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RESUMO

As plantas possuem trés principais fases no seu ciclo de vida: juvenil, adulta vegetativa
e reprodutiva. A passagem para a fase reprodutiva, quando ocorre o florescimento, tem
sido muito estudada. Contudo, a transicdo da fase juvenil para a adulta vegetativa
necessita de melhor compreenséo, principalmente em nivel molecular. Grande parte dos
estudos de transicfes de fases realizados foram com a espécie modelo Arabidopsis
thaliana, mas h& necessidade de entender como estes processos ocorrem em outras
espécies. As espécies do género Passiflora sdo 6timos modelos para estudos de
desenvolvimento vegetal, pois ha diferencas morfoldgicas evidentes entre as plantas nas
fases juvenil, adulta vegetativa e adulta reprodutiva. Em Passiflora ndo ha gavinhas na
fase juvenil. Na fase adulta vegetativa, surgem gavinhas a partir de meristemas axilares
das folhas e, na fase reprodutiva, surgem simultaneamente flores e gavinhas nas axilas
das folhas. Sabe-se que os fitormoénios influenciam diretamente o desenvolvimento
vegetal, sobretudo as citocininas e as giberelinas. No presente estudo tivemos como
objetivos: a) avaliar a influéncia da aplicacdo exdgena de citocinina e giberelina em P.
organensis durante a transicdo da fase juvenil para a fase adulta vegetativa; b)
identificar e caracterizar possiveis ortélogos de genes envolvidos no metabolismo,
sinalizacdo e resposta a citocininas e giberelinas em Passiflora; e c¢) caracterizar o
padrdo de expressdo dos genes relacionados a giberelinas. A aplicacdo de citocinina
reprimiu o desenvolvimento das gavinhas, estimulou o desenvolvimento de ramos
vegetativos a partir dos meristemas axilares, além de causar alteracdes morfologicas nas
folhas, como desenvolvimento de lobos e deformidades, quando em doses mais altas.
Por outro lado, a aplicacdo de giberelina estimulou o desenvolvimento precoce de
gavinhas, crescimento acelerado das plantas e alteracdes morfolégicas das folhas que
apresentaram caracteristicas adultas precocemente. Foram caracterizados 0s genes
relacionados a sintese, degradacdo e resposta a citocininas e giberelinas. A maior parte
dos ortélogos de P. organensis apresentou grande similaridade das sequéncias com
outras espécies, sugerindo similaridade funcional. Analisamos a expressédo de genes
relacionados a sintese, catabolismo e resposta a giberelinas em plantas de P. edulis
submetidas a aplicacGes de giberelina exdgena, GAs, e também em plantas submetidas a
aplicacdes de paclobutrazol. As expressdes dos genes tiveram alteragfes no sentido de

balancear as concentragdes da giberelina nas plantas, conforme relatado na literatura. Os



resultados obtidos poderdo ser aplicados para futuros estudos de melhoramento genético
tanto em espécies do género Passiflora com interesse comercial, como em outras

espécies.



ABSTRACT

Plants have three main phases in their life cycle: juvenile, adult vegetative and
reproductive. The transition to the reproductive stage, when flowering occurs, has been
widely studied in model species. However, the transition from the juvenile to the adult
vegetative stages needs to be better understood, especially at the molecular level. Most
of the phase transition studies in the literature were performed with the model species
Arabidopsis thaliana, but there is a need to understand how these processes occur in
other species. The species of the genus Passiflora are excellent models for studies of
plant development, as there are evident morphological differences between plants in the
juvenile, vegetative adult and reproductive stages. In Passiflora there are no tendrils in
the juvenile stage. In the vegetative adult stage, tendrils appear from the leaf axillary
meristems, and in the reproductive stage, flowers appear simultaneous to tendrils, in the
leaf axils. It is known that phytohormones directly influence plant development,
especially cytokinins and gibberellins. In the present study we had as goals: a) to
evaluate the influence of the exogenous application of cytokinin and gibberellin in P.
organensis during the transition from the juvenile to the vegetative adult phase; b)
identify and characterize possible orthologs of genes involved in metabolism, signaling
and response to cytokinins and gibberellins in Passiflora; and c¢) characterize the
expression pattern of genes related to gibberellins. The application of cytokinin
repressed the development of tendrils, stimulated the development of vegetative
branches from the axillary meristems, in addition to causing morphological changes in
the leaves, such as the development of lobes and deformities, when at higher doses. On
the other hand, the application of gibberellin stimulated the early development of
tendrils, accelerated plant growth and morphological changes in leaves that showed
early adult characteristics. Genes related to synthesis, degradation and response to
cytokinins and gibberellins were characterized. Most of the P. organensis orthologs
showed great sequence similarity with other species, suggesting functional similarity.
We analyzed the expression of genes related to synthesis, catabolism and response to
gibberellins in P. edulis plants submitted to exogenous gibberellin, GAs, and also in
plants submitted to paclobutrazol applications. Gene expressions changed in order to
balance gibberellin concentrations in plants, as reported in the literature. The results
obtained can be applied to future studies of genetic breedingh both in species of the

genus Passiflora with commercial interest, as in other species.
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INTRODUCAO GERAL

Estudos de transicdo de fases em vegetais possuem grande importancia cientifica
e econdmica, pois o desenvolvimento de flores e posteriormente de frutos depende da
mudanga da fase vegetativa para a fase reprodutiva. Do ponto de vista comercial,
entender os fatores que afetam o tempo e a duracgdo da fase juvenil é de grande utilidade
para o planejamento de colheitas, como no desenvolvimento de métodos para diminuir
ou aumentar o tempo de florescimento, ou para prolongar o estagio vegetativo
(Matsoukas et al. 2014; Lawrence et al. 2021a). Portanto, a compreensdo de como a
mudanca da fase vegetativa é regulada fornece uma base para a manipulacdo de
caracteristicas de interesse agronémico.

O ciclo de vida das plantas é dividido em trés fases distintas em seu
desenvolvimento pds-embrionério: juvenil, adulta vegetativa e adulta reprodutiva
(Poethig 1990). O que diferencia cada fase sdo os o6rgdos formados a partir do
meristema caulinar ao longo do ciclo de vida da planta. O meristema vegetativo forma
novas folhas, enquanto o meristema floral produz flores que formam sementes apos a
fertilizacdo (Bartrina et al. 2011). Antes de se tornarem competentes para florescer e se
reproduzir, as plantas passam por um periodo de crescimento vegetativo, subdividido
em fase juvenil e fase adulta vegetativa (Huijser e Schmid 2011). Esta transicdo nem
sempre implica em alteragdes morfologicas evidentes, embora as alteracdes moleculares
observadas possuam um padrao de desenvolvimento que se aplica aos vegetais em geral
(Poethig 1990). Quando presentes, as alteracbes morfoldgicas mais visiveis entre a fase
juvenil e a adulta vegetativa s&o mudancas na morfologia foliar, que permitem que se
observem ramos juvenis e adultos na mesma planta (Yang et al. 2013; Manuela e Xu
2020). Posteriormente, na transicdo da fase adulta vegetativa para a adulta reprodutiva,
0 meristema apical caulinar vegetativo torna-se um meristema de inflorescéncia e ha
producéo de meristemas florais (Huijser e Schmid 2011).

A transicdo da fase adulta vegetativa para a reprodutiva tem sido analisada em
diversas espécies, tanto sob nivel morfolégico como molecular, buscando compreender
0S mecanismos que levam ao surgimento de flores e posterior desenvolvimento de
frutos (Nilsson et al. 1998; Giacomelli et al. 2013; Jung et al. 2014). Por outro lado, a

transicdo da fase juvenil para a adulta vegetativa foi menos estudada, embora mais
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recentemente estejam sendo realizados estudos para buscar compreendé-la (Poethig
2010; Ahsan et al. 2019; Manuela e Xu 2020; Lawrence et al. 2021b; Gioppato e
Dornelas 2021), considerando a importancia desta transicdo para a definicdo da
estrutura da planta.

Analises moleculares em diferentes espécies permitiram a identificacdo de
diversos genes que participam da regulagdo das transices de fases em vegetais
(Amasino e Michaels 2010; Mouradov et al. 2002; Srikanth e Schmid 2011). Na
transicdo juvenil para adulta vegetativa, o controle genético é basicamente realizado por
dois micro RNAs, miR156 e miR172 seus genes alvos, SPLs (Wang e Wang 2015;
Ahsan et al. 2019; Manuela e Xu 2020; Gioppato e Dornelas 2021). A transi¢do da fase
juvenil para a adulta vegetativa estd associada a uma queda nos niveis de miR156 e um
aumento nos de miR172 nas folhas (Ahsan et al. 2019; Manuela e Xu 2020).

Ha diversas vias metabdlicas e de sinalizacdo dos genes relacionados as
transicdes que sdo influenciadas por fatores ambientais, como fotoperiodo e
temperatura, e enddgenos, como concentracdo de fitorménios e aglcares (Amasino e
Michaels 2010; Mouradov et al. 2002; Srikanth e Schmid 2011). Dentre estes fatores, a
concentracdo dos fitormonios possui papel de destaque que vem sendo estudado em
varias espécies (Evans e Poethig 1995; Crane et al. 2012; Tenreira et al. 2017,
Giacomelli et al. 2013; Cheng et al. 2021). As giberelinas (GAs) podem apresentar
papéis antagbnicos na transicdo para a fase reprodutiva, induzindo o florescimento em
diversas espécies, como Arabidopsis thaliana (Blazquez et al. 1998; Bao et al. 2020),
rabanete (Raphanus sativus L.) (Jung et al. 2020) e crisantemo (Chrysanthemum
morifolium) (Dong et al. 2017) e reprimindo em Vvérias outras como maracuja
(Passiflora edulis) (Nave et al. 2010), pinhdo manso (Jatropha curcas L.) (Li et al.
2018), e arvores frutiferas tais como manga (Mangifera indica L.) (Nakagawa et al.
2012), maca (Malus domestica) (Zhang et al. 2019) e laranja (Citrus sinensis) (Lord e
Eckard 1987; Goldberg-Moeller et al. 2013). Em Zea mays, observou-se que GAS
promoveram tanto a passagem da fase juvenil para a adulta vegetativa, como também
para a fase adulta reprodutiva (Evans e Poethig 1995). As citocininas (CKs) também
estdo relacionadas a regulagdo dos meristemas e a inducéo do florescimento (Krajnéi¢
1983; Eshghi e Tafazoli 2007; D’Aloia et al. 2011). Foi demonstrado que esta classe de
fitorménios regula o tamanho e a atividade dos meristemas de inflorescéncia em A.

thaliana (Bartrina et al. 2011), através da ativacdo de genes relacionados, como TWIN
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SISTER OF FT (TSF) e SUPPRESSOR OF OVEREXPRESSION OF CONSTANS 1
(SOC1) (D’Aloia et al. 2011).

Ambos os fitorménios, GAs e CKs, atuam na decisdo sobre o destino dos
meristemas (Crane et al. 2012; Sobol et al. 2014; Tenreira et al. 2017). Contudo, podem
atuar de maneira oposta. Este comportamento foi observado em Passiflora edulis, cujo
género é objeto de estudo do presente trabalho, na qual o florescimento foi inibido pela
aplicacdo de GAs (Sobol et al. 2014), mas estimulado pela aplicagéo de CK (Cutri et al.
2013).

Arabidopsis thaliana tem sido muito utilizada como modelo em estudos de
desenvolvimento (Okada 1991; D’Aloia et al. 2011). Contudo, ha necessidade de se
utilizar outras espécies modelos para estudos de transicdo de fases, que tenham, por
exemplo, outras estruturas como as gavinhas, que ndo estdo presentes em A. thaliana, e
assim se possa ter uma compreensdo mais clara de como esse processo Ocorre nos
vegetais em geral. As plantas da familia Passifloraceae, conhecidas popularmente como
maracujas, sdo consideradas excelentes modelos para estudos de desenvolvimento, pois
algumas delas apresentam uma clara diferenciacdo morfologica entre as trés fases do
desenvolvimento (Nave et al. 2010; Cutri et al. 2013; Fernandes et al. 2020). A familia
possui cerca de 932 espécies e 36 géneros (The Plant List 2020) com distribuicdo
pantropical (Souza e Lorenzi 2012).

Pertencente a ordem Malpighiales (APG Il 2009), Passifloraceae inclui
trepadeiras ou lianas com gavinhas axilares (Judd et al. 2009). O monofiletismo do
grupo é bem sustentado pela presenca de uma corona bem desenvolvida nas flores
(Brizicky 1961) e por caracteres moleculares (Muschner et al. 2003; Judd et al. 2009;
Tokuoka 2012). No Brasil, ha cerca de 166 espécies de Passifloraceae aceitas, sendo 90
endémicas (Bernacci et al. 2020). Sdo plantas com caule lenhoso e lignificado na base,
porém herbaceo e pouco lignificado no éapice (Kluge 1998). As folhas apresentam
grande diversidade morfoldgica, podendo ser simples, lobadas ou digitadas, com bordos
lisos ou serreados, alternas e espiraladas, e, em geral, ha nectarios no peciolo (Kluge
1998; Judd et al. 2009). As flores sdo hermafroditas, diclamideas e axilares (Kluge
1998; Judd et al. 2009). O célice e a corola sdo pentameros, geralmente apresentam
cinco estames, dispostos em um pedinculo junto com o gineceu, constituindo o
androginoforo que com a corona séo as caracteristicas mais marcantes da familia (Judd
et al. 2009).
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Ha duas tribos dentro de Passifloraceae: Paropsieae e Passifloreae, sendo que
apenas a segunda ocorre no Brasil (Wilde 1971; 1974; Escobar 1988). Os quatro
géneros que ocorrem no Brasil sdo: Ancistrothyrsus Harms, Dilkea Mast., Mitostemma
Mast. e Passiflora L. (Wilde 1971; Bernacci et al. 2020). O género Passiflora € o mais
numeroso, com cerca de 560 espécies (Krosnick et al. 2013), sendo a maioria originaria
da América Tropical (Oliveira e Ruggieiro 2005). Este possui cinco subgéneros:
Astrophea, Decaloba, Passiflora, Deidamioides (Wilde 1974; Cervi 2006) e
Tetrapathea (Krosnick et al. 2009).

Os dois subgéneros mais diversificados sdo Passiflora e Decaloba com 250 e
230 espécies, respectivamente (Porter-Utley 2014). O subgénero Passiflora contém as
espécies de maior interesse econdmico, sendo utilizadas na alimentagdo, como P. edulis
(maracuja-amarelo) (Meletti e Maia 1999) e P. alata (maracuja doce) (Alves et al.
2012) e na industria farmacéutica, como P. alata (Figueiredo et al. 2016) e P. incarnata
(Miroddi et al. 2013). Este subgénero inclui trepadeiras herbaceas e lianas, com flores
grandes e coloridas (Ulmer e MacDougal 2004). O subgénero Decaloba, por sua vez,
contém pequenas trepadeiras e arbustos (Ulmer e MacDougal 2004), com
inflorescéncias paucifloras, flores frequentemente pequenas, brancas ou amareladas e
corona com uma ou duas séries de filamentos (Milward-de-Azevedo e Baumgratz
2004).

Uma das espécies escolhidas como modelo para o presente trabalho foi
Passiflora organensis, subgénero Decaloba, por ter 0 genoma totalmente sequenciado
pelo nosso grupo de pesquisa (Costa et al. in press) e apresentar uma clara diferenciacédo
entre as trés fases do desenvolvimento. O epiteto especifico organensis, referese ao
local de coleta do exemplar-tipo, na Serra dos Orgéos, municipio de Teres6polis, Rio de
Janeiro (Milward-de-Azevedo e Baumgratz 2004). P. organensis esta distribuida
geograficamente nas Regifes Sudeste e Sul do Brasil, geralmente em Floresta
Ombréfila Densa (Mondin et al. 2011), ocorrendo nos estados de Minas Gerais, Espirito
Santo, Rio de Janeiro, S0 Paulo, Parand, Santa Catarina e Rio Grande do Sul
(Milward-de-Azevedo e Baumgratz 2004). O florescimento ocorre nos meses de verédo
(Mondin et al. 2011).

As espécies do género Passiflora, em geral, ndo apresentam gavinhas na fase
juvenil (Cutri et al. 2013). O surgimento das gavinhas a partir dos meristemas presentes
nas axilas das folhas marca o inicio da fase adulta vegetativa (Nave et al. 2010; Cutri et

al. 2013). Posteriomente, 0s mesmos meristemas formam adicionalmente, uma ou mais
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flores (Krosnick e Freudenstein 2005; Nave et al. 2010; Cutri et al. 2013). Desta forma,
quando os botdes florais se desenvolvem, estes sdo formados lado a lado com as
gavinhas (Ulmer e MacDougal 2004; Nave et al. 2010; Cutri et al. 2013).

Essa plasticidade ontogénica do meristema axilar, que pode originar estruturas
distintas, pode ser modulada por fatores ambientais como fotoperiodo e temperatura, ou
enddgenos, como concentracdo de fitormoénios (Cutri et al. 2013). Compreender como
funcionam os mecanismos moleculares que regulam as transi¢des de fases possibilita a
sua manipulacdo, havendo diversas implicacGes cientificas e na producdo vegetal
(Matsoukas et al. 2014).

Em algumas espécies do género, além do surgimento de gavinhas e flores, com a
mudanca de fases ocorrem também alteracdes morfoldgicas nas folhas (Chitwood e
Otoni 2017). Em P. edulis, por exemplo, as folhas juvenis sdo lanceoladas, enquanto as
folhas da fase adulta séo trilobadas (Figura 1) (Ulmer e MacDougal 2004; Fernandes et
al. 2020).

Figura 1. Diferencas morfologicas em Passiflora edulis nas diferentes fases do
desenvolvimento. A. Folha juvenil lanceolada. B. Folha adulta trilobada. Barra: 1cm. Fotos:
Naira C. S. Barbosa.

Na espécie utilizada no presente estudo, P. organensis, quando a planta passa
para a fase adulta vegetativa, surge uma gavinha a partir de um meristema axilar da
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folha, e na passagem para a fase adulta reprodutiva, surgem duas flores além da gavinha
(Figura 2).

®
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—

Figura 2. Diferencas morfologicas em Passiflora organensis nas diferentes fases do
desenvolvimento. A. Fase juvenil — folhas com manchas acinzentadas na face adaxial. B. Fase
adulta vegetativa — folhas sem as manchas acinzentadas e com nectérios extraflorais (discos
amarelos), gavinhas a partir de meristemas axilares (setas vermelhas). C. Fase adulta
reprodutiva — além das gavinhas (setas vermelhas), surgem duas flores a partir de meristemas
axilares (setas azuis).

As folhas de P. organensis apresentam durante a fase juvenil uma mancha de
coloracdo acinzentada, e na fase adulta perdem essa mancha e surgem nectarios
extraflorais na face adaxial (Figura 3) (Ulmer e MacDougal 2004; Brasileiro 2014;
Chitwood e Otoni 2017). Além disso, suas folhas possuem grande plasticidade
morfoldgica, podendo variar de acordo com o ambiente e, por isso podem ser
confundidos com outras espécies como P. misera e P. pohlii (Milward-de-Azevedo e
Baumgratz 2004).
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Figura 3. Diferencas morfologicas em Passiflora organensis nas diferentes fases do
desenvolvimento. A. Folha juvenil face adaxial evidenciado as manchas acinzentadas. B. Folha
juvenil face abaxial. C. Folha adulta face adaxial sem as manchas acinzentadas e com o0s
nectarios extraflorais (setas vermelhas). D. Folha adulta face abaxial com os nectarios
extraflorais (setas vermelhas). Barra: 1cm. Fotos: Naira C. S. Barbosa.

Com este estudo, buscamos compreender como os fitormdnios citocinina e
giberelina regulam a transicdo da fase juvenil para a adulta vegetativa, utilizando como
modelo a espécie P. organensis. O presente trabalho foi dividido em quatro capitulos. O
Capitulo 1 é um artigo de revisdo ja publicado (Barbosa e Dornelas 2021) no qual
resumimos como CKs e GAs atuam durante as transi¢cdes de fase em plantas modelo e
em algumas espécies tropicais, sobretudo em Passiflora spp., analisando seus
mecanismos moleculares de acdo e as vias metabolicas nas quais interferem. No
Capitulo 11, analisamos as alteragdes morfologicas na transicdo juvenil para adulta
vegetativa causadas por aplicacbes de CKs e GAs em Passiflora organensis. Para
analisar como a concentracdo destes fitorménios influencia a expressdao dos genes
relacionados ao seu controle em Passiflora spp., identificamos e caracterizamos, no
Capitulo 1Il, os ortélogos dos principais genes relacionados a biossintese, ao
catabolismo, a sinalizagdo e a resposta a CKs e GAs em P. organensis. E por fim, no
Capitulo 1V, analisamos o padrao de expressao de alguns destes ortélogos identificados,
em plantas de P. edulis submetidas a aplicacdes de GAs, para compreender a interacdo
entre aplicacfes exdgenas e a regulacdo dos genes de metabolismo e resposta de
giberelinas.

Estas informacdes ajudardo a elucidar a transicdo de fases juvenil-adulto
vegetativo em vegetais, que ainda é pouco compreendida. Além disso, podem ser de
grande utilidade para estudos futuros de melhoramento da producdo de espécies de

maracujazeiro com interesse comercial, e de outras espécies tropicais cultivadas.
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OBJETIVOS

Diante do exposto, nos propomos a responder a seguinte pergunta:
Como as citocininas e giberelinas influenciam na transi¢éo da fase juvenil
para a adulta vegetativa em espécies de Passiflora nos niveis morfoldgico e

molecular?

Objetivos especificos:

Analisar os efeitos dos fitormonios citocinina e giberelina nas transi¢des de fases
em vegetais em geral, focando nas interacdes moleculares entre estas classes de
fitormonios.

e Avaliar a influéncia das aplicagGes de citocinina e giberelina na morfologia de
plantas de P. organensis durante a transicdo de fase juvenil para adulta
vegetativa.

e Identificar os ortélogos de genes responsaveis pelo controle hormonal (de
citocininas e giberelinas) no genoma de P. organensis.

e Observar os efeitos de diferentes concentragbes de giberelina exdgena na

expressao dos genes candidatos identificados - relacionados ao metabolismo e

resposta a giberelinas - em plantas de P. edulis.
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CAPITULO I - The roles of gibberellins and cytokinins in plant phase

transitions

Barbosa NCS, Dornelas MC (2021) The roles of gibberellins and cytokinins in plant
phase transitions. Trop Plant Biol14:11-21.

Abstract
Plants undergo distinct phase transitions during their postembryonic development and

progresses from the juvenile to the adult and reproductive phases. These transitions are
characterized by morphological and molecular changes and are differently influenced by
gibberellins (GAs) and cytokinins (CKs). GAs are notably known to either induce or
repress phase transition and flowering in diverse plant species. This GA mediated
modulation is ultimately related to the behavior of the DELLA transcriptional
regulators. CKs influence phase transitions by promoting meristem cell divisions and
flowering stimulation. Moreover, CKs and GAs can mutually repress each other or have
complementary functions in processes such as branching and flowering. Therefore, the
effects observed such as flower formation and vegetative growth is modulated by the
coregulation exerted by the crosstalk of both GA and CK pathways. We review the roles
of GA and CK in phase transitions at the molecular level in model species such as
Arabidopsis and the genes that are modulated by both GA and CK pathways.
Additionally we point out perspectives of the conservation of these molecular pathways

in tropical plants.

Keywords: Cytokinin, gibberellin, phase change, phytohormones, plant development.
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Introduction
Plant phase transitions are characterized by morphological (Araki 2001;

Matsoukas 2014) and molecular changes (Mouradov et al. 2002; Voogd et al. 2017),
which are triggered and regulated by both environmental stimuli (photoperiod and
temperature) and endogenous stimuli (phytohor mones and carbohydrate concentration)
(Amasino and Michaels 2010; Srikanth and Schmid 2011). Since phytohormones play a
leading role in all stages of plant development, their individual effects and interactions
have been studied in several species (Evans and Poethig 1995; Crane et al. 2012;
Tenreira et al. 2017). This paper focuses on the roles of two classes of phytohormones
in phase transitions: gibberellins (GAs) and cytokinins (CKs).

GA s are notably known to have opposite effects on flower transition in different
species (De Dios et al. 2019). They are considered to either induce flowering in some,
such as Arabidopsis thaliana, Malus domestica and Brassica oleracea (Looney et al.
1985; Blazquez et al. 1998; Mutasa-Gottgens and Hedden 2009; Duclos and Bjérkman
2015) or repressing flowering in others, such as Prunus persica and many tropical
perenials such as Eucalypthus, Passiflora edulis, Persea amaericana, Mangifera indica
and Jatropha curcas (Griffin et al. 1993; Salazar-Garcia and Lovatt 2000; Davenport
2007; An et al. 2008; Li et al. 2018). CKs also regulate the activity of meristem and
might induce flowering in many species (Krajn¢i¢ 1983; Eshghi and Tafazoli 2007;
D’Aloia et al. 2011). This class of phytohormones has been shown to regulate the size
and activity of inflorescence meristems in Arabidopsis (Bartrina et al. 2011; D’Aloia
etal. 2011).

In this review we summarize how GAs and CKs act on model plants during
phase transitions by analyzing their molecular mechanisms of action and the metabolic
pathways with which they interfere. We will focus on some case studies about the
role of GAs and CKs in phase transitions and flowering of subtropical and trop ical fruit
perennial species such as passion fruit (Passiflora edulis). Finally, we present
perspectives for the molecular conservation of phase transition pathways in tropical
and subtropical perennial species and the potential application of this knowledge in

improving yield and plant breeding.
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Morphological markers of plant phase transitions and particularities of some

tropical and subtropical plants

After germination, and before becoming competent to flower, the plants undergo
a period of vegetative growth, subdivided into the juvenile phase and adult vegetative
phase (Huijser and Schmid 2011). In the juvenile to adult transition, not all spe cies
show visible morphological changes. In some model spe cies, these changes are
generally related to subtle modifica tions of morphology of leaves and stems (Fig. 1a).
For example, there is loss of leaf epicuticular wax in Zea mays and the presence of
trichomes differentiated on both leaf surfaces in Arabidopsis thaliana (Evans and
Poethig 1995; Telfer et al. 1997; Poethig 2013). Nonetheless, a significant number of
tropical species, especially perennial ones, show a quite abrupt demarcation between
juvenile and adult vegetative phases and therefore are called “heteroblastic” species
(Zotz et al. 2011). Thus, although some authors could consider Arabidopsis to be
slightly heteroblastic (Poethig 2013), tropical species such as passion fruit (Passiflora
edulis) are remarkably heteroblastic (see Fig. 1b), as juvenile plants are tendrilless and
differenti ate lanceolate leaves, while adult vegetative plants have ten drils in the axils
of trilobed leaves.

One might argue that A. thaliana is an herbaceous annual species while
Passiflora species are generally perennial ones. But there seems to have no correlation
between heteroblasty and a given species being perennial or annual (Ahsan et al. 2019;
Jameson and Clemens 2019). Although some tropical tree species such as Eucalyptus
show readily recognizable different morphologies between juvenile and adult leaves
(Griffin et al. 1993), a great number of tropical species, especially perennial fruit trees
such as macadamia (Macadamia integrifolia), avocado (Persea americana) and mango
(Mangifera indica) show no remark able morphological differences between juvenile
and adult plants (Ahsan et al. 2019). These are considered “homoblastic” species (Zotz
et al. 2011; Jameson and Clemens 2019). In these cases the only morphological marker
available to distinguish a juvenile plant from a reproductive one is the presence of floral
buds on the plant at the reproduc tive phase.
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Figure 1. Plant phase transitions. (a) Key genes, main influential factors and interactions
involved in juvenile to adult and floral transition in the model plant Arabidopsis thaliana
(Adapted from Poethig 2013, Kaufmann et al. 2010). (b) Schematic repre sentations of juvenile,
adult and reproductive plants of A. thaliana. (c) Schematic representations of juvenile, adult and
reproductive plants of the tropical plant Passiflora edulis.(adapted from Cutri et al. 2013). In a,
b and c the background color reflects the ju venile (yellow), adult (blue) or reproductive (pink)
stages. AP1: APETALAL; FT/FD: FLOWERING LOCUS T and FLOWERING LOCUS D;
LFY: LEAFY; miR156: microRNA 156; SOC1: SUPPRESSOR OF OVEREXPRESSION OF
CONSTANS; SPLs: SQUAMOSA PROMOTER BINDING PROTEINLIKEs; SVP: SHORT
VEGETATIVE PHASE

After the plant has ended the juvenile stage and transitioned to the adult phase,
the vegetativetoreproductive transition is carried out in three steps in Arabidopsis: floral
induction, ini tiation of flower, and floral development (Huijser and Schmid 2011,
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Duclos and Bjorkman 2015; Wagner 2016). The first step is related to the fact that the
apical shoot meristem no longer differentiates leaves, but (after perceiving inductive
clues) promotes growth of the main shoot upwards and elon gating shoot branches
forming from the axils of the cauline leaves (Wagner 2016). The second step is related
to the differ entiation of floral meristems by the inflorescence meristem and the third
step covers the development of floral organs until anthesis (Hyun et al. 2016; Wagner
2016). The conversion of the apical vegetative meristem into an indeterminate, raceme
like inflorescence in Arabidopsis establishes a quite simple architecture (Fig. 1a).
However, in many nonmodel subtropi cal and tropical species, especially perennial
ones, the com plexity of the behavior of axillary meristems blurs any attempt to
compare phase transition processes with model plants such as Arabidopsis: After the
transition to the reproductive stage, strawberry plants (Fragaria vesca) still can produce
either vegetative (runners) or reproductive (inflorescences) structures from axillary
meristems (Martins et al. 2018). Similarly, after entering the reproductive phase,
axillary meristems of grape vines (Vitis vinifera) might produce either inflorescences or
vegetative structures (tendrils), and in both species the proportion of nodes producing
either vegetative or reproductive structures may vary according to environmental cues
(Crane et al. 2012; Tenreira et al. 2017; Martins et al. 2018). It has been suggested that
in grapevine the tendrils are modified flowers, as they already express genes that are
considered to be markers of floral meristem identity in Arabidopsis (Calonje et al. 2004;
Carmona et al. 2008). On the other hand, it is even more dif ficult to analyze
reproductive development in passion fruit species (Passiflora spp.) as tendrils and
inflorescences are pro duced simultaneously from the same axillary meristem (Cutri et
al. 2013; Scorza et al. 2017, se also Fig. 1b). The tendrils of passion fruit plants are also
considered to be modified portions of an inflorescence, and under special environmental
condi tions it is even possible to convert tendrils into additional shoots or flowers (Cutri
et al. 2013).

It is thus clear that although model plants such as Arabidopsis are quite useful to
understand the basics of the molecular pathways underlying phase transition, the
complex ity and morphological diversity of phase change markers in tropical fruit crops

will impose much additional research efforts.
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Key molecular aspects of phase transition in Arabidopsis

In Arabidopsis, phase transition is regulated by photoperiod (Simon et al. 1996),
gibberellin (Blazquez et al. 1998), vernalization (Lee and Amasino 1995), plant age and
sugars (Srikanth and Schmid 2011; De Dios et al. 2019). All these pathways converge
on a few key genes that control the timing of flowering (Tan and Swain 2006, see also
Fig. 1c). While Arabidopsis plants are in the juvenile phase, high levels of miR156
prevents the accumulation of its targets, the members of the SQUAMOSA BINDING
PROTEIN LIKE (SPL) family of transcription factors (Wu et al. 2009; Wang et al.
2011; Wagner 2016; Hyun et al. 2016). As SPLs promote flowering, high levels of
miR156 keep Arabidopsis plants at the juvenile stage (Wu et al. 2009; Wang et al.
2011). As Arabidopsis progresses through the adult stage, levels of miR156 drop
drastically and SPL proteins begin to accumulate and directly activate the transcription
of another microRNA, miR172 (Wagner 2016; Hyun et al. 2016), which in turn
represses the accumulation of six different APETALA2-like genes (Wu et al. 2009;
Wang et al. 2011; Conti 2017). Some other genes may act more specifically into
vernalization or autonomous pathways such as the transcription factors of the MADS-
BOX family, FLOWERING LOCUS C (FLC) and SHORT VEGETATIVE PHASE (SVP)
(Andres et al. 2014, Mateos et al. 2015). This transcriptional modulation mediated by
the miR156/miR172 balance affects the expression of floral inte grator genes such as
SUPPRESSOR OF OVEREXPRESSION OF CONSTANS (SOC1), FLOWERING
LOCUS T (FT) and FLOWERING LOCUS D (FLD) (Kim et al. 2009; Bernier 2013;
Andrés et al. 2014). These, in their turn, through con trolling the transcription of floral
meristem identity genes, such as APETALALl (AP1), FRUITFUL (FUL), TERMINAL
FLOWER1 (TFL1) and LEAFY (LFY) regulate the formation of an inflorescence
meristem and subsequently, floral meri stems (Simon et al. 1996; Wagner 2016).

Molecular aspects of the influence of GAs in phase transitions

GAs are a family of tetracyclic and diterpenoid plant hor mones (Hirano et al.
2008). They influence plant growth and development, such as seed germination, stem
growth, floral organ development, pollen development, and fruit growth (Olszewski et
al. 2002; Ogawa et al. 2003; Mutasa-Gottgens and Hedden 2009). Over 100 naturally

occurring gibberellin molecules were identified, although only four are bioactiv ities:
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GA1, GA3, GA, and GA; (Yamaguchi 2008). The bio synthesis of GAs takes place in
three stages: entkaurene bio synthesis in chloroplasts, conversion of entkaurene in GA;
in the endoplasmic reticulum, and active gibberellins forma tion in the cytoplasm
(Olszewski et al. 2002). The biosynthe sis of bioactive GAs involves the action of six
enzymes and GA200XIDASES (GA200X) and GA30OXIDASESs catalyze the last step
of activation, while the deactivation is cata lyzed by GA20XIDASES (GA20X)
(Martins et al. 2018). Genes involved in GA metabolism show a differential pattern of
expression among shoot apical meristem (SAM) tissues in different stages of
development (De Dios et al. 2019).

The molecular mechanism of gibberellin action involves receptors encoded by
the genes of the GID1 family (Ueguchi-Tanaka et al. 2007) and transcriptional
regulators of the DELLA family (Murase et al. 2008; Briones-Moreno et al. 2017).
When the levels of GA increase, GA molecules are more likely to bind to GID1.

Consequently, this complex GAGID1, interacts with the SCFC'P?/SLY

polyubiquitination
complex, resulting in the degradation of DELLA proteins by the 26S proteasome
(Murase et al. 2008) and therefore chang ing the trancriptional status of target genes
(Nakajima et al. 2006). Additionally, DELLA proteins can be post traductionally
modified, which interferes with their ability to directly or indirectly interact with
different transcriptional regulators (Park et al. 2013).

GAs promote juvenile to adult transition in Arabidopsis, as indicated by the
increase in endogenous GA levels during the transition (Andrés et al. 2014) and by the
induction of the differentiation of trichomes on the abaxial surface of leaves by GA
treatments (Telfer et al. 1997; Gan et al. 2007; Galvéo et al. 2012; Porri et al. 2012;
Park et al. 2013). GAs also promote the initial step of the transition to the reproductive
state when Arabidopsis plants are under noninductive short day conditions, but have
little effect when plants are under inductive longday conditions (Hedden and Kamiya
1997; Yamaguchi 2008; Mutasa-Gottgens and Hedden 2009). It is noteworthy that the
exogenous application of GAs is able to directly activate the transcription of the LFY
gene, whose direct target is AP1 (Blazquez et al. 1997, 1998, see also Fig. 2). Both
genes are necessary for flower formation in Arabidopsis (Weigel et al. 1992; Blazquez
et al. 1997, 1998). Accordingly, Ify apl double mutants are able to perform the first
stage of vegetativetoreproductive phase transition, and thus inflorescence meristems are

produced, but floral meristems do not complete their development (Weigel et al. 1992).
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Figure 2. Model of interactions between GA and genes involved in phase transitions. Adapted
from Andrés et al. (2014), Hedden and Kamiya (1997), Hyun et al. (2016), Porri et al. (2012),
Yamaguchi et al. (2014) and Zhang et al. (2020)

Under low GA concentrations, a DELLA protein associates to the regulatory
region of SPL15 repressing its transcription and thus indirectly repressing the activation
of miR172 and FUL (Hyun et al. 2016). As SPL15 promotes the first step of
reproductive development (the switch from vegetative to the inflorescence meristem), a
rise in GA levels induces the degradation of DELLA and the release of SPL15 to
activate the expression of FUL together with SOC1 (Yamaguchi et al. 2014; Wagner
2016; Hyun et al. 2016, see also Fig. 2). On the other hand, a close paralog to SPL15,
SPL9 also promotes the reproductive development, but it acts at a second, later stage:
the differentiation of floral meristems (Yamaguchi et al. 2014; Wagner 2016). In this
case, as SPL15 recruits DELLA to the regulatory region of FUL, SPL9 recruits DELLA
to the promoter of AP1, which is a MADS-box gene encoding a transcription factor
closely related to FUL (Yamaguchi et al. 2014; Hyun et al. 2016). Interestingly how
ever, instead of repressing transcription (as it happens with SPL15/DELLA), the
association of SPL9 and DELLA activates the transcription of AP1 (Yamaguchi et al.
2014; Hyun et al. 2016), in a pathway that is parallel to the one described above for the
GA-mediated activation of LFY/AP1 (Fig. 2). Thus, this explains why GAs induce the
first step of reproductive development (the transition from the vegetative meristem to
the inflorescence meristem), but repress the sec ond step (flower formation).

Intriguingly, this mechanism seems to be at least partially conserved (Ahsan et al. 2019;
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Jameson and Clemens 2019) and may also be involved with the general perception that
for some plants GAs induce flowering while in other species they repress flowering, as
exogenous applications of GAs might have opposite effects depending on the exact
moment the treatment was applied. This might be particularly troubling for homoblastic
tropical species whose exact developmental stage (juvenile versus adult vegetative) is
hard to predict based on morphology only (see above the section on morphological
markers of phase change).

In a pathway parallel to the one described above, FLC and SVP delay flowering
by suppressing the expression of target genes such as FT and SOC1 (Fig. 2). While FLC
regulates the expression of these genes in leaves, SVP acts at the shoot apex (Mateos et
al. 2015). SVP directly control GA levels in the vegetative meristem by repressing the
expression of GA200X2. Accordingly, GA levels are high in svp mutants (Andrés et al.
2014; Mateos et al. 2015). Although the influ ence of GAs in Arabidopsis plants under
long days is reduced, GAs activate the expression of FT in leaves, thus interfering with
the FT/FD complex formation (Porri et al. 2012; Conti 2017, see Fig. 2).

Additionally to their role in modulating flowering per se, GAs are also known to
regulate the outgrowth of axillary meristems, thus controlling plant architecture (see the
review by Eshed and Lippman 2019). As for Arabidopsis, in most plants the transition
to the adult stage involves the activation of axillary meristems (Han et al. 2014; Wagner
2016). The activity of axillary meristems also greatly modifies inflores cence
architecture (Benlloch et al. 2007). Recently, it has been shown that the underlying
molecular mechanism involves the participation of the miR156-targeted SPL9 gene
(Zhang et al. 2020). Alternatively, either miR156 or DELLA proteins re press the
activity of SPL9, which in turn represses the expres sion of LATERAL SUPPRESSOR
(LAS), a key gene in the initiation of axillary meristem development (Greb et al. 2003).
By its turn, LAS induces the expression of GA20X4 in the axils of leaves, creating an
anatomically limited region of low concentration of bioactive GAs, activating axillary
meristem growth (Zhang et al. 2020). Thus, exogenous treat ment with GAs or
increasing local GA levels by ectopic ex pression of the GA biosynthesis gene
GA200X2 inhibits ax illary meristem activation (Zhang et al. 2020). Bellow we will see
that much of the control of axillary meristem activity exerted by GAs might be under
crosstalk influence by CKs.
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Molecular aspects of the influence of CKs in phase transition and plant

architecture

Cytokinins are a group of phytohormones that regulate several aspects of plant
growth and development including repression of senescence and stimulation of both cell
division and lateral bud activity (Chen 1997; Sakakibara 2010; D’Aloia et al. 2011).
Two classes of enzymes perform CK biosynthesis: ISOPENTENYL TRANSFERASE
(IPT) and LONELY GUY (LOG) (Chen 1997). Most of the cytokinins that occur
naturally derive from N6-isopentenyladenin (iP) (Sakakibara 2006). CYP735A enzymes
catalyze the conversion of iP in transzeatin (tZ) (Yamburenko et al. 2017). iP carries an
intact isopentenyl side chain while tZ and ciszeatin (cZ) carry hy droxylated side chains
(Miyawaki et al. 2006). The degrada tion of cytokinins, in turn, is catalyzed by
cytokinin oxidases/ dehydrogenases (CKXs) (Bartrina et al. 2011). Cytokinin sig nal
transduction begins with the autophosphorylation of a membranebound receptor,
CYTOKININ RESPONSE1 (CRE1)/AHK4, and a phosphorylation cascade involving
the ARABIDOPSIS HISTIDINE PROTEINS (AHPs) and ARABIDOPSIS RESPONSE
REGULATORS (ARRS).

The interaction of a cytokinin molecule with its receptor triggers a
phosphorylation of the AHPs (Li et al. 2010) which are translocated to the nucleus,
where the type-B ARRs (CK re sponse activators) or type-A ARRs (CK response
repressors) are activated (Bhargava et al. 2013).

Cytokinins influence phase transitions by meristem regula tion, promoting cell
divisions and flowering stimulation (Gordon et al. 2009; Li et al. 2010; Tarkowska et al.
2019; Wu et al. 2019). Applying exogenous CKs to Arabidopsis plants under
noninductive short days induced flowering (D’Aloia et al. 2011). Additionally, CK
treatment induced an increase in the transcription of the TWIN SISTER OF FT (TSF), a
close paralog of FT, while FT levels did not change, suggesting that TSF might replace
FT functions while stimu lating flowering under noninductive conditions probably in
association with SOC1 (D’Aloia et al. 2011, Conti 2017; see also Fig. 2). When CK
levels were locally increased in floral meristems by overexpressing the CK biosynthesis
gene AtIPT4 under the control of the AP1 promoter, enlarged inflo rescence and floral
meristems were produced (Li et al. 2010). This phenotype was attributed to signaling by
AHK2 and AHKS3 that led to an increase in the expression of effector genes such as
CUP-SHAPED COTYLEDON (CUC2 and CUC3) (Li et al. 2010). The CUC1, CUC2
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and CUC3 genes are partially redundant (Aida et al. 1997; see Fig. 3) and are related to
the establishment and maintenance meristems through the promotion of the SHOOT
MERISTEMLESS (STM) gene (Laufs et al. 2004).

IPT KNOX TSE
maintenance of STM -~ \\\ /
meristem activity " T %
CUC - 'C K - SOC1
/]
F
LOG WUS CLV1 ~——CLV3
Legend ‘
metabolism genes )
sinalization and response genes A-ARR
floral integrators genes
B-ARR

Figure 3. Model of interactions between CK and genes involved in phase transitions. Adapted
from Azarakhsh et al. (2015), Bartrina et al. (2011), Gordon et al. (2009), Howell et al. (2003),
Kieber and Schaller (2018) and Li et al. (2010)

STM acts complementarily to WUSCHEL (WUS) in regulating Arabidopsis
shoot meri stem activity (Lenhard et al. 2002). WUS modulates the rate of meristem
growth by antagonistically interacting with the CLAVATA (CLV) genes and it has been
proposed that CKs stimulates WUS and represses CLV expression (Gordon et al. 2009).
Additionally, WUS represses the activities of type-A ARRs enhancing CK signaling
and creating a feedback loop (Leibfried et al. 2005). This regulatory mechanism can be
extended to axillary meristems as CKs promote axillary meristem indeterminancy and
affect inflorescence architecture by promoting expression of WUS and repressing CLV1
and CLV3 (Han et al. 2014; Fig. 3). Finally, Arabidopsis plants overexpressing type-A
ARRs have an early flowering pheno type and show altered expression not only of FD,
LFY, and TSF, but also increased GA1 transcriptional activity (Wu et al. 2019). These
results suggest that CKs play a critical role in modulating flower initiation not only by
affecting the photo periodic and autonomous pathways, but also by interfering with GA

signaling, indicating an important interplay between GA and CK pathways.
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Crosstalk between GA and CK pathways

The crosstalk between GA and CK pathways occur at different molecular levels.
On one hand, CK activity is required and sufficient to stimulate the expression of
GA20X (Jasinski et al. 2005) indicating that CKs interfere with GA biosynthesis. On
the other hand, molecules involved with CK signaling such as ARRs are able to bind
DELLA proteins, indicating that CKs also interfere with GA signaling. However, unlike
most cases were DELLASs act as transcriptional repressors, ARR/DELLA complexes
generally relocate to the promoter of the target genes, inducing their expression (Marin-
de la Rosa et al. 2015; Conti 2017).

Although most of the molecular mechanisms involved still remain largely
unknown, both GA and CK signaling path ways are modulated simultaneously by genes
related to the establishment of SAM and floral development such as KNOX (Jasinski et
al. 2005) and BELL (Dolgikh et al. 2019). KNOX genes play several roles in the
regulation of plant development, such as initiation and maintenance of shoot meristems,
mainly by STM, which is a KNOX Class | gene (Hake et al. 2004). Jasinski et al. (2005)
analyzed the expression of KNOX genes in the SAM of Arabidopsis and its effects on
CK and GA levels. The authors concluded that not only KNOX proteins modulate CK
biosynthesis (e.g. by repressing GA200X and stimulating GA20X) but also CK
signaling (e.g. by modulating the activity of ARRs, see Fig. 4). Thus, KNOX proteins
promote SAM activity by si multaneous activation of CK and repression of GA

biosynthe sis and signaling (Jasinski et al. 2005).
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Figure 4. Model of interactions between GA and CK pathways in phase transitions. Adapted
from Jasinski et al. (2005) and Weiss and Ori (2007)
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Perspectives to manipulate CK and GA levels in tropical species and the
conservation of phase change pathways

The perspective of manipulating GAs and CKs endogenous levels in tropical
species of economic interest, either through exogenous application of these
phytohormones as commer cially available growth modulators or by genetically modify
ing their biosynthesis or signaling pathways, might have a great impact in tropical crop
yields. The success of this approach relies greatly on the conservation of the molecular
pathways involved. So far the literature available on the sub ject is quite optimistic,
although some particularities are ex pected to occur (e.g. see the review of Jameson and
Clemens 2019 and also Ahsan et al. 2019 and the references therein).

Breeding and improving tropical/subtropical tree crops such as avocado, mango
and macadamia (P. americana, M. indica and M. integrifolia, respectively) are hindered
by long juvenile phases. Recently, Ahsan et al. (2019) reported that transcription of the
equivalent miR156 putative orthologs in these species decreases as these trees age.
Thus, miR156 levels could be used as a juvenility marker in these species because, as
we mentioned earlier, there are no clear morphological markers in these species that
would allow the identification that the juvenile to the adult vegetative phase transition
occurred.

Consistent with the Arabidopsis model, they also observed a conserved
regulation of the miR156-SPL3/4/5 module in all these three phylogeneti cally distant
tree crops, suggesting a highly conserved role for this pathway in establishing a
vegetative identity (Ahsan et al. 2019). On the other hand, the accumulation of miR172
transcripts and the decrease in its target AP2-like genes as well as the upregulation of
SPL9 were not related with plant age in these crops except in avocado, where the levels
of miR172 transcripts increased steadily (Ahsan et al. 2019). These observations
indicate some divergence from the model described in Arabidopsis, what was somehow
expected as Arabidopsis is an annual spe cies (and thus reproduces only once) and the
mentioned tree species are perennial, and thus flower by “flushes” of activation of the
axillary meristems once every year (Wilkie et al. 2008).

Therefore, most of the effects of GA in phase change in avoca do, mango and
macadamia are interpreted as interferences in axillary bud release and/or direct effects

in flower bud sustained development (Salazar Garcia and Lovatt 2000; Davenport 2007;
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Wilkie et al. 2008; Jameson and Clemens 2019). Thus, at least in mango and avocado,
inhibiting GA biosynthesis (e.g. by exogenous application of paclobutrazol) allows
manipulating the timing of “flushes” or release of axillary bud outgrowth (Salazar-
Garcia and Lovatt 2000; Davenport 2007; Wilkie et al. 2008). This approach of using
artificial inhibitors of GA biosynthesis has improved the time of breeding programs in
Eucalyptus by 50% (Griffin et al. 1993; Moncur and Hasan 1994; Hasan and Reid
1995).

As one might expect, applying exogenous GA to either mango, avocado or
Eucalyptus inflorescences with already developing floral meristems cause floral bud
abortion (Salazar Garcia and Lovatt 2000; Wilkie et al. 2008). This phoenomenon was
also observed in Citrus (GoldbergMoeller et al. 2013) and Metrosideros (Jameson and
Clemens 2019). Interestingly, in all the tree species mentioned so far in this section,
flowering certainly involves a con served module of various floral genes, including
these species’ equivalent orthologs of AP1 and SOC1, which were upregulated in the
reproductive phase (Ahsan et al. 2019; Jameson and Clemens 2019). And at least in the
case of Citrus and Metrosideros, this conserved module probably contains a LFY
ortholog whose expression is modulated by GA (Goldberg Moeller et al. 2013; Jameson
and Clemens 2019).

In some tropical and subtropical heteroblastic perenial fruit species such as
passion fruit (Passiflora spp), the transition from the juvenile to the adult vegetative
phase is readily visible by morphological markers such as the presence of tendrils in the
adult plant (Cutri et al. 2013). Nonetheless the analysis and interpretation of the degreee
of conservation of the mo lecular modules controlling phase transition in passion fruit
might be blurred by the fact that the tendrils are considered part of a modified
inflorescence in this species and thus, adult vegetative passion fruit plants already
express orthologs of LFY, AP1 and FUL (Scorza et al. 2017). According to the
Arabidopsis model, these genes were expected to express only in plants at the
reproductive stage (Wagner 2016). Despite these observations, the effects of exogenous
GA application to adult passion fruit plants have similar effects to those re ported for
the tropical trees shown above: Increase in GA levels causes the abortion of preformed
floral meristems (Nave et al. 2010). Accordingly, application of an inhibitor of GA
biosynthesis such as paclobutrazol or uniconazole largely increased the production of
floral buds and so did the application of Forchlorfenuron (FCF), a synthetic cytokinin

(Cutri et al. 2013). Moreover, CK applications provided resis tance do high
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temperatures in P. edulis, promoting flowering even in warm temperatures (34/22 °C
day/night) under long photoperiods (Sobol et al. 2014).

This approach of combining the repression of GA biosynthesis and application
of exogenous CKs, allowed flower buds to complete development all year round (and
thus irrespective to day length) under field conditions and thus allowing fruit production
in new seasons (Chayut et al. 2014). Similarly, to study the role of the crosstalk between
CKs and GAs in branching and flowering, Subbaraj et al. (2010) conducted an
experiment with calla lily, Zantedeschia sp. It was observed that the exogenous applica
tion of GA itself had no effect on branching but stimulated flowering, while application
of CK alone had no effect on flowering but stimulated branching. Therefore, applying
CK right after the GA treatment enhanced the overall number of flowers produced,
suggesting that the crosstalk between CKs and GAs increased floral productivity
(Subbaraj et al. 2010). The ability to manipulate flowering time and at the same time
fine tuning productivity and protecting plants from environmental stresses, as shown by
the examples above, are highly desirable features for tropical crops that will have to

deal with drastic climate changes in a not so distant future.

Conclusions

GAs and CKs endogenous levels have a great impact in plant phase transitions.
As the increase of the endogenous levels of GAs is generally related to the end of the
juvenile phase, it is widely known that GAs may induce or repress flowering in different
plant species. However, our view of the roles of GAs in the vegetative to reproductive
phase progression has changed recently with the demonstration that the vegetative to
reproductive transition in Arabidopsis is a two-step process. While GAs induce the
transition from the vegetative to the inflorescence meristem, the levels of GAs have to
be reduced in order to maintain flower development. As we are just beginning to
understand these processes at the molecular level in model plants, it is becoming more
evident that the vegetative to reproductive transition is also a twostep process in
nonmodel tropical plants with economical interest. This is certainly a research avenue to
be pursued and it might have a considerable impact on the way we perceive the effects
of the agricultural use of commercial growth modulators containing GAs and/or CKs.
An increasing amount of published evidences points out to the (at least partial)
conservation of the molecular key players involved in phase transition and the roles that
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GA and CK pathways have in modulating the expression of such players. The
knowledge about the crosstalk between GA and CK pathways might allow the
finetuning of manipulating plant and inflorescence architectures. This might have a
great impact on improving yield and speeding up breeding programs of tropical and
subtropical perennial fruit species. Future studies aiming the application of the
knowledge generated in model species regarding the control of flowering by GAs and
CKs to tropical plants under commercial field conditions would allow us to obtain

tropical crops more adapted to future challenging environments.
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CAPITULO 11 - Alteracdes morfologicas na transicdo juvenil para
adulta vegetativa causadas por citocinina e giberelina em Passiflora

organensis

Resumo

Os fitormonios citocinina (CK) e giberelina (GA) afetam o desenvolvimento e o
crescimento dos vegetais em geral, influenciando diretamente as transicGes de fases. As
espécies do género Passiflora sdo bons modelos para estudos de desenvolvimento por
apresentarem diferencas claras entre as fases juvenil, adulta vegetativa e adulta
reprodutiva. Neste capitulo, buscamos caracterizar as alteracdes morfoldgicas ocorridas
durante a transicdo juvenil para adulta vegetativa, em plantas de P. organensis
submetidas a tratamentos com CK e GA exdgenas. Foram aplicados sobre plantas
jovens de P. organensis, GA3, uma giberelina bioativa, e benzilaminopurina (BAP) uma
citocinina sintética, em experimentos separados, durante duas semanas, em trés
diferentes doses. A giberelina induziu a formacdo de gavinhas enquanto a citocinina
inibiu. Em relacdo a morfologia foliar, ambos os reguladores causaram mudancas na
morfologia das folhas, porém de maneiras diferentes. A GA causou reducdo das
manchas acinzentadas na face adaxial, alteracbes na forma, tendo extremidades mais
afiladas, mimetizando a morfologia de folhas adultas. A CK em doses mais altas causou
deformidades nas folhas. As plantas que receberam CK apresentaram ativacdo das

gemas laterais a partir da primeira semana apos a aplicacéo.

Abstract

Cytokinin (CK) and gibberellin (GA) phytohormones affect the development and
growth of plants in general, directly influencing phase transitions. The species of the
genus Passiflora are appropriate models for development studies as they show clear
differences between the juvenile, adult vegetative and adult reproductive phases. In this
chapter, we characterized morphological changes that occurred during the juvenile to
vegetative adult transition in P. organensis plants subjected to treatments with

exogenous CK and GA. GA;3, a bioactive gibberellin, and benzylaminopurine (BAP), a
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synthetic cytokinin, were applied at three different doses to young P. organensis plants,
in separate experiments, for two weeks. Gibberellin induced tendril formation while
cytokinin inhibited it. Regarding leaf morphology, both regulators caused changes in
leaf morphology, but in different ways: GA caused a reduction of grayish spots on the
adaxial face, changes in shape, with sharper edges, mimetizing the morphology of adult
leaves. CK at higher doses caused leaf deformities. Plants that received CK showed
activation of the lateral buds after the first week of application.

Introducéo

Os fitormonios citocinina (CK) e giberelina (GA) atuam diretamente sobre o
crescimento e o desenvolvimento vegetal. Os papéis bioldgicos mais conhecidos das
giberelinas sdo o alongamento dos entrends e germinacdo das sementes (Hedden e
Thomas 2012; Taiz e Zeiger 2017). As citocininas, por sua vez, induzem a divisdo
celular, a atividade de gemas laterais e retardam a senescéncia foliar, por levarem a um
acumulo de clorofila e aumentarem a conversdo de etioplastos para cloroplastos
(Sakakibara 2010).

Além destes efeitos, citocininas e giberelinas influenciam diretamente as
transicOes de fases dos vegetais em geral. A primeira transicdo, da fase juvenil para a
adulta vegetativa, € 0 momento em que é estabelecida a arquitetura das plantas e
também quando elas tornam-se aptas a perceberem os sinais ambientais de inducdo ao
florescimento (Gioppato e Dornelas 2021). Alguns estudos vém sendo realizados com o
objetivo de utilizar a regulacdo hormonal, para alterar a arquitetura de plantas cultivadas
com interesse comercial, por exemplo, controlando o crescimento dos ramos em
pessegueiros (Prunus persica) (Cheng et al. 2021), ou a formagéo de inflorescéncias em
videiras (Vitis vinifera) (Crane et al. 2012; Jung et al. 2014), diminuindo a altura de
orquideas Phalaenopsis (Hsieh et al. 2020), produzindo melancias (Citrullus lanatus L.)
‘ands’ com brotos mais curtos (Sun et al. 2020), aumentando a ramificacdo em
macieiras (Malus domestica) (Tan et al. 2018) e modulando a formacdo de ramos
vegetativos e reprodutivos em milho (Zea mays) e arroz (Oriza sativa) (Du et al. 2017).
Estes trabalhos utilizam aplicacbes exdgenas dos fitormonios, CK ou GA, para avaliar
seus efeitos no fenotipo da planta, ou produzindo transgénicos, através da mutacdo ou

superexpressdo de genes relacionados ao metabolismo do fitormonio analisado.
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Em algumas espécies, um mesmo meristema axilar pode gerar inflorescéncias ou
estruturas de apoio e crescimento vegetativo, como gavinhas em videiras e
maracujazeiros, ou estoldes em morangos. Esta plasticidade morfoldgica do meristema
axilar pode ser modulada por um conjunto de estimulos de natureza ambiental e
enddgena (Monteiro et al. 2021). Neste contexto, vérias analises tém sido realizadas
com aplicacbes de CKs ou GAs durante a fase juvenil nestas espécies (Crane et al.
2012; Cezar et al. 2015; Li et al. 2018).

Em videiras, V. vinifera, aplicacbes de citocinina converteram gavinhas em
formacgdo em inflorescéncias (Srinivasan e Mullins 1981; Crane et al. 2012). Além
disso, andlises de videiras mutantes com inibicdo de GA, tiveram gavinhas convertidas
em inflorescéncias, demonstrando que as gavinhas em videiras sdo inflorescéncias que
foram inibidas e seu desenvolvimento necessita de GA (Boss e Thomas 2002). Portanto,
gavinhas em videiras sdo consideradas inflorescéncias imaturas, como Orgaos
reprodutivos que apresentam passos sequenciais durante o desenvolvimento (Crane et
al. 2012). A partir dos mesmos meristemas axilares, CKs promovem o desenvolvimento
de inflorescéncias enquanto GAs interrompem e, por sua vez, estimulam o
desenvolvimento de gavinhas (Claassen 2020).

Em morangos, Fragaria spp., aplicagdes de GA induziram a formagédo de
estolbes a partir dos meristemas axilares (Hytonen et al. 2009; Kour et al. 2017;
Tenreira et al. 2017; Li et al. 2018). Além das analises morfoldgicas apos aplicacdo
direta do fitorménio sobre as plantas, analises moleculares e de expressdo génica
corroboraram a acdo do GA sobre a producdo de estoldes. Mutacbes no gene que
codifica uma proteina DELLA, que reprime a acdo do GA, em Fragaria vesca,
estimularam o desenvolvimento do estol6es também (Caruana et al. 2018). Além disso,
0 GA; aplicado em plantas adultas promoveu o crescimento vegetativo, havendo
inibicdo do florescimento (Kour et al. 2017).

Além de regular a transicdo da fase vegetativa para a reprodutiva, o balanco
entre citocininas e giberelinas regula também a arquitetura das plantas na transicao da
fase juvenil para a adulta vegetativa. Em Passiflora edulis, cujo género é objeto de
andlise deste trabalho, a aplicacdo exdgena de giberelina em plantas juvenis antecipou a
transicdo da fase juvenil para a adulta vegetativa, evidenciada pelo surgimento da
primeira gavinha, mas ndo influenciou na passagem para a fase adulta reprodutiva,
sendo que o inicio do florescimento ndo foi alterado pela utilizacdo de GA; (Cezar et al.

2015). Os efeitos de CKs e GAs foram mais estudados em Passiflora sobre a transigéo
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para a fase reprodutiva, como em P. edulis (Cutri et al. 2013, Nave et al. 2010, Santos et
al. 2010, Sobol et al. 2014), P. cincinnata (Zucareli et al. 2007) e P. alata (Leonel e
Pedroso 2005). A partir destes estudos, percebeu-se que a aplicacdo de GAgs inibiu o
florescimento em P. edulis (Sobol et al. 2014), enquanto a CK estimulou o
florescimento e portanto a transicdo para a fase adulta reprodutiva (Cutri et al. 2013).
No entanto, a influéncia destes fitormonios sobre a transicdo da fase juvenil para a
adulta vegetativa ainda precisa ser elucidada tanto em seus efeitos morfol6gicos como
moleculares.

Tendo em vista a importancia da compreensdo dos mecanismos que regulam a
passagem da fase juvenil para a adulta vegetativa, no presente capitulo buscamos avaliar
os efeitos de CK e GA sobre a morfologia das plantas na transi¢éo da fase juvenil para a

adulta vegetativa em Passiflora organensis.

Material e Métodos

Estabelecimento dos ensaios em casa de vegetacédo e aplicacdo dos fitormonios

Os ensaios foram conduzidos em casa de vegetacdo, do Instituto de Biologia da
Unicamp, na cidade de Campinas-SP, entre os meses de outubro de 2018 e mar¢o de
2019. As plantas de P. organensis utilizadas foram originarias da colecdo do Depto de
Biologia Vegetal (IB/JUNICAMP) obtidas a partir de micropropagagdo, mantidas em
meio MS (Murashige e Skoog 1962) na concentracdo de 2,15 g/, 30 g/l de sacarose, 0,1
o/l de inositol, e 2,89/l de Phytagel. O pH do meio foi ajustado entre 5,0 e 6,0 antes de
ser realizada autoclavagem. As plantas foram transplantadas para os tubos de ensaio
contendo aproximadamente 12 ml do meio de cultura, em capela de fluxo laminar,
sendo uma planta por frasco, e permaneceram em sala de crescimento sob fotoperiodo
de 12h, fornecido por lampadas fluorescentes brancas, em temperatura de 25°C.

Quando houve o desenvolvimento de raizes, as mudas foram aclimatizadas as
condicdes de casa de vegetacdo de acordo com técnicas tradicionais (Rosa et al. 2016),
em vasos com composto organico Genesolo, Genefértil® (Composicdo: Bagaco de cana,
palha de café, turfa, rocha calcarea, estercos e camas de aviario, cinzas, residuo
organico industrial papel/celulose e residuo organico agroindistrial classe B) sendo

transplantadas duas plantas para cada vaso.
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Aplés uma semana, as plantas aclimatizadas receberam diariamente duas
aplicacGes em spray sobre toda a planta, sendo uma pela manhd e outra no periodo da
tarde com as solucgdes dos reguladores vegetais e o surfactante Tween-20 (duas gotas a
cada 100 ml de solucdo) durante 14 dias consecutivos. O delineamento experimental foi
inteiramente casualizado, com 10 plantas por tratamento, distribuidas nas mesas
aleatoriamente.

No ensaio para analisar os efeitos da citocinina, foram avaliados quatro
tratamentos, nas seguintes concentrag¢des: 0,0 (controle), 1,0, 10,0 e 100,0 uM de 6-
benzilaminopurina (BAP) uma citocinina sintética.

Para analisar o efeito da giberelina foram avaliados sete tratamentos: trés
concentragdes de acido giberélico (GA3): 1,0, 10,0 ¢ 100,0 uM, trés concentracdes (1,0,
10,0 e 100,0 uM) de paclobutrazol (PAC), um inibidor da sintese de giberelina, € um
grupo controle (que ndo recebeu aplicacdes de GA3 nem de paclobutrazol). As solucdes
de PAC foram aplicadas diretamente na terra, no dia em que o ensaio foi estabelecido.

As plantas foram observadas e avaliadas quanto a morfologia foliar, altura da
planta, atividade das gemas laterais e presenca de gavinhas durante as duas semanas de

aplicacdo dos reguladores e também nas duas semanas seguintes.

Ensaios in vitro

Para analisar os efeitos da citocinina foi conduzido também um experimento in
vitro, no qual plantas de P. organensis no estagio juvenil, obtidas de micropropagacao,
foram mantidas em meio MS (Murashige e Skoog 1962), na concentracdo de 2,15 g/I,
30 g/l de sacarose, 0,1 g/l de inositol, e 2,8g/l de Phytagel, suplementado com 6-
benzilaminopurina (BAP) em trés concentra¢des distintas: 1,0, 10,0 e 100,0 uM. As
plantas foram transplantadas do meio basico para os meios contendo BAP, em tubos de
ensaio contendo aproximadamente 12 ml do meio, sendo uma planta por frasco, e
permaneceram em sala de crescimento sob fotoperiodo de 12h, fornecido por lampadas
fluorescentes brancas, em temperatura de 25°C. Foram utilizadas 40 plantas, sendo dez
para cada uma das concentracGes de BAP e dez do grupo controle, que ndo foram
suplementadas com o regulador. As plantas foram observadas por um més a partir da
montagem do experimento, quanto ao desenvolvimento de brotos laterais e gavinhas,
desenvolvimento das raizes e altura das plantas, embora ndo tenham sido realizadas

analises quantitativas com os dados.
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Analise quantitativa das variaveis

A altura das plantas foi medida no dia do inicio da aplicacdo dos fitorménios e
apos uma semana de aplicacdo, utilizando uma régua graduada. Os valores obtidos
foram submetidos a analises estatisticas utilizando o software R-4.0.5 (R Core Team).
Os dados foram submetidos a analise de variancia (ANOVA) e teste de Tukey com 5%
de significancia.

As plantas foram também observadas quanto ao surgimento de gavinhas e de

brotos laterais ap6s 14 dias da aplicacdo dos fitormonios.

Resultados e Discussao

Efeitos das aplicacbes de citocinina no desenvolvimento de P. organensis
Os efeitos observados da citocinina exogena, 6-benzilaminopurina (BAP) no

desenvolvimento de P. organensis foram: atraso no desenvolvimento das gavinhas
(Figura 1A-B), alteracdes na morfologia foliar (Figura 2), ativacdo das gemas laterais
com desenvolvimento de ramos vegetativos (Figura 1C) e atraso no crescimento das
plantas.

As plantas que receberam pulverizacdes de BAP tiveram o surgimento de
gavinhas inibido em relacdo as plantas controle. Na quarta semana ap0s o inicio da
aplicagdo dos firomdnios, surgiram as primeiras gavinhas nas plantas do controle e nas
que receberam 1,0uM de BAP (Figura 1A-B). No entanto, as que receberam BAP nas
concentracdes de 10,0uM e de 100,0uM nédo apresentavam gavinhas (Figura 1). Na
quinta semana apds o inicio do tratamento hormonal, a porcentagem de plantas que
apresentavam gavinhas foi menor quanto maior foi a concentracdo do fitormonio
aplicado: 100% das plantas do controle, que n&o receberam pulverizagdes do
fitormonio, 66% das que receberam 1um de BAP, 58% das que foram tratadas com
10um de BAP e apenas 30% das que receberam 100um de BAP possuiam gavinhas. A
partir destas observacGes, podemos afirmar que a citocinina exdgena inibiu a formacao
de gavinhas em P. organensis, tendo causado atraso em seu surgimento. Como estas
observagOes foram feitas na quinta semana e as plantas foram pulverizadas com as
solucBes dos reguladores por duas semanas, elas tiveram trés semanas para ajustar seu

metabolismo.
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Figura 1. Morfologia de plantas de Passiflora organensis , quatro semanas apds serem
submetidas a diferentes concentracBes da citocinina 6-benzilaminopurina (BAP): A.
regido do apice; B. plantas com folhas removidas para uma melhor visualizagdo das
gemas laterais; C. detalhe de planta submetida a concentracdo de 100 uM de citocinina
com ativagdo das gemas laterais. Setas vermelhas = gavinhas. Setas brancas = gemas
laterais ativas. Barra: 1cm.

Considerando que em Passiflora, as gavinhas s&o um marcador morfoldgico da
passagem da fase juvenil para a adulta vegetativa (Cutri et al. 2013), podemos
considerar que as aplicacdes de BAP causaram atraso nessa transicdo de fases, ao
mesmo tempo em que promoveram a ativacdo das gemas laterais vegetativas (Figura
1C). A funcdo das citocininas em promover a ativacdo de gemas axilares e a reducdo da
dominéancia apical é bastante conhecida (Werner et al. 2001; Ongaro e Leyser 2008;
Waldie e Leyser 2018).
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As alteracdes morfologicas nas folhas causadas pelas aplicacbes de BAP
incluiram desaparecimento das manchas acinzentadas na face adaxial (Figura 2A),
desenvolvimento do lobo mediano, que normalmente € mais curto que os demais
(Brasileiro 2014), tornando as folhas trilobadas (Figura 2B), e nas concentracGes de

10,0uM e de 100,0pM, algumas folhas apresentaram deformacoes (Figura 2C).

(A)

OpM de 6-BAP 1uM de 6-BAP 10pM de 6-BAP 100puM de 6-BAP

@ 10pM de 6-BAP

Figura 2. Morfologia foliar de plantas de Passiflora organensis submetidas a diferentes
concentragdes da citocinina 6-benzilaminopurina (BAP). Folhas do terceiro plastocrono
coletadas apos trés semanas de aplicacdes: A. diferencas quanto a presenca de manchas
acinzentadas; B. folhas das plantas submetidas as concentragdes de 10 e 100 uM de
citocinina com lobo mediano mais proeminente; C. folhas das plantas submetidas a 100
MM de citocinina com deformidades. Barra: 1cm.

Portanto, a aplicagdo de citocinina inibiu a formacdo de gavinhas em P.
organensis, mas, por outro lado, estimulou o desenvolvimento de caracteristicas adultas
nas folhas, como a redugdo das manchas acinzentadas e o desenvolvimento do lobo

mediano das folhas. Dentre os varios papéis das citocininas no desenvolvimento vegetal
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estd a regulacdo da morfologia foliar. Esta regulacdo ocorre por meio do controle de
genes que agem diretamente no desenvolvimento das folhas, como os KNOX e
WUSCHEL, sendo que o aumento da concentracdo de citocininas leva a formagdo de
folhas profundamente lobadas em monocotiledéneas da familia Araceae (Wu et al.
2021) e de folhas compostas em tomateiro, Solanum lycopersicum (Shani et al. 2010).
Portanto, a influéncia das citocininas na morfologia foliar durante o desenvolvimento
vegetal é conhecida.

Em relacdo a altura das plantas, as que receberam aplicacdes de 100um de CK
tiveram visivelmente um crescimento menor apds sete dias em relacdo ao observado no
controle. Contudo, os valores médios da altura das plantas ndo apresentaram diferencas
significativas pelo teste de Tukey (Figura 3).
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Figura 3. Altura em cm das plantas de P. organensis no dia de inicio da aplicacdo da
CK e ap6s 7 dias consecutivos de aplicacGes didrias. Nao houve diferencas
estatisticamente significativas entre as medidas do dia 7 e do dia O pelo teste de Tukey
(p<5%).

As plantas cultivadas in vitro apresentaram diferencas consideraveis quanto a
altura, o surgimento de ramos laterais e o desenvolvimento das raizes. Ap6s um més do
experimento, as plantas do grupo controle apresentaram maior altura, desenvolvimento
de raizes e ndo possuiam ramificacdes laterais (Figura 4). Na concentracdo de 0,1 uM
de BAP, a maior parte das plantas apresentou raizes e um a trés ramos laterais. Com 1,0
UM de BAP, a maioria ndo desenvolveu raizes, sendo formado um calo no local, e

apresentaram de trés a quatro ramos. Todas as plantas que foram cultivadas com as
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doses mais altas de BAP, 10,0 uM, tiveram formacdo de calos no lugar das raizes,
tamanho reduzido em relagdo aos outros tratamentos, sobretudo em relagdo ao controle,
e apresentaram de quatro a seis ramos (Figura 4). A formacgéo de calos (Dubey et al.
2020) e a repressdao do desenvolvimento das raizes (Aloni et al. 2004) sdo efeitos

conhecidos das citocininas.

OuM de BAP

0,17uM de BAP

1,0uM de BAP

Figura 4. Morfologia foliar de plantas de Passiflora organensis cultivadas in vitro ap6s
um més em meios com diferentes concentracBes da citocinina benzilaminopurina
(BAP). Barra: 1cm.

Efeitos das aplicacfes de giberelina no desenvolvimento de P. organensis

As pulverizagdes de GA3; promoveram 0 surgimento das gavinhas, sendo mais
rapido quanto maior foi a concentragdo do horménio aplicado; desenvolvimento de

folhas com caracteristicas da fase adulta e o crescimento acelerado das plantas. O
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paclobutrazol por sua vez inibiu o surgimento das gavinhas e de folhas com
caracteristicas adultas, bem como causou atraso no crescimento das plantas.

Apo6s duas semanas de aplicacbes de giberelina, as plantas do controle
apresentavam a maioria das folhas com manchas acinzentadas e nao apresentavam
gavinhas (Figura 5). As que receberam aplicacbes de giberelina apresentavam folhas
com morfologia caracteristica da fase adulta (Figura 6) e gavinhas (Figura 5), sendo que
estas caracteristicas surgiram mais precocemente quanto maior foi a concentra¢do do
fitormbnio. Enquanto as que receberam o paclobutrazol, inibidor da sintese de
giberelina, pelo contrério, tiveram atraso no crescimento e no desenvolvimento (Figura

5) sendo estas caracteristicas mais intensas quanto maior a concentracdo da substancia.
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Figura 5. Morfologia de plantas de Passiflora organensis submetidas a diferentes
concentracdes de Paclobutrazol e GA3: A. plantas submetidas a trés concentracfes de
Paclobutrazol (PAC); B. plantas submetidas a trés concentracbes de GAj;. Setas
vermelhas = gavinhas. Barra: 1cm.

As plantas que foram tratadas com GAj3; na concentracdo de 1,0uM, ainda
apresentavam a mancha acinzentada nas folhas (Figura 5), mas algumas plantas ja
apresentavam gavinhas. As que receberam 10,0uM de GAj; estavam com folhas
amareladas, sem as manchas, e apresentavam gavinhas. Com 100,0uM de GAg, todas as

plantas apresentavam gavinhas e as folhas estavam sem as manchas acinzentadas



57

(Figura 6). Além disso, em relacdo a forma das folhas, as que receberam aplicacdes de
GA; apresentavam folhas com lobos mais agudos, sendo esta caracteristica mais intensa
nas que receberam 100,0uM de GAs3, a maior concentracdo do fitormonio (Figura 6).

OuM de GA, e 0uM de PAC 100pM de PAC 10uM de PAC 1uM de PAC
1uM de GA, 10pM de GA, 100uM de GA,

. A

Figura 6. Folhas do terceiro plastocrono de P. organensis coletadas apds trés semanas
de tratamento evidenciando as diferencas morfoldgicas com as diferentes doses de
giberelina (GA3) e de paclobutrazol (PAC). Barra: 1cm.

Por outro lado, das plantas que receberam a aplicacdo de PAC nenhuma
apresentava gavinhas, e todas as folhas continham as manchas acinzentadas, coloracédo
verde escura e forma mais caracteristica da fase juvenil com lobos arredondados (Figura
6). As folhas do controle (OuM de GA; e OpM de PAC) apresentavam forma e
coloragdo intermediaria em relagdo as tratadas com GAz e com PAC (Figura 6).

Em relacdo ao surgimento de gavinhas, a acdo da giberelina foi totalmente
oposta a da citocinina. Apos duas semanas de pulverizacGes de GAs, nenhuma planta do
grupo controle (que ndo recebeu aplicacbes de GA3), bem como nenhum dos
tratamentos com paclobutrazol (PAC) apresentou gavinhas. Contudo, em todos os
tratamentos com GA3 havia plantas com gavinhas, sendo a porcentagem de plantas com
gavinhas mais elevada quanto maior a concentragdo de GAjs aplicada: 33% das plantas
que foram pulverizadas com GA3 na concentragdo de 1,0uM, 70% das que receberam
10,0uM de GA; e 100% das que receberam pulverizagbes com 100,0uM de GA;
apresentavam gavinhas ja na segunda semana ap6s o tratamento hormonal.

A giberelina exdgena interferiu claramente na altura das plantas, sendo que as
que receberam aplicacdes de 10uM de GA3 e 100uM de GA3 tiveram seu crescimento
acelerado. Apos sete dias da aplicacdo do fitormonio, as medias das alturas foram
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significativamente maiores em relacdo as medias no dia inicial da aplicacdo, apenas

nestes tratamentos (Figura 7).

45
4 -

dia0
W mdia7

Altura meédia das plantas (cm)
— N w
- ;N W,

o
o o,

pac100 pac10 pac1 cont gal ga10 ga100

Figura 7. Altura em cm das plantas de P. organensis no dia de inicio da aplicacdo da
GA; e apo6s sete dias consecutivos de aplicaces diarias. Os (**) indicam diferenca
estatisticamente significativa entre as medidas do dia 7 e do dia O pelo teste de Tukey
(p<5%).

O incremento na altura das plantas € um dos efeitos mais conhecidos da
giberelina, tendo sido relatado em outras espécies, inclusive do género Passiflora
(Santos et al. 2010; Leonel e Pedroso 2005). Para os outros tratamentos, ndo houve
diferencas significativas no crescimento pelo teste de Tukey (Figura 6), sendo que as
plantas tratadas com PAC foram as que tiveram, visivelmente, menor crescimento.
Considerando que o PAC é um dos mais potentes repressores de crescimento em
vegetais (Jabir et al. 2017), este efeito sobre a altura das plantas era esperado.

Em Passiflora edulis, este aumento no crescimento do caule foi crescente quanto
maior foi a dose de GAg, até determinada concentracdo (de 96 mg/L de solucdo) (Santos
et al. 2010). Contudo, ap6s esta concentracdo, houve uma rapida diminuicdo no
crescimento, possivelmente devido a superdosagem, sendo este efeito ja observado em
P. alata (Leonel e Pedroso 2005).
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Possiveis interacgdes entre citocinina e giberelina na transi¢do juvenil-adulta

vegetativa

A plasticidade morfoldgica foliar em P. organensis, é uma caracteristica da
espécie. Segundo Milward-de-Azevedo e Baumgratz (2004), a forma da folha pode
variar de acordo com as condicOes ecoldgicas, pois as folhas podem ser bilobadas com
lobos agudos em florestas pluviais; bilobadas com lobos obtusos e mais centrados no
cerrado; ou ainda, trilobadas ou bilobadas com lobos arredondados em floresta atlantica.
No caso das plantas do presente estudo, as diferencas morfolégicas observadas nas
plantas submetidas as pulverizacbes de CK, possivelmente foram devido a
superdosagem do regulador, considerando que os hormdnios endégenos influenciam nas
respostas obtidas (Cato 2006). Portando, as aplicagdes de CK podem ter causado uma
repressdo da transicdo da fase juvenil para a adulta vegetativa, e portanto do surgimento
das caracteristicas adultas.

As alteracdes foliares causadas pela giberelina estariam relacionadas a
antecipacdo da transicdo da fase juvenil para a adulta vegetativa, pois as folhas das
plantas que receberam aplicacdes de giberelina sdo caracteristicas de folhas adultas. O
fato de as que receberam maiores concentracdes de GAj terem ficado amareladas e
senescentes podem ter duas explicagdes: o aumento da giberelina iria reprimir a
citocinina que € responsavel por inibir a senescéncia (Gan e Amasino 1995; Zwack e
Rashotte 2013); ou o aumento da giberelina causaria uma reducdo na fotossintese e
diminuicdo do acimulo de clorofila nas células (Li et al. 2010). O paclobutrazol por sua
vez, manteria as folhas com uma coloracdo mais verde escura devido ao acumulo de
clorofila nas células (Xia et al. 2018; Mahulette et al. 2020). Em orquideas
Phalaenopsis, a superexpressdo do gene OsGA20x6, de degradacéo de GA, resultou em
plantas com folhas verde escuras, mais curtas e mais largas do que as néo transgénicas,
demonstrando que a GA influencia na concentracdo de clorofila e na morfologia das
folhas (Hsieh et al. 2020).

As gavinhas surgiram diversas vezes em diferentes grupos de Angiospermas e
por isso possuem diferentes origens evolutivas (Sousa-Baena et al. 2018). Em
Passiflora, bem como em Vitis vinifera, as gavinhas sdo originadas de inflorescéncias
modificadas, sendo que em Passiflora, um mesmo meristema axilar da folha divide-se e
origina uma gavinha e uma ou mais inflorescéncias (Nave et al. 2010; Scorza et al.

2017), enquanto em V. vinifera, um meristema axilar origina uma unica estrutura,
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podendo ser uma gavinha ou inflorescéncia (Morrison 1991) de acordo com os
estimulos ambientais e enddgenos recebidos (Diaz-Riquelme et al. 2014).

Na primeira transigdo de fases, o surgimento das gavinhas marca o inicio da fase
adulta vegetativa. Os fitormonios giberelina e citocinina possuem papeis antagénicos
nesta fase, considerando que, no presente trabalho, quando aplicou-se GA em plantas de
Passiflora organensis, surgiram gavinhas a partir dos meristemas axilares mais
precocemente, ao passo que, quando se aplicou CK, ocorreu atraso no desenvolvimento
das gavinhas ao mesmo tempo em que, a partir dos meristemas axilares surgiram brotos
laterais. Seriam necessarias analises morfoldgicas adicionais para compreender a
natureza destes brotos. Mas, o tratamento com CK in vitro, resultou em plantas com
mais ramos laterais e menor tamanho. De modo geral, podemos afirmar que a GA
estimula a transicao da fase juvenil para a adulta vegetativa em P. organensis, enquanto
a CK inibe esta transicao.

As aplicacOes destes mesmos reguladores na segunda transicdo de fases, da fase
adulta vegetativa para a reprodutiva, tiveram efeitos opostos em P. edulis: enquanto a
aplicacdo de CK estimulou o florescimento (Cutri et al. 2013), a GA inibiu o
florescimento (Nave et al. 2010; Sobol et al. 2014).

Consideramos que as gavinhas em Passiflora sdo 0Orgdos reprodutivos
modificados, tendo a mesma origem ontogenética das inflorescéncias (Cutri et al. 2013;
Sousa-Baena et al. 2018). Segundo Prenner (2014), a gavinha em Passiflora seria o
término de uma inflorescéncia, considerando que gavinhas sdo estruturas determinadas
enquanto inflorescéncias séo indeterminadas. Podemos sugerir que, em Passiflora, as
GAs seriam responsaveis pela determinagdo dos meristemas axilares na fase adulta
vegetativa e, posteriormente, as CKs estimulariam o desenvolvimento das flores. Essa
hipdtese foi sugerida em Vitis vinifera, em que gavinhas seriam inflorescéncias que
teriam seu desenvolvimento interrompido pela aplicacdo de GA, tornando-se estrututras
determinadas (Boss e Thomas 2002).

Conclusoes

A giberelina exdgena acelerou a transicdo da fase juvenil para a adulta
vegetativa em Passiflora organensis, tendo induzido a formacdo de gavinhas e de
morfologia adulta nas folhas, além de ter acelerado o crescimento das plantas. Com a

inibicdo da biossintese de giberelina pelo paclobutrazol, o crescimento e o
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desenvolvimento das plantas foram reprimidos. Por outro lado, a citocinina reprimiu
esta transicdo de fases, inibindo a formagéo de gavinhas, além de ter causado atraso do

crescimento e estimulado o desenvolvimento de ramos laterais.
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CAPITULO 111 - Identificacio dos genes de metabolismo e resposta

citocinina e giberelina em Passiflora organensis

Resumo

Citocininas (CKs) e giberelinas (GAs) estdo relacionadas a varios aspectos do
desenvolvimento vegetal, desencadeando processos que resultam nas transicGes de
fases. Sua atuacdo ocorre por meio da ativacdo da transcricdo de determinados genes, e
pode ser inibida ou estimulada por fatores ambientais e enddgenos, ou interacbes com
outros genes. Neste capitulo, identificamos os genes relacionados ao metabolismo
(biossintese e degradacédo), sinalizacdo e resposta de CKs e GASs, no genoma de
Passiflora  organensis. Analisamos dez familias génicas: ISOPENTENYL
TRANSFERASE (IPT) e LONELY GUY (LOG), que participam da biossintese de CK;
CYTOKININ OXIDASES/DEHYDROGENASE (CKX), de inativacdo de CK;
ARABIDOPSIS RESPONSE REGULATORS (ARRS) do tipo A e do tipo B, de resposta
a CK; GA3OXIDASE (GA3ox) e GA200XIDASE (GA200x) de biossintese de GA;
GA20XIDASE (GA20x) de inativacdo de GA; GIBBERELLIN INSENSITIVE DWARF1
(GID1), de sinalizacdo de GA; e DELLA, de resposta a GA. Fizemos uma analise
filogenética dos genes candidatos obtidos, em comparacdo com os ortélogos de
Arabidopsis thaliana e Vitis vinifera. Analisamos também a estrutura génica, e
observamos que de forma geral, as familias génicas de P. organensis analisadas sao
similares as de A. thaliana em numero e estrutura. Algumas sequéncias conservadas
foram identificadas em todas as classes, que necessitam de analises posteriores para

esclarecer suas possiveis funcoes.

Abstract

Cytokinins (CKs) and gibberellins (GAs) are related to several aspects of plant
development, triggering processes that result in phase transitions. They act through the
activation of the transcription of certain genes, and it can be inhibited or stimulated by
environmental and endogenous factors, or interactions with other genes. In this chapter,

we identified, in the genome of Passiflora organensis, genes related to the metabolism
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of (biosynthesis and degradation), signaling and response to CKs and GAs,. We
analyzed ten gene families: ISOPENTENYL TRANSFERASE (IPT) and LONELY GUY
(LOG), which participate in CK biosynthesis; CYTOKININ
OXIDASES/DEHYDROGENASE (CKX), of CK inactivation; ARABIDOPSIS
RESPONSE REGULATORS (ARRs) of type A and type B, for CK response;
GA3OXIDASE (GA30x) and GA200XIDASE (GA200x) of GA biosynthesis;
GA20XIDASE (GA20x) of GA inactivation; GIBBERELLIN INSENSITIVE DWARF1
(GID1), for GA signaling; and DELLA, of GA response. We performed a phylogenetic
analysis to obtained candidate genes, in comparison with Arabidopsis thaliana and Vitis
vinifera orthologs. We also analyzed gene structure and observed that, in general, the
analyzed P. organensis gene families are similar to those of A. thaliana in number and
structure. Some conserved sequences were identified in all classes and further analysis

is necessary to clarify their putative functions.

Introducéo
A atividade do meristema caulinar das plantas é regulada por muitos fatores,

incluindo reguladores transcricionais e horménios vegetais (Xue et al. 2020). Através de
estudos com a espécie modelo Arabidopsis thaliana, sabe-se que essas diversas vias
convergem para regular a transcri¢cdo de um pegueno nimero de genes integradores que
promovem a inducéo floral, sobretudo FT e SOC1 que codificam, respectivamente, as
proteinas FLOWERING LOCUS T e SUPPRESSOR OF OVEREXPRESSION OF
CONSTANS 1 (Andrés et al. 2014). Como visto nos capitulos anteriores, as citocininas
(CKs) e giberelinas (GAs) destacam-se como sendo classes de fitormdnios que
influenciam diretamente as transi¢coes de fases.

As CKs foram descobertas por promoverem a divisdo celular em plantas
cultivadas em meio de cultura (Skoog e Miller 1957). Além de seu papel bem conhecido
na divisdo e diferenciacdo celular, as citocininas estdo envolvidas em varios processos
essenciais a sobrevivéncia das plantas, como senescéncia foliar (Kim et al. 2006),
regulacdo do crescimento da raiz (Werner et al. 2003), translocacéo de nutrientes (Takei
et al. 2001), tolerancia ao estresse (Argueso et al. 2009) e formacdo de nddulos em
leguminosas (Sasaki et al. 2014).

As principais CKs biologicamente ativas sdo a isopenteniladenina (iP) e a

transzeatina (tZ) (Sakakibara 2006). Mas ha também a ciszeatina (cZ) e a dihidrozeatina
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(DZ) (Mok e Mok 2001). As vias metabdlicas das CKs bem como os mecanismos de
acdo, sinalizacdo e resposta estdo bem elucidadas atualmente. A biossintese de iP e tZ é
catalisada inicialmente por enzimas do tipo isopenteniltransferases (IPTs), que
produzem iP ribotideos a partir de difosfato de dimetilalil (DMAPP) e 5'difosfato de
adenosina (ADP) ou 5'trifosfato de adenosina (ATP) (Taya et al. 1978). As enzimas
citocromo P450 monooxigenase, familia 735, subfamilia A (CYP735A) fazem a
hidroxilagdo de iP-ribotideos em tZ-ribotideos (Takei et al. 2001). Posteriomente, as
enzimas LONELY GUYs (LOGs) convertem os ribotideos em CKs ativas (Kurakawa et
al. 2007; Kuroha et al. 2009). A degradacdo das citocininas € realizada pelas citocininas
oxidase/desidrogenase (CKX) (Schmdilling et al. 2003), que desempenham papéis
importantes no controle dos niveis de CK nos tecidos vegetais (Cai et al. 2018).

A transducdo de sinais de CK e seu mecanismo de acdo comecam com a
autofosforilacdo de um receptor ligado a membrana do tipo HISTIDINA KINASE
(sendo o primeiro descoberto em Arabidopsis, sdo chamados de AHKS), seguida pela
ligacdo da CK e transferéncia subsequente do grupo fosfato para a histidina presente na
proteina de fosfotransferéncia (AHPs) e, finalmente, aos reguladores de resposta
(ARRs) (Bhargava et al. 2013). Os ARRs do tipo B sdo ativados pela fosforilacéo e
mediam a expressdo génica regulada por CK, incluindo a regulacdo positiva dos ARR
tipo A, que atuam como reguladores negativos na sinalizacao de citocinina, reprimindo
0s ARRs do tipo B (Taniguchi et al. 2007; Argyros et al. 2008).

Os processos regulados por CKs ocorrem por meio de interacbes com outros
horménios vegetais (Vanstraelen e Benkova 2012), dentre os quais estéos as GAs. Sabe-
se que CKs e GAs exercem regulacdo antagbnica de mudltiplos processos de
desenvolvimento (Weiss e Ori 2007). As GAs regulam muitos aspectos do crescimento
e desenvolvimento das plantas, incluindo germinacdo de sementes, alongamento do
caule, expansédo foliar e desenvolvimento de frutos (Fleet e Sun 2005). Suas vias de
biossintese, degradacdo, sinalizacdo e resposta sdo também bem conhecidas. As GAs
sdo derivadas do ent-kaureno, e sua sintese inicia-se nos cloroplastos, onde ocorre a
conversdao de geranilgeranil difosfato em ent-caureno pelas enzimas ent-copalil
difosfato sintase (CPS) e ent-caureno sintase (KS) (Hedden e Thomas 2012).

Posteriormente, no reticulo endoplasmatico, o ent-caureno é convertido em
GA12 pelas enzimas ent-kaurene oxidase (KO) e acido ent-caurenoico oxidase (KAO)
(Hedden e Thomas 2012; Yamaguchi 2008). No citoplasma, ocorre, finalmente, a

formagéo das GAs bioativas a partir da GA12 (Sakamoto et al. 2004). S&o conhecidas



69

apenas quatro GAs bioativas: GA1, GA3, GA4, e GA7 (Hedden e Phillips 2000). Sua
formagdo ocorre por intermedio das enzimas GA20oxidases (GA200x) e GA3oxidases
(GA200x) enquanto a degradacdo (ou inativacdo) é catalisada pelas GA2oxidases
(GA20x) (Hedden e Phillips 2000).

Com relacdo ao mecanismo de acao, sabe-se que a GA ativa sua via de resposta
ligando-se a seus receptores, GID1s (Hirano et al. 2008). O complexo GA-GID1
interage com as proteinas DELLA, repressoras da atividade das GAs, levando a
poliubiquitinacdo das DELLA, e sua posterior degradacdo pelo proteassoma 26S
(Ueguchi-Tanaka et al. 2007). Portanto, as proteinas DELLA, sdo importantes
reguladoras das GAs (Liu et al. 2010).

Até 0 momento, a maioria dos estudos relacionados & influéncia de CKs e GAs
nas transicdes de fases, analizando inclusive a concentracdo e o padrdo de expressao dos
genes relacionados a metabolismo, sinalizacdo e resposta a esses fitorménios foram
realizados em A. thaliana (Blazquez et al. 1998; Bartrina et al. 2011; D’Aloia et al.
2011). Anéalises em outras espécies vém sendo realizadas mais recentemente, como,
Vitis vinifera, a videira (Crane et al. 2012) e Fragaria vesca, 0 morango silvestre
(Tenreira et al. 2017; Caruana et al. 2018).

As espécies do género Passiflora sdo interessantes modelos para o estudo das
alteracdes moleculares na transicdo da fase juvenil para a adulta vegetativa, por
ocorrerem alteracbes morfoldgicas notaveis nesta transicdo (veja o Capitulo 11; Krosnick
e Freudenstein 2005; Nave et al. 2010; Cutri et al. 2013). Estudos realizados
anteriormente em Passiflora, analizaram a passagem da fase adulta vegetativa para a
reprodutiva (Sobol et al. 2014; Cutri et al. 2013).

Porém, ainda ndo ha andalises moleculares relacionando CKs e GAs a transicao
da fase juvenil para a adulta vegetativa no género Passiflora. Neste capitulo, buscamos
identificar os genes relacionados a metabolismo, sinalizacdo e resposta a CKs e GAs em
P. organensis, estabelecer relagdes filogenéticas entre os genes candidatos e 0s
ortdlogos de A. thaliana, analizar a estrutura destes genes e identificar regides
conservadas que podem ter fungdes similares as funcGes previamente reconhecidas em

outras plantas, na espécie estudada.
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Material e métodos

Identificacédo de genes candidatos no genoma de P. organensis

O genoma de P. organensis (Costa et al. in press) foi utilizado como fonte de
sequéncias para a identificacdo de pardlogos dos genes relacionados a sintese,
degradacéo, percepcao e resposta de citocininas e giberelinas.

As sequéncias de P. organensis dos potenciais paralogos foram identificadas
através de buscas utilizando a ferramenta TBLASTN do National Center for
Biotechnology Information (NCBI) usando os respectivos genes de A. thaliana como
referéncia (Apéndice A, Tabela 1). As buscas foram realizadas nas bibliotecas
genémicas de P. organensis denominadas LB15042 e LB15043. As sequéncias
proteicas de A. thaliana foram utilizadas como isca (query) para a identificacdo dos
potenciais ortélogos no genoma de P. organensis utilizando o algoritmo BLASTp
identificadas no banco de dados do NCBI.

Para cada contig identificado com o TBLASTN como descrito acima, utilizou-se
o software BioEdit para a obtencdo de mapas de restricdo mostrando os trés possiveis
quadros abertos de leitura e, a partir deles, foram identificadas as sequéncias de
aminoéacidos e de nucleotideos dos genes de P. organensis. As sequéncias genémicas de
todos 0s genes obtidos estdo no Apéndice B e as sequéncias proteicas em formato Fasta,
no Apéndice D.

As sequéncias dos genes candidatos obtidas foram novamente comparadas com
0 banco de dados do National Center for Biotechnology Information (NCBI) utilizando
0 BLASTp em associagdo com Phytozome v12.1 (Goodstein et al. 2012) para a
deteccdo de possiveis discrepancias. Por fim, os ortélogos de P. organensis foram
nomeados de acordo com 0s genes com sequencia proteica mais similar em A. thaliana.

As sequencias génicas obtidas estdo descritas no Apéndice A.

Caracterizacdo da estrutura génica
Para a identificacdo da estrutura dos genes foram utilizados o programa

AUGUSTUS (Stanke et al. 2004) de predicdo génica, e o programa NetPlantGene
(Hebsgaard et al. 1996) para a identificagdo das fronteiras entre introns e éxons. A
representacdo gréafica da estrutura génica final foi obtida utilizando o software GSDS 2.0
Gene Structure Display Gene (Hu et al. 2015).
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Analise filogenética

As sequéncias proteicas obtidas a partir dos genes de P. organensis foram
comparadas com as da espécie modelo A. thaliana e também com sequéncias de Vitis
vinifera, isto pelo fato desta espécie também possuir gavinhas, assim como P.
organensis e ser uma espécie filogeneticamente mais proxima de P. organensis que A.
thaliana. O alinhamento das sequéncias foi realizado com os softwares MEGA X 10.0.5
(Kumar et al. 2018) e CLUSTAL. Posteriormente foram montadas as arvores

filogenéticas usando o método de Neighbor-Joining.

Resultados e Discussao

Filogenia e estrutura dos genes candidatos envolvidos no metabolismo e resposta a
citocinina

Familia génica ISOPENTENYL TRANSFERASES (IPT)

A maioria das citocininas que ocorrem naturalmente sdo derivadas da
isopenteniladenina (iP) (Sakakibara 2006). A iP carrega uma cadeia lateral de
isopentenil ndo modificada, enquanto a transzeatina (tZ) e a ciszeatina (cZ) transportam
cadeias laterais hidroxiladas (Miyawaki et al. 2006).

Existem duas classes de IPTs nas plantas: os ATP/ADP-IPTs e os tRNA-IPTs.
Os ATP/ADP-IPTs sdo responsaveis pela maior parte da biossintese da citocinina do
tipo iP e tZ, os tRNA-IPTs sdo responsaveis pela biosintese de citocininas do tipo cZ
(Miyawaki et al. 2004). Os ATP/ADPIPTs catalisam o passo inicial na principal via
para a biossintese de citocinina: a N6-prenilacdo de 5'fosfatos de adenosina para formar
iP-ribosideos 5 ‘fosfatos (Sakakibara 2006). Em A. thaliana ha sete IPTs dessa classe:
AtIPT1 e AtIPT3-AtIPT8 (Takei et al. 2001).

As citocininas podem também ser sintetizadas pela degradacdo de tRNAs que
contém residuos de adenilato. Mas em plantas esta via de sintese de citocininas é
considerada menos importante, em relacdo a quantidade produzida, do que a via que usa
IPTs dependentes de ATP/ADP (Chen 1997). Em A. thaliana ha dois IPTs dessa classe:
AtIPT2 (Takei et al. 2001) e AtIPT9 (Miyawaki et al. 2004).
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Em P. organensis, considerando os ortdlogos em A. thaliana, foram
identificados seis ADP/ATP-IPTs: PolPT3a, 3b, 5, 6, 7 e 8 (Figura 1), contendo apenas
um éxon (Figura 2), e dois tRNA-IPTs: PolPT2 e 9 (Figura 1). Contudo, o PolPT2 tinha
uma estrutura semelhante ao do AtIPT2, com dez éxons (Figura 2) enquanto o PolPT9
continha apenas dois éxons (Figura 2). Apesar de ser o ortdlogo do AtIPT9, que é um
tRNA-IPT, o PoIPT9 foi considerado, em busca pelo BLASTP, com sequéncia e
estrutura similar a do IPT5 de Populus trichocarpa, que é um ADP/ATP-IPT. Analises
de expressao génica permitirdo caracterizar melhor o papel deste gene.

Battcher et al. (2015) identificaram em V. vinifera oito IPTs, seis dos quais
agrupados com os ADP/ATP-IPTs de A. thaliana, e dois ort6logos (VVvIPT2, VIPT9)
dos respectivos tRNA-IPTs de A. thaliana. Porém, um dos genes, identificado nesse
trabalho como VVIPT15, de nimero de acesso no NCBI XM_002278900, ndo pbde ser

identificado como um IPT.
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Figura 1. Arvore filogenética da familia génica IPT envolvida na sintese de citocinina,
contendo genes de Arabidopsis thaliana (At) e os ortélogos de Passiflora organensis (Po) e
Vitis vinifera (Vv) O grupo | corresponde aos tRNAIPTSs, com base nos ort6logos de A. thaliana
enguanto os grupos Il e 111, correspondem aos ATP/ADPIPTSs.
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A estrutura desta familia génica é conservada em outras espécies, como A.
thaliana (Miyawaki et al. 2004) (Figura 2), Brassica rapa ssp. pekinensis (Liu et al.,
2013) e V. vinifera (Bottcher et al. 2015) (Figura 2). Em geral, os ADP/ATP-IPTs
apresentam um Gnico éxon ou no maximo dois. Enquanto os tRNA-IPTs apresentam em

torno de dez éxons e nove introns (Figura 2).
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Figura 2. Estrutura dos genes da familia IPT Genes em azul sdo de Passiflora organensis (Po) e
em cinza de Arabidopsis thaliana (At).

O alinhamento das sequéncias de aminoacidos de IPTs de P. organensis,
Arabidopsis e Vitis vinifera, mostrou que apenas algumas caracteristicas estruturais

foram conservadas, sendo identificadas quatro regides mais similares entre si (Figura 3).
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KGVPHHLLG-
CGVPHHLLG-
RGVPHHLLG-
LGVPHHLLGT
GGVPHHLLG-
RGVPHHLLG-
CGVPHHLLG-
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RGVPHHLLG-
KEVPHHLVD-

*

ELAKR-LNGE

160 170

-TVSPNVEFT
VVNSNS-EFS
IRNPNS-EFT
VVDPDT-DFT
EVDPDEGEFT
VIDSDK-DFT
EVDPDDCDFT
-FVDPDVDYT
VINPEHGELT
-TVSSDMEFT
VLPPEA-DLT
ELNPEAGEVT
VHDTYE-DFT
QFHPQDGELT
VFDSEAGNLT
ELPPDDSELT
-ILHPSQDYS
DFDSSHAEIT
-TISSNVEFT
IAHPNV-DFT
IAHPNV-DFT
IAHPNV-DFT
IADPNT-NFT
-ILHPSEDYS

120

NMVDV----P

SVVP--MTTV
CAATTACSVP
SG-WARMDST

PGGLT--MAV
PGDLT--MDV
STQYA--SRR
GLNME----L
RLFGTTCSV-

AKEFRDSAIL
ATDFCDMTSL
ATDFCDMTSL
SEDFRIHASL
PFDFRVAGGL
SEDFRTNASL
PSEFRVAGGL
TQDFSNDAHQ
AGEFRSAASN
ARDFRDFTVP
AANYCHMANL
AAEFRVMAAE
AEDFQREAIR
PAEFRSLATL
ATQYSRLASQ
TSEFRSLASR
VGQFYDDGRQ
PSQFRSVAAA
SKDFRDSAIP
ASDFRDMASL
ASDFRDMASL
ASDFRDMASL
AMDFCHHASL
VGQFFEDARE
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DFYDGLKI
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DIYKGFET
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DVYKGLDV
DIYSGLDI
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DVYEGLDI
DVYEGLDI
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AVESILTRGL
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ALDHIIGNGH
VVKEITSRQOK
LIEEIVSRNH
SIESVLNRGK
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ATKDILNRGR
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SIESILGGRR
AIQSITARNR
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Figura 3. Alinhamentos de regiGes das sequéncias proteicas das PolPTs, de Passiflora
organensis, com os AtIPTs, de Arabidopsis thaliana e as VVIPTs, de Vitis vinifera. A linha
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Clustal Co mostra o grau de conservacdo entre as sequéncias, sendo representados por [ * ] 0s
aminoacidos totalmente conservados, [ : ] altamente conservados e a auséncia de simbolos
indica que ndo ha conservacéo entre os residuos.

Familia génica LONELY GUY (LOG)

Da familia génica LOG, responsavel pela ativacdo das citocininas nas etapas
seguintes da biossintese (Kuroha et al. 2009), foram identificados em P. organensis dez
genes LOG que, em comparacdo com os de A. thaliana e V. vinifera puderam ser
organizados em quatro clados (Figura 4). Todos eles apresentavam sete éxons (Figura
5). Dois deles, PoLOG10 e PoLOG11 nédo tiveram correspondéncia com os de A.

thaliana (Figura 4).

= oe
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100 PoLOG7
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PoLOG5b
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PoLOG8

£
82
VWLOG1b

100 VvLOG8a

= WLOGSb
P ALOGS
93

AtLOGY
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Figura 4. Arvore filogenética da familia génica LOG envolvida na sintese de citocinina,
contendo genes de Passiflora organensis (Po) e os ortélogos de Arabidopsis thaliana (At) e
Vitis vinifera (Vv).
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Figura 5. Estrutura dos genes da familia LOG Genes em azul sdo de Passiflora organensis (Po)
e em cinza de Arabidopsis thaliana (At).

Em V. vinifera, Bottcher et al. (2015) identificaram dez genes, assim como em
P. organensis Foram identificados em Populus trichocarpa, 13 genes LOG, e em
Prunus persica ha sete (Immanen et al. 2013) enquanto Arabidopsis thaliana possui
nove (Kuroha et al. 2009). Possivelmente, ocorreu um evento de duplicacdo, do gene
LOG5 em P. organensis (Figura 4). E isso foi observado também em outras espécies,
para 0 mesmo gene, como em V. vinifera que possui também dois (VVLOGba e
VWLOG5b) (Bottcher et al. 2015) (Figura 4) e P. trichocarpa que possui quatro
paralogos (PtLOGb5a-d) (Immanen et al. 2013).

No alinhamento das proteinas da familia LOG foram observadas duas regides
altamente conservadas: LEELLEVITW entre os aminoacidos 130 e 140, e
GLLNVDGY'YN entre os residuos 150 e 160 (Figura 6).




ol wiwssre |t wimiore fweanil e vmlimresmiall wwimme Lo wmnll o vie]ensies |
110 120 130 140 150
PoLOG_1 KAVNDMHQRK AEMARQSDAF IALPGG-YGT [LEELLEVITW| AQLGIHEKPV
PoLOG_2 KAVSDMHQRK AEMARQADAF ITLPGG-YGT |LEELLEVITW| AQLNIHRKPV
PoLOG_3 KAVADMHQRK AEMARHSDAF IALPGG-YGT |LEELLEVITW| AQLGIHDKPV
PoLOG_4 KAVADMHQRK AEMSRHSDAF IALPGG-YGT |LEELLEVIAW| AQLGIHDKPV
PoLOG_5A RPVAGMHQRK AEMARHSDCF IALPGG-YGT |LEELLEVITW| AQLGIHDKPV
PoLOG_5B KPVANMHQRK AEMARHSDCF IALPGG-YGT |LEELLEVITW| AQLGIHDKPV
PoLOG_7 RAVSDMHQRK AEMARQADAF IALPGG-YGT |LEELLEVITW| AQLNIHRKPV
PoLOG_8 KTVADMHQRK AEMARHADGF IALPGG-YGT [MEELLEIIAW| SQLGIHDKPV
PoLOG_10 KAVSGMHQRK AEMARQADAF IALPGG-YGT |LEELLEVITW| AQLGIHDKPV
PoLOG_11 KAVSGMHQRK AEMARQADAF LALPGG-YGT |LEELLEVITW| AQLGIHDKPV
AtLOG_1 KAVADMHQRK AEMAKHSDAF IALPGG-YGT |LEELLEVITW| AQLGIHDKPV
AtLOG_2 ITVSTMHORK AEMGRQADAF IALPGG-YGT |FEELLEVITW| SQLGIHTKPV
AtLOG_3 RAVADMHQRK AEMAKHSDAF IALPGG-YGT |LEELLEVITW| AQLGIHDKPV
AtLOG_4 RAVADMHQRK AEMARHSDAF IALPGG-YGT |LEELLEVITW| AQLGIHDKPV
AtLOG_5 IAVADMHERK AEMARHSDCF IALPGG-YGT |LEELLEVIAW| AQLGIHDKPV
AtLOG_6 KEVADMHQRK AVMAKHSDAF ITLPGG-YGT |LEELLEVITW| AQLGIHDKPV
AtLOG_7 KAVADMHQRK AEMARQADAF IALPGG-YGT |LEELLEVITW| AQLGIHRKPV
AtLOG_8 RVVADMHERK AAMAQEAEAF IALPGG-YGT [MEELLEMITW| SQLGIHKKTV
AtLOG_9 RIVSDMHERK ATMAQEAGAF IALLGERYET [MEELLEMITW|AQLGIHKKTV
VvLOG_1A KAVADMHQRK AEMARHSDAF IALPGG-YGT |LEELLEVITW| AQLGIHDKPV
VvLOG_1B KIVSSMHERK SEMAKRADAF IALPGG-YGT [MEELLEMVTW| SQLGIHGKPV
VvLOG_3 KAVADMHQRK AEMAKHSDAF IALPGG-YGT |LEELLEVIAW| AQLGIHDKPV
VvLOG_5A RPVADMHQRK AEMARHSDCF IALPGG-YGT |LEELLEVITW| AQLGIHDKPV
VvLOG_5B RPVADMHQRK AEMARHSDCF IALPGG-YGT |LEELLEVITW| AQLGIHDKPV
VvLOG_7 RAVSHMHERK AEMARQADAF IALPGG-YGT |LEELLEVITW| AQLGIHKKPV
VvLOG_8A VIVSDMHERK AEMASRADAF IALPGG-YGT [MEELLEVIAW| AQLGIHDKPV
VvLOG_8B RIVSDMHERK AEMAQEADAF IALPGG-YGT [MEELLEMITW| SQLGIHKKPV
VvVLOG_10A  RAVSGMHQORK AEMARQADAF IALPGG-YGT |LEELLEVITW| AQLGIHDKPV
VvLOG_10B  KTVADMHQRK SEMAKNADAF IALPGG-YGT |MEELLEMITW| SQLGIHEKPV
Clustal Co * **:tt *‘ - * ::* * *  * :*****:::* :*t.** *‘t
o lisiwalll sivwmelioredll momilillibonill], sosvimlindiall e |isimall
160 170 180 190 200
PoLOG_1 GLLNVDGYYN| SLLSFIDKAV EEGFISPSAR HIIVSAPTPR ELVKKMEEYL
PoLOG_2 GLLNVDGYYN| SLLSFIDKAV DEGFISPEAR CIIVSAPTAK QLFTQLEEYV
PoLOG_3 GLLNVDGYYN| SFLSFIDKAV EEGFINPSAR TIIISAPSPR ELVKKLEEYV
PoLOG_4 GLLNVDGYYN| SLLSFIDKAV EEGFVDPGAR TIIVSAPTAK DLMKKLEEYV
PoLOG_5A GLLNVDGYYN| FLLTFIDKAV DDGFILPSQR SIIVSAPNAK ELVQKLEEYV
PoLOG_5B GLLNVDGYYN| YLLTFIDKAV DDGFIKPSQR SIIVSAPNAK ELVKKLEEYV
PoLOG_7 GLLNIDGFYN| SFLSFIDKAV DEGFISPEAR RIIVSAPTAK QLVTQLEEYV
PoLOG_8 GLLNVDGYYN| SLLALFDRGV EDGFIENSAR QIVVIADTAA ELIKRMEEYA
PoLOG_10 GLLNVDGYYN| SLLTFIDKAV DEGFIAPAAR HIIVSAQTAH ELMSRLEEYE
PoLOG_11 GLLNVDGYYN| SLLSFIDKAV DEGFITPTAR HIIVSAQTAH QLLSKLEEYQ
AtLOG_1 GLLNVEGYYN| SLLSFIDKAV EEGFISPTAR HIIVSAPSAK ELVKKLEDYV
AtLOG_2 GLLNVDGFYD| SLLTFIDKAV DEGFVSSTAR RIIVSAPNAP QLLQLLEEYV
AtLOG_3 GLLNVDGYYN| SLLSFIDKAV EEGFISPTAR EIIVSAPTAK ELVKKLEEYA
AtLOG_4 GLLNVDGYYN| SLLSFIDKAV EEGFISTNAR QIIISAPTAK ELVKKLEEYS
AtLOG_5 GLLNVDGYYN| YLLTFIDKAV DDGFIKPSQR HIFVSAPNAK ELVQKLEAYK
AtLOG_6 GLLNVDGYYD| ALLLFIDKAV EEGFILPTAR HIIVSAPTAR ELFIKLEEYV
AtLOG_7 GLLNVDGYYN| SLLTFIDKAV DEGFISPMAR RIIVSAPNAK ELVRQLEEYE
AtLOG_8 GLLNVDGYYN| NLLALFDTGV EEGFIKPGAR NIVVSAPTAK ELMEKMEEYT
AtLOG_9 GLLNVDGYYN| NLLAFFDTGV EEGFIKQGAC NIVVSAPSAR ELMEKMELYT
VvLOG_1A GLLNVDGYYN| SLLSFIDKAV EEDFISPSAR HIIVSAPTAR ELMKKLEEYF
VvLOG_1B GLLNVDGYFN| SLIELFDKGV EEGFIVDSER HIIVSADTAE ELMKKMEEYA
VvLOG_3 GLLNVDGYYN| SLLSFIDKAV EEGFISPSAR HIIVSAPTAE ELVKKLEEYV
VvLOG_5A GLLNVDGYYN| YLLTFIDKAV DDGFIKPSQR HIIVSAPNAR ELVQKLEEYV
VvLOG_5B GLLNVDGYYN| YLLTFIDKAV DDGFIKPSQR HIIVSAPNAK ELVQKLEEYV
VvLOG_7 GLLNVDGYYN| SLLSFIDKAV DEGFVSPTAR RIIVSAPTAK ELVRELEEYV
VvLOG_8A GLLNVDGYYD| CLLGLFDKGV EEGFIKPSAR SIVVSAKTAR ELIQKMEDYI
VvLOG_8B GLLNVDGYYN| FLLALFDNGV KEGFIKPGAR HIVVSAPTAK ELLVKMEQYT
VvLOG_10A  |GLLNVDGYYN|SLLSFIDKAV DEGFITAAAR QIIVSAPTAQ ELLCKLEEYV
VvLOG_10B  |GLLNVDGYYN|SLLTLFDKGV EEGFIEDSAR NIMISATTAE ELIKKMEEYA
Clastal Co: "*#EX&E s 13 8% % g™ Tieistll * O
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Figura 6. Alinhamentos de regifes das sequéncias proteicas dos PoLOGs, de Passiflora
organensis, com os AtLOGs, de Arabidopsis thaliana e os VVLOGs, de Vitis vinifera A linha
Clustal Co mostra o grau de conservacao entre as sequéncias, sendo representados por [ * ] os
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aminoacidos totalmente conservados, [ : ] altamente conservados e a auséncia de simbolos
indica que ndo ha conservacdo entre os residuos.

Familia génica CYTOKININ OXIDASE/DEHYDROGENASES (CKX)

A familia génica CYTOKININ OXIDASE/DEHYDROGENASES (CKX) codifica
as enzimas que catabolizam as citocininas (Werner et al. 2001). Em P. organensis,
foram identificados nove CKX, distribuidos em quatro clados (Figura 7). Estes genes
apresentaram estrutura génica mais diversa, tendo de quatro a seis éxons (Figura 8),
assim como observado em outras espécies (Tan et al. 2018; Liu et al. 2013; Immanen et
al. 2013). Como A. thaliana possui sete CKX (Schmilling et al. 2003), podemos
considerar que em P. organensis houve duas duplicacdes, nos genes PoCKXla-b e
PoCKX7a-b (Figura 7). Em V. vinifera foram identificados oito genes, mas nessa
espécie ha trés ortdlogos do AtCKX3 (VvCKX3a-c) (Bottcher et al. 2015) (Figura 7).

100 VvCKX3a
100 VVCKX3b
100 VWCKX3c
L [ PoCKX3 Grupo |
. 100 ¢ PoCKX2
PRl AtCKX3
[ AICKX2
100! AtCKX4
ALCKX7 7
* VVCKX7
e PoCKX7a Grupo
100 PoCKX7b -
0 VWCKX5
100 PoCKX5 Grupo Il
ACKX5
AICKX1
100 PoCKX1a
- PoCKX1b

VWCKX1
AtCKX6

VWCKX6

10
ag PoCKX6a
38 PoCKX6b
0.050

Figura 7. Arvore filogenética da familia génica CKX envolvida na degradac&o de citocinina. A
arvore contém membros de Passiflora organensis (Po) e os ortélogos de Arabidopsis thaliana
(At) e Vitis vinifera (Vv).
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Em outras espécies ha uma variacdo quanto ao nimero e a estrutura dos CKX,
como em P. trichocarpa que contém oito ortdlogos e P. persica que possui seis
(Immanen et al. 2013) mostrando que nessa familia ha eventos de delecéo e duplicagdo

com frequéncia.

AICKX1 —— — —

PoCKX1a G G GEND GEND G
PoCKX1h CEENEEED G GEND GIND GENND
AtCKX6 — — —

PoCKx6a GEIIENES G GEED GEND GEED
PoCKx6h GEIINNNED G GEED GEND G

s I S

POCKX5 N - - G -G
AICKXT7 —
PoCKX7a G G -G ——
PoCKX7h CEENNED G G —

AICKX2 — —
AICKX4 —
AICKX3 — — —
POCKX2 L L —
POCKX3 G G GED GEED GEEED
5 1 1 1 I L ! 1 3
0bp 500bp 1000bp 1500bp 2000bp 2500bp 30005p 3500bp

Legend:

Exon — Intron

Figura 8. Estrutura dos genes da familia CKX Genes em azul sdo de Passiflora organensis (Po)
e em cinza de Arabidopsis thaliana (At).

Nas proteinas CKXs foram observadas duas regides altamente conservadas e
similares as encontradas em outras espécies: PHPWLN, entre os residuos 450 e 460 e
PGQ-IF entre as posicdes 590 e 600 (Figura 9).

Em uma anélise da estrutura proteica dos CKXs em milho, arroz, Arabidopsis e
outras espécies, foi identificada baixa similaridade de sequencia entre as diferentes
proteinas CKX, embora cerca de um terco de todas as posi¢Ges de aminoacidos sejam

altamente conservadas (Schmulling et al. 2003).
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eleceel cveeloceel voeeleneel coveleeel caeeleaasl
460 470 480 490 500
PoCKX 1A EVPHPWVNIM IPKSKILEFA REVFGSILT- -GSRNGPILV YPVNKSKWN-
PoCKX 1B EVPHPWLSIM IPKSKILEFA QEVFGNILT- -GNRNGPILI YPVNKSKWNI
PoCKX 2 DIPHPWLNIF LPKSSITDFN SGVFRDIVLR RNITTGPLLF YPMNRNKWN-
PoCKX 3 DVPHPWLNIJF IPKSSISAFN SGVFRDIVLQ RNITTGPVLF YPMNRNKWH-
PoCKX 5 EVPHPWLNIF VPKSKIAAFD EGVFKGILGT -NKTSGPILI YPMNKNKWD-
PoCKX 6A EVPHPWLNIF IPKSKIDSFA REVFGNILS- -DTSNGPILI YPVHKSKWD-
PoCKX 6B EVPHPWLNIL IPKSKIHNFA EGVFGNILS- -GSSNGPILM YPVHKSKWD-
PoCKX_7A NAPHPWLNIF VSKNDIVNFD REMFKNLLK- -EGVGGPMLL YPLLRSK-WD
PoCKX_ 7B DAPHPWLNIF VSKKDITDFD RVVFKRMLK- -EGVGGPMLL YPLVRSKRWD
AtCKRX 1 EVPHPWLNIL IPKSSIYQFA TEVFNNILT- -SNNNGPILI YPVNQSKWK-
AtCRX 2 ELPHPWLNIY VPKSRILDFH NGVVKDILLK QKSASGLALL YPTNRNKWD-
AtCKX 3 DVPHPWLNIF VPKTQISKFD DGVFKGIILR NNITSGPVLV YPMNRNKWN-
AtCKX 4 EVPHPWLNIF VPGSRIQDFH DGVINGLLLN QTSTSGVTLF YPTNRNKWN-
AtCKX 5 EVPHPWLNIF VPKSRISDFD KGVFKGILG- -NKTSGPILI YPMNKDKWD-
AtCKX 6 EVPHPWLNIL VPRSKINEFA RGVFGNILT- -DTSNGPVIV YPVNKSKWD-
AtCKX 7 ETPHPWLNIJF VSKRDIGDFN RTVFKELVK- -NGVNGPMLV YPLLRSR-WD
VvCKX 1 EVPHPWLNIL IPKSRIHDFA KEVFGNILR- -DTGNGPILI YPVNKSKWN-
VvCKX_ 3A DVPHPWLNIJF VPRSSISDFN SGVFRDILPK INQTTGPFLV YPMIRNKWD-
VvCKX 3B DVPHPWLNIF VPGSRISDFN SGVFRDILPK INQTTGTFLV YPVIRNKWD-
VvCKX 3C DVPHPWLNIF VPKSRISDFN SGVFRDIILK TNQTVGPLLV YPMIRNKWD-
VvCKX 5 DVPHPWLNIF VPRSRIADFD EGVFKGILG- -NKTSGPILI YPMNKNKWD-
VvCKX 6 EVPHPWLNIL,. VPKSKIHNFA EEVFGKILK- -DTSNGPILI YPVNKSKWD-
VVCKX_7 DAPHPWLNIL VSKRDIADFD RTVFKKILR- -DGVGGPMLV YPLLRSK-WD
Clustal Co wkrkigas 8 L : :e o Sw EEY e
olliwvminil smmimllioe el womiallsmiome | wissonni o wmee || ossneioloiavass |
560 570 580 590 600
PoCKX_1A AGIGARQYLP YYTTREEWQA HFG-PRWEVF VQRKLTYDPL AILAPGQRVE
PoCKX 1B ASLGIKQYLP HYTTQEEWRA HFG-SRREVF LQRKLRYDPL AILAPGQKIH
PoCKX_2 KGLGVKQYLP HFTSQEEWID HFG-LKWKTF RERKARYDPK TLLYPGQRIH
PoCKX_3 AGIQVKQYLP HYTTQEHWIH HFG-SKWNTF RERKAQFDPK LMLYPGQKIH
PoCKX 5 AGIKAKQYLP HYTTQEQWMD HFG-DEWALF HKRKMEFDPR RILATGQRIE
PoCKX_6A ERLGVKQYLP HYTTKEEWKA HFG-PRWEVF VQRKSTYDPL AILAPGQRIE
PoCKX_ 6B ERLGVKQYLP HYTAQEEWKS HFG-LRWEVF VQRKSMYDPL AIFAPGQRIE
PoCKx:ﬁA KGFDFKLYLP HYKSQDEWKR HFG-DQWSRF VELKDSFDPR AILAPGQKIH
PoCKX_7B RSFDFKLYLP HYKTQDEWKR HFG-NQWQRF VERKASFDPM AILAPGQKIE
AtCKX 1 ANLNVKQYLP HYETQKEWKS HFG-KRWETF AQRKQAYDPL AILAPGQRIH
AtCKX 2 SGIKIKQYLM HYTSKEDWIE HFG-SKWDDF SKRKDLFDPK KLLYPGQDIE
AtCKX 3 ANMGVIQYLP YHSSQEGWVR HFG-PRWNIF VERKYKYDPK MILSPGQONIH
AtCKX 4 SGIKIKEYLM HYTRKEDWVK HFG-PKWDDF LRKKIMFDPK RLLSPGQDIE
AtCKX 5 AKINVKQYLP HHATQEEWVA HFG-DKWDRF RSLKAEFDPR HILATGQRIE
AtCKX_ 6 AGIGLKQYLP HYTTREEWRS HFG-DKWGEF VRRKSRYDPL AILAPGHRIH
AtCKX 7 NGIDYKLYLP HYKSQEEWIR HFG-NRWSRF VDRKAMFDPM AILSPGQKIH
VvCKX 1 ARLGMKQYLP HYSTQDKWQA HFG-PKWEVF VKRKSTYDPL AILAPGQRIE
VvCKX_3A AGIKIKRYLS RYTTKEDWMN HFG-PKWRTF EDRKAQFDPK MILYPGQQIH
VvCKX_3B AGIKIKRYLS RYTTKEDWMN HFG-PKWRTF EDRKAQFDPK LILSPGQQIE
VvCKX_ 3C AGIKIKQYLP RYTTKADWMN HFG-PKWKIF EDRKAQFDPK NILSPGQRIE
VVvCKX 5 AGIKVKQYLP HYTTQEDWVD HFGDDKWTLF SKRKMDFDPR RILATGQRIE
VvCKX_6 ARLGVKQYLP HYTTQEEWRT HFG-PRWEAF AQRKSAYDPL AILAPGHRIH
VVCKX 7 NGFDFKLYLP HYQSEEGWKR HFG-NRWTRF VERKARFDPM AILAPGQKIH
clustal Co . * * * * * % " * * sk k .. * e *

Figura 9 Alinhamentos de regifes das sequéncias proteicas codificadas pelos genes POCKX, de
Passiflora organensis, com os AtCKX, de Arabidopsis thaliana e os VVCKX, de Vitis vinifera.
A linha Clustal Co mostra o grau de conservacao entre as sequéncias, sendo representados por [
* ] os aminoacidos totalmente conservados, [ : ] altamente conservados e a auséncia de simbolos
indica que ndo ha conservacao entre os residuos
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Familias génicas RESPONSE REGULATORs (RRs do tipo A e do tipo B)

Os genes que respondem a citocinina sdéo os RESPONSE REGULATORs, que
por terem sido inicialmente identificados em Arabidopsis, foram denominados
ARABIDOPSIS RESPONSE REGULATORs (ARRs), sendo duas classes: ARRs do tipo
A e do tipo B. Os ARRs do tipo B codificam fatores de transcricdo com um dominio de
ligacdo ao DNA C-terminal e um dominio receptor N-terminal, enquanto os fatores do
tipo A possuem um receptor N-terminal, mas ndo um dominio de ligagdo ao DNA (Xie
et al. 2018). Os reguladores de resposta do tipo B respondem positivamente a citocinina,
transcrevendo os genes alvo, entre eles 0s ARRs do tipo A. Os ARRs do tipo A, por sua
vez, podem regular negativamente a resposta a citocinina primaria por meio de um
feedback negativo, reprimindo a agdo dos ARRs do tipo B (Heyl et al. 2003).

No presente estudo, identificamos em P. organensis, dez RRs do tipo A (PoRRS,
PoRR4, PoRR5, PORR6, PORR8, PORR9, PoRR16a, PORR16b, PORR17a e PORR17b), e
11 RRs do tipo B (PoRR1, PoRR2, PORR10, PoRR11a, PoORR11b, PORR12, PORR13,
PoRR14, PoRR18a, PoRR18b e PoRR21) (Figura 10). O numero de genes RRs
identificados em P. organensis foi igual ao identificado previamente em A. thaliana,
que possui também dez ARRs do tipo A (ARR3, ARR4, ARR5, ARR6, ARR7, ARRS,
ARR9, ARR15, ARR16 e ARR17) e 11 ARRs do tipo B (ARR1, ARR2, ARR10, ARR11,
ARR12, ARR13, ARR14, ARR18, ARR19, ARR20 e ARR21) (D’Agostino et al. 2000).
Fernandes et al. (2009) identificaram em Vitis vinifera, quatro ARRs do tipo A e seis
ARRs do tipo B.
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Figura 10. Arvores filogenéticas das familias génicas envolvidas na resposta a citocinina,
contendo sequencias de Passiflora organensis (PORR) e os ort6logos de Arabidopsis thaliana
(ARR).

A estrutura génica dos RRs em P. organensis foi similar a observada em A.

thaliana e V. vinifera, tendo quatro a seis éxons nos PoRRs do tipo A e do tipo B
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(Figura 11). Contudo, os genes da familia PORR do tipo A possuem tamanho menor, em

torno de 1700 pb, com exce¢do do PoRR17b que apresentou em torno de 4200 pb
(Figura 11). Os PoRRs do tipo B apresentaram de 2100 a 4800 pb (Figura 11).
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Figura 11. Estrutura dos genes da familia ARR Genes em azul sdo de Passiflora organensis
(Po) e em cinza de Arabidopsis thaliana (At).

Nas proteinas ARRs do tipo A foi observada uma regido 100% conservada,

contendo sete aminoacidos — HVLAVDD, localizada entre os residuos 110 e 120

(Figura 12).
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Figura 12. Alinhamentos de regides das sequéncias proteicas dos RRs do tipo A, sendo PoORR,
de Passiflora organensis, 0s ARR, de Arabidopsis thaliana e 0s VVRR, de Vitis vinifera A linha
Clustal Co mostra o grau de conservagao entre as sequéncias, sendo representados por [ * ] os
aminoacidos totalmente conservados, [ : ] altamente conservados e a auséncia de simbolos
indica que ndo ha conservacao entre os residuos.

Nas proteinas ARRs do tipo B, a regido 100% conservada observada tinha

apenas quatro aminoacidos — SHLQ - localizados entre as posi¢des 320 e 330, e

precedidos por residuos pouco conservados (Figura 13).
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Figura 13. Alinhamentos de regides das sequéncias proteicas das RRs do tipo B, sendo PoRR,
de Passiflora organensis, ARRs, de Arabidopsis thaliana e VVRRs, de Vitis vinifera A linha
Clustal Co mostra o grau de conservagao entre as sequéncias, sendo representados por [ * ] os
aminoacidos totalmente conservados, [ : ] altamente conservados e a auséncia de simbolos
indica que ndo ha conservacao entre os residuos.

Filogenia e estrutura dos genes candidatos envolvidos no metabolismo e resposta a
giberelina
Familias GA3OXIDASE GA200XIDASE
GA20XIDASE (GA20x)

H& duas familias de genes envolvidas na sintese de giberelina (GA3ox e

génicas (GA30x), (GA200x) e

GA200x) e uma envolvida na degradacdo (GA20x). As proteinas codificadas pelos genes
GA20x, formaram claramente dois grupos: um formado pelos homologos PoGA20x2, 3,
4a, 4b, 6a e 6b, e seus ortdlogos em A. thaliana e V. vinifera, e outro formado por
PoGA20x7 e 8 e seus ortdlogos (Figura 14). Dos GA3ox, foram identificados quatro em

P. organensis (Figura 14).
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Figura 14. Arvores filogenéticas das familias génicas envolvidas no metabolismo de giberelina,
contendo sequencias de Passiflora organensis (Po) e os ortologos de Arabidopsis thaliana (At)
e Vitis vinifera (Vv): (A) GA20x; (B) GA3ox; (C) GA200x.
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Em P. organensis, as trés familias génicas apresentam estrutura conservada, e
semelhantes as estruturas dos homologos em A. thaliana e V. vinifera. Os genes
PoGA3ox apresentaram dois exons, enquanto os PoGA2o0x e PoGA200x apresentaram

trés exons, assim como em A. thaliana (Figura 15).
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Figura 15. Estrutura dos genes das familias GA20x, GA3ox e GA200x. Genes em azul sdo de
Passiflora organensis (Po) e em cinza de Arabidopsis thaliana (At).

Giacomelli et al. (2013) apresentaram uma hipdtese para o surgimento dos GA
oxidases, tendo analisado V. vinifera em comparacdo com A. thaliana. Os autores
consideraram que 0os GA oxidases teriam surgido por duplicacdo génica e posterior
neofuncionalizagéo, sendo que GA20x e GA3ox descendem de um ancestral comum.

A analise filogenética das GA200x mostrou dois grupos (Figura 14C), sendo que
um incluiu PoGA200x1, PoGA200x2, PoGA200x3 e PoGA200x4 com os ortologos de
A. thaliana (AtGA20ox1l, AtGA200x2, AtGA200x3 e AtGA200x4) e apenas 0S
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VVGA200x1 e VVGA200x2 de V. vinifera. Outro grupo incluia PoGA200x5, AtGA200x5
e 0s genes restantes de V. vinifera, VVGA200x3, VVGA200x4 e VVGA200x5. Uma analise
anterior com V. vinifera e A. thaliana mostrou que as proteinas VVGA200x
compartilham duas sequéncias conservadas, sendo um residuo LPWKET para ligacédo
de substrato e NYYPXCXXP para a ligacdo de 2-oxoglutarato. Porém, as proteinas
VVGA200x1 e VVGA200x2 ndo continham o residuo LPWKET e estes formavam um
clado com AtGA200x1 e AtGA200x2. O outro clado incluia AtGA200x5 relacionada a
VVGA200x3, VVGA200x4 e VVGA200x5, que possuiam os dois residuos (Jung et al.
2014).

As familias génicas GAOXIDASES tém sido estudadas em diferentes espécies
vegetais e a maioria dos paradlogos mostraram diferentes padrdes de expresséo tecidual
que pode também indicar especificidade funcional (Giacomelli et al. 2013; Honi et al.
2020; Cheng et al. 2021). Em Arabidopsis, hd cinco GA200x, quatro GA30x e sete
GAZ20x (Yamaguchi 2008; Rieu et al. 2008; Li et al. 2019). Para analisar as possiveis
fungdes destes genes, foram realizados estudos com mutantes. Rieu et al. (2008)
buscaram determinar os papeis fisiologicos de AtGA200x1 e AtGA200x2 e notaram
que estes genes agem de forma redundante no controle das seguintes caracteristicas:
alongamento do hipocotilo e do entrend, tempo de floragdo, alongamento dos filamentos
da antera, nimero de sementes que se desenvolvem por fruto e alongamento do fruto.
Contudo, mutantes duplos atga20ox1 e atga200x2 ndo tiveram expansdo foliar e
crescimento das raizes afetados, indicando que os outros paralogos da mesma familia
contribuem para os processos de desenvolvimento examinados (Rieu et al. 2008). Em
relacdo aos AtGA20x, ha evidéncias de que estes paralogos apresentam especificidade
funcional, pois todos os sete genes identificados desta familia apresentam expressdo
diferencial nos tecidos de plantas juvenis, além de apresentarem diferentes respostas a
condicdes de estresse (Li et al. 2019).

Nas familias GA20x e GA30ox houve pouca conservacdo das sequéncias em geral

(Figura 16) Contudo, a regido NHGvV foi observada em ambas as familias.
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PoGA20x_4A VSSLIVKACE EYGFFKVINH GVPODIIAKL EQESISFFAK SFMEKEQAGP
PoGA2ox_4B VSSMIVKACE EYGFFKVINH GVPQETIAKL DQESISFFSR SFREKEQAGP
PoGAZox_GA VSELIVKACE DYGFFRVVNH GVIKMEVTARL EEEGAEFFAK PASEKQRAGP
POGAZOX_GB VSELIVKACG EYGFFRVVNH GIKTEVTARL EDEGTEFFAK SAMEKQRAGT
PoGAZox_7 CMKELAEAAR EWGFFQVINH GVPREVLKRM LRKQKKVFHQ PFKKKVDYKF
PoGA2ox_8 CAAAICSASA EWGFFQVVNH GIISPQILGKM RKEQVKLFQT PYQTKASCG-
AtGAZox_l SKHALVKACE DFGFFKVINH GVISAELVSVL EHETVDFFSL PKSEKTQVAG
AtGAZox_Z AKTRIVKACE EFGFFKVVNH GVRPELMTRL EQEAIGFFGL PQSLKNRAGP
AtGA20x_3 AKTQIVKACE EFGFFKVINH GVRPDLLTQL EQEAINFFAL HHSLKDKAGP
AtGAZOx_4 VSMQIVKACE SLGFFKVINH GVDQTTISRM EQESINFFAK PAHEKKSVRP
AtGAZox_G LSEKIVKACE VNGFFKVINH GVKPEIIKRF EHEGEEFFNK PESDKLRAGP
AtGAZox_7 CVKQMVAAAK EWGFFQIVNH GIPKDVFEMM LLEEKKLFDQ PFSVKVRERF
AtGAZox_B CKEAIARASR EWGFFQVINH GI|SMDVLEKM RQEQIRVFRE PFDKKSKSE-
VVGAZOx_l AKAHMVEACE EFGFFKLVNH GVPMEFMSRL EDEGIKFFSL PQSEKDLAGP
VVGAZOx_Z SKHLVVKSCE EFGFFKVINH GIPLELISRL ETEVIEFFSL SLSEKQKAGP
VvGA20x_3 SKALLIEACQ EFGFFKVINH GVIPMDLISKL EAEAINFFSL PLSEKEKAGP
VvGA2ox_4 VAELIVKASQ EFGFFKVINH GVPEDVIRKM EEESFNFFGK PDSEKKKAGP
VvGAZox_G IAELIVNACE DYGFFKVVNH GVPKEIIGRL EEEGLSFFAK PSSEKQKAGP
VvGAZox_7A CKRKICEAST EWGFFQIVNH GVISKEILSRI HREQVELFRQ PFQIKTNEKL
VVGAZox_7B CASAIGRASS KWGFFQVVNH GIRPELLSEM RREQVKLFET PFERKAACQ-
VvGA2ox_7C --------------- LLVNH GI|SSDIVAWL RSEQVKLFRQ PFNKKANEKL
VvGA20x_8 CKKEIARASQ EWGFFQVINH GVSSEILEDM RSKQMQVFKQ PFRLKTNHQY
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Figura 16. Alinhamentos de regifes das sequéncias proteicas das GA2ox e GA30x, sendo
PoGA20x e PoGA3ox, de Passiflora organensis, AtGA2ox e AtGA3ox, de Arabidopsis
thaliana e VVGA20x e VVGA3o0x, de Vitis vinifera. A linha Clustal Co mostra o grau de
conservacdo entre as sequéncias, sendo representados por [ * ] os aminoacidos totalmente
conservados, [ : ] altamente conservados e a auséncia de simbolos indica que ndo ha
conservagéo entre os residuos.

A familia PoGA20x apresentou poucas regides totalmente conservadas (Figura
17), assim como as PoGA20x e PoOGA2ox. Contudo, as sequéncias LPWKET entre 0s
residuos 155 e 161, e NYYPXCXXP, entre 240 e 250, mostraram-se conservadas entre
as espécies analisadas.

Em arroz (Oryza sativa), OsGA200x1 apresentou maior similaridade de
sequencia com o ortélogo de Arabidopsis AtGA20ox1 (Sakamoto et al. 2004) A

sequéncia consenso NYYPXCXXP de ligacdo ao 2-oxoglutarato foi conservada em
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todas as proteinas OsGA200x (Sakamoto et al. 2004) Uma sequéncia LPWKET, que é
considerada envolvida na ligagdo dos substratos de GA, também foi conservado em
todas as proteinas OsGA200x (Sakamoto et al. 2004). Estas sequéncias consenso foram
identificadas também em milho (Zea mays) (Song et al. 2011) e em uva (Vitis vinifera)
(Jung et al. 2014).
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160 170 180 190 200
PoGAZOox_l RFSSKILPWKE TILSFCYSAED N---SSRHIQ EYFHNTMGEE FEEFGQVYQD
PoGA20ox 2 RFSSKLLPWKE TILSFRHSAEK N---S-RLIR DYFHDTMGED FEEFGRVHQE
POGA200x:3 RFFSKLPWKE TILSFRFCGDK Q---S-NTVE EYFLNVMGEE FEEFGKVYQQ
PoGAZOox_4 RFSSKILPWKE TILSFRYCPDK E---SSNIVQ EYFLDVLGEE YEEFGKVYQE
PoGA20ox 5 RYDSKILPWKE T[FSIAYRGSD S---CQLAVI DYIKSVLGEE LEHTGWVYQR
AtGAZOox:l RFSTKILPWKE TILSFRFCDDM S---RSKSVQ DYFCDALGHG FQPFGKVYQE
AtGAZOox_2 REFSTKLPWKE TILSFQFSNDN S---GSRTVQ DYFSDTLGQE FEQFGKVYQD
AtGAZOox_3 RFSSKLPWKE TILSFKFSPEE K--IHSQTVK DFVSKKMGDG YEDFGKVYQE
AtGA200x_4 RFKENLPWKE TILSFSFSPTE KSENYSQTVK NYISKTMGDG YKDFGSVYQE
AtGAZOox_S RFSSNLPWNE TILTLAFKKGP P----- HVVE DFLTSRLGNH RQEIGQVFQE
VVGAZOOx_l —————————— -ILSFSYSAEK K---SSNAVQ EYFLNKMGED FSEFGQVYQD
VVGAZOOx_Z —————————— -ILSFRYCDDD Q---SSRIIE KYFSNVMGED FKQFGRVYQQ
VVGA200x_3 RYTSKLPWKE TILSFVYCYDS G---SKPMVA DYFKTALGED FEQIGWIYQK
VVGA200x_4 RFSLKLPWKE TILSFGFHE-N G---SESVVE DFFKSTLGEE FEQTGLVYQK
VvGAZOox_S RFAAKLTWKE MLTFEYHFKG D---TDSEVA DYFKNVVGED FEETGWVFQR
Clustal Co : 2 5k, * g %
> ey slwwsw | swsmlansl somdleise] wizwlssis]
210 220 230 240 250
PoGAZOox_l YCESMSTLSL GIMELLGMSL GVSR-AYFRE FFEENESIMR IINYYPPCLKP
POGAZOox_2 YCEAMSTLSL GIMELLGMSL GVSK-LHFRE FFEDNDSIMR INYYPPCLKP
PoGAZOox_3 YCDAMNTLSL GILELLGLSL GVGR-EYFRD FYDGNDSAMR IINYYPLCQKP
PoGA200x_4 YCDAMNSLSL GIMELLGLSL GVGQ-EYLRD FFEGNDSSMR IINYYPPCQKP
POGAZOOX_S YSEAMKKLSL VIFELLAISL GVDR-LHYRK FFEDGTSIMR (NYYPPCNNC
AtGAZOox_l YCEAMSSLSL KIMELLGLSL GVKR-DYFRE FFEENDSIMR IINYYPPCIKP
AtGAZOox_Z YCEAMSSLSL KIMELLGLSL GVNR-DYFRG FFEENDSIMR IINHYPPCQTP
AtGAZOox_3 YAEAMNTLSL KIMELLGMSL GVER-RYFKE FFEDSDSIFR IINYYPQCKQP
AtGAZOox_4 YAETMSNLSL KIMELLGMSL GIKR-EHFRE FFEDNESIFR IINYYPKCKQP
AtGAZOox_S FCDAMNGLVM DLMELLGISM GLKDRTYYRR FFEDGSGIFR (NYYPPCKQP
VvGA200x_1 YCEAMSTLSL VIMELLGMSL GIGG-AHFRE FFEENDSIMR INYYPPCLKP
VvGAZOox_Z YCEAMSRLSL GIMELLGMSL GVGR-EYFRE FFEGNDSIMR IINYYPPCQKP
VVGAZOOx_3 YCDALKELSL GIMQLLAISL DVDS-SYYRK LFEDGYSIMR (NSYPPCKEA|
VVGAZOox_4 YCQAMKDLSL VLMELLAISL GVDR-LHYRK FFEDGSSIMR (NYYPPCQEP
VvGAZOox_S FCEAMKDLSL KIFKLLAISL NLEDTSYCEK FFEDGFAVLR (NYYPVCPES
Clustal Co s.::zt. *® o smewk ke s g B deael

Figura 17. Alinhamento de regides das sequéncias proteicas de ortdlogos de GA200x, sendo
PoGA200x, de Passiflora organensis, AtGA200x, de Arabidopsis thaliana e VVvGAZ200x, de
Vitis vinifera. A linha Clustal Co mostra o grau de conservacdo entre as sequéncias, sendo
representados por [ * ] os aminoacidos totalmente conservados, [ : ] altamente conservados e a
auséncia de simbolos indica que ndo hé conservacao entre os residuos.

Os genes codificadores de GA2ox foram divididos em dois grupos, sendo um
formado por POGA20x7 e POGA20x8 e seus ortologos de A. thaliana e V. vinifera. Em
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V. vinifera e A. thaliana, e outro por POGA20x2, 3, 4a, 4b, 6a e 6b. Resultados similares

foram observados por Jung et al. (2014).

Familia génica GIBBERELLIN-INSENSITIVE DWARF1 (GID1)

A familia génica GID1, codificadora de receptores de giberelina, em outras
espécies como A. thaliana (Nakajima et al. 2006) e V. vinifera (Acheampong et al.
2015), apresenta trés genes, sendo GID1a, GID1b e GID1c. Geralmente, os ort6logos de
GID1a e c estdo agrupados enquanto os de GID1b encontram-se em um outro grupo. No
entanto, em P. organensis, ha um ortélogo de GIDla (ou c) e dois de GID1b, tendo
ocorrido um evento de duplicagdo (Figura 18) ap6s a divergéncia entre Vitis,
Arabidopsis e Passiflora neste ultimo caso.

- AtGID1a
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‘{ VGID1a

100
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AtGID1b
Grupo Il

PoGID1b1
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0050

Figura 18. Arvore filogenética da familia GID1, contendo sequencias de Passiflora organensis
(Po) e os ortdlogos de Arabidopsis thaliana (At) e Vitis vinifera (Vv).

A estrutura de todos os ortdlogos de P. organensis foi semelhante a de A.
thaliana, em torno de 1400 a 1800pb, com dois exons e um intron, tendo o primeiro em
torno de 40pb, e 0 segundo em torno de 1200pb (Figura 19).
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Legend:

Exon — Intron

Figura 19. Estrutura dos genes da familia GID1 Genes em azul sdo de Passiflora organensis
(Po) e em cinza de Arabidopsis thaliana (At).
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Nos ortélogos putativos de GID1 foram observadas varias sequéncias 100%
conservadas: VPLNTWVLISNFKLA, entre os residuos 15 e 30; LRRPDG, entre 0s
aminoacidos 34 e 39; FFHGGSF, entre 110 e 120; HSSANSAIYD, entre 120 e 130;
CRRLYV, entre 130 e 140; YPCAY, entre 155 e 165; GDSSGGNI, entre 190 e 200; e
finalmente LPNN, entre os residuos 325 e 330 (Figura 20).

s lsw sl sillzimssl] cmie s plames] see i lsseEll  ses s lams
10 20 30 40 50
PoGIDl_A MAGGNEVNLN ESKMVVPLNT WVLISNFKLA! YNLULRRPDET FNRHLAEFLD
PoGIDl_ﬁl MAGSNEVNLN ESKRVIVPLNT WVLISNFKLA| YNLLRRPDES FNRDLAEFLD
PoGIDl_BZ MAGSNGVNLS ESKRVIVPLNT WVLISNFKLA| YNLLRRPDES FNRDLAEFLD
AtGIDl_A MAASDEVNLI ESRTVIVPLNT WVLISNFKVA| YNIILRRPDET FNRHLAEYLD
AtGIDl_B MAGGNEVNLN ECKRIVPLNT WVLISNFKLA! YKVLRRPDES FNRDLAEFLD
AtGIDl_p MAGSEEVNLI ESKTVVPLNT WVLISNFKLA| YNLLRRPDET FNRHLAEFLD
VvGIDl_A MAGSNEVNLS ESKRVVPLNT WILISNFKLA| YNIJLRRPDET FNRHLAEFLD
VVGIDI_P MAGSDEVNHN ESKRVIVPLNT WILISNFKLA| YNILRRPDET FERELAEFLE
clustal CO **..: * * *.: :***** *:******:* *:.******. *:*.***:*:
US| TR/ | RN | RS | || P | NS | SR—— | ——— |
110 120 130 140 150
PoGIDl_A VNS-EVVPVI IFFHGGSFRH SSANSAIYDT ICRRLV[GICK AVVISVNYRR
PoGIDl_ﬁl LSSTEVVPVI IFFHGGSE[TH SSANSAIYDT HCRRLVSICK VVVVSVNYRR
PoGIDl_ﬁZ LSTTEVVPVI IFFHGGSE[TH SSANSAIYDT HCRRLVSICK VVVVSVNYRR
AtGIDl_A VDG-DIVPVI LFFHGGSFRH SSANSAIYDT ICRRLV[GLCK CVVVSVNYRR
AtGIDl_P LSTTEIVPVL IFFHGGSE[TH SSANSAIYDT HCRRLV[TICG VVVVSVDYRR
AtGIDl_C VDG-EIVPVI VFFHGGSFRH SSANSAIYDT ICRRLV[GLCG AVVVSVNYRR
VVGIDI_A VTG-DIVPVI LFFHGGSFRH SSANSAIYDT ICRRLV[GICK AVVVSVNYRR
VVGIDI_B LSTTEIVPVI LFFHGGSETH SSANSAIYDY HCRRLV[GNCK AVVVSVNYRR
clustal c° *** .*******.* Xk %k :***** * **:**:***
ol s | woasirs Vommmstl] s swows | s pmlll ws sl seml wes dlllse vel
160 170 180 190 200
POGIDI_A APENHRYPCAY DDGWTALKWA TSRSWLKSKK DTKVHLYLAG DSSGGNIVHN
PoGIDl_ﬁl SPEYRYPCAY DDGWTALKWV KSRTWLQSGK DSKVHVYLAG DSSGGNIAHH
POGIDI_PZ SPEYRYPCAY DDGWTALKWV KSRTWLQSGK DSKVHVYLAG DSSGGNIAHH
AtGIDl_A APENHYPCAY DDGWIALNWV NSRSWLKSKK DSKVHIFLAG DSSGGNIJAHN
AtGIDl_B SPEHRYPCAY DDGWNALNWV KSRVWLQSGK DSNVYVYLAG DSSGGNIAHN
AtGIDl_C APENHYPCAY DDGWAVLKWV NSSSWLRSKK DSKVRIFLAG DSSGGNIVHN
VvGIDl_A APENHYPCAY DDGWAALKWV NSRPWLKSEE DSKVHIYMVG DSSGGNI[VHN
VVGIDI_B SPEHRYPCAY DDGWAALKWV KSRSWLQSGK DSKVHVYLAG DSSGGNITHH
Clustal c° :** EXERX * ok ok k '*:*. .* **:* *::* ... * *******.*:
U0 N |[ e | | P, W —, Gpp— || S———— [ ——— |—
310 320 330 340 350
PoGIDl_A EGLKKAGQNV KLLYMEQATI GFYILPNNNH FHTLMDEIRE FVSSNC----
PoGIDl_Bl EGLEKADHQV KLLYLEQATI GFYHLPNNNH FYCLMEEIKS FVSSNC----
PoGIDl_BZ EGLQKADHEV KLLHLEQATI GFYHLPNNDH FYCLMDEINT FVNCNC----
AtGIDl_A EGLKKAGQEV KLMHLEKATV GFYIILPNNNH FHNVMDEISA FVNAEC----
AtGIDl_ﬁ DGLKKTGLEV NLLYLKQATI GFYHLPNNDH FHCLMEELNK FVHSIEDSQS
AtGIDl_F EGLKKAGQEV KLLYLEQATI GFYILPNNNH FHTVMDEIAA FVNAECQ---
VVGIDI_A EGLKKAGQEV KHLYLDKATI GFYLLPNNDH FYTVMDEISN FVSSNC----
VvGIDl_B EGLKKAGQDV NLLFLEQATI GFYHLPNNDH FYCLMEEIKN FVKSNC----
Clustal Co skkeks, sk 5 B, rRKD WhKLRKRK LK kg ek *k

Figura 20. Alinhamento de regides das sequéncias proteicas de ortdlogos de GID1, sendo
PoGID1, de Passiflora organensis, AtGID1, de Arabidopsis thaliana e VvGID1, de Vitis
vinifera. A linha Clustal Co mostra o grau de conservacdo entre as sequéncias, sendo
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representados por [ * ] os aminoécidos totalmente conservados, [ : ] altamente conservados e a
auséncia de simbolos indica que ndo hé conservacao entre os residuos.

Genes DELLA

As proteinas DELLA sdo repressores transcricionais reguladas por giberelina
(Briones-Moreno et al. 2017) PODELLA1 e PoDELLAS ficaram agrupados enquanto
PoDELLAZ2a e PODELLA2b estavam em um outro grupo (Figura 21). Em comparacao
com A. thaliana, houve uma reducdo do numero de genes, que apresentava cinco
(AtDELLAL, 2, 3, 4 e 5), contudo houve uma duplicacéo do ortdlogo correspondente ao
AtDELLA2 (Figura 21). As duplicagbes de genes sdo consideradas uma das principais
forcas motrizes na evolugdo dos genomas (Xu et al. 2020). Os genes DELLA
apresentam variaces quanto ao numero nas difetentes espécies. Enquanto no tomateiro
(Solanum lycopersicum) ha apenas um gene DELLA (Bassel et al. 2004), em P.
organensis, no presente trabalho, foram identificados quatro DELLA e em Arabidopsis
ha cinco DELLA com fungdes bem estabelecidas e nomenclaturas distintas. Contudo,
utilizamos a nomenclatura DELLA para todos os genes de P. organensis identificados
porque precisariamos de analises adicionais para identificar os possiveis papeis
fisioldgicos de cada um dos ort6logos.

Em Arabidopsis, 0 AtDELLAL ¢é denominado GA INSENSITIVE (GAI) (Peng
et al. 1997) e AtDELLA3 é 0 REPRESSOR OF GA1-3 (RGA) (Silverstone et al. 1998).
RGA e GAI possuem funcges similares, reprimindo o crescimento do caule (Dill et al.
2001). Os ortdlogos PODELLAL e PODELLAS3 que identificamos, por similaridade das
sequéncias, foram agrupados com os de Arabidopsis e V. vinifera. Entdo estes podem
ser 0s GAIl e RGA de P. organensis, embora sejam necessarias analises posteriores para
diferenciar os dois genes, visto que ha diferenciacdo funcional. Os outros trés genes
DELLA de Arabidopsis sdo denominados RGA-LIKE: o AtDELLA2 no presente
trabalho € 0 RGL1, AtDELLA4 é 0 RGL2 e 0 AtDELLAS é 0 RGL3 (Lee et al. 2002).
Estudos anteriores identificaram que o RGL1 e RGL2 estariam relacionados ao
desenvolvimento floral (Wen e Chang 2002; Cheng et al. 2004). Enquanto RGL2 e
RGL3 atuariam no controle da germinacdo das sementes (Lee et al. 2002; Piskurewicz e
Lopez-Molina 2009). Identificamos, por similaridade das sequéncias, um PODELLAZ2 e
um PoDELLAS5, que poderiam corresponder ao RGL1 e RGL3 de Arabidopsis.

Contudo, como as funcdes destes genes j& estdo bem estabelecidas, seriam necessérias
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analises especificas para identificar com precisdo quais seriam esses genes em P.
organensis.

PoDELLA1

PoDELLA3
VwDELLA1
AIDELLAY
AIDELLA3

Grupo |

VVDELLA3

AIDELLA4 7
ADELLAS
AIDELLAZ
WvDELLAZ
PoDELLA2

PoDELLAS

Grupo I

Figura 21. Arvore filogenética da familia DELLA, contendo genes de Passiflora organensis
(Po) e os ortdlogos de Arabidopsis thaliana (At) e Vitis vinifera (Vv).

Os genes DELLA em P. organensis ndo apresentavam introns (Figura 22), assim
como em A. thaliana e V. vinifera (Acheampong et al. 2015).
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Figura 22. Estrutura dos genes da familia DELLA. Genes em azul sdo de Passiflora organensis
(Po) e em cinza de Arabidopsis thaliana (At).

Os ortdlogos putativos de P. organensis da familia proteica DELLA
apresentaram trés regides altamente conservadas: DELLA, entre os aminoacidos 54 e
60; VHYNP, entre os residuos 100 e 105; e SAW, entre os residuos 640 e 645 (Figura
23). A regido DELLA, que da nome a familia, fica localizada na regido N-terminal, que
é fortemente conservado entre todas as espécies de plantas superiores (Dill et al. 2001).
Contudo, as outras espécies que comparamos nesste estudo apresentaram poucas
variacOes, AtDELLA2, AtDELLAS e VVDELLAS3, e isso ja foi relatado em outras
espécies (Wang et al. 2020).

Os motivos DELLA, VHYNP (Cassani et al. 2009) e SAW estdo possivelmente

envolvidos na ligagdo com GID1 (Vera-Sirera et al. 2016).



s lemas wll! s apall wws sl ss e [Semal masells e I sws sl o md
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PoDELLA_l GGMD-ELLAJF CGYMVRSADM SEVALKLEQI EEIMGHAQED GLSQLAFD
PODELLA_Z AGMD-ELLAN LGYKIKSSEM ADVAQKLEQL EMVMGTAQED GISHLSCD
PoDELLA 3 GGMD-ELLAV LGYQVRSSDM AEVALKLEQL EEVMGHTQED GLSHLASE
PoDELLA_S AGMD-ELLAN LGYKVKSSDM ADVAQKLEQL EMVMGTAQED GISHLSCDTI
AtDELLA_l NGMD-ELLAN LGYKVRSSEM ADVAQKLEQL EVMMSNVQED DLSQLATE
AtDELLA_2 AGVD-ELLVV LGYKVRSSDM ADVAHKLEQL EMVLG----D GISNLSDE
AtDELLA_3 GNMDDELLANV LGYKVRSSEM AEVALKLEQL ETMMSNVQED GLSHLATD
AtDELLA_4 NMOD-ELLAN LGYKVRSSEM AEVAQKLEQL EMVLSN-DDV G-STVLND
AtDELLA_S DNMD-EFLANV LGYKVRSSDM ADVAQKLEQL EMVLSN-DIA SSSNAFND
VVDELLA_l AGMD-ELLAN LGYNVKASDM AEVAQKLEQL EEVIVNAQED GLSHLASE
VVDELLA_2 AGMD-ELLANV LGYNVRSSDM VDVAQKLEQL EMVMGNAQED GISHLSSG
VvDELLA_3 SDID-GLLA[G AGYKVRSTEL HQVAQRLERL ETVMVN-APS EISQLASDVL
Clustal Co * ek L N O Xk shkks: Kk * 3
sdwsmn | sas el vl © ol swe s lll oo lsms sl smnsll e emm
110 120 130 140 150
PoDELLA 1 HYNPSDMSSF LENIRSGLNL NPNF----DS VSQPSSVDNS FLAPAESSTI
PoDELLA 2 HYNPSDLSGW VQSMLSELHG A----—----— P SCDLDMLHAN QDSILGNSSS
PoDELLA 3 HYNPADLSSW LGSMLSEFNP NPSF----DS VSQQNSLDNS FLAPAESSTI
PoDELLA 5 HYNPADLSGW VQSMLSELNG T-------- P SCDLDMLLTS QDSVLGNSSE
AtDELLA_l HYNFRELYTW LDSMLTDINP P-—r—mmr-rm —moo—aeem—r e SSN-
AtDELLA 2 HYNPSDLSGW VESMLSDLDP T---—-—----— R IQE~=m==m== =—e—ee————
AtDELLA 3 HYNPSELYSW LDNMLSELNP PP----===== —cececcece-= -=- LPASSNG
AtDELLA 4 HYNPISDLSNW VESMLSELNN P--=-==----— A SSDLD===== =—==—=====
AtDELLA 5 HYNPSDLSGW AQSMLSDLN- —====—=——-— Y YPDLD-==== ==—=c——=——-
VVDELLA 1 HYNPSDLSNW LGSMLSEFNP TPN----=-== ———-— CALDNP FLPPISPLDY
VVDELLA_Z HYNPSDLSGW VQSMLTELNP PSSAFASSSQ QTPIDDPLLA PSESSTITTL
VvDELLA 3 HCNBISDIASW. VDSMLEEENP P-=sc—scue maacoomoms e
Clustal Co ¥ gedkirme 8 s :
O [ SRENE IR | | | [P AL [pp— [——
610 620 630 640 650
PoDELLA_l AFKQASMLLD IFSGGEGYSV EENNGCLMLG WHTRPLIATIS AWRQAGKPGT
PODELLA_Z AYKQASMLLA LFGGVDGYRV EENNGCLMLC WHTRPLIATIS AWQLAAVGA-
PODELLA_3 AFNQASMLLA HFAVGEGYRV EENNGCLMLG WHTRPLIAT|IS AWRLAGKSVV
PODELLA_S AFKQASMLLA LFAGGDGYRV EENNGCLMLG WHTRPLIATIS AWQLTDVDSL
AtDELLA_l AFKQASMLLA LFNGGEGYRV EESDGCLMLG WHTRPLIATIS AWKLSTN---
AtDELLA 2 AYKQASMLLA LYAGADGYNV EENEGCLLLG WQTRPLIATIS AMRINRVE--
AtDELLA:3 AFKQASMLLS VFNSGQGYRV EESNGCLMLG WHTRPLITT|S AWKLSTAAY-
AtDELLA_4 AFKQASMLLS LYATGDGYRV EENDGCLMIG WQTRPLITT|S AMKLA-----
AtDELLA_S AFKQASLLLA LSGGGDGYRV EENDGSLMLA WQTKPLIAAS AWKLAAELRR
VvDELLA_l AFKQASMLLA LFAGGDGYRV EENNGCLMLG WHTRPLIATIS AWQLANKPAL
VVDELLA_2 AFKQASMLLA LFAGGDGYRV EENNGCLMLG WHTRPLIATIS AWQLNSNENP
VVDELLA_3 AFKQASMLLT LFS-AEGYCV EEHDGCLTLG WHSRPLIAAS AWQPLLDTVI
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Figura 23. Alinhamentos de regides das sequéncias proteicas de ortélogos de DELLA, sendo
PoDELLA, de Passiflora organensis, AtDELLA de Arabidopsis thaliana e VVDELLA, de Vitis
vinifera. A linha Clustal Co mostra o grau de conservagdo entre as sequéncias, sendo
representados por [ * ] os aminoacidos totalmente conservados, [ : ] altamente conservados e a
auséncia de simbolos indica que ndo ha conservacao entre os residuos.

Conclusoes

Identificamos 0s genes relacionados a metabolismo e resposta a citocininas e
giberelinas, que incluiram oito genes PolPT, dez PoLOG, nove PoCKX, dez PoRRs do
tipo A, 11 Po RRs do tipo B, quatro GA3oxs, cinco GA200xs, oito GA20xs, trés
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PoGID1 e quatro PoODELLA. As andlises filogeneticas, de estrutura génica e de
alinhamento das sequéncias proteicas, revelaram que estas familias génicas em P.
organensis sdo conservadas e similares em nimero e estrutura as de Arabidopsis. Para a
maioria das familias génicas analisadas, as funcdes de cada pardlogo ndo sdo bem
conhecidas, com excecdo dos genes DELLA. Nossos achados serdo Uteis para estudos
futuros para inferir as fungBes destes genes e compreender seus papéis no
desenvolvimento de espécies de Passiflora bem como de outras espécies vegetais.
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CAPITULO 1V - Anélise do padrdo de expressdo génica dos genes de

metabolismo e resposta a giberelinas em Passiflora edulis

Resumo
As giberelinas (GAs) controlam o crescimento e diversos aspectos do desenvolvimento

de vegetais, inclusive a transi¢cdo da fase juvenil para a adulta vegetativa. Analisamos
por meio de RT-qPCR (Reverse Transcription quantitative PCR) a expressao relativa de
genes relacionados ao metabolismo e a resposta a GAs em plantas de P. edulis.
Comparamos plantas submetidas a pulverizacGes de GA3; em diferentes concentracgdes e
também plantas tratadas com paclobutrazol. O gene de biossintese de GA analisado, o
PoGA30x3, teve uma diminuicdo gradual em sua expressdo quanto maior foi a dose de
GA; aplicada, enquanto o gene PoGA20x8, envolvido no catabolismo de GA, e os
PoDELLA2, PoDELLA3 e PoDELLAS5, de resposta as vias de sinalizacdo de GA,
tiveram aumento em sua expressdo. A aplicacdo de paclobutrazol causou efeito oposto
ao da aplicacdo exdgena de GA; sem efeito de dose. Os resultados obtidos contribuem
para a compreensdo de como as GAs atuam durante o desenvolvimento de Passiflora e
podem servir como base para estudos de modulacdo dos niveis destes genes para
controlar a transicdo da fase juvenil para a adulta vegetativa.

Abstract
Gibberellins (GAs) control the growth and several aspects of plant development,

including the transition from juvenile to adult vegetative phase. We analyzed by RT-
gPCR (Reverse Transcription quantitative PCR) the relative expression of genes related
to the metabolism and response to GAs in P. edulis plants. We compared plants
subjected to spraying of GA; at different concentrations and also plants treated with
paclobutrazol. The GA biosynthesis gene analyzed, PoGA30x3, had a gradual decrease
in its expression followin the increase in the dose of GA3 applied, while PO0GA20x8, a
GA catabolism gene, and the PODELLA2, PODELLA3 and PoDELLAS, considered GA
signalling pathway response genes, had an increase in their expression. Paclobutrazol
had the opposite effect to that of GA3 although no dose effect was observed. These

results contribute to the understanding of how GAs act during Passiflora development
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and can serve as a basis for studies aiming to control the transition from the juvenile to

the vegetative adult phase in passion fruit.

Introducéo

As giberelinas (GAs) sdo uma importante classe de fitormonios que controlam
varios aspectos do desenvolvimento vegetal, como germinacdo das sementes,
crescimento do caule e das raizes, expansdo das folhas e florescimento (Yamaguchi
2008; Ramon 2021). Quimicamente, as GAs sdo &cidos carboxilicos tetraciclicos
produzidos a partir da via dos terpenoides (Hedden e Thomas 2012) a partir de um
esqueleto de cinco carbonos e dois grupos fosfato, o isopentenil pirofosfato (IPP)
(Lange 1998). Sua atividade biol6gica mais conhecida é o crescimento do caule, sendo
que sua descoberta ocorreu por conta de uma doenca em arroz, na qual as plantas
apresentavam um crescimento excessivo provocado pelas GAs produzidas pelo fungo
Giberella fujikuroi. Além de seus efeitos bem conhecidos no crescimento de Orgaos
vegetais, através da expansdo celular (Hedden e Thomas 2012), germinagdo das
sementes (Ogawa et al. 2003) e desenvolvimento dos frutos (Serrani et al. 2007;
Csukasi et al. 2011), as GAs possuem grande importancia no ciclo de vida das plantas
podendo estimular (Blazquez et al. 1998; Mutasa-Gottgens e Hedden 2009; Liu et al.
2020) ou inibir (An et al. 2008; Sobol et al. 2014; Li et al. 2018) o desenvolvimento
floral além de controlarem o padrdo de ramificacdo de diferentes espécies de vegetais
durante a fase juvenil (Du et al. 2017; Cheng et al. 2021).

Existem cerca de 136 GAs identificadas em diferentes espécies de plantas,
fungos e bactérias (MacMillan 2001; Gao 2017). No entanto, apenas quatro Sao
bioativas: GA;, GA3, GA; e GA; (Hedden e Sponsel 2015). A biossintese de GAs
ocorre em varias etapas, compartimentalizadas em trés locais nas células: nos
cloroplastos ocorre a formacdo do ent-caureno a partir de geranilgeranil difosfato
(GGDP) (Aach et al. 1997); posteriormente, no reticulo endoplasmaético, ha formacéo do
GA12 a partir do ent-caureno (Hedden 1997; Lange 1998); e por fim, a formacéo de
GA s bioativas no citoplasma (Hedden 1997; Suzuki et al. 1992).

As enzimas que catalisam diretamente os processos de ativacao e inativagao das
GAs sdo GA oxidases que pertencem as familias das dioxigenases dependentes de 2-
oxoglutarato (2-ODDs) (Lange e Lange 2020). As GA200XIDASES (GA200x) e
GA3OXIDASES (GA3o0x) catalisam as etapas finais na formacdo de GAs bioativas,
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principalmente GAL e GA4 (Hedden e Phillips 2000). Portanto sdo enzimas anabdlicas
no metabolismo de GA. Ha ainda outras classes de GA OXIDASES anabolicas: as
GAT7OXIDASES, identificadas em abdbora, Cucurbita maxima (Lange 1997), e pepino,
Cucumis sativus (Lange et al. 2013) e as GAS2, descobertas recentemente, que também
utilizam GA12 como substrato para gerar GAs bioativas (Liu et al. 2019; Lange e Lange
2020). Dentre as enzimas que agem no catabolismo de GAs, as principais sdo as
GA20XIDASES (GA20x), que sdo também 2-ODDs (Hedden e Thomas 2012; Lange e
Lange 2020). As GA20x inativam as GAs bioativas convertendo-as em formas inativas
por B-hidroxilacdo (Thomas et al. 1999; Hedden e Phillips 2000). Elas sdo geralmente
classificadas como C19-GA20xs ou C20-GA20xs, dependendo do nimero de atomos de
carbono dos substratos sobre os quais agem (Hedden e Thomas 2012; Lange e Lange
2020).

Vaérios estudos de identificacdo e expressao génica tém sido realizados buscando
identificar as familias GA200x, GA30x e GA20x, em Arabidopsis (Rieu et al. 2008; Li et
al. 2019), e sobretudo em espécies vegetais de interesse agronémico e comercial, como
videira (Vitis vinifera) (Giacomelli et al. 2013; Jung et al. 2014; He et al. 2019),
morango (Fragaria vesca) (Tenreira et al. 2017), ervilha (Pisum sativum) (Reinecke et
al. 2013), arroz (Oryza sativa) (Sakamoto et al. 2004), juta (Corchorus sp.) (Honi et al.
2020), milho (Zea mays) (Song et al. 2011) e melancia (Citrullus lanatus) (Sun et al.
2020). Ha evidéncias de que os paralogos dentro destas familias génicas possuem
redundéancia funcional (Sakamoto et al. 2004; He et al. 2019).

Anélises de expressdo dos genes relacionados ao metabolismo de GAs durante
as transicdes de fases possibilitam a compreensdo de como essa classe de fitorménios
atua na regulacdo destes processos. Em Vitis vinifera, houve diminuicdo da expressdo
dos genes anabdlicos e aumento da expressdo dos genes catabélicos das vias de GAs
quando as plantas foram submetidas a aplicacbes de GAs exdgenas antes do
florescimento (Jung et al. 2014). Por outro lado, VVGA3ox e VVGA200x, de biossintese
de GAs foram regulados positivamente sob tratamento com uniconazol, um inibidor da
biossintese de GA (He et al. 2019). Estes resultados sugerem que a aplicagdo de GAs
exogenas interferem no metabolismo das GAs alterando o nivel de transcri¢cdo e
consequentemente o momento do desenvolvimento da inflorescéncia em videiras.

No desempenho de suas funcbes, as GAsS agem em resposta aos sinais
ambientais e enddgenos, que podem regular a biossintese, desativacdo, percepcdo e

resposta, sendo que estes sinais podem agir em varios pontos das vias (Hedden e
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Thomas 2012). Os mecanismos moleculares pelos quais esses hormoénios sdo percebidos
e como essa informacdo é traduzida em alteragcbes transcricionais foi elucidado ha
muitos anos em plantas: as giberelinas sdo percebidas pelo receptor nuclear
GIBBERELLIN INSENSITIVE DWARF1 (GID1), descoberto em arroz (Ueguchi-
Tanaka et al. 2005). Com o0 aumento da concentracdo de GA e sua ligagdo ao GID1, este
complexo interage com o complexo de poliubiquitinagdo SCF-GID2, que provoca a
degradacéo das proteinas DELLA da familia GRAS de fatores de transcri¢do (Itoh et al.
2003; Sasaki et al. 2003). Como as proteinas DELLA reprimem o mecanismo molecular
de acdo das GAs, ndo havendo mais repressdo da transcri¢do, os genes regulados pelas
GAs podem agir (Harberd et al. 2009). Os GAs bioativos s&o justamente caracterizados
pela capacidade de interagir com o GID1 para iniciar a degradacdo de proteinas DELLA
que reprimem o mecanimo de acdo das GAs (Ueguchi-Tanaka et al. 2007).

Em Arabidopsis foram identificados trés GID1 que possivelmente possuem
fungdes redundantes, pois 0s mutantes Unicos se desenvolveram normalmente enquanto
0s mutantes triplos tiveram fenétipo ando (Griffiths et al. 2006). Aléem disso, esses
mutantes triplos tiveram acimulo da proteina DELLA do tipo REPRESSOR DE GA1-3
(RGA). As proteinas DELLA de Arabidopsis sdo cinco e possuem papéis geneticamente
separaveis no controle do crescimento do caule e do tamanho do meristema da
inflorescéncia (Serrano-Mislata et al. 2017). As proteinas DELLA influenciam na
atividade dos meristemas axilares e, portanto podem interferir nas transicGes de fases.
Sua participacdo na regulacdo dos meristemas axilares ocorre pela interacdo com a
SQUAMOSA-PROMOTER BINDING PROTEIN LIKE 9 (SPL9) que reprime a
expressao do gene LATERAL SUPPRESSOR (LAS), inibidor da ativagdo destes
meristemas (Zhang et al. 2020).

Alguns estudos tém sido realizados analisando a expressdo de genes
relacionados a metabolismo e resposta a GAs para compreender como as GAs
influenciam no florescimento e no crescimento vegetativo em diferentes espécies. No
pinhdo manso, Jatropha curcas L., durante a transi¢cdo da fase adulta vegetativa para a
reprodutiva, Os niveis de expressdo dos genes, JcGA30x3 e JcGID1C, respectivamente,
foram reduzidos, enquanto o de JcGA20x8, foi elevado durante a transicdo floral (Li et
al. 2018). Estes resultados evidenciaram que as GAs inibem o florescimento em J.
curcas. Em péssego, Prunus persica, foram identificados sete genes da familia GA20x,
e superexpressos em plantas de tabaco, que apresentaram fendtipo ando (Cheng et al.

2021). O tratamento com GA3 exdgeno ativou a expressdo de todos os sete genes
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PpGA20x. Estes resultados permitem manipular os niveis enddgenos de GAs no
péssego, e assim controlar o crescimento dos ramos, reduzindo a necessidade de poda
na especie.

No género Passiflora, sdo conhecidos os efeitos morfologicos das GAs na
transicdo para a fase reprodutiva em P. edulis (Sobol et al. 2014) e da fase juvenil para a
adulta vegetativa em P. organensis (ver Capitulo I). Também j& foram identificados os
genes envolvidos na biossintese, catabolismo, sinalizacdo e resposta a GAs em P.
organensis (ver Capitulo I11). Neste capitulo, temos como objetivo analisar a expressao
dos genes de metabolismo e resposta as GAs na transicdo da fase juvenil para a adulta
vegetativa. Os resultados obtidos podem permitir a modula¢do dos niveis de GAs e
assim regular a arquitetura das plantas, pela quantidade de ramos e inflorescéncias
produzidas. Portanto, podem ser de grande utilidade para a producdo vegetal do

maracujazeiro, bem como de outras espécies de interesse agronémico.

Material e Métodos

Estabelecimento dos ensaios e aplicacao dos fitormonios
Os ensaios foram conduzidos em casa de vegetacdo, do Instituto de Biologia da

Unicamp, na cidade de Campinas-SP, entre os meses de setembro e novembro de 2019.
As plantas de P. edulis utilizadas foram provenientes de sementes da variedade FB 300
(uma doacdo de Viveiros Flora Brasil) plantadas em vasos com composto orgéanico
Genesolo, Genefértil® (Composicdo: Bagaco de cana, palha de café, turfa, rocha
calcarea, estercos e camas de avidario, cinzas, residuo organico industrial papel/celulose
e residuo organico agroindustrial classe B) sendo transplantadas duas plantas para cada
vaso.
Avaliamos sete tratamentos com diferentes doses de GA. Cada tratamento foi
aplicado a dez plantas (repetigdes):
e trés tratamentos consistiram em aplicacdes de acido giberélico (GAs) nas
concentragdes: 1,0; 10,0 ou 100,0 uM;
e trés tratamentos consistiram em uma unica aplicagdo de paclobutrazol
(PAC), nas concentragdes: 1,0; 10,0 ou 100,0 uM;

e e um grupo controle (que nédo recebeu aplicacdes de GAz nem de PAC).
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O delineamento experimental foi inteiramente casualizado, com 0s vasos
distribuidos nas mesas aleatoriamente. Apo6s dois meses desde o plantio, as plantas dos
tratamentos com giberelina receberam pulverizacGes diarias com as solugdes de GAs e
surfactante Tween-20 (duas gotas a cada 100ml de solugdo) durante trés semanas.
Durante a primeira semana, foram realizadas duas aplicacdes diarias do fitormonio,
sendo uma pela manhé e outra no periodo da tarde. Na segunda e na terceira semanas, as
plantas receberam uma Unica pulverizagdo diaria de GAs. As plantas dos tratamentos
com PAC tiveram as solucdes de PAC aplicadas diretamente na terra, no dia em que o
ensaio foi estabelecido. Trés semanas (21 dias) apds os tratamentos, foi coletada toda a
parte aérea das plantas, congeladas em nitrogénio liquido e mantidas em biofreezer para
as andlises de expressao génica com RT-gPCR. Quando coletadas, todas as plantas

estavam em fase juvenil.

Extracdo de RNA e RT-gPCR
Cada planta de P. edulis correspondeu a uma amostra bioldgica. A extracéo foi

realizada com o kit RNeasy Plant Mini Kit com RNase free DNase | (Qiagen).
Posteriormente, os cDNAs foram sintetizados utilizando o kit SuperScript 1ll RT
(Invitrogen) de acordo com as instrucdes do fabricante. As concentra¢fes dos RNAS e
dos cDNAs foram medidas com o spectofotdbmetro Nanodrop 2000. Os valores ideais
considerados de concentragdo de RNA e cDNA foram de aproximadamente 200ng/uL e
a qualidade das amostras foi medida pelas razées A260/280 e A260/230 (Desjardins e
Conklin 2010), considerando os valores ideais da razdo A260/280 para cDNA como
sendo ~1,8, e para RNA, ~2,0 e a razdo A260/230 como sendo ideal entre 2,0 e 2,2 para
ambos os acidos nucleicos. As amostras ndo-conforme com estas caracterisitcas de
qualidade foram descartadas.

Os primers para a RT-gPCR foram obtidos a partir das sequéncias genémicas
dos genes descritos no Capitulo 111, cujas sequéncias encontram-se no Apéndice C. Os
primers foram desenhados manualmente e com o auxilio do software Primer3. Foram
desenhados primers para 27 genes (Tabela 1 e Apéndice B). Contudo apenas cinco

foram analisados (Tabela 1).
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Tabela 1. Sequéncias dos primers dos genes de referéncia (PeCAC e PeSAND (Scorza, 2015))
e dos genes do metabolismo e resposta a giberelinas (obtidos a partir das sequéncias de
Passiflora organensis) utilizados nas gRT-PCRs realizadas neste estudo.

Gene Tipo Sequéncia do primer Tamar-lho do
transcrito (pb)
PeCAC_F Fw TCAAGAGGGAGTGCGTTCAC
PeCAC R Rw | CAACCAACAGCGCCTGTAAC %
PeSAND _F Fw GGAGCTGCTTCTCCCCATTT
PeSAND_R Rw AGGGCCACCAATTCCAATGA 8
PoDELLA2F2 Fw GCCGCCGTGGGTGCATGATA
PoDELLA2R2 Rw ATCCACTCGCCATCCAACTC 100
PoDELLAS3F1 Fw AGGAGAACAACGGGTGTTTG
PoDELLA3R1 Rw GACCTCGACTCGCACCTAGT 17
PoDELLASF2 Fw ACCGACGTCGATTCATTGTA
PoDELLA5SR2 Rw ATACGCTCGCCGTTAACTCA 100
PoGA20x8F1 Fw GCCTACTTCCTCTGCCCTTC
PoGA20x8R1 Rw GGAAGGCCTATTTTGTGACC 140
PoGA30x3F1 Fw GTCCCGTGACATGGAAAGAT
PoGA30x3R1 Rw GCATCTTTGCTGACCAATGC ted

As reacGes foram feitas no StepOnePlus Realtime PCR system (Applied

Biosystems). Utilizamos dois genes de referéncia, segundo indicado na literatura
(Scorza 2015). Foram eles: CLATHRIN ADAPTOR COMPLEX (CAC) e MONENSIN
SENSIVITY 1/SAND family protein (SAND).

Para cada reacdo foi utilizada a seguinte formula, totalizando um volume de 10

pL:
[ J
[ J
[
[

1 uL de cDNA (100 ng/uL)

6 uL de SYBR Green (Applied Biosystems)
0,2 puL do primer forward (10 uM)

0,2 uL do primer reverse (10 uM)

2,6 uL de agua DEPC

Para os controles negativos adicionou-se 1 pL de agua DEPC em lugar do

cDNA. As reacdes foram realizadas em trés replicatas técnicas. O protocolo da
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amplificacdo consistiu em 40 ciclos de 95 °C por 10 min, 95 °C por 15 s, 60 °C por 1
min, 95 °C por 15 s, 60 °C por 1 min e 95 °C por 15s.

Quando foi observado apenas um pico na curva de melting, o primer foi
considerado especifico (Figura 1). Dois ou mais picos indicavam que 0 primer ndo era

especifico. Nestes casos, foi necessario desenhar novos primers (Figura 2).
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Figura 1. Exemplo de amplificacdo com primer especifico, mostrando apenas um pico na curva
de melting. As trés linhas correspondem as trés replicatas técnicas. Os primers utilizados foram
os especificos para o0 gene PODELLAS, com uma amostra de cDONA de P. edulis.
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Figura 2. Exemplo de amplificagdo com primer inespecifico, mostrando dois picos na curva de
melting. As trés linhas correspondem as trés replicatas técnicas Os primers utilizados foram os
desenhados para o gene PODELLAZ2, com uma amostra de cDNA de P. edulis. Estes primers
ndo foram aprovados, tendo sido desenhado um novo par de primers para 0 mesmo gene.
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As curvas de melting obtidas das replicatas de cada tratamento para cada gene
estdo no Apéndice E.
A partir dos valores de Cycle Threshold (CT) obtidos, foram calculados os niveis

de expressdo relativa dos genes, utilizando o método 244

, descrito por Livak e
Schmittgen (2001). Com os valores de expressdo relativa obtidas, foram feitas as
analises estatisticas, utilizando o software R-4.0.5 (R Core Team). Os dados foram
submetidos a uma analise de variancia (ANOVA) e posteriormente ao teste de Tukey

com nivel de significancia de 5%.

Resultados e Discussao

Com o aumento da concentracdo de GA3; nos tratamentos, houve reducdo da
expressdao de PoGA30x3 (Figura 3A). Enquanto as plantas que receberam PAC em
maior concentracdo, tiveram maior expressdao deste gene. Contudo, os tratamentos
pacl0 e pacl causaram uma menor expressdo de POGA30x3 do que o observado para as
plantas controle, indicando que estas concentraces ndo foram suficientes para efetivar
o efeito fisioldgico observado na maior dose.

Por outro lado, 0 gene POGA20x8 teve sua expressdo aumentada, de acordo com
0 aumento na concentracao de GAs nos tratamentos (Figura 3B). Os tratamentos gal0 e
gal00 tiveram diferenca estatisticamente significativa, demonstrando que quanto maior
foi a concentracdo de giberelina aplicada, maior o efeito sobre 0 aumento da expressao
génica de PoGA20x8. As plantas que receberam aplicacGes de PAC, tiveram menor
expressao de PoGA20x8 que as plantas controle, embora este efeito ndo tenha sido
estatisticamente significativo pelo teste de Tukey. Portanto, o paclobutrazol ndo

apresentou efeito de dose sobre a expressdo de POGA20x8 neste estudo.
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Figura 3. Expressao relativa dos genes de metabolismo de giberelina em plantas de P. edulis
submetidas a aplicagdes de paclobutrazol e de GA;. A. Po0GA30x3. B. P0GA20x8. Os valores
representam as médias + erro padrdo das trés replicadas biolGgicas, em cada tratamento,
considerando-se trés replicatas técnicas. Médias que apresentam letras diferentes possuem
diferenca estatisticamente significante pelo teste de Tukey com 95% de significancia.

A diminuicdo da expressdo de PoGA3ox3, sendo um gene de biossintese, e
aumento da expressdo de PoGA20x8, sendo um gene de catabolismo, conforme
aumentamos a concentracdo de GA; aplicado, eram resultados esperados. 1sso porque 0s
niveis de GA em um determinado tecido vegetal sdo determinados pelas suas taxas de
biossintese e catabolismo, que consistem na conversdo de formas ndo bioativas em
bioativas e de formas bioativas em inativas, respectivamente (Yamaguchi 2008). A
regulagdo transcricional da biossintese de GA ji e bastante conhecida em plantas
modelo: o tratamento com GAs bioativos inibe a transcricdo de GA200x e GA3ox,
enquanto estimula a transcricdo GA20x, permitindo que a homeostase do GA seja

mantida (Israelsson et al. 2004).
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Logo, quando se aplica GA exdgeno ou algum inibidor da biossintese de GA em
uma planta, ocorrem ajustes em seu metabolismo, havendo alteragdes das taxas
metabdlicas de modo a equilibrar os niveis do fitorménio (Rieu et al. 2008; Lee et al.
2020). Este comportamento é aparentemente conservado e ja foi relatado em diversas
especies. Em Vitis vinifera, a aplicacdo de GA3; em plantas na fase adulta vegetativa
causou uma diminuicdo da expressdo de VvGA200x3 e VVGA30x2, sendo ambos genes
de biossintese de GA. No entanto, houve aumento da expressdo dos genes de
catabolismo de GA como VVGA20x, e VVGA20x1. Portanto, a aplicacdo de GA exdgena
alterou os niveis de transcricdo dos genes metabolicos de GA em direcdo a uma
diminuicdo no nivel de GA bioativo (Jung et al. 2014). Da mesma forma, em péssego,
Prunus persica, o tratamento exdgeno de GA3 nos ramos ativou a expressao de todos 0s
sete genes de catabolismo de GA identificados (Cheng et al. 2021). Em milho, Zea
mays, apds tratamento com GA, em que as expressdes de ZmGA20x1 e ZmGA20x4,
foram significativamente mais elevadas, enquanto as expressfes de ZmGA200x7,
ZmGA3ox1 e ZmGA30x3 foram significativamente mais baixas que o controle (Ci et al.
2021). O mesmo comportamento foi observado em plantas de juta (Corchorus sp.) em
que o nivel de expressdo do gene CoGA30x2, de biossintese de GA, foi regulado
negativamente apds tratamento com GA (Honi et al. 2020). Por outro lado, a GA
aumentou o nivel de expressdao de CoGA20x3 e CoGA20x5, de catabolismo de GA,
enquanto o PAC diminuiu seu nivel de expressdo (Honi et al. 2020). A aplicacdo de
inibidores da biossintese de GA geralmente possuem efeito oposto ao da aplicacdo de
GA exbgeno na expressdao desses genes, desta forma, VvGA3oxs e VVGA200xs
mostraram aumento em sua transcricdo em plantas de V. vinifera sob tratamento com
uniconazol (He et al. 2019).

Os genes GAOXIDASES sdao relatados como estando envolvidos em muitos
processos importantes do desenvolvimento vegetal (Herndndez-Garcia et al. 2021). O
estudo da expressdo dos genes envolvidos nas vias de biossintese e desativacdo de GAs
ajudam a explicar em termos moleculares a acdo pleiotropica destes genes no
desenvolvimento das plantas (Huang et al. 2015). Seus papéis fisioldgicos podem ser
observados principalmente através de mutacfes ou superexpressdo destes genes e
observacdes dos fendtipos resultantes. Algumas dessas alteracfes mais comuns foram
no tamanho das plantas. Em melancia, Citrullus lanatus, a mutacdo de um GA30x gerou
plantas com fenétipo ando, sendo o fenotipo selvagem resgatado por aplicacfes de GA3

ou GA; + GA7 (Sun et al. 2020). A superexpressdo do GA20x6 em arroz (Oryza sativa)
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diminuiu os niveis de giberelina ativa gerando plantas com fenétipo ando (Huang et al.
2010).

A regulacdo dos niveis de GA além de modular a arquitetura das plantas,
sobretudo na fase juvenil, apresenta outros efeitos fisiologicos que podem ser
interessantes principalmente para o melhoramento de plantas cultivadas. Um grande
desafio da producdo vegetal é a otimizacdo da arquitetura das plantas para maior
produtividade, tolerancia ao estresse abidtico e maior eficiéncia do uso de agua (Lo et
al. 2017). Uma abordagem que tem sido muito utilizada é 0 aumento da expressdo de
GA20x, de catabolismo de GA, para a obtencédo de plantas de arquitetura mais compacta
sem ser necessaria a utilizacdo de tratamentos quimicos (Gargul et al. 2013).

Em estudos realizados com diferentes espécies, nos quais foram superexpressos
genes GA20x, houve acumulo nos niveis de clorofila, além de alteracbes na morfologia
foliar, gerando folhas menores e mais espessas (Gargul et al. 2013; Wuddineh et al.
2015; Lo et al. 2017; Yan et al. 2017). Em Kalanchoé blossfeldiana e Petunia hybrida,
plantas ornamentais, a superexpressdo de um GA2o0x de Nicotiana tabacum gerou
plantas mais curtas e compactas que as do tipo selvagem, embora 0os numeros médios de
nos fossem semelhantes (Gargul et al. 2013). Além disso, as linhagens transgénicas de
ambas as espécies exibiram alteracdes na morfologia foliar, tendo folhas menores, mais
grossas, de coloracdo verde mais escura. Essas caracteristicas podem ser consideradas
vantajosas para a producdo de plantas ornamentais. Contudo, com a superexpressao de
GA20x, e consequente reducdo dos niveis de GA enddgeno, houve atraso no
florescimento, e isso seria uma desvantagem para a producdo (Gargul et al. 2013). Da
mesma forma, a superexpressédo de GA20x6 de Brassica napus em Arabidopsis resultou
em plantas com altura reduzida e atraso no florescimento, além de aumento dos niveis
de clorofila (Yan et al. 2017). Em Panicum virgatum a superexpressao de PvGA20x5 e
PvGA20x9, resultou em plantas com folhas verde-escuras e arquitetura modificada, mais
compacta, com mais perfilhos, maior quantidade de lignina e acucares (Wuddineh et al.
2015). Estas caracteristicas sdo interessantes para aumentar a produtividade da espécie
que é utilizada como biocombustivel, aumentando a biomassa e a qualidade do
biocombdstivel produzido (Wuddineh et al. 2015).

Possivelmente, as alteracbes morfologicas geradas com a superexpressao de
genes GA2ox além do aumento do acumulo de clorofila, geraram maior tolerancia ao
estresse hidrico e osmético, por exemplo em batata (Solanum tuberosum) (Shi et al.

2019) e arroz (Oryza sativa) (Lo et al. 2017). Em arroz, a reducdo dos niveis de GA
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enddgeno por meio da superexpressao do gene GA20x6 gerou plantas com altura
reduzida, maior namero de perfilhos (brotos), folhas com coloragdo verde mais escura e
mais espessas (Lo et al. 2017). Além disso, as plantas transgénicas apresentavam maior
tolerancia a desidratacdo, por conta dos niveis mais elevados de clorofila, além de maior
tolerancia a alta salinidade e variagdes de temperatura (Lo et al. 2017).

A abordagem contraria, mutagdo de genes de biossintese de GA para reduzir
seus niveis, também tem sido realizada. Para a reducdo de ervas daninhas ou espécies
invasoras, a diminuicdo dos niveis de GA enddgeno mostrou-se uma estratégia
interessante, que reduziria a utilizacdo de herbicidas. Em nabo bravo (Raphanus
raphanistrum), com a mutagdo de um dos GA3ox, mesmo diminuigdes leves de GA
causaram reducdes considerdveis no crescimento e fecundidade da planta (Groszmann
et al. 2020).

Considerando tudo o que foi exposto, pode ser utilizada a abordagem de
mutacdo ou de superexpressdo dos genes de biossintese e catabolismo de GA para
acelerar ou retardar a transicdo para a fase adulta vegetativa em espécies de Passiflora.
Sabe-se até 0 momento que o aumento dos niveis de GA acelerou a transicdo para a fase
adulta vegetativa em Passiflora organensis, através de pulverizacGes de GA3s, enquanto
aplicacBes de paclobutrazol reprimiram esta transicdo (ver Capitulo IlI). Portanto, esta
pode ser considerada uma estratégia valida na modulagdo da arquitetura de plantas de
maracujazeiro, visto que, a transicdo para a fase adulta vegetativa é quando a arquitetura
do vegetal é definida (Gioppato e Dornelas 2021). E os niveis de GA, além de
interferirem no crescimento da planta e na morfologia foliar (Gargul et al. 2013;
Wuddineh et al. 2015), atuam sobre a plasticidade dos meristemas axiliares que
possuem um grande papel na definicdo da estrutura da planta (Moraes et al. 2019).

Passamos agora para os genes envolvidos nas vias de sinalizacdo de GA: Os trés
genes DELLA avaliados neste estudo, PODELLA2, PODELLA3 e PoDELLAS, tiveram
respostas similares: sua expressdo foi aumentada com o aumento da concentragdo de
GA; aplicada nos tratamentos, enquanto as aplicagcdes de PAC causaram a reducdo na
expressdo desses genes (Figura 4). Para o PAC ndo houve efeito de dose, pois 0s
tratamentos pacl100, paclO e pacl nédo tiveram diferenca significativa pelo teste de

Tukey para os trés genes.
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Figura 4. Expressao relativa dos genes de resposta a giberelina em plantas de P. edulis
submetidas a aplicacBes de paclobutrazol e de GAs. A. PoDELLA2. B. PoDELLA3. C.
PoDELLADS. Os valores representam as médias * erro padrdo das trés replicadas bioldgicas, em
cada tratamento, tendo cada uma trés replicatas técnicas. Médias que apresentam letras
diferentes possuem diferenca estatisticamente significante pelo teste de Tukey com 95% de
significancia.
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Para os genes PODELLAZ2 (Figura 4A) e PODELLAS3 (Figura 4B), os tratamentos
gal0 e gal00 tiveram diferenca estatisticamente significativa, sendo maior a expressao
em gal00. Porém, em PoDELLAS (Figura 4C), o tratamento gal00 apresentou a menor
expressao relativa, sendo até mesmo inferior a dos tratamentos com PAC. As hipoteses
para este comportamento sdo que a dose de 100um pode ter se tornado téxica, causando
a reducdo da expressao do gene; ou que pode ter provocado um efeito de repressdo do
PoDELLAS5.

Os ortologos identificados no genoma de P. organensis no presente trabalho
foram denominados de acordo com a similaridade com as sequéncias proteicas de
Arabidopsis (ver Capitulo I11). Os cinco genes DELLA de Arabidopsis (Nakajima et al.
2006) possuem nomes especificos de acordo com as fungdes desempenhadas pelas
proteinas, que ja foram estabelecidas: AtDELLALl é denominado GA INSENSITIVE
(GAI) (Peng et al. 1997), AtDELLA2 é o RGA-LIKE1 (RGL1), AtDELLA3 é o
REPRESSOR OF GA1-3 (RGA) (Silverstone et al. 1998), AtDELLA4 e AtDELLAS séo
0s RGA-LIKE2 e 3 (RGL2 e RGL3) (Lee et al. 2002). Ha evidéncias de que estes genes
possuam funcdes diferentes embora essas funcBes possam ser sobrepostas (Wen e
Chang 2002). RGA e GAI tém funcdes similares em reprimir o crescimento do caule
sendo que RGA possui um papel dominante (Dill et al. 2001). RGL1 estaria relacionado
ao desenvolvimento floral, no desenvolvimento de Ovulos e anteras (Wen e Chang
2002), embora RGL2 e RGA também promovam o desenvolvimento floral, de pétalas,
anteras e estames (Cheng et al. 2004). RGL2 e RGL3 reprimem a germinacdo das
sementes (Lee et al. 2002; Piskurewicz e Lopez-Molina 2009).

Encontramos quatro genes DELLA em P. organensis, e analisamos a expressao
de apenas trés: PODELLA2, PODELLA3 e PoDELLAS, que seriam mais similares a
RGL1, RGA e RGL3 de Arabidopsis, respectivamente. Observamos que o
comportamento de PODELLA2 e PoDELLA3 foi mais semelhante entre si, visto que as
plantas submetidas a 100uM de GAj3 tiveram expressao relativa maior e significativa
desses genes em relacdo aos outros tratamentos. Todavia, seria necessario repetir os
experimentos e realizar analises adicionais para determinar as funcbes desses genes e
verificar se de fato correspondem aos ortdlogos de Arabidopsis cujas funcdes ja séo
conhecidas.

Em relagdo as funcbes das proteinas DELLA especificamente relacionadas a

transicdo juvenil-adulto vegetativa, sabe-se que elas regulam o desenvolvimento dos
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meristemas axilares, o padrdo de ramificacio e o tamanho do meristema de
inflorescéncia, através de estudos realizados com mutantes (Bassel et al. 2008; Daviere
et al. 2014, Serrano-Mislata et al. 2017; Zhang et al. 2020).

Um estudo realizado com mutantes quintuplos para todos os DELLA de
Arabidopsis revelou que as proteinas DELLA regulam o desenvolvimento dos
meristemas axilares através da interacdo com a SQUAMOSA-PROMOTER BINDING
PROTEIN LIKE 9 (SPL9), que reprime o expressao do LATERAL SUPPRESSOR
(LAS), que por sua vez regula iniciacdo do meristema axilar (Zhang et al. 2020).
Também foi sugerido que proteinas DELLA regulam a arquitetura das plantas por
reprimirem a transcricdo de TCPs (TEOSINTE BRANCHED1, CYCLOIDEA, e
PROLIFERATION CELL FACTOR) de classe I no meristema de inflorescéncias em
Arabidopsis, controlando a altura das plantas (Daviere et al. 2014). Os TCPs por sua
vez, estdo relacionados ao crescimento da planta pela proliferacdo de células
meristematicas (Martin-Trillo e Cubas 2010). Em tomateiro (Solanum lycopersicum) ha
apenas um gene que codifica uma proteina DELLA, o PROCERA (Bassel et al. 2004).
A mutacdo deste gene altera a arquitetura do tomateiro, modificando seu padrdo de
ramificacdo, por meio de supressdo diferencial do desenvolvimento dos meristemas
axilares, e isso indica um papel para as proteinas DELLA na regulacdo da estrutura dos
vegetais (Bassel et al. 2008). Considerando que os genes DELLA podem apresentar
papéis diversos relacionados a transicdo da fase juvenil para a adulta vegetativa, seriam
interessantes analises adicionais para determinar possiveis fungdes, inclusive
verificando suas expressdes em diferentes tecidos, para assim, posteriormente, obter
caracteristicas de interesse nas plantas de Passiflora, através da modulacdo desses

genes.

Conclusodes

A aplicacdo de giberelina exdgena induziu alteracfes nos padrdes de expressao
dos genes relacionados a biossintese, catabolismo e resposta a giberelina em plantas
juvenis de Passiflora edulis. Conforme o aumento na concentragdo de giberelina
aplicada, o gene PoGA30x3 teve uma diminuicdo gradual em sua expressdo, enquanto o
PoGA20x8 e os PoDELLA2, PoDELLA3 e PoDELLAS tiveram aumento. O
paclobutrazol causou efeito oposto ao da GA3z, como era esperado, apesar de néo ter

sido observado efeito de dose nos experimentos realizados.
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DISCUSSAO GERAL

Os fitormdnios sdo importantes fatores que influenciam no estabelecimento da
arquitetura da planta, destacando-se os papeis de citocininas e giberelinas. Estes, agem
de maneira antagonica. Seu balanco define basicamente a quantidade de ramos
formados, altura da planta e momento em que ocorre a transi¢do da fase juvenil para a
adulta vegetativa (Gioppato e Dornelas, 2021).

Os papeis destas classes de fitorménios é evidenciado por sua influéncia na
formacdo de estruturas vegetativas ou reprodutivas a partir de meristemas
indiferenciados, sendo que as giberelinas estimulam esta transi¢do de fases, através da
formagdo de gavinhas (que sdo inflorescéncias modificadas), enquanto as citocininas
estimulam a formacao de ramos vegetativos, durante a fase juvenil.

A compreensdo da acao de citocininas e giberelinas na transicdo da fase juvenil
para a adulta vegetativa pode permitir a manipulagdo das caracteristicas das plantas para
a obtencdo de caracteristicas de interesse (Barbosa e Dornelas, 2021). Os resultados que
obtivemos com Passiflora organensis e P. edulis podem ser aplicados a outras espécies,
principalmente frutiferas, embora sejam necessarios estudos adicionais.

O aumento da concentracdo dos fitormbnios nas plantas pode ser realizado
principalmente por duas abordagens: por aplicages dos fitormonios diretamente sobre
as plantas através de spray, para que sejam absorvidos principalmente pelas folhas (Jung
et al. 2014); ou através da producdo de plantas transgénicas, de forma que possam
expressar menos ou mais 0s genes relacionados ao metabolismo dos horménios
desejados (neste caso, citocininas e giberelinas). Para esta segunda abordagem, faz-se
necessario o conhecimento da expressao destes genes, relacionados ao metabolismo
destes genes e do comportamento destes genes quando a planta é submetida a aumento
da concentracdo dos fitormonios exdgenos.

A caracterizacdo das familias génicas que codificam as enzimas de metabolismo
e resposta a citocininas e giberelinas podem fornecer a base para uma melhor
compreensdo de como esses hormdnios atuam no desenvolvimento de espécies de
Passiflora. Obtivemos as sequéncias gendmicas de genes relacionados ao metabolismo
e a resposta a citocininas e giberelinas, e as sequéncias proteicas, que podem ser

utilizadas como base para futuros estudos.
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CONCLUSOES GERAIS

A transicdo da fase juvenil para a adulta vegetativa nos vegetais em geral ainda
necessita de informacdes sobre suas alteracdes moleculares, tendo em vista sua
importancia, e a possibilidade de moldar as caracteristicas estruturais dos vegetais
durante este estagio.

Neste trabalho, observamos que aplicagdes de giberelina induziram a diminuicéo
na expressao de um dos genes de sintese de GA de Passiflora organensis em plantas de
P. edulis, PoGA30x3, e aumento de expressdo de um dos genes de catabolismo de GA,
PoGA20x8. Isto seria necessario para a regulacdo da concentracdo da GA. Os genes que
codificam proteinas DELLA tiveram aumento na expressdo quanto maior foi a
concentracdo de GA aplicada. Como as DELLA regulam negativamente a acdo da GA,
este comportamento era também esperado. Contudo, algumas anomalias foram
observadas, pois passou-se muito tempo desde a aplicacdo dos fitorménios até as
andlises de expressdao génica. Um outro fator que pode ter influenciado a qualidade das
amostras foi a questdo da especificidade dos primers. Projetamos 0s experimentos para
serem realizados com plantas de Passiflora organensis. Porém, as plantas de P.
organensis que utilizamos para as analises morfologicas foram obtidas a partir de
propagacgdo vegetativa e ndo a partir de sementes. Por isso, estas eram mais dificeis de
obter. Nossa ideia inicial era repetir os experimentos com P. organensis e analisar a
expressao dos genes relacionados ao metabolismo e resposta a citocininas também.
Contudo, ndo foi possivel repetir os experimentos, devido a pandemia da COVID-19.

Em suma, nosso estudo fornece informacg6es sobre como ocorre a transicdo da
fase juvenil para a adulta vegetativa em Passiflora, contribuindo para a compreenséao do
desenvolvimento vegetal. Esperamos que estes estudos possam igualmente subsidiar
estudos futuros de modulacdo fisioldgica da arquitetura de plantas de maracuja e
indiquem caminhos para o melhoramento genético visando a obtengdo de variedades

comerciais de maracuja com arquitetura de planta alterada.
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APENDICE A — GENES ENVOLVIDOS NO METABOLISMO E RESPOSTA A

CITOCICNINAS E GIBERELINAS

Tabela 1. Genes envolvidos no metabolismo e resposta a citocininas, de Arabidopsis
thaliana, Passiflora organensis e Vitis vinifera, com os respectivos nimeros de acesso
no NCBI

Sintese de CK

AtIPT1 AEE347961
AtIPT2 BAB590421
AtIPT3 AEE804361
Arabidopsis AtIPT4 AEE849381
thaliana AtIPTS ANM705571
AtIPT6 AEE306191
AtIPT7 AEE767881
AtIPT8 BAB590471
AtIPT9 AED927841
VVIPT1 XM_002279335
VVIPT2 XM_002263711
VVIPT3a XM_002268812
o Vitis vinifera VVIPT3b XM_002271926
VVIPT5a XM_003632592
VVIPT5b XM_002277555
VVIPT9 XM_002282976
PolPT1a
PoIPT1b
PolIPT2
Passiflora PolPT3a
organensis PoIPT3b
PolPT5a
PolPT5b
PolPT7a




135

PoIPT7b
PolPT7c
AtLOG1 At2928305
AtLOG2 At2935990
AtLOG3 At2g37210
Arabidopsis AtLOG4 At3g53450
thaliana AtLOGS At4g35190
AtLOG6 At5g03270
AtLOGY At5g06300
AtLOGS At5g11950
AtLOG9 At5g26140
VvLOG1a XP_0022852461
VVvLOG1b XP_0022778521
VVvLOG3 XP_0022762792
VvLOGb5a XP_0106640901
o VVLOG5b XP_0022818391
LOG Vitis vinifera VVLOG7 XP_0022754141
VvLOG8a XP_0022857162
VvLOG8b XP_0022783051
VvLOG10a XP_0022767751
VvLOG10b XP_0022747471
PoLOGla
PoLOG1b
PoLOG2
PoLOG3a
Passiflora PoLOG3b
organensis PoLOGb5a
PoLOG5b
PoLOG7a
PoLOG7b
PoLOG7c

Degradacédo de CK
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CKX

ARRs tipo A

AtCKX1 AEC099921
AtCKX2 AEC068891
) _ AtCKX3 AED968281
Arabidopsis
AtCKX4 AEE856691
thaliana
AtCKX5 AEE357211
AtCKX6 AEE804821
AtCKX7 Q9FUJ11
VVCKX1 AXP073681
VVCKX3a AXP073691
VVCKX3b AXP073701
Vitis vinifera VVCKX3c AXP073711
VVCKX5 AXP073751
VVCKX6 AXP073761
VVCKX7 AXPQ73771
PoCKX1la
PoCKX1b
PoCKX3a
PoCKX3b
Passiflora
) PoCKX5
organensis
PoCKX6a
PoCKX6b
PoCKX7a
PoCKX7b

Arabidopsis

thaliana

Resposta a CK

ARR3 AT1G599401
ARR4 AT1G104701
ARR5 AT3G481001
ARRG AT5G629201
ARR7 AT1G190501
ARRS AT2G413101
ARR9 AT3G570401
ARR15 AT1G748901
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ARR16 AT2G406702
ARR17 AT3G563801
VVRR3 CAO0409691
VVRR4 CAO042848
VVRR5 CBI1150983
Vitis vinifera VVRR9a CA0428481
VVRR9b CAO0630611
VVRR9c CBI1401593
VVRR17 CAO415171
PoRR3
PoRR4
PoRR5
PoRR6
Passiflora PoRR8
organensis PoRR9
PoRR16a
PoRR16b
PoRR17a
PoRR17b
ARR1 At3g16857
ARR?2 At4g16110
ARR10 At4931920
ARR11 Atlg67710
Arabidopsis ARR12 At2g25180
thaliana ARR13 At2g27070
ARRS tipo B ARR14 At2g01760
ARR18 At5g58080
ARR19 At1g49190
ARR20 At3g62670
ARR21 At5g07210
VVRR1 RVW399571
Vitis vinifera VVRR2 CBI369113
VVRR10 CBI1181313
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VVRR11a

CBI269613

VVRR11b

CA0466981

VVRR12

CBI1210843

Passiflora

organensis

PoRR1

PoRR2

PoRR10

PoRR11a

PoRR11b

PoRR12

PoRR13

PoRR14

PoRR18a

PoRR18b

PoRR21
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Tabela 2 Genes envolvidos no metabolismo e resposta a giberelinas, de Arabidopsis

thaliana, Passiflora organensis e Vitis vinifera, com os respectivos nimeros de acesso

no NCBI

Sintese de GA

AtGA3ox1 NP_1730081
Arabidopsis AtGA30x2 NP_1781501
thaliana AtGA30x3 NP_1939001
AtGA3ox4 NP_1781491
VVGA30x1 AGQ426111
GA3oxidase Vitis vinifera VVGA30x2 AGQ426101
VVGA30x3 AGQ426121
PoGA3ox1a
Passiflora PoGA3ox1b
organensis PoGA30x2
PoGA30x3
AtGA200x1 NP_194272
Arabidopsis AtGA200x2 NP_199994
haliana AtGA200x3 NP_196337
AtGA200x4 NP_176294
AtGA200x5 NP_175075
VVGA200x1 CBI1244703
VVGA200x2 CB1388183
G A20-oxidase Vitis vinifera VVGA200x3 CBI375103
VVGA200x4 CBI1189503
VVGA200x5 CBI1375213
PoGA20ox1a
PoGA200x1b
Passiflora PoGA200x2a
organensis PoGA200x2b
PoGA200x3

PoGA200x5
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Degradacéao de GA

AtGA20x1 NP_ 1779651
AtGA20x2 NP 1742961
) _ AtGA20x3 NP_1810021
Arabidopsis
AtGA20x4 NP 1752331
thaliana
AtGA20x6 NP 1717421
AtGA20x7 NP_1755091
AtGA20x8 NP 1938522
VVvGA20x1 CBI1308873
VVGA20x2 CBI1330243
VVGA20x3 CBI1330233
o VVGA20x4 CBI1228443
Vitis vinifera
GAZ2oxidase VVGA20x6 CBI1369903
VVGA20x7a CBI1239323
VVGA20x7b CBI274763
VVGA20x7c CBI1239313
PoGA2o0x1la
PoGA20x1b
PoGAZ20x4a
Passiflora PoGA20x4b
organensis PoGA20x6a
PoGA20x6b
PoGA20x7
PoGA20x8
Sinalizacéo de GA
AtDELLA1 NP_1729451
) _ AtDELLA2 NP_ 1768091
Arabidopsis
AtDELLA3 NP 1782661
thaliana
DELLA AtDELLA4 AEE739451
AtDELLAS AA0648401
o VvDELLA1 KY765590
Vitis vinifera
VVvDELLA2 KY765592




141

VVDELLAS3 KY765594
PoDELLA1

Passiflora PoDELLAZ2a

organensis PoDELLAZ2b
PoDELLA3

Resposta a GA

GID1

) _ AtGIDla At3g05120
Arabidopsis
) AtGID1b At3g63010
thaliana
AtGID1c At5g27320
o VvGID1la KY765590
Vitis vinifera
VvGID1b KY 765592
PoGIDla
Passiflora
) PoGID1b
organensis

PoGID1c
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APENDICE B — SEQUENCIAS DOS PRIMERS DOS GENES DO METABOLISMO

E RESPOSTA A GIBERELINAS

Tabela 1. Sequéncias dos primers dos genes do metabolismo e resposta a giberelinas
(obtidos a partir das sequéncias de Passiflora organensis) que ndo foram utilizados nas

gRT-PCRs realizadas neste estudo.

Gene Tipo Sequéncia do primer Tamar'lho do
transcrito (pb)

PoGIDlaF1 Fw GGCTTATGTTGAAGGGCTGA

PoGIDlaR1 Rw AGTATGGCTGCCAGTCAGGT 164
PoGID1b1F1 Fw AAGGGCTCGAGAAAGCTGAT
PoGID1b1R1 Rw CGATCCAAGTGAGAAGGTCA 200
PoGID1b2F1 Fw CAGGCCACGATAGGGTTCTA
PoGID1b2R1 Rw TGTCATGTACGGAAGCCTGT ot
PoDELLA1F1 Fw TCCGGTGGTGAAGGGTATAG
PoDELLA1R2 Rw CCCACTAGAAAGGTTAATTA 100
PoGA20x2F1 Fw ACTGCCACCAAGAAATCACC
PoGA20x2R1 Rw GCCTGTAATCAGCCAGCTTT 178
PoGA20x3F1 Fw TGGCAATCAAAGGAGAGGAG
PoGA20x3R1 Rw CTCAAACATTCCGAGCCTGT 107
PoGAZ20x4aF1 Fw CAAGGATCAGTGCTCCATCA
PoGA20x4aR1 Rw TCCCCAAGCCGTAAAGAGTA 109
PoGA20x4bF1 Fw AGCGCTCCAGCTGATATTGT
PoGA20x4bR1 Rw TCCCACCGTCAGCTACTTTT 193
PoGAZ20x6aF1 Fw TGGATCTCTCCTCTCCCTGA
PoGA20x6aR1 Rw TCTTTTCCGAGTCTGGCTTC 192
PoGA20x6bF1 Fw CGGATATCTCCTCACCCAGA
PoGA20x6bR1 Rw AGACGGGTGTCCCCTAATCT Ho
PoGA20x7F1 Fw TGCAGAAAGCCTGCAGTGTA
PoGA20x7R1 Rw CAGGAACCTGGAGAGTCCAA 108
PoGAZ20x6aF2 Fw AGGATTTGTGACAAGTGATC
PoGA20x6aR2 Rw TTAAAATATACATCTTCAAT 100
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PoGA3ox1F1 Fw TATCATGCGTGAGAGTGTGC
PoGA30x1R1 Rw GAGGCTGTTCCTGTCTGGTC 10
PoGA30x2F1 Fw GGCCACCATCATGTGTTAAG
PoGA30x2R1 Rw TAGCTAGCCATCAGCCAACC 1
PoGA30x5F1 Fw GGTTGTCCGTGGCATATTTC
PoGA30x5R1 Rw CCCACGGATATTGAACGGTA 103
PoGA200x1F1 Fw TCACGCAGAAGCATTACAGG
PoGA200x1R1 Rw AATAGCTCTGCCCCAGGTCT 138
PoGA200x2F1 Fw TAACTCCCCCGACTGAACTG
PoGA200x2R1 Rw GCTGACTTTTGGAGCCAATC 148
PoGA200x3F1 Fw AGACGTTGAGGCTGAGGAAG
PoGA200x3R1 Rw CATACGCTTGGCCCTACTTG 10z
PoGA200x4F1 Fw GTGGCGACGACTGCTAGAAT
PoGA200x4R1 Rw ACATCTGAGCCGTTGGTTGT oL
PoGA200x5F1 Fw | AGAAGGGCCAAGGAAATACC
PoGA200x5R1 Rw GCCAGTGAATGAAGCTTTGC 17
PoGA200x2F2 Fw AAGTCAGCTGAATAAGTGAT
PoGA200x2R2 Rw GTCAATGTCACTTTCCGAGG 100
PoGA200x5F2 Fw TCTAACCTATACTTGCCTTC
PoGA200x5R2 Rw CAATTCCACGTAACATTATC 100
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APENDICE C — SEQUENCIAS GENOMICAS DOS GENES

Legenda:
Cédon de inicio: ATG
Exon: NNNNNNNN
Final do éxon: G
Intron:
Comego do éxon: G
Cobdon STOP: TGA ou TAA ou TAG

Sequéncias gendmicas dos genes relacionados ao metabolismo e resposta a

citocininas em formato fasta:

> 2900 PolPT_2 - Biblioteca L1B15043

ATGAAGTGCAGCAGTAGTCAGCAAGAACCCGAGCAAAGCCCTAGCGATGGAGGTGAAGGAC
TAGCAACAGAAGCCGCGAAGAAGCAAGAAGAGCGGGAAAAGAAGGCGAAGGTGGTGGTGA
TAATGGGTCCTACTGGTTCAGGAAAATCGAAATTGGCCATTGATTTGGCCGCCCACTTCCCTGT
CGAGGTCATTAACGCCGATTCAATGCAGGTCTACCGTGGCCTCGATATTCTCACCAACAAAGT
CCCCCTCCATGATCAAAAGG

GAGTGC
CGCATCATCTGTTGGGGACTGTTAGCCCAAATGTGGAATTCACAGCTAAGGAGTTCCGGGATT
CGGCTATTCTT

CTCATCGATGAAATATTTTCTCGGAACTGCCTGCCAGTTATTGTTGGGG
GCACGAATTACTATATTCAG

GCTCTTGTGAGCTCTTTTCTCCTCGATGAT
ACTGCACAAGATCTGGATGAATGTCTTTCTTGCAATTTTCCTG
GAGATGACCAGGCTGTGC
ACTTGCTTGAAAGCAAGACAGACACATTTGATTTTACCTATGAATTTCTCAAAAACATTGATCC
TGACGCTGCAAACAGACTCCATCCCAACAATCACAGAAAA

ATTAAGCAATACCTTCATCTATATGCTCGTACTGGTATTA
TACCAAGTAAACTTTATCAGGGAAAGGCTGCACAG

AACTGGGGTTGCATTGGTAATTGTAGATTCAATTGCTGTTT
TATATGTGTTGATGCTGCTATTCCCGTAATAGACCAGTTTGTGGACAAAAGGGTGGATTGCATG
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ATAAATGCTGGATTACTTAGCGAAGTTTATGACATTTATAATATGGATGCCGATTACACTCGAGG
TCTTCGGCAAGCCATTGGTGTACGAGAATTTGATGAATTTCTGAAAGTTTGTCAATTGGCGAG
CAAGGATGATTATGCACGTGACTTGATTGGTAGTTTAAACAAGGACAAGAAGATACTGAAAGA
TCACATAAGTGCAATCCTCCATTTCACGGATGATAATCAACTCAAAATTTTGTTAACAGAAGCC
ATTGAAAAAGTAAAAGTAAATACTCGACGACTTGTTCGCCTTCAA

AAGAGAAGGCTTAATCGGC
TTCAGACATTGTTTGGATGGAACATGCATCATCTTGATGCTACTGATCCCATTTCAT

GCAAGTCAGATGATTCCTGGGCTACGCAAGTTGTTACCCCAGCTGCGAAAATCATC
AAATCTTTTCTAAACGAGGACAGGAGCTCGGAGGTTGAGCAGGAGGTGCACGTTGATATTGG
AACAGAATTACATGAAAGGAACCTGTGGACTCAATACACATGCAAA

GCCTGTGGAGATAAGGTGCTTAGAGGAGCTCATGAGTGGGAACAG
CACAAACAGGGTCGTGGGCATCGAAAAAGAATTTCTCGAATTCGGAAATCAGGAAGACAAC
GCACTCTCGTAGCTGCTCAGGGTCCAGAAGCATCATCCTGA

> c677 PoIPT_3A — Biblioteca L1B15043
ATGAGCCTTTCCATGTCTGTGTGCCCACAAACAAGAAATATGCTGGATATTCTTCCTACAGCC
AGGCTCAAAATGGACATTCTGGGTCCAAGGTGGCGAAAAGACAAGGTTGTGGTCATAATGGG
AGCAACCGGTACGGGCAAGTCCCGACTCTCGATTGACATTGCAACCCGATTCCCGTCGGAAA
TCATTAACTCGGACAAAATGCAAGCTTATAAGGGCCTTAACATAGTCACCAACAAAATCACTG
AAGAAGAGATGTCCGGGGTCCCTCACCATTTGCTAGGCGTAGTGAATTCTAACTCAGAGTTCT
CTGCTACCGATTTCTGTGACATGACTTCACTGGCTGTTGAATCAATTTTGACTCGAGGCTTGCT
TCCGATCATCGTTGGTGGCTCAAATTCCTACATCGACGCTTTGATGGATGGTGGGGAGTACAG
ATTCCGATCAAAATATGACTGTTGCTTTCTCTGGATGGATGTGTCGATGCCTGTACTACACGAA
TTCGCATGCAGGCGAGTTGAACAAATGGTTAGGAATGGAATGGTTGATGAGGTGAGAAACAT
GTTTGATCCCTCCGCAGACTATACGCATGGGATCAGGAAATCAATTGGGGTCCCTGAGCTCGA
CAGGTACTTCAGAGCTGAACCGTTTTTGGATGAAGAAACCAGCGCCGGACTGCTTCATGAAG
CAATATCTGAAATCAAAAACAACACATGCATTTTAGCTTGCCGTCAACTGGAGAAAATCCATC
GGTTTATAAACATAAAAGGGTGGAATATACATCGAATTGATGCCACGGAGGTGTTCACTAGGA
ACGGAAAGGAAGCGGATGAAGCGTGGGAGAAGCTAGTGGCCAGACCCAGTTCTGCAATTGT
TGCAGAGTATCTTTACTATTCTACTGCTCAGGTCCCAGCTACTGTCGGAACTACTAAAGATTAC
TATGCGCAATGCCTTGTGGCATAA

> 3062 PolPT_3B - Biblioteca L1B15043
ATGAACCTTGCTATGTCTCTCTGCCAACAAACAAGTAATGTGCTCGACATTCCCGGCGGAAGA
CTGAAAATGGACATTCTAGGCCCGAGGTGGCAAAAGGACAAGGTGGTTGTCTTAATGGGAGC
AACTGGAACAGGCAAGACTCGACTCTCTATCGACATTGCAACCCAGTTCCCATCAGAAATCAT
CAACTCCGACAAAATGCAAGCTTACAGGGGCCTTGACATAGTCACCAACAAAATCAGTAAAC
AAGAGATGAGCGGGATCCCTCACCATTTGCTAGGCATAAGGAATCCTAATTCAGAATTTACAG
CTACAGATTTCTGCGACATGACTTCACTAGCTGTCGAATCAATTCTTACCCGAGGGTTAGTTCC
AATCATCGTTGGAGGTTCCAATTCCTACGTCGAGGCTCTGATGGATGGTGGTCAGTACAGATT
CCGTTCAAAATACGACTGCTGCTTCCTCTGGGTGGATGTATCTGTTCCTGTGCTTCACGAATCT
CTACGCAAGAGGGTTGATCAAATGGTTGGTAATGGAATGGTCGATGAGGTGAGGAACCTATTC
GATCCCCACGCGGATTACTCTCACGGGATCAGGAAGTCGATTGGGGTCCCTGAATTCGACAGG
TACCTGAGAGCCGAAGCATTTCTGGACCAAGAAACCAGAGCCAGACTGCTACAAGAAGCAAT
ATATGACATAAAAAAGAACACCTGCAACTTATCCTGCCGCCAACTGGAGAAAATCCAGAGGC
TTAGACATGTAAAAGGATGGAACATACATCGAATTGATGCCACTGAAGTATTCTGCAGAAGTG
GAGAGGAAGCGGAAAAGACATGGGAAAAGCTTGGGTCCAAACCCAGTTCTGCAATTGTTCG
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ACAGTTCCTATACAACATTATTAACAAGGTCCCAGCAACTGCAGCAAGTGCTAAGGATTACTT
TGAACATTGCCTTGTCGCATAA

> 1513 PolIPT_5 - Biblioteca L1B15043
ATGACTATGAGGCTTTCCGTGTCTGCCTACAATCAAGTACAACCCCGTGTGAACTTCCAGGGT
GCTCTGAACAAGAACCCCTTCCATTGTCGCAAAGACAAGATTGTGTTTGTGATTGGACCCACA
GGCACGGGCAAGTCGAGAGTAGCTATTGACATGGCAACTCGAATTCCGGCGGAGATTGTCAA
TTGTGACAAAATGCAAGTTTTTAAAGGCCTTGACATAGTAACAAACAAAGTCACCGAAGAGG
AGTGTCTGGGGGTACCGCATCATTTGCTGGGCGTAGTCGATCCCGATACTGATTTCACTTCAGA
GGACTTTAGGATTCATGCATCCCTGGTGCTTGAATCAATTGTGGCGCGCGATCGGCTGCCTATA
ATCGCCGGCGGGTCTAACTCATACATCGAATCCTTGAACGATGTTCCTGATTTTCGATTAAGAT
ACGAATGCTGTTTCATTTGGGTAGATGTATCTATGCCGGTACTCCATTCGTTTGTGTCGAATCGC
GTTGATCGGATGGTGGAAGCGGGCTTGATCGACGAGGTCAGGAATATGTTTGATCGGAATAGG
AATGATTATTCTCTGGGGATCAGAAGGGCAATTGGAGTTCCTGAACTGGATCAGTATTTCCGC
AAGGAGGGAACAGCGGATGCTGCGACCCGTGGCAAGCTTCTGGACTCTGCCATTGCAAAAAT
TAAAGAAAACACTTGCATTCTAGCTTGTCGTCAACTACAGAAGATCCATCGCCTTCGTAGCCG
ATGGGGTTGGAATATGCATCGGATTGATGCCACCGAAGTTTTCCTGAGGAAAGGCAAAGAGG
CAGATGAAGCATGGGAGAAACTTGTTGCAGGACCCAGTACAATGATCCTGAATAAATTCCTGT
ACGACACCGTTTCACCATCGGAATCCGTGGACATCCCAATCATTGGCCCTGCAGTGCCACTCC
CCATACCTGCCATGGCAGCAGCAGCAGCAGCATCTAGGTAG

> c1471 PolPT_6 - Biblioteca L1B15043
ATGAGTTATATTACTAGTCACTCCCTTTACACTCCCCGTAAGCCGGCTCAACAACTTTTCCATG
TCAATATCAGTACTACTGTCCCATCTCCGCTTCAGCCACCCACCAGACGACGACTCAGCTTCC
GACGCCTTCCGAGGAGGATCCGCATGGAGTCTTCCTCAGACTCGTACCTCCGGAAAGACAAA
GTTGTTGTCATCATGGGCGCCACGGGTTGCGGCAAAACGAAGGTCTCCGTTGATCTCGCCACC
CGCTTCCCTTCCGAAATCATCAACTCCGATAAAATGCAAGTTTATAATGGTCTCGACTTGACAA
CCAACAAAGTCCCGCCACATGAACGCCACGGAATCCCGCACCATTTGTTTGGCGAGGTTGAC
CCGGACGAGGGCGAGTTCTCCCCCTTCGATTTCCGGGTGGCAGGTGGGTTGGCTGTGTCAGA
TATTGTTTCCAGGAAAAAATTGCCTATTGTGGTTGGTGGGTCCAATTCATTCATTCATGCTCTC
GTGGTTGACCGGTTTACCCCCGCGTCGGACGTGTTCTACGGGTTGGACCCGGTTTCTCCCCAG
CTGAGGTACAACTGCTGCTTCCTGTGGGTGGACGTGGCGTTTCCAGTTCTGTGCGATTACCTG
TGCAAGCGGGTGGATGAAATGCTCGACTCGGGCATGTTCGAGGAGCTGTCGGCGTATTACGA
GTCCGGCGAGTCGGCGAATCAGCCCGGGTTGAGGAAGGCGATCGGGGTGCCCGAGTTCGAG
AAATATTTTAACAAGTACGGGCCAGGGTGTGACCGAAGGAAGTGGGATCGTTTGCGGACGGA
TACATATGAGCATGCCGTGAGCGAGATCAAGGATAACACGTGTCAGCTAGCAAAGAGACAGA
TCGGAAAGATCATCAGATTAAAAAGCTCAGGGTGGGACCTACAGAGAGTGGATGCCACGGAG
ATATTCAGACAGTCGATGATGATGATGACGACGACGTCACCGTCGGAGGATTACTGTCACCGC
GACAGCGGCAACCGCAAAGAAGAATGGCTACCGGAGGAAAAATGGAGGAGGAAGAAGAAG
AGGTGGATAGAGACGGTTTGGGAGAGAGAAGTTCTGACGCCCAGCGTGAACTTTGTGAAAC
GTTTTCTGGAGGAGTAG

> 151 PolPT_7 - Biblioteca L1B15043
ATGACTTCGGTGAGGCTTTCAATGACTGCAGTCGGACCACAACTGAATTTCCAAGTTGCCGTA
AACAAGAAGACATTGTACCATAAAAAGGACAAGGTTGTGTTTGTCGTCGGACCAACGGGCAC
AGGCAAGTCGCGACTGGCTATCGACCTGGCAACTCGGTTTCAAGCAGAGGTTGTCAATTGTG
ACAAAATGCAAGTTTACAAGGACCTTAACATAGTCACAAACAAAGTTACCGAAGAGGAATCT
CGCGGAGTACCACATCATTTACTAGGCGTAATAGATTCTGATAAGGATTTCACCTCGGAGGATT
TCAGGACTAATGCATCTCTGGTGCTTGAATCAATCGTGGCACGCAATCGACTACCAGTCATCG
CCGGCGGGTCTAATTCCTACATCGAGGCCCTGATGAACGATGAACCCAACTTCCAAATGAGGT
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ACCAATGCTGTTTCCTTTGGATAGATGTCTCAATGCAGACCCTCCATTCGTTCCTGTCGGACCG
TGTCGATCGGATGGTGGAAGCAGGATTAATACAAGAGGTCAGGAATATGTTCGACCCGAATAG
GAATGATTATTCTCAGGGAATCATGCAGGCAATTGGAGTTCCTGAACTGGATCAATATCTGCGC
AAGGAAGCAACAGTAGATGCTGTAACTCGTGAGAAGCTACTTAATGCTGCCATTGTAAAGATT
AAAGAGAACACTTGCTTGCTAGCTTGTCATCAACTACAGAAGATCCATCGCCTTCATAGCCAA
TGGAATTGGGACATGCATCGAATTGATGCCACTGAGGTTTTCTTACGAAGCGGAGAGGAGGC
AGAGGAAGCTTGGGAAAAACTCGTGGCAGGCCCCAGCACAACAATCCTGAATCAATTCCTCT
ACAGCAACATTTTACAATCTGATACTATGGATGTCAACATCACGAACCCGGCGGGACCAATCC
CCATCCCTGCCATGGCGGCAGCTTATAGGTAG

> 1815 PolPT_8 - Biblioteca L1B15043
ATGAGTTTTGTTAGTCGCTCCCATTACACTCCCCATAATCTTCAACCATTTTTCGGTACAAATAT
CAATATTCCTTCCTGGCCGCCACCACAAGCACCAATCAGACTCTCCTTCCGCCGGCTTCATCG
GGGGGTCCGTATGGACTCCTCCGCCTCCCACCGCTTGAAAGAGAAGGTTGTTGTCATAATAGG
CGCCACCGGCTGCGGCAAGACCAAGGTCTCCATTGATCTTGGCAACCGCATCCTATCCGAAAT
CATCAACTCCGATAAAATGCAAGTCTACAACGGCCTCGACATTACAACCAACAAAATCCCGCC
CCACGAGCGTTTCGGCGTCCCCCACCACTTGCTCGGCGAGGTCGACCCCGATGATGGCGATTT
CACCCCTTCCGAGTTCCGGGTAGCGGGCGGGTTGGCTGTGTCGGATATTGTTTCAAGGAAAA
AGTTGCCTTTTGTGGTTGGTGGGTCCAACTCCTTCATTCATTCACTCGTGGTTGACCATTTTAA
CCCCGAGTCGGATATTTTTTCTGTGTCGGACCCGGTTTCGACCCAGTTGAGATACAACTGCTG
CTTCCTGTGGGTGGACGTGGCGGTACCAGTTTTGTGTGATTACTTGTGCAAAAGAGTCGACGA
AATGCTTGATTCGGGCATGTTCGAGGAGCTGTCAGAGTATTACGAATCGGGCGACTCAGCGAG
TCAGCCCGGGTTAAGGAAGGCAATTGGGGTGCCCGAGTTCGGGCAATATTTTAGGAAATACG
GGCCAGGTGGTGAGAGAAGGGAGTGGGATCGTGTGCGGAGGGTCGCGTACGAGGATGCGGT
ACGAGAGATTAAAGAAAACACGTGTCAGCTAGCGAAGAGGCAGATAGGGAAGATCATGAAA
TTGAAGAACTCGGGGTGGGACCTACGGAGAGTGGACGCCACGGAGGTATTGAGATTAAAGTT
GATGACGTCAGGCTCTGATGATTGTCTCAATGATGCCACACCAGAAGATTGGGAAGAGAAGA
AGAAGAAGAAGAAGCAGAAGAGATGCAGTAAGAAGAAGAAGAGGTGGATGGAATTGGTTT
GGGAGAGAGAAGTTTTGGAGCCAAGCGTGAAGATTGTGAAGCGTTTTTTGGAGGAGTAG

> 17929 PolPT_9 - Biblioteca L1B15043
ATGCCAGTTGGTGGGTCACCTGTCCCTACGAGGAAGAAAATGATGAGCATTCAGAGGCTTC
GAGTTCAGTATAATTCTACTTC

TACTGACATTAATGCAAACACAAACGTTATCAAACAAGACACCG
ATAAAAAGAAGGTTCTGTTTGTGTTGGGTGCCACTACGACAGGAAAATCCAAACTGTCGATT
GATTTGGCCACCCATTTGAACGGGGAAATCATCAGTGCAGATAAAATTCAGGTGTACAGGG
GGCTCGACATAGCAAGCAACAAAATCACCGAAAATGATCAAGGGGGCGTGCCCCACTATTT
ACTTGATTTTGTGGATCCTGATGTTGATTATACCACACAGGATTTCAGCAACGACGCACACC
AGGCCCTGGATCATATAATCGGGAACGGGCACATCCCAATTATAGTCGGTGGATCCAACAC
ATACCTTGAGGCACTCGTCGAGGAATCACCATTCAATTTCAAGGTCAACTTTGACGCTCGCT
TTCTATGGATGGATGTTTCCCTACCAGTTTTGTACAGGAGGGCGGCAAAAAGAGTTGATGAG
ATGATTAAGCGTGGTCTTGTTGACGAGGTCCGTATGGTTCCTCCAGGAGCAGACCTTGGAAG
AGGGGTGTGGAGGGTTATCGGGGTGGCTGAGCTACAACCTTTTTTACAGGCGGAGAGAAAC
ATGGAGGATGAGGCCACCAAGAAAATGCTGCTGGATATTGCTATCGAGGAGATCAAGAAAA
ACACTAATAGGCTAGCCGAAATCCAGGTGGGGAAGATCAAAAGGCTGAGAGATAAACTTGG
ATGGAAACTCCACCGGATTGACGCCACCAGTGTGTATATTGAAGATGGAGTTACTTCTATGG
ATGCTTGGAAAGGTGCAGCTTTCAAACCTGCCTTGGAAATATGTTCTGATTTTCTGAAAAGA
TGCTGA
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>c715 PoLOG_1 - Biblioteca L1B15042
ATGGAGGGAGAGATGGACGTGAAGCAATCGAAATTCAAGAGGATTTGTGTGTTTTGTGGTA
GTAGTTCAGGAAAGAAGAGTAGTTATAAAGATGCTGCAATTGAGCTGGGCAAAGAACTGGT
AAAATACAAATGCAACAAGCGCAAGCTCCCCTGTTTTGTCCTCTGTTTTGATCAATATTATGCAAATCTG
TTGCCTCCTTTTCACGTTTTTCTTTTGTTTTAACCATTCCTAAGCACTTTTCTCCAGTTTCAGTAGTTTTTT
GGTTCGTCTCGGTGACACTGTTTCTGGGTTTTTTCCGACTCTACTCTGTTTCCTCTGTTATCTATCTTCTTT
TTCCAAAAAAACGCTACCTCTATATATACTCATACTGTTCTGTTTTCTTTTCTTTTGTTACTACATTGCGT
TAGTCCGCTCTAGCAACTTTTTGATGGAGATACTTTATCAACTTTGCCATAGAATTTTATGTCAAGTGCT
ACTTATTTGTGCAGTCGTTTCTAAAATTCTTGTCTTTCAAAGGAATAGATTCTGTATTCAACACCATGTG
GATAGTAGTGCACGCACGAACATTCAAATTTTGTTTGAACTTTCTTGTCTTCAGTTTTGCTCACAATGGT
GTGATGGTAATGCACTTTGATGGGTAGTTCTTTGAAGCTTGCTTTCGTTTATACCTTTTTTTTTCCACCAT
TTATGTTCGGAGAATCAGTACCTTTTCTICTTATTTCAAAGGTATCAAGAAATATCGATCTGGTCTA
TGGAGGAGGAAGTATTGGTTTGATGGGTCTGATCTCACAAGCTGTTTATGATGGCGGCCGCC
ATGTTATTGGGTAAAAGCACCAACCATTGTTCTCATTTGTTCTCTCATTTGTCAACCATCAATTTTTAG
TGGAGTTTCCTTTCCTTATCATTCTGTCACTCCAAATTGTTAATTGCTCCACTTGAAATGACCAAAGTTA
TGGCTGCTATTGACAAATCTTGTTCCCTGGCCATAATAACTGTTCCTTTCTTTTTTCACTGACAATAATTC
TTTTTCTTAATTICTTATTATCTGCAGAGTCATCCCCAAGACATTGATGCCTAGAGAGG TAAACTTTT
CTGCTCCTACCATAATGTCTTGAAGGCTTTTTCCTTTTGTTAAAGGATTCAGAAAAAAAGGCATATGCTC
TGCATGGTTGATATGTGCGTGGATGAGAGAAAGTAGTAGACCAAAAGAGGGCAGATACCCTGTTTCTTT
CTAAAAATGTTCTGTGGCAGCTGCTTTTACCTGAATTTCTACCTCTCCTTTGTTATGTTCACGAAAAGAA
AAAAGGGTGTTCCTTGTCTGTCTGTTTTGTGCTTTCAAATTTAGCTTTCCAGTTTGAACATGGCCGAGAA
ATCTCCCTGGTCTCTTCAGATTACCATCATTATATCCTTCCTTCTACTTTCTGATCTTTTAAACCCGTCTA
GAGTTCAAAAGTTGAGGTCCTTTTTCCCTTTTTGTTACCTTTAACGGCCTGTTAATTTATTTAGCCCACCA
CCTCTGCATCTCTGCAAACTCATCATTGTTTCTTCCTCTGTGGATGAGAATTTCTCTGCGGAGACTTGGC
GTCTTTTGGCCATTGTCAGTATTGATTTTGTCTTTGGTACTCTGCATTTTTGTGCAGATAACCGGAGAA
ACAGTAGGGGAGACGAAAGCTGTTAATGATATGCACCAAAGGAAAGCAGAAATGGCTAGA
CAATCGGATGCCTTTATTGCCTTACCTGG TCGGTATTTATACGACTGCAAATAAAAATCTATCTGTC
AATCTTACTAAATTATGATAAAAAAAGTTTTAACAGTAACCCAAGTTAGATTCCAAATAGAGTCTCAAC
TTTTTTAGGGTACTTACAGAATGTGATCATATGCCTCTGACACTGGAAATTAGGCTTCTGGGGAGCTCAT
CCTTTATGAGGTCAATATGCATTTTCCCACTGTGATACAGCACCACTAGTCTTGGCCCGTGATACAATTG
TACTATCCTATTCGCCAACGAAAGCATGAAAGGGACTGTTTTTATCTGCAAAACCAAATGGTTCAAGCA
TACATAGAGGTCCGAGAGGCCAGTGCTATAGCCCACCGATATGCAATGATTATCTGGTCTACATTGACC
ATCAACATAGGCAGTGTTTTATCTAGACTTAGAGGTGAAAAGTGTAGGGTTTGAATCCAAATAAGATGG
CTTGGAGGTAGAACTTGTGGATTGGAATGCAGACAGTGTCTCGATATTGTAAAAGCTAGAGGTGGGGTT
CGTCAGATAGAAAAGAATAATCACTATCTACTTGTTAAACTACAATCCTGAAGCCTGTTCTGTCAATCT
GATCTGGAAATAGTTGTGCGCTTGACTGAAAGTTTTCATGTGATTTTTCTGAAGGCGGCTATGGGACC
CTTGAAGAGCTTCTTGAAGTCATAACCTGGGCCCAACTTGGTATCCATGAAAAACCGGTATA
GAACTATCTCATTCTCTTGTTAGTTCCCATTTTGTGATCTCTGTTTCAACCATCCAGATTAAGGAAAACC
CAACTTTGAGCTATAAAAATGGTTGTTTCTTCCTGEAAGGTGGGATTGCTGAATGTGGATGGCTAT
TACAACTCCTTGTTGTCATTCATTGACAAGGCTGTGGAGGAAGGCTTCATTAGTCCAAGCGC
ACGCCACATCATCGTGTCTGCACCTACCCCAAGAGAGTTAGTGAAGAAAATGGAGGTCATTC
TTTTTCCTTTTGTTTCTGTCATTTGTATGAACAAACAAGACTTGTTTCGACCATTGAGCTAAC
AGTTGCTTCCACTTGTGTGTGTGCTTTCCAGGAGTACCTCCCCTGCCATGAAACAGCTGCCCC
CAAGCTAAACTGGGAGATTGAACAGCTAAGTTGCCCTCCACAATGTGATATATCGACATGA

>c28 PoLOG_2 - Biblioteca L1B15042
ATGGAAGAGATCAAGTCCCGGTTTAAGAGGATTTGTGTGTTTTGTGGTAGCAGTTCCGGCAA
GAAAGCTACTTATCAAGAAGCTGCAGTTGAGCTGGGGAAGGAAATGCTACATATACCATCTGAA
GGACAACTTACTCTTTCTTTCATTCTATTTTTTTTACTCGAGACTGAAGGTTTTCATCACAAATGTTTTTCA
TTGAATCAATCCTCCGGGAGCCAATACCATTATATCTTCACCCTTTTTTCTTGACTTTTTTCTCTGTTTTAGA
AATCCATTGTTAGCGATTCAACGCCAGACCCAATTTTTATACTCTTGGGATTCCCATTATTCCATATGAGAA
TTGGTTCCGCTTATCATTTTGTGAAGAAAACCTTTGTGTTGGTTTATTGACGTACGTTGCAATTACACTCCA
TTGTCTCTATTATTAACGAGGACTCTAGCTATTTGTTTTGTCAGTTATTTTTCCAAACTTTTTTTTTTCTTAT
GGAATTCTCGATGATATCTCAATACTATCTTCTGGTCGATCGGAAATAGAATGATTTTAGTTTTAGTCTGTG
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GCGTGTTAGTGGTGTTAGTGTGTGGTAACAGGCAAGTTGGAGGAAATAAAACAAGCTTTGATGGTTGTTC
TAGAGATTAGTTACTAAGCTTGAAGGGAGAGCAGGTTTAGGGTTTATGTTCGGCATGATAGTCTGCTAGCT
GTAACCTGGCTGTCAGTTGAGCAGCCTTCTTGCATGATCCTTGTTTTTGATTTTTTATTGAAACCTCACTTC
TTGTTCTTAAGCTGTTTTGTTTCCATCAACTAAAGTAAAAACTAATTTAAAACCAAAACAAGAAAAAGTC
AATTTAATCTCTGGCTTCTCACGACCTGGGGACCAGACCAGACGTGCTCCAATGGTATCATGACTCTTCTA
AGCATGATGGTTTAACTTCAGGCACTTCACTATCTTCAATAACAAAAAAAAAGAAAAAGAAACACCTCC
GTGATTTTTGTTTATGGGGGCAATTTCCTGAAGTTCATCAGTGCATGTTGTTACTAACTAGGATCGATGTTG
TGGTGTTGATGATTGACCTTGTGATACGTGCTAATGGTTGCTGTTTCCGATGATGTTTGAAGGTGGAGAG
AAGGATTGATTTGGTATACGGTGGCGGGAGCGTGGGATTGATGGGTCTTGTTTCTCAGGCAGT
TCATGATGGCGGGCGCCATGTTCTAGGGTTAGTCTCATCTATTTCTTACTCTCTCTCTCTCTTGTCTTT
GTATATATTTTTCTTTAAAATGCTAATTAATTACTTGTGCGTAATATTTAGAAATGAGATTGTGAAAATTTCC
CATTTCTCTATGGGACATTTCACTGTTGTTTCTGCTTTCTGAGACCAGCTCAGAGGCATATATCATGGGATC
AAGCAAATTGATACAGGCCTTGAACAAAAAGGTTATCCTGGAATTTCCTTTCCGTCGGCTCTTCTCTCGG
AACAAGAGCTGTTTAGTGACCAACAGGCTTCCAGATTCTGAACATAGTACCACCTCACTTGGGTCAAAG
CTATGTCTTCTTGTTGGACAGACAGATACTGAAAAAGCTTCGGGATAAAGGTTGTAAACTTTTGTAAGGC
AGTGATCGGGGCACTTTACTTTTCCTAATATGGGAAGGAGTACATATTTCCTACAGAAATGACCTTTCTAC
CCCTGTCAAAGGTGCCGGTTGACTTCCAGGTTCCACGTGAGTTTAGGTTGGCGGGTAGCCTCTCCTTCTT
AACGAGGCAACCAAAGCGGCAGCGACAAACTGGGAAAATATTTTTCAAATATTTGTGAATTTCCAGCGA
CTATTCCTTGTGTTTCCAAACTATTTCCAATACTGTCCTTATGCCTTCATGTTAAGATTATTAAAGATGGCTT
CTAACTTAGAATTCTCTGTTGCTTTGCAGAATTATTCCCAGGTCCCTGATGCCTATAGAGGTACGTCA
AAGCATCAATACTGAGGTGGTTTAATTAAGGAAATCTGAAGCTGATATAGCAAAATGAGGTAACGTTTATT
TTTACTATTGCAGGTCACTGGTAACCCTGTAGGAGAAGTGAAGGCTGTTTCAGATATGCATCAG
AGAAAAGCTGAGATGGCGCGTCAAGCTGATGCCTTCATTACCCTTCCTGGTAACAACGCTGTCC
TTAATTTCGATTGTTTTTAATTATAGCTTAGATACGATTCAGAAATCTTCAGAATAATATCTCTCATGGTTTC
AATATGTTCTTCATTTGTTCTAATTAGGGGGTTATGGTACGCTAGAAGAGTTGTTGGAAGTCATTAC
ATGGGCTCAGCTCAACATACATCGAAAACCGGTAAGTATCATTATCTGCTTAATAACTCCATCTTCCT
TATCAACTTTGCAGCAATGAGGTCTTAGTTAATTTGCTTGCTTAATTTACTGTGGAAAATGATAATTAAAGC
GAAGGTCTACATGATCAGAACAAGATAGGGAATTTGAAAAGATTATGGTTGATTACATAATAAAATCCATA
AATACAAAGAAATTGCCGGAAATGAAGATCAAAAGGATTCAGAAAGATTCTTGCTTTGGGGACCATAAC
ATATGTAAACTTTCGGGGTCATTGAATATACTTTCTGGTTGTTGAAAGGTGCTGACAGCAATACTTTTTTG
ACCAGCAACATTGTTGGAACAGCTTTGTCCTACTTTTGTGCAAGCAAACCCTGCAATTTAAAGAATACAT
GTATAGCATGTATACAGCCGTGTAATAAGGATATAGGATGATTCATTAGTGATAGAATTTTCTAATAGTGAAT
TAACCTCTTTTTTCTCTCTAATCATTCTGGACAGAATTTCAATGTTTTTTCCTATTTAATTATTCTGGATACTA
CATGTCTTATACCATTACAGTTGCGGCAAGCACATGCTGTCATGTCTTTGTTACTCACAACTCTTGTTGAA
ATACATAATATTTTTGCTTATGTCGATACTACATGTTATAATTCCTGACTCTATTCCTGTTTCTGAGTGTTGCC
TACTCCTTGAGAAATAACACCAATTGGGTCAACAAGTTGTATAAACTGTGACTCTTTTTATGTAAGGTTGA
AGCGAATAAAATCATGTGACGATTCGGCAGATTCACATGGAAAGATAGCATTTGGATGTAAATCCCACCAT
ATCCCCATCATGATCCGTGCTATATGATTTGGAGATGATAAGCTAGCAATTATATATATGCGTGATATCCTGA
GCTAGCTTGAAACACTTTTCTAAAAAAAGTGGAGTTCCAGTCAAATAAGTTGCTTGTGTTGTCATTAGAT
TTCAAGGCATTTGTTATTCAAGATCCTGCCATTTCTTTCTCTTTTCTTTTCCAGGTGGGGCTTTTGAACG
TAGATGGATATTACAACTCCTTGTTGTCTTTCATTGATAAGGCTGTGGATGAAGGCTTTATATCT
CCTGAAGCACGTTGCATTATTGTGTCAGCACCAACAGCAAAACAGTTGTTCACACAACTGGA
GGTAAATAAAGCGACATCGACTTCTTGGAGCAGTCAATTAATGTGGAAGTGGGATTCCACTAGCTAACTA
GAATCTGAGGACGGCCCGTCTCTTATCAATAAATCAAAGATAACAACTGTACGTCTTTTATAATTGCATGT
TCTCATGAATTCCTTTTTATTGTTTTCTTTGTGCCTCAGGAATATGTTCCACAGTATGACGAGATAACA
TCCAAGTTGGTCTGGGACGAAGTGGAAAAGAGAGTAGCTAAAGTTCCTGAATCAGGGGTTGC
CTCATGTTCATTCTAG

>c8 PoLOG_3 - Biblioteca L1B15042
ATGGAGGTAGGCAGTACGGTATTGAGTCCATCGTCGTCGTCCAGGTTCAAGAGGATTTGTGTG
TTTTGTGGAAGTAGTCAAGGCAAGAAGAGTAGCTATCAAGATGCTGCTATTGAGCTTGGAAA
GGAATTGGTACGTACTTGTGATTCCTATGCTATAAGTCATCTTCTTTCTTTTCTGTTCGCCGCTATCAATAT
ATAATGTTTTGGTTTCTCTCAAAGTCCAGTCCCTAGATAGCTAGTACATTTATGGGTTTGGACAATGAAAC
TGGCTTGAACGTTTCTGTATTCCTTTCGCTGCATATATAGCTCATATATATTCGTTGAAGTGCATATATAGTT
GCATAAACTTTACCTCATTGTACAACCTTGTCCATGTCTACTACCTCTTGCTGGCCACTGGCTACTTGGGTT
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GAAGCTTTCTTCTTTTCTAAATATCTGGCGCGTTACTTGTGGAAGCTCTTGCATCTTGAGTTGGGACCTTG
GCTAAAATCAGTGCAACTTGTGCATCCAGCGAATCGCCCTTTTTCTTTGGTTACAGGCGGCTCAATTTTCT
TCTGTATAACGAAACCATCAGGCTGTGCAAATTGACTAAGCCTGCGACCCGCCATCAAGACCCTTCATTG
TCTCCCTAGAAGCATGTTTAGTTTCCATAAGCTAATTACCTATATGATATTATGTTCTTTTGCAGGTCTCAA
GGAACATTGATCTAGTCTATGGAGGAGGCAGCATAGGTTTGATGGGGTTGGTCTCGCAAGCTG
TTCATGATGGTGGTCGCCATGTCATTGGGTAAGCTTTATTTAGTGTCTCAGTTTATCCCCAAAAATTGT
ATTAGAAAATAAAATATATTGATCATGATTTAAGAAACAAAATCAGTGCATTGGGTTGCTTTTCTTCTCTGA
TCTTTGTCATATTTTTGTCCATCTGCACGAGTCATTCCCAAGACGCTCATGCCCCGAGAGGTACTGATC
ATACAGGCAGAAAAAGTCTCCAAACTTTTCTTCTCATTCTTTTTAGTAGAAAAGGCTGCTGCAACCTGTA
CATTTATAGTTCTTTATCTTTTTACATTTGATGGGGCATTAACTTGGACCTCTTGTTAGTGATTTCCTTTCCC
TTTTGTCTCTATCTTTTATCTTCTTTAGCTGTTTTTTTTCAAAGATTTTCTGGTTCTCCGAGGAACACTTAAT
TGCCATTCAATAATTTCTCCTGGTAGTAAGTACATAGCACTGTGTATATTTCTGCCTTTTATCTTCTCCTTTT
TCCTTTCCTCACATGTAACAAGTAGGTACTTCATGGTTGTTTTTCTTGCTTGGCTTCTTCTAAAAACTCGAA
TTTTTGTTTCCTTCTACGCTTAGAAAAACCTGGCTGGGAAGCTGCTGGTTTCAAAACCCTTCATTTTAAGT
CCACCATTCCTGCAAAACCCATCATTGCTTTACTGCACAAAGCTCCAAACCTTATCTCTCTCTCTCTTTCT
AAGTTTTCACTCTCATTATTTTTCTTTTCTTCTGTGCTTCCGGTACCTTTTGCAGTTAACTGGTGAAACA
GTAGGGGAAGTGAAGGCAGTAGCAGATATGCATCAAAGAAAGGCAGAGATGGCTAGGCATTC
AGATGCTTTTATTGCCTTGCCAGGTTAGTATAAGTTCTGCAACGTTTTCACTTGCACCAAAAATAACA
AAGCAAATCAAGAAAGACAACAAGAAAAACCTGGATTGTCATCAATCCTTGTTAAAAGAGAATATATGA
ATGCGCGTCGACAGTCCTAATTTTGTTTGCTATATGCACTAAACTGAAACAATTAAGCAAGTGGAGAAAG
AGGCAGAGGGTCTCTTTCTCTTTCAACTTTCACTGAAGGGAGGAGCTGTACCATCAGAGAAATGGTTGG
CTATGCAAATATCATGATGCCTGACCATATTAGGCTTTGCATACTTTTGTGGGGCGATGCTAGAATTGGCAT
AAGAGACTGTTGTGAACTCAGCAGTAAAGTAGAACCTACAGTCATAAACCAACCCCGATACTCATGATG
ACACAGACAAAACTCTAATTCTTTTTCTTTTGAATTTTGTTTTAACCATGACAGCAACTCCAACCCTAGTT
TTTCGACCCATCAACATCTTACACTGAAAATTAGTGCTGAAAAGGAAGTCAGTTTCTGTGGCTAATGTGC
TCTTGTCCTCTAATGTCGTTGTGCGAGCTGTAGCCTGTACTGTCATAGTACCATTCATTTGATACAGACACC
CTTTTACTAGATGACATTTTACCAATTAGCACCTTCACCAAACACGCAAAGATGTCCACACCTTTCACAAG
CCACTTGTTGTAGTAATCATGATGGTGAAAGTTTAGTAAATGAAGGACGTGTATGAACAAAATAGTTATTT
ATGAACAAAATAGTCATTTCCCCTTCATGTGGACAACATGTTCTGTTCTTGAATCCTCACAACCGCGGTGG
AAAATCAAGAAGCCTACGTGTTCTGTAACGTGGTCGGAGCAGAGTTATAATCATTATTACCTCTCTTAAAT
GAAACCCAATTCTAAGCTTGACCAACCTTCATGGTGCAAATTGCAGTTTCATATAACTTATTACAAATGAC
CCTTGAAAAGTTCATGACTCTATTTATCCTCTTAATGATTTACTGAGTGAGATACTACGTCAAGTTCTACCT
ATTCGCCTTTAGACCTTCTTTAGGAAACCTCACCTTTTAACTGTTCATACCAAATAATTGATTGCTGATAAT
GTTACTTCTGGTTTGTGTCCTTTTGGATAACTTGGTGTCGACCAATGAGAACTCAGATCAATCATGTACTT
CCCAAATTGACTGATGTCGCGTGGAGCACCTTTATGGTGTACCACCCTCTATTTTGATTCTATTACTCCAGA
TAGTACCCCTGGTTTGCCAATCTGGATTGCGCTGTACAGTGTTTTATTCAATAAGGAAATAACCCCACCCT
TGACATTCATTATGCAGGAGGTTATGGCACACTGGAAGAATTGCTTGAAGTCATAACCTGGGCTC
AACTTGGAATTCATGACAAACCGGTAACATCTCACATTAGCATCACTGATATCTCAACATCAGGTTTG
CTTATACTTTATATATTAATTACCTCCTATATTTCAATGCAACTTTAACATTCTGAAGGTAGGGTTGCTGA
ATGTTGATGGATACTACAACTCTTTTCTCTCCTTTATTGATAAAGCTGTGGAAGAAGGATTCAT
AAATCCGAGTGCACGCACCATCATTATATCTGCACCATCACCAAGAGAGTTGGTGAAGAAATT
GGAGGTAATCAAAGGATGGGGAATAATATCTTTACTTCCGGCAACACCTGTGGCATATTCAAACTAAATT
CATCTGCTCAAAGTTACTGAACTCATTGCCATATAAAACTATGTCAATAACATACATGTGGCAGCTGAAAC
AGAAGTGTACCAGCCATATTTCTGCTGTAGCCTGTTTAAAGTTTGTTTCAATAGCTTCCATGTGGTGGGGA
GAATATATAAGAACACTGATTCTGACCTTGAGTGTCCCATGTTTACTTGCCTAAACATTGTAGGAGTACG
TCCCCTGTCATGAAAGAGTTGCTTCAAAGTTGAGCTGGGAAATTGAGCAACTTGGCTACTCTA
GCTGTGACATCTCAAGGTGATATATATATATATATATGGATGTAACAGCTCCGGATGAAAGTGGAATCTG
ATGGCTCACGATGTCAAAATTTCCATTATAGGAAGGAAATTCATTCTGTAAATCGCTGCAGTTTACT
TTAG

>c1345 PoLOG_4 - Biblioteca L1B15042
ATGGAGGTGGAGGGTACGGAGATGAGCCCGTCCTTATCAAGGTTTGGGAGGATCTGTGTGTT
TTGTGGCAGTAGTCAAGGCAAGAAGAGTAGCTATCAAGAGGCTGCTATTGAGCTTGGCAAGG
AATTGGTACTCATCACCCTCTCTATTCTATTAACTCCTCTGCTTTTCCTTCTGTTTTGGTGTCTGGAATTTAT
AGCATTAAAAGGCTTTCGGCAACAAACTTTTTAGTACGTCTCTGTATATTCTTTTCTTGTGCAGCTGCAAG
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CATGGCTGTCGGATATTCGTTGAGTGCTATTCAACGCACTGTACAAGTTTATCTATGTTTAACTTTTGTTGC
AACTTGGGTTCTTCAAAGATTGAAGCTTCCTTCTTTTCTATGTGCCAATGAGTGCAACTTCTTGCTTCCTC

AATCACTCACTTCAAAGAAGACTGTTCTTTTTGGGTTGATTGCAAACGAACATAATTTCGCTGTGTGTCA

AAGAGGACTATCACATGCACATAATTAAGTCTGCAACCGCATAAAAACCCTTTTATTCTTCACCTGAAATA
GCGCGCATGTAGCTTCCATGAGTTCATATCATTATGCTCTTTTGCAGGTCTCAAGGAACATTGATCTAGT
CTATGGAGGGGGCAGCATAGGCTTGATGGGTTTGGTTTCACAAGCTGTTCATGATGGTGGTCG

CCATGTCATTGGGTAATTCAGTTTCTGTCCAAGTTTGTCTTCAATCCTGTGTTATATTTACATTAAAGATG
AATTTAGAAAACAGAACAGGCGATGGGTTGCTTTTCTTCTCTGATTTTTGTCATATTATTTTCTCTCCGCAG
TGTCATTCCCAAGACGCTCATGCCTCGAGAGGTATGTCTGCTACAGGCAGAAAAAGTCTCAAAACT
TTTCTTATTATTCTATTTAGTAGTAAAAGTTGAAACCTGCTGATCTATTTTTAACGGGCATATAATTTGGCAC

TCCTTTTTTTTTTCTTTTAACCTCATCTTCTTATTCATTACTTTTTCCTTCTTTCATGTCTCTCTTCAAAATCA
ATGGTTTCTTTCAATAATCCTTTTGCCTATACTTTTGTCCCTTTTCAAACTATTATCTTGGACCTGTTGTTCC
TAGCAATTTTCCTTTTTTTTTCTTCTTATTCTTATTTTGTCGCTGTTTTTTCCTTTTTACCTACGCTATTTTTTG

GACATTTTCTGGCCCTCCGAGGAATAGTTGTTGATAGCCCTATCCATAAATCTTTCTTTGTAGTTGCCCAGT
TGGCACGTAGTACCTTTGGGCGTCCGTAGTTATTTTTTTTTTAATTTCTAAAGCATATATCAAGCTATTCCTT
ACCTTTAATTTGGAAAACTTTAGATTTATTTTTTCTTTTAAGTTACAAAAGGACTGGCCAGGGCGTTGTGG
AATTGAATTCTTCATTCAAGTCCACCATTCCTGCAACACTCATCATTGCTTCACTGCATAAAGCTGCAAGC
CTTATCCCTCTTTATAGATTTTCAATCTTATTCCTTTTTTCTCCTTCCCGTCTCTGTGATACCCTCTTGCAGT
TAACTGGTGAAACAGTGGGGGAAGTGAAGGCTGTTGCAGATATGCATCAAAGAAAGGCTGA
GATGTCTAGGCATTCAGATGCTTTTATTGCCTTGCCAGGTTAGGGTAAACCCTGCACAGTTGTGTTT
CATTCTTCAGGTATCTGATATAGCAAATGCTGATTATTACATTAGGAAAATTTTGATTTTCTTTCTCTATTAC
ATTATCTTGTTTCCTTATTTCTAGCTTTAACTTCCATCCTTTGCTTGGGAGAGACAGAGGGTATATTTCTCTT
TCAACTTTAGCTAAAATGGAGCTTTACCGCATGAGAAAGGGCTGGAAATTTGATGATATTATGTTGTCCAA
GTATCGTGATATTTAACTATTTTAGGCTTTCCTTATTTTGTATTCCAATGCTAAAAGCGGTATAGGATAACGT
TGTGAAAACAACAGGTACTGTGAAGTTTGGAACCTCCAGTCACAAACCCCAAGACCTATCATTACAGAA
CAACAGGTTTTCTTTTTTCCTGTTGAAACATGTTAACTCCTCAAAGCCCCTGGTTTTTGACCCATCAACAT
CTACACTGAAAATTAGGGCTGCCAAGGAAGTCAGCCTCTGTGGCTAATATGCACTTCTCCTCTAATGACAT
TGCTGCAGCCTATATAGCCTGTAACGCCACTGTACCACCGTACACTTCAAGCAAGACACTCTTACCACAT
GTTTTTTTGCCAACTAGCACCTGCATCAAACAGGCAATGATGGCCATTCCTTTCGCAAGCCACTATAATTA
TCATGAATGTAAGCTTAGACGATGAGGACATGTGTGGACAAAGTAGTCATTTTGTCTTCATGCGTACCTAT
CATCTAGTGGAATCCCCGTAACTGCGGTATAGAATCAAGATTTCCACCGGGGAGATATTATGATCCTGCCT
AGGCTGACCGAAGATAATGTCTCTCTTAATGAAGTACCCTTTTCATTCTTGAGCAACTCTCTTACCCTTGA
AGGAAAAACAGTACAAAACAGTACAAAACATTCAATGTCAACTGCATCAAGAATGGAGGACATTAAGGT
GAAAATCATTGAATCATAGAACTTGCTGCGCGATCCTTGACAATTCATGACTGGAAACCTAATGAGGTCT
GACGAACCAATTTTTCTGAGGAACTCCTTTTACCAGTATTAAATAATTGATCAACTCTGTACTCTGTTGTC
GGAGCTACTTTTCTGGTATGATCCTTTTTGTGGATCACTTCCTGACTAGTGACTGGCAATTGCCGCGTGCA
GCAGCTCCTTAATGATGTACTCGAAATGCAGACTTGATTCTACTATTTCAAATGGCATATATGCTTTGTTTG
CTAATCTGTCGTCTAGATTGAACCAAAGAATCGTTGATTCTATAAGCAACCGACCATTTATACATTATTTAT
GTAGGAGGTTATGGGACACTGGAAGAATTGCTTGAAGTGATAGCCTGGGCTCAATTGGGAATT
CATGACAAACCGGTAATCCTCACATTAGCCTTCCTGGCATCATATGTTGATGAATACTGCTTTTTCATTAC
CTTACCCATTTGGAGGAGTGCTTCATGCAATACTTCAACATCCTGCACGGTTGGGTTGCTGAACGTTGA
TGGATACTACAACTCTCTGCTCTCCTTTATTGACAAAGCTGTAGAAGAAGGATTCGTAGATCCC
GGTGCACGAACCATCATTGTTTCTGCACCAACAGCCAAAGATTTGATGAAGAAATTGGAGGTA
ATTAACGGATGACAATGGCTTCATAGGTAGCTAATCGAACCAGAAATGACATTCATATTCAAATGCTTGAA
GATATTGAATTGATCTTATTTCTAGAAAACACAGACTATCTCACTAACCTGCGGTGCATCGTTAGCCTGTTA
AAATTCTGTTTTAATATATTCCTCCACATTATGGAGTGAGGATGCAAGTGATGATGATACTGAAATTGAGTT
TCTCATGTTTCCTTGCAAATCATCGTAGGAGTACGTCCCCTGCCATGACAGAGTTGCTCCGAAGTT
GAGCTGGGAAATTGAGCAACTTGGCTACTCTCAGAGCTACGACATCTCTAG

>c673 PoLOG_ba - Biblioteca L1B15042
ATGGAGGAGAATAAAGCACTGAAATCAAGGTTCAAAAGGGTTTGTGTATTTTGTGGTAGCAG
TACAGGCAAAAGAGATTGCTATCGTGATGCTGCTCTTGAACTAGGACAAGAACTGGTAACTAC
AGCTCCCTGTTCACTTATTTGTCTGTGATTTTATGTATTAATTGTACATGTTCTTTGGCCTGCATCGATCCAA
COTCAAATAACTCAGTTGCTTGGTCTTCGTTTTGTTTCTGAACGGTGTCCAGAAAGTTGGATCTGGTTT
ATGGAGGAGGAAGTATTGGGTTGATGGGGTTAGTATCTCAGGAAGTCCATCGTGGAGGAGGA
CATGTTATAGGGTAAGTATATGTATATATATAACGTACTTTTGCCTTAAAATTCATTGGGGATAACCTTATA
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GGTCATCCCTAAAACTCTGATGAAC
AAAGAG
CTAACTGGGG
AAACAGTAGGGGAGCTCAGGCCGGTAGCGGGGATGCACCAAAGGAAAGCTGAGATGGCCCG
CCATTCCGACTGTTTCATTGCCTTGCCAG
GAGGGTACGGAA
CCTTAGAGGAGTTATTAGAAGTCATTACATGGGCCCAGCTTGGCATCCATGACAAGCCTG

TAGGCTTGCTTAATGTGGACGGCTACTACAA
CTTTCTGCTCACCTTCATAGACAAGGCTGTGGACGATGGCTTCATCTTGCCTTCTCAGCGTAGT
ATTATTGTCTCTGCCCCTAACGCTAAAGAGCTTGTGCAAAAACTCGAG

GAATACGTG
CCTCTGCATGATGGAGTAGTTGCTAAGGCTAAATGGGAGGCAGAGCAATTGGAGCTTAATGCA
TCTTTACAGACTGAAATTGCTCGTTGA

>c7135 PoLOG_5b - Biblioteca L1B15042
ATGGAGGAGATGGTAATGAAATCAAGGTTTAGGACGGTGTGTGTATTCTGCGGCAGCAGTGC
TGGGAAACGAGATTGCTATAGAGATGCTGCCATTGAACTCGCTCAAGAACTAG

TGGCTAAAAGGCTTGATCTTGTTTACGGTGGAGGCAGCATTGGGCTAATGGG
TTTGGTTTCACAAGCTGTTTATCGTGGTGGAGGCAATGTTCTCGG

GATCATACCCAGGACTCTGATGAGCAAGGAG

ATTACTGGTGAAACGGTGGGAGAG
GTGAAGCCCGTAGCCAACATGCATCAAAGGAAGGCAGAAATGGCCCGCCATTCTGACTGTTT
TATAGCCCTACCAG

GTGGTTATGGGACCTTGGAGGAATTGCTG
GAAGTGATCACTTGGGCCCAACTTGGTATACATGACAAACCT

GTGGGTTTGCTTAATGTCGATGGATACTACAACTATCTTTTGACTTTTATAGACAAAG
CCGTGGACGACGGCTTTATAAAGCCCTCTCAGCGAAGCATCATTGTCTCCGCACCAAACGCCA
AAGAACTTGTTAAGAAACTTGAG

GAGTACGTACCTGTGCATGATGGAGCCTTAGCGAAAGTGAGCTGGGAGAATGAACAGAAACC
ACCACAGCCACAACAGGTGGTGGGGTTCAATGCTTCCCCTTTGCAGACTGAGGTCGCTCTAT
AA

>c183 PoLOG 7 - Biblioteca L1B15042
ATGGAAGAGAGCAGGTCGCGGTTTAAGAGGATTTGTGTGTTTTGTGGTAGCAGTTCTGGCAA
GAAAGCTACTTATCAAGAAGCTGCAGTTGAGCTGGGCAAGGAAATG
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ACCCTTTTCTCGGCTTGTAAAAAAAAACTTAAAAAACCTTCATTATTTCTGTTTGTCTACCTCGACTAACC
ATCCGTCTTCCAGCTCCTTTGTCTTTGTAATGGTTTTTTCATTTGCTCCACTGGGGGCATCCTATAATTGCT
GTTTATCAACTAATGTAATTATTCCACCCTGTGCATGAAATACTAAGATGTCGTATATTTGATGATCCACCTT
GTACCACGTGTTGATGGGTTTGCTTTTCAATCGATGTTTGAAGGTGGAGAGAAGGATTGATTTGGTCT
ATGGTGGTGGGAGCGTGGGATTGATGGGTCTTGTTTCTCAGGCTGTTCATGATGGCGGGCGCC
ATGTTCTAGGGTTAGTCATATCTATCTTGGTTTCTCTCTCTTTTCCGTAGCCTTCTTTCTAATGCCTAAGTT
TTTAACCTGTGAAGAGACAAACATAACTTTTTTATCGTTTTACTTACCTTCTCTTGGTACTTTCAAATGTGT
TCGATTTAACCACTCCAACCGTGCAAGTTCCACATTTCTCCATGAGATGTGTCACTCCTGCTTCTACTTTC
TTGAACCAACTCAAAGGCAGACATAATGGGATCCAAAGAAATACTGGCCTGGACAAAAAAGGGAAATTC
TGGAATTTCTATTAGCTCTTATTTCGGAACAAAAAGTTCTGCTTTAGTGACAAACATTCTTCTAGAGGTTC
TAAAAGTAGTACTACTTCATCTATGGTCAGTGATCATGCATGAACATGATTTTACAGCGATAGATTCTAAAG
TATGAGTTAACTAATGCTTGGTCAGTCTATTTCACAGCCTTGATCAGTTGGCTAATTTGGATCAGCTTTTAA
CCTCTTTCAGTCCTCGGTATATCCGAGCAGCAATCCCGCAATCTTCCTGTTACAGACAGATCCTGAAAAGC
TTTGCGTAAAGCATGTGCATTTTTAAGGCGATGACTGCTTCACTTTCACTCTCCTCGTGTGGGAATGAATA
TCCGTTTTCTTTCGAAAATGACCTTCGCTACCTCATCTTTCGAGTAAGAGTTAGATTGGCAGATAGCCTTC
ACTTGTGAGAATGTGCAACCAAGAAATCAGTCAAGGAGATAAAACTATGTGTGACACTATAGGAACAGA
TTTTTCAAAACATTTTATTAATATAGTCGCCTCTTAGTCTCTCCTATCCTGCATTTTGAGTGTGAGCTACTTC
AGATGTTCATCATCTTTTTACAAGTGGTGTTGATTTATACTATTTTCCCGGTGGTTATGCAGAGTTATTCC
AAGGTCACTGATGCCTAGAGAGGTACGTTGTGGCACCCGCATGGATGCTGTTTAATTACAACTCCAA
ACCTAAGGGATTCGCATACGATTCTTACCAAAGCTCTGAAGTTAGTCTTAAGAGTTACTACTCTTTTGCAG
GTGACGGGTGAGCCAGTTGGAGAAATGAGAGCAGTTTCTGATATGCATCAGAGGAAAGCTGA
GATGGCACGTCAAGCCGATGCCTTCATTGCCCTCCCAGGTAGGTATTTTGTTCTCTGGTTTATTTTT
ACTGTTCTTGGATTTGGTCCATGATTCCGAAATCGAACTCTTTTATGGTTTCATTCCGTCCTCATTTTTTACT
ATTAGGTGGTTATGGTACACTAGAAGAGTTGCTGGAAGTCATTACTTGGGCTCAGCTTAACATC
CATCGGAAACCTGTAAGTAATATTTTCTGTTCATTCCATTTTCAATACTGTCCGATGAACCTTGCTTGGA
GCAACAGAATCTTACTGGATCAGACTCTTCATATTTTCAATCCACTCAGACCTTCATTTCGAGTATGCAGC
AATCTAATATTAATTGGATTCGTTGTAGAATTTTTAATAGTCTTTTCTTTAAGCATGTATAACGTGTATACTG
CAAACCTAAATATTAATTGGATTCCTTGAAGAATTTGTAATGGTTGATTGTCTCTTTAATCATTCTGGAAAT
TGATCGGATCTCACTATCCATAGCTCTCAATCACATGTTGGCATGTCTTGTCACGGACAATACTTTTTTTTT
TTGATATAGTCTAGTATTTAATTTTTACTCCAACCCCACCACCCCCTATATGTCCTAACATGGGTTTAAACGT
AGGACCTCTGGTTAACCTCAATTCTTGTCGATACATTTATGTCAAGTAGCACAATACTTGGGTGGGATTTG
TTTGACCTCTTATAATCCTTGACCACGTTCCTTTATTTATAGTGTTGTCTGAAAAGCCAAGTGAACTCCAA
CTTGGTCGTTAAAGTCATATAAATTGCGATCCTAAGTAAGGTTGCAGCCAATATAATAGAATCATGTGATG
ATCTCATGGATTCACATGGAAAGATAGTAAAAGATATTCCCGCCATCCCCATCTTTGGTCATGTGGATGATT
GTAGTTTGGGGTAATGTCCATCAGAATAGGAAAATAATATCAGCTCAAATTATTTTGGAAGGTGGAACTTT
GGGTCAGATAAGATGTAATGCCTATATATACTTATTGGATGTTCGGACTTCCGTTTTTCAGGTGGGTCTCC
TGAATATAGATGGATTTTACAACTCCTTCTTGTCTTTCATTGACAAGGCCGTTGATGAAGGCTT
TATATCGCCTGAAGCTCGTCGCATTATTGTATCAGCGCCAACAGCTAAACAATTGGTCACGCAA
CTTGAGGTAAATAATTGCATCTCCTCCTGTATGAATATAATTGAGTCCAAGAACAAGAAAAGCTCGACCT
CCTTTGAGTAATACGGCATGTATCAGAAATTAGGAAGTGGGATCCCACAAGTACCTTTCTTGAATCTCTTA
TTAATGATCAAACAATAACAACACCATACCTGCATAATGGCCGTCAACTGGTCGGTGGCTATAATTTATTA
CCTTTTCCTTACCACCACTCAATTTTTCCTTTCTTTTCTTTGTTTTCTTGGTCAATCAGGAATACGTGCCT
CAATATGATGAAATAGCATCCAAGTTGGTGTGGAACGAGAAGCTGAAAGAGTAG

>c545 PoLOG_8 - Biblioteca L1B15042
ATGGAAAGAGGAGAAGGGACATACACAACAAGTGAAAACAAAACAAAGTTTAGAAGAATCT
GTGTCTTCTGTGGCAGCAGAACTGGATACAAGAGCTCTTTTGGTGATGCTGCTTTTGACCTTG
GTGAACATCTGGTAATATATATTCACATCAAGACATATATACACTATCGAAAACAGTATATTCACCAACTC
ACCATACTTCTTCTTTCCTTTCTGGGAGCTCTAGAGTGTTTCATAACCTGATTCTGTTCTTTCATCAGGTA
GAGAGGAAGATTGATCTGGTTTATGGAGGAGGAAGTGTAGGCCTTATGGGTTTGATCGCACAG
ACTGTGTATAGTGGAGGTTGCCATGTACTTGGGTATGCTTTTGCTGTTTGCATAGATAGCATTGATTA
GTAGTGTTTGCTCTATCCATTTTGGTTACTAATACCAAAAATTGACAGCTCTGTTCATCTCGTGTTTGAACA
GAGTAATTCCCAAGGCTCTGTTGCCTCATGCGGTACTACACACCCCAACCGCTGTTTTTAACTTTICT
ACACATATAATCTTCTGTTAGCTAAAAAAGTTCAGTTGCTACGATCTCAGGAGGAAACATTGGAGAAG
TGAAAACCGTTGCAGATATGCACCAAAGGAAAGCAGAAATGGCAAGACATGCCGATGGCTTC
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ATTGCACTTCCTG
GTGGGTATGGAACCATGGAAGAATTGCTAGAGATAATAG
CTTGGTCTCAGCTTGGAATCCATGATAAACCA
GTGGGACTGTTAAACGTGGATGGGTAC
TACAACAGTTTGCTTGCGTTGTTTGACAGAGGAGTTGAAGATGGATTCATAGAAAATTCTGCC
AGACAGATTGTGGTTATTGCAGATACAGCAGCAGAACTCATAAAGAGAATGGAG

GAATAT
GCACCAATGCATGACAAGGTTGCACCCAGACAAAGTTGGGAAGTGGACCGATCATCAGAGTC
TACTTCAAGTGGGAACCCCATAGGATCTTAG

>c1545 PoLOG_10 - Biblioteca L1B15042
ATGGAAGATCAACAGCTACAACACCAACAACGCCTACCTGCCATGAAATCAAGGTTCAAACG
TGTTTGTGTATTCTGCGGTAGCAGCCCAGGAAGGAGTCCTAGCTACCAGCTTGCTGCTATCCA
ACTTGGCAAACAGCTG

GTTGAAAGGAACATTGA
CCTGGTTTATGGAGGGGGAAGCATTGGACTCATGGGTCTGGTCTCCCAAGCTGTCTATGATGG
TGGTCGCCACGTGTTGGG

GGTCATACCCAAGACTCTAATGCCAAGAGAG

ATTACGGGAGAGCCAGTGGGAGAAGTAAAAGCT
GTTTCTGGTATGCACCAACGCAAAGCTGAAATGGCCCGTCAAGCTGATGCATTTATAGCCTTG
CCAG

GTGGCTATGGAAC
CTTGGAAGAATTACTGGAGGTGATTACTTGGGCTCAGCTTGGAATCCATGATAAACCG

GTGGGATTGTTGAATGTGGATGGTTACTACAACTCACTTCTGACATT
CATAGACAAGGCTGTTGATGAAGGATTCATAGCACCAGCAGCACGCCACATAATAGTTTCAGC
ACAAACTGCACATGAACTCATGTCCAGGCTAGAG

GAATATGAAGCT
AAGCACTCAGGGGTGGCCTCCAAGCTAAGTTGGGAGATCGAACAACAATTGGGTTACACTAT
AAAGTCAGACATAGCTCGTTAA

>c1907 PoLOG_11 - Biblioteca LI1B15042
ATGGAGAATCAACAGCCACAAAACCAGCAACGGCAGCCTCCCATGAAATCAAGATTTAAACG
TGTGTGTGTCTTCTGCGGCAGCAGCCCTGGGAAGAACCCTAGCTACCAGCTTGCTGCTATTCA
AATTGGCAAACAGCTG

GTTGAACGGAACATTGACTTGGTTTATGGA
GGGGGCAGCATTGGGCTTATGGGTTTAGTCTCCCAAGCTGTGTATGATGGTGGCCGCCACGTG
TTGGG

GATCATTCCTAAGACTCTGATGCCAAGAGAG

ATTACAGGAGAAGGGGTGGGAGAAGTAAA
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AGCTGTTTCCGGTATGCACCAGCGGAAAGCCGAGATGGCTCGCCAAGCTGATGCATTTTTAGC
CTTGCCGG

GTGGATATGGAACTTTGGAAGAGCTCCTGGAGGTCATTACTTGGG
CTCAGCTTGGAATTCATGACAAACCG

TGGGGTTATTGAACGTTGATGGTTATTACAACTCACTTCT
ATCATTCATAGACAAGGCTGTTGATGAAGGATTCATAACACCAACTGCACGCCACATCATTGTT
TCTGCCCAAACTGCTCACCAACTCTTGTCCAAGCTGGAG

AATA
TCAGCCTAAGCACATTAATGGTTGGGAGATGGAACAACAAGTGGGAGTCCCACATTAA

>c2375 PoCKX_1a - Biblioteca L1B15042
ATGGGGGCACCACCTTCAGCCTTTCTGAACCAGAATAAGGCTATCTTGCTCAGGTTTTTGATC
ATCCTGTTATTGGGCTCTGTTCCAGAGAAAGCCAACCTTTGCTCAAACCTCTCATTAGCCAGC
CCCAGTGTTCTTCTTCCAGGGGCTTCATCCACCTCCCTTTCACTCAAAACAATAAGCTTAGAC
GGGTACTTCCGCTTTGATGGTATTGAGTACGCTGCCAGGGATTTTGGCAATAGATACCGTTTCC
TTCCGTCGGCAGTTCTGTATCCGAAATCTGTTTCCGATATTTCTACTACCATAAAGCATATTTTT
GAGATGGGCAGAGCATCAGAGCTAACCGTGGCAGCCAGAGGCCGGGGTCACTCCCTCCAAG
GTCAGGCACAAGCACTTCAAGGTATTGTTATGGATATGGAGTCGCTTGAGGGACCAGAGATGC
AAGTTCATACTGGAAAAAAGGCGTATGTGGATGTGTCGGGGGGTGCGTTGTGGATTGATCTTC
TGCGAGAGACTCTTAAATATGAGCTTGCACCCAAGTCATGGACAGACTACCTTCATCTCTCTG
TTGGCGGCACATTATCAAATGCAGGAATCAGTGGACAGGCATTCCAACATGGACCCCAGATCG
ACAACGTCTACCAGCTGGAGGTAGTCACAG

GAAAAGGAGAAGTAATTACCTGTTCAAGGAAGCGGAATGCACA
TCTCTTTTATGGTGTTCTCGGAGGGCTTGGACAGTTTGGCATAATCACCAGGGCCAGAATATCT
CTTCACCCAGCGCCAAAGATG

GTGAAATGGATGAGAG
TGGTGTACTCCGAGTTCTCTAGATTTTCCAACGATCAAGAGTTCTTAATATCTTTGAAGAACTC
TTTCGACTACATCGAAGGATTCGTGATAATAAACAAAACTGGTCTCGTTAATAACTGGAGTGC
CACCTTCGCCCCAAGAGACCCGATTCAAGCCAGCAATTTCATTTCAGATGGAACAACTCTTTA
CTGCCTAGAAATTGCAAAGTACTTCGATCCTGAACAATACGATGTTATGAACCAG

AACATTGAA

AGCTTACTTTCAGGACTGAGTTATATCCCATCCACGCTGTTCGAGTCAGAAGTTCCTTACGTGG
AATTCCTGGATAGAGTACATGTGTCTGAGAAAAAACTCCGAGCAAAAGGCTTATGGGAAGTT
CCCCACCCCTGGGTGAATCTTATGATCCCCAAGAGCAAAATCTTGGAGTTTGCTCGAGAGGTC
TTCGGCAGCATCCTTACAGGCAGTCGCAACGGTCCCATACTGGTTTACCCAGTTAACAAGTCC
AAG

TGGAACAATAGAACATCTTTAGTCACACCAGAAGAAGATACTTTCTAC
CTGGTGGCAATCCTGTCCTCCATAGTACCATCTTCCAAGGTTGGAGATGACTTGGAACTCATGT
TAGCCCAAAACAAAAGAATTTTAGACTTCTGCTCCGCGGCAGGTATTGGGGCTAGGCAATATT
TGCCTTACTACACCACCCGAGAAGAATGGCAGGCTCACTTCGGTCCTCGGTGGGAAGTGTTC
GTTCAGAGGAAATTAACTTATGACCCGTTGGCAATCCTAGCGCCTGGCCAAAGAGTCTTCCAG
AGGAATGAACTTCTTGAGACGCAGACCACTTTTAGGAAAGCAGCATGA

>c3111 PoCKX_1b - Biblioteca LI1B15042

ATGATCTTGCTGGTTGTGTCTATACCAGATAAAGCTAACCTTTGTTCAAACAGCTCAATAACTG
GCCCGAGTCTCCTTCTTCCCCAAAATTCGTCCTACATCTCTCAACTGGAAAAAATAAAGCTAG
ATGGATACTTCCGCTTGGATGGTATTGAATACGCAGCCAGGGACTTTGGCAACAGATACCATTC
CCTTCCATCGGCAGTTCTATATCCGAAATCCGTTTCCGACATTTCTACTACCATGAGGCGTATAT
TTGAAATGGGTACAGCATCCAAGCTAACCGTGGCAGCTAGAGGCCGAGGTCACTCCCTCCAA
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GGTCAAGCACAGGCTCATAGGGGTATAGTGATCAACATGGAATCGCTGAAAGGACCAGAGAT
AAAAGTTGACACTGGAGAAATGCCTTATGTCGATGTTCCGGGTGGGATGCTGTGGATTGATCT
TCTGCATGAGACTCTTAAATATAAGCTTGCGCCCAAGTCTTGGACCGACTACCTTCATCTCTCT
GTTGGCGGCACCTTATCGAATGCTGGAATCAGTGGGCAGGCATTCAGACATGGACCCCAGATC
AACAACGTTTACCAGCTGGAAGTTGTCACAG

GAAAGGGGGAAGTGATTACCTGTTCAAAGAA
GCAGAACGCCGACCTCTTTCACGGTGTTCTTGGAGGACTTGGACAGTTTGGGATAATCACCA
GGGCAAGAATATCCCTTGAGCCAGCGCCAAAGATG

GTGAAATGGATGAGAGTGCTGTACTGGGATTTCTCCAAATTTTCCCAAGACCAAGAGTTTCTA
ATATCTTACAAAAGCACTTTCGACTACATCGAAGGATTGGTCATAATAAACAAAACTGGTCTCC
TTAATAACTGGAGAGAAACCTTTGACCCCAGAGACCCACTTCAAGCCAGCCAATTCATTTCCG
ATGGAAGAACTCTTTACTGTCTGGAAATTGCCAAATACTTCAACCCACAAGAGTATGATGCAA
TGAACAAG

AACATTGGCACCTTACTTTCAAGACTGAGTTATGTACCATCCACACTGT
TCGAGTCAGAAGTTCCTTACGTGGAATTCCTGGACAGAGTACATCTGTCTGAGAAAAAGCTC
CTAGCAAAAGGTTTATGGGAAGTTCCCCACCCATGGCTGAGTCTTATGATCCCCAAGAGCAAG
ATTTTGGAGTTTGCTCAGGAGGTCTTCGGCAATATTCTTACCGGCAATCGCAATGGTCCCATTC
TCATCTACCCAGTCAATAAATCCAAG

TGGAACATTAACAGAACATCTCT

AGTCACCCCAGAAGAAGACATTTTCTACCATGTAGCAGTCCTATCCTCTGTAGTTTCATCTTCT
GGTGTTGGTGATGACTTGGAACAAATGCTGGCCCAAAACAGAAGAATTCTAGACTTTGCCTC
CTCCGCAAGTCTTGGGATCAAGCAGTATTTGCCTCACTACACCACCCAAGAAGAATGGCGAG
CCCACTTTGGTTCTCGGCGGGAAGTGTTCCTGCAGAGGAAATTAAGATATGACCCTTTGGCAA
TCCTAGCGCCTGGGCAGAAAATCTTTGAAAGAAATGAACTTCCTACGATGAAGGCCTTTTTTG
AGTAG

>c1165 PoCKX_2 - Biblioteca L1B15042
ATGGCCGAGAGTCTTGCAATTCCTACACACTTGGTTGTTCTGGTATTGGTTGTAACCTGTTCCT
CGTGTAGCTTAGGAAAATCCGTGTCATGGACGGCTTTCTCACCGTCCAAACTTCAAACTCTTG
ATCTTGCAAACAGGCTTCATCTTGATCCTGATTCCCTCGAATCCACCTCTTCCGATTTCGGAAA
CATTGTACACAAAAAACCAGCTGCTGTTCTATATCCATCATCAGTGGAAGACGTAAGGAACCT
AATAACATTCTCGTACAACTCTTCCATCCCTTTTGCCATAGCTGCCAGGGGCCGTGGCCATTCT
GTCCGAGGACAGGCCATGGTTGATAATAATGGAGTGGTAATAGACATGATGCATCTTAGTCGTA
GAAATAGGATCGGAGTAGTTGTCTCCAGGAGCCCTTCCTTGGGTTTTTTCGCAGATGTAGGTG
GCGAGCAGCTTTGGGTCAATGTGCTAAACGCGACATTAGAACATGGACTTGCACCCGTGTCAT
GGACCGATTATTTGCACCTCAGCGTTGGAGGGACACTATCCAACGCTGGAATTGGTGGCCATA
CATTTAGATACGGACCGCAGATCAGTAATGTCTTTGAAATGGATGTTATTACTG

GAAGAGG
ACAACTTGTGACTTGCTCTCCGAACCTGAATCCGGAGCTGTTTTATGCTGTCCTGGGAGGTTT
AGGCCAGTTTGGTGTAATAACCAGAGCAAGAATTGCTTTGGAGGCCGCACCTAAGAGG
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GTGAAATGGGTTCGAATGCTTTAC
ACCGACTTCTCTGCATTTACAAATGATCAAGAACTCTTAATCTCCGTCAATGGAAGGAAACAG
AATAACGCACTTGATTATTTGGAAGGCTCCCTACTCATGGCTTTGGGTCCTCTAAATAATTGGA
GATCCTCCTTCTTCCCTGAATCCCGTATCCCAACGATAACTTCCCTCGCTACTCAACACGGCAT
CCTCTATACCATAGAAATAGCCAAGTATTACGATGATCGGACCCAAGATACCGTCGACAAG

GAATTGCAAGAAATGTTCAGTGGACTGA
GCTTCGTTCCTGGGTTGATATTCGAGAAAGATGTGTCCTACGTGGACTTCTTGACCAGAGTTC
GAAGAAGCGAGGAAGATATTCCACATCCATGGCTAAATCTTTTTCTGCCCAAATCTAGTATCAC
AGACTTCAATTCAGGTGTCTTCAGAGACATTGTGCTTAGACGGAATATCACCACTGGTCCCCT
CCTTTTCTACCCCATGAACAGAAACAA

ATGG
AATGACAAAACCTCCGCAGTTATACCAGAAGAAGATGTTTTCTATACTGTGGGATTCTTGCATT
CAAGTGGACCTCAGGACTGGCAGGTCTACGATGGTCAGAACATGGACGTCATCAAGTTCTGT
GAAGAAAAGGGTCTTGGGGTTAAGCAGTATTTACCTCATTTCACCAGTCAAGAAGAATGGATC
GATCATTTTGGCTTAAAGTGGAAAACGTTTAGGGAAAGAAAAGCACGATATGATCCAAAAAC
GCTGCTTTCACCTGGACAGAGAATCTTCAATAGCATTTAA

>c10 POCKX_3 - Biblioteca L1B15042
ATGGTAGAGAGTTCTATTATTCCCATATATTTCGTGTTCTTGATATTGTTTGCGACCCGCTTG
GTGTCCACCTTAGGAAAATCCTTGCCGTGGACTACTTTGTTTCAGTCCAAACACCAAATCCTT
GATTTGGCAAACAGGCTTCACACGGGAAGTGATTCCATCGAATCGGTTTCCTCCGATTACGG
GAATATGGTCCACGAAAAACCGGCCGCTGTTCTTTATCCATCATCACTCGAAGACATGAGGA
CTTTGATAAAGTTGTCGTACAACTTGTCTGCTCCTTTCACCATAGCCGCCAGAGGCCGTGGCC
ATTCCGTCCGCGGGCAGGCCATGGCTTATAACGGCGTGATAATAGACATGATGCATCTAAGG
AATCGTAGGAACAGGACTGGAGTAGTGGTTTCGGAAAGCGATTCCCTTGGTTTCTTTGCTGA
CGTGGGAGGCGAACAGCTTTGGACTGATGTGTTAAATGCCACATTGGAACATGGACTTGCAC
CTGTATCATGGACTGACTATTTACACCTTAGCGTGGGAGGAACACTATCCAACGCTGGAATT
AGTGGCCAGACATTTAGGTACGGGCCGCAGATCAGCAATGTATATGCAATGGATGTTATTAC
TG

GAAAAGGGCAGCTTGTG
ACTTGCTCTCCAAACATGAACTCGGAGCTGTTTTATGCTGTCTTGGGAGGTCTAGGCCAGTTT
GGTATCATAACCAGAGCACGAATTGCTTTGGAGCCAGCACCAAAGAGG

GTGAAGTGGGTGCGAATGCTTTACGGCGATTTCTC
TGCCTTTACAAAAGATCAAGAACGCTTAATCTCTATTAATGGAAGGAAACAGAATAAAGCA
CTTGATTATTTGGAAGGCTCACTTCTAATGGCGCTGGGTCCTCTTAATAATTGGAGATCCTCC
TTTTTCCCCTCATCCGATATCCCAAGGATAACGTCCCTAGCTACACAACACGGCATAATCTAT
ACTATAGAAGTAGCTAAGTATTATGATGATCGGACCCAACACACGGTGGACAAG

GAATTGCAAGAGATGCTGAAAGGACTGAGCTTCAT
TCCTGGACTTGTGTTTACGAAAGATGTCTCCTATGTTGACTTTTTGGGTAGAGTTCGCAGCGA
GCAGGATGTTCCTCATCCATGGCTAAATCTCTTTATACCAAAATCTAGCATCTCAGCCTTCAA
TTCAGGCGTTTTCAGAGACATCGTGCTTCAGCGAAACATTACCACTGGACCTGTTCTTTTTTA
CCCCATGAACCGAAACAA

GTGGCATAATAGAACCTCTGCAGTTAT
ACCAGATGAAGATATTTTCTATACTGTGGGATTTTTGCATTCAGGAGGGCTAAGTAACTGGC
AGGCCTATGACAAGCAAAACAAGGACATCCTGAAATTCTGTGAAAAGGCTGGTATTCAGGT
CAAGCAGTATCTGCCGCATTACACGACTCAAGAACATTGGATTCATCACTTCGGCTCTAAAT
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GGAATACATTTAGAGAAAGGAAAGCTCAGTTTGATCCCAAACTGATGCTATCCCCAGGGCA
AAAAATTTTCAATTGA

>c3664 POCKX 5 - Biblioteca LI1B15042
ATGGCCATCAAGTTGCTTTTGGCTGCATTTGCTATTTATGGTTTGCTTGTAACTGTGGGTTTGA
CCGTTGACCCAGCTGGTCTTCTCCGGCTGGGACTCGACGGTCAACTGAGTGTTGACCAATTTG
ATGTGAAAGCGGCTTCTCAAGATTTCGGCTTGCTCAGCCGAGCCAAGCCGATGGCGGTGTTG
CACCCGGCCTCGGCTGCGGATGTTGTGCGTATTGTCCAAGCGGCTTATCGTTCGGCTCATGGAT
TCACTCTCTCCGCCAGGGGTCACGGGCATTCCATAAATGGGCAGGCACAGACAAGTGACGGT
GTGGTTATTGAGATGAGCGGCGGCTCGAGAGGGGATCGCCCTGTCTGGAAGAGGCCGGCCAG
GCCAAGAGTTTCGGTGCAGGAGATGCAGGTAGACGCTTGGGGAGGGGAGCTGTGGATAGATG
TGCTGAGGAGCACGCTAGAGTATGGACTAGCACCTAAATCATGGACCGATTACCTGTACCTCT
CAGTTGGTGGTACCTTATCTAATGGTGGGATTAGCGGCCAAGCTTTCAATCATGGGCCTCAGAT
CAGCAATGTCTATGAACTTGACGTTGTTACAG

GCAAAGGGGAGCTATTGACTTGTTCGGAGGAACAAAACTCAGAACTGTTCCATGCG
GTGCTCGGCGGTCTAGGGCAATTTGGAATCATCACTAGGGCTAGAATAGCTCTTGAACCAGCA
CCCAACAGG

GTGAG
ATGGATCAGAGTACTGTATTCCAACTTTTCGTCTTTTACCAGCGACCAAGAATATCTCATTTCCT
TGCATGGAAACCCATCTAGCCAAAAGTTTGATTATGTTGAAGGATTTGTTATTGTTGACGAAG
GGCTTATCAACAACTGGAGGTCCTCTTTCTTCTCCCCTCGAAACCCCGTTAAGATTAGCTCTAT
CACTGCTAATGGTGGTGTCCTCTACTGCCTGGAGATTACCAAAAACTACGATGAATCCAATGC
TGACACCATTGATCAG

CAAGTGGAATCTCTGTTGAAGAAACTCAAC
TTTATATCTTCGACGGTCTTCACTACAGATTTGCCTTATCTGGACTTCTTGGACCGTGTCCACA
AGGCCGAGCTTAAGCTCAGGGCCAAGGGTTTGTGGGAAGTCCCGCACCCTTGGCTCAATCTT
TTTGTACCCAAATCGAAGATAGCCGCCTTCGATGAAGGCGTCTTCAAGGGCATTCTGGGCACC
AACAAAACCAGTGGACCCATTCTCATTTACCCTATGAACAAAAACAAG

TGGGACCAGA
GGACCTCCGTGGTGACGCCGGACGAGGAGGTGTTTTATCTGGTGGCTCTGTTAAGGTCGGCTT
TGGACAATGGGGAGGAGACGCAGACATTGGAGTACCTGAACAACCAGAACCGTCGGATTCTC
AGATTCTGCGATGAGGCAGGGATCAAAGCCAAGCAGTATTTGCCTCACTACACCACACAAGA
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GCAGTGGATGGATCATTTTGGTGATGAATGGGCACTGTTTCACAAGAGGAAGATGGAATTCGA
TCCCAGGCGCATTTTAGCAACTGGCCAACGCATATTCAAGCCCGCCTTCCTTTCTGATGACAAT
AAGGTGGCAGCATCTTGA

>c72 PoCKX_6a - Biblioteca L1B15042
ATGACCATAAGAACAAACCTTTGTCTTTCTGGCAACACCACTTCATTGAGAACACTATCTGTT
GGTGGGCGTTTCACCTTTGACGACATCCATCATGCAGCCAGAGACTTTGGCAACACGTTTCAT
TCACTCCCTCTGGCGGTACTACATCCAAAGACTGCATCCGATATCGCCACTACCATACGGCATG
TTTGGCAACTGGGACCTCTTTCAGAGCTCACAGTTGCGGCTAGAGGTCATGGCCACTCACTCC
AGGGTCAGGCACAAACCAATCAAGGAGTTGTGATCAACATGGAATCACTTCAGGGTCCCAAG
ATGCATATTAGCACTGGAAAAAATCCTTACGTGGATGTTTCAGGTGGCGACCTCTGGATTAGCA
TCCTGCGTGAAAGCCTCCAATATGGGCTAGCACCAAAATCATGGACAGACTACCTGCATTTAA
CTGTTGGCGGTACTTTGTCAAATGCTGGGGTTAGTGGCCAGGCATTTCGGCATGGCCCTCAGA
TCAGTAATGTCCATCAGTTGGAAGTTGTTACAG

GTAAAGGAGAGATAATGAACTGTTCAGAGAGGCAGAATGGTGACCTATTCCACAGCGTTCT
TGGAGGACTTGGTCAGTTTGGCATCATAACAAGAGCACGGATTTCACTGGAACCGGCACCTG
TTATG

GTGAAATGGATTAGAGTTCTTTACTCGGATTTTGCA
ACATTTTCAGAAGACCAGGAGCATTTAATATCTGCAGAAAGAACATTCGACTATATTGAAGGA
TTTGTCATAATTAACAGGACTGGTATCCTGAACAACTGGAGGTCATCATTCAATCCTCAGGACC
CAGTACATGCTGGCAAGTTTCAGTCAGATGGGAAAACTCTGTACTGCTTGGAATTAGCCAAAT
ACTTGCACAGAGGCGAGACAGAAGAACAATATGAG

GAAGTGAGGGACTTGTTGTCCCAACTACGATTCATCCCATCAACTCTTTTCCTCTC
GGAGGTTCCATACATAGATTTCTTGGACAGGGTACATGTATCTGAGGTTAAACTACGATCCAAA
GGTCTGTGGGAAGTTCCACATCCATGGCTCAACCTTTTTATCCCCAAAAGCAAGATAGACAGT
TTTGCCAGAGAAGTGTTTGGCAATATCCTTTCAGACACCAGCAATGGCCCCATCCTAATCTACC
CAGTTCACAAATCAAAG

TGGGACAACAGAACCTCTGCTGTTATTCCT
GATGAAGATATTTTCTACCTAGTGGCATTCCTTTCCTCTGCGGTACCCTCCTCCACAGGAACTG
ATGGCTTAGAACATATATTGACTCAGAACAAAAGAATTCTAAGATTCTGTGAGACAGAACGCC
TTGGAGTTAAACAGTATCTGCCCCACTACACTACAAAGGAAGAATGGAAAGCTCACTTTGGTC
CACGATGGGAAGTTTTTGTCCAAAGAAAATCCACATATGACCCTCTAGCAATACTTGCGCCTG
GTCAAAGAATATTTCAAAGACATGAAAAAAGGGCTCAAGCAATATATTTACAATAG

>c171 PoCKX_6b - Biblioteca L1B15042
ATGGTCTTGCTGCTAAGCTGCATAACACTAAGAACAAAACTTTGTCTTTCACGAAACACCACC
TCATTGAAAACACTGTCTGTTAGTGGGAATTTCAGCTTTGACGATGTCCACCATGCGGCCAAA
GACTTTGGCAATAGGCTTCAGTTACTCCCTTTGGCCGTACTACATCCAAAGTCAGTTTCTGATA
TTGCCATTACCGTAAAGCATATCTGGCAACTGGGACCTTATTCAGAGCTTACAGTTGCAGCTAG
AGGCCATGGCCACTCGCTCAATGGTCAGGCACAAGCGCATCAAGGAGTTGTAATCAACATGG
AATCGCTTCAGGGTTCTAAGATGCACATCAAAAAGGGAAATAATCCTTATGTGGATGTTTCAG
GCGGTGACCTATGGATAAATATACTGCGTGAAAGCCTCAAGCATGGGTTAGCACCAAAATCAT
GGACAGACTACTTGCATTTAACTGTTGGCGGTACTTTGTCAAATGCAGGGATTAGTGGACAGG
CATTTCGACATGGTCCTCAGATCAGTAACATCCTTCAGTTGGAAGTTGTGACAG
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GAAAAGGAGAGATAGTAAGCT
GTTCAGAGAACCAGAATGGCGACCTATTTCATAGTGTTCTTGGAGGCCTTGGGCAGTTTGGCA
TCATAACACGTGCACGGATTTCATTGGAACCAGCACCT

GTTAAATGGATTAGAGTCCTTTACTCAGATTTTAGGACATTTT
CCAGAGACCAGGAAAATTTAATATCTGCAGAAAGCACATTTGACTATGTTGAAGGATTTGTCA
TAATTAACAGAACCGGTCTCTTGAACAACTGGAGATCATCCTTCAATCCCCAAGAGCCATTAC
AAGCAAGCCAATTTCAGTCAGAAGGAAGAACTCTATACTGCCTAGAACTGGCCAAATACTTCC
ACAAAGACGAGACAGATGAAAAGGATGAG

GAAATTAGGCACTACTTATCTCAACTACGATATATCCCATCAACATTTTTCCTTT
CAGAAGTTCCATACATAGAATTCCTGGACAGGGTACATGTATCTGAGGTCAAACTGCGGTCTA
AAGGCTTATGGGAAGTTCCACATCCATGGCTCAATCTTCTTATTCCCAAAAGCAAGATACACA
ATTTTGCTGAAGGGGTTTTTGGCAATATACTTTCAGGCTCAAGCAATGGCCCCATCCTAATGTA
CCCTGTTCACAAATCGAAG

TGGGACAACAGAACCTCTGCTGT
TATTCCTGAGGAAGATACTTTCTATCTAGTGGCATTCCTTCACTCTGCTCAACCCTCCTCCACC
GGAACTGATGGCTTAGAACACATCCTAACTCAAAATAAAAGAATTCTAAAATTCTGTGAAACA
GAAAGACTTGGAGTTAAACAATATCTGCCCCACTACACAGCACAGGAAGAATGGAAATCTCA
CTTTGGCCTGCGGTGGGAAGTTTTTGTCCAAAGAAAATCCATGTATGACCCTTTGGCAATATTT
GCACCAGGCCAAAGAATTTTTCAGAAGGGAATGACTTTATCATGA

>c74 PoOCKX_7a - Biblioteca L1B15042
ATGATAGCATACTTGGAGCAATTCATTCAGGAGAACGACAGCGATTCCAGACTGGACGACGA
CGTTCTCCCCAACAACCTCCAAGGCACAGTAGAATACACAGCTACCGGCTTAGCCGGTGAAG
ATTTTGGTGGCATGTACACTTTGAAACCGCGGGCGTTGATCAGGCCGGCTGGCGCTGATGATG
TGTCTCGGGTGGTGAAAGCCGCTTACCGGTCGCCCAATCTGATCACTGTCGCCGCTAGAGGG
AATGGGCATTCCATAAACGGTCAGGCTATGGCCGACCGCGGCCTCGTCCTGGACATGCGCTCC
ATCAACCATTTCGAGCTGGTGACAACAGGTGGGGAGACGTTTCTTGATGTCTCCGGAGGGGC
ATTATGGGAAGATGTGCTAAGGCGGTGCGTTTCGGAGTTCAATTTAGCTCCAAGGTCGTGGAC
TGATTACCTAGGCCTAACGGTTGGTGGGACGCTATCTAACGCCGGCGTCAGCGGCCAAGCCTT
CCGTTACGGACCGCAGACATCGAACGTAACGGAGTTGGACGTGGTGACGGGAAAGGGTGATT
TCTTGACTTGTTCGGAGACGGAGAACAGCGACTTATTCTTCGGGGCCCTTGGTGGTCTAGGCC
AGTTTGGTATCATTACACGAGCGAGGATTGTGGTTCAGTCAGCCCCGTACATG

GCGAGATGGATAAGGCTGGTGTACACCAAGTTTGAAG
ACTACACCCGCGATGCCGAGTGGTTGGTGACTCTGCCTGACGGCCAGTCGTTTGATTACGTGG
AAGGTTTCGTGGTAGTCAACAGTGATGACCCGGTGAATGGTTGGCCGTCCGTCCCCTTGGATC
CAGACCACGGCTTCGACCCGTCTCGCATCCCTCGAACTGCCGGTTCCGTTCTTTATTGTCTAG
AAGTGGCTCTATACTACCAGGAGAATGACTCCCCC

GCTGTCAATACCTTGCTTGGAGGCTTGGGATTCG
TCGACGGTTTGAAGTTCCAGGTGGACCTGAGCTACGTGGACTTCCTATTACGCGTCAAACAG
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GTAGAAGAGGAAACAAGAAGGAACGGTATGTGGAATGCTCCTCACCCGTGGCTGAACCTTTT
CGTGTCCAAAAATGATATCGTCAATTTCGACCGTGAGATGTTCAAGAATTTGCTGAAGGAAGG
TGTGGGAGGCCCCATGCTGCTGTACCCACTATTGCGAAGCAAG

TGGGATAATCGTTCGTCT
GTTGTGTTACCAGCCGATGGAGAAATTTTCTACCTTGTGGCACTTCTTCGATTCATTCTTCCCT
CCCAAAAGGGTCCATCTGTTGAGAAATTGGTGTCGCAAAACCAAGAGATTGTCCAATTTTGCA
TCGAGAAGGGCTTTGATTTCAAACTGTACCTCCCTCACTACAAATCCCAGGACGAGTGGAAA
AGACACTTTGGTGACCAATGGTCGAGATTTGTCGAGTTGAAAGACAGTTTTGATCCCAGGGCT
ATCCTTGCACCTGGACAGAAAATTTTTGGGAAGATCCCTCAACTCTAG

>c100 PoCKX_7b - Biblioteca L1B15042
ATGATAGCATATCTGGAGCGTTTCATACAGGAGAACGACAGCGAGTCACTACCGGAGGACGA
CGTTCTCCCTAACAATCTCCAAGGAACCACAGATTGTTGCATGGCTTCTGGCTTGGCTGGTAA
GGATTTCGGTGGCATGTACACTTCCAAACCCCGGGGGTTGATTAGACCCTCCGGGGCCGAAG
ACGTGTCTCGCGTGGCAAAAGCGGCTTGCCGTTCGCCCAACCTGACGGTTGCCGCGAGAGGG
AATGGCCACTCCATCAACGGCCAGGCCATGGCCGAGGGGGGGCTCGTCCTAGACATGCGCTC
CATCGCGGATAACCCTTTCAGATTGGTGACAATCCGTGGGGAGACGTTTGTTGATGTGTCTGG
AGGGGCATTATGGGAAGATGTGCTGAAACGTTGCGTTTCCAAGTTTAGTTTAGCTCCGAGGTC
TTGGACTGATTACCTCGGTCTAACGGTTGGCGGGACGTTGTCTAACGCCGGCGTCAGCGGCC
AAGCCTTCCGTCACGGCCCGCAGTCCTCGAACGTGACGGAACTAGACGTCGTCACAGGAAG
GGGCGATATTCTGACCTGCTCCGAAACGGAAAACAGTGAATTGTTTTTTGGCGCCCTGGGTGG
CTTAGGCCAGTTCGGTGTTATTACACGAGCCAGAATTCTGGTTCATTCAGCACCGGACTTGGT
G

AGATGGATAAGGGTGGTGTACGCTGAGTTTGAGGACTTCGCAAGGGATGCGGAGTGG
CTTGTGACTCGGCCTGACGGCGAGTCGTTTGACTACGTGGAAGGTTTCGTGTTTGTCAATAGT
GATGACCCTGTAAATGGCTGGCCTTCTGTCCCGTTAGCCCCGGATCATGGGTGGGACTCTACT
CGCATTCCTCCAACCGCCGGTTCAGTCCTATATTGCCTGGAAATGGCTCTACACTACCAGAAG
ACTAAAGATCCTACTGAGATTGATACG

GTTGTGAATGACTTATTAGGCGGGATGGGATTTCTCGGCGGTTTGAAGTTCCAGGTGGAA
CTTAGCTACGTTGAGTTTCTATTACGCGTGAAGCAGGCAGAAGCAGAAGCCAGAATGAACGG
TATGTGGGACGCTCCCCACCCATGGTTGAACCTGTTTGTGTCCAAGAAAGATATTACTGATTTT
GATCGAGTGGTGTTCAAGAGGATGTTAAAGGAAGGTGTTGGTGGCCCAATGCTACTGTACCC
ACTGGTGCGAAGCAA
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ATGGGATAATCGTACGTCTGTGGTATTACCAGCTGA
GGGAGAAATCTTCTACCTTGTGGCACTTCTTCGATTCACTCTTCCATACCCTAAAGGCCCTTCT
GTTGAGAAACTGGTGTCGCAAAACCATGAGATCATCCAATTATGCGTGGAGAGAAGCTTCGA
CTTCAAGCTATACCTCCCTCACTACAAAACGCAGGATGAGTGGAAAAGACACTTTGGTAATCA
ATGGCAAAGATTTGTTGAGAGGAAGGCCAGTTTTGATCCCATGGCCATCCTTGCACCAGGACA
GAAAATTTTTGGGAGGATCCCTTTGTCATAG

>c227 PoRR3 - Biblioteca L1B15042
ATGGCTACAGACGGTGTCTTGTCCCGGTGTTGGAGGTCGGAGAAGGTTGAGGGCTTTAATTT
CTCTTCGTCGCCGGATGATGGTGAAGAAGTGCATGTTTTGGCCGTCGATGACAGCCTTGTCGA
CCGAAAAGTCATCGAGCGGTTGCTTAGAATCTCCTCCTGTAAAG

TAACTGCAGTAGATAGCGGAATTAGAGCTCTGCAGTTTCTGGGATTAGATGAA
GAGAAAAGCTCCTCTACTGGTTTGAAGGTAGATCTGATTATTACCGATTACTGCATGCCCGGAA
TGACCGGATACGAGTTGCTTAAGAAAATCAAG

GAATCATCTACTTTCAGAGAAGTACCAGTGGTCATAATGTCCTCGGAGAACGTGATG

ACGCGAATCGATCG
ATGTTTGGAGGAAGGAGCGGAGGATTTTAT

CGTGAAGCCCGTGAAATTGTCAGACGTAAAACGGCTAAAAGATTACATGACCGCAAGAGAAT
TGCGACCTCAAAAGGACGACGCTACCAACAAAATCCTCAACGTTAACAAGAGAAAAACACG
GGAGAGTTGTGATGATTTTTCTTTGTCGTCAACATCGTCGGTTTCGCCATCATCCACGTCATCA
TTATCATTGTCTTCTCAATCGTCTCCGTCACCGTCACCGTCACCGTCACCGTCACCGCCTTCTT
TATCGCCGTCGCCGTCGATGCTATTGTCTTCGTCGGCGCCGTGTTCCCCCTCGTCGTTAGAATC
TCCTACTAGACGGCTCAAAAGGACAAGCTCCGAGTATGCCGTTCATGACATATACCCTTCAAT
CTAG

>c1761 PoRR4 - Biblioteca LI1B15042
ATGGCGAGAAATGGGGTATTGTCCCAGCGGTGGAGGTCGGAGAAGCTGGAGGGGTTGAGTT
TCTCCTCGTCGCTGGATGATGATGTAGAAGAAGAAGTGCATGTATTGGCCGTGGATGACAGCT
TTGTTGACCGTAAAGTTATCGAGAGGATGCTTAGAATTTCATCCTGTAAAG

TGACTGCTGTGGATAGTGGAAGAAGTGCTTTGCAGTTTCTTGGGTTAGACAAA
GACAACAGCTCCTGTATTGGCCTCAAGGTAGATCTGATTATTACTGACTACTGCATGCCTGGAA
TGACCGGCTATGAGTTGCTCAAGAAAATCAAG
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GAATCCTCTAATTTCAGGGAGATACCAGTAGTGATCATGTCCTCAGAAAACG
TCATGGCTCGAATCAACCG

ATGTTTGGAAGAAGGAGCAAAGGATTTTATAGTGAAGCCG
GTGAAACTGTCAGACGTGAAACGGCTAAGAGATTACATGAGCGCAAGAGAATTGAGAGTGA
AGAGGGAAGAGATTATTACAAAACACAACAACAGCAAAAGCATCAATATTTACTTTAACAAA
AGATCAAAATCAAGAGGGAGTTGCTGCGATGATATTTCTTTGTCATCGACGTCATTGTCTTCTC
GACCATCGTCCTCCTCGGCTCTATCGGCTTCACTATCGATCGTGTTGTCATCGTCGGCGCCAAG
TTCTCCCTCGTCTGGTTAG

>c36 PORR5 - Biblioteca LIB15042
ATGGCCGGTGAGATTTTGCAGCGAGGGTTGCCGGAGGGACTTGGGATGTGTAAAGGATCCTC
ACCGTCTACAGCCGAGGAGCTTCATGTTCTCGCTGTGGATGACAGCCTTGTGGACAGAAAGG
TTATAGAAAGATTGCTCAAGATATCATCTTGTAAAG

TGACGGCTGTGGAT
AGTGGGACTAGAGCTTTGCAATATCTTGGATTGGATGGAGAGAAGAGCTCTGTCGGTTATAAT

GATTTGAAGGTTAATCTCATTATGACTGATTACTCGATGCCGGGGATGA
CGGGATACGAACTGCTCAAGAAAATTAAG

GGATCATCAGCATTCAGAGAGATACCTGTGGTGGTCATGTCAT
CAGAGAATGTCTTAGCCCGTATCGATAG

ATGTTTGGAAGAAGGGGCAGAGGAATTCCTTGTGAAAC
CGGTGAAACTCTCTGATGTGAAGAGGCTGAAAGAATTCATAATGAGGGCAGAAGGCGAGGA
AACTATTGAAAGAATTAACCGGAAGAGGGAGAGGGAAGATGACGCCCTCTCTTTATCGTCATC
TTCACTATCACCCTCTCCTCCATTGCCATCATCTGAACAGCCAGTATCGTCTACATTATGTTTCT
CGAAGAGGCCTAGATATGAAAGAACGGAGTGA

>c1441 PoRR6 - Biblioteca LI1B15042
ATGACGACGGCAAATAGGAATTTCAGGCTCGGGTCGCTGGAGGAAGTCGGGGTGCGTAATGG
GTCATTCACGTCTGGTGACGAGGAGTTGCATGTTCTTGCTGTGGATGATAGCCTGGTAGACAG
GAGGGTTATTGAGAGGTTGCTGAAGATATCATCTTGTAAAG
TGACGGCAGT

GGATAGTGGGAGTAGAGCTTTGCAGTATCTTGGATTGGATGGAGAAAAGAACTCAGTCGGGT
TCAAT

GATTCGAAGGTGAACCTCATAATG
ACAGATTATTCCATGCCGGGGATGACAGGATATGAGCTGCTTAAGAAAATCAAG

GGATCGTCGAAGTTTAAAGAGGTACCTGTGGTGGTCATGTCCTCTGAGA
AAATATTGACTCGTATAGATAG
ATGTCTGGAAGAAGGGGCAGAGGAATTCCTCGT
GAAACCAGTAAAACTCGCAGATGTGAAAAGACTGTTGAAAGAGTTCATAACCAAAGGAGAA
ACAGAGCAGACTGTAAGAAGCATGAACAGGAAGAGGGAAAGGCATGGGGATGCATTCTCCTT
ACTTTTGCCATCAGCAGCTTGA
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>c72 PoRRS8 - Biblioteca L1B15042
ATGACTGCTACCATCATGAGTATGGCTTCAGAAACTCAGTTCCATGTCCTTGCTGTTGACGATA
GCCTTATAGACAGGAAGCTCATTGAAAGGCTTCTCAAGACCTCTTCATATCATG

TTACTGCTGTTGATTCAGGAAGCAAGGCTTTGGAGTTTCTGGGACTGAACAGAGAGGTGGAC
AGTGATTCAAGCCCTCCCTCTGTTTCTACCGAAGAAGAAAATCACCATCAGGATATTGACGTG
AATTTGATCATCACAGACTACTGTATGCCAGGGATGACGGGCTATGATCTTCTGAGAAAGATC
AAG

GAATCTAAATCATTCAAGGACATTCCAGTTGTGATCATGTCCTCGGAGA
ACGTCCCATCAAGAATTAATAG

ATGCCTTCAAGAAGGAGCAGAA

GAGTTCTTTCTAAAGCCAGTCCAACTATCTGATGTCAACAAGCTCAAGCCCCATCTACTGAAG
GGCAAAGCAAAAGAGGATCAAAGCTACAACAACATTAACAAGAGAAAAGGAACAGAAGAG
ATCAACTCTCCTGACAAAACAAGAACAAGATTCAATGATAACTTGGAGGTTGTCTGA

>c2947 PoRRO - Biblioteca L1B15042
ATGACTATCGCGGCAGGGTCACAGTTTCATGTTTTAGCTGTTGATGATAGCATCATTGACCGCA
AACTGATTGAGAGGCTCCTTAAGACCTCGTCATATCAAG
TCA

CTGCTGTTGACTCCGGCAATAAAGCTCTACAATTTCTGGGTTTATATGAAGATGACCAAAGCA
ACCCAGATAGGCTTTCAGTTTCCCCAAATAGCCATCAG

GAAGTGGATGTGAATCTTATTATT
ACAGATTACTGTATGCCCGGTATGACAGGCTATGATTTACTCAAGAAAGTCAAG

GAATCATCATCTTTGAGAAATATACC

CGTAGTCATCATGTCATCTGAGAACGTACCTTCGAGGATCACCAG
ATGCTT

GGAGGAAGGAGCGGAAGAGTTTTTCTTGAAGCCCGTGCGATTATCTGACCTCAACAGGCTTA
CAACTCACATCATGAAAGCCAAAGCGCAAAGCCAAAAGCAGGAGAAGCAAGAAAACGTTCA
AGAAACAGTAGAGAGATCCGAGGTAGATGTAGATGTAGGGATTCAGTCACAACAGGTGCTGG
AGCCACCACAAATGCCATCACAACCATGCATATCTAATGACTCCAAGAGAAAGACTAGGGAG
GAAGAAGAAGAAGAAGAAGAAGGGCTTTCCCCTGACAGAACAAGACGACTCAGATGTAATG
ATATTGCCACTTTTGTTTGA

>c971 PoRR16a - Biblioteca L1B15042
ATGGATGCTGTTGCTGTTGTTGGGTCTTGTTCATCCAAGGACAAGGTGTTCATGGGAGATTTT
GGTTCTGAACCACCGCATGTTTTGGCTGTTGATGACAATCTTATTGATCGGAAACTCGTCGAG
AAATTGCTCAAGAACTCCTCCTGCAAAG
TAACCACCGCTGAGAA
TGGACTCAGAGCATTGGAGTATCTGGGCTTGGGAAATGACAACAAGGAGAGCATAGAGGACA
GT
GTCTCAAAGGTGAATTTGATCATTACAGATTATTGCATGCCAGGAATGACTGGTTAT
GAGCTACTTAAGAGAATAAAG
GAATCATCCATGATGAGGGAGGTTCCAGTTGTGA
TTATGTCATCTGAGAACATTCCAACCCGTATAAACAA
GTGCTTAAAGGAAGGAG
CTCAGATGTTCATGCTAAAGCCTCTCAAACAATCAGATGTGGCTAAATTGAGATGTGATGTGTT
GAACTGCAGAGGCTAG
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>c1555 PoRR16b - Biblioteca L1B15042
ATGGCCTGGTCTTCGTCGTCATCTTCTTCTTCTTCTTCTTCTTCTTCCTCACCGTCAAGGGGCA
TTGATTTTGATGAGAAGCCTCATGTTTTGGCTGTCGATGATAGTTTGATAGACCGCAAAGTTA
TTGAGAGACTGCTAATCAACTCTGCATGTAAAG

TGACCACAGCAGAAAATGGGAAGAAGGCATTGGAATTTTTAGGCCTGGCAGATGGAAAATC
ATCAAAAAATACC
GATTTGAAGGTAAACA
TGATTATCACTGACTACTGTATGCCAGAAATGACAGGATATGAGCTATTGAAAAGAATCAA
G
GAATCACCCAGCATGAAGGAGGTACCTGTAGTTGTAGTGTCCTCTGAAAATAT
CCCAATTCGAATCAAACA
ATGCTTGGAGGA
AGGAGCTCGAGAATTCTTACTGAAACCTCTTGGTCCATCAGATGTCACCAAGTTGAGATGCC
AAATTAAGAAGTTGAAGAATCCTTGCCAAGGGATGCTGCGAAGAGGAAGATGA

>c18 PoRR17a - Biblioteca L1B15042
ATGGAGGTGAAACCTGGAGCAGAAGAAACCCAACTGAAACAAGAAGTGAAAGAAGAACAA
CAACAACAACAGGAGGAGAGATTTCATGTATTGGCAGTGGATGATAGTCTTATTGATAGGAAG
CTTTTAGAGAGGCTGCTTAGAGTTTCTTCTTTCCAGG
TGACCTGTGTGGAATCTGGGGATAAAGCTTTGGAGTACCTGGGTCTGCTTGATGA
CATGAAGAATGCTTCTTCTCCAGCTTCTTTGTTTTCTTCCCCTTCACCAGAACAAGAG

GAGATGAAAGTCAATCTGATCATGACGGACTACTGCAT
GCCAGGAATGAGCGGCTATGATTTGCTCAAAAAGGTCAAG

GGATCTTTATGGAAAGATGTTCCAGTGGTGATCATGTCATCAGAGAATATACCTTCCAG
AATTAGCAT
GTGCTTGGAAGAAGGAGCGGAGG
AGTTCTTGCTGAAGCCACTTCAATTATCAGATGTGGAGAAACTTCAGCCTCACTTGCTAAAAT
CCCAGAAATGTTCTTGTAATGGCAACGGCAAAGATAGTAAAAGTAACAATAACATTACCAAGA
GGAAAGCAAATCTAGCAGAAACAACTGAGAGAAGACCCAAACTCAAAGAAGTTACTGTTATA
TAG

>c1785 PoRR17b - Biblioteca L1B15042
ATGGAAGTGGAAGCTGGAGCAGGAGCTGGAGCAGGAGCTGGAGATGCCCAGATTCAACAAA
AAAGGCAAGCAGAAGAGCAAGAGGAGAAACACTTTCACGTCTTGGCAGTGGATGATAGTCTT
ATTGATAGGAAGCTTTTGGAGAGACTGCTCAGAGTTTCTTCTTACCAAG

TGA
CCTGTGTGGACTCTGGAGACAAAGCTTTGGAGTATCTGGGTCTGCTCGATAACCTAGACACCG
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ATTCTTCATCTTCTTCTTCGTGTTCGTCCCCATCACCACAGCAAGAGGTGAGCTTTGTTAATTTCC
AGAAAAATCTCCTCTTGTCTTTCTCTTAATTCCCTGAATATCCTGTTCTCTTTTACGAGAAAAGAGAAAAA
AGTATAGCTAACCTGTAATGTAAAAGGATGTGTCAACTTCTGCTGCGGGTGATTGGAAAAAGAATTAAGT
TTCAGAACCTTTTTTCTTCTGCTGCCTAGAAAATTCTCAACTTTAGGCTTGCGATTATGTTCTTTTCCTTTA
AAGTTAATGTTTTTATTCTTCGTTTTTTCCAAAAAACTAAAGCCTTTTTTACCTCTATTCTTCTCTTCTTTTT
TTAAGACACAGAATAAGGTTTTTTACTTTATGATATATGTATATAGGATCTGTTTAATTATAGCAAGTGTTTC
AAAGCTTTTTTTTTTTAATTTTAATTATGCCTGAAGGATCAATATCTTGTATGGATATCAGAAGGATTAATGC
CCTTATGAAAACTAAAATCTATTTGGCTTATCATGAGTGAAAATTTGAACAGCAAAAAAGGGTTTTATTGG
AGTTCATCAATCCATGGTAAAATCAGGAAGAACCAACATCGCTATCTACGTACACTTACTTGTGCTGAGG
GAGGGCCATCCTGCTAATAATGAATCTGGGTATTTGTCTGTGGGAATGCAAACATGTCCATTTAATGGTCG
AGCCAACTCGTTTCGTTGGTTCTATTCCTTCAGCGGAAAGGTTGTTTCCCTAATTGAGTTCAAATTCCCAT
ATCATCTTTTTCTGGCCATGGATTTTTAGGATCAGCAGAATTCATTAGACAATCGTACAAGGCAAATGTAA
CAGTAAACATGCATGGTTTACTTGAGCACAGCACTGCGTGTATGTTGACATCATCTAATGGAATCCAGGA
CATTAAAGTCAACCTGATCATGACAGACTACTGTATGCCCGGAATCAGCGGCTATGATTTATTA
AAACGTATCAAGGTAACAAACCCTTAAATGACATTTCTCCTTGGCCTGCGGGATTTTATGGCAATAAAG
TAATGAATCGTTTATTTGTACTAATACTGAGCTTGTGTATATGTACGTACTGTAGGAATCTCCCTGGAAA
GACATCCCTGTGGTGATTATGTCCTCAGAGAATATACCTTCCAGAATTAGCATGTAAGTTCATCC
TCTACTTTTGTAATAACATGGTCGAGGTTAGATTTATTAGATTAATCTTGTACAATGGAACCTTAATGTATGT
TTAAAAATGTATACGGATAAACAATCATATTCTTCGAGTTTAGCTGGAAGATGGTCTTCAATATTTTCATTT
CATCTATTGTATTTTATATGAGAACAAAGCATCGGATAAACTAGCAAGTATGAAGCATATGTTCCATATAATA
TCCAGCGATTCATCCATGAAAAAAAAGAAAACCCAATTTCAGAATGAAAGAACAAATATGATTCGCTACA
CAAAGTATGCACCAAAGTGCTTTTGTCTTTTCAGGTGCTTGGAAGGAGGAGCAGAAGAGTTCTTGT
TGAAGCCACTCCAATTGTCAGACGTAGAGAAACTTCAGTCTCACTTGCTTAAAACTCAGAATT
ACTCTTGTAAAAGAATCGATGACAACCTCAGTGACGGCAGTAGTAATGGCAGTAAAAATGAC
AGTAACATTATCAAGAGGAAAGCAATTTTGACTGAGCCCTCGGAGAAAAGACTCAAACTCCA
GGGATTGGCTGTTATATAGATTACTGGATAGGAAAAAAATAATCAAAAAT TATATATATATATATATATATAT
ATATATATTTGTATCAAATAATATACTGCATATTTTTAGATGGCTTATTATCTTACGTTGAAATTGAGTTCATG
TTATATAGTAAATGATTCATTACTTAAGTGGCATATGAACTATATAATGGCATCATTTTTTTAAGATTAAAAG
AAATTCATTATAATAACAATGAATAATTTATTCTGTTCTATTGTAAATACTAACTAAGAATAAAAAATATATAT
CCAACACCAAAGAGAAAATTATAAAATATAAATTTTCTTTTATATTCTTTATTTTTTATTAAAATACTCTTTAT
TTAACTAAATTACGCAAAGATATCAATATATTGAAATAGCCATGGTATTAGTAATTTAGTGTTTAGATTTATT
AAAATTAGTAAAAACAAAAAAAAGTTGCCCAAATGGTATCATAAATATAGTTTCTTATTCTTATTATTTTAT
GTTTAACAAATAAATATTGATAAAATAATGAAAATTGTTTAAGAATTTTTTTTCTATATAATTGACTGAATCG
AGATGTTAAAAATAAGCATTATATTATTGTCATCCTTAAACTGATGTTGGTTGACCAACACATTGGAAAGA
CGGATTGTAGATTTTGTGCAGATCCCTAACTTTTTACATTGATTCTTCATTCTTTATATTCATAAATTCCTATG
TAGATTTTGCGTGTAGGAGTTATTGGAATTGTAGTAATAAATCTATATCTGACTCATATCAAATTTTCTAAAT
AAAAAAATTTTAATTCTATCTATCTATTCTAATATAACTTCTTTATGGTACTAATTTTAATTTTAGTAATTATGT
ATACCAAAGGTAGCATGATTAATAAAATATGGTCGAGGTTAAAAGGAGAGGGAAAACAAAGTATAGGGA
CTGAAGATGCTCTCAACTGACGAGAGCCTGGGAGAACCATCACTCCATCAGCAACAACGGAAGACAAA
ACAGCGATTTCTGGGAAGATCAAATTTCGTACGGATGAAATTACAGATATAGAGGATGAGGAGATGTCTG
AATTAGCAATCTCTTACAAAGATCGCCTCTTACGCAATGAGGATATCACTATCACTTGTTGACTTTATCACG
GTATTCGATAGAGTGCATCTTCAACTACGCCAAGCTTGGCACTTCTTTGTCATCGTCAAACTGCTGGGGA
GATATATTGGCCACGCGTTAATGTGTTTGACACTCAGACTACCATGGAGATTAAGCATTTAATTTGAGTGA
CTATCGATACCACATCATCTCCATACAAGGAACAACAACCTCAAGGACAACCTCTATTGGCAGCTGGGGA
AGACTTCGGACCCTAGCTTCATGTGCCTCACCAAAATCTTGGAAAAGGAAAGGAACCATTACAGGAAAC
CAAGAGAAAATATACACCCATTTTTTAGGATTCCCAAGGATCTCATTATGTTGTGATTGCCAATGAT
GGTGACAATGGTATACTTTCGGAAGTTTACACTGAAGTGGGAACTACATCAAGAGGGAAGCA
AGTAGCTAATGCTTATGTGAATCCACGTAGCAGCAGAAGAGTTGTTACTCTGCCACGCAAGCT
GAAAGATTATGTTACAGATTTACCAGTAAGGAAGGAATTAGCGGGAAGTTACAACAACCAATA
A

>c10971 PoRR1 - Biblioteca L1B15042

ATGAATCTAAATAACGGGTCGGTGAGCACCGGTGGAGGTAGGAAGGCCGGCGGGGACGTGG
TTTCCGATCAATTTCCGGCCGGGTTACGGGTATTAGTGGTTGATGACGATCCAACTTGTCTCAT
GATCTTAGAGAAGATGCTGAAAACATGCCTTTATGAAGG TACCAGAGAGGTTCTTCTGTCCTGTCC
TCATCTTCTTCTTCTTGTTCTCTTTGGTACTGAATCTGTCCATTTGATGTCTTTTACGGTCGGGGCTAAGGA
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TCACCAAAT
GCAACAGAGCAGAGGTTGCATTATCCCTCCTACGTGAAAACAAAAATGGATATGACGTTGTGA
TTAGCGATGTTCACATGCCAGACATGGACGGATTTAAACTTCTTGAGCACATTGGACTAGAGA
TGGATCTGCCTGTCATCA

TGATGTCGGCGGATGAT
GGGAAAAATGTTGTCATGAAGGGTGTCACTCATGGTGCTTGTGATTACCTCATCAAACCTGTC
CGAATTGAAGCATTGAGGAACATTTGGCAGCATGTTGTCCGGAAGAGGAAAAATGAGATGAA
GGATTTGGAGCAATCAGGAAGTGTGGAAGAGGGGGATAGACAGCAGAAACTGTCAGAGGAT
GCCGATTACTCGTCCTCTGCAAATGAAGGAAGCTGGAAAAATCCAAAGAGGAGGAAAGATG
AGGAAGAAGACGTAGAGGAGAGGGATGACACATCCACATTAAAGAAGCCGCGTGTGGTTTG
GTCAGTTGAGCTTCATCAGCAGTTTGTTGCTGCAGTTAATCAACTAGGCATTGACA

AGG
CTGTTCCCAAGAAAATTCTGGAGTTGATGAATGTTCCGGGACTGACCAGAGAAAATGTTGCTA
GCCACCTTCAG

A
AATATCGTTTGTACCTTAGACGATTAAGTGGAGTTTCGCAGCACCCTAACAATTTGAGCGGCTC
TTTTATGGGCACGCAAGAAGCAGCTTATGGGCCATTGGCGTCTCTCAATGGACTTGACCTTCA
AACAATTGCCGCTACTGGTCAGCTCCCAGCACAAAGCCTTGCCACTATTCAAGCCGCCGGACT
TGGTCGGCCAACAACCAAAACGAGATTGCCCATGCCCATTGTTGATCAGAGGAACCTTTTTAG
CTTTGAAAATCCTAAACTAAGATATGGAGAGGGGCAGCAGCAACATTTTAATGGTAAGCCAAT
GAACTTACTCCATGGAATCCCAACCACCATGGAGCCAAAACAGCTTGCCAATTTGCATCAATC
ATCACATTCCCTGGCGAGCATGAATATGAATATGCAAGTCAATCCCCTTGGAAGCCAGGGAGG
TCAGAGTGGTTCATTGTTGATGCAGATTTCTCAACCACAGGCAAGGGGACAGATACTAAACG
AAACCATTGGCAACCATGTTCCAAGGCTTCCATCATCAATCGGGCAACCCATGATGTCTAATG
CAATTAATGGCATGGTCTTGGCTAGAAATGCGTTAGCTGAAGATGTCAGAGGGACGAGGAAC
TGTCCAGTTCCGCAATCTTCTTCCATGATGAATTTCCCTTTGAACAGTTCAGCAGAACTGTCTG
GCAATTCTTTTCCTCTTGGAAGTAACCCTGGGATATGTAGTCTCGCATCTAAAGGCGGGTTTCA
AGATGAAGATAACTCAGATATTAAAGTTTCTGGGGGATTCATACCAAGCTATGATATTTTCAAT
GAATTGCATCAACAAAAGTCAAATGATTGGGAGTTGCAGAACCCGGGTCTTGCTTTCAATGCC
TCTCAACGACCCGATTCTTTGCAAACCAACCTCGATACTGGATCTTCAAATTTGCCCCAGTTC
GGGTTCTCTCCAGTGCAAAGCAATGGGGATAACAGGAACGTATCTTCTATGGTCAAGCAGATT
TTTTCAACAGGGGATGCAACTGAGCATGTGAATGTGCAAAGTTCCGGACAATATGTGAACGG
CTATTTTGCTGATAATTCAGTGAGGGTGAAGGCTGAAAGAGTGTCTGATTCAAACTATCAGAC
GAACCTCTTTAATGCTGCGCAGTTTGGGCAGGAAGACCTCATGAGTTCTCTTCTCAAACAA

CAACAGGGAGGCATTGAACCGGCTGAAACAGAGTT
CGACTTTGACGGCTATTCCGTGGATAACATCCCTGTGTAG

>c404+c20499 PoRR?2 - Biblioteca L1B15042
ATGTCCGGATTCCCGCCAGTGGCTTCCAACGTGAACTCTGCTAGCTCCAGTAGCAAAGGAGC
GGGTGCGAACTCCAGCAGCGGCGCTAGCAACTACGCCTGTATAGTTGCAAGTGCTGGTGTGA
CGGTTCCTGAGAATTTCCCCGTGGGACTCCGTGTGCTTCTAGTTGAAGACGATCGAGCCTCTC
TGAAGATTGCAGAGCAATTGCTTCGCGGCTGTCTTTATAAGG
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TTACTAGTTGTGCAAAGGCTAAGATCGCTCTGAATATTCTTAGTGAGAATAGAGAGA
GTTTTGATGTAGTACTTAGTGCTGTTCATATGCATGAGATGGATGGATTTGAACTCCTCAAAT
ATGTGTTGAAAATGGGCCTTCCACTTGTTA

TGATGTCCTCC
GATTGTAGTACTAATACGGTGATGAGGGGAATAATGAATGGAGCTTGTGATTATTTGAGTAA
GCCTCTTCTTGAGCAAGAGCTCAAGAACATATGGCAACATGTTATTAGGAAAAAGCTGGTGA
ATGGTAATAAAGAATTGGAGCATTCAAGGAGCTTGGAAGATAATGATCAGCATAAACAAGA
AAATGATGACGTAAAAAATGCATCTTCAGTAACAGATGGAGCTTTGAAATGTCAGAAAAGG
AAGAGGAATGCCAAAGAAGAAGATGATGAACTGGAAGGTGATCTTTTGTCTACGTCAAAGA
AGCCAAGGGTAGTATGGTCATTGGATCTCCATCAGCACTTTATTGATGCTGTCGACAAGCTT
GGAGTTGATA

AGGCTGTGCCTAAGAGAATTCTTGAGTTGATGAACAT
ACCTGGCATAACTAGAGAGAACGTTGCAAGTCATTTGCAG

AAATATAGAATATATCTGAAGAAAC
AGAATGCGGATCAACAACAACGTGGGAGTTCTAAAGCATTTTGTGGATCCTTGGACTCGAAT
GTCAAGCCTAATCCACTTGGAAGATATAATATGGAAGCTTTGTCTGCCTTCAATCAGATTCA
TCCGCAAACATTAGCAATGCTACCTGCTGAAAATCTAGGTCGACCAACTGGCGGGATAGTGA
CAATGATGGACCAACCAGTTCTAGTACAATCATCTTTGCAGGCTCCCAAGTATATCCCTATT
GAACATGGTTTGGCATTTGCTCAGCCATTAGAACAATGCCAAACGAACATTTCCGAAAAAAG
TTTCCCACAAAATATGGCATCTGTTGAGGAAATTAGTAAGGATTATGTGGTCTGGTCCTCCG
ATGCTTTTGGAACATTTGGCCCCAGCACCAACCAGGGGGATATCACGAATCCACATAGTAAC
AGGTCAATGGATATACTTAAGCAACAGCAGCAGCATAGACAACTTAACCATTCACAGGAAC
CATCATCTATAACAGAACACAACCATCCACTTACCTTGCACCCGTCTTGCCTAACTTCTCAAT
CACCAGTCTATTTTCAGACTGGGAACGGTTCTGCTTCAATGAATCATAATTCCAGCTACAAC
AGGAATGTTGCCATGGATTATTCTTTTCTTTCACCCATACCATACGACTCCCCGATGAATATT
TTCCAGTTACAAGATGGCGATTTCAAGGCTCCAGGTGTTGTTAGTGCTTACTCAGCCCCATTT
TCTATATCTCCTACTGCATTGTCTTACTCAGTAAATGCTGACAGTGGCAACCTTCCGCAATTT
CAGAACCCAACCACCTCCATTGGAGCTGCAAGGCAAGTGCTGGGGGTTACTCCTACTGACTC
TGGGATCCAGGGTTCTTATGGTACAAATTCAGGTGAAGTGATTGATCCGGGATCACTTATGA
CTATTGGATTGAATGCAGCGACTAGCATCCCAGGCCAGTTGACCACAGAGCAATTCCAATCT
CAGATAGACTTCGATCATGGAAAAATTTATCTGGACAGCAATGGTAATCAAGTCAAGTCGG
AAAAAAACGTCCAACTTTTACAGCACATTCCTGCAACCGATAGGAGTGTTTCACAAATTAAG
TAA

>c54 PORR10 - Biblioteca L1B15042
ATGACCGTGGAACAAGGAAAAGGAGAAGCCAGGGACCAGTTTCCTGTTGGGTTGCGAGTTC
TGGCTGTGGACGACGACCCTACTTGTCTCTTGCTTCTAGAGACCCTTCTTCGTCGTTGCCAGTA
TCATG

TTACCGCAACAAAACAG
GCAATCACTGCATTGAAGATGCTGAGAGAGAACAAGAACAAGTTTGACCTTGTTATCAGTGA
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TGTTCATATGCCAGACATGGATGGCTTTAAGCTTCTTGAGCTCGTGGGGCTTGAGATGGACCT
ACCTGTCATAA

TGTTGTCGGGAAA
CAGTGATCCGAAGCTTGTGATGAAGGGGATTTCTCATGGAGCTTGTGATTATCTGCTGAAACC
CGTGCGAATTGAGGAGCTGAAGAACATCTGGCAACACGTAATTAGGCGAAGGAAATACGATA
AGGGTGACAGAAATAGTGTTGACAACCAAGACAAGTCTCATTCTGGAACTGCCGATGCCACT
TCTGACCAAAAGCTTAATAAAAAGAGGAAAGACCAAGATGAAGATGAGGATGAGGATCGTGA
TGAGAATGGGCATGAAAGTGAGGATCCAACTTCACAAAAGAAGCCCCGTGTTGTTTGGTCTG
TGGAATTGCATCGAAAGTTTGTTGCAGCTGTTAATCAGCTCGGCATAGACA

AGGCTGTGCCAAAGAAGATTCTGGATTTGATGAACGTCGAGAAGCTTAC

CAGAGAAAACGTGGCAAGTCATCTTCAG
AAATATAGGCTTTATCTCAAGAGAATCAGCACT

GTGGCAAACCAGCAAGCTAATATGGTGGCAGCTTTAGGAAGTGCAGATGGTTCATATTTGCAG
ATGAACCCTATGAATGGAGTTGGATTACACAATTTGGTTGGACACGGGCAGTTTCAGAATGCA
CCTTTCAGAACTCTACCGACCAGTGGAATGCTTGGCAGGCTGAACTCCTCTACTGGTCTGGGT
AAGCGTGGTCTTCCTTCTCCATCAGTAATTCCATTAGGCCATGCACCGCCGGCAGGTCAGCCG
GATATCAATCAGAGCCATTTCCAGCCAACTATAAATACTGGTTATAGCGGTAATGTGATTCAGG
GAATTCAAATGTCGTTGGAACTTGATCAACTACAATATAACAAGGGTGTTTCCTATATTAGAGA
AATGCCCAATCATATTGATGATTCACCCGCTTTCGCTGTTTCTAGAGGCTTCTCAGATGTGAAA
ATATCAGTTGGCAGCTCAAATGGTCCTTTCCTTGGTGTGCCAAACAAACCTTTGTTATTAGGAA
CAGACTCTGGAGGGGCTCAAGATGCTCAGAAATTTGGGAAACAGCCATCTATTGGAGTGGCC
TCTATAGAATCGGGATTTCCTTCTTATTTTCCTGACCATGGAAGATGTGATGGCATGTGGTCTAC
CCTGCATCCTGGTGATGTCAGGGACAGCATGTCAGCAATGGCCCTGCAGAGTAGGGGTAATCT
TTCTGATGTGTCTTCTATTCCTTCACTTCCCACTCATCTGGAGGATTCTAAAACCGATGTACGAT
GCCAAGTTGCATCTAATAATGGCAATTACGGACACATGATTCACAATGACTGCACAGGATGGG
ATGATAACAGATTAGATGCCACCTACAACTCAAATGCTGTATGTAGCTCTATAAACATCCGGAT
TCCACTTACTGGTATTGGAAGTCCATTGGATCGGAGTCTGGACTCAACTAACGGAACATTCCA
TCGAAATGACGGCTTCAATTCAACAGGACTATCGAATTTCTTTGACCCCTCGTTGATAAATCAT
AGTGAGGTTGTAAATTCTTCCGGACAGACATTGTTAAGGTCAAAGGAAGCATATGTGGTTGGC
CAACAGAGACTGCAGGGTAGCCATGTTTCTAATAATTTCGGCTCCTTAGAAGATATGGTGAAC
GTAATGGTGAAACAG

GAAAAAGACCAA
CAACAGAAATCAATAGAAGGAGACTTTGATTCCGGTACTTACTCTCTTAGAACATTCATATGA

>c1037_78 PoRR11a - Biblioteca L1B15042
ATGGAAAGCAGTAATGGTTTCTCTTCCCCTCGCAACGAAGCGTTTAACCCGGCTGGTCTCCGG
GTTCTCGTCGTCGATGACGATCCCACGTGGCTCAAGATCCTCGAGAAGATGCTCAAGAAGTG
CTCCTATGAAG
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TGACCACCTGCGGTCTAGCAAGAGATGCCCT
AAACTTGCTTCGGGAGAAGAAAGATGGATTTGACATAGTAATCAGTGATGTCTATATGCCCGA
CATGGATGGCTTTAAACTCCTAGAGCATGTTGGACTCGAAATGGATCTTCCAGTCATTA

TGATGTCTGTAGATGGAGAGACGAGCCGGGTGA
TGAAGGGGGTCCAACATGGAGCTTGTGATTATCTTCTTAAGCCTATACGAATGAAAGAACTGC
GGAATATATGGCAGCACGTATTTAGAAAGAAGATAAATGAAGTAAGAGACATCGAAATTCTTG
AAGGGACTGATGGTTTTCAAATGACAAGAAATGGATCAGACCAATCTGATGATGGTCATTTGT
TTTGCGGAGAAGACATGACTTCGGCAAAGAAAAGAAAAGCTATTGAAAACAAGCATGATGA
AAAGGAGCACGGCGACGGTTCTAACAAGAAAGCCAGAGTAGTTTGGTCGGTGGGCCTTCATC
AGAAGTTCGTCAATGCTGTAAATCAGATAGGGCTCGACA

AAGTTGGTCCAAAGAAAATACTGGACTTGATGAATGTGCCATG

GTTGACTCGAGAAAATGTTGCAAGCCATTTGCAG
AAAT

ACCGTCTCTACTTGAGTAGATTGCAGAAAGAAAATGATCCGAAAACATGCAGTGTAAAACATT
CTGACTCGCCTTCAAAAGATTCTCCTGCAAGTTATGGCATTCAGAATACTCAGCAGAATGACG
TTTCCAAAGGCAGCTTTGTAATCTCTGGCAAGAAATTGCTAAATCAAACTGCGAATTCCAGAA
ATCATGAAGATGATGGAAAGGGAATTTTTGCAGTTTCTGTGGCAGAACCCAAAGCAAGTTTA
ACAGTTGATATTCCCCACCCTCGAAGGCCAAAGAATTCGCATATGGAGTTTGTTCAGTCTTTTA
CATCGCCGGAATCCGAAGTGAACTTTGCTGCATATGATCCTACCTTCTCACAACAGTATCCATG
GCACGGAATTGCAGATGTCCAAATGAAACAAGAACTGAAGCCTCTTCATTTAGACGATGGGT
CGAGCCAGGTACCTTTTTGTAGTCAACAATTGCACATCCAGGCTGAATGTTCACAGCCAGCTC
CATCCATCAGTTCTGGAACTATAAAAGAAAGAGGTTTAGTTGGGCCTTCGAGGATTAAGCGTT
CGTATGATGAATACAGGAGCAGCACTACCAATCTGAAAGTTGTAGAGCCCATTTCCACCAGCA
CATTTAGCATCGATAGTGAAGGAGTCAATCTACATGGCATTAAAGAAACTGAAATCCCCAAAA
CGAATATGAATCTGAGCGTATCACCTTCTAAGCCTTTGGATGAGGAGTTCAAAGTATGCTGGGT
TCCTGGCGACTGCTATCCTATGAACTTGGCGATACCAAGTGTTACAGACTTTCCAGAATACTTT
GGTCCGGGTCTCATAACTGATTTTCCAGTACAATTGAATGACGCCTCGAGGTTTGACTATGAC
AATCTCTATGATCCAGCAGAGTATCCTCTGACAGAGCAAGGTCTGTTTATAGCCTGA

>c157 PoRR11b - Biblioteca L1B15042
ATGAGAAGCGAGGAAGGAAAAGCAGTTCACAGAGAAAGCCAAAAAGATGGAGTAAGTGAA
CAGGATTTACGTGATAATGGATTTCCTGTTGGTTTGAGGGTCCTTCTAGTGGAAGATAGTTTGT
TGCAACTAATAATCTTGGAAAAGATGCTTCTAAGTTGTAAATACCAAG

TTACCACATGCCAAGAAGCAGCGAAAGCTTTATCGATTCTAAGAGAACATGAAACAAGGT
TTGACCTCGTTATCAGTGATTATGATATGCCTGGCCTGGATGGTATTCAGCTGCTCGAGAAAGT
TGCGTCGCAATTGGATTTGCCTTTTGTAA

TCATAT
CAGCATATGACAGACAGGAAATAGTTTCACAAGGTGTTTTAAGAGGCGCTTGCGATTATCTGA
TCAAGCCTGTCAGGATGGAATCTCTTGAAATTATATGGCAGCATGTACTGCGCAAGAGAGGTA
TTGCTTTGAAAGGAATAAAGAGACCGAGGACAGCTGACGATGATAACTTACTCCATGAGAGA
AAACCAGCCTTGACTAGTAGCGCTGACCTTAAAGTACCTATAGAAAAAGTAAATCCCGGGACC
GTTGTAGAAAGATCCGACGTTGGTCACCATGAAGCTTCAGGTGCAACGGCCCCACGAAAGAG
GAGGCTGATTTGGACTGACGAACTCCATGAGAAGTTCGTAAGAGCTGTGAAAAAACTTGGCC
ATAAAA
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ATGCAGTTCCTCAGAAAATTCTGGAA
TGTATGCGAAAAATGAATGTTCCTGACGATCTTTCTCGGGAAAATATTGCCAGCCATCTTCAG

AAGTTCAGGCTGAATCTTCAAAAAATGGAGAATCAATCACAGCAGATGCCC
AGAAAGCATTCTGCCTCTTCAAGTATTTCCAGAACAATGGCTTTCGAGAAATCTCCTTTTTTAG
GCGGCTGTAGCGATCAGTGCTGTGTCATAAATCAGTTTCCTGGGCAGTATTTCACAACCCTAC
AAGCTACAAGGGGGCCTGTCGCGCTCATCGATAACGATATCAATTTCCTGCCTCTAGATTGTCA
GAGTACATACTATTCCCAGTATATGGTGCCCCAACCGAGTTTCTATCCTTTAAACACATCCTCTT
CACTTGAATTTCTTCTTGAAGGCACAGCCAGCCAGAAAATAACTCCGATCGCCTCTCCATTAC
TAGCTGGTGATGGTGAATATTGGAACGACGGGTACATGGCTCATCATATTCAAAGCCTAGCAG
GAGATGTCTACGGGACGAACAATGATGCACAGCCTCAGACGATTTATGACGATAACCTTATGC
TTTATCAACAGCTAATGGAGGTTGATCTCTGCTAA

>c108 PoRR12 - Biblioteca L1B15042
ATGACTGCGGAGCAAGGGACTGGAGAAGGCAGGGACCAGTTCCCTGTTGGCTTGCGCGTTT
TGGCGGTCGACGATGACCCTACTTGTCTCCTGCTTCTAGAGACCTTACTTCGTCGTTGCCAGTA
TCATG

CTACCACGAC
AAGTCAGGCAATCACAGCATTAAAGATGCTGAGAGAAAACAGGAACAGGTTTGACCTGGTTA
TCAGTGATGTTCATATGCCGGACATGGATGGTTTTAAGCTGCTTGAGCTTGTGGGGCTTGAGAT
GGACCTACCTGTTATAA

TGTTGTCAGCAAACAGT
GATCCAAAGCTCGTGATGAAGGGGATTACTCATGGAGCTTGTGATTATTTGCTGAAGCCTGTG
CGAATTGAGGAGCTCAAGAACATCTGGCAGCATGTGATTAGGAGAAAGAAGCACGAAAAGA
GGGACAACTGTTATGTTGACAACCAAGACAAGCCTCAATCTGGAACCTTTGAAGCCATTGCT
GACCAGAAGCTTAGTAAAAAGAGGAAGGATCAGAATGAAGACGATGATGAGGATCATGATGA
GAATGGGCATGAAAATGAGGATCCAACCTCCCAAAAGAAGCCCCGAGTTGTTTGGTCGGTCG
ATCTGCATCGCAAGTTTGTTGCTGCTGTTAATCAGTTGGGCATAGACA

AAGC
TGTGCCTAAGAAGATTCTAGATATGATGAATGTCGATAAGCTTACGAGAGAAAACGTAGCAAG
TCATCTCCAG

AAATATAGGCTTTACCTTAAAAGAATCAGCACAGTGGCAAACCA
GCAAGCCAATATGGTGGCAGCATTAGGAAGTACAGATGCTTCATATTTGCAGATGAATCCTATG
AATGGATTTGGATTACACAGCTTTACTGGACACGGAAAGTTTCAAACCACACCTTTCAGAACT
CTCCCACCAGGTGGAATGCTTGGTAGGCTGAATTCTCCTGCTGGTCTGGGCATGCATGGTCTT
CCTTCTCCCGGAGCAATTCAATTAGGCCATGCAGCTACAATAGGTCACTCTGCTAACAGTCAG
AGCCATTTCCAGACTATTGTAAATCCTGGAAATAATGGTAATATACTTCAAGGAATGCAAATCT
CACTGGAGCTTGATCAACTACAGTCTGATAAGGGTTTTTCTGATATTAGAGAACTGCCCAATCA
TATTGATGACACAACTGTTTTCCCTGTTTCCAGTGGCTTCTCAGATGTAAAAATCTCGGTTAGC
AGCTCCAATGCTCCTTTCCTTCATGTGCCAAACAAACCTCCAACGTTAGGAGGAGAATCTCAA
GGGGGCCAAGAAGCCCGAAAATTCGGAAGACAGACTTCCATTGGGGTAACTGCAATAGAATC
AGGATTTTCTTCTCATTTTCCGGACCATGGAAGATGTGATGGCATCTGGTCGAATAATGTGCAA
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TCCAGTGGGGAACACTTCAATTCTTTTACCTTAGGTGACTGTTTTAAGCAGCCGACCCTGCAG
CCTGGTGAAATCAGGGACAGCATGTCAGCAATGGCCTTACAAAGTGGGGGAAATCTTTCTAAT
GTTTCTTCTATTTCTTCACTGCCCATTCACTTACTGGATTATAAAGCAGATGTACAATGCCAAGT
TGCTTCAATTAATGGAAATCCTGAGCAGATAGCTCAGAGTGACTGTCAAGGATGGGATGATAA
CAGACTGGATGCTCACTACAACTCCAATGCAGTGTGTAGCACAAGAAACACCATAATTCCAAT
CAATGGTATTGGAAGTCCGATCGGTCAGAATCTGGACACAAATAATACAAATTTCCACCAAGC
AACAAACTCCACCTCAATCGAACAGCCGGATTTCATTGATCACTCATTGATGAAGCATAATCAT
GCTGGAAATCCGGCCATAGAGACATTGTTAAGGTCAAACAAGGCATATATGATTAGCCGACAG
AAAATGCAGGGTAACTATGCCTCTAATAATTTTGGCTCTTTGGAAGATATGGTCAGCGCAATGG
TGAAACAG

GAAC
AAGACAAACTGAAATTAACGGAAGGAGAGTTTGGATCTGGTACTTATCCTCTTAGGACATGCA
TATGA

>c239 PoRR13 - Biblioteca L1B15042
ATGGGTCGCGGGAGAGTTGAATCTGCTCGAACTTTGAAGACCAAAACCACTATTTTGAATATC
CAAATTTTGCTTGTTGATGATGATCCTACCTCTCTATCTATAGTTTCAGCAATGCTTAAAAGATG
TAGCGAAACAG

TTGTC
ACAGTTAAGAGCCCGGTAGACGCTTTAGCAATCCTTCGTTTACAACAAAAGGACTTTGATTTA
GTTCTCACTGATCTCCATATGCCTCAAATGAACGGACTGGAGCTACAAAAACAAGTGGATCAA
GAGTTCAAGCTCCCTGTTATAA

TAATGTC
ATCGGACGATAGTGAAAATATCATATCGAAGAGTTTGGAGGGTGGAGCTCTTTATTACATCGTA
AAACCAGTTAATCCAGGTGATCTCAAAAATGTTTGGCAATACGCAGTTGCAACTAAGAAAGGT
AAATCTATGGTCACTAAGGAAATAGGAGGCACTCAAGAAGCATCTTCATCGTCATCTGTGGAG
AAAATGACTGGCGAGGAGGTTAACTCCGCATCTTCTGTGAATGAAGAAAGAAGTCATAAAAC
CGACGGTAAAAAAAGGGGAAAGAAAAGGCCTAAGGAAGACCATGAAGAAGAAAATAACGC
TGCGGCTCCGAAAAAGGCTAAGGTTGTTTGGACAAACTCACTTCACAATCGATTCCTGCAAG
CGATAAACCACATAGGGCTTGAAA
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AGGCTGTTCCGAAAAGAATTCTTGAATTCATGAACGTTCCGGGGCTATCTAGAGAAAATG
TGGCCAGCCACTTGCAG

AAGTACCGGATCTTTCTGAAACGAGTTGCCGA
GAAGAGTACTACCAGTTTATCAAAAACTTTGCCGGAGAGAGCTATGAGATCATCCTTTGCCTC
TGGCCATCCCTTGTTCACGTTCAAACATGCCGAACAAGATAATCCACAACTCTCAGGACAACT
TGGGAGGACGTCTTTACACCCAGGGTTTGGGAGGAATCTGATGGTCGGTGGCAGTTCCAGCT
TTAGTCCTATGCTTATTCCAAATCAACAAGTACCCGGCGACAATTCCATTCCTCAACCTCAATT
CTCTCATGGCATGTCCCAGTCCTATGGCAACCCGAGCAAGTTTCAACCATCAATTCTTGGCAAT
TTGAATTCCCCTCATCAGGCAAACCAAGCAAGCTTCTCATGGCGTAATGGTGGCATGCCCTGT
GGCCGAGTGAATGTTCCAAATGGCCTACATGATAGCAACAGTCTACAAGAAATGTACGCGCAA
CAGAATCAAGGGAGGACTAACTTTGGCAACCCATCGCGTTTCATGTTTACTCCTGCAGCTACA
GGAAGTCGCGATTCGAATTACATACCAAGCATTGGAAACGAAGGGTTTGTCAGCAGTGATTAT
CGCCTAGCAAATGCCAACAGAATTTATGGTGGAATCCAAATGAATGTTGAAGGAGCCCCTGCT
GGACAAGAACAAACGCCATTCTACAGAACTGAATTATCTTCTGGTCTTAACGGTGGTTACGGC
ATGACGAATTTGATTCAGAACAATAGTATGAATGTTGCACCAAGGGAAAATGGAGAGTTTCAA
TCTTTAGCTCAAGGAGCATCATTTGCTGGTTTCAATGGTGGAAACCATTTTCCACCATCATTCT
CTGCCATTAATCAAGGGAATAATTCAATGCTGCCGCCTCCGGCAGCGCAACAGGATATCCATGT
AGCAAGTGACTATTCTCCGCAGGTTCAAAATAATCTACCCACCTGGGGCGGCATTTCCGATCA
GCAACAAATTGGACAGACTGACCTTGATGATATCCTCTTGGGGCCAGCCAGCCAGGTTACTCC
AGGTCAGGTGCTTGGCCCCAGCCAGGTTACTCCAAGTCAG

AAACAAATCGGAGGGCT
CCAGCTGAATGCCAAGTTCCCCAACAGCTCCCATCATGAGGAAGTGAACACTCCCCTGGGTG
AACTCTTGAACAATACCGACTTTATGAGTTCATTTTGTGCTGAAGATAATACTCTTTGGAACGA
ACAAGCCCCGTCTCAGGCATGTGACTAA

>c32 PoRR14 - Biblioteca L1B15042
ATGGTCGCTTCGCAGCGAGTGGCGTCGAGTTTGAGCACGAGTGCCAGTAGCTACGGGTGCAG
TAAAGATGCTGGTGCTGATGTTTCGGTGCCGGAGCAGTTTCCGGCAGGGCTTAGGGTTCTGGT
AGTTGACGACGACACCACTTGCTTGAGAATTCTCGAGCAGATGCTTCGCCGTTGTCTATATCAT
G

TTACCACTTGCTCCCAGGCCACAGTTGCTTTGGATCTT
CTCAGGGAAAGAAAAGGCTGTTTTGATATGGTACTCAGTGATGTCCATATGCCCGATATGGATG
GATTTAAACTTCTTGAACTTGTTGGGTTGGAGATGGATCTTCCAGTTATCA
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TGATGTCTGCTG
ATGGGAGAACAAGTGCAGTAATGAGAGGAATCAAACATGGAGCATGTGATTACTTGATTAAG
CCTATTCGTGAGGAAGAGCTCAAGAATATATGGCAACATGTCATTAGGAAAAAGCGTAATGAA
ACTAAAGAATTTGAGCATTCAGGGAGCTTGGGTGATAACGATCGTCAGAAAAGAGGAAATGA
TGATGTTGATAATGCTTCTTCTGCAAATGAAGGGACTGAAGGAGCTTCGAAGTGTCAGAAAA
AGAGGAGCAATGTCAAAGAAGAAGAAGAAGAAGAGCTGGAAAATGATGATCCTTCTACTTCT
AAGAAACCAAGGGTGGTATGGTCAGTGGAGCTTCATCAGCAATTTGTTAGTGCGGTGAACCA
GCTTGGAATTGATA

AGGCCGTGCCTAAGAGAATCCTTG
AATTGATGAATGTGCCTGGTTTGACCAGGGAGAATGTTGCAAGTCATTTGCAG

AAGTTTAGACTATATTTGAAGAGATTAAGTGGGGTGGCCCAACAAGGTGGGATGTCT
ACTACCTTTTGTGGACCCTTGGACTCAAATGCTAAACTTAATCCACTAGGAAGATTTGATATCC
AAGCTTTGGCTGCCAGTGGCCATATTCCTCCTCAAACATTAGCAGCTCTCCATGCTGAACTTTT
AGGCCAGACGACTGGTAATGTAATGACAGGACTGGACCAACCAGCTCTTTTACAAGCATCTGT
ACAGGCTCCCAAGTGTATCCCCATTGAACATGGTGTAGCGTTTGGTCAGCCATTAGTAAAAAG
CCCAAGCAACATTTCGAAAAGTTTCCCTCAAAACATGGCATCTGCAGAGGAAGTAGCAAAGG
GGTTTGGAGCTTGGTCTTCAAATAACCTTAGTACTGCAGGACCCAGTGGCAACCTTGGGGGA
ATTAGCACGCAGCATAGTAACATGCTGATGGATATACTGCAGCAACAACAGCATAGACATCTTC
AACTAGCACAACAGCCATCATCATTGCCAGAACCCAGCCGTTCAATTTCAGTGCAGCCATCTT
GCCTTGTGGTTCCGTCTTTGTCATCAGTGTGTTTTCAGACAGGAGAAACTTCTGCTTCAATGA
ATCAACTTTCCAACTTTAACAGGAGTGCTGCCATGGATTACAGTCTGCTTTCAACTCATTCAAA
TAATTCCTCTATTAATATTGGTCTGTTATCTGATGGGGATCTCAAAACCAAAGTTGTTGTTGATG
GGTACTCAGCCCCCAGTTCTGTATCTCCTTCTGTGTCTTCTTGCTCTGTAAATGCAGACAACGG
TGTCACTCAACAAGTTCAAGTTCAAATTCAGAGCCCAACCATATCAGGTGGACCCACAAGGC
AATTACATGGACTTGTTCCTAATATTTGTGGCATTCAGGGTTCATATGGTACAAAGTCGGGTGA
AGTGCTTAATCAAGGACCACTTGGGAATCCTGGATTGAATAGAGGAACTAGCACTCTGAGCCC
ATTTGCAGTGGGTCAATTTGAATCTCCATTGACCAATTTGAGTAATGGAAAAATATATGCAGAG
ATCAATGCTAACAAGGTGAAGCAGGAGCCGAGTATGGAGTTTATTAATAATGCCAGGGTGGCA
ATACCAGTGTCACAGCAGTTTCCTCCAAGTGATATCATGGGCATTTTCACAGAATAG

>c739 PoRR18a - Biblioteca L1B15042
ATGGGTGTAGAGGGCCAAAGGGGTGGTGGGTCGGGTAATGAAGACAAATTTCCGGTGGGTAT
GCGTGTTTTGGCGGTTGATGACGATCCTATCTGCCTCAAAGTTTTGGATAATTTGCTTCGTAAA
TGCCAGTATCATG

TTACAACGAC
TAATCAGTCTCTCAAAGCACTGAAGATGTTGAGAGAAAACAGAGATACATATGATCTGGTCAT
AAGCGATGTCAATATGCCCGACATGGATGGCTTCAAGCTTCTTGAGCTTGTTGGACTAGAAAT
GGACCTGCCTGTCATCA
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TGTTATCAGCCCACAGCGACAAGGAACTTGTGTATAAGGGGGTTACACATGGTGCTGTCGACT
ACTTGCTAAAACCAGTCAGAATAGAGGAGCTCAAGAATATATGGCAACATGTAGTTAGGAGAA
AGAAATGGCAGCCCAAAGATCAAAAAGGGTCTGATTATCAAGAACAGGATTGCGAAGAAACT
GGTGAAGGGGTTGCAGCTGCTGCATCAACCTGTAGTGCAGATCAGAGTGGTAAAGGTTGTCG
GAAGAGGAAGGATCAAGATGAAGATGAGGAAGATGGTGAAGAAAATGAAAATGAGAATGAG
GAACCTGGTACTCAGAAGAAGCCTAGGGTTGTTTGGTCGGTGGAGCTGCACAGGAAGTTTGT
TGCTGCAGTTAATCAATTGAGTCTTGACA

AGGCTGTCC
CGAAAAAAATCCTTGATCTGATGAATGTTGAAGGGCTTACGAGGGAAAACGTGGCAAGCCAT
CTTCAG

AAATATAGGCTTTATCTTAAAAGACTAAGCAATGC
AGCTTCCCAGCAAGCCAACATGGTTGCGGTATTTGGCTCAAAAGATTCCTCTTATTTGCGAAT
GGGTCCATTTGATGGATTTGGAGATTTTCGCTCTTTTAGTGGATCTGGTAGACTTTCAGGATCT
TCTCTGTCATCATATTCAACTGGAGGTATGCTTGGCAGACTGAATAGCTCTTCCGGCTTAGGTT
TGAGGGGAATATCTTCATCGGGACTTCTCCAACCAGCTCATTCCCAACTGAGCAGTACTAAAA
CTTCCCTTGGGAAGATTCATCCTGTTAGTTTGTCTGCAAACTCAAGTACTAACTTATTTCAAGG
AAATCCATCGTCACTGGAGCACCATCAACTGCAGAGCAAGTCCTGGGCCATTGGAGAGTTTA
ATCGCAATGATGATGCAGTGGGCTTTACTCTTGCAAGTAGCTTCCCTGATGCCAGGTTGAATTT
TGGTGGCTTGGGAAACCGAGTACCTATTGCTTCTGGCAATCCTCTGATGTTGCAAGACAGAAC
GCAACAGATTCAGGGTAAGGGTGCTTTTGCTACTCAATCATCTGTAGGTTTGCCTACCCTGAA
CCATGACACTTTAGATGTAGGCGTCCATGGTTCTTCTAATCTTCGAGATCATAGTAGATGCAAC
GAAAACTGGCAGAGTGCAGTTCAATTATCCACATTTCCATCAAACACACTGCCACTTGATGAA
ACTTTCTGCCATGATCCAATTTCTTCAACCAACTTGAAAAACAATATATCTTCCAACAGCTCCC
ACATCGGTAACAGCCCTGTTGAGTTTTCTACTTCCAGTGTTCGTACAATTCCTTTGGAGAATTC
CAGATTAGACATGCAAGGACAAGCAGTCATGACAGCAAACGCAGTTCAAAATATGAATCACA
CATCGAAGCAGAGGTGGGAAGAACATAGCCAGGGCTATAACGCCAATGTGAACGATTCATTT
GGGACCATGAACTCATTGATTCCTGGTAATGGTTTTATGGGCTCATTGAGTCATGTTATGGACC
AAAGGAGAAAGTTCGATGCCTCAATGATGTCTCAGTTAAGCTCTTCTCCTTCCACTATTCATCA
TCCTGATGCCGAGAATTCCGGTATGGACCCAAAGTTGAGGACCGGTGAGGAAGGTCTCCCTG
ATCAGACAAAATTGCCTAATGGCCTCGTGCAAAACAGTTACGATGCTTTAGATGATATAATGAA
TGCAATGATGAAGCGGGTATGA

>c7945 PoRR18b - Biblioteca L1B15042
ATGAGTGTAGAGGGTCAAAGGGCTGGTTGTTCTGGTGATGAAGACAAGTTCCCGGTAGGTAT
GCGTGTTTTGGCGGTTGATGATGACCCTGTCTGCCTTAAAGTTTTGGAGACTTTGCTTCGTAGA
TGCCAGTATCATG

TGACAACGACCAATCAGTCGCTCAAAGCT
CTGAAGATACTGAGAGAAAACAGAAGCAAGTATGATCTGGTTATAAGTGATGTCAATATGCCT
GACATGGATGGCTTTAAGCTGCTCGAGCTTGTTGGACTAGAAATGGACTTACCCGTCATAA

TGTTGTCAACCCACGGTGACAAGGAGTTTGTTTATAAGGGGGTT
ACCCATGGTGCTGTTGACTACTTGCTAAAACCTGTTAGAATAGAGGAGCTCAAGAATATATGG
CAACATGTGGTTAGGAGAAACAAGTTGCAGTCCGAGGATCATAACATGTCTGCAAATCAAGA
GCAGGGAGGTGAAGAAACTGTTAAAGGGGTTCCGGCTGCGGGATCGGTTAGTACTGCAGATC
GGAGTGAAAAAGGTTGTCGGAAAAGGAAGGATCAAGATGAAGAGCGTGAAGAGAGTGAAG
AGAATGAGGAAGCTGGGAACCAGAAGAAGCCCCGGGTTGTTTGGTCTGCGGAGTTGCATATG
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AAGTTTTTAGCAGCTGTTGATCAATTGGGTTTCGAGA
AA
GCTGTTCCAAAGAAAGTGCTTGACTTGATGAATGTTGAAGGGCTTACCAGGGAGAATGTGGC
AAGCCATCTGCAG
AAGTA
TAGGCTGTACCTGAGAAGGATTAGAAATGAAGCATCCCAGAAAGCCAACATGGTTGCTGCTTT
TGGGACCAGAGATTCCTATTATTTGCCAAAGGGTTCCTTGGATGGATATTTAAGCTCTTTCAGT
GGACCTGGAAGCCTCTGGAGTTCTTCATTGTCATCATATTCAACTGGAGATATGCTTGGTGGAC
TGAATGACTCCTCAGGAATAACACTGAGCGGAATATCTTCACCTGGACTCCTCCAACCAGCTC
ATTCCCAACTGAGCAGTTCTGCTACTTCCTTTGGAAAGATCCAGCATAATTTTTTGTCTGCAAA
CCAAGACACAAATCTGTTTCCGGGGATGTCATCGTTGTTGCAGGATCACATCCATCAGCAGAG
TAAATCTTGTACCCCCATTGGAGAGTGTAATTTCTCTGATGATGCAGCTGGTTTTACTCTTGCA
AGCAGCTCTGCTGATGCCAAAGTGAGTATTGGCAGTTCTATAAATGGTGTATCCAGTGGCTCAT
GCAATCTTCTGATGTTGCAAGGAAGTGCTCAATCTTCTGATCTTCTAGATCACAGCACATGCA
GCAGAAACTGGCAGGGTGGAGCTTACTTATCCACATTTCCATCAAATACTCCGCCACTGAATG
TACCTTTTCGTCATGATCCATTATCTTCTACAAACTTTAAAGATAATGCATCTCCTAACAGCTCA
CACATTGGTGACAGCCCAATTGATTTTTCTCCTTCCTGTGCTCTCACTGTTCCTGTGGAGAATT
CCAGAGTAGATTTATCAAGCCAATCTAGCTTAGTTGGGAATGTAGTTCCAAATGTGAACTACTT
GTCAAAGCTGGGGGAGCAAGAACATGGCCAGGTTTATGATCCCAGCTTCAATAATTCATTTGG
GACCATGAACTCATTGATTTCAGGCAATGGTCTAGTGGGTTCCTTGAGCCATGATCTGGATGTG
TCTCAGTTAAGCAGTTCTTCATCGTTTTTCCATCATCTTGATCCTGAGAAATCCGATACGGACC
TAAAGCCGATGGTCGGCGACGAATGTCACTTAGAGGACTTTACTCAAAATAATCATGATTCAA
TGGATGATATGATGAATGTAATGATGAAACGG
GAGCATAATGACATG
ATGCTTGAGGATGGAGAATTCGGATTGGATGCTTACTCTCTGGAGTCATGTCTGTGA

>c1287 PoRR21 - Biblioteca L1B15042
ATGGCAACTGATATGGCTGTCTCAGTTGAAATCCTTGAAAATACTGAGACATTTCCTACAGGT
TTCAGAATCATGATTGTGGACTCTGATCTTACAAGTCTTGCAATTACATCAACGATGCTTCGCA
GACAAAGTTACATTG

TAACAATTGCTAAACTGGCCACTGATGCAATTGATATTGTGAGGAAGCGGGC
AAATGAGCTCGATCTCATTCTGACAGAGGCTCGGTTACCTGATATGAACGGCTGTGAGCTCCT
TGAAATCATAGGAAAAATATCAGCTCTGCCTGTTGTTG

TTTTATCAG
CTGAGTACGACGAGAGTGCCATGTTAGGTAGCCTGCTTAGAGGGGCTGAGTTCTATCTGGTGA
AACCAATCTCAGGTTGTGATGTGAAACGCCTCTGGCAATTTTCCTACCCGAAAAAAGGAGAG
CCAACGTTGTCCATTGAAAGGATAAACAGCTCTCATCAAGTGGAATCACCTGAGGAGAATAG
GTCGAGTGAGGCTTCAGAGCGGGGGACATATTCAAGTACTGATGAGCAGAGCGAAGAAAATG
GAGAAAGAAACACAGTAGAAAAAGAAAAACCTGAGGAAGATAACCCTACCCTGACTATATCC
AAGAAACCCAAACTAGTTTGGACCAATGAACTGCAAAGAAGGTTTCTGGGAGCTGTCTGGTT
ACTAGGCCTTGATG

AAGCTCAACCAAAGAAAATACTCAA
GCTTATGAAAGTCCCAGGGCTCACTAAGGAAAACATTTCAAGCCATTTACAG

AAGCATCG
TCTTAAAGTAAGACGGCAGCGAGAAGCAAAGAAGAAGATCGTAATTACAAATTCCAAGCACC
CTTCAACTTCAACCTCCAGTTCACAAAGTGCAAAAACTTCTCATTTCCTGAACCCAGAATTGT
TGATGACAATGCATCAACAAGGACTCGGCAAGAATTTCAACGATCCCATATCCTTGCCAGGCT
TTGTTTCTGGGAATTTTCCCATGCATCTAGACTCACATCACAATGATTTTCCTATGCCTACTATT
GAGGAGAATCTCAATGATCCCATGAGTACTCGAGGCTTTGGATCTGGACATTTTACTGTGCATT
TAGATTCAAACCAAAGTAATGTGCCCTCTTTGCCTCCACAAAGCTATCAGCCGTACTCTGATCA
TGATGGAAGCAATATTTATCCCCAAGGCTTTCTCATGCAAAGAATGTCTCTCCCCAGTGGGGTA
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CCTCACAGTTCAGCCTGTACAGGAAACTGTCTTCAGCAGCAATTTCAGATGCCACAGCTTTCA
CCACTGCATCTTCCTTCCTTCCAGGAGCAAGAATCATTCACCCACATCCACAACCATCACTCC
CAAGAATTTCTCGCGCAACGGACGTCTCTTCCTAATGCTGTACCTCACAATCTCTCAACCTCCA
TAGGAAACTACAACCACCAGCAGCAACTTCAGACTCCACAACTCTCCCCACCGCCTATTCCTC
CTCCGCAGGAGCAAGAAACAAATGAACTGTTTGATGTTAAAGGAGGAGGTGTAGATGATATAT
TTGATTTCCTCAACAAGCCCACTCAACAACCCGATGACGAAGGGAATCATAATGACCCCAAC
GGCCATTTCCATTCAGGGTTTGGTAATTCACTTGCTTCTCTTCCTTCCCTCCATTCCTAA
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Sequéncias gendmicas dos genes relacionados ao metabolismo e resposta a

giberelinas em formato fasta:

>c213 PoGA20x2 - Biblioteca L1B15042
ATGGTCGTTCTATCACAGTTGACATTGGACCAATTTTCTTTAATCAAATCATGCAAGCCTGGT
GGTTTGTTCTCTGGGATCCCAGTGATAGACCTCAAAGACCCCGAAGCCAAGACCCTCATGGT
GAAGGCCTGCGAGGAGTTTGGATTCTTCAAGTTGGTCAATCATGGAGTGCCGTTGGAGTTCA
TGATCAAATTGGAAGCTCTTGCTGCCAACTTTTTTAACCTCCCTCAATCCGAGAAAAACAAA
GTTGGCCCTCCTGATCCTTTTGGCTATGGCAATAAGAGGATTGGGCCTAATGGCGATGTAGG
TTGGATTGAGTATCTCCTTCTAAACACCAAGCCTCAACTCACCTTCCAGGAATCTCTGTCCGT
TTTCCAGGATAACCCAGAAATCTTCCG

CTCGGCCGTGGAGGATTATGTAACGGCAGTGAAAAATATGACTTTTGAA
GTGTTGGAACTGATGGCAGATGGGTTGGGAATTGCGCCTAGGAATGCGTTGAGCAGGATGTT
AAGGGATGAAAAAAGTGACTCATGCTTCAGGTTAAACTACTATCCACCCTGTCCGGAGCTGC
AAGCATTGAGTGGTCGAAGTTTGATTGGATTTGGGGAGCACACAGACCCACAGATAATATCT
GTTCTGAGATCTAACAACACAGCTGGTCTGCAAATCTGTCTCAGAGATGGGACTTGGGTTTC
AGTCCCACCTGATCAGACCTCCTTTTTCATAAATGTTGGCGATGTCTTGCAG

GTAATG
ACCAACGGAAGGTTTAGGAGTGTGAAGCACAGAGTTTTGACTGCCACCAAGAAATCACCGA
GGCTTTCCATGATCTATTTCGGTGGTCCACCTTTGCATGAAAGAATAGCACCTTTGCCCTCTC
TAGTGAACAAAGGGGAGAGAATCGTATACAAGGAGTTCACATGGGGGGACTACAAGAAGTC
TGTGTACAAGTCAAAGCTGGCTGATTACAGGCTTGGGCTGTTTGAGCAAAATACAGAGCAGT
AG

>c307 PoGA20x3 - Biblioteca LI1B15042
ATGGTCGTTCTCTCACAACCAGCTATATTAGACCAATTCTCCCTGATCAAATCATGCAGGCC
GAGTGGCTTGTTCTCGGGGATTCCTGTTATAGACATGAAAAAACCCGAAGCCAAGAGCCTCA
TAGTGAAGGCCTGTGAGGAGTTTGGATTCTTCAAGTTGGTAAATCATGGAGTCCCATTGGAG
TTCATGATCAAATTGGAGGCTCTGGCTGCCAACTTCTTTAACCTTCCTCAATCTGAGAAAGAC
AAGGCAGGCCCTCCCGACCCTTTTGGCTATGGCAGTAAGAGAATTGGGCCTAATGGCGATGT
TGGGTGGATTGAGTATCTCCTCCTCAACACCAACTCTCAAGTCACCTCCCACAAAACTCTGTC
CATTTTCCAGGATAACCCAGAAAACTTTCG

CTCTGCGGTGGAAGATTATATATCGG
CGGCAAAAAGAATGACTTTCGAAGTTCTGGAATTGATGGCTGATGGGTTGGGGATTGAGCCC
AGGAACGTGTTGAGCAGGATGCTAAGGGATGAAAAGAGTGACTCATGCTTCAGGTTAAACT
ACTATCCACCCTACCCAGAGATGCAAGCACTGAGTGGTAGAAATTTGATTGGGTTTGGCGAG
CACACAGACCCACAGATAATATCTGTTCTAAGATCTAACAACACAACTGGTCTGCAAATCTG
TCTCAAAGATGGGACTTGGGTTTCAGTCCCACCTGATCAGACTTCCTTTTTCATTAATGTTGG
TGATGCCCTGCAG
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GTAATGACTAACGGA
AGGTTTAGGAGCGTGAAGCATAGGGTTTTGGCTGGCATGAAGAAGTCAAGGATTTCAATGA
TCTACTTTGGTGGTCCACCTTTGGATGAGAAAATAGCACCTTTACCCTCCCTGGCAATCAAA
GGAGAGGAGAGCTTATACAAGGAGTTCACATGGTGTGAATATAAGAAATCTGCATACAAGT
CAAGGCTTGCTGATTACAGGCTCGGAATGTTTGAGAAAGCCACAGGAAAATGA

>c397 PoGA20x4a - Biblioteca L1B15042
ATGGTAGTGGCATCACCCACTCCAATCCGTAGTGAAAGGATCCAGGCCATCGAGCTGCCTGT
AATAGACCTTTCAGGTGAGAGACCAAAGGTGTCAAGTCTCATAGTAAAAGCCTGTGAAGAG
TATGGTTTCTTCAAGGTTATCAACCACGGTGTTCCTCAGGACATAATTGCCAAACTTGAACA
AGAAAGTATCAGCTTTTTTGCTAAATCATTCATGGAGAAAGAGCAAGCAGGGCCAGCCACTC
CCTTTGGTTATGGGTGCAAAAACATCGGCTTTAATGGTGATTTTGGAGAAGTTGAATATCTG
CTTCTTGACACCAAGCCTCATTCCATTGGTCAAAGGTTCGAAACCATCTCGAATGACCCCAA
AAAGTTCAG

CTCTGCTGTGCATGGTTACATAGAAGCAGTTAGGTTGCTGGCATGTGA
GTTACTAGATCTGATGGCAGAAGGGTTGTGGGTCCCTGACACATCAGTGTTTAGTAACTTGA
TCATGGACGCGGATAGTGACTCCATCCTGAGGCTAAATCACTACCCACCTATGCCTGTACTG
TGCAAGGACAAGGACTCGTCACCTTCTTACAGTAGCAACAAGGTTGGGTTCGGGGAGCACTC
CGACCCTCAGATCTTGACCATCCTGAGATCCAACGACGTGGGTGGCCTTCAGATTTCCTTGA
ACAACGGTGTGTGGGTCCCAGTCACTCCAGACCCTACTGCCTTCTGCGTTAATGTGGGTGAC
GTGCTACAG
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GCGATGACAAATGGGAGATTTGTG
AGCGTAAGGCACAAAGCCTTGACCAACTCCTACAAGTCTAGGTTGTCAATGGCCTACTTCGC
TGCTCCACCTCCGCATGCAAGGATCAGTGCTCCATCAGATGCAGTTTCTCCACCGACTCCATC
CCTGTACAGGCCTTTCACTTGGGCCGAGTTCAAGAAGGCTGCTTACTCTTTACGGCTTGGGG
ACAGCCGCCTCGACCTATTCAGGATGCAAAATGATGGAAATGTTGCTTGA

>c2737 PoGA20x4b - Biblioteca L1B15042
ATGGTGGTGGCATCTCCAACTCCAATTCGCAATGATAAAATCCAGGCCATTGAGCTGCCTGT
AATAGACCTTTCAGGTGAGAGATCAAAGGTGTCGAGTATGATAGTGAAAGCCTGTGAAGAA
TATGGTTTCTTCAAGGTTATCAACCATGGAGTTCCTCAGGAAACCATTGCTAAACTTGACCA
AGAAAGTATCAGCTTCTTTTCCAGGTCATTCAGGGAGAAAGAGCAGGCTGGGCCGGCTTGTC
CCTTCGGTTATGGGTGCAAAAACATTGGCTTTAATGGTGATTGTGGAGAAGTTGAATATCTT
CTTCTTAATGCTAATCCTCACTCCATTGCTCAAAGATCCAAAAACATCTCTTCCGAACCCAGA
AAGTTGAG

CTCTGCTGTGTGTGGTTACGTAGAAGCAG
TCAGGGTGCTGGCATGTGAGTTACTAGATCTGATGGCAGAAGGGTTGTGGGTCCCTGACACA
TCAGTGTTTAGTAAATTGATAATGGACATGGAAAGTGACTCCATCCTGAGGATCAATCACTA
CCCACCTATGCCTCTTCTCTGCAAGGACAAGGACAAGGACTCAGCATCTTACAACTGCAACA
GGGTTGGGTTTGGGGAGCATTCAGACCCTCAGATCTTGACTATCCTCAGATCCAACGATGTG
GGCGGCCTACAGATTTCCTTAAACAACGGTCTGTGGGTTCCAGTCCCACCAGACTCCACTGC
CTTCTGCATTAATGTGGGTGACGTGCTACAG

TTGCAGGCTATGACAAATGGGAGATTTGT
GAGTGTGAGGCACAAGGCCTTGACCAACTCGAACAAGTCTAGATTGTCCATGGCCTACTTTG
CTGCGCCACCCCTTCATGCAAAGATCAGCGCTCCAGCTGATATTGTTTCACCTCTCAGGCCTT
CCATGTACAGGCCTTTCACTTGGGGAGAGTTCAAGAAGGCTACTTATTCTCTGAGGCTAGGA
GACAGCCGCCTGCACCTGTTTAGGTTGCAGGCTGACGAGAATGAAGGTTAA

>c1937 PoGA20x6a - Biblioteca L1B15042
ATGGTAGTGCCTCCCCCAACTCCAATTCGAACAATGAAACACAAGGCACTAGGGCTTCCAA
CTATTGATCTTTCTTTGAACAGGTCCACTGTGTCGGAGTTGATCGTGAAAGCCTGTGAAGATT
ATGGGTTCTTCAGAGTAGTAAATCATGGGGTTAAAATGGAAGTGACGGCACGACTGGAGGA
GGAAGGTGCTGAGTTCTTCGCAAAACCAGCTTCGGAGAAACAACGAGCTGGACCTGCATCT
CCCTTTGGTTATGGCTGCAAAAACATTGGCTTCAATGGTGATGCCGGAGACGTTGAGTACCT
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TCTCCTTCACACCGACGCCCTTTCCGTCTCCGAGAGATCCAAAGCCATTTCCAATGACCCTGA
AAAATTCAG

TTCTGCCGCGAATGATTATATACATGCGGT
AAAGGAGTTAGCATGTGAGATTCTTGATCTGGCCGCGGAAGGGTTGTGGGTTCAAGACAAG
GATGCGTTGAGTAGGCTAATCAGAGACGTCCATAGCGATTCAGTGGTAAGGCTTAATCACTA
TCCTGCGGCCAAAGAAATGATGGATGGAGACTCATCAACAAAAAGAATAGGTTTTGGTGAG
CATTCTGACCCTCAGATCTTGACCGTCTTAAGATCCAACGATGTTGCTGGCCTAGAGATATG
CTTACACGATGGTGTGTGGTTCCCCGTCCCACCCGACCCCACTGCATTCTACGTGCTCGTCGG

TGATCTCTTGGAGGTC
TTAACGAACGGGAGGTTTACGAGC

GTGAGACACAGAGCATTGCCAAGCTTTCTCAAGTCAAGGTTGTCGATGATCTATTTTGGGGC
ACCTCCTTTAAATACCTGGATCTCTCCTCTCCCTGAGATGGTCTCACCCCAATGTCCTCGTCA
GTATAAGCCCTTCACTTGGAGTGATTACAAGAAAGCTGCCTATTCTTTAAGATTGGGGGATA
CACGTATTGAACTCTTCAGGATTTGTGACAAGTGA

>c2547 PoGA20x6b - Biblioteca L1B15042
ATGGTAGTGCCTTCGCCGACTCACATACGAACCAAAAAGACCAAGGCATTAGGGATTCCGA
CTGTCGATCTTTCTCTGAACAGGTCAACTGTGTCGGAGTTGATCGTCAAAGCCTGTGGAGAG
TATGGGTTCTTCAGAGTTGTAAACCACGGGATCAAAACGGAGGTGACGGCTCGACTGGAGG
ATGAAGGTACTGAGTTTTTCGCAAAATCAGCCATGGAGAAGCAACGAGCTGGGACTGCTAC
TTCTTTTGGTTATGGCTGCAAAAACATTGGCCTCAATGGTGACATGGGTGAGATTGAATACC
TTCTCCTCCACACCAACCCTCATTCCATTTCCGAGAGATCCAAAACCATCTCCAATAACCCTA
CAAAATTCAG
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TTGTGTTGTGAATGATTACATACAA
GAGGTCAGGGAATTGGCATGTGAGATTCTTGATCTAGCAGCTGAAGGATTGTGGGTCCAAG
ACAAGCACGCTTTCAGTCGGCTAATCAGAGACGTCCAAAGCGATTCCGTGATCAGGATTAAT
CACTATCCGTCGGTCAAAGAGGCAATGGATTGGGACCCATCACCTAAAAGGATTGGATTCG
GGGAGCATTCCGACCCTCAGATCGTGACCATCTTGCGATCCAACGATGTTCCGGGCCTTGAG
ATATGCATGCACGATGGCCTGTGGGTCTCCGTCCCTCCCGACCCCACCGCGTTCTACGTACTT
GTCGGAGATGTCTTGGAG

GTCTTAACGAACGGGAGGTTT
CCGAGCGTGAGACACAGGGCAATGGCAAATTCTCGGAGGTCAAGAATGTCAATGATGTACT
TTGGGGCACCTCCGTTAAATGCACGGATATCTCCTCACCCAGAAATGGTCTCCTCTGGAAGT
CCCATTCTTTACAAGGCCTTCACCTGGAGTGATTACAAGAAAGCTGCATACGCTCTAAGATT
AGGGGACACCCGTCTCGACTTCTTCAAGATTCCTAACCAGTGA

>c4764 PoGAZ20x7 - Biblioteca L1B15042
ATGGCGGTCAATCCTCCATTCCAGGATGCATGCAAGATCCTTACAAAGGACTCTTATGCAAA
AGACGATAAGTTCTTCGTGGTCCAAGAATGCGACCTGCCTATCATAAACCTCAGTCGTTTAA
CTTTAGGACAGAAAGAGAGAGATTCGTGCATGAAAGAGCTGGCTGAAGCAGCACGTGAATG
GGGATTCTTTCAAGTCATCAATCACGGGGTTCCACGAGAGGTCTTGAAGAGAATGCTGCGAA
AGCAAAAGAAGGTGTTTCACCAACCATTCAAGAAGAAGGTTGATTACAAGTTCTTGAATTTA
CCAGGCACTAGTTACCGCTGGGGGAACCCTAAAGCTGCTTGTTTGAGCCAGTTCTCTTGGTC
AGAAGCCTTCCACATACCTGTTACAGATATTTCAAGAATGAAAGAGTACGAAAATCTCAG

ATCGGCCATCCAAGCATT
TACAAAAGCGGCTGCCATACTGGCTCAAAGTTTAGCTGAAAGTTTGGCTCGGCAACTGGGGG
TGAGGACCCGCTTCTTTGCAGAAAATTGTGCCCCAAGCAACAGTTATCTCCGGATGAACAGA
TATCCACCTTGCCCGCTCTCTTCCATCGTCTACGGACTGGTGCCTCACACTGACAGTGCTTTC
CTGTCCATATTGTATGAGGACCAAGTTGGAGGGTTGCAACTTAGAAAAAATGGAACTTGGCT
AAGTGTTAGGCCTAACCCCGACGCTCTAATAATCAACATTGGAGACTTATTCCAG

GCCTTCAGCAACGATGCTTACA
AGAGCATTGAACACAGAGTGGTTGCTTCTCGGGAGGTGGAAAGGTTTACAGTAGCATACTTC
TACTGCCCTGCTAATGATGCTGTAGTACAGAGCTGCAGAAAGCCTGCAGTGTATAGAAAGTT
TAGTTTCAAAGAGTATAGGCAGCAAATCCTCAAGGATATTGAAGCCACAGGAGATAAAGTT
GGACTCTCCAGGTTCCTGAACTGA

>c271 PoGA20x8 - Biblioteca L1B15042
ATGGAGGAGAAGCCGGAGGTGGAGGAATGCCCGCTCCCATTGATAGACCTCAAGCATCTAA
GCAGTGGGGATGACACTGAGAGAGCAACTTGTGCAGCTGCAATATGCAGTGCTTCAGCTGA
GTGGGGATTCTTCCAGGTGGTGAACCATGGCATAAGTCCCCAGATACTTGGGAAGATGAGG
AAAGAACAGGTCAAGTTATTCCAAACCCCTTACCAGACCAAGGCTTCTTGTGGGCTTTTGGA
CAACTCTTACAGATGGGGAAACCCTACAGCTACATCCCAACACCATTTCTCTTGGTCTGAGG
CTTTCCACTTCCCTCTTACGAAAATCTCTGACCAAACTTGCTATGGCCATGAGTTCACCTCGT
TAAG
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GGACGTA
TTGGTGGAATTCGCAGCTGCAATGTCAAGGCTAGCAAGGTTGCTCGCAGGAATCCTGGCAGA
GAATTTAGGTCATCCGAGGGAAGCGTTTGGGAATGTTTGTCATGAAAACAACTGCTTTCTTA
GGTTGAATCGGTACCCAGCCTGTCCAATATCTTCTGACATCTTCGGGTTAATTCCCCACACGG
ATAGTGATTTTCTAACAATCCTTCATCAAGATCAAGTTGGTGGGCTTCAACTTCTCAAGGATT
CCAAATGGGTAGCTGTCAAGCCTAATCAAGAAGCTCTTATAGTCAACATTGGAGATCTTTTC
CAG

GCTTG
GAGCAATGATGTTTACAAGAGCGTGGAGCACAAGGTGATAGCTAACACAGTAAGGGAAAGA
TATTCAATTGCCTACTTCCTCTGCCCTTCTCATGACTCATTGATCGGGAGTAGCAGAGAGCCT
TCCATATACAGAAAATTCACTTTTGGAGAATACAGGACCCAAGTTCAAGAAGACGTCAAGA
GAAATGGTCACAAAATAGGCCTTCCAAGATTCCTACTTTAA

>c2081 PoGA3o0x1 - Biblioteca L1B15042
ATGCCTTCAAGATTGAGTGACGCTTTTAGAGCCCACCCTGTCAATATCCACCAAAAGCACCTG
GACTTCACCTCTCTCCAAGAACTACCAGACTCGTTCAAATGGACTCAACTCGATGACCACCCT
TCCGGTGACTTGTTAATCTCTGAATCCGTGCCGGTTGTTGACCTTTTACACCCGAATGCCCTTC
AAAATATAGGGAGTGCGTGCAAAACGTGGGGTGTGTTTCAAGTCGTAAACCATGGCATACCTA
GTAGCCTTTTGGATAGTATTGAGAGTACTAGTAAAAGCCTATTTTCTTTACCAATCCACCAAAA
GCTCAAAGCAGTTAGATCCCCGGATGGCGTATCAGGATATGGTTTTGCAAGAATTTCTTCGTTT
TTCTCTAAACTTATGTGGTCTGAAGGATTCACCATAGTCGGATCTCCACTCGAGCACTTCCGCC
AACTTTGGCCTCATGATTTCTCCCAACTCTG

TGACATA
ATTGAAGAATACGAAAAACAGATGCAGAAGCTAGCCGGGAGGTTGATGTGGTTAATGCTTGC
TTCACTGGGCATAAGCAAAGAGGACCTCAACTGGGCTTGCCCAAAAGCTGAATCCAGACATG
GTTCTGCAGCCTTACAGATGAACTACTATCCGGTTTGTCCAGACCCGGATAAGGCCATGGGTC
TTGCCGCCCACACAGACTCCACCCTCCTCACCATTCTCTACCAGAATAGTACTAGTGGGTTGC
AAGTCCTGAAAGAGGGAACCGGGTGGGTCACTGTTCCACCAATCCCAGGCGGGCTTGTTATC
AATGTAGGGGATCTTCTCCACATCTTGTCGAATGGGTTGTATCCGAGTGTGCTCCATCGTGCAG
TGGTTAACCGGACCAAGCAAAGATTATCAGTAGCCTATCTCTACGGGCCACCATCTAGTGTCC
AAATATCACCCTTATCAAAGTTAGTAGGCCCAAGTCAACCTCCCCTCTACCGGTCAGTGACGT
GGAACGAATACCTTGGCACCAAAGCCAAGCATTTCAATAAAGCTCTATCATGCGTGAGAGTGT
GCGCTCTCCTAAATGGACTGGTTGATGTAAATGATAACAATAGGGTAAAGGTTGGCTAA

>c2205 PoGA30x2 - Biblioteca LI1B15042
ATGCCTTCAAGATTGAACGAAGTTTTCAGGGCCCACCCCGTCCATATCCACCAGAAACACCTG
GACTTTGCTTCTCTCCGGGAAGTTCCTGACTCGTTCAAATGGACTCAACCAGATGAGCCTCCT
TCTGGTGGTGAGTCGTTCGTCTCCGAATCCGTGCCGATTATTGACCTCTTGCACCCGAATGCC
GTTGAGAATATAGGATACGCATGCAAAACGTGGGGTGTGTTTCAAGTCACAAACCATGGTGTA
CCCACTAGCCTTCTGGATGGTATAGAGAGTACGAGTAAAAGTTTATTCTCTTTACCTATCAACC
AAAAGCTGCGAGCAGCAAGATCAGCAGATGGGGTTTCGGGATATGGTTTTGCCAGAATTTCTT
CGTTTTTCTCCAAGCTTATGTGGTCTGAAGGGTTCACCATAGCTGGATCCCCAGTCGAGCATTT
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TCGCCAACTCTGGCCACAAGATTACTCCAAATTCTG

TGCCATAATTGAGGAGTACGAGCAAGAGATGCAAAAGCTAGCCGGGAAT
TTGATGTGGTTGATGCTGGACTCATTGGGCATAAGCAAGGAGGACCTAAGCTGGGCTGGGCC
GAAACATTCCAAAGGTGAACCCAAAGAGGGTCGTGCAGCTTTGCAATTCAATTACTACCCGG
CTTGTCCCGACCCGGATAAAGCCATGGGTCTTGCTGCGCATACTGACTCCACTCTCCTCACCAT
ACTCTACCAGAACGGTATTAGTGGATTGCAAGTCCTGAGGGAGGGGACTGGGTGGGTCACTG
TCCCCCCTATCAAGGGTGGGCTGGTTATCAACGTAGGCGATCTTCTCCACATCTTATCAAATGG
GTTGTACCCGAGTGTGCTCCATCGGGCAGTGGTTAACCGGACCAAGCAAAGGTTATCCATCGC
ATATCTGTATGGGCCACCATCATGTGTTAAGATATCACCGTTATCAAAACTAGTTGGCCCAAGT
CAACCTCCTCTTTACCGGTCAGTCACTTGGAACGAATACCTCGGGACCAAAGCTGAGCATTTC
GATAAAGCACTGTCTAAATGGACCCTAGTTGATGTAAATGATCAAAATAGAGTAGAGGTTGGC
TGA

>c585 PoGA30x3 - Biblioteca L1B15042
ATGGCTTCCATCTCAGAATCTTACAAGAACAGTCCCATCTCCATCGACCACATCATCCCCAT
GGACTTCAAGAATGTCCTGAAACTACCCACCTCGCACACATGGACGCCCTCCCCGACCCTTT
CTAGCCCATCAAGTTGCGAATCTGTCCCCATAATAGACCTTGCTCACCCTCATGCACTTGCAC
TCATAAGGAAGGCCAGTGAGGAATGGGGCATGTTTCAGGTTACGAACCATGGCATTCCTACC
AACCTGCTCACAGATGTTGAACTCCAAGCCAGAAAATTATTCGAATTACCTGCTAGCCAGAA
ACTCCTTGCCGTCCGATCACCGGAGGGGATTGCAGGTTATGGCAAGGCACACATATCCCCTC
TTTTTCCTAAACAAATGTGGCAAGAAGGGTTCACCATGGTCGGTTCTCCAGCTCAACATGCT
AGACTACTTTGGCCACATGATCAGGAGCACATCAGATTCTG

CAACGTGATGGAGGAG
TATCAGAAGGCAATAAAGGCTCTGAGTGAGAGGATAATTGGGCTGATGCTCAAGTCACTGG
GTCTGACCCAAGATGATGCAAAGTGGTTAAAGTCCACGAGTGCTAGCAAAACTTCACAGGC
GCTTCTACAATTAAACTCCTATCCTGTATGCCCTGATCCTGGCCATGCCATTGGCTTTGCTGC
ACATACCGATTCCTCAATGGTCACTTTACTATACCAAGGCAATATCACAGGCCTGCAAGTTC
TGGGAAAGAATGGTATATGGGTGCCTGTGCAGCCCTTGCCTGGCGCACTTGTTGTCAACGTT
GGTGACTTGATGCACATAATCTCCAACGGCAGGTTCAAGAGTGCCTTACACCAAGCTGTTGT
GAACCAGACCCATCATCGTATATCAGTTGCGTACTTCTACGGACCACCAAGGGATGCCAAGG
TATCACCATCAACGAAGCTGGTGGACGCTGATCATCCTCAGCTATATCGTCCCGTGACATGG
AAAGATTATCTTGACGCCAAGAAAACTTATTTCAACAAGGCCTTGGAGTTTATCAAATATGA
TTCGTGCGACAAAGGAATGCAATAG

>c102 PoGA30x5 - Biblioteca L1B15042
ATGGGGACTACCTTTTCTGAAGAATCTAACAATGATCTGCACCCTCTCCACCCCCACCATGCTA
TACCCTTAGATTTCCATTCGGTCCAGACCTTGCCGGACTCCCATATCTGGCCAAAATTCGGAGA
CTCCGAACAGTCCGATGACCTACTGTGCGTACCGTTGATCGACCTCAGGTTTCCTGATGCCGC
GGATCAAATAGAGCGGGCGTGTGAAACATGGGGCGTGTTCCAGGTCATAAATCACGGCGTTC
CATTGAACCTACTGCAGGAAGTCGAGGCTGAGGCTAGATCACTCTTTTCTCTTCCTCTCGGAC
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AGAAATTGAAAGCCTCCAGGCTCCCTAATTCTGTAGCTGGGTATGGAATAGCTCCGATATCGCC
ATTCTTTAACAAATGTATGTGGCATGAAGGGTTTACCATCAGAGGATCTCCGGTTGATCATGCC
AGAAGACTTTGGCCCCAGAACTACCGTTCCTTTT

GTGATGTGATTGAGGACTATCAGAAGAAAATGAAAGAACTG
GCTAAAACCCTGGTGCACACAGTACTCAAGTTCGTGGGGATATCTGAAGAAGGGATAAACCG
GTTATTGTCAACTGAAGGTGCAAGCACCGCTCTGCAATTGAACTCGTATCCACTCTGTCCTGA
CCCCAATAGAGCCATGGGTCTAGCCCCTCACATGGACACCTCGCTCGTGACTATACTCCACCA
GAGTGGCACAAGGGGCCTACAAATCTTCAAAGAGGGAGTTGGGTGGGTGGGGGTACGCCCC
ATTAATGGAGCTCTCGTGGTCAATGTCGGAGACTTCTTGCATATTCTTTCGAATGCAAGGTTTC
CTAGTGTGCTTCACCGCGTGGTAATGAAAGAGACCAAACAAAGGTTGTCCGTGGCATATTTCT
TTAGTCCGCCGTCTGATTTTCTTGTCTCTCCTCTTGGTTTGAACTCTGGCCATATTCCGAAATAC
CGTTCAATATCCGTGGGAGAGTATCTCAGGATTAAGGCCAATAATCCTGAGACAGCTCTTTCTC
AGATTAGAATCTAG

>c239 PoGA200x1 - Biblioteca LI1B15042
ATGGCAGTTGACTGCACCAAAACCATCCCATCAATGGCAGCCTATCACCAACATCCAAAAGAT
GACCGCCAAGAAGGCAGAAATCAGCTAGTTTTCGATGCCAAAGTGCTTAGGCACCAACAGAA
CATACCCCAGCAGTTCATCTGGCCCGAGGATGAGAAGCCATGCGCGAATGTGCCAGAGCTCC
AAGTTCCACTCATAGATTTAGGTGACTTCCTCTCTGGCGACCCTGTCGCTGCAAGGGAAGCTT
CAAGGCTAGTTGGTGAGGCATGTGAGAAGCATGGCTTCTTTCTTGTTGTTAATCATGGAGTAG
ATAAAACTCTCATTGCTGATGCCCATCGATACATGGACAACTTCTTTGAGCTGCCACTCTGTGT
AAAGCAAAAGGCTCGGAGGAAACTTGGTGAGTCGTGTGGATACGCCAGTAGCTTCACCGGA
AGGTTTTCCTCCAAGCTACCCTGGAAAGAAACGCTCTCCTTTTGCTACTCAGCTGAAGACAAC
TCATCGAGACATATCCAGGAATACTTTCACAACACAATGGGCGAAGAATTTGAAGAATTCGGG
CAA

GTGTATCAGGACTATTGCGAGTCCATGAGCACTCTGTCACT
CGGAATCATGGAGCTCCTGGGAATGAGCCTTGGCGTGAGTAGAGCTTATTTCAGGGAGTTCTT
CGAAGAGAACGAATCCATAATGAGGCTAAACTACTATCCTCCCTGTCTAAAACCTGACCTCAC
TTTAGGAACTGGTCCCCATTGTGATCCAACATCCTTAACTATCCTTCACCAAGACCAAGTGGG
TGGTCTTCAGGTGTTTGTAGACAACGAATGGCGTTCCATTAATCCAAATTTCGATGCGTTTGTC
GTTAACATTGGTGATACCTTCATG

GCACTTT

CAAATGGCAAATACAAGAGTTGTTTGCACCGAGCAGTGGTTAACAGCGAGAGCCCACGCAAA
TCTCTGGCTTTCTTTCTGTGTCCAAGAAACGATAAGATGGTAACTCCACCAGGTGAATTGGTG
GACACATGTAACCCAAGAGTGTACCCTGATTTTACATGGCCTACACTGCTTGAATTCACGCAG
AAGCATTACAGGGCGGACATGAAAACTCTTGAGATGTTCGCGAAATGGTTGCAACAGAGAGA
AGTTGAATAA

>c6521 PoGA200x2 - Biblioteca L1B15042
ATGGCAATAGAGTGCATGAGAACCATGTCATCTATAGCAGCTCATCACCAGCATCCGACAGTT
GAGCGCCACGATGACAGAAAACAGTTAGTTTTCGATGCCAAGGTGCTCAGCCACCAAACAAA
TATACCCCAACAGTTCATTTGGCCCGACGACGAGAGGCCGAGACCGAATGCGCCAGAGTTCC
AAGTTCCACTCATAGATTTAGGCAATTTTCTCTCTGGCGACCCTGCTGCTGCGAAGGAAGCTT
CAAGTCTGGTTGGCGAGGCATGCCAGAAGCATGGCTTCTTTCTTGTTGTCAATCATGGAGTAG
ATAAAACCCTCGTCACTGATGCCCATCGACACATGGACAAGTTCTTTGAACTGCCACTCTGCG
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AAAAGCAAAAGGCTCGAAGGAAACTTGGTGAGTCCTATGGTTATGCTAGTAGCTTCACCAGA
AGGTTTTCCTCCAAGCTCCCCTGGAAAGAAACACTTTCTTTTCGTCATTCAGCTGAGAAAAAC
TCGAGACTTATCCGGGACTACTTTCACGACACAATGGGTGAAGATTTTGAAGAATTCGG

GAGAGTACATCAGGAATATTGCGAGGCCATGAGCACTCTGTCTT
TGGGGATCATGGAGCTCTTAGGCAATGAGCCTTGGAGTGAGCAAACTCCATTTCAGGGAGTTC
TTCGAAGACAACGATTCAATAATGAGGCTAAACTACTATCCCCCATGCCTAAAACCTGATCTTA
CTTTGGGAACGGGTCCTCACTGTGATCCAACATCCCTGACCATCCTTCACCAAGACCAAGTGG
GTGGTCTCCAGGTGTTTGCCGACAACGAGTGGCGTGCTATCAGCCCAAATTTTGATGCGTTTG
TCATTAACATCGGCGATACCTTCATG

GCGCTTTCGAACGG
GAGGTATAAAAGCTGTTTGCACCGGGCAGTGGTCAATAGCGAGACCCCAAGGAAATCTCTTG
CCTTCTTTCTGTGTCCGAGAAATGATAAGCTGGTAACTCCCCCGACTGAACTGGTGGACGCAT
ACAACCCAAGAGCATACCCAGATTTCACATGGCCCTCGCTGCTCGAGTTCACGCAGAAGCATT
ACAGAGCTGACATGAAAACTCTCGAGATGTTCACAGATTGGCTCCAAAAGTCAGCTGAATAA

>c555 PoGA200x3 - Biblioteca L1B15042
ATGGGTCCGATGCCTGCTGAGCAACCATTATCTTTCGATGCATTGTTTCTACAAAAAGAGACT
AACATACCCTCTCAGTATATTTGGCCTGATCATGAAAAACCATGCCGTGACCTCCCTGACCTTG
CTCTCCCTTCTATAGACTTTGGAAGCTTCCTTCAGGGAGACCCTTCAGTTGTCTCCAGAACTA
CCCAACTCATTGAAGAGGCGTGCAAGAAGCACGGATTCTTTCTTCTGGTTAATCATGGAGTTG
ACTCCAGGCTCATAGCTAAAGCTCATGAGTATATGGACAAGTTCTTTGACATGAACCTCTCAG
ACAAGCAAAGATTTCAGAGGAAGGTTGGGGAGCCCTGGGGATATGCCAGTAGCTTCACCGGC
AGGTTCTTCTCCAAACTTCCATGGAAAGAAACCCTTTCTTTTCGGTTCTGTGGGGACAAACAG
TCTAACACTGTCGAAGAATATTTCCTGAATGTAATGGGTGAAGAGTTTGAAGAATTCGG

GAAGGTGTACCAACAATACTGTGATGC
CATGAACACTCTCTCGCTCGGGATTTTGGAGCTTTTGGGGCTAAGCCTTGGGGTGGGCCGAG
AATACTTCAGAGATTTCTATGATGGAAATGATTCTGCTATGAGGTTGAACTACTATCCACTTTGC
CAGAAACCCGATTTAACTCTTGGAACCGGGCCTCACTGCGACCCAACATCCTTGACCATCCTT
CATCAAGATCAAGTTTGCGGCCTTCAAGTCTTTACTGACGAAAAATGGTACTCCGTCAATCCC
GACCCAAATGCTTTTGTCATCAACATAGGCGACACATTCGTG

GCTTTAAC
AAACGGCATTTTCAAGAGTTGCTTGCACAGAGCTGTGGTGAATAACACAAAAGCGAGGAAAT
CCCTCGCTTTCTTCCTATCTCCAAGAATGGACAAGGTGGTAAAGCCCCCAAATGCTCTGGTCG
ACTCGAAGAACCCAAGGCTTTATCCGGATTTCACATGGAAGGATCTGCTAGAATTTACGCAGA
AACATTATAGGGCAGATACGAAAACCCTAGAAGTCTTTTCAGCTTTTCTTGAACAAGAAAATG
AGACGTTGAGGCTGAGGAAGGTGGCCTCAGAGGACAACGAAAGGGACTCGGAAACCAGGG
ACAAGGGAAATAGTAAGACCAGCAAGTAG

>c137 PoGA200x4 - Biblioteca L1B15042
ATGACTCATCCTGAACGACCTCTGGTTTTTGATGCATCCATCCTGGAACACCAAGCTAACAT
ACCCTCCCAGTTCGTTTGGCCTGATCACGAAAAACCTTGCTTTGAGGCCCCGGAACTTGCTAT
CCTTTCTGTAGATATTGGCAGCTTCCTTCACGGAGAGCCTTCAGCTGTCTCACAAGCGACAC
AGCTAGTTAATGAGGCATGCAAGAAGCATGGAATGTTTCTAGCTGTTAATCATGGAGTTCAC
TCAAAGCTCATAGCCAAAGCTCACGAGTACATGGACAGATTCTTTCGCATGAAGCTCTCAGA
GAAGCAAAGAGCTCAGAGAAAGATTGGGGAGTATTGTGGATATGCTAGTAGCTTCACTGGC
AGGTTCTCCTCCAAACTTCCATGGAAAGAAACCCTTTCTTTTCGTTACTGTCCTGACAAAGAG
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TCTTCCAACATCGTCCAAGAATATTTCCTGGATGTATTGGGTGAAGAGTATGAAGAATTCGG

GAAGGTGTACCAAGAATATTGTGACGCCATGAACAGTCTCTCTTTAGGGATT
ATGGAGCTTTTGGGGCTAAGTCTTGGGGTTGGCCAAGAGTACCTGAGAGATTTCTTCGAAGG
AAATGATTCCTCGATGAGGTTAAACTATTATCCGCCATGTCAAAAACCTGATCTAACTCTTG
GAACAGGACCCCACTGTGACCCCACATCCTTAACAATCCTTCATCAAGATGGCGTTAGCGGT
CTTCAGGTATTTTTTGATGAAAAATGGCACTCCGTCAGACCTGATCCAGAGGTTTTTGTTGTC
AATATTGGAGACACATTAATG

GCTCTATCAAATGGCATCTTCAAGAGTTGCTTGCACAGAG
CTGTGGTCAGCAAAAGAATAGTAAGGAAATCCCTTGCTTTCTTTCTGTCTCCAAGCATGGAC
AAGGTGGTGAAGCCTCCAAGCGATTTGGTTGACTCCAAAAATCCAAGGGCGTATCCGGACTT
TACGTGGCGACGACTGCTAGAATTCACACAGAAACATTACAGAGCGGATATGAAAACCCTA
GAAGTCTTCTTTACTTGGCTCCAACAACCAACGGCTCAGATGTTGCCAAACATACATATTTC
AGTTGGCGAAGGGAAGTGA

>c321 PoGA200x5 - Biblioteca LI1B15042
ATGGACAGTACTGGAGTTTCTGTTTTTGACAATAGTTTGCTGCAGAAACAACCAGAGTTGCC
AAAGGCATTCATTTGGCCAAAAGGAGACTTGGTTGGCAACCAGGACGAGCTTAACGAGCCT
TTAATAGACTTGGAGGAGTTCTTGAACGGTGGTGAGGAAGGGACTGCTCGTGCTGCTGACCT
GGTTAGAGCGGCCTGCATGAACCATGGCTTTTTCCAAGTAACCAACCATGGTGTTGACGCAA
GCCTTGTTCGTGCTGCTCATCAGGAGATTGACTCCATTTTTACTCTGCCCCTTGGCAAGAAGC
TCAGTGCTCGTAGGGAGCCAGGGAGTGTGTGGGGATACTCAGGTGCTCATGCGGATAGGTA
TGATTCTAAGCTACCTTGGAAGGAGACATTTTCCATTGCGTACCGTGGGAGCGACTCCTGTC
AGCTTGCTGTGATTGACTACATCAAATCTGTCCTCGGAGAAGAGCTTGAACACACAGG

ATGGGTATATCAGAGATATAGCGAAGCAATGAAGAAGCTGTCTCTGGTGATTTTTGAGCTG
TTGGCAATTAGCTTGGGGGTAGATCGTTTGCACTACAGGAAATTCTTTGAAGATGGCACGTC
CATCATGAGGTGTAACTATTACCCGCCTTGCAATAATTGTAATCTCACCCTGGGCACAGGCC
CTCACTGTGACCCAACTTCCATTACAATCCTTCACCAAGACCAAGTTGGCGGCCTTGAAGTG
TTTGCCAACAACAAATGGCAGGCTGTCCGCCCTCGTCCAGATGCCTTTGTCATAAACATTGG
TGATACCTTCATG

GCATTGTCTAATGGAAGATAT
AAGAGTTGCCTTCACAGAGCAGTGGTAAACAGGGAGAAAGAGAGAAGATCGTTGGTGTTTT
TTGTGAGTCCGAAGGAAGAAAAAGTGGTGAGACCCCCGCATGATCTTGTTGGCAGAGAAGG
GCCAAGGAAATACCCGGATTTCAGATGGTCTGATTTATTGGAGTTTACACAAAAACACTACA
GAGCTGATGTAGCCACTCTGCAAAGCTTCATTCACTGGCTTCTATCTTCCAAACCATCTAACC
TATACTTGCCTTCCTAG

>c3304 PoGlID1a - Biblioteca LI1B15042
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ATGGCGGGGGGTAACGAAGTCAATCTCAATGAAAGCAAG

ATGGTAGTTCCGCTTAACACATGGGTTCTCATTTCCAATTTCAAGTTAGCTTACAATCTT
CTTCGTCGTCCCGATGGCACTTTCAACCGTCATCTAGCTGAGTTTCTTGACCGTAAAGTTCCTG
CTAATGCTAATCCAGTTGATGGTGTTTTCTCATTTGATGTTATAATTGATCGTGGGACTAGTCTC
CTTAGCCGGATCTATAGGCAGACCGATGGGGAGGATCTGCGGCCAACTATTGTTGACCTTGAG
AAGCCTGTGAATAGCGAAGTTGTCCCGGTTATCATATTCTTTCATGGTGGAAGCTTTGCACACT
CCTCTGCTAACAGTGCTATATATGATACACTATGCCGCCGATTAGTGGGCATTTGCAAGGCTGT
GGTGATTTCTGTGAATTATAGACGAGCACCAGAAAACCGGTATCCTTGTGCTTATGATGATGGC
TGGACAGCTCTTAAATGGGCTACCTCGCGGTCATGGCTTAAGAGTAAGAAAGACACGAAAGT
TCATTTATACTTAGCCGGGGATAGCTCTGGTGGTAACATTGTACACAATGTTGCTTTAAAAGCT
GTAGAATCTGGTATTGAAATACTGGGGAATATATTGCTCAATCCAATGTTTGGTGGGCAAGAGC
GAACTGAATCAGAGAAACGACTTGATGGGAAATACTTTGTGACCATCCAAGATCGTGATTGGT
ATTGGAGAGCATTTCTTCCTGAGGGAGAAGATAAGGATCATCCGGCATGTAATCCATTTGGTCC
GAAGGGTAAAAGCCTAGAAGGAGTGAACTTTCCCAGGAGTCTTGTAGTGGTGGCTGGGTTGG
ACCTTACTCAGGACTGGCAAATGGCTTATGTTGAAGGGCTGAAGAAGGCTGGTCAGAATGTG
AAACTTCTATATATGGAACAAGCAACGATTGGGTTCTACTTATTGCCCAATAACAATCACTTCC
ACACCCTTATGGATGAGATACGTGAATTTGTGAGTTCTAACTGTTAG

>c110 PoGID1b1 - Biblioteca L1B15042
ATGGCTGGTAGTAATGAAGTCAACCTTAATGAATCCAAG

AGAGTCGTTCCACTTAACACTTGGGTTCTCATTTCCAACTTTAAACTGGCATATAATCTACT
CCGCCGTCCCGATGGGAGTTTCAACCGTGATTTGGCGGAGTTCCTTGACCGTAAAGTCCCTGC
CAATATCATTCCGGTTGATGGAGTTTTCTCTTTTGATCATGTTGATAGGGCCACGGGCCTCCTC
AATAGGGTCTACCAGCCTGCCCCTGAAAATGAGGGTCAATGGGGGATGATGGATCTCGAAAA
CCCTCTAAGCTCCACCGAGGTTGTACCGGTTATAATCTTCTTTCATGGAGGAAGCTTTACTCAT
TCCTCCGCGAATAGTGCTATATACGACACATTTTGTCGCCGCCTGGTGAGTATTTGCAAGGTGG
TGGTGGTTTCCGTTAATTACCGACGATCCCCTGAGTATCGGTATCCCTGTGCATATGATGATGGT
TGGACAGCTCTTAAGTGGGTCAAATCCAGAACTTGGCTTCAAAGTGGGAAGGATTCAAAAGT
TCATGTCTACCTGGCTGGCGATAGCTCCGGTGGCAATATTGCTCATCATGTTGCTGTTATGGCA
GCTGAAGCAGAAATCGAAGTCTTGGGTAATATCCTTCTCCATCCAATGTTCGGCGGGCAAGAG
AGAACAGAGTCGGAGAAGAAACTAGATGGCAAGTACTTTGTTACTATTCAAGACCGTGATTG
GTATTGGAGAGCTTATTTACCTGACGGAGAAGGTAGAGACCATCCGGCTTGTAACATTTTTGG
CCCAAGGTCAAAAAGTCTCAAAGGTCTCCAATTCCCAAAGAGTCTGGTTGTCGTGGCTGGTT
TTGACCTCGTCCAAGATTGGCAACTAGCTTATGTGGAAGGGCTCGAGAAAGCTGATCACCAA
GTGAAACTCCTCTATCTAGAGCAGGCCACAATAGGGTTCTACTTCTTGCCCAATAATAACCATT
TCTATTGCCTCATGGAGGAGATTAAAAGCTTCGTGAGTTCTAACTGTTAA
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>c1489 PoGID1b2 - Biblioteca L1B15042
ATGGCTGGTAGTAATGGAGTCAACCTTAGTGAATCCAAG

AGAGTTGTTCCATTAAACACT
TGGGTTCTCATCTCCAATTTTAAGCTTGCATATAATCTCCTTCGCCGCCCCGATGGGAGCTTTAA
CCGTGATTTAGCAGAGTTCCTTGACCGTAAAGTCCCTGCCAACATCATCCCAGTTGATGGGGT
TTTCTCCTTTGATCATGTTGACAGGGCTACCGGCCTACTGAACAGAGTCTACGAACCCGCCCC
GAAAAGTGAGACTCGTTGGGGAACTGTGGAGCTCGAAAAGCCCTTGAGCACCACTGAGGTT
GTCCCGGTTATAATATTCTTCCATGGAGGCAGCTTCACGCATTCCTCTGCCAACAGTGCCATATA
TGACACCTTCTGTCGCCGGTTAGTGAGCATTTGCAAGGTGGTTGTGGTTTCTGTAAATTACCG
GCGATCCCCCGAGTATCGCTACCCGTGTGCATACGACGATGGTTGGACAGCTCTCAAGTGGGT
CAAGTCGAGAACCTGGCTTCAAAGCGGAAAGGATTCCAAGGTTCATGTTTACTTAGCCGGGG
ATAGTTCCGGTGGAAATATAGCTCATCATGTAGCTGTAAAGGCGGCCGAAGCAGAAATCGAGG
TATTGGGTAACATCCTTCTCCATCCAATGTTTGGCGGGCAGGAGAGAACAGAATCAGAGAAG
AGACTAGACGGGAAATATTTTGTCACAATCCAAGACCGTGACTGGTACTGGAGAGCCTATTTG
CCGGATGGCGAAGACAGAGATCATCCTGCTTGTAACATATTCGGGCCAAGGACAAAAAGTCTT
AGAGATCTCAAGTTCCCCAAGAGTCTAGTGGTCGTGGCTGGTTTCGATCTCGTCCAAGATTGG
CAGTTGGCGTACGTGGAAGGGCTGCAGAAAGCTGATCATGAAGTGAAACTTCTTCATTTGGA
ACAGGCCACGATAGGGTTCTACTTCTTACCGAACAACGATCATTTCTATTGCCTCATGGATGAG
ATTAATACCTTCGTGAATTGTAACTGTTAA

>c41 PODELLAL1 - Biblioteca L1B15043
ATGAAAAGAGAACTCGAGAAGAAAATTAACCAGCCGGACACATCGCCTAGCATGGCCACGC
CGGCGGCGGACAACGGGAAAGCTAAGATTTGGGAAGAGGAAACGAGACCGGCAGACGGTG
GCATGGACGAGTTGTTGGCTTTTTGCGGTTACATGGTGAGATCTGCAGATATGAGTGAGGTAG
CCCTTAAGCTTGAACAGATTGAAGAAATTATGGGTCATGCTCAAGAAGATGGACTCTCGCAGC
TCGCTTTTGATACCGTCCATTATAATCCTTCTGATATGTCCTCTTTTCTTGAAAACATCCGTTCTG
GGCTCAACCTGAACCCGAATTTCGATTCGGTCTCGCAGCCCTCGTCTGTTGATAACTCTTTTCT
TGCTCCGGCAGAATCCTCCACTATCACCTCCTTGGATTTCACGGACAAGACCGAGTACGGGTT
GTTTGACGAGTCATCGGCATTGGATTATGATCTCAAAGCTATTCCTGGTAAGGCCGTCTTCTCC
CAACAACAACGGCAGCAAACTCAATTTGTGGATTCTTGTGTTAGAGAACCTAAGCGTTTAAA
AGCTAGCTCGACTGAGCTGTATCCAACTTCAACTCCATCATCTTCGTCGTCAAACACAATTGG
TTCTTCCGTTGGTACCGATTCCACTCGGTCGGTGGTCCTGGTAGATTCGCAGGAGAACGGAAT
CCGGTTGGTTCACCTTTTGATGGCCTGCGCCGAATCGGTTCAAGAGAACAAGCTCGATGTTGC
GGACGCCCTTGTGAAGAAAATAGGCTTGTTGGCAGTGTCTCAGGCTGGGGCTATGCGCAAGG
TCGCCACTTTCTTCGCCGAGGCCTTGGCTTGTAGAATCTACCGAGTCGTTCCCCAAAACTCCA
TTGACCTTCCCCTCTCCGATATTCTCCAGATGCACTTTTATGAAACCTGCCCTTATCTCAAATTC
GCTCATTTTACCGCCAACCAAGCGATTCTAGAAGCATTTGAAGGCAAGAAGAGGGTTCACGT
AATCGATTTTTCCATGAATCAAGGCATGCAGTGGCCTGCTCTGATGCAAGCTCTAGCTGTAAG
GCCTGGTGGTCCTCCAGTTTTTCGGTTGACCGGGATTGGACCGCCGGCTCATGATAACTCGGA
CCGTCTTCAGGACGTTGGCTGGAAGTTGGCGCAGTTGGCAGAGGCGATTCATGTTGAGTTCG
AGTACCGAGGGTTTGTGGCTAATAGCTTGGCTGATCTTGACGCCTCCATGCTTGAACTTAGAC
CCACTGAGTTCGAGTCCCTGGCGGTTAACTCGATTTTTGCGTTGCATACACTGTTGGCTAGAC
CAGGTGCTGTTGAGAAGGTACTATCAGTGGTTAAGCGAATGCAGCCGGAGATCGTCACCGTT
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GTTGAGCAAGAAGCGAACCACAACGGTCCCATTTTCTTGGACAGATTCAACGAGTCTCTGCA
CTATTACTCGACTCTCTTTGACTCGCTGGAGGCTTCATCAAGTACCCAGGACAAGGTGATGTC
CGAGGTATACTTGGGGAAACAAATTTGCAATGTTGTGGCATGTGAAGGCGTCGACCGAGTCG
AGAGACACGAGACGCTGTCCCAGTGGAGGACCCGGTTCGATTCCGCTGGGTTTGTCCCTGTT
CACATAGGCTCGAACGCGTTCAAGCAGGCAAGCATGCTACTGGACATCTTCTCCGGTGGTGA
AGGGTATAGTGTGGAGGAGAACAACGGATGTTTGATGTTGGGATGGCACACCCGTCCGCTCAT
CGCCACCTCGGCTTGGCGGCAAGCTGGCAAACCGGGGACTGCTCACTGA

>c957 PODELLAZ - Biblioteca LI1B15042
ATGAAGAGGGATCATCGAGAAACCCGAGGCGGTACTGGGTATGACAGTACCACCAACAATAA
CCATATGAACAGCAAAGTTGAGTCGTCGTCAATGGCCAGTAGCAGTATGAGTCAGTCCAAATT
ATGGTTAGAAGAGGAGCAGGATGCTGGCATGGATGAACTGCTTGCGGTGTTGGGGTACAAGA
TCAAGTCATCGGAAATGGCTGATGTTGCCCAGAAGCTGGAGCAGCTGGAGATGGTAATGGGC
ACGGCTCAGGAAGATGGAATTTCGCATCTTTCTTGTGATACGGTCCACTACAACCCATCAGAT
CTTTCAGGGTGGGTACAAAGCATGCTTTCTGAGCTCCATGGCGCACCCTCCTGCGATCTTGATA
TGCTTCATGCCAATCAAGATTCCATTCTTGGCAACTCCTCTTCCATCACTTCAATTGACTTCTCC
AACCCTCAATCGCAGGCAAAAATTTTCACGGACGATTCTGAATACGATCTCAGAGCAATCCCT
GGAGTTGCTGCCTTCCCGCGAGCAGAATTCGAGGCAGAAAACAGCGCCAATAGAAAACGAA
TCAAACCCAACCCAAATCCATCACCATCTTCTTCTACGGCATCACCAACAACAACGGCAACTA
CAGAACTTTCAAGCACTACTCTACCAGAGACTACTCGCCCAGTCGTCCTTGTCGACTCGCAAG
AAACTGGAATCCGTCTCGTGCACACACTTTTAGCCTGCGCGGAGGCCGTACAACAAGACAAC
TTTAAACTAGCGGACACCTTAGTCAAACACATAGGTTTACTCGCGGCATCCCAAGCTGGTGCA
ATGAGAAAAGTTGCCACTTACTTTGCTGAAGCCTTGGCCCGCAGGATTTACAAGATTTACCCA
CAAGACCCCCTCGATCCTTCCTACTCCGACACACTTGAGATGCACTTCTACGAGACCTGTCCC
TACCTCAAATTCGCTCACTTCACCGCCAACCAAGCGATTCTTGAAGCGTTTGCTGACGCGAAT
CGTGTTCATGTGATAGACTTCAGTCTTAAACAAGGCATGCAGTGGCCAGCTTTAATGCAGGCC
CTAGCATTGAGGCCCGGCGGGCCGCCCGCGTTCCGGCTCACCGGAATCGGCCCTCCCCAGCC
GGATAATCAAGATACACTGCAGCAAGTTGGTTGGAAGTTGGCTCAGTTAGCGCAGACCATCG
GGGTGGAGTTCGAGTTCCGCGGTTTCGTTGCCAATTCGTTGGCTGACCTTGAACCGGGAATGC
TCGACATCCGGCCCCCGGAGGTAGAGGTTGTGGCTGTCAACTCGGTCTTCGAGTTGCATCGGT
TGTTGGGTCGGTCTGGTGGGATCGACAAGGTTCTTACTTCTGTGAAAGCCATGAAGCCCAAG
ATTGTGACGGTAGTGGAACAGGAAGCGAGCCACAATGGACCGGTGTTTTTGGACCGATTCAC
AGAGGCTCTGCATTACTATTCGAGTTTGTTCGACTCACTGGAAGGGTCTGGGTTGGCGCCCCC
GAGCGAAGACCTCGTTATGTCCGAGTTGTACCTAGGGAGGCAGATTTGTAATGTGGTGGCGTG
TGAAGGATATGATAGAGTGGAGCGGCACGAGACGCTGACTCAGTGGCGGACTCGGTTGGAAT
CTACTGGCTTTGACCCTGTTCACCTCGGGTCAAACGCGTATAAACAAGCTAGTATGTTGTTGG
CTCTCTTCGGTGGCGTTGATGGATATAGGGTGGAGGAGAATAATGGGTGTTTAATGCTCTGCTG
GCATACCAGGCCGCTTATCGCCACCTCAGCGTGGCAACTCGCCGCCGTGGGTGCATGA

>c1041 PoDELLAS - Biblioteca LI1B15042
ATGAAAAGAGAACACCCCAAACTGCAACCTCAGCAAGATTCATCATCCACCATCGCGGCGCC
GGCGGACGAAAAGGCTAAGATGTGGGAAGAAGCAGCGGTCCAGGCAGAAGGTGGCATGGA
CGAGCTATTGGCTGTTTTGGGTTACCAGGTAAGATCTTCAGACATGGCTGAGGTAGCCCTGAA
ACTTGAACAACTGGAAGAAGTGATGGGTCATACTCAAGAGGATGGACTCTCGCATCTCGCAT
CTGAAACCGTTCATTATAATCCCGCTGACCTGTCGTCTTGGCTTGGAAGTATGCTTTCCGAGTT
CAATCCAAACCCAAGTTTCGATTCGGTTTCGCAGCAAAACTCTCTGGACAATTCTTTTCTAGC
TCCAGCAGAATCCTCTACTATCACCTCCTTGAATTTCGCAGACAAGACAAGGTGCGGACTGTT
TGAGGAATCATCGGCATCGGACTACGATCTCAAAGTTATTCCTGGTAAGGCTATCTGTACCCAA
CAAGAGCTGACTCATGTTGTAGATTCTGCTGTTAGAGAACCTAAGCGGTTAAAACCTAGCAAC
GCGGAATCATATCCAACACCAGCACCATCGTCGTCTTCCTCGTCTAACGCCGTCGATTCCTCGT
TTGGTACTGTTTCAACAACCGAGTCAACTCGTCCGGTCGTCCTGGTTGACTCACAAGAAAAC
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GGAATCCGGCTTGTTCACCTCTTGATGGCATGTGCCGAAGCAGTTCAGGAAAATAGGCTCAAT
ATTGCGGAAGCCCTTGTGAAGCAAATCGGTTTCTTGGCAGTCTCTCAGGCTGGGGCCATGCGC
AAGGTCGCCACTTACTTTGCCGAGGCATTGGCTCGCAGAATCTACCGACTCTTACCTCCAAAC
TCTATTGACAATCCCCTCTCCGATATTCTCCAGATGCACTTCTACGAGACCTGCCCTTATCTCCA
ATTTGCTCATTTTACCGCCAACCAAGCGATTCTTGAGGCATTTGAAGGTAAGAAAAGGATTCA
TGTAATTGACTTTTCCATGAATCAAGGCATGCAGTGGCCTGCTCTGATGCAAGCCTTAGCTTTG
AGGCCCGGCGGTCCTCCGGCTTTTCGGTTAACCGGGATTGGACCACCGGCTCATGATAACTCG
GACCATCTTCAAGAAGTGGGCTGGAAATTGGCTCAGTTGGCAGAGACTTTTCATGTTGAGTTC
GAGTACAGAGGGTTCGTGGCTAATAGCTTGGCTGATCTTGACGCGTCCATGCTTGAACTCAGA
CCCACCGAGTTCGAGCCTGTGGCGGTTAACTCGATTTTCGAGTTGCATAAATTGTTGGCGAGA
ACCGATGCCATGGAGAAGGTGCTGTCAGTGGTCAAGCGTATAAAACCGGAGATCGTTACCATC
GTCGAACAAGAAGCGAATCACAATGGTCCAGTTTTCTTGGACCGCTTTACCGAGTCTTTGCAT
TACTACTCGACTCTTTTTGACTCGATGGAGGGATCGGAGAGTAGCCAGGATAAAATTATGTCG
GAAGTGTACCTGGGGAACCAGATTTGCAATGTTGTGGCATGCGAAGGAGCTGACCGAGTGGA
GAGACACGAGACGCTGGATCAGTGGAAAGCTAGGTTGCGTTCAGCCGGGTTTGAACCGGTTC
ACCTCGGGTCCAATGCGTTCAACCAGGCCAGCATGTTGTTGGCTCATTTTGCCGTTGGGGAGG
GATATAGAGTGGAGGAGAACAACGGGTGTTTGATGTTGGGGTGGCACACGCGCCCCCTCATC
GCCACTTCTGCTTGGCGGCTGGCTGGCAAATCGGTCGTTGCTCACTGA

>c1997 PODELLAS - Biblioteca L1B15042
ATGAAGAGGGAGCATCAAGCAATACTCGGTGGTACTGGGTATACCAGTACCACTAACACTCTT
ATCGGCAGAGAAGCCGAATCCTCATCAATGGCAAGTGGGAGTATGGGCAAGGGAAAATCATG
GGTAGAAGAGGAGCAAGACGCTGGCATGGATGAACTACTTGCCGTTTTGGGATACAAGGTCA
AGTCATCAGATATGGCTGATGTAGCTCAGAAGCTGGAGCAGCTGGAGATGGTGATGGGCACA
GCACAGGAAGACGGGATTTCGCATCTTTCCTGCGATACAATCCACTACAACCCAGCAGATCTT
TCAGGGTGGGTTCAGAGCATGCTGTCTGAGCTCAACGGTACCCCGTCTTGTGATCTTGATATG
CTTCTGACCAGCCAAGATTCTGTTCTTGGAAACTCGTCTGAGATTACCACAATTGACTACTCC
GACCCTCAGTTACCGGCGAAAGTTTTCGCAGATGATTCCGAATACGATCTTAGAGCAATCCCT
GGCGCTGCTGCCTACTCGCAAACGGATTTTGACGTTGAAAACAGCACCAACAGGAAACGAAT
CAAACCAAACTTAAAGGAAACTGCGTCACCTTCTTCTTCCTCAACATTGGCAACAACGGCAA
CAACAGCAACAACGGCAACAACACCACTTCCCGGTACTACTCTGACGGAGACACGCCCAGTT
CTCCTAATCGACTCGCAAGAAACTGGAGTCCGCCTCGTGCACGCACTCCTAGCTTGTGCAGA
GGCTGTACAACAAGACAACCTTAAATTAGCCGACACACTAGTAAAGCACATAGGATTACTCGC
AGCATCTCAAGCTGGTGCAATGAGAAAAGTCGCCACTTACTTCGCTGAAGCTCTGACTCGCA
AGATTTACAAGTTTTGCCCCCAAAACTGTCTTGATCCATCCTACTCCGACACACTCGAGATGC
ACTTCTACGAGACCTGTCCGTACCTCAAATTCGCTCACTTCACAGCCAACCAAGCAATTCTTG
AAGCGTTTGCCGACTGTAACAGAGTTCATGTGATAGACTTCAGTCTTAAACAAGGCATGCAGT
GGCCGGCTCTAATGCAAGCTCTCGCATTGCGGCCCGGCGGGCCGCCGGCCTTCCGCCTCACT
GGAATAGGCCCGCCCCAGCCGAATAATCGGGATACGTTGCAGCAAGTCGGGTGGAAGTTAGC
TCAGTTGGCACAGACAATTGGGTTGGAATTCGAGTTCCGTGGTTTTCTTGCAAATTCGCTAGC
TGATCTTGAACCAGGAATGCTCGATCTCCGGTCGCCTCAGGTGGAGACTGTGGCGGTCAACT
CGGTTTTCGAGATGCACCGCTTGTTGGGACGGTCTGGAGGGATTGATAAGGTGCTTTCTTCTG
TCAAAGCCATGAAACCCAAGATTGTAACAATTGTCGAGCAGGAAGCGAACCATAATGGACCA
GTGTTTTTGGACCGCTTCACAGAGGCTTTACACTACTATTCGAGTTTGTTCGACTCGCTGGAA
GGGTCCGGGTTGGCGCCCTCGAGTCAAGACCTTGTTATGTCCGAGTTGTACTTGGGGAGGCA
GATTTGTAATGTTGTGGCGTGTGAAGGGGGTGATCGCGTGGAGCGGCACGAGACGTTGACTC
AATGGCGGACTCGGATGGAATCTTCGGGGTTCGACCCGGTTCACCTCGGGTCAAATGCGTTTA
AACAAGCTAGTATGCTGTTGGCCCTCTTCGCTGGTGGTGATGGGTACAGGGTGGAGGAGAATA
ATGGGTGCTTGATGCTAGGCTGGCATACTAGACCGCTTATTGCCACCTCGGCCTGGCAACTCA
CCGACGTCGATTCATTGTAA
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APENDICE D — SEQUENCIAS PROTEICAS

Sequéncias proteicas dos genes relacionados ao metabolismo e resposta a citocinina

em formato fasta

> ¢2900 PoIPT_2
MKCSSSQQEPEQSPSDGGEGLATEAAKKQEEREKKAKVVVIMGPTGSGKSKLAIDLAAHFPVEV
INADSMQVYRGLDILTNKVPLHDQKGVPHHLLGTVSPNVEFTAKEFRDSAILLIDEIFSRNCLPVI
VGGTNYYIQALVSSFLLDDTAQDLDECLSCNFPGDDQAVHLLESKTDTFDFTYEFLKNIDPDAAN
RLHPNNHRKIKQYLHLYARTGIIPSKLYQGKAAQNWGCIGNCRFNCCFICVDAAIPVIDQFVDKR
VDCMINAGLLSEVYDIYNMDADYTRGLRQAIGVREFDEFLKVCQLASKDDYARDLIGSLNKDK
KILKDHISAILHFTDDNQLKILLTEAIEKVKVNTRRLVRLQKRRLNRLQTLFGWNMHHLDATDPI
SCKSDDSWATQVVTPAAKIIKSFLNEDRSSEVEQEVHVDIGTELHERNLWTQYTCKACGDKVLR
GAHEWEQHKQGRGHRKRISRIRKSGRQRTLVAAQGPEASS

>c677 PoIPT_3A
MSLSMSVCPQTRNMLDILPTARLKMDILGPRWRKDKVVVIMGATGTGKSRLSIDIATRFPSEIINS
DKMQAYKGLNIVTNKITEEEMSGVPHHLLGVVNSNSEFSATDFCDMTSLAVESILTRGLLPIIVG
GSNSYIDALMDGGEYRFRSKYDCCFLWMDVSMPVLHEFACRRVEQMVRNGMVDEVRNMFDPS
ADYTHGIRKSIGVPELDRYFRAEPFLDEETSAGLLHEAISEIKNNTCILACRQLEKIHRFINIKGWNI
HRIDATEVFTRNGKEADEAWEKLVARPSSAIVAEYLYYSTAQVPATVGTTKDYYAQCLVA

> 3062 PolPT_3B
MNLAMSLCQQTSNVLDIPGGRLKMDILGPRWQKDKVVVLMGATGTGKTRLSIDIATQFPSEIINS
DKMQAYRGLDIVTNKISKQEMSGIPHHLLGIRNPNSEFTATDFCDMTSLAVESILTRGLVPIIVGGS
NSYVEALMDGGQYRFRSKYDCCFLWVDVSVPVLHESLRKRVDQMVGNGMVDEVRNLFDPHA
DYSHGIRKSIGVPEFDRYLRAEAFLDQETRARLLQEAIYDIKKNTCNLSCRQLEKIQRLRHVKGW
NIHRIDATEVFCRSGEEAEKTWEKLGSKPSSAIVRQFLYNIINKVPATAASAKDYFEHCLVA

> c1513 PoIPT_5
MTMRLSVSAYNQVQPRVNFQGALNKNPFHCRKDKIVFVIGPTGTGKSRVAIDMATRIPAEIVNC
DKMQVFKGLDIVTNKVTEEECLGVPHHLLGVVDPDTDFTSEDFRIHASLVLESIVARDRLPIIAGG
SNSYIESLNDVPDFRLRYECCFIWVDVSMPVLHSFVSNRVDRMVEAGLIDEVRNMFDRNRNDY'S
LGIRRAIGVPELDQYFRKEGTADAATRGKLLDSAIAKIKENTCILACRQLQKIHRLRSRWGWNM
HRIDATEVFLRKGKEADEAWEKLVAGPSTMILNKFLYDTVSPSESVDIPIIGPAVPLPIPAMAAAA
AASR

> c1471 PolPT_6

MSYITSHSLY TPRKPAQQLFHVNISTTVPSPLQPPTRRRLSFRRLPRRIRMESSSDSYLRKDKVVVI
MGATGCGKTKVSVDLATRFPSEIINSDKMQVYNGLDLTTNKVPPHERHGIPHHLFGEVDPDEGEF
SPFDFRVAGGLAVSDIVSRKKLPIVVGGSNSFIHALVVDRFTPASDVFYGLDPVSPQLRYNCCFLW
VDVAFPVLCDYLCKRVDEMLDSGMFEELSAYYESGESANQPGLRKAIGVPEFEKYFNKYGPGCD
RRKWDRLRTDTYEHAVSEIKDNTCQLAKRQIGKIIRLKSSGWDLQRVDATEIFRQSMMMMTTTSP
SEDYCHRDSGNRKEEWLPEEKWRRKKKRWIETVWEREVLTPSVNFVKRFLEE

> c151 PolPT_7
MTSVRLSMTAVGPQLNFQVAVNKKTLYHKKDKVVFVVGPTGTGKSRLAIDLATRFQAEVVNC
DKMQVYKDLNIVTNKVTEEESRGVPHHLLGVIDSDKDFTSEDFRTNASLVLESIVARNRLPVIAG
GSNSYIEALMNDEPNFQMRYQCCFLWIDVSMQTLHSFLSDRVDRMVEAGLIQEVRNMFDPNRN
DYSQGIMQAIGVPELDQYLRKEATVDAVTREKLLNAAIVKIKENTCLLACHQLQKIHRLHSQWN
WDMHRIDATEVFLRSGEEAEEAWEKLVAGPSTTILNQFLYSNILQSDTMDVNITNPAGPIPIPAM
AAAYR

>c1815 PolPT_8

MSFVSRSHYTPHNLQPFFGTNINIPSWPPPQAPIRLSFRRLHRGVRMDSSASHRLKEKVVVIIGAT
GCGKTKVSIDLGNRILSEIINSDKMQVYNGLDITTNKIPPHERFGVPHHLLGEVDPDDGDFTPSEF
RVAGGLAVSDIVSRKKLPFVVGGSNSFIHSLVVDHFNPESDIFSVSDPVSTQLRYNCCFLWVDVA
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VPVLCDYLCKRVDEMLDSGMFEELSEYYESGDSASQPGLRKAIGVPEFGQYFRKYGPGGERRE
WDRVRRVAYEDAVREIKENTCQLAKRQIGKIMKLKNSGWDLRRVDATEVLRLKLMTSGSDDCL
NDATPEDWEEKKKKKKQKRCSKKKKRWMELVWEREVLEPSVKIVKRFLEE

>¢17929 PolPT_9
MPVGGSPVPTRKKMMSIQRLRVQYNSTSTDINANTNVIKQDTDKKKVLFVLGATTTGKSKLSID
LATHLNGEIISADKIQVYRGLDIASNKITENDQGGVPHYLLDFVDPDVDYTTQDFSNDAHQALDH
IHHGNGHIPIIVGGSNTYLEALVEESPFNFKVNFDARFLWMDVSLPVLYRRAAKRVDEMIKRGLVD
EVRMVPPGADLGRGVWRVIGVAELQPFLQAERNMEDEATKKMLLDIAIEEIKKNTNRLAEIQVG
KIKRLRDKLGWKLHRIDATSVYIEDGVTSMDAWKGAAFKPALEICSDFLKRC

>C715 PoLOG_1
MEGEMDVKQSKFKRICVFCGSSSGKKSSYKDAAIELGKELVSRNIDLVYGGGSIGLMGLISQAVY
DGGRHVIGVIPKTLMPREITGETVGETKAVNDMHQRKAEMARQSDAFIALPGGYGTLEELLEVIT
WAQLGIHEKPVGLLNVDGYYNSLLSFIDKAVEEGFISPSARHIIVSAPTPRELVKKMEEYLPCHET
AAPKLNWEIEQLSCPPQCDIST

>c28 PoLOG 2
MEEIKSRFKRICVFCGSSSGKKATYQEAAVELGKEMVERRIDLVYGGGSVGLMGLVSQAVHDG
GRHVLGIIPRSLMPIEVTGNPVGEVKAVSDMHQRKAEMARQADAFITLPGGYGTLEELLEVITW
AQLNIHRKPVGLLNVDGYYNSLLSFIDKAVDEGFISPEARCIIVSAPTAKQLFTQLEEYVPQYDEIT
SKLVWDEVEKRVAKVPESGVASCSF

>c8 PoLOG_3
MEVGSTVLSPSSSSRFKRICVFCGSSQGKKSSYQDAAIELGKELVSRNIDLVYGGGSIGLMGLVSQ
AVHDGGRHVIGVIPKTLMPRELTGETVGEVKAVADMHQRKAEMARHSDAFIALPGGYGTLEEL
LEVITWAQLGIHDKPVGLLNVDGYYNSFLSFIDKAVEEGFINPSARTIHISAPSPRELVKKLEEYVP
CHERVASKLSWEIEQLGYSSCDISRKEIHSVNRCSLL

>c1345 PoLOG_4
MEVEGTEMSPSLSRFGRICVFCGSSQGKKSSYQEAAIELGKELVSRNIDLVYGGGSIGLMGLVSQ
AVHDGGRHVIGVIPKTLMPRELTGETVGEVKAVADMHQRKAEMSRHSDAFIALPGGYGTLEEL
LEVIAWAQLGIHDKPVGLLNVDGYYNSLLSFIDKAVEEGFVDPGARTIIVSAPTAKDLMKKLEEY
VPCHDRVAPKLSWEIEQLGYSQSYDISR

>c673 PoLOG_5a
MEENKALKSRFKRVCVFCGSSTGKRDCYRDAALELGQELVSRKLDLVYGGGSIGLMGLVSQEV
HRGGGHVIGVIPKTLMNKELTGETVGELRPVAGMHQRKAEMARHSDCFIALPGGYGTLEELLEV
ITWAQLGIHDKPVGLLNVDGYYNFLLTFIDKAVDDGFILPSQRSIIVSAPNAKELVQKLEEYVPLH
DGVVAKAKWEAEQLELNASLQTEIAR

>c7135 PoLOG_5b
MEEMVMKSRFRTVCVFCGSSAGKRDCYRDAAIELAQELVAKRLDLVYGGGSIGLMGLVSQAV
YRGGGNVLGIIPRTLMSKEITGETVGEVKPVANMHQRKAEMARHSDCFIALPGGYGTLEELLEVI
TWAQLGIHDKPVGLLNVDGYYNYLLTFIDKAVDDGFIKPSQRSIIVSAPNAKELVKKLEEYVPVH
DGALAKVSWENEQKPPQPQQVVGFNASPLQTEVAL

>c183 PoLOG_7
MEESRSRFKRICVFCGSSSGKKATYQEAAVELGKEMVERRIDLVYGGGSVGLMGLVSQAVHDG
GRHVLGVIPRSLMPREVTGEPVGEMRAVSDMHQRKAEMARQADAFIALPGGYGTLEELLEVIT
WAQLNIHRKPVGLLNIDGFYNSFLSFIDKAVDEGFISPEARRIIVSAPTAKQLVTQLEEYVPQYDEI
ASKLVWNEKLKE

>c545 PoLOG_8
MERGEGTYTTSENKTKFRRICVFCGSRTGYKSSFGDAAFDLGEHLVERKIDLVYGGGSVGLMGL
IQTVYSGGCHVLGVIPKALLPHAISGGNIGEVKTVADMHQRKAEMARHADGFIALPGGYGTMEE
LLEHAWSQLGIHDKPVGLLNVDGYYNSLLALFDRGVEDGFIENSARQIVVIADTAAELIKRMEEY
APMHDKVAPRQSWEVDRSSESTSSGNPIGS

>c1545 PoLOG_10
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MEDQQLQHQQRLPAMKSRFKRVCVFCGSSPGRSPSY QLAAIQLGKQLVERNIDLVYGGGSIGLM
GLVSQAVYDGGRHVLGVIPKTLMPREITGEPVGEVKAVSGMHQRKAEMARQADAFIALPGGYG
TLEELLEVITWAQLGIHDKPVGLLNVDGY YNSLLTFIDKAVDEGFIAPAARHIIVSAQTAHELMSR
LEEYEAKHSGVASKLSWEIEQQLGYTIKSDIAR

>c1907 PoLOG_11
MENQQPQNQQRQPPMKSRFKRVCVFCGSSPGKNPSYQLAAIQIGKQLVERNIDLVYGGGSIGLM
GLVSQAVYDGGRHVLGIIPKTLMPREITGEGVGEVKAVSGMHQRKAEMARQADAFLALPGGYG
TLEELLEVITWAQLGIHDKPVGLLNVDGYYNSLLSFIDKAVDEGFITPTARHIIVSAQTAHQLLSKL
EEYQPKHINGWEMEQQVGVPH

>c2375 PoCKX_1a
MGAPPSAFLNQNKAILLRFLIILLLGSVPEKANLCSNLSLASPSVLLPGASSTSLSLKTISLDGYFRF
DGIEYAARDFGNRYRFLPSAVLYPKSVSDISTTIKHIFEMGRASELTVAARGRGHSLQGQAQALQ
GIVMDMESLEGPEMQVHTGKKAYVDVSGGALWIDLLRETLKYELAPKSWTDYLHLSVGGTLSN
AGISGQAFQHGPQIDNVYQLEVVTGKGEVITCSRKRNAHLFYGVLGGLGQFGIITRARISLHPAPK
MVKWMRVVY SEFSRFSNDQEFLISLKNSFDYIEGFVIINKTGLVNNWSATFAPRDPIQASNFISDG
TTLYCLEIAKYFDPEQYDVMNQNIESLLSGLSYIPSTLFESEVPYVEFLDRVHVSEKKLRAKGLWE
VPHPWVNLMIPKSKILEFAREVFGSILTGSRNGPILVYPVNKSKWNNRTSLVTPEEDTFYLVAILS
SIVPSSKVGDDLELMLAQNKRILDFCSAAGIGARQYLPYYTTREEWQAHFGPRWEVFVQRKLTY
DPLAILAPGQRVFQRNELLETQTTFRKAA

>c3111 PoCKX_1b
MILLVVSIPDKANLCSNSSITGPSLLLPQNSSYISQLEKIKLDGYFRLDGIEYAARDFGNRYHSLPS
AVLYPKSVSDISTTMRRIFEMGTASKLTVAARGRGHSLQGQAQAHRGIVINMESLKGPEIKVDTG
EMPYVDVPGGMLWIDLLHETLKYKLAPKSWTDYLHLSVGGTLSNAGISGQAFRHGPQINNVYQ
LEVVTGKGEVITCSKKQNADLFHGVLGGLGQFGIITRARISLEPAPKMVKWMRVLYWDFSKFSQ
DQEFLISYKSTFDYIEGLVIINKTGLLNNWRETFDPRDPLQASQFISDGRTLYCLEIAKYFNPQEYD
AMNKNIGTLLSRLSYVPSTLFESEVPYVEFLDRVHLSEKKLLAKGLWEVPHPWLSLMIPKSKILEF
AQEVFGNILTGNRNGPILIYPVNKSKWNINRTSLVTPEEDIFYHVAVLSSVVSSSGVGDDLEQML
AQNRRILDFASSASLGIKQYLPHYTTQEEWRAHFGSRREVFLQRKLRYDPLAILAPGQKIFERNEL
PTMKAFFE

>c1165 POCKX_2
MAESLAIPTHLVVLVLVVTCSSCSLGKSVSWTAFSPSKLQTLDLANRLHLDPDSLESTSSDFGNIV
HKKPAAVLYPSSVEDVRNLITFSYNSSIPFAIAARGRGHSVRGQAMVDNNGVVIDMMHLSRRNR
IGVVVSRSPSLGFFADVGGEQLWVNVLNATLEHGLAPVSWTDYLHLSVGGTLSNAGIGGHTFRY
GPQISNVFEMDVITGRGQLVTCSPNLNPELFYAVLGGLGQFGVITRARIALEAAPKRVKWVRML

YTDFSAFTNDQELLISVNGRKQNNALDYLEGSLLMALGPLNNWRSSFFPESRIPTITSLATQHGIL

YTIEIAKYYDDRTQDTVDKELQEMFSGLSFVPGLIFEKDVSYVDFLTRVRRSEEDIPHPWLNLFLP
KSSITDFNSGVFRDIVLRRNITTGPLLFYPMNRNKWNDKTSAVIPEEDVFY TVGFLHSSGPQDWQ

VYDGQNMDVIKFCEEKGLGVKQY LPHFTSQEEWIDHFGLKWKTFRERKARYDPKTLLSPGQRIF
NSI

>c10 PoCKX_3
MVESSIIPIYFVFLILFATRLVSTLGKSLPWTTLFQSKHQILDLANRLHTGSDSIESVSSDYGNMVH
EKPAAVLYPSSLEDMRTLIKLSYNLSAPFTIAARGRGHSVRGQAMAYNGVIIDMMHLRNRRNRT
GVVVSESDSLGFFADVGGEQLWTDVLNATLEHGLAPVSWTDYLHLSVGGTLSNAGISGQTFRY
GPQISNVYAMDVITGKGQLVTCSPNMNSELFYAVLGGLGQFGIITRARIALEPAPKRVKWVRML
YGDFSAFTKDQERLISINGRKQNKALDYLEGSLLMALGPLNNWRSSFFPSSDIPRITSLATQHGITY
TIEVAKYYDDRTQHTVDKELQEMLKGLSFIPGLVFTKDVSYVDFLGRVRSEQDVPHPWLNLFIPK
SSISAFNSGVFRDIVLQRNITTGPVLFYPMNRNKWHNRTSAVIPDEDIFYTVGFLHSGGLSNWQA
YDKQNKDILKFCEKAGIQVKQYLPHYTTQEHWIHHFGSKWNTFRERKAQFDPKLMLSPGQKIFN

>c3664 POCKX_5
MAIKLLLAAFAIYGLLVTVGLTVDPAGLLRLGLDGQLSVDQFDVKAASQDFGLLSRAKPMAVL
HPASAADVVRIVQAAYRSAHGFTLSARGHGHSINGQAQTSDGVVIEMSGGSRGDRPVWKRPAR
PRVSVQEMQVDAWGGELWIDVLRSTLEYGLAPKSWTDYLYLSVGGTLSNGGISGQAFNHGPQIS
NVYELDVVTGKGELLTCSEEQNSELFHAVLGGLGQFGIITRARIALEPAPNRVRWIRVLYSNFSSF
TSDQEYLISLHGNPSSQKFDYVEGFVIVDEGLINNWRSSFFSPRNPVKISSITANGGVLYCLEITKN
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YDESNADTIDQQVESLLKKLNFISSTVFTTDLPYLDFLDRVHKAELKLRAKGLWEVPHPWLNLF
VPKSKIAAFDEGVFKGILGTNKTSGPILIYPMNKNKWDQRTSVVTPDEEVFYLVALLRSALDNGE
ETQTLEYLNNQNRRILRFCDEAGIKAKQYLPHYTTQEQWMDHFGDEWALFHKRKMEFDPRRIL
ATGQRIFKPAFLSDDNKVAAS

>c72 PoCKX_6a
MTIRTNLCLSGNTTSLRTLSVGGRFTFDDIHHAARDFGNTFHSLPLAVLHPKTASDIATTIRHVWQ
LGPLSELTVAARGHGHSLQGQAQTNQGVVINMESLQGPKMHISTGKNPYVDVSGGDLWISILRE
SLQYGLAPKSWTDYLHLTVGGTLSNAGVSGQAFRHGPQISNVHQLEVVTGKGEIMNCSERQNG
DLFHSVLGGLGQFGIITRARISLEPAPVMVKWIRVLY SDFATFSEDQEHLISAERTFDYIEGFVIINR
TGILNNWRSSFNPQDPVHAGKFQSDGKTLYCLELAKYLHRGETEEQYEEVRDLLSQLRFIPSTLF
LSEVPYIDFLDRVHVSEVKLRSKGLWEVPHPWLNLFIPKSKIDSFAREVFGNILSDTSNGPILIYPV
HKSKWDNRTSAVIPDEDIFYLVAFLSSAVPSSTGTDGLEHILTQNKRILRFCETERLGVKQYLPHY
TTKEEWKAHFGPRWEVFVQRKSTYDPLAILAPGQRIFQRHEKRAQAIYLQ

>c171 PoCKX_6b
MVLLLSCITLRTKLCLSRNTTSLKTLSVSGNFSFDDVHHAAKDFGNRLQLLPLAVLHPKSVSDIAI
TVKHIWQLGPYSELTVAARGHGHSLNGQAQAHQGVVINMESLQGSKMHIKKGNNPYVDVSGG
DLWINILRESLKHGLAPKSWTDYLHLTVGGTLSNAGISGQAFRHGPQISNILQLEVVTGKGEIVSC
SENQNGDLFHSVLGGLGQFGHTRARISLEPAPVKWIRVLYSDFRTFSRDQENLISAESTFDYVEGF
VIINRTGLLNNWRSSFNPQEPLQASQFQSEGRTLYCLELAKYFHKDETDEKDEEIRHYLSQLRYIP
STFFLSEVPYIEFLDRVHVSEVKLRSKGLWEVPHPWLNLLIPKSKIHNFAEGVFGNILSGSSNGPIL
MYPVHKSKWDNRTSAVIPEEDTFYLVAFLHSAQPSSTGTDGLEHILTQNKRILKFCETERLGVKQ
YLPHYTAQEEWKSHFGLRWEVFVQRKSMYDPLAIFAPGQRIFQKGMTLS

>c74 PoCKX _7a
MIAYLEQFIQENDSDSRLDDDVLPNNLQGTVEYTATGLAGEDFGGMYTLKPRALIRPAGADDVS
RVVKAAYRSPNLITVAARGNGHSINGQAMADRGLVLDMRSINHFELVTTGGETFLDVSGGALW
EDVLRRCVSEFNLAPRSWTDYLGLTVGGTLSNAGVSGQAFRYGPQTSNVTELDVVTGKGDFLT
CSETENSDLFFGALGGLGQFGIITRARIVVQSAPYMARWIRLVYTKFEDYTRDAEWLVTLPDGQS
FDYVEGFVVVNSDDPVNGWPSVPLDPDHGFDPSRIPRTAGSVLYCLEVALYYQENDSPAVNTLL
GGLGFVDGLKFQVDLSYVDFLLRVKQVEEETRRNGMWNAPHPWLNLFVSKNDIVNFDREMFK
NLLKEGVGGPMLLYPLLRSKWDNRSSVVLPADGEIFYLVALLRFILPSQKGPSVEKLVSQNQEIV
QFCIEKGFDFKLYLPHYKSQDEWKRHFGDQWSRFVELKDSFDPRAILAPGQKIFGKIPQL

>c100 PoCKX_7b
MIAYLERFIQENDSESLPEDDVLPNNLQGTTDCCMASGLAGKDFGGMYTSKPRGLIRPSGAEDVS
RVAKAACRSPNLTVAARGNGHSINGQAMAEGGLVLDMRSIADNPFRLVTIRGETFVDVSGGALW
EDVLKRCVSKFSLAPRSWTDYLGLTVGGTLSNAGVSGQAFRHGPQSSNVTELDVVTGRGDILTC
SETENSELFFGALGGLGQFGVITRARILVHSAPDLVRWIRVVYAEFEDFARDAEWLVTRPDGESFD
YVEGFVFVNSDDPVNGWPSVPLAPDHGWDSTRIPPTAGSVLYCLEMALHYQKTKDPTEIDTVVN
DLLGGMGFLGGLKFQVELSYVEFLLRVKQAEAEARMNGMWDAPHPWLNLFVSKKDITDFDRV
VFKRMLKEGVGGPMLLYPLVRSKWDNRTSVVLPAEGEIFYLVALLRFTLPYPKGPSVEKLVSQNH
EIIQLCVERSFDFKLYLPHYKTQDEWKRHFGNQWQRFVERKASFDPMAILAPGQKIFGRIPLS

>c227 PoRR3
MATDGVLSRCWRSEKVEGFNFSSSPDDGEEVHVLAVDDSLVDRKVIERLLRISSCKVTAVDSGIR
ALQFLGLDEEKSSSTGLKVDLITDYCMPGMTGYELLKKIKESSTFREVPVVIMSSENVMTRIDRC
LEEGAEDFIVKPVKLSDVKRLKDYMTARELRPQKDDATNKILNVNKRKTRESCDDFSLSSTSSVS
PSSTSSLSLSSQSSPSPSPSPSPSPPSLSPSPSMLLSSSAPCSPSSLESPTRRLKRTSSEYAVHDIYPSI

>c1761 PoRR4
MARNGVLSQRWRSEKLEGLSFSSSLDDDVEEEVHVLAVDDSFVDRKVIERMLRISSCKVTAVDS
GRSALQFLGLDKDNSSCIGLKVDLIITDYCMPGMTGYELLKKIKESSNFREIPVVIMSSENVMARI
NRCLEEGAKDFIVKPVKLSDVKRLRDYMSARELRVKREEITKHNNSKSINIYFNKRSKSRGSCCD
DISLSSTSLSSRPSSSSALSASLSIVLSSSAPSSPSSG

>c36 PORR5
MAGEILQRGLPEGLGMCKGSSPSTAEELHVLAVDDSLVDRKVIERLLKISSCKVTAVDSGTRALQ
YLGLDGEKSSVGYNDLKVNLIMTDYSMPGMTGYELLKKIKGSSAFREIPVVVMSSENVLARIDR
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CLEEGAEEFLVKPVKLSDVKRLKEFIMRAEGEETIERINRKREREDDALSLSSSSLSPSPPLPSSEQP
VSSTLCFSKRPRYERTE

>c1441 PoRR6
MTTANRNFRLGSLEEVGVRNGSFTSGDEELHVLAVDDSLVDRRVIERLLKISSCKVTAVDSGSRA
LQYLGLDGEKNSVGFNDSKVNLIMTDYSMPGMTGYELLKKIKGSSKFKEVPVVVMSSEKILTRI
DRCLEEGAEEFLVKPVKLADVKRLLKEFITKGETEQTVRSMNRKRERHGDAFSLLLPSAA

>c72 PoRR8
MTATIMSMASETQFHVLAVDDSLIDRKLIERLLKTSSYHVTAVDSGSKALEFLGLNREVDSDSSP
PSVSTEEENHHQDIDVNLIITDYCMPGMTGYDLLRK
IKESKSFKDIPVVIMSSENVPSRINRCLQEGAEEFFLKPVQLSDVNKLKPHLLKGKAKEDQSYNNI
NKRKGTEEINSPDKTRTRFNDNLEVV

>c2947 PORRY
MTIAAGSQFHVLAVDDSIIDRKLIERLLKTSSYQVTAVDSGNKALQFLGLYEDDQSNPDRLSVSP
NSHQEVDVNLITDYCMPGMTGYDLLKKVKESSSLRNIPVVIMSSENVPSRITRCLEEGAEEFFLK
PVRLSDLNRLTTHIMKAKAQSQKQEKQENVQETVERSEVDVDVGIQSQQVLEPPQMPSQPCISN
DSKRKTREEEEEEEEGLSPDRTRRLRCNDIATFV

>c971 PoRR16a
MDAVAVVGSCSSKDKVFMGDFGSEPPHVLAVDDNLIDRKLVEKLLKNSSCKVTTAENGLRALE
YLGLGNDNKESIEDSVSKVNLIITDYCMPGMTGYELLKRIKESSMMREVPVVIMSSENIPTRINKC
LKEGAQMFMLKPLKQSDVAKLRCDVLNCRG

>c1555 PoRR16b
MAWSSSSSSSSSSSSSSPSRGIDFDEKPHVLAVDDSLIDRKVIERLLINSACKVTTAENGKKALEFL
GLADGKSSKNTDLKVNMIITDYCMPEMTGYELLKRIKESPSMKEVPVVVVSSENIPIRIKQCLEEG
AREFLLKPLGPSDVTKLRCQIKKLKNPCQGMLRRGR

>c18 PoRR17a
MEVKPGAEETQLKQEVKEEQQQQQEERFHVLAVDDSLIDRKLLERLLRVSSFQVTCVESGDKAL
EYLGLLDDMKNASSPASLFSSPSPEQEEMKVNLIMTDYCMPGMSGYDLLKKVKGSLWKDVPVV
IMSSENIPSRISMCLEEGAEEFLLKPLQLSDVEKLQPHLLKSQKCSCNGNGKDSKSNNNITKRKAN
LAETTERRPKLKEVTVI

>c1785 PoRR17b
MEVEAGAGAGAGAGDAQIQQKRQAEEQEEKHFHVLAVDDSLIDRKLLERLLRVSSYQVTCVDS
GDKALEYLGLLDNLDTDSSSSSSCSSPSPQQEDIKVNLIMTDYCMPGISGYDLLKRIKESPWKDIP
VVIMSSENIPSRISMCLEGGAEEFLLKPLQLSDVEKLQSHLLKTQNYSCKRIDDNLSDGSSNGSKN
DSNIIKRKAILTEPSEKRLKLQGLADSQGSHYVVIANDGDNGILSEVYTEVGTTSRGKQVANAYV
NPRSSRRVVTLPRKLKDYVTDLPVRKELAGSYNNQ

>c10971 PoRR1
MNLNNGSVSTGGGRKAGGDVVSDQFPAGLRVLVVDDDPTCLMILEKMLKTCLYEVTKCNRAE
VALSLLRENKNGYDVVISDVHMPDMDGFKLLEHIGLEMDLPVIMMSADDGKNVVMKGVTHGA
CDYLIKPVRIEALRNIWQHVVRKRKNEMKDLEQSGSVEEGDRQQKLSEDADY SSSANEGSWKN
PKRRKDEEEDVEERDDTSTLKKPRVVWSVELHQQFVAAVNQLGIDKAVPKKILELMNVPGLTRE
NVASHLOKYRLYLRRLSGVSQHPNNLSGSFMGTQEAAYGPLASLNGLDLQTIAATGQLPAQSLA
TIQAAGLGRPTTKTRLPMPIVDQRNLFSFENPKLRYGEGQQQHFNGKPMNLLHGIPTTMEPKQLA
NLHQSSHSLASMNMNMQVNPLGSQGGQSGSLLMQISQPQARGQILNETIGNHVPRLPSSIGQPM
MSNAINGMVLARNALAEDVRGTRNCPVPQSSSMMNFPLNSSAELSGNSFPLGSNPGICSLASKG
GFQDEDNSDIKVSGGFIPSYDIFNELHQQKSNDWELQNPGLAFNASQRPDSLQTNLDTGSSNLPQ
FGFSPVQSNGDNRNVSSMVKQIFSTGDATEHVNVQSSGQYVNGYFADNSVRVKAERVSDSNYQ
TNLFNAAQFGQEDLMSSLLKQQQGGIEPAETEFDFDGYSVDNIPV

>c404+¢20499 PORR2

MSGFPPVASNVNSASSSSKGAGANSSSGASNYACIVASAGVTVPENFPVGLRVLLVEDDRASLKI
AEQLLRGCLYKVTSCAKAKIALNILSENRESFDVVLSAVHMHEMDGFELLKYVLKMGLPLVMM
SSDCSTNTVMRGIMNGACDYLSKPLLEQELKNIWQHVIRKKLVNGNKELEHSRSLEDNDQHKQE
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NDDVKNASSVTDGALKCQKRKRNAKEEDDELEGDLLSTSKKPRVVWSLDLHQHFIDAVDKLGV
DKAVPKRILELMNIPGITRENVASHLQKYRIYLKKQNADQQQRGSSKAFCGSLDSNVKPNPLGR
YNMEALSAFNQIHPQTLAMLPAENLGRPTGGIVTMMDQPVLVQSSLQAPKYIPIEHGLAFAQPLE
QCQTNISEKSFPQNMASVEEISKDYVVWSSDAFGTFGPSTNQGDITNPHSNRSMDILKQQQQHRQ
LNHSQEPSSITEHNHPLTLHPSCLTSQSPVYFQTGNGSASMNHNSSYNRNVAMDY SFLSPIPYDSP
MNIFQLQDGDFKAPGVVSAY SAPFSISPTALSYSVNADSGNLPQFQNPTTSIGAARQVLGVTPTDS
GIQGSYGTNSGEVIDPGSLMTIGLNAATSIPGQLTTEQFQSQIDFDHGKIYLDSNGNQVKSEKNVQ
LLQHIPATDRSVSQIK

>c54 PORR10
MTVEQGKGEARDQFPVGLRVLAVDDDPTCLLLLETLLRRCQYHVTATKQAITALKMLRENKNK
FDLVISDVHMPDMDGFKLLELVGLEMDLPVIMLSGNSDPKLVMKGISHGACDYLLKPVRIEELK
NIWQHVIRRRKYDKGDRNSVDNQDKSHSGTADATSDQKLNKKRKDQDEDEDEDRDENGHESE
DPTSQKKPRVVWSVELHRKFVAAVNQLGIDKAVPKKILDLMNVEKLTRENVASHLQKYRLYLK
RISTVANQQANMVAALGSADGSYLQMNPMNGVGLHNLVGHGQFQNAPFRTLPTSGMLGRLNS
STGLGKRGLPSPSVIPLGHAPPAGQPDINQSHFQPTINTGYSGNVIQGIQMSLELDQLQYNKGVSY
IREMPNHIDDSPAFAVSRGFSDVKISVGSSNGPFLGVPNKPLLLGTDSGGAQDAQKFGKQPSIGVA
SIESGFPSYFPDHGRCDGMWSTLHPGDVRDSMSAMALQSRGNLSDVSSIPSLPTHLEDSKTDVRC
QVASNNGNYGHMIHNDCTGWDDNRLDATYNSNAVCSSINIRIPLTGIGSPLDRSLDSTNGTFHRN
DGFNSTGLSNFFDPSLINHSEVVNSSGQTLLRSKEAYVVGQQRLQGSHVSNNFGSLEDMVNVMV
KQEKDQQQKSIEGDFDSGTYSLRTFI

>c1037_78 PoRR11a
MESSNGFSSPRNEAFNPAGLRVLVVDDDPTWLKILEKMLKKCSYEVTTCGLARDALNLLREKKD
GFDIVISDVYMPDMDGFKLLEHVGLEMDLPVIMMSVDGETSRVMKGVQHGACDYLLKPIRMKE
LRNIWQHVFRKKINEVRDIEILEGTDGFQMTRNGSDQSDDGHLFCGEDMTSAKKRKAIENKHDE

KEHGDGSNKKARVVWSVGLHQKFVNAVNQIGLDKVGPKKILDLMNVPWLTRENVASHLQKYR
LYLSRLQKENDPKTCSVKHSDSPSKDSPASYGIQNTQQNDVSKGSFVISGKKLLNQTANSRNHED
DGKGIFAVSVAEPKASLTVDIPHPRRPKNSHMEFVQSFTSPESEVNFAAYDPTFSQQYPWHGIAD

VQMKQELKPLHLDDGSSQVPFCSQQLHIQAECSQPAPSISSGTIKERGLVGPSRIKRSYDEYRSSTT
NLKVVEPISTSTFSIDSEGVNLHGIKETEIPKTNMNLSVSPSKPLDEEFKVCWVPGDCYPMNLAIPS
VTDFPEYFGPGLITDFPVQLNDASRFDYDNLYDPAEYPLTEQGLFIA

>c157 PoRR11b
MRSEEGKAVHRESQKDGVSEQDLRDNGFPVGLRVLLVEDSLLQLILEKMLLSCKYQVTTCQEA
AKALSILREHETRFDLVISDYDMPGLDGIQLLEKVASQLDLPFVIISAYDRQEIVSQGVLRGACDY
LIKPVRMESLEIIWQHVLRKRGIALKGIKRPRTADDDNLLHERKPALTSSADLKVPIEKVNPGTVV
ERSDVGHHEASGATAPRKRRLIWTDELHEKFVRAVKKLGHKNAVPQKILECMRKMNVPDDLSR
ENIASHLQKFRLNLQKMENQSQQMPRKHSASSSISRTMAFEKSPFLGGCSDQCCVINQFPGQYFT
TLQATRGPVALIDNDINFLPLDCQSTYYSQYMVPQPSFYPLNTSSSLEFLLEGTASQKITPIASPLL
AGDGEYWNDGYMAHHIQSLAGDVYGTNNDAQPQTIYDDNLMLYQQLMEVDLC

>c108 PoRR12
MTAEQGTGEGRDQFPVGLRVLAVDDDPTCLLLLETLLRRCQYHATTTSQAITALKMLRENRNRF
DLVISDVHMPDMDGFKLLELVGLEMDLPVIMLSANSDPKLVMKGITHGACDYLLKPVRIEELKN
IWQHVIRRKKHEKRDNCYVDNQDKPQSGTFEAIADQKLSKKRKDQNEDDDEDHDENGHENEDP
TSQKKPRVVWSVDLHRKFVAAVNQLGIDKAVPKKILDMMNVDKLTRENVASHLQKYRLYLKRI
STVANQQANMVAALGSTDASYLQMNPMNGFGLHSFTGHGKFQTTPFRTLPPGGMLGRLNSPAG
LGMHGLPSPGAIQLGHAATIGHSANSQSHFQTIVNPGNNGNILQGMQISLELDQLQSDKGFSDIRE
LPNHIDDTTVFPVSSGFSDVKISVSSSNAPFLHVPNKPPTLGGESQGGQEARKFGRQTSIGVTAIES
GFSSHFPDHGRCDGIWSNNVQSSGEHFNSFTLGDCFKQPTLQPGEIRDSMSAMALQSGGNLSNVS
SISSLPIHLLDYKADVQCQVASINGNPEQIAQSDCQGWDDNRLDAHYNSNAVCSTRNTIIPINGIG
SPIGQNLDTNNTNFHQATNSTSIEQPDFIDHSLMKHNHAGNPAIETLLRSNKAYMISRQKMQGNY
ASNNFGSLEDMVSAMVKQEQDKLKLTEGEFGSGTYPLRTCI

>c239 PoRR13

MGRGRVESARTLKTKTTILNIQILLVDDDPTSLSIVSAMLKRCSETVVTVKSPVDALAILRLQQKD
FDLVLTDLHMPQMNGLELQKQVDQEFKLPVIVMSSDDSENIISKSLEGGALYYIVKPVNPGDLKN
VWQYAVATKKGKSMVTKEIGGTQEASSSSSVEKMTGEEVNSASSVNEERSHKTDGKKRGKKRP
KEDHEEENNAAAPKKAKVVWTNSLHNRFLQAINHIGLEKAVPKRILEFMNVPGLSRENVASHLQ
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KYRIFLKRVAEKSTTSLSKTLPERAMRSSFASGHPLFTFKHAEQDNPQLSGQLGRTSLHPGFGRNL
MVGGSSSFSPMLIPNQQVPGDNSIPQPQFSHGMSQSY GNPSKFQPSILGNLNSPHQANQASFSWR
NGGMPCGRVNVPNGLHDSNSLQEMYAQQNQGRTNFGNPSRFMFTPAATGSRDSNYIPSIGNEGF
VSSDYRLANANRIYGGIQMNVEGAPAGQEQTPFYRTELSSGLNGGYGMTNLIQNNSMNVAPRE
NGEFQSLAQGASFAGFNGGNHFPPSFSAINQGNNSMLPPPAAQQDIHVASDYSPQVQNNLPTWG
GISDQQQIGQTDLDDILLGPASQVTPGQVLGPSQVTPSQKQIGGLQLNAKFPNSSHHEEVNTPLGE
LLNNTDFMSSFCAEDNTLWNEQAPSQACD

>c32 PoRR14
MVASQRVASSLSTSASSYGCSKDAGADVSVPEQFPAGLRVLVVDDDTTCLRILEQMLRRCLYHV
TTCSQATVALDLLRERKGCFDMVLSDVHMPDMDGFKLLELVGLEMDLPVIMMSADGRTSAVM
RGIKHGACDYLIKPIREEELKNIWQHVIRKKRNETKEFEHSGSLGDNDRQKRGNDDVDNASSAN
EGTEGASKCQKKRSNVKEEEEEELENDDPSTSKKPRVVWSVELHQQFVSAVNQLGIDKAVPKRI
LELMNVPGLTRENVASHLQKFRLYLKRLSGVAQQGGMSTTFCGPLDSNAKLNPLGRFDIQALAA
SGHIPPQTLAALHAELLGQTTGNVMTGLDQPALLQASVQAPKCIPIEHGVAFGQPLVKSPSNISKS
FPONMASAEEVAKGFGAWSSNNLSTAGPSGNLGGISTQHSNMLMDILQQQQHRHLQLAQQPSS
LPEPSRSISVQPSCLVVPSLSSVCFQTGETSASMNQLSNFNRSAAMDYSLLSTHSNNSSINIGLLSD
GDLKTKVVVDGYSAPSSVSPSVSSCSVNADNGVTQQVQVQIQSPTISGGPTRQLHGLVPNICGIQ
GSYGTKSGEVLNQGPLGNPGLNRGTSTLSPFAVGQFESPLTNLSNGKIYAEINANKVKQEPSMEFI
NNARVAIPVSQQFPPSDIMGIFTE

>c739 PoRR18a
MGVEGQRGGGSGNEDKFPVGMRVLAVDDDPICLKVLDNLLRKCQYHVTTTNQSLKALKMLRE
NRDTYDLVISDVNMPDMDGFKLLELVGLEMDLPVIMLSAHSDKELVYKGVTHGAVDYLLKPVR
IEELKNIWQHVVRRKKWQPKDQKGSDYQEQDCEETGEGVAAAASTCSADQSGKGCRKRKDQD
EDEEDGEENENENEEPGTQKKPRVVWSVELHRKFVAAVNQLSLDKAVPKKILDLMNVEGLTRE
NVASHLQKYRLYLKRLSNAASQQANMVAVFGSKDSSYLRMGPFDGFGDFRSFSGSGRLSGSSLS
SYSTGGMLGRLNSSSGLGLRGISSSGLLQPAHSQLSSTKTSLGKIHPVSLSANSSTNLFQGNPSSLE
HHQLQSKSWAIGEFNRNDDAVGFTLASSFPDARLNFGGLGNRVPIASGNPLMLQDRTQQIQGKG
AFATQSSVGLPTLNHDTLDVGVHGSSNLRDHSRCNENWQSAVQLSTFPSNTLPLDETFCHDPISS
TNLKNNISSNSSHIGNSPVEFSTSSVRTIPLENSRLDMQGQAVMTANAVQNMNHTSKQRWEEHS
QGYNANVNDSFGTMNSLIPGNGFMGSLSHVMDQRRKFDASMMSQLSSSPSTIHHPDAENSGMD
PKLRTGEEGLPDQTKLPNGLVQNSYDALDDIMNAMMKRYV

>c7945 PoRR18b
MSVEGQRAGCSGDEDKFPVGMRVLAVDDDPVCLKVLETLLRRCQYHVTTTNQSLKALKILREN
RSKYDLVISDVNMPDMDGFKLLELVGLEMDLPVIMLSTHGDKEFVYKGVTHGAVDYLLKPVRI
EELKNIWQHVVRRNKLQSEDHNMSANQEQGGEETVKGVPAAGSVSTADRSEKGCRKRKDQDE
EREESEENEEAGNQKKPRVVWSAELHMKFLAAVDQLGFEKAVPKKVLDLMNVEGLTRENVAS
HLOKYRLYLRRIRNEASQKANMVAAFGTRDSYYLPKGSLDGY LSSFSGPGSLWSSSLSSYSTGD
MLGGLNDSSGITLSGISSPGLLQPAHSQLSSSATSFGKIQHNFLSANQDTNLFPGMSSLLQDHIHQ
QSKSCTPIGECNFSDDAAGFTLASSSADAKVSIGSSINGVSSGSCNLLMLQGSAQSSDLLDHSTCS
RNWQGGAYLSTFPSNTPPLNVPFRHDPLSSTNFKDNASPNSSHIGDSPIDFSPSCALTVPVENSRV
DLSSQSSLVGNVVPNVNYLSKLGEQEHGQVYDPSFNNSFGTMNSLISGNGLVGSLSHDLDVSQL
SSSSSFFHHLDPEKSDTDLKPMVGDECHLEDFTQNNHDSMDDMMNVMMKREHNDMMLEDGEF
GLDAYSLESCL

>c1287 PORR21
MATDMAVSVEILENTETFPTGFRIMIVDSDLTSLAITSTMLRRQSY IVTIAKLATDAIDIVRKRANE
LDLILTEARLPDMNGCELLEIGKISALPVVVLSAEYDESAMLGSLLRGAEFYLVKPISGCDVKRL
WQFSYPKKGEPTLSIERINSSHQVESPEENRSSEASERGTYSSTDEQSEENGERNTVEKEKPEEDN
PTLTISKKPKLVWTNELQRRFLGAVWLLGLDEAQPKKILKLMKVPGLTKENISSHLQKHRLKVR
RQREAKKKIVITNSKHPSTSTSSSQSAKTSHFLNPELLMTMHQQGLGKNFNDPISLPGFVSGNFPM
HLDSHHNDFPMPTIEENLNDPMSTRGFGSGHFTVHLDSNQSNVPSLPPQSYQPYSDHDGSNIYPQ
GFLMQRMSLPSGVPHSSACTGNCLQQQFQMPQLSPLHLPSFQEQESFTHIHNHHSQEFLAQRTSL
PNAVPHNLSTSIGNYNHQQQLQTPQLSPPPIPPPQEQETNELFDVKGGGVDDIFDFLNKPTQQPDD
EGNHNDPNGHFHSGFGNSLASLPSLHS
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Sequéncias proteicas dos genes relacionados ao metabolismo e resposta a

giberelina em formato fasta

>c213 GA20x2
MVVLSQLTLDQFSLIKSCKPGGLFSGIPVIDLKDPEAKTLMVKACEEFGFFKLVNHGVPLEFMIKL
EALAANFFNLPQSEKNKVGPPDPFGYGNKRIGPNGDVGWIEYLLLNTKPQLTFQESLSVFQDNPE
IFRSAVEDYVTAVKNMTFEVLELMADGLGIAPRNALSRMLRDEKSDSCFRLNYYPPCPELQALS
GRSLIGFGEHTDPQIISVLRSNNTAGLQICLRDGTWVSVPPDQTSFFINVGDVLQVMTNGRFRSVK
HRVLTATKKSPRLSMIYFGGPPLHERIAPLPSLVNKGERIVYKEFTWGDYKKSVYKSKLADYRLG
LFEQNTEQ

>c307 GA20x3
MVVLSQPAILDQFSLIKSCRPSGLFSGIPVIDMKKPEAKSLIVKACEEFGFFKLVNHGVPLEFMIKL
EALAANFFNLPQSEKDKAGPPDPFGYGSKRIGPNGDVGWIEYLLLNTNSQVTSHKTLSIFQDNPE
NFRSAVEDYISAAKRMTFEVLELMADGLGIEPRNVLSRMLRDEKSDSCFRLNYYPPYPEMQALS
GRNLIGFGEHTDPQIISVLRSNNTTGLQICLKDGTWVSVPPDQTSFFINVGDALQVMTNGRFRSVK
HRVLAGMKKSRISMIYFGGPPLDEKIAPLPSLAIKGEESLYKEFTWCEYKKSAYKSRLADYRLGM
FEKATGK

>c397 GA20x4a
MVVASPTPIRSERIQAIELPVIDLSGERPKVSSLIVKACEEYGFFKVINHGVPQDIIAKLEQESISFFA
KSFMEKEQAGPATPFGYGCKNIGFNGDFGEVEYLLLDTKPHSIGQRFETISNDPKKFSSAVHGYIE
AVRLLACELLDLMAEGLWVPDTSVFSNLIMDADSDSILRLNHYPPMPVLCKDKDSSPSYSSNKV
GFGEHSDPQILTILRSNDVGGLQISLNNGVWVPVTPDPTAFCVNVGDVLQAMTNGRFVSVRHKA
LTNSYKSRLSMAYFAAPPPHARISAPSDAVSPPTPSLYRPFTWAEFKKAAYSLRLGDSRLDLFRM
QNDGNVA

>c2737 GA20x4b
MVVASPTPIRNDKIQAIELPVIDLSGERSKVSSMIVKACEEYGFFKVINHGVPQETIAKLDQESISFF
SRSFREKEQAGPACPFGYGCKNIGFNGDCGEVEYLLLNANPHSIAQRSKNISSEPRKLRSAVCGY
VEAVRVLACELLDLMAEGLWVPDTSVFSKLIMDMESDSILRINHYPPMPLLCKDKDKDSASYNC
NRVGFGEHSDPQILTILRSNDVGGLQISLNNGLWVPVPPDSTAFCINVGDVLQLQAMTNGRFVSV
RHKALTNSNKSRLSMAYFAAPPLHAKISAPADIVSPLRPSMYRPFTWGEFKKATYSLRLGDSRLH
LFRLQADENEG

>c1937 GA20x6a
MVVPPPTPIRTMKHKALGLPTIDLSLNRSTVSELIVKACEDYGFFRVVNHGVKMEVTARLEEEGA
EFFAKPASEKQRAGPASPFGYGCKNIGFNGDAGDVEYLLLHTDALSVSERSKAISNDPEKFSSAA
NDYIHAVKELACEILDLAAEGLWVQDKDALSRLIRDVHSDSVVRLNHYPAAKEMMDGDSSTKR
IGFGEHSDPQILTVLRSNDVAGLEICLHDGVWFPVPPDPTAFYVLVGDLLEVLTNGRFTSVRHRA
LPSFLKSRLSMIYFGAPPLNTWISPLPEMVSPQCPRQYKPFTWSDYKKAAYSLRLGDTRIELFRIC
DK

>c2547 GA20x6b
MVVPSPTHIRTKKTKALGIPTVDLSLNRSTVSELIVKACGEYGFFRVVNHGIKTEVTARLEDEGTE
FFAKSAMEKQRAGTATSFGYGCKNIGLNGDMGEIEYLLLHTNPHSISERSKTISNNPTKFSCVVN
DYIQEVRELACEILDLAAEGLWVQDKHAFSRLIRDVQSDSVIRINHYPSVKEAMDWDPSPKRIGF
GEHSDPQIVTILRSNDVPGLEICMHDGLWVSVPPDPTAFYVLVGDVLEVLTNGRFPSVRHRAMA
NSRRSRMSMMYFGAPPLNARISPHPEMVSSGSPILY KAFTWSDYKKAAYALRLGDTRLDFFKIPN

Q

>c4764 GA20x7

MAVNPPFQDACKILTKDSYAKDDKFFVVQECDLPIINLSRLTLGQKERDSCMKELAEAAREWGFF
QVINHGVPREVLKRMLRKQKKVFHQPFKKKVDYKFLNLPGTSYRWGNPKAACLSQFSWSEAFH
IPVTDISRMKEYENLRSAIQAFTKAAAILAQSLAESLARQLGVRTRFFAENCAPSNSYLRMNRYPP
CPLSSIVYGLVPHTDSAFLSILYEDQVGGLQLRKNGTWLSVRPNPDALIINIGDLFQAFSNDAYKSI
EHRVVASREVERFTVAYFYCPANDAVVQSCRKPAVYRKFSFKEYRQQILKDIEATGDKVGLSRFLN

>c271 GA20x8
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MEEKPEVEECPLPLIDLKHLSSGDDTERATCAAAICSASAEWGFFQVVNHGISPQILGKMRKEQV
KLFQTPYQTKASCGLLDNSYRWGNPTATSQHHFSWSEAFHFPLTKISDQTCYGHEFTSLRDVLVE
FAAAMSRLARLLAGILAENLGHPREAFGNVCHENNCFLRLNRYPACPISSDIFGLIPHTDSDFLTIL
HQDQVGGLQLLKDSKWVAVKPNQEALIVNIGDLFQAWSNDVYKSVEHKVIANTVRERYSIAYF
LCPSHDSLIGSSREPSIYRKFTFGEYRTQVQEDVKRNGHKIGLPRFLL

>c2081 GA3ox1
MPSRLSDAFRAHPVNIHQKHLDFTSLQELPDSFKWTQLDDHPSGDLLISESVPVVDLLHPNALQN
IGSACKTWGVFQVVNHGIPSSLLDSIESTSKSLFSLPIHQKLKAVRSPDGVSGY GFARISSFFSKLM
WSEGFTIVGSPLEHFRQLWPHDFSQLCDIIEEYEKQMQKLAGRLMWLMLASLGISKEDLNWACP
KAESRHGSAALQMNYYPVCPDPDKAMGLAAHTDSTLLTILYQNSTSGLQVLKEGTGWVTVPPIP
GGLVINVGDLLHILSNGLYPSVLHRAVVNRTKQRLSVAYLYGPPSSVQISPLSKLVGPSQPPLYRS
VTWNEYLGTKAKHFNKALSCVRVCALLNGLVYDVNDNNRVKVG

>c2205 GA30x2
MPSRLNEVFRAHPVHIHQKHLDFASLREVPDSFKWTQPDEPPSGGESFVSESVPIIDLLHPNAVEN
IGYACKTWGVFQVTNHGVPTSLLDGIESTSKSLFSLPINQKLRAARSADGVSGYGFARISSFFSKL
MWSEGFTIAGSPVEHFRQLWPQDY SKFCAIIEEYEQEMQKLAGNLMWLMLDSLGISKEDLSWA
GPKHSKGEPKEGRAALQFNYYPACPDPDKAMGLAAHTDSTLLTILYQNGISGLQVLREGTGWVT
VPPIKGGLVINVGDLLHILSNGLYPSVLHRAVVNRTKQRLSIAYLYGPPSCVKISPLSKLVGPSQPP
LYRSVTWNEYLGTKAEHFDKALSKWTLVDVNDQNRVEVG

>c585 GA30x3
MASISESYKNSPISIDHIIPMDFKNVLKLPTSHTWTPSPTLSSPSSCESVPIIDLAHPHALALIRKASE
EWGMFQVTNHGIPTNLLTDVELQARKLFELPASQKLLAVRSPEGIAGYGKAHISPLFPKQMWQE
GFTMVGSPAQHARLLWPHDQEHIRFCNVMEEYQKAIKALSERIIGLMLKSLGLTQDDAKWLKST
SASKTSQALLQLNSYPVCPDPGHAIGFAAHTDSSMVTLLYQGNITGLQVLGKNGIWVPVQPLPG
ALVVNVGDLMHIISNGRFKSALHQAVVNQTHHRISVAYFYGPPRDAKVSPSTKLVDADHPQLYR
PVTWKDYLDAKKTYFNKALEFIKYDSCDKGMQ

>c102 GA30x5
MGTTFSEESNNDLHPLHPHHAIPLDFHSVQTLPDSHIWPKFGDSEQSDDLLCVPLIDLRFPDAADQ
IERACETWGVFQVINHGVPLNLLQEVEAEARSLFSLPLGQKLKASRLPNSVAGYGIAPISPFFNKC
MWHEGFTIRGSPVDHARRLWPQNYRSFCDVIEDYQKKMKELAKTLVHTVLKFVGISEEGINRLL
STEGASTALQLNSYPLCPDPNRAMGLAPHMDTSLVTILHQSGTRGLQIFKEGVGWVGVRPINGAL
VVNVGDFLHILSNARFPSVLHRVVMKETKQRLSVAYFFSPPSDFLVSPLGLNSGHIPKYRSISVGEY
LRIKANNPETALSQIRI

>c239 GA200x1
MAVDCTKTIPSMAAYHQHPKDDRQEGRNQLVFDAKVLRHQQNIPQQFIWPEDEKPCANVPELQ
VPLIDLGDFLSGDPVAAREASRLVGEACEKHGFFLVVNHGVDKTLIADAHRYMDNFFELPLCVK
QKARRKLGESCGYASSFTGRFSSKLPWKETLSFCYSAEDNSSRHIQEYFHNTMGEEFEEFGQVYQ
DYCESMSTLSLGIMELLGMSLGVSRAYFREFFEENESIMRLNYYPPCLKPDLTLGTGPHCDPTSLTI
LHQODQVGGLQVFVDNEWRSINPNFDAFVVNIGDTFMALSNGKYKSCLHRAVVNSESPRKSLAFF
LCPRNDKMVTPPGELVDTCNPRVYPDFTWPTLLEFTQKHYRADMKTLEMFAKWLQQREVE

>c6521 GA200x2
MAIECMRTMSSIAAHHQHPTVERHDDRKQLVFDAKVLSHQTNIPQQFIWPDDERPRPNAPEFQV
PLIDLGNFLSGDPAAAKEASSLVGEACQKHGFFLVVNHGVDKTLVTDAHRHMDKFFELPLCEKQ
KARRKLGESYGYASSFTRRFSSKLPWKETLSFRHSAEKNSRLIRDYFHDTMGEDFEEFGRVHQEY
CEAMSTLSLGIMELLGMSLGVSKLHFREFFEDNDSIMRLNYYPPCLKPDLTLGTGPHCDPTSLTIL
HQDQVGGLQVFADNEWRAISPNFDAFVINIGDTFMALSNGRYKSCLHRAVVNSETPRKSLAFFL
CPRNDKLVTPPTELVDAYNPRAYPDFTWPSLLEFTQKHYRADMKTLEMFTDWLQKSAE

>c555 GA200x3
MGPMPAEQPLSFDALFLQKETNIPSQYIWPDHEKPCRDLPDLALPSIDFGSFLQGDPSVVSRTTQLI
EEACKKHGFFLLVNHGVDSRLIAKAHEY MDKFFDMNLSDKQRFQRKVGEPWGYASSFTGRFFS
KLPWKETLSFRFCGDKQSNTVEEYFLNVMGEEFEEFGKVYQQYCDAMNTLSLGILELLGLSLGV
GREYFRDFYDGNDSAMRLNYYPLCQKPDLTLGTGPHCDPTSLTILHQDQVCGLQVFTDEKWYS
VNPDPNAFVINIGDTFVALTNGIFKSCLHRAVVNNTKARKSLAFFLSPRMDKVVKPPNALVYDSKN
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PRLYPDFTWKDLLEFTQKHYRADTKTLEVFSAFLEQENETLRLRKVASEDNERDSETRDKGNSK
TSK

>c137 GA200x4
MTHPERPLVFDASILEHQANIPSQFVWPDHEKPCFEAPELAILSVDIGSFLHGEPSAVSQATQLVN
EACKKHGMFLAVNHGVHSKLIAKAHEYMDRFFRMKLSEKQRAQRKIGEYCGYASSFTGRFSSK
LPWKETLSFRYCPDKESSNIVQEYFLDVLGEEYEEFGKVYQEYCDAMNSLSLGIMELLGLSLGVG
QEYLRDFFEGNDSSMRLNYYPPCQKPDLTLGTGPHCDPTSLTILHQDGVSGLQVFFDEKWHSVR
PDPEVFVVNIGDTLMALSNGIFKSCLHRAVVSKRIVRKSLAFFLSPSMDKVVKPPSDLVDSKNPR
AYPDFTWRRLLEFTQKHYRADMKTLEVFFTWLQQPTAQMLPNIHISVGEGK

>c321 GA200x5
MDSTGVSVFDNSLLQKQPELPKAFIWPKGDLVGNQDELNEPLIDLEEFLNGGEEGTARAADLVR
AACMNHGFFQVTNHGVDASLVRAAHQEIDSIFTLPLGKKLSARREPGSVWGYSGAHADRYDSK
LPWKETFSIAYRGSDSCQLAVIDYIKSVLGEELEHTGWVYQRYSEAMKKLSLVIFELLAISLGVD
RLHYRKFFEDGTSIMRCNYYPPCNNCNLTLGTGPHCDPTSITILHQDQVGGLEVFANNKWQAVR
PRPDAFVINIGDTFMALSNGRYKSCLHRAVVNREKERRSLVFFVSPKEEKVVRPPHDLVGREGPR
KYPDFRWSDLLEFTQKHYRADVATLQSFIHWLLSSKPSNLYLPS

>c3304 GID1a
MAGGNEVNLNESKMVVPLNTWVLISNFKLAYNLLRRPDGTFNRHLAEFLDRKVPANANPVYDGV
FSFDVIIDRGTSLLSRIYRQTDGEDLRPTIVDLEKPVNSEVVPVIIFFHGGSFAHSSANSAIYDTLCR
RLVGICKAVVISVNYRRAPENRYPCAYDDGWTALKWATSRSWLKSKKDTKVHLYLAGDSSGG
NIVHNVALKAVESGIEILGNILLNPMFGGQERTESEKRLDGKYFVTIQDRDWYWRAFLPEGEDK
DHPACNPFGPKGKSLEGVNFPRSLVVVAGLDLTODWQMAYVEGLKKAGQNVKLLYMEQATIG
FYLLPNNNHFHTLMDEIREFVSSNC

>c110 GID1b1
MAGSNEVNLNESKRVVPLNTWVLISNFKLAYNLLRRPDGSFNRDLAEFLDRKVPANIIPVDGVFS
FDHVDRATGLLNRVYQPAPENEGQWGMMDLENPLSSTEVVPVIIFFHGGSFTHSSANSAIYDTFC
RRLVSICKVVVVSVNYRRSPEYRYPCAYDDGWTALKWVKSRTWLQSGKDSKVHVYLAGDSSG
GNIAHHVAVMAAEAEIEVLGNILLHPMFGGQERTESEKKLDGKYFVTIQDRDWYWRAYLPDGE
GRDHPACNIFGPRSKSLKGLQFPKSLVVVAGFDLVQDWQLAYVEGLEKADHQVKLLYLEQATI
GFYFLPNNNHFYCLMEEIKSFVSSNC

>c1489 GID1b2
MAGSNGVNLSESKRVVPLNTWVLISNFKLAYNLLRRPDGSFNRDLAEFLDRKVPANIIPVDGVFS
FDHVDRATGLLNRVYEPAPKSETRWGTVELEKPLSTTEVVPVIIFFHGGSFTHSSANSAIYDTFCRR
LVSICKVVVVSVNYRRSPEYRYPCAYDDGWTALKWVKSRTWLQSGKDSKVHVYLAGDSSGGNI
AHHVAVKAAEAEIEVLGNILLHPMFGGQERTESEKRLDGKYFVTIQODRDWYWRAYLPDGEDRD
HPACNIFGPRTKSLRDLKFPKSLVVVAGFDLVQDWQLAYVEGLQKADHEVKLLHLEQATIGFYFL
PNNDHFYCLMDEINTFVNCNC

>c41 DELLA1
MKRELEKKINQPDTSPSMATPAADNGKAKIWEEETRPADGGMDELLAFCGYMVRSADMSEVAL
KLEQIEEIMGHAQEDGLSQLAFDTVHYNPSDMSSFLENIRSGLNLNPNFDSVSQPSSVDNSFLAPA
ESSTITSLDFTDKTEYGLFDESSALDYDLKAIPGKAVFSQQQRQQTQFVDSCVREPKRLKASSTEL
YPTSTPSSSSSNTIGSSVGTDSTRSVVLVDSQENGIRLVHLLMACAESVQENKLDVADALVKKIGL
LAVSQAGAMRKVATFFAEALACRIYRVVPONSIDLPLSDILOMHFYETCPYLKFAHFTANQAILE
AFEGKKRVHVIDFSMNQGMQWPALMQALAVRPGGPPVFRLTGIGPPAHDNSDRLODVGWKLA
QLAEAIHVEFEYRGFVANSLADLDASMLELRPTEFESLAVNSIFALHTLLARPGAVEKVLSVVKR
MQPEIVTVVEQEANHNGPIFLDRFNESLHYYSTLFDSLEASSSTQDKVMSEVY LGKQICNVVACE
GVDRVERHETLSQWRTRFDSAGFVPVHIGSNAFKQASMLLDIFSGGEGYSVEENNGCLMLGWH
TRPLIATSAWRQAGKPGTAH

>c957 DELLA2
MKRDHRETRGGTGYDSTTNNNHMNSKVESSSMASSSMSQSKLWLEEEQDAGMDELLAVLGYK
IKSSEMADVAQKLEQLEMVMGTAQEDGISHLSCDTVHYNPSDLSGWVQSMLSELHGAPSCDLD
MLHANQDSILGNSSSITSIDFSNPQSQAKIFTDDSEYDLRAIPGVAAFPRAEFEAENSANRKRIKPN
PNPSPSSSTASPTTTATTELSSTTLPETTRPVVLVDSQETGIRLVHTLLACAEAVQQDNFKLADTL
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VKHIGLLAASQAGAMRKVATYFAEALARRIYKIYPQDPLDPSYSDTLEMHFYETCPYLKFAHFT
ANQAILEAFADANRVHVIDFSLKQGMQWPALMQALALRPGGPPAFRLTGIGPPQPDNQDTLQQV
GWKLAQLAQTIGVEFEFRGFVANSLADLEPGMLDIRPPEVEVVAVNSVFELHRLLGRSGGIDKVL
TSVKAMKPKIVTVVEQEASHNGPVFLDRFTEALHYYSSLFDSLEGSGLAPPSEDLVMSELYLGRQ
ICNVVACEGYDRVERHETLTQWRTRLESTGFDPVHLGSNAYKQASMLLALFGGVDGYRVEENN
GCLMLCWHTRPLIATSAWQLAAVGA

>c1041 DELLA3
MKREHPKLQPQQDSSSTIAAPADEKAKMWEEAAVQAEGGMDELLAVLGYQVRSSDMAEVALK
LEQLEEVMGHTQEDGLSHLASETVHYNPADLSSWLGSMLSEFNPNPSFDSVSQQNSLDNSFLAP
AESSTITSLNFADKTRCGLFEESSASDYDLKVIPGKAICTQQELTHVVDSAVREPKRLKPSNAESY
PTPAPSSSSSSNAVDSSFGTVSTTESTRPVVLVDSQENGIRLVHLLMACAEAVQENRLNIAEALVK
QIGFLAVSQAGAMRKVATYFAEALARRIYRLLPPNSIDNPLSDILQMHFYETCPYLQFAHFTANQ
AILEAFEGKKRIHVIDFSMNQGMQWPALMQALALRPGGPPAFRLTGIGPPAHDNSDHLQEVGWK
LAQLAETFHVEFEYRGFVANSLADLDASMLELRPTEFEPVAVNSIFELHKLLARTDAMEKVLSV
VKRIKPEIVTIVEQEANHNGPVFLDRFTESLHYYSTLFDSMEGSESSQDKIMSEVYLGNQICNVVA
CEGADRVERHETLDQWKARLRSAGFEPVHLGSNAFNQASMLLAHFAVGEGYRVEENNGCLML
GWHTRPLIATSAWRLAGKSVVAH

>c1997 DELLAS
MKREHQAILGGTGYTSTTNTLIGREAESSSMASGSMGKGKSWVEEEQDAGMDELLAVLGYKVK
SSDMADVAQKLEQLEMVMGTAQEDGISHLSCDTIHYNPADLSGWVQSMLSELNGTPSCDLDML
LTSQDSVLGNSSEITTIDYSDPQLPAKVFADDSEYDLRAIPGAAAYSQTDFDVENSTNRKRIKPNL
KETASPSSSSTLATTATTATTATTPLPGTTLTETRPVLLIDSQETGVRLVHALLACAEAVQQDNLK
LADTLVKHIGLLAASQAGAMRKVATYFAEALTRKIYKFCPQNCLDPSYSDTLEMHFYETCPYLK
FAHFTANQAILEAFADCNRVHVIDFSLKQGMQWPALMQALALRPGGPPAFRLTGIGPPQPNNRD
TLQQVGWKLAQLAQTIGLEFEFRGFLANSLADLEPGMLDLRSPQVETVAVNSVFEMHRLLGRSG
GIDKVLSSVKAMKPKIVTIVEQEANHNGPVFLDRFTEALHYYSSLFDSLEGSGLAPSSQDLVMSE
LYLGRQICNVVACEGGDRVERHETLTQWRTRMESSGFDPVHLGSNAFKQASMLLALFAGGDGY
RVEENNGCLMLGWHTRPLIATSAWQLTDVDSL
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ANEXOS

o , ~
COORDENADORIA DE POS-GRADUACAQ
é"" INSTITUTO DE BIOLOGIA \‘
= "0 Universidade Estadual de Campinas ®

f‘.\ Caixa Postal 6109. 13083-970, Campinas, SP, Brasil (‘

UNICAMP Fone (19) 3521-6378. email: cpgib@unicamp.br

DECLARACAO

Em observancia ao §5° do Artigo 1° da Informacdo CCPG-UNICAMP/001/15,
referente a Bioética e Biosseguranga, declaro que o conteido de minha
Tese de Doutorado, intitulada “Efeitos dos horménios vegetais citocinina e
giberelina na transicdo de fases em Passiflora spp. (Passifloraceae)’,
desenvolvida no Programa de P6s-Graduagdo em Biologia Vegetal do Instituto de
Biologia da Unicamp, ndo versa sobre pesquisa envolvendo seres humanos,

animais ou temas afetos a Biosseguranca.

Assinatura: __ Noixa fusstn Zonwis Baxleno
Nome do(a) aluno(a): Naira Costa Soares Barbosa

Assinatura: !
Nome do(a) orientador(a): Marcelo Carnier Dornelas

Data: 08 de dezembro de 2021



Declaragao

As copias de artigos de minha autoria ou de minha co-autoria, j& publicados ou
submetidos para publicagéo em revistas cientificas ou anais de congressos sujeitos a
arbitragem, que constam da minha Dissertagdo/Tese de Mestrado/Doutorado, intitulada
Efeitos dos horménios vegetais citocinina e giberelina na transigdo de fases em
Passiflora spp. (Passifloraceae), ndo infringem os dispositivos da Lei n.° 9.610/98, nem
o direito autoral de qualquer editora.

Campinas, 08 de dezembro de 2021

Assinatura : __ Noiw fuidd. doostie Boxbwend,

Nome do(a) autor(a): Naira Costa Soares Barbosa
RG n.° 63110329-6

Assinatura : C%MEQ

Nome do(a) orientador(a): Marcelo Carnier Dornelas
RG n.° 453817
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