
RRMs (Bocca et al. 2005). Em cana de agucar existem dois clusters representando esta subclasse,
um deles usado no presente trabalho como representante desta (SCCCLR1CO01G05) (Fusaro et al.
2001).

1.6 O GENE AtGRP2

O produto do gene AtGRP2 possui 19 KDa, com 40% de contetido de glicina. O peptideo
contém um CSD na regido N-terminal e um amplo dominio rico em glicina, intercalado com dois
CCHC (de Oliveira et al. 1990; Kingsley and Palis 1994). Seu CSD contém somente a sequéncia
RNP-1. Tendo em vista estas caracteristicas, AtGRP2 foi incluida na subclasse IVc do grupo de
GRPs ligantes de RNA (Fusaro et al. 2001). Possui localizaciao subcelular predominantemente no
citoplasma, mas também estd presente no nicleo. Ao contrario, as proteinas das subclasses [Va e

IVb ficam predominantemente no nucleo ou restritas ao citoplasma (Fusaro et al. 2007).

Foi observado que o gene AtGRP2 ¢ preferencialmente expresso em tecidos em
desenvolvimento tais como meristemas, flores, 6vulos, pdlen, semente e primordios foliares
jovens. Plantas transgénicas de A. thaliana que tiveram o gene silenciado apresentaram um
fenétipo de floracdo precoce, bem como reducdo do nimero de estames e desenvolvimento da
semente afetado. Verificou-se ainda uma forte inducao sob baixas temperaturas e que 0 mesmo nao

¢ regulado pelo ritmo circadiano (Fusaro et al. 2007).
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A presenca de diferentes dominios de ligacdo ao dcido nucléico (CSD, RGG boxes e
CCHC) fortemente sugere que AtGRP2 ¢ uma proteina ligante de RNA e/ou DNA. Em adicdo,
dominios similares aos CCHCs foram identificados como fatores de splicing em leveduras e
mamiferos (Fusaro et al. 2001; Fusaro et al. 2007). Além disso, foi descrito que esta proteina possui
uma forte afinidade por dcido nucléico fita simples, afinidade esta que parece ndo ser sequéncia
especifica (Fusaro et al. 2007). Ainda ndo se sabe como este gene afeta a floracdo. Fusaro and
Sachetto-Martins (2007) levantam a hipétese de que em um nivel reduzido de AtGRP2 os
transcritos de alguns reguladores do tempo floral tornam-se instidveis e sdo rapidamente

degradados.

1.7 GENOMICA

O termo genoma, definido por H. Winkler em 1920 como o material genético total de uma

célula, deriva da fusdo das palavras em inglés GENes e chromosOME — GENOME.

A gendmica é um campo da ciéncia que realiza estudos sistematicos de genomas (obtengao,
andlise e interpretacdo de grandes quantidades de dados gerados por seqiienciamento do DNA)
com o objetivo de entender sua estrutura, organizacao, funcdo e evolugdo. Isto significa: localizar
genes no genoma, identificar aqueles que controlam as caracteristicas estudadas e analisar a
expressdo de milhares de genes simultaneamente. Os resultados gerados por esta drea tém

fornecido evidéncias para andlises filogenéticas e funcionais (Pierce 2004).

A gendmica, de uma forma geral, pode ser dividida em trés grandes areas: (1) estrutural, (ii)
comparativa e (ii1) funcional (Gutterson and Zhang 2004). A gendmica estrutural lida com a
caracterizacdo de natureza fisica do genoma. Para tal baseia-se no seqiienciamento, na estrutura e
organizacio génica, na constru¢do de mapas fisicos e genéticos, na resolugdo tridimensional de
proteinas, no perfil de expressdo global, na genética tanto reversa quanto direta, dentre outros
(Gutterson and Zhang 2004; Pierce 2004; Dita et al. 2006). A gendmica comparativa realiza a

comparacdo entre genomas de diferentes espécies, possibilitando assim associagdes e uma
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compreensao melhor da evolugdo dos genomas.

O presente trabalho estd inserido na terceira grande drea: a gendmica funcional. Esta visa
determinar a fun¢@o de cada parte do genoma, identificando genes, reconhecendo sua organiza¢ao
e entendendo suas funcdes. Dentre seus objetivos também estdo identificar todos os RNAs
transcritos em um genoma (transcriptoma) e todas as proteinas codificadas por este genoma
(proteoma), fazendo uso de estudos de perfil de expressdo e genética direta e reversa. Algumas
técnicas utilizadas sdo hibridizagcdo in sifu, experimentos de mutagénese, o uso de organismos

transgénicos, perfis de expressdo génica e microarranjo (Gutterson and Zhang 2004; Pierce 2004).

A combinacdo do uso de técnicas da genética reversa (como exemplo super expressao ou
silenciamento dos genes de interesse) com andlises high throughput (como exemplo microarranjos
e Massively Parallel Signature Sequencing) confere grande importancia a gendmica funcional,
pois facilita a identificacdo de genes e rotas metabdlicas de diversos processos bioldgicos (dentre

eles o desenvolvimento de 6rgdos, a regulacdo do ciclo celular e a resposta a estresses ambientais).

Com todos estes dados sendo gerados tornou-se um desafio conseguir organizar e analisar
claramente os resultados. E neste momento que a unidio com a bioinformética torna-se
indispensdvel e de grande importancia. Sem as ferramentas de bioinformatica, com seus bancos de
dados e programas de andlises de sequéncias tanto de 4cidos nucléicos quanto aminoécidos, em

varios niveis, ndo seria possivel a geracdo de conclusdes sobre os dados obtidos.

1.8 TRANSFORMACAO GENETICA DE SOJA

O desenvolvimento de protocolos de transformacdo possui grande importancia como
ferramenta para estudos genéticos, moleculares, bioquimicos e fisiol6gicos. Também, por meio
desta técnica, genes de outras espécies bem como endégenos podem ser introduzidos,
super-expressados ou silenciados, criando novos fendtipos tteis tanto para investigacdo da fungao

génica quanto para programas de melhoramento (Somers et al. 2003). Aliando-se a isto, oferece
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uma alternativa para os métodos de melhoramento tradicionais de soja, que dispde de uma estreita
variabilidade genética agravada pelo fato de dificeis cruzamentos interespecificos e intergenéricos

(Hu and Zanettini 1995; Bodanese-Zanettini et al. 1996; Priolli et al. 2002).

Contudo, processos de transformacdo eficientes dependem de pelo menos trés
pré-requisitos: (i) explante adequado, (ii) metodologia de transformacao eficiente e (iii) sistema de
selecdo de células transformadas apropriado. As plantas leguminosas apresentam um grande
desafio para os processos de transformacdo por possuirem uma regeneracio in vitro lenta e

altamente dependente do genétipo (Somers et al. 2003; Dita et al. 2006).

Os processos de transformacao genética de soja ainda ndo podem ser considerados como
rotina em vdrios laboratdrios, pois a resposta a estas técnicas depende do genétipo de cada cultivar,
do tipo de explante a ser usado e da composi¢do do meio de cultura (Bailey et al. 1993; Droste et al.
2002; Hofmann et al. 2004; Hiraga et al. 2007; Yang et al. 2009 ). No laboratério de Cultura de
Tecidos e Transformagdo Genética de Plantas, do departamento de Genética da Universidade
Federal do Rio Grande do Sul (UFRGS), protocolos para a transformacao e regeneracao in vitro de
plantas de soja foram estabelecidos (Droste et al. 2002; Wiebke-Strohm et al. 2011). Estes utilizam

embrides somdticos secunddrios, provindos de cotilédones zigéticos imaturos, como explante.

Novos embrides somaticos, designados secunddrios, surgem da por¢do apical de embrides
somaticos que se originaram do explante cotiledonar. Auxinas fortes como o
2,4-diclorofenoxiacético (2,4-D) sdo responsdveis por promoverem processos de desdiferenciacio
e reinicio de divisao celular. Este regulador de crescimento faz com que células que possuam uma
via de desenvolvimento determinada optem por uma via alternativa como, por exemplo, a
formacdo de um embrido somético que dard origem a uma nova planta. Alto nivel de 2,4-D (40
mg/L) no meio de cultura mantém os embrides na fase inicial de desenvolvimento (globular) e

permite a proliferacdo de material que € alvo para a transformacao.

A vantagem do uso de embrides somdticos secunddrios em processos de transformagao
genética constitui no fato de sua origem, uma unica célula, da qual serd formada a nova planta.
Desta maneira € evitado que a planta regenerada seja quimérica, j& que uma Unica célula que
continha o transgene lhe deu origem (Finer 1988). Por esta razao, este € o explante de escolha para

transformacdo de soja em diversos laboratérios (Finer and McMullen 1991; Sato et al. 1993;



25

Schmidt et al. 2008; Wiebke-Strohm et al. 2011).

A transformacdo genética tem sido obtida em varias espécies de plantas utilizando
diferentes protocolos, os dois mais comumente usados na transformacdo de soja sdo o
bombardeamento e o sistema Agrobacterium (Trick et al. 1997). O bombardeamento (Stanford
1988), constitui-se na aceleracdo de particulas de metal revestidas com o DNA de interesse contra
tecidos intactos da cultura alvo. No nicleo das células, este DNA serd liberado. Sua principal
vantagem constitui-se no fato de ndo ser gendtipo-dependente e qualquer material com capacidade

de regeneracdo in vitro poder ser usado (Finer and McMullen 1991; Finer et al. 1992).

A transformacdo vegetal mediada pela bactéria Agrobacterium tumefaciens (Horsch et al.
1985) € outro método bastante utilizado. Nesta técnica, o gene de interesse substitui o gene
patogénico original da bactéria, presente no T-DNA. A vantagem sobre o bombardeamento de
particulas € que o gene exdgeno serd enderecado especificamente ao DNA da planta, sendo
inserido em poucas cdpias e nao havendo danos maiores no tecido vegetal. Em adi¢do as vantagens
jé citadas, fragmentos maiores de DNA podem ser inseridos (Gelvin 2003; Kohli et al. 2003).

Contudo uma restri¢cao ao uso da técnica existe, a limitagao da susceptibilidade da planta a bactéria.

No laboratério de Cultura de Tecidos e Transformacdo Genética de Plantas, do
departamento de Genética da UFRGS, foi estabelecido um protocolo de transferéncia de genes para
soja, via bombardeamento, utilizando como alvo o tecido embriogénico mantido em meio
semi-s6lido (Droste et al. 2002). Utilizando este protocolo, foram obtidas plantas transgénicas da
cultivar IAS-5, que expressam um gene modificado crylAc de Bacillus thuringiensis (Homrich et
al. 2008a; Homrich et al. 2008b), plantas das cultivares Bragg e IAS-5, que expressam um gene que
codifica uma osmotina de Solanum nigrum (Weber 2007), bem como plantas expressando genes
codificadores de ureases de soja (Wiebke-Strohm 2010). Paralelamente, no mesmo laboratério, foi
estabelecido de forma pioneira, um protocolo combinando os métodos de bombardeamento e o
sistema Agrobacterium. Em um primeiro trabalho, foram obtidos embrides somaticos
transformados, embora ndo tenham sido regeneradas plantas transgénicas (Droste et al. 2000).
Desde entdo, vdrios experimentos foram realizados visando a otimizacdo desse protocolo. Tal
otimizacao foi conseguida pela identificacdo de uma combinacdo de antibidticos eficiente, com
efeitos fitotoxicos minimos sobre o tecido embriogénico, para suprimir a bactéria apos seu

co-cultivo com o explante (Wiebke et al. 2006). Recentemente este método foi estabelecido e
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descrito em detalhes por Wiebke-Strohm et al. (2011). Podemos afirmar que hoje contamos com
mais uma metodologia eficiente para a transformacdo genética de soja que utiliza o

bombardeamento e o sistema Agrobacterium de forma integrada.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

O objetivo geral que norteou o desenvolvimento deste trabalho foi identificar e caracterizar
os genes codificadores de proteinas ricas em glicina ligantes de RNA presentes no genoma da soja

e analisar o fendtipo de sojas super expressando o gene AfGRP2.

2.2 OBJETIVOS ESPECIFICOS

a) Identificar no genoma da soja os genes que codificam proteinas ricas em glicina ligantes
de RNA;

b) Determinar o nimero de genes da familia que compdem as proteinas contendo dominio
cold-shock;

¢) Estudar o padrio de expressdo destes genes nos diferentes 6rgdos da planta e em
resposta a diferentes estresses (bidticos e abidticos);

d) Super expressar o gene AtGRP2 de Arabidopsis thaliana em soja.
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CAPITULO I

Identification and characterization of the soybean class IV GRP

encoding genes

Manuscrito a ser submetido a revista Molecular Genetics and Genomics
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Abstract

The identification and characterization of responsive genes to specific environmental conditions is an initial step
toward the understanding of plant adaptive responses. Genes encoding GRPs are developmentally regulated and
induced by biotic and abiotic stresses. Class IV GRPs is composed by RNA-binding proteins and the subclass IVc is
represented by proteins containing CSD and CCHC. Forty-seven genes encoding class IV GRP members were found in
the soybean genome: 19 from IVa, seven from IVb, six from IVc and 15 from IVd subclasses. The subclass IVc
encoding genes showed a preferential expression in tissues under development. Furthermore, both young and mature
plants exhibit relative higher expression of genes of this subclass in leaves than in other organs, with the exception of
GRP2L_4/5 that have higher expression in seeds. The GRP2L_4/5 and GRP2L_2 were up-regulated in response to
cold. Under ABA stress the expression of subclass IVc encoding genes was down-regulated in leaves and/or roots, with
exception of GRP2L_2 that was up-regulated in roots. In response to Phakopsora pachyrhizi infection, GRP2L_2 and
GRP2L_3 expressions were higher and earlier in the susceptible genotype, while GRP2L_4/5 and GRP2_6 responded

later in the resistant genotype.

Key-words: Glycine-Rich Protein. Biotic stress. Fungal infection. Phakopsora pachyrhizi. ABA. Cold stress.
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Introduction

Glycine-Rich Proteins (GRP) are polypeptides that have the amino acid glycine well represented in their
primary structure. These proteins contain a domain that can be described by the common formula (Gly)n-X, where 7 is
the number of glycine residues and X represents any amino acid, including glycine. In addition to this motif, some
proteins also have other domains such as Signal Peptide (SP), RNA Recognition Motif (RRM), oleosin domains,
Cold-Shock Domain (CSD), retroviral-like CCHC zinc-fingers (CCHC), among others (Sachetto-Martins et al. 2000).

The RRM comprises a conserved sequence of 80-90 amino acids, found in one or more copies per protein,
which is involved in post-transcriptional regulation processes. It seems to be an ancient structure that has been found in
a diversity of kingdoms (animals, fungi, plants and Monera). Two conserved regions were identified inside the domain:
RNP1 (eight amino acids) and RNP2 (six amino acids) (Alba and Pages 1998). Despite RNA binding, RNP1 and RNP2
do not discriminate their target sequences. Specificity seems to be conferred by variable amino acids within the RRM,

but out of the RNPs (Burd and Dreyfuss 1994).

The CSD is a universal and very conserved domain (Sommerville 1999) that is able of binding to ssSRNA,
ssDNA and dsDNA (Graumann and Marahiel 1996) and is involved in translational regulation in eukaryotes. In
bacteria, it acts as a RNA-chaperone (Graumann and Marahiel 1998). Sequences RNP1 and RNP2 can also be present
inside CSD. The first Cold-Shock Protein (CSP), CSPA, was identified in Escherichia coli (Jones et al. 1987). The
gene encoding this protein is up-regulated in low temperatures and posses a RNA-chaperone role in cold adaptation
(Jiang et al. 1997). Previous studies in Arabidopsis thaliana (Fusaro et al. 2007) and wheat (Karlson et al. 2002)
demonstrated that the AtGRP2 (At4g38680) and WCSP1, two proteins that contain CSD, play a role in cold adaptation
process in plants. So far, very few plant proteins containing CSD have been studied in a functional level. Despite all the

information regarding these proteins, their role and importance in vivo remain to be established.

GRPs can be divided into four classes according to their primary structure, arrangement of glycines and the
presence of characteristic domains. Class I includes the classical GRPs group; its structural function is attributed to its
cell wall localization. These proteins display a Glycine-Rich (GR) domain in the C-terminal half and may have the SP
in the N-terminal half. Class Il GRPs has a cysteine-rich region in addition to the GR region. Class III GRPs is the more
variable group; it possesses a lower content of glycine residues if compared to the other groups. The best characterized
class III proteins are the oleosin-related GRPs. The last class, class IV, is composed by RNA-binding proteins.
Additional domains permit to split class IV GRPs into four subclasses (Fusaro and Sachetto-Martins 2007). These
subclasses differ by the presence of domains such as RRM or CSD in the N-terminal region of the protein and CCHC
within the GR domain. Subclass IVa proteins have only one RRM domain, subclass IVb members have one RRM
domain and one CCHC, subclass IVc encompasses proteins which have one CSD and two or more CCHC, and proteins

from subclass IVd have two or more RRM (Bocca et al. 2005).
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The expression of GRP encoding genes is developmentally regulated, and induced by different biotic and
abiotic factors. In addition, several GRP encoding genes show tissue-specific expression (Bocca et al. 2005). As
reviewed by Sachetto-Martins et al. (2000), the GRP encoding genes have their expression regulated by auxin, abscisic
acid (ABA), water stress, circadian rhythm, cold, wound, light, pathogens, organ and tissue, suggesting that they may

play an important role in several cell processes.

GRPs do not form a single family, but a big diverse group with a single common motif: the GR domain. The
great divergence among these proteins do not allow a consistent alignment of the different GRPs, with exception of the
RNA-binding and the oleosin-related domains (Sachetto-Martins et al. 2000). The alignments previously reported

were usually restricted to the GR regions and have to be considered with caution.

A set of GRPs was characterized in plants several years ago. After that, new GRP encoding genes have been
identified in several species but a systematic study describing and characterizing the whole set of GRP present in
different species is lacking. The present study was carried out with the attempt to clarify the putative roles of these
genes/proteins in soybean. Specific objectives included: (i) to identify and characterize the class IV GRP encoding
genes; and (ii) to verify the relative expression of soybean subclass IVc GRP encoding genes in response to different
environmental conditions. Greater attention was given to soybean genes encoding CSD containing proteins,
represented by subclass IVc GRPs, due to their putative role in cold acclimation as well as in development of many

organisms.

Methods

Identification, classification and characterization of soybean class IV GRP encoding genes

The search for soybean class IV GRP encoding genes was carried out by the BlastP tool available on

Phytozome (http://www.phytozome.net/). The protein sequences used as queries were previously described as subclass

IV GRP in sugarcane (Fusaro et al. 2001), Eucalyptus (Bocca et al. 2005), Arabidopsis (Galvao and Sachetto-Martins
unpublished data), rice (Jorge and Sachetto-Martins unpublished data) and other plants (Sachetto-Martins et al. 2000).

Sequences found were then classified in each subclass according to protein domains.

The protein sequences, in addition to the description present at Phytozome, were analyzed for the presence of

domains by SMART - Simple Modular Architecture Research Tool (http:/smart.embl-heidelberg.de/; Schultz et al.

1998; Letunic et al. 2009), PFam database (http://pfam.sanger.ac.uk/; Finn et al. 2010) and InterPro database with

InterPro Scan (http://www.ebi.ac.uk/Tools/InterProScan/).

The GRP encoding genes were also characterized by the number and type of splicing forms and number of

introns (using model genes present at Phytozome), glycine content and their putative subcellular localization by
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MitoProt - Prediction of mitochondrial targeting sequences (http://ihg.gsf.de/ihg/mitoprot.html; Claros and Vincens
1996), Wolf PSORT - Protein Subcellular Localization Prediction (http://wolfpsort.org/), Predotar

(http://urgi.versailles.inra.fr/predotar/predotar.html; Small et al. 2004), iPSORT (http://ipsort.hgc.jp/), ChloroP 1.1

(http://www.cbs.dtu.dk/services/ChloroP/; Emanuelsson et al. 1999) and TargetP

1.1(http://www.cbs.dtu.dk/services/TargetP/. Emanuelsson et al. 2000).

All soybean class IV GRPs sequences and representative members from other plants (A. thaliana, Nicotiana
tabacum, Saccharum officinarum and Zea mays) were used for motif prediction. The software MEME (multiple EM

for motif elicitation) version 4.4.0 (http://meme.sdsc.edu/meme4_4_0/cgi-bin/meme.cgi) was used for motif

identification, according to the following parameters: minimum and maximum motif width was set to six and 300
amino acids respectively, with any number of motif repetitions. Maximum number of motifs detection was restricted to

10. All motifs identified were searched in InterPro database with InterPro Scan, in PFam and in SMART.

Gene nomenclature

The gene/protein identification code corresponded to the locus ID available on Phytozome, Glyma refers to

species Glycine max, the first two numbers indicate the chromosome, and the number after the character “g

corresponds to the loci.

In this work we suggest the name GRP2-Like (GRP2L) for the subclass IVc GRPs identified in soybean
genome since the representative query was the protein encoded by AtGRP2 gene. The loci ID at Phytozome are
designated as follow: Glyma04g00660/GRP2L I, Glyma04g43130/GRP2L_2, Glyma0O6gl1560/GRP2L_3,
Glymallgl1290/GRP2L_4, Glymal2g03470/GRP2L_5 and Glymal6g23690/GRP2L_6.

Phylogenetic analysis

All soybean class IV GRP sequences and representative members from other plants (Z. mays (MA16, subclass
IVa), N. tabacum (RZ-1, subclass IVb), A. thaliana (AtGRP2, subclass IVc), and S. officinarum (SCCCLR1C01GO05.g,
subclass IVd) were used for phylogenetic analysis. Multiple sequence alignments were conducted with full length
protein sequences using ClustalW tool (Thompson et al 1994) from MEGA v.4.0 (Tamura et al. 2007). The
phylogenetic analysis was reconstructed by two different and independent approaches: the Neighbor-Joining (NJ) and
the Bayesian methods. The NJ method was performed at MEGA v4.0 (Tamura et al. 2007). The molecular distances
of the aligned sequences were calculated according to the p-distance parameter, with gaps and missing data treated as
pair wise deletion. Branch points were tested for significance by bootstrapping with 1000 replications. Bayesian
analysis was conducted in MrBayes 3.1.2 (Huelsenbeck et al. 2001; Ronquist and Huelsenbeck 2003) with the mixed
amino acid substitution model + gamma + invariant sites. A run of 5,000,000 generations each with two

Metropolis-coupled Monte Carlo Markov chains (MCMCMC) was carried out, starting from a random tree. Markov
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chains were sampled every 100 generations and the first 25% of the trees were discarded as burn-in. The remaining
ones were used to compute the majority rule consensus tree (MrBayes command all compat), the posterior probability
of clades and branch lengths. The unrooted phylogenetic trees of class IV GRPs were wiewed and edited using the

software FigTree v.1.3.1 (http://tree.bio.ed.ac.uk/software/figtree/).

Structural characterization of soybean subclass IVc GRPs

The protein sequences of subclass IVc GRP encoding genes were aligned by ClustalW tool from MEGA v.4.0
(Tamura et al. 2007) and edited in GeneDoc program (http://www.nrbsc.org/gfx/genedoc/; Nicholas et al. 1997). The

identity of proteins was calculated manually with the alignment carried out on ClustalW (http://align.genome.jp/).

In silico expression pattern

The GRP encoding genes from subclass IVc had their in silico expression pattern individually analyzed in the

Laboratério de Genética e Expressdo (LGE) — Soybean database (http://bioinfo03.ibi.unicamp.br/soja/). A search in

the database using the tool “EST — Gene Expression”, including all libraries available was carried out using the full
length transcript sequence of each subclass IVc GRP encoding gene. The analysis was also performed using the tool
“Gene Expression by SuperSAGE”, in the three available libraries: (i) soybean control situation X soybean infected
with Asian rust (leave) PI5S61356 (resistant); (ii) soybean control situation X soybean subjected to drought (root) BR 16
cultivar (more susceptible); (iii) soybean control situation X soybean subjected to drought (root) Embrapa 48 cultivar

(less susceptible). The parameters for search was P-value cut-off 0,05 and mismatches 0.

Experimental expression pattern analyses

The expression pattern was experimentally verified through Quantitative (Real Time) Polymerase Chain
Reaction (RT-qPCR). To each gene of subclass IVc a primer pair was designed using Primer3 v0.4.0
(http://frodo.wi.mit.edu/primer3/). These primer pairs amplified fragments between 118 base pairs (bp) and 232 bp

(details about all primers are given in Table S1).

Because of their high sequence identity, the expression of GRP2L_4 and GRP2L_5 genes was measured by
using a primer pair that amplifies both genes equal and simultaneously, including all alternative transcripts. GRP2L_1

was not successfully amplified in a specific way and did not produce a single fragment.

The RT-qPCR reactions were conducted in the StepOne Applied Biosystems Real Time Cycler, using the
StepOne Plus Software v2.0. The cycles and reactions were carried out as follow: five minutes at 94 °C, followed by 40

cycles for 15 seconds at 94 °C, 10 seconds at 60 °C, 15 seconds at 72 °C, and a final step of a melting curve when the
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samples were heated at 95 °C for 15 seconds and then heated from 60 °C to 95 °C (with intervals of temperature of 0,4
°C). The final volume of reaction was 25 puL, comprised by 12.5 uL of diluted complementary DNA (cDNA) (1:100)
and 12.5 pL reaction mix (2.5 pL PCR buffer 10X, 1.5 pL MgCl, 50 mM, 0.06 pL dANTP mixture10 mM, 0.25 uL.
primer forward 10 mM, 0.25 pL primer reverse 10 mM, 5.37 puL ultra-pure water, 2.5 pL Syber Green (1:100000 —
Molecular Probes Inc., Eugene, USA) and 0.06 uL Platinum Taq DNA Polimerase® (Invitrogen, Sdo Paulo, Brazil)).

The expression data analyses were performed after comparative quantification of amplified products through
288CT method (Livak and Schmittgen 2001). Each experiment (described in detail bellow) was carried out with four
biological samples and technical quadruplicate, with exception of soybean rust data that had three biological samples.
No-template reactions were used as negative controls. The reference genes for each experimental condition were

chosen according to the programs: geNorm v3.5 (http://medgen.ugent.be/~jvdesomp/genorm/) and NormFinder

(http://www.mdl.dk/publicationsnormfinder.htm). Some reference genes were previously identified for expression
normalization in soybean and were analyzed: ACT11, CYP2, ELF1B (Jian et al. 2008), F-box protein family, metallo
protease and CDPK-related protein quinase (Libault et al. 2008). The two best reference genes for each experimental

condition were selected.

RNA extraction and cDNA synthesis

Samples of soybean tissue were collected, immediately frozen in liquid nitrogen and stored at -80 °C. Total
RNA was extracted with TRIzol® reagent (Invitrogen, Carlsbad, USA), according to the manufacturer’s instructions.
The RNA was diluted in 20 uL with ultra-pure water and quantified by Qubit™ System (Quant-iT™ RNA Assay Kit,
Invitrogen). Approximately two pg of RNA of each sample was treated with DNase I (Promega, Madison, USA),

according to the manufacturer’s instruction.

The synthesis of first-strand cDNA was carried out according to the manufacturer’s instructions of M-MLV

Reverse Transcriptase System TM (Invitrogen, Carlsbad, USA), using the DNA-free RNA and a polyT primer.

Plant growth and sampling of different soybean organs

Seeds of Brazilian soybean (MGBR-46 Conquista cultivar) were used. To verify the expression pattern of
subclass IVc GRP encoding genes in young plants, seeds were sowed in vermiculite and plants were grown for two

weeks at 26 °C 16/8 hours light/dark at light intensity of 22.5 uEm™s™". Leaves and roots were separately collected.

Another set of seeds were planted in pots containing organic soil and plants were grown until complete
development in a green house at 28+1 °C with 16/8 hours light/dark at light intensity of 22.5 pEm™s™". Different plant

organs were collected in two independent stages. In the first one, leaves and flowers were collected from flowering
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plants (about three-month-old plants at R1 developmental stage). The flowers were grouped into three sets according to
their developmental stages. An association between soybean bud size and development stage of microsporogenesis
was previously reported (Lauxen et al. 2003). Flower buds with 4-5 mm in length, presenting immature anthers, were
considered not fertilized. Flower buds with 6-7 mm in length, with mature anthers but unfertilized gynoecium, were
considered at fertilization period and the opened flowers were considered fertilized. After about three additional
weeks, when plants achieved the RS developmental (stage with 3-4 mm seeds), steam, pod with seeds, pod without
seeds, seeds and seeds without the embryonic axis were harvested. For each organ, four biological replications were

collected (each replication was represented by a pool of four different plants).

Cold treatment

Seeds of soybean (IAS-5 cultivar) were sowed in vermiculite and supplied with nutrition solution (MS/2 —
half of concentration of MS salts medium (Murashige and Skoog 1962) and BS5 vitamins (Gamborg et al. 1968)). The
plants grew at controlled conditions (28+1 °C, 16/8 hours light/dark at light intensity of 22.5 uEm™s™). Cold treatment
was applied in 28 day-old plants. Half of plants were transferred to a BOD at 4 °C and 16/8 h light/dark, and the other

half part, which corresponded to the control plants, was maintained at controlled conditions.

The roots and two last trifoliolate leaves from treated and control plants were collected after five, 10 and 24 h.
Four biological samples of each tissue at each time were used. Each biological replicate was represented by a pool of
two plants. A second experiment of cold stress was carried out, with the same design above but with temperature

treatment of 15°C.

ABA treatment

Seeds of Brazilian soybean cultivar MGBR-46 Conquista were sowed in plastic cups containing vermiculite
and plants were grown for two weeks at 26x1 °C 16/8 hours light/dark at light intensity of 22.5 uEms". The treatment
consisted of the addition of 100 uM ABA MS/2 solution (Murashige and Skoog 1962). The control group received the
MS/2 solution without ABA. Leaves and roots were collected after four hours. This experiment consisted of four

biological samples of each tissue. Each biological sample was represented by a pool of two plants.

Soybean rust treatment

The plants were grown in a pot-based system (six pots/genotype and three plants/pot) in a greenhouse at 28+
1 °C with 16/8 hours light/dark at a light intensity of 22.5 uEm™s”. Two genotypes, Embrapa 48 (as susceptible
standard — which develops Tan lesion (van de Mortel et al. 2007) and the PIS61356 (as resistant standard — which
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carries the resistance to soybean rust mapped on linkage group G (Abdelnoor R. R. personal communication) were

used.

Plants were inoculated with Phakopsora pachyrhizi spores, which were collected in the field. Uredospores
were harvested from leaves exhibiting sporulating uredia and diluted in distilled water with 0,05% Tween-20 to a final
concentration of 3 x 10” spores/mL. This solution was sprayed onto leaves in half of the plants of each genotype. The
other half part of plants was sprayed with a solution lacking uredospores. After this, plants were covered with
water-misted bags for one day to promote infection and to prevent the cross-contamination. The inoculation was

carried out in three-week-old plants.

The sampling was made with one trifoliolate leaf from each plant at one, 12, 24, 48, 96 and 192 hours after
infection (hai), frozen in liquid nitrogen and stored at — 80 °C until the moment of RNA extraction. This experiment
was carried out in three biological replicate (each replicate was composed of a pool of three plants) from both

genotypes, for control and treatment situations.

RT-gPCR experiments statistical analyses

To analyze the difference of relative expression among different organs of soybean plants the One-Way
Anova test was applied. When necessary data were transformed using the method of weighted least squares (Ivar).
Bonferroni multiple comparison test was performed to compare treatments. In the cold treatment and the soybean rust
treatment the test carried out was the Multifactorial Anova, using three factors: organ, treatment and time of cold
exposure; and genotype, treatment and time of soybean infection. When necessary data were transformed using the

method of weighted least squares (Ivar). The Student’s #-test was applied for ABA treatment.

In silico promoter analysis

The in silico promoter analysis was carried out at Plant Promoter Analysis Navigator, PlantPAN
(http://plantpan.mbce.nctu.edu.tw/gene_group/index.php; Chang et al. 2008). About 2000 bp upstream to the
translation initiation codon of all subclass IVc GRP encoding genes were used in this analysis. The parameters used
were: core similarity 1; matrix similarity 0,75; organism chosen Arabidopsis, Medicago, Bean, Pea and Soybean;

Suport>= 90%.

The nucleotide sequences of the promoter region of GRP2L_4 and GRP2L_5 were aligned by ClustalW tool
(Thompson et al 1994) from MEGA v.4.0 (Tamura et al. 2007) and edited in the GeneDoc program
(http://www.nrbsc.org/gfx/genedoc (Nicholas et al. 1997).
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Results

Identification, classification and characterization of soybean class IV GRP encoding genes

In the present study, the nomenclature suggested by Mangeon et al. (2010) class IV GRPs RNA-binding was
followed. A total of 47 genes encoding class IV GRPs were identified in the soybean genome: 19 genes of subclass IVa
(including five presenting alternative splicing forms and five transposable elements), seven genes of subclass IVb
(three of them with alternative splicing form), six genes of subclass IVc (two with more than one splicing form) and 15
genes of subclass IVd (two of them with more than one splicing form) (Table 1). Interestingly, alternative transcripts

from Glyma08g39830 encode identical proteins. The same was observed for Glymal4g02020.

In silico subcellular localization analyses for subclass [Va members showed variable destinies: nucleus (N),
cytoplasm (Ct), chloroplast (CI), mitochondria (M) and secretory pathway (S). The full length proteins of this subclass
varied from 135 to 696 amino acid residues, the content of glycine from 16 to 40% and the number of introns from zero
to six (Table 1). Subclass IVb proteins showed a predicted nuclear localization. Their protein full length varied from
176 to 279 amino acid residues, and the content of glycine from 12 to 21%. One to six introns were identiffied in genes
encoding these proteins (Table 1). Subclass [Vc genes encode the smallest proteins of class IV, with predicted nuclear
and cytoplasmatic localization. Proteins with the CCHC domain encoded by Glymallgl1290/GRP2L_4 and
Glymal2g03470/GRP2L_5 were predicted as nuclear, whereas proteins without CCHC encoded by some alternative
transcripts were predicted as cytoplasmatic. The full length proteins of this subclass varied from 120 to 251 amino acid
residues, the content of glycine from 15 to 40% and the number of introns from zero to two. Interestingly,
Glymal2g03470/GRP2L_5 presents Ribonuclease B OB domain (OB — oligonucleotide/oligossacaride binding) that is
smaller and superposed with the CSD (Table 1). Subclass IVd is formed by the largest proteins, which were predicted
as nuclear and cytoplasmatic proteins. Their full lengths varied from 352 to 538 amino acid residues, the content of

glycine from 16 to 23% and the number of introns from zero to five (Table 1).

The software MEME was used to predict the motif composition of the soybean class IV GRPs (Fig 1B). Ten
putative motifs with estimaed values lower than 1.6e-086 were identified (Table 2). The conserved sequences of these
motifs were searched in InterPro database, SMART and PFam, and compared with already known motifs. The analysis
revealed that motifs 1, 2, 3, and 9 are related to RRM. Motifs 5 and 6 correspond to CCHC and CSD domains,

respectively. No clue is available so far for the putative function of motifs 4, 7, 8 and 10.

Phylogenetic analysis

The tree generated by phylogenetic analysis with full length sequences of GRPs class IV is shown in Fig. 1A.
Subclass IVa formed three independent clusters in the tree. Subclasses IVb, IVc and IVd clustered as individual

groups. The exceptions were the presence of Glyma08g08050IVa in subclass IVb branch (Fig 1A branch “f”),
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Glyma06g339401IVd in subclass IVc branch (Fig 1A branch “e”) and Glymal5g02890IVa in subclass IVd branch (Fig
1A branch “c”).

Structural characterization of soybean subclass IVc GRP encoding genes

All GRPs of subclass IVc exhibited one CSD (containing a RNP1 sequence) and two CCHC, except
GRP2L_6 that showed five CCHC (Table 1 and Fig S1). The identity among soybean subclass IVc GRPs varied from
35% (between GRP2L_3 and GRP2L_6) to 97% (between GRP2L._4 and GRP2L_5) (Table 3). Indeed, GRP2L_4 and
GRP2L_5 proteins are almost identical, having six different amino acid residues, from which only one represents a
change to a different amino acid class. In addition, with the exception of a change in the RNP1 consensus sequence, all
substitutions are localized outside of the conserved domains (Fig S2). Even the substitution inside the RNP1 probably

do not change its function, because it occurred in the less conserved position within the motif (Landsman 1992).

Alternative transcripts were found for many GRPs encoding genes (Table 1). Interestingly the GRP2L_4 and
GRP2L_5 have 18 and 20 alternative splicing forms, respectively. The primary transcripts of both genes encode a
protein with the subclass IVc pattern, but in proteins encoded by the alternative transcripts, some CCHCs are lacking
(Tablel, Figs S3 and S4). Proteins without any CCHC have had their amino acid composition changed as well as the

glycine content reduced.

In silico expression pattern

Results from in silico analyses of soybean subclass IVc GRP encoding genes are presented in Tables 4 and 5.
In general, the expression of all genes was detected in libraries containing tissues of young plants and seeds. In plants
submitted to drought, GRP2L_I1 and GRP2L_4 were down-regulated in the sensitive soybean genotype (BR 16

cultivar).

Experimental expression analyses

The relative expression of subclass IVc GRP encoding genes was determined by RT-qPCR. The specificity of
each primer pair (Table S1) was confirmed by the presence of a single peak in the melting curve and a single fragment
with the expected size in agarose gel electrophoresis. Furthermore, all amplified fragments were confirmed by DNA

sequencing (data not shown).

Gene expression patterns were determined in different soybean organs. The expression of the analyzed genes
was detected in all organs with the exception of GRP2L_6 that was not detected in flowers and seeds (without the

embryonic axis) (Fig 2). Both young and mature plants presented the highest expression level for GRP2L_2, GRP2L 3
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and GRP2L_6 in leaves than in other organs. On the other hand, GRP2L_4/5 exhibited significant higher expression in

seeds.

Two experiments were carried out in order to determine whether genes encoding CSD-containing proteins
have their expression regulated by cold stress. Interaction among organs, treatment and time was statically significant
(Fig 3). GRP2L_2 and GRP2L_3 were down-regulated by cold in leaves and roots, especially after 24 hours. However,
GRP2L_2 was up-regulated at 10 hours of intense cold stress (4 °C), returning to the basal expression level at 24 hours.
On the other hand, after 24 hours of cold treatment, the GRP2L_4/5 were up-regulated in leaves submitted to 4 and 15

°C, as well as in roots submitted to 15 °C. In these experiments the expression of GRP2L_6 was not detected.

The transduction signal pathway in response to cold stress is usually induced by ABA (Shinozaki and
Yamaguchi-Shinozaki 2000). After four hours of ABA treatment, the analyzed genes had their expression

down-regulated in leaves and/or roots. The exception was an up-regulation of GRP2L_2 in roots (Fig. 4).

In order to determine whether GRP encoding genes of subclass IVc are involved in defense responses against
fungi, the transcript levels were measured in two different genotypes under P. pachyrhizi infection course. GRP2L 2
and GRP2L_3 (Fig. 5A and B) showed a bimodal response in the susceptible cultivar (Embrapa 48), in which higher
and earlier transcript levels were detected when compared to the resistant genotype (PI 561356). Differences were
statistically significant for GRP2L_3. However, data obtain for GRP2L_2 could not be normalized by any appropriate
method due to the great variance among means. This impaired any statistical analysis. On the other hand, GRP2L_4/5
and GRP2L_6 (Fig 5C and D) display higher and later expression in resistant plants when compared to susceptible

plants.

In silico promoter analysis

The search for putative Transcriptions Factor Binding Sites (TFBS) in promoter region of all GRP encoding
genes of subclass IVc at PlantPAN followed two steps. The first one identified the TFBSs present in each individual
promoter. Three TFBSs were detected in GRP2L_1, seven in GRP2L_2, 74 in GRP2L_3, eight in GRP2L_4, six in
GRP2L_5 and 63 in GRP2L_6 promoters. The second step consisted of the identification of co-occurrence of TFBSs
along all six promoter regions. This analysis revealed three common TFBSs in promoter regions of GRP encoding
genes of subclass IVc (Table 6). The same TFBSs are also present in the promoter region of a known Arabidopsis GRP

gene (AtGRP2).

Due to the high identity between GRP2L_4 and GRP2L_5, a more detailed analysis was carried out in these
promoter sequences. Both promoter presented ATHB1_01, ATHB5_01,RAVO01, AG1, PIF3 and AGL3_01. GRP2L_4
promoter also presented ATBH9_01 and CDC5_01. Interestingly, when all the TFBSs sites present in GRP2L_4 and

GRP2L_5 promoter regions are compared, 20 sites containing the same TFBSs were identified (Figure 6). The
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alignment of these two promoter sequences evidenced the high conservation between them, with identity of 60%,

especially in the second half (Fig S5).

Discussion

Identification, classification and characterization of soybean class IV GRPs

A vast number of GRP encoding genes has been identified in different organisms. However, reports of a
systematic search for these genes in whole genomes are rare. Up to now, there are only two studies describing the set of
GRPs encoded, in Eucalyptus and sugarcane transcriptomes. In Eucalyptus, a total of 27 sequences encoding putative
RNA-binding class IV GRPs were identified: 16, two, four and five sequences of subclasses IVa, IVb, IVc and IVd,
respectively (Bocca et al. 2005). In sugarcane a total of 85 sequences encoding putative RNA-binding class IV GRPs
were found, which were classified as: subclass IVa (62 sequences), subclass IVb (11), subclass IVc (10) subclass IVd
(two) (Fusaro et al. 2001). In the present study a total of 47 genes encoding class IV GRPs (Table 1) were identified in
the soybean genome: 19 classified as subclass IVa, seven as IVb, six as IVc and 15 as IVd. As previously observed for
sugarcane and Eucalyptus, the subclass IVa in soybean showed higher number of genes while subclasses IVb and IVc
were represented by a lower number of genes. On the other hand, the subclass IVd is larger in soybean than in other

species.

The availability of organized database (Phytozome) containing detailed information about the gene sequences
and predicted products allowed the identification of soybean loci with alternative transcripts (Table 1). However, for
some loci, the alternative transcripts result in identical proteins, suggesting that post-transcriptional processes play
important role in the regulation of these genes. The alternative transcripts for GRP encoding genes were also

previously observed in other species (Hirose et al. 1993; Carpenter et al. 1994; Heintzen et al. 1994; Ruiter et al. 1997).

The soybean class IV GRPs exhibited four domains with known functions: RRM, CSD, CCHC and OB (Table
1). To be classified as class IV GRP RNA-binding, a polypeptide should display at least one RRM or CSD. These
domains share a similar structure when analyzed by X-ray crystallography. Their conformation consist of a ‘B-barrel
structure’ with two antiparallel B-sheets. The RRM consists of an arrangement of B-strands and a-helices (Bofifap) and
CSD is composed by B-strands (BBBPP). The RNP1 is localized in one (-sheet, while the RNP2 is present in the
opposite antiparallel B-sheet. This core arrangement plays an important role in RNA-binding (Graumann and Marahiel

1996; Manival et al. 2001; Max et al. 2007).

As proteins containing RRM and CSD, proteins containing OB domain
(oligosaccharide/oligonucleotide-binding fold) are also involved in the regulation of RNA translation and in RNA
turnover. In the present study, the OB domain was identified only in Glymal2g03470, inside the CSD. Interestingly,
the OB-fold is also formed by two antiparallel p-sheets derived from five B-strands. All these data indicated a

convergent evolution of the common RNA-binding surface (Elliott and Ladomary 2010).
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Phylogenetic analysis of soybean class IV GRPs

A phylogenetic analysis of GRPs is not an easy task, because the GRP group is composed by a large group of
structurally diverse proteins. The alignment of different classes of GRPs faces some problems. However, for class IV
GRPs, it was possible to obtain a more reliable result (Sachetto-Martins et al. 2000), probably due to the presence of
highly conserved CSD, RRM and CCHC domains.

A phylogenetic analysis of soybean class IV GRPs was achieved. In the present study, subclass IVa proteins
separated in three different clusters. The division of this subclagss were previously observed also for Eucalyptus
(Bocca et al. 2005) and sugarcane (Fusaro et al. 2001), with sequences separated into two groups. One of the three
soybean subclass IVa cluster (Fig 1A branch “a”) appeared as an independent branch, apart from the other sequences in
the tree. These proteins are the largest soybean class IV GRPs and present one RRM in the N-terminal half, as well as

three putative motifs with unknown function in its C-terminal half (Fig 1B).

The subclass IVb grouped in one branch (Fig 1A branch “f”), its members present one RRM and a confirmed
CCHC. Curiously, this branch split into two clusters, from which one contains three sequences with an additional
putative CCHC (Fig 1B). The sequences were considered as putative CCHC when found by MEME, but not by
SMART, PFam, InterProt and Phytozome. This CCHC may have diverged sufficiently to be not detected by these
programs. Phylogenetically Glyma08g08050 is more related to the subclass IVb than to the subclass IVa, indicating
that this protein was originated from subclass IVb, but according to the criteria based on the structural organization of

GRPs, it must be classified as a IVa member.

As expected, the subclass IVc GRPs formed a unique group (Fig 1A branch “e”), probably due to their typical
domains: CSD and at least two CCHC. Curiously, the Glymallgl1290IVc/GRP2L_4  and
Glymal2g03470IVc/GRP2L_5 are phylogenetic closely related. In addition, these genes presented very similar
promoter regions. They share practically the same TFBSs. Together these results reinforced the idea that these genes

duplicated recently.

The proteins of subclass IVd, containing two RRMs, were grouped in a unique cluster, which split into two
branches (Fig 1A branch “c” and “d”). The first one (Fig 1A branch “c”) are formed by shorter proteins containing an
unknown motif “7” (Fig 1B), while the second (Fig 1A branch “d”) are formed by larger proteins without the unknown
motif “7” (Fig 1B).

All together, the phylogenetic data showed that the structural classification represent only the current state of
genes/proteins. This classification was based in the presence/absence of specific domains and did not take into account
the origin and the evolutionary history of these genes. In spite of that, the classification based on the structural

characteristic of GRPs should be maintained, since it reflects their functional role.
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An additional gene encoding a protein containing one CSD and one CCHC was identified in soybean,
however it was not included in our analyses, because it has not enough characteristics to be classified as a subclass IVc

GRP encoding gene.

Functional characterization of soybean subclass IVc GRPs

The expressions of some GRP encoding genes are known to be tissue specific and developmentally regulated
(Sachetto-Martins et al. 2000; Chaikam and Karlson 2008). The in silico analysis revealed a common feature among all
six genes encoding soybean class IVc GRPs: the presence of ESTs in seeds containing globular-stage embryos (Table
4). The expression of GRP2L_4 and GRP2L_6 was observed exclusively in this tissue source. Interestingly, all the
libraries containing ESTs of these genes were represented by young soybean tissues. The information about the
developmental stages of tissues used in library LO3 (leaves) was not available. Our experimental results corroborated
the in silico data (Fig. 2), but transcripts were detected in most soybean organs analyzed. The ubiquitous expression
could be related to the presence of RAV_01 TFBS in the promoter regions of all genes (Table 6) (Heinemeyer et al.
1999). The high expression observed in leaves could be explained by the presence of the ATHB1_01 TFBS (Table 6),

which is activated by a transcriptional factor possibly involved in leaf development (Schliep et al. 2010).

The expression of some GRP encoding genes was shown to be regulated by low temperatures
(Sachetto-Martins et al. 2000). The CSD is present exclusively in subclass IVc GRPs. Additionally, bacteria also
encode proteins containing this conserved domain. In E. coli, a drastic change in temperature activates the expression
of five from a total of nine CSPs (Blattner et al. 1997; Yamanaka et al. 1998). Two subclass IVc proteins of
Arabidopsis and one of wheat were highly up-regulated in response to cold (Karlson et al. 2002; Park et al. 2009),
whereas in rice, transcripts of other two genes encoding subclass IVc GRPs were transiently up-regulated in response
to low temperature and rapidly returned to basal levels (Chaikam and Karlson 2008). These proteins were also able to
complement the cold-sensitive phenotype of an E. coli strain (BX04) which lacks four endogenous CSPs (Karlson et al.
2002; Chaikam and Karlson 2008; Park et al. 2009). Our results showed that GRP2L_4/5 was up-regulated in soybean
leaves and roots under cold stress, whereas GRP2L_2 was only temporarily up-regulated in leaves of plants submitted
to extreme cold (4 °C) (Fig. 3). These data highly suggested the involvement of these proteins in cold acclimation. An
unexpected down-regulation was observed for GRP2L_3 in both cold treatments and for GRP2L_2 submitted to 15 °C
stress (Fig 3). Despite the presence of a CSD, these results suggested an involvement of these proteins in other
cellular processes (Feng et al. 2001; Phadtare and Severinov 2005). This was previously observed for CSPs of E. coli
and GRPs containing CSD, such as the human YB-1, and the AtGRP2 from Arabidopsis (Fusaro et al. 2007; reviewed
by Chaikam and Karlson 2010).

GRPs from different classes could also be involved in plant defense against pathogens. The NtCIGI gene,
which encodes a class II GRP in tobacco, was shown to be involved in defense against the TVCV virus (Ueki and
Citovsky 2002). The AtGRP7 (subclass IVa GRP) is related to Arabidopsis tolerance to Pseudomonas syringae (Fu et
al. 2007). In barley, the fungal pathogens Erysiphe graminis and Rhynchosporium secalis induced Hvgrp-2 (class I
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GRP) and Hvgrp-3 (class IV GRP) expression in both compatible and incompatible interactions (Molina et al. 1997).
In soybean response to P. pachyrhizi infection, subclass IVc GRP encoding genes showed different expression pattern
in susceptible and resistant genotypes (Fig 3). For GRP2L_2 and GRP2L_3 the expression in the tolerant cultivar was
not as evident as in the susceptible cultivar, suggesting a negative involvement in the defense response. For
GRP2L_4/5 and GRP2L_6 a later up-regulation was observed in resistant genotype, indicating a putative positive

defense role.

ABA is considered a stress phytohormone involved in signaling routes related to several biotic and abiotic
stresses (Shinozaki and Yamaguchi-Shinozaki 2000; Mahajan and Tuteja 2005; Asselbergh et al. 2008). It was
observed that the expression of many GRP encoding genes was modulated by ABA in different plant species (Luo et al.
1992; Showalter et al. 1992; Dunn et al. 1996; Nicolas et al. 1997). In the present study, genes encoding soybean
subclass IVc GRPs were generally down-regulated under ABA treatment (Fig. 4). The ATHBS_01 TFBS is present in
all soybean GRP2L promoter sequences. ATHBS5 transcription factor is down-regulated by ABA-signal transduction

(Johannesson et al. 2003). Consequently, the observed GRPs down-regulation could be expected.

Another interesting finding was the in silico expression profile of the contrasting cultivars in response to
drought. A down-regulating of GRP2L_1 and GRP2L_4 was associated to the more sensitive genotype under drought
(Table 5). These results suggest that the basal expression of these genes is important for the soybean response to this

kind of stress.

In the present study, the soybean class IV GRP RNA-binding encoding genes were identified. From a total of
47 genes, six encode proteins containing the CSD and were classified in subclass IVc. Altogether, in silico and in vivo
data, indicated a developmental regulation, as well as the involvement of the subclass IVc proteins in plant response to
different biotic and abiotic stresses. This study represents the initial step towards the understanding of the adaptive

responses of plants GRP via expression.
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Table 1 Soybean class IV GRP encoding genes.
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1 149 15 CSD, OB Ct
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1 4 538 16 RRM (2x) N

Ivd 1 2047 2

Glyma02¢47690 1 4 495 17 RRM (2x) N

Ivd Glyma05g09040 1 1 5 370 22 RRM (2x) N
Ivd Glyma06g33940 1 1 0 444 21 RRM (2x) N
Ivd Glyma08g43740 1 1 4 479 18 RRM (2x) N
Ivd Glymal0g33320 1 1 2 471 23 RRM (2x) N
Ivd Glymal3g11650 1 1 5 352 23 RRM (2x) N/Ct
Ivd Glymal3g42480 1 1 5 364 16 RRM (2x) N
Ivd Glymal4g00970 1 1 2 479 18 RRM (2x) N
a 1 4 478 17 RRM (2x) N

Ivd Glymal4g02020 2 1 3 478 17 RRM (2x) N
Ivd Glymal6g07660 1 1 5 372 22 RRM (2x) N/Ct
Ivd Glymal8g09090 1 1 4 476 17 RRM (2x) N
Ivd Glymal9g00530 1 1 5 377 22 RRM (2x) N/Ct
Ivd Glymal9g10300 1 1 5 3714 22 RRM (2x) N/Ct
Ivd Glyma20g34330 1 1 1 476 23 RRM (2x) N

RRM (RNA Recognition Motif), CCHC (retroviral-like CCHC zinc-Finger), CSD (Cold-Shock Domain), OB
(Ribonuclease B OB Domain), N (Nucleus), M (Mitochondria), Ct (Cytoplasm), Cl (Chloroplast), S (Secretory
pathway) and np (non predicted)

* Identical proteins

" Prediction considering first metionine of ORF
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Table 2 Conserved amino acid sequences of motif identified by MEME in soybean class IV GRPs

nll\l/:::)teli“ E value® Sites Domain (related) Conserved amino acids of motif (best possible match)

1 6.1e-956 50 RRM EQLKKYFSKYGEITECKIMMDHNTQRPRGFCFITF

2 1.9e-437 50 - VIMNKHELDGKQVEVKKAQPK

3 1.5e-342 50 RRM/SP TKKCFIGGLAWWTTE
PMGRMGGYGGFPGAPTPPFSGILPSFPGVGGVGLP
GVAPHVNPAFFGRGMPVNGMGMMPGSVMDGPNM

4 9.9¢-301 4 9 GMWSDPNMGGWGGEEPGGGKAGESSYGEEAASD
HQYGEVSHDRAGWPMREKDRGSERDWSGTSERR
YRDDRDQGYERDAPKEKDMGHDHEWSERRHRDD
RETGRERSRDRDR

5 1.6e-276 25 CCHC GGGRGGGGGKCYNCGEPGHFARDCPMEGG
RVTGKVKWFNDQKGFGFITPDDGTDDLFVHQSQIR

6 8.3e-206 7 CSD SDGFRSLAEGESVEFLIESEDDGRTKAVDVTGPDGA
PVQ

7 1.0e-135 6 9 ELSPGPSRSPLIGYNYGLTRTSNFLNSFAQGYNMSP
IGGYGVRMDGRFSPLTSGRSGFTPFGS
RDRDRDREKDHRERDRHREDRDRYADHHRYRDRE

8 3.2e-134 4 ? AEHDDEWERGRSSRTHSKSRLSQEEEHHSRPRDA
DYGKRRRLTSE
ERDLEDEFRIFGVIRSVWVARRPPGYAFIEFDDRRD

? 33097 4 RRM AQDAIQELDGKNGWRVELSHN

10 1.66-086 4 9 WGRGNNPGMGNRGPVNPMRNRGGGMGGRGIMG

HGGNGFGQGMGGTPPMLHPQSMMNQ

*The motif numbers correspond to the numbers in Fig. 1B
"The expected values of each motif prediction are given by the MEME program
“The number of the motif appeared in the 51 class IV GRP sequences presented in Fig. 1B

? Motif lacking functional annotations in the literature



Table 3 Identity (%) of proteins of soybean subclass IVc GRP and AtGRP2

GRP2L_1 GRP2L_2 GRP2L_3 GRP2L_4 GRP2L_5 AtGRP2
GRP2L_1 - 58
GRP2L_2 48 - 46
GRP2L_3 50 82 - 43
GRP2L_4 68 50 49 - 66
GRP2L_5 66 51 50 97 - 66
GRP2L_6 40 37 35 45 44 43
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Table 4 In silico expression pattern of subclass IVc GRP encoding genes by EST Gene Expression at LGE —
Database*.

Alternative transcripts
Gene Lybrary Tissue source found in GRP2L_4 and
GRP2L_5 genes

FO5 Immature flowers of field grown plants
GRP2L 1 L03 Fully expanded leaves of greenhouse grown plants
- S12 Seeds containing globular-stage embryos
RO6 Root
GRP2L_2 S12 Seeds containing globular-stage embryos
S09 Whole seedling of greenhouse grown plants
GRP2L_3 S12 Seeds containing globular-stage embryos
HO3 Hypocotyl and plumule, germinating seeds
GRP2L _4 S12 Seeds containing globular-stage embryos Alternative transcripts 1 to 9
S12 Seeds containing globular-stage embryos Alternative transcripts 1 to 9
BO1 Vegetable buds of field grown plants Alternative transcripts 1 to 9
S01 Seeds germinated for three days Alternative transcripts 1 to 9
GRP2L_5 HO5 Etiolated hypocotyl tissue of 9-10 days old Alternative transcripts 1 to 9
SHI seedling Alternative transcripts 1 to 9
RO6 Germinating shoot, 24 hours germination Alternative transcripts 1 to 9
Root Alternative transcripts 1 to 9
GRP2L_6 S12 Seeds containing globular-stage embryos

*(http://bioinfo(03.ibi.unicamp.br/soja/)
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Table 5 In silico expression by analysis of SuperSAGE data at LGE — SoybeanDatabase**. Comparative SuperSAGE
between control (untreated) and treated plants (plants under different stress conditions).

s o ~ o \° S i

20 o =1 - s _

22 T T~E2
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S & = o0 =28 1= 2 oF O

5} S - O 2 O m 2 BE=s o 2

C 22z Z-E£¢ cf@iEaE

§ 53 SEEZ SE8¢%g

- 293 2 2E2 2

%m @ g‘g g‘ = 1
n < R = [75) =
GRP2L_1 No Yes (down*) No
GRP2L_2 Yes (up) Yes (up) No
GRP2L_3 No No No
GRP2L_4 Yes (up)  Yes (down*) No
GRP2L_5 No No No
GRP2L_6 No No No

Yes = differences found between control and treatment situations; No = no differences found between control and
treatment situations; Up = up-regulation; Down = Down-regulation

*statistically significant

*#*(http://bioinfo03.ibi.unicamp.br/soja/)




Table 6 The co-occurrence of TFBS found in soybean promoter region of subclass IVc GRP encoding genes.

GRP2L _
TFBS
1 2 3 4 5 6
* ATHB1.01 v v Vv v v VvV
* ATHB501 v v Vv v v Vv
*# RAV1I 01 v Vv v v v V

* Also found in promoter region of AtGRP2
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Fig. 1 Motif composition and phylogenetic analysis of the 51 GRPs. (A) Bayesian phylogenetic tree of 51 plant
proteins class IV GRP encoding genes. The Bayesian analysis was conducted at Mr.Bayes v3.1.2, upon the alignment
of GRP full length sequences protein from selected plant species at Clustal W. The unrooted cladogram was edited
using Fig Tree v1.3.1. Nodal support is given by posterior probability shown next to the corresponding nodes. The
bootstrap values generated by neighbor-joining analysis at MEGA were also included and are shown next posterior
probabilities (separated by a slash). The scale bar indicates the estimated number of amino acids substitutions per site.
The names of the soybean GRP encoding genes were identified by their loci ID at Phytozome plus the subclass to
which it belongs (IVa in red, IVb in green, IVc in black and IVd in blue). A. thaliana (AtGRP2); G. max (Glyma);
Nicotiana tabacum (RZ1), Saccharum officinarum (SCCRL1C01G05g). (B) The motif composition of GRPs was
identified by MEME program. Numbered color boxes represent different putative motifs. The gene names and loci
IDs (plus the subclass) are in accordance with the nomenclature described in Fig. 1A. The expected values calculated
by MEME are shown after the gene names/loci IDs. Combined block diagrams indicate non-overlapping sites with a
p-value better than 0.0001. The height of the motif "block" is proportional to —log(p-value), truncated at the height for
a motif with a p-value of le-10.
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Fig. 2 RT-qPCR relative expression of subclass IVc GRP encoding genes in different organs and stages of
development of soybean plants. (A) Expression in young plants (two-week-old). Data represent means of four
biological replicates (+SE) and four technical replicates. “**” Means statistically different (Student’s z-test, p<0,01).
(B) Expression in mature plants. Data represent means of four biological replicates (+SE) and four technical replicates.
Statistical test: One-Way ANOVA; the letters represent the Bonferroni multiple comparison test, means followed by
equal letters do not differ significantly. The Y axis of graphics are relative expression. F-box protein and
metalloprotease encoding genes were used as reference genes.



ONDPOOONPOOOO
OO0 O00O0000O0O0O0O

GRP2L_2

OO aaN

N

n
o

1,20
1,00
0,80
0,60 -
0,40

0,20

0,00 -

GRP2L_3

Il

bob

2,50

2,00
1,50
1,00
0,50
0,00

GRP2L_4/5

*
II II II

T

5h 10h 24h 5h 10h 24h
Leaf Root
Control

60

1,40

1,20
1,00
0,80
0,60 -
0,40
0,20
0,00

3,00

2,50
2,00

1,50
1,00
0,50
0,00

]]j ]]J

5h 10h 24h 5h 10h 24h

Leaf Root

I Treatment

Fig. 3 RT-qPCR relative expression of subclass IVc GRP encoding genes in response to cold-shock treatment. The Y
axis of graphics represents the relative expression. Data correspond to means of four biological replicates (+SE) and
four technical replicates. Statistical analysis: Multifactorial ANOVA (organ/treatment/time). F-box protein and
metalloprotease encoding genes were used as reference genes to 4 °C treatment. ACT 11 and CDPK-related protein
quinase encoding genes were used as reference genes to 15°C treatment.
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Fig. 4 RT-gPCR relative expression data of GRP encoding genes in response to four hours after 100 uM ABA
treatment. The Y axis of graphics represents the relative expression. Data are means of four biological replicates (+SE)
and four technical replicates. “*” Means are statistically different (Student’s t-test, p <0,05); “**” Means are
statistically different (Student’s ¢-test, p < 0,01). The reference genes used were F-box protein and CYP2.
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Fig. 5 RT-qPCR relative expression data of soybean GRP encoding genes in response to the Phakopsora pachyrhizi

infection. The Y axis of graphics represents the relative expression.

Values are means of three biological replicates (+SE) and four technical replicates. Statistic test: Multifactorial Anova

(treatment/genotype/time). F-box protein and metalloprotease encoding genes were used as reference genes.
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Fig. 6 Schematic co-occurrence of transcription factor binding sites of GRP2L_4 and GRP2L_5 promoter regions .
“O” RAV1_01; “A” ATBH1_01; “0” ATBH5_01; “¢” AGL3_01; “D” PIF3_01.



Table S1 Primer set designed for RT-qPCR

™ PCR
Target Orientation Primer sequence product
0 size (b
p)
GRP2L 2 Forward 60,53 5’AGGAAATGAGTGAGAATGTGTTATGTT3’ 163
- Reverse 59,31 5’AAACAATTTAGCAAAGCGTGG3’
GRP2L 3 Forward 59,28 5’GGAATGTCCGAATGTTGGA3’ 155
- Reverse 59,74 5’AACATATTTGGAAGGAAGGAAGG3’
GRP2L 4/5 Forward 60,12 5’'TCTTAGGGATTTTAATGGTTTCTGTC3’ 118
- Reverse 59,60 5S’'TTTGCAGATTGTAACGATAACACA3’
Forward 61,91 5’AATGTGGGTGTAGGCGGC3’
GRP2L 6  Reverse  62.19 5’ ACGTGCTTTTTCCACCGC3’ 2
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Fig. S1 Alignment of subclass IVc GRPs showing the domains. CSD: Green box, RNP1: Pink box, CCHC present in
all sequences: Blue boxes, CCHC present only in GRP2L_6: Red boxes. The black—gray scale background show the
conservation of amino acids among sequences, the more darkness more conserved (conserved percent in black is 100,
in dark gray is 80, is light gray is 60).
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Fig. S2 Protein alignment of GRP2L_4 and GRP2L_5. The black background represents identical amino acids. The
different amino acids are shown by the gray and white backgrounds.
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Fig. S4 Alignment of amino acids sequences predicted from alternative transcript of GRP2L_5. The black—gray scale
background show the conservation of amino acids among sequences, the more darkness more conserved (conserved
percent in black is 100%, in dark gray is 80% and in light gray is 60%). In the first row is present the CSD, red boxes
indicates the presence of CCHC and the “?” indicates the lack of CCHC. The number of alternative transcripts
accordingly to Phytozome is after the gene name GRP2L_5.
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Fig. S5 Alignment of promoter regions of GRP2L_4 and GRP2L_5 (~2000 bp upstream the start codon). The initial
translational codon (+1) is in the end of the sequences. The black background indicates identical nucleotides. The
different nucleotides are shown by the gray and white backgrounds.
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Soybean transformation for the expression of a glycine-rich, RNA-binding protein-encoding

gene from Arabidopsis thaliana (AtGRP2)
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address: Departamento de Genética, Instituto de Biociéncias, Universidade Federal do Rio Grande do Sul, CP 15053,
91501-970, Porto Alegre, RS, Brasil.

Abstract: Flowering is controlled by several environmental and developmental factors. Photoperiod and temperature
are crucial for flowering in soybean and other plants. Tropical regions have a short photoperiod thus causing an early
flowering and consequently a reduced productivity. An enormous set of GRP have been identified in various
organisms and they can play several roles. In Arabidopsis, functional analysis of the AtGRP2 gene (AT4g38680)
showed that it is involved in seed and flower development, as well as at flowering time regulation. This gene can also
play a role in cold acclimation. The study of genes that control the transition from vegetative to reproductive stage has
great importance, being a requirement for eventual genetic manipulation of this trait. The goal of the present study was
to produce transgenic soybean plants expressing the AtGRP2 gene. Secondary somatic embryos of Bragg, IAS-5 and
BRSMG 68 Vencedora soybean cultivars were used to introduce the gene into the soybean genome by two methods:
(1) particle bombardment and (2) the combined DNA-free particle bombardment and Agrobacterium system. Six
independent transformation events of Bragg cultivar were confirmed by PCR and thirty-one plants were regenerated
from them. In the present moment the plants are under development in glass flasks. Two of these lines were originated

from bombarded cluster and four lines resulted from bombardment/Agrobacterium system.

Key-words: soybean transformation; ArGRP2; glycine-rich proteins; cold-shock domain; RNA-binding proteins;

flowering time.
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Introduction

Soybean [Glycine Max (L.) Merril] is one of the most important cultures worldwide as a
predominant source of both animal and human feed protein and cooking oil. Because of this
remarkable status, soybean culture is the goal of a great number of breeding programs. However,
the majority of these programs have been based on traditional breeding methods and therefore
limited by the narrow genetic diversity that composes soybean germplasm (Priolli et al. 2002). This
situation is worsened by the sexual incompatibility in interspecific and intergeneric crosses (Hu
and Zanettini 1995; Bodanese-Zanettini et al. 1996). Genetic transformation provides the

advantage to introduce new genes of interest, broadening the possible genetic combinations.

Flowering is controlled by several environmental and developmental factors. The
complexity of this regulation is determined by an intricate network of signal transduction, through
which the apical meristem is converted into a floral meristem (Zik and Irish 2003).Photoperiod and
temperature are crucial for the occurrence of flowering in soybean, as they will cause qualitative
changes in crop development (Major et al. 1975). Under constant photoperiod, the temperature has
greater importance on flowering time, so that lower temperature increases the period for flowering

(Embrapa 2003).

The soybean is originally a short-day plant. Most cultivars are better adapted to specific
latitudes and sowing period due to their sensitivity to changes in photoperiod (Hartwig and Kiilhl
1979). Tropical regions have a short photoperiod thus causing an early flowering and consequently

a reduced productivity (Shanmugasundaram and Tsou 1978).

An enormous set of Glycine-Rich Proteins (GRPs) have been identified in various
organisms and they can play several roles, both structural and functional. A common characteristic
of GRPs is the high content of glycine residues. These proteins are organized into four classes

according to their primary structure and presence of additional domains.

Analyzing the Arabidopsis thaliana’s AtGRP2 gene (AT4g38680), Fusaro et al. (2007)
found that it is involved in seed and flower development, as well as at the flowering time

regulation. When the expression of this gene was down-regulated in A. thaliana, the plant set
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flowers precociously. The AtGRP2 was also shown to be regulated by low temperatures and was
expressed preferentially in meristematic and developing tissues under cell division. This gene
encodes a nucleo-cytoplasmic GRP able to bind RNA that possesses three distinct domains: one
Cold-Shock Domain (CSD) containing the RNP1 consensus sequence in the N-terminal half, a
Glycine-Rich region (GR) and two retroviral-type CCHC zinc finger (CCHC) interspersed in GR
region. Due to these characteristics, the AtGRP2 protein was classified in class IV GRP
(RNA-binding proteins). Additional studies with proteins containing CSD have shown that these
proteins act like RNA chaperones and their expression are induced by low temperatures suggesting

arole in cold acclimation (Jiang et al. 1997; Karlson et al. 2002).

The study of genes that control the transition from vegetative to reproductive stage has
great importance being a requirement for eventual genetic manipulation of this trait. The goal of the
present study is to produce transgenic soybean plants expressing the AtGRP2 gene in order to

evaluate its effect on the seed and flower development, as well as in the flowering period.

Material and Methods

Plant material and culture conditions

For transformations experiments Bragg, IAS-5 and BRSMG 68 Vencedora were used.
Bragg and IAS-5 soybean cultivars were chosen due to their high susceptibility to Agrobacterium
tumefaciens wild strains (Droste et al. 1994), as well as their response capacity to in vitro culture
conditions (Droste et al. 2001; Droste et al. 2002; Droste et al. 2010). BRSMG 68 Vencedora has
been shown to be also a genotype with high potential for somatic embryogenesis (Droste et al.
2010). Bragg and IAS-5 are North American-adapted cultivars, commonly used in genetic
improvement programs, whereas BRSMG 68 Vencedora is a cultivar released by Brazilian
breeding programs. BRSMG 68 Vencedora and IAS5 has commonly been indicated for
commercial cropping in Brazil (MAPA 2009).
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The use of secondary somatic embryos induced and proliferated in vitro as explants in
experiments of transgenic soybean allow the regeneration of completely transformed plants due the
unicellular origin of material (Sato et al. 1993). Embryogenic tissue from immature cotyledons was
obtained according to the protocol described by Wiebke-Strohm et al. (2011). Briefly, the
immature pods of growth field plants were superficially sterilized and the cotyledons placed in D40
medium, containing MS salts (Murashige and Skoog 1962), BS vitamins (Gamborg et al. 1968), 40
mg/L 2,4-diclorofenoxiacetic (2-4D), 3% sucrose, 0,3% Phytagel® and pH 7.0 prior to
autoclaving. The embryos were then transferred to D20 medium (D40 medium with 20 mg/L
2,4-D, pH 6.4) and sub-cultured every 14 days. The embryogenic cultures were maintained in 16/8
hours light/dark at light intensity of 22.5 uEm™s™.

Vector construction and bacteria culture conditions

The entry vector pENTR Directional TOPO® (Invitrogen) containing the AtGRP2 gene
was kindly provided by Dr. Gilberto Sachetto-Martins, Universidade Federal do Rio de Janeiro,
Rio de Janeiro, Brazil. This vector was introduced in Escherichia coli X1.1 Blue strain (Stratagene)
for multiplication and maintenance. The pENTR-AtGRP2 was recombined with the
super-expression destiny vector pH7WG2D,1 (Karimi et al. 2002) using the Gateway® system.
This system relies on recombination of LR sites using the LR clonase’™ II enzyme (Invitrogen).
The recombination was performed accordingly manufacturer’s instructions. The
pH7WG2D,1-AtGRP2 vector was introduced by electroporation in E. coli TOP 10 strain
(Invitrogen) for multiplication and maintenance. The same procedure was used to transform the A.

tumefaciens LBA4404 strain.

The T-DNA region of the final vector (pH7WG2D,1-AtGRP2) contains the
hygromycin—phosphotransferase marker gene (hpt), the green fluorescent protein reporter gene
(gfp) and the ArGRP2 gene. The ArGRP2 is driven by the cauliflower mosaic virus 35S
(CAMV35S) promoter and terminator.

The bacteria culture conditions and the antibiotics used for plasmid/bacteria selection are
shown in Table 1. The culture media used in this study were Luria Broth Base (Miller’s LB Broth

Base®) and LB, powder (Lennox L Agar), Invitrogen.
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The Polimerase Chain Reaction (PCR) was used to confirm the insertion of the transgene
into the plasmids, as well as the presence of plasmid in bacteria. The PCR primers used are
provided in Table 2. The PCR amplification was carried out as follow: five minutes at 94 °C
followed by 31 cycles of 94 °C for 45 seconds, 52 or 60 °C for 45 seconds, 72 °C for 45 seconds,
with a final extension step of five minutes at 72 °C. The reaction mixture consisted of 2.5 uL PCR
buffer 10X, 1.25 uL MgCl, 50 mM, 1 uL dANTP mixture 10 mM, 1 uL forward primer 10 mM, 1 uL
reverse primer 10 mM, 0.2 uLL Tag DNA Polimerase (SU/uL) (Invitrogen, Sdo Paulo, Brazil) and 1
uL of DNA template, in a final volume of 25 pL. The positive constructions were sequenced to

verify the transgenes integrity.

Transformation procedure

Two different methods were used to transform the soybean embryogenic tissue: (i) particle
bombardment as described by Droste et al. (2002) and (ii) the combined DNA-free particle
bombardment and Agrobacterium system as suggested by Wiebke-Strohm et al. (2011).

Briefly, in the transformation experiment by bombardment, 48 hours before the
transformation 15 embryo clusters (about 0.67 mg/cluster) were placed in a Petri dish containing
D20 medium. The Petri dishes were maintained uncovered in a laminar flow hood for 15 minutes,
just before bombardment, to reduce the turgidity of the plant material (Vain et al. 1993).
Bombardments were performed using a Particle Inflow Gun — PIG (Finer et al. 1992), with a
pressure of 60 PSI and partial vacuum of 28 mmHg. Each Petri dish was bombarded once with
M10 tungsten particles (Dupont, Wilmington, DE) coated with the pH7WG2D, 1-AtGRP2 plasmid
(1 pg/ul). Ten dishes were used per cultivar.

In the bombardment/Agrobacteirum system DNA-free tungsten particles were used to
induce wounds in the tissue prior to inoculation with Agrobacterium. Microwounds caused by
tungsten particles enhance the Agrobacterium penetration and effective transformation (Bidney et
al. 1992; May et al. 1995; Abdollahi et al. 2009). The bombardment procedure was the same as
above described. Following bombardment, the embryo clusters were inoculated with
Agrobacterium suspension harboring the pH7WG2D,1-AtGRP2, for 20 minutes. Inoculated

explants were blotted on sterile filter paper and co-cultured for 48 hours on D20 medium
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supplemented with 100 uM acetosyringone. Ten dishes with 15 embryo clusters each were used

per cultivar.

Selection and regeneration of transgenic clones

The bombarded tissue remained in the same D20 medium for 12 days. After that the
embryo clusters were transferred to D20 medium containing 12.5 mg/L of the selective agent
hygromycin-B (Invitrogen) for 21 days. Subsequently, the embryos were cultured for three months

on the same medium containing 25 mg/L hygromycin-B.

After the co-cultivation period, tissues submitted to the bombardment/Agrobacterium
transformation procedure were washed in sterile distilled water, blotted on sterile filter paper and
transferred to D20 medium containing 250 mg/L cefotaxime (Claforan®, Hoechst Marion
Roussel) and 250 mg/L vancomycin (Vanclomin®, Teuto Brasileiro). Embryo clusters were
maintained on this medium for 10 days and then were transferred to fresh D20 medium
supplemented with the same antibiotics plus 12.5 mg/L hygromycin-B for more 21 days.
Thereafter, plant material was kept on D20 medium containing the same three antibiotics, but with
a concentration of 25 mg/L hygromycin-B. After 18 days, embryogenic tissues were transferred to
fresh medium containing only hygromycin-B for additional 51 days, with subcultures every 14

days.

The following steps were the same for both transformation methods. After the selection
period, pieces of green tissue were individually subculture every 14 days for two months in D20
medium without antibiotic in order to proliferate the hygromycin-resistant embryos. In the last 14
proliferation days 50 uM Abscisic Acid (ABA) was added to the medium in order to increase the
plant regeneration (Weber et al. 2007; Angoshtari et al. 2009; Droste et al. 2010).

To stimulate histodifferentiation the hygromycin-resistant embryo clusters were transferred
to plates containing modified MSM6 maturation medium (Finer and McMullen 1991) composed of
MS salts (Murashige and Skoog 1962), B5 vitamins (Gamborg et al. 1968), 6% sucrose, 1%
activated charcoal, 50 uM ABA and 0.3% Phytagel® (pH 6.4 prior autoclaving). After 30 days,
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histodifferentiated somatic embryos were individualized and transferred to the same medium

without charcoal and ABA for one additional month.

The histodifferentiated embryos were placed on empty sterile dishes without medium for
six hours in order to promote partial desiccation and thereby increase conversion velocity and
frequency (Buchheim et al. 1989; Finer and McMullen 1991). To promote germination and
conversion the embryos were transferred to MS0O conversion medium containing MS salts, B5
vitamins, 3% sucrose and 0,3% Phytagel®, pH 6.4 prior to autoclaving. Germination refers to root
and shoot emission, while conversion was recorded as the development of the branched root and
formation of at least one trifoliolate leaf (Walker and Parrot 2001). The regenerated plants were

placed into 100 mL flasks containing 25 mL of the same medium.

DNA extraction

The histodifferentiated embryos that did not fully converted into plants were removed from
culture medium and were immediately frozen in liquid nitrogen and stored at -80 °C.
Histodifferentiated embryos derived from the same individual piece of hygromycin-resistant
tissues were considered as an individual line and were used as a set for DNA extraction. The DNA
extraction was performed according (Doyle and Doyle 1987) with modifications. DNA samples of
each individual line were assayed for transgene presence. PCR conditions were performed as

previously described.

Results

Vector construction

The confirmation of the insertion of the correct sequence of AfGRP2 nucleotides in the

destiny vector and its appropriate orientation was obtained by PCR and DNA sequencing. The
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presence and integrity of pH7WG2D,1-AtGRP2 plasmid extracted from E. coli were visualized in
agarose gel electrophoresis under ultraviolet (UV) light (Fig 1a). Two PCRs were performed using:
(1) the ArGRP2 primer pair (Fig 1b) and (i1) the hApt primer pair (Fig 1c). The PCR positive
pH7WG2D,1-AtGRP2 was sequenced using the AtGRP2 forward, AtGRP2 reverse and P35S
forward primers confirming the insertion of the transgene in the desirable orientation and also

certifying nucleotide sequence integrity (data not shown).

The A. tumefaciens 1LBA4404 strain was electroporated to transform it with the
pH7WG2D,1-AtGRP2 vector. The presence of the plasmid in bacteria was also confirmed by PCR
(Fig 2).

Proliferation and selection of embryo clusters and regeneration of transgenic plants

Soybean somatic embryos formed from immature cotyledons were proliferated on D20
medium for seven months (Fig 3a and 3b). Secondary somatic embryo clusters were transformed
by bombardment and by the combined DNA-free particle bombardment and Agrobacterium
system. After 90 days-selection, hygromycin-resistant green pieces were individually proliferated
on D20 medium (Fig 3c). Each individual green piece of tissue detached from different sites at the
transformed clusters was considered a putative independent transformation event. The
individualized clusters were proliferated for two months on the same medium. Embryos/plants
derived from an independent piece of hygromycin-resistant tissue (line) were considered clones.

The total number of hygromycin-resistant clusters is shown in Table 3.

To stimulate histodifferentiation, hygromycin-resistant proliferated clusters were
transferred to the MSM6 modified maturation medium (Fig 3d). After 30 days, somatic embryos
were individualized and transferred to fresh maturation medium without charcoal and ABA for
further 30 days. After that the individual histodifferentiated embryos were partially desiccated for
six hours in empty Petri dishes (Fig 3e and 3f) and transferred to regeneration medium until the

conversion into plants (Fig 3g).

The number of histodifferentiated embryos and recovered plants obtained from each

transformation method are shown in Table 3. Converted plants were placed into glass flasks
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containing the same medium (Fig 3h and 3i). Using bombardment method, 31 plants from 13
independent transformation events of the Bragg cultivar were regenerated. For cultivars IAS-5 and
BRSMG 68 Vencedora, plants were not obtained by this method. Although a large number of
histodifferentiated embryos of Bragg and IAS-5 cultivars resulted from transformation with the
bombardment/Agrobacterium system, plants were not recovered. For BRSMG 68 Vencedora, the

few hygromycin-resistant clusters not even formed histodifferentiated embryos.

Screening for transgenic events

PCR was used to screen histodifferentiated embryos that did not fully converted into plants
representing all 62 lines. The P35S forward and AtGRP2 reverse primer pair was used to confirm
the integration of promoter and transgene into the soybean genome. As shown in Fig 4, no
amplification was detected in untransformed embryos (negative control), whereas positive control
(pH7WGI1D,1-AtGRP2 plasmid) and six lines presented the expected ~850 bp fragment. Two of
these lines (Bomb Bragg 5.4.1 and Bomb Bragg 4.5.3) were originated from bombarded cluster and
four lines (Agro Bragg 5.1.2, Agro Bragg 5.1.1, Agro Bragg 4.1 and Agro Bragg 5.2.3) resulted
from bombardment/Agrobacterium system. The lines that did not produce PCR products were

considered “escapes”.

Discussion

Proliferating somatic embryos have been utilized as target tissue for soybean
transformation in numerous laboratories (Finer and McMullen 1991; Sato et al. 1993; Stewart et al.
1996; Schmidt et al. 2008). In our laboratory, many transgenic plants were obtained by
bombardment using that target tissue (Droste et al. 2002; Weber 2007; Wiebke-Strohm 2010).
Recently, Wiebke-Strohm et al. (2011) described, for the first time, the successful recovery of

soybean transgenic fertile plants obtained from the combination of DNA-free particle
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bombardment and Agrobacterium mediated transformation using clusters of somatic embryos as

target.

It is long known that all soybean transformation methods described in the literature present
problems such as low efficiency, poor reproducibility and limited cultivar specificity (Trick et al.
1997; Somers et al. 2003). In the present study, transgenic somatic embryos representing a total of
six independent lines were successfully recovered from both transformation methods utilized.
Recent reports (Homrich et al. 2008; Hernandez-Garcia et al. 2009; Kita et al. 2010;
Wiebke-Strohm et al. 2011) using the same target tissue and transformation procedures have
described an average number of transgenic events (from four to eleven) similar to the one obtained

in this study.

The development of genetically engineered soybean has been limited to a small number of
cultivars that respond to the in vitro stimulus (Tomlin et al. 2002). In previous studies with
cultivars adapted to Brazilian environment conditions, IAS-5, Bragg and BRSMG 68 Vencedora
were identified as suitable genotypes for successful embryogenesis and regeneration (Santos et al.
1997; Droste et al. 2001; Korbes and Droste 2005; Weber et al. 2007; Droste et al. 2010). Although
a high number of histodifferentiated embryos was obtained from cultivars Bragg and IAS-5, plants
were generated only from Bragg submitted to the bombardment transformation experiment.
Surprisingly, in the present study, the IAS-5 cultivar has not regenerated plants, opposing results
obtained by Droste et al. (2002), Weber et al. (2007) and Wiebke-Strohm et al. (2011) that have
reported TAS-5 as the most responsive cultivar to regeneration. Although recent advances to
improve embryo maturation and therefore its conversion into plants (Schmidt et al. 2005; Weber et
al. 2007; Droste et al. 2010), soybean regeneration remains an “art” that requires considerable staff
training in order to to develop the required condition to generate enough transgenic plants for
writing a thesis or article for publication. Furthermore, the frequency of transgenic events that

regenerate from each initial explant is often low (Somers et al. 2003).

In the Agrobacterium method, there is another obstacle besides the response of soybean to
in vitro stimulus: the interaction between host and bacteria. There are few studies showing soybean
susceptibility to Agrobacterium, with genotype-depending response (Delzer et al. 1990; Bailey et
al. 1994; Droste et al. 1994). The compatible interaction between the Bragg, IAS-5, BR4 and

CEP16 soybean cultivars and A. fumefaciens strains have been demonstrated by Droste et al.
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(1994). Among these cultivars, Bragg was the most sensitive one to all the virulent A. tumefaciens
strains tested, while IAS-5 was the least susceptible cultivar (Droste et al. 1994; Droste et al. 2010).
This susceptible interaction is in agreement with our results, in which the stable integration of the

T-DNA harboring the AfGRP2 gene into the embryo genome was confirmed only for Bragg lines.

A high number of hygromycin-resistant embryos have been not confirmed for transgene
stable integration and were considered as ‘“escapes”. The recovery of untransformed samples
(“escapes”) was also recorded for soybean transformation experiments in previous reports,
although in a lower percentage (Olhoft et al. 2003; Homrich et al. 2008; Wiebke-Strohm et al.
2011). It is important to point out, that the hygromycin-based selection is the most trustful method
to recover soybean transformed tissues and previous works showed that its application drastically

reduced the number of escapes (reviewed by Somers et al. 2003).

What the present study still lacks is to obtain fertile mature transgenic plants
over-expressing the gene AtGRP2. After that, phenotypes analyses, such as flower and seed
development and timing, will provide information on the gene function in soybean and will make it
possible to compare to that function described for Arabidopsis. Additional transformation
experiments are currently in progress to allow regeneration of a higher number of transgenic

lines/plants.
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Table 1 Bacteria culture conditions and antibiotic used for plasmid/bacteria selection.

Bacteria Plasmid L] mg/L— Cu-lture Growth
antibiotic time temperature
E. coli XL1 pENTR-AfGRP2 50 — kan 12-17h 37°C
20-S
E. coli TOP 10 pH7WG2D,1-AtGRP2 75 Sr;l 12-17h 37 °C
20— Sm
A T ]
umefaciens - LoWGID1-AIGRP2 75— Sp 48h 28 °C
LBA4404 25 _ Rif

Kan: kanamycin; Sm: Streptomycin; Sp: Spectinomycin; Rif: Rifampycin



Tabela 2 Primer set used to detect the transgene and plasmid presence
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PCR

Target Orientation Nucleotide sequence product Melting
. temperature
size (pb)
Forward  5’ATGAGCGGAGACAACGGCGGTG3’ o
AIGRP2 Reverse S’TTAACGTCCACCGCTGGTG3’ 612 60°C
ot Forward 5’GGCCTCCAGAAGAAGATGTTG3’ 453 50 oC
P Reverse 5’GAGCCTGACCTATTGCATCTCC 3’
P35S Forward 5’CGCACAATCCCACTATCCTT3’ 139%* 52°C

* Fragment length was considered from primer until the end of the promoter sequence.
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Table 3 Soybean hygromycin-resistant clusters, histodifferentiated embryos and converted plants
obtained from transformation experiments

Method
Bombardment Bombardment/Agrobacterium
) BRSMG 68 BRSMG 68
Cultivar Bragg IAS-5 Vencedora Bragg IAS-§ Vencedora
Number of clusters 455, 150 150 150 150
submitted to transformation
Selection
Number of
hygromycin-resistant 58 17 ND 29 34 6
clusters
Histodifferentiation
Number of lines 35 2 0 15 10 0
Number of embryos 1782 3 0 455 562 0
Conversion
Number of lines 13 0 0 0 0 0
Number of plants 31 0 0 0 0 0

ND: Non determined.
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Fig. 1 Confirmation of AfGRP2 integration into the destiny vector pH7WG2D,1 by PCR. (a)
Purified pH7WG2D,1-AtGRP2 plasmid from E. coli TOP 10 strain. (b) PCR carried out with
purified pH7WG2D,1-AtGRP2 plasmid using AtGRP2 primer pair, which amplifies the AtGRP2
encoding region. (¢) PCR carried out with purified pH7WG2D,1-AtGRP2 plasmid using hpt primer
pair, which amplifies the Apt gene present in the vector. MM1: Molecular Marker, Ladder 1 Kb
Plus Invitrogen; MM2: Molecular Marker: Ladder 100 bp Ludwig. 1% agarose gels stained with
ethidium bromide and visualized under UV light.
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Fig. 2 Confirmation of presence of the pH7WG2D,1-AtGRP2 destiny vector in A. tumefaciens by
PCR using AfGRP2 primer pair. MM1: Molecular Marker, Ladder 1 Kb Plus Invitrogen. 1%
agarose gel stained with ethidium bromide and visualized under UV light.
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Fig. 3 Soybean somatic embryos on proliferation, selection, histodifferentiation, and conversion.
(a) Secondary somatic embryo cluster (two mm in diameter and around 0,67 mg) used as target for
transformation process. (b) Petri dish with 15 embryo clusters prepared for transformation. (c)
Hygromycin-resistant clusters in D20 proliferation medium. (d) Initial embryo histodifferentiation
one week after transference to modified MSM6 maturation medium. (e-f) Desiccation of
histodifferentiated embryos. (g) Germinated embryos on MSO regeneration medium. (h-i)
Converted plants in glass flasks with MSO medium.
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Fig. 4 Detection of promoter and transgene in soybean embryos. PCR products amplified from
DNA templates extracted from histodifferentiated embryos not fully converted into plants:
embryos from six transgenic lines (*); pH7WG2D,1-AtGRP2 plasmid (positive control); NT
(untransformed  embryos). Bomb  (Bombardment transformation method);  Agro
(Bombardment/Agrobacterium transformation system); Numbers after cultivar names represent
the different events (lines); MM1: Molecular Marker, Ladder 100 bp, Ludwing; arrows indicates
500 bp band. 1% agarose gel, stained with ethidium bromide visualized under UV light.
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5 DISCUSSAO GERAL

Recentemente, a soja (cultivar Williams 82) teve o sequenciamento de seu genoma praticamente
concluido, representando 950 do total estimado de 1.115 megabases (Mb). A poliploidia teve um profundo
efeito na estruturacio do genoma da soja. Estudos indicaram que houve dois eventos de duplicacdo total do
genoma, seguidos pela diversificacdo e perda génica, bem como rearranjos entre cromossomos, resultando
em um genoma com aproximadamente 75% dos genes presentes em multiplas copias (Schmutz et al. 2010).
As ferramentas de sequenciamento high-throughput e a bioinformatica v€m permitindo uma andlise global
de expressdo génica, mudando o foco de um unico gene para todo o genoma. Consequentemente, uma
andlise mais ampla onde todos os genes de uma familia ou que codifiquem proteinas relacionadas pode ser
realizada. Por meio destas ferramentas, foi possivel a identificacdo de 47 genes que codificam proteinas

ricas em glicina ligantes de RNA no genoma da soja.

O presente trabalho, além da identificacdo das GRPs ligante de RNA de soja, traz como novidade
trés supostos motivos presentes em quatro proteinas da subclasse IVa (Glyma08g44150, Glyma08g44170,
Glymal8g08590 e Glymal8g08610) sem funcdo descrita na literatura. Também de forma pioneira foi
realizada a andlise filogenética da classe IV de GRPs presente no genoma desta leguminosa. Com este
resultado pode-se observar que este grupo de proteinas ainda estd em curso de evolucdo e possivelmente
possui papéis redundantes no genoma paleopolipléide da soja. Ainda, pode-se verificar que a classificagdo
das proteinas baseada apenas na presenca de dominios ndo mostra a histéria evolutiva destes genes. Para
uma melhor compreensdo do papel e acdo destas proteinas na planta deve-se levar em conta a classificacio

atual baseada na estrutura juntamente com a divisdo filogenética.

As proteinas ligantes de RNA podem exercer suas fungdes combinando diversos dominios de
ligacdo ao RNA, frequentemente auxiliados por dominios adicionais (os quais podem aumentar a
“afinidade” pelo RNA ou promover interacdes proteina-proteina). Estas proteinas podem empacotar o
RNA, protegé-lo, organiza-lo e prepard-lo para processos pds-transcricionais. Além disso, sdo capazes de
coordenar varios passos na expressdo génica pelo fato de sua multifuncionalidade (Elliott and Ladomary

2010).

Inimeros estudos tém demonstrado que os dominios presentes na classe IV de GRPs sdo
extremamente conservados mesmo entre organismos filogeneticamente distantes (Burd and Dreyfuss 1994;
Alba and Pages 1998; Graumann and Marahiel 1998; Maruyama et al. 1999; Karlson et al. 2002; Karlson

and Imai 2003; Nakaminami et al. 2006; Chaikam and Karlson 2010). Provavelmente existiu uma proteina
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contendo um CSD ancestral no comeco da evolucio de organismos unicelulares, 3,5 bilhdes de anos atrds. A
presenga de CSD em bactérias e eucariotos reafirma esta idéia (Graumann and Marahiel 1996). Em
procariotos as proteinas contendo RRM tendem a conter apenas um destes dominios, enquanto proteinas de
eucariotos frequentemente contem multiplos RRMs que estdo associados a dominios adicionais. Sua
importancia na adaptacio a estresses tem sido mantida praticamente inalterada por milhdes de anos (Elliott

and Ladomary 2010).

Resultados prévios mostraram que o gene GRP2 de Arabidopsis thaliana (AtGRP2), esta envolvido
em processos de desenvolvimento de sementes, na estrutura da flor, bem como no tempo para que ocorra a
floragdo, podendo ainda ter um papel na aclimatacéo ao frio (Fusaro et al. 2007). Com base nestes resultados
prévios, no presente trabalho uma maior atengao foi dispensada a subclasse IVc, que inclui as proteinas com

um CSD, pelo seu suposto papel na aclimatagao ao frio.

Proteinas que contém um CSD sao bem conservadas e possuem um papel critico para a adaptacdo
de bactérias a baixas temperaturas. A fungdo destas proteinas, nesta condi¢do, em procariotos tem sido
extensivamente estudada e estd bem estabelecida (Jones et al. 1987; Goldstein et al. 1990; Jiang et al. 1997;
Yamanaka et al. 1998; Wang et al. 1999; Xia et al. 2001; Phadtare and Severinov 2005; Nakaminami et al.
2006). Entretanto, esta relagdo é pobremente entendida em eucariotos, principalmente em plantas. De um
modo geral, proteinas com CSD em eucariotos superiores desenvolvem diversas fun¢des (Graumann and

Marahiel 1998; Chaikam and Karlson 2008).

Proteinas de plantas contendo o CSD sao frequentemente relacionadas com a aclimatagdo ao frio
uma vez que algumas sdo fortemente induzidas em resposta a baixas temperaturas (de Oliveira et al. 1990;
Nakaminami et al. 2006; Fusaro et al. 2007; Kim et al. 2007; Chaikam and Karlson 2008). Entretanto, o
papel funcional e a importincia na resposta a este estresse permanecem desconhecidos (Chaikam and
Karlson 2008). Até o momento, nenhuma evidéncia experimental demonstrando um papel na aclimatagao in

planta foi descrita.

Além de seu papel na adaptacio ao frio, proteinas de plantas contendo o CSD também estio
implicadas em diversos aspectos do desenvolvimento de diferentes sistemas modelo. No mutante sensivel
ao frio (cepa BX04 de E. coli) foram observados defeitos na divis@o celular e em baixas temperaturas as
células se tornaram alongadas (Xia et al. 2001). Em camundongos, um knock-out do gene codificante da
proteina YB-1 provocou letalidade do embrido (Lu et al. 2005; Uchiumi et al. 2006). Outro polipeptideo,
Lin 28, de Caenorhabditis elegans controla transi¢des dos primeiros estdgios desenvolvimento (Moss et al.

1997).
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Conforme os resultados obtidos neste trabalho com os experimentos de expressdo tanto in silico
quanto in vivo pode-se inferir que as proteinas de soja contendo CSD estdo de alguma maneira envolvidas
no desenvolvimento deste organismo, uma vez que a maioria dos genes desta familia possui uma expressao
aumentada em tecidos em desenvolvimento e sob divisdo celular. Apesar de conterem um CSD, a expressao
de dois dos seis genes codificantes de proteinas da subclasse IVc € reprimida quando a planta é exposta a
baixas temperaturas. Esta observagdo sugere um envolvimento destes genes em outros processos. Outro
indicio de que proteinas que contém o CSD estejam envolvidas em diversos niveis de controle de expressao
génica € fornecido pelo fato de que o este dominio possui uma estrutura tridimensional parecida ao do RRM
e OB (oligonucleotide/oligossacaride fold) e também sendo capaz de se ligar a 4cidos nucléicos (Elliott and

Ladomary 2010).

Com a liberagdo de sequéncias de genomas de diferentes plantas, promotores vegetais estdo
recebendo aumentada atengdo como um dos primeiros reguladores da expressao génica. Andlises realizadas
com os promotores dos seis genes da subclasse IVc identificados em soja reforcam os resultados obtidos

com os dados de expressdo em diferentes situacdes.

Apés todas as informagdes discutidas neste trabalho um fato interessante constitui a identidade das
proteinas codificadas pelos genes GRP2L_4 e GRP2L_5 da subclasse IVc, além deles compartilharem uma
regido promotora muito parecida. Tendo em vista que estes genes encontram-se em cromossomos diferentes
e parecem apresentar o mesmo padrdo de expressao, fica a pergunta se esta foi uma duplicacdo recente ou se
estas regides do DNA foram mantidas quase inalteradas por uma pressao de selecdo especifica. Isto podera
ser respondido com as metodologias atuais de seqiienciamento, onde seria interessante (ndo s6 para este par
especifico de genes mas para todos os membros da classe) seqiienciar outras variedades de soja e fazer uma
comparacdo dos genes entre as cultivares. A longo prazo, seria importante também a comparacio de
sequéncias de espécies diferentes para uma melhor compreensdo do comportamento dos genes ao longo da

evolucdo vegetal.

Plantas transgé€nicas tém sido usadas extensivamente para estudos de expressdo e fungdo génica.
Entretanto na maioria destes estudos plantas modelo tais como Arabidopsis, tabaco e arroz sio utilizadas.
No presente trabalho cultivares de soja, utilizadas em programas de melhoramento e recomendadas para
plantio no Brasil, foram transformadas com o gene AtGRP2 para estudo funcional do mesmo. No vetor de
super-expressdo utilizado, este gene estd sobre controle constitutivo do promotor CAMV35S. O gene
AtGRP?2 foi escolhido por dois motivos: (i) seus efeitos fenotipicos de super-expressdo e silenciamento ja
foram descritos em Arabidopsis e (ii) por pertencer a subclasse IVc das GRPs ligantes de RNA e ter sido
usado como isca representante para a busca de ort6logos em soja. Além disto, na época da realizacdo do

experimento de transformacao genética os genes enddgenos da soja para esta subclasse ainda ndo haviam
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sido identificados. No momento, as plantas encontram-se em etapa de regeneracdo e assim que plantas
transgénicas maduras forem obtidas, estas serdo submetidas a andlises de expressdo e fenotipica, tanto na

geracdo TO quanto na T1.

Estudos genéticos sobre o tempo de floragdo, na planta modelo A. thaliana, mostram mais de uma
via regulando este processo (Mouradov et al. 2002; Simpson and Dean 2002). Fusaro et al. (2007) mostram
que mudancas na expressdo de AtGRP2 influenciam o tempo de floracdo, a estrutura da flor, bem com o
desenvolvimento da semente neste organismo. Contudo, ainda nio estd claro como o produto deste gene
estd agindo. Os autores levantam duas hipdteses: (i) esta proteina estaria controlando o tempo de floracio
em um nivel pés-transcricional ou (ii) a proteina poderia estar agindo a nivel traducional como uma

chaperona de RNA, assim como WCSP1 e CSPA.

Desta forma serd interessante investigar o efeito da super-expressdao do gene AfGRP2 em soja e
verificar se 0 mesmo afeta o processo de floragdo. Como mencionado na introdugdo deste trabalho, o
fotoperiodo e a temperatura possuem grande influéncia no tempo de floracdo em soja. Geralmente baixas
temperaturas promovem um florescimento mais tardio, enquanto altas temperaturas promovem um
florescimento mais precoce. Uma variagdo muito grande na temperatura e em estdgios ndo apropriados
durante o desenvolvimento da soja causa enormes prejuizos para a  produgdo

(http://www.cnpso.embrapa.br/index.php?op_page=38& cod pai=1&cod noticia=338). Registros de

florescimento precoce nas lavouras de soja tém sido feitos no Brasil nos dltimos anos devido a aumento na

temperatura (Embrapa 2009; Embrapa 2010a; Embrapa 2010b).

Tendo em vista o aquecimento global, variacdes de temperaturas anuais e influéncias climéticas
cada vez mais diversificadas como La nifia e El nifio, o estudo de genes que podem interferir no tempo de
floragdo torna-se importante, principalmente genes endégenos. A disponibilidade de uma soja contendo um

gene que influencia o tempo de floracao sem influéncia da temperatura seria interessante.

A identificacdo de genes codificantes de GRPs ligantes de RNA em soja foi realizada. A partir deste
ponto, pesquisas devem ser realizadas com cada subclasse identificada. A respeito da subclasse IVc uma
caracterizag@o inicial sobre a estrutura e perfil de expressdo em diferentes 6rgaos da planta e em diversos
estresses foi realizada neste trabalho. Entretanto, este foi apenas um passo inicial para o entendimento do
papel destas proteinas em soja. Futuros trabalhos verificando como estas proteinas se comportam no
mutante de E. coli sensivel ao frio, bem como experimentos para testar a atividade chaperona de RNA destas
proteinas devem ser realizados. Pesquisas adicionais para confirmar a localizag¢do subcelular predita destas

proteinas também s@o importantes, bem como verificar a presenca in vivo de cada transcrito alternativo dos
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genes GRP2L_4 e GRP2L_5. Outro ponto que ndo deve ser esquecido é uma caracterizag@o inicial sobre o

perfil de expressdo do gene GRP2L_1, que ndo foi realizada no presente trabalho.

Quanto aos experimentos de transgenia, apds (ou em paralelo) a caracterizagdo fenotipica das
plantas da geragdo TO e T1 contendo o gene AtGRP2, experimentos de transformag@o genética de soja com
os genes enddgenos desta subclasse deveriam ser realizados. Baseado em dados da literatura sobre fungdes
de proteinas contendo CSD e nos perfis de expressdo apresentados neste trabalho, dentre os seis genes
identificados seria interessante comegar os estudos utilizando os genes GRP2L_3 e GRP2L_4/5, os quais

parecem estar agindo no desenvolvimento e em resposta ao frio e ataque de fungos de maneira oposta.
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