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RESUMO

A macieira Malus x domesticaBorkh.) é uma frutifera de clima temperado que
possui grande importancia econdmica mundialmertedcs sua produtividade intimamente
relacionada a saida do processo de dorméncia hlb&ste processo pode ser definido como
a incapacidade da planta iniciar o crescimento gtariatico mesmo sob condicbes
favoraveis e os mecanismos de controle moleculadatenéncia em macieiras ainda séo
pouco compreendidos. O objetivo do presente trabdth investigar o perfil génico
diferencial entre cultivares de macieiras contrast@para requerimento de frio. As cultivares
selecionadas foram Gala e sua mutante espontanéa Gata, as quais apresentam alto e
baixo requerimento de frio, respectivamente. Aitae hibridizacdo supressiva subtrativa
(SSH) permitiu a identificacdo de 28 genes cand&latregulacdo da dorméncia. Andlises de
RT-gPCR foram realizadas visando a validacdo da esgwesliferencial dos genes
selecionados, assim como caracteriza-los transodbnente em trés cultivares distintas
durante um ciclo de crescimento e de dorméncia.ZBagenes candidatos, 17 apresentaram o
mesmo perfil diferencial identificado por SSH. Uoumulo sazonal de transcritos durante o
inverno foi identificado para alguns genes e asivaues de maior requerimento de frio
apresentaram acumulo de transcritos por mais teilge. perfil permitiu-nos sugerir que
estes genes podem estar atuando na regulacdoabesgos de dorméncia e de aclimatacao
ao frio. Dos 17 genes validados, aqueles codifieale proteinas DAM, desidrinas,
GAST1, LTI65, NAC, histonas variantes H2A.Z e RAP2.4fresentaram 0S maiores
contrastes transcricionais entre as cultivaresisatils durante o inverno e constituem-se
como fortes candidatos a participantes do procgsgwogressado da dorméncia em macieiras.
Finalmente, a familia de genes codificadores déddeas de macieira teve seus membros
identificados e caracterizados transcricionalmenfmalises in silico permitiram a
identificacdo de oito modelos génicos preditos dsiditinas no genoma de macieira. As
cadeias peptidicas deduzidas foram classificadadolcne a presenca dos segmentos
conservados ¥SK,. Um perfil sazonal de regulacdo da expressaoditificado, com a
presenca de um pico de acumulo de transcritos tfucaimverno, o que sugere a presenca de

um mecanismo similar de regulacdo entre genessidrolas de macieira.



ABSTRACT

Apple tree Malus x domesticaBorkh.) is a temperate fruit crop of great economic
importance worldwide and its productivity is rethteith the release from a bud dormancy
process. This process is defined as the plantlityata initiate growth from meristems under
favorable conditions and molecular information abdarmancy control in apple trees is
limited. The aim of the present work was to invgstie the differential gene expression
profiles between apple tree cultivars contrasting chilling requirement for breaking
dormancy. The selected apple cultivars were Gathisnderived bud sport Castel Gala,
which displays high and low chilling requiremergspectively. A suppression subtractive
hybridization (SSH) assay yielded 28 candidate ggnatatively associated to dormancy
cycling. RT-gPCR analyses were performed in orderaiadate the differential expression
profiles and also to transcriptionally characteriie selected genes in three distinct apple
tree cultivars during a growth to dormancy cyclangkg the 28 candidate genes, 17
confirmed the differential expression profile ptdd by SSH. A seasonal transcript
accumulation during the winter was identified tangogenes, with high chilling requirement
cultivars presenting higher levels of transcrigisis profile allowed us to suggest that these
genes may be acting on dormancy regulation and amdtimation. Out of the 17 candidate
genes, those coding for DAM, dehydrins, GASTL1, LSIBIAC, histone variants H2A.Z and
RAP2.12 displayed major differences in gene expoessietween cultivars through the
winter and are strong candidates to play key roleslormancy progression in apple trees.
Finally, we identified and transcriptionally chateized the dehydrin gene family in apple
trees.In silico analyses allowed us to identify eight predictedegenodels for dehydrins in
the apple genome. Deduced polypeptides were dkdsaiccording to the presence of the
conserved ¥SK, segments. A seasonal regulation of gene expressasnobserved, with
higher transcript accumulation during the wintenisTdata suggests that a similar mechanism
of transcript regulation is acting through the apgéhydrin genes.



1 INTRODUCAO

O processo de dorméncia de gemas em plantas péremesnecanismo de protecao a
condicbes ambientais adversas tais como a expoaibanxas temperaturas e a alteracdo do
fotoperiodo, estresses que podem acarretar a rdertéecidos metabolicamente ativos
(HORVATH et al, 2003; CAMPOQOYet al, 2011). Tal processo € geneticamente controlado e
sua superacao ocorrera associada a exposicacamdasph temperaturas de frio e fotoperiodo
adequados a cada espécie.

Frutiferas de clima temperado possuem grande idpwet econdmica mundial e sua
produtividade esta intimamente relacionada a docraérPor consequéncia, a producéo
destas frutas em climas quentes apresenta difabeddpara a obtencéo de altos rendimentos.
A utilizac&o de agentes quimicos ou meios fisiégeando a quebra da dorméncia de gemas é
uma alternativa para a obtencéo de sucesso eproaiscdes (PALLADINI & PETRI, 1999;
DENARDI & SECCON, 2005; CAMPOt al, 2011).

As previsbes de mudancas climéticas globais sugelernacdo das temperaturas
médias anuais e invernos amenos, chamando a atéscddiculdades que a agricultura
enfrentard em médio e longo prazos (ARO&Aal, 2003; FERREIRA, 2009; CAMPO¥t
al., 2011). Assim, o desenvolvimento de frutiferas aoenor requerimento de frio constitui
uma alternativa interessante visando a reducacukies de produgcédo associados a aquisi¢ao
de agentes quimicos, uma estratégia vantajosa dto pe vista da sustentabilidade
ambiental, em paralelo ao estabelecimento de umar maiformidade de brotacdo nas
plantas cultivadas.

Os mecanismos moleculares que regulam a saidard&€nca de gemas ainda séo
pouco compreendidos. Por outro lado, diversos ggnésram identificados devido a sua
participagdo no processo de inducdo da dorménsjgece&lmente quando induzido por
exposicdo a dias curtos. Estudos realizados emodddpimo e péssego demonstraram que a
utilizacdo de mutantes divergentes quanto ao psocegs dorméncia, sejam eles naturais ou
obtidos por transgenia, € uma estratégia que pederapregada para a identificacdo de
genes reguladores deste processo (BOHLENitES, 2006; BIELENBERGet al, 2008).

A macieira Malus x domesticaBorkh.) € um exemplo de planta regulada por fatores
ambientais como a progressao da dorméncia dependentrio (HEIDE & PRESTRUD,
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2005). Contudo, distintos tempos de exposicdo adeatyras de frio sdo necessarios para
superar o processo de dorméncia em diferentesvand de uma mesma espécie
(JACKSON, 2003). Tal fato € observado entre a ailtidala Standard — que apresenta
médio requerimento de frioe-alguns de seus mutantes naturais como a cultastel Gala

— que apresenta baixo requerimento de frio (PALLAD& PETRI, 1999; DENARDI &
SECCON, 2005). A caracterizacdo da expressao géifiegerttial entre estas cultivares
podera permitir a identificacdo dos genes assosiadam padrdo de menor requerimento de
frio, os quais poderdo ser Uteis para o desenvehiion de cultivares geneticamente
modificadas mais adaptadas as atuais condi¢cdesearaisi de producdo da regido sul do
Brasil.

1.1 DORMENCIA DE GEMAS E TRANSICAO FLORAL EM PLANTAS

A identificacdo e a compreensao dos processos egenr 0 desenvolvimento de
espécies perenes, em especial a mudanca da fasdl javreprodutiva, a progressao da
dorméncia e a floragdo, sdo essenciais para a gélotede culturas comerciais melhor
adaptadas ao seu cenario de cultivo regional (HORVAT al, 2003; JACKSON, 2003).
Plantas perenes podem responder a condi¢cdes aaibisaronais com o estabelecimento de
um periodo de dorméncia, o qual pode ser definiolmoc a incapacidade de iniciar o
crescimento meristemético sob condi¢gfes favordREM-HDE & BHALERAO, 2007).

Em resposta a diferentes fatores, trés tipos den&wia em gemas foram
previamente descritos: (i) paradorméncia — inibigocrescimento provocada por outro
orgao da planta; (ii) endodorméncia — dorméncialleetp por sinais internos das gemas; e
(i) ecodorméncia — dorméncia devido a condicOesmbiantais temporariamente
desfavoraveis (LANG, 1987). Gemas de plantas psrpodem integrar os diferentes tipos de
dorméncia e estar sob a acdo de um ou mais segusatorios simultaneamente, tais como
resposta ao fotoperiodo e ao frio (FAUST al, 1997; HORVATHet al, 2003). Neste
sentido, as gemas atuam como estruturas receplesass sinais na planta, sendo que cada
gema endodormente pode ser considerada como urdadenindependente. Estudos em
pessegueiro demonstraram que ndo ocorre comuniestéd gemas endodormentes de um

mesmo no. Assim, uma determinada gema néo € caparukir a quebra da dorméncia em
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outra gema da mesma planta (RAGEA&U al, 2010). Na presente Dissertacdo, o foco
principal foi o estudo do fendmeno de endodormémigual sera chamado de dorméncia a
partir deste ponto.

Diferentes fatores ambientais, fisioldgicos e mol@es ja tiveram seu papel
parcialmente caracterizado no processo de dorménboigudo, a hipotese de que apenas um
sinal atua diretamente nas gemas, sendo responpélel ativacdo e manutencdo da
dorméncia, é improvavel (JACKSON, 2003; CHAED al, 2007). A interacdo entre esses
sinais regulatérios ainda € pouco conhecida, apgsamrecentes avancos conquistados na

area.

1.1.1 Mecanismos fisiol6gicos da dorméncia

O estabelecimento do processo de dorméncia censsparalisacdo do crescimento
vegetativo, na formacdo da gema apical e no indciosenescéncia das folhas. Fatores
ambientais como a sequéncia de dias mais curtosexp@sicdo a baixas temperaturas sao
sinais que induzem a planta a entrar no processtodeéncia (HORVATHet al, 2003;
JACKSON, 2003; ROHDE & BHALERAO, 2007). Uma vez que&rescimento vegetativo
cessa, as células meristematicas ficam inabilitadasesponder a sinais de promoc¢ao de
crescimento (ROHDE & BHALERAO, 2007).

A progresséo da dorméncia esta relacionada a €§woda planta ao frio prolongado.
Cada espécie vegetal possuira um requerimento a@difrernal especifico da sua regido de
origem. Porém, evolutivamente, podera se adapthfeeentes regides (JACKSON, 2003).
Diversos modelos empiricos foram desenvolvidosndeaa estimativa do requerimento de
frio de cada espécie, sendo a forma de registiteslas unidades de frio hibernal (UFH). Os
modelos “Utah Modificado” e “Carolina do Norte Madddo” estdo baseados na
acumulacdo de UFH conforme uma tabela predefirotiae a exposicdo a determinada
temperatura por uma hora equivale a certa quadtiddel UFH (JACKSON, 2003;
BOTELHO et al, 2006). Uma vez satisfeita a necessidade de driplanta estara apta a
reiniciar o ciclo vegetativo e reprodutivo quandmuver condicbes ambientais favoraveis
(JACKSON, 2003; ROHDE & BHALERAO, 2007).
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O 4&cido giberélico (GA, do ingléggibberellic aciJ € um horménio vegetal
responsavel por controlar o alongamento e a dif@eao celular. Uma diminuicdo na
concentracdo de GA foi observada em plantas expastalias curtos, ocasionando a
paralisacdo do crescimento vegetativo e da divegdimlar nos meristemas subapicais. Tal
observacgéo é sustentada pela regulacdo negatizatiango genexidase GA-2@m folhas, o
gual codifica uma enzima chave na sintese de GAQNA et al, 2008; van der SHOOT &
RINNE, 2011).

A aplicacdo exégena de GA é capaz de quebrar aétaiende gemas em substituicdo
ao frio. Assim, sugere-se que o frio seja capaedlenular a biossintese de GA, além de
ativar genes de sua sintese no apice da gema por deemodificacbes no padrdo de
metilacdo destes genes. Contudo, a regulacdo ddeamtese de GA parece possuir maior
importancia na dorméncia do que o nivel de GA mtesaos tecidos (van der SHOOT &
RINNE, 2011).

Acido abscisico (ABA, do inglésabscisic aciyl € um fitohorménio envolvido na
resposta a estresses abidticos, na maturacao @mtesne na paralisacdo do crescimento. A
sua interacdo com ions calcio em resposta a esdragsbientais envolve a inducédo de genes
envolvidos na sintese e na transducdo de sinal Bi®& ®ARORA et al, 2003; van der
SHOOT & RINNE, 2011). Contudo, o seu papel duranpeogesso de dorméncia de gemas é
controverso (ROHDE & BHALERAO, 2007; ALLONAt al, 2008). Embora o nivel de
ABA alcance um pico apos trés a quatro semanas uesiefo a dias curtos, resultando na
ativacado de genes da rota de sintese e de transdecinal de ABA, nenhuma correlacéo foi
comprovada entre a paralisacdo do crescimentoatdgeta dorméncia de gemas e 0s niveis
apicais de ABA em plantas perenes. O seu envolvoneatdorméncia parece estar mais
relacionado ao controle do fotoperiodo para a atlgfo ao frio e a tolerancia a
desidratacdo (ARORAt al, 2003; ALLONA et al, 2008; van der SHOOT & RINNE,
2011).

Acucares, além de fontes de energia, sdo molécitadizadoras que regulam a
expresséao de diversos genes durante o desenvoteivegetal (RIOU-KHAMLICHIet al,
2000). Algumas de suas rotas de sinalizacdo envolvéransicdo de gemas vegetativas da
paradorméncia para a endodorméncia. Especula-salgues acucares, tais como sacarose,
amido, galactinol e rafinose, possuam um papel rtapte na regulacédo da dorméncia de
gemas por meio da sua interagdo com fitorméniomoco ABA (CHAO et al, 2007;
RUTTINK et al, 2007).
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1.1.2 Mecanismos moleculares da dorméncia

A dorméncia de gemas em plantas de clima tempéranio fenbmeno bem estudado
do ponto de vista fisiol6gico e de suas interagfims fatores ambientais. Entretanto, os
aspectos moleculares e os componentes genéticadvidlme nas rotas de sinalizacao e
regulacdo da dorméncia ainda sdo poucos caractesiz8HORVATH et al, 2003;
HORVATH, 2009). Assim, a sobreposicdo dos sinais gegulam os processos de
dorméncia, floragédo e percepcédo de temperaturanfastes fenbmenos interdependentes,
sendo necessario que sejam estudados e compreendigantamente.

1.1.2.1 Percepcéao ao frio

As variacdes que ocorrem na temperatura ao loag@stacoes do ano possuem papel
regulatério em diversos estadios do desenvolvimeagetal, uma vez que a planta necessita
perceber tais oscilagbes para responder satisfatente (PENFIELD, 2007). O processo de
dorméncia é um mecanismo de sobrevivéncia da ptmttaondicdes adversas tais como 0s
invernos em regides de climas frios e temperadesessitando que a inducdo deste
fendbmeno ocorra antes da chegada de temperaturameas de frio (CAMPOt al, 2011).

As etapas de inducdo e superacdo da dorméncia liemsctemperados sé&o
primariamente reguladas por baixas temperaturasteeagbes no comprimento do dia.
Contudo, a extensao na qual estes sinais ambieetpilam tal processo e sua interacdo com
rotas de sinalizacdo varia grandemente entre espdéCHAO et al, 2007). Pereiras e
macieiras, por exemplo, possuem o estabeleciment@a enducdo da dorméncia
exclusivamente controlada por baixas temperatiregpendentemente de alteragcdes no
fotoperiodo (HEIDE & PRESTRUD, 2005). Especula-se gsie tipo de resposta seja um
padrao entre plantas originarias de regifes ondmperatura marca as estacées do ano com
maior precisdo do que a qualidade da luz, possumdoanismos evolutivamente mais
direcionados a sensibilidade e a percepcdo de tatopgs para a sincronizacado da sua
fenologia com o ambiente (CAMPCéf al, 2011).
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O fenbmeno de aclimatag&o ao frio — processo nbagdes prévia exposicao a baixas
temperaturas as plantas ganham tolerancia a teta@eyaxtremas de frio — exemplifica a
importancia da percepcao do frio por parte dastasaruma vez que antecede a paralisacao
do crescimento vegetal (PENFIELD, 2007; TANIND al, 2010). Diversos mecanismos
moleculares de percepcédo ao frio ja foram elucidago plantas, apesar de muitas rotas de
sinalizacdo ainda necessitarem de maiores estGdddROY et al, 2011).

As proteinas CBFs (fatores de ligacdo a repeticdooGnglés, C-repeat Binding
Factorg, também conhecidas como DREBs (proteinas de ligagiementos responsivos a
desidratacéo, do ingléBehydration-Responsive Element-Binding protgipsssuem funcao
central na inducéo de genes de aclimatacdo adsstes fatores de transcricdo sao induzidos
de trés a seis horas ap0s a exposicao ao frianakiva expressado de ge@3R (responsivo
ao frio, do inglésCold Responsiyee conferindo tolerancia ao frio (CHINNUSAMat al,
2007; KURBIDAEVA & NOVOKRESHCHENOVA, 2011).

O fator de transcricdo ICE1 (indutor de expressaGBE, do inglésinducer of CBF
Expression Lpossui forma ativa somente sob baixas tempesapoameio de modificacdes
postraducionais induzidas pelo frio. EArabidopsis o genelCELl é constitutivamente
expresso, sendo um dos primeiros integrantes dateade sinalizacao por frio. Uma vez
ativado, a sua proteina forma dimeros capazeselagir com o DNA e induzir a expressao
dos genes CBFs (CHINNUSAMY et al, 2007; KURBIDAEVA &
NOVOKRESHCHENOVA, 2011).

A familia de fatores de transcricdo CAMT@tivador da transcricdo ligada a
calmodulina, do ingléCalmodulin Binding Transcription Activatpatua na sinalizacdo de
ions célcio por meio de interacdo com calmoduliEas plantas, ions calcio sdo mensageiros
secundarios que atuam em cascatas de transduc&@naleem diversos processos de
crescimento e desenvolvimento, incluindo respastadrios estimulos ambientais (PANG
al., 2007). O frio € um dos estimulos responsaves @emento da concentragdo destes ions
no citoplasma, iniciando uma cascata de transdde&onal. A interacédo entre calmodulinas
e célcio regula a atividade das proteinas CAMTAq@ais sdo capazes de interagir com a
regido promotora do gen€BF2 ativando-o, com impacto na aclimatacdo ao frio
(DOHERTY et al, 2009; KURBIDAEVA & NOVOKRESHCHENOVA, 2011).

As DHNs (desidrinas, do inglédehydring integram o conjunto de gen€®Re suas
proteinas sado sintetizadas durante situacfOes deratagsdo celular, o que ocorre durante

estagios de desenvolvimento ou em resposta a dssinaumbientais, tais como baixas
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temperaturas, perda de agua ou alta salinidade (KDRBVA &
NOVOKRESHCHENOVA, 2011). Estudos em diferentes eg®cvegetais lenhosas
demonstraram que o acumulo de algumas destasna®tmicia durante o outono e alcanca
seu maior nivel no inverno, coincidindo com a méaxtolerancia a temperaturas extremas de
frio (FERNANDEZ et al, 2012). O acumulo de DHNs durante a aclimatacadriaoé
importante para a protecdo do citoplasma e de narabrlipidicas contra a perda de agua,
além de possuir atividade crioprotetora sobre dagenzimas (KOSOVAt al, 2007). As
DHNs estdo presentes em gemas expostas ao frio e, m) desaparecem quando o
crescimento vegetativo é restabelecido (KEletNl, 2007).

Outras rotas de aclimatacao ao frio independemtegeneBFsja foram descritas.
Contudo, a grande maioria desses mecanismos aipdac® conhecida. Os genESK1
(ESKIMO1), MYCUMYB (mielocitomatose/mieloblastose oncogene, do inglés
MY eloCytomatosiMY eloBlastosis oncogenedNAC (NAM, ATAF1/2, CUC2 que, do inglés,
designam respectivamentelosi “sem meristema apical” ddo Apical MeristemATAF1/2;
“cotilédone em forma de taca 2” @up-shaped cotyledon,ZAT12(transportador de zinco
12, do inglészinc transporter 1P entre outros, integram rotas alternativas degméao ao
frio, as quais podem ser dependentes ou indepesleiet ABA (CHINNUSAMY et al,
2007; KURBIDAEVA & NOVOKRESHCHENOVA, 2011).

O geneESK1codifica uma proteina que atua na rota dependdnt@BA e possui
funcdo regulatéria negativa na percepcao ao fno.Afabidopsis, este integra uma familia
génica de 45 proteinas, cuja grande maioria aiddafoi caracterizada. O mecanismo no
gual ESK1 regula a tolerancia a temperaturas esfsaie frio ainda nao foi elucidado (XIN
& BROWSE, 1998).

Os fatores de transcricéo da familia NAC séo exabssile plantas e possuem mais de
100 membros, dos quais apenas uma pequena quantielael sua funcdo caracterizada
(OLSEN et al, 2005). Alguns de seus membros ja foram descptwsintegrar rotas de
respostas a desidratagcdo e ao estresse salinoeitieie de ABA, sendo também
demonstrada, enArabidopsis a sua participacdo no aumento da tolerancia @ fr
(KURBIDAEVA & NOVOKRESHCHENOVA, 2011).

O geneLOS1 (baixa expressao de genes osmoticamente respsnsivanglésl.ow
expression of Osmotically responsive gengsdtblifica um fator de alongamento (EF2) da
cadeia peptidica durante a traducao. Amabidopsis o processo de traducéo de proteinas em
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baixas temperaturas € dependente de LOS1, umaueea dalta desta proteina resulta na
diminuic&o drastica desse processo no frio (Gtal, 2002).

Oligossacarideos da familia da rafinose (RFO, dolésngRaffinose Family
Oligosaccharidesforam descritos como boas moléculas de resenad®no devido a sua
atividade nado redutora, acumulando-se em grandestiades na célula sem afetar
processos metabolicos primérios (UNDA al, 2012). Tais carboidratos foram descritos
inicialmente pelo seu papel na dessecacdo de sesnenposteriormente na tolerancia ao
estresse provocado pelo frio, salinidade e secdl(@®al, 2002). A enzima galatinol sintase
(GoLS, do inglésgalactinol synthageé responsavel pela primeira etapa da reacamtissi
de RFOs. EmArabidopsis a regulacao de trés homélogos @eLS ocorre em resposta a
exposicao a diferentes tipos de estresses de degido, sendo um desses homédlogos
regulado exclusivamente pelo frio (TA#t al, 2002). Estudos recentes em &lamo
demonstraram que 0s genes da fan@lid.Ssao regulados diferentemente entre si ao longo
do ano e que um dos homoélogos teve sua expressdda durante o inverno (UND¢t al,
2012).

O acucar trealose é um dissacarideo capaz de erateriéculas biolégicas por meio
da absorcdo reversivel de agua em resposta a Gerdile estresse e dessecagdo, como
exposicdo a altas ou baixas temperaturas. Contudoimulo deste carboidrato € comum
apenas em plantas altamente tolerantes a dessgeaté@icdo em quantidades irrisérias na
grande parte do reino vegetal (PENNA, 2003). A desta de genes que regulam a sintese
de trealose enfrabidopsis como o codificador da trealose 6-fosfato sintGe@PS, do
inglés, trehalose-6-phosphate synthaismstigou a busca desta rota metabdlica em digers
espécies vegetais. A producdo da enzima T6PS, nedpel pela primeira etapa do
catabolismo de trealose, é de vital importanciaa par germinacdo de sementes de
Arabidopsis além de possuir um papel importante no crescioneagetativo e na transicao
floral de plantas adultas (DIJKE® al, 2004).

A exposicdo ao frio possui diferentes efeitos sl plantas. Baixas temperaturas
podem promover danos celulares irreversiveis caglarga ndo passe por aclimatacdo ao
frio. Contudo, o conhecimento dos mecanismos deostspa este tipo de estresse ainda é
limitado (KURBIDAEVA & NOVOKRESHCHENOVA, 2011). A pergegdo as mudancas
de temperatura e a sua interagdo com outros sngigentais possui papel regulatério no

controle de diferentes processos referentes amasanento e a sobrevivéncia das plantas,
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tais como a progressao da dorméncia e da floraB&NKIELD, 2008; AMASINO &
MICHAELS, 2010).

1.1.2.2 Transigao floral

O fenbmeno de transicao floral abrange todos asamemos necessarios para que o
meristema produza flores. O controle da floracamkme a ativacdo de genes homeodticos
florais por meio da integragcdo de sinais ambientai®mo mudancas no fotoperiodo e na
temperatura — e enddgenos — tais como a sinalizagdGA e rotas autbnomas (WILKE
al., 2008; POSEet al, 2012).

Em Arabidopsis receptores de luz presentes nas folhas séo capkzeerceber
alteracdes no fotoperiodo, sendo que a presenghaddongos desencadeia a inducdo da
floracdo (WILKIE et al, 2008; AMASINO & MICHAELS, 2010). Fotorreceptores d
vernalizacdo para o relégio circadiano, tais contocfomo A (PHYA, do inglés
PHYTOCROME Ae criptocromo 1, regulam a transcricdo do prométyal CONSTANS
(CO) de modo que o pico de transcritos ocorre ao @e¢ar em dias longos e a noite em dias
curtos. Devido a proteina deO ser degradada no escuro, ela somente ird se aumul
durante dias longos para, assim, induzir a trag@erido integrador floraFLOWERING
LOCUS T(FT) nas folhas (BOHLENIU®t al, 2006; WILKIE et al, 2008; AMASINO &
MICHAELS, 2010). A proteina d€T se encaixa na descricdo de “florigeno”, substancia
descrita em meados de 1930 por Chailakhyan (193Mpca molécula transportada pelo
floema que é indutora de floracdo (BOHLENIEBal, 2006). Esta proteina é transportada
até o broto apical para formar um complexo com atarfde transcricdo do tipo bZIP FD
(dominio basico ziper de leucina FD, do ingBasic Leucine Zipper Domain BDApesar
de sua presenca no meristema ainda néao ter sidorgeada, este complexo induz a floragéo
pela ativacdo de genes de identidade meristeméticeo APETALAL1(AP1), e genes de
integracao floral, como SOC1 (supressor da supezesfio de CONSTANSI, do inglés,
Suppressor of Overexpression of CONSTAMSIASINO & MICHAELS, 2010; POSEet
al., 2012).

Uma das rotas de repressad-dee mediada pela familia de fatores de transcri¢&o q

contém o dominio AP2 (APETALAZ2), os quais sao raduafes transcricionais de diversos
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processos biolégicos relacionados ao desenvolvomesgetal, em especial a determinacao
de 6rgaos florais. O geeP2, em Arabidopsis foi descrito como repressor da floracéo e do
desenvolvimento floral, por meio da inibicdo dans@icdo deSOCle demiRNAL172 além
de atuar na inducéo da transcricdo de outros messflorais da sua mesma familia (YANT
et al, 2010). O micro RNAmMIRNAl172regula a expressdo de genes inibidores de
florescimento tais como aqueles da famfiR2 incluindo o proprio genAP2 O aumento da
presenca deste miRNA resulta na diminuicdo de drdas dos genes repressores florais,
resultando na promocéo do florescimento (AUKERMANSAKALI, 2003).

Os fatores de transcricdo da famiWeADS-boxAGL24 (AGAMOUS-LIKE 24) e
SVP (fase vegetativa curta, do ingl&hort Vegetative Phaspossuem alta similaridade de
sequéncia. Entretanto, desempenham funcbes antagono processo de transicdo floral.
Enquanto AGL24 é capaz de formar um complexo mote&iom SOC1 e promover a
expressdo do gene de identidade meristemétis-Y (LFY), a proteina SVP atua como
repressor da floracdo, regulando rotas autonondes temperatura em conjunto com FLC
(FLOWERING LOCUS (HORVATH, 2009; POSEet al, 2012).

A vernalizacdo € um processo onde a exposicaormgata ao frio € capaz de tornar
as plantas competentes para a floracdo (AMASINO KIWAELS, 2010). Tal processo é
um dos responsaveis pela repressao do Ee@eEste gene codifica um fator de transcricdo
do tipoMADS-boxque atua em rotas repressoras de floracdo. FL@jwahtranscricional, é
capaz de reprimir genes-chave de transicao flarslcomoFD, FT e SOC1(WILKIE et al,
2008; AMASINO & MICHAELS, 2010). As baixas tempereda sdo responsaveis pela
ativacdo da expressdo do geriél3 (insensivel a vernalizacdo 3, do inglégernalization
Insensitive 3 o qual codifica componentes do complexo PRC2 (¢texoprepressivo do
policombo, do inglésPolycombRepressiveComplex 2 Este complexo é responsavel por
atuar na remodelacdo da cromatina do gelb€ por meio da metilacdo da lisina-27 na
histonaH3 (HORVATH, 2009; AMASINO & MICHAELS, 2010). A crontma é uma fibra
composta por DNA e proteinas em unidades repeditida nucleossomos, octameros
compostos de duas copias de cada uma das quateinpsohistonas (H2A, H2B, H3 e H4),
além de cerca de 150 pares de bases (pb) de DNsgewaaedor. Esta estrutura serve,
principalmente, para compactar o DNA no nucleo, taashém tem funcdo de regulacdo da
expressao génica por expor ou indisponibilizar éaqias de DNA as proteinas reguladoras e
ao complexo de transcricdo (DEAL & HENIKOFF, 2010utro regulador da expressdo do

geneFLC por meio de eventos de remodelacdo da cromatineoénplexo SWR1C. Uma de
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suas subunidades proteicas, codificada pelo @drie6 (proteina relaciona a actina 6, do
inglés, actin-related protein 6), possui como fengdbstituir a histona H2A pela sua variante
termossensivel H2A.Z. Esta variante é responsawel npanter a regido promotora de
determinados genes em um estado relaxado, prepaaaa@ transcricdo, mas dependente de
aumento de temperatura para que ocorra a sua &iivdagEAL & HENIKOFF, 2010;
KUMAR & WIGGE, 2010).

A inducdo da floracdo durante dias curtos necesgita o horménio GA seja
produzido. Neste sistema, GA& produzido nas folhas e transportado até o hbmptoal,
induzindo a floragdo por meio da inducdo 8&C1 e LFY (WILKIE et al, 2008;
HORVATH, 2009). Genes da famil@AST (transcrito estimulado por GA, do ingl&A
Stimulated Transcriptforam inicialmente descritos em tomateiro, seddscrito o aumento
de sua transcricdo por meio de aplicacéo de GA &ldl, 1992). EmArabidopsis alguns
dos membros da famili@ASTforam descritos por atuarem no desenvolvimentalfflora
germinacao de sementes, na sinalizacdo de luzesis#éncia ao estresse causado por calor
(RUBINOVICH & WEISS, 2010).

Os fatores de transcricdo GRAS (GAI, RGA e SCR que,ingtés, designam
respectivamente os loci “insensivel a giberelina”Gibberellin-Insensitive “repressor de
gal-3” ourepressor of gal-3e SCARECROYWpossuem envolvimento no crescimento e no
desenvolvimento vegetal, na sinalizacdo por GA &rarssducéo de sinal de luz. Entretanto,
apesar de 33 genes preditos terem sido identiffcadogenoma dArabidopsis apenas dez
destes tiveram sua funcéo descrita na literatugi @t al, 2008).

O hormdnio ABA, em contrapartida, possui funcédo goésta ao GA, atuando como
repressor da floragdo. A sinalizag&o induzida pBAZe etileno, um hormonio relacionado
ao estresse, altera a floracédo devido a sua idi@i@gm as proteinas DELLA, as quais atuam
na repressao da sinalizacdo de GAs (HORVATH, 2008 das subfamilias dos fatores de
transcricdo GRAS € denominada DELLA, devido a pregeto dominio proteico DELLA.
Dois dos seus integrantes, R@AGAI, foram descritos por atuarem na regulaca@tinega
sinalizacdo do horménio GA (TYLE& al, 2004).
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1.1.2.3 Dorméncia de gemas

A compreensdo dos mecanismos moleculares queotamtro estabelecimento, a
manutencdo e a liberacdo do processo de dorméntigeenas € de grande valia para a
geracdo de plantas adaptadas a cada cenario d@.cAlttransicdo do ciclo de dorméncia
deve ser finamente sincronizada com as variac@esatatas sazonais. Sinais ambientais tais
como temperatura, fotoperiodo, qualidade de lusera auxiliam a planta a regular este
processo de sincronizagdo (CAMP@Val, 2011). Entretanto, uma vez que a descoberta de
genes reguladores da dorméncia teve inicio apatastemente, a sua perfeita integracédo
com estes sinais ambientais e com rotas fisiol§gi&astabelecidas ainda néo foi realizada.

Estudos conduzidos com o mutarggergrowing (de crescimento continuo) de
pessegueiro, 0 qual é incapaz de formar gemasateget terminais em resposta a condi¢cdes
indutoras de dorméncia, permitiram a identificaghoo uma mutacdo gendmica onde se
descobriu uma familia de fatores de transcricaoleida na regulacdo deste processo. Este
mutante possui delecdo de um segmento cromoss@amitendo seis genes organizados em
tandem os quais apresentam alta similaridade ao grugéd\BE11, o qual também apresenta
0s genesSVP e AGL14 de Arabidopsis Os genes de pessegueiro foram descritos como
fatores de transcricio DAMMADS-box associados a dorméncia, do inglésrmancy-
associated MADS-bpxe s&o candidatos a regulacdo da interrupcdo dscianento
vegetativo e a formacdo da gema terminal (BIELENBER@GI, 2008). Dois desses genes,
PpDAMS5 e PpDAMG possuem um perfil transcricional consistente aorepressores do
crescimento vegetativo, com o aumento de transcritbinicio da dorméncia e o declinio
durante o inverno (Lét al, 2009). Genes codificadores de proteinas destenanéamilia ja
foram descritos em damasco (SASAKIlal, 2011),kiwi (WU et al, 2012) e pereira (UBdt
al., 2010).

Em Arabidopsis os gene$T e CO foram descritos como responséaveis pela inducao
da floracao e percepcao do fotoperiodo, respecantan(AMASINO & MICHAELS, 2010).
Contudo, existem evidéncias de que a inducédo daegsocde dorméncia de gemas por dias
curtos € mediada pelo fitocromo e pelo méd#H®/CO. Plantas do géner®opulus
superexpressandeT sdo incapazes de entrar em dorméncia quando aspasiias curtos
(BOHLENIUS et al, 2006).
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O processo de progressdo da dorméncia foi antegite relacionado com a
sinalizagcdo por GA. A aplicacdo ectopica de GA ua forma ativa € capaz de substituir a
exposicao ao frio (van der SCHOOT & RINNE, 2011). Reemente, foi proposto que a
liberacdo da dorméncia ocorre ap0s o restabeletindenconexdes simplasticas por meio da
degradacéo da calose do plasmodesma em um mecansmzalo por GA (RINNEet al,
2011). Em gemas, proteinas da familia DELLA podstareenvolvidas no estabelecimento
do processo de dorméncia, devido a ativacao trarswil que ocorre nestes genes durante
exposicao a dias curtos. GA poderia regular estasgydurante o processo de superagao da
dorméncia, por meio da repressao da transcricdedespressores do crescimento (van der
SCHOOT & RINNE, 2011).

Estudos em videira relacionaram o evento de quidm@orméncia com a sinalizacao
por estresse oxidativo. A aplicacdo de agentestonelsi da quebra de dorméncia de gemas,
como cianamida hidrogenada (CH), leva ao desenveiionde estresse oxidativo, ativando
uma cascata de transducéo de sinal que, por sy@stenula a brotacdo (O& al, 2000).

As enzimas piruvato descarboxilase (PDC) e alcosiddegenase (ADH) estdo envolvidas
no processo de fermentacdo anaerdbica, o qualcapaogmalmente em baixos niveis nas
plantas, sendo induzidas apenas por disturbiosragsios. A aplicacdo de CH levou ao
aumento da transcricao &®C e ADH. Apesar da inducado do metabolismo fermentativo ter
sido de natureza transitoria, uma vez que a inddedtes genes parou cerca de quatro dias
apos a aplicacdo de CH, foi sugerido que este Histéespiratério possa ser uma transdugao
de sinal que culmina na saida da dorménciadd&, 2000).

Um modelo para o processo de regulacdo da dormémqaoposto por HORVATH
(2009), onde os gendsT/CENL1 e DAM desempenham papel central (Figura 1). Neste
modelo, uma breve exposicdo ao frio induziria aesgio dos gen&AM, os quais atuariam
como repressores do gemd. A reducdo da expressdo € seria responsavel pela
paralisagdo do crescimento vegetativo e a induaddodméncia. A exposicéo prolongada ao
frio reprimiria os genedDAM por meio da remodelacdo da cromatina, acarretarado
superacao da dorméncia (HORVATH, 2009).

Diferentemente da maioria das plantas perenesmalguespécies da familia das
Rosaceas, incluindo a macieira e a pereira, ndoupos® fotoperiodo como principal
regulador do processo de inducdo e superacédo d@doia e, sim, as baixas temperaturas
(HEIDE & PRESTRUD, 2005; HORVATH, 2009).



25

[ e

eldgio

A, - circadiano
e
o

Dia curto/Noite longa

genes AM FT/CENL — Inducéo Ada ' Superagﬁoﬂ dg
endodorméncia endodorméncia

Remodelacdo da cromatina?
s o, j Frio
Remodelagdo da eromatina: Cutto periodo orlongaiio é}cs
Q de frio af_'o
4

Figura 1. Modelo de inducdo da dorméncia. Curtos perioddsiadénduzem os gend3AM por meio da acao
dos CBFs e possivelmente por eventos de remodetiz@oomatina. Alternativamente, a alteracao dagiel
circadiano devido a exposicéo a dias curtos repanmaxpressdo d€O, um indutor do gené€T, e induz a
expressado dos genBAM. A cascata de sinalizacdo mediada por PHYA taméémportante por integrar os
sinais do reldgio circadiano. A acumulacdo dasginas DAM é capaz de reprimiiT. A reducédo de FT
acarreta na paralisacdo do crescimento e na indigd@tmrméncia de gemas. A prolongada exposicaoi@o f
leva a repressdo dos ger@8M por meio de alteragbes na cromatina, além deriailsinalizacdo do relégio
circadiano, levando a quebra da dorméncia. AdapdaddORVATH (2009).

1.2 A CULTURA DA MACIEIRA

A macieira é uma das principais frutiferas cultamanundialmente, sendo a quarta
mais importante economicamente, atras apenas diciespcitricas, videira e bananeira
(TROGGIO et al., 2012). Membro integrante da fandbs Rosaceas, esta espécie de clima
temperado apresenta queda de folhas no final doiskeuvegetativo com o estabelecimento
da dorméncia. Mais de 10.000 diferentes cultivatesmacieira ja foram documentadas
(TROGGIO et al., 2012), sendo que, no Brasil, ascjpais cultivares comerciais sdo Gala,
Fuji e suas variantes, devido as suas propriedadesolépticas que agradam ao consumidor
brasileiro. Entretanto, ambas cultivares possugmrabjuerimento de frio para a quebra de

dorméncia, isto €, 800 e 1040 UFH, respectivameht@suficiéncia de frio acumulado
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durante o inverno € um dos principais limitantes pnraducéo de frutiferas de clima
temperado, por causar irregularidade na brotacmeimas floriferas e vegetativas. Ocorre,
assim, a necessidade da utilizacdo de tratamentdbmiogps e fisicos para que haja a
continuidade do ciclo vegetativo da planta, geramdcaumento nos custos de producao e de
manejo (PALLADINI & PETRI, 1999; DENARDI & SECCON, 20p5

No ano de 2010, de acordo com a Organizacédo da@eBl&énidas para Agricultura e
Alimentacéo (FAO, do ingléssood and Agriculture Organization of the United Nais),
foram produzidas 69,5 milhdes de toneladas de nssg&o que o Brasil ocupou o nono
lugar na produ¢cdo mundial com quase 1,3 milhdesodeladas. Entretanto, foi apenas a
partir do ano de 1999 que o pais tornou-se expmrtdd macas, fruto de investimentos
realizados nos ultimos 30 anos e que fizeram augémd aumentar em mais de 6.000%
(FERREIRA, 2009). Analisando-se as previsdes climsitiglobais que sugerem um
incremento de 1 a 2,5°C na temperatura média anéa ano de 2050 na Regido Sul do
Brasil, a qual é responséavel por mais de 90% daugémnacional de macéas, destacam-se as
dificuldades que surgirdo para o aumento da pradagda qualidade das safras (ARORA
al., 2003; FERREIRA, 2009; CAMPO¥t al, 2011). A reducéo no acumulo de horas de frio
necessarias para o controle da progressao da duengdémge como o principal fator limitante
da producdo (FERREIRA, 2009). A utilizacdo de cultagacom baixa exigéncia de frio, tais
como a cultivar Castel Gala, € uma interessargenaltiva para contornar tal situacao.

A cultivar Castel Gala € caracterizada por apresebiixo requerimento de
frio — aproximadamente 400 UFH — quando comparaclalitevares comerciais como Gala e
Fuji. Esta nova cultivar surgiu em 1999 na cidadeMbnte Castelo, SC, oriunda de uma
mutacdo espontanea de gemas de um ramo lateraGala’,’ e possuindo frutos com
caracteristicas fisico-quimicas muito similaressea §DENARDI & SECCON, 2005). Por
apresentar menor requerimento de frio, ‘Castel Galasui seu ciclo de brotacao, floracéo e
producdo de macas antecipado em torno de 25 dasdguwomparada a ‘Gala’. Uma boa
adaptacao climética é essencial para que hajeeaipatdo da brotacdo e do florescimento,
ficando assim evidenciada a boa adaptacdo de ‘C&dd’ ao clima sul brasileiro
(DENARDI & SECCON, 2005). Na Figura 2 esta apresentada ilustracdo representativa
do contraste de desenvolvimento temporal existentee as cultivares Gala e sua mutante

Castel Gala.
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Figura 2. Contraste existente entre as cultivares Gala ¢elC&mla de macieira. Enquanto ‘Castel Gala’ ja
iniciou o ciclo vegetativo e reprodutivo (em al2,aGala’ ainda esta sob efeito do processo deméocia (b).
Destaca-se em “c” uma gema dormente de ‘Gala’, &démostram-se frutos de até um centimetro de diéon
de ‘Castel Gala’ a mesma época.

Assim sendo, o contrastante requerimento de fherhal existente entre as referidas
cultivares torna-se um modelo interessante paratode dos mecanismos moleculares
envolvidos nos fen6menos de entrada e de said@r@édcia de gemas em macieira. A
utilizacdo de metodologias que permitam a idesifio de genes diferencialmente expressos
€ uma alternativa para explorar este modelo, vsaodtribuir para uma melhor elucidacédo

dos mecanismos moleculares que regulam estes posoes plantas.

1.2.1 Expressao génica diferencial explorando o mddeGala’ vs ‘Castel Gala’

A técnica de Hibridizacdo Supressiva SubtrativaHS8o inglés, Suppression
Subtractive Hybridization pode ser utilizada na amplificacdo seletiva denege

diferencialmente expressos, ao mesmo tempo emuguane a amplificacdo de sequéncias
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curtas de DNA (DIATCHENKOet al, 1996). Uma série de estudos visando explorar a
expressao génica diferencial entre fenétipos cstangées ja foi realizada em macieiras. Para
tal, a SSH vem sendo empregada com sucesso eminascie estudo de genes envolvidos
na resposta a radiacao ultravioleta (BANal, 2007), a infeccdes fungicas e bacterianas
(KURKCUOGLU et al, 2007; NORELLIet al, 2009; PARISet al, 2009) e a abscisdo de
frutos (ZHOU et al, 2008). Além disto, a geracdo de bibliotecas ratibas também foi
empregada para o estudo de dorméncia de gemassaltados satisfatorios em pessegueiro
(LEIDA et al, 2010; JIMENEZet al, 2010), damasco (YAMANEt al, 2008) e cha-verde
(KRISHNARAJet al, 2011).

Tendo em vista a limitada informacgéo génica s@regulacdo e a sinalizacdo da
dorméncia de gemas (HORVATet al, 2003; HORVATH, 2009; CAMPO¢t al, 2011);
aliado aos resultados positivos envolvendo a atiip da técnica de SSH em macieira e no
estudo da dorméncia; e levando-se em conta a pukxile de exploracdo do modelo ‘Gala’
vs ‘Castel Gala’, a técnica de SSH foi a escolhida @arealizacdo da analise da expressao
génica diferencial entre duas cultivares de maxiemm requerimento de frio hibernal
contrastante (FALAVIGNA, 2010).

Neste estudo, foram construidas quatro bibliotsogsessivas subtrativas reciprocas
na entrada (maio) e na saida (agosto) da dorméac@nbas as cultivares, as quais tiveram
seus transcritos sequenciados e anotados funcientnsegundo os termos de ontologia
génica (GO, do inglégzene Ontology As gemas de ‘Gala’ mostraram maior nimero de
transcritos relacionados a resposta a estresstsobi@ abioticos. As gemas de ‘Gala’ de
agosto revelaram a presenga de transcritos de gedédiadores de fatores de transcricao
associados a dorméncia tais como aqueles pertescarfamilia GRAS e DAM, além de
proteinas osmoprotetoras como DHN. As gemas de éCaSala’ apresentaram
enriguecimento de transcritos associados a fotessire ao citoesqueleto (FALAVIGNA,
2010).

Na presente Dissertacdo esté relatada a contiratlEsbas atividades visando validar
e caracterizar o perfil transcricional de uma cditegle genes candidatos previamente
identificados nas quatro bibliotecas subtrativassels genes foram selecionados a partir de
andlises por bioinformética e de revisdo da liteeatatual, estando associados ao
estabelecimento, a manutencdo e a superacdo dé&mmande gemas em macieira. A
avaliacdo da expressdo génica foi realizada pelaicg de reacdo em cadeia da DNA



29

polimerase quantitativa precedida de transcricAersa (RT-gPCR, do ingléseverse
transcription-quantitative polymerase chain reanjio



2 OBJETIVOS

2.1 OBJETIVO GERAL

Estudar o requerimento hibernal contrastante entaltivar de macieira Gala e sua
mutante Castel Gala por meio da exploracdo da quassédo génica diferencial, utilizando a
técnica de construcdo de bibliotecas supressiviasasivas para a identificagdo de genes
potencialmente associados ao processo de entradasaida da dorméncia de gemas em

macieira.

2.2 OBJETIVOS ESPECIFICOS

* Realizar a validacdo da expressdo de uma colec@erkes candidatos previamente
identificados nas bibliotecas supressivas sub@ativs quais estdo potencialmente
associados ao estabelecimento, a manutencdo eceasiip da dorméncia de gemas

em macieira;

» Caracterizar o perfil transcricional dos genes waas em trés ciclos anuais de

amostragens de gemas dormentes de macieira;

» Identificar genes que possam ser utilizados comaecadares de caracteristicas
especificas do processo de dorméncia para pemn#gcompanhamento da evolucéo

deste processo, bem como a possibilidade de sehiateonoldgico.
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Abstract

Considering the limited information about bud doreaoontrol in appleNalusx domestica
Borkh.), this work aimed to investigate the diffefahgene expression profiles between
‘Gala Standard’ and its derived bud sport ‘CastdaGé&Castel Gala’ bears a spontaneous
mutation which reduced in 50% the chilling requiggrhfor dormancy completion and
consequently anticipated budbreak in the field. p¥dormed a suppression subtractive
hybridization (SSH) assay, which yielded 28 cangidgenes putatively associated with
dormancy cycling. RT-qPCR analyses were performexnider to validate the differential
expression profiles and also to transcriptionafigracterize those genes in three distinct
apple cultivars during a cycle comprising growtldtwmancy. Among the 28 candidate
genes, 17 had the differential expression predic}e8SH confirmed. For several genes,
seasonal transcript accumulation during the wiwis identified, with the higher steady-state
levels of transcript maintained for more time ighhichilling requirement cultivars. This
profile suggests that those genes may be actirponancy regulation. Out of these 17 gene
candidates, transcripts coding for dormancy-assstilADS-box (DAM), dehydrins,
GAST1, LTI65, NAC, histones H2A.Z and RAP2.12 disgldynajor differences in gene
expression between cultivars through the winteraredstrong candidates to play key roles

on the dormancy process in apple trees.

Keywords: apple, dormancy, gene expressigialusx domesticaRT-qPCR, suppression

subtractive hybridization
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Introduction

Perennial plants from temperate climate regionthgaugh a dormancy process
during autumn and winter which is responsible far tessation of visible growth. Dormancy
is triggered by adverse environmental conditiorshsas exposure to low temperatures and
photoperiodic modifications (Horvath et al. 2003hRe and Bhalerao 2007). Bud dormancy
in many temperate crops, such as apllalisx domesticaBorkh.), is genetically controlled
and overcoming this process requires exposurenddmperatures.

Agricultural production of temperate fruit cropsrmld-winter climates often face
difficulties in obtaining high yields. Success irch production systems demands the use of
chemicals or other means to break bud dormancyderdo compensate for insufficient
chilling. Modeling of future global climate conditis predicts the rising of global mean
temperatures and milder winter temperatures, wbathd compromise temperate crop yields
along the next decades (Campoy et al. 2011). Deredapof cultivars with low chilling
requirements (CR) is a promising alternative to sasti@p production in a changing
environment. The understanding of the mechanissoresible for this phenotype may
permit the development of new strategies to relishgoal.

Dormancy release and cold perception, the lasgbentral in dormancy progression,
are still poorly understood processes at the médedevel in plants. Dormancy entrance, on
the other hand, especially when triggered by sihays, is quite well characterized. In
ArabidopsiSCONSTANS (CO) and FLOWERING LOCUS T (FT) are proteiesponsible
for daylenght perception and flowering, respectiybut in aspen trees tigO/FT module
also regulates dormancy establishment (B6hlenias 006). In poplar, dormancy entrance
involves a deep transcriptional and metabolic rg@mming, directing cellular resources
towards synthesis of osmoprotectors and cold aatiom-related proteins, all orchestrated
mainly by ABA and ethylene (Ruttink et al. 2007) peach, a family of dormancy-associated
MADS-box genes (DAM) is required for growth cessatand dormancy establishment
(Bielenberg et al. 2008). A recent review proposes&cular model for dormancy control,
where DAM proteins are capable to repreSsexpressiortHorvath 2009). In this model, day
length regulates several genes through the actiomaadian clock and th€O/FT module
(Bohlenius et al. 2006, Horvath 2009). The CBF pathwdych inArabidopsisis involved
in response to cold stresses, may also particgpatsormancy regulation inducingAM



36

genes (Horvath 2009, Kurbidaeva and Novokreshche@6¢1). Chromatin remodeling
process helps the regulation of these genes dhddglormancy (Horvath 2009).

Apple tree is another example of perennial treeghesents bud dormancy during
winter months. However, different apple cultivaraynihave distinct CRs to overcome this
process (Heide and Prestrud 2005, Jackson 20013)s&ams to be the case of the Castel
Gala cultivar, which was originated from a spontarseebud sport mutation of a ‘Gala
Standard’ apple tree. ‘Castel Gala’ features low CRG-hours — when compared to the
original cultivar — 800 hours (Anzanello et al. BQDenardi and Seccon 2005). This new
cultivar exhibits approximately 25 days shorterleyaf budburst, flowering and fruit
harvesting, producing fruits anatomically and riignially very similar to ‘Gala Standard’
(Denardi and Seccon 2005). Therefore, genes assdaidth lower CR may be useful for the
development of cultivars with better adaptatioemeironmental conditions which could lead
to higher fruit production.

Apple bud dormancy regulation differs from betterdsed dormancy models, such as
poplar and peach, in the sense that it is notérigg) by short photoperiods (Heide and
Prestrud 2005). Dormancy in apples is well-charasd physiologically (Faust et al. 1997),
and a major QTL locus for flowering time has beewmd (Van Dyk et al. 2010, Celton et al.
2011). However, no transcriptional information abdormancy control in apple buds is
available. The public release of the apple gendretagco et al. 2010) and the available
apple EST databases (over 300,000 sequences) gdoybd frameworks for apple
genomics. Considering the available resources anthtidel ‘Gala Standard’ versus ‘Castel
Gala’, we sought to obtain and characterize trapsenal information on apple dormancy
regulation

In this work, the suppression subtractive hybriticma(SSH) technique was used to
perform a differential gene expression study inlejppds of Gala Standard and Castel Gala
cultivars aiming to identify genes involved in damnty establishment, maintenance and
release. Four SSH libraries were constructed am@xtpression patterns of 28 selected genes
were analyzed by reverse transcription-quantitgidgmerase chain reaction (RT-qPCR) for

validation.
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Results

SSH library construction

Aiming to explore the molecular potential of domog progression between the CR
contrasting apple tree cultivars ‘Gala Standardl @astel Gala’, dormant buds of ‘Gala
Standard’ (G) and ‘Castel Gala’ (K) harvested in MiAyand August (2) at the city of Monte
Castelo (SC) were used to construct four SSH lilsaapresenting genes in dormancy
entrance (G1-K1 and K1-G1), dormancy maintenan&HK@) and dormancy release (K2-
G2). Tester and driver cDNAs were used as showrabie 1. The SSH technique yielded
4,241 clones of putative differentially expressedes, with fragment sizes ranging from
~100 to 700 bp. 384 clones from each library (1,t&38l) were sequenced, and the high-
guality sequences obtained (1,359) were assemtiled j019 unigenes. All ESTs and
unigenes were functionally annotated by BlastX atNICBI and Gene Ontology (GO) terms.
Annotated ESTs were submitted to GenBank. Best Blhgtxand significant GO terms of
assembled sequences and singlets are presentedple®entary Table S1. The most
frequent GO terms belonging to biological processain of each library are depicted in
Fig. 1. Among the most frequent terms identifieeime were unique for each library as
‘response to endogenous stimulus’ and ‘reproducfamrK1-G1, ‘signal transduction’ for
G1-K1, ‘photosynthesis’ for K2-G2, and ‘biosyntleeirocess’ for G2-K2 (Fig. 1 and
Supplementary Table S1).

Fisher’s exact tests of EST functional annotati@vealed significantly enriched
terms for each library (Table 2). At the samplirgnp of May 2007 (G1-K1 and K1-G1)
both cultivars were fully dormant. Only two GO termvere found enriched in this ‘Gala
Standard’ samples, ‘small molecule metabolic precasd ‘cellular amino acid and
derivative metabolic process’, which reflected @imeount of metabolism-related terms (34)
significantly enriched when more specific termseviested (data not shown). The SSH K1-
G1 subtraction showed less enrichment of spe@fim$ compared to G1-K1, with only 12
terms metabolism-related (data not shown). No tevere found enriched by the “slim”
method in these ‘Castel Gala’ samples. In the saigmoint of August 2007 (G2-K2 and
K2-G2), when ‘Gala Standard’ buds were still dortremd ‘Castle Gala’ buds were already
developing, there was a clear functional distinctetween both EST sets. ‘Gala Standard’

samples were significantly enriched in transcriptated to response to abiotic stress and
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carbohydrate metabolism, while ‘Castel Gala’ ESEserenriched in terms related to cell
parts and photosynthesis (Table 2).

Validation of apple CR-related candidate genes by RqQPCR

From the 1,019 unigenes identified by SSH, wecsete28 as candidates based on
bioinformatics analysis and the current knowledbéarmancy regulation (Supplementary
Table S2). Among the 28 selected apple unigenethase exhibiting high homology to
known genes involved in cold signaling and acclioratn Arabidopsis like those coding for
calmodulin-binding transcription activator (CAMTAInducer of CBF expression 1 (ICE1),
no apical meristem/ATAF2/cup-shaped cotyledon 2 QYASKIMOL1, low expression of
osmotically responsive genes 1 (LOS1), low-tempeeainduced (LTI), LTI65, rare cold-
induced (RCI), and dehydrins (DHNSs; Kurbidaeva angd%oeshchenova 2011), as well as
galactinol synthase (GoLS; Taji et al. 2002) amthaétose-6-phosphate synthase (T6PS;
Penna 2003). Genes encoding scarecrow-like (SCL)stBAulated transcript 1 (GAST1),
DELLA and other GA insensitive/repressor of GAlfecaow (GRAS) proteins were also
identified, and these are known to participateibbbgrellin signaling and regulation (Shi et
al. 1992, Lee et al. 2008). Also present were pgadtanscripts coding for actin-related
protein 6 (ARP6) and histones, that are describgittcipate in chromatin remodeling and
cell growth. More recently, the H2A.Z histone vatiavas described as being temperature-
sensitive (Kumar and Wigge 2010). GenesABETALA2(AP2) andCO patrticipate in floral
organ development (B6hlenius et al. 2008, Yant.2@10). Th&FACKEL gene detected is
known to play a crucial role in plant cell divisiammbryogenesis and development (He et al.
2003). A gene coding for a protein related to ARARAP2.12) was among the selected ones
and it was recently reported to have a centralirolegypoxia signaling (Licausi et al. 2011).
An alcohol dehydrogenase (ADH) gemas present and such genes were previously related
to dormancy in grape (Or et al. 2000), also playwigs during hypoxia ikrabidopsis
(Bailey-Serres et al. 2012). Finally, putatd&M genes were among the SSH selected
candidates. These genes are known to be regulaitoygrs in the dormancy establishment
and release in peach (Bielenberg et al. 2008, Jiménal. 2010a).

Since the SSH procedure may yield false positjikesin 2001), we reassessed their
expressions by RT-gPCR employing the same original R&lAples (2007) and a second

group of RNAs extracted from terminal buds harvegte2ZD08 from ‘Gala Standard’ and
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‘Castel Gala’ apple trees located in the same exegrial field in Monte Castelo (SC). The
differential gene expression between cultivars eassidered validated when the pattern
observed in the SSH was confirmed in the samplé®thf years by RT-qgPCR with statistical
significance <0.05).

The differential expression was confirmed for 17 @uthe 28 tested genes, namely
ADH, GAST] the threeDHNSs, two histones H2A variant H2A.EZT165 and the transcription
factorsAP2 DAM, GRASICE1, NAC RAP212 andSCL(Fig. 2). Most interestingly,
transcripts for two genes were found and validatestibtractions from both sample points.
Expression of &TI65 gene was higher in ‘Gala Standard’ at both hamggtoints, and the
gene encoding a putative histone H2A.Z varibditA8 was more expressed in G1-K1 and
K2-G2 libraries (Fig. 2). Contrarily, eleven SSHes#ed candidate genes were not validated
by RT-gPCR, namelpARP§ CO-like, DELLA, ESKIMQ, FACKEL, HTA11, LOS] LTI,
RCI1, RCI2andT6PS(Supplementary Fig. S1). All validated genes e ttranscript
accumulation profiles analyzed by RT-gPCR in dormauck ¥amples of three different apple
tree cultivars over 2009/2010.

Characterization of CR-related candidate genes by RgPCR in different apple

cultivars

To better characterize the transcript profilethefselected17 differentially expressed
genes along the dormancy cycle in additional applvars, we used a color mutation of
‘Gala Standard’, namely ‘Royal Gala’. This cultivadargely cultivated around the world,
since it produces fruits less susceptible to bngisind more uniformly colored. Therefore,
‘Gala Standard’ and ‘Royal Gala’ show similar patseof bud dormancy, with quite
equivalent CRs (Walsh and Volz 1990, EPAGRI 2006).

We performed RT-qPCRs with RNA samples extracteoh fcosed buds harvested
over 2009 and 2010 of ‘Royal Gala’ and ‘Castel Gakes in a second location (Papanduva,
SC). The amount of 450 chilling hours accumulatedRmyal Gala’ and ‘Castel Gala’
samples in July 2009 (Table 3) was known to bei@efft to break the dormancy of ‘Castel
Gala’ buds but not ‘Royal Gala’ buds, as determinegkperimental conditions (Anzanello
et al. 2010). Accordingly, ‘Castel Gala’ buds weigbly more advanced towards dormancy
completion in that date as observed by the presanadigher number of silver tips (which

were not sampled).
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The quantitative expression analysis of the 1Yipusly validated genes by RT-
gPCR on samples harvested in 2009/2010 revealetkthgenes exhibited the same pattern
of transcript accumulation observed by SSH in ‘Rdyala’ and ‘Castel Gala’ samples,
namelyGAST] the threedDHNSs, two histones H2A variant H2A.ZT165 and the
transcription factor® AM, NACandRAP2.12(Fig. 3).GASTlandMddhngenes showed the
most contrasting levels of steady-state mMRNA betwieegal Gala’ and ‘Castel Gala’ in
samples harvested in July 2009 (winter), with mhicfiner levels in ‘Royal Gala’ than in
‘Castel Gala’, and dropping to similar levels in thegginning of summer
(November/December 2009; Fig. 3). In accordanemstripts for these two genes were
among the most redundantly sequenced in the psoltieg from the G2-K2 subtraction
(seven and 25 times, respectively; data not sholtf)ough not as prominent, genes
putatively coding for DAM, MdDHN1, DHN-like and NA@roteins also exhibited higher
transcript levels for ‘Royal Gala’ in July 2009 thi@astel Gala’, lowering in summer
samples. Contrarily, genes putatively encoding bettones and RAP2.12 proteins exhibited
higher transcript levels in ‘Castel Gala’ samplesvisted in July than ‘Royal Gala’,
reversing levels in the months of summer (Fig8ifering from all others, th&TI65 gene
exhibited differences in transcript levels onlysemples harvested in the end of autumn 2009
(May), being higher in ‘Castel Gala’ than ‘Royal Gaimilar levels of transcripts for this
gene were observed in both cultivars from June 200%ril 2010 (Fig. 3).

The transcript profiles of the other seven validajenes, namel&DH, AP2,

CAMTA ICE], GoLS GRASandSCL, showed a different pattern from the one exhibited
SSH in ‘Royal Gala’ and ‘Castel Gala’ samples oved®R010 by RT-qPCR. The genes
enconding for ADH, AP2, CAMTAL, ICE1 and GRAS displdyee peak of transcript
accumulation for ‘Castel Gala’ in July samples (§ementary Fig. S2). The expected
profile would be ‘Royal Gala’ displaying more accuation in this sample point. Similar
levels of transcripts for these genes were obsarnvbdth cultivars in other sampling points.
The genes enconding for GoLS and SCL had similasti@pt accumulation for both
cultivars over 2009/2010 sampling points (SuppletagnFig. S2).

As the experimental area in Papanduva (SC) belangsbmmercial orchard,
dormancy release was forced with the applicationyolrogen cyanamide, which was done
after our sampling. This explains the lack of sangptiates between July and November
2009. To overcome this large gap between samphimgst closed buds of ‘Fuji Standard’

trees from a third experimental area (in Cacad®), \Were also harvested. This is a high CR
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cultivar (Botelho et al. 2006) and the transcripdibprofile of the selected genes in these
samples could confirm patterns associated wittwaolohigh CR. No hydrogen cyanamide
was applied in Cacador orchard. The same 17 genesevtranscript levels allowed their
identification by SSH between ‘Gala Standard’ a@dstel Gala’, being confirmed by RT-
gPCR, werassayed by RT-gPCR in closed bud samples harvestacifsple ‘Fuji

Standard’ trees. Most genes showed very similaes®sed patterns of transcript accumulation
observed in the ‘Royal Gala’ samples previously deed (Fig. 4 and Supplementary Fig.
S3). Interestingly, the transcriptional profiles tbe ten genes described above corresponded
very closely in the comparison between Royal GathFauji Standard cultivars (Figs. 3 and
4), while four out of the seven remaining genesenaxpressed in a very similar fashion
between ‘Fuji Standard’ and ‘Castel Gala’ (SuppletagnFigs. S2 and S3).

Discussion

‘Gala Standard’ vs ‘Castel Gala’ model

Naturally occurring genetic variation providesaod starting point for characterizing
biological phenomena, and differential expressmeeaning may point to the molecular
mechanisms associated to such variance. Besidessiarch opportunity, crop genetic
variation is the basis for the establishment of navieties (Arora et al. 2003, Fernie et al.
2006).

The apple tree ‘Castel Gala’ was discovered amgacherized as an early flowering
cultivar directly derived from a ‘Gala Standardckground. ‘Castel Gala’ shows
approximately half of the CR need by ‘Gala StandardRoyal Gala’ for bud dormancy
release, and it allowed improving adaptation tareydical climate (Denardi and Seccon
2005, Anzanello et al. 2010). ‘Castel Gala’ budbigsinticipated over a month in relation to
‘Gala Standard’ (or ‘Royal Gala’) at field conditsrVith this model of contrasting bud
dormancy in apple trees at hand, we aimed to finescto the molecular regulation of such
alteration. We chose the SSH technique since ibbagy used successfully in apple to
characterize a wide range of biological processeljding responses to ultraviolet radiation
(Ban et al. 2007), bacterial and fungal infectioegPnhardt et al. 2005, Kirkcioglu et al.
2007, Norelli et al. 2009, Paris et al.2009) argltation of fruit abscission (Zhou et al.
2008). SSH of cDNA libraries has also been recambd for bud dormancy studies with
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satisfactory results in peach (Leida et al. 20ii¢dez et al. 2010b), Japanese apricot
(Yamane et al. 2008) and tea (Krishnaraj et al1201

Functional enrichment

Despite the distinct dormancy levels displayedhgybuds used in the construction of
the four SSH libraries, their sequencing and fumal characterization showed interesting
connections between them. Interestingly, closed hiaim K2-G2, which already started
dormancy release, exhibited a pool of cDNAs charatd by the same GO terms of those
cDNAs from fully dormant libraries, as G2-K2 (Fitj). Except for some exclusive GO terms
attributed to some groups of cDNAs for each cuttitfaeir transcripts basically shared the
same GO terms attributes. Other works exploring38#l technique to study dormancy,
already found subtractions with transcripts belaggo a broad range of functions (Yamane
et al. 2008, Leida et al. 2010, Jiménez et al. BDK®@ishnaraj et al. 2011). Therefore, this
equivalence in functions found here may indicase basal metabolic pathways are equally
active throughout the dormancy cycle.

The Fisher’'s exact tests allowed us to compard=&rs sets to agxternal dormant
bud EST library (LIBEST_015808 (AAMA) Royal Gala spaud autumn, GenBank; Table
2). This tool is useful to identify GO terms ovepresented between two EST sets (Conesa
et al. 2005). The four pools of subtracted tramssrshowed profiles consistent with the
expected physiological stage of the buds. The GEuditraction was generally enriched in
metabolism-related GO terms. This result is analsgo the one found in poplar, where
massive metabolic changes take place during doryremicance, at the same time that bud
tissues cold-acclimate (Ruttink et al. 2006). Thél&@nscript pool resulting from the G2-
K2 subtraction also presented GO term enrichmewatds metabolism, but in addition, GO
terms related to stress response were overrepeesienstill dormant buds derived from
‘Gala Standard’ harvested in August 2007. This ddad a result of the high redundancy of
DHN transcripts, which accounted for more than 10%heftranscripts obtained after the G2-
K2 subtraction (data not shown). The identificattdrGO terms related to stress response in
this subtraction fits well with the physiologicahge of the buds used in this construction,
‘Gala Standard’ was in the middle of the dormanmcpss, as also with results found using
SSH to study dormant buds in peach (Leida et dl0R0rhe K2-G2 subtraction showed a

significant number of GO terms related to growtd photosynthesis. ‘Castel Gala’ buds
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flushed six days after the harvesting of these $ssnpence the transcriptional program at
the harvesting date reflected the preparation fowth resumption (Table 2).

Validation of apple CR-related candidate genes by RqQPCR

Although the SSH technique is largely being usest the years in the study of
differentially expressed genes, this procedure yielg false positives (Kuhn 2001). Our
objective was to identify many genes as possibi#o#ting the ‘Gala Standard/s ‘Castel
Gala’ model. With this purpose, we sequenced a vadge of clones obtained by the SSH
assay and functionally characterized these EST butimformatics analyses. With the aim to
confirming the differential expression of selectguhes, we evaluated their expressions by
RT-gPCR using RNA samples of closed buds harvesteddi @nd 2008 from ‘Gala
Standard’ and ‘Castel Gala’ apple trees locatetiersme experimental field used to harvest
plant material for the SSH in Monte Castelo (SC)nktbe 28 selected genes, only 17
displayed the same expression pattern previousltiiied, but this amount of validated
genes was higher if compared to other similar sidh recent study using SSH to address a
list of dormancy-related genes in peach, foundioatt only a low percentage of the clones
obtained were validated, around 15 to 48% (Leida.€2010). Similar results were obtained
studing bud dormancy in Japanese apricot (Yamaak 2008). These 17 validated genes
were profiled by RT-gPCR in dormant bud samples 00802010 of three different apple

tree cultivars displaying distinct CRs.

Characterization of CR-related candidate genes by RqPCR over 2009/2010

With the aim to confirming the differential expsesn of validated genes, we
performed the transcriptional profiling of closadads harvested in various times of the
2009/2010 cycle. It would be expected for a dormganetated gene to be expressed mainly at
late autumn and winter, and, in fact, this was olesgfor most of the validated genes. In
addition, the comparison of transcripts of buds@asfrom Royal Gala and Castel Gala
apple cultivars growing in the same field condison Papanduva (SC) was a good
opportunity to further study the differential exgsen found by the SSH technique,
especially for July/2009 samples. These buds waneelsted in a time point when ‘Castel

Gala’ trees are generally in a more advanced sthdermancy, although not in budburst.
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Also, as the ‘Fuji Standard’ sampling was more cletgpduring the 2009/2010 cycle, the
dormant buds harvested in Cacgador (SC) were usetartfirm gene profiles associated with
a low or high CR.

Among the 17 candidate genes, the analysis ofdrgt@ccumulation over
2009/2010 samples in three distinct cultivars mewynt the identification of gene profiles
that could be addressed to roles in dormancy régalaAlthough the genes profiled here
belong to a wide range of cellular functions, sastcold-responsive, gibberellin signaling,
dormancy-associated, hypoxia signaling and chremathodeling, we could identify several
transcripts sharing the same profiles. This maygssgthat many pathways are interacting
during dormancy progression.

In the model planArabidopsis thaliana set of cold-regulated genes is responsive to
the CBFDREBI1 transcription factors (Thomashow 2010). Theceaied action of these
proteins regulates the expression of cold-rela®dR) genes, which confers cold-tolerance
(Kurbidaeva and Novokreshchenova 2011). Most csél@®Rgenes are included in the
LEA family, characterized by conferring toleranoedrought and low temperatures
(Hundertmark and Hincha 200&).this work, several genes that participate in the
CBF/DREB1pathway were identified and validated, suciCaAMTAL DHNs, GoLSand
ICEL

A. thalianaDHNs, members of the LEA family, are well-charaizted proteins and in
apple play important roles in bud dormancy (Fatisi 997). We identifiethreeDHN
genes that displayed interesting profiles over 28@B0. Out of the threBHN genes
identified in our study, the most highly expressedormant buds was described elsewhere
as midwinter expresseM@dhn Garcia-Bafiuelos et al 2009). Another transcriphtdied in
our study was already identified in an EST collactas a cold induced DHN and labeled
Mddhn1(Wisniewski et al. 2008). The remaining gene seenencode a novel applEHN
gene, namelMddhnlike. Promoter analysis from genomic data (Velastal. 2010)
revealed three conserved DRE/CRT motifs in the promietgon ofMddhn two in the
promoter ofMddhrtlike and one in the promoter bfddhn1(data not shown). Interestingly,
the amount DRE/CRT motifs followed the same trentheftranscriptional induction level
found during winter (Fig. 3 and 4).

The appleMddhngene displayed an interesting transcriptionalgoatamong the
three cultivars analyzed during 2009/2010. ‘CastdbGthe low CR cultivar, had decreased

Mddhntranscript level first, near its budbreak datee Bther two high CR cultivars, which
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stayed dormant until September, kept the high trgoison level until spring (Faust et al.
1997). Apple buds, in particular, reduce their fneer content during dormancy and DHN
proteins were described to accumulate during wiiaust et al. 1997). DHNs have roles in
membrane stability and therefore may help stahtdjziellular structures, especially during
osmotic stress, which is well known to happen imwnt buds (Faust et al. 1997, Erez et al.
1998, Kosova et al. 2007). The seasonal profilendesl in all three cultivars (Figs. 3 and 4)
suggests that these genes may be playing impodiastin osmotic stress. Alsblddhn

could be used as a molecular marker of dormanayrgssion in apple trees (Garcia-
Bafiuelos et al 2009).

Besides gene encoding DHNs, CBF/DREBL transcriptiotofa induce transcription
of genes encoding enzymes related to osmolytes@mgatible solutes production (Zhu et
al. 2007). Accumulation of these compounds is d-lw@wn response to cold, freezing and
water deficit. Some osmoprotectants in plants lzgtorthe raffinic series (Klotke et al.
2004). The biosynthesis of raffinic sugars begiith the production of the building block
galactinol by galactinol synthase. In our study,tfe first time in dormant apple buds, a
galactinol synthase transcript (GoLS) is found higimriched. InPArabidopsis one galactinol
synthase genéA{GolSJ is induced by cold treatment a@@F/DREBoverexpression but not
by drought or excess salt (Taji et al. 2002, Mangaet al. 2009). The transcriptional profiles
obtained for this gene in all three cultivars sugig@ midwinter expression closely related to
dormancy (Supplementary Figs. S2 and S3; Unda 20&P). The comparison of galactinol
synthase transcription and raffinose sugar levetind dormancy cycling would help clarify
possible roles of this pathway.

In addition to genes downstream of BF/DREB1pathway, we identified two
transcripts putatively upstream of it, represemmettie G2-K2 subtraction, namely B3E1
andCAMTAL Both genes encodeans-acting proteins capable of transducing cold signal
(Kurbidaeva and Novokreshchenova 2011). Differémtxpression of genes similar FGE1
during dormancy was reported for at least two ofit@nts (Leida et al. 2010, Horvath et al.
2008). This seems to be the first time {GA&MTAL1was identified in a dormancy-related
study. However, for these two genes, no clearicgldtetween the transcript accumulation in
both high CR cultivars was observed (Supplementagg.F82 and S3). Other levels of
regulation may account for gene expression modulatind at least for ICE1 post-
translational modifications are known to be triggeby cold exposure (Miura et al. 2007).
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The overall data suggests participation of@B+/DREBregulon during the maintenance of
apple bud dormant state (Wisniewski et al. 2011).

Gibberellin signaling is long agreed as importandormancy progression. Ectopic
application of active gibberellins can substitutdling exposure (Hartmann et al. 2011, van
der Schoot and Rinne 2011). Recently, a study pravadmechanistic view of dormancy
release as reestablishment of symplastic connechigryibberellin-induced degradation of
plasmodesmal callose (Rinne et al. 2011). In oukwarleast three genes potentially related
to gibberellin signalingcAST1 GRASandSCL, were found enriched in dormant buds.
GAST1homolog showed a striking contrast of expressstwellbetween ‘Royal Gala’ and
‘Castel Gala’ buds in May and July 2009 (Fig. 3)thaugh the exact function of GAST1 is
unknown, its reported responsiveness to gibbesefllggests involvement in the signaling of
this hormone (Shi et al. 1992).

The GRAS protein family and its members SCL arestaption factors involved in
global functions, like growth, development, GA safing and light signal transduction (Lee
et al. 2008). In our study, transcripts coding@RAS and SCL proteins were identified and
validated in 2007 and 2008 as enriched in G2-Kéaip (Fig. 2). This pattern was not
observed in 2009 samples (Supplementary Fig. S&ueder, real time analysis detected
significantly higher expression of both genes ial&Standard’ and ‘Royal Gala® May
samples across the three years (Fig. 2 and Supplargd-ig. S2). These data, together with
GAST 1transcript profiles, suggest that the genetic etleat conferred ‘Castel Gala’ a low-
CR may have affected gibberellin metabolism andfmading.

DAM genes were first described in the study of thelpealtivar ‘Evergrowing’,
which does not enter into dormancy even under tamdscing conditions (Bielenberg et al.
2008). This cultivar has a deletion spanning sMADS11-clade MADS box genes,
considered responsible for the tr&ibpDAM5andPpDAM6have expression patterns
consistent with a growth-repressing role, incregisinthe onset of arrest and declining
through the winter (Li et al. 2009). Similar gemesre found in pear (Ubi et al. 2010),
Japanese apricot (Sasaki et al. 2011) and kiwifwii et al. 2012), but to date BAM gene
has been described for apple.

‘Gala Standard’ buds revealed&M-like gene with high level of expression during
the dormancy progression (Fig. 2). The transcripfiles for this gene over 2009/2010
displayed a dormancy-related expression in alktloxdtivars analyzed, as it strongly
decreased in the summer in a very similar fastoqgueacrDAM5 andDAMG6 genes (Figs. 3
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and 4; Li et al. 2009). Also, the low CR cultivar @h$sala had the transcript accumulation
downregulated first in comparison to high CR cultsv&oyal Gala and Fuji Standard. In an
independent study, our group identified six pugaMAM genes irin silico searches dflalus

x domesticaredicted transcripts (Velasco et al. 2010). Fduhem showed seasonal and
cold regulated transcription, resembling peB&M®6, and theDAM gene found in this study
is one of them (Porto et al. unpublished data)cRPead apple are evolutionarily close (llla et
al. 2011) hence it is possible that ih&M gene described here participates in dormancy
establishment in apple analogoush\DtAM genes in peach.

Besides &AM gene, at least two other potential transcriptexctdrs were found
enriched in G2-K2 library, namely a NAC and an AR2@in-containing protein.
Transcripts coding for similar transcription facevere found in dormant buds of peach by
SSH (Leida et al. 2010). The NAC gene showed alprsiimilar to theDAM gene in
2009/2010 samples, with a fall of transcript acclaton prior to budbreak both in ‘Castel
Gala’ and in ‘Fuji Standard’ samples (Figs. 3 ajdsdggesting a role in dormancy
maintenance.

Hypoxic conditions involve alternative ways ofpeation (Bailey-Serres et al. 2012).
Dormancy breaking of grape buds induces the exjoress$ a range of hypoxia-related genes
such as alcohol dehydrogenase (ADH) and pyruvatardexylas€PDC; Ophir et al. 2009,
Or et al. 2000). Recently, a key transcription fagtchypoxia signaling, RAP2.12, was
described irA. thaliana(Licausi et al. 2011)RAP2.12 protein directly senses low oxygen
concentrations and induces the expression of hgptated genes. An unigene very similar
(62.2%) to RAP2.12 was found in the G1-K1 subtoacand is recurrently more expressed
in ‘Gala Standard’ and ‘Royal Gala’ than in ‘Castall& during autumn (Fig. 2 and 3). This
profile could be associated to the dormancy relpaseess (Ophir et al. 2009, Or et al.
2000). Also, we identified a transcript coding A&IDH which displayed a peak of expression
near the budbreak of ‘Castel Gala’ buds (Supplemgiftig. S2). Analyzing the profiles
observed for ‘Royal Gala’ and ‘Fuji Standard’ sansptés noticeable a linear expression
along the year of 2009. This pattern could be emptaby the transient nature of expression
of this gene. In grap&DH expression decreased after four days from thedténe
respiratory disturbance (Or et al. 2000). Sincesaumpling interval is one or several months,
it may not have detected this discrete induction.

Histones in general are central players in ceistbn and DNA metabolism where

some histone variants may have additional rolesaascriptional control. H2A.Z variants of
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A. thalianaare destabilized during temperature shifts frontalZ7°C and exposing DNA to
regulatory factors (Kumar and Wigge 2010). The K2ggbtraction had a lot of ESTs and
unigenes matching to histones, and because ofotieatrl relevance to both cell division
and temperature perception we decided to furthersiigate histone transcripts matchig
thalianaH2A.Z variants. Interestingly, a gene product tinaty be part of H2A.Z deposition
in chromatin ARPG was found in the opposite subtraction, G2-K2, &osv was not
validated by RT-gPCR. Both histone transcripts idettishowed higher expression in
‘Castel Gala’ buds close to budburst, in agreematht a/function in cell division and growth
(Fig. 3). Participation of these apple histoneemperature-driven DNA metabolism
remains to be investigated.

Finally, we also validated and analyzed trans@gmumulation for theTI65 gene,
which still does not have a known function desdil®esides that, the transcriptional profile
observed for this gene over 2009/2010 is very astiang (Figs. 3 and 4). The seasonal
transcription profiles for this gene in the thredtivars analyzed were very similar,
suggesting an environmental control of expressiso, this gene showed the highest levels
of expression during the winter compared to summer.

Natural genetic variants can be reliable modeishHe study of complex traits, and
SSH library construction is a cost-efficient andvedul technique to explore these models.
Trying to unveil the genetic event that resultethie low CR cultivar ‘Castel Gala’ we
identified several cue pathways that may be resblenfor this trait. The transcriptional
profiles obtained for several genes during the cycle suggest that downregulation of
genes involved in dormancy maintenance, as alssgupation of genes involved in
dormancy release are being anticipated in ‘Casti’ Géet, the differential regulation of
transcripts related to gibberellin signaling suggdsat this pathway strongly influences the
CR in apple trees.

In conclusion, 17 genes belonging to a broad rafdenctions were identified as
differentially expressed in apple buds from coningschilling-requirement cultivars. The
unigenes annotated as CAMTAL, histones H2A.Z, G&A&R2.12 and LTI65 were
identified in this study for the first time as reld to dormancy, while the other transcripts
had similar counterparts in previously describedegexpression studies of dormancy
progression in other species (Leida et al. 2010yé&th et al. 2008, Yamane et al. 2008). Out
of these 17 candidatd3AM, DHNs, GAST1NAC, histonedH2A.ZandRAP2.12genes
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showed the most consistent differential expresamnss cultivars and seasons, which
confirm their potential as participants in dormamnegulation.

Material and Methods

Plant material

All samples collected consisted of fully closedrimal buds of appleMalus x
domesticaBorkh.) at the phenological stage ‘A’ accordind-teckinger scale (EPPO, 1984).
Terminal buds were harvested from apple treesédaocat three different experimental areas
of the Santa Catarina State (Brazil). Harvested rniahtgas immediately frozen and kept in
liquid nitrogen until storage at -80°C.

The first experimental area belongs to a commecc@iard in Monte Castelo (26°
37'39” S, 50° 14' 7.73” W and 791 m altitude) sadhples harvested consisted of buds from
six ‘Castel Gala’ and two ‘Gala Standard’ trees.skhsix ‘Castel Gala’ individuals are the
ones where this cultivar first appeared. Trees \weséted on Marubakaido rootstock in 2001
(6- or 7-years-old at the harvesting dates). Dotrbads from both cultivars were harvested
on May 29th and August 13th 2007. In these bothpsiam points the Gala Standard cultivar
was fully dormant. On the other hand, ‘Castel Galas already breaking dormancy at the
August sampling. We used these contrasting dormeavey samples for SSH library
construction (Table 1) as also for RT-gPCR studiesmaat buds from the same trees were
also sampled on May 29th and July 29th 2008 (forgRTR studies) with the same
phenological pattern from previously sampled bédsoth years, budburst of ‘Castel Gala’
happened one week after August harvesting pointewlidbreak of ‘Gala Standard’
occurred nearly 45 days after this sampling.

The second experimental area belongs to a comrherclaard in Papanduva (26° 26'
68" S, 50° 5' 47" W and 788 m altitude). Samplessisied of three biological replicates
each containing 20 ‘Castel Gala’ or ‘Royal Gala’ pdarCastel Gala’ plants were 3-years-
old and grafted on M9 rootstocks. ‘Royal Gala’ treese 6-years-old and grafted on
Marubakaido rootstocks with M9 filter. Dormant bddsm both cultivars were sampled at
six different dates from May 2009 until April 2010hilling hours accumulated by the
2009/2010 samples are depicted in Table 3. RNAsebed from all buds harvested were
employed in RT-gPCR studies.
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The third experimental area belongs to an expetiah@nchard in Cacador (26° 49’
107 S, 50° 59’ 25” W and 935 m altitude) and sarmmlensisted of three biological replicates
from four ‘Fuji Standard’ plants. Trees were 7-yeald and grafted on M7 rootstocks.
Harvesting was done at eight different dates framudry 2009 until February 2010,
including the dormancy progress and the vegetatyete. Chilling hours accumulated by the
2009/2010 samples are depicted in TabRNAs extracted from all buds harvested were

also employed in RT-gPCR studies.

RNA extraction

All RNA extractions were done from 20 frozen buds ssmple (approximately 200
mg) by LiCl precipitation using Zeng and Yang (20@®)dified protocol with purification
scale adapted to 2 ml tubes. After the chlorofoxineetion step, each extraction was
conducted using three 1.5 mL microcentrifuge tubashad their volumes united before the

LiClI precipitation step.

Complementary DNA library construction and SSH

Messenger RNA from the four groups of terminal bahgles harvested in 2007
(Table 1) were isolated from 15@ total RNA using the Poly(A) Purist Kit (Ambion)
according to manufacturer’s protocol. Subtractimese performed using PCR-SeleBXNA
Subtraction Kit (Clontech) according to the manufaet's protocol, except for the cDNA
purification steps. For this purpose, we used QIglg®CR Purification Kit (Qiagen)
according to the manufacturer’s instructions. SSid werformed using tester and driver
cDNAs as shown in Table 1. Subtracted cDNAs weyatdid into pGEM-T-Easy vector
(Promega) and transformed in TOP10F" Chemically GaergEscherichia colicells
(Invitrogen). After growing on plates containing S@edium, white colonies were picked
up and incubated overnight in 96-well plates camitey TB-ampicillin and stored at -80°C

for further use.

DNA sequencing and EST analysis
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Plasmid DNA was extracted by miniprep alkalinedygiotocol and sequenced in the
ACTGene Laboratory (Centro de Biotecnologia, UFRGStdPAlegre, RS, Brazil) using the
automatic sequencer ABI-PRISM 3100 Genetic Analyperea with 50 cm capillaries and
POPG6 polymer (Applied Biosystems). DNA templatest(885 ng) were labeled with 3.2
pmol of the primer 5’-GTAAAACGACGGCCAG-3’ and | of BigDye Terminator v3.1
Cycle Sequencing RR-100 (Applied Biosystems) imalfvolume of 1QuL. Labeling
reactions were performed in a GeneAmp PCR System @%fjlied Biosystems)
termocycler with an initial denaturing step of @fr 3 min followed by 25 cycles of 96 °C
for 10 sec, 55 °C for 5 sec and 60 °C for 4 min. lexbsamples were purified by isopropanol
precipitation followed by 70% ethanol rinsing. Rpatated products were suspended in 10
uL formamide, denatured at 95 °C for 5 min, ice-cddt@ 5 min and electroinjected in the
automatic sequencer. Sequencing data were collastad the software Data Collection
v1.0.1 (Applied Biosystems) programmed with thedaiing parameters: Dye Set “Z”;
Mobility File “DT3100POP6{BDv3}v1.mob”; BioLIMS Pract “3100_Projectl”; Run
Module 1 “StdSeq50 POP6_50cm_cfv_100"; and Analykislule 1 “BC-
3100SR_Seq_FASTA.saz".

EST visualization and trimming, as well as consgembly, were performed with
CodonCode Aligner (Licor Inc). Sequences shorter t@hbp, with low PHRED quality
(<20), or with the presence of both M13 primer pawere excluded from the analysis.
Sequences were annotated by comparison with the N@Bfedundant public database with
the BlastX algorithm (Altschul et al. 1990) usingestimated (E) value cut-off of £0

Enrichment of Gene Ontology (GO) terms was detegdhiny two-tailed Fisher’'s
Exact tests using a ‘Royal Gala’ bud EST librarpasference (LIBEST_015808 (AAMA)
Royal Gala spur bud autumn, GenBank). Some testsogetpthe “GO slim” function to
identify more general terms. Blast, gene ontologyosation from both ESTs and unigenes

and Fisher tests were perfomed using Blast2GO smdt(@onesa et al. 2005).

RT-gPCR analyses

DNA contamination of total RNA samples was removsthg TURBO DNA-free Kit
(Ambion) according to manufacturer’s protocol. Coempéntary DNAs were synthesized
using GeneAmp RNA PCR Core Kit (Applied Biosystems) adiog to manufacturer’s

instructions. Twenty-eight gene-specific primergavéesigned for each selected candidate
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gene using Primer3 v.0.4.0 software (Rozen and &k312000) and Oligo Analyzer (IDT,
http://www.idtdna.com). The apple genome accessaales, gene description and primer
sequences are shown in Supplementary Table S2. RRgRs performed in a StepOnePlus
Real-Time PCR System (Applied Biosystems). SYBR Gremvit(bgen, 1:100 dilution) was
used to monitor dsDNA synthesis and ROX (Invitragex) was employed as passive
fluorescence reference. Each biological sampleama$yzed in technical quadruplicates.
Cycling protocol consisted of 95°C for 10 min, 4@leg at 95°C for 15 s for denaturation
and at 60°C for 1 min for annealing and extensidiovieed by a dissociation curve between
60°C and 95°C. The specificity of PCR amplifications\wasessed by the presence of a
single peak in melting curves and single bandsygiléication products analyzed by 1.5%
EtBr gel electrophoresis. Mean relative gene exprssas calculated using the Pfaffl
(2001) method with thARC5 MDH andWD40genes as references (Perini et al. unpublished
data). The parametric, two-tailed, unpaired Studdriest was used to compare expression
levels of samples from the same dates of diffecahiivars at Monte Castelo and Papanduva.

Supplementary data

Supplementary data are available at PCP online.
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Legend to Figures

Fig. 1 (a-d) Gene Ontology (GO) terms belonging to biaabprocess domain attributed to
unigene groups identified in SSH libraries. Dormauds of ‘Gala Standard’ (G) or ‘Castel
Gala’ (K) harvested in May (1) or August (2) at thy of Monte Castelo (SC) were used to
construct four SSH libraries representing geneommancy entrance (G1-K1 and K1-G1),
dormancy maintenance (G2-K2) and dormancy reldé®e32). G1-K1 (a), G2-K2 (b), K1-
G1 (c) and K2-G2 (d)GO terms were only attributed to groups of attl@é@sunigenes.

Number of unigenes annotated within each termasvsh

Fig. 2 RT-gPCR relative expression levels of 17 candidategéentified by SSH,

validating this screening technique. Subtractivé&léDibraries were constructed as described
in the legend in Fig. RAP2.12was identified by the G1-K1 subtraction. Both hmsts were
identified by K2-G2, and HTA8 was also identified 81-K1. The remaining genes were
identified by the G2-K2, excepfl'165 that was also identified by G1-K1. RT-qPCR were
performed with the 2007 original samples (usedSBH library construction) and also with
two additional samples for both cultivars at Mo@G&stelo (see Materials and Methods).
Relative transcript levels in ‘Gala Standard’ fsampling (G1) was set to 1. Standard error
bars are shown. Asterisks indicate statisticaliBgance between cultivars to the same

sampling date (unpairadest: ** p<0.01, *p<0.05).

Fig. 3RT-gPCR relative expression levels of ten genes 20@9/2010. RT-qPCRs were
performed in closed bud samples harvested fronedRayal Gala’ and ‘Castel Gala’ trees
grown in Papanduva (SC). Relative transcript levelBabruary 2010 sample of ‘Royal Gala’
was set to 1. Standard error bars are shown. Akgeindicate statistical significance between

cultivars to the same sampling point (unpairésbt: ** p<0.01, *p<0.05).

Fig. 4 RT-gPCR relative expression levels of ten genes 20@98/2010. RT-gPCRs were
performed in closed bud samples harvested fromedppji Standard’ trees grown in
Cacador (SC). Relative transcript levels in Febru@d02ample of ‘Fuji Standard’ was set
to 1. Standard error bars are shown. 50% of budgver tip stage occurred in September
15th, 2009.
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TABLES

Table 1.Complementary DNA origins for SSH library constroati Dormant buds of ‘Gala
Standard’ (G) or ‘Castel Gala’ (K) harvested in May or August (2) in Monte Castelo (SC).
Obtained SSH libraries represent genes in dormantgnce (G1-K1 and K1-G1), dormancy
maintenance (G2-K2) and dormancy release (K2-@2olth Brazil, May is theBautumn

month and August is thé3vinter month.

SSH library Tester Driver

G1-K1 ‘Gala Standard’ (May) ‘Castel Gala’ (May)
G2-K2 ‘Gala Standard’ (August ‘Castel Gala’ (August)
K1-G1 ‘Castel Gala’ (May) ‘Gala Standard’ (May)

K2-G2 ‘Castel Gala’ (August) ‘Gala Standard’ (August)
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Table 2. Significantly enriched<0.05) gene ontology classifications after pro@ttio
more generic GO terms related to plants (GO plam.s

Library GO term description p-value EST number
G1-K1 small molecule metabolic process 1.23e 22
cellular amino acid and derivative metabolic pssce 1.23 8 22

K1-G1 - not significant - - -

G2-K2 carbohydrate metabolic process 383e 37
response to stress 6.79 & 68
response to abiotic stimulus 271 e 55
response to stimulus 1.88 &° 81

K2-G2 cell part 573¢ 192
cellular component organization 1.1% e 43
membrane 2.07 & 88
cellular process 257 & 162
intracellular organelle 2.73% 136
organelle 2.73 & 136
photosynthesis 2.87 & 15
intracellular part 3.02¢€ 163

lipid metabolic process 4.49e 15




Table 3.Chilling hours accumulated by dormant buds harveist@®09 and 2010. ‘Fuji
Standard’ experimental area is located in Cacadoy.(Royal Gala’ and ‘Castel Gala’
experimental area belongs to a commercial orchatttkecity of Papanduva (SC).

Cacador (SC) Papanduva (SC)
Date Hours below 7.2°C Date Hours below 7.2°C
01/21/2009 0
03/26/2009 0
05/27/2009 76 05/26/2009 53
06/30/2009 278 06/30/2009 282
07/30/2009 450 07/30/2009 446
09/09/2009 528
11/25/2009 528 11/24/2009 578
02/01/2010 0 02/08/2010 0

04/13/2010 0
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SUPPLEMENTARY DATA

Supplementary Fig. SIRT-qPCR relative expression levels of 11 candidateg&entified
by SSH, validating this screening technique. Swalitra cDNA libraries were constructed as
described in the legend in Fig.LITl and HTA11 were identified by G1-K1 subtraction.
ARPgG CO-like, ESKIMO and T6PS were identified by G2-Rae remaining genes were
identified by K1-G1. RT-gPCR were performed with tf®2 original samples (used for
SSH library construction) and also with two adaiibsamples for both cultivars at Monte
Castelo (see Materials and Methods). Relative trgtdewels for ‘Gala Standard’ first
sampling (G1) was set to 1. Standard error barstaven. Asterisks indicate statistical
significance between cultivars to the same samplatg (unpairetitest: **p < 0.01, *p <
0.05).

Supplementary Fig. SZRT-qPCR relative expression levels of seven genesad@d/2010.
RT-gPCRs were performed in closed bud samples had/&stm apple ‘Royal Gala’ and
‘Castel Gala’ trees grown in Papanduva (SC). Thegdapicted here have not shown the
same SSH pattern in May and July samples of 200@tifRetranscript levels in February
2010 sample of ‘Royal Gala’ were set to 1. Stanéaror bars are shown.

Supplementary Fig. S3RT-gPCR relative expression levels of seven genas2089/2010.
RT-gPCRs were performed in closed bud samples had/éstm apple ‘Fuji Standard’ trees
grown in Cacgador (SC). Relative transcript levelsebraary 2010 sample of ‘Fuji Standard’
was set to 1. Standard error bars are shown. 50%6Gdx in silver tip stage occurred in
September 15th, 2009.
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Supplementary Fig. S3
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Supplementary Table S1. Assembled sequences and singlets derived from SSH libraries of ‘Gala Standard” vs ‘Castel Gala’ bud apple cultivars. Sequence lengths (bp), best BlastX hits and significant GO terms attributed are indicated, as well
as associated data. GO terms are classified in three general domains: molecular function (F), cellular component (C) and biological process (P).

Library Sequence ID Sequence Length (bp) Best BlastX Hit Minimum eValue Mean S ity Gene Ontology Terms
G1-K1  Mado-00-G1-K1-Contigl 536 metallothionein-like protein 5.67388E-26 88.30% F:metal ion binding
Mado-00-G1-K1-Contigd 282 dehydrin-like protein 1.1197E-27 75.25% P:response to water; P:response to stress
Mado-00-G1-K1-Contig5 434 40s ribosomal protein s21 4.72904E-31 92.25% F:structural constituent of ribosome; P:ribosome biogenesis; C:cytosolic small
ribosomal subunit; P:translation
Mado-00-G1-K1-Contig6 350 lipid transfer protein 1.60128E-18 67.15% F:heme binding; P:lipid transport; P:oxidation reduction; F:monooxygenase activity;
F:electron carrier activity; F:lipid binding
Mado-00-G1-K1-Contig8 544 plastid jasmonates zim-domain protein 4.15056E-43 58.55% P:response to wounding; F:protein binding; P:response to jasmonic acid stimulus
Mado-00-G1-K1-Contig9 497 unknown [Populus trichocarpa] 3.71182E-60 81.30% C:anchored to membrane; C:cytoplasmic membrane-bounded vesicle; C:plasma
membrane
Mado-00-G1-K1-Contigl10 484 chalcone isomerase 2.30434E-41 89.25% P:flavonoid biosynthetic process; F:chalcone isomerase activity
Mado-00-G1-K1-Contigl 1 468 high mobility group family 1.25446E-39 77.70% P:DNA repair; P:oxidation reduction; P:regulation of transcription; P:DNA replication;

F:2-alkenal reductase activity; C:nuclear euchromatin; F:transcription factor activity;
C:FACT complex

Mado-00-G1-K1-Contig]2 458 zinc finger 5.38183E-35 67.30% F:hydrolase activity, acting on ester bonds; C:cytoplasmic membrane-bounded vesicle;
C:mitochondrion

Mado-00-G1-K1-Contigl3 444 pre-mrna-processing atp-dependent rna helicase 7.43661E-16 72.75% P:auxin biosynthetic process; F:ATP-dependent helicase activity; F:nucleic acid

prp-5 binding; F:ATP binding

Mado-00-G1-K1-Contigl4 442 protein 1.70992E-36 79.80% C:chloroplast thylakoid membrane

Mado-00-G1-K1-Contigl5 438 cysteine protease 1.10308E-72 88.60% C:endomembrane system; P:aging; P:proteolysis; F:protein binding; P:response to
ethylene stimulus; F:cysteine-type endopeptidase activity

Mado-00-G1-K1-Contigl6 411 proteasome subunit alpha type 7 8.30488E-36 94.95% P:flower development; C:vacuole; P:defense response to bacterium, incompatible
interaction; F:threonine-type endopeptidase activity; P:response to jasmonic acid
stimulus; P:defense response to fungus; P:ubiquitin-dependent protein boli
process; P:indole phytoalexin bi: ic process; C:proteas core complex, alpha-

subunit complex; C:chloroplast stroma; P:callose deposition in cell wall during defense
response; P:glucosinolate biosynthetic process; P:defense response to insect; P:response
to cadmium ion; P:response to heat; P:response to ozone; P:glutathione biosynthetic
nrocess: C:nucleus: Frolutamate-cvsteine lioase activitv

Mado-00-G1-K1-Contigl7 407 ubiquitin conjugating 2.9923E-17 67.90% P:protein metabolic process; F:small conjugating protein ligase activity

Mado-00-G1-K1-Contig18 353 mitochondrial serine hydro: 2.78959E-47 95.10% F:pyridoxal phosphate binding; P:L-serine metabolic process; P:one-carbon metabolic
process; F:glycine hydroxymethyltransferase activity; P:glycine metabolic process;
C:mitochondrion

Mado-00-G1-K1-Contig20 335 precursor of transferase serine 2.26633E-33 82.30% F:pyridoxal phosphate binding; P:L-serine metabolic process; P:one-carbon metabolic
hydroxymethyltransferase 3 process; F:glycine hydroxymethyltransferase activity; P:glycine metabolic process;
C:mitochondrion
Mado-00-G1-K1-Contig21 322 peroxidase prxrl 1.14456E-24 97.10% F:heme binding; P:oxidation reduction; F:peroxidase activity; F:protein binding;
P:response to oxidative stress
Mado-00-G1-K1-Contig23 270 low-temperature inducible 7.62012E-13 66.95% C:chloroplast envelope; P:response to cold; P:response to bacterium; P:response to

cadmium ion; C:plasma membrane; C:chloroplast stroma; P:response to heat;
P:response to salt stress; P:abscisic acid mediated signaling pathway

Mado-00-G1-K1-Contig24 232 protein phosphatase 1.55108E-5 77.86% P:protein amino acid dephosphorylation; F:metal ion binding; F:protein serine/threonine
phosphatase activity; C:protein serine/threonine phosphatase complex

Mado-00-G1-K1-Contig25 231 protein phosphatase regulatory 1.30094E-36 95.55% C:protein phosphatase type 2A complex; P:signal transduction; C:chloroplast; F:protein
phosphatase type 2A regulator activity

Mado-00-G1-K1-Contig27 221 unnamed protein product [Vitis vinifera] 3.74213E-7 69.28% F:protein binding; P:apoptosis

Mado-00-G1-K1-Contig28 202 ketoacyl-acp reductase 2.62064E-21 94.90% P:fatty acid biosynthetic process; F:NAD or NADH binding; F:3-oxoacyl-[acyl-carrier-
protein] reductase activity; P:oxidation reduction; C:chloroplast

Mado-00-G1-K1-Contig29 183 40s ribosomal protein s5 2.96179E-12 82.05% Fstructural constituent of ribosome; C:plasma membrane; F:RNA binding; C:cell wall;
C:cytosolic small ribosomal subunit; C:chloroplast; P:translation

Mado-00-G1-K1-Contig33 140 ran-family small gtpase 2.7656E-15 100.00% F:GTP binding; F:protein binding; P:nucleo lasmic transport; P:i 1lul
protein transport; P:signal transduction; F:GTPase activity

Mado-00-G1-K1-001_A04 189 serine threonine-protein kinase 8.01343E-10 77.45% P:protein amino acid phosphorylation; F:ATP binding; F:protein serine/threonine kinase
activity

Mado-00-G1-K1-001_A05 112 60s ribosomal protein 121 5.36949E-14 100.00% C:ribosome; F:structural constituent of ribosome; P:translation; C:mitochondrion

Mado-00-G1-K1-001_A06 108 ceramidase family protein 1.56701E-13 87.20% C:end ane system; F: idase activity

Mado-00-G1-K1-001_A07 186 xyloglucan endotransglycosylase 1.11664E-27 96.55% F:hydrolase activity, hydrolyzing O-glycosyl compounds; P:cellular glucan metabolic
process; C:apoplast; C:cell wall; F:xyloglucan:xyloglucosyl transferase activity

Mado-00-G1-K1-001_A09 305 cyclophilin 1.12697E-32 94.85% F:peptidyl-prolyl cis-trans isomerase activity; P:protein folding

Mado-00-G1-K1-001_Al1 213 dna topoisomerase iii 1.42228E-11 81.90% P:DNA unwinding involved in replication; P:DNA repair; F:zinc ion binding;
P:resolution of meiotic r bination intermediates; F:-DNA i ase type [
activity: P:mitosis; C:chromosome; P:DNA topological change

Mado-00-G1-K1-001_A12 507 protein 2.1411E-26 79.85% C:end ane system; C: lasmic membrane-bounded vesicle; C:membrane

Mado-00-G1-K1-001_B03 142 chalcone synthase 7.02122E-19 100.00% F:naringenin-chalcone synthase activity; P:biosynthetic process; F:acyltransferase
activity

Mado-00-G1-K1-001_B05 151 dimethylaniline 8.01114E-18 87.55% F:flavin-containing monooxygenase activity; FFNADP or NADPH binding; P:oxidation
reduction; C:intrinsic to endoplasmic reticulum membrane; F:FAD binding

Mado-00-G1-K1-001_B07 247 protein 1.51409E-29 94.60% P:cytoskeleton organization; P:protein amino acid phosphorylation; C:vacuole; P:auxin

biosynthetic process; F:protein kinase activity; F:ATP:ADP antiporter activity;
C:mitochondrial inner membrane; C:integral to membrane; C:chloroplast; C:cell wall;
P:root hair el ion; C:nucleolus; C: kel P:purine nucleotide transport;
P:transmembrane transport; C:plasma membrane; F:copper ion binding; F:ATP
binding: F:structural constituent of cvtoskeleton: P:mitochondrial transport
Mado-00-G1-K1-001_B08 298 acetylornithine transaminase 5.27354E-30 85.05% F:copper ion binding; P:response to water deprivation; C:mitochondrion; P:arginine
biosynthetic process; P:defense response to bacterium; P:regulation of transcription,
DNA-dependent; F:N2-acetyl-L-ornithine:2-oxoglutarate 5-aminotransferase activity;
P:cutin bi hetic process; F:: -specific DNA binding; F:transcription factor
activity; C:chloroplast stroma; P:wax metabolic process; F:pyridoxal phosphate

binding: C:nucleus: P:ethvlene mediated signaling pathwav
Mado-00-G1-K1-001_B10 111 chlorophyll a b-binding protein cp29 3.25755E-11 91.00% F:protein binding
Mado-00-G1-K1-001_B11 262 at3g26650 mlj15_5 5.85581E-37 91.45% F:glyceraldehyde-3-phosphate dehydrogenase (phosphorylating) activity; P:reductive

pentose-phosphate cycle; P:response to sucrose stimulus; F:glyceraldehyde-3-phosphate
dehydrogenase (NADP+) (phosphorylating) activity; P:response to light stimulus;
P:response to cold; P:oxidation reduction; F:NAD or NADH binding; F:protein
binding; P:glycolysi :chloroplast stroma; C:membrane; C:stromule; C:apoplast

Mado-00-G1-K1-001_B12 308 60s ribosomal protein 17a 6.78039E-46 95.05% C:ribosome; F:binding; F:structural constituent of ribosome; P:ribosome biogenesis;
P:translation
Mado-00-G1-K1-001_C01 118 diacylglycerol kinase 6.52403E-12 89.65% P:intracellular signaling pathway; P:activation of protein kinase C activity by G-protein

coupled receptor protein signaling pathway; F:calcium ion binding; F:diacylglycerol
kinase activity

Mado-00-G1-K1-001_C03 150 protein 7.0181E-14 75.30% C:vacuole

Mado-00-G1-K1-001_C04 265 cystathionine gamma-synthase 6.02453E-42 92.25% F:pyridoxal phosphate binding; F:c: hioni synthase activity; P:methi
biosynthetic process; F:lyase activity; C:chloroplast

Mado-00-G1-K1-001_C05 118 glycine rich protein 4.67544E-10 82.60% P:response to water; P:response to stress

Mado-00-G1-K1-001_C06 154 pyruvate dehydrogenase kinase 5.17637E-17 92.95% F:histidine phosphotransfer kinase activity; F:two-component sensor activity;

P:peptidyl-histidine phosphorylation; F:ATP binding; P:signal transduction; F:pyruvate
dehydrogenase (acetyl-transferring) kinase activity; C:mitochondrion
Mado-00-G1-K1-001_C08 232 binding protein 1.76236E-25 78.92% F:DNA binding; P:DNA integration
Mado-00-G1-K1-001_C11 200 auxin-repressed protein 5.48244E-19 92.50% P:auxin mediated signaling pathway; F:lyase activity
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241 mandelonitrile lyase

240 heat shock protein 101

203 grf6 (g-box regulating factor 6) protein binding
protein phosphorylated amino acid binding

231 phosphoinositide phosphatase family protein

303 ubiquitin carboxyl-terminal

213 protein
170 protein

333 flavonoid 3-

274 kinase family protein

246 protein
130 protein

212 geranylgeranyl reductase

339 signal recognition particle subunit

348 protein
275 protein kinase

151 beta-galactosidase like protein

141 dt-related protein

237 protein

403 outward rectifying potassium channel
117 lipid transfer protein

261 1-aminocyclopropane-1-carboxylate oxidase

362 dna-directed rna polymerases and iii kda
polypeptide

339 hexose transporter

186 enolase

315 glycine-rich rna-binding protein

237 phospholipase d alpha

136 plasma membrane intrinsic protein
267 enolase

537 predicted protein [Populus trichocarpa]
147 50s ribosomal protein chloroplast

430 protein

273 protein

131 mald
147 zinc-finger protein
351 nucleoid dna-binding-like protein

128 at5g51550 k17n15_10
275 two-pore calcium channel

385 chaperone protein

198 neutral invertase
394 60s ribosomal protein 135

211 sucrose synthase
260 histone h2a

411 40s ribosomal protein s7
330 rare cold inducible protein

450 metal tolerance protein

315 pif-like orfl

155 conserved hypothetical protein [Ricinus
communis |

273 cysteine protease

453 armadillo beta-catenin repeat family protein
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3.5283E-18

2.12122E-31
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3.97983E-54
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4.92023E-20

5.77391E-53
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2.48828E-11

1.62328E-39

2.34477E-38

83.85%

90.55%

93.30%

64.73%

83.20%

82.00%
78.80%

83.10%

94.45%

71.63%
91.25%

93.70%

69.85%

89.30%
96.55%

87.65%
90.95%
78.10%
90.95%
79.60%
96.95%

99.40%

82.65%

97.20%
93.25%
96.05%

95.30%
95.25%

72.67%
95.65%

89.70%

92.70%

98.35%
82.05%
90.10%

93.80%
87.15%

95.70%

98.20%
94.70%

93.05%
94.10%

93.50%
91.65%

95.30%

82.33%
79.50%

88.95%

73.73%

F:FAD binding; C:cytoplasmic membrane-bounded vesicle; F:oxidoreductase activity,
acting on CH-OH group of donors; P:alcohol metabolic process; F:lyase activity

P:auxin biosynthetic process; P:response to high light intensity; F:ATPase activity;
F:protein binding; F:ATP binding; P:response to hydrogen peroxide; P:protein
unfolding; P:response to heat

P:defense response to bacterium; C:plant-type cell wall; F:protein domain specific
binding; P:response to cadmium ion; C:plasma membrane; F:protein phosphorylated
amino acid binding; C:chloroplast; C:nucleus; C:cytosol; P:brassinosteroid mediated
signaling pathway

F:phosphatidylinositol-4,5-bisphosphate 5-phospt activity; P:biological _process;
C:cellular component

F:ubiquitin-specific protease activity; P:ubiqs
F:ubiquitin thiol activity; C:mitock
F:transferase activity; C:mitochondrion
P:regulation of transcription; C:anchored to membrane; F:transcription factor activity;
F:zinc ion binding; C:plastid

F:heme binding; F:flavonoid 3',5'-hydroxylase activity; P:oxidation reduction;
F:oxidoreductase activity, acting on single donors with incorporation of molecular
oxygen, incorporation of two atoms of oxygen; F:electron carrier activity

P:auxin biosynthetic process; P:protein amino acid phosphorylation; F:ATP binding;
F:protein serine/threonine kinase activity

P:response to stress

C:cytoplasm; F:proline-tRNA ligase activity; P:prolyl-tRNA aminoacylation; F:protein
binding; F:ATP binding; C:membrane

P:geranylgeranyl diphosphate metabolic process; P:phytyl diphosphate biosynthetic
process; P:oxidation reduction; P:vitamin E biosynthetic process; P:tRNA processing;
P:chlorophyll biosynthetic process; F:monooxygenase activity; F:| protem binding;
P:photosynthesis: F:FAD binding; C:chloroplast; F:geranyl d activity
F:DNA binding; C:cytoplasmic membrane-bounded vesicle; P:SRP-dependent
cotranslational protein targeting to membrane; P:DNA integration; C:signal recognition
particle; F:78 RNA binding

C:Golgi apparatus

P:auxin biosynthetic process; P:protein amino acid phosphorylation; F:non-membrane
spanning protein tyrosine kinase activity; P:defense response to insect; P:defense
response to fungus; F:ATP binding; F:protein serine/threonine kinase activity; C:plastid

protein ic process;

P:carbohydrate bolic process; C: lasmic membrane-bounded vesicle; F:protein
binding; F:beta-, galacto:lda:e actlvlty, F: %ugar binding; F:cation bmdmg
P:metabolic process; F:ph late J; activity; C:mi drion

C:endomembrane system; C:membrane; C:cytoplasmic membrane-bounded vesicle
C:plant-type vacuole membrane; F:calcium ion binding; P:potassium ion transport;
C:integral to membrane; F:outward rectifier potassium channel activity

F:lipid binding; P:lipid transport

F:metal ion binding; P:ethylene biosynthetic process; P:ripening; F:L-ascorbic acid
binding; F:obs-aminocyclopropane-1-carboxylate oxidase activity; P:oxidation
reduction

F:DNA-directed RNA polymerase activity; P:transcription, DNA-dependent; C:RNA
polymerase complex; F:DNA binding

P:transmembrane transport; P:oxidation reduction; F:sugar:hydrogen symporter
activity; P:carbohydrate transport; C:integral to membrane; F:2-alkenal reductase
activity

C:cell surface; C:phosphopyruvate hydratase complex; F:phosphopyruvate hydratase
activity; F:hydrolase activity; F:magnesium ion binding; P:glycolysis

F:nucleic acid binding; F:nucleotide binding

P:lipid catabolic process; F:NAPE-specific phospholipase D activity; F:calcium ion
binding; F:phospholipase D activity; C:membrane; P:phosphatidylcholine metabolic
process

P:transmembrane transport; C:integral to membrane; F:transporter activity

F:copper ion binding; P:response to salt stress; P:response to light stimulus; P:response
to cold; C:phosphopyruvate hydratase complex; C:cell surface; P:response to abscisic
acid stimulus; F:magnesium ion binding; P:glycolysis; C:mitochondrial envelope;
C:chloroplast; F:phosphopyruvate hydratase activity; C:nucleus; C:plasma membrane;
C:apoplast

F:molecular function; P:biological process; C:cellular component

C:ribosome; F:structural constituent of ribosome; C:chloroplast; C:membrane;
P:translation

P:pollen tube devel P:gal bolic process; P:embryonic development
ending in seed dormancy; F:UDP-arabinose 4-epimerase activity; F:UDP-glucose 4-
epimerase activity; F:coenzyme binding; P:nucleotide-sugar metabolic process; P:plant-
type cell wall bi is: P:arabinose biosynthetic process; C:Golgi apparatus
F:pyridoxal phosphate binding; F:ob: inocyclopropane-1-carboxylate synthase
activity; P:biosynthetic process; F:L-aspartate:2-oxoglutarate aminotransferase
activity; C:plastid

P:response to biotic stimulus; P:defense response

F:zinc ion binding; C:intracellular; F:protein binding

C:plant-type cell wall; C:apoplast; P:proteolysis; F:aspartic-type endopeptidase
activity; C:chloroplast

C:plant-type cell wall

P:transmembrane transport; P:defense response; P:seed germination; F:calcium ion
binding; C:integral to membrane; C:plant-type vacuole; F:voltage-gated calcium
channel activity; P:regulation of stomatal movement; C:vacuolar membrane; P:calcium
ion transport; P:calcium-mediated signaling; C:plasma membrane

C:cytoplasm; F:metal ion binding; P:protein folding; C:plasma membrane; F:heat shock
protein binding; F:ATP binding; F: unfolded protein binding; P: response to heat

F:beta-fr idase activity; P: lic process; C:mi io
C:nucleolus; F:structural constituent of ribosome; C:plasma membrane; P:ribosome
bi C:cytosolic large ribos 1 subunit; P:transl

P: ds P:sucrose bio: ic process; F:sucrose synthase activity

P:defense response to bacterium; C:nucleosome; F:DNA binding; P:nucleosome
assembly; F:protein binding; P:regulation of flower development; C:nucleus
C:ribosome; F:structural constituent of ribosome; P:translation

P:response to abscisic acid stimulus; C:integral to membrane; P:response to cold;
P:hyperosmotic salinity response

P:cellular zinc ion homeostasis; C:plasma membrane; P:zinc ion transport;
P:transmembrane transport; C:vacuolar membrane; P:oxidation reduction; F:inorganic
anion transmembrane transporter activity; P:response to metal ion; F:zinc ion
transmembrane transporter activity; F:2-alkenal reductase activity

C:ribosome; F:structural constituent of ribosome; P:translation; C:mitochondrion
C:plasma membrane

P:oxidation reduction; P:proteolysis; F:2-alkenal
endopeptidase activity
F:binding; F:ligase activity

activity; F:cysteine-type
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387 4-hydroxyphenylpyruvate dioxygenase

246 aspartate aminotransferase

236 universal stress protein family protein
283 unknown [Glycine max]
417 actin

436 protease inhibitor seed storage lipid transfer

protein family protein
265 dna binding

422 sodium calcium exchanger family-like protein

233 ubiquitin-conjugating enzyme e2

399 glycerol 3-phosphate permease

334 ankyrin protein
379 col domain class transcription factor

318 dcl protein
247 histone ubiquitination proteins group

187 receptor serine threonine

181 clathrin adaptor complexes medium subunit

family protein
301 receptor for activated protein kinase

340 cullin-like 1 protein

381 glycerol 3-phosphate permease

206 glutamine synthetase
204 brassinosteroid-regulated protein brul

293 fructose bisphosphate aldolase

419 protein
109 lhcal chlorophyll binding

251 60s ribosomal protein
336 set domain protein

145 protein

230 molybdenum cofactor sulfurase family protein

419 gdp-d-mannose-3 -epimerase

175 ap2 domain class transcription factor

341 26s proteasome atpase subunit

325 conserved hypothetical protein [Ricinus
communis]

167 phosphoenolpyruvate carboxylase

258 tubulin alpha

127 pre-mrna splicing factor prp19

201 protein
283 chlorophyll a b-binding

201 glutamate decarboxylase

301 calcium-binding ef hand family protein
149 s-adenosyl-1-homocysteine hydrolase
454 at5g40510 mnf13_30

459 neoxanthin cleavage enzyme-like protein

431 starch branching enzyme i

183 protein

333 protein
292 rad23-like protein

331 dehydrin

3.15527E-35

1.84656E-35

1.8765E-27

2.47562E-22
6.23581E-71
1.32086E-41

5.32693E-6
1.49178E-40

1.54032E-29

2.31009E-17

7.01249E-51
4.17106E-35

8.73544E-49
6.58288E-25

2.03972E-21

1.55989E-26

2.43504E-35

1.4022E-51

2.96343E-49

1.63604E-23

9.31158E-11

7.39525E-40

1.49806E-40
5.95462E-13

1.28325E-12

4.13362E-19

2.05001E-21

1.00181E-28

1.44763E-43

3.74555E-20

3.1529E-19

6.86976E-46

1.06574E-14

6.72345E-33

1.10267E-11

2.45854E-11
7.79022E-13

9.93537E-29
9.25316E-35
2.11481E-18
4.00886E-30
1.6464E-76

1.77979E-78

3.73799E-15

4.56649E-34
3.4512E-21

4.6052E-18

96.15%

94.30%

77.95%
78.70%
99.00%
69.60%

61.67%
78.60%

99.90%

82.05%

89.45%
73.80%

80.90%
97.70%

87.05%

99.50%

89.00%

94.40%

91.10%

94.10%

86.00%

87.40%

62.95%
97.00%

79.00%

74.35%

96.60%

86.85%

93.80%

81.85%

97.00%

85.35%

95.05%

100.00%

86.90%

66.90%
75.87%

95.45%
83.65%
96.95%
58.10%
89.45%

93.00%

94.15%

76.95%
94.90%

68.05%

C:cytosol; F:4-hydroxyphenylpyruvate dioxygenase activity; C:mitochondrion; F:metal
ion binding; P:oxidation reduction; P:vitamin E biosynthetic process; P:L-
phenylalanine catabolic process; P:carotenoid biosynthetic process; P:pl

biosynthetic process: P:tyrosine catabolic process: C:chloroplast

P:leaf senescence; F:pyridoxal phosphate binding; F:L-aspartate:2-oxoglutarate
aminotransferase activity; P:biosynthetic process; P:cellular amino acid metabolic
process: C:membrane; C:plastid

P:response to stress

C:respiratory chain complex I; P:photorespiration; C:mitochondrial membrane
C:cytoplasm; P:auxin biosynthetic process; C:cytoskeleton; F:protein binding; F:ATP
binding

P:lipid transport; C:cytoplasmic membrane-bounded vesicle; F:lipid binding

F:DNA binding; C:nucleus

C:plant-type vacuole; C:plasma membrane; P:transmembrane transport; C:vacuolar

membrane; F:calcium ion binding; C:integral to membrane

F:ubiquitin-protein ligase activity; P:regulation of protein metabolic process; P:post-

translational protein modification

F:RNA-directed DNA polymerase activity; PXRNA-dependent DNA replication;

F:RNA binding; P:transmembrane transport; F:sugar:hydrogen symporter activity;

P:carbohydrate transport; C:membrane; C:mitochondrion

C:cytoplasmic membrane-bounded vesicle; C:Golgi apparatus; C:nucleus; F:zinc ion

binding; F:protein binding; C:plasma membrane; F:methyltransferase activity

F:kinase activity; F:zinc ion binding; C:intracellular

C:mitochondrion; C:chloroplast

P:ubiquitin-dependent protein catabolic process; P:negative regulation of flower

devel ; P:histone H2B ubiquitination; P:regulation of protein bolic process;

P:UV protection; P:leaf morphogenesis; P:vegetative to reproductive phase transition of

meristem; F:ubiquitin-protein ligase activity

P:auxin biosynthetic process; F:receptor activity; P:protein amino acid phosphorylation;

F:non-membrane spanning protein tyrosine kinase activity; F:ATP binding; F:protein

serine/threonine kinase activity

C:clathrin vesicle coat; F:protein binding; P:vesicl; diated transport; P:i 1lul

protein transport; C:clathrin adaptor complex

P:shoot development; F:myosin heavy chain kinase activity; F:receptor activity; P:root

development; F:nucleotide binding

P:ubiquitin-dependent protein catabolic process; P:cell cycle; P:embryonic development

ending in seed dormancy; P:jasmonic acid mediated signaling pathway; P:regulation of
ircadian rhythm; C:condensed nuclear chra 3 P:SCF complex assembly;

C:cullin-RING ubiquitin ligase complex; F:ubiquitin protein ligase binding; P:response

to auxin stimulus: C:spindle: C:phragmoplast

F:RNA-directed DNA polymerase activity; PXRNA-dependent DNA replication;

F:RNA binding; P:transmembrane transport; F:sugar:hydrogen symporter activity;

P:carbohydrate transport; C:membrane

C:cytoplasm; F:glutamate-ammonia ligase activity; P:nitrogen fixation; F:ATP binding;

P:glutamine biosynthetic process

F:hydrolase activity, hydrolyzing O-glycosyl compounds; P:cellular glucan metabolic

process; C:apoplast; C:cell wall; F:xyloglucan:xyloglucosyl transferase activity

C:cytosol; F:copper ion binding; C:cell wall; C:nucleolus; P:pentose-phosphate shunt;

P:response to salt stress; F:protein binding; P:glycolysis; C:mitochondrial envelope;

F:fructose-bisphosphate aldolase activity; C:chloroplast; P:response to cadmium ion;

C:plasma membrane; C:apoplast

F:transferase activity, transferring acyl groups other than amino-acyl groups

C:plastoglobule; C:light-harvesting complex; P:photosynthesis, light harvesting in

photosystem I; P:response to blue light; F:chlorophyll binding; P:response to far red

light; P:response to red light; C:chloroplast thylakoid membrane

C:ribosome; C:cytoplasmic membrane-bounded vesicle

P:chromatin modification; F:his -lysine N-

F:zinc ion binding

P:auxin biosynthetic process; C:nucleolus; C:chloroplast envelope; F:RNA helicase

activity; F:ATP-dependent helicase activity; Finucleic acid binding; F:ATP binding;

C:membrane

F:pyridoxal phosphate binding; F:Mo-molybdopterin cofactor sulfurase activity;

ion binding; C:chl

F:GDP-mannose 3,5-epimerase activity; P:cellular metabolic process; F:coenzyme

binding

F:transcription factor activity; C:nucleus; P:regulation of transcription, DNA-dependent

activity; C:nucleus;

F:molyt

C:cytoplasm; P:auxin biosynthetic process; F:peptidase activity; C:proteasome
regulatory particle, base sut ; P:ubiquitin-d dent protein bolic process;
F:ATP binding; F:microtubule-severing ATPase activity: C:nucleus

P:metal ion transport; C:end ane system; C:memt 5 Frmetal ion
transmembrane transporter activity; P:transmembrane transport

C:cytoplasm; P:tricarboxylic acid cycle; F:phosphoenolpyruvate carboxylase activity;
P:photosynthesis; P:carbon fixation

F:structural i of cytoskel ; P:microtubule-based ; F:GTP
binding; P:protein polymerization; C:cytosol; F:GTPase activity; C:microtubule
C:nucleolus; P:defense response to bacterium; P:response to cadmium ion; F:protein
binding; P:protein ubiquitination; C:cell wall; C:CUL4 RING ubiquitin ligase complex;
F:ubiquitin-protein ligase activity; C:chloroplast; Finucleotide binding

C:cytoplasmic membrane-bounded vesicle; C:chloroplast

C:chloroplast stromal thylakoid; C:plastoglobule; P:photosynthesis, light harvesting;
P:response to blue light; F:chlorophyll binding; P:nonphotochemical quenching; C:PSII
associated light-harvesting complex II; P:response to far red light; P:response to red
light; C:photosystem II antenna complex

F:pyridoxal phosphate binding; F:calmodulin binding; P bolic process;
F:glutamate decarboxylase activity

F:calcium ion binding

F:adenosylhomocysteinase activity; P:one-carbon metabolic process; F:binding
C:mitochondrion; F:molecular_function; P:biol 1_process; C:cellular_component
C:plastoglobule; F:oxidoreductase activity, acting on single donors with incorporation
of molecular oxygen, incorporation of two atoms of oxygen; F:protein binding
F:hydrolase activity, hydrolyzing O-glycosyl compounds; F:cation binding;
C:amyloplast; F:obs,4-alpha-glucan branching enzyme activity; P:starch biosynthetic
process; C:chloroplast

F:asparagine-tRNA ligase activity; P:auxin biosynthetic process; P: inyl-tRNA
aminoacylation; F:nucleic acid binding; C:mitochondrion; P:aspartyl-tRNA
aminoacylation; P:ovule development; F:ATP binding; F:aspartate-tRNA ligase
activity: C:chloroplast

C:plasma membrane

F:proteasome binding; P:response to cold; P:proteasomal ubiquitin-dependent protein
catabolic process; F:damaged DNA binding; F:ubiquitin binding; P:nucleotide-excision
repair; C:nucleus

C:cytoplasm; P:response to water deprivation; F:actin binding; P:response to abscisic

acid stimulus; P:cold acclimation; P:regulation of seed germination; C:membrane



Mado-00-G1-K1-003B_H09 441 cytochrome b5 6.08164E-34 79.10% F:heme binding; C:endoplasmic reticulum; C:membrane part
Mado-00-G1-K1-003B_H11 256 s-adenosylmethionine decarboxylase 6.35909E-7 100.00% P:spermine biosynthetic process; F:ad Imethionine decarboxylase activity;
P:spermidine biosynthetic process
Mado-00-G1-K1-004_A01 272 proteasome chain protein 2.06555E-26 91.70% C:cytoplasm; C:proteasome core complex; P:response to cadmium ion; C:plasma
P:ubiquitin-d. protein bolic process; C:nucleus; C:apoplast;
F:threonine-type endopeptidase activity
Mado-00-G1-K1-004_A03 292 molybdenum cofactor sulfurase family protein  1.54917E-21 68.70% F:catalytic activity; F:binding
Mado-00-G1-K1-004_A05 509 s-adenosylmethionine synthetase 6.17211E-58 79.80% C:cytoplasm; P:auxin bi hetic process; F:methionine ad: 1 activity;
P:one-carbon metabolic process; F:ATP binding; F:magnesium ion binding; P:response
to salt stress
Mado-00-G1-K1-004_A06 333 60s ribosomal protein 8.87082E-46 93.65% C:ribosome; F:structural constituent of ribosome; P:translation; F:rRNA binding
Mado-00-G1-K1-004_A08 538 cytosolic class i small heat shock protein 2b 3.98167E-51 66.90% C:mitochondrion; P:response to stress
Mado-00-G1-K1-004_A09 569 global transcription factor group 8.58167E-29 56.60% F:acyltransferase activity; F:transferase activity; F:histone acetyltransferase activity;
F:DNA binding
Mado-00-G1-K1-004_A12 264 dna-directed rna polymerase 2.08023E-26 76.00% F:DNA-directed RNA polymerase activity
Mado-00-G1-K1-004_B02 305 histone 2 8.35778E-28 100.00% P:defense response to bacterium; C:nucleosome; F:DNA binding; P:nucleosome
assembly; F:protein binding; P:flower development; C:nucleus
Mado-00-G1-K1-004_B04 223 galactose-1-phosphate uridyl transferase-like ~ 1.19698E-13 84.57% F:ribose-5-phosphate adenylyltransferase activity; F:UTP:galactose- 1-phosphate
protein uridy activity; P:gal; bolic process; F:zinc ion binding; F:UDP-
glucose:hexose-1-phosphate uridylyltransferase activity; P:positive regulation of
cellular response to phosphate starvation
Mado-00-G1-K1-004_B07 237 udp-glucose:sterol gl 1.25438E-23 85.25% P:carbohydrate metabolic process; P:lipid glycosylation; F:sterol 3-beta-
glucosyltransferase activity; C:plasma membrane
Mado-00-G1-K1-004_C02 160 kelch repeat-containing f-box family protein 7.17753E-19 82.50% F:molecular_function; C:chloroplast; P:biol 1_process; C:cellular_component
Mado-00-G1-K1-004_C07 539 26s proteasome regulatory subunit 6.08612E-84 86.05% C:eukaryotic translation initiation factor 3 complex; P:translational initiation;
F:translation initiation factor activity; C:proteasome complex; C:membrane; C:nucleus
Mado-00-G1-K1-004_DO1 213 protein 8.33818E-12 96.55% F:molecular function; P:biological process
Mado-00-G1-K1-004_D03 354 zip transporter 8.93896E-46 92.05% P:metal ion transport; C:endomembrane system; C:membrane; C:cytoplasmic
membrane-bounded vesicle; F:metal ion transmembrane transporter activity;
P:transmembrane transport
Mado-00-G1-K1-004_D06 440 aldo keto reductase family protein 1.14151E-69 91.40% F:steroid dehydrogenase activity; C:cytosol; P:response to water deprivation;
P:response to salt stress; P:oxidation reduction; C:nucleus; P:response to cold;
F:aldehyde reductase activity
Mado-00-G1-K1-004_D10 213 alliinase family protein 1.20124E-18 76.40% F:pyridoxal phosphate binding; F:alliin lyase activity
Mado-00-G1-K1-004_E02 481 lipid transfer protein precursor 2.38775E-59 89.75% F:lipid binding; P:lipid transport
Mado-00-G1-K1-004_E03 302 glutaredoxin c4 2.07578E-10 93.80% C:endomembrane system; P:cell redox homeostasis; F:electron carrier activity;
F:protein disulfide oxidoreductase activity; F:arsenate reductase (glutaredoxin) activity
Mado-00-G1-K1-004_E04 315 peroxidase 1.89195E-43 93.10% F:heme binding; P:oxidation reduction; F:peroxidase activity; F:protein binding;
P:response to oxidative stress
Mado-00-G1-K1-004_E05 526 tryptophan synthase alpha chain 2.99191E-52 85.55% P:callose deposition in cell wall during defense response; C:peroxisome; F:calcium ion
binding; P:defense response to bacterium; F:tryptophan synthase activity; F:protein
binding; C:chloroplast stroma; P:tryptophan biosynthetic process; C:vacuole; P:defense
response to fungus
Mado-00-G1-K1-004_E06 379 protein 1.20518E-58 88.35% C:mitochondrion; C:membrane
Mado-00-G1-K1-004_E08 390 temperature-induced lipocalin 2.58266E-21 82.70% P:transport; F:lipid binding; F:transporter activity
Mado-00-G1-K1-004_E12 382 protein 7.6062E-21 63.25% P:cell death; C:integral to membrane
Mado-00-G1-K1-004_F02 312 protein 1.56432E-21 68.40% C:plasma membrane
Mado-00-G1-K1-004_F05 338 alanine acetyl transferase 7.75959E-34 74.80% P:response to abscisic acid stimulus; P:metabolic process; F:N-acetyltransferase
activity
Mado-00-G1-K1-004_F06 290 at3g46970 f13i12_20 1.30709E-44 93.05% P:response to water deprivation; F:phosphorylase activity; P:carbohydrate metabolic
process; F:pyridoxal phosphate binding; C:chloroplast; C:cytosol
Mado-00-G1-K1-004_F07 186 atp synthase beta chain 1.23459E-26 100.00% P:plasma membrane ATP synthesis coupled proton transport; P:auxin biosynthetic
process; F:hydrogen-exporting ATPase activity, phosphorylative mechanism;
F:hydrogen ion transporting ATP synthase activity, rotational mechanism;
C:mitochondrial proton-transporting ATP synthase complex, catalytic core F(1); F:ATP
binding: F:proton-transporting ATPase activity. rotational mechanism
Mado-00-G1-K1-004_F08 219 low-temperature-induced 65 kd protein 1.67977E-7 57.20% P:abscisic acid mediated signaling pathway; P:response to water deprivation;
P:response to salt stress; P:response to cold
Mado-00-G1-K1-004_G02 384 at3g10250 f14p13 15 1.67596E-44 79.10% F:molecular function; P:biological process; C:cellular component
Mado-00-G1-K1-004_G06 401 actin interacting protein 6.72147E-53 80.10% F:FAD binding; P:oxidation reduction; C:mitochondrion; F:electron carrier activity;
F:(R)-2-hydroxyglutarate dehydrogenase activity; F:D-lactate dehydrogenase
(cytochrome) activity
Mado-00-G1-K1-004_G07 218 seed maturation-like protein 2.49635E-16 81.86% C:chloroplast
Mado-00-G1-K1-004_G08 288 metallothionein-like protein 5.72257E-16 81.45% F:metal ion binding
Mado-00-G1-K1-004_G12 403 ribulose bisphosphate carboxylase 1.63729E-39 89.35% P:reductive pentose-phosphate cycle; C:cytosolic ribosome; F:ribulose-bisphosphate
carboxylase activity; F:monooxygenase activity; P:photorespiration; F:protein binding;
C:cell wall; P:response to blue light; P:oxidation reduction; C:thylakoi :membrane;
C:chloroplast ribulose bisphosphate carboxylase complex; C:apoplast; P:response to
red light; P:response to far red light
Mado-00-G1-K1-004_HO1 352 heat shock protein binding protein 8.71202E-33 80.40% P:protein folding; P:response to stress; F:heat shock protein binding
Mado-00-G1-K1-004_H02 344 unnamed protein product [Vitis vinifera] 8.02714E-10 65.00% F:binding
Mado-00-G1-K1-004_H03 306 protein 3.2821E-16 71.95% F:molecular function; C:chl last; P:biological process
Mado-00-G1-K1-004_H06 258 membrane steroid-binding protein 1 2.48038E-19 74.35% C:plasma membrane; P:negative regulation of cell growth; F:heme binding; F:steroid
binding; C:nucleus; C:endoplasmic reticulum; C:chloroplast thylakoid membrane;
P:electron transport chain; F:2-alkenal reductase activity
Mado-00-G1-K1-004_HO08 252 short-chain dehydrogenase reductase family 1.49542E-25 79.60% P:response to cadmium ion; P:oxidation reduction; F:tropine dehydrogenase activity;
protein F:protein binding
G2-K2  Mado-00-G2-K2_Contigl 773 trehalose 6-phosphate synthase 8.68585E-62 86.60% P:trehalose biosynthetic process; F: activity; F:alpha,alpha-trehalos
phosphate synthase (UDP-forming) activity; F:hydrolase activity; P:metabolic process;
F:catalytic activity; F:trehalose-phosphatase activity; F:transferase activity,
transferring glycosyl groups
Mado-00-G2-K2_Contig2 290 dehydrin-like protein 1.25606E-20 67.75% P:response to water; P:response to stress
Mado-00-G2-K2_Contig3 322 protein 9.56853E-21 80.75% C:plant-type cell wall; P:defense response; P:response to brassinosteroid stimulus;
P:response to gibberellin stimulus; P:response to abscisic acid stimulus;
F:molecular_function; C:e: Ilular region; F:protein binding; C:cell wall;
P:unidimensional cell growth
Mado-00-G2-K2_Contigd 407 yth domain-containing 1.78444E-27 77.00% F:molecular_function; C:cytoplasm; P:biol 1_process; F:protein binding;
C:cellular component; C:nucleus
Mado-00-G2-K2_Contig5 390 temperature-induced lipocalin 3.80234E-22 84.15% F:lipid binding; F:binding; F:transporter activity; P:transport
Mado-00-G2-K2_Contigb 336 dehydrin 2.63982E-23 74.70% P:response to water; P:response to stress
Mado-00-G2-K2_Contig8 365 calmodulin-binding protein (CAMTAL) 1.93908E-50 86.10% F:transcription activator activity; P:regulation of transcription; P:biological_process;
F:calmodulin binding; F:transcription regulator activity; C:cellular_component;
P:response to freezing; C:nucleus
Mado-00-G2-K2_Contigl0 233 hypothetical protein [Vitis vinifera] 0.0341242 50.00%
Mado-00-G2-K2_Contigl2 458 zinc finger 3.01088E-35 68.10% C:endomembrane system; P:lipid lic process; C hondrion; C: 1
membrane-bounded vesicle; F:hydrolase activity, acting on ester bonds;
F:carboxylesterase activity
Mado-00-G2-K2_Contigl3 436 protein 3.56043E-28 48.05% P:biological _process
Mado-00-G2-K2_Contigl4 432 sucrose synthase 1.2659E-41 88.80% F:transferase activity; C:plant-type cell wall; F:sucrose synthase activity;
P:biosynthetic process; P:sucrose biosynthetic process; C:membrane; P:sucrose
metabolic process; P:response to hypoxia; F:transferase activity, transferring glycosyl
groups; F:UDP-gl; 1 activity; Frmolecular_function;
C:cellular P devel
Mado-00-G2-K2_Contigl5 387 constans-like protein 1.02771E-59 70.15% F:zinc ion binding; C:intracellular



Mado-00-G2-K2_Contigl6
Mado-00-G2-K2_Contigl7
Mado-00-G2-K2_Contigl8
Mado-00-G2-K2_Contigl9
Mado-00-G2-K2_Contig20
Mado-00-G2-K2_Contig21
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Mado-00-G2-K2_Contig23

Mado-00-G2-K2_Contig24
Mado-00-G2-K2_Contig25
Mado-00-G2-K2_Contig26
Mado-00-G2-K2_Contig27
Mado-00-G2-K2_Contig28

Mado-00-G2-K2_Contig29

Mado-00-G2-K2_Contig30
Mado-00-G2-K2_Contig31

Mado-00-G2-K2_Contig32

Mado-00-G2-K2_Contig33

Mado-00-G2-K2_Contig34

Mado-00-G2-K2_Contig35
Mado-00-G2-K2_Contig36
Mado-00-G2-K2_Contig37

Mado-00-G2-K2_Contig38

Mado-00-G2-K2_Contig39

Mado-00-G2-K2_Contigd0

Mado-00-G2-K2_Contig41
Mado-00-G2-K2_Contigd2
Mado-00-G2-K2_Contig43

Mado-00-G2-K2_Contigd4

Mado-00-G2-K2_Contig45

Mado-00-G2-K2_Contigd6

Mado-00-G2-K2_Contigd7
Mado-00-G2-K2_Contig49

Mado-00-G2-K2_Contig50

Mado-00-G2-K2_Contig51

Mado-00-G2-K2_Contig52

303 peptide transporter-like protein

297 protein

291 xyloglucan galactosyltransferase

282 protein

244 protein (FUS)

234 rna-binding region rnp-1 and splicing factor
pwi family member protein

210 galactinol synthase

170 at3g46970 f13i12_20

608 PREDICTED: hypothetical protein [Vitis
vinifera]

543 senescence-associated protein

472 l-asparaginase l-asparagine amidohydrolase

468 cc-nbs-lrr resistance protein

407 protein

393 ribulose bisphosphate carboxylase

373 conserved protein
369 atp-binding cassette

361 heat shock protein

347 tif3bl (translation initiation factor 3b1) nucleic
acid binding translation initiation factor

338 ribulose bisphosphate carboxylase

308 gras family transcription factor
295 protein
285 serine decarboxylase

279 fibrillin precursor-like protein

267 protein

263 cysteine protease

261 60s ribosomal protein 115
261 zinc finger (c3hed-type ring finger) family
protein

257 mutt nudix

232 ap2 domain-containing transcription factor

219 purple acid phosphatase

219 low-temperature-induced 65 kd protein

212 integral membrane hrfl family protein
209 actin-related protein 6

191 beta-amylase

191 PREDICTED: hypothetical protein [Vitis
vinifera]
162 white-brown-complex abc transporter family

2.92199E-38

1.08339E-32

9.2385E-32

2.38044E-27

1.50042E-26

1.92215E-13

6.2821E-33

1.46054E-21

9.76292E-45

7.4524E-50

1.4176E-16

0.00402227

1.95471E-58

3.18718E-40

1.43702E-8
1.37809E-51

4.09712E-5

8.88948E-59

1.49551E-26

8.47038E-38
2.34625E-27
2.61029E-42

2.09325E-12

3.58838E-44

2.00143E-10

1.67867E-41

8.08809E-28

1.43772E-24

1.3295E-30

4.33515E-29

6.09143E-7

3.33879E-26
5.16821E-27

1.81176E-27

0.0154445

1.12545E-21

78.35%

70.22%

75.05%

72.84%

89.05%

61.25%

92.65%

90.10%

67.00%

78.65%

87.00%

64.50%

83.35%

89.35%

64.88%
84.35%

72.33%

93.15%

92.05%

84.75%
76.70%
89.50%

88.95%

97.15%

81.65%

97.75%

74.75%

79.79%

98.85%

89.00%

54.68%

87.95%
84.40%

89.35%

53.00%

85.75%

P:oligopeptide transport; C:integral to membrane; C:membrane; F:transporter activity;
P:transport

F:molecular function; P:biological process; C:cellular component

C:mitochondrion; C:cell wall; C: lasmic membrane-bounded vesicle; F

activity; F:catalytic activity; C:membrane; P:biological process; F:transferase activity,
transferring glycosyl groups

C:plastid

C:plastid; F:RNA binding; F:nucleic acid binding; P:RNA splicing; F:nucleotide
binding

C:plastid; F:nucleic acid binding; F:nucleotide binding; P:mRNA processing

F:transferase activity; F:inositol 3-alpha-galactosyltransferase activity; F:transferase
activity, transferring glycosyl groups

F:transferase activity; F:pyridoxal phosphate binding; F:phosphorylase activity;
F:transferase activity, transferring glycosyl groups; C:cytoplasm; P:carbohydrate
metabolic process; P:response to water deprivation; C:cytosol; C:chloroplast
F:molecular_function; P:biological_process; C:cellular_component

F:molecular_function; C: lasmic membrane-bounded vesicle; C:integral to
membrane; C:membrane; P:aging

P:glycoprotein catabolic process; F:beta-aspartyl-peptidase activity; F:hydrolase
activity; F:asparaginase activity; F:peptidase activity; C:cellular component
F:ATP binding; P:apoptosis; P:defense response; F:nucleotide binding; F:protein
binding

C:heterotrimeric G-protein complex; F:molecular_function; P:biological_process;
C:CUL4 RING ubiquitin ligase complex

C:apoplast; P:response to far red light; C:chloroplast; C:plastid; F:ribulose-
bisphosphate carboxylase activity; C:membrane; C:cell wall; C:thylakoid; C:cytosolic
ribosome; P:photorespiration; C:chloroplast ribulose bisphosphate carboxylase
complex; F:lyase activity; P:response to red light; C:chloroplast stroma;
P:photosynthesis; P:response to blue light; P:carbon fixation; P:oxidation reduction;
P:reductive pentose-phosphate cycle; F:monooxygenase activity; F:protein binding;
F:oxidoreductase activitv

P:negative regulation of defense response; P:drug transmembrane transport;
C:chloroplast; P:defense response to bacterium; F:hydrolase activity; P:defense
response to fungus, incompatible interaction; F:cadmium ion transmembrane
transporter activity; F:ATP binding; P:systemic acquired resistance; C:membrane;
P:callose deposition in cell wall during defense response; C:mitochondrion; P:auxin
biosynthetic process; F:nucleotide binding; F:ATPase activity; F:nucleoside-
triphosphatase activity; F:ATPase activity, coupled to transmembrane movement of
I P:indole gl inol: bolic process; P:cad ion transport;
C:nlasma F:nl | brane-transnortine ATPase activitv
F:ATP binding; P:response to stress; P:protein metabolic process; F:nucleotide binding;
F:nucleoside-triphosphatase activity; P:auxin biosynthetic process; F:protein binding

C:eukaryotic translation initiation factor 3 complex; F:DNA binding; C:nucleus;
P:translational initiation; F:nucleic acid binding; F:nucleotide binding; C:cytoplasm;
P:translation; F:RNA binding; F:protein binding; F:translation initiation factor activity;
C:eytosol

P:photorespiration; P:photosynthesis; P:carbon fixation; P:oxidation reduction; F:lyase
activity; F:oxidoreductase activity; P:reductive pentose-phosphate cycle; C:
ribulose bisphosphate carboxylase complex; F:ribulose-bisphosphate carboxylase
activity: F:monooxygenase activity; C:plastid: C:chloroplast

P:transcription; P:regulation of transcription

F:molecular function; P:biological process; C:cellular component

F:pyridoxal phosphate binding; P:cellular amino acid metabolic process; P:embryonic
development ending in seed dormancy; F:lyase activity; F:carboxy-lyase activity;
F:catalytic activity; C:cellular_component; F:histidine decarboxylase activity;
P:carboxylic acid metabolic process

C:chloroplast; C:plastid; C:nucleus; C:chloroplast thylakoid membrane;
F:molecular_function; P:response to abscisic acid stimulus; F:structural molecule
activity; C:membrane; C:thylakoid lumen; C:plastoglobule; C:thylakoid; P:response to
cold; C:stromule; P:biological_process; C:chloroplast stroma; P:response to stress;

F:transferase activity; F:protein serine/threonine kinase activity; F:protein kinase
activity; P:protein amino acid phosphorylation; F:non-membrane spanning protein
tyrosine kinase activity; F:ATP binding; F:kinase activity; F:protein binding; C:plasma
membrane

F:cysteine-type endopeptidase activity; F:hydrolase activity; P:aging; F:cysteine-type
peptidase activity; F:peptidase activity; P:proteolysis; F:protein binding;
C:endomembrane system; P:response to ethylene stimulus

C:plastid; F:structural constituent of ribosome; C:mitochondrion; P:translation;
C:ribonucleoprotein complex; C:ribosome; C:intracellular

F:metal ion binding; F:zinc ion binding; F:protein binding

F:metal ion binding; C:chloroplast; F:hydrolase activity; P:biological_process;
F:NAD+ diphosphatase activity

P:seed development; P:specification of floral organ identity; P:sexual reproduction; F:2-
alkenal reductase activity; F:transcription factor activity; F:DNA binding; C:nucleus;
P:oxidation reduction; P:cell differ ; F:oxidored activity; P: lation of
transcription, DNA-d dent; P:flower devel P:meristem maintenance;
P:transcription: C:plastid: P:regulation of transcription

F:metal ion binding; C:cytoplasmic membrane-bounded vesicle; F:hydrolase activity;
F:acid phosphatase activity; P:biological_process; F:protein serine/threonine
phosphatase activity

P:abscisic acid mediated signaling pathway; F _function; P:response to water
deprivation; P:response to abscisic acid stimulus; P:response to salt stress; P:response
to cold; C:cellular component

F:molecular function; C:integral to membrane; C:membrane; P:biological process
Fstructural i of cytoskel C:chromatin r complex; P

T deling; P:actin fil. it-based process; P:cell proliferation; P:negative regulation
of flower development; F:protein binding; C:nucleus

P:carbohydrate metabolic process; P:metabolic process; F:hydrolase activity;
F:catalytic activity; F:hydrolase activity, acting on glycosyl bonds; F:cation binding;
P:polysaccharide catabolic process; F:beta-amylase activity

P:regulation of transcription; F:DNA binding; C:nucleus

F:ATPase activity, coupled to tr brane of sut P:cutin
transport; P:auxin biosynthetic process; C:membrane; F:hydrolase activity;
F:phosphonate transmembrane-transporting ATPase activity; F:nucleotide binding;
F:nucleoside-triphosphatase activity; F:ATP binding; C:external side of plasma
membrane; F:ATPase activity; P:fatty acid transport; C:plasma membrane; F:fatty acid
transporter activity



Mado-00-G2-K2_Contig53

Mado-00-G2-K2_Contig54

Mado-00-G2-K2_Contig55

Mado-00-G2-K2-001B_A04
Mado-00-G2-K2-001B_A06
Mado-00-G2-K2-001B_B04

Mado-00-G2-K2-001B_B05

Mado-00-G2-K2-001B_B09

Mado-00-G2-K2-001B_C02

Mado-00-G2-K2-001B_C04

Mado-00-G2-K2-001B_C08

Mado-00-G2-K2-001B_C09
Mado-00-G2-K2-001B_C12

Mado-00-G2-K2-001B_D03
Mado-00-G2-K2-001B_D06

Mado-00-G2-K2-001B_D09

Mado-00-G2-K2-001B_EO1

Mado-00-G2-K2-001B_E02

Mado-00-G2-K2-001B_E06

Mado-00-G2-K2-001B_E10

Mado-00-G2-K2-001B_E11
Mado-00-G2-K2-001B_F03

Mado-00-G2-K2-001B_F04

Mado-00-G2-K2-001B_F11

Mado-00-G2-K2-001B_GO01

Mado-00-G2-K2-001B_G04

Mado-00-G2-K2-001B_G08

Mado-00-G2-K2-001B_G09

Mado-00-G2-K2-001B_H05

Mado-00-G2-K2-001B_H07

Mado-00-G2-K2-001B_H09

Mado-00-G2-K2-002C_A04

Mado-00-G2-K2-002C_A09

Mado-00-G2-K2-002C_A12

Mado-00-G2-K2-002C_B01

139 aldose reductase

132 hypothetical protein RCOM_0555710 [Ricinus

communis |
118 late embryogenesis
400 protein
216 atlg78070 f28k19 28
272 waxy 2

252 starch branching enzyme i

771 aspartic proteinase

334 calcium ion binding

301 h(\+)-transporting atpase plant fungi plasma

membrane

269 elongation factor 1-gamma

294 bzip protein
293 kinase family protein

290 selenium-binding protein
138 atp-binding cassette

348 cysteine protease

507 magnesium transporter

298 at1g49820 f10f5_1

267 dna damage-binding

215 emsy n terminus domain-containing protein ent

domain-containing protein

167 kelch repeat-containing protein
225 root hair defective 3 gtp-binding family protein

263 lem3 (ligand-effect modulator 3) family protein

352 inducer of cbf expression 1

396 protein

275 sodium calcium exchanger family-like protein

398 26s non-atpase regulatory subunit

186 eukaryotic translation initiation factor 2 beta

subunit

273 monodehydroascorbate reductase

526 short-chain dehydrogenase reductase family

protein
215 ribosomal rna

334 aspartate aminotransferase

286 sugar transporter family expressed

313 protein

340 myo-inisitol oxygenase

1.03695E-19

0.0197692

0.00404492
1.28344E-41
1.35274E-11
2.7378E-44

4.81396E-12

1.02365E-70

3.33664E-34

3.03492E-35

1.72494E-38

6.81072E-35
3.16053E-48

7.06649E-48
1.45031E-13

2.18112E-57

7.66822E-53

6.12338E-44

3.35862E-42

1.18354E-23

8.60982E-14
1.58119E-31

3.27612E-37

3.74057E-25

1.9744E-66

6.30384E-33

6.15187E-60

4.96147E-17

6.28924E-41

4.24875E-44

3.12906E-8

1.44063E-53

1.2606E-20

1.64288E-36

6.85644E-56

81.05%

63.00%

66.17%
77.90%
67.60%
92.95%

100.00%

84.40%

85.70%

98.40%

90.35%

79.35%
95.55%

92.15%
90.90%

91.05%

69.35%

89.95%

82.45%

69.70%

96.10%
89.60%

88.35%

60.10%

96.00%

86.75%

97.60%

82.60%

88.55%

84.20%

82.00%

96.10%

76.55%

85.25%

92.60%

F:steroid det activity; C:nucleus; F:aldo-keto reductase activity; F:aldehyde
reductase activity; P:oxidation reduction; P:response to water deprivation;
F:oxidoreductase activity; P:response to cold; P:response to salt stress; C:cytosol;
P:response to cadmium ion

F:zinc ion binding; C:intracellular

F:binding; P:biological process; C:cellular component

F:molecular function; P:biological process; C:CUL4 RING ubiquitin ligase complex
F:transferase activity; P:biosynthetic process; C:amyloplast; F:transferase activity,
transferring glycosyl groups; P:glycogen biosynthetic process; P:starch biosynthetic
process; F:starch synthase activity; P:glucan biosynthetic process; C:plastid;
C:chloroplast

F:hydrolase activity, hydrolyzing O-glycosyl compounds; P:carbohydrate metabolic
process; F:catalytic activity; F:cation binding

C:cytoplasmic membrane-bounded vesicle; F:endopeptidase activity; C:vacuole; P:lipid
metabolic process; F:hydrolase activity; F:aspartic-type endopeptidase activity;
F:peptidase activity; Piresponse to salt stress; P:proteolysis

C:plant-type vacuole; C:vacuolar membrane; F:calcium ion binding; C:vacuole;
C:integral to membrane; C:membrane; P:transmembrane transport; C:plasma
membrane

F:ATPase activity, uncoupled; P:auxin biosynthetic process; C:integral to membrane;
C:membrane; P:cation transport; F:ATPase activity, coupled to transmembrane
movement of ions, phosphorylative mechanism; F:hydrolase activity; F:nucleotide
binding; F:ATP binding; F:ATPase activity; P:ATP biosynthetic process; F:catalytic
activity; F:hydrogen-exporting ATPase activity, phosphorylative mechanism;
P:metabolic process; P:proton transport; C:plasma membrane; F:hydrolase activity,
acting on amd anhvdrides. catalvzing transmembrane movement of substances
P:transl | elongation; C:mitochondrion; F:transl elongation factor activity;
P:translation; F:transferase activity; C:eukaryotic translation elongation factor 1
complex

F:molecular function; C:plasma membrane

F:kinase activity; F:protein kinase activity; F:ATP binding; F:nucleotide binding;
P:protein amino acid phosphorylation; P:auxin biosynthetic process;

C:cellular F:protein serine/tk kinase activity

F:selenium binding; P:polar nucleus fusion; C:cellular_component

P:auxin biosynthetic process; C:membrane; F:hydrolase activity; F:phosphonate
transmembrane-transporting ATPase activity; F:nucleotide binding; F:nucleoside-
triphosphatase activity; F:ATP binding; F:ATPase activity; F:heme-transporting
ATPase activity

F:cysteine-type endopeptidase activity; F:hydrolase activity; P:aging; F:cysteine-type
peptidase activity; F:peptidase activity; P:proteolysis; F:protein binding;
C:endomembrane system; P:response to ethylene stimulus

C:membrane; F:magnesium ion transmembrane transporter activity; P:transmembrane
transport; P:metal ion transport; C:plasma membrane; F:metal ion transmembrane
transporter activity

F:kinase activity; F:S-methyl-5-thioribose kmase actlvlty, F:transferase activity; P:L-
methionine salvage from methylthioad: ;P ine biosynthetic process;
C:cellular component

P:response to UV; P:protein polyubiquitination; C:protein complex; C:nucleus; F:DNA
binding; F:nucleic acid binding; P:nucleotide-excision repair, DNA damage removal;
P:pyrimidine dimer repair; P:response to UV-B; F:ubiquitin-protein ligase activity;
F:damaged DNA binding; F:nucleotide binding; P:nucleotide-excision repair; P:protein

biquitination; C:nucleopl F:zinc ion binding; P:DNA repair; F:protein
binding: C:CUL4 RING ublqultm ligase complex
P:oxidation reduction; F: _function; F:oxidored activity; P: boli

process; P:biological process; F:monooxygenase activity; C:cellular component
F:molecular function; P:biological process; F:protein binding; C:cellular component
P:cell tip growth; C:integral to membrane; C:membrane; F:hydrolase activity;
F:nucleotide binding; C:cytoplasm; F:GTP binding; P:ER to Golgi vesicle-mediated
transport; P'root epidermal cell differentiation; C:cellular_component; P:plant-type cell
wall bi C:endoplasmi icul P:actin kel organization
C:plastid; P:phospholipid transport; C:chloroplast thylakoid lumen; P:cell division;
C:membrane; C:Golgi apparatus; P:biological process

C:chloroplast; P:regulation of transcription; P:guard mother cell differentiation;
F:transcription regulator activity; F:DNA binding; F:transcription factor activity;
P:response to freezing; C:nucleus

F:ligase activity; P:regulation of protein metabolic process; P:post-translational protein
modification; F:small conjugating protein ligase activity

C:plant-type vacuole; C:vacuolar membrane; F:calcium ion binding; C:vacuole;
C:integral to membrane; C:membrane; P:transmembrane transport; C:plasma
membrane

C:proteasome complex; P:protein catabolic process; P:response to salt stress;
P:ubiquitin-dependent protein catabolic process; C:nucleus; C:proteasome regulatory
particle, lid subcomplex

F:metal ion binding; P:translational initiation; P:translation; F:translation initiation
factor activity

C:peroxisome; F:monodehydroascorbate reductase (NADH) activity; F:FAD binding;
C:cytoplasm; C:apoplast; P:oxidation reduction; F:oxidoreductase activity; P:hydrogen
peroxide catabolic process; C:peroxisomal matrix; C:plasma membrane; C:chloroplast

P:oxidation reduction; F:binding; F:oxidored activity; P: bolic process;
F:prostaglandin-E2 9-reductase activity; F:catalytic activity; C:cellular component
C:plastid; Finucleic acid binding; F:methyltransferase activity; P:-rRNA processing;
F:transferase activity; P:rRNA methylation; P:methylation; C:nucleus

P:biosynthetic process; C:apoplast; C:chloroplast; C:plastid; F:transaminase activity;
C:mitochondrial matrix; F activity, transferring nitrogenous groups;
P:response to cadmium ion; P:cellular amino acid metabolic process; P:response to
cold; P:2-oxoglutarate metabolic process; C:stromule; C:mitochondrion; F:L-
aspartate:2-oxoglutarate aminotransferase activity; F:catalytic activity; C:chloroplast
stroma; P:glutamate metabolic process; P:aspartate metabolic process; F:transferase
activitv: Fzpvridoxal phosphate binding

F:sugar:hydrogen symporter activity; F:transporter activity; C:integral to membrane;
C:membrane; F:2-alkenal reductase activity; P:carbohydrate transport; P:transport;
F:sut specific tr ane transporter activity; P:oxidation reduction;
F:oxidored: activity; C:chloropl: lope; F:carbohydrate transmembrane
transporter activity: P:transmembrane transport: C:plastid; C:chloroplast

F:metal ion binding; P:oxidation reduction; F:oxidoreductase activity, acting on single
donors with incorporation of molecular oxygen, incorporation of two atoms of oxygen;
P:L-methionine salvage from methylthioad C:cellular_¢

F:acireductone dioxygenase [iron(IT)-requiring] activity; F:dioxygenase activity
P:oxidation reduction; P:syncytium formation; F:oxidoreductase activity; C:cytoplasm;
P:inositol catabolic process; F:iron ion binding; F:inositol oxygenase activity
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Mado-00-G2-K2-002C_B03

Mado-00-G2-K2-002C_B07

Mado-00-G2-K2-002C_C01

Mado-00-G2-K2-002C_C05

Mado-00-G2-K2-002C_C06
Mado-00-G2-K2-002C_C08

Mado-00-G2-K2-002C_C12
Mado-00-G2-K2-002C_D02

Mado-00-G2-K2-002C_D03
Mado-00-G2-K2-002C_D04
Mado-00-G2-K2-002C_DO05
Mado-00-G2-K2-002C_D06

Mado-00-G2-K2-002C_D07

Mado-00-G2-K2-002C_D11
Mado-00-G2-K2-002C_E01

Mado-00-G2-K2-002C_E02
Mado-00-G2-K2-002C_E03

Mado-00-G2-K2-002C_E10

Mado-00-G2-K2-002C_E12

Mado-00-G2-K2-002C_F01

Mado-00-G2-K2-002C_F02

Mado-00-G2-K2-002C_F03

Mado-00-G2-K2-002C_F06
Mado-00-G2-K2-002C_F08
Mado-00-G2-K2-002C_F11

Mado-00-G2-K2-002C_G02
Mado-00-G2-K2-002C_G03
Mado-00-G2-K2-002C_G06

Mado-00-G2-K2-002C_G08

Mado-00-G2-K2-002C_G10
Mado-00-G2-K2-002C_H02

Mado-00-G2-K2-002C_H03

Mado-00-G2-K2-002C_HO05

Mado-00-G2-K2-002C_H08

Mado-00-G2-K2-002C_H10

Mado-00-G2-K2-002C_H11

Mado-00-G2-K2-002C_H12

206 alpha-glucan water chloroplast

222 unnamed protein product [Vitis vinifera]
288 cysteine protease

310 protein

264 aldo keto

179 translationally controlled tumor protein
318 serine palmitoyltransferase

161 histone h3
190 carrier protein precursor-like

245 xanthine uracil permease family expressed
309 coat protein

311 vacuolar-processing enzyme

198 cceh-type zine finger protein

307 protein kinase

423 lustrin a-like
525 dormancy-associated mads-box transcription
factor

292 protein

335 tir-nbs-lrr resistance protein

247 heat shock protein 101

265 zinc finger family protein

247 atp-dependent rna

385 chaperone protein

234 beta-amylase 8

293 protein
162 wd-40 repeat family protein

235 xyloglucan endotransglycosylase

239 protein
201 unnamed protein product [Vitis vinifera]
220 wak-like kinase

291 protein

180 gras family transcription factor
159 gata transcription factor 25

339 alcohol dehydrogenase class iii

167 4 protein

404 neutral invertase

298 defensin protein

175 protein

346 rac-gtp binding

1.19543E-23

3.55913E-7

1.80117E-43

6.65573E-51

5.3936E-32

9.37604E-21
5.40337E-48

6.19519E-20
2.89251E-25

5.9483E-23

8.41952E-46

2.00864E-39

1.67915E-25

3.91643E-51

4.88351E-33
8.01451E-36

1.68365E-33
1.45743E-13

2.15411E-33

3.61782E-28

2.08159E-36

7.65254E-55

1.61592E-36

9.5161E-45
7.5491E-18
5.39181E-24

4.40591E-18
0.0260006
5.32399E-11

3.16053E-48

1.03329E-19
2.12926E-20

2.0885E-12

3.85582E-22

4.54604E-39

2.26425E-22

4.22231E-21

2.35567E-35

86.70%

68.00%

89.30%

95.70%

94.15%

87.80%
86.35%

96.00%
95.70%

71.10%

84.30%

84.05%

77.60%

98.70%

85.45%
84.05%

82.05%
70.40%

91.60%

85.65%

91.15%

95.70%

92.15%

93.35%
91.15%
94.90%

66.00%
68.00%
64.83%

94.45%

83.10%
75.93%

99.25%

95.70%

96.30%

85.15%

85.20%

85.65%

C:chloroplast; C:plastid; P:carbohydrate metabolic process; P:response to symbiotic
fungus; F:ATP binding; F:metal ion binding; F:kinase activity; F:protein histidine
kinase activity; P:starch catabolic process; C:mitochondrion; F:catalytic activity;
F:nucleotide binding; C:chloroplast stroma; F:alpha-gl , water dikinase activity;
P:phosphorylation: P:cold acclimation: F:protein binding: F:transferase activity
P:apoptosis; F:protein binding

C:endomembrane system; P:proteolysis; C:cytoplasmic membrane-bounded vesicle;
F:hydrolase activity; F:cy type peptidase activity; F:peptidase activity; F:cysteine-
type endopeptidase activity

P:detection of bacterium; F:ADP-ribose pyrophosphohydrolase activity; F:lyase
activity; P:response to vitamin B1; P:thiamin biosynthetic process; F:iron-sulfur cluster
binding; F:catalytic activity; C:chloroplast stroma; C:plastid; C:chloroplast

P:oxidation reduction; F:pyridoxine 4-dehydrogenase activity; F:oxidoreductase
activity; P:auxin mediated signaling pathway

C:cytoplasm

F:transferase activity; F:pyridoxal phosphate binding; P:p} )i

P:biosynthetic process; C:membrane; P:sphingosine biosynthetic process; P:pollen
development; F:catalytic activity; F: pmtem bmdmg, P sphmgohpld biosynthetic
process; Fxacyltransferase activity; dopl: P: bolic process;
F:transferase activity, transferring nmogenom groups; F:serine C-palmitoyltransferase
activitv
C

C 1 3 P 1 ; F:DNA binding; C:nucleus
C:mitochondrion; F:binding; C:integral to membrane; C membrane; P:transmembrane
transport; C:mitochondrial inner membrane; F:transporter activity; P:transport
F:transmembrane transporter activity; C:membrane; P:transmembrane transport;
F:transporter activity; P:transport

C:viral capsid; F:structural molecule activity

P:proteolysis; C:lytic vacuole; P:vacuolar protein processing; F:hydrolase activity;
F:cysteine-type peptidase activity; F:peptidase activity; F:cysteine-type endopeptidase
activity

F:transcription factor activity; F:DNA binding; F:nucleic acid binding; C:cytoplasm;
F:zinc ion binding; F:RNA binding; C:cellular_component; F:metal ion binding;
P:regulation of transcription

F:transferase activity; P:auxin biosynthetic process; F:protein serine/threonine kinase
activity; F:protein kinase activity; P:protein amino acid phosphorylation; F:nucleotide
binding; F:ATP binding; F:kinase activity; F:MAP kinase kinase kinase activity
P:biological_process; C:cellular_component

P:regulation of transcription, DNA-dependent; P:transcription; F:sequence-specific
DNA binding; P:regulation of transcription; F:DNA binding; F:transcription factor
activity: C:nucleus

P:oxidation reduction; F:oxidoreductase activity; F:aromatase activity

P:defense response; F:transmembrane receptor activity; F:sugar binding; P:apoptosis;
F:ATP binding; C:intrinsic to membrane; P:recognition of pollen; P:signal transduction;
F:protein binding; P:innate immune response

F:ATP binding; P:response to stress; P:protein metabolic process; F:nucleotide binding;
F:nucleoside-triphosphatase activity; P:auxin biosynthetic process; F:protein binding

C:endomembrane system; F:metal ion binding; C:cytoplasmic membrane-bounded
vesicle; C:membrane; F:zinc ion binding; F:protein binding

F:helicase activity; P:auxin biosynthetic pmcess F: hydmlase activity; F nucleic acid
binding; F:RNA helicase activity; F leotide binding; F:nucleoside-triphospt
activity; P:embryonic development ending in seed dormancy; F:ATP binding; F:ATP-
dependent helicase activity; C:cellular component

P:response to stress; C:membrane; C:cytoplasm; F:ATP binding; F:heat shock protein
binding; P:response to heat; P:protein folding; F:metal ion binding; C:plasma
membrane; F:unfolded protein binding

F:cation binding; P:starch catabolic process; F:hydrolase activity; P:polysaccharide
catabolic process; P:carbohydrate metabolic process; F:catalytic activity; P:response to
cold; P:maltose biosynthetic process; C:chloroplast stroma; P:metabolic process;
F:hydrolase activity, acting on glycosyl bonds: C:plastid: F:beta-amylase activity

C:heterotrimeric G-protein complex; F:molecular_function; P:biological _process;
C:CUL4 RING ubiquitin ligase complex

F:hydrolase activity, hydrolyzing O-glycosyl Is; C:cell wall; F

activity; P:carbohydrate metabolic process; F:hydrolase activity; C:apoplast;
F:xyloglucan:xyloglucosyl transferase activity; P:cellular glucan metabolic process
C:cytoplasm; P:biological process; F:zinc ion binding

P:auxin biosynthetic process; F:protein serine/threonine kinase activity; F:2-alkenal
reductase activity; F:protein kinase activity; P:protein amino acid phosphorylation;
F:nucleotide binding; F:ATP binding; P:oxidation reduction; F:kinase activity;
F:oxidoreductase activity

C:peroxisome; P:amine metabolic process; F:quinone binding; P:oxidation reduction;
F:amine oxidase activity; F:copper ion binding

P:transcription; P:regulation of transcription

F:metal ion binding; P:regulation of transcription, DNA-dependent; F:sequence-
specific DNA binding; F:zinc ion binding; F:transcription factor activity

P:seed devel ; Prcell death; C:cytopl F:zinc ion binding; P:ethanol oxidation;
P:oxidation reduction; F:S-nitrosoglutathione reductase activity; F:oxidoreductase
activity; F:catalytic activity; F:S-(hydroxymethyl)glutathione dehydrogenase activity;
F:alcohol dehydrogenase (NAD) activity; P:formaldehyde metabolic process; P:heat
acclimation; P:metabolic process; F:metal ion binding; F:binding

F:ATP-dependent peptidase activity; F:microtubule-severing ATPase activity; F:serine-
type endopeptidase activity; P:auxin biosynthetic process; F:metalloendopeptidase
activity; C:membrane; P:| protem catabolic process C:mitochondrion; F:hydrolase
activity; F leotide binding; F leoside-triphospl activity; F:ATP binding;
F:metallopeptidase activity; F:ATPase activity; F:peptidase activity; P:proteolysis;
C:plastid

F:beta-fr idase activity; C:mitochondrion; P bolic process; F:l
activity; F:hydrolase activity, acting on glycosyl bonds; F:catalytic activity;
P:biological process

P:defense response; P:killing of cells of another organism; F:peptidase inhibitor
activity; P:defense response to fungus; C:plant-type cell wall; F:peptidase activity;
C:extracellular region

F:pyridoxal phosphate binding; P:biosynthetic process; F:transcription factor activity;
C:nucleus; F:amino acid binding; F:catalytic activity; P:regulation of transcription,
DNA-dependent; P:metabolic process; C:plastid; C:chloroplast

C:mitochondrion; C:mitochondrial outer membrane; F:nucleotide binding; F:GTP
binding; P:embryonic development ending in seed dormancy, P: mlmchondnon
organization; P:embryonic devel Ci Ilular; P: hondrion transport
along microtubule; P:pollen tube growth; P:small GTPase mediated signal transduction;
F:calcium ion binding
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490 nucleosome chromatin assembly factor group

267 tpl protein binding protein homodimerization
transcription repressor

237 fkbp-rapamycin associated

277 seed specific protein bn15d1b
442 ramosa 1 enhancer locus 2
393 6-phosphofructo-2-kinase family expressed

231 mald
148 gonidia forming protein

138 4-hydroxyphenylpyruvate dioxygenase

414 hexokinase 6

215 delta-12 oleate desaturase
178 cornichon family protein
578 alpha beta fold family protein

126 t-complex protein 1 subunit epsilon

168 dead deah box helicase

292 molybdenum cofactor sulfurase family protein

340 cyclic nucleotide and calmodulin-regulated ion
channel

141 membrane protein

276 glyoxalase i

194 PREDICTED: hypothetical protein [Vitis
vinifera]

267 two-pore calcium channel

437 une5 (unfertilized embryo sac 5) protein
disulfide isomerase

200 pfkb-type carbohydrate kinase family protein

125 ankyrin-like protein
257 cytochrome p450 probable 6-
d T one to 6-d or

cathasterone to teasterone

123 binding protein
242 zinc ion binding protein
231 autophagy 4a

223 branched-chain amino acid

156 adenylate translocator

192 protein disulfide isomerase like protein

169 conserved hypothetical protein [Ricinus
communis]
240 peroxidase 12

1.54712E-71

1.72494E-38

1.11523E-37

5.17436E-11
1.42617E-40
4.13372E-64

2.50733E-29
3.80614E-17

4.07769E-16

1.06419E-40

3.12307E-32
5.90008E-7
1.24554E-19

4.5645E-15

8.03284E-12

6.63612E-22

1.63195E-57

4.21639E-5
5.69445E-26
0.00529089

1.01831E-14

1.75071E-59

1.9212E-21

3.50565E-15
5.08985E-38

3.3955E-10
5.17467E-27
8.34681E-25

2.21384E-33

6.87129E-19

2.06615E-23

1.61481E-20

1.23452E-20

80.50%

90.80%

96.90%

61.05%
82.05%
93.20%

96.15%
91.50%

94.50%

81.35%

99.70%
71.10%
61.70%

96.60%

94.50%

69.10%

97.55%

84.00%
91.30%
62.67%

84.05%

92.05%

80.20%

94.25%
87.20%

84.45%
70.2%
85.00%

94.65%

97.10%

87.35%

84.80%

77.45%

F _function; F:: activity; F. activity; F:histone
acetyltransferase activity; P:biological_process; F:protein binding; C:CUL4 RING
ubiquitin ligase complex

F:protein homodimerization activity; C:nucleus; P:response to auxin stimulus;
P:jasmonic acid mediated signaling pathway; P:xylem and phloem pattern formation;
F:transcription repressor activity; F:protein binding; C:cytosol; P:primary shoot apical
meristem specification

F:kinase activity; F:binding; F:transferase activity; P:embryonic development ending in
seed dormancy; F:phosphotransferase activity, alcohol group as acceptor; F:transferase
activity, transferring phosphorus-containing groups; F:protein binding; F:obs-
phosphatidylinositol-3-kinase activity

C:mitochondrion; F:molecular function; P:biological process; C:cellular component

F:transferase activity; F:fructose-2,6-bisphosphate 2-phosphatase activity;
F:carbohydrate binding; F:hydrolase activity; F:ATP binding; F:kinase activity;
P:carbohydrate metabolic process; F:catalytic activity; P:metabolic process; P:fructose
2,6-bisphosphate metabolic process; C:cytosol; F:6-phosphofructo-2-kinase activity;
P:fructose metabolic process

P:response to biotic stimulus; P:defense response

P:protein folding; F:heat shock protein binding; C:cellular_component; F:DNA binding

F:4-hydroxyphenylpyruvate dioxygenase activity; C:mitochondrion; F:oxidoreductase
activity, acting on single donors with incorporation of molecular oxygen, incorporation
of two atoms of oxygen; C:cytoplasm; P:carotenoid biosynthetic process; P:vitamin E
biosynthetic process; P:oxidation reduction; P:tyrosine catabolic process;
P:plastoquinone biosynthetic process; F:oxidoreductase activity; P:aromatic amino acid
family metabolic process; F:metal ion binding; C:cytosol; P:L-phenylalanine catabolic
orocess: C:plasti hlorolast

F:transferase activity; P:auxin biosynthetic process; C:;
binding; F:ATP binding; P:response to osmotic stress; F:kinase activity; P:carbohydrate
metabolic process; P:glycolysis; P:response to cold; P:response to salt stress;
F:glucokinase activity; F:hexokinase activity; F:phosphotransferase activity, alcohol
group as acceptor; F:fructokinase activity: C:plastid

F:deltal2-fatty acid dehydrogenase activity; P:lipid metabolic process; P:oxidation
reduction; F:oxidoreductase activity; C:membrane

C:end ane system; F:molecular_function; C:cytoplasmi t -bounded
vesicle; C:membrane; P:intracellular signaling pathway

C:plastid; F:hydrolase activity; F:polyneuridine-aldehyde esterase activity

P:auxin biosynthetic process; P:cellular protein metabolic process; F:nucleotide
binding; C:cytoplasm; F:ATP binding; F:protein binding; P:protein folding; C:plasma
membrane; F:unfolded protein binding

F:helicase activity; P:auxin biosynthetic process; F:hydrolase activity; Finucleic acid
binding; F:RNA helicase activity; F:nucleotide binding; F:nucleoside-triphospt
activity; P:embryonic development ending in seed dormancy; F:ATP binding; F:ATP-
dependent helicase activity: C:cellular component

F:Mo-molybdopterin cofactor sul activity; C:chloroplast; F:molybds ion
binding; F:catalytic activity; P:biological_process; F:pyridoxal phosphate binding;
C:cellular component

F:cGMP-dependent protein kinase activity; P:protein amino acid phosphorylation;
F:voltage-gated potassium channel activity; F:ion channel activity; F:ATP binding;
C:integral to membrane; C:membrane; F:protein kinase activity; F:cyclic nucleotide
binding; P:transmembrane transport; P:auxin biosynthetic process; F:nucleotide
binding; P:potassium ion transport; P:ion transport; P:transport; F:calmodulin binding;
F:potassium channel activitv: F:transferase activitv: C:plasma membrane

C:plastid; C:membrane

F:metal ion binding; F:lactoylglutathione lyase activity; F:lyase activity

drion; F:

F:calcium channel activity; C:vacuolar membrane; P:seed germination; F:ion channel
activity; F:voltage-gated calcium channel activity; F:voltage-gated ion channel activity;
C:integral to membrane; C:membrane; C:plant-type vacuole; P:regulation of stomatal
movement; F:calcium ion binding; P:tr brane transport; P:calci liated
signaling; P:calcium ion transport; P:defense response; P:ion transport; P:transport;
C:plasma membrane

C:plant-type cell wall; C:cytoplasmic membrane-bounded vesicle; F:electron carrier
activity; F:protein disulfide isomerase activity; P:embryo sac development; P:pollen
tube development; P:embryonic development ending in seed dormancy; P:response to
endoplasmic reticulum stress; C:endoplasmic reticulum lumen; F:isomerase activity;
P:electron transport chain; C:endopl: i icul P:cell redox b is;
P:double fertilization forming a zveote and endosperm: C:plasma membrane
F:kinase activity; C:chloroplast stroma; F:transferase activity; C:chloroplast; P:D-
ribose metabolic process; F:ribokinase activity

C:membrane; C:Golgi apparatus; P:biological process

P:response to UV-B; F:heme binding; C:cytoplasmic membrane-bounded vesicle;
F:iron ion binding; F:electron carrier activity; P:tapetal cell differentiation;
P:brassinosteroid homeostasis; P:oxidation reduction; P:pollen exine formation;
F:oxidoreductase activity; F:taxane 13-alpha-hydroxylase activity; P:positive
regulation of flower development; F:metal ion binding; F:oxygen binding;

F:monooxygenase activity; P:unidi ional cell growth; P:t i oid
biosvnthetic brocess
F:binding; C:chloroplast; P:RNA processing; P:biological process; C:i 1lul

C:phragmoplast; C:cytosol; F:zinc ion binding; C:intracellular; C:nucleus
C:autophagic vacuole; P:protein transport; C:vacuolar lumen; F:cysteine-type
carboxypeptidase activity; F:hydrolase activity; P:transport; C:cytoplasm; P:autophagy;
F:APG8-specific protease activity; F:cysteine-type peptidase activity; F:peptidase
activity: F:protein binding: C:chloroplast

C:mitochondrion; P:branched chain family amino acid metabolic process; F:branched-

hai ino-acid tr i activity; C:chloroplast; F:transferase activity;
P:metabolic process; F:catalytic activity; F:transaminase activity
F:structural i of cytoskel ; C:mitochondrial inner membrane; C:vacuole;

C:chloroplast; P:de 1 growth; C ial envelope; C:nucleus;
F:transporter activity; C:integral to membrane; C:membrane; C:cell wall; F:ATP:ADP
antiporter activity; F:copper ion binding; P:cytoskeleton organization; P:root hair
elongation; P brane transport; C:mitochondrion; F:binding; C:nucleol
P:transport: P:purine nucleotide transport: C:cvtoskeleton: C:plasma membrane

P:cell redox homeostasis; C:cytoplasmic membrane-bounded vesicle; F:protein
disulfide i activity; F activity; C:endoplasmic reticulum; F:dolichyl-

ide-protein gl activity; F activity,
transferring glycosyl groups; F:isomerase activity

F:binding; C:chloroplast; C:membrane; P:biological_process; P:response to oxidative
stress

F:metal ion binding; P:oxidation reduction; C:cytoplasmic membrane-bounded vesicle;
F:oxidoreductase activity; F:heme binding; P:response to oxidative stress; F:peroxidase
activity
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185 chloroplast alpha-glucan water

148 protein

319 zinc finger family protein
237 brassinosteroid-regulated protein brul

310 digal; yldi 1 | synthase

289 atp binding
292 galactinol synthase 1

184 protein

442 aldo keto reductase family protein

301 aldose reductase

286 protein

492 elongation factor 1-

243 vf14-3-3d protein

333 nhl repeat-containing protein

318 gras family transcription factor

243 prolyl carboxypeptidase like expressed

468 proton-dependent oligopeptide transport family

protein
309 quinone oxidoreductase

249 binding protein
265 protein

177 protein kinase

143 protein

194 protein

178 constans 1
277 cyclin family protein

423 math domain containing expressed
514 pseudo response regulator

347 cinnamoyl- reductase

1.14487E-21

1.49672E-13

4.27143E-53
5.38585E-16

8.49799E-14

1.48719E-13
4.72279E-44

1.14487E-21

4.25443E-69

1.19068E-39

6.47427E-17

3.41491E-87

2.49043E-5
1.6598E-25
2.28072E-30
1.35393E-35
2.31473E-67

6.90359E-40

2.3789E-24
9.87515E-18

9.37604E-21

1.26364E-17

4.61359E-15

1.23024E-4
6.92878E-40

2.67346E-39
6.452E-23

1.93154E-29

84.75%

79.20%

89.15%
89.75%

81.85%

69.91%
93.85%

87.30%

86.50%

91.25%

73.45%

98.15%

77.00%
66.45%
78.55%
90.85%
74.80%

82.75%

79.69%
65.80%

86.30%

92.30%

73.25%

69.12%
90.35%

62.10%
56.89%

80.50%

F:transferase activity; F:carbohydrate binding; P:phosphorylation; P:starch catabolic
process; P:starch metabolic process; P:protein amino acid autophosphorylation; F:ATP
binding; F:kinase activity; F:carbohydrate kinase activity; F:phosphoglucan, water
dikinase activity; P:carbohydrate metabolic process; F:catalytic activity; C:chloroplast

F:transferase activity; F:carbohydrate binding; P:phosphorylation; P:starch catabolic
process; P:starch metabolic process; P:protein amino acid autophosphorylation; F:ATP
binding; F:kinase activity; F:carbohydrate kinase activity; F:phosphoglucan, water
dikinase activity; P:carbohydrate metabolic process; F:catalytic activity; C:chloroplast
stroma;: C:plastid; C:chloroplast

F:metal ion binding; F:zinc ion binding; F:protein binding

F:transferase activity; F:xyloglucan:xyloglucosyl transferase activity; F:hydrolase
activity; F:transferase activity, transferring glycosyl groups; P:cellular glucan
metabolic process; C:apoplast; P:carbohydrate metabolic process; F:hydrolase activity,
hydrolyzing O-glycosyl compounds; P:metabolic process; C:cell wall; F:hydrolase
activity. acting on glycosyl bonds

F:transferase activity; P:galactolipid bi ic process; P:bi ic process;
P:nodulation; C:membrane; C:plastid outer membrane; F:UDP-glycosyltransferase
activity; F:transferase activity, transferring glycosyl groups; C:chloroplast outer
membrane; P:cellular response to phosphate starvation; C:peribacteroid membrane;
F:UDP-gal activity; F:digal ldiacylglycerol synthase activity;
P:glvcolipid biosvnthetic process: C:plastid: C:chloroplast

P:carbohydrate biosynthetic process; F:transferase activity; F:inositol 3-alpha-

1 1 activity; F activity, transferring hexosyl groups;
C:cellular component; F:transferase activity, transferring glycosyl groups
F:DNA binding; F:transcription regulator activity; Finucleic acid binding; F:zinc ion
binding; C:cellular_component; P:regulation of transcription, DNA-dependent;
F:protein binding; F:transcription coactivator activity; F:binding
F:steroid dehyds activity; C:nucleus; F:aldo-keto reductase activity; F:aldehyde
reductase activity; P:oxidation reduction; P:response to water deprivation;
F:oxidoreductase activity; P:response to cold; P:response to salt stress; P:response to
cadmium ion; C:cytosol
F:steroid dehyds activity; C:nucleus; F:aldo-keto reductase activity; F:aldehyde
reductase activity; P:oxidation reduction; P:response to water deprivation;
F:oxidoreductase activity; P:response to cold; P:response to salt stress; C:cytosol
C:mitochondrion; P:rRNA transcription; P:cell proliferation; F:transcription factor
activity; F:transcription factor binding
F:transferase activity; F:sulfate adenylyltransferase (ATP) activity; P:translational
elongation; F:nucleotide binding; C:cytoplasm; F:GTP binding;
F:nucleotidyltransferase activity; F:translation elongation factor activity; F:GTPase
activity
F:protein domain specific binding
C:end brane system; F: ~_function; P:biological process
P:transcription; P:regulation of transcription; F:transcription factor activity
P:proteolysis; C:cytoplasmic membrane-bounded vesicle; F:carboxypeptidase activity;
F:serine-type peptidase activity; F:hydrolase activity
P:oligopeptide transport; C:integral to membrane; C:membrane; P:transport;
F:transporter activity
C:stromule; C:thylakoid; C:apoplast; F:zinc ion binding; P:oxidation reduction;
F:oxidoreductase activity; F:catalytic activity; FNADPH:quinone reductase activity;
P:response to cold; C:chloroplast envelope; C:chloroplast stroma; P:metabolic process;
C:chloroplast; F:binding
F:binding
C:endomembrane system; F:nucleic acid binding; P:transcription initiation from RNA
polymerase II promoter; F:translation initiation factor activity; F:zinc ion binding;
C:transcription factor TFIIE complex; F:RNA polymerase II transcription factor
activity: F:transcription initiation factor activity
C:cytoplasmic membrane-bounded vesicle; C:integral to membrane; C:membrane;
F:protein kinase activity; P:protein amino acid phosphorylation; F:ATP binding;
F:kinase activity; F:receptor activity; F:protein binding
F:UDP-arabinose 4-epimerase activity; F:coenzyme binding; P:cellular metabolic
process; C:Golgi apparatus; P:galactose metabolic process; F:catalytic activity;
P:nucleotide-sugar metabolic process; F:isomerase activity; P:plant-type cell wall
bi P:arabinose bi ic process; C:
process: F:UDP-glucose 4-epimerase activity; F:binding
P:regulation of transcription, DNA-d dent; C:mitochondrion; F: pecific
DNA binding; F:DNA binding; C:intracellular; C:nucleus
F:zinc ion binding; C:intracellular
P:regulation of cell cycle; C: protein kinase
regulator activity; P:cell cycle; F:cyclin-dependent protein kinase activity; C:nucleus

d brane system; F:molecular_function; P:biol 1_process

F:kinase activity; P:two-component signal transduction system (phosphorelay);
P:regulation of transcription, DNA-dependent; F:two-component response regulator
activity
F:dihydrokaempferol 4-reductase activity; F:coenzyme binding; P:cellular metabolic
process; F:cinnamoyl-CoA reductase activity; P:oxidation reduction; P:lignin
biosynthetic process; beta-hydroxy-deltaS-steroid dehydrogenase activity;
F:oxidoreductase activity; F:catalytic activity; C:cellular_component; P:metabolic
process: P:response to cadmium ion: P:steroid biosvnthetic process: F:bindin

ane system; P;

fon; F:cyclin-dep

K1-G1

Mado-00-K1-G1-Contigl
Mado-00-K1-G1-Contig2

Mado-00-K1-G1-Contig3

Mado-00-K1-G1-Contigd

Mado-00-K1-G1-Contig5

Mado-00-K1-G1-Contigh

Mado-00-K1-G1-Contig7

Mado-00-K1-G1-Contig8

Mado-00-K1-G1-Contig9

616 protein
500 protein

484 metallothionein-like protein

309 chloroplast-localized ptr -binding proteinl

306 senescence-associated protein

242 transcription initiation factor iif subunit

226 ubiquitin conjugating enzyme 2

223 ap2 domain class transcription factor

514 something about silencing protein

2.11738E-58
2.775E-89

4.46313E-26

1.39487E-40

9.36926E-45

3.71022E-33

4.61353E-31

5.67189E-21

9.91081E-48

86.35%
95.25%

88.30%

88.70%

92.00%

88.25%

95.50%

83.85%

62.00%

P:oxidation reduction; F:aromatase activity

F:protein binding; P:protein bolic process; P:pt ) is; C:signal
P:cullin deneddylation

F:metal ion binding

C:plastid outer membrane; P:G-protein coupled receptor protein signaling pathway;
P:protein import into chloroplast thylakoid membrane; P:thylakoid membrane
organization; F:protein binding; C:chloroplast thylakoid membrane; C:chloroplast
stroma; P:photosystem II assembly; P:protein import into chloroplast stroma; P:sugar
mediated signaling pathway: C:plastid inner membrane: C:stromule

F:translation initiation factor activity; P:transcription initiation from RNA polymerase
1I promoter; C:mitochondrion; F:ATP binding; C:transcription factor TFIIF complex;
F:catalytic activity; F:RNA polymerase II transcription factor activity

F:RNA-directed DNA polymerase activity; PXRNA-dependent DNA replication;
F:RNA binding; P:ubiquitin-ds dent protein bolic process; F:ubiquitin-protein
ligase activity; P:regulation of protein metabolic process; P:post-translational protein
modification

F:transcription factor activity; C:nucleus; P:regulation of transcription, DNA-dependent

F:binding; P:cellular process; P:macromolecule metabolic process
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478 pi starvation-induced protein

441 60s ribosomal protein

438 protein

415 gtk16 protein

396 atp binding protein
386 protein

386 protein

369 protein disulfide
363 rna helicase

347 dehydrin

343 defensin 1

340 heat shock

339 protein

338 ¢2 domain-containing protein

332 rare cold inducible protein

317 aconitate hydratase 1

297 60s ribosomal protein 136-2

273 phd f-box containing

245 fiber protein fb15

242 cysteine proteinase inhibitor

208 sterol c-14 reductase

203 ribulose- -bisphosphate carboxylase oxygenase
large subunit

195 delta-12 oleate desaturase

190 conserved hypothetical protein [Ricinus
communis |

186 terpene synthase-like terpenoid synthase

185 multidrug resistance protein abe transporter
family

175 transcriptional corepressor

112 mybr domain class transcription factor
178 conserved hypothetical protein [Ricinus

communis]
284 at3g16920 k14al7_4

141 protein transport factor

226 ¢2 domain-containing protein

228 PREDICTED: hypothetical protein [Vitis
vinifera]

283 beta-galactosidase like protein

226 cbl-interacting serine threonine-protein

179 5-enolpyruvylshikimate-3-phosphate synthase
212 coiled-coil domain-containing

358 class iii chitinase

501 phytocyanin

219 low-temperature-induced 65 kd protein

509 protein

149 protein

441 dna-binding family protein

189 kinase family protein

1.77359E-27

9.50318E-69

1.16425E-79

8.78995E-19

1.062E-27

2.02868E-39

1.11318E-37

1.58103E-47

5.33199E-24

1.69675E-25

9.12997E-14

2.28875E-51

4.35662E-18

8.83246E-11

3.26816E-13

2.60826E-50

1.12707E-32

1.96507E-34

5.02047E-14

1.28111E-17

3.71426E-25

1.67447E-33

3.89484E-22

2.54115E-21

2.64439E-10

3.56903E-23

7.20592E-29

3.81108E-9

6.54184E-6

1.39295E-43

4.9949E-6

8.18151E-12

8.73183E-6

2.53856E-45

5.29082E-19

1.18944E-15

1.35621E-35

2.55354E-58

1.21535E-31

7.9781E-7

1.27316E-39

9.70662E-21

6.65792E-30

1.49322E-13

83.45%

93.85%

95.50%

84.15%

87.90%

72.35%

66.82%

91.80%

90.10%

75.95%

85.15%

93.80%

57.53%

79.6875%

92.35%

94.85%

94.45%

95.55%

84.07%

87.70%

80.75%

100.00%

83.65%

84.90%

73.00%

85.80%

92.55%

100.00%

69.67%

90.65%

96.07%

77.50%

82.00%

90.35%

80.20%

94.20%

96.30%

79.95%

60.75%

56.67%

87.25%

94.20%

64.63%

86.00%

1 -4 0

Fidentical protein binding; F:serine-type activity; C:
membrane-bounded vesicle; C:plasma membrane; P:negative regulation of catalytic
activity

C:vacuole; F:structural constituent of ribosome; C:plasma membrane; F:RNA binding;
C:cytosolic large ribos 1 subunit; P:tr

F:translation elongation factor activity; P:response to cold; F:GTP binding; F:copper
ion binding; C:plasma membrane; C:chloroplast; C:cytosol; P:translation; F:GTPase
activity

C:membrane; C:cytoplasmic membrane-bounded vesicle

P:protein amino acid phosphorylation; C:endomembrane system; F:protein tyrosine
kinase activity; F:ATP binding; C:mitochondrion

C:nucleolus; C:ribosome; C:chloroplast envelope; F:structural constituent of ribosome;
F:RNA binding; C:membrane; P:translation; P:RNA processing

C:membrane; C:cytoplasmic membrane-bounded vesicle; C:endoplasmic reticulum

P:cell redox homeostasis; C:cytoplasmic membrane-bounded vesicle; C:endoplasmic
reticulum; F:protein disulfide isomerase activity

P:auxin bio ic process; F:ATP-d dent helicase activity; Finucleic acid
binding; F:ATP binding; C:mitochondrion

P:response to water; P:response to stress

F:peptidase inhibitor activity; F:peptidase activity; C:plant-type cell wall;
C:cytoplasmic membrane-bounded vesicle; P:defense response to fungus;
Cextracellular region; P:killing of cells of another organism
P:response to water deprivation; C:mitochondrion; P:embryonic de ending in
seed dormancy; P:protein folding; P:response to salt stress; P:response to chlorate;
P:response to heat; F:ATP binding; C:chloroplast stroma; F:unfolded protein binding;
P:de-etiolation: C:plasma membrane

F:zinc ion binding; C:intracellular

L P . e

C:membrane; P:ph P:

P:pollen maturation

P:response to abscisic acid stimulus; C:integral to membrane; P:response to cold;
P:hyperosmotic salinity response

F:aconitate hydratase activity; P:metabolic process; F:4 iron, 4 sulfur cluster binding;
C:mitochondrion; C:plastid

Fstructural constituent of ribosome; C:plasma membrane; C:cytosolic large ribosomal
subunit; P:translation

F:DNA binding; F:methylated histone residue binding; C:nucleus; F:zinc ion binding;
P:regulation of transcription, DNA-dependent

C:mitochondrion; C:plastid

F: idase activity; F:cysteine-type inhibitor activity

C:cytoplasmic membrane-bounded vesicle; P:embryonic development ending in seed
dormancy; C:membrane; F:deltal4-sterol reductase activity; P:sterol biosynthetic
process

Prreductive pentose-pt cycle; Frriby carboxylase activity;
F:monooxygenase activity; P:oxidation reduction; F:magnesium ion binding;
C:chloroplast

P:oxidation reduction; P:lipid metabolic process; F:phosphatidylcholine desaturase
activity

C:membrane; F:binding; C:chloroplast; P:response to oxidative stress

F:metal ion binding; F:lyase activity

P:transmembrane transport; F:sulfonylurea receptor activity; P:auxin biosynthetic
process; C:mitochondrion; P:response to salt stress; C:integral to membrane; F:ATPase
activity, coupled to tr brane of sut P:oxidation reduction; F:2-
alkenal reductase activity; C:vacuolar membrane; F:ATP binding; P:cellular potassium
ion homeostasis: C:plasma membrane

P:embryonic development; F:DNA binding; F:transcription cofactor activity;
F:molecular adaptor activity; P: 1 of flower de ; Frprotein
heterodimerization activity; C:plastid; P:ovule development

F:zinc ion binding; C:intracellular; F:protein binding

P:multidimensional cell growth; P:root epidermal cell differentiation; P:chitin catabolic
process; P:cell wall macromolecule catabolic process; P:response to water deprivation;
P:response to salt stress; P:response to cytokinin stimulus; P:response to heat;
P:response to nitrate; P:lignin biosynthetic process; F:chiti activity; P: lation of
salicylic acid metabolic process

C:COPII vesicle coat; F:protein binding; P:intracellular protein transport; P:ER to
Golgi vesicle-mediated transport; F:zinc ion binding; C:plastid

C:chloroplast

P:auxin biosynthetic process; F:ATP-dependent helicase activity; F:-RNA binding;
F:ATP binding; C:nucleus

P:carbohydrate bolic process; C: lasmic membrane-bounded vesicle; F:protein
binding; F:beta-galactosidase activity; F:sugar binding; F:cation binding

P:auxin biosynthetic process; F:calmodulin-dep protein kinase activity; P:protein
amino acid phosphorylation; F:protein binding; P:defense response to fungus; F:ATP
binding; P:signal transduction
F:3-phosphoshikimate 1-carboxyvi

family biosynthetic process; C:chloroplast
F:molecular_function; P:biological _process; C:cellular_component

activity; P:aromatic amino acid

F:chitinase activity; C:extracellular space; P:chitin catabolic process; F:cation binding;
C:cytoplasmic membrane-bounded vesicle
Felectron carrier activity; F:copper ion binding

P:abscisic acid mediated signaling pathway; P:response to water deprivation;
P:response to salt stress; P:response to cold

F:ATPase activity, coupled to transmembrane movement of ions, phosphorylative
mechanism; P:ATP biosynthetic process; F:ATP binding; C:membrane
C:ribosome; P:carbohydrate metabolic process; F:polygalacturonase activity;
F:structural constituent of ribosome; P:translation

C:nucleus; F:DNA binding

P:auxin biosynthetic process; P:protein amino acid phosphorylation; F:RNA-directed
DNA polymerase activity; P:RNA-dependent DNA replication; F:RNA binding;
F:ATP binding; F:protein serine/threonine kinase activity
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164 zinc finger protein

191 sh3 domain-containing protein 2
136 tho complex subunit 4

482 imbibition protein homolog

338 arginine serine-rich splicing

600 atprep2 (arabidopsis thaliana presequence
protea:e 2) catalytlc metal ion binding

peptidase zinc ion

binding

378 thaumatin-like protein

315 PREDICTED: hypothetical protein [Vitis
vinifera]

307 tubulin alpha

350 protein

320 sentrin sumo-specific

265 armadillo beta-catenin repeat family protein

273 erdl$5 protein

375 acetolactate synthase small subunit

311 protein

163 beta- -glucanase

482 eif4-gamma eif5 eif2-epsilon domain-
containing protein

234 nucleolysin tia-

252 della protein

360 brassinosteroid insensitive 1-associated
receptor kinase 1

287 ost3 ost6 family protein

347 eukaryotic translation initiation factor 2 gamma
expressed

320 protein

220 lung seven transmembrane receptor family
expressed

346 copl-interacting protein 7 -like

248 aminophospholipid atpase

358 protein

178 prohibitin

244 rna-binding region rnp-1 and splicing factor
pwi family member protein
365 protein

231 lupus la

221 60s rlbosomal pmlem

270 phosphori
342 plasma membrane intrinsic protein
257 tocopherol cyclase

225 conserved hypothetical protein [Ricinus
communis]

392 metallothionein-like protein

277 nuclear transcription factor y subunit a-

339 asparagine synthetase

353 ferredoxin

370 protein

315 14-3-3 protein

441 auxin signaling f-box 2

178 glycosyltransferase ugt95al

324 leucine-rich repeat family protein

427 protein

1.92967E-13

7.17793E-8

3.83942E-14

2.44086E-61

1.64653E-49

2.46872E-93

1.97166E-50

4.31923E-37

4.34211E-50

6.0255E-15

2.61062E-34

9.26868E-16

2.04773E-7

3.70549E-14

1.01199E-33

9.91047E-10

4.50018E-23

1.3718E-35
8.44257E-41

2.71754E-60

3.678E-20

4.14065E-56

2.88638E-33

2.72302E-31

4.18895E-16

1.59829E-36

4.08626E-48

9.08614E-24

9.14945E-16
3.82116E-22
3.88815E-22
3.45263E-18
3.47299E-39

1.52988E-50
1.43507E-40

6.06753E-7

7.17367E-29
5.1528E-35

7.88458E-44

3.28588E-21

2.99557E-30

8.72316E-30

9.85708E-58

2.16767E-17

2.27518E-22

2.47532E-69

83.25%

77.25%

94.10%

76.25%

85.45%

85.70%

90.40%

80.45%

100.00%

97.60%

65.00%

83.90%

67.33%

89.65%

88.10%

86.26%

94.80%

90.70%
82.95%

96.65%

80.90%

96.35%

72.65%

85.70%

89.67%

84.50%

71.30%

98.90%

63.00%
71.00%
78.8%

96.80%
94.95%

98.35%
86.55%

60.00%

78.65%
79.20%

79.05%

91.90%

70.20%

96.30%

74.45%

78.08%

97.80%

90.65%

F:zinc ion binding; C:cytoplasm
C:cytoplasm; F:clathrin binding
F:nucleic acid binding; F:nucleotide binding

F:transferase activity, transferring glycosyl groups; F:hydrolase activity, hydrolyzing O-
glycosyl compounds

C:spliceosomal complex; F:RNA binding; F:protein binding; C:nuclear speck;
P:nuclear mRNA splicing, via spliceosome; F:nucleotide binding
F:metalloendopeptidase activity; P:response to cadmium ion; P:protein maturation by
peptide bond cleavage; C:chloroplast stroma; F:zinc ion binding; C:apoplast;
C:mitochondrion

C:extracellular region; P:defense response to fungus; P:killing of cells of another
organism
C:vacuole; C:plastid; C:plasma membrane

P:microtubule-based movement; F:GTP binding; P:protein polymerization; F:structural
molecule activity; F:GTPase activity; C:microtubule

C:cytoplasm; P:auxin biosynthetic process; P:protein folding; F:ATP binding;
F:unfolded protein binding; C:membrane

F:NEDDS-specific protease activity; P:proteolysis

F:binding

P:response to high light intensity; P:response to water deprivation; C:cytoplasm;
P:response to bacterium; F:protein binding

F:amino acid binding; F:acetolactate synthase activity; P:branched chain family amino
acid bmsyntheuc pmcess C:plastid

C: I C:Golgi ; Pintracellular protein transport;
F:binding; F:transporter activity

F:transferase activity; P:carbohydrate metabolic process; F:hydrolase activity,
hydrolyzing O-glycosyl compounds; F:cation binding

P:regulation of translational initiation; F:translation initiation factor activity;
C:mitochondrion

F:nucleotide binding; F:mRNA 3'-UTR binding

P:regulation of transcription

P:auxin biosynthetic process; C:integral to membrane; P:transmembrane receptor
protein tyrosine kinase signaling pathway; C lasmic membrane-bounded vesicle;
F ATP binding; F:protein binding; F:MAP kinase kinase kinase activity;

d ane system; P: 1 cell growth; P:plant-type cell wall
orgamzatlon F:transmembrane receptor protein tyrosine kinase activity; C:plasma
membrane P:protein amino acid phosphorvlation
C brane system; C: )f membrane-bounded vesicle; C:
reticulum; F:oligosaccharide transmembrane transporter activity; C:chloroplast;
C:plasma membrane
F:GTPase activity; F:translation initiation factor activity; F:GTP binding

F:protein binding

C:endomembrane system; C:integral to membrane

P:root development; C:mitochondrion; C:integral to membrane; F:ATPase activity,
coupled to transmembrane movement of ions, phosphorylative mechanism; P:Golgi
vesicle budding; P:ATP biosynthetic process; F:ATP binding; P:phospholipid transport;
F; ium ion binding; F:phospholipid: locating ATPase activity; P:shoot
development; C:Golgi apparatus

C:Golgi apparatus; F:transferase activity; C:mitochondrion

P:cell growth; C:mitochondrion; C:nucleolus; P:response to salt stress; P:cell division;
C:cytoplasmic membrane-bounded vesicle; P:response to auxin stimulus;
P:mitochondrion organization; P:lateral root development; P:response to nitric oxide;
C:vacuole; C:respiratory chain complex I

C:plastid; F:nucleic acid binding; F:nucleotide binding; P:mRNA processing

F:ubiquitin-protein ligase activity; F:zinc ion binding; F:protein binding; P:plant-type
hypersensitive response; C:plasma membrane
C:cytosol; F:nucleic acid binding; C:rit 1
C:nucleus

Fstructural constituent of ribosome; C:large ribosomal subunit; P:translation
F:transferase activity, transferring glycosyl groups

C:integral to membrane; F:water channel activity; P:transmembrane transport
P:response to oxidative stress; P:fatty acid metabolic process; P:chlorophyll metabolic
process; P:vitamin E biosynthetic process; P:response to temperature stimulus;
F:tocopherol cyclase activity; C:chloroplast inner membrane; C:plastoglobule;
P:regulation of defense response; P:xanthophyll metabolic process; P:response to high
light intensity: P:phloem loading

C:integral to membrane

otein complex; C:mi ion;

F:metal ion binding
F:transcription factor activity; C:CCAAT-binding factor complex; P:regulation of
transcription, DNA-dependent
F:asparagine synthase (gl ine-hydrolyzing) activity; P:gl i bolic process;
P:asparagine biosynthetic process; F:ATP binding
F:metal ion binding; P:electron transport chain; F:electron carrier activity; F:2 iron, 2
sulfur cluster binding; F:protein binding; C:chloroplast; P:transport
F:transferase activity
P:defense response to bacterium; F:protein domain specific binding; P:response to
cadmium ion; C:plasma membrane; F:protein phosphorylated amino acid binding;
C:cell wall; C:nucleus; C:cytosol; P:br: 0id mediated signaling pathway
P:response to molecule of bacterial origin; P:stamen development; F:protein binding;
P:pollen maturation; F:ubiquitin-protein ligase activity; P:auxin mediated signaling
Dathwav. F: mosnol hexalebhosbhate binding; F:auxin binding

1 3-0. activity; F:metal ion binding; P:metabolic

process
P:auxin biosynthetic process; P:protein amino acid phosphorylation; C:plasma
membrane; F:protein binding; F:ATP binding; C:integral to membrane; F:protein
serine/threonine kinase activity; C:mitochondrion

F:alpha,alpha-trehalose-phosphate synthase (UDP-forming) activity; F:protein binding;
F:glucosylglycerol-phosphate synthase actwlty, F:trehalose-phosphatase activity;

P:trehalose biosynthetic process; C:mil ion
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Mado-00-K1-G1-003_A05
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Mado-00-K1-G1-003_A07
Mado-00-K1-G1-003_Al1l
Mado-00-K1-G1-003_B01

Mado-00-K1-G1-003_B04

Mado-00-K1-G1-003_B07

Mado-00-K1-G1-003_B08

Mado-00-K1-G1-003 B09

Mado-00-K1-G1-003_C02

Mado-00-K1-G1-003_C07

Mado-00-K1-G1-003 C08
Mado-00-K1-G1-003 C09
Mado-00-K1-G1-003_C10

Mado-00-K1-G1-003_C12
Mado-00-K1-G1-003_D08

Mado-00-K1-G1-003_D02
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371 mei2-like protein

252 like protein
288 atp synthase d mitochondrial

182 beta-alanine synthase
285 60s ribosomal protein 123
542 cell division cycle protein 23

257 glutathione s-transferase

572 gtp-binding family protein
180 dna binding

321 protein

273 protein
139 sorbitol transporter

134 cellular retinaldehyde-binding triple c-terminal
237 dna-damage-repair toleration protein drt102
420 chloroplast alpha-glucan water

413 glyceraldehyde 3-phosphate

260 probable prefoldin subunit 2

298 af412084 1at3gl1590 £24k9 26
225 phosphoenolpyruvate carboxylase
531 alpha beta fold family protein
313 membrane protein chl-like

223 60s ribosomal protein 130

243 60s ribosomal protein 113a

478 aluminum-induced protein

162 peroxisomal ascorbate peroxidase

502 multiubiquitin chain binding protein mbp1

120 protein
180 unknown [Glycine max]
468 zeaxanthin epoxidase

379 ubiquitin carboxyl-terminal

216 malate oxidoreductase

274 pectin methylesterase

330 dolichyl-di-phosphooli haride-protei
glycotransferase -like

205 protein
321 xyloglucan endotransglycosylase

229 glycosyl hydrolase family 38 protein

360 60s ribosomal protein 121
254 at5g11580 f15n18 170
351 tubulin beta

246 protein
279 myc transcription factor

208 glycosyl hydrolase family 17 protein

561 alanine aminotransferase

1.68919E-49

1.96447E-5
1.30041E-25

2.84367E-12

2.70247E-47

2.57635E-87

1.0988E-40

5.22997E-31
2.32088E-22

5.04069E-54

5.74407E-18
1.18982E-15

3.26792E-5
4.58283E-7
1.25338E-28
7.12102E-69
3.55519E-7
3.16092E-32
3.08741E-35
1.48186E-31
2.01851E-26
4.6399E-23
5.33909E-32
2.08539E-44
1.47407E-21

3.98995E-75

8.98862E-11
6.54056E-17
3.61393E-36
6.82381E-27

1.35656E-11

4.09743E-32

4.54978E-23

9.80691E-26

9.48431E-61

5.44396E-24

1.60802E-28
4.98406E-17
3.83674E-62

1.60572E-20
4.08711E-16

1.41798E-8

9.54042E-83

83.75%

77.00%
90.75%

90.40%

99.60%

87.80%

87.85%

76.00%
83.79%

94.60%

66.60%
91.20%

75.57%
76.75%
76.30%
97.90%
84.25%
67.64%
95.00%
79.40%
68.35%
92.15%
96.45%
90.85%
95.50%

93.60%

85.30%
81.89%
62.50%
84.45%

87.76%

84.85%

86.75%

88.40%

92.95%

79.45%

92.00%
83.13%
99.65%

72.75%
89.75%

84.56%

95.50%

P:translation; C:cell wall; F:RNA binding; P:meristem development; F:structural
constituent of ribosome; P:positive regulation of meiosis; C:cytosolic small ribosomal
subunit; F:protein binding; F ide binding; C:chloroplast; C:vacuole; C:plasma
membrane

F:ATP binding; C:cytoplasm; P:protein folding

F:copper ion binding; F:hydrogen ion transmembrane transporter activity; F:zinc ion
binding; C:mitochondrial proton-transporting ATP synthase complex, coupling factor
F(0); C:nucleolus; P:response to salt stress; P:ATP synthesis coupled proton transport;
C:thylakoid; F:protein binding; C:chloroplast; F:hydrolase activity; C:cytosolic
ribosome: C:plasma membrane

F:N-carbamoylputrescine amidase activity; F:beta-ureidopropionase activity;
P:putrescine biosynthetic process

C:nucleolus; F:structural constituent of ribosome; P:embryonic development ending in
seed dormancy; C:cytosolic large ribosomal subunit; P:translation; C:mitochondrion
P:regulation of mitotic metaphase/anaphase transition; F:binding; C:anaphase-
promoting complex; P:cell division

P:toxin catabolic process; P:defense response to bacterium; F:glutathione transferase
activity; C:vacuole; F:copper ion binding; F:nucleic acid binding; P:response to
cadmium ion; C:plasma membrane; P:response to zinc ion; C:chloroplast stroma;
F:glutathione peroxidase activity; F:zinc ion binding: C:apoplast; F:glutathione binding
C:intracellular; F:GTP binding
F:DNA binding; F:nuclease activity; P
C:mitochondrion

P:protein amino acid glycosylation; C:membrane; F:dolichyl-diphosphooligosaccharide-
protein glycotransferase activity; C:endoplasmic reticulum; C:plastid

L 1

ision repair; C:chl

F:protein binding
F:sut pecific tr
P:oxidation reduction; P

P:carbohydrate transport

brane transporter activity; C:integral to membrane;
brane transport; F:2-alkenal red activity;

P:carbohydrate metabolic process

F:carbohydrate kinase activity; F:binding; F:phosphoglucan, water dikinase activity;
P:starch catabolic process; C:chloroplast stroma; P:protein amino acid
autophosphorylation

C:cytoplasm; F:NAD or NADH binding; P:oxidation reduction; P:glycolysis;
F:glyceraldehyde-3-phosphate dehydrogenase (phosphorylating) activity

P:protein folding; C:prefoldin complex; F:unfolded protein binding

C:plasma membrane

P:oxidation reduction; P:tricarboxylic acid cycle; F:phosphoenolpyruvate carboxylase
activity; F:2-alkenal reductase activity

F:acylglycerol lipase activity; F:nucleic acid binding; C:plastid

C:mitochondrion; C:membrane

F:structural constituent of ribosome; C:cytosolic large ribosomal subunit; P:translation
F:structural constituent of ribosome; C:large ribosomal subunit; P:translation
P:response to auxin stimulus; P:response to aluminum ion

F:heme binding; P:oxidation reduction; F:L-ascorbate peroxidase activity; P:response

to oxidative stress

P:response to misfolded protein; P:stamen formation; P:response to sucrose stimulus;
P:proteasomal ubiquitin-dependent protein catabolic process; P:response to DNA
damage stimulus; C:cytoplasmic membrane-bounded vesicle; F:peptide receptor
activity; P:response to salt stress; P:proteasome core complex assembly; P:root hair
elongation; C:cytosol; P:regulation of seed germination; P:leaf senescence; P:pollen
development; C:proteasome regulatory particle, base subcomplex; P:response to heat;
P:leaf development; P:response to abscisic acid stimulus; P:post-embryonic root
development; P:response to cytokinin stimulus; C:nucleus; P:response to auxin stimulus

F:transcription regulator activity; P:regulation of transcription; C:nucleus; C:cytosol;
F:calmodulin binding

F:molecular_function; P:biological process; C:cellular_component

F:monooxygenase activity; P: bolic process; C:chloroplast; C:membrane
P:ubiquitin-d dent protein process; F:ubiquitin-specific protease activity;
F:ubiquitin thiolesterase activity

F:malate dehydrogenase (decarboxylating) activity; F:cobalt ion binding; F:NAD or
NADH binding; C:mitochondrial matrix; P:malate metabolic process; P:oxidation
reduction; F:ATP binding; F:oxidoreductase activity, acting on NADH or NADPH,
NAD or NADP as acceptor: C:chloroplast; F:zinc ion binding

F:pectinesterase activity; P:cell wall modification; C:plant-type cell wall; C:cytoplasm;
C:apoplast; F:aspartyl esterase activity; P:response to nematode; P:cellular cell wall
organization; F:enzyme inhibitor activity

C:oligosaccharyltransferase complex; P:protein amino acid N-linked glycosylation via
asparagine; P:cellulose biosynthetic process; C:plant-type cell wall; C:cytoplasmic
membrane-bounded vesicle; P:unidimensional cell growth; P:plant-type cell wall
organization; C:vacuole; F:dolichyl-diphosphooli haride-protein gl

activity: C:plasma membrane

F:GTP binding; C:membrane

F:hydrolase activity, hydrolyzing O-glycosyl compounds; P:cellular glucan metabolic
process; C:apoplast; C:cell wall; F:xyloglucan:xyloglucosyl transferase activity
C:plant-type cell wall; C:vacuole; F:alph: idase activity; C: lasmi
membrane-bounded vesicle; F:carbohydrate binding; C:plasma membrane; P:mannose
metabolic process; F:zinc ion binding; C:apoplast

C:ribosome; F:structural constituent of ribosome; P:translation; C:mitochondrion
F:chromatin binding; F:Ran GTPase binding

P:microtubule-based movement; F:GTP binding; P:protein polymerization; F:structural
molecule activity; F:GTPase activity; C:microtubule

C:membrane; P:response to hormone stimulus; P:response to light stimulus
P:regulation of transcription factor activity; P:jasmonic acid mediated signaling
pathway; P:response to desiccation; P:response to ding; P:oxidation reduction; F:2-
alkenal reductase activity; P:positive regulation of flavonoid biosynthetic process;
P:response to chitin; P:response to abscisic acid stimulus; F:transcription activator
activity; F:protein binding; F:transcription factor activity; P:regulation of transcription
from RNA polymerase II promoter in response to oxidative stress; C:nucleus;
P:positive regulation of transcrintion

P:carbohydrate metabolic process; F:cation binding; C:anchored to plasma membrane;
C:cytoplasmic membrane-bounded vesicle; F:glucan endo-1,3-beta-D-glucosidase
activity

P:response to oxidative stress; C:peroxisome; F:alanine-glyoxylate transaminase
activity; F:g: gl activity; C:plant-type cell wall; F:obs-
aminocyclopropane-1-carboxylate synthase activity; F:L-alanine:2-oxoglutarate

aminotransferase activity; F: ysteinyltransferase activity;

boli

C:chloroplast stroma; P:glutathione catabolic process; P:photorespiration; C:vacuole;
F:pyridoxal phosphate binding; C:membrane; F:glycine:2-oxoglutarate
aminotransferase activitv: C:anoplast
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187 60s ribosomal protein 135a

318 flavonoid 3-

188 sorbitol transporter
306 homocysteine s-methyltransferase

481 sorting nexin 1

419 starch phosphorylase

147 mgatp-energized glutathione s-conjugate

490 protein

445 60s ribosomal protein

442 protein

355 protein

206 PREDICTED: hypothetical protein [Vitis
vinifera]

387 starch branching enzyme i

272 auxin efflux carrier family protein

277 protein

184 protein

250 cinnamoyl- reductase

173 protein

222 chromatin remodeling complex subunit
306 unnamed protein product [Vitis vinifera]

316 aspartokinase-homoserine dehydrogenase

162 wrky12

343 PREDICTED: hypothetical protein [Vitis
vinifera]

154 protein

513 autophagy protein 9

334 bzip domain class transcription factor

422 diacylglycerol kinase

173 ac083943 21 oxidoreductase

287 protein

497 atp binding atpase nucleoside-triphosphatase
nucleotide binding

438 60s ribosomal protein

260 tryptophanyl-trna synthetase

219 protein translocase protein transporter

212 pyrophosphate-energized vacuolar membrane
proton

293 a chain mechanism of auxin perception by the
tirl ubiquitin ligase

213 dehydrin-like protein

231 protein

223 cp protein

251 carbon-nitrogen hydrolase family protein

340 peroxisomal biogenesis factor 11 family protein

147 coat protein
337 adenine nucleotide translocator

173 26s protease regulatory

165 protein

1.59687E-23

1.1773E-18

1.65634E-12

5.88216E-39

6.02602E-52

2.60023E-58

9.40163E-16

2.7381E-68

2.06073E-31

5.81911E-34

3.14828E-40

2.42114E-16

4.49073E-47

2.5936E-10

2.30763E-43

4.52532E-10

1.35775E-11

5.92754E-23

1.54103E-26

1.65E-49

1.81047E-43

4.59293E-15
4.63851E-23
2.91102E-9

2.43546E-54
4.85381E-17
1.87292E-24
3.04429E-19
5.12034E-30
1.59415E-60
2.27745E-67
7.58284E-42

1.1839E-26

1.1881E-31

6.44547E-17

5.87678E-31
3.88815E-22
5.68506E-13
3.32879E-26
7.60149E-55

1.03706E-22
3.09802E-56

1.46E-21

1.46938E-21

91.05%

81.85%

78.25%

81.90%

89.20%

92.10%

90.60%

78.20%

86.40%

86.60%

93.75%

79.00%

76.00%

58.50%

97.25%

65.00%

79.45%

97.20%

78.80%

91.10%

89.95%

78.70%
79.25%
63.17%
56.80%
89.55%
75.25%
85.70%
98.80%
75.40%
96.60%
92.30%

84.70%

98.20%

94.00%

74.50%
77.55%
86.95%
93.25%
94.10%

100.00%
98.00%

93.05%

98.40%

Fstructural constituent of ribosome; P:ribosome biogenesis; C:cytosolic large
ribosomal subunit; C:membrane; P:translation

F:heme binding; F:flavonoid 3',5"-hydroxylase activity; P:oxidation reduction;
F:oxidoreductase activity, acting on single donors with incorporation of molecular
oxygen, incorporation of two atoms of oxygen; F:electron carrier activity; F:flavonoid
3'-monooxygenase activity

F specific tr ane transporter activity; C:integral to membrane;
P:transmembrane transport
P:S hylmethionine cycle; F:hol S-methyltransferase activity;

P:methionine biosynthetic process

P:positive gravitropism; P:root development; P:intracellular signaling pathway;
C:retromer complex; C:multivesicular body; P:protein targeting to vacuole; P:endosome
to lysosome transport; P:Golgi to vacuole transport; C:microsome; F:protein binding;
P:auxin b is; P:cell ication; F:phosphoinositide binding

Fidentical protein binding; P:response to water deprivation; F:phosphorylase activity;
P:carbohydrate metabolic process; F:pyridoxal phosphate binding; C:amyloplast;
C:chloroplast stroma; P:response to temperature stimulus

P:transmembrane transport; P:auxin biosynthetic process; C:integral to membrane;
F:ATPase activity, coupled to tr ane of sut C:plant-type
vacuole; P:oxidation reduction; F:2-alkenal reductase activity; C:vacuolar membrane;
F:ATP binding: C:plasma membrane

C:plasma membrane; F:protein binding; F:protein transporter activity; P:vesicle-
mediated transport; P:intracellular protein transport; C:clathrin adaptor complex
Fstructural constituent of ribosome; C:plasma membrane; P:ribosome biogenesis;
C:cytosolic large ribosomal subunit; P:translation; C:mitochondrion

F:polyamine oxidase activity; C:peroxisome; P:polyamine catabolic process; F:amine
oxidase activity; P:oxidation reduction; F:methyltransferase activity

Fstructural constituent of ribosome; C:cytosolic small ribosomal subunit; C:membrane;
P:translation

C:endomembrane system; C:membrane; C:cytoplasmic membrane-bounded vesicle

F:hydrolase activity, hydrolyzing O-glycosyl compounds; P:carbohydrate metabolic
process; F:cation binding; F:obs,4-alpha-glucan branching enzyme activity; C:plastid
P:auxin polar transport; C:integral to membrane; P:transmembrane transport;
F:auxin:hydrogen symporter activity
F:translation elongation factor activity; P:response to cold; F:GTP binding; F:copper
ion binding; C:plasma membrane; C:chloroplast; C:cytosol; F:GTPase activity
P:multidimensional cell growth; P:microtubule bundle formation; C:cortical

bule; P:establist or mai of cell polarity; P:circumnutation; P:root
morphogenesis; P:trichome branching
F:cinnamoyl-CoA reductase activity; P:response to cadmium ion; F:dihydrok ol
4-reductase activity; P:oxidation reduction; P:lignin biosynthetic process; F:coenzyme
binding
F; idase activity; P:ubiquitin-d dent protein

lic process; P:blue light
signaling pathway; P:auxin biosynthetic process; F:signal transducer activity;
C:proteasome regulatory particle, base subcomplex; P:phototropism; F:ATP binding;
F:microtubule-severing ATPase activity; F:protein binding; C:cytoplasm; C:nucleus;
C:plasma membrane

P:response to water deprivation; P:response to salt stress; F:ATP binding; F:helicase
activity; F:DNA binding; F:transferase activity; P:response to heat

C:anchored to membrane; C:cytoplasmic membrane-bounded vesicle; C:plasma
membrane

P:methionine biosynthetic process; F:homoserine dehydrogenase activity; P:oxidation
reduction; F:aspartate kinase activity; F:ATP binding; F:aminoacyl-tRNA ligase
activity; P:tRNA aminoacylation for protein translation; F:amino acid binding;
C:chloroplast; FNADP or NADPH binding

F:sequence-specific DNA binding; P:regulation of transcription; F:transcription factor
activity; C:nucleus

C:cytoplasmic membrane-bounded vesicle; C:mitochondrion; C:plastid

F:metal ion binding; F:ubiquitin-protein ligase activity; F:protein binding; P:plant-type
hypersensitive response; C:plasma membrane

P:autophagy

F:signal transducer activity; P:phototropism; C:nucleus; F:protein binding

P:activation of protein kinase C activity by G-protein coupled receptor protein
signaling pathway; F:diacylglycerol kinase activity

P:oxidation reduction; F:oxidoreductase activity; F:binding; C:plastid

F:RNA binding; P:translational initiation; F:tr initiation factor activity
P:auxin biosynthetic process; F:ATPase activity; F:ATP binding; C:mitochondrion

C:ribosome; F:structural constituent of ribosome; P:translation

P:auxin bio: ic process; F:tryptophan-tRNA ligase activity; P:tryptophanyl-tRNA
aminoacylation; F:ATP binding; C:cytosol

F:P-P-bond-hydrolysis-driven protein transmembrane transporter activity; C:plastid
outer membrane; C:respiratory chain complex I; C:mitochondrial inner membrane
presequence translocase complex; C:integral to membrane; C:chloroplast; P:protein
transport

Fil

ing py: activity; C:vacuolar membrane; P:oxidation
reduction; P:proton transport; F:inorganic diphosphatase activity; C:integral to
membrane; F:2-alkenal reductase activity

P:ubiquitin-dependent protein catabolic process; F:protein kinase activity; P:embryonic
development ending in seed dormancy; P:response to salt stress; C:SCF ubiquitin ligase
complex; F:ubiquitin-protein ligase activity; F:protein binding; P:mitosis; P:negative
regulation of DNA recombination; C:spindle; C:phragmoplast; P:male meiosis;
C:nucleus; C:plasma membrane; P:protein amino acid phosphorylation

P:response to water; P:response to stress
C:mitochondrion
F:molecular_function; P:biological _process; C:cellular_component

P:nitrogen compound metabolic process; Fnitrilase activity; F:zinc ion binding;
C:chloroplast
C:integral to peroxisomal membrane; P:peroxisome fission; C:mitochondrion

Fstructural molecule activity; C:viral capsid

F:binding; C:mitochondrial inner membrane; P:transmembrane transport; C:integral to
membrane; F:transporter activity

C:cytoplasm; P:auxin bi hetic process; F: idase activity; C:
regulatory particle, base sut plex; P:ubiquiti dent protein bolic process;
F:ATP binding; F:microtubule-severing ATPase activity; C:nucleus

C:extrinsic to membrane; F:calcium ion binding; P:photosystem I stabilization;
C:chloroplast thylakoid membrane; C:oxygen evolving complex




Mado-00-K1-G1-004B_C10 194 amp deaminase 1.70289E-9 85.50% F:AMP deaminase activity; C:cytosol; P:embryonic development ending in seed
dormancy; P:purine rit leosid hosphate biosynthetic process; C:
F:protein binding; C:nucleus
Mado-00-K1-G1-004B_D02 189 omega-3 fatty acid desaturase 8.15567E-28 92.35% C:endoplasmic reticulum membrane; F:deltal2-fatty acid dehydrogenase activity;
F:omega-3 fatty acid desaturase activity; P:oxidation reduction; P:unsaturated fatty
acid biosynthetic process; C:integral to membrane
Mado-00-K1-G1-004B_D06 198 binding protein 4.15724E-16 76.13% F:binding
Mado-00-K1-G1-004B_D07 400 af380625 1 at3g02420 f16b3_5 9.54389E-37 72.20% Ctintegral to membrane
Mado-00-K1-G1-004B_D08 453 transcription factor 1.36743E-19 82.05% P:chromatin assembly or disassembly; C:chromatin; C:nucleus; F:transcription factor
activity; F:structural i of ck in; F:ch in binding
Mado-00-K1-G1-004B_D09 238 protein 5.93009E-39 94.10% P:auxin biosynthetic process; C:nucleolus; C:chloroplast envelope; F:RNA helicase
activity; F:ATP-dependent helicase activity; Finucleic acid binding; F:ATP binding;
C:membrane
Mado-00-K1-G1-004B_E04 461 60s ribosomal protein 124 8.74751E-29 94.95% P:gynoecium development; P:translation; F:structural constituent of ribosome;
P:ribosome bis is; P:auxin mediated signaling pathway; C: lic large
ribosomal subunit; C:plasma membrane
Mado-00-K1-G1-004B E05 307 predicted protein [Populus trichocarpa] 1.32262E-6 67.57%
Mado-00-K1-G1-004B E06 163 60s ribosomal protein 134 7.33273E-13 93.00% C:ribosome; F:structural constituent of ribosome; P:translation
Mado-00-K1-G1-004B E07 147 protein 2.09446E-15 80.59% C:end ane system; C: lasmic membrane-bounded vesicle; C:
Mado-00-K1-G1-004B_E12 461 protein 4.28995E-74 95.70% F:ATP binding; P:oxidation reduction; P:response to stress; P:auxin biosynthetic
process; F:2-alkenal reductase activity
Mado-00-K1-G1-004B_F03 353 purple acid phosphatase 8.29801E-49 85.50% P:seed germination; F:metal ion binding; F:protein serine/threonine phosphatase
activity; P:pollen germination; F:acid phosphatase activity
Mado-00-K1-G1-004B_F05 522 protein 3.37131E-86 78.05% F:myosin heavy chain kinase activity; P:multicellular organismal development;
F:nucleotide binding; C:heterotrimeric G-protein complex
Mado-00-K1-G1-004B_F06 116 atp-binding cassette 8.17953E-12 90.20% P:auxin bio: ic process; F: bioti porting ATPase activity; F:ATP
binding; F:polyamine-transporting ATPase activity; F:phosphonate transmembrane-
transporting ATPase activity; F:heme-transporting ATPase activity; C:membrane
Mado-00-K1-G1-004B_F08 335 protein 2.48707E-21 84.79% C:membrane
Mado-00-K1-G1-004B_F11 133 ferredoxin-nadp+ reductase 8.85822E-19 99.85% P:transport; P:electron transport chain; C:thylakoid lumen; F:poly(U) RNA binding;
F:NADPH dehydrogenase activity; F:electron transporter, transferring electrons within
the noncyclic electron transport pathway of photosynthesis activity; P:defense response
to bacterium; C:chloroplast envelope; F:ferredoxin-NADP+ reductase activity;
F:protein binding; C:chloroplast thylakoid membrane; C:chloroplast stroma;
P:photosynthesis; F:FAD binding; F:NADP or NADPH binding; F:electron transporter,
transferring electrons within the cyclic electron transport pathway of photosynthesis
activitv: C:anonlast
Mado-00-K1-G1-004B_F10 230 glutaredoxin [Populus tremula x Populus 3.66858E-4 82.00% P:cell redox homeostasis; F:electron carrier activity; F:protein disulfide oxidoreductase
tremuloides] activity
Mado-00-K1-G1-004B_F09 294 nodulation receptor kinase 1.7408E-30 75.65% P:auxin biosynthetic process; F:receptor activity; P:protein amino acid phosphorylation;
C:cytoplasmic membrane-bounded vesicle; C:plasma membrane; F:ATP binding;
F:MAP kinase kinase kinase activity
Mado-00-K1-G1-004B_G02 306 hva22d 1.19073E-23 89.55% P:hyperosmotic salinity response; P:pollen development; P:response to water
deprivation; C:endomembrane system; P:response to cold; P:negative regulation of
autophagy; P:response to abscisic acid stimulus; P:flower development; C:integral to
membrane
Mado-00-K1-G1-004B_G03 337 stress-induced protein stil-like protein 2.54612E-42 92.30% P:response to cadmium ion; P:response to high light intensity; C:cytosol; P:response to
hydrogen peroxide; F:binding; C:nucleus; C:plasma membrane; P:response to heat
Mado-00-K1-G1-004B_G04 342 protein 9.32463E-32 64.05% F:DNA-directed RNA polymerase activity; F:DNA binding; P:transcription;
F:ribonucleoside binding; C:nucleus; F:zinc ion binding
Mado-00-K1-G1-004B_G05 240 ribosomal protein s12 5.35754E-32 100.00% Fstructural constituent of ribosome; C:small ribosomal subunit; C:chloroplast;
P:translation; F:rRNA binding
Mado-00-K1-G1-004B_G06 452 asparagine synthetase 4.7951E-81 96.80% Fasparagine synthase (gl ine-hydrolyzing) activity; P:gl i bolic process;
P:asparagine biosynthetic process; F:ATP binding
Mado-00-K1-G1-004B_G07 463 iron-sulfur assembly protein 1.68202E-57 88.40% P:iron-sulfur cluster assembly; F:structural molecule activity; F:iron-sulfur cluster
binding; C:chloroplast stroma
Mado-00-K1-G1-004B GOS8 179 orfl6-lacz fusion protein 2.08985E-28 70.65% C:mitochondrion
Mado-00-K1-G1-004B G09 260 membrane protein cov 4.91505E-41 94.95% F:molecular function; P:biological process; C:cellular component
Mado-00-K1-G1-004B G10 316 unnamed protein product [Vitis vinifera] 1.30956E-9 76.14% F:molecular function; P:biological process; C:cellular component
Mado-00-K1-G1-004B_G11 402 aldo keto reductase family protein 1.71616E-70 88.75% F:steroid dehydrogenase activity; C:cytosol; P:response to water deprivation;
P:response to salt stress; P:oxidation reduction; C:nucleus; P:response to cold;
F:aldehyde reductase activity
Mado-00-K1-G1-004B_H04 297 cystathionine gamma-synthase 4.10919E-48 91.05% F:pyridoxal phosphate binding; F:c: hioni ynthase activity; P:methi
biosynthetic process; F:lyase activity; C:chloroplast
Mado-00-K1-G1-004B_H05 186 pear beta-galactosidase3 5.30361E-27 79.25% F:sugar binding; P:carbohydrate metabolic process; C:plant-type cell wall; C:vacuole;
F:cation binding; C:cytoplasmic membrane-bounded vesicle; C:plasma membrane;
F:beta-galactosidase activity
Mado-00-K1-G1-004B_H08 267 sugar binding protein 2.25913E-38 77.45% F:sugar binding; F:transferase activity, transferring glycosyl groups; P:GPI anchor
biosynthetic process; C:intrinsic to endoplasmic reticulum membrane
Mado-00-K1-G1-004B_H12 153 predicted protein [Populus trichocarpa] 1.10619E-8 88.50% C:mitochondrion
Mado-00-K1-G1-004B_H09 271 cytochrome p450 7.03037E-24 74.75% F:oxidoreductase activity; F:iron ion binding
Mado-00-K1-G1-004B_H11 439 unknown [Glycine max] 2.08389E-28 70.35%
K2-G2 Mado-00-K2-G2-Contigl 229 hypothetical protein ARALYDRAFT 470811 8.83085E-14 100.00% C:nucleosome; F:DNA binding; P:nucleosome assembly; C:nucleus
[Arabidopsis lyrata subsp. lyrata]
Mado-00-K2-G2-Contig2 404 chloroplast light-harvesting chlorophyll a b- 1.20806E-51 96.05% F:metal ion binding; P:photosynthesis, light harvesting; C:photosystem II; P:protein-
binding protein chromophore linkage; F:chlorophyll binding; C:integral to membrane; C:photosystem I;
C:chloroplast thylakoid membrane
Mado-00-K2-G2-Contig4 393 tubulin alpha 3.68111E-60 99.00% P:microtubule-based movement; F:GTP binding; P:protein polymerization; F:structural
molecule activity; F:GTPase activity; C:microtubule
Mado-00-K2-G2-Contig$§ 383 protein 1.37866E-51 79.50% P:response to abscisic acid stimulus; C:membrane; C:cytoplasmic membrane-bounded
vesicle; P:response to water deprivation; P:response to cold; P:hyperosmotic salinity
response
Mado-00-K2-G2-Contigh 268 senescence-associated protein 9.93368E-42 93.50% F:transcription factor binding; F:transcription factor activity; P:rRNA transcription;
P:cell proliferation
Mado-00-K2-G2-Contig7 171 protein 6.23232E-12 68.35% C:mitochondrion; F:peptidase activity
Mado-00-K2-G2-Contig8 166 stem 28 kda glycoprotein 2.63525E-10 80.55% F:acid phosphatase activity
Mado-00-K2-G2-Contig9 466 lipid binding 4.36755E-21 69.70% P:lipid transport
Mado-00-K2-G2-Contig1 0 460 metallothionein-like protein 5.24858E-26 87.15% F:metal ion binding
Mado-00-K2-G2-Contigl I 401 histone 2 4.96909E-33 92.40% C:nucleosome; F:DNA binding; P:nucleosome assembly; C:nucleus
Mado-00-K2-G2-Contig12 331 ferrodoxin precursor 7.25064E-21 92.05% F:metal ion binding; F:electron carrier activity; F:protein binding; P:transport;
C:chloroplast stroma; F:2 iron, 2 sulfur cluster binding; P:electron transport chain
Mado-00-K2-G2-Contig14 309 proline-rich protein 2.04658E-31 73.10% Fstructural constituent of cell wall; Piresponse to jasmonic acid stimulus; C:plasma
membrane
Mado-00-K2-G2-Contigl5 277 expansin 1 1.79112E-43 99.10% C:extracellular region; P:plant-type cell wall organization; C:membrane
Mado-00-K2-G2-Contigl6 246 stem 28 kda glycoprotein 4.90091E-17 91.25% C:cytoplasmic membrane-bounded vesicle; C: hondrion; F:acid phospt
activity
Mado-00-K2-G2-Contig1 8 420 auxin efflux carrier 2.36872E-67 96.10% P:transmembrane transport; C:integral to membrane
Mado-00-K2-G2-Contig]9 402 sah7 protein 9.03956E-27 75.35% C:extracellular space
Mado-00-K2-G2-Contig20 400 40s ribosomal protein s28 1.55187E-18 92.75% C:ribosome; F:structural constituent of ribosome; P:translation
Mado-00-K2-G2-Contig2 1 352 histone h2 3.11776E-19 98.60% C:nucleosome; F:DNA binding; P:nucleosome assembly; C:nucleus
Mado-00-K2-G2-Contig22 333 predicted protein [Populus trichocarpa] 1.87412E-8 78.53% C:end brane system; C: lasmic membrane-bounded vesicle




Mado-00-K2-G2-Contig23
Mado-00-K2-G2-Contig24
Mado-00-K2-G2-Contig25
Mado-00-K2-G2-Contig27
Mado-00-K2-G2-Contig28
Mado-00-K2-G2-Contig29

Mado-00-K2-G2-Contig30

Mado-00-K2-G2-Contig31
Mado-00-K2-G2-Contig32

Mado-00-K2-G2-Contig33

Mado-00-K2-G2-Contig34

Mado-00-K2-G2-Contig35
Mado-00-K2-G2-Contig37
Mado-00-K2-G2-Contig4 1
Mado-00-K2-G2-Contig43
Mado-00-K2-G2-Contig45

Mado-00-K2-G2-001_A01
Mado-00-K2-G2-001_A06

Mado-00-K2-G2-001_A10
Mado-00-K2-G2-001_A12
Mado-00-K2-G2-001_B01

Mado-00-K2-G2-001_B02

Mado-00-K2-G2-001_B07

Mado-00-K2-G2-001_B08

Mado-00-K2-G2-001_B09
Mado-00-K2-G2-001_C01
Mado-00-K2-G2-001_C02
Mado-00-K2-G2-001_C09
Mado-00-K2-G2-001_C10
Mado-00-K2-G2-001_C11
Mado-00-K2-G2-001_D02
Mado-00-K2-G2-001_D03
Mado-00-K2-G2-001_DO05
Mado-00-K2-G2-001_D09
Mado-00-K2-G2-001_E03
Mado-00-K2-G2-001_E04
Mado-00-K2-G2-001_E05
Mado-00-K2-G2-001_E07
Mado-00-K2-G2-001_E08
Mado-00-K2-G2-001_E09
Mado-00-K2-G2-001_E10
Mado-00-K2-G2-001_F02
Mado-00-K2-G2-001_F04

Mado-00-K2-G2-001_F05

Mado-00-K2-G2-001_F06

Mado-00-K2-G2-001_F08

Mado-00-K2-G2-001_GO1
Mado-00-K2-G2-001_G10
Mado-00-K2-G2-001_G11

Mado-00-K2-G2-001_H02

Mado-00-K2-G2-001_H04

Mado-00-K2-G2-001_H07

Mado-00-K2-G2-001_H11

Mado-00-K2-G2-001_H12

321 soul heme-binding family protein

319 cold acclimation protein cor413-pml

317 gdsl-motif lipase hydrolase family protein
288 ribulose bisphosphate carboxylase

288 endo- -beta-glucanase precursor

288 anthocyanidin reductase

278 hva22-like protein a

263 protein
260 at1g29980 tlp2_9

252 mitochondrial atp synthase g subunit family
protein

238 40s ribosomal protein s11

231 acid phosphatase
229 expansin 1

206 nucleolar protein
183 leucine rich repeat protein

180 import inner membrane translocase subunit
mitochondrial

410 zw18 expressed

279 diphosphonucleotide phosphatase

213 cell elongation protein

299 protein

181 gpi-anchored protein

370 60s ribosomal protein 17a

334 sinapyl alcohol dehydrogenase

358 seryl-trna synthetase

357 60s ribosomal protein 134

433 phenylalanine ammonia-lyase

372 secl4 cytosolic factor family protein
phosphoglyceride transfer family protein

290 universal stress protein family protein

162 secl4 cytosolic factor family protein

179 zinc finger

306 ubiquitin-like protein smt3

265 protein

346 rop family gtpase rop9

161 alpha-farnesene synthase

242 phospho-2-dehydro-3-deoxyheptonate aldolase

chloroplast
344 swi snf complex subunit sw13
200 protein

273 invertase pectin methylesterase inhibitor family

protein
387 like protein
115 f-box and wd40 domain

256 piplb (named plasma membrane intrinsic
protein 1b) water channel

129 receptor serine-threonine protein

362 high mobility group family

257 endomembrane protein

326 dna methyltransferase

236 protein phosphatase

343 protein
345 axial regulator
159 s-adenosyl-1-homocysteine hydrolase

238 glutathione reductase

338 protein

163 methionyl-trna synthetase

276 protein

168 unnamed protein product [ Vitis vinifera]

9.35572E-40
8.22677E-36
1.18962E-42
5.91735E-26
6.09516E-39
2.16284E-44

5.61974E-13

6.96021E-27
1.08008E-19

1.73244E-25

9.00354E-27

4.49907E-26

1.49587E-37

4.46235E-26

7.28967E-24

1.67698E-17

9.23439E-40
5.2411E-11

6.36471E-33

6.68134E-30

6.35776E-25

5.00555E-33

7.10516E-16

5.84771E-10

2.13738E-28

5.72279E-74

5.15942E-30

1.78167E-22

2.30524E-22

2.05662E-15

4.14863E-24

3.42624E-42

1.66989E-12

6.50203E-25

3.07671E-35

3.98993E-14

7.17151E-24

3.08752E-19

2.13445E-12

3.15064E-11

2.6573E-34

8.72391E-14

2.43027E-32

8.31815E-12

2.01117E-34

1.10183E-32

9.45275E-32
3.39441E-28
4.52374E-10

9.93152E-34

4.26436E-37

2.01949E-18

2.18949E-41

3.65697E-20

75.20%
88.60%
89.00%
89.15%
86.90%
92.50%

89.45%

77.70%
74.80%

95.55%

94.10%

78.70%
96.50%
92.30%
87.55%

83.89%

88.10%
86.85%

93.55%
82.40%
86.60%

93.70%

79.35%

87.60%

97.05%

94.70%

82.65%

94.50%

86.89%

75.25%

96.50%

96.10%

100.00%

90.45%

93.85%

61.67%

94.75%

78.25%

62.10%

83.44%

90.85%

92.70%

74.35%

96.85%

71.65%

95.00%

76.75%
93.95%
98.90%

94.30%

86.25%

90.05%

99.00%

86.17%

C:cytoplasmic membrane-bounded vesicle; C:vacuole; F:binding; C:plasma membrane

C:membrane

C:endomembrane system; P:lipid metabolic process; F:carboxylesterase activity
Prreductive pentose-phosphate cycle; F:ribi £ carboxylase activity;
F:monooxygenase activity; P:photorespiration; P:oxidation reduction; C:chloroplast
P:carbohydrate metabolic process; P:pattern specification process; F:cellulase activity;
P:response to nematode

P:oxidation reduction; P:cellular metabolic process; F:coenzyme binding;
F:anthocyanidin reductase activity

P:response to abscisic acid stimulus; C:membrane; C:cytoplasmic membrane-bounded
vesicle; P:response to water deprivation; P:hyperosmotic salinity response

C:plastid

C:anchored to membrane; C:cytoplasmic membrane-bounded vesicle; C:plasma
membrane

F:hydrogen ion transmembrane transporter activity; C:mitochondrial proton-
transporting ATP synthase complex, coupling factor F(0); P:ATP synthesis coupled
proton transport

Fstructural constituent of ribosome; C:cell wall; P:embryonic development ending in
seed dormancy; C:cytosolic small ribosomal subunit; C:membrane; P:translation;
F:rRNA binding

C:cytoplasmic membrane-bounded vesicle; C:
activity

C:extracellular region; P:plant-type cell wall organization; C:membrane

C:nucleolus; C:membrane; F:DNA binding

P:defense response; F:kinase activity; F:protein binding; C:cell wall; P:oxidation
reduction; P:signal transduction; C:chloroplast; C:membrane; C:apoplast; F:2-alkenal
reductase activity

C:mitochondrion; C:chloroplast

drion; F:acid pt

C:mitochondrion
F:metal ion binding; F:protein serine/threonine phosphatase activity; F:acid

hospt activity; C:chl, it
P:brassinosteroid biosynthetic process; F:oxidoreductase activity; C:plasma membrane;
P:unidimensional cell growth; C:integral to membrane; F:FAD binding; P:response to
light stimulus; F:calmodulin binding
F:hydrolase activity
C:anchored to membrane; C:cytoplasmic membrane-bounded vesicle
C:ribosome; F:structural constituent of ribosome; F:protein binding; P:ribosome
biogenesis; F:zinc ion binding; P:translation
F:hydrolase activity, hydrolyzing O-glycosyl Is; F:xylogl logl 1
transferase activity; F:binding; C:cell wall; P:cellular glucan metabolic process;
C:apoplast
F:serine-tRNA ligase activity; C:mitochondrion; P:seryl-tRNA aminoacylation;
P:chloroplast organization; P:ovule devel F:ATP binding; P:mitochondrion
organization; C:chloroplast
C:nucleolus; F:structural constituent of ribosome; P:ribosome biogenesis; C:cytosolic
large ribosomal subunit; C:chloroplast; C:membrane; P:translation
C:cytoplasm; P:phenylpropanoid bolic process; P:bi hetic process; F:
lyase activity; P:L-phenylalanine catabolic process
C:cytosol; C:nucleus; P:transport; C:plasma membrane; F:transporter activity

P:response to stress; C:vacuole

C:plastid; P:transport; C:plasma membrane; F:transporter activity

F:lipase activity; P:lipid metabolic process

C:cytoplasm; F:protein tag; P:protein sumoylation; F:protein binding; C:nucleus;
P:response to heat

Fstructural constituent of ribosome; P:ribosome biogenesis; C:chloroplast stroma;
C:cytosolic large ribosomal subunit; C:membrane; P:translation; F:rRNA binding
C:nucleolus; C:phragmoplast; F:GTP binding; C:plasma membrane; F:protein binding;
F:sphingomyelin phosphodiesterase activity; P:small GTPase mediated signal
transduction; F:GTPase activity

P:metabolic process; F:lyase activity; F:magnesium ion binding
F:3-deoxy-7-phosphoheptulonate synthase activity; P:aromatic amino acid family
biosynthetic process; F:lyase activity; C:chloroplast; C:membrane

F:identical protein binding; C:nucleus

C:ribosome; F:structural constituent of ribosome; P:translation

F i activity; C:ends brane system; P:shade avoidance;
F:pectinesterase inhibitor activity

P:response to stress; C:nucleus; C:plastid

P:auxin biosynthetic process; F:protein binding; P:protein import; P:intracellular
protein transmembrane transport; F:ATP binding; P:protein targeting; F:transferase
activity; C:membrane; F:zinc ion binding; C:plastid

P:response to water deprivation; C:vacuole; P:water transport; C:plasma membrane;
P:transmembrane transport; C:integral to membrane; F:water channel activity;
C:chloroplast; C:mitochondrion; P:response to salt stress

P:auxin biosynthetic process; Freceptor activity; P:protein amino acid phosphorylation;
F:non-membrane spanning protein tyrosine kinase activity; F:ATP binding; F:protein
serine/threonine kinase activity

C:nucleus; F:transcription factor activity

C:cytoplasmic membrane-bounded vesicle; C:integral to membrane; C:Golgi apparatus;
C:mitochondrion; C:plasma membrane

P:DNA methylation; C:ch in; F:DNA (cytosine-5- thyl activity;
P:chromatin assembly or disassembly; F:DNA binding; F:chromatin binding; C:nucleus

C:protein serine/threonine phosphatase complex; F:metal ion binding; F:protein
serine/threonine phosphatase activity; C:plasma membrane; P:protein amino acid
dephosphorylation
F:GTPase activity; F:GTP binding
P:regulation of transcription; F:transcription factor activity; C:nucleus
F:adenosylhomocysteinase activity; P:one-carbon metabolic process; P:response to
stress; F:binding
P:gamete generation; P:response to ionizing radiation; P:meiotic DNA double-strand
break p ing; P:cell redox I is; P:oxidation reduction; P:glutathione

bolic process; F:glutathione-disulfide red activity; F:FAD binding; F-NADP
or NADPH binding: C:cytoplasm
C:chloroplast
C:cytosol; P:electron transport chain; F:electron carrier activity; F:methionine-tRNA
ligase activity; F:ATP binding; F:tRNA binding; P:response to cadmium ion;
P:methionyl-tRNA aminoacylation
P:translation; P:ubiquitin-d dent protein process; P:response to UV-B;
C:nucleolus; P:embryonic devel; ending in seed dormancy; F:structural
constituent of ribosome; P:response to salicylic acid stimulus; P:protein ubiquitination;
F:protein binding; C:vacuole; C:cytosolic large ribosomal subunit
F:molecular_function; P:biological process

boli




Mado-00-K2-G2-002_A03

Mado-00-K2-G2-002_A06
Mado-00-K2-G2-002_B01
Mado-00-K2-G2-002_B02
Mado-00-K2-G2-002_B04
Mado-00-K2-G2-002_B05
Mado-00-K2-G2-002_B07
Mado-00-K2-G2-002_B10

Mado-00-K2-G2-002_C02
Mado-00-K2-G2-002_D03

Mado-00-K2-G2-002_D10
Mado-00-K2-G2-002_D11
Mado-00-K2-G2-002_E05

Mado-00-K2-G2-002_E08
Mado-00-K2-G2-002_E09

Mado-00-K2-G2-002_E11
Mado-00-K2-G2-002_FO01

Mado-00-K2-G2-002_F02

Mado-00-K2-G2-002_F03
Mado-00-K2-G2-002_F08

Mado-00-K2-G2-002_G03
Mado-00-K2-G2-002_G07

Mado-00-K2-G2-002_G08
Mado-00-K2-G2-002_G10

Mado-00-K2-G2-002_G12
Mado-00-K2-G2-002_HO1

Mado-00-K2-G2-002_H02

Mado-00-K2-G2-002_H04

Mado-00-K2-G2-003_A04

Mado-00-K2-G2-003_B01

Mado-00-K2-G2-003_B02

Mado-00-K2-G2-003_B03
Mado-00-K2-G2-003_C02
Mado-00-K2-G2-003_C03

Mado-00-K2-G2-003_DO1

Mado-00-K2-G2-003_D02

Mado-00-K2-G2-003_D04

Mado-00-K2-G2-003_D06

Mado-00-K2-G2-003_E06
Mado-00-K2-G2-003_FO01

Mado-00-K2-G2-003_F02

Mado-00-K2-G2-003_F03
Mado-00-K2-G2-003_F04
Mado-00-K2-G2-003_F05
Mado-00-K2-G2-003_G06
Mado-00-K2-G2-003_HO1

Mado-00-K2-G2-003_HO05

Mado-00-K2-G2-004B_A01

155 wd-40 repeat protein

229 ¢2 domain-containing protein
146 peptidyl-prolyl cis-trans isomerase

167 glucan endo- -beta-glucosidase

263 microtubule-associated protein ebl-like protein

318 sphere organelles
152 ribosomal protein s5

159 60s ribosomal protein 119

281 gasa4-like protein

350 chlorophyll a-b binding protein 4 precursor

homolog

225 wd-repeat protein

285 mee9 (maternal effect embryo arrest 9)
351 tubulin beta-2 beta-3 chain

302 60s ribosomal protein 130

204 PREDICTED: hypothetical protein [Vitis

vinifera]
362 lipid binding
152 elongation factor 1-

258 chalcone synthase

305 60s ribosomal protein

330 arginine methyltransferease

352 protein
309 idogl. bindi

protein
263 qm-like protein

173 histone h2a

329 predicted protein [Populus trichocarpa]

279 exportinl protein

451 3-deoxy-d-arabino-heptulosonate 7-phosphate

synthase
254 dna methyltransferase

332 receptor-like kinase

410 protein

158 obtusifoliol 14-alpha demethylase

244 protein
233 at4g31410 f8f16_230
577 alpha tubulin 1

300 zinc finger

272 60s acidic ribosomal protein p0

223 histone h2a

345 20s proteasome beta subunit pbe2

274 photosystem ii 10 kda chloroplast

295 ribulose- -bisphosphate carboxylase oxygenase

small subunit

432 eukaryotic initiation factor 4a

211 nucleic acid binding protein

415 protein

200 cell differentiation protein

483 pyrophosph d d

kinase

alpha subunit

265 protein

396 light-harvesting complex ii protein lhcb1

310 dead box atp-dependent rna

7.25121E-16

5.53129E-16

8.09291E-15

5.11921E-22

5.69381E-29

1.97178E-13

1.79166E-14

5.33135E-19

4.15277E-8
1.0323E-46

4.24954E-16
1.62103E-15
8.66484E-62

1.63586E-36
2.29711E-14

1.02105E-30
7.51003E-21

1.18589E-42

6.63248E-30
2.96198E-54

7.17096E-24
3.25985E-37

4.64704E-39
2.28855E-14

7.17592E-8
1.58901E-34

7.85169E-39

6.13323E-39

2.43432E-40

9.17036E-64

6.53779E-17

9.57563E-21
2.6376E-26
1.12146E-92

3.52162E-39

3.89247E-38

1.67674E-12

9.12058E-27

5.61375E-29

3.78137E-49

1.46207E-61

1.58025E-15

3.33941E-66

1.82371E-27

8.15108E-68

6.90365E-43

2.29099E-70

5.19237E-43

82.80%

86.90%

91.50%

74.85%

80.80%

70.36%

87.59%

97.15%

74.84%
87.90%

77.70%
83.67%
100.00%

95.45%
86.21%

74.25%
100.00%

96.95%

97.95%
95.60%

78.75%
75.80%

99.60%
94.90%

72.35%
89.65%

98.20%

90.90%

96.95%

79.15%

97.85%

88.15%
70.95%
100.00%

84.80%

92.90%

94.10%

92.10%

85.80%

88.45%

99.45%

89.70%

82.25%

98.20%

92.00%

93.30%

98.00%

93.15%

Fireceptor activity; C:heterotrimeric G-protein complex; F:myosin heavy chain kinase
activity; P:response to cadmium ion; P:root devel, P:shoot devel 5
C:chloroplast; Finucleotide binding

C:chloroplast

P:defense response to bacterium; P:protein folding; C:chloroplast thylakoid lumen;
F:polynucleotide adenylyltransferase activity; C:chloroplast stroma; F:peptidyl-prolyl
cis-trans isomerase activity; C:chloroplast thylakoid membrane

F:glucan endo-1,3-beta-D-glucosidase activity; P:carbohydrate metabolic process;
F:cation binding
C:pt last; P:positive gravitropism; F:microtubule binding; C:cortical
microtubule, transverse to long axis; C:microtubule organizing center; C:preprophase
band; P:thigmotropism; C:nucleus; C:spindle microtubule

F:molecular_function; P:biological process; C:cellular_component

C:ribosome; C:Golgi apparatus; F:structural constituent of ribosome; F:RNA binding;
P:translation; C:plastid; C:mitochondrion

Fstructural constituent of ribosome; C:plasma membrane; P:ribosome biogenesis;
P:embryonic development ending in seed dormancy; C:cytosolic large ribosomal
subunit; P:translation

P:gibberellic acid mediated signaling pathway; F:protein binding

C:plastoglobule; F:metal ion binding; P:photosynthesis, light harvesting; C:light-
harvesting complex; C:photosystem II; P:protein-chromophore linkage; F:chlorophyll
binding; C:integral to membrane; C:photosystem I; C:chloroplast thylakoid membrane
C:CUL4 RING ubiquitin ligase complex

P:pollen development; P:embryonic development ending in seed dormancy
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IDENTIFICACAO, CLASSIFICACAO E CARACTERIZACAO TRANSCRICIO NAL DAS
DESIDRINAS DE MACIEIRA

YOHANNA EVELYN MIOTTO; VITOR DA SILVEIRA FALAVIGNA; D IOGO DENARDI
PORTO; MARCIA MARGIS-PINHEIRO; GIANCARLO PASQUALI; LUIS ERNANDO
REVERS

4.1 INTRODUCAO

Em um estudo de expressao génica diferencial esmianteriormente pelo grupo, a técnica
de Hibridizacdo Supressiva Subtrativa (SSH, doém@upression Subtractive Hybridizatjofoi
utilizada na identificagéo de genes potencialment®lvidos na dorméncia de gemas em macieira
(FALAVIGNA, 2010). Duas cultivares contrastantesaqto ao requerimento de frio (Gala e Castel
Gala) foram utilizadas na construcdo de quatroididdas subtrativas reciprocas na entrada e
superacdo da dorméncia. Gemas da cultivar Galamaler requerimento de frio, apresentaram
grande numero de transcritos relacionados a resposstresses, tais como os codificadores de
desidrinas.

As desidrinas (DHNSs, do ingléslehydring possuem sua expressdo induzida por sinais
ambientais relacionados a desidratacao celular,ctamno o frio, a salinidade e a seca. As DHNs
atuam na protecdo de membranas lipidicas celutacesferem atividade crioprotetora em enzimas
sensiveis ao frio (KOSOVAt al, 2007). O acumulo de determinadas DHNs em diverspécies
vegetais, inclusive em macieira, inicia duranteutono e alcanca o seu maior nivel no inverno,
coincidindo com a maxima tolerancia a temperat@sasemas de frio (FAUSTet al, 1997;
FERNANDEZet al, 2012). As proteinas da familia das DHNs séo teniaadas pela presenca de
um dominio altamente conservado, chamado de segriemt qual pode estar presente em uma ou
mais cépias proximo a regido carboxi-terminal. @sitisequéncias conservadas podem estar
presentes, tais como 0 segmento Y e 0 segmente BHAIs sdo classificadas conforme o nimero
de repeticbes desses segmentos (KOS@WVA, 2007).

A compreensao dos mecanismos que possibilitam lgnéag superem condigcdes ambientais
adversas é de grande importancia para a manuterg@mnpliacdo de culturas vegetais de interesse
agrondémico. Pelo presente estudo pretende-se fidante classificar os genes codificadores de

DHNs de macieira, bem como realizar a caracter@zdedtes por meio de RT-qPCR.
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4.2 MATERIAL E METODOS

A sequéncia peptidica consenso para o segmenés OHNS serviu de isca em buscas com
a ferramentaasic Local Alignment Sequence TOBLAST) nos genomas de macieifdglus x
domesticaBorkh.) e pessegueir@{unus persicgL.) Batsch), disponiveis emww.rosaceae.org

O critério de selecéo utilizado foi ubit scoremaior que 30 e 27, respectivamente. Trés acegsos d
pessegueiro ja haviam sido previamente caractesz@8ASSETTet al, 2009). Os acessos de
Arabidopsisforam obtidos a partir do trabalho de BASSEX &L (2009).

As sequéncias proteicas deduzidas dos 24 gendficetos foram submetidas a andlise de
dominios pelo program®IEME Suitev.4.8.1 (BAILEY et al 1994). Parametros padrdes foram
utilizados, exceto o niumero maximo de motivos, rdéfi para 10; o tamanho de cada motivo,
definido entre oito e 25 aminoacidos; e o nUmemimo de acessos, definido para sete.

As sequéncias peptidicas completas das DHNs fatarhadas com softwareMUSCLE
(EDGAR, 2004). Uma arvore filogenética foi congtiauiutilizando-se a inferéncia Bayesiana por
meio dosoftwareMr. Bayes3.1.2 (HUELSENBECKet al 2001). O tipo de substituicdo utilizado
foi o misto, com 5.000.000 de geracdes amostradzeda 100, sendo as primeiras 250 &rvores
descartadas. As arvores restantes foram utilizaal@sconstruir a arvore consenso.

Com base no genoma da macieira, 1.000 nucleotid#esicaes ao codon de inicio de
traducdo de cada uma ddsiDHNsforam utilizados para a caracterizacao da regiametora. A
analise de elementass foi realizada por meio do banco de dados PLACEnN{PGis-acting
Regulatory DNA Elements; HIG@t al, 1999), buscando a identificagéo de elementgsressvos
ao frio, desidratacéo e acido abscisico (ABA).

Para a caracterizacdo transcricional, oito amostiige gemas fechadas de ‘FRipndard’
foram realizadas durante o ano de 2009 em um pdmd&stacdo Experimental da EPAGRI em
Cacador, SC. RNA total foi purificado por precipitaghferencial em LIiCl. A contaminagéo por
DNA foi eliminada pelo tratamento com DNase | (Ao e os cDNAs foram sintetizados
utilizando-se okit GeneAmp(Applied Biosystems). Pares geimers especificos parddDHNs
foram projetados com os program&imer3 v.0.4.0(ROZEN & SKALETSKY, 2000) e
OligoAnalyzer(IDT). As RT-gPCRs foram realizadas no equipamestepOnePlus™ Real-Time
PCR SystenfApplied Biosystems) utilizando-se quantificacdo flaorescéncia d&YBR-Green
(1:100; Invitrogen). Cada amostra biologica (n=3) &émalisada em quadruplicata técnica. A

amplificacdo consistiu em uhot start da enzima por 10 min a 95°C, seguido de 40 cicto§lyl
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desnaturacao a 95°C por 15 s e (2) 60 s a 60°Capatamento doprimerse extensao das fitas.
Ao final, foi realizada a curva de dissociacdo e temperaturas de 60 e 95°C. A especificidade
dosprimersfoi avaliada pela presenca de pico Unico na cdevdissociacdo e banda Unica em gel
de eletroforese. A expressao relativa foi calculagla método de PFAFFL (2001) em funcao dos
genes referéncidARC5 MDH e WD40(PERINI et al, dados nao publicados).

4.3 RESULTADOS E DISCUSSAO

A busca pelo segmento K nos genomas de macieirararg por BLAST permitiu a
identificacdo das DHNs nestes organismos. Ideatiims oito membros potencialmente
codificadores de DHNs em macieira (geM#DHN2 a9), nimero condizente com outras espécies
como Arabidopsis(com dez), péssego (com seis), arroz e adlamo (oove; BASSETTet al,
2010).

A construcdo de um cladograma por meio de infea@nBiayesianas permitiu a busca de
homologias entre as sequéncias analisadas. Obssevatdiormacado de ortdlogos e paralogos entre
os acesso$MdDHN2 e MdDHN5 MdDHN3 e PpDHN2 MdDHN4 e MADHN7 com PpDHN3
MdDHN6 e PpDHNZ, e MADHN8 e MdDHNO (Figura 1).

A andlise de dominios proteicos entre DHNs revedoexisténcia de diversos motivos
conservados entre as sequéncias analisadas, sgpgdaram ser relacionados com 0s segmentos ja
descritos. A classificacdo das sequéncias peptidiemiuzidas das MdDHNs foi realizada em
funcdo dos segmentos identificados (Figura 1). dfmtto, motivos ainda n&o descritos foram

observados e demandam maiores estudos.
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Figura 1 — Cladograma filogenético (A) e representacaodimsinios de DHNs (B) de macieira (Md), pereira (Ep)
Arabidopsis (At, COR47, ERD14, LTI29, LTI30 e RAB1® segmento K das DHNs esta representado entlkaral
azul e verde claro em "B"; 0 segmento Y esta remtaslo em amarelo e verde escuro; o segmento &pstdentado
em vermelho. Na coluna "C" est4 a classificacAd\MH3HNs quanto a presenca dos segmentos conserikados Y.

Elemento<is responsivos ao frio, desidratacdo e ABA regulampaiessao de gen&HNs
em diversas plantas (BASSEET al, 2009). A busca de tais elementos foi realizadagemes de
DHNs de macieira. Os gendddDHN2, 5e 8 possuem sitios responsivos ao ABA (ABRE, do
inglés, ABscisic acid Responsive Elenjer® geneMdDHN3 possui elementos responsivos a
desidratacéo (MYC e DRE, do ingl@g8YeloCytomatosis oncogene e Drought ResponsiveeBtem
respectivamente), perfil consistente com seu gwlBpDHN2 Os genesMdDHN4, 6, 7 e 9
apresentaram elementos responsivos ao frio (CRT &]@eringlésC-repeate induction of CBF
expression region,Zespectivamente), mesmo perfil observado noespondentes ortdlogos em
pessegueiro (BASSETat al, 2009).

O perfil transcricional obtido em gemas de maciamaostradas durante um ciclo anual de
‘Fuji Standard permitiu identificar um padrdo similar de expr@ssentre os genes analisados.
Observou-se um pico de concentracdo de transerdgasverno para os oitbHNs de macieira,
sendo possivel relacionar a sua expressao comcegs® de dorméncia e de aclimatacdo ao frio
(Figura 2). A presenca de diferentes elemeai®rao resultou em perfis diferenciais de expresséo,
sugerindo a existéncia de mecanismos complemerttanegulacdo génica ainda ndo identificados.

A menor e maior variacao de expresséao foi obserpagaos gendddDHN7 e 9, respectivamente.
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Figura 2 — Perfil transcricional por RT-gPCR das oito gepetencialmente codificadores de DHNs durante o cic
anual de gemas de macieira. A expressao relativiewsneiro de 2010 foi estabelecida como 1. Asasarepresentam
o0 erro padrao entre as replicatas biologicas. Axguda dorméncia ocorreu em 15 de setembro de 2009.

4.4 CONCLUSOES

Foram identificados oito potenciais genes D&INs em macieira, 0s quais foram
classificados conforme a presenca dos segmentgem@aos nas sequéncias peptidicas deduzidas.
A andlise da provavel regido promotora dos gengsloe elementos responsivos ao frio, a
desidratacdo e ao ABA. Os oito genes exibiram urfil @azonal de regulacdo da expressao em
gemas de macieira. Esta é a primeira etapa deosstuaitados para uma melhor compreensao dos

mecanismos moleculares de superacdo de condictesraans adversas envolvendo DHNSs.
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5 CONCLUSOES

A utilizacdo da técnica de hibridizacdo supresssubtrativa (SSH) mostrou-se
eficiente na investigacdo da expressao génicaedifal entre as cultivares GataCastel
Gala de macieira, contrastantes para o requeringentdo. Tal técnica, aliada aos adequados
periodos de coleta de gemas escolhidos, evidercimesenca de uma série de transcritos
relacionados as mais variadas funcdes biolégicagjuais permitiram a caracterizacdo de
cada uma das quatro bibliotecas subtrativas obti@asnodelo ‘Gala’vs ‘Castel Gala’
permitiu, ainda, a identificacdo de um conjunt@dees diferencialmente expressos, 0s quais
sdo candidatos a participarem dos processos dedodmanutencdo e quebra da dorméncia
de gemas em macieira.

A guantificacdo de transcritos por meio da técaieadRT-qPCR permitiu a validacéo
dos genes candidatos previamente identificadoSgét. Dos 28 genes selecionados para tal,
17 destes apresentaram o mesmo perfil diferenaidiildioteca subtrativa de origem, tendo
sido anotados como os genes codificadores de ASTGGoLS, trés DHNs, duas histonas
H2A variante H2A.Z, LTI65 (induzido por baixa temngtira 65, do inglédow temperature
induced 6% e os fatores de transcricdo AP2, CAMTAL, DAM, GRASE1, NAC, RAP2.12
(relacionado ao APETALA2.12, do inglésRelated to APETALA2.J2 e SCL
(SCARECROW-like). Esta técnica também permitiu a regip da caracterizacdo
transcricional desse mesmo conjunto de genes @ Ilda amostragens abrangendo o ciclo
vegetativo e de dorméncia das cultivares Royal Gadastel Gala e Fufstandard Foram
identificados genes com perfis sazonais de expessdn acumulo maior de transcrito nas
cultivares de maior requerimento de frio, Royal Gakuji Standard em comparacdo com a
de menor requerimento de frio, Castel Gala. Talilp&rfonsistente com genes que possam
estar atuando na indugéo e/ou manutencdo do poodesdorméncia e aclimatacéo ao frio
(JIMENEZ et al, 2010). Dos 17 genes validados, transcritos aadiio DAM, DHNs,
GAST, LTI65, NAC, histonas variante H2A.Z e RAP2.Bpresentaram as maiores
diferencas de expressdo entre as cultivares duaaitieerno e constituem-se como fortes
candidatos a participantes do processo de progréssdorméncia em macieira.

A familia de gene®HNs de macieira teve seus membros identificados, ifitzetos
e caracterizados transcricionalmente. Oito pote&nganes codificadores de DHNs foram

identificados em macieira. Por meio das suas peigsasequéncias proteicas, estes foram
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classificados conforme os segmentos peptidicosapt@dos. Elementass responsivos ao

frio, a desidratacdo e ao ABA foram identificadospnavavel regido promotora dos genes
DHNs, demonstrando que a expressao génica dos mesme®gt@r envolvida na resposta a
sinais ambientais sazonais. Os @tdNs de macieira exibiram perfil sazonal de regulalzio

expressdo, onde foi possivel identificar um padifwlar entre os genes analisados, com um
pico de acumulo de transcritos durante o inverrsta & a primeira etapa de uma série de
estudos voltados para uma melhor compreensao dosniemos moleculares de superacao

de condicGes ambientais adversas.
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Orientacao: Dr. Luis Fernando Revers.
Pesquisa inserida no projeto: “Melhoramento geoétle maca: estratégias
inovadoras no desenvolvimento de cultivares adaptad condi¢des climaticas

sul-brasileiras”.
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2009 - 2009

Bolsista de ITI noLaboratério de Biologia Molecular Vegetal EMBRAPA
Uva e Vinho, Bento Goncalves/RS.

Orientacao: Dr. Luis Fernando Revers.

Atuando nos seguintes temas: Caracterizacdo da domln&e gemas em
macieira: obtencdo de bibliotecas supressivas auats para identificacdo de
genes associados ao requerimento de frio hibecagdicterizacdo do nivel de
oxidacdo de glutationa durante a dorméncia hibezmalgemas de macieira; e
busca por genes candidatos de macieira através edementas da

bioinformaética.

2008 — 2009

Estagio de Iniciacdo Cientifica riaaboratério de Enoquimica. EMBRAPA
Uva e Vinho, Bento Gongalves/RS.

Orientacao: Dr. Alberto Miele.

Atuando nos seguintes temas: Inovacdo tecnoldgiceastreabilidade da
producédo de uvas e da qualidade dos sucos de dos\enhos produzidos pelo
sistema organico; avaliacdo do estado nutricioredd pnétodo DRIS para
culturas da macieira e videira no sul do Brasilfet@ das mudancas climaticas

na composicao fisico-quimica e nas caracterissieasoriais do vinho fino.

PREMIOS E TIiTULOS

2011

Proficiéncia em leitura da Lingua Inglesa, Univeasie Federal do Rio Grande
do Sul.

RESUMOS PUBLICADOS EM ANAIS DE CONGRESSOS

*

MIOTTO, Y.E.; FALAVIGNA, V.S.; PORTO, D.D.; MARGISPINHEIRO, M.

PASQUALI, G.; REVERS, L.F. Identificacdo, classifjé@ e caracterizacdo transcricional
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das desidrinas de macieirtn: XXII Congresso Brasileiro de Fruticultura, 2012, Bent
Gongcalves. XXIl CBF, 2012.

* FALAVIGNA, V.S.; PORTO, D.D.; ANZANELLO, R.; BUFFON,\V.; SOUZA, D.A;;
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cultivars contrasting in chilling requerimenn: 6th International Crop Science Congress,
2012, Bento Gongalves. 6th ICSC, 2012.

* FALAVIGNA, V.S.; PORTO, D.D.; BUFFON, V.; MARGIS-PINEIRO, M,
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6° Encontro de PoOs-Graduandos da Embrapa Uva eoViéhil2, Bento Gongalves. 10°
Encontro de Iniciacdo Cientifica da Embrapa Uvamh@ie 6° Encontro de P6s-Graduandos
da Embrapa Uva e Vinho, 2012.

* PORTO, D.D.; FALAVIGNA, V.S.; BUFFON, V.; PASQUALIG.; OLIVEIRA, P.R.D,;
SANTOS, H.P.; REVERS, L.F. Differential gene expressbf two apple cultivars with
contrasting chilling requirementn: Il Simposio Brasileiro de Genética Molecular de
Plantas, 2011, Ilhéus/BA. Ill Simpdésio Brasileiro @Genética Molecular de Plantas. Sao
Paulo: Tech Art, 2011.

* FALAVIGNA, V.S.; PERINI, P.; REVERS, L.F. Identifiteon of dormancy-associated
mads-box genes in apple: Il Simpdsio Brasileiro de Genética Molecular darRés, 2011,

llhéus. Il Simpdsio Brasileiro de Genética Molecuda Plantas. Sdo Paulo: Tech Art, 2011.

* FALAVIGNA, V.S.; PORTO, D.D.; BUFFON, V.; OLIVEIRAP.R.D.; SANTOS, H.P.;
REVERS, L. F.; PASQUALI, G.; MARGIS-PINHEIRO, M. Carag#macao do perfil
transcricional associado ao estabelecimento e aratfo da dorméncia de gemas entre
cultivares de macieira contrastantes quanto aoereganto de frio hibernalln: Xl
Reunido Anual do Programa de Po6s-Graduacao em Baolgjular e Molecular, 2011, Porto
Alegre. XllI Reunido Anual do Programa de POs-Grgdoaem Biologia Celular e
Molecular. Porto Alegre: UFRGS, 2011. v. 13. p. 134.
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* MIOTTO, Y.E.; CUSIN, R.; FALAVIGNA, V.S.; PORTO, M.; REVERS, L.F.
Identificacdo e andlise de promotores de desidmeagenoma da macieirm: 9° Encontro

de Iniciacdo Cientifica e 5° Encontro de Pdos-Gradosrda Embrapa Uva e Vinho, 2011,
Bento Gongalves. 9° Encontro de Iniciagdo Cientiéica® Encontro de P6s-Graduandos da
Embrapa Uva e Vinho. Bento Gongalves: Embrapa Wvialeo, 2011.

* FALAVIGNA, V. S.; REVERS, L. F.; PEZZOTTI, M. Anot#o funcional da familia
génica Dof no genoma da videita: 9° Encontro de Iniciacdo Cientifica e 5° Enconto d
P6s-Graduandos da Embrapa Uva e Vinho, 2011, BemtgdBses. 9° Encontro de Iniciacdo
Cientifica e 5° Encontro de Pds-Graduandos da Ermbdya e Vinho. Bento Gongalves:
Embrapa Uva e Vinho, 2011.

* FALAVIGNA, V.S.; PORTO, D.D.; BUFFON, V.; PASQUALIG.; OLIVEIRA, P.R.D ;
SANTOS, H.P.; REVERS, L.F. Hibridizacdo supressivatiaiiva aplicada a identificacédo de
genes associados a dorméncia de gemas em malriei®d.Encontro de Iniciacao Cientifica
da Embrapa Uva e Vinho e 4° Encontro de Pos-Grathsatia Embrapa Uva e Vinho, 2010,
Bento Goncalves. 8° Encontro de Iniciacdo Cientti@&mbrapa Uva e Vinho e 4° Encontro
de Po6s-Graduandos da Embrapa Uva e Vinho.. BentgaB@s: Embrapa Uva e Vinho,
2010.

* FALAVIGNA, V.S.; PERINI, P.; REVERS, L.F. ldentificzio de genes MADS-box

associados a dorméncia no genoma da macleir&® Encontro de Iniciacdo Cientifica da
Embrapa Uva e Vinho e 4° Encontro de Pos-Graduadddsmbrapa Uva e Vinho. 2010,
Bento Goncalves. 8° Encontro de Iniciacdo Cientid@d&mbrapa Uva e Vinho e 4° Encontro
de Pdés- Graduandos da Embrapa Uva e Vinho.. BentgaB@s: Embrapa Uva e Vinho,

2010.

* PORTO, D.D.; FALAVIGNA, V.S.; BUFFON, V.; PASQUALIG.; OLIVEIRA, P.R.D;
SANTOS, H.P.; REVERS, L.F. Differential gene expresspf two apple cultivars with
contrasting chilling requerimentin: 5th International Rosaceae Genomics Conference
(RGC5), 2010, Cape Town. 5th International Rosacea®i@Gies Conference (RGC5). Cape
Town, 2010.
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* FALAVIGNA, V.S.; PORTO, D.D.; BUFFON, V.; BEKER, S.A.REVERS, L.F.
Caracterizacdo da dorméncia de gemas em macieitangéio de bibliotecas supressivas
subtrativas para identificagcdo de genes associadagquerimento de frio hibernah: 7°
Encontro de Iniciacdo Cientifica da Embrapa Uvamh@ie 3° Encontro de P6s-Graduandos
da Embrapa Uva e Vinho, 2009, Bento Gongalves. Zbiiaro de Iniciacdo Cientifica da
Embrapa Uva e Vinho e 3° Encontro de Pds-Graduadddsmbrapa Uva e Vinho. Bento
Goncalves, 2009. p. 54-54.

PARTICIPACAO EM CURSOS
* REVERS, L.F.; PORTO, D.D.; FALAVIGNA, V.S.; BUFFONY.; MALABARBA, J.

Genética Molecular Vegetal: mapeamento genétiantificacdo de QTLs, genes candidatos
e suas aplicacdes tecnoldgicas. 2012. (Curso de duracdo ministrado/Extensao).



