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Resumo

O objetivo que norteou o presente trabalho foi identificar as sequéncias
génicas correspondentes a fatores de transcricdo da familia Dof em Eucalyptus
grandis, e realizar analises das mesmas, incluindo a anélise filogenética. A familia
Dof ("DNA binding with One Finger") compreende fatores de transcri¢cdo exclusivos
de plantas, caracterizados pela presenca de um motivo de ligagdo ao DNA
semelhante a "dedos-de-zinco". As proteinas Dof exercem efeitos ativadores ou
repressores da transcricdo, atuando sobre promotores de genes associados aos mais
diferentes metabolismos vegetais. Inicialmente, foram obtidas as sequéncias de genes
Dof dos vegetais Arabidopsis thaliana, Arabidopsis lyrata, Carica papaya, Populus
trichocarpa, Vitis vinifera, Sorghum bicolor, Chlamydomonas reinhardti, Oryza
sativa indica e Zea mays, dos bancos de dados online “The Arabidopsis Information
resource” (TAIR) e “Plant Transcription Factor Database”. A sequéncia peptidica
correspondente ao dominio Dof de cada um destes genes foi obtida por meio de
alinhamentos utilizando a ferramenta online Pfam, do “Sanger Institute”. As
sequéncias peptidicas foram entdo reversamente traduzidas para nucleotideos por
meio da ferramenta online “Expasy Reverse Translate”, e¢ utilizadas em buscas de
BLAST local no genoma de E. grandis gerado pelo projeto GENOLYPTUS.
Arcaboucos das sequéncias nucleotidicas Dof de altas identidades foram utilizados
em buscas em diferentes bancos de dados online, incluindo aqueles disponiveis no
GenBank, no Populus EST Database, no banco de dados do Projeto "Genolyptus:
Rede Brasileira de Pesquisa do Genoma de Eucalyptus”, e no banco de sequéncias
genbmicas de E. grandis "Eucagen", de acesso restrito. As 20 sequéncias de E.
grandis resultantes foram confirmadas por meio de alinhamentos com as demais
sequéncias Dof conhecidas.

As 20 sequéncias Dof obtidas foram traduzidas para amino&cidos e utilizadas
em analises filogenéticas, incluindo alinhamentos com o programa MUSCLE. O
alinhamento inicial demonstrou a existéncia de duas sequéncias idénticas, e uma
sequéncia que ndo possui 0 dominio Dof completo. Sendo assim, as analises
prosseguiram com 18 sequéncias Dof. Um novo alinhamento demonstrou que as
sequéncias coincidiam perfeitamente com a descri¢do dos fatores de transcri¢do Dof,
alinhando-se corretamente apenas no dominio Dof (altamente conservado), e

variando consideravelmente fora do dominio Dof.



Foram construidas duas arvores filogenéticas pelo método de maéaxima
verossimilhanga, incluindo uma arvore contendo apenas as sequéncias mais recentes
disponibilizadas no Eucagen, e outra incluindo as sequéncias Dof de E. grandis
juntamente com as de A. thaliana e P. trichocarpa. Pelas arvores filogenéticas foi
demonstrada a proximidade estrutural e possivelmente funcional dos fatores de
transcrigdo Dof destas trés espécies, classificando os genes em 10 grandes grupos de
ortologos , e definindo pares de paralogos que incluiram os genes recém-descobertos.

Cinqlienta diferentes motivos conservados, além do dominio Dof, foram
identificados com o emprego do programa MEME, sendo 31 destes compartilhados
pelas trés espécies vegetais analisadas. A distribuicdo de motivos conservados fora
do dominio Dof reforcou a localizacdo dos genes nas arvores filogenéticas,
demonstrando que os supostos paralogos possuiam motivos em comum.

Portanto, foram obtidas 18 sequéncias completas de proteinas Dof derivadas
do transcriptoma e confirmadas no genoma de E. grandis. Estas sequéncias possuem
dominios de alta identidade com a descricdo do dominio Dof, indicando suas
funcionalidades, e possuem motivos conservados em comum com genes Dof de A.
thaliana e P. trichocarpa. Ensaios visando a clonagem, a expressao heteréloga e
ensaios de atividades, bem como estudos genéticos e transgénicos serdo futuramente

conduzidos com vistas a comprovar a funcdo destes genes em E. grandis.



Introducdo Compreensiva

O controle da transcrigdo € considerado o fator mais importante da regulacéo
génica. Em procariotos, nos quais 0s genes estdo organizados em operons e as células
devem responder rapidamente a alteragdes no meio externo, o controle se da por
meio de proteinas repressoras, que precisam ser removidas para que a transcri¢ao
ocorra, ou proteinas ativadoras, que aumentam a taxa de formagéo de complexos de
inicio da transcricdo. Uma Unica enzima RNA polimerase esta presente em células
procarioticas, a qual é capaz de reconhecer e ligar motivos conservados do DNA por
meio de sua subunidade variavel sigma (o), ¢ sintetizar o RNA sem 0 auxilio de
outras enzimas. A modulacdo da transcricdo de células procaridticas envolve
eventualmente outros mecanismos de regulacdo, incluindo, entre outros, a propria
traducdo de proteinas (atenuacdo) (Zaha, A., Ferreira, H., Passaglia L. 2003).

Nos eucariotos, a maior parte dos genes estd organizada em unidades de
transcricdo Unicas, compostas por um gene e suas regides controladoras a montante
(promotor) e a jusante (terminador), classicamente. Nas células vegetais, estdo
presentes cinco tipos distintos de RNA polimerases, incluindo as RNA polimerases I,
Il e I (nucleares), a RNA polimerase mitocondrial e, também, as plastidicas como
as dos cloroplastos. Os complexos proteicos basais (holoenzimas) das enzimas
nucleares sdo incapazes de, por si s, reconhecer motivos na sequéncia do DNA e,
consequentemente, de se ligar a0 mesmo para promover a transcri¢cdo. Para que
ocorra a transcricdo, sdo necessarios fatores acessorios de transcricdo, isto €,
moléculas proteicas que apresentam dominios de ligacdo ao DNA, e que sdo capazes
de interagir com elementos regulatérios de acédo cis. Os fatores de transcricdo podem
ser gerais, ligando-se a elementos cis presentes em quase todas as sequéncias
promotoras como TATA Box, CAAT Box ou CG Box, ou especificos, capazes de
reconhecer especificamente uma sequéncia cis dentro de cada grupo de promotores.
Os fatores de transcricdo especificos designam quais genes deverdo ser ativados ou
reprimidos em resposta a sinais enddgenos ou exdgenos. Eles determinam quando,
onde e em resposta a que sinais 0s genes deverdo ser transcritos ou reprimidos. A
modulacéo da atividade dos proprios fatores de transcricdo em resposta aos sinais €
mediada por diferentes cascatas de ativacdo e transmissdo. No caso da ativacdo da
transcrigdo, os fatores especificos recrutam os fatores gerais e uma das DNA

polimerases para que ocorra a transcricdo. Portanto, as funcbes dos fatores de



transcricdo incluem o reconhecimento e a ligacdo a motivos de regulagéo cis , o
recrutamento (ou o bloqueio) de outros fatores de transcricdo, o recrutamento
(ativadores) ou o bloqueio (repressores) da RNA polimerase, o direcionamento da
atividade da RNA polimerase e a iniciacdo ou o bloqueio da transcri¢do (Zaha, A.,
Ferreira, H., Passaglia L. 2003).

A Familia Dof de Fatores de Transcri¢ao

A familia Dof ("DNA binding with One Finger") compreende fatores de
transcricdo exclusivos de plantas, caracterizados pela presenca de um motivo de
ligagdo ao DNA semelhante aos “dedos-de-zinco”. Estas proteinas podem agir tanto
como ativadores quanto repressores, e parecem ter evoluido para controlar a
expressao de genes de processos caracteristicos de plantas (Yanagisawa, 2002). O
primeiro gene Dof (MNB1/ZmDOF1) foi isolado a partir do milho, e esta envolvido
com outro gene Dof desta espécie (ZmDOF2) na regulacdo da expressao pela luz do
gene que codifica a C4-fosfenolpiruvato-carboxilase. Ambos 0s genes sdo expressos
constitutivamente em folhas e caules de milho e sdo, respectivamente, ativadores e
repressores transcricionais do promotor deste gene em ensaios de expressdo
transiente em protoplastos de folhas de milho (Yanagisawa & Sheen, 1998). Nas
ultimas décadas, foram identificados fatores de transcricdo Dof em diversas espécies
de monocotiledéneas e dicotileddneas, incluindo trigo, cevada, arroz, tabaco,
Arabidopsis, abobora, batata, ervilha e mamao (Yanagisawa, 2004). Os genes Dof
parecem ter se originado de um ancestral comum, que manteve uma Unica copia na
alga unicelular Chlamydomonas reinhardtii e, posteriormente, expandiu-se para
outros grupos taxonémicos, aumentando de ndmero por meio de eventos de

duplicacdo (Moreno-Risueno, Martinez, Vicente-Carbajosa, & Carbonero, 2007).

Estrutura das Proteinas Dof

Na classificacdo da familia Dof, a estrutura das proteinas esta dividida em
dominio Dof (regido conservada N-terminal) e regido “ndo-Dof” (regido C-terminal
altamente variavel). O dominio Dof apresenta-se como um dominio de ligacdo ao

DNA com 52 residuos de aminoacidos, com uma estrutura Unica contendo quatro



residuos de cisteina que ligam um &tomo de zinco. O dominio Dof é designado pela
sequéncia conservada CX,;CX2;CX,C, onde X corresponde a qualquer aminodcido.
Este dominio permite aos fatores Dof reconhecerem motivos cis contendo a
sequéncia 5-AAAG-3' nos promotores de genes (Umemura, Ishiduka, Yamamoto, &
Esaka, 2004; Yanagisawa & Schmidt, 1999). J& a regido fora do dominio Dof nédo
aparenta ter funcdo de ligacdo ao DNA. Devido a sua alta variabilidade, a regido néo-
Dof estd provavelmente relacionada as diferentes fungdes exercidas por essas
proteinas (Yanagisawa & Schmidt, 1999). Cada gene codifica apenas um dominio
Dof e, consequentemente, cada proteina codificada apresenta apenas um motivo de
ligacdo a0 DNA (Lijavetzky, Carbonero, & Vicente-Carbajosa, 2003). Experimentos
utilizando agentes quelantes de metal mostraram-se capazes de inibir a ligacdo dos
fatores de transcricdo Dof ao DNA. A adi¢do posterior de zinco ao meio foi capaz de
restaurar esta ligacdo. Além disto, a substituicdo dos residuos conservados de cisteina
por serina e alanina inibiu completamente a capacidade de ligacdo dessas proteinas
ao DNA, in vivo e in vitro (Yanagisawa, 2004).

O dominio Dof também é caracterizado por ser um dominio bifuncional,
capaz de mediar interagfes proteina-proteina. Interacbes deste tipo realizadas pelo
dominio Dof j& foram demonstradas em Arabidopsis e milho. Em ambos 0s casos, 0s
fatores de transcricdo Dof demonstraram ser capazes de se ligar a proteinas de
resposta ao estresse contendo um dominio de ziper-de-leucinas. Também foi
demonstrada a interacdo entre o dominio Dof e o dominio HMG-Box. Este dominio
representa os sitios de ligacdo ao DNA de proteinas nucleares nao-histonas da
familia do grupo de alta mobilidade (do inglés, High Mobility Group, ou HMG). Foi
demonstrado que a ligacdo do fator de transcricdo Dofl de milho ao DNA foi
facilitada pela proteina HMG. Considera-se que mesmo que apenas algumas
proteinas Dof tenham apresentado interacdo proteina-proteina in vitro, a maioria
desses fatores de transcricdo deve ser capaz de realizar estas interacGes in vivo,
tendo-se em vista que o dominio € altamente conservado em todos os individuos da

familia (YYanagisawa, 2004).

Funcdes dos Fatores de Transcri¢éo Dof



As funcdes dos produtos de genes Dof séo tdo variadas quanto suas regides
ndo-Dof. Ja foram descritos fatores de transcricdo Dof relacionados com o
desenvolvimento do endosperma (Vicente-Carbajosa, Moose, Parsons, & Schmidt,
1997), metabolismo de carboidratos (Yanagisawa & Sheen, 1998), mecanismos de
defesa especificos de vegetais (Baumann, De Paolis, Costantino, & Gualberti, 1999),
germinacdo de sementes (Papi et al., 2000), florescimento (Fornara et al., 2009; Li et
al., 2009), desenvolvimento vascular (Konishi & Yanagisawa, 2007) e resposta a
fitorménios (Kisu, Ono, Shimofurutani, Suzuki, & Esaka, 1998). Além disso,
proteinas Dof ja foram incluidas em redes de interacdes de fatores de transcricdo em
resposta a estresses (Cooper et al., 2003), e ao silenciamento de certas enzimas, como
a ascorbato-oxidase em abdbora (Kisu, Ono, Shimofurutani, Suzuki, & Esaka, 1998).

Os fatores de transcricdo Dof podem ter sua acdo modificada por alteracGes
estruturais e a expressdo dos genes Dof pode ser alterada pela propria via de
metabolismo de um nutriente ou composto utilizado pela planta. O fator de
transcricdo TaDofl de trigo esta relacionado com o metabolismo de nitrogénio,
sofrendo, inclusive, regulacdo positiva sob baixas concentracfes deste composto
(Kumar, Taware, Gaur, Guru, & Kumar, 2009). Alteracbes nas estruturas das
proteinas Dof DAG1 e DAG2 de Arabidopsis determinaram modificacdes no
processo de germinacdo da planta (Gualberti et al., 2002).

Portanto, os fatores de transcricdo Dof estdo envolvidos na regulacdo de
genes caracteristicos de plantas, cujos produtos podem possuir inimeras funcdes.
Visto que genes ortdlogos normalmente apresentam fungdes semelhantes, estudos
filogenéticos sugeriram que pistas sobre a funcdo de fatores de transcricdo Dof
podem ser obtidas quando proteinas recém descobertas desta familia sdo comparadas
a outras ja identificadas e devidamente caracterizadas (Lijavetzky, Carbonero, &
Vicente-Carbajosa, 2003).

Eucalyptus grandis como Alvo de Biotecnologia

O eucalipto é a arborea mais cultivada do mundo para explora¢do comercial
de madeira. No Brasil, o cultivo de eucalipto é voltado principalmente para a
producéo de celulose e papel que, além de abastecer o mercado interno, gera matéria-
prima e produtos beneficiados para exportacdo (Medeiros, 2009). De acordo com
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dados publicados pela Associagdo Brasileira de Celulose e Papel (BRACELPA), a
exportacdo de celulose brasileira tem como principais mercados a Europa (43%), a
China (26%), a América do Norte (18%), a Asia/Oceania (12%) e a América Latina
(1%). As vendas de celulose corresponderam a US$ 1,5 bilhdes apenas no primeiro
quadrimestre de 2010. Ja as exportacdes de papel tém como principais mercados a
América Latina (52%), a Europa (21%), a América do Norte (10%), a Africa (6%), a
Asia/Oceania (7%) e a China (4%), e chegaram a US$ 657 milhdes neste mesmo
periodo. Essa producédo ocorreu em 220 empresas, de 450 municipios, em 17 estados,
gerando 114 mil empregos diretos e 500 mil indiretos (BRACELPA, 2010 — dados
acessaveis em http://www.bracelpa.org.br/bra/estatisticas/pdf/booklet/booklet.pdf).

A alta variabilidade caracteristica do género Eucalyptus, com mais de 700
espécies descritas, despertou interesse no melhoramento genético destas plantas,
visando modificacdes desejaveis para a industria. No Brasil, E. grandis € a espécie
mais importante para a obtencdo de papel e pasta de celulose, principalmente na
forma de hibridos E. grandis x E. urophylla (Colodette et al. 2004). Devido ao seu
valor econébmico para o Brasil, seu 6timo desenvolvimento em regifes de clima
tropical e subtropical, seu rapido crescimento volumétrico, o0 bom contetudo de
celulose e a resisténcia a pragas, esta espécie tornou-se o candidato ébvio a estudos
genéticos e gendmicos. Em 2002, no ambito do Fundo Setorial Verde-Amarelo do
Ministério da Ciéncia e Tecnologia e com o0 apoio de 14 empresas de celulose e
papel, foi lancado o projeto “GENOLYPTUS: Rede Brasileira de Pesquisa do
Genoma de Eucalyptus”, pelo qual realizou-se o sequenciamento do transcriptoma de
E. grandis e de outras espécies de Eucalyptus, além de varios outros estudos de
genética, fitopatologia e fisiologia deste vegetal (Medeiros, 2009, & Jahns, 2008).
Em virtude do impacto da cultura de E. grandis mundialmente, um projeto
internacional de sequenciamento gendmico foi sediado no Joint Genome Institute
(JGI) do Departamento de Energia dos Estados Unidos (USDoE). A arvore
selecionada para cedéncia do genoma foi desenvolvida pela empresa Suzano Papel e
Celulose S.A. (Suzano, SP), e as amostras de acidos nucléicos enviadas ao JGI foram
preparadas na Universidade Federal de Vicosa e pelo nosso grupo no CBiot/UFRGS.
O Projeto EucaGen, como foi denominado, conta com a coordenacdo dos Drs. Jerry
Tuskan (JGI, USDoE, EUA), Zander Myburg (Universidade de Pretéria, Africa do
Sul) e Dario Grattapaglia (Embrapa-Cenargen, Brasilia, DF). O banco de dados
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gendmicos do Projeto EucaGen é de acesso restrito, incluindo nosso grupo de
pesquisa, e exibe uma cobertura de 8X atualmente.

A anotacdo da familia Dof de fatores de transcricdo a partir dos dados do
genoma de E. grandis contribuira para o enriquecimento de bancos de dados de
fatores de transcricdo utilizados por futuros estudos de melhoramento genético de
diversas plantas.
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ABSTRACT

Dof proteins are a family of plant exclusive transcription factors (TFs) that contain a
highly conserved zinc finger-like DNA binding domain. These TFs have been found
to control the transcription of genes related to plant specific phenomena such as
endosperm development, flowering and seed germination. In this work we have
identified 18 putative Eucalyptus grandis Dof genes both in the available
transcriptome and genome. Dof gene sequences were used to perform a phylogenetic
analysis with the Dof sequences from Arabidopsis thaliana and Populus trichocarpa.
The amino acid sequences from all 18 Dof sequences matched perfectly with the
description of the Dof domain, including the four cysteine residues critical for zinc
coordination. Two rooted trees built with the maximum likelihood method and
supported by common conserved motifs outside the Dof domain classified the
sequences into 10 Major Clusters of Orthologous Genes (MCOGs), allowing us to

identify orthologs and paralogs among the three species.
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INTRODUCTION

The Dof family of proteins comprehends plant exclusive transcription factors,
characterized by the presence of a highly conserved zinc finger-like DNA binding
domain (Yanagisawa, 2002a). These proteins seem to control the transcription of
genes related to plant specific phenomena such as endosperm development (Vicente-
Carbajosa, Moose, Parsons, & Schmidt, 1997), carbohydrate metabolism
(Yanagisawa & Sheen, 1998), plant specific defense mechanisms (Baumann, De
Paolis, Costantino, & Gualberti, 1999), seed germination (Papi et al., 2000),
flowering (Fornara et al., 2009; Li et al., 2009), and vascular development (Konishi
& Yanagisawa, 2007).

The first Dof gene (MNB1/ZmDOF1) was isolated from corn, and is related
to another Dof gene from this species (ZmDof2) in the regulation of the gene that
encodes the C4 phosphoenolpyruvate carboxylase (Yanagisawa & Sheen, 1998).
Since then, Dof transcription factors have been identified in several plant species,
including wheat, barley, rice, tobacco, Arabidopsis, pumpkin, potato, pea and papaya
(Yanagisawa, 2004). These genes appear to have originated from a common ancestor
that kept a single copy in the unicellular algae Chlamydomonas reinhardtii, and
afterwards, expanded to different taxonomic groups, increasing in humber by means
of duplication events (Moreno-Risueno, Martinez, Vicente-Carbajosa, & Carbonero,
2007).

The DNA binding Dof domain is characterized by a highly conserved amino
acid sequence, with two pairs of cystein residues that create the zinc finger-like motif
by interacting with a zinc (Zn) atom (Umemura, Ishiduka, Yamamoto, & Esaka,
2004; Yanagisawa & Schmidt, 1999). Experiments with metal chelators were able to
prevent the binding of these proteins to DNA, and the addition of Zn was able to
restore this capacity afterwards. The substitution of the cysteine residues with serine
and alanine also inhibited the binding (Yanagisawa, 2004).

The Dof domain is also characterized by its capacity to perform protein-
protein interactions, being classified as a bifunctional domain (Yanagisawa, 2004).
Interactions between proteins mediated by the Dof domain were already described in
Arabidopsis and corn (YYanagisawa, 2004). In both cases, the Dof proteins were

capable of interacting with stress response proteins containing a leucin zipper
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domain. Since the Dof domain is highly conserved, it is presumed that all Dof
proteins should be able to perform protein-protein interactions in vivo.

In order to better understand the importance of Dof genes and proteins in
Eucalyptus trees, especially in what concerns wood biogenesis and defense
mechanisms, we started an effort to characterize this gene/protein family in
Eucalyptus grandis. In this study, we describe the identification of 18 E. grandis Dof
genes based on both transcriptome and genome. We performed a phylogenetic
analysis including Dof gene sequences from E. grandis, Arabidopsis thaliana and

Populus trichocarpa.

19



RESULTS

Obtaining Dof Sequences from Databases
In order to identify Dof nucleotide sequences within the E. grandis genome, we first

obtained the complete nucleotide and amino acid Dof sequences from nine different
species from the online databases The Arabidopsis Information Resource and Plant
Transcription Database. Species included were Arabidopsis thaliana, Arabidopsis
lyrata, Carica papaya, Populus trichocarpa, Vitis vinifera, Sorghum bicolor,
Chlamydomonas reinhardtii, Oryza sativa indica and Zea mays. Since Dof sequences
show little identity, we performed individual local BLAST searches on the E.
grandis genome (EucaGen Genome Browser) using the putative amino acid Dof
domain sequence from each of the complete amino acid sequences. The resulting
scaffolds were confirmed by individual BLAST searches through three different
databases. With this method, we were able to obtain 20 putative E. grandis Dof
sequences. The sequences were named EucaDofl to 20, according to confirmation
order.

From these initial E. grandis Dof genes identified within the EucaGen
Genome Database, EucaDof8 was the only sequence found complete. EucaDof1, 2,
3,9, 11 and 13 to 19 presented incomplete coding regions but with an initial
methionine start, whilst EucaDof 4 to 7, 10, 12 and 20 were incomplete, without the
initial starting methionine. The complete sequences were obtained by individual
searches on online databases. Expression as mMRNA was confirmed by individual

searches on the Genolyptus EST Database.

Alignment and Phylogenetic Analysis
An initial alignment with the 20 putative Dof gene sequences showed that sequences

EucaDof13 and 14 were the same, and that EucaDof20 did not have a complete Dof
domain (data not shown). Sequences EucaDof13 and 20 were then excluded from
further analysis and the confirmed sequences were renamed as EucaDofl to 18.
Individual BLAST searches on the NCBI protein database revealed that the 18
sequences present high identity with Dof proteins from A. thaliana, P. Trichocarpa
and Vitis vinifera. (Table I).
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A new alignment was made with the 18 putative Dof domain sequences, as
shown in Figure 1, in order to evaluate the evolutionary relationship among them.
The sequences aligned perfectly within the Dof domain and, as expected, showed
little identity outside this motif.

In order to further analyze the relationship among Dof protein sequences, two
rooted trees were built by the maximum likelihood method. The first tree was build
with the 18 putative Dof amino acid sequences (Figure 2), whilst the second was
build with the 18 E. grandis protein sequences plus the sequences from A. thaliana
and P. trichocarpa (Figure 3). The first tree presented possible paralogs (EucaDof15
an 6, and EucaDof12 and 1), whilst with the second tree was possible to identify 10
Major Clusters of Orthologous Genes (MCOGs), that were colored and numbered
from I to X. Nine of these clusters contained putative E. grandis Dof genes. When
possible, EucaDof genes were further classified in pairs or smaller orthologous
subgroups (marked in red on Figure 3). From the six determined orthologous pairs,
three were combined with A. thaliana genes (EucaDofl7/AT5G60850.1;
EucaDof16/AT3G21270.1; EucaDof5/AT5G62940.1), and three with P. trichocarpa
genes (EucaDof10/n824514; EucaDof4/n209054; EucaDof3/n820338). From the
three subgroups, the first was composed exclusively with E. grandis genes
(EucaDof13/ EucaDofl12/ EucaDofl), the second contained genes from the three
species (EucaDof18/AT3G50410.1/n286802/n563045/n760414/AT5G66940.1), and
the third contained sequences from E. grandis and P. trichocarpa
(EucaDof15/EucaDof6/EucaDof14/n577658/n556324/n803398).

The search for conserved motifs was performed on the A. thaliana, P.
trichocarpa and E. grandis putative Dof sequences with the MEME Suit software.
Fifty motifs of up to 100 residues were extracted, if present, in at least two different
sequences. This analysis revealed the existence of homologous motifs conserved
among Dof protein sequences, that were different from the Dof domain (Table II).
The motifs were numbered from 1 to 50. Surprisingly, the Dof domain (Motif 1), was
present only in 93 of the 95 sequences used, being absent in two P. trichocarpa
genes (248810 and 256257). The Dof domain, however, was found in all Populus
proteins when employing the MUSCLE alignment (data not shown).

A. thaliana sequences held the largest number of different conserved motifs
(43), missing only motifs 3, 4, 5, 24, 32, 37 and 39. Motifs 13 and 40 were found
twice in sequences AT4G00940.1 and AT4G55370.1 respectively. Motifs 31, 38, 44
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and 50 were found exclusively in Dof protein sequences from Arabidopsis. P.
trichocarpa Dof protein sequences presented 39 different motifs, missing the ones
numbered 20, 21, 24, 28, 31, 36, 38, 39, 42, 44 and 50. Motifs 3 and 32 were found
exclusively in Dof protein sequences from Populus. E. grandis Dof sequences
presented 42 different motifs, missing the ones numbered 3, 22, 31, 32, 38, 44, 48
and 50. Motif numbers 2, 19, 25 and 39 were found twice in sequences EucaDof17,
4, 10 and 1, respectively. Motif numbers 24 and 39 were found exclusively in E.
grandis Dof proteins. From the 50 extracted motifs, 31 were shared by the three

species analyzed, and 8 were found exclusively in one of them.
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DISCUSSION

We have identified 18 putative Dof genes within the E. grandis genome. Our results,
based on sequence homology, indicate that these sequences are functional Dof genes
(functionality can be assumed by the presence of the extremely conserved Dof
domain, as previously described by Yanagisawa et al. (2002)), with motifs in
common with A. thaliana and P. trichocarpa Dof genes.

The P. trichocarpa, A. thaliana and V. vinifera putative Dof sequences found
by individual BLAST searches on NCBI, as well as the presence of the 18 E. grandis
sequences on the Genolyptus EST database, further support this assumption.

The fact that only one coding sequence (EucaDof8) was found complete was
possibly due to the fact that Dof proteins share little structural similarity besides the
Dof domain itself, and that the search was performed with the putative Dof domain
from the other species. Similar results were obtained by Yanagisawa et al. (2004),
Lijavetztky et al. (2003) and Costenaro da Silva et al. (2010) when searching for Dof
sequences in Arabidopsis, Rice and Vitis.

Analysis of the first rooted tree, build with the 18 putative Dof aminoacid
sequences using the maximum likelihood method suggests that EucaDof17 is the
most conserved sequence in relation to the original gene (root). EucaDof 15 and 6,
and 12 and 1 were the most structurally similar, and possibly paralogs. Since
paralogs usually display different functions within organisms, no functional
relationship can be presumed from this tree (Lijavetzky, Carbonero, & Vicente-
Carbajosa, 2003).

The second rooted tree built with the maximum likelihood method presented
10 MCOGs, six pairs and three subgroups of orthologous genes containing the E.
grandis sequences. The orthologous subgroups depicted here may contain important
information about the function of the recent discovered E. grandis Dof genes, since
orthologous genes usually display similar functions (Lijavetzky et al. 2003).

The trees showed several clusters with low bootstrapping support. However,
most of the groups and subgroups described here can be supported by the presence of
common protein motifs outside the Dof domain, detected in the MEME analysis, as
previously stated by Lijavetzky et al. (2003).

As far as our knowledge goes, this is the first work reporting the profile of

Dof genes in the genome and transcriptome of an Eucalyptus species. The sequences
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expression as MRNA was confirmed by the Genolyptus EST Database. We intend to
further characterize the 18 Dof genes, describing their profiles of expression via
quantitative RT-PCR. Heterologous expression in Escherichia coli and biochemical
characterization of the recombinant proteins is also an intended objective. Finally,
overexpression of repression of Dof gene expression in transgenic plants will allow

us to better functionally characterize the described Dof sequences.
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MATHERIALS AND METHODS

Database Search
Two hundred and sixty Dof amino acid sequences from nine different species were

obtained from online databases. These species include Arabidopsis thaliana (36
sequences), Arabidopsis lyrata (34 sequences), Carica papaya (18 sequences),
Populus trichocarpa (41 sequences), Vitis vinifera (26 sequences), Sorghum bicolor
(30 sequences), Chlamydomonas reinhardti (1 sequence), Oryza sativa indica (17
sequences) and Zea mays (57 sequences). The Arabidopsis thaliana sequences were
obtained from The Arabidopsis Information Resource (http://www.arabidopsis.org/),
whilst the remaining sequences were obtained from the Plant Transcription Factor
Database (http://planttfdb.cbi.pku.edu.cn/). In order to avoid low score scaffolds and
pseudo genes in the local BLAST search, the sequences were then used to perform
independent searches on the Pfam database (http://pfam.sanger.ac.uk/), from where

the putative Dof domain sequences where obtained (accession number PF02701).

Local BLAST Search and Sequence Confirmation
The putative Dof domain sequences were used on independent local BLAST

searches through the E. grandis genome. High score scaffolds resulting from this
procedure were used on independent BLAST searches in three different databases,
including NCBI (http://blast.ncbi.nim.nih.gov/), LGE
(http://www.lge.ibi.unicamp.br/eucalyptus/) and SisGen (http://genoma.embrapa.br/).
This resulted in 19 incomplete and 1 complete putative Dof sequences. In order to
obtain the complete sequences we performed individual BLAST searches through the
Populus EST Database (http://www.populus.db.umu.se/blast.php), then, tBLASTX
searches through NCBI database, with the resulting scaffolds used to perform
individual BLAST searches through the E. grandis genome database (EucaGen

Database Browser at http://eucalyptusdb.bi.up.ac.za/).

Alignment and Phylogenetic Analysis
Alignment of the 20, and later 18 putative amino acid Dof sequences, as well as the

Dof gene sequences from other species, was conducted with the MUSCLE software
(BLOSUMG62 Algorythm), with the input files in FASTA format, and the results
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where visualized with the GeneDoc software. The two rooted trees were build with
Phylogeny.fr online software (http://www.phylogeny.fr/), using the "one-click"
maximum likelihood method, and visualized with the online software Interactive
Tree of Life (http://itol.embl.de/). The first tree was build using the 18 putative Dof
amino acid sequences (Figure 1), whilst the second was build with the 18 E. grandis
sequences plus the sequences from A. thaliana and P. trichocarpa (with a total of 95
sequences). All sequences were inserted in FASTA format. A search for conserved
motifs was performed using MEME Suit Software. The Dof amino acid sequences
from E. grandis, A. thaliana and P. trichocarpa were inputted in FASTA format, and
MEME was set to search for a maximum of 50 conserved motifs from 10 to 100
residues, that appeared at least in two sequences. The results were exported and

analyzed in HTML format.
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FIGURE LEGENDS

Figure 1. Multiple sequence alignment of 18 predicted Dof domain sequences from
the E. grandis genome. The zinc finger location is marked from the first to the
second cysteine pair. Conserved amino acids are indicated by a black column, whilst

semi-conserved amino acids are indicated by gray columns.

Figure 2. Phylogenetic tree of the putative Dof gene family members from E.
grandis. The confidence probability (multiplied by 100), that the interior branch
length is greater than zero, as estimated using the bootstrap test, is shown under the
branch. Bootstrap values <20 are not shown. Phylogenetic analysis were conducted

with the IToL online software.

Figure 3. Phylogenetic tree of the putative Dof gene family members from E.
grandis, A. thaliana and P. trichocarpa. The resulting MCOGs are numbered from |
to X. The confidence probability (multiplied by 100), that the interior branch length
is greater than zero, as estimated using the bootstrap test, is shown under the branch.
Bootstraps values <20 are not shown. Phylognetic analyses were conducted with the
IToL online software.

Figure 4. MEME alignment performed with the complete amino acid sequences
from A. thaliana, P. trichocarpa and E. grandis. The extracted motifs are presented
as colored blocks numbered from 1 (Dof domain) to 50. The sequences are presented
in the same order they were inputted in the FASTA file. Regular expression for the

defined motifs are presented in Table II.
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Tables

Table I. Eucalyptus grandis Dof genes.

Name? Protein Genolyptus EST Access® NCBI BLASTp? Acession® Max e-value?
Length® Score'

EucaDof1 270 GR-PU-003&&MG- unnamed protein CBI1625 163 2e-38
047&&D04.ab1&&11339034928713  product [V. vinifera] 5.3
7868559744306811

EucaDof2 307 CL4605Contigl&&11339115747264  F-box family protein ~ XP_0023 335 4e-90
6611893099409932 [P. trichocarpa] 03678.1

EucaDof3 342 CL9546Contigl&&11339140205861  unnamed protein CBI3056 290 2e-76
3338495854679007 product [Vitis 9.3

vinifera]

EucaDof4 227 CL6277Contigl&&11339078331785  f-box family protein XP_0023 216 le-54
9448543883783664 [P. trichocarpa] 06453.1

EucaDof5 364 GR-ML-002&&BA- hypothetical protein XP_0028 512 3e-143
081&&F03.esd&&113390311826916 ~ ARALYDRAFT 91  66523.1
988382838732809 9576 [A. lyrata

subsp. lyrata]

EucaDof6 437 GR-ML-001&&BA- predicted protein [P.  XP_0023 555 6e-156
071&&D03.esd&&113390308672544  trichocarpa) 23863.1
817733142713800

EucaDof7 307 SP-RX-003&&GO- zinc finger protein, XP_0025 627 5e-178
009&&F08.ab1&&113390597223478  putative [R. 24061.1
069102165295382 communis]

EucaDof8 265 CL1894Contig2&&11339073358989 predicted protein [P.  XP_0023 268 4e-70
9311085534039133 trichocarpa) 20208.1

EucaDof9 271 GR-TS-001&&AF-026&&EUGR- predicted protein [P. ~ XP_0023 383 le-104
TS-001-026-F06- trichocarpa) 20208.1
AF.R.ab1&&11339040996

EucaDof10 316 CL1894Contigl&&11339073353889 PREDICTED: XP_0022 405 4e-111
4951745250783805 hypothetical protein 75610.1

[V. vinifera]

EucaDof11 366 SP-FX-001&&CN-054&&CN-EUSP-  PREDICTED: XP_0022 268 le-69
FX-001- hypothetical protein 74028.1
054_B11_.g_089.ab1&&113390 [V. vinifera]

EucaDof12 195 GR-XY-022&&BA-038&&EUGR- zinc finger protein, XP_0025 268 3e-70
XY-022-038-B10- putative [R. 32252.1
BA.R.ab1&&11339049449 communis]

EucaDof13 285 GR-XY-022&&BA- elicitor-responsive BAA856 518 3e-145
006&&F04.esd&&113390487697461  Dof protein ERDP 55.1
356810925433110 [P. sativum]

EucaDof14 458 CL9660Contigl&&11339099967404  PREDICTED: XP_0022 681 0.0
9487680843255102 hypothetical protein 83706.1

[V. vinifera]

EucaDof15 437 GR-TS-001&&AF-025&&EUGR- predicted protein [P. ~ XP_0023 555 6e-156

TS-001-025-C06- trichocarpa] 23863.1
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AF.R.ab1&&11339040940353432209
0119702709
CL2513Contig1&&11339113029526
5360799491102017

EucaDof16 181

EucaDof17 219 GR-SE-001&&GO-
163&&G05.ab1&&11339039450338
3835335579730371
CL3369Contigl&&11339259776701

7706032324091240

EucaDof18 239

ADOF1; DNA
binding /
transcription factor
[A. thaliana]

zinc finger protein
OBP4 - like [A.

thaliana]

predicted protein [P.

trichocarpa)

NP_1755 356
811

BAE992 189
82.1

XP_0023 370
10762.1

6e-97

2e-46

8e-101

?According to confirmation order, excluding EcaDof13 and 20.
Number of amino acids residues contained in the protein.
‘Genolyptus EST Database Accession.

dperformed on the non-redundant protein sequence database (nr).

*NCBI Protein Database Acession Number.

'NCBI highest alignment score of a set of aligned segments from the Dof gene and the database protein.

9Number of alignments expected by chance with the particular score.
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Table

Conserved motifs extracted from E. grandis, A. thaliana and P.

trichocarpa Dof genes employed in this study.

Motif Protein Regular Expression of the Extracted Motif
Number® Lenght”

1 43 [KP]CPRC[DN]JSTNTKFCYYNNY[SN]L[STIQPR[HY]FCK[TS]CRRYWTKGG[TAS]LRN[
VP]

2 18 VGGG[CRS]RKNK[RK]S[SK]SSSSSS

3 36 CPRC[DG]SSNTKFCYYNNY[SN]LTQPR[HY]FCK[GT]CRRYWTKG

4 80 MSEPKDQAFKLFGKTIQVPEISVTTATTTDDDDDDDSQDQDRPSCANSSLDETNITDDY
NNNDKRDHGEEDTETDDKDSV

5 70 [KEJ[TKV][TS][IDL][ET][NER][QK][EQ][DE][GD][AVI[SR][PS][VS][AT][AST][KE]E[SF
P][ST][ND][LP]DA[TN]SG[TV][SN]ENP[KR]TPS[VAI][DE]KE[ST][TAE][TAG][LP][KRQ
1[TCISIKNR][STN]EEE[QD]S[DE]TS[NI]S[QP]EK[TV]LKKPDKI

6 19 TLRIDDP[SGN]EA[AS]KS[SP][ILJW[AT]TL

7 42 NGV[HT][HN]P[PS][LS][KG]I[NPINGTVLTFGSD[AS]PL[CH][ED]S[MV]ASVL[NHL]L[A
S][DEK]K[TA][MQR][HN][NS]S[RT]

8 25 [KGN]J[HN]VIAS][EAIT[TS][PS]VLQANPAALSRSLNF[HQ]E

9 26 MDTA[QK]WPQE[IF]VVKP[ILM][EN][ED]IV[TV][NS]TC[PLST][KA][PAQ]

10 14 [KR]DP[AG]IKLFGK[TK]I[PT][LF]

11 30 [ATIFCP[PS]GFP[VM][PS]FYPA[PAJAYWGCTVP[GS][AP]WN[VI]P[WP]

12 24 G[LYS][GE]JS[LRG][YHQVIG[VII[QH]E[NST][NSG][GAIRLLFPF[EG][DE]L[KM][QK]

13 16 [HY]EG[QN]DL[NS]LAF[PA]S[LT]QK[QS]

14 19 P[PN][QGS][LVIPC[FY][PSI[GVI[PVAI[PSIW[PVI[YFI[PAT]WN[SP]A

15 10 ER[KR][ALP]RPQ[KEH][DEQ][QL]

16 18 [GQIQG[SDG]S[AS]IGYWNGM[LFIGGGSW

17 50 [FSJHKP[ED][AGI[VLI[IR][MIV]P[SV][PS][CY]G[SG][GV][ER][NS]G[DV][DE][HT][MS]
NGSS[AV]T[AV][ASINS[NIS][DL][EVI[AE][GS]K[NS][GMV][STIKE[IS][AVIM[PQ]IN[C
Y]

18 14 M[AV][DE]RAR[LQ]JA[KNI[IV]P[LPQ]P[EA]

19 19 MVFSS[VI]P[ASV]Y LDP[PSA][NS][WN][QW]QQ[QP]

20 80 LNHGVGLNNNNNNGGFNGISTGGNGNGGGLMDISTCQRLMLSNYDHHHYNHQEDH
QRVATIMDVKPNPKLLSLDWQQDQ[CY]

21 70 HFGGMMGSY STPEHGNVGFLESKY GGLLSQSPRPIDFLDSKFDLMGVNNDNLVMVNH
GSNGDHHHHHNHH

22 70 FQP[LSINVYNY[ST][EGISMEDSTITT[ITIMP[PS]TSSTI[AT][HQ][PS][LW]QVPNTSSGM
DMTNYWNWDDIENYVS[AT]DLNV[PT]WDDSEI

23 13 [ST][PS]TLGKHSRDEN

24 70 LIGVAVCQVRGTFLGLPSQLLRTTAPRAPHLILRPWGNTRGMRKSGNQTTPLKRSQRR
LILRDPCGFQRH

25 19 [SY]S[SGIGFPLQE[LF][KR]P[TS]LSF[SP][LA]D

26 34 [STIRV[STIQ[LTIAPVK[MT]E[DEGINQGLNLS[KR]P[VY][LS]G[IL][PT][GS][NP][DGN]
[QNI[YQIY[NW]

27 35 [TPI[GS]IIGPI[AG][SG][GFI[LQIA[LD]I[GMNIG[FL][GQI[LIG[SILIG[SPIG[IM]E[DS][VS]
[GNS][FII[GA][LS][GA][RG]G[LV]WI[PQ]F[PS]

28 64 LKNQTVAEKPDHHGSGSEEKEERVSGQEMNPTRMLYGLPVGDPNGASFSSLLASNMQ
MGGLVYE

29 26 [LE]L[LK][RS]SG[FIJASRGLN[TS]F[IM]PTPM[PS]DSN[TS]L

30 10 [EL][KTI[TAI[LEIK[KR]P[DTIKI

31 61 V[AG]AVGN[LR]F[GS]SL[SY][DH]IHGGMVTN[LV]HPT[QR]T[FV]IRPNHRLAFH[DN]G
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32

33
34
35
36
37
38
39
40

41
42
43

44

45

46
47
48
49
50

100

19
49
26
50
36
19
50
26

13
12
26

26

18

13
10
24
10
23

FEQDYYDVGSDNLLVNQQVGGY
NM[ITIN[RW]VNPQ[LQ][AP]IQAQQQKQNLPDLYLG[DG]QK[DN][LS][ES]ILYQAMIN
PPSSVLQQNSISCNN[FL]DTKSFN[TVINNNGVLLGSS[LV]S[ILIPQ[IN]QG[LS]LFP[CY][
PS]SSFDTHPS[LS]ICT
[KQ][SKP][DN][SPI[IA][GNS][GK][GR][GT][LI]FK[AGN]F[DQE][STIK[ASV]E
MQDIHDFSMNGVGGGGGGGGRFFGGGIGGGGGGDRRMRAHQNNILNHHQ
ID[GN]LPLPATPVL[LV]PLTA[NS]QG[LF]SVHFG
MDSDWLQESESSGGSMLDSSTNSPSAADILAACSTRPQASAVAVAAAALM
MP[AT]ELSSSE[AK][ATIRR[AP][QP][QLIST[ATI[AP]T[LS][TN]KPGGAPPQEQEHL
M[DN]N[LF]NV[FV][ATINEDN[QE][VMIN[DGV][VLM][KP][PR]
FDDQHDFSILGNPVSSHCDILGNPSISSSTSATTTPAFLDALRSGFLDTH
[QPIIQTIINQI[SPIQIFLIP[FII[LM][PT][PSTIL[HQ][NH]L[TG][QD][FLY][GN][SG][GI][N
GI[ILI[GN]L[NAD]

S[SKP][KQ]LPDL[NIJPP[IPS][LV][FLS]

[RK]V[FL][WG]GFPWQ[MI][NT][GM]
[WD][GLQI[FGP][GE][SM][GDI[LG][GQI[GLN]G[FS]V[GRI[GR][SD][CD][FD][STIW[PT
JIDGIL[AIN[IM][SNT][TPR]
MIVIJ[SLI[VA][EG][INT]Q[PQR]I[GI[NS][HN][QK][PS]F[FKRS][NKQ][VFT]QEN[NIV][
DEHS][FLV][VS][GRV]S
M[QD][DH]J[LHQI[THQ]I[SHY][AH][AH][AHV][YDH][YMQ][HSY]Q[SFH][MLQ][MQIM
[TP]

IDLA[LAIVYFJAINKQ][FY][LV]INT][PD]

[QRIQQQQ[QNIQ[PLIQ[QF]

IE[STILSC[ILJINQDLHW[KR]LQQQR[LM]AMLF

[NK][PTAJE[RK][CSI[LIN[WL][IV]PK
YHMN[PQ]VDQIFY][KN]JWNQSFNN[ATIMNMNY

*Numbers are the same from Figure 4. Motif 1 corresponds to the Dof domain.

®Number of amino acid residues contained in the motif.

‘Letters with observed frequency greater than 0,2 (MEME default parameter). Sequences obtained from the analysis of the 95

Dof amino acid sequences from A. thaliana, P. trichocarpa and E. grandis.
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Supplemental Material

Supplemental Text I. Eucalyptus Dof protein full sequences in FASTA format.

>EucaDof1
MLISPKPQQDQRKPRPQPEEALHCPRCESTNTKFCYYNNYSLLQPRYFCKSCRRYWTKGG
TLRNVPVGGGCRKNRRSSSSSSSRRAQDQGGPISTLINNNDYDTPNPFTTLHSLTYDQSS
DHMSLPFLGLHKFPYQLGPHELSHDILSY ANRSKNGHGDMNGGFLDSSSKRSQDQPLMSS
NTSPLTNFPPLSYDTNDLSLAFARLQKQNGGQLGFDDQHDFSILGNPVSSHCDILGNPSI
SSSTSATTTPAFLDALRSGFLDTHNNFQNL

>EucaDof2
MDTAQWPQEIVVKPIEDIVTSTCTAAATPKPSSSSVSERKPRPQKEQALNCPRCNSTNTK
FCYYNNYSLTQPRYFCKTCRRYWTDGGSLRNIPVGGGSRKNKRSSSSASSSSSSFNSSSK
KLPDLISTPASNPNNKVTLHEGQDLNLAFPNPHHHDFKSISELVQVPSLEASKNHHISAN
SSSAGASMAPPQLSALELLSGITSRGSFSSFMSMPVHDPGSVY TPGLFALPDFSRPLNFS
LDGLGNGYGSLHGVQETTGRLLFPFEITVEDLKQQVPSTNEFDHQQNRSQEGSAHGYWNG
MLGGGSW

>EucaDof3
MVFSSMPSYLDPANWQQPHGNSGLNNQLPPAPPPPPPPPPQPHGGAGGNPGGSIRPGSMV
ERARLANIPMPEAALKCPRCDSANTKFCYFNNYSLSQPRHFCKTCRRYWTRGGALRNVPV
GGGCRRNKRSKGSSSKSPITSGSSDQQASGGSVSSITSRGSSGLAGDILNRATAQIPGLR
YMSPSSLNNLGELGNSGEMGLNYGGIPGSMVGDAGNLSFQLGGNSSLLSMGSLEHQWRLH
QVTQQFPFMSSLDKHANLYSMDASTSGVEPSGLAGHHQVRPNLFMNSGASHTSSVKVENI
NQDQLNLSRQLMGNSGANDQFWSVAHGPIFRVLALLPQAVLY

>EucaDof4
MIQELLGSPALIGERKISMNHGAVILEGMPSPSPCFSPSPTPSPPSSSTNSSNPENLRCP
RCDSANTKFCYYNNYNLTQPRHFCKTCRRYWTKGGALRNVPIGGGCRKNKSSAVSSSASK
SSASKFKNLSSEIGRSSFVSAFDPEISQSQVLWASPQSSHILALLRANQNPNPSSLGHQA
SPGTSTTNKMVLSSVVKLKTPGYNRYTKGSELPQVIIMVTVSTRRQF

>EucaDof5
MDSDWLQESESSGGSMLDSSTNSPSAADILAACSTRPQASAVAVAAAALMDGGRRLRPPP
HHQPQKCPRCDSMNTKFCYYNNYSLSQPRYFCKTCRRYWTHGGTLRNVPVGGGCRKAKRP
SSSNSSSSTSSGKKPSNIVTANTSDLMALAHSHQNYQHSPLGFSHFGGMMGSYSTPEHGN
VGFLESKYGGLLSQSPRPIDFLDSKFDLMGVNNDNLVMVNHGSNGDHHHHHNHHMGLNHG
VGLNNNNNNGGFNGISTGGNGNGGGLMDISTCQRLMLSNYDHHHYNHQEDHQRVATIMDV
KPNPKLLSLDWQQDQCYSNGGGSGGAGKSDGGGYGNGGYINGLGSSWNGLMNGYGTSTKT
NSLV

>EucaDof6
MSEPKDQAFKLFGKTIQVPEISVTTATTTDDDDDDDSQDQDRPSCANSSLDETNITDDYN
NNDKRDHGEEDTETDDKDSVGKTTIENQEDGASPVAAKESSNLDATSGTSENPRTPSVDK
ESTTPRTSKSEEEQSDTSNSQEKVLKKPDKILPCPRCNSMDTKFCYYNNYNVNQPRHFCK
NCQRYWTAGGTMRNVPVGAGRRKNKNSASHYRHLAVPEALQSVRTDFPNGVHHPPLKPNG
TVLTFGSDAPLCESMASVLHLADKAMHNSRKNGFHKPEGVIMPSPCGSVRSGVETMNGSS
ATAANSNLVESKNGTKEIVMPNCQGFPPQLPCFPGAPWPY AWNSAPWSPPISLSVHLVLL
CRFTQGQLIGVAVCQVRGTFLGLPSQLLRTTAPRAPHLILRPWGNTRGMRKSGNQTTPLK



RSQRRLILRDPCGFQRH

>EucaDof7
MERAWNPSVEMSPNCPRCGSSNTKFCYYNNYSLTQPRYFCKGCRRYWTKGGSLRNVPVGG
GCRKNRRGSLRLSSTDVAQSKSLGYGGVTADSTRHVHGYKGINPSIESCSSSTRSNGSHI
DLALVYANFLNPQQPDPKTASSGFEMQELGSDHFDPSLDFSGISNVNLDSTTVQLHDIGD
HNFAGCIPAISDSSMGDPPSDNHQLMHYCGVDSSSKHKQEANDHKIPQCTSITHDPINYG
LPPLPGEEIGSQEILWPSSHMMEHSHTLQVTQQQAVLGPDQTQDPNTLLFGNWSPFDLSS
DDAFSRS

>EucaDof8
MLEKRARPQEQLNCPRCNSNNTKFCYYNNYSLTQPRYFCKTCRRYWTDGGSLRNVPVGGG
SRKNKKVSTSSTSSSPSASSRLPDLNPSSVISHFSAQNPKAGLLYEGQDLNLGFPGTQEY
RATIAQYVQVPKVDPETSSRGPDNNSSAPSSALELLRNSSSGMGSRGLSLPFLPANIQAD
SNVLYSSAGFNLQELKPSLGFSMDSRYASAHGVVHQENGGKLLFPFGGMMKQLSSTSGSD
QVDHNGKGQSSSNAYWNGMLGGGSW

>EucaDof9
MEETSPNACNNRAMLEKRARPQEQLNCPRCNSNNTKFCYYNNYSLTQPRYFCKTCRRYWT
DGGSLRNVPVGGGSRKNKKVSTSSTSSSPSASSRLPDLNPSSVISHFSAQNPKAGLLYEG
QDLNLGFPGTQEYRATIAQYVQVPKVKTENRNNNQHNSSSSPYTSSPISAMELLRSGFAS
RGLNTFIPTPMPDSNTLYSSGGFPLQELRPTLSFPADGLGSRY GIQENSGRLLFPFGELK
QLSSTTSEVDQNKGQGGSSGYWNGMFGGGSW

>EucaDof10
MEGSSRPALRSRPQKDQALNCPRCTSTHTKFCYYNNYSLSQPRYFCKTCRRYWTEGGSLR
NVPVGGGSRKNKRPSSSSPSTSSSSSKNKIIPNLTPPPPTILHSDPQNPNNKPQEGQGFG
LPSYLPAQAYNNSISEFADLSYNGDSKPHLQNPTPSSFSSHHHLSAMELLKSTGIASRGL
GSFMPMSVSDSNSIYSSGFPLQEFKPTLNFSLDGFQSGYGSLQGVQESGARLLFPLEDLK
QVSNTTEFEQSRGVQGDSAGYWNGMLGGGSMVNNLEKKKKAIKKKKKKKKVVVKVGFSFS
LFFSFTCFADWLVWSR

>EucaDof11
MLSNCDHEKMALLISSTTNEWPQLQQDIQIDDIHHQKGLNNNNNNVRSSSTSSPANRVME
KPGQEQLQLQQQPLKCPRCDSSNTKFCYYNNYSLSQPRHFCKACKRYWTRGGTLRNVPVG
GGCRKNKRVKRPASASATDTAPSSSASATSDHHPPQQPHEFGPFVLWFYGLSSNPFMDTA
SGFDLHQLNHHAQLGLGFSSSSGTNMMSSDNYRNRFNPASSSSLPSNYSSMFSASPSTTV
PTMASVLASKFINGGAFKDIQARGPHQQNQYFQSLLPFEDLQIAAGNNGEVGGAAKDVKV
EDHNGQNRLQWNNNNGSSNVNGNMNCQNQISEQMGLSDPTPYWNSSTLGSNWHDPANLGS
SVSSLI

>EucaDof12
MQEMGAHSLESMLISPKPQQDQRKPRPQPEEALHCPRCESTNTKFCYYNNYSLLQPRYFC
KSCRRYWTKGGTLRNVPVGGGCRKNRRSSSSSSSRRAQDQPLMSSNTSPLTNFPPLSYDT
NDLSLAFARLQKQNGGQLGFDDQHDFSILGNPVSSHCDILGNPSISSSTSATTTPAFLDA
LRSGFLDTHNNFQNL

>EucaDof13
MDPSSQQMSRQSSMENMLVCSKEQQESKPKPQPEALHCPRCESTNTKFCYYNNYSLLQPR
YFCKSCRRYWTKGGTLRNVPVGGGCRKNRRSSSSSSSRRIQDQAFAPNHNPFSNLPHFDQ
SNDFALRLARLQKQSCGGQMGYDENELSMLGNSGSSMNQSMSINHGFMDAIRSGLFLGNG
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MHYNNSVQNMYGGGYGNGDNGEVNSGNNNCGVSEEMMFNYDQEMSHCNAAINMKQEQSES
RVFGGFPWQINGGIGNMGEVEQARASWNNGFTTPSWQGLLHSPLM

>EucaDof14
MAEAKDPAIKLFGKTIPLPEVATAAAGNDSPSGATVGGGGEDWVDQNRATNSSPEEDCVR
AGEEGREVDKDTSGGKVTDTRQEDGARSSTSEEFTDPDANSGVNENPKTPSADKETATLK
CSKNEEEQSETSISQEKTLKKPDKILPCPRCNSMDTKFCYYNNYNVNQPRHFCKNCQRYW
TAGGTMRNVPVGAGRRKNKNSTSHYRHITVSEALQSAGMFLWVLAAARTRTRHLITVMDF
PNGVHHPPLKPNGTVLTFGSDAPLCESMASVLHLADKAMHNSTVLSGGSLALCMEFCSME
PANIPFCPPGFAVPFYAGPAYWSCSVPGAWNIPWVAQPTSPNHSATSSAPNSPTLGKHSR
DEKIGKPNDSTEEEPKEANPERSLWIPKTLRIDDPGEAAKSSIWATLGIKNEASNSAGRG
VLLKAFQSKSEEKNHVVEASSVLQANPAALSRSRNFQE

>EucaDof15
MSEPKDQAFKLFGKTIQVPEISVTTATTTDDDDDDDSQDQDRPSCANSSLDETNITDDYN
NNDKRDHGEEDTETDDKDSVGKTTIENQEDGASPVAAKESSNLDATSGTSENPRTPSVDK
ESTTPRTSKSEEEQSDTSNSQEKVLKKPDKILPCPRCNSMDTKFCYYNNYNVNQPRHFCK
NCQRYWTAGGTMRNVPVGAGRRKNKNSASHYRHLAVPEALQSVRTDFPNGVHHPPLKPNG
TVLTFGSDAPLCESMASVLHLADKAMHNSRKNGFHKPEGVIMPSPCGSVRSGVETMNGSS
ATAANSNLVESKNGTKEIVMPNCQGFPPQLPCFPGAPWPY AWNSAPWSPPISLSVHLVLL
CRFTQGQLIGVAVCQVRGTFLGLPSQLLRTTAPRAPHLILRPWGNTRGMRKSGNQTTPLK
RSQRRLILRDPCGFQRH

>EucaDof16
MQDLTSAAAYYHQSMMMTTQLKCPRCDSTNTKFCYYNNYNLSQPRHFCKSCRRYWTKGGA
LRNIPVGGGTRKTAKRASSKSSNLKNQTVAEKPDHHGSGSEEKEERVSGQEMNPTRMLYG
LPVGDPNGASFSSLLASNMQMGGLVYESGSRWLPGMDLGLGSVRRSDDTWTDLAMNRMEK
N

>EucaDof17
MQDIHDFSMNGVGGGGGGGGRFFGGGIGGGGGGDRRMRAHQNNILNHHQSLKCPRCNSLN
TKFCYYNNYNLSQPRHFCKNCRRYWTKGGVLRNVPVGGGCRKAKRSKTSGIPGSTHASAH
ASGRKEGREGGRKRGRRRRTCKISTRSQNVLVDLPTSTSQGNRPGGGGGGGGGGFGALDW
QPGADQGLFDLPNAVDHAYWSQSQWSTDGDQDPTGLYLP

>EucaDof18
MPAELSSSEAARRAQQSTAATLTKPGGAPPQEQEHLPCPRCDSTNTKFCYYNNYNFSQPR
HFCKSCRRYWTHGGTLRDIPVGGGTRKNAKRSRTSATSPASFMGPMTGTNIDGLPLPATP
VLLPLTANQGLSVHFGGGDGKGNGGGAGVGSNGGLGGSFTSLLNTQGPAGFLALNGFGLG
IGPGIEDVNFALGRNAWQFEGGDEGGLVGGGGGGGSGGGGDSCFSWPGLAISTAWSGLK

41



Conclusoes e Perspectivas

Obtencéao das Sequéncias Dof de Eucalyptus grandis

O trabalho realizado resultou na descricdo de 18 sequéncias génicas
potencialmente codificadoras de proteinas da familia Dof de E. grandis, que irdo
enriquecer bancos de dados de proteinas e fatores de transcri¢do de plantas, podendo
ser utilizadas em futuros trabalhos de analise (filo)genéticas.

O alinhamento demonstrou a presenca do dominio Dof conservado, o que é
uma forte evidéncia da funcionalidade destas seqiiéncias. A construcdo de arvores
filogenéticas permitiu classificar as proteinas em grupos de paralogos e ortélogos
com proteinas de outra duas espécies: A. thaliana e P. trichocarpa. Os baixos valores
de bootstrap encontrados nas arvores foram provavelmente devidos a baixa
identidade das proteinas da familia Dof fora do dominio principal. A localizacdo das
proteinas nas arvores filogenéticas (organizacdo das seqtiéncias com alta identidade
protéica em ramos proximos) foi reforcada pela analise posterior com a ferramenta
MEME, que demonstrou a presenca de motivos conservados fora do dominio Dof
dentro das mesmas. Entretanto, € importante observar que nem todas as proteinas
classificadas como ort6logas na segunda éarvore foram confirmadas com o
alinhamento do MEME. Essa disparidade pode ser atribuida aos baixos valores de
bootstrap encontrados na arvore.

A presenca de motivos conservados e classificacdo de grupos de ort6logos

irdo auxiliar em futuros estudos de funcéo dessas proteinas.

Realizacéo do Trabalho

A importancia das analises aqui realizadas pode ser considerada alta, visto
que se trata de um trabalho inédito de anotagdo génica. Entre as maiores dificuldades
encontradas na realizacdo desta monografia esteve a obtencdo das sequéncias
completas dos genes, e a utilizagdo do software de descoberta de motivos

conservados MEME, por utilizar uma plataforma ndo familiar ao aluno (Linux).
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Analise da Expressdo das Proteinas Dof

Como préximo passo no trabalho, sera realizada a analise da expresséo das
proteinas Dof anotadas em diferentes tecidos de E. grandis sob diferentes
tratamentos. Para tanto, sera extraido o RNA total de flor, folha, xilema, e plantulas
tratadas com frio, agua, seca, acido abscisico (ABA), acido naftalenoacético (NAA),
quinetina e NaCl.

O cDNA total dessas amostras serd obtido por meio de experimentos de PCR
precedida de transcricdo reversa com a enzima transcriptase reversa (RT-PCR). A
andlise de expressdo se dard por meio de experimentos de PCR quantitativo (QPCR),
utilizando primers desenhados a partir das 18 sequéncias de proteinas Dof anotadas.
A analise da expressdo das proteinas sob diferentes tecidos e tratamentos ira fornecer

importantes informacdes sobre suas funcées e locais de agéo.
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