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RESUMO 

 

As plantas possuem três 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 transição da fase juvenil para a adulta vegetativa 

necessita de melhor compreensão, principalmente em nível molecular. Grande parte dos 

estudos de transições de fases realizados foram com a espécie modelo Arabidopsis 

thaliana, mas há necessidade de entender como estes processos ocorrem em outras 

espécies. As espécies do gênero Passiflora são ótimos modelos para estudos de 

desenvolvimento vegetal, pois há diferenças morfológicas evidentes entre as plantas nas 

fases juvenil, adulta vegetativa e adulta reprodutiva. Em Passiflora não há 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 fitormônios influenciam diretamente o desenvolvimento 

vegetal, sobretudo as citocininas e as giberelinas. No presente estudo tivemos como 

objetivos: a) avaliar a influência da aplicação exógena de citocinina e giberelina em P. 

organensis durante a transição da fase juvenil para a fase adulta vegetativa; b) 

identificar e caracterizar possíveis ortólogos de genes envolvidos no metabolismo, 

sinalização e resposta a citocininas e giberelinas em Passiflora; e c) caracterizar o 

padrão de expressão dos genes relacionados a giberelinas. A aplicação de citocinina 

reprimiu o desenvolvimento das gavinhas, estimulou o desenvolvimento de ramos 

vegetativos a partir dos meristemas axilares, além de causar alterações morfológicas nas 

folhas, como desenvolvimento de lobos e deformidades, quando em doses mais altas. 

Por outro lado, a aplicação de giberelina estimulou o desenvolvimento precoce de 

gavinhas, crescimento acelerado das plantas e alterações morfológicas das folhas que 

apresentaram características adultas precocemente. Foram caracterizados os genes 

relacionados a síntese, degradação e resposta a citocininas e giberelinas. A maior parte 

dos ortólogos de P. organensis apresentou grande similaridade das sequências com 

outras espécies, sugerindo similaridade funcional. Analisamos a expressão de genes 

relacionados a síntese, catabolismo e resposta a giberelinas em plantas de P. edulis 

submetidas a aplicações de giberelina exógena, GA3, e também em plantas submetidas a 

aplicações de paclobutrazol. As expressões dos genes tiveram alterações no sentido de 

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



 

resultados obtidos poderão ser aplicados para futuros estudos de melhoramento genético 

tanto em espécies do gênero 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, GA3, 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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INTRODUÇÃO GERAL 

 

Estudos de transição de fases em vegetais possuem grande importância científica 

e econômica, pois o desenvolvimento de flores e posteriormente de frutos depende da 

mudança da fase vegetativa para a fase reprodutiva. Do ponto de vista comercial, 

entender os fatores que afetam o tempo e a duração 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 estágio vegetativo 

(Matsoukas et al. 2014; Lawrence et al. 2021a). Portanto, a compreensão de como a 

mudança da fase vegetativa é regulada fornece uma base para a manipulação de 

características de interesse agronômico. 

O ciclo de vida das plantas é dividido em três fases distintas em seu 

desenvolvimento pós-embrionário: juvenil, adulta vegetativa e adulta reprodutiva 

(Poethig 1990). O que diferencia cada fase são os órgãos 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 após a 

fertilização (Bartrina et al. 2011). Antes de se tornarem competentes para florescer e se 

reproduzir, as plantas passam por um período de crescimento vegetativo, subdividido 

em fase juvenil e fase adulta vegetativa (Huijser e Schmid 2011). Esta transição nem 

sempre implica em alterações morfológicas evidentes, embora as alterações moleculares 

observadas possuam um padrão de desenvolvimento que se aplica aos vegetais em geral 

(Poethig 1990).  Quando presentes, as alterações morfológicas mais visíveis entre a fase 

juvenil e a adulta vegetativa são mudanças 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 transição da fase adulta vegetativa para a adulta reprodutiva, 

o meristema apical caulinar vegetativo torna-se um meristema de inflorescência e há 

produção de meristemas florais (Huijser e Schmid 2011).  

A transição da fase adulta vegetativa para a reprodutiva tem sido analisada em 

diversas espécies, tanto sob nível morfológico como molecular, buscando compreender 

os 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 

transição da fase juvenil para a adulta vegetativa foi menos estudada, embora mais 
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recentemente estejam sendo realizados estudos para buscar compreendê-la (Poethig 

2010; Ahsan et al. 2019; Manuela e Xu 2020; Lawrence et al. 2021b; Gioppato e 

Dornelas 2021), considerando a importância desta transição para a definição da 

estrutura da planta. 

Análises moleculares em diferentes espécies permitiram a identificação de 

diversos genes que participam da regulação das transições de fases em vegetais 

(Amasino e Michaels 2010; Mouradov et al. 2002; Srikanth e Schmid 2011). Na 

transição 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 transição da fase 

juvenil para a adulta vegetativa está associada a uma queda nos níveis de miR156 e um 

aumento nos de miR172 nas folhas (Ahsan et al. 2019; Manuela e Xu 2020).  

Há diversas vias metabólicas e de sinalização dos genes relacionados às 

transições que são influenciadas por fatores ambientais, como fotoperíodo e 

temperatura, e endógenos, como concentração de fitormônios e açúcares (Amasino e 

Michaels 2010; Mouradov et al. 2002; Srikanth e Schmid 2011). Dentre estes fatores, a 

concentração dos fitormônios possui papel de destaque que vem sendo estudado em 

várias 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 antagônicos na transição para a fase reprodutiva, induzindo o florescimento em 

diversas espécies, como Arabidopsis thaliana (Blázquez et al. 1998; Bao et al. 2020), 

rabanete (Raphanus sativus L.) (Jung et al. 2020) e crisântemo (Chrysanthemum 

morifolium) (Dong et al. 2017) e reprimindo em várias outras como maracujá 

(Passiflora edulis) (Nave et al. 2010), pinhão manso (Jatropha curcas L.) (Li et al. 

2018), e árvores frutíferas tais como manga (Mangifera indica L.) (Nakagawa et al. 

2012), maçã (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 

estão relacionadas à regulação dos meristemas e à indução do florescimento (Krajnčič 

1983; Eshghi e Tafazoli 2007; D’Aloia et al. 2011). Foi demonstrado que esta classe de 

fitormônios regula o tamanho e a atividade dos meristemas de inflorescência em A. 

thaliana (Bartrina et al. 2011), através da ativação 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 fitormônios, GAs e CKs, atuam na decisão 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 

gênero é objeto de estudo do presente trabalho, na qual o florescimento foi inibido pela 

aplicação de GA3 (Sobol et al. 2014), mas estimulado pela aplicação 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, há necessidade de se 

utilizar outras espécies modelos para estudos de transição de fases, que tenham, por 

exemplo, outras estruturas como as gavinhas, que não estão presentes em A. thaliana, e 

assim se possa ter uma compreensão mais clara de como esse processo ocorre nos 

vegetais em geral. As plantas da família Passifloraceae, conhecidas popularmente como 

maracujás, são consideradas excelentes modelos para estudos de desenvolvimento, pois 

algumas delas apresentam uma clara diferenciação morfológica entre as três fases do 

desenvolvimento (Nave et al. 2010; Cutri et al. 2013; Fernandes et al. 2020). A família 

possui cerca de 932 espécies e 36 gêneros (The Plant List 2020) com distribuição 

pantropical (Souza e Lorenzi 2012).  

Pertencente à ordem Malpighiales (APG III 2009), Passifloraceae inclui 

trepadeiras ou lianas com gavinhas axilares (Judd et al. 2009). O monofiletismo do 

grupo é bem sustentado pela presença 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, há cerca de 166 espécies de Passifloraceae aceitas, sendo 90 

endêmicas (Bernacci et al. 2020). São plantas com caule lenhoso e lignificado na base, 

porém herbáceo e pouco lignificado no ápice (Kluge 1998). As folhas apresentam 

grande diversidade morfológica, podendo ser simples, lobadas ou digitadas, com bordos 

lisos ou serreados, alternas e espiraladas, e, em geral, há nectários no pecíolo (Kluge 

1998; Judd et al. 2009). As flores são hermafroditas, diclamídeas e axilares (Kluge 

1998; Judd et al. 2009). O cálice e a corola são pentâmeros, geralmente apresentam 

cinco estames, dispostos em um pedúnculo junto com o gineceu, constituindo o 

androginóforo que com a corona são as características mais marcantes da família (Judd 

et al. 2009).  
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Há duas tribos dentro de Passifloraceae: Paropsieae e Passifloreae, sendo que 

apenas a segunda ocorre no Brasil (Wilde 1971; 1974; Escobar 1988). Os quatro 

gêneros que ocorrem no Brasil são: Ancistrothyrsus Harms, Dilkea Mast., Mitostemma 

Mast. e Passiflora L. (Wilde 1971; Bernacci et al. 2020). O gênero Passiflora é o mais 

numeroso, com cerca de 560 espécies (Krosnick et al. 2013), sendo a maioria originária 

da América Tropical (Oliveira e Ruggieiro 2005). Este possui cinco subgêneros: 

Astrophea, Decaloba, Passiflora, Deidamioides (Wilde 1974; Cervi 2006) e 

Tetrapathea (Krosnick et al. 2009).  

Os dois subgêneros mais diversificados são Passiflora e Decaloba com 250 e 

230 espécies, respectivamente (Porter-Utley 2014). O subgênero Passiflora contém as 

espécies de maior interesse econômico, sendo utilizadas na alimentação, como P. edulis 

(maracujá-amarelo) (Meletti e Maia 1999) e P. alata (maracujá doce) (Alves et al. 

2012) e na indústria farmacêutica, como P. alata (Figueiredo et al. 2016) e P. incarnata 

(Miroddi et al. 2013). Este subgênero inclui trepadeiras herbáceas e lianas, com flores 

grandes e coloridas (Ulmer e MacDougal 2004). O subgênero Decaloba, por sua vez, 

contém pequenas trepadeiras e arbustos (Ulmer e MacDougal 2004), com 

inflorescências 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, subgênero Decaloba, por ter o genoma totalmente sequenciado 

pelo nosso grupo de pesquisa (Costa et al. in press) e apresentar uma clara diferenciação 

entre as três fases do desenvolvimento. O epíteto específico organensis, referese ao 

local de coleta do exemplar-tipo, na Serra dos Órgãos, município de Teresópolis, Rio de 

Janeiro (Milward-de-Azevedo e Baumgratz 2004). P. organensis está distribuída 

geograficamente nas Regiões Sudeste e Sul do Brasil, geralmente em Floresta 

Ombrófila Densa (Mondin et al. 2011), ocorrendo nos estados de Minas Gerais, Espírito 

Santo, Rio de Janeiro, São Paulo, Paraná, Santa Catarina e Rio Grande do Sul 

(Milward-de-Azevedo e Baumgratz 2004). O florescimento ocorre nos meses de verão 

(Mondin et al. 2011). 

As espécies do gênero Passiflora, em geral, não apresentam gavinhas na fase 

juvenil (Cutri et al. 2013). O surgimento das gavinhas a partir dos meristemas presentes 

nas axilas das folhas marca o início da fase adulta vegetativa (Nave et al. 2010; Cutri et 

al. 2013). Posteriomente, os 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 botões florais se desenvolvem, estes são formados lado a lado com as 

gavinhas (Ulmer e MacDougal 2004; Nave et al. 2010; Cutri et al. 2013).  

Essa plasticidade ontogênica do meristema axilar, que pode originar estruturas 

distintas, pode ser modulada por fatores ambientais como fotoperíodo e temperatura, ou 

endógenos, como concentração de fitormônios (Cutri et al. 2013). Compreender como 

funcionam os mecanismos moleculares que regulam as transições de fases possibilita a 

sua manipulação, havendo diversas implicações científicas e na produção vegetal 

(Matsoukas et al. 2014). 

Em algumas espécies do gênero, além do surgimento de gavinhas e flores, com a 

mudança de fases ocorrem também alterações morfológicas nas folhas (Chitwood e 

Otoni 2017). Em P. edulis, por exemplo, as folhas juvenis são lanceoladas, enquanto as 

folhas da fase adulta são trilobadas (Figura 1) (Ulmer e MacDougal 2004; Fernandes et 

al. 2020).  

 

Figura 1. Diferenças morfológicas em Passiflora edulis nas diferentes fases do 

desenvolvimento. A. Folha juvenil lanceolada. B. Folha adulta trilobada. Barra: 1cm. Fotos: 

Naíra 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). 

 

 

Figura 2. Diferenças morfológicas 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 nectários 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 

coloração acinzentada, e na fase adulta perdem essa mancha e surgem nectários 

extraflorais na face adaxial (Figura 3) (Ulmer e MacDougal 2004; Brasileiro 2014; 

Chitwood e Otoni 2017). Além disso, suas folhas possuem grande plasticidade 

morfológica, 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. Diferenças morfológicas 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 os 

nectários extraflorais (setas vermelhas). D. Folha adulta face abaxial com os nectários 

extraflorais (setas vermelhas). Barra: 1cm. Fotos: Naíra C. S. Barbosa. 

 

 

Com este estudo, buscamos compreender como os fitormônios citocinina e 

giberelina regulam a transição da fase juvenil para a adulta vegetativa, utilizando como 

modelo a espécie P. organensis. O presente trabalho foi dividido em quatro capítulos. O 

Capítulo I é um artigo de revisão já publicado (Barbosa e Dornelas 2021) no qual 

resumimos como CKs e GAs atuam durante as transições de fase em plantas modelo e 

em algumas espécies tropicais, sobretudo em Passiflora spp., analisando seus 

mecanismos moleculares de ação e as vias metabólicas nas quais interferem. No 

Capítulo II, analisamos as alterações morfológicas na transição juvenil para adulta 

vegetativa causadas por aplicações de CKs e GAs em Passiflora organensis. Para 

analisar como a concentração destes fitormônios influencia a expressão dos genes 

relacionados ao seu controle em Passiflora spp., identificamos e caracterizamos, no 

Capítulo III, os ortólogos dos principais genes relacionados à biossíntese, ao 

catabolismo, à sinalização e à resposta a CKs e GAs em P. organensis. E por fim, no 

Capítulo IV, analisamos o padrão de expressão de alguns destes ortólogos identificados, 

em plantas de P. edulis submetidas a aplicações de GAs, para compreender a interação 

entre aplicações exógenas e a regulação dos genes de metabolismo e resposta de 

giberelinas. 

Estas informações ajudarão a elucidar a transição 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 produção 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 à seguinte pergunta: 

 

Como as citocininas e giberelinas influenciam na transição da fase juvenil 

para a adulta vegetativa em espécies de Passiflora nos níveis morfológico e 

molecular? 

 

Objetivos específicos: 

 

● Analisar os efeitos dos fitormônios citocinina e giberelina nas transições de fases 

em vegetais em geral, focando nas interações moleculares entre estas classes de 

fitormônios. 

● Avaliar a influência das aplicações de citocinina e giberelina na morfologia de 

plantas de P. organensis durante a transição de fase juvenil para adulta 

vegetativa. 

● Identificar os ortólogos de genes responsáveis pelo controle hormonal (de 

citocininas e giberelinas) no genoma de P. organensis. 

● Observar os efeitos de diferentes concentrações de giberelina exógena na 

expressão dos genes candidatos identificados - relacionados ao metabolismo e 

resposta a giberelinas - em plantas de P. edulis. 
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CAPÍTULO 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). 

GAs 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; Blázquez et al. 1998; Mutasa-Göttgens and Hedden 2009; Duclos and Björkman 

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 (Krajnčič 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 

et al. 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: APETALA1; 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; 



26 
 

Duclos and Björkman 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 (Blázquez 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) 

(Andrés 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 APETALA1 (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-Göttgens and Hedden 2009). Over 100 naturally 

occurring gibberellin molecules were identified, although only four are bioactiv ities: 
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GA1, GA3, GA4 and GA7 (Yamaguchi 2008). The bio synthesis of GAs takes place in 

three stages: entkaurene bio synthesis in chloroplasts, conversion of entkaurene in GA12 

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 GA20OXIDASES (GA20OX) and GA3OXIDASESs catalyze the last step 

of activation, while the deactivation is cata lyzed by GA2OXIDASES (GA2OX) 

(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 SCF
GID2/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; Galvão 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-Göttgens 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 (Blázquez et al. 1997, 1998, see also Fig. 2). Both 

genes are necessary for flower formation in Arabidopsis (Weigel et al. 1992; Blázquez 

et al. 1997, 1998). Accordingly, lfy ap1 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). 

 



29 
 

 

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 GA20OX2. 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 GA2OX4 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 

GA20OX2 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; Tarkowská 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 AHK3 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).  

 

 

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 

GA2OX (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 DELLAs act as transcriptional repressors, ARR/DELLA complexes 

generally relocate to the promoter of the target genes, inducing their expression (Marín-

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 I 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 GA20OX and stimulating GA2OX) 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). 

 

 

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. 

 

References 

Ahsan MU, Hayward A, Irihimovitch V, Fletcher S, Tanurdzic M, Pocock A, Beveridge 

CA, Mitter N (2019) Juvenility and vegetative phase transition in 

tropical/subtropical tree crops. Front Plant Sci 10: 729. 

https://doi.org/10.3389/fpls.2019.00729 

Aida M, Ishida T, Fukaki H, Fujisawa H, Tasaka M (1997) Genes in volved in organ 

separation in Arabidopsis: an analysis of the cup shaped cotyledon mutant. Plant 

Cell 9(6):841–857. https://doi.org/ 10.1105/tpc.9.6.841 

Amasino RM, Michaels SD (2010) The timing of flowering. Plant Physiol 154(2):516–

520. https://doi.org/10.1104/pp.110.161653 

An LJ, Jin L, Yang CQ, Li TH (2008) Effect and functional mechanism of the action of 

exogenous gibberellin on flowering of peach. Agric Sci China 7(11):1324–1332. 

https://doi.org/10.1016/s16712927(08)601819 

Andrés F, Porri A, Torti S, Mateos J, Romera-Branchat M, García-Martínez JL, 

Coupland G (2014) SHORT VEGETATIVE PHASE reduces gibberellin 

biosynthesis at the Arabidopsis shoot apex to regulate the floral transition. Proc 

Natl Acad Sci 111(26):E2760– E2769. https://doi.org/10.1073/Proc Natl Acad 

Sci.1409567111 

Araki T (2001) Transition from vegetative to reproductive phase. Curr Opin Plant Biol 

4(1):63–68. https://doi.org/10.1016/s13695266(00)001370 

Azarakhsh M, Kirienko AN, Zhukov VA, Lebedeva MA, Dolgikh EA, Lutova LA 

(2015) KNOTTED1LIKE HOMEOBOX 3: a new regulator of symbiotic nodule 

development. J Exp Bot 66(22):7181– 7195 

Bartrina I, Otto E, Strnad M, Werner T, Schmülling T (2011) Cytokinin regulates the 

activity of reproductive meristems flower organ size ovule formation and thus 

seed yield in Arabidopsis thaliana. Plant Cell 23(1):69–80. 

https://doi.org/10.1105/tpc.110.079079 

https://doi.org/10.3389/fpls.2019.00729
https://doi.org/10.1104/pp.110.161653
https://doi.org/10.1016/s16712927(08)601819
https://doi.org/10.1073/pnas.1409567111
https://doi.org/10.1073/pnas.1409567111
https://doi.org/10.1016/s13695266(00)001370


38 
 

Benlloch R, Berbel A, SerranoMislata A, Madueño F (2007) Floral initiation and 

inflorescence architecture: a comparative review. Ann Bot 100(3):659–676. 

https://doi.org/10.1093/aob/mcm146 

Bernier G (2013) My favourite flowering image: the role of cytokinin as a flowering 

signal. J Exp Bot 64(18):5795–5799. https://doi.org/10. 1093/jxb/err114 

Bhargava A, Clabaugh I, TO JP, Maxwell BB, Chiang YH, Schaller GE, Kieber JJ 

(2013) Identification of cytokininresponsive genes using microarray 

metaanalysis and RNASeq in Arabidopsis. Plant Physiol 162(1):272–294. 

https://doi.org/10.1104/pp.113.217026 

Blázquez MA, Soowal LN, Lee I, Weigel D (1997) LEAFY expression and flower 

initiation in Arabidopsis. Development 124(19):3835– 3844 

Blázquez MA, Green R, Nilsson O, Sussman MR, Weigel D (1998) Gibberellins 

promote flowering of Arabidopsis by activating the LEAFY promoter. Plant Cell 

10(5):791–800. https://doi.org/10. 1105/tpc.10.5.791 

Briones-Moreno A, Hernández-García J, Vargas-Chávez C, Romero Campero FJ, 

Romero JM, Valverde F, Blázquez MA (2017) Evolutionary analysis of 

DELLAassociated transcriptional net works. Front Plant Sci 8:626 

Calonje M, Cubas P, Martínez-Zapater JM, Carmona MJ (2004) Floral meristem 

identity genes are expressed during tendril development in grapevine. Plant 

Physiol 135(3):1491–1501. https://doi.org/10. 1104/pp.104.040832 

Carmona MJ, Chaib J, Martinez-Zapater JM, Thomas MR (2008) A molecular genetic 

perspective of reproductive development in grapevine. J Exp Bot 59(10):2579–

2596. https://doi.org/10.1093/ jxb/ern160 

Chayut N, Sobol S, Nave N, Samach A (2014) Shielding flowers devel oping under 

stress: translating theory to field application. Plants 3(3):304–323. 

https://doi.org/10.3390/plants3030304 

Chen CM (1997) Cytokinin biosynthesis and interconversion. Physiol Plant 

101(4):665–673. https://doi.org/10.1111/j.13993054.1997. tb01051.x 

Conti L (2017) Hormonal control of the floral transition: can one catch them all? Dev 

Biol 430(2):288–301. https://doi.org/10.1016/j.ydbio. 2017.03.024 

Crane O, Halaly T, Pang X, Lavee S, Perl A, Vankova R, Or E (2012) 

Cytokinininduced VvTFL1A expression may be involved in the control of 

grapevine fruitfulness. Planta 235(1):181–192. https:// 

doi.org/10.1007/s0042501114976 

Cutri L, Nave N, Ami MB, Chayut N, Samach A, Dornelas MC (2013) Evolutionary 

genetic environmental and hormonalinduced plastic ity in the fate of organs 

arising from axillary meristems in Passiflora spp. Mech Dev 130(1):61–69. 

https://doi.org/10.1016/j.mod.2012.05.006 

D’Aloia M, Bonhomme D, Bouché F, Tamseddak K, Ormenese S, Torti S, Périlleux C 

(2011) Cytokinin promotes flowering of Arabidopsis via transcriptional 

https://doi.org/10.1093/aob/mcm146
https://doi.org/10.%201093/jxb/err114
https://doi.org/10.1104/pp.113.217026
https://doi.org/10.%201105/tpc.10.5.791
https://doi.org/10.%201104/pp.104.040832
https://doi.org/10.3390/plants3030304
https://doi.org/10.1111/j.13993054.1997.%20tb01051
https://doi.org/10.1016/j.mod.2012.05.006


39 
 

activation of the FT paralogue TSF. Plant J 65(6): 972–979. 

https://doi.org/10.1111/j.1365313X.2011.04482.x 

Davenport TL (2007) Reproductive physiology of mango. Braz J Plant Physiol 

19(4):363–376. https://doi.org/10.1590/S167704202007000400007 

De Dios EA, Delaye L, Simpson J (2019) Transcriptome analysis of bolting in A. 

tequilana reveals roles for florigen, MADS, fructans, and gibberellins. BMC 

Genomics 20(1):473. https://doi.org/10. 1186/s1286401958089 

Dolgikh AV, Kirienko AN, Tikhonovich IA, Foo E, Dolgikh EA (2019) The DELLA 

proteins influence the expression of cytokinin biosyn thesis and response genes 

during nodulation. Front Plant Sci 10:432. 

https://doi.org/10.3389/fpls.2019.00432 

Duclos DV, Björkman T (2015) Gibberellin control of reproductive tran sitions in 

Brassica oleracea curd development. J Am Soc Hortic Sci 140(1):57–67. 

https://doi.org/10.21273/JASHS.140.1.57 

Eshed Y, Lippman ZB (2019) Revolutions in agriculture chart a coursresee for targeted 

breeding of old and new crops. Science 366(6466):eaax0025. 

https://doi.org/10.1126/science.aax0025 

Eshghi S, Tafazoli E (2007) Possible role of cytokinins in flower induc tion in 

strawberry. Am J Plant Physiol 2(2):167–174. https://doi.org/ 

10.3923/ajpp.2007.167.174 

Evans MM, Poethig RS (1995) Gibberellins promote vegetative phase change and 

reproductive maturity in maize. Plant Physiol 108(2): 475–487. 

https://doi.org/10.1104/pp.108.2.475 

Galvão VC, Horrer D, Küttner F, Schmid M (2012) Spatial control of flowering by 

DELLA proteins in Arabidopsis thaliana. Development 139(21):4072–4082. 

https://doi.org/10.1242/dev.080879 

Gan Y, Yu H, Peng J, Broun P (2007) Genetic and molecular regulation by DELLA 

proteins of trichome development in Arabidopsis. Plant Physiol 145(3):1031–

1042. https://doi.org/10.1104/pp.107.104794  

Goldberg-Moeller R, Shalom L, Shlizerman L, Samuels S, Zur N, Ophir R, Blumwald 

E, Sadka A (2013) Effects of gibberelin treatment during flowering induction 

period on global gene expression and the transcription of flowering-control 

genes in Citrus buds. Plant Sci 198:46–57. 

https://doi.org/10.1016/j.plantsci.2012.09.012 

Gordon SP, Chickarmane VS, Ohno C, Meyerowitz EM (2009) Multiple feedback loops 

through cytokinin signaling control stem cell number within the Arabidopsis 

shoot meristem. Proc Natl Acad Sci 106(38):16529–16534. 

https://doi.org/10.1073/Proc Natl Acad Sci.0908122106 

Greb T, Clarenz O, Schäfer E, Müller D, Herrero R, Schmitz G, Theres K (2003) 

Molecular analysis of the LATERAL SUPPRESSOR gene in Arabidopsis 

reveals a conserved control mechanism for axillary meristem formation. Genes 

Dev 17(9):1175–1187. https://doi.org/ 10.1101/gad.260703 

https://doi.org/10.1111/j.1365313X.2011.04482.x
https://doi.org/10.1590/S167704202007000400007
https://doi.org/10.3389/fpls.2019.00432
https://doi.org/10.21273/JASHS.140.1.57
https://doi.org/10.1126/science.aax0025
https://doi.org/10.1104/pp.108.2.475
https://doi.org/10.1242/dev.080879
https://doi.org/10.1104/pp.107.104794
https://doi.org/10.1016/j.plantsci.2012.09.012
https://doi.org/10.1073/pnas.0908122106


40 
 

Griffin AR, Whiteman P, Rudge T, Burgess IP, Moncur M (1993) Effect of 

paclobutrazol on flowerbud production and vegetative growth in two species of 

Eucalyptus. Can J For Res 23(4):640–647. https:// doi.org/10.1139/x93084 

Hake S, Smith HM, Holtan H, Magnani E, Mele G, Ramirez J (2004) The role of 

KNOX genes in plant development. Annu Rev Cell Dev Biol 20:125–151. 

https://doi.org/10.1146/annurev.cellbio.20.031803.093824 

Han Y, Yang H, Jiao Y (2014) Regulation of inflorescence architecture by cytokinins. 

Front Plant Sci 5:669. https://doi.org/10.3389/fpls.2014.00669 

Hasan O, Reid JB (1995) Reduction of generation time in Eucalyptus globulus. Plant 

Growth Regul 17:53–60. https://doi.org/10.1007/ BF00024495 

Hedden P, Kamiya Y (1997) Gibberellin biosynthesis: enzymes genes and their 

regulation. Annu Rev Plant Biol 48(1):431–460. 

https://doi.org/10.1146/annurev.arplant.48.1.431 

Hirano K, Ueguchi-Tanaka M, Matsuoka M (2008) GID1mediated gib berellin 

signaling in plants. Trends Plant Sci 13(4):192–199. https:// 

doi.org/10.1016/j.tplants.2008.02.005 

Howell SH, Lall S, Che P (2003) Cytokinins and shoot development. Trends Plant Sci 

8(9):453–459. https://doi.org/10.1016/S13601385(03)001912 

Huijser P, Schmid M (2011) The control of developmental phase transi tions in plants. 

Development 138(19):4117–4129. https://doi.org/10.1242/dev.063511 

Hyun Y, Richter R, Vincent C, MartinezGallegos R, Porri A, Coupland G (2016) 

Multilayered regulation of SPL15 and cooperation with SOC1 integrate 

endogenous flowering pathways at the Arabidopsis shoot meristem. Dev Cell 

37(3):254–266. https://doi.org/10.1016/j. devcel.2016.04.001 

Jameson PE, Clemens J (2019) Phase change and flowering in woody plants of the New 

Zealand flora. J Exp Bot 70(21):e688–e6495. https://doi.org/10.1093/jxb/erv472 

Jasinski S, Piazza P, Craft J, Hay A, Woolley L, Rieu I, Tsiantis M (2005) KNOX 

action in Arabidopsis is mediated by coordinate regulation of cytokinin and 

gibberellin activities. Curr Biol 15(17):1560–1565. 

https://doi.org/10.1016/j.cub.2005.07.023 

Kaufmann K, Nagasaki M, Jáuregui R (2010) Modelling the molecular interactions in 

the flower developmental network of Arabidopsis thaliana. In Silico Biology 

10(1,2):125–143 

Kieber JJ, Schaller GE (2018) Cytokinin signaling in plant development. Dev 

145(4):dev149344. https://doi.org/10.1242/dev.149344 

Kim DH, Doyle MR, Sung S, Amasino RM (2009) Vernalization: winter and the timing 

of flowering in plants. Annu Rev Cell Dev Biol 25: 277–299. 

https://doi.org/10.1146/annurev.cellbio.042308.113411 

https://doi.org/10.1146/annurev.cellbio.20.031803.093824
https://doi.org/10.1146/annurev.arplant.48.1.431
https://doi.org/10.1016/S13601385(03)001912
https://doi.org/10.1016/j.%20devcel.2016.04.001
https://doi.org/10.1093/jxb/erv472
https://doi.org/10.1016/j.cub.2005.07.023
https://doi.org/10.1242/dev.149344
https://doi.org/10.1146/annurev.cellbio.042308.113411


41 
 

Krajnčič B (1983) The effects of cytokinins on flowering in the long shortday plant 

Wolffia arrhiza (L.) Wimm. Z Pflanzenphysiol 112: 281–286. 

https://doi.org/10.1016/S0044328X(83)801421 

Laufs P, Peaucelle A, Morin H, Traas J (2004) MicroRNA regulation of the CUC genes 

is required for boundary size control in Arabidopsis meristems. Development 

131(17):4311–4322. https://doi.org/10. 1242/dev.01320 

Lee I, Amasino RM (1995) Effect of vernalization photoperiod and light quality on the 

flowering phenotype of Arabidopsis plants containing the FRIGIDA gene. Plant 

Physiol 108(1):157–162. https://doi.org/10.1104/pp.108.1.157 

Leibfried A, To JP, Busch W, Stehling S, Kehle A, Demar M, Lohmann JU (2005) 

WUSCHEL controls meristem function by direct regulation of 

cytokinininducible response regulators. Nature 438(7071): 1172–1175. 

https://doi.org/10.1038/nature04270 

Lenhard M, Jürgens G, Laux T (2002) The WUSCHEL and SHOOTMERISTEMLESS 

genes fulfil complementary roles in Arabidopsis shoot meristem regulation. 

Development 129(13): 3195–3206 

Li XG, Su YH, Zhao XY, Li W, Gao XQ, Zhang XS (2010) Cytokinin overproduction 

caused alteration of flower development is partially mediated by CUC2 and 

CUC3 in Arabidopsis. Gene 450(1–2):109– 120. 

https://doi.org/10.1016/j.gene.2009.11.003 

Li J, Pan BZ, Niu L, Chen MS, Tang M, Xu ZF (2018) Gibberellin inhibits floral 

initiation in the perennial Woody Plant Jatropha curcas. J Plant Growth Regul 

37(3):999–1006. https://doi.org/10. 1007/s0034401897978 

Looney NE, Pharis RP, Noma M (1985) Promotion of flowering in apple trees with 

gibberellin A4 and C3 epigibberellin A4. Planta 165(2): 292–294 

Marín-de la Rosa N, Pfeiffer A, Hill K, Locascio A, Bhalerao RP, Miskolczi P, 

Lohmann JU (2015) Genome wide binding site analy sis reveals transcriptional 

coactivation of cytokininresponsive genes by DELLA proteins. PLoS Genet 

11(7):e1005337. https:// doi.org/10.1371/journal.pgen.1005337 

Martins AO, NunesNesi A, Araújo WL, Fernie AR (2018) To bring flowers or do a 

runner: gibberellins make the decision. Mol Plant 11(1):4–6. 

https://doi.org/10.1016/j.molp.2017.12.005 

Mateos JL, Madrigal P, Tsuda K, Rawat V, Richter R, Romera-Branchat M, Coupland 

G (2015) Combinatorial activities of SHORT VEGETATIVE PHASE and 

FLOWERING LOCUS C define distinct modes of flowering regulation in 

Arabidopsis. Genome Biol 16(1):31. https://doi.org/10.1186/s1305901505971 

Matsoukas IG (2014) Attainment of reproductive competence phase tran sition and 

quantification of juvenility in mutant genetic screens. Front Plant Sci 5:32. 

https://doi.org/10.3389/fpls.2014.00032 

Miyawaki K, Tarkowski P, Matsumoto-Kitano M, Kato T, Sato S, Tarkowska D, 

Kakimoto T (2006) Roles of Arabidopsis ATP/ ADP isopentenyltransferases and 

https://doi.org/10.1016/S0044328X(83)801421
https://doi.org/10.%201242/dev.01320
https://doi.org/10.1104/pp.108.1.157
https://doi.org/10.1038/nature04270
https://doi.org/10.%201007/s00344-018-9797-8


42 
 

tRNA isopentenyltransferases in cytokinin biosynthesis. Proc Natl Acad Sci 

103(44):16598–16603. https://doi.org/10.1073/Proc Natl Acad Sci.0603522103 

Moncur MW, Hasan O (1994) Floral induction in Eucalyptus nitens. Tree Physiol 

14(11):1303–1312. https://doi.org/10.1093/treephys/14.11.1303 

Mouradov A, Cremer F, Coupland G (2002) Control of flowering time: interacting 

pathways as a basis for diversity. Plant cell 4 Suppl(Suppl):S111–S130. 

https://doi.org/10.1105/tpc.001362 

Murase K, Hirano Y, Sun TP, Hakoshima T (2008) Gibberellininduced DELLA 

recognition by the gibberellin receptor GID1. Nature 456(7221):459–463. 

https://doi.org/10.1038/nature07519 

Mutasa-Göttgens E, Hedden P (2009) Gibberellin as a factor in floral regulatory 

networks. J Exp Bot 60(7):1979–1989. https://doi.org/ 10.1093/jxb/erp040 

Nakajima M, Shimada A, Takashi Y, Kim YC, Park SH, Ueguchi-Tanaka M, Maeda T 

(2006) Identification and characterization of Arabidopsis gibberellin receptors. 

Plant J 46(5):880–889. https:// doi.org/10.1111/j.1365313X.2006.02748.x 

Nave N, Katz E, Chayut N, Gazit S, Samach A (2010) Flower develop ment in the 

passion fruit Passiflora edulis requires a photoperiod induced systemic 

grafttransmissible signal. Plant Cell Environ 33(12):2065–2083. 

https://doi.org/10.1111/j.13653040.2010.02206.x 

Ogawa M, Hanada A, Yamauchi Y, Kuwahara A, Kamiya Y, Yamaguchi S (2003) 

Gibberellin biosynthesis and response during Arabidopsis seed germination. 

Plant Cell 15(7):1591–1604. https://doi.org/10.1105/tpc.011650 

Olszewski N, Sun TP, Gubler F (2002) Gibberellin signaling: biosynthe sis catabolism 

and response pathways. Plant cell 14 Suppl(Suppl): S61–S80. 

https://doi.org/10.1105/tpc.010476 

Park J, Nguyen KT, Park E, Jeon JS, Choi G (2013) DELLA proteins and their 

interacting RING finger proteins repress gibberellin responses by binding to the 

promoters of a subset of gibberellinresponsive genes in Arabidopsis. Plant Cell 

25(3):927–943. https://doi.org/10. 1105/tpc.112.108951 

Poethig RS (2013) Vegetative phase change and shoot maturation in plants. Curr Top 

Dev Biol 105:125–152. https://doi.org/10.1016/ B9780123969682.000051 

Porri A, Torti S, Romera-Branchat M, Coupland G (2012) Spatially dis tinct regulatory 

roles for gibberellins in the promotion of flowering of Arabidopsis under long 

photoperiods. Development 139(12): 2198–2209. 

https://doi.org/10.1242/dev.077164 

Sakakibara H (2006) Cytokinins: activity biosynthesis and translocation. Annu Rev 

Plant Biol 57:431–449. https://doi.org/10.1146/annurev. 

arplant.57.032905.105231 

Sakakibara H (2010) Cytokinin biosynthesis and metabolism. In: Kamiya Y (ed) Plant 

hormones: versatile regulators of plant growth and development. Springer, 

Dordrecht, pp 95–114 



43 
 

Salazar-Garcia S, Lovatt CJ (2000) Use of GA3 to manipulate flowering and yield of 

‘Hass’ avocado. J Am Soc Hort Sci 125(1):25–30. 

https://doi.org/10.21273/JASHS.125.1.25 

Scorza LCT, HernandesLopes J, MelodePinna GFA, Dornelas MC (2017) Expression 

patterns of Passiflora edulis APETALA1/ FRUITFULL homologues shed light 

onto tendril and corona identi ties. Evodevo 8:3. 

https://doi.org/10.1186/s132270170066x 

Simon R, Igeño MI, Coupland G (1996) Activation of floral meristem identity genes in 

Arabidopsis. Nature 384(6604):59–62. https://doi. org/10.1038/384059a0 

Sobol S, Chayut N, Nave N, Kafle D, Hegele M, Kaminetsky R, Samach A (2014) 

Genetic variation in yield under hot ambient temperatures spotlights a role for 

cytokinin in protection of developing floral primordial. Plant Cell Environ 

37(3):643–657. https://doi.org/10. 1111/pce.12184 

Srikanth A, Schmid M (2011) Regulation of flowering time: all roads lead to Rome. 

Cell Mol Life Sci 68(12):2013–2037. https://doi.org/10. 1007/s000180110673y 

Subbaraj AK, Funnell KA, Woolley DJ (2010) Dormancy and flowering are regulated 

by the reciprocal interaction between cytokinin and gibberellin in Zantedeschia. 

J Plant Growth Regul 29(4):487–499. https://doi.org/10.1007/s0034401091601 

Tan FC, Swain SM (2006) Genetics of flower initiation and development in annual and 

perennial plants. Physiol Plant 128(1):8–17. https:// 

doi.org/10.1111/j.13993054.2006.00724.x 

Tarkowská D, Filek M, Krekule J, BiesagaKościelniak J, Marciñska I, 

PopielarskaKonieczna M, Strnad M (2019) The dynamics of cytokinin changes 

after grafting of vegetative apices on flowering rapeseed plants. Plants 8(4):78. 

https://doi.org/10.3390/plants8040078 

Telfer A, Bollman KM, Poethig RS (1997) Phase change and the regu lation of 

trichome distribution in Arabidopsis thaliana. Dev 124(3): 645–654 

Tenreira T, Lange MJP, Lange T, Bres C, Labadie M, Monfort A, Denoyes B (2017) A 

specific gibberellin 20-oxidase dictates the flowering-runnering decision in 

diploid strawberry. Plant Cell 29(9):2168–2182. 

https://doi.org/10.1105/tpc.16.00949 

Ueguchi-Tanaka M, Nakajima M, Motoyuki A, Matsuoka M (2007) Gibberellin 

receptor and its role in gibberellin signaling in plants. Annu Rev Plant Biol 

58:183–198. https://doi.org/10.1146/annurev. arplant.58.032806.103830 

Voogd C, Brian LA, Wang T, Allan AC, VarkonyiGasic E (2017) Three FT and 

multiple CEN and BFT genes regulate maturity flowering and vegetative 

phenology in kiwifruit. J Exp Bot 68(7):1539–1553. 

https://doi.org/10.1093/jxb/erx044 

Wagner D (2016) Making flowers at the right time. Dev Cell 37(3):208– 210. 

https://doi.org/10.1016/j.devcel.2016.04.021 



44 
 

Wang JW, Park MY, Wang LJ, Koo Y, Chen XY, Weigel D, Poethig RS (2011) 

MiRNA control of vegetative phase change in trees. PLoS Genet 7:e1002012. 

https://doi.org/10.1371/journal.pgen.1002012 

Weigel D, Alvarez J, Smyth DR, Yanofsky MF, Meyerowitz EM (1992) LEAFY 

controls floral meristem identity in Arabidopsis. Cell 69(5): 843–859. 

https://doi.org/10.1016/00928674(92)90295N 

Weiss D, Ori N (2007) Mechanisms of cross talk between gibberellin and other 

hormones. Plant Physiol 144(3):1240–1246. https://doi.org/ 

10.1104/pp.107.100370 

Wilkie JD, Sedgley M, Olesen T (2008) Regulation of floral initiation in horticultural 

trees. J Exp Bot 59(12):3215–3228. https://doi.org/10. 1093/jxb/ern188 

Wu G, Park MY, Conway SR, Wang JW, Weigel D, Poethig RS (2009) The sequential 

action of miR156 and miR172 regulates developmental timing in Arabidopsis. 

Cell 138:750–759. https://doi. org/10.1016/j.cell.2009.06.031 

Wu L, Feng M, Jia Y, Li H, Liu Y, Jiang Y (2019) Involvement of cytokinin response 

regulator RhRR1 in the control of flowering. Acta Physiol Plant 41(7):121. 

https://doi.org/10.1007/s11738019 29030 

Yamaguchi S (2008) Gibberellin metabolism and its regulation. Annu Rev Plant Biol 

59:225–251. https://doi.org/10.1146/annurev.arplant.59.032607.092804 

Yamaguchi N, Winter CM, Wu MF, Kanno Y, Yamaguchi A, Seo M, Wagner D (2014) 

Gibberellin acts positively then negatively to con trol onset of flower formation 

in Arabidopsis. Science 344(6184): 638–641. 

https://doi.org/10.1126/science.1250498 

Yamburenko MV, Kieber JJ, Schaller GE (2017) Dynamic patterns of expression for 

genes regulating cytokinin metabolism and signaling during rice inflorescence 

development. PLoS One 12(4):e0176060. 

https://doi.org/10.1371/journal.pone.0176060 

Zhang QQ, Wang JG, Wang LY, Wang JF, Wang Q, Yu P, Fan M (2020) Gibberellin 

repression of axillary bud formation in Arabidopsis by modulation of 

DELLASPL9 complex activity. J Integr Plant Biol 62(4):421–432. 

https://doi.org/10.1111/jipb.12818 

Zotz G, Wilhelm K, Becker A (2011) Heteroblastya review. Bot Rev 77(2):109–151. 

https://doi.org/10.1007/s1222901090628 

 

https://doi.org/10.1126/science.1250498
https://doi.org/10.1007/s1222901090628


45 
 

CAPÍTULO II - Alterações morfológicas na transição juvenil para 

adulta vegetativa causadas por citocinina e giberelina em Passiflora 

organensis 

 

Resumo 

Os fitormônios citocinina (CK) e giberelina (GA) afetam o desenvolvimento e o 

crescimento dos vegetais em geral, influenciando diretamente as transições de fases. As 

espécies do gênero Passiflora são bons modelos para estudos de desenvolvimento por 

apresentarem diferenças claras entre as fases juvenil, adulta vegetativa e adulta 

reprodutiva. Neste capítulo, buscamos caracterizar as alterações morfológicas ocorridas 

durante a transição juvenil para adulta vegetativa, em plantas de P. organensis 

submetidas a tratamentos com CK e GA exógenas. 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 três 

diferentes doses. A giberelina induziu a formação de gavinhas enquanto a citocinina 

inibiu. Em relação à morfologia foliar, ambos os reguladores causaram mudanças na 

morfologia das folhas, porém de maneiras diferentes. A GA causou redução das 

manchas acinzentadas na face adaxial, alterações 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 ativação das 

gemas laterais a partir da primeira semana após a aplicação. 

 

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. GA3, 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. 

 

Introdução 

Os fitormônios citocinina (CK) e giberelina (GA) atuam diretamente sobre o 

crescimento e o desenvolvimento vegetal. Os papéis biológicos mais conhecidos das 

giberelinas são o alongamento dos entrenós e germinação das sementes (Hedden e 

Thomas 2012; Taiz e Zeiger 2017). As citocininas, por sua vez, induzem a divisão 

celular, a atividade de gemas laterais e retardam a senescência foliar, por levarem a um 

acúmulo de clorofila e aumentarem a conversão de etioplastos para cloroplastos 

(Sakakibara 2010).  

Além destes efeitos, citocininas e giberelinas influenciam diretamente as 

transições de fases dos vegetais em geral. A primeira transição, da fase juvenil para a 

adulta vegetativa, é o momento em que é estabelecida a arquitetura das plantas e 

também quando elas tornam-se aptas a perceberem os sinais ambientais de indução ao 

florescimento (Gioppato e Dornelas 2021). Alguns estudos vêm sendo realizados com o 

objetivo de utilizar a regulação 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 formação de inflorescências em 

videiras (Vitis vinífera) (Crane et al. 2012; Jung et al. 2014), diminuindo a altura de 

orquídeas Phalaenopsis (Hsieh et al. 2020), produzindo melancias (Citrullus lanatus L.) 

‘anãs’ com brotos mais curtos (Sun et al. 2020), aumentando a ramificação em 

macieiras (Malus domestica) (Tan et al. 2018) e modulando a formação de ramos 

vegetativos e reprodutivos em milho (Zea mays) e arroz (Oriza sativa) (Du et al. 2017). 

Estes trabalhos utilizam aplicações exógenas dos fitormônios, CK ou GA, para avaliar 

seus efeitos no fenótipo da planta, ou produzindo transgênicos, através da mutação ou 

superexpressão de genes relacionados ao metabolismo do fitormônio analisado. 
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Em algumas espécies, um mesmo meristema axilar pode gerar inflorescências ou 

estruturas de apoio e crescimento vegetativo, como gavinhas em videiras e 

maracujazeiros, ou estolões em morangos. Esta plasticidade morfológica do meristema 

axilar pode ser modulada por um conjunto de estímulos de natureza ambiental e 

endógena (Monteiro et al. 2021). Neste contexto, várias análises têm sido realizadas 

com aplicações 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, aplicações de citocinina converteram gavinhas em 

formação em inflorescências (Srinivasan e Mullins 1981; Crane et al. 2012). Além 

disso, análises de videiras mutantes com inibição de GA, tiveram gavinhas convertidas 

em inflorescências, demonstrando que as gavinhas em videiras são inflorescências que 

foram inibidas e seu desenvolvimento necessita de GA (Boss e Thomas 2002). Portanto, 

gavinhas em videiras são consideradas inflorescências imaturas, como órgãos 

reprodutivos que apresentam passos sequenciais durante o desenvolvimento (Crane et 

al. 2012). A partir dos mesmos meristemas axilares, CKs promovem o desenvolvimento 

de inflorescências enquanto GAs interrompem e, por sua vez, estimulam o 

desenvolvimento de gavinhas (Claassen 2020).  

Em morangos, Fragaria spp., aplicações de GA induziram a formação de 

estolões a partir dos meristemas axilares (Hytönen et al. 2009; Kour et al. 2017; 

Tenreira et al. 2017; Li et al. 2018). Além das análises morfológicas após aplicação 

direta do fitormônio sobre as plantas, análises moleculares e de expressão gênica 

corroboraram a ação do GA sobre a produção de estolões. Mutações no gene que 

codifica uma proteína DELLA, que reprime a ação do GA, em Fragaria vesca, 

estimularam o desenvolvimento do estolões também (Caruana et al. 2018). Além disso, 

o GA3 aplicado em plantas adultas promoveu o crescimento vegetativo, havendo 

inibição do florescimento (Kour et al. 2017).  

Além de regular a transição da fase vegetativa para a reprodutiva, o balanço 

entre citocininas e giberelinas regula também a arquitetura das plantas na transição da 

fase juvenil para a adulta vegetativa. Em Passiflora edulis, cujo gênero é objeto de 

análise deste trabalho, a aplicação exógena de giberelina em plantas juvenis antecipou a 

transição da fase juvenil para a adulta vegetativa, evidenciada pelo surgimento da 

primeira gavinha, mas não influenciou na passagem para a fase adulta reprodutiva, 

sendo que o início do florescimento não foi alterado pela utilização de GA3 (Cezar et al. 

2015). Os efeitos de CKs e GAs foram mais estudados em Passiflora sobre a transição 
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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 aplicação de GA3 inibiu o 

florescimento em P. edulis (Sobol et al. 2014), enquanto a CK estimulou o 

florescimento e portanto a transição para a fase adulta reprodutiva (Cutri et al. 2013). 

No entanto, a influência destes fitormônios sobre a transição da fase juvenil para a 

adulta vegetativa ainda precisa ser elucidada tanto em seus efeitos morfológicos como 

moleculares. 

Tendo em vista a importância da compreensão dos mecanismos que regulam a 

passagem da fase juvenil para a adulta vegetativa, no presente capítulo buscamos avaliar 

os efeitos de CK e GA sobre a morfologia das plantas na transição da fase juvenil para a 

adulta vegetativa em Passiflora organensis.  

 

Material e Métodos 

Estabelecimento dos ensaios em casa de vegetação e aplicação dos fitormônios  

Os ensaios foram conduzidos em casa de vegetação, do Instituto de Biologia da 

Unicamp, na cidade de Campinas-SP, entre os meses de outubro de 2018 e março de 

2019. As plantas de P. organensis utilizadas foram originárias da coleção do Depto de 

Biologia Vegetal (IB/UNICAMP) obtidas a partir de micropropagação, mantidas em 

meio MS (Murashige e Skoog 1962) na concentração de 2,15 g/, 30 g/l de sacarose, 0,1 

g/l de inositol, e 2,8g/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 fotoperíodo 

de 12h, fornecido por lâmpadas fluorescentes brancas, em temperatura de 25
o
C.  

Quando houve o desenvolvimento de raízes, as mudas foram aclimatizadas às 

condições de casa de vegetação de acordo com técnicas tradicionais (Rosa et al. 2016), 

em vasos com composto orgânico Genesolo, Genefértil
® 

(Composição: Bagaço de cana, 

palha de café, turfa, rocha calcárea, estercos e camas de aviário, cinzas, resíduo 

orgânico industrial papel/celulose e resíduo orgânico agroindústrial classe B) sendo 

transplantadas duas plantas para cada vaso.  
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Após uma semana, as plantas aclimatizadas receberam diariamente duas 

aplicações em spray sobre toda a planta, sendo uma pela manhã e outra no período da 

tarde com as soluções dos reguladores vegetais e o surfactante Tween-20 (duas gotas a 

cada 100 ml de solução) durante 14 dias consecutivos. O delineamento experimental foi 

inteiramente casualizado, com 10 plantas por tratamento, distribuídas nas mesas 

aleatoriamente.  

No ensaio para analisar os efeitos da citocinina, foram avaliados quatro 

tratamentos, nas seguintes concentrações: 0,0 (controle), 1,0, 10,0 e 100,0 μM de 6-

benzilaminopurina (BAP) uma citocinina sintética.  

Para analisar o efeito da giberelina foram avaliados sete tratamentos: três 

concentrações de ácido giberélico (GA3): 1,0, 10,0 e 100,0 μM, três concentrações (1,0, 

10,0 e 100,0 μM) de paclobutrazol (PAC), um inibidor da síntese de giberelina, e um 

grupo controle (que não recebeu aplicações de GA3 nem de paclobutrazol). As soluções 

de PAC foram aplicadas diretamente na terra, no dia em que o ensaio foi estabelecido. 

As plantas foram observadas e avaliadas quanto à morfologia foliar, altura da 

planta, atividade das gemas laterais e presença de gavinhas durante as duas semanas de 

aplicação 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 estágio juvenil, obtidas de micropropagação, 

foram mantidas em meio MS (Murashige e Skoog 1962), na concentração de 2,15 g/l, 

30 g/l de sacarose, 0,1 g/l de inositol, e 2,8g/l de Phytagel, suplementado com 6-

benzilaminopurina (BAP) em três concentrações distintas: 1,0, 10,0 e 100,0 μM. As 

plantas foram transplantadas do meio básico 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 fotoperíodo de 12h, fornecido por lâmpadas 

fluorescentes brancas, em temperatura de 25
o
C. Foram utilizadas 40 plantas, sendo dez 

para cada uma das concentrações de BAP e dez do grupo controle, que não foram 

suplementadas com o regulador. As plantas foram observadas por um mês a partir da 

montagem do experimento, quanto ao desenvolvimento de brotos laterais e gavinhas, 

desenvolvimento das raízes e altura das plantas, embora não tenham sido realizadas 

análises quantitativas com os dados. 
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Análise quantitativa das variáveis 

A altura das plantas foi medida no dia do início da aplicação dos fitormônios e 

após uma semana de aplicação, utilizando uma régua graduada. Os valores obtidos 

foram submetidos a análises estatísticas utilizando o software R-4.0.5 (R Core Team). 

Os dados foram submetidos a análise de variância (ANOVA) e teste de Tukey com 5% 

de significância. 

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

brotos laterais após 14 dias da aplicação dos fitormônios.  

 

Resultados e Discussão 

Efeitos das aplicações de citocinina no desenvolvimento de P. organensis 

Os efeitos observados da citocinina exógena, 6-benzilaminopurina (BAP) no 

desenvolvimento de P. organensis foram: atraso no desenvolvimento das gavinhas 

(Figura 1A-B), alterações na morfologia foliar (Figura 2), ativação das gemas laterais 

com desenvolvimento de ramos vegetativos (Figura 1C) e atraso no crescimento das 

plantas. 

As plantas que receberam pulverizações de BAP tiveram o surgimento de 

gavinhas inibido em relação às plantas controle. Na quarta semana após o início da 

aplicação dos firomônios, surgiram as primeiras gavinhas nas plantas do controle e nas 

que receberam 1,0µM de BAP (Figura 1A-B). No entanto, as que receberam BAP nas 

concentrações de 10,0µM e de 100,0µM não apresentavam gavinhas (Figura 1).  Na 

quinta semana após o início do tratamento hormonal, a porcentagem de plantas que 

apresentavam gavinhas foi menor quanto maior foi a concentração do fitormônio 

aplicado: 100% das plantas do controle, que não receberam pulverizações do 

fitormônio, 66% das que receberam 1µm de BAP, 58% das que foram tratadas com 

10µm de BAP e apenas 30% das que receberam 100µm de BAP possuíam gavinhas. A 

partir destas observações, podemos afirmar que a citocinina exógena inibiu a formação 

de gavinhas em P. organensis, tendo causado atraso em seu surgimento. Como estas 

observações foram feitas na quinta semana e as plantas foram pulverizadas com as 

soluções dos reguladores por duas semanas, elas tiveram três semanas para ajustar seu 

metabolismo.  
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Figura 1. Morfologia de plantas de Passiflora organensis , quatro semanas após serem 

submetidas a diferentes concentrações da citocinina 6-benzilaminopurina (BAP): A. 

região do ápice; B. plantas com folhas removidas para uma melhor visualização das 

gemas laterais; C. detalhe de planta submetida à concentração de 100 µM de citocinina 

com ativação das gemas laterais. Setas vermelhas = gavinhas. Setas brancas = gemas 

laterais ativas. Barra: 1cm. 

 

Considerando que em Passiflora, as gavinhas são um marcador morfológico da 

passagem da fase juvenil para a adulta vegetativa (Cutri et al. 2013), podemos 

considerar que as aplicações de BAP causaram atraso nessa transição de fases, ao 

mesmo tempo em que promoveram a ativação das gemas laterais vegetativas (Figura 

1C). A função das citocininas em promover a ativação de gemas axilares e a redução da 

dominância apical é bastante conhecida (Werner et al. 2001; Ongaro e Leyser 2008; 

Waldie e Leyser 2018). 
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As alterações morfológicas nas folhas causadas pelas aplicações de BAP 

incluíram desaparecimento das manchas acinzentadas na face adaxial (Figura 2A), 

desenvolvimento do lobo mediano, que normalmente é mais curto que os demais 

(Brasileiro 2014), tornando as folhas trilobadas (Figura 2B), e nas concentrações de 

10,0µM e de 100,0µM, algumas folhas apresentaram deformações (Figura 2C).  

 

 

Figura 2. Morfologia foliar de plantas de Passiflora organensis submetidas a diferentes 

concentrações da citocinina 6-benzilaminopurina (BAP). Folhas do terceiro plastocrono 

coletadas após três semanas de aplicações: A. diferenças quanto à presença de manchas 

acinzentadas; B. folhas das plantas submetidas às concentrações de 10 e 100 µM de 

citocinina com lobo mediano mais proeminente; C. folhas das plantas submetidas a 100 

µM de citocinina com deformidades. Barra: 1cm. 

 

Portanto, a aplicação de citocinina inibiu a formação de gavinhas em P. 

organensis, mas, por outro lado, estimulou o desenvolvimento de características adultas 

nas folhas, como a redução das manchas acinzentadas e o desenvolvimento do lobo 

mediano das folhas. Dentre os vários papéis das citocininas no desenvolvimento vegetal 
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está a regulação da morfologia foliar. Esta regulação ocorre por meio do controle de 

genes que agem diretamente no desenvolvimento das folhas, como os KNOX e 

WUSCHEL, sendo que o aumento da concentração de citocininas leva à formação de 

folhas profundamente lobadas em monocotiledôneas da família Araceae (Wu et al. 

2021) e de folhas compostas em tomateiro, Solanum lycopersicum (Shani et al. 2010). 

Portanto, a influência das citocininas na morfologia foliar durante o desenvolvimento 

vegetal é conhecida. 

Em relação à altura das plantas, as que receberam aplicações de 100µm de CK 

tiveram visivelmente um crescimento menor após sete dias em relação ao observado no 

controle. Contudo, os valores médios da altura das plantas não apresentaram diferenças 

significativas pelo teste de Tukey (Figura 3). 

 

 
 

Figura 3. Altura em cm das plantas de P. organensis no dia de início da aplicação da 

CK e após 7 dias consecutivos de aplicações diárias. Não houve diferenças 

estatisticamente significativas entre as medidas do dia 7 e do dia 0 pelo teste de Tukey 

(p<5%). 

 

As plantas cultivadas in vitro apresentaram diferenças consideráveis quanto à 

altura, o surgimento de ramos laterais e o desenvolvimento das raízes. Após um mês do 

experimento, as plantas do grupo controle apresentaram maior altura, desenvolvimento 

de raízes e não possuíam ramificações laterais (Figura 4). Na concentração de 0,1 µM 

de BAP, a maior parte das plantas apresentou raízes e um a três ramos laterais. Com 1,0 

µM de BAP, a maioria não desenvolveu raízes, sendo formado um calo no local, e 

apresentaram de três a quatro ramos. Todas as plantas que foram cultivadas com as 
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doses mais altas de BAP, 10,0 µM, tiveram formação de calos no lugar das raízes, 

tamanho reduzido em relação aos outros tratamentos, sobretudo em relação ao controle, 

e apresentaram de quatro a seis ramos (Figura 4). A formação de calos (Dubey et al. 

2020) e a repressão do desenvolvimento das raízes (Aloni et al. 2004) são efeitos 

conhecidos das citocininas. 

 

Figura 4. Morfologia foliar de plantas de Passiflora organensis cultivadas in vitro após 

um mês em meios com diferentes concentrações da citocinina benzilaminopurina 

(BAP). Barra: 1cm. 

 

 

Efeitos das aplicações de giberelina no desenvolvimento de P. organensis 

As pulverizações de GA3 promoveram o surgimento das gavinhas, sendo mais 

rápido quanto maior foi a concentração do hormônio aplicado; desenvolvimento de 

folhas com características 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 

características adultas, bem como causou atraso no crescimento das plantas. 

Após duas semanas de aplicações de giberelina, as plantas do controle 

apresentavam a maioria das folhas com manchas acinzentadas e não apresentavam 

gavinhas (Figura 5). As que receberam aplicações de giberelina apresentavam folhas 

com morfologia característica da fase adulta (Figura 6) e gavinhas (Figura 5), sendo que 

estas características surgiram mais precocemente quanto maior foi a concentração do 

fitormônio. Enquanto as que receberam o paclobutrazol, inibidor da síntese de 

giberelina, pelo contrário, tiveram atraso no crescimento e no desenvolvimento (Figura 

5) sendo estas características mais intensas quanto maior a concentração da substância. 
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Figura 5. Morfologia de plantas de Passiflora organensis submetidas a diferentes 

concentrações de Paclobutrazol e GA3: A. plantas submetidas a três concentrações de 

Paclobutrazol (PAC); B. plantas submetidas a três concentrações de GA3. Setas 

vermelhas = gavinhas. Barra: 1cm. 

 

As plantas que foram tratadas com GA3 na concentração de 1,0µM, ainda 

apresentavam a mancha acinzentada nas folhas (Figura 5), mas algumas plantas já 

apresentavam gavinhas. As que receberam 10,0µM de GA3 estavam com folhas 

amareladas, sem as manchas, e apresentavam gavinhas. Com 100,0µM de GA3, todas as 

plantas apresentavam gavinhas e as folhas estavam sem as manchas acinzentadas 
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(Figura 6). Além disso, em relação à forma das folhas, as que receberam aplicações de 

GA3 apresentavam folhas com lobos mais agudos, sendo esta característica mais intensa 

nas que receberam 100,0µM de GA3, a maior concentração do fitormônio (Figura 6). 

 

 

Figura 6. Folhas do terceiro plastocrono de P. organensis coletadas após três semanas 

de tratamento evidenciando as diferenças morfológicas com as diferentes doses de 

giberelina (GA3) e de paclobutrazol (PAC). Barra: 1cm. 

 

Por outro lado, das plantas que receberam a aplicação de PAC nenhuma 

apresentava gavinhas, e todas as folhas continham as manchas acinzentadas, coloração 

verde escura e forma mais característica da fase juvenil com lobos arredondados (Figura 

6). As folhas do controle (0µM de GA3 e 0µM de PAC) apresentavam forma e 

coloração intermediária em relação às tratadas com GA3 e com PAC (Figura 6).  

Em relação ao surgimento de gavinhas, a ação da giberelina foi totalmente 

oposta à da citocinina. Após duas semanas de pulverizações de GA3, nenhuma planta do 

grupo controle (que não recebeu aplicações 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 concentração de GA3 aplicada: 33% das plantas 

que foram pulverizadas com GA3 na concentração de 1,0µM, 70% das que receberam 

10,0µM de GA3 e 100% das que receberam pulverizações com 100,0µM de GA3 

apresentavam gavinhas já na segunda semana após o tratamento hormonal.  

A giberelina exógena interferiu claramente na altura das plantas, sendo que as 

que receberam aplicações de 10µM de GA3 e 100µM de GA3 tiveram seu crescimento 

acelerado. Após sete dias da aplicação do fitormônio, as médias das alturas foram 
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significativamente maiores em relação às médias no dia inicial da aplicação, apenas 

nestes tratamentos (Figura 7). 

 

Figura 7. Altura em cm das plantas de P. organensis no dia de início da aplicação da 

GA3 e após sete dias consecutivos de aplicações diárias. Os (**) indicam diferença 

estatisticamente significativa entre as medidas do dia 7 e do dia 0 pelo teste de Tukey 

(p<5%). 

 

O incremento na altura das plantas é um dos efeitos mais conhecidos da 

giberelina, tendo sido relatado em outras espécies, inclusive do gênero Passiflora 

(Santos et al. 2010; Leonel e Pedroso 2005). Para os outros tratamentos, não houve 

diferenças 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 GA3, até determinada concentração (de 96 mg/L de solução) (Santos 

et al. 2010). Contudo, após esta concentração, houve uma rápida diminuição no 

crescimento, possivelmente devido à superdosagem, sendo este efeito já observado em 

P. alata (Leonel e Pedroso 2005). 
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Possíveis interações entre citocinina e giberelina na transição juvenil-adulta 

vegetativa 

A plasticidade morfológica foliar em P. organensis, é uma característica da 

espécie. Segundo Milward-de-Azevedo e Baumgratz (2004), a forma da folha pode 

variar de acordo com as condições ecológicas, 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 atlântica. 

No caso das plantas do presente estudo, as diferenças morfológicas observadas nas 

plantas submetidas às pulverizações de CK, possivelmente foram devido à 

superdosagem do regulador, considerando que os hormônios endógenos influenciam nas 

respostas obtidas (Cato 2006). Portando, as aplicações de CK podem ter causado uma 

repressão da transição da fase juvenil para a adulta vegetativa, e portanto do surgimento 

das características adultas. 

As alterações foliares causadas pela giberelina estariam relacionadas à 

antecipação da transição da fase juvenil para a adulta vegetativa, pois as folhas das 

plantas que receberam aplicações de giberelina são características de folhas adultas. O 

fato de as que receberam maiores concentrações de GA3 terem ficado amareladas e 

senescentes podem ter duas explicações: o aumento da giberelina iria reprimir a 

citocinina que é responsável por inibir a senescência (Gan e Amasino 1995; Zwack e 

Rashotte 2013); ou o aumento da giberelina causaria uma redução na fotossíntese e 

diminuição do acúmulo de clorofila nas células (Li et al. 2010). O paclobutrazol por sua 

vez, manteria as folhas com uma coloração mais verde escura devido ao acúmulo de 

clorofila nas células (Xia et al. 2018; Mahulette et al. 2020). Em orquídeas 

Phalaenopsis, a superexpressão do gene OsGA2ox6, de degradação de GA, resultou em 

plantas com folhas verde escuras, mais curtas e mais largas do que as não transgênicas, 

demonstrando que a GA influencia na concentração 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 são originadas de inflorescências 

modificadas, sendo que em Passiflora, um mesmo meristema axilar da folha divide-se e 

origina uma gavinha e uma ou mais inflorescências (Nave et al. 2010; Scorza et al. 

2017), enquanto em V. vinifera, um meristema axilar origina uma única estrutura, 
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podendo ser uma gavinha ou inflorescência (Morrison 1991) de acordo com os 

estímulos ambientais e endógenos recebidos (Díaz-Riquelme et al. 2014).  

Na primeira transição de fases, o surgimento das gavinhas marca o início da fase 

adulta vegetativa. Os fitormônios giberelina e citocinina possuem papeis antagônicos 

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 necessárias análises morfológicas 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 transição da fase juvenil para a adulta vegetativa em P. organensis, enquanto 

a CK inibe esta transição. 

As aplicações destes mesmos reguladores na segunda transição de fases, da fase 

adulta vegetativa para a reprodutiva, tiveram efeitos opostos em P. edulis: enquanto a 

aplicação 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 são órgãos reprodutivos 

modificados, tendo a mesma origem ontogenética das inflorescências (Cutri et al. 2013; 

Sousa-Baena et al. 2018). Segundo Prenner (2014), a gavinha em Passiflora seria o 

término de uma inflorescência, considerando que gavinhas são estruturas determinadas 

enquanto inflorescências são indeterminadas. Podemos sugerir que, em Passiflora, as 

GAs seriam responsáveis pela determinação dos meristemas axilares na fase adulta 

vegetativa e, posteriormente, as CKs estimulariam o desenvolvimento das flores. Essa 

hipótese foi sugerida em Vitis vinifera, em que gavinhas seriam inflorescências que 

teriam seu desenvolvimento interrompido pela aplicação de GA, tornando-se estrututras 

determinadas (Boss e Thomas 2002). 

 

Conclusões 

A giberelina exógena acelerou a transição da fase juvenil para a adulta 

vegetativa em Passiflora organensis, tendo induzido a formação de gavinhas e de 

morfologia adulta nas folhas, além de ter acelerado o crescimento das plantas. Com a 

inibição da biossíntese de giberelina pelo paclobutrazol, o crescimento e o 
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desenvolvimento das plantas foram reprimidos. Por outro lado, a citocinina reprimiu 

esta transição de fases, inibindo a formação de gavinhas, além de ter causado atraso do 

crescimento e estimulado o desenvolvimento de ramos laterais. 
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CAPÍTULO III - Identificação dos genes de metabolismo e resposta 

citocinina e giberelina em Passiflora organensis 

 

Resumo 

Citocininas (CKs) e giberelinas (GAs) estão relacionadas a vários aspectos do 

desenvolvimento vegetal, desencadeando processos que resultam nas transições de 

fases. Sua atuação ocorre por meio da ativação da transcrição de determinados genes, e 

pode ser inibida ou estimulada por fatores ambientais e endógenos, ou interações com 

outros genes. Neste capítulo, identificamos os genes relacionados ao metabolismo 

(biossíntese e degradação), sinalização e resposta de CKs e GAs, no genoma de 

Passiflora organensis. Analisamos dez famílias gênicas: ISOPENTENYL 

TRANSFERASE (IPT) e LONELY GUY (LOG), que participam da biossíntese de CK; 

CYTOKININ OXIDASES/DEHYDROGENASE (CKX), de inativação de CK; 

ARABIDOPSIS RESPONSE REGULATORS (ARRs) do tipo A e do tipo B, de resposta 

a CK; GA3OXIDASE (GA3ox) e GA20OXIDASE (GA20ox) de biossíntese de GA; 

GA2OXIDASE (GA2ox) de inativação de GA; GIBBERELLIN INSENSITIVE DWARF1 

(GID1), de sinalização de GA; e DELLA, de resposta a GA. Fizemos uma análise 

filogenética dos genes candidatos obtidos, em comparação com os ortólogos de 

Arabidopsis thaliana e Vitis vinifera. Analisamos também a estrutura gênica, e 

observamos que de forma geral, as famílias gênicas de P. organensis analisadas são 

similares às de A. thaliana em número e estrutura. Algumas sequências conservadas 

foram identificadas em todas as classes, que necessitam de análises posteriores para 

esclarecer suas possíveis funções. 

 

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 (GA3ox) and GA20OXIDASE (GA20ox) of GA biosynthesis; 

GA2OXIDASE (GA2ox) 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. 

 

Introdução 

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

incluindo reguladores transcricionais e hormônios vegetais (Xue et al. 2020). Através de 

estudos com a espécie modelo Arabidopsis thaliana, sabe-se que essas diversas vias 

convergem para regular a transcrição de um pequeno número de genes integradores que 

promovem a indução floral, sobretudo FT e SOC1 que codificam, respectivamente, as 

proteínas FLOWERING LOCUS T e SUPPRESSOR OF OVEREXPRESSION OF 

CONSTANS 1 (Andrés et al. 2014). Como visto nos capítulos anteriores, as citocininas 

(CKs) e giberelinas (GAs) destacam-se como sendo classes de fitormônios que 

influenciam diretamente as transições de fases. 

As CKs foram descobertas por promoverem a divisão celular em plantas 

cultivadas em meio de cultura (Skoog e Miller 1957). Além de seu papel bem conhecido 

na divisão e diferenciação celular, as citocininas estão envolvidas em vários processos 

essenciais à sobrevivência das plantas, como senescência foliar (Kim et al. 2006), 

regulação do crescimento da raiz (Werner et al. 2003), translocação de nutrientes (Takei 

et al. 2001), tolerância ao estresse (Argueso et al. 2009) e formação de nódulos em 

leguminosas (Sasaki et al. 2014). 

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

transzeatina (tZ) (Sakakibara 2006). Mas há também a ciszeatina (cZ) e a dihidrozeatina 
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(DZ) (Mok e Mok 2001). As vias metabólicas das CKs bem como os mecanismos de 

ação, sinalização e resposta estão bem elucidadas atualmente. A biossíntese de iP e tZ é 

catalisada inicialmente por enzimas do tipo isopenteniltransferases (IPTs), que 

produzem iP ribotídeos 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, família 735, subfamília A (CYP735A) fazem a 

hidroxilação de iP-ribotídeos em tZ-ribotídeos (Takei et al. 2001). Posteriomente, as 

enzimas LONELY GUYs (LOGs) convertem os ribotídeos em CKs ativas (Kurakawa et 

al. 2007; Kuroha et al. 2009). A degradação das citocininas é realizada pelas citocininas 

oxidase/desidrogenase (CKX) (Schmülling et al. 2003), que desempenham papéis 

importantes no controle dos níveis de CK nos tecidos vegetais (Cai et al. 2018). 

A transdução de sinais de CK e seu mecanismo de ação começam com a 

autofosforilação de um receptor ligado à membrana do tipo HISTIDINA KINASE 

(sendo o primeiro descoberto em Arabidopsis, são chamados de AHKs), seguida pela 

ligação da CK e transferência subsequente do grupo fosfato para a histidina presente na 

proteína de fosfotransferência (AHPs) e, finalmente, aos reguladores de resposta 

(ARRs) (Bhargava et al. 2013). Os ARRs do tipo B são ativados pela fosforilação e 

mediam a expressão gênica regulada por CK, incluindo a regulação positiva dos ARR 

tipo A, que atuam como reguladores negativos na sinalização de citocinina, reprimindo 

os ARRs do tipo B (Taniguchi et al. 2007; Argyros et al. 2008). 

Os processos regulados por CKs ocorrem por meio de interações com outros 

hormônios vegetais (Vanstraelen e Benková 2012), dentre os quais estãos as GAs. Sabe-

se que CKs e GAs exercem regulação antagônica de múltiplos processos de 

desenvolvimento (Weiss e Ori 2007). As GAs regulam muitos aspectos do crescimento 

e desenvolvimento das plantas, incluindo germinação de sementes, alongamento do 

caule, expansão foliar e desenvolvimento de frutos (Fleet e Sun 2005). Suas vias de 

biossíntese, degradação, sinalização e resposta são também bem conhecidas. As GAs 

são derivadas do ent-kaureno, e sua síntese inicia-se nos cloroplastos, onde ocorre a 

conversão de geranilgeranil difosfato em ent-caureno pelas enzimas ent-copalil 

difosfato sintase (CPS) e ent-caureno sintase (KS) (Hedden e Thomas 2012). 

Posteriormente, no retículo endoplasmático, o ent-caureno é convertido em 

GA12 pelas enzimas ent-kaurene oxidase (KO) e ácido ent-caurenóico oxidase (KAO) 

(Hedden e Thomas 2012; Yamaguchi 2008). No citoplasma, ocorre, finalmente, a 

formação das GAs bioativas a partir da GA12 (Sakamoto et al. 2004). São conhecidas 
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apenas quatro GAs bioativas: GA1, GA3, GA4, e GA7 (Hedden e Phillips 2000). Sua 

formação ocorre por intermédio das enzimas GA20oxidases (GA20ox) e GA3oxidases 

(GA20ox) enquanto a degradação (ou inativação) é catalisada pelas GA2oxidases 

(GA2ox) (Hedden e Phillips 2000). 

Com relação ao mecanismo de ação, 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 proteínas DELLA, repressoras da atividade das GAs, levando à 

poliubiquitinação das DELLA, e sua posterior degradação pelo proteassoma 26S 

(Ueguchi-Tanaka et al. 2007). Portanto, as proteínas DELLA, são importantes 

reguladoras das GAs (Liu et al. 2010). 

Até o momento, a maioria dos estudos relacionados à influência de CKs e GAs 

nas transições de fases, analizando inclusive a concentração e o padrão de expressão dos 

genes relacionados a metabolismo, sinalização e resposta a esses fitormônios foram 

realizados em A. thaliana (Blázquez et al. 1998; Bartrina et al. 2011; D’Aloia et al. 

2011). Análises em outras espécies vêm sendo realizadas mais recentemente, como, 

Vitis vinifera, a videira (Crane et al. 2012) e Fragaria vesca, o morango silvestre 

(Tenreira et al. 2017; Caruana et al. 2018). 

As espécies do gênero Passiflora são interessantes modelos para o estudo das 

alterações moleculares na transição da fase juvenil para a adulta vegetativa, por 

ocorrerem alterações morfológicas notáveis nesta transição (veja o Capítulo II; 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 não há análises moleculares relacionando CKs e GAs à transição 

da fase juvenil para a adulta vegetativa no gênero Passiflora. Neste capítulo, buscamos 

identificar os genes relacionados a metabolismo, sinalização e resposta a CKs e GAs em 

P. organensis, estabelecer relações filogenéticas entre os genes candidatos e os 

ortólogos de A. thaliana, analizar a estrutura destes genes e identificar regiões 

conservadas que podem ter funções similares às funções previamente reconhecidas em 

outras plantas, na espécie estudada. 
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Material e métodos 

Identificação de genes candidatos no genoma de P. organensis  

O genoma de P. organensis (Costa et al. in press) foi utilizado como fonte de 

sequências para a identificação de parálogos dos genes relacionados a síntese, 

degradação, percepção e resposta de citocininas e giberelinas. 

As sequências de P. organensis dos potenciais parálogos foram identificadas 

através de buscas utilizando a ferramenta TBLASTN do National Center for 

Biotechnology Information (NCBI) usando os respectivos genes de A. thaliana como 

referência (Apêndice A, Tabela 1). As buscas foram realizadas nas bibliotecas 

genômicas de P. organensis denominadas LB15042 e LB15043. As sequências 

proteicas de A. thaliana foram utilizadas como isca (query) para a identificação dos 

potenciais ortólogos 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 obtenção de mapas de restrição mostrando os três possíveis 

quadros abertos de leitura e, a partir deles, foram identificadas as sequências de 

aminoácidos e de nucleotídeos dos genes de P. organensis. As sequências genômicas de 

todos os genes obtidos estão no Apêndice B e as sequências proteicas em formato Fasta, 

no Apêndice D. 

As sequências dos genes candidatos obtidas foram novamente comparadas com 

o banco de dados do National Center for Biotechnology Information (NCBI) utilizando 

o BLASTp em associação com Phytozome v12.1 (Goodstein et al. 2012) para a 

detecção de possíveis discrepâncias. Por fim, os ortólogos de P. organensis foram 

nomeados de acordo com os genes com sequencia proteica mais similar em A. thaliana. 

As sequencias gênicas obtidas estão descritas no Apêndice A. 

 

Caracterização da estrutura gênica 

Para a identificação da estrutura dos genes foram utilizados o programa 

AUGUSTUS (Stanke et al. 2004) de predição gênica, e o programa NetPlantGene 

(Hebsgaard et al. 1996) para a identificação das fronteiras entre introns e éxons. A 

representação gráfica da estrutura gênica final foi obtida utilizando o software GSDS 2.0 

Gene Structure Display Gene (Hu et al. 2015). 
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Análise filogenética 

As sequências proteicas obtidas a partir dos genes de P. organensis foram 

comparadas com as da espécie modelo A. thaliana e também com sequências de Vitis 

vinifera, isto pelo fato desta espécie também possuir gavinhas, assim como P. 

organensis e ser uma espécie filogeneticamente mais próxima de P. organensis que A. 

thaliana. O alinhamento das sequências foi realizado com os softwares MEGA X 10.0.5 

(Kumar et al. 2018) e CLUSTAL. Posteriormente foram montadas as árvores 

filogenéticas usando o método de Neighbor-Joining. 

 

Resultados e Discussão 

 

Filogenia e estrutura dos genes candidatos envolvidos no metabolismo e resposta à 

citocinina 

 

Família gênica ISOPENTENYL TRANSFERASES (IPT) 

A maioria das citocininas que ocorrem naturalmente são derivadas da 

isopenteniladenina (iP) (Sakakibara 2006). A iP carrega uma cadeia lateral de 

isopentenil não 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 são responsáveis pela maior parte da biossíntese da citocinina do 

tipo iP e tZ, os tRNA-IPTs são responsáveis pela biosíntese de citocininas do tipo cZ 

(Miyawaki et al. 2004). Os ATP/ADPIPTs catalisam o passo inicial na principal via 

para a biossíntese de citocinina: a N6-prenilação de 5'fosfatos de adenosina para formar 

iP-ribosídeos 5 'fosfatos (Sakakibara 2006). Em A. thaliana há sete IPTs dessa classe: 

AtIPT1 e AtIPT3-AtIPT8 (Takei et al. 2001). 

As citocininas podem também ser sintetizadas pela degradação de tRNAs que 

contêm resíduos de adenilato. Mas em plantas esta via de síntese de citocininas é 

considerada menos importante, em relação à quantidade produzida, do que a via que usa 

IPTs dependentes de ATP/ADP (Chen 1997). Em A. thaliana há dois IPTs dessa classe: 

AtIPT2 (Takei et al. 2001) e AtIPT9 (Miyawaki et al. 2004). 
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Em P. organensis, considerando os ortólogos em A. thaliana, foram 

identificados seis ADP/ATP-IPTs: PoIPT3a, 3b, 5, 6, 7 e 8 (Figura 1), contendo apenas 

um éxon (Figura 2), e dois tRNA-IPTs: PoIPT2 e 9 (Figura 1). Contudo, o PoIPT2 tinha 

uma estrutura semelhante ao do AtIPT2, com dez éxons (Figura 2) enquanto o PoIPT9 

continha apenas dois éxons (Figura 2). Apesar de ser o ortólogo do AtIPT9, que é um 

tRNA-IPT, o PoIPT9 foi considerado, em busca pelo BLASTP, com sequência e 

estrutura similar à do IPT5 de Populus trichocarpa, que é um ADP/ATP-IPT. Análises 

de expressão gênica permitirão caracterizar melhor o papel deste gene. 

Böttcher et al. (2015) identificaram em V. vinifera oito IPTs, seis dos quais 

agrupados com os ADP/ATP-IPTs de A. thaliana, e dois ortólogos (VvIPT2, VvIPT9) 

dos respectivos tRNA-IPTs de A. thaliana. Porém, um dos genes, identificado nesse 

trabalho como VvIPT15, de número de acesso no NCBI XM_002278900, não pôde ser 

identificado como um IPT.  

 

 

Figura 1. Árvore filogenética da família gênica IPT envolvida na síntese de citocinina, 

contendo genes de Arabidopsis thaliana (At) e os ortólogos de Passiflora organensis (Po) e 

Vitis vinifera (Vv) O grupo I corresponde aos tRNAIPTs, com base nos ortólogos de A. thaliana 

enquanto os grupos II e III, correspondem aos ATP/ADPIPTs. 
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A estrutura desta família gênica 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 (Böttcher et al. 2015) (Figura 2). Em geral, os ADP/ATP-IPTs 

apresentam um único éxon ou no máximo dois. Enquanto os tRNA-IPTs apresentam em 

torno de dez éxons e nove íntrons (Figura 2). 

 
Figura 2. Estrutura dos genes da família IPT Genes em azul são de Passiflora organensis (Po) e 

em cinza de Arabidopsis thaliana (At). 

 

O alinhamento das sequências de aminoácidos de IPTs de P. organensis, 

Arabidopsis e Vitis vinifera, mostrou que apenas algumas características estruturais 

foram conservadas, sendo identificadas quatro regiões mais similares entre si (Figura 3). 
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Figura 3. Alinhamentos de regiões das sequências proteicas das PoIPTs, 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 conservação entre as sequências, sendo representados por [ * ] os 

aminoácidos totalmente conservados, [ : ] altamente conservados e a ausência de símbolos 

indica que não há conservação entre os resíduos. 

 

 

Família gênica LONELY GUY (LOG) 

Da família gênica LOG, responsável pela ativação das citocininas nas etapas 

seguintes da biossíntese (Kuroha et al. 2009), foram identificados em P. organensis dez 

genes LOG que, em comparação 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 não tiveram correspondência com os de A. 

thaliana (Figura 4).  

 

Figura 4. Árvore filogenética da família gênica LOG envolvida na síntese de citocinina, 

contendo genes de Passiflora organensis (Po) e os ortólogos de Arabidopsis thaliana (At) e 

Vitis vinifera (Vv). 
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Figura 5. Estrutura dos genes da família LOG Genes em azul são de Passiflora organensis (Po) 

e em cinza de Arabidopsis thaliana (At). 

 

Em V. vinifera, Böttcher et al. (2015) identificaram dez genes, assim como em 

P. organensis Foram identificados em Populus trichocarpa, 13 genes LOG, e em 

Prunus persica há sete (Immanen et al. 2013) enquanto Arabidopsis thaliana possui 

nove (Kuroha et al. 2009). Possivelmente, ocorreu um evento de duplicação, do gene 

LOG5 em P. organensis (Figura 4). E isso foi observado também em outras espécies, 

para o mesmo gene, como em V. vinifera que possui também dois (VvLOG5a e 

VvLOG5b) (Böttcher et al. 2015) (Figura 4) e P. trichocarpa que possui quatro 

parálogos (PtLOG5a-d) (Immanen et al. 2013). 

No alinhamento das proteínas da família LOG foram observadas duas regiões 

altamente conservadas: LEELLEVITW entre os aminoácidos 130 e 140, e 

GLLNVDGYYN entre os resíduos 150 e 160 (Figura 6). 
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Figura 6. Alinhamentos de regiões das sequências 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 conservação entre as sequências, sendo representados por [ * ] os 
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aminoácidos totalmente conservados, [ : ] altamente conservados e a ausência de símbolos 

indica que não há conservação entre os resíduos. 

 

 

Família gênica CYTOKININ OXIDASE/DEHYDROGENASES (CKX) 

A família gênica CYTOKININ OXIDASE/DEHYDROGENASES (CKX) codifica 

as enzimas que catabolizam as citocininas (Werner et al. 2001). Em P. organensis, 

foram identificados nove CKX, distribuídos em quatro clados (Figura 7). Estes genes 

apresentaram estrutura gênica 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 (Schmülling et al. 2003), podemos 

considerar que em P. organensis houve duas duplicações, nos genes PoCKX1a-b e 

PoCKX7a-b (Figura 7). Em V. vinifera foram identificados oito genes, mas nessa 

espécie há três ortólogos do AtCKX3 (VvCKX3a-c) (Böttcher et al. 2015) (Figura 7). 

 

Figura 7. Árvore filogenética da família gênica CKX envolvida na degradação de citocinina. A 

árvore contém membros de Passiflora organensis (Po) e os ortólogos de Arabidopsis thaliana 

(At) e Vitis vinifera (Vv). 
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Em outras espécies há uma variação quanto ao número e a estrutura dos CKX, 

como em P. trichocarpa que contém oito ortólogos e P. persica que possui seis 

(Immanen et al. 2013) mostrando que nessa família há eventos de deleção e duplicação 

com frequência. 

 

 

Figura 8. Estrutura dos genes da família CKX Genes em azul são de Passiflora organensis (Po) 

e em cinza de Arabidopsis thaliana (At). 

 

Nas proteínas CKXs foram observadas duas regiões altamente conservadas e 

similares às encontradas em outras espécies: PHPWLN, entre os resíduos 450 e 460 e 

PGQ-IF entre as posições 590 e 600 (Figura 9). 

Em uma análise da estrutura proteica dos CKXs em milho, arroz, Arabidopsis e 

outras espécies, foi identificada baixa similaridade de sequencia entre as diferentes 

proteínas CKX, embora cerca de um terço de todas as posições de aminoácidos sejam 

altamente conservadas (Schmülling et al. 2003).  
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Figura 9 Alinhamentos de regiões das sequências 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 conservação entre as sequências, sendo representados por [ 

* ] os aminoácidos totalmente conservados, [ : ] altamente conservados e a ausência de símbolos 

indica que não há conservação entre os resíduos 
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Famílias gênicas RESPONSE REGULATORs (RRs do tipo A e do tipo B) 

Os genes que respondem à citocinina são 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 transcrição com um domínio de 

ligação ao DNA C-terminal e um domínio receptor N-terminal, enquanto os fatores do 

tipo A possuem um receptor N-terminal, mas não um domínio de ligação ao DNA (Xie 

et al. 2018). Os reguladores de resposta do tipo B respondem positivamente à citocinina, 

transcrevendo os genes alvo, entre eles os ARRs do tipo A. Os ARRs do tipo A, por sua 

vez, podem regular negativamente a resposta a citocinina primária por meio de um 

feedback negativo, reprimindo a ação dos ARRs do tipo B (Heyl et al. 2003).  

No presente estudo, identificamos em P. organensis, dez RRs do tipo A (PoRR3, 

PoRR4, PoRR5, PoRR6, PoRR8, PoRR9, PoRR16a, PoRR16b, PoRR17a e PoRR17b), e 

11 RRs do tipo B (PoRR1, PoRR2, PoRR10, PoRR11a, PoRR11b, PoRR12, PoRR13, 

PoRR14, PoRR18a, PoRR18b e PoRR21) (Figura 10). O número 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, ARR8, 

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. Árvores filogenéticas das famílias gênicas envolvidas na resposta a citocinina, 

contendo sequencias de Passiflora organensis (PoRR) e os ortólogos de Arabidopsis thaliana 

(ARR). 

 

A estrutura gênica dos RRs em P. organensis foi similar à 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 família PoRR do tipo A possuem tamanho menor, em 

torno de 1700 pb, com exceção do PoRR17b que apresentou em torno de 4200 pb 

(Figura 11). Os PoRRs do tipo B apresentaram de 2100 a 4800 pb (Figura 11). 

 

 

Figura 11. Estrutura dos genes da família ARR Genes em azul são de Passiflora organensis 

(Po) e em cinza de Arabidopsis thaliana (At). 

 

Nas proteínas ARRs do tipo A foi observada uma região 100% conservada, 

contendo sete aminoácidos – HVLAVDD, localizada entre os resíduos 110 e 120 

(Figura 12). 



84 
 

 

Figura 12. Alinhamentos de regiões das sequências proteicas dos RRs do tipo A, sendo PoRR, 

de Passiflora organensis, os ARR, de Arabidopsis thaliana e os VvRR, de Vitis vinifera A linha 

Clustal Co mostra o grau de conservação entre as sequências, sendo representados por [ * ] os 

aminoácidos totalmente conservados, [ : ] altamente conservados e a ausência de símbolos 

indica que não há conservação entre os resíduos. 

 

Nas proteínas ARRs do tipo B, a região 100% conservada observada tinha 

apenas quatro aminoácidos – SHLQ – localizados entre as posições 320 e 330, e 

precedidos por resíduos pouco conservados (Figura 13). 
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Figura 13. Alinhamentos de regiões das sequências 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 conservação entre as sequências, sendo representados por [ * ] os 

aminoácidos totalmente conservados, [ : ] altamente conservados e a ausência de símbolos 

indica que não há conservação entre os resíduos. 

 

 

 

Filogenia e estrutura dos genes candidatos envolvidos no metabolismo e resposta à 

giberelina 

 

Famílias gênicas GA3OXIDASE (GA3ox), GA20OXIDASE (GA20ox) e 

GA2OXIDASE (GA2ox) 

Há duas famílias de genes envolvidas na síntese de giberelina (GA3ox e 

GA20ox) e uma envolvida na degradação (GA2ox). As proteínas codificadas pelos genes 

GA2ox, formaram claramente dois grupos: um formado pelos homólogos PoGA2ox2, 3, 

4a, 4b, 6a e 6b, e seus ortólogos em A. thaliana e V. vinifera, e outro formado por 

PoGA2ox7 e 8 e seus ortólogos (Figura 14). Dos GA3ox, foram identificados quatro em 

P. organensis (Figura 14). 
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Figura 14. Árvores filogenéticas das famílias gênicas envolvidas no metabolismo de giberelina, 

contendo sequencias de Passiflora organensis (Po) e os ortólogos de Arabidopsis thaliana (At) 

e Vitis vinifera (Vv): (A) GA2ox; (B) GA3ox; (C) GA20ox.  
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Em P. organensis, as três famílias gênicas apresentam estrutura conservada, e 

semelhantes às estruturas dos homólogos em A. thaliana e V. vinifera. Os genes 

PoGA3ox apresentaram dois éxons, enquanto os PoGA2ox e PoGA20ox apresentaram 

três éxons, assim como em A. thaliana (Figura 15). 

 

Figura 15. Estrutura dos genes das famílias GA2ox, GA3ox e GA20ox. Genes em azul são de 

Passiflora organensis (Po) e em cinza de Arabidopsis thaliana (At). 

 

 

Giacomelli et al. (2013) apresentaram uma hipótese para o surgimento dos GA 

oxidases, tendo analisado V. vinifera em comparação com A. thaliana. Os autores 

consideraram que os GA oxidases teriam surgido por duplicação gênica e posterior 

neofuncionalização, sendo que GA2ox e GA3ox descendem de um ancestral comum. 

A análise filogenética das GA20ox mostrou dois grupos (Figura 14C), sendo que 

um incluiu PoGA20ox1, PoGA20ox2, PoGA20ox3 e PoGA20ox4 com os ortólogos de 

A. thaliana (AtGA20ox1, AtGA20ox2, AtGA20ox3 e AtGA20ox4) e apenas os 
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VvGA20ox1 e VvGA20ox2 de V. vinífera. Outro grupo incluía PoGA20ox5, AtGA20ox5 

e os genes restantes de V. vinifera, VvGA20ox3, VvGA20ox4 e VvGA20ox5. Uma análise 

anterior com V. vinifera e A. thaliana mostrou que as proteínas VvGA20ox 

compartilham duas sequências conservadas, sendo um resíduo LPWKET para ligação 

de substrato e NYYPXCXXP para a ligação de 2-oxoglutarato. Porém, as proteínas 

VvGA20ox1 e VvGA20ox2 não continham o resíduo LPWKET e estes formavam um 

clado com AtGA20ox1 e AtGA20ox2. O outro clado incluía AtGA20ox5 relacionada a 

VvGA20ox3, VvGA20ox4 e VvGA20ox5, que possuíam os dois resíduos (Jung et al. 

2014). 

As famílias gênicas GAOXIDASES têm sido estudadas em diferentes espécies 

vegetais e a maioria dos parálogos mostraram diferentes padrões de expressão tecidual 

que pode também indicar especificidade funcional (Giacomelli et al. 2013; Honi et al. 

2020; Cheng et al. 2021). Em Arabidopsis, há cinco GA20ox, quatro GA3ox e sete 

GA2ox (Yamaguchi 2008; Rieu et al. 2008; Li et al. 2019). Para analisar as possíveis 

funções destes genes, foram realizados estudos com mutantes. Rieu et al. (2008) 

buscaram determinar os papeis fisiológicos de AtGA20ox1 e AtGA20ox2  e notaram 

que estes genes agem de forma redundante no controle das seguintes características: 

alongamento do hipocótilo e do entrenó, tempo de floração, alongamento dos filamentos 

da antera, número de sementes que se desenvolvem por fruto e alongamento do fruto. 

Contudo, mutantes duplos atga20ox1 e atga20ox2 não tiveram expansão foliar e 

crescimento das raízes afetados, indicando que os outros parálogos da mesma família 

contribuem para os processos de desenvolvimento examinados (Rieu et al. 2008). Em 

relação aos AtGA2ox, há evidências de que estes parálogos apresentam especificidade 

funcional, pois todos os sete genes identificados desta família apresentam expressão 

diferencial nos tecidos de plantas juvenis, além de apresentarem diferentes respostas a 

condições de estresse (Li et al. 2019). 

Nas famílias GA2ox e GA3ox houve pouca conservação das sequências em geral 

(Figura 16) Contudo, a região NHGv foi observada em ambas as famílias. 
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Figura 16. Alinhamentos de regiões das sequências proteicas das GA2ox e GA3ox, sendo 

PoGA2ox e PoGA3ox, de Passiflora organensis, AtGA2ox e AtGA3ox, de Arabidopsis 

thaliana e VvGA2ox e VvGA3ox, de Vitis vinifera. A linha Clustal Co mostra o grau de 

conservação entre as sequências, sendo representados por [ * ] os aminoácidos totalmente 

conservados, [ : ] altamente conservados e a ausência de símbolos indica que não há 

conservação entre os resíduos. 

 

A família PoGA2ox apresentou poucas regiões totalmente conservadas (Figura 

17), assim como as PoGA2ox e PoGA2ox. Contudo, as sequências LPWKET entre os 

resíduos 155 e 161, e NYYPXCXXP, entre 240 e 250, mostraram-se conservadas entre 

as espécies analisadas. 

Em arroz (Oryza sativa), OsGA20ox1 apresentou maior similaridade de 

sequencia com o ortólogo de Arabidopsis AtGA20ox1 (Sakamoto et al. 2004) A 

sequência consenso NYYPXCXXP de ligação ao 2-oxoglutarato foi conservada em 
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todas as proteínas OsGA20ox (Sakamoto et al. 2004) Uma sequência LPWKET, que é 

considerada envolvida na ligação dos substratos de GA, também foi conservado em 

todas as proteínas OsGA20ox (Sakamoto et al. 2004). Estas sequências consenso foram 

identificadas também em milho (Zea mays) (Song et al. 2011) e em uva (Vitis vinifera) 

(Jung et al. 2014). 

 

 

Figura 17. Alinhamento de regiões das sequências proteicas de ortólogos de GA20ox, sendo 

PoGA20ox, de Passiflora organensis, AtGA20ox, de Arabidopsis thaliana e  VvGA20ox, de 

Vitis vinifera. A linha Clustal Co mostra o grau de conservação entre as sequências, sendo 

representados por [ * ] os aminoácidos totalmente conservados, [ : ] altamente conservados e a 

ausência de símbolos indica que não há conservação entre os resíduos. 

 

Os genes codificadores de GA2ox foram divididos em dois grupos, sendo um 

formado por PoGA2ox7 e PoGA2ox8 e seus ortólogos de A. thaliana e V. vinífera. Em 
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V. vinifera e A. thaliana, e outro por PoGA2ox2, 3, 4a, 4b, 6a e 6b. Resultados similares 

foram observados por Jung et al. (2014). 

 

Família gênica GIBBERELLIN‐INSENSITIVE DWARF1 (GID1) 

A família gênica GID1, codificadora de receptores de giberelina, em outras 

espécies como A. thaliana (Nakajima et al. 2006) e V. vinifera (Acheampong et al. 

2015), apresenta três genes, sendo GID1a, GID1b e GID1c. Geralmente, os ortólogos de 

GID1a e c estão agrupados enquanto os de GID1b encontram-se em um outro grupo. No 

entanto, em P. organensis, há um ortólogo de GID1a (ou c) e dois de GID1b, tendo 

ocorrido um evento de duplicação (Figura 18) após a divergência entre Vitis, 

Arabidopsis e Passiflora neste último caso. 

 

 

Figura 18. Árvore filogenética da família GID1, contendo sequencias de Passiflora organensis 

(Po) e os ortólogos de Arabidopsis thaliana (At) e Vitis vinifera (Vv).  

 

A estrutura de todos os ortólogos de P. organensis foi semelhante à de A. 

thaliana, em torno de 1400 a 1800pb, com dois exons e um intron, tendo o primeiro em 

torno de 40pb, e o segundo em torno de 1200pb (Figura 19). 

 

Figura 19. Estrutura dos genes da família GID1 Genes em azul são de Passiflora organensis 

(Po) e em cinza de Arabidopsis thaliana (At). 
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Nos ortólogos putativos de GID1 foram observadas várias sequências 100% 

conservadas: VPLNTWVLISNFKLA, entre os resíduos 15 e 30; LRRPDG, entre os 

aminoácidos 34 e 39; FFHGGSF, entre 110 e 120; HSSANSAIYD, entre 120 e 130; 

CRRLV, entre 130 e 140; YPCAY, entre 155 e 165; GDSSGGNI, entre 190 e 200; e 

finalmente LPNN, entre os resíduos 325 e 330 (Figura 20). 

 

 

Figura 20. Alinhamento de regiões das sequências proteicas de ortólogos de GID1, sendo 

PoGID1, de Passiflora organensis, AtGID1, de Arabidopsis thaliana e VvGID1, de Vitis 

vinifera. A linha Clustal Co mostra o grau de conservação entre as sequências, sendo 
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representados por [ * ] os aminoácidos totalmente conservados, [ : ] altamente conservados e a 

ausência de símbolos indica que não há conservação entre os resíduos. 

 

Genes DELLA 

As proteínas DELLA são repressores transcricionais reguladas por giberelina 

(Briones-Moreno et al. 2017) PoDELLA1 e PoDELLA3 ficaram agrupados enquanto 

PoDELLA2a e PoDELLA2b estavam em um outro grupo (Figura 21). Em comparação 

com A. thaliana, houve uma redução do número de genes, que apresentava cinco 

(AtDELLA1, 2, 3, 4 e 5), contudo houve uma duplicação do ortólogo correspondente ao 

AtDELLA2 (Figura 21). As duplicações de genes são consideradas uma das principais 

forças motrizes na evolução dos genomas (Xu et al. 2020). Os genes DELLA 

apresentam variações quanto ao número nas difetentes espécies. Enquanto no tomateiro 

(Solanum lycopersicum) há apenas um gene DELLA (Bassel et al. 2004), em P. 

organensis, no presente trabalho, foram identificados quatro DELLA e em Arabidopsis 

há cinco DELLA com funções bem estabelecidas e nomenclaturas distintas. Contudo, 

utilizamos a nomenclatura DELLA para todos os genes de P. organensis identificados 

porque precisaríamos de análises adicionais para identificar os possíveis papeis 

fisiológicos de cada um dos ortólogos.  

Em Arabidopsis, o AtDELLA1 é denominado GA INSENSITIVE (GAI) (Peng 

et al. 1997) e AtDELLA3 é o REPRESSOR OF GA1–3 (RGA) (Silverstone et al. 1998). 

RGA e GAI possuem funções similares, reprimindo o crescimento do caule (Dill et al. 

2001). Os ortólogos PoDELLA1 e PoDELLA3 que identificamos, por similaridade das 

sequências, foram agrupados com os de Arabidopsis e V. vinifera. Então estes podem 

ser os GAI e RGA de P. organensis, embora sejam necessárias análises posteriores para 

diferenciar os dois genes, visto que há diferenciação funcional. Os outros três genes 

DELLA de Arabidopsis são denominados RGA-LIKE: o AtDELLA2 no presente 

trabalho é o RGL1, AtDELLA4 é o RGL2 e o AtDELLA5 é o 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 germinação das sementes (Lee et al. 2002; Piskurewicz e 

Lopez-Molina 2009). Identificamos, por similaridade das sequências, um PoDELLA2 e 

um PoDELLA5, que poderiam corresponder ao RGL1 e RGL3 de Arabidopsis. 

Contudo, como as funções destes genes já estão bem estabelecidas, seriam necessárias 
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análises específicas para identificar com precisão quais seriam esses genes em P. 

organensis.  

 

 

Figura 21. Árvore filogenética da família DELLA, contendo genes de Passiflora organensis 

(Po) e os ortólogos de Arabidopsis thaliana (At) e Vitis vinifera (Vv). 

 

Os genes DELLA em P. organensis não apresentavam íntrons (Figura 22), assim 

como em A. thaliana e V. vinifera (Acheampong et al. 2015).  

 

Figura 22. Estrutura dos genes da família DELLA. Genes em azul são de Passiflora organensis 

(Po) e em cinza de Arabidopsis thaliana (At). 

 

Os ortólogos putativos de P. organensis da família proteica DELLA 

apresentaram três regiões altamente conservadas: DELLA, entre os aminoácidos 54 e 

60; VHYNP, entre os resíduos 100 e 105; e SAW, entre os resíduos 640 e 645 (Figura 

23). A região DELLA, que dá nome à família, fica localizada na região 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 

variações, AtDELLA2, AtDELLA5 e VvDELLA3, e isso já foi relatado em outras 

espécies  (Wang et al. 2020). 

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

envolvidos na ligação com GID1 (Vera-Sirera et al. 2016). 
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Figura 23. Alinhamentos de regiões das sequências proteicas de ortólogos de DELLA, sendo 

PoDELLA, de Passiflora organensis, AtDELLA de Arabidopsis thaliana e VvDELLA, de Vitis 

vinifera. A linha Clustal Co mostra o grau de conservação entre as sequências, sendo 

representados por [ * ] os aminoácidos totalmente conservados, [ : ] altamente conservados e a 

ausência de símbolos indica que não há conservação entre os resíduos. 

 

Conclusões 

Identificamos os genes relacionados a metabolismo e resposta a citocininas e 

giberelinas, que incluíram oito genes PoIPT, dez PoLOG, nove PoCKX, dez PoRRs do 

tipo A, 11 Po RRs do tipo B, quatro GA3oxs, cinco GA20oxs, oito GA2oxs, três 
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PoGID1 e quatro PoDELLA. As análises filogenéticas, de estrutura gênica e de 

alinhamento das sequências proteicas, revelaram que estas famílias gênicas em P. 

organensis são conservadas e similares em número e estrutura às de Arabidopsis. Para a 

maioria das famílias gênicas analisadas, as funções de cada parálogo não são bem 

conhecidas, com exceção dos genes DELLA. Nossos achados serão úteis para estudos 

futuros para inferir as funções destes genes e compreender seus papéis no 

desenvolvimento de espécies de Passiflora bem como de outras espécies vegetais. 

 

Referências 

Acheampong AK, Hu J, Rotman A, Zheng C, Halaly T, Takebayashi Y, Jikumaru Y, 

Kamiya Y, Lichter A, Sun TP, Or E (2015) Functional characterization and 

developmental expression profiling of gibberellin signalling components in Vitis 

vinifera. J Exp Bot 66(5):1463-1476. https://doi.org/10.1093/jxb/eru504 

Andrés F, Porri A, Torti S, Mateos J, Romera-Branchat M, García-Martínez JL, 

Coupland G (2014) SHORT VEGETATIVE PHASE reduces gibberellin 

biosynthesis at the Arabidopsis shoot apex to regulate the floral transition. Proc 

Natl Acad Sci 111(26):E2760– E2769. https://doi.org/10.1073/Proc Natl Acad 

Sci.1409567111 

Argueso CT, Ferreira FJ, Kieber JJ (2009) Environmental perception avenues: the 

interaction of cytokinin and environmental response pathways. Plant Cell 

Environ 32(9):1147-1160. https://doi.org/10.1111/j.1365-3040.2009.01940.x 

Argyros RD, Mathews DE, Chiang YH, Palmer CM, Thibault DM, Etheridge N,  

Schaller GE (2008) Type B response regulators of Arabidopsis play key roles in 

cytokinin signaling and plant development. Plant Cell 20(8):2102-2116. 

https://doi.org/10.1105/tpc.108.059584 

Bartrina I, Otto E, Strnad M, Werner T, Schmülling T (2011) Cytokinin regulates the 

activity of reproductive meristems flower organ size ovule formation and thus 

seed yield in Arabidopsis thaliana. Plant Cell 23(1):69–80. 

https://doi.org/10.1105/tpc.110.079079 

Bassel GW, Zielinska E, Mullen RT, Bewley JD (2004) Down-regulation of DELLA 

genes is not essential for germination of tomato, soybean, and Arabidopsis 

seeds. Plant Physiol 136(1):2782-2789. https://doi.org/10.1104/pp.103.034876 

Bhargava A, Clabaugh I, TO JP, Maxwell BB, Chiang YH, Schaller GE, Kieber JJ 

(2013) Identification of cytokininresponsive genes using microarray 

metaanalysis and RNASeq in Arabidopsis. Plant Physiol 162(1):272–294. 

https://doi.org/10.1104/pp.113.217026 

Blázquez MA, Green R, Nilsson O, Sussman MR, Weigel D (1998) Gibberellins 

promote flowering of Arabidopsis by activating the LEAFY promoter. Plant Cell 

10(5):791–800. https://doi.org/10. 1105/tpc.10.5.791 

https://doi.org/10.1073/pnas.1409567111
https://doi.org/10.1073/pnas.1409567111
https://doi.org/10.1104/pp.103.034876
https://doi.org/10.1104/pp.113.217026
https://doi.org/10.%201105/tpc.10.5.791


97 
 

Böttcher C, Burbidge CA, Boss PK, Davies C (2015) Changes in transcription of 

cytokinin metabolism and signalling genes in grape (Vitis vinifera L.) berries are 

associated with the ripening-related increase in isopentenyladenine. BMC Plant 

Biol 15:223. https://doi.org/10.1186/s12870-015-0611-5 

Briones-Moreno A, Hernández-García J, Vargas-Chávez C, Romero Campero FJ, 

Romero JM, Valverde F, Blázquez MA (2017) Evolutionary analysis of 

DELLAassociated transcriptional net works. Front Plant Sci 8:626 

Cai L, Zhang L, Fu Q, Xu ZF (2018) Identification and expression analysis of cytokinin 

metabolic genes IPTs, CYP735A and CKXs in the biofuel plant Jatropha 

curcas. Peer J 6:e4812. https://doi.org/10.7717/peerj.4812 

Caruana JC, Sittmann JW, Wang W, Liu Z (2018) Suppressor of runnerless encodes a 

DELLA protein that controls runner formation for asexual reproduction in 

strawberry. Molecular Plant 11:230–233. 

https://doi.org/10.1016/j.molp.2017.11.001 

Cassani E, Bertolini E, Badone FC, Landoni M, Gavina D, Sirizzotti A, Pilu R (2009) 

Characterization of the first dominant dwarf maize mutant carrying a single 

amino acid insertion in the VHYNP domain of the dwarf8 gene. Mol Breeding 

24(4):375-385. https://doi.org/10.1007/s11032-009-9298-3 

Chen CM (1997) Cytokinin biosynthesis and interconversion. Physiol Plant 

101(4):665–673. https://doi.org/10.1111/j.13993054.1997. tb01051.x 

Cheng H, Qin L, Lee S, Fu X, Richards DE, Cao D, Luo D, Harberd NP, Peng J (2004) 

Gibberellin regulates Arabidopsis floral development via suppression of DELLA 

protein function. Development 131(5):1055–1064. 

https://doi.org/10.1242/dev.00992 

Cheng J, Ma J, Zheng X, Lv H, Zhang M, Tan B, Ye X, Wang W, Zhang L, Li Z, Li J, 

Feng J (2021) Functional analysis of the gibberellin 2-oxidase gene family in 

peach. Front Plant Sci 12:619158. https:// doi.org/10.3389/fpls.2021.619158 

Ci J, Wang X, Wang Q, Zhao F, Yang W, Cui X, Jiang L, Ren X, Yang W (2021) 

Genome-wide analysis of gibberellin-dioxygenases gene family and their 

responses to GA applications in maize. PloS ONE 16(5):e0250349. 

https://doi.org/10.1371/journal.pone.0250349 

Crane O, Halaly T, Pang X, Lavee S, Perl A, Vankova R, Or E (2012) 

Cytokinininduced VvTFL1A expression may be involved in the control of 

grapevine fruitfulness. Planta 235(1):181–192. https:// 

doi.org/10.1007/s0042501114976 

Cutri L, Nave N, Ami MB, Chayut N, Samach A, Dornelas MC (2013) Evolutionary 

genetic environmental and hormonalinduced plastic ity in the fate of organs 

arising from axillary meristems in Passiflora spp. Mech Dev 130(1):61–69. 

https://doi.org/10.1016/j.mod.2012.05.006 

D’Aloia M, Bonhomme D, Bouché F, Tamseddak K, Ormenese S, Torti S, Périlleux C 

(2011) Cytokinin promotes flowering of Arabidopsis via transcriptional 

https://doi.org/10.7717/peerj.4812
https://doi.org/10.1007/s11032-009-9298-3
https://doi.org/10.1111/j.13993054.1997.%20tb01051
https://doi.org/10.1016/j.mod.2012.05.006


98 
 

activation of the FT paralogue TSF. Plant J 65(6): 972–979. 

https://doi.org/10.1111/j.1365313X.2011.04482.x 

D'Agostino IB, Deruere J, Kieber JJ (2000) Characterization of the response of the 

Arabidopsis response regulator gene family to cytokinin. Plant Physiol 

124(4):1706-1717. https://doi.org/10.1104/pp.124.4.1706 

Dill A, Jung HS, Sun TP (2001) The DELLA motif is essential for gibberellin-induced 

degradation of RGA. Proc Natl Acad Sci 98(24):14162-14167. 

https://doi.org/10.1073/pnas.251534098 

Fernandes J, Tavares S, Amâncio S (2009) Identification and expression of cytokinin 

signaling and meristem identity genes in sulfur deficient grapevine (Vitis 

vinifera L). Plant Signal Behav 4(12):1128-1135. 

https://doi.org/10.4161/psb.4.12.9942 

Fleet CM, Sun TP (2005) A DELLAcate balance: the role of gibberellin in plant 

morphogenesis. Curr Opin Plant Biol 8(1):77-85. 

https://doi.org/10.1016/j.pbi.2004.11.015 

Giacomelli L, RotaStabelli O, Masuero D, Acheampong AK, Moretto M, Caputi L, 

Vrhovsek U, Moser C (2013) Gibberellin metabolism in Vitis vinifera L. during 

bloom and fruitset: functional characterization and evolution of grapevine 

gibberellin oxidases. J Exp Bot 64:4403-4419. https://doi.org/10.1093/jxb/ert251 

Goodstein DM, Shu S, Howson R, Neupane R, Hayes RD, Fazo J,  Rokhsar DS (2012) 

Phytozome: a comparative platform for green plant genomics. Nucleic Acids 

Res 40:D1178-D1186. https://doi.org/10.1093/nar/gkr944 

Hebsgaard SM, Korning PG, Tolstrup N, Engelbrecht J, Rouzé P, Brunak S (1996) 

Splice site prediction in Arabidopsis thaliana prem-RNA by combining local 

and global sequence information. Nucleic Acids Res 24(17):3439-3452. 

https://doi.org/10.1093/nar/24.17.3439 

Hedden P, Phillips AL (2000) Gibberellin metabolism: new insights revealed by the 

genes. Trends Plant Sci 5(12):523-530. https://doi.org/10.1016/S1360-

1385(00)01790-8 

Hedden P, Thomas SG (2012) Gibberellin biosynthesis and its regulation.    

Biochemical Journal 444:11-25. https://doi.org/10.1042/BJ20120245 

Heyl A, Schmülling T (2003) Cytokinin signal perception and transduction. Curr Opin 

Plant Biol 6(5):480-488. https://doi.org/10.1016/S1369-5266(03)00087-6 

Hirano K, Ueguchi-Tanaka M, Matsuoka M (2008) GID1mediated gib berellin 

signaling in plants. Trends Plant Sci 13(4):192–199. https:// 

doi.org/10.1016/j.tplants.2008.02.005 

Honi U, Amin MR, Kabir SMT, Bashar KK, Moniruzzaman M, Jahan R, Jahan S, 

Haque MS, Islam S (2020) Genome-wide identification, characterization and 

expression profiling of gibberellin metabolism genes in jute. BMC Plant Biol 

20:306. https://doi.org/10.1186/s12870-020-02512-2 

https://doi.org/10.1111/j.1365313X.2011.04482.x
https://doi.org/10.1073/pnas.251534098
https://doi.org/10.4161/psb.4.12.9942


99 
 

Hu B, Jin J, Guo AY, Zhang H, Luo J, Gao G (2015) GSDS 20: an upgraded gene 

feature visualization server. Bioinformatics 31(8):1296-1297. 

https://doi.org/10.1093/bioinformatics/btu817  

Immanen J, Nieminen K, Silva HD, Rojas FR, Meisel LA, Silva H, Albert VA, 

Hvidsten TR, Helariutta Y (2013) Characterization of cytokinin signaling and 

homeostasis gene families in two hardwood tree species: Populus trichocarpa 

and Prunus persica. BMC Genomics 14:885. https://doi.org/10.1186/1471-2164-

14-885 

Jung CJ, Hur YY, Jung SM, Noh JH, Do GR, Park SJ, Hwang HS, Doil C, Lee HJ 

(2014) Transcriptional changes of gibberellin oxidase genes in grapevines with 

or without gibberellin application during inflorescence development. J Plant 

Res 127(2):359-371. https://doi.org/10.1007/s10265-013-0623-x 

Kim DH, Doyle MR, Sung S, Amasino RM (2009) Vernalization: winter and the timing 

of flowering in plants. Annu Rev Cell Dev Biol 25: 277–299. 

https://doi.org/10.1146/annurev.cellbio.042308.113411 

Krosnick SE, Freudenstein JV (2005) Monophyly and floral character homology of old 

world Passiflora (Subgenus Decaloba: Supersection Disemma). Syst 

Bot 30(1):139-152. https://doi.org/10.1600/0363644053661959 

Kumar S, Stecher G, Li M, Knyaz C, Tamura K (2018) MEGA X: molecular 

evolutionary genetics analysis across computing platforms. Mol Biol Evol 

35(6):1547-1549. https://doi.org/10.1093/molbev/msy096 

Kurakawa T, Ueda N, Maekawa M, Kobayashi K, Kojima M, Nagato Y, Kyozuka J 

(2007) Direct control of shoot meristem activity by a cytokinin-activating 

enzyme. Nature 445:652-655. https://doi.org/10.1038/nature05504 

Kuroha T, Tokunaga H, Kojima M, Ueda N, Ishida T, Nagawa S, Fukuda H, Sugimoto 

K, Sakakibara H (2009) Functional analyses of LONELY GUY cytokinin-

activating enzymes reveal the importance of the direct activation pathway in 

Arabidopsis. Plant Cell 21(10):3152-3169. 

https://doi.org/10.1105/tpc.109.068676 

Lee S, Cheng H, King KE, Wang W, He Y, Hussain A, Lo J, Harberd NP, Peng J 

(2002) Gibberellin regulates Arabidopsis seed germination via RGL2, a 

GAI/RGA-like gene whose expression is up-regulated following imbibition. 

Genes Dev 16(5):646-658. https://doi.org/10.1101/gad.969002 

Li C, Zheng L, Wang X, Hu Z, Zheng Y, Chen Q, Hao X, Xiao X, Wang X, Zhang Y 

(2019) Comprehensive expression analysis of Arabidopsis GA2-oxidase genes 

and their functional insights. Plant Sci 285:1-13. 

https://doi.org/10.1016/j.plantsci.2019.04.023 

Liu C, Wang J, Huang T, Wang F, Yuan F, Cheng X, Liu K (2010) A missense 

mutation in the VHYNP motif of a DELLA protein causes a semidwarf mutant 

phenotype in Brassica napus. Theor Appl Genet 121(2):249-258. 

https://doi.org/10.1007/s00122-010-1306-9 

https://doi.org/10.1093/bioinformatics/btu817
https://doi.org/10.1146/annurev.cellbio.042308.113411
https://doi.org/10.1016/j.plantsci.2019.04.023


100 
 

Liu Z, Lv Y, Zhang M, Liu Y, Kong L, Zou M, Gang L, Cao J, Yu X (2013) 

Identification, expression, and comparative genomic analysis of the IPT and 

CKX gene families in Chinese cabbage (Brassica rapa ssp pekinensis). BMC 

Genomics 14:594. https://doi.org/10.1186/1471-2164-14-594 

Miyawaki K, Matsumoto‐Kitano M, Kakimoto T (2004) Expression of cytokinin 

biosynthetic isopentenyltransferase genes in Arabidopsis: tissue specificity and 

regulation by auxin, cytokinin, and nitrate. Plant J 37(1):128-138. 

https://doi.org/10.1046/j.1365-313X.2003.01945.x 

Miyawaki K, Tarkowski P, Matsumoto-Kitano M, Kato T, Sato S, Tarkowska D, 

Kakimoto T (2006) Roles of Arabidopsis ATP/ ADP isopentenyltransferases and 

tRNA isopentenyltransferases in cytokinin biosynthesis. Proc Natl Acad Sci 

103(44):16598–16603. https://doi.org/10.1073/Proc Natl Acad Sci.0603522103 

Mok DW, Mok MC (2001) Cytokinin metabolism and action. Annu Rev Plant Physiol 

Plant Mol Biol 52:89-118. https://doi.org/10.1146/annurev.arplant.52.1.89 

Nakajima M, Shimada A, Takashi Y, Kim YC, Park SH, Ueguchi-Tanaka M, Maeda T 

(2006) Identification and characterization of Arabidopsis gibberellin receptors. 

Plant J 46(5):880–889. https:// doi.org/10.1111/j.1365313X.2006.02748.x 

Nave N, Katz E, Chayut N, Gazit S, Samach A (2010) Flower develop ment in the 

passion fruit Passiflora edulis requires a photoperiod induced systemic 

grafttransmissible signal. Plant Cell Environ 33(12):2065–2083. 

https://doi.org/10.1111/j.13653040.2010.02206.x 

Peng J, Carol P, Richards DE, King KE, Cowling RJ, Murphy GP, Harberd NP (1997) 

The Arabidopsis GAI gene defines a signaling pathway that negatively regulates 

gibberellin responses. Genes Dev 11(23):3194-3205. 

https://doi.org/10.1101/gad.11.23.3194 

Piskurewicz U, Lopez-Molina L (2009) The GA-signaling repressor RGL3 represses 

testa rupture in response to changes in GA and ABA levels. Plant Signal Behav 

4(1):63-65. https://doi.org/10.4161/psb.4.1.7331 

Rieu I, Ruiz‐Rivero O, Fernandez‐Garcia N, Griffiths J, Powers SJ, Gong F, Phillips AL 

(2008) The gibberellin biosynthetic genes AtGA20ox1 and AtGA20ox2 act, 

partially redundantly, to promote growth and development throughout the 

Arabidopsis life cycle. Plant J 53(3):488-504. https://doi.org/10.1111/j.1365-

313X.2007.03356.x 

Sakakibara H (2006) Cytokinins: activity biosynthesis and translocation. Annu Rev 

Plant Biol 57:431–449. https://doi.org/10.1146/annurev. 

arplant.57.032905.105231 

Sakamoto T, Miura K, Itoh H, Tatsumi T, Ueguchi-Tanaka M, Ishiyama K, Miyao A 

(2004) An overview of gibberellin metabolism enzyme genes and their related 

mutants in rice. Plant Physiol 134(4):1642-1653. 

https://doi.org/10.1104/pp.103.033696 

https://doi.org/10.4161/psb.4.1.7331
https://doi.org/10.1111/j.1365-313X.2007.03356.x
https://doi.org/10.1111/j.1365-313X.2007.03356.x


101 
 

Sasaki T, Suzaki T, Soyano T, Kojima M, Sakakibara H, Kawaguchi M (2014) Shoot-

derived cytokinins systemically regulate root nodulation. Nat Commun 5, 4983. 

https://doi.org/10.1038/ncomms5983 

Schmülling T, Werner T, Riefler M, Krupková E, Manns IB (2003) Structure and 

function of cytokinin oxidase/dehydrogenase genes of maize, rice, Arabidopsis 

and other species. J Plant Res 116(3):241-252. https://doi.org/10.1007/s10265-

003-0096-4 

Silverstone AL, Ciampaglio CN, Sun TP (1998) The Arabidopsis RGA gene encodes a 

transcriptional regulator repressing the gibberellin signal transduction pathway. 

Plant Cell 10(2):155-169. https://doi.org/10.1105/tpc.10.2.155 

Skoog F, Miller C (1957) Chemical regulation of growth and organ formation in plant 

tissues cultured in vitro. Symp Soc Exp Biol 11:118-140 

Sobol S, Chayut N, Nave N, Kafle D, Hegele M, Kaminetsky R, Samach A (2014) 

Genetic variation in yield under hot ambient temperatures spotlights a role for 

cytokinin in protection of developing floral primordial. Plant Cell Environ 

37(3):643–657. https://doi.org/10. 1111/pce.12184 

Song J, Guo B, Song F, Peng H, Yao Y, Zhang Y,  Ni Z (2011) Genomewide 

identification of gibberellins metabolic enzyme genes and expression profiling 

analysis during seed germination in maize. Gene 482(1-2):34-42. 

https://doi.org/10.1016/j.gene.2011.05.008 

Stanke M, Steinkamp R, Waack S, Morgenstern B (2004) AUGUSTUS: a web server 

for gene finding in eukaryotes. Nucleic Acids Res 32:W309-W312. 

https://doi.org/10.1093/nar/gkh379 

Takei K, Sakakibara H, Sugiyama T (2001) Identification of genes encoding adenylate 

isopentenyltransferase, a cytokinin biosynthesis enzyme, in Arabidopsis 

thaliana. J Biol Chem 276(28):26405-26410. 

https://doi.org/10.1074/jbc.M102130200 

Tan M, Li G, Qi S, Liu X, Chen X, Ma J, Han M (2018) Identification and expression 

analysis of the IPT and CKX gene families during axillary bud outgrowth in 

apple (Malus domestica Borkh). Gene 651:106-117. 

https://doi.org/10.1016/j.gene.2018.01.101 

Taniguchi M, Sasaki N, Tsuge T, Aoyama T, Oka A (2007) ARR1 directly activates 

cytokinin response genes that encode proteins with diverse regulatory functions. 

Plant Cell Physiol 48:263-277. https://doi.org/10.1093/pcp/pcl063 

Taya Y, Tanaka Y, Nishimura S (1978) 5′AMP is a direct precursor of cytokinin in 

Dictyostelium discoideum. Nature 271(5645):545-547. 

https://doi.org/10.1038/271545a0 

Tenreira T, Lange MJP, Lange T, Bres C, Labadie M, Monfort A, Denoyes B (2017) A 

specific gibberellin 20-oxidase dictates the flowering-runnering decision in 

diploid strawberry. Plant Cell 29(9):2168–2182. 

https://doi.org/10.1105/tpc.16.00949 



102 
 

Ueguchi-Tanaka M, Nakajima M, Motoyuki A, Matsuoka M (2007) Gibberellin 

receptor and its role in gibberellin signaling in plants. Annu Rev Plant Biol 

58:183–198. https://doi.org/10.1146/annurev. arplant.58.032806.103830 

Vanstraelen M, Benková E (2012) Hormonal interactions in the regulation of plant 

development. Annu Rev Cell Dev Biol 28:463-487. 

https://doi.org/10.1146/annurev-cellbio-101011-155741 

Vera-Sirera F, Gomez MD, Perez-Amador MA (2016) DELLA proteins, a group of 

GRAS transcription regulators that mediate gibberellin signaling. In: Gonzalez 

DH (ed) Plant Transcription Factors: Evolutionary, Structural, and Functional 

Aspects. Academic Press, pp. 313-328. https://doi.org/10.1016/B978-0-12-

800854-6.00020-8 

Wang P, Zhang Q, Chen Y, Zhao Y, Ren F, Shi H, Wu X (2020) Comprehensive 

identification and analysis of DELLA genes throughout the plant kingdom. 

BMC Plant Biol 20:372. https://doi.org/10.1186/s12870-020-02574-2 

Weiss D, Ori N (2007) Mechanisms of cross talk between gibberellin and other 

hormones. Plant Physiol 144(3):1240–1246. https://doi.org/ 

10.1104/pp.107.100370 

Wen CK, Chang C (2002) Arabidopsis RGL1 encodes a negative regulator of 

gibberellin responses. Plant Cell 14(1):87-100. 

https://doi.org/10.1105/tpc.010325 

Werner T, Motyka V, Laucou V, Smets R, Van Onckelen H, Schmülling T (2003) 

Cytokinin-deficient transgenic Arabidopsis plants show multiple developmental 

alterations indicating opposite functions of cytokinins in the regulation of shoot 

and root meristem activity. Plant Cell 15(11):2532-2550. 

https://doi.org/10.1105/tpc.014928 

Werner T, Motyka V, Strnad M, Schmülling T (2001) Regulation of plant growth by 

cytokinin. PROC NATL ACAD SCI 98(18):10487-10492. 

https://doi.org/10.1073/Proc Natl Acad Sci.171304098 

Xie M, Chen H, Huang L, O’Neil RC, Shokhirev MN, Ecker JR (2018) A B-ARR 

mediated cytokinin transcriptional network directs hormone crossregulation and 

shoot development. Nat Commun 9:1604. https://doi.org/10.1038/s41467-018-

03921-6 

Xu Z, Pu X, Gao R, Demurtas OC, Fleck SJ, Richter M, He C, Ji A, Sun W, Kong J, Hu 

K, Ren F, Song J, Wang Z, Gao T, Xiong C, Yu H, Xin T, Albert VA, Giuliano 

G, Chen S, Song J (2020) Tandem gene duplications drive divergent evolution 

of caffeine and crocin biosynthetic pathways in plants. BMC Biol 18(1):63. 

https://doi.org/10.1186/s12915-020-00795-3 

Xue Z, Liu L, Zhang C (2020) Regulation of shoot apical meristem and axillary 

meristem development in plants. Int J Mol Sci 21(8): 2917. 

https://doi.org/10.3390/ijms21082917. 

Yamaguchi S (2008) Gibberellin metabolism and its regulation. Annu Rev Plant Biol 

59:225–251. https://doi.org/10.1146/annurev.arplant.59.032607.092804  

https://doi.org/10.1146/annurev.arplant.59.032607.092804


103 
 

CAPÍTULO IV - Análise do padrão de expressão gênica 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 transição da fase juvenil para a adulta vegetativa. Analisamos 

por meio de RT-qPCR (Reverse Transcription quantitative PCR) a expressão relativa de 

genes relacionados ao metabolismo e à resposta a GAs em plantas de P. edulis. 

Comparamos plantas submetidas a pulverizações de GA3 em diferentes concentrações e 

também plantas tratadas com paclobutrazol. O gene de biossíntese de GA analisado, o 

PoGA3ox3, teve uma diminuição gradual em sua expressão quanto maior foi a dose de 

GA3 aplicada, enquanto o gene PoGA2ox8, envolvido no catabolismo de GA, e os 

PoDELLA2, PoDELLA3 e PoDELLA5, de resposta às vias de sinalização de GA, 

tiveram aumento em sua expressão. A aplicação de paclobutrazol causou efeito oposto 

ao da aplicação exógena de GA3 sem efeito de dose. Os resultados obtidos contribuem 

para a compreensão de como as GAs atuam durante o desenvolvimento de Passiflora e 

podem servir como base para estudos de modulação dos níveis destes genes para 

controlar a transição 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-

qPCR (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 GA3 at different concentrations and also plants treated with 

paclobutrazol. The GA biosynthesis gene analyzed, PoGA3ox3, had a gradual decrease 

in its expression followin the increase in the dose of GA3 applied, while PoGA2ox8, a 

GA catabolism gene, and the PoDELLA2, PoDELLA3 and PoDELLA5, 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. 

 

Introdução 

As giberelinas (GAs) são uma importante classe de fitormônios que controlam 

vários aspectos do desenvolvimento vegetal, como germinação das sementes, 

crescimento do caule e das raízes, expansão das folhas e florescimento (Yamaguchi 

2008; Ramon 2021). Quimicamente, as GAs são ácidos carboxílicos tetracíclicos 

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 biológica mais conhecida é o crescimento do caule, sendo 

que sua descoberta ocorreu por conta de uma doença 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 órgãos 

vegetais, através da expansão celular (Hedden e Thomas 2012), germinação das 

sementes (Ogawa et al. 2003) e desenvolvimento dos frutos (Serrani et al. 2007; 

Csukasi et al. 2011), as GAs possuem grande importância no ciclo de vida das plantas 

podendo estimular (Blázquez et al. 1998; Mutasa-Göttgens 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 padrão de ramificação 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 são 

bioativas: GA1, GA3, GA4 e GA7 (Hedden e Sponsel 2015). A biossíntese de GAs 

ocorre em várias etapas, compartimentalizadas em três locais nas células: nos 

cloroplastos ocorre a formação do ent-caureno a partir de geranilgeranil difosfato 

(GGDP) (Aach et al. 1997); posteriormente, no retículo endoplasmático, há formação do 

GA12 a partir do ent-caureno (Hedden 1997; Lange 1998); e por fim, a formação de 

GAs bioativas no citoplasma (Hedden 1997; Suzuki et al. 1992). 

As enzimas que catalisam diretamente os processos de ativação e inativação das 

GAs são GA oxidases que pertencem às famílias das dioxigenases dependentes de 2-

oxoglutarato (2-ODDs) (Lange e Lange 2020). As GA20OXIDASES (GA20ox) e 

GA3OXIDASES (GA3ox) catalisam as etapas finais na formação de GAs bioativas, 
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principalmente GA1 e GA4 (Hedden e Phillips 2000). Portanto são enzimas anabólicas 

no metabolismo de GA. Há ainda outras classes de GA OXIDASES anabólicas: as 

GA7OXIDASES, identificadas em abóbora, 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 são as 

GA2OXIDASES (GA2ox), que são também 2-ODDs (Hedden e Thomas 2012; Lange e 

Lange 2020). As GA2ox inativam as GAs bioativas convertendo-as em formas inativas 

por β-hidroxilação (Thomas et al. 1999; Hedden e Phillips 2000). Elas são geralmente 

classificadas como C19-GA2oxs ou C20-GA2oxs, dependendo do número de átomos de 

carbono dos substratos sobre os quais agem (Hedden e Thomas 2012; Lange e Lange 

2020). 

Vários estudos de identificação e expressão gênica têm sido realizados buscando 

identificar as famílias GA20ox, GA3ox e GA2ox, em Arabidopsis (Rieu et al. 2008; Li et 

al. 2019), e sobretudo em espécies vegetais de interesse agronômico 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). Há evidências de que os parálogos dentro destas famílias gênicas possuem 

redundância funcional (Sakamoto et al. 2004; He et al. 2019). 

Análises de expressão dos genes relacionados ao metabolismo de GAs durante 

as transições de fases possibilitam a compreensão de como essa classe de fitormônios 

atua na regulação destes processos. Em Vitis vinifera, houve diminuição da expressão 

dos genes anabólicos e aumento da expressão dos genes catabólicos das vias de GAs 

quando as plantas foram submetidas a aplicações de GAs exógenas antes do 

florescimento (Jung et al. 2014). Por outro lado, VvGA3ox e VvGA20ox, de biossíntese 

de GAs foram regulados positivamente sob tratamento com uniconazol, um inibidor da 

biossíntese de GA (He et al. 2019). Estes resultados sugerem que a aplicação de GAs 

exógenas interferem no metabolismo das GAs alterando o nível de transcrição e 

consequentemente o momento do desenvolvimento da inflorescência em videiras. 

No desempenho de suas funções, as GAs agem em resposta aos sinais 

ambientais e endógenos, que podem regular a biossíntese, desativação, percepção e 

resposta, sendo que estes sinais podem agir em vários pontos das vias (Hedden e 
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Thomas 2012). Os mecanismos moleculares pelos quais esses hormônios são percebidos 

e como essa informação é traduzida em alterações transcricionais foi elucidado há 

muitos anos em plantas: as giberelinas são percebidas pelo receptor nuclear 

GIBBERELLIN INSENSITIVE DWARF1 (GID1), descoberto em arroz (Ueguchi-

Tanaka et al. 2005). Com o aumento da concentração de GA e sua ligação ao GID1, este 

complexo interage com o complexo de poliubiquitinação SCF-GID2, que provoca a 

degradação das proteínas DELLA da família GRAS de fatores de transcrição (Itoh et al. 

2003; Sasaki et al. 2003). Como as proteínas DELLA reprimem o mecanismo molecular 

de ação das GAs, não havendo mais repressão da transcrição, os genes regulados pelas 

GAs podem agir (Harberd et al. 2009). Os GAs bioativos são justamente caracterizados 

pela capacidade de interagir com o GID1 para iniciar a degradação de proteínas DELLA 

que reprimem o mecanimo de ação das GAs (Ueguchi-Tanaka et al. 2007). 

Em Arabidopsis foram identificados três GID1 que possivelmente possuem 

funções redundantes, pois os mutantes únicos se desenvolveram normalmente enquanto 

os mutantes triplos tiveram fenótipo anão (Griffiths et al. 2006). Além disso, esses 

mutantes triplos tiveram acúmulo da proteína DELLA do tipo REPRESSOR DE GA1-3 

(RGA). As proteínas DELLA de Arabidopsis são cinco e possuem papéis geneticamente 

separáveis no controle do crescimento do caule e do tamanho do meristema da 

inflorescência (Serrano-Mislata et al. 2017). As proteínas DELLA influenciam na 

atividade dos meristemas axilares e, portanto podem interferir nas transições de fases. 

Sua participação na regulação dos meristemas axilares ocorre pela interação com a 

SQUAMOSA-PROMOTER BINDING PROTEIN LIKE 9 (SPL9) que reprime a 

expressão do gene LATERAL SUPPRESSOR (LAS), inibidor da ativação destes 

meristemas (Zhang et al. 2020). 

Alguns estudos têm sido realizados analisando a expressão 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 

pinhão manso, Jatropha curcas L., durante a transição da fase adulta vegetativa para a 

reprodutiva, Os níveis de expressão dos genes, JcGA3ox3 e JcGID1C, respectivamente, 

foram reduzidos, enquanto o de JcGA2ox8, foi elevado durante a transição floral (Li et 

al. 2018). Estes resultados evidenciaram que as GAs inibem o florescimento em J. 

curcas. Em pêssego, Prunus persica, foram identificados sete genes da família GA2ox, 

e superexpressos em plantas de tabaco, que apresentaram fenótipo anão (Cheng et al. 

2021). O tratamento com GA3 exógeno ativou a expressão de todos os sete genes 
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PpGA2ox. Estes resultados permitem manipular os níveis endógenos de GAs no 

pêssego, e assim controlar o crescimento dos ramos, reduzindo a necessidade de poda 

na espécie. 

No gênero Passiflora, são conhecidos os efeitos morfológicos das GAs na 

transição para a fase reprodutiva em P. edulis (Sobol et al. 2014) e da fase juvenil para a 

adulta vegetativa em P. organensis (ver Capítulo II). Também já foram identificados os 

genes envolvidos na biossíntese, catabolismo, sinalização e resposta a GAs em P. 

organensis (ver Capítulo III). Neste capítulo, temos como objetivo analisar a expressão 

dos genes de metabolismo e resposta as GAs na transição da fase juvenil para a adulta 

vegetativa. Os resultados obtidos podem permitir a modulação dos níveis de GAs e 

assim regular a arquitetura das plantas, pela quantidade de ramos e inflorescências 

produzidas. Portanto, podem ser de grande utilidade para a produção vegetal do 

maracujazeiro, bem como de outras espécies de interesse agronômico.  

 

Material e Métodos 

 

Estabelecimento dos ensaios e aplicação dos fitormônios  

Os ensaios foram conduzidos em casa de vegetação, 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 doação de Viveiros Flora Brasil) plantadas em vasos com composto orgânico 

Genesolo, Genefértil
® 

(Composição: Bagaço de cana, palha de café, turfa, rocha 

calcárea, estercos e camas de aviário, cinzas, resíduo orgânico industrial papel/celulose 

e resíduo orgânico agroindústrial classe B) sendo transplantadas duas plantas para cada 

vaso.  

Avaliamos sete tratamentos com diferentes doses de GA. Cada tratamento foi 

aplicado a dez plantas (repetições):  

 três tratamentos consistiram em aplicações de ácido giberélico (GA3) nas 

concentrações: 1,0; 10,0 ou 100,0 μM; 

 três tratamentos consistiram em uma única aplicação de paclobutrazol 

(PAC), nas concentrações: 1,0; 10,0 ou 100,0 μM;  

 e um grupo controle (que não recebeu aplicações de GA3 nem de PAC).  
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O delineamento experimental foi inteiramente casualizado, com os vasos 

distribuídos nas mesas aleatoriamente. Após dois meses desde o plantio, as plantas dos 

tratamentos com giberelina receberam pulverizações diárias com as soluções de GA3 e 

surfactante Tween-20 (duas gotas a cada 100ml de solução) durante três semanas. 

Durante a primeira semana, foram realizadas duas aplicações diárias do fitormônio, 

sendo uma pela manhã e outra no período da tarde. Na segunda e na terceira semanas, as 

plantas receberam uma única pulverização diária de GA3. As plantas dos tratamentos 

com PAC tiveram as soluções de PAC aplicadas diretamente na terra, no dia em que o 

ensaio foi estabelecido. Três semanas (21 dias) após os tratamentos, foi coletada toda a 

parte aérea das plantas, congeladas em nitrogênio líquido e mantidas em biofreezer para 

as análises de expressão gênica com RT-qPCR. Quando coletadas, todas as plantas 

estavam em fase juvenil. 

 

Extração de RNA e RT-qPCR 

Cada planta de P. edulis correspondeu a uma amostra biológica. A extração foi 

realizada com o kit RNeasy Plant Mini Kit com RNase free DNase I (Qiagen). 

Posteriormente, os cDNAs foram sintetizados utilizando o kit SuperScript III RT 

(Invitrogen) de acordo com as instruções do fabricante. As concentrações dos RNAs e 

dos cDNAs foram medidas com o spectofotômetro Nanodrop 2000. Os valores ideais 

considerados de concentração de RNA e cDNA foram de aproximadamente 200ng/μL e 

a qualidade das amostras foi medida pelas razões A260/280 e A260/230 (Desjardins e 

Conklin 2010), considerando os valores ideais da razão A260/280 para cDNA como 

sendo ~1,8, e para RNA, ~2,0 e a razão A260/230 como sendo ideal entre 2,0 e 2,2 para 

ambos os ácidos nucleicos. As amostras não-conforme com estas caracterísitcas de 

qualidade foram descartadas. 

Os primers para a RT-qPCR foram obtidos a partir das sequências genômicas 

dos genes descritos no Capítulo III, cujas sequências encontram-se no Apêndice C. Os 

primers foram desenhados manualmente e com o auxílio do software Primer3. Foram 

desenhados primers para 27 genes (Tabela 1 e Apêndice B). Contudo apenas cinco 

foram analisados (Tabela 1). 
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Tabela 1. Sequências dos primers dos genes de referência (PeCAC e PeSAND (Scorza, 2015)) 

e dos genes do metabolismo e resposta a giberelinas (obtidos a partir das sequências de 

Passiflora organensis) utilizados nas qRT-PCRs realizadas neste estudo. 

 

Gene Tipo Sequência do primer 
Tamanho do 

transcrito (pb) 

PeCAC_F Fw TCAAGAGGGAGTGCGTTCAC 
90 

PeCAC_R Rw CAACCAACAGCGCCTGTAAC 

PeSAND_F Fw GGAGCTGCTTCTCCCCATTT 
78 

PeSAND_R Rw AGGGCCACCAATTCCAATGA 

PoDELLA2F2 Fw GCCGCCGTGGGTGCATGATA 
100 

PoDELLA2R2 Rw ATCCACTCGCCATCCAACTC 

PoDELLA3F1 Fw AGGAGAACAACGGGTGTTTG 
137 

PoDELLA3R1 Rw GACCTCGACTCGCACCTAGT 

PoDELLA5F2 Fw ACCGACGTCGATTCATTGTA 
100 

PoDELLA5R2 Rw ATACGCTCGCCGTTAACTCA 

PoGA2ox8F1 Fw GCCTACTTCCTCTGCCCTTC 
140 

PoGA2ox8R1 Rw GGAAGGCCTATTTTGTGACC 

PoGA3ox3F1 Fw GTCCCGTGACATGGAAAGAT 
124 

PoGA3ox3R1 Rw GCATCTTTGCTGACCAATGC 

 

As reações foram feitas no StepOnePlus Realtime PCR system (Applied 

Biosystems). Utilizamos dois genes de referência, segundo indicado na literatura 

(Scorza 2015). Foram eles: CLATHRIN ADAPTOR COMPLEX (CAC) e MONENSIN 

SENSIVITY 1/SAND family protein (SAND). 

Para cada reação foi utilizada a seguinte fórmula, totalizando um volume de 10 

μL: 

● 1 μL de cDNA (100 ng/μL) 

● 6 μL de  SYBR Green (Applied Biosystems) 

● 0,2 μL do primer forward (10 μM) 

● 0,2 μL do primer reverse (10 μM) 

● 2,6 μL de água DEPC 

Para os controles negativos adicionou-se 1 μL de água DEPC em lugar do 

cDNA. As reações foram realizadas em três replicatas técnicas. O protocolo da 
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amplificação 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 15 s.  

Quando foi observado apenas um pico na curva de melting, o primer foi 

considerado específico (Figura 1). Dois ou mais picos indicavam que o primer não era 

específico. Nestes casos, foi necessário desenhar novos primers (Figura 2). 

 

Figura 1. Exemplo de amplificação com primer específico, mostrando apenas um pico na curva 

de melting. As três linhas correspondem às três replicatas técnicas. Os primers utilizados foram 

os específicos para o gene PoDELLA5, com uma amostra de cDNA de P. edulis.  

 

 

Figura 2. Exemplo de amplificação com primer inespecífico, mostrando dois picos na curva de 

melting. As três linhas correspondem às três replicatas técnicas Os primers utilizados foram os 

desenhados para o gene PoDELLA2, com uma amostra de cDNA de P. edulis. Estes primers 

não foram aprovados, tendo sido desenhado um novo par de primers para o mesmo gene.  
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As curvas de melting obtidas das replicatas de cada tratamento para cada gene 

estão no Apêndice E. 

A partir dos valores de Cycle Threshold (CT) obtidos, foram calculados os níveis 

de expressão relativa dos genes, utilizando o método 2
ΔΔCt

, descrito por Livak e 

Schmittgen (2001). Com os valores de expressão relativa obtidas, foram feitas as 

análises estatísticas, utilizando o software R-4.0.5 (R Core Team). Os dados foram 

submetidos a uma análise de variância (ANOVA) e posteriormente ao teste de Tukey 

com nível de significância de 5%. 

 

Resultados e Discussão 

Com o aumento da concentração de GA3 nos tratamentos, houve redução da 

expressão de PoGA3ox3 (Figura 3A). Enquanto as plantas que receberam PAC em 

maior concentração, tiveram maior expressão deste gene. Contudo, os tratamentos 

pac10 e pac1 causaram uma menor expressão de PoGA3ox3 do que o observado para as 

plantas controle, indicando que estas concentrações não foram suficientes para efetivar 

o efeito fisiológico observado na maior dose.  

Por outro lado, o gene PoGA2ox8 teve sua expressão aumentada, de acordo com 

o aumento na concentração de GA3 nos tratamentos (Figura 3B). Os tratamentos ga10 e 

ga100 tiveram diferença estatisticamente significativa, demonstrando que quanto maior 

foi a concentração de giberelina aplicada, maior o efeito sobre o aumento da expressão 

gênica de PoGA2ox8. As plantas que receberam aplicações de PAC, tiveram menor 

expressão de PoGA2ox8 que as plantas controle, embora este efeito não tenha sido 

estatisticamente significativo pelo teste de Tukey. Portanto, o paclobutrazol não 

apresentou efeito de dose sobre a expressão de PoGA2ox8 neste estudo. 
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Figura 3. Expressão relativa dos genes de metabolismo de giberelina em plantas de P. edulis 

submetidas a aplicações de paclobutrazol e de GA3. A. PoGA3ox3. B. PoGA2ox8.  Os valores 

representam as médias ± erro padrão das três replicadas biológicas, em cada tratamento, 

considerando-se três replicatas técnicas. Médias que apresentam letras diferentes possuem 

diferença estatisticamente significante pelo teste de Tukey com 95% de significância. 

 

 

A diminuição da expressão de PoGA3ox3, sendo um gene de biossíntese, e 

aumento da expressão de PoGA2ox8, sendo um gene de catabolismo, conforme 

aumentamos a concentração de GA3 aplicado, eram resultados esperados. Isso porque os 

níveis de GA em um determinado tecido vegetal são determinados pelas suas taxas de 

biossíntese e catabolismo, que consistem na conversão de formas não bioativas em 

bioativas e de formas bioativas em inativas, respectivamente (Yamaguchi 2008). A 

regulação transcricional da biossíntese de GA já é bastante conhecida em plantas 

modelo: o tratamento com GAs bioativos inibe a transcrição de GA20ox e GA3ox, 

enquanto estimula a transcrição GA2ox, permitindo que a homeostase do GA seja 

mantida (Israelsson et al. 2004). 
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 Logo, quando se aplica GA exógeno ou algum inibidor da biossíntese de GA em 

uma planta, ocorrem ajustes em seu metabolismo, havendo alterações das taxas 

metabólicas de modo a equilibrar os níveis do fitormônio (Rieu et al. 2008; Lee et al. 

2020). Este comportamento é aparentemente conservado e já foi relatado em diversas 

espécies. Em Vitis vinifera, a aplicação de GA3 em plantas na fase adulta vegetativa 

causou uma diminuição da expressão de VvGA20ox3 e VvGA3ox2, sendo ambos genes 

de biossíntese de GA. No entanto, houve aumento da expressão dos genes de 

catabolismo de GA como VvGA2ox, e VvGA2ox1. Portanto, a aplicação de GA exógena 

alterou os níveis de transcrição dos genes metabólicos de GA em direção a uma 

diminuição no nível de GA bioativo (Jung et al. 2014). Da mesma forma, em pêssego, 

Prunus persica, o tratamento exógeno de GA3 nos ramos ativou a expressão de todos os 

sete genes de catabolismo de GA identificados (Cheng et al. 2021). Em milho, Zea 

mays, após tratamento com GA, em que as expressões de ZmGA2ox1 e ZmGA2ox4, 

foram significativamente mais elevadas, enquanto as expressões de ZmGA20ox7, 

ZmGA3ox1 e ZmGA3ox3 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 nível de expressão do gene CoGA3ox2, de biossíntese de GA, foi regulado 

negativamente após tratamento com GA (Honi et al. 2020). Por outro lado, a GA 

aumentou o nível de expressão de CoGA2ox3 e CoGA2ox5, de catabolismo de GA, 

enquanto o PAC diminuiu seu nível de expressão (Honi et al. 2020). A aplicação de 

inibidores da biossíntese de GA geralmente possuem efeito oposto ao da aplicação de 

GA exógeno na expressão desses genes, desta forma,  VvGA3oxs e VvGA20oxs 

mostraram aumento em sua transcrição em plantas de V. vinifera sob tratamento com 

uniconazol (He et al. 2019). 

Os genes GAOXIDASES são relatados como estando envolvidos em muitos 

processos importantes do desenvolvimento vegetal (Hernández-García et al. 2021). O 

estudo da expressão dos genes envolvidos nas vias de biossíntese e desativação de GAs 

ajudam a explicar em termos moleculares a ação pleiotrópica destes genes no 

desenvolvimento das plantas (Huang et al. 2015). Seus papéis fisiológicos podem ser 

observados principalmente através de mutações ou superexpressão destes genes e 

observações dos fenótipos resultantes. Algumas dessas alterações mais comuns foram 

no tamanho das plantas. Em melancia, Citrullus lanatus, a mutação de um GA3ox gerou 

plantas com fenótipo anão, sendo o fenótipo selvagem resgatado por aplicações de GA3 

ou GA4 + GA7 (Sun et al. 2020). A superexpressão do GA2ox6 em arroz (Oryza sativa) 



114 
 

diminuiu os níveis de giberelina ativa gerando plantas com fenótipo anão (Huang et al. 

2010).  

A regulação dos níveis de GA além de modular a arquitetura das plantas, 

sobretudo na fase juvenil, apresenta outros efeitos fisiológicos que podem ser 

interessantes principalmente para o melhoramento de plantas cultivadas. Um grande 

desafio da produção vegetal é a otimização da arquitetura das plantas para maior 

produtividade, tolerância ao estresse abiótico e maior eficiência do uso de água (Lo et 

al. 2017). Uma abordagem que tem sido muito utilizada é o aumento da expressão de 

GA2ox, de catabolismo de GA, para a obtenção de plantas de arquitetura mais compacta 

sem ser necessária a utilização de tratamentos químicos (Gargul et al. 2013).  

Em estudos realizados com diferentes espécies, nos quais foram superexpressos 

genes GA2ox, houve acúmulo nos níveis de clorofila, além de alterações 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 Kalanchoë blossfeldiana e Petunia hybrida, 

plantas ornamentais, a superexpressão de um GA2ox de Nicotiana tabacum gerou 

plantas mais curtas e compactas que as do tipo selvagem, embora os números médios de 

nós fossem semelhantes (Gargul et al. 2013). Além disso, as linhagens transgênicas de 

ambas as espécies exibiram alterações na morfologia foliar, tendo folhas menores, mais 

grossas, de coloração verde mais escura. Essas características podem ser consideradas 

vantajosas para a produção de plantas ornamentais. Contudo, com a superexpressão de 

GA2ox, e consequente redução dos níveis de GA endógeno, houve atraso no 

florescimento, e isso seria uma desvantagem para a produção (Gargul et al. 2013). Da 

mesma forma, a superexpressão de GA2ox6 de Brassica napus em Arabidopsis resultou 

em plantas com altura reduzida e atraso no florescimento, além de aumento dos níveis 

de clorofila (Yan et al. 2017). Em Panicum virgatum a superexpressão de PvGA2ox5 e 

PvGA2ox9, resultou em plantas com folhas verde-escuras e arquitetura modificada, mais 

compacta, com mais perfilhos, maior quantidade de lignina e açúcares (Wuddineh et al. 

2015). Estas características são interessantes para aumentar a produtividade da espécie 

que é utilizada como biocombústivel, aumentando a biomassa e a qualidade do 

biocombústivel produzido (Wuddineh et al. 2015). 

Possivelmente, as alterações morfológicas geradas com a superexpressão de 

genes GA2ox além do aumento do acúmulo de clorofila, geraram maior tolerância ao 

estresse hídrico e osmótico, por exemplo em batata (Solanum tuberosum) (Shi et al. 

2019) e arroz (Oryza sativa) (Lo et al. 2017). Em arroz, a redução dos níveis de GA 
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endógeno por meio da superexpressão do gene GA2ox6 gerou plantas com altura 

reduzida, maior número de perfilhos (brotos), folhas com coloração verde mais escura e 

mais espessas (Lo et al. 2017). Além disso, as plantas transgênicas apresentavam maior 

tolerância à desidratação, por conta dos níveis mais elevados de clorofila, além de maior 

tolerância a alta salinidade e variações de temperatura (Lo et al. 2017). 

A abordagem contrária, mutação de genes de biossíntese de GA para reduzir 

seus níveis, também tem sido realizada. Para a redução de ervas daninhas ou espécies 

invasoras, a diminuição dos níveis de GA endógeno mostrou-se uma estratégia 

interessante, que reduziria a utilização de herbicidas. Em nabo bravo (Raphanus 

raphanistrum), com a mutação de um dos GA3ox, mesmo diminuições leves de GA 

causaram reduções consideráveis no crescimento e fecundidade da planta (Groszmann 

et al. 2020). 

Considerando tudo o que foi exposto, pode ser utilizada a abordagem de 

mutação ou de superexpressão dos genes de biossíntese e catabolismo de GA para 

acelerar ou retardar a transição para a fase adulta vegetativa em espécies de Passiflora. 

Sabe-se até o momento que o aumento dos níveis de GA acelerou a transição para a fase 

adulta vegetativa em Passiflora organensis, através de pulverizações de GA3, enquanto 

aplicações de paclobutrazol reprimiram esta transição (ver Capítulo II). Portanto, esta 

pode ser considerada uma estratégia válida na modulação da arquitetura de plantas de 

maracujazeiro, visto que, a transição para a fase adulta vegetativa é quando a arquitetura 

do vegetal é definida (Gioppato e Dornelas 2021). E os níveis 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 definição da estrutura da planta (Moraes et al. 2019).  

Passamos agora para os genes envolvidos nas vias de sinalização de GA: Os três 

genes DELLA avaliados neste estudo, PoDELLA2, PoDELLA3 e PoDELLA5, tiveram 

respostas similares: sua expressão foi aumentada com o aumento da concentração de 

GA3 aplicada nos tratamentos, enquanto as aplicações de PAC causaram a redução na 

expressão desses genes (Figura 4). Para o PAC não houve efeito de dose, pois os 

tratamentos pac100, pac10 e pac1 não tiveram diferença significativa pelo teste de 

Tukey para os três genes.  
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Figura 4. Expressão relativa dos genes de resposta à giberelina em plantas de P. edulis 

submetidas a aplicações de paclobutrazol e de GA3. A. PoDELLA2. B. PoDELLA3. C. 

PoDELLA5. Os valores representam as médias ± erro padrão das três replicadas biológicas, em 

cada tratamento, tendo cada uma três replicatas técnicas. Médias que apresentam letras 

diferentes possuem diferença estatisticamente significante pelo teste de Tukey com 95% de 

significância. 
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Para os genes PoDELLA2 (Figura 4A) e PoDELLA3 (Figura 4B), os tratamentos 

ga10 e ga100 tiveram diferença estatisticamente significativa, sendo maior a expressão 

em ga100. Porém, em PoDELLA5 (Figura 4C), o tratamento ga100 apresentou a menor 

expressão relativa, sendo até mesmo inferior à dos tratamentos com PAC. As hipóteses 

para este comportamento são que a dose de 100µm pode ter se tornado tóxica, causando 

a redução da expressão do gene; ou que pode ter provocado um efeito de repressão do 

PoDELLA5.  

Os ortólogos identificados no genoma de P. organensis no presente trabalho 

foram denominados de acordo com a similaridade com as sequências proteicas de 

Arabidopsis (ver Capítulo III). Os cinco genes DELLA de Arabidopsis (Nakajima et al. 

2006) possuem nomes específicos de acordo com as funções desempenhadas pelas 

proteínas, que já foram estabelecidas: AtDELLA1 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 AtDELLA5 são 

os RGA-LIKE2 e 3 (RGL2 e RGL3) (Lee et al. 2002). Há evidências de que estes genes 

possuam funções diferentes embora essas funções possam ser sobrepostas (Wen e 

Chang 2002). RGA e GAI têm funções 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 óvulos 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 germinação das 

sementes (Lee et al. 2002; Piskurewicz e Lopez-Molina 2009).  

Encontramos quatro genes DELLA em P. organensis, e analisamos a expressão 

de apenas três: PoDELLA2, PoDELLA3 e PoDELLA5, que seriam mais similares à 

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 100µM de GA3 tiveram expressão relativa maior e significativa 

desses genes em relação aos outros tratamentos. Todavia, seria necessário repetir os 

experimentos e realizar análises adicionais para determinar as funções desses genes e 

verificar se de fato correspondem aos ortólogos de Arabidopsis cujas funções já são 

conhecidas. 

Em relação às funções das proteínas DELLA especificamente relacionadas à 

transição juvenil-adulto vegetativa, sabe-se que elas regulam o desenvolvimento dos 
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meristemas axilares, o padrão de ramificação e o tamanho do meristema de 

inflorescência, através de estudos realizados com mutantes (Bassel et al. 2008; Davière 

et al. 2014; Serrano-Mislata et al. 2017; Zhang et al. 2020). 

Um estudo realizado com mutantes quíntuplos para todos os DELLA de 

Arabidopsis revelou que as proteínas DELLA regulam o desenvolvimento dos 

meristemas axilares através da interação com a SQUAMOSA-PROMOTER BINDING 

PROTEIN LIKE 9 (SPL9), que reprime o expressão do LATERAL SUPPRESSOR 

(LAS), que por sua vez regula iniciação do meristema axilar (Zhang et al. 2020). 

Também foi sugerido que proteínas DELLA regulam a arquitetura das plantas por 

reprimirem a transcrição de TCPs (TEOSINTE BRANCHED1, CYCLOIDEA, e 

PROLIFERATION CELL FACTOR) de classe I no meristema de inflorescências em 

Arabidopsis, controlando a altura das plantas (Davière et al. 2014). Os TCPs por sua 

vez, estão relacionados ao crescimento da planta pela proliferação de células 

meristemáticas (Martín-Trillo e Cubas 2010).  Em tomateiro (Solanum lycopersicum) há 

apenas um gene que codifica uma proteína DELLA, o PROCERA (Bassel et al. 2004). 

A mutação deste gene altera a arquitetura do tomateiro, modificando seu padrão de 

ramificação, por meio de supressão diferencial do desenvolvimento dos meristemas 

axilares, e isso indica um papel para as proteínas DELLA na regulação da estrutura dos 

vegetais (Bassel et al. 2008). Considerando que os genes DELLA podem apresentar 

papéis diversos relacionados à transição da fase juvenil para a adulta vegetativa, seriam 

interessantes análises adicionais para determinar possíveis funções, inclusive 

verificando suas expressões em diferentes tecidos, para assim, posteriormente, obter 

características de interesse nas plantas de Passiflora, através da modulação desses 

genes. 

 

Conclusões 

A aplicação de giberelina exógena induziu alterações nos padrões de expressão 

dos genes relacionados à biossíntese, catabolismo e resposta à giberelina em plantas 

juvenis de Passiflora edulis. Conforme o aumento na concentração de giberelina 

aplicada, o gene PoGA3ox3 teve uma diminuição gradual em sua expressão, enquanto o 

PoGA2ox8 e os PoDELLA2, PoDELLA3 e PoDELLA5 tiveram aumento. O 

paclobutrazol causou efeito oposto ao da GA3, como era esperado, apesar de não ter 

sido observado efeito de dose nos experimentos realizados. 
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DISCUSSÃO GERAL 

Os fitormônios são importantes fatores que influenciam no estabelecimento da 

arquitetura da planta, destacando-se os papeis de citocininas e giberelinas. Estes, agem 

de maneira antagônica. Seu balanço define basicamente a quantidade de ramos 

formados, altura da planta e momento em que ocorre a transição da fase juvenil para a 

adulta vegetativa (Gioppato e Dornelas, 2021).  

Os papeis destas classes de fitormônios é evidenciado por sua influência na 

formação de estruturas vegetativas ou reprodutivas a partir de meristemas 

indiferenciados, sendo que as giberelinas estimulam esta transição de fases, através da 

formação de gavinhas (que são inflorescências modificadas), enquanto as citocininas 

estimulam a formação de ramos vegetativos, durante a fase juvenil. 

A compreensão da ação de citocininas e giberelinas na transição da fase juvenil 

para a adulta vegetativa pode permitir a manipulação das características das plantas para 

a obtenção de características de interesse (Barbosa e Dornelas, 2021). Os resultados que 

obtivemos com Passiflora organensis e P. edulis podem ser aplicados a outras espécies, 

principalmente frutíferas, embora sejam necessários estudos adicionais.  

O aumento da concentração dos fitormônios nas plantas pode ser realizado 

principalmente por duas abordagens: por aplicações dos fitormônios diretamente sobre 

as plantas através de spray, para que sejam absorvidos principalmente pelas folhas (Jung 

et al. 2014); ou através da produção de plantas transgênicas, de forma que possam 

expressar menos ou mais os genes relacionados ao metabolismo dos hormônios 

desejados (neste caso, citocininas e giberelinas). Para esta segunda abordagem, faz-se 

necessário o conhecimento da expressão destes genes, relacionados ao metabolismo 

destes genes e do comportamento destes genes quando a planta é submetida a aumento 

da concentração dos fitormônios exógenos. 

A caracterização das famílias gênicas que codificam as enzimas de metabolismo 

e resposta a citocininas e giberelinas podem fornecer a base para uma melhor 

compreensão de como esses hormônios atuam no desenvolvimento de espécies de 

Passiflora. Obtivemos as sequências genômicas de genes relacionados ao metabolismo 

e à resposta a citocininas e giberelinas, e as sequências proteicas, que podem ser 

utilizadas como base para futuros estudos. 
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CONCLUSÕES GERAIS 

A transição da fase juvenil para a adulta vegetativa nos vegetais em geral ainda 

necessita de informações sobre suas alterações moleculares, tendo em vista sua 

importância, e a possibilidade de moldar as características estruturais dos vegetais 

durante este estágio. 

Neste trabalho, observamos que aplicações de giberelina induziram a diminuição 

na expressão de um dos genes de síntese de GA de Passiflora organensis em plantas de 

P. edulis, PoGA3ox3, e aumento de expressão de um dos genes de catabolismo de GA, 

PoGA2ox8. Isto seria necessário para a regulação da concentração da GA. Os genes que 

codificam proteínas DELLA tiveram aumento na expressão quanto maior foi a 

concentração de GA aplicada. Como as DELLA regulam negativamente a ação da GA, 

este comportamento era também esperado. Contudo, algumas anomalias foram 

observadas, pois passou-se muito tempo desde a aplicação dos fitormônios até as 

análises de expressão gênica. Um outro fator que pode ter influenciado a qualidade das 

amostras foi a questão da especificidade dos primers. Projetamos os experimentos para 

serem realizados com plantas de Passiflora organensis. Porém, as plantas de P. 

organensis que utilizamos para as análises morfológicas foram obtidas a partir de 

propagação vegetativa e não a partir de sementes. Por isso, estas eram mais difíceis de 

obter. Nossa ideia inicial era repetir os experimentos com P. organensis e analisar a 

expressão dos genes relacionados ao metabolismo e resposta a citocininas também. 

Contudo, não foi possível repetir os experimentos, devido à pandemia da COVID-19. 

Em suma, nosso estudo fornece informações sobre como ocorre a transição da 

fase juvenil para a adulta vegetativa em Passiflora, contribuindo para a compreensão do 

desenvolvimento vegetal.  Esperamos que estes estudos possam igualmente subsidiar 

estudos futuros de modulação fisiológica da arquitetura de plantas de maracujá e 

indiquem caminhos para o melhoramento genético visando a obtenção de variedades 

comerciais de maracujá com arquitetura de planta alterada. 
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APÊNDICE 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 números de acesso 

no NCBI 

 

Síntese de CK 

IPT 

Arabidopsis 

thaliana 

AtIPT1 AEE347961 

AtIPT2 BAB590421 

AtIPT3 AEE804361 

AtIPT4 AEE849381 

AtIPT5 ANM705571 

AtIPT6 AEE306191 

AtIPT7 AEE767881 

AtIPT8 BAB590471 

AtIPT9 AED927841 

Vitis vinífera 

VvIPT1 XM_002279335 

VvIPT2 XM_002263711 

VvIPT3a XM_002268812 

VvIPT3b XM_002271926 

VvIPT5a XM_003632592 

VvIPT5b XM_002277555 

VvIPT9 XM_002282976 

Passiflora 

organensis 

PoIPT1a  

PoIPT1b  

PoIPT2  

PoIPT3a  

PoIPT3b  

PoIPT5a  

PoIPT5b  

PoIPT7a  
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PoIPT7b  

PoIPT7c  

LOG 

Arabidopsis 

thaliana 

AtLOG1 At2g28305 

AtLOG2 At2g35990 

AtLOG3 At2g37210 

AtLOG4 At3g53450 

AtLOG5 At4g35190 

AtLOG6 At5g03270 

AtLOG7 At5g06300 

AtLOG8 At5g11950 

AtLOG9 At5g26140 

Vitis vinífera 

VvLOG1a XP_0022852461 

VvLOG1b XP_0022778521 

VvLOG3 XP_0022762792 

VvLOG5a XP_0106640901 

VvLOG5b XP_0022818391 

VvLOG7 XP_0022754141 

VvLOG8a XP_0022857162 

VvLOG8b XP_0022783051 

VvLOG10a XP_0022767751 

VvLOG10b XP_0022747471 

Passiflora 

organensis 

PoLOG1a  

PoLOG1b  

PoLOG2  

PoLOG3a  

PoLOG3b  

PoLOG5a  

PoLOG5b  

PoLOG7a  

PoLOG7b  

PoLOG7c  

Degradação de CK 
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CKX 

Arabidopsis 

thaliana 

AtCKX1 AEC099921 

AtCKX2 AEC068891 

AtCKX3 AED968281 

AtCKX4 AEE856691 

AtCKX5 AEE357211 

AtCKX6 AEE804821 

AtCKX7 Q9FUJ11 

Vitis vinifera 

VvCKX1 AXP073681 

VvCKX3a AXP073691 

VvCKX3b AXP073701 

VvCKX3c AXP073711 

VvCKX5 AXP073751 

VvCKX6 AXP073761 

VvCKX7 AXP073771 

Passiflora 

organensis 

PoCKX1a  

PoCKX1b  

PoCKX3a  

PoCKX3b  

PoCKX5  

PoCKX6a  

PoCKX6b  

PoCKX7a  

PoCKX7b  

Resposta a CK 

ARRs tipo A 
Arabidopsis 

thaliana 

ARR3  AT1G599401 

ARR4  AT1G104701 

ARR5  AT3G481001 

ARR6 AT5G629201 

ARR7  AT1G190501 

ARR8 AT2G413101 

ARR9 AT3G570401 

ARR15 AT1G748901 
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ARR16 AT2G406702 

ARR17 AT3G563801 

Vitis vinífera 

VvRR3  CAO409691 

VvRR4 CAO42848 

VvRR5  CBI150983 

VvRR9a CAO428481 

VvRR9b CAO630611 

VvRR9c CBI401593 

VvRR17 CAO415171 

Passiflora 

organensis 

PoRR3   

PoRR4   

PoRR5   

PoRR6  

PoRR8  

PoRR9  

PoRR16a  

PoRR16b  

PoRR17a  

PoRR17b  

ARRs tipo B 

Arabidopsis 

thaliana 

ARR1  At3g16857 

ARR2 At4g16110 

ARR10 At4g31920 

ARR11 At1g67710 

ARR12 At2g25180 

ARR13 At2g27070 

ARR14 At2g01760 

ARR18 At5g58080 

ARR19 At1g49190  

ARR20 At3g62670 

ARR21 At5g07210 

Vitis vinífera 

VvRR1  RVW399571 

VvRR2 CBI369113 

VvRR10 CBI181313 
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VvRR11a CBI269613 

VvRR11b CAO466981 

VvRR12 CBI210843 

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 números de acesso 

no NCBI 

 

Síntese de GA 

GA3oxidase 

Arabidopsis 

thaliana 

AtGA3ox1 NP_1730081 

AtGA3ox2 NP_1781501 

AtGA3ox3 NP_1939001 

AtGA3ox4 NP_1781491 

Vitis vinífera 

VvGA3ox1 AGQ426111 

VvGA3ox2 AGQ426101 

VvGA3ox3 AGQ426121 

Passiflora 

organensis 

PoGA3ox1a  

PoGA3ox1b  

PoGA3ox2  

PoGA3ox3  

GA20-oxidase 

Arabidopsis 

thaliana 

AtGA20ox1 NP_194272 

AtGA20ox2 NP_199994 

AtGA20ox3 NP_196337 

AtGA20ox4 NP_176294 

AtGA20ox5 NP_175075 

Vitis vinífera 

VvGA20ox1 CBI244703 

VvGA20ox2 CBI388183 

VvGA20ox3 CBI375103 

VvGA20ox4 CBI189503 

VvGA20ox5 CBI375213 

Passiflora 

organensis 

PoGA20ox1a  

PoGA20ox1b  

PoGA20ox2a  

PoGA20ox2b  

PoGA20ox3  

PoGA20ox5  
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Degradação de GA 

GA2oxidase 

Arabidopsis 

thaliana 

AtGA2ox1 NP_1779651 

AtGA2ox2 NP_1742961 

AtGA2ox3 NP_1810021 

AtGA2ox4 NP_1752331 

AtGA2ox6 NP_1717421 

AtGA2ox7 NP_1755091 

AtGA2ox8 NP_1938522 

Vitis vinifera 

VvGA2ox1 CBI308873 

VvGA2ox2 CBI330243 

VvGA2ox3 CBI330233 

VvGA2ox4 CBI228443 

VvGA2ox6 CBI369903 

VvGA2ox7a CBI239323 

VvGA2ox7b CBI274763 

VvGA2ox7c CBI239313 

Passiflora 

organensis 

PoGA2ox1a  

PoGA2ox1b  

PoGA2ox4a  

PoGA2ox4b  

PoGA2ox6a  

PoGA2ox6b  

PoGA2ox7  

PoGA2ox8  

Sinalização de GA 

DELLA 

Arabidopsis 

thaliana 

AtDELLA1  NP_1729451 

AtDELLA2 NP_1768091 

AtDELLA3 NP_1782661 

AtDELLA4 AEE739451 

AtDELLA5 AAO648401 

Vitis vinífera 
VvDELLA1  KY765590 

VvDELLA2 KY765592 



141 
 

VvDELLA3 KY765594 

Passiflora 

organensis 

PoDELLA1  

PoDELLA2a  

PoDELLA2b  

PoDELLA3  

Resposta a GA 

GID1 

Arabidopsis 

thaliana 

AtGID1a At3g05120 

AtGID1b At3g63010 

AtGID1c At5g27320 

Vitis vinífera 
VvGID1a KY765590 

VvGID1b KY765592 

Passiflora 

organensis 

PoGID1a  

PoGID1b  

PoGID1c  
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APÊNDICE B – SEQUÊNCIAS DOS PRIMERS DOS GENES DO METABOLISMO 

E RESPOSTA A GIBERELINAS 

 

Tabela 1. Sequências dos primers dos genes do metabolismo e resposta a giberelinas 

(obtidos a partir das sequências de Passiflora organensis) que não foram utilizados nas 

qRT-PCRs realizadas neste estudo. 

Gene Tipo Sequência do primer 
Tamanho do 

transcrito (pb) 

PoGID1aF1 Fw GGCTTATGTTGAAGGGCTGA 
184 

PoGID1aR1 Rw AGTATGGCTGCCAGTCAGGT 

PoGID1b1F1 Fw AAGGGCTCGAGAAAGCTGAT 
200 

PoGID1b1R1 Rw CGATCCAAGTGAGAAGGTCA 

PoGID1b2F1 Fw CAGGCCACGATAGGGTTCTA 
131 

PoGID1b2R1 Rw TGTCATGTACGGAAGCCTGT 

PoDELLA1F1 Fw TCCGGTGGTGAAGGGTATAG 
100 

PoDELLA1R2 Rw CCCACTAGAAAGGTTAATTA 

PoGA2ox2F1 Fw ACTGCCACCAAGAAATCACC 
178 

PoGA2ox2R1 Rw GCCTGTAATCAGCCAGCTTT 

PoGA2ox3F1 Fw TGGCAATCAAAGGAGAGGAG 
107 

PoGA2ox3R1 Rw CTCAAACATTCCGAGCCTGT 

PoGA2ox4aF1 Fw CAAGGATCAGTGCTCCATCA 
109 

PoGA2ox4aR1 Rw TCCCCAAGCCGTAAAGAGTA 

PoGA2ox4bF1 Fw AGCGCTCCAGCTGATATTGT 
193 

PoGA2ox4bR1 Rw TCCCACCGTCAGCTACTTTT 

PoGA2ox6aF1 Fw TGGATCTCTCCTCTCCCTGA 
192 

PoGA2ox6aR1 Rw TCTTTTCCGAGTCTGGCTTC 

PoGA2ox6bF1 Fw CGGATATCTCCTCACCCAGA 
116 

PoGA2ox6bR1 Rw AGACGGGTGTCCCCTAATCT 

PoGA2ox7F1 Fw TGCAGAAAGCCTGCAGTGTA 
108 

PoGA2ox7R1 Rw CAGGAACCTGGAGAGTCCAA 

PoGA2ox6aF2 Fw AGGATTTGTGACAAGTGATC 
100 

PoGA2ox6aR2 Rw TTAAAATATACATCTTCAAT 



143 
 

PoGA3ox1F1 Fw TATCATGCGTGAGAGTGTGC 
100 

PoGA3ox1R1 Rw GAGGCTGTTCCTGTCTGGTC 

PoGA3ox2F1 Fw GGCCACCATCATGTGTTAAG 
192 

PoGA3ox2R1 Rw TAGCTAGCCATCAGCCAACC 

PoGA3ox5F1 Fw GGTTGTCCGTGGCATATTTC 
103 

PoGA3ox5R1 Rw CCCACGGATATTGAACGGTA 

PoGA20ox1F1 Fw TCACGCAGAAGCATTACAGG 
138 

PoGA20ox1R1 Rw AATAGCTCTGCCCCAGGTCT 

PoGA20ox2F1 Fw TAACTCCCCCGACTGAACTG 
148 

PoGA20ox2R1 Rw GCTGACTTTTGGAGCCAATC 

PoGA20ox3F1 Fw AGACGTTGAGGCTGAGGAAG 
102 

PoGA20ox3R1 Rw CATACGCTTGGCCCTACTTG 

PoGA20ox4F1 Fw GTGGCGACGACTGCTAGAAT 
101 

PoGA20ox4R1 Rw ACATCTGAGCCGTTGGTTGT 

PoGA20ox5F1 Fw AGAAGGGCCAAGGAAATACC 
107 

PoGA20ox5R1 Rw GCCAGTGAATGAAGCTTTGC 

PoGA20ox2F2 Fw AAGTCAGCTGAATAAGTGAT 
100 

PoGA20ox2R2 Rw GTCAATGTCACTTTCCGAGG 

PoGA20ox5F2 Fw TCTAACCTATACTTGCCTTC 
100 

PoGA20ox5R2 Rw CAATTCCACGTAACATTATC 
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APÊNDICE C – SEQUÊNCIAS GENÔMICAS DOS GENES 

 

Legenda: 

Códon de início: ATG 

Éxon: NNNNNNNN 

Final do éxon: G 

Íntron: NNNNNNNN 

Começo do éxon: G 

Códon STOP: TGA ou TAA ou TAG  

 

Sequências genômicas dos genes relacionados ao metabolismo e resposta a 

citocininas em formato fasta: 

> c2900 PoIPT_2 – Biblioteca LIB15043 

ATGAAGTGCAGCAGTAGTCAGCAAGAACCCGAGCAAAGCCCTAGCGATGGAGGTGAAGGAC

TAGCAACAGAAGCCGCGAAGAAGCAAGAAGAGCGGGAAAAGAAGGCGAAGGTGGTGGTGA

TAATGGGTCCTACTGGTTCAGGAAAATCGAAATTGGCCATTGATTTGGCCGCCCACTTCCCTGT

CGAGGTCATTAACGCCGATTCAATGCAGGTCTACCGTGGCCTCGATATTCTCACCAACAAAGT

CCCCCTCCATGATCAAAAGGGTAATTTCTCCTTGTTGTTTCTTGGTTCTGCAATGGCTAGCTTTATGTT

CTAGTGGAGGTTTTATAATTATTAATTAGTAATGACTGTTACCGTGTGTCGTAGCCGGTAAAGTCGTTTTTT

ATGCCTGTTAGATGTTTGTTTGTTATTTTTTTACACGATTTTGTACTGTCGGATTTCTGTTGCAGGAGTGC

CGCATCATCTGTTGGGGACTGTTAGCCCAAATGTGGAATTCACAGCTAAGGAGTTCCGGGATT

CGGCTATTCTTGTAAGTTACTCTTGTATTCAGAGATTGCAAATTATGGCATGGTATGGTATGCTCGCTTGC

TTCTTGTATGTTAGTTATTGAGCGGCACTGATTTTTTATGATTTCAACTAGTCGTATGTTTTGACTTGGTCG

AGTTAATTGTTTTTCAGCTCATCGATGAAATATTTTCTCGGAACTGCCTGCCAGTTATTGTTGGGG

GCACGAATTACTATATTCAGGTAGGAGATTTTTGAATTATTTTCTTAAATTTTGCAGCACTGATAACCCA

AACTTCGATTTACAGCGTTTACTGGATGAGAACATTGAGTTGTAGATTTTGTTGCAGCTCGATCTCTCCGA

CCTTGAAAATATCAAATTATTTGGTTTTTCCCACAAATTTCATAATTCTTCAGTTTATTTGTTTTGTACCATA

GTCGATTGAGATTGTTCAAAATCTCTGCAGTCTCATGTGAAGAAATGTTTTTCTTCCTTGGCAGATAAGTT

TCTAGGTATAATAAGAAGAGTGTTGTCTCTTTTAATGCTGAGTGTTGCAACTTGTTAACTCTACTCTTCATG

TTAGTACCCCAATATTATTTTGTTCCTTTACTTGTTCAGGCTCTTGTGAGCTCTTTTCTCCTCGATGAT

ACTGCACAAGATCTGGATGAATGTCTTTCTTGCAATTTTCCTGGTAAGCAGTAAACTCGTTGCCTT

GTAATATGCATTTATAGTTTAAATCATTAGTACAGTCATTGCATTTTTGTAGGAGATGACCAGGCTGTGC

ACTTGCTTGAAAGCAAGACAGACACATTTGATTTTACCTATGAATTTCTCAAAAACATTGATCC

TGACGCTGCAAACAGACTCCATCCCAACAATCACAGAAAAGTAAGGATTTAAATATATGCTTTGAT

TTTTATTATCTCCTTTGACTTGGTGATCTGTGATGGTTATATAATATGTCTTGGAATTTCTGTTTATATCTTCG

TCTTTGATTGCTAATGAAATAGTTTACAGTTGTGAAACCTTCCATAAAAATATGTGTACAAACTGGGAAAA

TTGTGAACTCTGAATTAATCACTGAATATTGCATCTCCTTGATCTCAGATGCCTTGAGTTACTTCTTTTTAA

AAAATTAGCCTTGAGTTACTTGGCTAGGTATCTTAACAGTCTAGAAGGAATTCCCTACATTTTGCTGCCTT

ATTCAAGTTGTAAAGACTAAGATTGCTTTACTCCTCTTTGGATTTGATTGATTTTGGAAAATCTGCTGGCTT

TTGGTTTTGACATTTTTATATTTCGAAGAAAAAATGTAGTTTGACCTTTAGGTTTACCTATCCTAATAGTTTT

ATAATTAGGTTACAGAATGTTGTTTCTAGTTCTTGTGAATATGAATCCCTTGAGTCTGATATTTGTAAATAAT

GTTTTCAGGGATTTATAACCCTGCAGTTTTACAATGAAAGTTATGATGTCCTATATTTGTTTAAATCATGTG

AATATCAATGAGGACATCAGATAATAGGATTGTAAAACATCTCATATTTTTCTTGTGTGGCATCTTTGCAAG

TTGCTATTCGTGGAATTTTTCCATAAAAAGTTTAAGTTTTATGCAAAAAACCGAAAAAAGATAAAGAGAA

TAATGAATTTGGAACTTCCTTTTTGCAGATTAAGCAATACCTTCATCTATATGCTCGTACTGGTATTA

TACCAAGTAAACTTTATCAGGGAAAGGCTGCACAGGTGGGTATTCTATCCTCTAGTAGATTGCATTT

TTATTTATTTCTAAACTTTTCTTTCAAGAATGGAGATCTTTCCTTCAATGAGTCTGATTGTCTAATTCTTATG

AATTTTACTGTGTTTTGGGTAAATTATGCATCGACTTGCAGAGCCACTAATTATTGCATTTATGGTCTTTACT

CTTTAATGGGAAATTATCTTCTTTTATGATATTTGACTCCTGCAACTCATTTTTTTATTTTTTACTTTATGAAA

TCTCTTACTATTTCCAGTGACCGTAATTTTTATTTTGAAAAATTTCACTCAGAAAAAAATGCTGTCATTAAT

CTAACATCTCAATCTGGCAGGGCAGAACTGGGGTTGCATTGGTAATTGTAGATTCAATTGCTGTTT

TATATGTGTTGATGCTGCTATTCCCGTAATAGACCAGTTTGTGGACAAAAGGGTGGATTGCATG
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ATAAATGCTGGATTACTTAGCGAAGTTTATGACATTTATAATATGGATGCCGATTACACTCGAGG

TCTTCGGCAAGCCATTGGTGTACGAGAATTTGATGAATTTCTGAAAGTTTGTCAATTGGCGAG

CAAGGATGATTATGCACGTGACTTGATTGGTAGTTTAAACAAGGACAAGAAGATACTGAAAGA

TCACATAAGTGCAATCCTCCATTTCACGGATGATAATCAACTCAAAATTTTGTTAACAGAAGCC

ATTGAAAAAGTAAAAGTAAATACTCGACGACTTGTTCGCCTTCAAGTAAGTTTTTATTTGTGTATG

TTTACATTTTTTATAAATGTTGCAATACCTATATTAACACTCAACAACCCATTCGTGGGGATTGATAAATGTT

CAGCTTCCTTAAATAATGGCCTCAAAGTTTAATTTTTGGTTATTATGTTTACTTGTATGCAAATCTCTGCTCC

ATCAGTTAGCTCATACAAAGTGACTTTACTGAACTAAACAATGATTCCCGTTATGCATGTTATTTATCCCCT

CAGATGGTTTCTGGGAAACTCAGCAACAATATGATGCATAGGTCAGTTCATTGTAGAACGAACTCATGTG

ACTTCTCATGTTGTGTTTATCTGTCACTGGGGTGAAGCTCTTCTAATTTAATGCAAACAGTTAGAAACTCT

GTACTCATGATTGTTAATGTACGGTGCTGATTACTTCCATGCATGAAATCGGCACTAATGTCTGGTGTTTAA

AATTTGGCTATAAATGTGACAGCTTTCTTACTTCTATTTCTATTTGGCAGAAGAGAAGGCTTAATCGGC

TTCAGACATTGTTTGGATGGAACATGCATCATCTTGATGCTACTGATCCCATTTCATGTGCGCAT

TTCATATTCTCTTCTTTGAACGAAATATTTTTTCTGGCACTGCAAAGATTCTTTTGTAATCACATGGATACTA

TATTCCAGGCAAGTCAGATGATTCCTGGGCTACGCAAGTTGTTACCCCAGCTGCGAAAATCATC

AAATCTTTTCTAAACGAGGACAGGAGCTCGGAGGTTGAGCAGGAGGTGCACGTTGATATTGG

AACAGAATTACATGAAAGGAACCTGTGGACTCAATACACATGCAAAGTATGCTTGGTTTTTTCTT

TTTCTATTTCCTTTTGCTGTGTTGATTTACTGGCTCTTTTGGTGAAGATCTTAACTACAAATTTCGCTTGATT

TACAACATTTTTTTTTGCAGGCCTGTGGAGATAAGGTGCTTAGAGGAGCTCATGAGTGGGAACAG

CACAAACAGGGTCGTGGGCATCGAAAAAGAATTTCTCGAATTCGGAAATCAGGAAGACAAC

GCACTCTCGTAGCTGCTCAGGGTCCAGAAGCATCATCCTGA 

 

> c677 PoIPT_3A – Biblioteca LIB15043 

ATGAGCCTTTCCATGTCTGTGTGCCCACAAACAAGAAATATGCTGGATATTCTTCCTACAGCC

AGGCTCAAAATGGACATTCTGGGTCCAAGGTGGCGAAAAGACAAGGTTGTGGTCATAATGGG

AGCAACCGGTACGGGCAAGTCCCGACTCTCGATTGACATTGCAACCCGATTCCCGTCGGAAA

TCATTAACTCGGACAAAATGCAAGCTTATAAGGGCCTTAACATAGTCACCAACAAAATCACTG

AAGAAGAGATGTCCGGGGTCCCTCACCATTTGCTAGGCGTAGTGAATTCTAACTCAGAGTTCT

CTGCTACCGATTTCTGTGACATGACTTCACTGGCTGTTGAATCAATTTTGACTCGAGGCTTGCT

TCCGATCATCGTTGGTGGCTCAAATTCCTACATCGACGCTTTGATGGATGGTGGGGAGTACAG

ATTCCGATCAAAATATGACTGTTGCTTTCTCTGGATGGATGTGTCGATGCCTGTACTACACGAA

TTCGCATGCAGGCGAGTTGAACAAATGGTTAGGAATGGAATGGTTGATGAGGTGAGAAACAT

GTTTGATCCCTCCGCAGACTATACGCATGGGATCAGGAAATCAATTGGGGTCCCTGAGCTCGA

CAGGTACTTCAGAGCTGAACCGTTTTTGGATGAAGAAACCAGCGCCGGACTGCTTCATGAAG

CAATATCTGAAATCAAAAACAACACATGCATTTTAGCTTGCCGTCAACTGGAGAAAATCCATC

GGTTTATAAACATAAAAGGGTGGAATATACATCGAATTGATGCCACGGAGGTGTTCACTAGGA

ACGGAAAGGAAGCGGATGAAGCGTGGGAGAAGCTAGTGGCCAGACCCAGTTCTGCAATTGT

TGCAGAGTATCTTTACTATTCTACTGCTCAGGTCCCAGCTACTGTCGGAACTACTAAAGATTAC

TATGCGCAATGCCTTGTGGCATAA 

> c3062 PoIPT_3B - Biblioteca LIB15043 

ATGAACCTTGCTATGTCTCTCTGCCAACAAACAAGTAATGTGCTCGACATTCCCGGCGGAAGA

CTGAAAATGGACATTCTAGGCCCGAGGTGGCAAAAGGACAAGGTGGTTGTCTTAATGGGAGC

AACTGGAACAGGCAAGACTCGACTCTCTATCGACATTGCAACCCAGTTCCCATCAGAAATCAT

CAACTCCGACAAAATGCAAGCTTACAGGGGCCTTGACATAGTCACCAACAAAATCAGTAAAC

AAGAGATGAGCGGGATCCCTCACCATTTGCTAGGCATAAGGAATCCTAATTCAGAATTTACAG

CTACAGATTTCTGCGACATGACTTCACTAGCTGTCGAATCAATTCTTACCCGAGGGTTAGTTCC

AATCATCGTTGGAGGTTCCAATTCCTACGTCGAGGCTCTGATGGATGGTGGTCAGTACAGATT

CCGTTCAAAATACGACTGCTGCTTCCTCTGGGTGGATGTATCTGTTCCTGTGCTTCACGAATCT

CTACGCAAGAGGGTTGATCAAATGGTTGGTAATGGAATGGTCGATGAGGTGAGGAACCTATTC

GATCCCCACGCGGATTACTCTCACGGGATCAGGAAGTCGATTGGGGTCCCTGAATTCGACAGG

TACCTGAGAGCCGAAGCATTTCTGGACCAAGAAACCAGAGCCAGACTGCTACAAGAAGCAAT

ATATGACATAAAAAAGAACACCTGCAACTTATCCTGCCGCCAACTGGAGAAAATCCAGAGGC

TTAGACATGTAAAAGGATGGAACATACATCGAATTGATGCCACTGAAGTATTCTGCAGAAGTG

GAGAGGAAGCGGAAAAGACATGGGAAAAGCTTGGGTCCAAACCCAGTTCTGCAATTGTTCG
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ACAGTTCCTATACAACATTATTAACAAGGTCCCAGCAACTGCAGCAAGTGCTAAGGATTACTT

TGAACATTGCCTTGTCGCATAA 

 

> c1513 PoIPT_5 - Biblioteca LIB15043 

ATGACTATGAGGCTTTCCGTGTCTGCCTACAATCAAGTACAACCCCGTGTGAACTTCCAGGGT

GCTCTGAACAAGAACCCCTTCCATTGTCGCAAAGACAAGATTGTGTTTGTGATTGGACCCACA

GGCACGGGCAAGTCGAGAGTAGCTATTGACATGGCAACTCGAATTCCGGCGGAGATTGTCAA

TTGTGACAAAATGCAAGTTTTTAAAGGCCTTGACATAGTAACAAACAAAGTCACCGAAGAGG

AGTGTCTGGGGGTACCGCATCATTTGCTGGGCGTAGTCGATCCCGATACTGATTTCACTTCAGA

GGACTTTAGGATTCATGCATCCCTGGTGCTTGAATCAATTGTGGCGCGCGATCGGCTGCCTATA

ATCGCCGGCGGGTCTAACTCATACATCGAATCCTTGAACGATGTTCCTGATTTTCGATTAAGAT

ACGAATGCTGTTTCATTTGGGTAGATGTATCTATGCCGGTACTCCATTCGTTTGTGTCGAATCGC

GTTGATCGGATGGTGGAAGCGGGCTTGATCGACGAGGTCAGGAATATGTTTGATCGGAATAGG

AATGATTATTCTCTGGGGATCAGAAGGGCAATTGGAGTTCCTGAACTGGATCAGTATTTCCGC

AAGGAGGGAACAGCGGATGCTGCGACCCGTGGCAAGCTTCTGGACTCTGCCATTGCAAAAAT

TAAAGAAAACACTTGCATTCTAGCTTGTCGTCAACTACAGAAGATCCATCGCCTTCGTAGCCG

ATGGGGTTGGAATATGCATCGGATTGATGCCACCGAAGTTTTCCTGAGGAAAGGCAAAGAGG

CAGATGAAGCATGGGAGAAACTTGTTGCAGGACCCAGTACAATGATCCTGAATAAATTCCTGT

ACGACACCGTTTCACCATCGGAATCCGTGGACATCCCAATCATTGGCCCTGCAGTGCCACTCC

CCATACCTGCCATGGCAGCAGCAGCAGCAGCATCTAGGTAG 

> c1471 PoIPT_6 - Biblioteca LIB15043 

ATGAGTTATATTACTAGTCACTCCCTTTACACTCCCCGTAAGCCGGCTCAACAACTTTTCCATG

TCAATATCAGTACTACTGTCCCATCTCCGCTTCAGCCACCCACCAGACGACGACTCAGCTTCC

GACGCCTTCCGAGGAGGATCCGCATGGAGTCTTCCTCAGACTCGTACCTCCGGAAAGACAAA

GTTGTTGTCATCATGGGCGCCACGGGTTGCGGCAAAACGAAGGTCTCCGTTGATCTCGCCACC

CGCTTCCCTTCCGAAATCATCAACTCCGATAAAATGCAAGTTTATAATGGTCTCGACTTGACAA

CCAACAAAGTCCCGCCACATGAACGCCACGGAATCCCGCACCATTTGTTTGGCGAGGTTGAC

CCGGACGAGGGCGAGTTCTCCCCCTTCGATTTCCGGGTGGCAGGTGGGTTGGCTGTGTCAGA

TATTGTTTCCAGGAAAAAATTGCCTATTGTGGTTGGTGGGTCCAATTCATTCATTCATGCTCTC

GTGGTTGACCGGTTTACCCCCGCGTCGGACGTGTTCTACGGGTTGGACCCGGTTTCTCCCCAG

CTGAGGTACAACTGCTGCTTCCTGTGGGTGGACGTGGCGTTTCCAGTTCTGTGCGATTACCTG

TGCAAGCGGGTGGATGAAATGCTCGACTCGGGCATGTTCGAGGAGCTGTCGGCGTATTACGA

GTCCGGCGAGTCGGCGAATCAGCCCGGGTTGAGGAAGGCGATCGGGGTGCCCGAGTTCGAG

AAATATTTTAACAAGTACGGGCCAGGGTGTGACCGAAGGAAGTGGGATCGTTTGCGGACGGA

TACATATGAGCATGCCGTGAGCGAGATCAAGGATAACACGTGTCAGCTAGCAAAGAGACAGA

TCGGAAAGATCATCAGATTAAAAAGCTCAGGGTGGGACCTACAGAGAGTGGATGCCACGGAG

ATATTCAGACAGTCGATGATGATGATGACGACGACGTCACCGTCGGAGGATTACTGTCACCGC

GACAGCGGCAACCGCAAAGAAGAATGGCTACCGGAGGAAAAATGGAGGAGGAAGAAGAAG

AGGTGGATAGAGACGGTTTGGGAGAGAGAAGTTCTGACGCCCAGCGTGAACTTTGTGAAAC

GTTTTCTGGAGGAGTAG 

 

> c151 PoIPT_7 - Biblioteca LIB15043 

ATGACTTCGGTGAGGCTTTCAATGACTGCAGTCGGACCACAACTGAATTTCCAAGTTGCCGTA

AACAAGAAGACATTGTACCATAAAAAGGACAAGGTTGTGTTTGTCGTCGGACCAACGGGCAC

AGGCAAGTCGCGACTGGCTATCGACCTGGCAACTCGGTTTCAAGCAGAGGTTGTCAATTGTG

ACAAAATGCAAGTTTACAAGGACCTTAACATAGTCACAAACAAAGTTACCGAAGAGGAATCT

CGCGGAGTACCACATCATTTACTAGGCGTAATAGATTCTGATAAGGATTTCACCTCGGAGGATT

TCAGGACTAATGCATCTCTGGTGCTTGAATCAATCGTGGCACGCAATCGACTACCAGTCATCG

CCGGCGGGTCTAATTCCTACATCGAGGCCCTGATGAACGATGAACCCAACTTCCAAATGAGGT
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ACCAATGCTGTTTCCTTTGGATAGATGTCTCAATGCAGACCCTCCATTCGTTCCTGTCGGACCG

TGTCGATCGGATGGTGGAAGCAGGATTAATACAAGAGGTCAGGAATATGTTCGACCCGAATAG

GAATGATTATTCTCAGGGAATCATGCAGGCAATTGGAGTTCCTGAACTGGATCAATATCTGCGC

AAGGAAGCAACAGTAGATGCTGTAACTCGTGAGAAGCTACTTAATGCTGCCATTGTAAAGATT

AAAGAGAACACTTGCTTGCTAGCTTGTCATCAACTACAGAAGATCCATCGCCTTCATAGCCAA

TGGAATTGGGACATGCATCGAATTGATGCCACTGAGGTTTTCTTACGAAGCGGAGAGGAGGC

AGAGGAAGCTTGGGAAAAACTCGTGGCAGGCCCCAGCACAACAATCCTGAATCAATTCCTCT

ACAGCAACATTTTACAATCTGATACTATGGATGTCAACATCACGAACCCGGCGGGACCAATCC

CCATCCCTGCCATGGCGGCAGCTTATAGGTAG 

 

> c1815 PoIPT_8 - Biblioteca LIB15043 

ATGAGTTTTGTTAGTCGCTCCCATTACACTCCCCATAATCTTCAACCATTTTTCGGTACAAATAT

CAATATTCCTTCCTGGCCGCCACCACAAGCACCAATCAGACTCTCCTTCCGCCGGCTTCATCG

GGGGGTCCGTATGGACTCCTCCGCCTCCCACCGCTTGAAAGAGAAGGTTGTTGTCATAATAGG

CGCCACCGGCTGCGGCAAGACCAAGGTCTCCATTGATCTTGGCAACCGCATCCTATCCGAAAT

CATCAACTCCGATAAAATGCAAGTCTACAACGGCCTCGACATTACAACCAACAAAATCCCGCC

CCACGAGCGTTTCGGCGTCCCCCACCACTTGCTCGGCGAGGTCGACCCCGATGATGGCGATTT

CACCCCTTCCGAGTTCCGGGTAGCGGGCGGGTTGGCTGTGTCGGATATTGTTTCAAGGAAAA

AGTTGCCTTTTGTGGTTGGTGGGTCCAACTCCTTCATTCATTCACTCGTGGTTGACCATTTTAA

CCCCGAGTCGGATATTTTTTCTGTGTCGGACCCGGTTTCGACCCAGTTGAGATACAACTGCTG

CTTCCTGTGGGTGGACGTGGCGGTACCAGTTTTGTGTGATTACTTGTGCAAAAGAGTCGACGA

AATGCTTGATTCGGGCATGTTCGAGGAGCTGTCAGAGTATTACGAATCGGGCGACTCAGCGAG

TCAGCCCGGGTTAAGGAAGGCAATTGGGGTGCCCGAGTTCGGGCAATATTTTAGGAAATACG

GGCCAGGTGGTGAGAGAAGGGAGTGGGATCGTGTGCGGAGGGTCGCGTACGAGGATGCGGT

ACGAGAGATTAAAGAAAACACGTGTCAGCTAGCGAAGAGGCAGATAGGGAAGATCATGAAA

TTGAAGAACTCGGGGTGGGACCTACGGAGAGTGGACGCCACGGAGGTATTGAGATTAAAGTT

GATGACGTCAGGCTCTGATGATTGTCTCAATGATGCCACACCAGAAGATTGGGAAGAGAAGA

AGAAGAAGAAGAAGCAGAAGAGATGCAGTAAGAAGAAGAAGAGGTGGATGGAATTGGTTT

GGGAGAGAGAAGTTTTGGAGCCAAGCGTGAAGATTGTGAAGCGTTTTTTGGAGGAGTAG 

 

> c17929 PoIPT_9 - Biblioteca LIB15043 

ATGCCAGTTGGTGGGTCACCTGTCCCTACGAGGAAGAAAATGATGAGCATTCAGAGGCTTC

GAGTTCAGTATAATTCTACTTCGTAAGTACACTTTTTGATCCAGGTCAGAAAAAATTAAAGAAAAG

GGAAATAAGATAATATTATATAGTTTGCTTCGTCTACATAATTGATCATGATGGGAGCAATACTAGCTA

ACCATTTTACTTTGCCACAGTACTGACATTAATGCAAACACAAACGTTATCAAACAAGACACCG

ATAAAAAGAAGGTTCTGTTTGTGTTGGGTGCCACTACGACAGGAAAATCCAAACTGTCGATT

GATTTGGCCACCCATTTGAACGGGGAAATCATCAGTGCAGATAAAATTCAGGTGTACAGGG

GGCTCGACATAGCAAGCAACAAAATCACCGAAAATGATCAAGGGGGCGTGCCCCACTATTT

ACTTGATTTTGTGGATCCTGATGTTGATTATACCACACAGGATTTCAGCAACGACGCACACC

AGGCCCTGGATCATATAATCGGGAACGGGCACATCCCAATTATAGTCGGTGGATCCAACAC

ATACCTTGAGGCACTCGTCGAGGAATCACCATTCAATTTCAAGGTCAACTTTGACGCTCGCT

TTCTATGGATGGATGTTTCCCTACCAGTTTTGTACAGGAGGGCGGCAAAAAGAGTTGATGAG

ATGATTAAGCGTGGTCTTGTTGACGAGGTCCGTATGGTTCCTCCAGGAGCAGACCTTGGAAG

AGGGGTGTGGAGGGTTATCGGGGTGGCTGAGCTACAACCTTTTTTACAGGCGGAGAGAAAC

ATGGAGGATGAGGCCACCAAGAAAATGCTGCTGGATATTGCTATCGAGGAGATCAAGAAAA

ACACTAATAGGCTAGCCGAAATCCAGGTGGGGAAGATCAAAAGGCTGAGAGATAAACTTGG

ATGGAAACTCCACCGGATTGACGCCACCAGTGTGTATATTGAAGATGGAGTTACTTCTATGG

ATGCTTGGAAAGGTGCAGCTTTCAAACCTGCCTTGGAAATATGTTCTGATTTTCTGAAAAGA

TGCTGA 
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>c715 PoLOG_1 - Biblioteca LIB15042 

ATGGAGGGAGAGATGGACGTGAAGCAATCGAAATTCAAGAGGATTTGTGTGTTTTGTGGTA

GTAGTTCAGGAAAGAAGAGTAGTTATAAAGATGCTGCAATTGAGCTGGGCAAAGAACTGGT

AAAATACAAATGCAACAAGCGCAAGCTCCCCTGTTTTGTCCTCTGTTTTGATCAATATTATGCAAATCTG

TTGCCTCCTTTTCACGTTTTTCTTTTGTTTTAACCATTCCTAAGCACTTTTCTCCAGTTTCAGTAGTTTTTT

GGTTCGTCTCGGTGACACTGTTTCTGGGTTTTTTCCGACTCTACTCTGTTTCCTCTGTTATCTATCTTCTTT

TTCCAAAAAAACGCTACCTCTATATATACTCATACTGTTCTGTTTTCTTTTCTTTTGTTACTACATTGCGT

TAGTCCGCTCTAGCAACTTTTTGATGGAGATACTTTATCAACTTTGCCATAGAATTTTATGTCAAGTGCT

ACTTATTTGTGCAGTCGTTTCTAAAATTCTTGTCTTTCAAAGGAATAGATTCTGTATTCAACACCATGTG

GATAGTAGTGCACGCACGAACATTCAAATTTTGTTTGAACTTTCTTGTCTTCAGTTTTGCTCACAATGGT

GTGATGGTAATGCACTTTGATGGGTAGTTCTTTGAAGCTTGCTTTCGTTTATACCTTTTTTTTTCCACCAT

TTATGTTCGGAGAATCAGTACCTTTTCTTCTTATTTCAAAGGTATCAAGAAATATCGATCTGGTCTA

TGGAGGAGGAAGTATTGGTTTGATGGGTCTGATCTCACAAGCTGTTTATGATGGCGGCCGCC

ATGTTATTGGGTAAAAGCACCAACCATTGTTCTCATTTGTTCTCTCATTTGTCAACCATCAATTTTTAG

TGGAGTTTCCTTTCCTTATCATTCTGTCACTCCAAATTGTTAATTGCTCCACTTGAAATGACCAAAGTTA

TGGCTGCTATTGACAAATCTTGTTCCCTGGCCATAATAACTGTTCCTTTCTTTTTTCACTGACAATAATTC

TTTTTCTTAATTCTTATTATCTGCAGAGTCATCCCCAAGACATTGATGCCTAGAGAGGTAAACTTTT

CTGCTCCTACCATAATGTCTTGAAGGCTTTTTCCTTTTGTTAAAGGATTCAGAAAAAAAGGCATATGCTC

TGCATGGTTGATATGTGCGTGGATGAGAGAAAGTAGTAGACCAAAAGAGGGCAGATACCCTGTTTCTTT

CTAAAAATGTTCTGTGGCAGCTGCTTTTACCTGAATTTCTACCTCTCCTTTGTTATGTTCACGAAAAGAA

AAAAGGGTGTTCCTTGTCTGTCTGTTTTGTGCTTTCAAATTTAGCTTTCCAGTTTGAACATGGCCGAGAA

ATCTCCCTGGTCTCTTCAGATTACCATCATTATATCCTTCCTTCTACTTTCTGATCTTTTAAACCCGTCTA

GAGTTCAAAAGTTGAGGTCCTTTTTCCCTTTTTGTTACCTTTAACGGCCTGTTAATTTATTTAGCCCACCA

CCTCTGCATCTCTGCAAACTCATCATTGTTTCTTCCTCTGTGGATGAGAATTTCTCTGCGGAGACTTGGC

GTCTTTTGGCCATTGTCAGTATTGATTTTGTCTTTGGTACTCTGCATTTTTGTGCAGATAACCGGAGAA

ACAGTAGGGGAGACGAAAGCTGTTAATGATATGCACCAAAGGAAAGCAGAAATGGCTAGA

CAATCGGATGCCTTTATTGCCTTACCTGGTGGGTATTTATACGACTGGAAATAAAAATCTATCTGTC

AATCTTACTAAATTATGATAAAAAAAGTTTTAACAGTAACCCAAGTTAGATTCCAAATAGAGTCTCAAC

TTTTTTAGGGTACTTACAGAATGTGATCATATGCCTCTGACACTGGAAATTAGGCTTCTGGGGAGCTCAT

CCTTTATGAGGTCAATATGCATTTTCCCACTGTGATACAGCACCACTAGTCTTGGCCCGTGATACAATTG

TACTATCCTATTCGCCAACGAAAGCATGAAAGGGACTGTTTTTATCTGCAAAACCAAATGGTTCAAGCA

TACATAGAGGTCCGAGAGGCCAGTGCTATAGCCCACCGATATGCAATGATTATCTGGTCTACATTGACC

ATCAACATAGGCAGTGTTTTATCTAGACTTAGAGGTGAAAAGTGTAGGGTTTGAATCCAAATAAGATGG

CTTGGAGGTAGAACTTGTGGATTGGAATGCAGACAGTGTCTCGATATTGTAAAAGCTAGAGGTGGGGTT

CGTCAGATAGAAAAGAATAATCACTATCTACTTGTTAAACTACAATCCTGAAGCCTGTTCTGTCAATCT

GATCTGGAAATAGTTGTGCGCTTGACTGAAAGTTTTCATGTGATTTTTCTGAAGGCGGCTATGGGACC

CTTGAAGAGCTTCTTGAAGTCATAACCTGGGCCCAACTTGGTATCCATGAAAAACCGGTATA

GAACTATCTCATTCTCTTGTTAGTTCCCATTTTGTGATCTCTGTTTCAACCATCCAGATTAAGGAAAACC

CAACTTTGAGCTATAAAAATGGTTGTTTCTTCCTGGAAGGTGGGATTGCTGAATGTGGATGGCTAT

TACAACTCCTTGTTGTCATTCATTGACAAGGCTGTGGAGGAAGGCTTCATTAGTCCAAGCGC

ACGCCACATCATCGTGTCTGCACCTACCCCAAGAGAGTTAGTGAAGAAAATGGAGGTCATTC

TTTTTCCTTTTGTTTCTGTCATTTGTATGAACAAACAAGACTTGTTTCGACCATTGAGCTAAC

AGTTGCTTCCACTTGTGTGTGTGCTTTCCAGGAGTACCTCCCCTGCCATGAAACAGCTGCCCC

CAAGCTAAACTGGGAGATTGAACAGCTAAGTTGCCCTCCACAATGTGATATATCGACATGA 

 

>c28 PoLOG_2 - Biblioteca LIB15042 

ATGGAAGAGATCAAGTCCCGGTTTAAGAGGATTTGTGTGTTTTGTGGTAGCAGTTCCGGCAA

GAAAGCTACTTATCAAGAAGCTGCAGTTGAGCTGGGGAAGGAAATGGTAGATATACCATCTGAA

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

TTGAAGGCATTTGTTATTCAAGATCCTGCCATTTCTTTCTCTTTTCTTTTCCAGGTGGGGCTTTTGAACG

TAGATGGATATTACAACTCCTTGTTGTCTTTCATTGATAAGGCTGTGGATGAAGGCTTTATATCT

CCTGAAGCACGTTGCATTATTGTGTCAGCACCAACAGCAAAACAGTTGTTCACACAACTGGA

GGTAAATAAAGCGACATCGACTTCTTGGAGCAGTCAATTAATGTGGAAGTGGGATTCCACTAGCTAACTA

GAATCTGAGGACGGCCCGTCTCTTATCAATAAATCAAAGATAACAACTGTACGTCTTTTATAATTGCATGT

TCTGATGAATTCCTTTTTATTGTTTTCTTTGTGCGTCAGGAATATGTTCCACAGTATGACGAGATAACA

TCCAAGTTGGTCTGGGACGAAGTGGAAAAGAGAGTAGCTAAAGTTCCTGAATCAGGGGTTGC

CTCATGTTCATTCTAG 

 

>c8 PoLOG_3 - Biblioteca LIB15042 

ATGGAGGTAGGCAGTACGGTATTGAGTCCATCGTCGTCGTCCAGGTTCAAGAGGATTTGTGTG

TTTTGTGGAAGTAGTCAAGGCAAGAAGAGTAGCTATCAAGATGCTGCTATTGAGCTTGGAAA

GGAATTGGTACGTACTTGTGATTCCTATGCTATAAGTCATCTTCTTTCTTTTCTGTTCGCCGCTATCAATAT

ATAATGTTTTGGTTTCTCTCAAAGTCCAGTCCCTAGATAGCTAGTACATTTATGGGTTTGGACAATGAAAC

TGGCTTGAACGTTTCTGTATTCCTTTCGCTGCATATATAGCTCATATATATTCGTTGAAGTGCATATATAGTT

GCATAAACTTTACCTCATTGTACAACCTTGTCCATGTCTACTACCTCTTGCTGGCCACTGGCTACTTGGGTT
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GAAGCTTTCTTCTTTTCTAAATATCTGGCGCGTTACTTGTGGAAGCTCTTGCATCTTGAGTTGGGACCTTG

GCTAAAATCAGTGCAACTTGTGCATCCAGCGAATCGCCCTTTTTCTTTGGTTACAGGCGGCTCAATTTTCT

TCTGTATAACGAAACCATCAGGCTGTGCAAATTGACTAAGCCTGCGACCCGCCATCAAGACCCTTCATTG

TCTCCCTAGAAGCATGTTTAGTTTCCATAAGCTAATTACCTATATGATATTATGTTCTTTTGCAGGTCTCAA

GGAACATTGATCTAGTCTATGGAGGAGGCAGCATAGGTTTGATGGGGTTGGTCTCGCAAGCTG

TTCATGATGGTGGTCGCCATGTCATTGGGTAAGCTTTATTTAGTGTCTCAGTTTATCCCCAAAAATTGT

ATTAGAAAATAAAATATATTGATCATGATTTAAGAAACAAAATCAGTGCATTGGGTTGCTTTTCTTCTCTGA

TCTTTGTCATATTTTTGTCCATCTGCAGAGTCATTCCCAAGACGCTCATGCCCCGAGAGGTACTGATC

ATACAGGCAGAAAAAGTCTCCAAACTTTTCTTCTCATTCTTTTTAGTAGAAAAGGCTGCTGCAACCTGTA

CATTTATAGTTCTTTATCTTTTTACATTTGATGGGGCATTAACTTGGACCTCTTGTTAGTGATTTCCTTTCCC

TTTTGTCTCTATCTTTTATCTTCTTTAGCTGTTTTTTTTCAAAGATTTTCTGGTTCTCCGAGGAACACTTAAT

TGCCATTCAATAATTTCTCCTGGTAGTAAGTACATAGCACTGTGTATATTTCTGCCTTTTATCTTCTCCTTTT

TCCTTTCCTCACATGTAACAAGTAGGTACTTCATGGTTGTTTTTCTTGCTTGGCTTCTTCTAAAAACTCGAA

TTTTTGTTTCCTTCTACGCTTAGAAAAACCTGGCTGGGAAGCTGCTGGTTTCAAAACCCTTCATTTTAAGT

CCACCATTCCTGCAAAACCCATCATTGCTTTACTGCACAAAGCTCCAAACCTTATCTCTCTCTCTCTTTCT

AAGTTTTCACTCTCATTATTTTTCTTTTCTTCTGTGCTTCCGGTACCTTTTGCAGTTAACTGGTGAAACA

GTAGGGGAAGTGAAGGCAGTAGCAGATATGCATCAAAGAAAGGCAGAGATGGCTAGGCATTC

AGATGCTTTTATTGCCTTGCCAGGTTAGTATAAGTTCTGCAACGTTTTCACTTGCACGAAAAATAACA

AAGCAAATCAAGAAAGACAACAAGAAAAACCTGGATTGTCATCAATCCTTGTTAAAAGAGAATATATGA

ATGCGCGTCGACAGTCCTAATTTTGTTTGCTATATGCACTAAACTGAAACAATTAAGCAAGTGGAGAAAG

AGGCAGAGGGTCTCTTTCTCTTTCAACTTTCACTGAAGGGAGGAGCTGTACCATCAGAGAAATGGTTGG

CTATGCAAATATCATGATGCCTGACCATATTAGGCTTTGCATACTTTTGTGGGGCGATGCTAGAATTGGCAT

AAGAGACTGTTGTGAACTCAGCAGTAAAGTAGAACCTACAGTCATAAACCAACCCCGATACTCATGATG

ACACAGACAAAACTCTAATTCTTTTTCTTTTGAATTTTGTTTTAACCATGACAGCAACTCCAACCCTAGTT

TTTCGACCCATCAACATCTTACACTGAAAATTAGTGCTGAAAAGGAAGTCAGTTTCTGTGGCTAATGTGC

TCTTGTCCTCTAATGTCGTTGTGCGAGCTGTAGCCTGTACTGTCATAGTACCATTCATTTGATACAGACACC

CTTTTACTAGATGACATTTTACCAATTAGCACCTTCACCAAACACGCAAAGATGTCCACACCTTTCACAAG

CCACTTGTTGTAGTAATCATGATGGTGAAAGTTTAGTAAATGAAGGACGTGTATGAACAAAATAGTTATTT

ATGAACAAAATAGTCATTTCCCCTTCATGTGGACAACATGTTCTGTTCTTGAATCCTCACAACCGCGGTGG

AAAATCAAGAAGCCTACGTGTTCTGTAACGTGGTCGGAGCAGAGTTATAATCATTATTACCTCTCTTAAAT

GAAACCCAATTCTAAGCTTGACCAACCTTCATGGTGCAAATTGCAGTTTCATATAACTTATTACAAATGAC

CCTTGAAAAGTTCATGACTCTATTTATCCTCTTAATGATTTACTGAGTGAGATACTACGTCAAGTTCTACCT

ATTCGCCTTTAGACCTTCTTTAGGAAACCTCACCTTTTAACTGTTCATACCAAATAATTGATTGCTGATAAT

GTTACTTCTGGTTTGTGTCCTTTTGGATAACTTGGTGTCGACCAATGAGAACTCAGATCAATCATGTACTT

CCCAAATTGACTGATGTCGCGTGGAGCACCTTTATGGTGTACCACCCTCTATTTTGATTCTATTACTCCAGA

TAGTACCCCTGGTTTGCCAATCTGGATTGCGCTGTACAGTGTTTTATTCAATAAGGAAATAACCCCACCCT

TGACATTCATTATGCAGGAGGTTATGGCACACTGGAAGAATTGCTTGAAGTCATAACCTGGGCTC

AACTTGGAATTCATGACAAACCGGTAACATCTCACATTAGCATCACTGATATCTCAACATGAGGTTTG

CTTATACTTTATATATTAATTACCTCCTATATTTCAATGCAACTTTAACATTCTGAAGGTAGGGTTGCTGA

ATGTTGATGGATACTACAACTCTTTTCTCTCCTTTATTGATAAAGCTGTGGAAGAAGGATTCAT

AAATCCGAGTGCACGCACCATCATTATATCTGCACCATCACCAAGAGAGTTGGTGAAGAAATT

GGAGGTAATCAAAGGATGGGGAATAATATCTTTACTTCCGGCAACACCTGTGGCATATTCAAACTAAATT

CATCTGCTCAAAGTTACTGAACTCATTGCCATATAAAACTATGTCAATAACATACATGTGGCAGCTGAAAC

AGAAGTGTACCAGCCATATTTCTGCTGTAGCCTGTTTAAAGTTTGTTTCAATAGCTTCCATGTGGTGGGGA

GAATATATAAGAACACTGATTCTGACCTTGAGTGTCCCATGTTTACTTGCCTAAACATTGTAGGAGTACG

TCCCCTGTCATGAAAGAGTTGCTTCAAAGTTGAGCTGGGAAATTGAGCAACTTGGCTACTCTA

GCTGTGACATCTCAAGGTGATATATATATATATATATGGATGTAACAGCTCCGGATGAAAGTGGAATCTG

ATGGCTGACGATGTCAAAATTTCCATTATAGGAAGGAAATTCATTCTGTAAATCGCTGCAGTTTACT

TTAG 

 

>c1345 PoLOG_4 - Biblioteca LIB15042 

ATGGAGGTGGAGGGTACGGAGATGAGCCCGTCCTTATCAAGGTTTGGGAGGATCTGTGTGTT

TTGTGGCAGTAGTCAAGGCAAGAAGAGTAGCTATCAAGAGGCTGCTATTGAGCTTGGCAAGG

AATTGGTACTCATCACCCTCTCTATTCTATTAACTCCTCTGCTTTTCCTTCTGTTTTGGTGTCTGGAATTTAT

AGCATTAAAAGGCTTTCGGCAACAAACTTTTTAGTACGTCTCTGTATATTCTTTTCTTGTGCAGCTGCAAG
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CATGGCTGTCGGATATTCGTTGAGTGCTATTCAACGCACTGTACAAGTTTATCTATGTTTAACTTTTGTTGC

AACTTGGGTTCTTCAAAGATTGAAGCTTCCTTCTTTTCTATGTGCCAATGAGTGCAACTTCTTGCTTCCTC

AATCACTCACTTCAAAGAAGACTGTTCTTTTTGGGTTGATTGCAAACGAACATAATTTCGCTGTGTGTCA

AAGAGGACTATCACATGCACATAATTAAGTCTGCAACCGCATAAAAACCCTTTTATTCTTCACCTGAAATA

GGCGCATGTAGCTTCCATGAGTTCATATCATTATGCTCTTTTGCAGGTCTCAAGGAACATTGATCTAGT

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

CTTACCCATTTGGAGGAGTGCTTCATGCAATACTTCAACATCCTGCAGGTTGGGTTGCTGAACGTTGA

TGGATACTACAACTCTCTGCTCTCCTTTATTGACAAAGCTGTAGAAGAAGGATTCGTAGATCCC

GGTGCACGAACCATCATTGTTTCTGCACCAACAGCCAAAGATTTGATGAAGAAATTGGAGGTA

ATTAACGGATGACAATGGCTTCATAGGTAGCTAATCGAACCAGAAATGACATTCATATTCAAATGCTTGAA

GATATTGAATTGATCTTATTTCTAGAAAACACAGACTATCTCACTAACCTGCGGTGCATCGTTAGCCTGTTA

AAATTCTGTTTTAATATATTCCTCCACATTATGGAGTGAGGATGCAAGTGATGATGATACTGAAATTGAGTT

TCTCATGTTTCCTTGCAAATCATCGTAGGAGTACGTCCCCTGCCATGACAGAGTTGCTCCGAAGTT

GAGCTGGGAAATTGAGCAACTTGGCTACTCTCAGAGCTACGACATCTCTAG 

 

>c673 PoLOG_5a - Biblioteca LIB15042 

ATGGAGGAGAATAAAGCACTGAAATCAAGGTTCAAAAGGGTTTGTGTATTTTGTGGTAGCAG

TACAGGCAAAAGAGATTGCTATCGTGATGCTGCTCTTGAACTAGGACAAGAACTGGTAACTAC

AGCTCCCTGTTCACTTATTTGTCTGTGATTTTATGTATTAATTGTACATGTTCTTTGGCCTGCATCGATCCAA

CGTCAAATAACTCAGTTGCTTGGTCTTGGTTTTGTTTCTGAAGGTGTCCAGAAAGTTGGATCTGGTTT

ATGGAGGAGGAAGTATTGGGTTGATGGGGTTAGTATCTCAGGAAGTCCATCGTGGAGGAGGA

CATGTTATAGGGTAAGTATATGTATATATATAACGTACTTTTGCCTTAAAATTCATTGGGGATAACCTTATA
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TTAGTGTTTTTAACCCGACTTTTTTCCCTTGTTTTCTGCAATAGGGTCATCCCTAAAACTCTGATGAAC

AAAGAGGTATGTATGGACCATCTGGGAGATGGTTTTGTGGATATATGATTGATTATTGTTGGACGATAAAA

ATATGCCTTTCTTCTTTGTTTTTTGGGTACATTAACACATGCTTTTGCTTTATGTAAGCAGCTAACTGGGG

AAACAGTAGGGGAGCTCAGGCCGGTAGCGGGGATGCACCAAAGGAAAGCTGAGATGGCCCG

CCATTCCGACTGTTTCATTGCCTTGCCAGGTCTCTATCTGAACGTTATCCTCCAGCTCGTTTATCAATA

AAATTTTCCTCTTTCTTGAGCCACTCCTCTAATCCTCATTGTTTTCTGCATGTTTTAGGAGGGTACGGAA

CCTTAGAGGAGTTATTAGAAGTCATTACATGGGCCCAGCTTGGCATCCATGACAAGCCTGTAAA

CCCATATATATCTCATATCTCACATCGTCCTAATCTTGGGTTTTGAAATTTCAACGCTAGTTCTTGCACTAGG

TCAGTTCTATTGACCCTAGCTTGTTTGATATATCAGGTAGGCTTGCTTAATGTGGACGGCTACTACAA

CTTTCTGCTCACCTTCATAGACAAGGCTGTGGACGATGGCTTCATCTTGCCTTCTCAGCGTAGT

ATTATTGTCTCTGCCCCTAACGCTAAAGAGCTTGTGCAAAAACTCGAGGTAGGTCTCTTTTATTTT

CTGATGCTTACCCCTTTTCTTTCTTGCTGAGGCTTCCTAGCTAGATGGGGTCCAGTCCTCCTGCTAATAATG

TGAATGTTCTTACTGCTTATCAGACACATATACCCATCTTAGTAAGGTCAAATCATTAGACAGACTGTAGC

AGTACAGATCAGTTAAGCCTTTTCATTTCTATTAATATTTCATTAACTCTAATTCCTTGCAGGAATACGTG

CCTCTGCATGATGGAGTAGTTGCTAAGGCTAAATGGGAGGCAGAGCAATTGGAGCTTAATGCA

TCTTTACAGACTGAAATTGCTCGTTGA 

 

>c7135 PoLOG_5b - Biblioteca LIB15042 

ATGGAGGAGATGGTAATGAAATCAAGGTTTAGGACGGTGTGTGTATTCTGCGGCAGCAGTGC

TGGGAAACGAGATTGCTATAGAGATGCTGCCATTGAACTCGCTCAAGAACTAGTACCGGAGTCA

CCTTCAAGCCCAAGTTATTTTTTCTTTTTTTTTGTCGCCATTTACCGTACTTTTTACTGTGTGTTGTACCATG

TGCCTATGTAGGTGGCTAAAAGGCTTGATCTTGTTTACGGTGGAGGCAGCATTGGGCTAATGGG

TTTGGTTTCACAAGCTGTTTATCGTGGTGGAGGCAATGTTCTCGGGTGCGAATATGTTAACTTCCT

CTGTTTCTCTTTTTTATGTCACAGTTCCATTCTTGATTATTTGATACACGTTTCTAATATCTGCTTGTTTCTGA

TACAAAGGATCATACCCAGGACTCTGATGAGCAAGGAGGTACGAAGTCGAAATGAACTATTCCTGT

TAACAATATAGTTTTTCCTGTATTACATTTTCATTCCTTAGAGTTTGACTTAATTTTAGCTTGTAAATTTCCC

GGAAATGATTCGTGTATGCATTTGCACGCTAATGGAACCACAGATTACTGGTGAAACGGTGGGAGAG

GTGAAGCCCGTAGCCAACATGCATCAAAGGAAGGCAGAAATGGCCCGCCATTCTGACTGTTT

TATAGCCCTACCAGGTCTCTATCTGAAGAGTGATATAGCCAATCCACGCTCTCTTTTATGATCCTGACAA

ACTGATGTTCTTACCAAATTTTTTTTATGAGGAAATCAGGTGGTTATGGGACCTTGGAGGAATTGCTG

GAAGTGATCACTTGGGCCCAACTTGGTATACATGACAAACCTGTAAGAAACATTAGTTGATGATC

CGATTACTTTTCTGATCATGATTTTTTTTTTATTTAGTCTGCTACTCCGGAATCCATCCAATCCATCATGACT

TGTGCAGGTGGGTTTGCTTAATGTCGATGGATACTACAACTATCTTTTGACTTTTATAGACAAAG

CCGTGGACGACGGCTTTATAAAGCCCTCTCAGCGAAGCATCATTGTCTCCGCACCAAACGCCA

AAGAACTTGTTAAGAAACTTGAGGCAAGTTAATCGGCACCTCATTTTCTACATTTCCATAGCTGTCGT

GAAGCTCCGGCATTTATTTTCTCGTTCTTTTAGGTTGAAAGATTATCTGGTGTTTGAAGTAAGAATCTTTCC

CGGTTTGCCATGTTCGTGTCTTTTCATTATTCTGGTATTAATGGAACCTTGCAATGTTTTGTTTCGTGATAG

GAGTACGTACCTGTGCATGATGGAGCCTTAGCGAAAGTGAGCTGGGAGAATGAACAGAAACC

ACCACAGCCACAACAGGTGGTGGGGTTCAATGCTTCCCCTTTGCAGACTGAGGTCGCTCTAT

AA 

 

>c183 PoLOG_7 - Biblioteca LIB15042 

ATGGAAGAGAGCAGGTCGCGGTTTAAGAGGATTTGTGTGTTTTGTGGTAGCAGTTCTGGCAA

GAAAGCTACTTATCAAGAAGCTGCAGTTGAGCTGGGCAAGGAAATGGTAATATGTGCAGCTTCC

TTTTTCTTCGAGTCTATATTTTCTACATGGAAATCTTAAAGCTTTTCATGACTTACACATTTTTTGGGATTTC

AGTGGGAACCAATTCGGATTTTCTCTGTTATTTTCACTTTTTCCGTCCGCCTTTCTCTTTTTGGGTATGGAA

ATCCTTTTACTCGCCGTTAGGTGGAGAACCTAAATGCCTTACGTGGTAGTCAGCAGTACTCGATGCCAGAT

TTTGTTCAGCGACTGATTTTTTTTAAAGAAAACCTTTTTGTCTTGGTTTATTGACTCGGTGCAATTGCACA

ATATTTTTCTTATTTTCCTTGCACGTATGGTCTGGTCGTTTTTGTGCACCATTCCCTTGTTCGGGAGAAGAA

TTTTACCGTGTGTTTCTAACCAAGTGGGAGGCGTGTAGTTACTGGCAATTTTAACAAAGCAAAGCAAGCT

TTAGACGTGGGCTTATGATTGTTCAGAAAAATTAACTGTTGGTTGATGAAGGGATAGCAGGTTTCAGGTTT

ATGTTTGGCAGGAGAGTCTGCTAGCTGTAACCTGCCTGTCTATTGCGCAGCCTTCTTGCATGATCCTTGTT

TTTAGTTTATATTAGAAACCTCACTTCTTTAATACTCTTTTGCTTCGAACAACTGAAAACCGATGATGAACC

GAAACAAGAAGACGACAGTTTAATCTCTTGCTTTTTACAGGGGAACCAAACGTGCTATCTTGCTATTATG
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ACCCTTTTCTCGGCTTGTAAAAAAAAACTTAAAAAACCTTCATTATTTCTGTTTGTCTACCTCGACTAACC

ATCCGTCTTCCAGCTCCTTTGTCTTTGTAATGGTTTTTTCATTTGCTCCACTGGGGGCATCCTATAATTGCT

GTTTATCAACTAATGTAATTATTCCACCCTGTGCATGAAATACTAAGATGTCGTATATTTGATGATCCACCTT

GTACCACGTGTTGATGGGTTTGGTTTTGAATGATGTTTGAAGGTGGAGAGAAGGATTGATTTGGTCT

ATGGTGGTGGGAGCGTGGGATTGATGGGTCTTGTTTCTCAGGCTGTTCATGATGGCGGGCGCC

ATGTTCTAGGGTTAGTCATATCTATCTTGGTTTCTCTCTCTTTTCCGTAGCCTTCTTTCTAATGCCTAAGTT

TTTAACCTGTGAAGAGACAAACATAACTTTTTTATCGTTTTACTTACCTTCTCTTGGTACTTTCAAATGTGT

TCGATTTAACCACTCCAACCGTGCAAGTTCCACATTTCTCCATGAGATGTGTCACTCCTGCTTCTACTTTC

TTGAACCAACTCAAAGGCAGACATAATGGGATCCAAAGAAATACTGGCCTGGACAAAAAAGGGAAATTC

TGGAATTTCTATTAGCTCTTATTTCGGAACAAAAAGTTCTGCTTTAGTGACAAACATTCTTCTAGAGGTTC

TAAAAGTAGTACTACTTCATCTATGGTCAGTGATCATGCATGAACATGATTTTACAGCGATAGATTCTAAAG

TATGAGTTAACTAATGCTTGGTCAGTCTATTTCACAGCCTTGATCAGTTGGCTAATTTGGATCAGCTTTTAA

CCTCTTTCAGTCCTCGGTATATCCGAGCAGCAATCCCGCAATCTTCCTGTTACAGACAGATCCTGAAAAGC

TTTGCGTAAAGCATGTGCATTTTTAAGGCGATGACTGCTTCACTTTCACTCTCCTCGTGTGGGAATGAATA

TCCGTTTTCTTTCGAAAATGACCTTCGCTACCTCATCTTTCGAGTAAGAGTTAGATTGGCAGATAGCCTTC

ACTTGTGAGAATGTGCAACCAAGAAATCAGTCAAGGAGATAAAACTATGTGTGACACTATAGGAACAGA

TTTTTCAAAACATTTTATTAATATAGTCGCCTCTTAGTCTCTCCTATCCTGCATTTTGAGTGTGAGCTACTTC

AGATGTTCATCATCTTTTTACAAGTGGTGTTGATTTATACTATTTTCCCGGTGGTTATGCAGAGTTATTCC

AAGGTCACTGATGCCTAGAGAGGTACGTTGTGGCACCGGCATGGATGCTGTTTAATTACAACTCCAA

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 LIB15042 

ATGGAAAGAGGAGAAGGGACATACACAACAAGTGAAAACAAAACAAAGTTTAGAAGAATCT

GTGTCTTCTGTGGCAGCAGAACTGGATACAAGAGCTCTTTTGGTGATGCTGCTTTTGACCTTG

GTGAACATCTGGTAATATATATTCACATCAAGACATATATACACTATCGAAAACAGTATATTCACCAACTC

ACCATACTTCTTCTTTCCTTTCTGGGAGCTCTAGAGTGTTTCATAACCTGATTCTGTTCTTTCATCAGGTA

GAGAGGAAGATTGATCTGGTTTATGGAGGAGGAAGTGTAGGCCTTATGGGTTTGATCGCACAG

ACTGTGTATAGTGGAGGTTGCCATGTACTTGGGTATGCTTTTGCTGTTTGCATAGATAGCATTGATTA

GTAGTGTTTGCTCTATCCATTTTGGTTACTAATACCAAAAATTGACAGCTCTGTTCATCTCGTGTTTGAACA

GAGTAATTCCCAAGGCTCTGTTGCCTCATGCGGTACTACACACCCCAACCGCTGTTTTTAACTTTCT

ACACATATAATCTTCTGTTAGCTAAAAAAGTTCAGTTGCTAGATCTCAGGAGGAAACATTGGAGAAG

TGAAAACCGTTGCAGATATGCACCAAAGGAAAGCAGAAATGGCAAGACATGCCGATGGCTTC
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ATTGCACTTCCTGGTAAGTACAATATGTTTCTCAAGTACATTTTTCAGACAAGAAATACAAGCTAATATC

TGCTGAGACAAAGCCATTCTTTTCAGGTGGGTATGGAACCATGGAAGAATTGCTAGAGATAATAG

CTTGGTCTCAGCTTGGAATCCATGATAAACCAGTAAGACTAAAGGGACTTTCGAATGAGGCATTATG

AAGGCTATTCTTCCTCTGATTTCGAGTTGTGTATTACACAGGTGGGACTGTTAAACGTGGATGGGTAC

TACAACAGTTTGCTTGCGTTGTTTGACAGAGGAGTTGAAGATGGATTCATAGAAAATTCTGCC

AGACAGATTGTGGTTATTGCAGATACAGCAGCAGAACTCATAAAGAGAATGGAGGTAATGATAG

TAAAAACAGAATAGTTCATCTTATTGCACATAAAAATAAGATATAGGGTTGGTTGGTGGGCTGGTTGCTGA

ATTATTGGAGAGGATGGCACACAGAAAAGGTCTTGATTTGTTAGTATTTGATTGCTTTATTGCAGGAATAT

GCACCAATGCATGACAAGGTTGCACCCAGACAAAGTTGGGAAGTGGACCGATCATCAGAGTC

TACTTCAAGTGGGAACCCCATAGGATCTTAG 

 

>c1545 PoLOG_10 - Biblioteca LIB15042 

ATGGAAGATCAACAGCTACAACACCAACAACGCCTACCTGCCATGAAATCAAGGTTCAAACG

TGTTTGTGTATTCTGCGGTAGCAGCCCAGGAAGGAGTCCTAGCTACCAGCTTGCTGCTATCCA

ACTTGGCAAACAGCTGGTACGGCTACTCTTTTTTCTTTCTGATACTCATGCATTTACCTGTCTTCCTGCT

GCATGTAATAATTCGTATCCTTTATTTCTTTATATCCAGCAGAGGTAGGCAAGTATTCATTGACGGAATGCA

TTCTGTCAGGGCTTCAGGGTTTCTGTTGATCATCTTCTACATATGTTTGTTTCATATTCATTACTGCTTGAGC

CTGGAAAATGAATAACACAGTAAAAGTAAAAAAATCTGTGGGGAGCAAAGTTGTTGTTGAGCCCTTGTG

GGAGTTCTTTTATGCTTCTGCCTTGGAGCTACTTGTTCCTCTTTGGTTGGATTAGATTAAAGAGTGGTGGG

AAGCTTTGGCTAAAACAATATATTTAAATATTGGGAGCAGCAATTATATTGTTTCTTAATCAATGGATATGTT

CAATTTCCACAAGAACACGTCAGTTCTCATAAAAAAGAATAATAATTGCAGGTTGAAAGGAACATTGA

CCTGGTTTATGGAGGGGGAAGCATTGGACTCATGGGTCTGGTCTCCCAAGCTGTCTATGATGG

TGGTCGCCACGTGTTGGGGTAAGTAAACCTCACTGCCTTTTCCCTGTCCCCGTCTGAGGTACAGATGT

GTATCTTACATCCTCATTGTTCTCCCTTGTTGCAGGGTCATACCCAAGACTCTAATGCCAAGAGAGG

TAAGTAGAACTTCAAACCATAACTAAGTACCATAATTAGAACTCTAGCTTTTACCTTGTCTAGTAATGGAG

TAATTGAAAGGTAGATTTTTTCACAATTGCAGATTACGGGAGAGCCAGTGGGAGAAGTAAAAGCT

GTTTCTGGTATGCACCAACGCAAAGCTGAAATGGCCCGTCAAGCTGATGCATTTATAGCCTTG

CCAGGTACTGCAGTTCTCGTTGAGATCATATCAACTAAATGTCTTTAGCTTTTATGGATTTGAGGATTTCC

AAGATAACTATATTCTGCAGTCATTGATGGTGAAACTAACTAAGATTCATTGGCAGGTGGCTATGGAAC

CTTGGAAGAATTACTGGAGGTGATTACTTGGGCTCAGCTTGGAATCCATGATAAACCGGTACTG

ATTCAATTAATTTGTTCTGTTTTTGGAAAAGGGATTGATATATAGGACAGAAAAGAAGTGATTAATCAACA

TATGCATATGAAAGTAGTATTGTACACTGATCATTATCAGAAATGAAAGTCTGCACAGCACTGCAAGACTG

TATTTTACTGGTAAAAACAGTAAGATTAATCTCAAAAGGTAGAAGAGACAAACGAATGATGGAGAAATCA

ATGCATTTTCTGTTTTCAGGTGGGATTGTTGAATGTGGATGGTTACTACAACTCACTTCTGACATT

CATAGACAAGGCTGTTGATGAAGGATTCATAGCACCAGCAGCACGCCACATAATAGTTTCAGC

ACAAACTGCACATGAACTCATGTCCAGGCTAGAGGTACACTAATCAATCACTTGCGAGTTAAATTAT

CCTGTAGAACCAAAACTTTGTTCATATGCTTGAGATTCCAAGAATTGGGTAGCCAAAAATGTTAATTGCTG

ATAAAAGATAAAAAATCTTGTCTTTTGGGTCCGTTTCTGATGTATGTTCTTTGGACAGGAATATGAAGCT

AAGCACTCAGGGGTGGCCTCCAAGCTAAGTTGGGAGATCGAACAACAATTGGGTTACACTAT

AAAGTCAGACATAGCTCGTTAA 

 

>c1907 PoLOG_11 - Biblioteca LIB15042 

ATGGAGAATCAACAGCCACAAAACCAGCAACGGCAGCCTCCCATGAAATCAAGATTTAAACG

TGTGTGTGTCTTCTGCGGCAGCAGCCCTGGGAAGAACCCTAGCTACCAGCTTGCTGCTATTCA

AATTGGCAAACAGCTGGTACGTACAACCAAAACCAAACCCAAACCCCATGCATTAGTAGTTCCTGTTT

GATGGGAAGCTTGTGATTAGAGCATGCAGTTAGTATGTTGTGTCGGTCTTACACTCTTACATTGGAGTGTA

AGATGACTGAAAAAGGGTGATGATGATTGCATTGTAGGTTGAACGGAACATTGACTTGGTTTATGGA

GGGGGCAGCATTGGGCTTATGGGTTTAGTCTCCCAAGCTGTGTATGATGGTGGCCGCCACGTG

TTGGGGTAAGCTAACTTCCCTCATCTTCCTCTCCTCCTTTGGAGAGCATAGATACATTTATTATGATTAATT

CCCATTTTATTTTTTGGCAGGATCATTCCTAAGACTCTGATGCCAAGAGAGGTATTGTAATAAATATC

ACACACAAACCTCTCAACCCCCTAAACCACCCTACTTACTTACTTACTTACTTGCAGAATTTATTATTATTA

ATATTATTATTATTATTTTAATGGTTTACACACTTTCAGATTACAGGAGAAGGGGTGGGAGAAGTAAA
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AGCTGTTTCCGGTATGCACCAGCGGAAAGCCGAGATGGCTCGCCAAGCTGATGCATTTTTAGC

CTTGCCGGGTACGTACGTGATTGATTCCTCGTAAATACAGCTATTCCATTTTCAATAATTAAATATAACTTA

AAAAAAGATTCACTGGCAGGTGGATATGGAACTTTGGAAGAGCTCCTGGAGGTCATTACTTGGG

CTCAGCTTGGAATTCATGACAAACCGGTACTGATCATTTTTCCATTACATGTATGTATATAAATGTTTTA

ATTCATATCATTTTTAATTAGTACGCAATTAATTAGCACAATACAGCAGTAGGCTGTAGGCTGAAGGCTGTA

GGCTGAAGGCTGTAGGCTGAAGGCTGTAGACTGTAGGTAGATAGAATGATGGAGAAAATGAGGCATTTA

ATTGTGGGGTGGGGCTCCTTCTCAGGTGGGGTTATTGAACGTTGATGGTTATTACAACTCACTTCT

ATCATTCATAGACAAGGCTGTTGATGAAGGATTCATAACACCAACTGCACGCCACATCATTGTT

TCTGCCCAAACTGCTCACCAACTCTTGTCCAAGCTGGAGGTACGATTTCTCTAATTCTTAATTATTA

TTCCCTCAAACCCCCCATTCCTATATTTCTCTATATTTCTCTATATTCTCGCCAGTCATTCTCGCCAGGAATA

TCAGCCTAAGCACATTAATGGTTGGGAGATGGAACAACAAGTGGGAGTCCCACATTAA 

 

>c2375 PoCKX_1a - Biblioteca LIB15042 

ATGGGGGCACCACCTTCAGCCTTTCTGAACCAGAATAAGGCTATCTTGCTCAGGTTTTTGATC

ATCCTGTTATTGGGCTCTGTTCCAGAGAAAGCCAACCTTTGCTCAAACCTCTCATTAGCCAGC

CCCAGTGTTCTTCTTCCAGGGGCTTCATCCACCTCCCTTTCACTCAAAACAATAAGCTTAGAC

GGGTACTTCCGCTTTGATGGTATTGAGTACGCTGCCAGGGATTTTGGCAATAGATACCGTTTCC

TTCCGTCGGCAGTTCTGTATCCGAAATCTGTTTCCGATATTTCTACTACCATAAAGCATATTTTT

GAGATGGGCAGAGCATCAGAGCTAACCGTGGCAGCCAGAGGCCGGGGTCACTCCCTCCAAG

GTCAGGCACAAGCACTTCAAGGTATTGTTATGGATATGGAGTCGCTTGAGGGACCAGAGATGC

AAGTTCATACTGGAAAAAAGGCGTATGTGGATGTGTCGGGGGGTGCGTTGTGGATTGATCTTC

TGCGAGAGACTCTTAAATATGAGCTTGCACCCAAGTCATGGACAGACTACCTTCATCTCTCTG

TTGGCGGCACATTATCAAATGCAGGAATCAGTGGACAGGCATTCCAACATGGACCCCAGATCG

ACAACGTCTACCAGCTGGAGGTAGTCACAGGTACATACATAAATATATTCGAACAACACTTGACTAG

CTAACTTCCAGAAATTAAGAAACGATTTGTAAAGCTTGAAAAGGCAGAACAAACTGATATATTGTGACCT

GGGCGGGGGGCGCGGCGCAGGAAAAGGAGAAGTAATTACCTGTTCAAGGAAGCGGAATGCACA

TCTCTTTTATGGTGTTCTCGGAGGGCTTGGACAGTTTGGCATAATCACCAGGGCCAGAATATCT

CTTCACCCAGCGCCAAAGATGGTAAACCTACGTTCCATATTTCTTGAAAAACTAAATGCTAGGCAGGG

TTGATACTGATACGTACCCCTGCTGCCACATGAACCAATTCTAACTTTGATAGGTGAAATGGATGAGAG

TGGTGTACTCCGAGTTCTCTAGATTTTCCAACGATCAAGAGTTCTTAATATCTTTGAAGAACTC

TTTCGACTACATCGAAGGATTCGTGATAATAAACAAAACTGGTCTCGTTAATAACTGGAGTGC

CACCTTCGCCCCAAGAGACCCGATTCAAGCCAGCAATTTCATTTCAGATGGAACAACTCTTTA

CTGCCTAGAAATTGCAAAGTACTTCGATCCTGAACAATACGATGTTATGAACCAGGTAATACAAT

TGCCAGGAAAAGCGAAGCTTACTTGCCTGCTCAGCTGACTGTTTTACTGTTCTTATGCAGAACATTGAA

AGCTTACTTTCAGGACTGAGTTATATCCCATCCACGCTGTTCGAGTCAGAAGTTCCTTACGTGG

AATTCCTGGATAGAGTACATGTGTCTGAGAAAAAACTCCGAGCAAAAGGCTTATGGGAAGTT

CCCCACCCCTGGGTGAATCTTATGATCCCCAAGAGCAAAATCTTGGAGTTTGCTCGAGAGGTC

TTCGGCAGCATCCTTACAGGCAGTCGCAACGGTCCCATACTGGTTTACCCAGTTAACAAGTCC

AAGTAATTCCATCAAAAACTCAAAAATCATCACCAGGTTACAATTTGGAAAACCCCTGCCCTCACAAGT

TTTCCTTCATATTGTAGGTGGAACAATAGAACATCTTTAGTCACACCAGAAGAAGATACTTTCTAC

CTGGTGGCAATCCTGTCCTCCATAGTACCATCTTCCAAGGTTGGAGATGACTTGGAACTCATGT

TAGCCCAAAACAAAAGAATTTTAGACTTCTGCTCCGCGGCAGGTATTGGGGCTAGGCAATATT

TGCCTTACTACACCACCCGAGAAGAATGGCAGGCTCACTTCGGTCCTCGGTGGGAAGTGTTC

GTTCAGAGGAAATTAACTTATGACCCGTTGGCAATCCTAGCGCCTGGCCAAAGAGTCTTCCAG

AGGAATGAACTTCTTGAGACGCAGACCACTTTTAGGAAAGCAGCATGA 

 

>c3111 PoCKX_1b - Biblioteca LIB15042 

ATGATCTTGCTGGTTGTGTCTATACCAGATAAAGCTAACCTTTGTTCAAACAGCTCAATAACTG

GCCCGAGTCTCCTTCTTCCCCAAAATTCGTCCTACATCTCTCAACTGGAAAAAATAAAGCTAG

ATGGATACTTCCGCTTGGATGGTATTGAATACGCAGCCAGGGACTTTGGCAACAGATACCATTC

CCTTCCATCGGCAGTTCTATATCCGAAATCCGTTTCCGACATTTCTACTACCATGAGGCGTATAT

TTGAAATGGGTACAGCATCCAAGCTAACCGTGGCAGCTAGAGGCCGAGGTCACTCCCTCCAA
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GGTCAAGCACAGGCTCATAGGGGTATAGTGATCAACATGGAATCGCTGAAAGGACCAGAGAT

AAAAGTTGACACTGGAGAAATGCCTTATGTCGATGTTCCGGGTGGGATGCTGTGGATTGATCT

TCTGCATGAGACTCTTAAATATAAGCTTGCGCCCAAGTCTTGGACCGACTACCTTCATCTCTCT

GTTGGCGGCACCTTATCGAATGCTGGAATCAGTGGGCAGGCATTCAGACATGGACCCCAGATC

AACAACGTTTACCAGCTGGAAGTTGTCACAGGTACTTATATATCTAGGCCCTGTAGGTGTATTTAGCA

TTTATCTAGGCATTGTCTTGTTAAAACAATTAAGTTTGACAATAGTCTGGGTAAACATCACAGAACAGAAC

AAATAAAAGTAGTCACATTTCAGCAACAGAACTAAGGTGGTTTAGAAGTTTCCTTCCTGAACCCATCAAA

TCTAAAAGATATGATTAAGTGATACGATTTATCCGTATTTAACCAACCTATCCAATGACTAGTCACTGTTTT

AAACGGAGTGGCAAGAAAGCAACACAAAAAAGATAATGCAACCCCCAAAGATGGAAAGAGAACATCAT

AAATGATAATGCTGCCCAAAACCTTTGTTGTGCAGGAAAGGGGGAAGTGATTACCTGTTCAAAGAA

GCAGAACGCCGACCTCTTTCACGGTGTTCTTGGAGGACTTGGACAGTTTGGGATAATCACCA

GGGCAAGAATATCCCTTGAGCCAGCGCCAAAGATGGTAAAAAAGGAAATTTTCGCATTCCATTCTT

CGAAAACTGTAGTAGGTAGGCAGAGTTGGTTGATGTTGAGGCATATGACACAAATTCCAACTTTGACAG

GTGAAATGGATGAGAGTGCTGTACTGGGATTTCTCCAAATTTTCCCAAGACCAAGAGTTTCTA

ATATCTTACAAAAGCACTTTCGACTACATCGAAGGATTGGTCATAATAAACAAAACTGGTCTCC

TTAATAACTGGAGAGAAACCTTTGACCCCAGAGACCCACTTCAAGCCAGCCAATTCATTTCCG

ATGGAAGAACTCTTTACTGTCTGGAAATTGCCAAATACTTCAACCCACAAGAGTATGATGCAA

TGAACAAGGTAAAACTTACCCAAGAGAGAGTAATTTTTACTCTGTTCCAGCTCCCTCCCTCCCCTAACC

CTTTCTCTTCTGTACAGAACATTGGCACCTTACTTTCAAGACTGAGTTATGTACCATCCACACTGT

TCGAGTCAGAAGTTCCTTACGTGGAATTCCTGGACAGAGTACATCTGTCTGAGAAAAAGCTC

CTAGCAAAAGGTTTATGGGAAGTTCCCCACCCATGGCTGAGTCTTATGATCCCCAAGAGCAAG

ATTTTGGAGTTTGCTCAGGAGGTCTTCGGCAATATTCTTACCGGCAATCGCAATGGTCCCATTC

TCATCTACCCAGTCAATAAATCCAAGTAATTGGATAAAATCTCATTATCAGGTTAATCAGCTTTAGGTT

ACAGTTTGAAGATTTTACATCTTAGAATCTCCCTTCATGTTGTAGGTGGAACATTAACAGAACATCTCT

AGTCACCCCAGAAGAAGACATTTTCTACCATGTAGCAGTCCTATCCTCTGTAGTTTCATCTTCT

GGTGTTGGTGATGACTTGGAACAAATGCTGGCCCAAAACAGAAGAATTCTAGACTTTGCCTC

CTCCGCAAGTCTTGGGATCAAGCAGTATTTGCCTCACTACACCACCCAAGAAGAATGGCGAG

CCCACTTTGGTTCTCGGCGGGAAGTGTTCCTGCAGAGGAAATTAAGATATGACCCTTTGGCAA

TCCTAGCGCCTGGGCAGAAAATCTTTGAAAGAAATGAACTTCCTACGATGAAGGCCTTTTTTG

AGTAG 

 

>c1165 PoCKX_2 - Biblioteca LIB15042 

ATGGCCGAGAGTCTTGCAATTCCTACACACTTGGTTGTTCTGGTATTGGTTGTAACCTGTTCCT

CGTGTAGCTTAGGAAAATCCGTGTCATGGACGGCTTTCTCACCGTCCAAACTTCAAACTCTTG

ATCTTGCAAACAGGCTTCATCTTGATCCTGATTCCCTCGAATCCACCTCTTCCGATTTCGGAAA

CATTGTACACAAAAAACCAGCTGCTGTTCTATATCCATCATCAGTGGAAGACGTAAGGAACCT

AATAACATTCTCGTACAACTCTTCCATCCCTTTTGCCATAGCTGCCAGGGGCCGTGGCCATTCT

GTCCGAGGACAGGCCATGGTTGATAATAATGGAGTGGTAATAGACATGATGCATCTTAGTCGTA

GAAATAGGATCGGAGTAGTTGTCTCCAGGAGCCCTTCCTTGGGTTTTTTCGCAGATGTAGGTG

GCGAGCAGCTTTGGGTCAATGTGCTAAACGCGACATTAGAACATGGACTTGCACCCGTGTCAT

GGACCGATTATTTGCACCTCAGCGTTGGAGGGACACTATCCAACGCTGGAATTGGTGGCCATA

CATTTAGATACGGACCGCAGATCAGTAATGTCTTTGAAATGGATGTTATTACTGGTACGTACGATA

CGATTTCTTTTGATTTCCTTTCGCATTTGAGGGGTGGAAAATGTACATACAAACAAAGCTGCTGCTTTGCA

TCAACTACCAGTCACTTTCTTTCCTTTTACTGCATTTATTGGTCTTAGAAACATACATCTATCACTATGGTCC

TACGTTGTGAGGGCAATACGTTAAGTTCCCATTCTGGTGCTGACCGAATTGATTATGGCTTCCTGGTTTTC

ACCTACTTAACTTGTTTATGGTAATATCTTTGCACAAAGTCGTGCTCCTTTTCTTTTTTGGCTATAAGCCCA

AGTTTCCTACATCGTTACCCTCTTCTCTCCTCTGAGAACTTTCAGGCTTATTTTATTTACTGTCTATGGGTTT

AATTTAAACTTTTTTAATATTAGCAAAGCTTTATATAGGATATATACTCTCTTGCATGCATGCAATCATATATA

TATATATATATATATACATATAAGGTTAATTAATAGCTCATCATATCCACTTGTGTCCAACTCAGGAAGAGG

ACAACTTGTGACTTGCTCTCCGAACCTGAATCCGGAGCTGTTTTATGCTGTCCTGGGAGGTTT

AGGCCAGTTTGGTGTAATAACCAGAGCAAGAATTGCTTTGGAGGCCGCACCTAAGAGGGTAC

GTGTAGTCGTATACCCATTCACATGGATGGTACTAAACACATTAAATAGCTATTCTGAAATGTCATACATAG

AACAACGTGGCGTGTAGTAAGCCATTAAGATCAAGTGATCATCTTAATTTCCCTAATTTACTCATTGCCTAA

TACAATTAATCTTAACATGCAATTTTTAATACATTGACCTTTTTGTCATTTGCTTTATTTAGAATCACGAGAT
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CACGAGACCTTGTCGACGTTATGTGTGCTATTTATTGTTTTCAGGTGAAATGGGTTCGAATGCTTTAC

ACCGACTTCTCTGCATTTACAAATGATCAAGAACTCTTAATCTCCGTCAATGGAAGGAAACAG

AATAACGCACTTGATTATTTGGAAGGCTCCCTACTCATGGCTTTGGGTCCTCTAAATAATTGGA

GATCCTCCTTCTTCCCTGAATCCCGTATCCCAACGATAACTTCCCTCGCTACTCAACACGGCAT

CCTCTATACCATAGAAATAGCCAAGTATTACGATGATCGGACCCAAGATACCGTCGACAAGGTA

TATATATAGATATACTGTATATTTGTACAGTCAACAGCAGGGACATATATGTCTTAATTTAAGTATTCCATGTA

TGTACAATAACGTTAGCCGTCGTCGTTTTATGTTTGTAGGAATTGCAAGAAATGTTCAGTGGACTGA

GCTTCGTTCCTGGGTTGATATTCGAGAAAGATGTGTCCTACGTGGACTTCTTGACCAGAGTTC

GAAGAAGCGAGGAAGATATTCCACATCCATGGCTAAATCTTTTTCTGCCCAAATCTAGTATCAC

AGACTTCAATTCAGGTGTCTTCAGAGACATTGTGCTTAGACGGAATATCACCACTGGTCCCCT

CCTTTTCTACCCCATGAACAGAAACAAGTGAGTGCCCTAAAATTATTTTTTTTAAAATATTATAATATT

CCATCCTCATGAGAACTTTACTTTATTTTTTTAAAATAATCTTATTGAATCAATCTTAACCTACGCAGATGG

AATGACAAAACCTCCGCAGTTATACCAGAAGAAGATGTTTTCTATACTGTGGGATTCTTGCATT

CAAGTGGACCTCAGGACTGGCAGGTCTACGATGGTCAGAACATGGACGTCATCAAGTTCTGT

GAAGAAAAGGGTCTTGGGGTTAAGCAGTATTTACCTCATTTCACCAGTCAAGAAGAATGGATC

GATCATTTTGGCTTAAAGTGGAAAACGTTTAGGGAAAGAAAAGCACGATATGATCCAAAAAC

GCTGCTTTCACCTGGACAGAGAATCTTCAATAGCATTTAA 
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ATGGTAGAGAGTTCTATTATTCCCATATATTTCGTGTTCTTGATATTGTTTGCGACCCGCTTG

GTGTCCACCTTAGGAAAATCCTTGCCGTGGACTACTTTGTTTCAGTCCAAACACCAAATCCTT

GATTTGGCAAACAGGCTTCACACGGGAAGTGATTCCATCGAATCGGTTTCCTCCGATTACGG

GAATATGGTCCACGAAAAACCGGCCGCTGTTCTTTATCCATCATCACTCGAAGACATGAGGA

CTTTGATAAAGTTGTCGTACAACTTGTCTGCTCCTTTCACCATAGCCGCCAGAGGCCGTGGCC

ATTCCGTCCGCGGGCAGGCCATGGCTTATAACGGCGTGATAATAGACATGATGCATCTAAGG

AATCGTAGGAACAGGACTGGAGTAGTGGTTTCGGAAAGCGATTCCCTTGGTTTCTTTGCTGA

CGTGGGAGGCGAACAGCTTTGGACTGATGTGTTAAATGCCACATTGGAACATGGACTTGCAC

CTGTATCATGGACTGACTATTTACACCTTAGCGTGGGAGGAACACTATCCAACGCTGGAATT

AGTGGCCAGACATTTAGGTACGGGCCGCAGATCAGCAATGTATATGCAATGGATGTTATTAC

TGGTATGTGTAAACTCTTTTCTTTGTCTCACATTTTGGAGATAGATGAACTCAAAAAGTTGCCGAAGTTT

TGCATGCAATCCTATCACATAACCCATCATGATGTGTTTTTCTATGACAGGAAAAGGGCAGCTTGTG

ACTTGCTCTCCAAACATGAACTCGGAGCTGTTTTATGCTGTCTTGGGAGGTCTAGGCCAGTTT

GGTATCATAACCAGAGCACGAATTGCTTTGGAGCCAGCACCAAAGAGGGTACGCTTCACTAAT

AAAAAATAATCCGTTATTTGGCCCAGAAAAGTTTATATATACACCTTTATCGAAGAGGGGTATATATAA

AACAATTTTTTATTTATATGTTATAACTCGAACCTGATTTCCTCATAGTTTTTATACATGTTTTTGGTATA

TAATACCTTATTATATACATATATAATCATGAAGATGGAAGTTGTTTACGAAGAGCCAGTGATTTTGAA

TCCACGTAGCTAAATCTTCTGGGTTTGCAGGTGAAGTGGGTGCGAATGCTTTACGGCGATTTCTC

TGCCTTTACAAAAGATCAAGAACGCTTAATCTCTATTAATGGAAGGAAACAGAATAAAGCA

CTTGATTATTTGGAAGGCTCACTTCTAATGGCGCTGGGTCCTCTTAATAATTGGAGATCCTCC

TTTTTCCCCTCATCCGATATCCCAAGGATAACGTCCCTAGCTACACAACACGGCATAATCTAT

ACTATAGAAGTAGCTAAGTATTATGATGATCGGACCCAACACACGGTGGACAAGGTAATATG

TCGCCATCATCAGCTAGCCACATATGTACATAACATTCTCTGTTGTTGGTTGCAGTCCAAGAAGTGCAA

TAATGTTACTCTTTTTGTATCCGTATATAGGAATTGCAAGAGATGCTGAAAGGACTGAGCTTCAT

TCCTGGACTTGTGTTTACGAAAGATGTCTCCTATGTTGACTTTTTGGGTAGAGTTCGCAGCGA

GCAGGATGTTCCTCATCCATGGCTAAATCTCTTTATACCAAAATCTAGCATCTCAGCCTTCAA

TTCAGGCGTTTTCAGAGACATCGTGCTTCAGCGAAACATTACCACTGGACCTGTTCTTTTTTA

CCCCATGAACCGAAACAAGTAAGATTTGCCATACATGTTTTTGTGCTGTCAGGAGAGGATATGGCTG

TCTGATTTATCTTTAACAATCATCATCTGTGAATGGCAGGTGGCATAATAGAACCTCTGCAGTTAT

ACCAGATGAAGATATTTTCTATACTGTGGGATTTTTGCATTCAGGAGGGCTAAGTAACTGGC

AGGCCTATGACAAGCAAAACAAGGACATCCTGAAATTCTGTGAAAAGGCTGGTATTCAGGT

CAAGCAGTATCTGCCGCATTACACGACTCAAGAACATTGGATTCATCACTTCGGCTCTAAAT
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GGAATACATTTAGAGAAAGGAAAGCTCAGTTTGATCCCAAACTGATGCTATCCCCAGGGCA

AAAAATTTTCAATTGA 
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ATGGCCATCAAGTTGCTTTTGGCTGCATTTGCTATTTATGGTTTGCTTGTAACTGTGGGTTTGA

CCGTTGACCCAGCTGGTCTTCTCCGGCTGGGACTCGACGGTCAACTGAGTGTTGACCAATTTG

ATGTGAAAGCGGCTTCTCAAGATTTCGGCTTGCTCAGCCGAGCCAAGCCGATGGCGGTGTTG

CACCCGGCCTCGGCTGCGGATGTTGTGCGTATTGTCCAAGCGGCTTATCGTTCGGCTCATGGAT

TCACTCTCTCCGCCAGGGGTCACGGGCATTCCATAAATGGGCAGGCACAGACAAGTGACGGT

GTGGTTATTGAGATGAGCGGCGGCTCGAGAGGGGATCGCCCTGTCTGGAAGAGGCCGGCCAG

GCCAAGAGTTTCGGTGCAGGAGATGCAGGTAGACGCTTGGGGAGGGGAGCTGTGGATAGATG

TGCTGAGGAGCACGCTAGAGTATGGACTAGCACCTAAATCATGGACCGATTACCTGTACCTCT

CAGTTGGTGGTACCTTATCTAATGGTGGGATTAGCGGCCAAGCTTTCAATCATGGGCCTCAGAT

CAGCAATGTCTATGAACTTGACGTTGTTACAGGTTATAATTCAAGACCTTTTTCATGCATGTTCGTTT

TCTTTATTTTCATTATTGCAGTCTAGGCGTGTTTTTCCGTTTCTTTCCCGTTTTCTTGCTTTCTTTATGCTCAT

ACTAAGATGTCGTGTTCTTGCCTTCTCGAAAAGAAGATGTCATGCTCTTTAGACCACCAATTCGTTTTAGT

TTCTTGTCTGCGTGCTTTAATTATTTTCTATGGAGAGGTAAGCATGCTTTTATTCCCTTGTCTTTGTTTTAAG

GAGTTAAACTTTGACGCTGCATACTGTTAGAAGTCTTTTCTTGACATGGAATGATAGTATAGTTTTGTCTTA

AGCATTAGATTTTGAACAAGGGGGAGTTGGTTGTTGGTATCACTTTCTTTGTCATGTCGCTTTTATAATTCT

TTCCATTACAATGATACTTCAATTTAAGTTCTTGTTGCTTTCCTAGTTTCTGGACTGCTTTAGTTGAATTGA

AGCATCCGTTGAAACTGGCGCAGGCACTTGATGTTTAATCTTCCTGTTAATCAAACGGACAAAATTTTATA

TAGTTATATGTCTTTTTTAATTTTTTGTTACTGTCCCATCTATGAAACTCTAACTATGTAACCTACTTTTGGAT

ATATCAGGCAAAGGGGAGCTATTGACTTGTTCGGAGGAACAAAACTCAGAACTGTTCCATGCG

GTGCTCGGCGGTCTAGGGCAATTTGGAATCATCACTAGGGCTAGAATAGCTCTTGAACCAGCA

CCCAACAGGGTAATCTCTCTACCTCTTTCTACCTCTCTCTTCACTACCATTATTAGCTTATGGAAACACAT

GCATTTTGGTGGGTTTTTTCATGGTGGGACACAATAACTTTGCAAAAACTTTCCTAGTATTAGTTAATGAC

AAAATCAAAACAGCAAGCATCATGCATCATGACCCATCAGTTAAGGTTTGGGTCCATCTATGCCTTTTAAC

ACAATCAGTTGGCTGTTCTAAAGCTGGCAATGCTGTTGACGTATGCTTTTTGCCTCTAAGATGGTATTTTTT

TTCCCTCCTCTCTTCTTTCTGATGTTAAGTTTCTTTTGTTCTTTTCTTTCTTCTTTATGTTGCGTAGGTGAG

ATGGATCAGAGTACTGTATTCCAACTTTTCGTCTTTTACCAGCGACCAAGAATATCTCATTTCCT

TGCATGGAAACCCATCTAGCCAAAAGTTTGATTATGTTGAAGGATTTGTTATTGTTGACGAAG

GGCTTATCAACAACTGGAGGTCCTCTTTCTTCTCCCCTCGAAACCCCGTTAAGATTAGCTCTAT

CACTGCTAATGGTGGTGTCCTCTACTGCCTGGAGATTACCAAAAACTACGATGAATCCAATGC

TGACACCATTGATCAGGTAATCTTATGCTTTGAGAATAAACAAAACAACTTCTTAGATGGGTTTCCCAG

AATAGTGGCTCAAGCTATTTCCAAGCACATGTAAAATATAATGCATCCTCACTGGTCATTGAATTCTATACA

TTATTGGGAGGGAACCTTCTACTAGCATCGCTGTCATTCTCTGCATTATTGTACGTTTCCAAGCACAGCCC

AAGTCTAGTTTTATTCAAAGGGATTGCTTTTTTGCTTAATTGCTAGCCCCACTAATTGTAGATTAGATGATT

GAGAGCTTACACTCTTAAGTGAACATAAAGCTAACCCTAAGAAAATAAAGGTACCCAACATACACAAGA

AAACAAGGAAGATCTTGTGTGATCTATCGTTCCATCTGATCCTAACTATGAGCTTAACTTTTCCTGATTTTT

TACTGTTTTTTTAAATATTACTAAATCTAAGCCGGCCGCCCACCCACCCACCCACCAAATTATTCTCTTCTG

ATTGATCTTTTATTTCCAGAGTTGATTAAAAATTGATTGGAATCAAACTTATCCTGACAAAAGCGACTGTC

TAATAGCAGCTTTTTTGGAGTACTTTGATGATGTTTTATAATAGGTTTTAATCTCAGACAGCTAATCCTAATT

AATTATAGATTTTTTTCTTGTTCTTGCCGTTTTCGCAGCAAGTGGAATCTCTGTTGAAGAAACTCAAC

TTTATATCTTCGACGGTCTTCACTACAGATTTGCCTTATCTGGACTTCTTGGACCGTGTCCACA

AGGCCGAGCTTAAGCTCAGGGCCAAGGGTTTGTGGGAAGTCCCGCACCCTTGGCTCAATCTT

TTTGTACCCAAATCGAAGATAGCCGCCTTCGATGAAGGCGTCTTCAAGGGCATTCTGGGCACC

AACAAAACCAGTGGACCCATTCTCATTTACCCTATGAACAAAAACAAGTAAGCCTCTTTTTTCTG

TAAATTTTACAGGCTTCTCTTGGTAATAGATGGGGTAAACAAGGTAGGCCCGTTAACCACAGTGTGGTCC

TAAGAAGCATGAGGTGCACGTGTCAATATGGACAACATGTGCATGACCCAAGAGGGTCTCTAACATAAG

ACCAGTTTGGTGTTTAACCCGCCAGCTAAGATTGAGATGAACATGGACGGTAATGATAGTCCAAGATGGA

AGATTCTTGTGTCAGCAGATCTTGTATGTGGGCCCATTTTAAGGATGGGCAATATTCAATACTCCACGTCAT

CATCCTCCATATTAATAAACTTGAAAATGGATGGTTTATGGTTTTATGTTTTTGTGTAGGTGGGACCAGA

GGACCTCCGTGGTGACGCCGGACGAGGAGGTGTTTTATCTGGTGGCTCTGTTAAGGTCGGCTT

TGGACAATGGGGAGGAGACGCAGACATTGGAGTACCTGAACAACCAGAACCGTCGGATTCTC

AGATTCTGCGATGAGGCAGGGATCAAAGCCAAGCAGTATTTGCCTCACTACACCACACAAGA
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GCAGTGGATGGATCATTTTGGTGATGAATGGGCACTGTTTCACAAGAGGAAGATGGAATTCGA

TCCCAGGCGCATTTTAGCAACTGGCCAACGCATATTCAAGCCCGCCTTCCTTTCTGATGACAAT

AAGGTGGCAGCATCTTGA 
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ATGACCATAAGAACAAACCTTTGTCTTTCTGGCAACACCACTTCATTGAGAACACTATCTGTT

GGTGGGCGTTTCACCTTTGACGACATCCATCATGCAGCCAGAGACTTTGGCAACACGTTTCAT

TCACTCCCTCTGGCGGTACTACATCCAAAGACTGCATCCGATATCGCCACTACCATACGGCATG

TTTGGCAACTGGGACCTCTTTCAGAGCTCACAGTTGCGGCTAGAGGTCATGGCCACTCACTCC

AGGGTCAGGCACAAACCAATCAAGGAGTTGTGATCAACATGGAATCACTTCAGGGTCCCAAG

ATGCATATTAGCACTGGAAAAAATCCTTACGTGGATGTTTCAGGTGGCGACCTCTGGATTAGCA

TCCTGCGTGAAAGCCTCCAATATGGGCTAGCACCAAAATCATGGACAGACTACCTGCATTTAA

CTGTTGGCGGTACTTTGTCAAATGCTGGGGTTAGTGGCCAGGCATTTCGGCATGGCCCTCAGA

TCAGTAATGTCCATCAGTTGGAAGTTGTTACAGGTTAGTTGAACTTAACTTCTGAAAATGAACTATA

AGATGATAAATATAAAGAGAAATTCCCATCATGAGGAGATAATTTGCATTATGGAAGACGAAACCAGCAT

GCCAGCATCAACTGAGAAACACAATCATAAGACTAGCAGATTGCTTAGTGCAATGTGCCAGACCATGGTT

TCTTGTGCAGTACTACTACTATAAGCAAAGTGACCATCCCTTGTCGTTCAAGATACATACAACATCTCAAA

TATTATAGAAGAAACATAAGCATGACATGCATAGAATAAACTCTTAATTCCATTGTTTGAAACGAAGTGCA

GGTAAAGGAGAGATAATGAACTGTTCAGAGAGGCAGAATGGTGACCTATTCCACAGCGTTCT

TGGAGGACTTGGTCAGTTTGGCATCATAACAAGAGCACGGATTTCACTGGAACCGGCACCTG

TTATGGTAAGCATGCACATTTGAAGCTTGAATGTTAATACAAAGAAATTTAAGCAAGAATTATCTTTTGTA

ATCCTCATGACATTGTTCTATATCTTTAACAGGTGAAATGGATTAGAGTTCTTTACTCGGATTTTGCA

ACATTTTCAGAAGACCAGGAGCATTTAATATCTGCAGAAAGAACATTCGACTATATTGAAGGA

TTTGTCATAATTAACAGGACTGGTATCCTGAACAACTGGAGGTCATCATTCAATCCTCAGGACC

CAGTACATGCTGGCAAGTTTCAGTCAGATGGGAAAACTCTGTACTGCTTGGAATTAGCCAAAT

ACTTGCACAGAGGCGAGACAGAAGAACAATATGAGGTGAGGCGTAATGGGCAGTCATCTTAGTCG

TACCTTCATTAACCTTACAGATTATTTGCAGTCATTTGGGTATGGAGAAAGGATTTCATAAAGTTCATTCTA

CTCTGCAGGAAGTGAGGGACTTGTTGTCCCAACTACGATTCATCCCATCAACTCTTTTCCTCTC

GGAGGTTCCATACATAGATTTCTTGGACAGGGTACATGTATCTGAGGTTAAACTACGATCCAAA

GGTCTGTGGGAAGTTCCACATCCATGGCTCAACCTTTTTATCCCCAAAAGCAAGATAGACAGT

TTTGCCAGAGAAGTGTTTGGCAATATCCTTTCAGACACCAGCAATGGCCCCATCCTAATCTACC

CAGTTCACAAATCAAAGTAATTGTCCAGTGAGCAACAATACATGTAAACATGTCTTCTTTTTCTTTTTT

TTTACTCAACTAATTGCTTTAATAATTATGGTCTTAGGTGGGACAACAGAACCTCTGCTGTTATTCCT

GATGAAGATATTTTCTACCTAGTGGCATTCCTTTCCTCTGCGGTACCCTCCTCCACAGGAACTG

ATGGCTTAGAACATATATTGACTCAGAACAAAAGAATTCTAAGATTCTGTGAGACAGAACGCC

TTGGAGTTAAACAGTATCTGCCCCACTACACTACAAAGGAAGAATGGAAAGCTCACTTTGGTC

CACGATGGGAAGTTTTTGTCCAAAGAAAATCCACATATGACCCTCTAGCAATACTTGCGCCTG

GTCAAAGAATATTTCAAAGACATGAAAAAAGGGCTCAAGCAATATATTTACAATAG 
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ATGGTCTTGCTGCTAAGCTGCATAACACTAAGAACAAAACTTTGTCTTTCACGAAACACCACC

TCATTGAAAACACTGTCTGTTAGTGGGAATTTCAGCTTTGACGATGTCCACCATGCGGCCAAA

GACTTTGGCAATAGGCTTCAGTTACTCCCTTTGGCCGTACTACATCCAAAGTCAGTTTCTGATA

TTGCCATTACCGTAAAGCATATCTGGCAACTGGGACCTTATTCAGAGCTTACAGTTGCAGCTAG

AGGCCATGGCCACTCGCTCAATGGTCAGGCACAAGCGCATCAAGGAGTTGTAATCAACATGG

AATCGCTTCAGGGTTCTAAGATGCACATCAAAAAGGGAAATAATCCTTATGTGGATGTTTCAG

GCGGTGACCTATGGATAAATATACTGCGTGAAAGCCTCAAGCATGGGTTAGCACCAAAATCAT

GGACAGACTACTTGCATTTAACTGTTGGCGGTACTTTGTCAAATGCAGGGATTAGTGGACAGG

CATTTCGACATGGTCCTCAGATCAGTAACATCCTTCAGTTGGAAGTTGTGACAGGTTAGTTAAA

GAAAATTTGTGAAAGAAAAATATATATATAGTGGAATTCACATCATGCAGGAATAATTTGCATTATGGAAA

ATGAGACCACAATATCAGCATCAAGTAACAATTAATCGTGTCATTATAAGATTGCATAGTTAGGCAGGCTG

GCCAGAGCCTGGTTCAGTGAGCAGTATTCCAACTACAGCCATACACAAAAATAATACGACATAGAATTCC
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CATCAATAGCATAAACTCTTACCTTTACAGTTGGAGTTGGGTGCAGGAAAAGGAGAGATAGTAAGCT

GTTCAGAGAACCAGAATGGCGACCTATTTCATAGTGTTCTTGGAGGCCTTGGGCAGTTTGGCA

TCATAACACGTGCACGGATTTCATTGGAACCAGCACCTGATATGGTAAGCATGACCACTGAGGTTA

TACATTTCTTTAAAAGAAAACATGAAACTGAACTAACAGTTTATGCAGCAAGAATCATTTTTCACTTCTAA

TTACACCATTCTATGTCTTTAATAGGTTAAATGGATTAGAGTCCTTTACTCAGATTTTAGGACATTTT

CCAGAGACCAGGAAAATTTAATATCTGCAGAAAGCACATTTGACTATGTTGAAGGATTTGTCA

TAATTAACAGAACCGGTCTCTTGAACAACTGGAGATCATCCTTCAATCCCCAAGAGCCATTAC

AAGCAAGCCAATTTCAGTCAGAAGGAAGAACTCTATACTGCCTAGAACTGGCCAAATACTTCC

ACAAAGACGAGACAGATGAAAAGGATGAGGTGTGTCATGGTCAACCATCTTGTATTTACTTAAATTA

CTTAACTAAGTTAATATAACATTTATAAAGATACATACAGAGGTAAATAATGAGACAAACTTACGGTTCATT

TTTCTCCACAGGAAATTAGGCACTACTTATCTCAACTACGATATATCCCATCAACATTTTTCCTTT

CAGAAGTTCCATACATAGAATTCCTGGACAGGGTACATGTATCTGAGGTCAAACTGCGGTCTA

AAGGCTTATGGGAAGTTCCACATCCATGGCTCAATCTTCTTATTCCCAAAAGCAAGATACACA

ATTTTGCTGAAGGGGTTTTTGGCAATATACTTTCAGGCTCAAGCAATGGCCCCATCCTAATGTA

CCCTGTTCACAAATCGAAGTAACTGTTTTACATATGTACTACAAATGTATGCATGTGTTTATGTGCTATT

TTACTTTCATTTCTTAAATAATCGTTTTATAAATTCTGGTTTCAGGTGGGACAACAGAACCTCTGCTGT

TATTCCTGAGGAAGATACTTTCTATCTAGTGGCATTCCTTCACTCTGCTCAACCCTCCTCCACC

GGAACTGATGGCTTAGAACACATCCTAACTCAAAATAAAAGAATTCTAAAATTCTGTGAAACA

GAAAGACTTGGAGTTAAACAATATCTGCCCCACTACACAGCACAGGAAGAATGGAAATCTCA

CTTTGGCCTGCGGTGGGAAGTTTTTGTCCAAAGAAAATCCATGTATGACCCTTTGGCAATATTT

GCACCAGGCCAAAGAATTTTTCAGAAGGGAATGACTTTATCATGA 
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ATGATAGCATACTTGGAGCAATTCATTCAGGAGAACGACAGCGATTCCAGACTGGACGACGA

CGTTCTCCCCAACAACCTCCAAGGCACAGTAGAATACACAGCTACCGGCTTAGCCGGTGAAG

ATTTTGGTGGCATGTACACTTTGAAACCGCGGGCGTTGATCAGGCCGGCTGGCGCTGATGATG

TGTCTCGGGTGGTGAAAGCCGCTTACCGGTCGCCCAATCTGATCACTGTCGCCGCTAGAGGG

AATGGGCATTCCATAAACGGTCAGGCTATGGCCGACCGCGGCCTCGTCCTGGACATGCGCTCC

ATCAACCATTTCGAGCTGGTGACAACAGGTGGGGAGACGTTTCTTGATGTCTCCGGAGGGGC

ATTATGGGAAGATGTGCTAAGGCGGTGCGTTTCGGAGTTCAATTTAGCTCCAAGGTCGTGGAC

TGATTACCTAGGCCTAACGGTTGGTGGGACGCTATCTAACGCCGGCGTCAGCGGCCAAGCCTT

CCGTTACGGACCGCAGACATCGAACGTAACGGAGTTGGACGTGGTGACGGGAAAGGGTGATT

TCTTGACTTGTTCGGAGACGGAGAACAGCGACTTATTCTTCGGGGCCCTTGGTGGTCTAGGCC

AGTTTGGTATCATTACACGAGCGAGGATTGTGGTTCAGTCAGCCCCGTACATGGTGGGTCATCG

AATTCATTAGTTTCTTCATTCCGAAGCACGCTCAAAAAACTTTTTTATTGTTTTTGCAAAATCTAGTGCGA

CATTTGCTTTTGGTTTGTACTTGGAATTTTTAGTGCACGAAGGACCCTTTTCTTTTATTGGATGCGTGATTG

TGTTTTATTTTTGTTTTTTTTCTTGATTAGGCGAGATGGATAAGGCTGGTGTACACCAAGTTTGAAG

ACTACACCCGCGATGCCGAGTGGTTGGTGACTCTGCCTGACGGCCAGTCGTTTGATTACGTGG

AAGGTTTCGTGGTAGTCAACAGTGATGACCCGGTGAATGGTTGGCCGTCCGTCCCCTTGGATC

CAGACCACGGCTTCGACCCGTCTCGCATCCCTCGAACTGCCGGTTCCGTTCTTTATTGTCTAG

AAGTGGCTCTATACTACCAGGAGAATGACTCCCCCGACACGGTAAAAAAGACTAACACTGTTACG

CTTCTCTAACAATCTGCTGCTTCCAATCACATAACGTACCCAATGGCAAACCCGTCCGAGTTTTTGTGAGC

CAAACTGTGCCCAACAATGACTTAGTTTTGACCTAGGTGGTTGCTAAATGGGACCCTTACATTAGAGATG

TTGACCCCGAGTGGGGTGCCACTATTAACTGTGACTGTCCTCGCAGGTCAGTAAAAAAGTCAAAACATC

ATGAAATCACTCACACGTGTACCGAGCTCAGCAATGGAGGATGCCTCTTTCTGGTCCTCCATCATGACAC

CTACAAAATAATTACTATCTTGCTTACTACTACTAGTAGCAGACTGGCAGTGTCTAACAAGATGAGGGAGG

AGAAGAAATTAGGAAACATAATAAATTTATATTCGTCACCCACTCCCAAGTTGAAACTGACCATACGGTAT

AATGTATCTCCCATTGGATTTTCTGACACATCACGGCGTGCAAACACCCGTGTAGTGGCTATGAAATTACG

AGAATGGCAGTTGCACCACTGGCTTTACTTTTTGCATACCTCTTGCAGGCTCCTCCTATTTCGCAATACTA

GGGGCTGTACAGGGGTTGAATTGGTAATGTGTCAGAAGCGGATGTCGTGTAGCCTGATCATTGAGATTTT

TTGCTGACGTTTCGGTCCCCACAATTCCAGAAGTGCCAAAACCCATCATTTTCTGGAATTTGTAGATCAG

GATAATATGTCGCTATGTCCTCTCCAATGACGTGAATGCCCTTTTTATGCCAATGGGAAAATGGTGGTTACT

TATCATTTGCTTGTTTTTTCTTAAATGCTTATAGGCTGTCAATACCTTGCTTGGAGGCTTGGGATTCG

TCGACGGTTTGAAGTTCCAGGTGGACCTGAGCTACGTGGACTTCCTATTACGCGTCAAACAG
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GTAGAAGAGGAAACAAGAAGGAACGGTATGTGGAATGCTCCTCACCCGTGGCTGAACCTTTT

CGTGTCCAAAAATGATATCGTCAATTTCGACCGTGAGATGTTCAAGAATTTGCTGAAGGAAGG

TGTGGGAGGCCCCATGCTGCTGTACCCACTATTGCGAAGCAAGTAAGGAGGATCCCTTCAAATCT

TACTTCGTGTCTTGTGATGAGCATAATTAAATAGTTAATTACAATTAACTTTTAATGATTAGAGTAAAAAAA

AAGAATTACTTGACAAAACTCCTAAGATTTACTATAAACCTACCATTAAATTCCCTTAGAGGGTATATGGTT

AATTACTTTACTCTCTTTCATATTTTATACAAGCGATTAATAATAATAATTCAAGCAGAAGTGTAGGGTGAC

TAAACTATAATTCTTTTCTTCCGGTCCTACTAGCCAACTCGTATTCTTATGGGTATACTTAGCCAACCTGTAC

GATTAAGGTATACGCCCAAATTATGGAATCGGGTCAGGAACATTGAAGAGAAACTCTTATTGTTTGACGT

GGCGTTAGGTGGTGGGTGCAGTACTGGCGGGTGAAATTGCAGACAAGCTAAAAGTAGATAGATAAAATA

GTTACTTTTAATGGAAAAAGATACGGCGGGGTCCATCCGTTGATATTTCCTGTTTTCTACCATAAATATAGC

ATGACAACTGAGGGTATTTTGGGAGTTATGGCATGGGTCGATAATGATACGCCGAGTGGCTGCTTTCATGG

GGGGCTTTAGATTAGACAGAAGTAGGGAGTGACAAAAGGAGATTAGAATGGAAGTACAAAAGTGTGGGT

ATTTCGGCCATCGGGACTTCTTTTCAACTGAGAAATTTGATTTTCAAATGACACAATTTTCACGCCAACAC

TTCCACTCCCAGAAACGACAAGGGCATTTATTCGCCAACTCAGATATAATGACACCATTATTTGTCTTGGC

ACCAAAATAGAATTTTTATTTGGACGGAGCTGCCCCTATTGAAGTACTGAATGATAAGAAGTCATTTGTCT

GTGTGTTAATATTTGATTTTCTAACATATAAGTTTTACTGTTTCTCCTTCAGGTGGGATAATCGTTCGTCT

GTTGTGTTACCAGCCGATGGAGAAATTTTCTACCTTGTGGCACTTCTTCGATTCATTCTTCCCT

CCCAAAAGGGTCCATCTGTTGAGAAATTGGTGTCGCAAAACCAAGAGATTGTCCAATTTTGCA

TCGAGAAGGGCTTTGATTTCAAACTGTACCTCCCTCACTACAAATCCCAGGACGAGTGGAAA

AGACACTTTGGTGACCAATGGTCGAGATTTGTCGAGTTGAAAGACAGTTTTGATCCCAGGGCT

ATCCTTGCACCTGGACAGAAAATTTTTGGGAAGATCCCTCAACTCTAG 
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ATGATAGCATATCTGGAGCGTTTCATACAGGAGAACGACAGCGAGTCACTACCGGAGGACGA

CGTTCTCCCTAACAATCTCCAAGGAACCACAGATTGTTGCATGGCTTCTGGCTTGGCTGGTAA

GGATTTCGGTGGCATGTACACTTCCAAACCCCGGGGGTTGATTAGACCCTCCGGGGCCGAAG

ACGTGTCTCGCGTGGCAAAAGCGGCTTGCCGTTCGCCCAACCTGACGGTTGCCGCGAGAGGG

AATGGCCACTCCATCAACGGCCAGGCCATGGCCGAGGGGGGGCTCGTCCTAGACATGCGCTC

CATCGCGGATAACCCTTTCAGATTGGTGACAATCCGTGGGGAGACGTTTGTTGATGTGTCTGG

AGGGGCATTATGGGAAGATGTGCTGAAACGTTGCGTTTCCAAGTTTAGTTTAGCTCCGAGGTC

TTGGACTGATTACCTCGGTCTAACGGTTGGCGGGACGTTGTCTAACGCCGGCGTCAGCGGCC

AAGCCTTCCGTCACGGCCCGCAGTCCTCGAACGTGACGGAACTAGACGTCGTCACAGGAAG

GGGCGATATTCTGACCTGCTCCGAAACGGAAAACAGTGAATTGTTTTTTGGCGCCCTGGGTGG

CTTAGGCCAGTTCGGTGTTATTACACGAGCCAGAATTCTGGTTCATTCAGCACCGGACTTGGT

GGGTATTATTTTCAAAATCCAGTGCTAACATTTTTCTATTAAATTTTATTAATTGCGTGTTAATTTTTTTATTT

AGGTGAGATGGATAAGGGTGGTGTACGCTGAGTTTGAGGACTTCGCAAGGGATGCGGAGTGG

CTTGTGACTCGGCCTGACGGCGAGTCGTTTGACTACGTGGAAGGTTTCGTGTTTGTCAATAGT

GATGACCCTGTAAATGGCTGGCCTTCTGTCCCGTTAGCCCCGGATCATGGGTGGGACTCTACT

CGCATTCCTCCAACCGCCGGTTCAGTCCTATATTGCCTGGAAATGGCTCTACACTACCAGAAG

ACTAAAGATCCTACTGAGATTGATACGGTAAAAGACACACTCCCGTATATACTTCTCTTACAATCTGC

CGCATGCATGCAGTCTCTTAGAACTAGAACCCAAACGCAACCCGGTTTAGATTTTTTGACCCGGTAAAGT

TTGAGGGAGTGAGTGAGTGAGGAAGGGGTACGGAAACTTTGGCTGGCCATTCCGTGCTCGGCCATGACT

TGGTTTTGACCTTGTAGTTGCTAATTGGGAACTCTTCCTTTTTTAGATGTTGACCTGGGTGGGGTGCCACT

GCTAAACCGTGGCTGGCCTCGCCGATCAGTGCAAAGGTCAAAAGATCATCAAGTCACTGACACGTGTCA

AACTCGGCGATGGAGGAGGGGCCTGTGTCCTGGTCCTCCACAATTACACCTACAAAATAAGTACAATCTT

GATTAGCAGAATGACACCTACTACAGCCATATGGGCAGCAGGAAAAGAAATTAAAAAAATTTGAAAAAA

GAAATTAATTTATATTCGTCACCTACTACTTCCAAGTTGAAACTGACCCTACCTAGAAAGAAAGCATCTCC

CAGTGGATTTTGTGACACAGAACAGCATGGAAACAGTCGTGTAATCGTGGCCCAATTACTAGAATGGCAC

TTTTCCGTTGGCTACATGTTACTTTTAAATATCTACGAAAATTGGATAGCTTTTCTTATAAATATCATGCGTG

CAGGTTGTGAATGACTTATTAGGCGGGATGGGATTTCTCGGCGGTTTGAAGTTCCAGGTGGAA

CTTAGCTACGTTGAGTTTCTATTACGCGTGAAGCAGGCAGAAGCAGAAGCCAGAATGAACGG

TATGTGGGACGCTCCCCACCCATGGTTGAACCTGTTTGTGTCCAAGAAAGATATTACTGATTTT

GATCGAGTGGTGTTCAAGAGGATGTTAAAGGAAGGTGTTGGTGGCCCAATGCTACTGTACCC

ACTGGTGCGAAGCAAGTAAGCATCCTCTCATTACCTCCCACTTGTCTTTTGATCTTGTCAATAACCCAT
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CGTCAGCTTCTATTTGCTGTTGCTTTCTTGCACTCCACGTGTAGATTAGACAAACCCCTCAGGTCGCTGTG

AGAATGACGAGGCTTTTCAATCTACAGCCTCTAGTTCTATTGCTCACCTGACGATCTGGGACCCAACATCC

CACTTGACTTGGCCCTTTATAATTACCATATCTTAATATGCTACTGCCTATTTGTTATACATTTCATTTCTAAC

CAGCAAAATTGTGGGTGCGATTGCGTATAAGCAAAACTTGTTAGGGACATAGTAATAGTACATAGTTGCTT

AAGGGACAAGATATACGATGTGGTCCTTTCAGCTACCAACATTGATATTTTCTCAAGTACCTAAAACCTTG

TAATAGTACAGAAACGACACCAGGGAGTTTTTTTTTGGGTAGTTTGGCATTGGTGGATAAAGGATAACGA

GAATGGCTTAATTGCTTTTGTAGGGCTTTAGTTAGACTTGAAAGTACGAGAGTGGGGGCATTTCGGTCAT

CAATGATGATGTAATTTCCAGGACAAGGATATTTATAAGCAAACGCTGCTATAATGACACCGTAATTTGAA

GTAGACATACCAATAATAGTTATCTACCTCGACTATATTGTCCTTGTCATAGTAGCATACTTGATGGATCCTT

GTACAGCCGAAGAAGAGGTCAAAATTGTCTAGAACATAAGTCCTATTGTCTACGGATTCCAGCTGGGAAT

TTAGCCTGGAAACTATACTGGCATCTGAAGAAAAGAAAATGAGATCCGTTTTTGTCTTAACTTGTTTTAAG

GATGAGCTTGTGACAGACAATCTTATCTTATGATGTTTTGAGTTGAATTGGAGATGAAATGGGGACAGTG

CCATTGTTGTCTTGTATTTACAAAGATGCATCCAAAGGTTCATAATTGTTCCAACAAGATATGATGATTGAC

GATACTGCCAAAAGGGTTTTATATGCTCGTTGTTTGGTATAGATAATGTTAACTTTCTCGATGGCTTTGGTT

TCTTGTTCCTTTCCAGGGAATCCAATGTGCACAGTGTGTTGTTAATAGCTTACATATGTGACATAACCCCAT

ACTACTTTTGTACTAATACTCGGCTCTTTCTTTTCGTTCCGATGCTCCTTATTATGGCTCTGCTTCGCTAGCA

GTAGCAGTGCCTCCCTGCATTTCCCAAAAGGCATCACAGGAACCTGCAAATGCCAGTAGTGGCCACATTT

TGTTAGCCCTGACATCCTGATACCATTCAAGTTTCTTTCATCTGACTATTTTTTTATTATGTACAGTGCTTCC

CAAGTTGAATGTCTAAAATTTAAAATTTTCTGTGTTTATTTGCTCGAATTAATTAATCAACTTCTAGCTTATT

GATTGATCATGGTTTTGCTCTATTGCTACCAGATGGGATAATCGTACGTCTGTGGTATTACCAGCTGA

GGGAGAAATCTTCTACCTTGTGGCACTTCTTCGATTCACTCTTCCATACCCTAAAGGCCCTTCT

GTTGAGAAACTGGTGTCGCAAAACCATGAGATCATCCAATTATGCGTGGAGAGAAGCTTCGA

CTTCAAGCTATACCTCCCTCACTACAAAACGCAGGATGAGTGGAAAAGACACTTTGGTAATCA

ATGGCAAAGATTTGTTGAGAGGAAGGCCAGTTTTGATCCCATGGCCATCCTTGCACCAGGACA

GAAAATTTTTGGGAGGATCCCTTTGTCATAG 

 

>c227 PoRR3 - Biblioteca LIB15042 

ATGGCTACAGACGGTGTCTTGTCCCGGTGTTGGAGGTCGGAGAAGGTTGAGGGCTTTAATTT

CTCTTCGTCGCCGGATGATGGTGAAGAAGTGCATGTTTTGGCCGTCGATGACAGCCTTGTCGA

CCGAAAAGTCATCGAGCGGTTGCTTAGAATCTCCTCCTGTAAAGGTCTGTTCCTGAATTTCCTTCT

TCAGCAAAATCCACCTTTGATTTTGTTGTGAACTTGTTTGCCAGAATTTTAACGGAATGCTTTTTGGGTCA

TCATTTTGCAGTAACTGCAGTAGATAGCGGAATTAGAGCTCTGCAGTTTCTGGGATTAGATGAA

GAGAAAAGCTCCTCTACTGGTTTGAAGGTAGATCTGATTATTACCGATTACTGCATGCCCGGAA

TGACCGGATACGAGTTGCTTAAGAAAATCAAGGTAGTGAGACCCTATCCACTCCCCTGTGTTTACG

CAATCAAAATTTTATATTACTTGGAGGAATTCAAGTCCTTTCCGTTCATTATAGTATTGAGTTCATCTTCCTT

GAGCAGGAATCATCTACTTTCAGAGAAGTACCAGTGGTCATAATGTCCTCGGAGAACGTGATG

ACGCGAATCGATCGGTAACGATTCTCTTCCACTAACCTCATCTCTGCTTACATAAATTCTGAGGTGGAG

CATATTTTTGAATTTAAGCTGTTAATGGGGCAAACAGATGTTTGGAGGAAGGAGCGGAGGATTTTAT

CGTGAAGCCCGTGAAATTGTCAGACGTAAAACGGCTAAAAGATTACATGACCGCAAGAGAAT

TGCGACCTCAAAAGGACGACGCTACCAACAAAATCCTCAACGTTAACAAGAGAAAAACACG

GGAGAGTTGTGATGATTTTTCTTTGTCGTCAACATCGTCGGTTTCGCCATCATCCACGTCATCA

TTATCATTGTCTTCTCAATCGTCTCCGTCACCGTCACCGTCACCGTCACCGTCACCGCCTTCTT

TATCGCCGTCGCCGTCGATGCTATTGTCTTCGTCGGCGCCGTGTTCCCCCTCGTCGTTAGAATC

TCCTACTAGACGGCTCAAAAGGACAAGCTCCGAGTATGCCGTTCATGACATATACCCTTCAAT

CTAG 

 

>c1761 PoRR4 - Biblioteca LIB15042 

ATGGCGAGAAATGGGGTATTGTCCCAGCGGTGGAGGTCGGAGAAGCTGGAGGGGTTGAGTT

TCTCCTCGTCGCTGGATGATGATGTAGAAGAAGAAGTGCATGTATTGGCCGTGGATGACAGCT

TTGTTGACCGTAAAGTTATCGAGAGGATGCTTAGAATTTCATCCTGTAAAGGTCAGTTTCTGGGT

TTTTCACTTTTGGTTTTGGTTATGGTTATGACACATTGTGCAGATTCTTGAATGGATTCGTATATTTTTATTC

TTGGTCTGCAGTGACTGCTGTGGATAGTGGAAGAAGTGCTTTGCAGTTTCTTGGGTTAGACAAA

GACAACAGCTCCTGTATTGGCCTCAAGGTAGATCTGATTATTACTGACTACTGCATGCCTGGAA

TGACCGGCTATGAGTTGCTCAAGAAAATCAAGGTACTAAAACTCCATTCCTTTCAAGCTAATTTGTT
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GATGTTTCGGTTGTCCAAATTTATTTTTTGGGGATCTAATCTTAGGATTACAAATTGATATGATAACGTATTC

ACGATCAAAATATAATACAACGTATACTGTTCATATTTTATTTCTGAGGATTATGAATTGGTTCATTCATACG

GATTGAACTCAAGATTTTGGAATTAATAAATTAAGATAACATAATATGCAGAAAGTCACTGTGTTAATATCT

ATTCCTCCTGCAGGAATCCTCTAATTTCAGGGAGATACCAGTAGTGATCATGTCCTCAGAAAACG

TCATGGCTCGAATCAACCGGTACGTATAAACTATTCTTGCCACTGTTATAGATTATATGGATTGATTCTT

TTGCGTAATGGTCGAAGCATACGATCTGATTATCAATAAATGCAAGGGTGCACATCGTATTGATCCTTAATT

TGATACGCACTGCCATTGTGCACAGATGTTTGGAAGAAGGAGCAAAGGATTTTATAGTGAAGCCG

GTGAAACTGTCAGACGTGAAACGGCTAAGAGATTACATGAGCGCAAGAGAATTGAGAGTGA

AGAGGGAAGAGATTATTACAAAACACAACAACAGCAAAAGCATCAATATTTACTTTAACAAA

AGATCAAAATCAAGAGGGAGTTGCTGCGATGATATTTCTTTGTCATCGACGTCATTGTCTTCTC

GACCATCGTCCTCCTCGGCTCTATCGGCTTCACTATCGATCGTGTTGTCATCGTCGGCGCCAAG

TTCTCCCTCGTCTGGTTAG 

 

>c36 PoRR5 - Biblioteca LIB15042 

ATGGCCGGTGAGATTTTGCAGCGAGGGTTGCCGGAGGGACTTGGGATGTGTAAAGGATCCTC

ACCGTCTACAGCCGAGGAGCTTCATGTTCTCGCTGTGGATGACAGCCTTGTGGACAGAAAGG

TTATAGAAAGATTGCTCAAGATATCATCTTGTAAAGGTAATTCTTAGGCCATTTGGCTTTCTGGTATT

TGACATGTCAAGCTTGATGTGTATTAAACTGATTGAAATTGTTGGGTTCTTACAGTGACGGCTGTGGAT

AGTGGGACTAGAGCTTTGCAATATCTTGGATTGGATGGAGAGAAGAGCTCTGTCGGTTATAAT

GTAAGAAAAACCTGGTTTATGCATTTCATATCTGACTTGTTTCTTCAAAATCTGTTGGATCGATAAAATAA

AACGATAACTTGGAATGATTTTAATCACCTTCACCTCTGATCTCTGGACATAGAAGCTGATCTTGTTTTATC

TATGGTTATGACTTTAGGATTTGAAGGTTAATCTCATTATGACTGATTACTCGATGCCGGGGATGA

CGGGATACGAACTGCTCAAGAAAATTAAGGTGAGTGGTAATTTATCTGGTTTATTTCTTGATGTGAA

ACATCTCGCTGCAGTATTAGGAAAGGCAGTGGAAAGATCCAAGCTCTTGAATTTGTTATTAATTTGGTGTT

GAAATTATGTTTCTGATGAGCAGGGATCATCAGCATTCAGAGAGATACCTGTGGTGGTCATGTCAT

CAGAGAATGTCTTAGCCCGTATCGATAGGTACCATTTCTCGCTTATTGTCTCTGTTCTTTATCAATTTT

CCCATGCTTATCGGTTGTATTTGGATCCGCATATATTGTTTCTAAGACTTTATTTTCACTGCAGAAACTTTTT

TGACACTTTTCAAATGAAAACTTTGTTGTCTTGGATAATAGAAACTTTAAATCCATCTTCATTGTATAGGGT

AGTGAATTGATTGAGCTTGGTTGGGATCTCAAATCTCATGTAATATCAGGATGGATGGGACGCCTAAGAAT

TATTAATTAAGAATGTGGTTGTTATACCTTGCATATCCATTTGGTGAGATTTTATTAGATAGAAAATTTCGAA

GACTATTTCAGGATTCTTCATCCTGCATTCATGTTAAGATCATGGTGGGTGATACCTTATTGCCTTGCTTTT

GCGCGGTGGTTGCCATGTTCTTGTCCCGCACTTATTTTCTGTTGTGGTTTCTTTATTTCTTGTTGGTTGACC

CTGACAGTAATTCTTTAATGTGTTCAGATGTTTGGAAGAAGGGGCAGAGGAATTCCTTGTGAAAC

CGGTGAAACTCTCTGATGTGAAGAGGCTGAAAGAATTCATAATGAGGGCAGAAGGCGAGGA

AACTATTGAAAGAATTAACCGGAAGAGGGAGAGGGAAGATGACGCCCTCTCTTTATCGTCATC

TTCACTATCACCCTCTCCTCCATTGCCATCATCTGAACAGCCAGTATCGTCTACATTATGTTTCT

CGAAGAGGCCTAGATATGAAAGAACGGAGTGA 

 

>c1441 PoRR6 - Biblioteca LIB15042 

ATGACGACGGCAAATAGGAATTTCAGGCTCGGGTCGCTGGAGGAAGTCGGGGTGCGTAATGG

GTCATTCACGTCTGGTGACGAGGAGTTGCATGTTCTTGCTGTGGATGATAGCCTGGTAGACAG

GAGGGTTATTGAGAGGTTGCTGAAGATATCATCTTGTAAAGGTAGGTTTTTTTGCTTGTTGGTCTTT

CCATTGTTTTATTTGTTGATCTTCTGTAGATTGAAGCTGAATGGAATATTGTGCTTGCAGTGACGGCAGT

GGATAGTGGGAGTAGAGCTTTGCAGTATCTTGGATTGGATGGAGAAAAGAACTCAGTCGGGT

TCAATGTAAGAGAAGAATCTAGTAATGCATTTGGAAAAGGATGTTCATGTCCATATTCTCTCTAGATGTAT

TGTCATGAATACTGATCCTATTACTTCCAATGCCAATGATTTCAGGATTCGAAGGTGAACCTCATAATG

ACAGATTATTCCATGCCGGGGATGACAGGATATGAGCTGCTTAAGAAAATCAAGGTGAGTGGTT

CATCTGCTTTTTTTTTATTTTTGAAAAGATTTCACTTTAATAATAGGAATGGTGAGTTGAAATCTTTAATTAT

GTTTCTGATGAGCAGGGATCGTCGAAGTTTAAAGAGGTACCTGTGGTGGTCATGTCCTCTGAGA

AAATATTGACTCGTATAGATAGGTAACCTCATCTGGCTTCTGGCTTCTGGCTTCATCTCTGTTTTTGTTG

CGTAATCCTGACAAGCATTATTCTTGAACATAGATGTCTGGAAGAAGGGGCAGAGGAATTCCTCGT

GAAACCAGTAAAACTCGCAGATGTGAAAAGACTGTTGAAAGAGTTCATAACCAAAGGAGAA

ACAGAGCAGACTGTAAGAAGCATGAACAGGAAGAGGGAAAGGCATGGGGATGCATTCTCCTT

ACTTTTGCCATCAGCAGCTTGA 
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>c72 PoRR8 - Biblioteca LIB15042 

ATGACTGCTACCATCATGAGTATGGCTTCAGAAACTCAGTTCCATGTCCTTGCTGTTGACGATA

GCCTTATAGACAGGAAGCTCATTGAAAGGCTTCTCAAGACCTCTTCATATCATGGTAAGTAAAC

ATAAATGTTTTTGTGTTGGACTTTCTTTTTGTTTGGATCCTGAATGTTATTAACATTTTCTTTTCCTTTCCAG

TTACTGCTGTTGATTCAGGAAGCAAGGCTTTGGAGTTTCTGGGACTGAACAGAGAGGTGGAC

AGTGATTCAAGCCCTCCCTCTGTTTCTACCGAAGAAGAAAATCACCATCAGGATATTGACGTG

AATTTGATCATCACAGACTACTGTATGCCAGGGATGACGGGCTATGATCTTCTGAGAAAGATC

AAGGTAATTTGTCTGGAAACCAATCATATATTACTCACAGTTCGTATTAATAAGCTAGATTCTGATTATAAA

TGCATCTGATGTGTAGGAATCTAAATCATTCAAGGACATTCCAGTTGTGATCATGTCCTCGGAGA

ACGTCCCATCAAGAATTAATAGGTGAGGCAGATCATTCTCTATATATACATTGCTTATGGTTTCCAACA

AATCATTCTTTGAGATTTGAAAATCTGACAACCGCATTTAATCAGATGCCTTCAAGAAGGAGCAGAA

GAGTTCTTTCTAAAGCCAGTCCAACTATCTGATGTCAACAAGCTCAAGCCCCATCTACTGAAG

GGCAAAGCAAAAGAGGATCAAAGCTACAACAACATTAACAAGAGAAAAGGAACAGAAGAG

ATCAACTCTCCTGACAAAACAAGAACAAGATTCAATGATAACTTGGAGGTTGTCTGA 

 

>c2947 PoRR9 - Biblioteca LIB15042 

ATGACTATCGCGGCAGGGTCACAGTTTCATGTTTTAGCTGTTGATGATAGCATCATTGACCGCA

AACTGATTGAGAGGCTCCTTAAGACCTCGTCATATCAAGGTAAGCTACCGCTTCCCTGACTAGTAG

CTAAATGTTTAATCTCTTTTTTTTTTTTTTTGGTTGAGATTGTCATGTTGTTCTCTTCCATGGTAGCAGTCA

CTGCTGTTGACTCCGGCAATAAAGCTCTACAATTTCTGGGTTTATATGAAGATGACCAAAGCA

ACCCAGATAGGCTTTCAGTTTCCCCAAATAGCCATCAGGTAGAATCTCAAGTTCCTTCTTGCTCATC

TTTCTCGATGGATTTTGGGTTTCTGATTCTTGGTTTCTTCTTCCAGGAAGTGGATGTGAATCTTATTATT

ACAGATTACTGTATGCCCGGTATGACAGGCTATGATTTACTCAAGAAAGTCAAGGTTGGTGGAA

GTGGACTGGAGATTCCTTTTGATTTGATTTGATTGGATTGGTTTCTTCTTTTCTATGATGTTAGTTTTGGGA

AATTCGAATCAGCTATTGACGAAGATCTAATCTAAGAAAAAAAGCAAGCTAACTGTGTTGTGTGTTTCGC

ATTGGTTCTCGAGCAACGAAAACGAACAAATCTTTGTGAAAATCTTTACAGAATATTTTGCCAGCTATTTC

GTGGTGTCTGTCTGCACACAAACAGACATTGCATTGCTGAAGAATACATACTCTAATATTGACTTGAGTTA

TTTTATTTGTTCTTCAAATGATGATATTGCGATGGTGGTGTAGGAATCATCATCTTTGAGAAATATACC

CGTAGTCATCATGTCATCTGAGAACGTACCTTCGAGGATCACCAGGTAAGGAAAGCCCAAAGCC

ATCTGTTTTCTTTATTTCTTAGGCCAAAAGAAAGAAAACAAATTCCGAATAAATTTGTGAATAGATGCTT

GGAGGAAGGAGCGGAAGAGTTTTTCTTGAAGCCCGTGCGATTATCTGACCTCAACAGGCTTA

CAACTCACATCATGAAAGCCAAAGCGCAAAGCCAAAAGCAGGAGAAGCAAGAAAACGTTCA

AGAAACAGTAGAGAGATCCGAGGTAGATGTAGATGTAGGGATTCAGTCACAACAGGTGCTGG

AGCCACCACAAATGCCATCACAACCATGCATATCTAATGACTCCAAGAGAAAGACTAGGGAG

GAAGAAGAAGAAGAAGAAGAAGGGCTTTCCCCTGACAGAACAAGACGACTCAGATGTAATG

ATATTGCCACTTTTGTTTGA 

 

>c971 PoRR16a - Biblioteca LIB15042 

ATGGATGCTGTTGCTGTTGTTGGGTCTTGTTCATCCAAGGACAAGGTGTTCATGGGAGATTTT

GGTTCTGAACCACCGCATGTTTTGGCTGTTGATGACAATCTTATTGATCGGAAACTCGTCGAG

AAATTGCTCAAGAACTCCTCCTGCAAAGGTCAGTCACGGTCAGAAGAGAAAAATCTTTTCTTTCTT

CTCTAGGATTCCTCGTGTCTCTGCCTGTGTCTCATTTCTGTCTCTTGCTGCAGTAACCACCGCTGAGAA

TGGACTCAGAGCATTGGAGTATCTGGGCTTGGGAAATGACAACAAGGAGAGCATAGAGGACA

GTGTGAGTCCTTTTTCCATACCTATAAGCTTCATATCTCCTATTTTGATCGATTCCCATCTGACATTGACATT

TTCCTCAGGTCTCAAAGGTGAATTTGATCATTACAGATTATTGCATGCCAGGAATGACTGGTTAT

GAGCTACTTAAGAGAATAAAGGTACCATATTTTTGTTTTCTCTTTCTAGCCCAAGGAATGCCTCTGTTA

CTGACCTCTTGTATGGTTCTGCATTTTAACCAGGAATCATCCATGATGAGGGAGGTTCCAGTTGTGA

TTATGTCATCTGAGAACATTCCAACCCGTATAAACAAGTAATGATTTGTTCATAATCTCTTTCTGATA

TGCATATATACATCTGAAATTTATTGTTTTCTCTCCTCTCTCTCAAAAACAGGTGCTTAAAGGAAGGAG

CTCAGATGTTCATGCTAAAGCCTCTCAAACAATCAGATGTGGCTAAATTGAGATGTGATGTGTT

GAACTGCAGAGGCTAG 
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>c1555 PoRR16b - Biblioteca LIB15042 

ATGGCCTGGTCTTCGTCGTCATCTTCTTCTTCTTCTTCTTCTTCTTCCTCACCGTCAAGGGGCA

TTGATTTTGATGAGAAGCCTCATGTTTTGGCTGTCGATGATAGTTTGATAGACCGCAAAGTTA

TTGAGAGACTGCTAATCAACTCTGCATGTAAAGGTACTTGTTTATCTCTGCGTGATGATGATTAAA

ATTTGCATCAAACCCCTTTCTAGTCCTCTTTGCTTTCTCTTGAAAGGTCTCTCTCACCATATAATACAATG

TTTTAGACGGAATCTCAAGCTAAATGCCAACGTTTTATTTACCTTATTTTATTATTAATAATGAATGCCG

TATAAAATAAAGAATGAAAAAGATGTTTATGAATGATCAAGCACCTGTCCAATTTAAATTACTAGCTAT

GTATTTGTATAGGTATATGTACATATTCTAAGATTATATTATACAATAGAGTACTATGCGTATAAGCATT

TACCCTGAAAAAATAGATGTTTTCTCCCTGCATCAAAATTGTATACATCATGCGCAAATCCTCGTTTCAA

TTAAACAAATAAGAAAAGGCAGATACAAAAAACGTAATGTGCTAGTTAGATTAGTTTCTTGATGGCAG

TGACCACAGCAGAAAATGGGAAGAAGGCATTGGAATTTTTAGGCCTGGCAGATGGAAAATC

ATCAAAAAATACCGTAAGTTATTCCTAGCTTTATTTCTTCAGCTTCATCATTTGTTTTAGCAGATCAAG

GTTTTCTCAAAAGTAGATTTTTTTTATATATATATATATATATATATAGCAGGATTTGAAGGTAAACA

TGATTATCACTGACTACTGTATGCCAGAAATGACAGGATATGAGCTATTGAAAAGAATCAA

GGTAACGTTGCTCTTCTCTGGTCAGTGTAGATGTAGTATTTCAAATTTCTAGTAACTTGTTCTGTTTGTG

TATCTCACAGGAATCACCCAGCATGAAGGAGGTACCTGTAGTTGTAGTGTCCTCTGAAAATAT

CCCAATTCGAATCAAACAGTAAATTGCTTGTATACTGAAATCTGTATTTAGTTTGTCATATCGCTGTT

GGGACCTGCATTTCACTTTTCTGATACTGACGGATAAATTTTATCAAACTGAACAGATGCTTGGAGGA

AGGAGCTCGAGAATTCTTACTGAAACCTCTTGGTCCATCAGATGTCACCAAGTTGAGATGCC

AAATTAAGAAGTTGAAGAATCCTTGCCAAGGGATGCTGCGAAGAGGAAGATGA 

 

>c18 PoRR17a - Biblioteca LIB15042 

ATGGAGGTGAAACCTGGAGCAGAAGAAACCCAACTGAAACAAGAAGTGAAAGAAGAACAA

CAACAACAACAGGAGGAGAGATTTCATGTATTGGCAGTGGATGATAGTCTTATTGATAGGAAG

CTTTTAGAGAGGCTGCTTAGAGTTTCTTCTTTCCAGGGTATATATTAGCAGAAGTGGTGTTTCTGGT

TTTTATTATATGACCTGTGTGGAATCTGGGGATAAAGCTTTGGAGTACCTGGGTCTGCTTGATGA

CATGAAGAATGCTTCTTCTCCAGCTTCTTTGTTTTCTTCCCCTTCACCAGAACAAGAGGTTAGG

TTACTTTCTGCACTCTAAGCTGTCTTTCTTCCACCAATTATCTTCTTCTGTTCCATGAGAGAAGAGACAAA

GTAAGATATCTGATCCTCTATCTTCCATTGCTAATAAAACTTCCCCAGCTTCTTCTACTTTTTCCCCTCTCAT

GGCTTCATCAATCCATGGAACCAATATTTCTAGAATGTGAGATAGGCCAATTCGTTGAGGATAACACTCTT

ATAATGCATGGTCTCTAGCTTCTGTTTGAGTTGAAGATTTGTGGTTCATTCTTTTTCTTTGTTTTCCTTCCTG

CTTTTCCTTGTTTATGTGAGGTAAGATAGAGAGGTAAAACCTGTAATTTTCCTTTCTATGATACAGCATATA

ATTCACATTATCTAATGGAATTAATCCAGGAGATGAAAGTCAATCTGATCATGACGGACTACTGCAT

GCCAGGAATGAGCGGCTATGATTTGCTCAAAAAGGTCAAGGTAAGCCTCCATAGCCACTTTCCCA

AACGATCTATAACACACAACATTTTGCAGGTCATTTGAGACACAAAAGATAAAAACTGAAATTTTCTTCT

GATAGGGATCTTTATGGAAAGATGTTCCAGTGGTGATCATGTCATCAGAGAATATACCTTCCAG

AATTAGCATGTAAGTTCAGATGAATAAAAAATAACATATGGGTTACACTTGTTTCACATTCCTTTCGTTTT

TTCTGTTTTTATATAATTGAGCTCCAAAGTATTATAATTCCTCAGGTGCTTGGAAGAAGGAGCGGAGG

AGTTCTTGCTGAAGCCACTTCAATTATCAGATGTGGAGAAACTTCAGCCTCACTTGCTAAAAT

CCCAGAAATGTTCTTGTAATGGCAACGGCAAAGATAGTAAAAGTAACAATAACATTACCAAGA

GGAAAGCAAATCTAGCAGAAACAACTGAGAGAAGACCCAAACTCAAAGAAGTTACTGTTATA

TAG 

 

>c1785 PoRR17b - Biblioteca LIB15042 

ATGGAAGTGGAAGCTGGAGCAGGAGCTGGAGCAGGAGCTGGAGATGCCCAGATTCAACAAA

AAAGGCAAGCAGAAGAGCAAGAGGAGAAACACTTTCACGTCTTGGCAGTGGATGATAGTCTT

ATTGATAGGAAGCTTTTGGAGAGACTGCTCAGAGTTTCTTCTTACCAAGGTGTGTATGTACACAT

TGAGCTAACCTTCATTCCAACCAACCTGAAGTGAATCTTGTGAAAATACTGGCTGACTCTCCAGGATTCT

AAATTTTAGTTAGTGCACTACTTCTCTTTAGCTAAAAGTTTTTTTTTTTTTTTTTTTTCTTTTCTTTTAGACA

TGACATGTTAGAGATTATTTTGGGATTTTGTTTCATGGTTTAGTTAGTTTGTTTTGGATGTGTGGGGTTTGG

TAATTAAGGTTGAAGTTCTTAGATTCTCATATATTTAGAGCTGTCTTCTGTATGTCTTTCTGTTTCCAGTGA

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

GGGATTGGCTGTTATATAGATTACTGGATAGGAAAAAAATAATCAAAAATTATATATATATATATATATATAT

ATATATATTTGTATCAAATAATATACTGCATATTTTTAGATGGCTTATTATCTTACGTTGAAATTGAGTTCATG

TTATATAGTAAATGATTCATTACTTAAGTGGCATATGAACTATATAATGGCATCATTTTTTTAAGATTAAAAG

AAATTCATTATAATAACAATGAATAATTTATTCTGTTCTATTGTAAATACTAACTAAGAATAAAAAATATATAT

CCAACACCAAAGAGAAAATTATAAAATATAAATTTTCTTTTATATTCTTTATTTTTTATTAAAATACTCTTTAT

TTAACTAAATTACGCAAAGATATCAATATATTGAAATAGCCATGGTATTAGTAATTTAGTGTTTAGATTTATT

AAAATTAGTAAAAACAAAAAAAAGTTGCCCAAATGGTATCATAAATATAGTTTCTTATTCTTATTATTTTAT

GTTTAACAAATAAATATTGATAAAATAATGAAAATTGTTTAAGAATTTTTTTTCTATATAATTGACTGAATCG

AGATGTTAAAAATAAGCATTATATTATTGTCATCCTTAAACTGATGTTGGTTGACCAACACATTGGAAAGA

CGGATTGTAGATTTTGTGCAGATCCCTAACTTTTTACATTGATTCTTCATTCTTTATATTCATAAATTCCTATG

TAGATTTTGCGTGTAGGAGTTATTGGAATTGTAGTAATAAATCTATATCTGACTCATATCAAATTTTCTAAAT

AAAAAAATTTTAATTCTATCTATCTATTCTAATATAACTTCTTTATGGTACTAATTTTAATTTTAGTAATTATGT

ATACCAAAGGTAGCATGATTAATAAAATATGGTCGAGGTTAAAAGGAGAGGGAAAACAAAGTATAGGGA

CTGAAGATGCTCTCAACTGACGAGAGCCTGGGAGAACCATCACTCCATCAGCAACAACGGAAGACAAA

ACAGCGATTTCTGGGAAGATCAAATTTCGTACGGATGAAATTACAGATATAGAGGATGAGGAGATGTCTG

AATTAGCAATCTCTTACAAAGATCGCCTCTTACGCAATGAGGATATCACTATCACTTGTTGACTTTATCACG

GTATTCGATAGAGTGCATCTTCAACTACGCCAAGCTTGGCACTTCTTTGTCATCGTCAAACTGCTGGGGA

GATATATTGGCCACGCGTTAATGTGTTTGACACTCAGACTACCATGGAGATTAAGCATTTAATTTGAGTGA

CTATCGATACCACATCATCTCCATACAAGGAACAACAACCTCAAGGACAACCTCTATTGGCAGCTGGGGA

AGACTTCGGACCCTAGCTTCATGTGCCTCACCAAAATCTTGGAAAAGGAAAGGAACCATTACAGGAAAC

GAAGAGAAAATATACACCCATTTTTTAGGATTCCCAAGGATCTCATTATGTTGTGATTGCCAATGAT

GGTGACAATGGTATACTTTCGGAAGTTTACACTGAAGTGGGAACTACATCAAGAGGGAAGCA

AGTAGCTAATGCTTATGTGAATCCACGTAGCAGCAGAAGAGTTGTTACTCTGCCACGCAAGCT

GAAAGATTATGTTACAGATTTACCAGTAAGGAAGGAATTAGCGGGAAGTTACAACAACCAATA

A 

 

>c10971 PoRR1 - Biblioteca LIB15042 

ATGAATCTAAATAACGGGTCGGTGAGCACCGGTGGAGGTAGGAAGGCCGGCGGGGACGTGG

TTTCCGATCAATTTCCGGCCGGGTTACGGGTATTAGTGGTTGATGACGATCCAACTTGTCTCAT

GATCTTAGAGAAGATGCTGAAAACATGCCTTTATGAAGGTACCAGAGAGGTTCTTCTGTCCTGTCC

TCATCTTCTTCTTCTTGTTCTCTTTGGTACTGAATCTGTCCATTTGATGTCTTTTACGGTCGGGGCTAAGGA



167 
 

TTTAGTTTCGTTTTGGGTGTTACTATTAAATGTATGTGACATATCCGTGATCTTCTGTTACTTTTAAATGATT

TTACTATTGGAGATGCATGGCTGGTGATAGTAGTAGGCGGCTGATGTCTAGATTTGGAGTGGTGTTCCGTC

TATTTCACTCTGAACTCTGAATTATGTTTCGAATCGAAGTGTGGGTTGCGCTTGGATTCATGAATTGGCTA

GACAAGGTGTACTTTAGGTGAGATTTGTGTGATTTTTTAAGTTGCTCTGTAGCAAGAGTTTCGGAGATCAT

TCTAAACAATGATGCTTGCTTATAGACAATCAAGTCAGTAATTTTCTCGTCGGTGAGTGTCGACGAGAAG

ACAAGGGAGTTATGGTTGTGCAATTTTGACCAATTGGCTTACTCTGTTTCTGGATTTTCAGTCACCAAAT

GCAACAGAGCAGAGGTTGCATTATCCCTCCTACGTGAAAACAAAAATGGATATGACGTTGTGA

TTAGCGATGTTCACATGCCAGACATGGACGGATTTAAACTTCTTGAGCACATTGGACTAGAGA

TGGATCTGCCTGTCATCAGTATGTATCCATTTAGTCCTTGTTTATTTTAATAGATTAATTACATTCCCTGCT

CACTTATCTCCCATCTGATGCATTATCTGATGTGTCATCTATGAACTGCCCAGTGATGTCGGCGGATGAT

GGGAAAAATGTTGTCATGAAGGGTGTCACTCATGGTGCTTGTGATTACCTCATCAAACCTGTC

CGAATTGAAGCATTGAGGAACATTTGGCAGCATGTTGTCCGGAAGAGGAAAAATGAGATGAA

GGATTTGGAGCAATCAGGAAGTGTGGAAGAGGGGGATAGACAGCAGAAACTGTCAGAGGAT

GCCGATTACTCGTCCTCTGCAAATGAAGGAAGCTGGAAAAATCCAAAGAGGAGGAAAGATG

AGGAAGAAGACGTAGAGGAGAGGGATGACACATCCACATTAAAGAAGCCGCGTGTGGTTTG

GTCAGTTGAGCTTCATCAGCAGTTTGTTGCTGCAGTTAATCAACTAGGCATTGACAGTACGTAC

ATTTACATATATCTTCAATTTGCTGATGTTCTATTTTCTGCACATCTTCATATGATGTCTAGTGATTAGCAATC

TTTAGGAGACTTGAAACCTGATAAGTTATGTGAATCGTTGCTTTGTCCTATCAATAGCAACTCATGGTTTT

GTCTTCTTGTTTGTTACGTATGTTTATGAATTGGCTTCGACACTCTGCCTTAACATTTTCATCAATTCATCAA

TATGGTTGCTGAAGCATAGTTCCAGAATCAATCTGGAAATCGTTTTCTGCTACTTTTGATGACTCTTTGCTT

TTGAATGTTTCCTGATCCTTTAAAACTGCTAAACTCTCATGTTGCCTACCGTTGATCTGTGGGTACAGAGG

CTGTTCCCAAGAAAATTCTGGAGTTGATGAATGTTCCGGGACTGACCAGAGAAAATGTTGCTA

GCCACCTTCAGGTATGAATTAAAAAATGAATTTCTTGATAACTCATCAACATACCTTCGGGTTATTGTCG

GTAACAATTCCGCTGTATGTTAAGTAAATTTGTCTTCTGAATTTTACTCTTCATCTGGCTGTGTGATGCAGA

AATATCGTTTGTACCTTAGACGATTAAGTGGAGTTTCGCAGCACCCTAACAATTTGAGCGGCTC

TTTTATGGGCACGCAAGAAGCAGCTTATGGGCCATTGGCGTCTCTCAATGGACTTGACCTTCA

AACAATTGCCGCTACTGGTCAGCTCCCAGCACAAAGCCTTGCCACTATTCAAGCCGCCGGACT

TGGTCGGCCAACAACCAAAACGAGATTGCCCATGCCCATTGTTGATCAGAGGAACCTTTTTAG

CTTTGAAAATCCTAAACTAAGATATGGAGAGGGGCAGCAGCAACATTTTAATGGTAAGCCAAT

GAACTTACTCCATGGAATCCCAACCACCATGGAGCCAAAACAGCTTGCCAATTTGCATCAATC

ATCACATTCCCTGGCGAGCATGAATATGAATATGCAAGTCAATCCCCTTGGAAGCCAGGGAGG

TCAGAGTGGTTCATTGTTGATGCAGATTTCTCAACCACAGGCAAGGGGACAGATACTAAACG

AAACCATTGGCAACCATGTTCCAAGGCTTCCATCATCAATCGGGCAACCCATGATGTCTAATG

CAATTAATGGCATGGTCTTGGCTAGAAATGCGTTAGCTGAAGATGTCAGAGGGACGAGGAAC

TGTCCAGTTCCGCAATCTTCTTCCATGATGAATTTCCCTTTGAACAGTTCAGCAGAACTGTCTG

GCAATTCTTTTCCTCTTGGAAGTAACCCTGGGATATGTAGTCTCGCATCTAAAGGCGGGTTTCA

AGATGAAGATAACTCAGATATTAAAGTTTCTGGGGGATTCATACCAAGCTATGATATTTTCAAT

GAATTGCATCAACAAAAGTCAAATGATTGGGAGTTGCAGAACCCGGGTCTTGCTTTCAATGCC

TCTCAACGACCCGATTCTTTGCAAACCAACCTCGATACTGGATCTTCAAATTTGCCCCAGTTC

GGGTTCTCTCCAGTGCAAAGCAATGGGGATAACAGGAACGTATCTTCTATGGTCAAGCAGATT

TTTTCAACAGGGGATGCAACTGAGCATGTGAATGTGCAAAGTTCCGGACAATATGTGAACGG

CTATTTTGCTGATAATTCAGTGAGGGTGAAGGCTGAAAGAGTGTCTGATTCAAACTATCAGAC

GAACCTCTTTAATGCTGCGCAGTTTGGGCAGGAAGACCTCATGAGTTCTCTTCTCAAACAAGT

TGGTTCCTATGTCTAGTTCATCCCAGAAATTTGTTCTTTTAGACTGTCATTTAGCTTTGACAGGATTTTTATT

TATCTCTTTGCAATTTTTCTTCGCTTTACAGCAACAGGGAGGCATTGAACCGGCTGAAACAGAGTT

CGACTTTGACGGCTATTCCGTGGATAACATCCCTGTGTAG 

 

>c404+c20499 PoRR2 - Biblioteca LIB15042 

ATGTCCGGATTCCCGCCAGTGGCTTCCAACGTGAACTCTGCTAGCTCCAGTAGCAAAGGAGC

GGGTGCGAACTCCAGCAGCGGCGCTAGCAACTACGCCTGTATAGTTGCAAGTGCTGGTGTGA

CGGTTCCTGAGAATTTCCCCGTGGGACTCCGTGTGCTTCTAGTTGAAGACGATCGAGCCTCTC

TGAAGATTGCAGAGCAATTGCTTCGCGGCTGTCTTTATAAGGGTGATATTAATTGTCCATAATTA

CATATAGAAGGTTTCAGGTTTCAGGTTTCAGATTACTAAATATGATATTGACATCTTTTTTTCTAATGGT
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TGCAGTTACTAGTTGTGCAAAGGCTAAGATCGCTCTGAATATTCTTAGTGAGAATAGAGAGA

GTTTTGATGTAGTACTTAGTGCTGTTCATATGCATGAGATGGATGGATTTGAACTCCTCAAAT

ATGTGTTGAAAATGGGCCTTCCACTTGTTAGTGAGTATATTTAGTACTAAATATTTTTGGATTATAA

ATATTTTTTCTGCTAAGTGCTGATTTTTTGGATTTTTTGATTTTTTATCCATGCTTCAGTGATGTCCTCC

GATTGTAGTACTAATACGGTGATGAGGGGAATAATGAATGGAGCTTGTGATTATTTGAGTAA

GCCTCTTCTTGAGCAAGAGCTCAAGAACATATGGCAACATGTTATTAGGAAAAAGCTGGTGA

ATGGTAATAAAGAATTGGAGCATTCAAGGAGCTTGGAAGATAATGATCAGCATAAACAAGA

AAATGATGACGTAAAAAATGCATCTTCAGTAACAGATGGAGCTTTGAAATGTCAGAAAAGG

AAGAGGAATGCCAAAGAAGAAGATGATGAACTGGAAGGTGATCTTTTGTCTACGTCAAAGA

AGCCAAGGGTAGTATGGTCATTGGATCTCCATCAGCACTTTATTGATGCTGTCGACAAGCTT

GGAGTTGATAGTATGGTCTCTAATGATTTTTCTTTATTTTAATATATTTCAATGCAGCTATGTTTGTAA

CATTTAATATATTTTTCTTTTTTTTTCAGAGGCTGTGCCTAAGAGAATTCTTGAGTTGATGAACAT

ACCTGGCATAACTAGAGAGAACGTTGCAAGTCATTTGCAGGTTTGGTTCTTCATACCATCTTTGG

GTTATTTTTCAAACTTATCTTCAAATAACATGATGAGCTTTCCAAGCTTAGGTAGCCTTTAAGATTGTTT

CAAAATTTTATTGTTTGATCCCCCATAGTAAAGGAATAAATAGGTCAATTGTTTATGCATATTTTTTGTT

GTAGGACTTTCATATTAGTTAGTGAAACAAGTTGGACTGAAATGTGCACTGGAGTTACTTTTAGTGATG

TGAGACTGGGAAATACCTAACCCCTTGGTCATGACTTAAACAATCTAAACAGCAGTATAGTGTGTGCAC

TGCTTTCTTCATTCTTGTGGCATTTAATTTCCATTATATTGGTTAATATAAATAATATTAATATGGTGAAT

ACTACTATCACAAAATGTACAGAAGAATATTATAATGCTATTTTGTCATGTCATGTTCTTGTTGTCATGA

TGTCTACTTCCTTATTTCATCAATCATTCTTTCAATTTACAGAAATATAGAATATATCTGAAGAAAC

AGAATGCGGATCAACAACAACGTGGGAGTTCTAAAGCATTTTGTGGATCCTTGGACTCGAAT

GTCAAGCCTAATCCACTTGGAAGATATAATATGGAAGCTTTGTCTGCCTTCAATCAGATTCA

TCCGCAAACATTAGCAATGCTACCTGCTGAAAATCTAGGTCGACCAACTGGCGGGATAGTGA

CAATGATGGACCAACCAGTTCTAGTACAATCATCTTTGCAGGCTCCCAAGTATATCCCTATT

GAACATGGTTTGGCATTTGCTCAGCCATTAGAACAATGCCAAACGAACATTTCCGAAAAAAG

TTTCCCACAAAATATGGCATCTGTTGAGGAAATTAGTAAGGATTATGTGGTCTGGTCCTCCG

ATGCTTTTGGAACATTTGGCCCCAGCACCAACCAGGGGGATATCACGAATCCACATAGTAAC

AGGTCAATGGATATACTTAAGCAACAGCAGCAGCATAGACAACTTAACCATTCACAGGAAC

CATCATCTATAACAGAACACAACCATCCACTTACCTTGCACCCGTCTTGCCTAACTTCTCAAT

CACCAGTCTATTTTCAGACTGGGAACGGTTCTGCTTCAATGAATCATAATTCCAGCTACAAC

AGGAATGTTGCCATGGATTATTCTTTTCTTTCACCCATACCATACGACTCCCCGATGAATATT

TTCCAGTTACAAGATGGCGATTTCAAGGCTCCAGGTGTTGTTAGTGCTTACTCAGCCCCATTT

TCTATATCTCCTACTGCATTGTCTTACTCAGTAAATGCTGACAGTGGCAACCTTCCGCAATTT

CAGAACCCAACCACCTCCATTGGAGCTGCAAGGCAAGTGCTGGGGGTTACTCCTACTGACTC

TGGGATCCAGGGTTCTTATGGTACAAATTCAGGTGAAGTGATTGATCCGGGATCACTTATGA

CTATTGGATTGAATGCAGCGACTAGCATCCCAGGCCAGTTGACCACAGAGCAATTCCAATCT

CAGATAGACTTCGATCATGGAAAAATTTATCTGGACAGCAATGGTAATCAAGTCAAGTCGG

AAAAAAACGTCCAACTTTTACAGCACATTCCTGCAACCGATAGGAGTGTTTCACAAATTAAG

TAA 
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ATGACCGTGGAACAAGGAAAAGGAGAAGCCAGGGACCAGTTTCCTGTTGGGTTGCGAGTTC

TGGCTGTGGACGACGACCCTACTTGTCTCTTGCTTCTAGAGACCCTTCTTCGTCGTTGCCAGTA

TCATGGTTTGCTTTGTTTTTCCCTGTTTTGCATTGTCTCGTTGACTTTTTCTTTTTTTTCCATTTTCATCCGA

GTTTGCGAACATGAATTCTTTTGTTCTTTTTATGGATTCATTGTTTTCGGATGTTTAGCCGGTGATTTGCTT

GTTGAAATGACCGAGTTCATTCTGTTTCGGATTCTTCTTCTTTTCTAAGATATTTAACAGGATTTCTCTTCT

TCAAACAGTTTGCTATATAATCTGTGTTGTTTCTCTCTAAACCATTCTGCTATTTAAGTTTCATGTGTTAATA

ATCGAAACCGATGGATCTACCGAATTGATTGTGGATCCAGTTTTGCTTGGCTTTGTGTTTCTGTGGAGATA

GATACAGTTTTCCTCATTGTTTAATAACCAAGGTTAGATAATGAGTTTTGTGTTATTCCAAATCTCATGGTT

CGTTATGCATGATGGATTTCTGGATCTTTCGAAGCATTGGTTTTCTCCTATTCAACTGATTTGTTGTTCCGG

TACCATTTTCTTCTTGTTTTCCTTGAGCAAACTTAAAGATTGACCACTGTATACGGTTTAGCTGTTTTGGAA

ATTGCAGTACTCGCTGATGTTGAGAAACTGATTTGGTTGTGGACTGTGCAGTTACCGCAACAAAACAG

GCAATCACTGCATTGAAGATGCTGAGAGAGAACAAGAACAAGTTTGACCTTGTTATCAGTGA
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TGTTCATATGCCAGACATGGATGGCTTTAAGCTTCTTGAGCTCGTGGGGCTTGAGATGGACCT

ACCTGTCATAAGTAAGCCAAAAACACCACACATGTCTCCTTTTCTTATGTTTCAGACGGGAAATGTGTT

TTTGGATTCTATATGTAAATTCTTCTTTTACAGCCAATGAACATCTGAAAAAAAAAGAAAAGGTAAATTGA

TAATGCTGACTAAAATTGGTTTCCAGAAGGGAAGGGATTCGCATGAACATTAAGATCTTGTTCAATATAGA

TTCAGCATTTCTTATCTAAAATATCATTCAATGCATGATAGTGTTTTGGTCATGCAGTGTTGTCGGGAAA

CAGTGATCCGAAGCTTGTGATGAAGGGGATTTCTCATGGAGCTTGTGATTATCTGCTGAAACC

CGTGCGAATTGAGGAGCTGAAGAACATCTGGCAACACGTAATTAGGCGAAGGAAATACGATA

AGGGTGACAGAAATAGTGTTGACAACCAAGACAAGTCTCATTCTGGAACTGCCGATGCCACT

TCTGACCAAAAGCTTAATAAAAAGAGGAAAGACCAAGATGAAGATGAGGATGAGGATCGTGA

TGAGAATGGGCATGAAAGTGAGGATCCAACTTCACAAAAGAAGCCCCGTGTTGTTTGGTCTG

TGGAATTGCATCGAAAGTTTGTTGCAGCTGTTAATCAGCTCGGCATAGACAGTATGCTTGCTACT

TATCTCTTCATCAAGTTTTTTTTTTTTTTTTTTTCTCTTTTAATATTTCCTAATATATTATACATACAATCCTCA

TTATTTCTGATGCAGAGGCTGTGCCAAAGAAGATTCTGGATTTGATGAACGTCGAGAAGCTTAC

CAGAGAAAACGTGGCAAGTCATCTTCAGGTAACCATTCCTGTTCTCCTCCTCAATCATAACGAGTTG

AACATTTAGCTTACTGTAATTTTTGGTGGTTGTAGAAATATAGGCTTTATCTCAAGAGAATCAGCACT

GTGGCAAACCAGCAAGCTAATATGGTGGCAGCTTTAGGAAGTGCAGATGGTTCATATTTGCAG

ATGAACCCTATGAATGGAGTTGGATTACACAATTTGGTTGGACACGGGCAGTTTCAGAATGCA

CCTTTCAGAACTCTACCGACCAGTGGAATGCTTGGCAGGCTGAACTCCTCTACTGGTCTGGGT

AAGCGTGGTCTTCCTTCTCCATCAGTAATTCCATTAGGCCATGCACCGCCGGCAGGTCAGCCG

GATATCAATCAGAGCCATTTCCAGCCAACTATAAATACTGGTTATAGCGGTAATGTGATTCAGG

GAATTCAAATGTCGTTGGAACTTGATCAACTACAATATAACAAGGGTGTTTCCTATATTAGAGA

AATGCCCAATCATATTGATGATTCACCCGCTTTCGCTGTTTCTAGAGGCTTCTCAGATGTGAAA

ATATCAGTTGGCAGCTCAAATGGTCCTTTCCTTGGTGTGCCAAACAAACCTTTGTTATTAGGAA

CAGACTCTGGAGGGGCTCAAGATGCTCAGAAATTTGGGAAACAGCCATCTATTGGAGTGGCC

TCTATAGAATCGGGATTTCCTTCTTATTTTCCTGACCATGGAAGATGTGATGGCATGTGGTCTAC

CCTGCATCCTGGTGATGTCAGGGACAGCATGTCAGCAATGGCCCTGCAGAGTAGGGGTAATCT

TTCTGATGTGTCTTCTATTCCTTCACTTCCCACTCATCTGGAGGATTCTAAAACCGATGTACGAT

GCCAAGTTGCATCTAATAATGGCAATTACGGACACATGATTCACAATGACTGCACAGGATGGG

ATGATAACAGATTAGATGCCACCTACAACTCAAATGCTGTATGTAGCTCTATAAACATCCGGAT

TCCACTTACTGGTATTGGAAGTCCATTGGATCGGAGTCTGGACTCAACTAACGGAACATTCCA

TCGAAATGACGGCTTCAATTCAACAGGACTATCGAATTTCTTTGACCCCTCGTTGATAAATCAT

AGTGAGGTTGTAAATTCTTCCGGACAGACATTGTTAAGGTCAAAGGAAGCATATGTGGTTGGC

CAACAGAGACTGCAGGGTAGCCATGTTTCTAATAATTTCGGCTCCTTAGAAGATATGGTGAAC

GTAATGGTGAAACAGGTAAGCTTTCCATATCCATTTCCATCTTGTTTCCGAGTTGCATAAAATTTCCAGT

GCTCAACTATTAAATGACTCTGGATAGGTACATGTTAAAAACTAGTCTCCTGATGCCTTAATAACTTTTATT

CATTTCTGACATTTTCCTTCAGAATGCTTCATTCCTGTTCAGGAGAGTGGTTCTGATTATCTAATGGGTGTG

ACAGTCTAAAACTTTAGCTGATCCACATCCTCTGAGTTTATCTGTGATTTCTTCCCATAAGAAAAAAAAAA

CATATGCCTCCTTGACTCTTCTGCCAAAAACTTGAACTCTCGTTGGTCTAGCAAGTCTGTCTCAAGCATAT

TGGCTCCCTCAGTACAACTTGTGGGTAGCCTGGCAAGCTAGTGTGCAGCTCTTGAAATTGCGGCCAATCT

ACTTAAACTAGATTCCTTTCTGCTTTTTATGGATCTGAATTCCTTGCTACTAGTGACATCTTCCACTTTATTA

GTGTGTGCACTAACTTCACATCTCTTGTAGGGCCTATTCTTCGCTAAAACAGTTTTGGTCCTTTTAAATCTT

TTCCGTCGACTGTAGTCTGTGCACTCAAATGTCTTTCTAAAGCTTCAAAATATCTCTATCTTTTTCTTCTTT

TTTTTTTTGGTGTTATGACATAGCGTACAATTTGACAAGATGGATTTGGTTATGCAGGAAAAAGACCAA

CAACAGAAATCAATAGAAGGAGACTTTGATTCCGGTACTTACTCTCTTAGAACATTCATATGA 
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ATGGAAAGCAGTAATGGTTTCTCTTCCCCTCGCAACGAAGCGTTTAACCCGGCTGGTCTCCGG

GTTCTCGTCGTCGATGACGATCCCACGTGGCTCAAGATCCTCGAGAAGATGCTCAAGAAGTG

CTCCTATGAAGGTTATTGGTTAACTTCCCAACCAACTCGCTGTGGCTCTCCTTCTTTTGCTTGTTCAAGA

TTAGTAGTGTGTGTTTTGCTTCTGTTGCTCTATAATTTCTCTGTTTGAAGTTTCTTCTTTCCGCTGTTTCCTC

ACATGGTTTTCATCAGAATTTTATGACAAAAATGCAATTAAATATTGAAATGGATGCTTTTTTTAAACCATT

ATACCGAAATGTTTCTTGTCCATGAAAGTTAGTTGCAACGATTTGGGACTTGTCTGAGAGTGTGTTATTCT

TTAGTGGAAAGTTTTGTCCACCGGATTCTGTCCGGTTAAAAAAACATGACGGGAATCCAAGTCTGTAGAT

CTCGTCACCGCAGAGTAGGCAGGAAAACGCTGTGGAGAATGGTATTAGACTTGGAGAGACGCAAGTCG
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CTTATGCTTGATTAGAAATGGTGATGACAATGTAAATTGATAAGTACCTTCTTTTCTGCCATGTTTTCTATTG

TTTTTGAGGCTTCTTTTGGTCCTCTTGGATGCATATGAGAATAGGTACTAATGCCTGTTTAAGGTCTTGGCG

TGAGTTATTGATAAAAAATCCCTCTTCTGTGATGTAAAATTGGTTCGCAGTTCTTTTGTTACCATGGATATC

GTTTGTCTTTCCTTGTTCTTCTGATGCTAATGATCTTCCAAGTTATAATTTCATGCTATGTATATGTTTGCCTA

CCCACCTCCTCATTCAGGCAATCTTTTTTAGTGAAAATTCAGGATATCTTCTGATGCATGGGTCGGAATGT

CTGACCTTTTGTTTTTGTAATGCTTTTGTGTATTTAGTGACCACCTGCGGTCTAGCAAGAGATGCCCT

AAACTTGCTTCGGGAGAAGAAAGATGGATTTGACATAGTAATCAGTGATGTCTATATGCCCGA

CATGGATGGCTTTAAACTCCTAGAGCATGTTGGACTCGAAATGGATCTTCCAGTCATTAGTCAG

TTCTTTTCCTCTCAACAATTTCACATCAGCCTTTGAATCTTTTCTCTTAGTTCAATTTTTTCTGGGAAATCA

TGCTTCTGACTGTCGCACTGTGAAACATTGCAGTGATGTCTGTAGATGGAGAGACGAGCCGGGTGA

TGAAGGGGGTCCAACATGGAGCTTGTGATTATCTTCTTAAGCCTATACGAATGAAAGAACTGC

GGAATATATGGCAGCACGTATTTAGAAAGAAGATAAATGAAGTAAGAGACATCGAAATTCTTG

AAGGGACTGATGGTTTTCAAATGACAAGAAATGGATCAGACCAATCTGATGATGGTCATTTGT

TTTGCGGAGAAGACATGACTTCGGCAAAGAAAAGAAAAGCTATTGAAAACAAGCATGATGA

AAAGGAGCACGGCGACGGTTCTAACAAGAAAGCCAGAGTAGTTTGGTCGGTGGGCCTTCATC

AGAAGTTCGTCAATGCTGTAAATCAGATAGGGCTCGACAGTAAGTGCTCCGTGCTTGTGAACTATG

GAATTTTGCATCTCATGAAATATGTAATGTCTGTATATCGTCTGCATCTTTATCATGCATCCTCCAAGACATG

ACATATGGTGTCATTTTGACAGAAGTTGGTCCAAAGAAAATACTGGACTTGATGAATGTGCCATG

GTTGACTCGAGAAAATGTTGCAAGCCATTTGCAGGTATGCCTAGGCCAAATAGATGAGAAGAATAT

AGTCTATATATAGATTTGGATTTCAAACTGTGTCTAGGTTTTCAGTGGATGTTTTTCTCTGCTGCAGAAAT

ACCGTCTCTACTTGAGTAGATTGCAGAAAGAAAATGATCCGAAAACATGCAGTGTAAAACATT

CTGACTCGCCTTCAAAAGATTCTCCTGCAAGTTATGGCATTCAGAATACTCAGCAGAATGACG

TTTCCAAAGGCAGCTTTGTAATCTCTGGCAAGAAATTGCTAAATCAAACTGCGAATTCCAGAA

ATCATGAAGATGATGGAAAGGGAATTTTTGCAGTTTCTGTGGCAGAACCCAAAGCAAGTTTA

ACAGTTGATATTCCCCACCCTCGAAGGCCAAAGAATTCGCATATGGAGTTTGTTCAGTCTTTTA

CATCGCCGGAATCCGAAGTGAACTTTGCTGCATATGATCCTACCTTCTCACAACAGTATCCATG

GCACGGAATTGCAGATGTCCAAATGAAACAAGAACTGAAGCCTCTTCATTTAGACGATGGGT

CGAGCCAGGTACCTTTTTGTAGTCAACAATTGCACATCCAGGCTGAATGTTCACAGCCAGCTC

CATCCATCAGTTCTGGAACTATAAAAGAAAGAGGTTTAGTTGGGCCTTCGAGGATTAAGCGTT

CGTATGATGAATACAGGAGCAGCACTACCAATCTGAAAGTTGTAGAGCCCATTTCCACCAGCA

CATTTAGCATCGATAGTGAAGGAGTCAATCTACATGGCATTAAAGAAACTGAAATCCCCAAAA

CGAATATGAATCTGAGCGTATCACCTTCTAAGCCTTTGGATGAGGAGTTCAAAGTATGCTGGGT

TCCTGGCGACTGCTATCCTATGAACTTGGCGATACCAAGTGTTACAGACTTTCCAGAATACTTT

GGTCCGGGTCTCATAACTGATTTTCCAGTACAATTGAATGACGCCTCGAGGTTTGACTATGAC

AATCTCTATGATCCAGCAGAGTATCCTCTGACAGAGCAAGGTCTGTTTATAGCCTGA 
 

>c157 PoRR11b - Biblioteca LIB15042 

ATGAGAAGCGAGGAAGGAAAAGCAGTTCACAGAGAAAGCCAAAAAGATGGAGTAAGTGAA

CAGGATTTACGTGATAATGGATTTCCTGTTGGTTTGAGGGTCCTTCTAGTGGAAGATAGTTTGT

TGCAACTAATAATCTTGGAAAAGATGCTTCTAAGTTGTAAATACCAAGGTATAACTATTTTCCACC

ACTCTCTTCTTGTTGCCGTTGTTTTCTTTTTAGAAGATCACTGATCAGATATTGCAAGAAATTTGACCTTAA

TTTTTTCTCAGGAGAAGTAGATATATGTTACATCAGACTAATCATTATTACATTTGTCTTGGGATTGTCTTTT

AGTTACCACATGCCAAGAAGCAGCGAAAGCTTTATCGATTCTAAGAGAACATGAAACAAGGT

TTGACCTCGTTATCAGTGATTATGATATGCCTGGCCTGGATGGTATTCAGCTGCTCGAGAAAGT

TGCGTCGCAATTGGATTTGCCTTTTGTAAGTAAGTGTCAGTTTAGTCCCAATTCTAATCTCTATTATCT

CTTAGTTAACGCTTTGCACTAGAACTACTTCTTGCATTCTGATGTTGTTATGCGACCCGACCCAGTCATAT

CAGCATATGACAGACAGGAAATAGTTTCACAAGGTGTTTTAAGAGGCGCTTGCGATTATCTGA

TCAAGCCTGTCAGGATGGAATCTCTTGAAATTATATGGCAGCATGTACTGCGCAAGAGAGGTA

TTGCTTTGAAAGGAATAAAGAGACCGAGGACAGCTGACGATGATAACTTACTCCATGAGAGA

AAACCAGCCTTGACTAGTAGCGCTGACCTTAAAGTACCTATAGAAAAAGTAAATCCCGGGACC

GTTGTAGAAAGATCCGACGTTGGTCACCATGAAGCTTCAGGTGCAACGGCCCCACGAAAGAG

GAGGCTGATTTGGACTGACGAACTCCATGAGAAGTTCGTAAGAGCTGTGAAAAAACTTGGCC

ATAAAAGTATGATCTTTTTTAATCTACCACATGATATTAATATTTTCTTTCCTTCATTGCGTGAACAAATAA

ATTTGGGAATAGAGGAAAAAAGAAGATATATTGACTGTTCTGAGCATATTGTGGTTCAATTGTGCAGTAAA

TTTCCCTGTGTTCATTGCTAGTGCTGCCTGCAGATTTATTTTTTTTCCCGGGAAATCTCTAGTTTATGTATAT

ATGCCAATACTTGTAGTCCCAGAGCAAAGTAAAAGTTATGGAATTCTATACCCAAATATAGGCATGATTTC

TTATTTATATGCACACGGTGAGGAGAGAGCAGAGGATTCTGTGAGTGTTTAAGAGCATAATTTCTTGTAAT

ATAGTTTCTTTGGGGCATTTTAACATAAACATTGCGAGCTAAGAATCGTAAATGAGCATATTGTTACTGCA
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AAATCGTATTGTTTGTAATGGCAATGCAGCAGTTCCTCTGTGGCTTCTTACTGTTTATGGTATAAACACATT

TATTTTCCTCTGTTTATTGACTTTTTCTCTCCTGTAAATGCAGATGCAGTTCCTCAGAAAATTCTGGAA

TGTATGCGAAAAATGAATGTTCCTGACGATCTTTCTCGGGAAAATATTGCCAGCCATCTTCAGG

TAATGTTGCCGTTTCTTTCCCGTAAAATACATATAACAGCCTGATTATCAAAATTACTAAAATAATACGATT

GGCCAAATGCAGAAGTTCAGGCTGAATCTTCAAAAAATGGAGAATCAATCACAGCAGATGCCC

AGAAAGCATTCTGCCTCTTCAAGTATTTCCAGAACAATGGCTTTCGAGAAATCTCCTTTTTTAG

GCGGCTGTAGCGATCAGTGCTGTGTCATAAATCAGTTTCCTGGGCAGTATTTCACAACCCTAC

AAGCTACAAGGGGGCCTGTCGCGCTCATCGATAACGATATCAATTTCCTGCCTCTAGATTGTCA

GAGTACATACTATTCCCAGTATATGGTGCCCCAACCGAGTTTCTATCCTTTAAACACATCCTCTT

CACTTGAATTTCTTCTTGAAGGCACAGCCAGCCAGAAAATAACTCCGATCGCCTCTCCATTAC

TAGCTGGTGATGGTGAATATTGGAACGACGGGTACATGGCTCATCATATTCAAAGCCTAGCAG

GAGATGTCTACGGGACGAACAATGATGCACAGCCTCAGACGATTTATGACGATAACCTTATGC

TTTATCAACAGCTAATGGAGGTTGATCTCTGCTAA 

 

>c108 PoRR12 - Biblioteca LIB15042 

ATGACTGCGGAGCAAGGGACTGGAGAAGGCAGGGACCAGTTCCCTGTTGGCTTGCGCGTTT

TGGCGGTCGACGATGACCCTACTTGTCTCCTGCTTCTAGAGACCTTACTTCGTCGTTGCCAGTA

TCATGGTTCGCTTTTGCTTTTGTTTTCCCCGGTTTAAATTGTTCGATGACAACTTTCTTTTTCTTTTGAGTT

TTCGGTGGTGTTGATTGGCTGACTTTGTATTGAATGGTCATTTGATGTTTCTGAACGGATAAATCTTTTGCT

TTCATATGGGTAATTTTGTTCCTTGAAATGATTGATCTTTTCTCCTCGTTTTGTTGCATGGGTAGTTTGAAAT

ATACAGGATTTTACTCTTCGATGTGCATTACTTGTGCCATAAGAGTAAACGTTACGTGTATTTGGCCCAAG

CATTCTGTGATTTGAGTTTTCCTGTGCGTGAATGCCTGAAACTGTTGGATCTACTAATTGATTGAGCACGC

TCTTTTTCTTTCACTGGCTTTGCATTTGTGGAAAGGTAGATTCTGTTCTTCAAGTGTTTAATAGCGAAGAA

TTAGATAGATATCTTTATTCTGTTTCCTGTTTACAGGTTCCAAAATCTCATGATTTATCACACACGACGATGT

AGTTATGGATCTTTTCTGGTTAAACATATTTTCTACTGCTCATTGAAGTTATTTTCTGCCATTGGTAGTCTTG

AGTTTGGATTCATCTATAAAAATTCATGTTCCCTAACTCATTGGGTTGTGGATTGTTCAGCTACCACGAC

AAGTCAGGCAATCACAGCATTAAAGATGCTGAGAGAAAACAGGAACAGGTTTGACCTGGTTA

TCAGTGATGTTCATATGCCGGACATGGATGGTTTTAAGCTGCTTGAGCTTGTGGGGCTTGAGAT

GGACCTACCTGTTATAAGTAAGCCAAGAACACCACACTTTGTCTCTCTTCCCATAATTTTAGATACATC

GACCGAATATGTGTTTTAGCTTCTTGGTATGCAGCTATTGATTGCCAATGAGCATCTTAACAATTTTTTATTT

TTTTGAATATGTCTAGAAATACAAATTCCTTGTAAAAATTTTTGATTGACTAAAGTTCATTTGCATATTGCC

CGCATGTCCACTGTTTGACCAGGTTTTGGCACTAATCAATCATTTATGCAGTGTTGTCAGCAAACAGT

GATCCAAAGCTCGTGATGAAGGGGATTACTCATGGAGCTTGTGATTATTTGCTGAAGCCTGTG

CGAATTGAGGAGCTCAAGAACATCTGGCAGCATGTGATTAGGAGAAAGAAGCACGAAAAGA

GGGACAACTGTTATGTTGACAACCAAGACAAGCCTCAATCTGGAACCTTTGAAGCCATTGCT

GACCAGAAGCTTAGTAAAAAGAGGAAGGATCAGAATGAAGACGATGATGAGGATCATGATGA

GAATGGGCATGAAAATGAGGATCCAACCTCCCAAAAGAAGCCCCGAGTTGTTTGGTCGGTCG

ATCTGCATCGCAAGTTTGTTGCTGCTGTTAATCAGTTGGGCATAGACAGTATGTCATTGACCTCTT

CACTACTATAATTGTTAGGGAGTTTCATCATCAGAAACATCAAAGACACTTGACAACATAGCCTGTATTCA

CCATCGTTTGTGTTGATACTTAAGTCTTAATTGATCGGACCAAAAATCAACTGCACAGCTCAATGAAAAA

GCTGCTTCATTTACTGTTTTTGTTTTACATTATTATTCTTATGCTATATGCCTACTGTTACTGATGCAGAAGC

TGTGCCTAAGAAGATTCTAGATATGATGAATGTCGATAAGCTTACGAGAGAAAACGTAGCAAG

TCATCTCCAGGTTTGCATCCTTGCCTCTCTGCTTCAATTATAATGAAAGAAACATAATCCTAGAATCTTAT

GATGTCGTTGTATGATTGTAGAAATATAGGCTTTACCTTAAAAGAATCAGCACAGTGGCAAACCA

GCAAGCCAATATGGTGGCAGCATTAGGAAGTACAGATGCTTCATATTTGCAGATGAATCCTATG

AATGGATTTGGATTACACAGCTTTACTGGACACGGAAAGTTTCAAACCACACCTTTCAGAACT

CTCCCACCAGGTGGAATGCTTGGTAGGCTGAATTCTCCTGCTGGTCTGGGCATGCATGGTCTT

CCTTCTCCCGGAGCAATTCAATTAGGCCATGCAGCTACAATAGGTCACTCTGCTAACAGTCAG

AGCCATTTCCAGACTATTGTAAATCCTGGAAATAATGGTAATATACTTCAAGGAATGCAAATCT

CACTGGAGCTTGATCAACTACAGTCTGATAAGGGTTTTTCTGATATTAGAGAACTGCCCAATCA

TATTGATGACACAACTGTTTTCCCTGTTTCCAGTGGCTTCTCAGATGTAAAAATCTCGGTTAGC

AGCTCCAATGCTCCTTTCCTTCATGTGCCAAACAAACCTCCAACGTTAGGAGGAGAATCTCAA

GGGGGCCAAGAAGCCCGAAAATTCGGAAGACAGACTTCCATTGGGGTAACTGCAATAGAATC

AGGATTTTCTTCTCATTTTCCGGACCATGGAAGATGTGATGGCATCTGGTCGAATAATGTGCAA
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TCCAGTGGGGAACACTTCAATTCTTTTACCTTAGGTGACTGTTTTAAGCAGCCGACCCTGCAG

CCTGGTGAAATCAGGGACAGCATGTCAGCAATGGCCTTACAAAGTGGGGGAAATCTTTCTAAT

GTTTCTTCTATTTCTTCACTGCCCATTCACTTACTGGATTATAAAGCAGATGTACAATGCCAAGT

TGCTTCAATTAATGGAAATCCTGAGCAGATAGCTCAGAGTGACTGTCAAGGATGGGATGATAA

CAGACTGGATGCTCACTACAACTCCAATGCAGTGTGTAGCACAAGAAACACCATAATTCCAAT

CAATGGTATTGGAAGTCCGATCGGTCAGAATCTGGACACAAATAATACAAATTTCCACCAAGC

AACAAACTCCACCTCAATCGAACAGCCGGATTTCATTGATCACTCATTGATGAAGCATAATCAT

GCTGGAAATCCGGCCATAGAGACATTGTTAAGGTCAAACAAGGCATATATGATTAGCCGACAG

AAAATGCAGGGTAACTATGCCTCTAATAATTTTGGCTCTTTGGAAGATATGGTCAGCGCAATGG

TGAAACAGGTAAGCTTTCCATATCCATATGCATTTGTGTTCTGCAATTTTTTTTCTTTCTTTTGCACATTG

GATGTTAGAGATGTTCACAAAACATATCTCAGTCTCAGCTGCTAAATGACAGTCATCTATGTTATTAGAGG

GTTGACTTGGATTGTGTGCCATTTTTAGCCAATGAACCAATCCTCAAGCACCATCCATCTATCCAGTATTCA

TTATGTCTTTATTCCTTTTGTATTATGTTACATCTTGTGTATTTGACGGCATGAATCTGGTGATACAGGAAC

AAGACAAACTGAAATTAACGGAAGGAGAGTTTGGATCTGGTACTTATCCTCTTAGGACATGCA

TATGA 
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ATGGGTCGCGGGAGAGTTGAATCTGCTCGAACTTTGAAGACCAAAACCACTATTTTGAATATC

CAAATTTTGCTTGTTGATGATGATCCTACCTCTCTATCTATAGTTTCAGCAATGCTTAAAAGATG

TAGCGAAACAGGTATACATTAATGTAGTCAATCAATTTGATTACGGTTTCGAATGCTCCACGTGCCGGTC

GCCACGTCCCAAAATATGTCTTATTCCGCAAAACTCTAATCCCGTGTTCGTTATACCTTTACTCGATCTTTA

ATTTTGTATGCATGCATTACATTGTTATATAGGGTATCTCTTTCCTCATGTCTCTTGTCCAATACCTGCTTTTA

TTTATTTTTCCTACTTGGGGTTTTCACAAAGGAAATGAGATCGCTCATGTAATTGATTTTTGTTTCTAACCC

AGGGACTTCTGGTCTCTTTGTTTTGATCTTCTTGAGATTAAGCTATGCATAAATTTTCCTCTACTGAATTCA

TCGTAGGTGTTTGGCCGTCATCAGTTTTTTATTTCTTCAAATTTTTTGTTTAGTGTAGTGTTATTTTAGTAAT

CATTTTCTAATTTACTTATTCATCGTCTCAGGGTTCGATTTTGTACTTCTTTTGCTATTATGAAAGAAAAGCT

TCTGCTTGATTTTTTGAACAGAATAAATTAGTACTATTATTCCTCAATAAATTTTTTTTTGTCCACCATTCAT

TTTGTTTATTACTTGTACCGTGTTTCATTCTCAATTGAGGGTGAAATTAGTTGTGTTTTCTTAGCAATTATGT

CCGAGTTGAGCCTTTTCCAACCTCTGGAATTCGTGATTCATAATATTTTTACTTTTCAATAGAGTTAAGATC

TAGGTCTTGATATTGATTTGAATTCACCTCCAACATGAGTTGTTTTGATGATTTGAATTCGATTTCCTCTTCT

TTTTTTTCTCAATAATGGAATTGATATAATAGAAGATGAGTCCAGAGTACGGAAAATAGACGTAGCCTTTT

AGATCAGATTTGAAGAATTAATAAGACAAGTATTTTACAAGTAATTAGAATTCCTTCTGAGTCATATACCA

ATGAAAATAAAAACAATCCAACTCTCAAGCATCGGCCGCTTCATACGGATGGATAATGGACCATCTTATCT

TCGCTAGGAAACATAACAATGGGCTTTACATGCATGGATGTAGCCCAATTAGCCATCAACTCATTCGTGCA

TGTTTGTTTGACAATATAGCAAAAGCTCTCTACTGTTTTCATCATTGAGACTTGTATTCAGAATTTCTAATT

CTCAATTCATTTAAGATTAGAAAATATATCTCGCGTTTTGCTTTTTAAGTTTTAATATTAAACATGGTCTACA

TTTATAGGTTCTTTTTCCTTTCCCTTTTTTCCTTATTCTATTTCCGTGCCTTCACTGTGGTGAATTAATGAAT

GATGCATTTTGAGATCTTTATTTGGGAAGCAGAAGTGTGGGCTAACCATCTTTCAGCTTCCACAATAATGA

GCTTCCATATCCTTATATTTTCTTAACCTTTTTTTTTCATTTGACAGATCGTATGCTTGAGCTTTCAGTTGTC

ACAGTTAAGAGCCCGGTAGACGCTTTAGCAATCCTTCGTTTACAACAAAAGGACTTTGATTTA

GTTCTCACTGATCTCCATATGCCTCAAATGAACGGACTGGAGCTACAAAAACAAGTGGATCAA

GAGTTCAAGCTCCCTGTTATAAGTAAGTACTGCATTCTCTTTTATTTTGTTACTTGTCACACGTTCGGTT

CATTTAGAAAAAAGACAGTGGAAACTAAAATAAAATAGAGAGATGAAACCAAGAAGTCACCGCTTATTC

TTGAGATGTTGTGAAAAGGAAAAGGAAAAAGGAATTCGTCTGTAGGTAAACCCTCGAAAATACAAGTTA

ATCTTAATGCAAACTAAAATAATGGGATGAAACTAGAAAAAGGGTTAGATAGGACTACGGTAGTCTTTTT

CATTTCTTTTCTGTCGGTAAGAAAATCCCGTTTGTTGAATGAAATTATCTTTACATATTCTATCAGAAAAAT

GAGTAAAATAATTTATGTCTTCGATTAGTTCTGCTCTAATTTTTGTCTTGTCTTCTCTACTGCAGTAATGTC

ATCGGACGATAGTGAAAATATCATATCGAAGAGTTTGGAGGGTGGAGCTCTTTATTACATCGTA

AAACCAGTTAATCCAGGTGATCTCAAAAATGTTTGGCAATACGCAGTTGCAACTAAGAAAGGT

AAATCTATGGTCACTAAGGAAATAGGAGGCACTCAAGAAGCATCTTCATCGTCATCTGTGGAG

AAAATGACTGGCGAGGAGGTTAACTCCGCATCTTCTGTGAATGAAGAAAGAAGTCATAAAAC

CGACGGTAAAAAAAGGGGAAAGAAAAGGCCTAAGGAAGACCATGAAGAAGAAAATAACGC

TGCGGCTCCGAAAAAGGCTAAGGTTGTTTGGACAAACTCACTTCACAATCGATTCCTGCAAG

CGATAAACCACATAGGGCTTGAAAGTAAGGACAGTTTTTGTGGATGTTTCACTTTTTCTGTAACTTTA

TATTGTATCTACAGATCTTATGCTGCCTAACAAGTTAAATGGCTCATGATCTTCGTGTTAATTTGATTTCTTA
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CAGAGGCTGTTCCGAAAAGAATTCTTGAATTCATGAACGTTCCGGGGCTATCTAGAGAAAATG

TGGCCAGCCACTTGCAGGTTTGCACTGTCTTCATCCCCACTCATCCTGCCTTATCTTACATATTCTTACT

TGGTTCCTGTTTAAGACAATTCCATACATAGATAATTGATGAAGAAATTTCATGAGTTTTTATGGAATGCCA

AATGAAACTGACTTAATATTTATGAAAAAAATATAAAATTAAGACGAAATGACATCTATTTTTGTCTTATCT

CAACGTTAGAAAATTCTAAGTTAAAGATTCAATACATAAAAAAACTAAGATCCCATTCTTGTGTATAAATA

AAAAAATAAATATTATATTTTTAATTATTGACTTGTTATAAAATATAATAGTTCATTACATATTTACTAATTATA

AAGAGTATCTCGGTCGATAACATATATACTAATTATGAAAAGTATCTTGATCGTAGCATACATATTAATTATG

AAGAGTATCTCGATCGACAACATCGTAGCATACATAGTAATTATAAAGAGTATCTCTATCGACAACATACAT

ACCAATTATGAAGAATATCTCGATCGATAATATATTTATTGAATAATTGATGATTCAGGATAAATTAATTATTA

TTAAGTAAATAAGTATTCACTAAATTTTGTTTGAATATTTTTATTTTTAAAATGGAAAAGACATTTATTATGC

CAACTACATTACAGAATATCAATGTAGTGGCCATTTTATTATAGTTTTTTTTATAACGTTTAAACTTTTTGTA

AAATCTCATTAATGCTTTTAAACCTGTCCTTAATTTGTCTTAGTAGCATTTTATGATCTTTTCTTATCATTGC

AGTCACTTAGTAAGATTTTGAATAAAATTTGCAGAAGTACCGGATCTTTCTGAAACGAGTTGCCGA

GAAGAGTACTACCAGTTTATCAAAAACTTTGCCGGAGAGAGCTATGAGATCATCCTTTGCCTC

TGGCCATCCCTTGTTCACGTTCAAACATGCCGAACAAGATAATCCACAACTCTCAGGACAACT

TGGGAGGACGTCTTTACACCCAGGGTTTGGGAGGAATCTGATGGTCGGTGGCAGTTCCAGCT

TTAGTCCTATGCTTATTCCAAATCAACAAGTACCCGGCGACAATTCCATTCCTCAACCTCAATT

CTCTCATGGCATGTCCCAGTCCTATGGCAACCCGAGCAAGTTTCAACCATCAATTCTTGGCAAT

TTGAATTCCCCTCATCAGGCAAACCAAGCAAGCTTCTCATGGCGTAATGGTGGCATGCCCTGT

GGCCGAGTGAATGTTCCAAATGGCCTACATGATAGCAACAGTCTACAAGAAATGTACGCGCAA

CAGAATCAAGGGAGGACTAACTTTGGCAACCCATCGCGTTTCATGTTTACTCCTGCAGCTACA

GGAAGTCGCGATTCGAATTACATACCAAGCATTGGAAACGAAGGGTTTGTCAGCAGTGATTAT

CGCCTAGCAAATGCCAACAGAATTTATGGTGGAATCCAAATGAATGTTGAAGGAGCCCCTGCT

GGACAAGAACAAACGCCATTCTACAGAACTGAATTATCTTCTGGTCTTAACGGTGGTTACGGC

ATGACGAATTTGATTCAGAACAATAGTATGAATGTTGCACCAAGGGAAAATGGAGAGTTTCAA

TCTTTAGCTCAAGGAGCATCATTTGCTGGTTTCAATGGTGGAAACCATTTTCCACCATCATTCT

CTGCCATTAATCAAGGGAATAATTCAATGCTGCCGCCTCCGGCAGCGCAACAGGATATCCATGT

AGCAAGTGACTATTCTCCGCAGGTTCAAAATAATCTACCCACCTGGGGCGGCATTTCCGATCA

GCAACAAATTGGACAGACTGACCTTGATGATATCCTCTTGGGGCCAGCCAGCCAGGTTACTCC

AGGTCAGGTGCTTGGCCCCAGCCAGGTTACTCCAAGTCAGGTGCTTGGCCCCGGGCAGGTTACTC

CAAGTCAGGTGCACAAACATGCAGTGATCTTAATTAGCCTAAAGCCATTATTACTGCACCCATTTCTATGC

CAATTGAATAACACATATTTACATTTTGGATCTTGGATCTTGGTTTGTCCAGAAACAAATCGGAGGGCT

CCAGCTGAATGCCAAGTTCCCCAACAGCTCCCATCATGAGGAAGTGAACACTCCCCTGGGTG

AACTCTTGAACAATACCGACTTTATGAGTTCATTTTGTGCTGAAGATAATACTCTTTGGAACGA

ACAAGCCCCGTCTCAGGCATGTGACTAA 
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ATGGTCGCTTCGCAGCGAGTGGCGTCGAGTTTGAGCACGAGTGCCAGTAGCTACGGGTGCAG

TAAAGATGCTGGTGCTGATGTTTCGGTGCCGGAGCAGTTTCCGGCAGGGCTTAGGGTTCTGGT

AGTTGACGACGACACCACTTGCTTGAGAATTCTCGAGCAGATGCTTCGCCGTTGTCTATATCAT

GGTTGGGTTCCTTTGTCTCTTACTTTGCTAAAATGAAAAAAAAAATCCCTTCATGGCTAGGTTGGTTATTT

TTGCATGTTGATGCGGGCGGTAGTTAATGGCATTGAATTGTATAAATTTGGTCAGACATTCAATAATAAGGT

ACAGCTTTAGGTATAAATGAGGATTACTAAGATAGATGGCGACTTTTATGCTCAATTTGGTTGTTCCTTTCT

CCTTTATTCTCGACAGTCATTATTTTTGGGTGATGAAATATATCATATTATTGTTTGTAACTTATGAAAAAGG

GAGGAATTCATCCTTAACTAGGCCTTGCGAATTTTTCAGGAGATTACCTAAGTAGGAAGAGGTGGTGATG

GGACGGTTCTGAAGGCCCATCGCATTTTTAGCATCAGTTTTAAACAAGCTAATACATTTGATTAGACTCAA

GAATTAGGACTTGAAGACTCCACAATCCTACAGATAGTTACGAGCTTAACAGTCTTATTTTACTGTTCTTA

AGTCAAATATTACTAGCAAAAATTTTATTTGCCTGCTTTTATGTACCCAAAGAAAGACTTCTTTTTGGGTAT

TAGACACTATAGTAATCAGAATTTGATGTGTGGGCGACCCTTAAACCTAGTCCTAATAGTGAGAACGCTG

ACCTGGTGGGTTTTAAAGCCTAGGGACATAGAGTGATGCGATATTATTCACTATGATCAATATGCCTCTGAT

TTCTTAAAAAATAAATTATTCTAGCGAGTTGTGTGACTTTTAAAGCATTACATTTCGCTTATTTAATTGTGG

GTTAATTAATGCAGACACAAAATGATCTGCAATGTGCATCAGCGTCCTGAATGATTTTTACATTTTTTCTGA

AATTTTACCTTTTGTTTTGAGGAATGCAGTTACCACTTGCTCCCAGGCCACAGTTGCTTTGGATCTT

CTCAGGGAAAGAAAAGGCTGTTTTGATATGGTACTCAGTGATGTCCATATGCCCGATATGGATG

GATTTAAACTTCTTGAACTTGTTGGGTTGGAGATGGATCTTCCAGTTATCAGTAAGTATATTTCAT
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GTACTCTTGGTGACTTTAGATTTTGTTGTTCAACTATTTACATGAATCTGTCTCTGCAGTGATGTCTGCTG

ATGGGAGAACAAGTGCAGTAATGAGAGGAATCAAACATGGAGCATGTGATTACTTGATTAAG

CCTATTCGTGAGGAAGAGCTCAAGAATATATGGCAACATGTCATTAGGAAAAAGCGTAATGAA

ACTAAAGAATTTGAGCATTCAGGGAGCTTGGGTGATAACGATCGTCAGAAAAGAGGAAATGA

TGATGTTGATAATGCTTCTTCTGCAAATGAAGGGACTGAAGGAGCTTCGAAGTGTCAGAAAA

AGAGGAGCAATGTCAAAGAAGAAGAAGAAGAAGAGCTGGAAAATGATGATCCTTCTACTTCT

AAGAAACCAAGGGTGGTATGGTCAGTGGAGCTTCATCAGCAATTTGTTAGTGCGGTGAACCA

GCTTGGAATTGATAGTATGATCTCTATTGATATGCTTAACATAATCTTTATTTTAATCTAGTTCAGAGTGG

GTACACTTTTAAGCATTGTGTTGGGGTGAGCTGCTGATGGGTATCATGAAAAACAAATTTTTTGAATTTCG

GATGTTTCTTTCTCTTGATTGCAACTTTTGGTTGCCATTTTCAGAGGCCGTGCCTAAGAGAATCCTTG

AATTGATGAATGTGCCTGGTTTGACCAGGGAGAATGTTGCAAGTCATTTGCAGGTTTGATTCTG

TCCGATGTCCCTGGTCTGTTTTTTTTAATCATTTTTTTTCCGTTAGATTGGCATTAGCTTATCAATACCTATT

GGTCTTCTGTTTTTGTGAACAAAATCTAAAGTGGCTGTCGTGAGGCATGTTTTGCCATCACAGCAAATCA

GTAACTGTAAATATTCTGACCAACTAAGCAGGATCATAAAATGTGTTTCTTAGGCTTTGGTAGCTTTTAGG

AATGCTTTGGACTTTTATATAGTTTGAACCCCCCAGTAATTTGTATTATTCAAAAGTCTGAAAATCATAATT

TCGTCTCATCTTTTGTCGTGGGTATTGGTTTGTCTTATTTAAGGGGTCAAAGTTGGACTTCCCTTTCTTGTA

AGACTGAAAACCTGAGCTATGAATAATAGCTTTTTTTCTTCCAATCAGTCTAATATGATTGTAATAATTTGT

TCACTTCTTTATCCGAAGACATAACTTTGTAAAATTGAATTTTCCATGTACTTCAGCCAAGTGATTGGAGT

AAAATCCGTCACATGAATACTGCCAGGTAAATGCTTTAATTTTGCACAAAATGTATATTCCTGCGGCAGTT

CATGTAGTGGCAAATGCTTGGCAAAACAAGCATCAAACTTGTCAAACTCCTGGTGGAACATCTCATTCTT

TTTAAGAAATCCTACTACTTTCCAGATGCATTATTATGCTTTCTGATTCCTTTTTTCATTTCTCATGATGTCTA

TTCACAGAAGTTTAGACTATATTTGAAGAGATTAAGTGGGGTGGCCCAACAAGGTGGGATGTCT

ACTACCTTTTGTGGACCCTTGGACTCAAATGCTAAACTTAATCCACTAGGAAGATTTGATATCC

AAGCTTTGGCTGCCAGTGGCCATATTCCTCCTCAAACATTAGCAGCTCTCCATGCTGAACTTTT

AGGCCAGACGACTGGTAATGTAATGACAGGACTGGACCAACCAGCTCTTTTACAAGCATCTGT

ACAGGCTCCCAAGTGTATCCCCATTGAACATGGTGTAGCGTTTGGTCAGCCATTAGTAAAAAG

CCCAAGCAACATTTCGAAAAGTTTCCCTCAAAACATGGCATCTGCAGAGGAAGTAGCAAAGG

GGTTTGGAGCTTGGTCTTCAAATAACCTTAGTACTGCAGGACCCAGTGGCAACCTTGGGGGA

ATTAGCACGCAGCATAGTAACATGCTGATGGATATACTGCAGCAACAACAGCATAGACATCTTC

AACTAGCACAACAGCCATCATCATTGCCAGAACCCAGCCGTTCAATTTCAGTGCAGCCATCTT

GCCTTGTGGTTCCGTCTTTGTCATCAGTGTGTTTTCAGACAGGAGAAACTTCTGCTTCAATGA

ATCAACTTTCCAACTTTAACAGGAGTGCTGCCATGGATTACAGTCTGCTTTCAACTCATTCAAA

TAATTCCTCTATTAATATTGGTCTGTTATCTGATGGGGATCTCAAAACCAAAGTTGTTGTTGATG

GGTACTCAGCCCCCAGTTCTGTATCTCCTTCTGTGTCTTCTTGCTCTGTAAATGCAGACAACGG

TGTCACTCAACAAGTTCAAGTTCAAATTCAGAGCCCAACCATATCAGGTGGACCCACAAGGC

AATTACATGGACTTGTTCCTAATATTTGTGGCATTCAGGGTTCATATGGTACAAAGTCGGGTGA

AGTGCTTAATCAAGGACCACTTGGGAATCCTGGATTGAATAGAGGAACTAGCACTCTGAGCCC

ATTTGCAGTGGGTCAATTTGAATCTCCATTGACCAATTTGAGTAATGGAAAAATATATGCAGAG

ATCAATGCTAACAAGGTGAAGCAGGAGCCGAGTATGGAGTTTATTAATAATGCCAGGGTGGCA

ATACCAGTGTCACAGCAGTTTCCTCCAAGTGATATCATGGGCATTTTCACAGAATAG 
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ATGGGTGTAGAGGGCCAAAGGGGTGGTGGGTCGGGTAATGAAGACAAATTTCCGGTGGGTAT

GCGTGTTTTGGCGGTTGATGACGATCCTATCTGCCTCAAAGTTTTGGATAATTTGCTTCGTAAA

TGCCAGTATCATGGTAGGCCTGTATATTTTATGTTTGATTTTCTGAAACATGGACTGTTTACTTTTGAATT

CTAGCTACACTTAAAAGTAAACTTTATGTGACTTCCCGTGTTTGTCTGTTGGGTTGAGGTAGAAAAAACT

CTTCATGTGTCGTGTCTCACCTTATTTGACTCGGATTGAATTTCAAGTTCGATGTCATGTCTTTATGGCCAA

TTTGAAGTTTGTGCCTTTCCAAGGAGTTTGACTTTAAATTCCTGTTTTCTGATGAACTTAGATTCTGTAAA

ATTCGTTGTACTTTTCGGCTGCCTATAATCTGATCTTTTCTAACCGAGTGTCTTAAGGAGTTTGATCATCTG

TCTTGTATCAATTTTGGCTTTGGTTATGAGTTTCGAGATTTTCCTTTGTTCTCTTTGGCAGTTACAACGAC

TAATCAGTCTCTCAAAGCACTGAAGATGTTGAGAGAAAACAGAGATACATATGATCTGGTCAT

AAGCGATGTCAATATGCCCGACATGGATGGCTTCAAGCTTCTTGAGCTTGTTGGACTAGAAAT

GGACCTGCCTGTCATCAGTAAGCATATAGTACTTTAAATAGTGAATGGTTGTTGAATTCCCCTGTAATAT

TTTTTGCATGAAATTGGTCATAGGCAGTCAATTGATTTATCTTGACTGGATCACGTCTGATTTGATTTTCTT
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TTCTTCTTTTTCCATAGCTTGATTAATTTCAGTAGCATAATTATTTTATGAATATGAGGAATAAGGGAAACTT

GTTTCAATAATGGAACTTGACGTGAAGAATCGGATTTGAATGAAATAAGTGAGAATGGTTTTTGTTACAG

TGTTATCAGCCCACAGCGACAAGGAACTTGTGTATAAGGGGGTTACACATGGTGCTGTCGACT

ACTTGCTAAAACCAGTCAGAATAGAGGAGCTCAAGAATATATGGCAACATGTAGTTAGGAGAA

AGAAATGGCAGCCCAAAGATCAAAAAGGGTCTGATTATCAAGAACAGGATTGCGAAGAAACT

GGTGAAGGGGTTGCAGCTGCTGCATCAACCTGTAGTGCAGATCAGAGTGGTAAAGGTTGTCG

GAAGAGGAAGGATCAAGATGAAGATGAGGAAGATGGTGAAGAAAATGAAAATGAGAATGAG

GAACCTGGTACTCAGAAGAAGCCTAGGGTTGTTTGGTCGGTGGAGCTGCACAGGAAGTTTGT

TGCTGCAGTTAATCAATTGAGTCTTGACAGTGAGTTTCCTATGCACAGATCTGATACTTTTGAATTTC

TGTTGACAATCTGTAATATTCAGTAACATTTTGTTATCTCTTTACTATCTAATCAACTACAGAGGCTGTCC

CGAAAAAAATCCTTGATCTGATGAATGTTGAAGGGCTTACGAGGGAAAACGTGGCAAGCCAT

CTTCAGGTATTTGCTGTTTGTTTTTCTTACTTTCATGAAACTTTTGCCCTTCTTTTCCATGGTTATGAGGTG

TTCAGGATGTGATTTATTGATCTTGAAATTATTGTCAAATTCTTGTTTGTGGCATATGTTTACATGTTTTTGG

AGGATAACTGATAATGATGAGCAAACCTTGTTTATCATACTTGATACATATGGGAAAATGTTAAGCATGGT

GATAGTTAATGCATATTTTCGTTTTGTTTTCAGAAATATAGGCTTTATCTTAAAAGACTAAGCAATGC

AGCTTCCCAGCAAGCCAACATGGTTGCGGTATTTGGCTCAAAAGATTCCTCTTATTTGCGAAT

GGGTCCATTTGATGGATTTGGAGATTTTCGCTCTTTTAGTGGATCTGGTAGACTTTCAGGATCT

TCTCTGTCATCATATTCAACTGGAGGTATGCTTGGCAGACTGAATAGCTCTTCCGGCTTAGGTT

TGAGGGGAATATCTTCATCGGGACTTCTCCAACCAGCTCATTCCCAACTGAGCAGTACTAAAA

CTTCCCTTGGGAAGATTCATCCTGTTAGTTTGTCTGCAAACTCAAGTACTAACTTATTTCAAGG

AAATCCATCGTCACTGGAGCACCATCAACTGCAGAGCAAGTCCTGGGCCATTGGAGAGTTTA

ATCGCAATGATGATGCAGTGGGCTTTACTCTTGCAAGTAGCTTCCCTGATGCCAGGTTGAATTT

TGGTGGCTTGGGAAACCGAGTACCTATTGCTTCTGGCAATCCTCTGATGTTGCAAGACAGAAC

GCAACAGATTCAGGGTAAGGGTGCTTTTGCTACTCAATCATCTGTAGGTTTGCCTACCCTGAA

CCATGACACTTTAGATGTAGGCGTCCATGGTTCTTCTAATCTTCGAGATCATAGTAGATGCAAC

GAAAACTGGCAGAGTGCAGTTCAATTATCCACATTTCCATCAAACACACTGCCACTTGATGAA

ACTTTCTGCCATGATCCAATTTCTTCAACCAACTTGAAAAACAATATATCTTCCAACAGCTCCC

ACATCGGTAACAGCCCTGTTGAGTTTTCTACTTCCAGTGTTCGTACAATTCCTTTGGAGAATTC

CAGATTAGACATGCAAGGACAAGCAGTCATGACAGCAAACGCAGTTCAAAATATGAATCACA

CATCGAAGCAGAGGTGGGAAGAACATAGCCAGGGCTATAACGCCAATGTGAACGATTCATTT

GGGACCATGAACTCATTGATTCCTGGTAATGGTTTTATGGGCTCATTGAGTCATGTTATGGACC

AAAGGAGAAAGTTCGATGCCTCAATGATGTCTCAGTTAAGCTCTTCTCCTTCCACTATTCATCA

TCCTGATGCCGAGAATTCCGGTATGGACCCAAAGTTGAGGACCGGTGAGGAAGGTCTCCCTG

ATCAGACAAAATTGCCTAATGGCCTCGTGCAAAACAGTTACGATGCTTTAGATGATATAATGAA

TGCAATGATGAAGCGGGTATGA 
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ATGAGTGTAGAGGGTCAAAGGGCTGGTTGTTCTGGTGATGAAGACAAGTTCCCGGTAGGTAT

GCGTGTTTTGGCGGTTGATGATGACCCTGTCTGCCTTAAAGTTTTGGAGACTTTGCTTCGTAGA

TGCCAGTATCATGGTACGTCTGTCCGATAACCCTGCATTTTACTTTTACTGGTTGCAAAGAAATTATCGA

GCCGCTACAAGAGCTAGATCCTGCAGTTCATATTGTACGAGTGAACTTGCACCAATTTTTGGTTTGATTCC

GAGTTCTGAGATGTGATTTTCTTTTTTCTGTTTGACAGTGACAACGACCAATCAGTCGCTCAAAGCT

CTGAAGATACTGAGAGAAAACAGAAGCAAGTATGATCTGGTTATAAGTGATGTCAATATGCCT

GACATGGATGGCTTTAAGCTGCTCGAGCTTGTTGGACTAGAAATGGACTTACCCGTCATAAGTA

AGCACACAGCTCTTACAATCAGTGAATCATTATTAGTATCATTTTTAGTAATGCTTTGAGAAATTTCAATGT

CATAATCACTGTGTGGTTTCATTCTGAGGAATCAGGGAAACTTGTTTCTGATAGTGATGCTTGACTGATCG

AATTGAACTTGAATGTTGTAGTGTTGTCAACCCACGGTGACAAGGAGTTTGTTTATAAGGGGGTT

ACCCATGGTGCTGTTGACTACTTGCTAAAACCTGTTAGAATAGAGGAGCTCAAGAATATATGG

CAACATGTGGTTAGGAGAAACAAGTTGCAGTCCGAGGATCATAACATGTCTGCAAATCAAGA

GCAGGGAGGTGAAGAAACTGTTAAAGGGGTTCCGGCTGCGGGATCGGTTAGTACTGCAGATC

GGAGTGAAAAAGGTTGTCGGAAAAGGAAGGATCAAGATGAAGAGCGTGAAGAGAGTGAAG

AGAATGAGGAAGCTGGGAACCAGAAGAAGCCCCGGGTTGTTTGGTCTGCGGAGTTGCATATG
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AAGTTTTTAGCAGCTGTTGATCAATTGGGTTTCGAGAGTAAGTCTCTTGTGCGTTGAAGTAATGTTT

TGTGTTTATATATTAACAGTAACTACCATTCTGTAACCTCTTGGTATGCACTTACACTCATTAACTGCAGAA

GCTGTTCCAAAGAAAGTGCTTGACTTGATGAATGTTGAAGGGCTTACCAGGGAGAATGTGGC

AAGCCATCTGCAGGTATTAGATTTTGTTTCTCTAGAAATTGATTATTACATTTTATGCAAAAATGATAAAC

AGGTGAGGTTAGTCCCAGATGTGTATGTGATAATTGAGGCAAATCCTTTTACGTATTTATGTGCAGAAGTA

TAGGCTGTACCTGAGAAGGATTAGAAATGAAGCATCCCAGAAAGCCAACATGGTTGCTGCTTT

TGGGACCAGAGATTCCTATTATTTGCCAAAGGGTTCCTTGGATGGATATTTAAGCTCTTTCAGT

GGACCTGGAAGCCTCTGGAGTTCTTCATTGTCATCATATTCAACTGGAGATATGCTTGGTGGAC

TGAATGACTCCTCAGGAATAACACTGAGCGGAATATCTTCACCTGGACTCCTCCAACCAGCTC

ATTCCCAACTGAGCAGTTCTGCTACTTCCTTTGGAAAGATCCAGCATAATTTTTTGTCTGCAAA

CCAAGACACAAATCTGTTTCCGGGGATGTCATCGTTGTTGCAGGATCACATCCATCAGCAGAG

TAAATCTTGTACCCCCATTGGAGAGTGTAATTTCTCTGATGATGCAGCTGGTTTTACTCTTGCA

AGCAGCTCTGCTGATGCCAAAGTGAGTATTGGCAGTTCTATAAATGGTGTATCCAGTGGCTCAT

GCAATCTTCTGATGTTGCAAGGAAGTGCTCAATCTTCTGATCTTCTAGATCACAGCACATGCA

GCAGAAACTGGCAGGGTGGAGCTTACTTATCCACATTTCCATCAAATACTCCGCCACTGAATG

TACCTTTTCGTCATGATCCATTATCTTCTACAAACTTTAAAGATAATGCATCTCCTAACAGCTCA

CACATTGGTGACAGCCCAATTGATTTTTCTCCTTCCTGTGCTCTCACTGTTCCTGTGGAGAATT

CCAGAGTAGATTTATCAAGCCAATCTAGCTTAGTTGGGAATGTAGTTCCAAATGTGAACTACTT

GTCAAAGCTGGGGGAGCAAGAACATGGCCAGGTTTATGATCCCAGCTTCAATAATTCATTTGG

GACCATGAACTCATTGATTTCAGGCAATGGTCTAGTGGGTTCCTTGAGCCATGATCTGGATGTG

TCTCAGTTAAGCAGTTCTTCATCGTTTTTCCATCATCTTGATCCTGAGAAATCCGATACGGACC

TAAAGCCGATGGTCGGCGACGAATGTCACTTAGAGGACTTTACTCAAAATAATCATGATTCAA

TGGATGATATGATGAATGTAATGATGAAACGGGTAAGACAAAATCTTTTGCTTGCTCATAACTCATCT

CACTTGCTGAAACTTAAGTTTGACAATGCTTCATCTTCTATGCATTTGAAGCAGGAGCATAATGACATG

ATGCTTGAGGATGGAGAATTCGGATTGGATGCTTACTCTCTGGAGTCATGTCTGTGA 

 

>c1287 PoRR21 - Biblioteca LIB15042 

ATGGCAACTGATATGGCTGTCTCAGTTGAAATCCTTGAAAATACTGAGACATTTCCTACAGGT

TTCAGAATCATGATTGTGGACTCTGATCTTACAAGTCTTGCAATTACATCAACGATGCTTCGCA

GACAAAGTTACATTGGTAAGAACAATGTATGTTTCAGGTTCTTCTAGTGAGCAAACAACTGCTAGTTTA

TCAGACTTGAGTGTCGATTTTTAGCAACTTCTATCAGGACTTGCTCTGTACTGATAATTTGATTCTCTTGCT

TATTGCCTGCAGTAACAATTGCTAAACTGGCCACTGATGCAATTGATATTGTGAGGAAGCGGGC

AAATGAGCTCGATCTCATTCTGACAGAGGCTCGGTTACCTGATATGAACGGCTGTGAGCTCCT

TGAAATCATAGGAAAAATATCAGCTCTGCCTGTTGTTGGTAGCCTTCCTCATTCCACTTCGGCCATG

ATTCCTTTGCTCTAAGTTCTCCTATAATGTTTGTGTTTGATTATTGTATCATCCCGACTGCAGTTTTATCAG

CTGAGTACGACGAGAGTGCCATGTTAGGTAGCCTGCTTAGAGGGGCTGAGTTCTATCTGGTGA

AACCAATCTCAGGTTGTGATGTGAAACGCCTCTGGCAATTTTCCTACCCGAAAAAAGGAGAG

CCAACGTTGTCCATTGAAAGGATAAACAGCTCTCATCAAGTGGAATCACCTGAGGAGAATAG

GTCGAGTGAGGCTTCAGAGCGGGGGACATATTCAAGTACTGATGAGCAGAGCGAAGAAAATG

GAGAAAGAAACACAGTAGAAAAAGAAAAACCTGAGGAAGATAACCCTACCCTGACTATATCC

AAGAAACCCAAACTAGTTTGGACCAATGAACTGCAAAGAAGGTTTCTGGGAGCTGTCTGGTT

ACTAGGCCTTGATGGTAAGGAACTTGCAGCCTTAGGTTATGATTTTCCTATGATGTTTTCCTGTTGACAA

GAATGTTTCCTACTCTTCCCTTTTGACTTTACATCTTATTTAGAAGCTCAACCAAAGAAAATACTCAA

GCTTATGAAAGTCCCAGGGCTCACTAAGGAAAACATTTCAAGCCATTTACAGGTTTGTAGTGCC

TATGAAATATGAACCATTTCTCTATGCACGAGAAGCTGAAATGAAAATGTTGAATCCGCAGAAGCATCG

TCTTAAAGTAAGACGGCAGCGAGAAGCAAAGAAGAAGATCGTAATTACAAATTCCAAGCACC

CTTCAACTTCAACCTCCAGTTCACAAAGTGCAAAAACTTCTCATTTCCTGAACCCAGAATTGT

TGATGACAATGCATCAACAAGGACTCGGCAAGAATTTCAACGATCCCATATCCTTGCCAGGCT

TTGTTTCTGGGAATTTTCCCATGCATCTAGACTCACATCACAATGATTTTCCTATGCCTACTATT

GAGGAGAATCTCAATGATCCCATGAGTACTCGAGGCTTTGGATCTGGACATTTTACTGTGCATT

TAGATTCAAACCAAAGTAATGTGCCCTCTTTGCCTCCACAAAGCTATCAGCCGTACTCTGATCA

TGATGGAAGCAATATTTATCCCCAAGGCTTTCTCATGCAAAGAATGTCTCTCCCCAGTGGGGTA
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CCTCACAGTTCAGCCTGTACAGGAAACTGTCTTCAGCAGCAATTTCAGATGCCACAGCTTTCA

CCACTGCATCTTCCTTCCTTCCAGGAGCAAGAATCATTCACCCACATCCACAACCATCACTCC

CAAGAATTTCTCGCGCAACGGACGTCTCTTCCTAATGCTGTACCTCACAATCTCTCAACCTCCA

TAGGAAACTACAACCACCAGCAGCAACTTCAGACTCCACAACTCTCCCCACCGCCTATTCCTC

CTCCGCAGGAGCAAGAAACAAATGAACTGTTTGATGTTAAAGGAGGAGGTGTAGATGATATAT

TTGATTTCCTCAACAAGCCCACTCAACAACCCGATGACGAAGGGAATCATAATGACCCCAAC

GGCCATTTCCATTCAGGGTTTGGTAATTCACTTGCTTCTCTTCCTTCCCTCCATTCCTAA 
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Sequências genômicas dos genes relacionados ao metabolismo e resposta a 

giberelinas em formato fasta: 

 

>c213 PoGA2ox2 - Biblioteca LIB15042 

ATGGTCGTTCTATCACAGTTGACATTGGACCAATTTTCTTTAATCAAATCATGCAAGCCTGGT

GGTTTGTTCTCTGGGATCCCAGTGATAGACCTCAAAGACCCCGAAGCCAAGACCCTCATGGT

GAAGGCCTGCGAGGAGTTTGGATTCTTCAAGTTGGTCAATCATGGAGTGCCGTTGGAGTTCA

TGATCAAATTGGAAGCTCTTGCTGCCAACTTTTTTAACCTCCCTCAATCCGAGAAAAACAAA

GTTGGCCCTCCTGATCCTTTTGGCTATGGCAATAAGAGGATTGGGCCTAATGGCGATGTAGG

TTGGATTGAGTATCTCCTTCTAAACACCAAGCCTCAACTCACCTTCCAGGAATCTCTGTCCGT

TTTCCAGGATAACCCAGAAATCTTCCGGTAAGAAGTTAAACTAGCACATCGTCATTTTGGCTCCGG

TTGTCCTTCAACTTCTCAGGACGTTTCTTCCTCCTCTAACCGGGAATTACAATTTTGTCTTTAAAGTAATC

CCCTGTTTGGCATTTTCAAACAGGAACGTTGTTTTGCAGTTTGACGGTTTAAAACAAAGAACATTGTTTT

AGCAAAAGTTTACACTCTTTTACAGAGTCCACATATTGATTTAACTGACACGCTTCTCTTGTCTTATTCA

AAAAATGGCATAGCTCGGCCGTGGAGGATTATGTAACGGCAGTGAAAAATATGACTTTTGAA

GTGTTGGAACTGATGGCAGATGGGTTGGGAATTGCGCCTAGGAATGCGTTGAGCAGGATGTT

AAGGGATGAAAAAAGTGACTCATGCTTCAGGTTAAACTACTATCCACCCTGTCCGGAGCTGC

AAGCATTGAGTGGTCGAAGTTTGATTGGATTTGGGGAGCACACAGACCCACAGATAATATCT

GTTCTGAGATCTAACAACACAGCTGGTCTGCAAATCTGTCTCAGAGATGGGACTTGGGTTTC

AGTCCCACCTGATCAGACCTCCTTTTTCATAAATGTTGGCGATGTCTTGCAGGTATACCCTCTC

CTCTGTTCTCATTTTGTCTCAACAAAGCTTTCTTTACTTGTTTACTATTACCGTATGAATTCTCCAAGCAT

TCAATCTCCCTCCCGTCCTCCCCCCTCCTTCCCTCAGCAACACTTGCCAGTAAGTTTGAAAAATGCCTTT

AAATCCCCACTTGGTCCCACCTATGAGCAAACGTTTTGCCTGAATGCCTCACGACCAAATTCATAGATA

AACCACCGACTCACTGATCATATTCCTGATAAGCCCCAATTCAATATTGTCTCGTGGCTGCAGGTAATG

ACCAACGGAAGGTTTAGGAGTGTGAAGCACAGAGTTTTGACTGCCACCAAGAAATCACCGA

GGCTTTCCATGATCTATTTCGGTGGTCCACCTTTGCATGAAAGAATAGCACCTTTGCCCTCTC

TAGTGAACAAAGGGGAGAGAATCGTATACAAGGAGTTCACATGGGGGGACTACAAGAAGTC

TGTGTACAAGTCAAAGCTGGCTGATTACAGGCTTGGGCTGTTTGAGCAAAATACAGAGCAGT

AG 

 

>c307 PoGA2ox3 - Biblioteca LIB15042 

ATGGTCGTTCTCTCACAACCAGCTATATTAGACCAATTCTCCCTGATCAAATCATGCAGGCC

GAGTGGCTTGTTCTCGGGGATTCCTGTTATAGACATGAAAAAACCCGAAGCCAAGAGCCTCA

TAGTGAAGGCCTGTGAGGAGTTTGGATTCTTCAAGTTGGTAAATCATGGAGTCCCATTGGAG

TTCATGATCAAATTGGAGGCTCTGGCTGCCAACTTCTTTAACCTTCCTCAATCTGAGAAAGAC

AAGGCAGGCCCTCCCGACCCTTTTGGCTATGGCAGTAAGAGAATTGGGCCTAATGGCGATGT

TGGGTGGATTGAGTATCTCCTCCTCAACACCAACTCTCAAGTCACCTCCCACAAAACTCTGTC

CATTTTCCAGGATAACCCAGAAAACTTTCGGTAAGACTTTACACAAGCATCATCCTCTGTTCTCTC

TTCTCTCTTAAATTCCCTAGATGCCTCTTTCTATATACGGCCATAAAAAATACATTTTTGGAGCAATAGG

TGTTTAACCGTCTTAATCAAGGAAGATGATTTTGTATCAAACGTCCTCTTTCTCATAGGCAATGCATTTA

ACATAATTCTTCTTCTTTTTTTCGTCATTTTCGATTATGTAGCTCTGCGGTGGAAGATTATATATCGG

CGGCAAAAAGAATGACTTTCGAAGTTCTGGAATTGATGGCTGATGGGTTGGGGATTGAGCCC

AGGAACGTGTTGAGCAGGATGCTAAGGGATGAAAAGAGTGACTCATGCTTCAGGTTAAACT

ACTATCCACCCTACCCAGAGATGCAAGCACTGAGTGGTAGAAATTTGATTGGGTTTGGCGAG

CACACAGACCCACAGATAATATCTGTTCTAAGATCTAACAACACAACTGGTCTGCAAATCTG

TCTCAAAGATGGGACTTGGGTTTCAGTCCCACCTGATCAGACTTCCTTTTTCATTAATGTTGG

TGATGCCCTGCAGGTGCAGTTCATTCTCTGTTCTCCATTTTTCTCTCCCAGTTTACTTGTTACTATAAC

CATATGTTTTCATGTTTTTTTATTAAATTCTTCCTCTCGTTACTCCCATCTCCCTCCTCCCTCTCGCAACAG

TTTCTAGTAAGTTTAAAAAAGGCCTTTAAAAATCCTTGCAGGCCCCACGTAACTGTGAGCAGAGGTTTT

AGACAATTTTGTTTTGGGTTGAACTTTGAGTAAAAGTTTTACGTTCTAAAAAAAGAAAAATTCGAGGGC

CGACAAATGAAAAAGAAGGGAGGAGAATGTCTTTGGACGAAGGAGAAAAAGTAAAAAAGAAAAAAA

GAAAGAGCCACTTAATAGATAAACAAGCAGCTCATAGATGTTCCAGGAAAGTAAGAAATCGGGACAG
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AGCAGATTTTTTGTTCAAAATGCTTTATCCTGAACGTGTGTACTGCTAACGTGATAAAAAGCGACAGTT

GCCACATGTTATTTATGGTCTTTATTAAAGAAAGTTTTATGGTTTGCCTGCAGGTAATGACTAACGGA

AGGTTTAGGAGCGTGAAGCATAGGGTTTTGGCTGGCATGAAGAAGTCAAGGATTTCAATGA

TCTACTTTGGTGGTCCACCTTTGGATGAGAAAATAGCACCTTTACCCTCCCTGGCAATCAAA

GGAGAGGAGAGCTTATACAAGGAGTTCACATGGTGTGAATATAAGAAATCTGCATACAAGT

CAAGGCTTGCTGATTACAGGCTCGGAATGTTTGAGAAAGCCACAGGAAAATGA 

 

>c397 PoGA2ox4a - Biblioteca LIB15042 

ATGGTAGTGGCATCACCCACTCCAATCCGTAGTGAAAGGATCCAGGCCATCGAGCTGCCTGT

AATAGACCTTTCAGGTGAGAGACCAAAGGTGTCAAGTCTCATAGTAAAAGCCTGTGAAGAG

TATGGTTTCTTCAAGGTTATCAACCACGGTGTTCCTCAGGACATAATTGCCAAACTTGAACA

AGAAAGTATCAGCTTTTTTGCTAAATCATTCATGGAGAAAGAGCAAGCAGGGCCAGCCACTC

CCTTTGGTTATGGGTGCAAAAACATCGGCTTTAATGGTGATTTTGGAGAAGTTGAATATCTG

CTTCTTGACACCAAGCCTCATTCCATTGGTCAAAGGTTCGAAACCATCTCGAATGACCCCAA

AAAGTTCAGGTACTCATACTTGTTCTGTCTTGTAACATTTTTCTGCATTGTATCATCTATAATTTCACA

GGCTCTACTATCTTTGATCCCTCATTCCTGCTACCACCCCACCATATATATGCATTATTACTTGCATGATT

CTGCTTCGACCACCTCTACAAATATTCCAAACCTGTGACCAGTTCTTGTTCCCTTGGCACCACGGAATAT

GGCTCGTTCAAATACAAAAAAAAAAAAAAAAAAAAAAAAGTTTGAAGTCTTTTTGAAATGAGTTTGGT

GGTAACTCCTTTAGTGCTTGAAAACTTTCAAGCACTAAAGGAGTTACCACCTCAACATGTTAAAAACAA

AATACAAGTAATCTATTGAATCATTTCCTTGTTTCTGGGATGCAATACGTAGAGAAATAGAGGGATAAC

TAAATCACAGAAGCAAAATAGTGAGAAATTGGTATAAATCCTTGTGTGTTTTTTGGATAGCAATGTCGG

GACGTTTAGGAGTTAAAAAATGACAAAGTAAGGGTGTGGAGATTCATCAAGCACTGTTTGCTTGTATCA

ATGCAGGCGTGGGCCGCCTATGACAGCAGTATATCAGTGGTTTGCCAGGCTATGGCGACACTGCCGGC

ATCAATACTGGTGGCCGTATTTAAGTCCTTTAAGCTGATGTTATTGGATCATGAGATACAGTAGATGAT

AGTAAAATTAGCAACGAATCTGCTGGAGTCTAGCTGTACATTTGCAGTGTTCCTGCATAGTTTCTCAAG

AAAAAGGTTCCTTTCCCATTTGGAACCACACGATCCGTGATGGTTAAGAGTCAGTAGATAAGAATTAAC

TTTAGTGTTTGTTTCTTATAATGGATTCAACATTTTGGATTATTTTTATACTTGGAATGGAAGAAAGTTG

ATGAAATGGTAATTTATGATTGATTAGCGCTCAAGTAGTAGTTCTCTTCCCAACATGATTTGTCAGACA

GAGTATGCTTGCTCCTCCTGGTTAACATCAAAGGATTTAAATGAAAACGTGCCTAATTTAAAGTGAACA

TGATTCATTTTGTGTTCCAATATAGGAACCATAACCTCTGTGTTATCTATGTAGCTTGGAGAATTAGTTA

GCAAGAGCAAACAAAACAAAACAAAACAAAACACTTGAGTTTCTCATTAAAACACCGAACCCTGTCGA

TCGAGGGTGTCTGGATGAACTGTAAGATATGCTTATATAACACAGTTGTTATAGAGAGGATGTAATGAC

AACTTTTTGAAGCAAGATAGATTATTCTTTTTCCATGTTAACTAGTGTTTTCAAAAAAGGGAAAATGGT

AAGGGGCCATCAAATGAAAGTGAGAAAGAAAATGAGAGGTTTATCGAAGAGGATCCTAGGAATGAGA

AAGGAAAGAAGAGAGCAGCCCAAAACAAGAAAGGAACTGATGACTTTGCTGGGTTGTATGGCCGAAT

GAAGCAAAACAAAAATAATACTAAAAAGCAAGCAGTAAAAGTAGGAAAAGAAAAGCAGAGAAGCAA

GCTTGGGGGGGTAGTGTGAGGGTTAAATAAATACTGCCAGATTCTGATGATTGATGGTGTGATTTCTGA

TGATTTTGTATGACAGCTCTGCTGTGCATGGTTACATAGAAGCAGTTAGGTTGCTGGCATGTGA

GTTACTAGATCTGATGGCAGAAGGGTTGTGGGTCCCTGACACATCAGTGTTTAGTAACTTGA

TCATGGACGCGGATAGTGACTCCATCCTGAGGCTAAATCACTACCCACCTATGCCTGTACTG

TGCAAGGACAAGGACTCGTCACCTTCTTACAGTAGCAACAAGGTTGGGTTCGGGGAGCACTC

CGACCCTCAGATCTTGACCATCCTGAGATCCAACGACGTGGGTGGCCTTCAGATTTCCTTGA

ACAACGGTGTGTGGGTCCCAGTCACTCCAGACCCTACTGCCTTCTGCGTTAATGTGGGTGAC

GTGCTACAGGTTGGTGCACTTGTCAATCCCAATTTCCTATCCCACTATCCCACTATCCCACTATCCCTG

CCTGGTATAATGGTATTGTTTACACTGTTAATCCTCTCTTGCTTGCTGTGATCCTAACATTAAATATCACT

TGGAAAAAAACGAAAAATGAGATAAAATAGATTGATGGGAACTGACCCAAACTATAAGAATAGGAAT

CACCCGCTGCAGCTTTTGGGTCTTCAATGTCAGTTGGACCCCACATCAGTTCCTGTCCAATGAGAGTCTG

GGACTAATATTGAATGACTAACTGGGTTTCGTGAGGGTAGGGGACTGATACGTAACTGCCAAGTCGGG

CGACATTGCTCTTTCAGGTTGTGCTTTTGGAAGCTGACTTCAAATTATTGAAGAGAGAAAGAAAGAACA

TATATAATAATGCACCGTTACACACTATCTGAGTATCTGGGCCCAGGAGGCCGATGGGATTGCACAATC

ACGTGAGACTCTGCATAACTATTCGCTCTAATTGCTCCAGGAGGGAGAGGGAAAACATGCTAAAACCA

ACATTAAATCCTTGCCAGATATTGATTTTGGCTGTCAAGGTTTTCGTTTCTTTTAAAAAAAAATGTGTCG

TCATGCTCACCATAAATAGGGCCATGCCTCTGGAAAGCTTCCCCGGGAGCTGTTCTCCGGAACGCTTGA

TTTTGTGGATGAAACGTTTGTTTCAAGACAAGAATTAGGAAATTGAGAAAGATTCTTGTTTTGAAAAGC

AAAACACTGAAAAGGACTCGGATAGTGAATGGACGATGTAGGAAGCAATCGAAAGAATCATATGCAA

TCTAAATAGCACAACTACTTTTTCCTTTTTTCTTCCTCTTCCTTGCTGTCAATTCTATGCCAGCTTTGCTC
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ACTGTGACTTCTAATGTTGCTCGGTTTCTTCTGCATTGTCAAGGCGATGACAAATGGGAGATTTGTG

AGCGTAAGGCACAAAGCCTTGACCAACTCCTACAAGTCTAGGTTGTCAATGGCCTACTTCGC

TGCTCCACCTCCGCATGCAAGGATCAGTGCTCCATCAGATGCAGTTTCTCCACCGACTCCATC

CCTGTACAGGCCTTTCACTTGGGCCGAGTTCAAGAAGGCTGCTTACTCTTTACGGCTTGGGG

ACAGCCGCCTCGACCTATTCAGGATGCAAAATGATGGAAATGTTGCTTGA 

 

>c2737 PoGA2ox4b - Biblioteca LIB15042 

ATGGTGGTGGCATCTCCAACTCCAATTCGCAATGATAAAATCCAGGCCATTGAGCTGCCTGT

AATAGACCTTTCAGGTGAGAGATCAAAGGTGTCGAGTATGATAGTGAAAGCCTGTGAAGAA

TATGGTTTCTTCAAGGTTATCAACCATGGAGTTCCTCAGGAAACCATTGCTAAACTTGACCA

AGAAAGTATCAGCTTCTTTTCCAGGTCATTCAGGGAGAAAGAGCAGGCTGGGCCGGCTTGTC

CCTTCGGTTATGGGTGCAAAAACATTGGCTTTAATGGTGATTGTGGAGAAGTTGAATATCTT

CTTCTTAATGCTAATCCTCACTCCATTGCTCAAAGATCCAAAAACATCTCTTCCGAACCCAGA

AAGTTGAGGTACTGATATCACCTCTCCTCTCTTTATAACATTTTTTTCTTCTATTATTACATTGAAGATT

TCTTATGTTTTTGCCTTTTTTCTTTCATGTCTCGTCTCCAGCATGCTACTCTCTGCGTTTCCTCCCCCATTC

TAATAATTTGCATGATTTAGCTTAAGCCTCCTGTATGGCAGCTCTATGTTCTGCAGTTGGTCCACCACTT

GTTCATATTAAAAGGCACCCACTCGAATTTTGAACTCAGAATTTCTTATTCAAGACAAGAGGAGATGTT

ATCGTATTAAATTTCATTTATAAATTTTGGTAGTGTAAGAAAATGATTGGTTGGTGGTCCTAAGCAATG

GTCCATGCTTTGAAATGGGGGATCATAAATTCATAACAGAAGATAAATATGTATATTTAAATCATGTTT

TGTTATGATCATGAGTCTTCAATACAAGTGTAGGAAAACCAATCTGATGAGCGAGGGAATGGACTCTG

ATTCTGGTGGGAGGCCGGCAGGATGACCTGTTAGATAGGGTTGTTCATATCAGAGAGTGAATTGTATAT

TATGTTTTTGCTTTATGGAAAGGAAAAATGTAGAGCCATCCAAAAATGGAGAAAAAAGGCAGTCATGA

TTCACTGGCTTGTGTGGCCAAATGAAGCTAAGCAAAATAATGCTAAAAAAGCAGCCTGAAAAAGCAGA

AATGGGAAAGCTGAAAACGAAGCTGTGGTGTAAAGTATTCTTCTCTGCAACATTCTGATGATTGATGGT

GTGATCATTGATGGATTTTTTTTTTTTTGCTATGACAGCTCTGCTGTGTGTGGTTACGTAGAAGCAG

TCAGGGTGCTGGCATGTGAGTTACTAGATCTGATGGCAGAAGGGTTGTGGGTCCCTGACACA

TCAGTGTTTAGTAAATTGATAATGGACATGGAAAGTGACTCCATCCTGAGGATCAATCACTA

CCCACCTATGCCTCTTCTCTGCAAGGACAAGGACAAGGACTCAGCATCTTACAACTGCAACA

GGGTTGGGTTTGGGGAGCATTCAGACCCTCAGATCTTGACTATCCTCAGATCCAACGATGTG

GGCGGCCTACAGATTTCCTTAAACAACGGTCTGTGGGTTCCAGTCCCACCAGACTCCACTGC

CTTCTGCATTAATGTGGGTGACGTGCTACAGGTTGGTGCACTCCTCAATCCCCATCTCTTTAACCC

CGCTCTTGCCTTTTTGATTTGCTAATCCTTTCTTTGTTATAATCATCATCCATAATACCCGAGGGGTGTTA

TTGTAATCATCGTCGATAAAATCCGAGGGGTGTGATTGAATGGTTAATGAAAACTGATTGAAACTGAAG

GAATCACTGCAACTTTTTGTTCTTTGATGTCTGGTTAGAACCCCACATAGTTCCTGTCCTATGACTAAAC

TGGCTTGTTCAGGATTTGCCTGTAAGGAGAAAATGTAACCCGTGTGGCCGATGAGATTGCAGAATCTCT

GCACAGAAGTTGATATGACATAAACCATAGATTTTCTTCTCTGACAGAGATTTTTGATTCCTGTTAGCGA

AAGGGAAATTGATTTTTTATTATTTGCCTGTCATAGTTATGAGGTGCTGTCATTGCCGACCATGAATAGT

GTCTCTGTAGGGAACTGTTGTTTAGAAAGCTTGAAAATAATGGTGAAAATGAGGAAGATTCTTGTTTCG

AAAATGAAAAGCTGGCAAAACGACTCTGATAAAGAAAGGATGATGTGACATAGTGTTACGTCCATAGA

AGTTAGCCCACGAGACGAATTCTAGACCCGTGACACAAGGCTGACCTTGTGCCAGCTTTGCTCAGAGTG

CGGTGTCTAAATCCTAATCTGCTTCTGCCAATTTGTATTGCAGGCTATGACAAATGGGAGATTTGT

GAGTGTGAGGCACAAGGCCTTGACCAACTCGAACAAGTCTAGATTGTCCATGGCCTACTTTG

CTGCGCCACCCCTTCATGCAAAGATCAGCGCTCCAGCTGATATTGTTTCACCTCTCAGGCCTT

CCATGTACAGGCCTTTCACTTGGGGAGAGTTCAAGAAGGCTACTTATTCTCTGAGGCTAGGA

GACAGCCGCCTGCACCTGTTTAGGTTGCAGGCTGACGAGAATGAAGGTTAA 

 

>c1937 PoGA2ox6a - Biblioteca LIB15042 

ATGGTAGTGCCTCCCCCAACTCCAATTCGAACAATGAAACACAAGGCACTAGGGCTTCCAA

CTATTGATCTTTCTTTGAACAGGTCCACTGTGTCGGAGTTGATCGTGAAAGCCTGTGAAGATT

ATGGGTTCTTCAGAGTAGTAAATCATGGGGTTAAAATGGAAGTGACGGCACGACTGGAGGA

GGAAGGTGCTGAGTTCTTCGCAAAACCAGCTTCGGAGAAACAACGAGCTGGACCTGCATCT

CCCTTTGGTTATGGCTGCAAAAACATTGGCTTCAATGGTGATGCCGGAGACGTTGAGTACCT
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TCTCCTTCACACCGACGCCCTTTCCGTCTCCGAGAGATCCAAAGCCATTTCCAATGACCCTGA

AAAATTCAGGTACTAACACTCTGACACATTGTGTATCTTTGAACCGCTGCCTCAGATTCTTCTGTCAAG

TTCTAGATTATAGTTATGACAAAACATTTATGGAACCTCTTCAGCTCTTTTGGTTATATATTCAAACGGT

GACACAAGTGATGAACCATAGTCAATTTGCATTAAAGAGTACTCTAGACAAGGGGGTTTTTTTGGCTTT

TGTTCCTCCAATGTCAAACTGGCTTGCGGGGTTTATGCTCAGTTTGTGGCATGCTTGATTCATTTTTTTCC

CCAAATATTACTGTTTATTTGTTTAATATTATAACGGTTACACATTTAAAACAACTTCGGATGGCACTTT

GGACGGTGGATAATTGTTTATTACAAAACGTTTGGTATACTAGACATACTGAAAAAGACGTATTTCCGG

TACGAAAGAAGAACGGACCAGAAAACACCTAAAACAAGTGACTCCGGAGTCCTTACACTTTCTTGTCC

CTTGTTGGTTCTGTCCTAAGCAGATGCTCCGTTTATGTGAAGGATAGTTCAACCATAGTTATACCCATAT

GTTATTCGTTTCTTTTTTCCTTTTTTTTTTTTCTAGCATATGTTATTCCTGTTCATGTCATAATAACTCAGC

AAGTCAGCACCGTCGTCTGGACACGGTTTGTTTCTTTTAAGTCTTGCTAGCTAGGTCCCATTCGACAACA

TAATAATCCATTTAGGAACTACTAAGTATTGACGTAACCTATAACAAGATACTCTAATGTCATTATCAA

GCGGTTCTGAGACAAAAATATTATTAACGTGTGTAGATTTCATGACTCTTAACATTAGATATCCATATAT

GCTACTAGTTCCCTGTAATAAAACAACCCTCTTCAAAATTTAATTGCGTCGTGGTATGATAATGATTTCT

AATACCAACCAAGGAAATCGTGATTTAAATGGAAAAAATAACGTTTATGTTGTTGCTAATTAACCTCAG

AAATTACAACGTATCTAGGAGTTTTCTTTTCCTATTTTATAGGCCGAACATCCTCGTCTAAGTTAGTGTT

TGATTTCGAAGACTGAGTGGGTTTTGTCCATAGCCTAATCGCTACGCTGGAAGACACGGAGTGCATTAG

AGAAGAGAAAGACAGCATGCAAATCTCCAACAACATATGTCAAATGTGTGAAACTCTGTCATCTTTATA

TTATTGCACCGAGAACTAGCCCGAAGAAAAAAAAAGAAAAAAAAGCCAAGGACAATTTTCTAAAATTA

CGTCTTTTTTCCTAATATTTTTTAGTGTTTTTAGCAGTTCTGCCGCGAATGATTATATACATGCGGT

AAAGGAGTTAGCATGTGAGATTCTTGATCTGGCCGCGGAAGGGTTGTGGGTTCAAGACAAG

GATGCGTTGAGTAGGCTAATCAGAGACGTCCATAGCGATTCAGTGGTAAGGCTTAATCACTA

TCCTGCGGCCAAAGAAATGATGGATGGAGACTCATCAACAAAAAGAATAGGTTTTGGTGAG

CATTCTGACCCTCAGATCTTGACCGTCTTAAGATCCAACGATGTTGCTGGCCTAGAGATATG

CTTACACGATGGTGTGTGGTTCCCCGTCCCACCCGACCCCACTGCATTCTACGTGCTCGTCGG

TGATCTCTTGGAGGTCGCAATCTGTCCTTAATCACATATTAATTAATTGTAAGTGTCTTTTCCAAAAG

TGGTGATTAATGCTTTGTTCTTTTATCTTGGCAAGTGCAGGTCTTAACGAACGGGAGGTTTACGAGC

GTGAGACACAGAGCATTGCCAAGCTTTCTCAAGTCAAGGTTGTCGATGATCTATTTTGGGGC

ACCTCCTTTAAATACCTGGATCTCTCCTCTCCCTGAGATGGTCTCACCCCAATGTCCTCGTCA

GTATAAGCCCTTCACTTGGAGTGATTACAAGAAAGCTGCCTATTCTTTAAGATTGGGGGATA

CACGTATTGAACTCTTCAGGATTTGTGACAAGTGA 

 

>c2547 PoGA2ox6b - Biblioteca LIB15042 

ATGGTAGTGCCTTCGCCGACTCACATACGAACCAAAAAGACCAAGGCATTAGGGATTCCGA

CTGTCGATCTTTCTCTGAACAGGTCAACTGTGTCGGAGTTGATCGTCAAAGCCTGTGGAGAG

TATGGGTTCTTCAGAGTTGTAAACCACGGGATCAAAACGGAGGTGACGGCTCGACTGGAGG

ATGAAGGTACTGAGTTTTTCGCAAAATCAGCCATGGAGAAGCAACGAGCTGGGACTGCTAC

TTCTTTTGGTTATGGCTGCAAAAACATTGGCCTCAATGGTGACATGGGTGAGATTGAATACC

TTCTCCTCCACACCAACCCTCATTCCATTTCCGAGAGATCCAAAACCATCTCCAATAACCCTA

CAAAATTCAGGTACCGCCTCTGCTCATATCGAACTTCTTCTTCTTCTGCAGAAACTTCTGCTTCTTCCA

CCCTTTCTACTTCTTCTGGGCTTTTCTATATTAAAATTCTGACAAAACATTCACTACATAGCTATTCAACT

CTATTCATAACACATTCATCAAAGACAAGAAGGTGGCAAAAGTAATTATAAGTGTCTTCTGGGTTTCTG

GGTTCTGTTTCTTCAATGTCATACCTGCTGGGTCGCTCGAGAGGGTATTCCTCAGTTTATGGCGTCCTTG

ATCCATCTTGAAACATATTTTTTATTAACTACGAAAACGAAACGGTGGGAAACAGTGTCCACTGTTAAC

ACTTGGATTAATTTTATTTTTTTAAAACATTTTCTTTCCAAAATAATAAGGTTTGTTTTCGTATATATATT

TTTCATCTATTTTCTCTTGTTATACATTAAGCAACCGATATTCTATATCTTAAATAAATCAAATATTCTTT

GTTCCTGTACATTTATCACGAGTGAGTTGATGCCTCTTTAATTTGAGAGAGAAAATACTTTGCTTAGCCT

TATGTACATGTCAGCAAGAAGTAGCAACACGGCATGTTCCTTAAAATCTGTCTTGGCCCCATTCAACAG

CATAACCTAACAAGATATTCAAATGTCACTATCAGGCAGTTTTAGTAAAATATTTAGCAGAAAAATAAA

AAGGAATATTAGATAATATGTTTATTTATTATATATATATATATAGAGAGAGAGAGAGAGATATTTTTT

TCTGGAATAAAATAATAGACAGCATGAATTTTGTCCCTAGCATGCCCTAATGGCTACCCACAAGATACC

AATTACATTAGACAAGCGAAAGACAATATGAGAATTAAAGGAGAATATGTCCGCTGCGTCGGGCCCCC

ACGTGAAGCTGTAATATCCGACATTTTTAATTTTTTTTAGAAAAACCGAAATCTAATTACTAAAAGCCC

ATTTTTTTCACGTTTGTTGGGTTCTGGCATGAACCAGTATCATTGCTTGCATGAAGATAAAGAAATAGCT

ATAATTATAATTTCACAATCAAATCAAGAAAAAAATTGGAAAAAGACATAAGAAAAAGGTTGCGGGGT
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GTTTATGTGTTCCCTGACGGTTTTGTTATAACGATTTTGCAGTTGTGTTGTGAATGATTACATACAA

GAGGTCAGGGAATTGGCATGTGAGATTCTTGATCTAGCAGCTGAAGGATTGTGGGTCCAAG

ACAAGCACGCTTTCAGTCGGCTAATCAGAGACGTCCAAAGCGATTCCGTGATCAGGATTAAT

CACTATCCGTCGGTCAAAGAGGCAATGGATTGGGACCCATCACCTAAAAGGATTGGATTCG

GGGAGCATTCCGACCCTCAGATCGTGACCATCTTGCGATCCAACGATGTTCCGGGCCTTGAG

ATATGCATGCACGATGGCCTGTGGGTCTCCGTCCCTCCCGACCCCACCGCGTTCTACGTACTT

GTCGGAGATGTCTTGGAGGTTCGTAATCATTGTGTTATTACATAATCTTCGTCTTAGTCTAATTAACT

CGACTTTTTCTATTCTTAACAAAGTTTCTATCTTGGGCAAGTGCAGGTCTTAACGAACGGGAGGTTT

CCGAGCGTGAGACACAGGGCAATGGCAAATTCTCGGAGGTCAAGAATGTCAATGATGTACT

TTGGGGCACCTCCGTTAAATGCACGGATATCTCCTCACCCAGAAATGGTCTCCTCTGGAAGT

CCCATTCTTTACAAGGCCTTCACCTGGAGTGATTACAAGAAAGCTGCATACGCTCTAAGATT

AGGGGACACCCGTCTCGACTTCTTCAAGATTCCTAACCAGTGA 

 

>c4764 PoGA2ox7 - Biblioteca LIB15042 

ATGGCGGTCAATCCTCCATTCCAGGATGCATGCAAGATCCTTACAAAGGACTCTTATGCAAA

AGACGATAAGTTCTTCGTGGTCCAAGAATGCGACCTGCCTATCATAAACCTCAGTCGTTTAA

CTTTAGGACAGAAAGAGAGAGATTCGTGCATGAAAGAGCTGGCTGAAGCAGCACGTGAATG

GGGATTCTTTCAAGTCATCAATCACGGGGTTCCACGAGAGGTCTTGAAGAGAATGCTGCGAA

AGCAAAAGAAGGTGTTTCACCAACCATTCAAGAAGAAGGTTGATTACAAGTTCTTGAATTTA

CCAGGCACTAGTTACCGCTGGGGGAACCCTAAAGCTGCTTGTTTGAGCCAGTTCTCTTGGTC

AGAAGCCTTCCACATACCTGTTACAGATATTTCAAGAATGAAAGAGTACGAAAATCTCAGGT

TCCTTCCACATCACTGACTCTACTACTTGCACATATATATATATATATATATATATTTGAAATAATGTCC

ATATAATGCTAGAATATACACAAGATGTATATATAGTTGATAGGTTTTTTTTTCTTTTGAAAGATGATAG

GGGTTACTTAGTTGTCTCAGACCCAATAGCCACTTCTGTACTTGCTCCTCCACTGCGCTGCGCTACCGTA

GCTTCTTTCTTGTATGTGCCATACTGTTCATTCATGGTGAACCATACACATGTGAGGACACTTTGTGGTT

ACAACTGATTAGGATTTTGAGTGTAGCAGAAATTAAGATGTGATCCTCCCCACCCAAAGATTTCGGTCG

GGAGACAGACAGAAGCTCAACACTGTTGGGCCCTGCCTGCCCCTTGGGCTTTGGACTTGGTACTTTGTC

TCCGTATCTTGTTCCAACCGATCGTGACGGATGTTCCTTTCGAATTTTTGAAAGTCCATTAGAGGGAATA

ATCTTCTAGATACAACAAAAGTCTTTCCCGATCTTATTTCTTAATAATATTTTTAATACAAATTGATGAT

ACTCTTACTCTATAAAATAGTTTTAAGACATATGATTCATGTTTAGTGTGAATAGAAAATAAACCATAA

AATAAAAGAATGCTTTTTTCAATGTTTTTGCTGCTAAAATATTGGTGCAGATCGGCCATCCAAGCATT

TACAAAAGCGGCTGCCATACTGGCTCAAAGTTTAGCTGAAAGTTTGGCTCGGCAACTGGGGG

TGAGGACCCGCTTCTTTGCAGAAAATTGTGCCCCAAGCAACAGTTATCTCCGGATGAACAGA

TATCCACCTTGCCCGCTCTCTTCCATCGTCTACGGACTGGTGCCTCACACTGACAGTGCTTTC

CTGTCCATATTGTATGAGGACCAAGTTGGAGGGTTGCAACTTAGAAAAAATGGAACTTGGCT

AAGTGTTAGGCCTAACCCCGACGCTCTAATAATCAACATTGGAGACTTATTCCAGGTAAAGCC

TGAGATAGATAGATAGATATATATATATTTATGATTGCACTTCAAATGTCCAGTTTGGTTTAATTCATTT

TGTGATTTTGCTGGTATTTGTTTGTGTGACTAAATGTATGTACAGGCCTTCAGCAACGATGCTTACA

AGAGCATTGAACACAGAGTGGTTGCTTCTCGGGAGGTGGAAAGGTTTACAGTAGCATACTTC

TACTGCCCTGCTAATGATGCTGTAGTACAGAGCTGCAGAAAGCCTGCAGTGTATAGAAAGTT

TAGTTTCAAAGAGTATAGGCAGCAAATCCTCAAGGATATTGAAGCCACAGGAGATAAAGTT

GGACTCTCCAGGTTCCTGAACTGA 

 

>c271 PoGA2ox8 - Biblioteca LIB15042 

ATGGAGGAGAAGCCGGAGGTGGAGGAATGCCCGCTCCCATTGATAGACCTCAAGCATCTAA

GCAGTGGGGATGACACTGAGAGAGCAACTTGTGCAGCTGCAATATGCAGTGCTTCAGCTGA

GTGGGGATTCTTCCAGGTGGTGAACCATGGCATAAGTCCCCAGATACTTGGGAAGATGAGG

AAAGAACAGGTCAAGTTATTCCAAACCCCTTACCAGACCAAGGCTTCTTGTGGGCTTTTGGA

CAACTCTTACAGATGGGGAAACCCTACAGCTACATCCCAACACCATTTCTCTTGGTCTGAGG

CTTTCCACTTCCCTCTTACGAAAATCTCTGACCAAACTTGCTATGGCCATGAGTTCACCTCGT

TAAGGTAAACAATACAGTAATGCTCAGTTCTCACTCGTCCTTACACATTCCTTCTCTTCCTTCTTATCCA

AAACTTGCACTAAAAAAGTGTTGGCTCCACTCACTATTAGATGTGTTGGTATCCGTTTTGACTAAGCTA
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ATTATCTCTAATACTCATCATTATCCTCAATAGGTAGTTGTGATTAGTGATCTACATATGCTTATCTATCT

CCCTCCTCTCTACCCTCCATTAATCCGTTTGAAGAAATTTAAAAATAAAAACAAAATAAAATTTAAAAC

AACTTTTCAAACCTTTCTCAGGTGAAGACATGAAGTAATGATGGTTGATTAAAGAAAGAATTTCGGGTT

ATATATTAAATTCTTCGACACTTGCACTTTCATGCTGCACCTTCTGCACCGAGTCATCCCCTTTCAAGTC

GCCCTCCCACTTGTGTTGCCTTTTTCTTTTCCTTCTCTTGACTGGTAACTGCTGTGCCTGTCCATATCTGG

ACAATTTGATGGACAAAATTGAAGGATCGGCTTACTATATATTGATACCTTCTGTCAATAGGGACGTA

TTGGTGGAATTCGCAGCTGCAATGTCAAGGCTAGCAAGGTTGCTCGCAGGAATCCTGGCAGA

GAATTTAGGTCATCCGAGGGAAGCGTTTGGGAATGTTTGTCATGAAAACAACTGCTTTCTTA

GGTTGAATCGGTACCCAGCCTGTCCAATATCTTCTGACATCTTCGGGTTAATTCCCCACACGG

ATAGTGATTTTCTAACAATCCTTCATCAAGATCAAGTTGGTGGGCTTCAACTTCTCAAGGATT

CCAAATGGGTAGCTGTCAAGCCTAATCAAGAAGCTCTTATAGTCAACATTGGAGATCTTTTC

CAGGTATATGTACATCCATATAAACAGCATATATACTATGGTAAAGAAAAACCCTTTTCTTAATTTTCC

AGTATTAGAAACCACATAAAAAAACACTGACTTGTTCCCCTTGCTGGCCTAGCCTCGTGTACGTCACTT

TGTAAAGTTGTTAGCTTTGATGTCACTGCCTAGGTAGATAGTATAGAAAATAGAGATCAACTGAATGGA

GCCCTAGCTAGGTAGGTATGCGTTTATATATATCTTATTGTGAGGGTGGTCAAATGGCATGCAGGCTTG

GAGCAATGATGTTTACAAGAGCGTGGAGCACAAGGTGATAGCTAACACAGTAAGGGAAAGA

TATTCAATTGCCTACTTCCTCTGCCCTTCTCATGACTCATTGATCGGGAGTAGCAGAGAGCCT

TCCATATACAGAAAATTCACTTTTGGAGAATACAGGACCCAAGTTCAAGAAGACGTCAAGA

GAAATGGTCACAAAATAGGCCTTCCAAGATTCCTACTTTAA 

 

>c2081 PoGA3ox1 - Biblioteca LIB15042 

ATGCCTTCAAGATTGAGTGACGCTTTTAGAGCCCACCCTGTCAATATCCACCAAAAGCACCTG

GACTTCACCTCTCTCCAAGAACTACCAGACTCGTTCAAATGGACTCAACTCGATGACCACCCT

TCCGGTGACTTGTTAATCTCTGAATCCGTGCCGGTTGTTGACCTTTTACACCCGAATGCCCTTC

AAAATATAGGGAGTGCGTGCAAAACGTGGGGTGTGTTTCAAGTCGTAAACCATGGCATACCTA

GTAGCCTTTTGGATAGTATTGAGAGTACTAGTAAAAGCCTATTTTCTTTACCAATCCACCAAAA

GCTCAAAGCAGTTAGATCCCCGGATGGCGTATCAGGATATGGTTTTGCAAGAATTTCTTCGTTT

TTCTCTAAACTTATGTGGTCTGAAGGATTCACCATAGTCGGATCTCCACTCGAGCACTTCCGCC

AACTTTGGCCTCATGATTTCTCCCAACTCTGGTATTTTTACACGCTCATGCACGTTCAAAAACTCATT

TGATTCTAGTGTCAATAGTCGTGCGAGAACATGCACACACTTTTCGTTTTGTCTTTGGTGATCAAACTTTG

TGGCAAACCCCATTTGCTTTTTTGTAAATGCAATTTAGAAAAGATAACACTGAAAGCTGACCCACTGACA

AGATTTGGCCTGATGCTAATCAACTTACGGAATCCACTCGAAATCATCCTTACTTTTGCATAGTGCTTTCTT

CTTTTATTCCTTTTGCAAAATTAACGGAATCACTGATTTACCTTGGTTTTTTTTTCTCTTTCCAGTGACATA

ATTGAAGAATACGAAAAACAGATGCAGAAGCTAGCCGGGAGGTTGATGTGGTTAATGCTTGC

TTCACTGGGCATAAGCAAAGAGGACCTCAACTGGGCTTGCCCAAAAGCTGAATCCAGACATG

GTTCTGCAGCCTTACAGATGAACTACTATCCGGTTTGTCCAGACCCGGATAAGGCCATGGGTC

TTGCCGCCCACACAGACTCCACCCTCCTCACCATTCTCTACCAGAATAGTACTAGTGGGTTGC

AAGTCCTGAAAGAGGGAACCGGGTGGGTCACTGTTCCACCAATCCCAGGCGGGCTTGTTATC

AATGTAGGGGATCTTCTCCACATCTTGTCGAATGGGTTGTATCCGAGTGTGCTCCATCGTGCAG

TGGTTAACCGGACCAAGCAAAGATTATCAGTAGCCTATCTCTACGGGCCACCATCTAGTGTCC

AAATATCACCCTTATCAAAGTTAGTAGGCCCAAGTCAACCTCCCCTCTACCGGTCAGTGACGT

GGAACGAATACCTTGGCACCAAAGCCAAGCATTTCAATAAAGCTCTATCATGCGTGAGAGTGT

GCGCTCTCCTAAATGGACTGGTTGATGTAAATGATAACAATAGGGTAAAGGTTGGCTAA  

 

>c2205 PoGA3ox2 - Biblioteca LIB15042 

ATGCCTTCAAGATTGAACGAAGTTTTCAGGGCCCACCCCGTCCATATCCACCAGAAACACCTG

GACTTTGCTTCTCTCCGGGAAGTTCCTGACTCGTTCAAATGGACTCAACCAGATGAGCCTCCT

TCTGGTGGTGAGTCGTTCGTCTCCGAATCCGTGCCGATTATTGACCTCTTGCACCCGAATGCC

GTTGAGAATATAGGATACGCATGCAAAACGTGGGGTGTGTTTCAAGTCACAAACCATGGTGTA

CCCACTAGCCTTCTGGATGGTATAGAGAGTACGAGTAAAAGTTTATTCTCTTTACCTATCAACC

AAAAGCTGCGAGCAGCAAGATCAGCAGATGGGGTTTCGGGATATGGTTTTGCCAGAATTTCTT

CGTTTTTCTCCAAGCTTATGTGGTCTGAAGGGTTCACCATAGCTGGATCCCCAGTCGAGCATTT
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TCGCCAACTCTGGCCACAAGATTACTCCAAATTCTGGTACTCTTAAACGCTGGTGCACGAGCAAAA

ACCCATTAAAATAACTTTACGTACAGTGAGTGGTAGTCTGAGAAAATGGTTGTTCCACTCTTTGTTTTGTC

TTTGGTGATCAAAACTTTGTGGCAAGCCCCATTTGCTTTTGTTAATGCAATCAGAAAAGATAACACACTTA

AAAAGCTAAGGACCCGCAGGCATGATTGGCTCTGATGCTTATCAACCAGCGAAGTCCATTCGCCATCATT

TTTTACCATCTGGCAGTGCTTTCTTCTTTTAGTCCTTTCTCAAAGGTAAGGATTGCTGATGTTTCTGTTCCC

TGTCCATCTTTCCAGTGCCATAATTGAGGAGTACGAGCAAGAGATGCAAAAGCTAGCCGGGAAT

TTGATGTGGTTGATGCTGGACTCATTGGGCATAAGCAAGGAGGACCTAAGCTGGGCTGGGCC

GAAACATTCCAAAGGTGAACCCAAAGAGGGTCGTGCAGCTTTGCAATTCAATTACTACCCGG

CTTGTCCCGACCCGGATAAAGCCATGGGTCTTGCTGCGCATACTGACTCCACTCTCCTCACCAT

ACTCTACCAGAACGGTATTAGTGGATTGCAAGTCCTGAGGGAGGGGACTGGGTGGGTCACTG

TCCCCCCTATCAAGGGTGGGCTGGTTATCAACGTAGGCGATCTTCTCCACATCTTATCAAATGG

GTTGTACCCGAGTGTGCTCCATCGGGCAGTGGTTAACCGGACCAAGCAAAGGTTATCCATCGC

ATATCTGTATGGGCCACCATCATGTGTTAAGATATCACCGTTATCAAAACTAGTTGGCCCAAGT

CAACCTCCTCTTTACCGGTCAGTCACTTGGAACGAATACCTCGGGACCAAAGCTGAGCATTTC

GATAAAGCACTGTCTAAATGGACCCTAGTTGATGTAAATGATCAAAATAGAGTAGAGGTTGGC

TGA 

 

>c585 PoGA3ox3 - Biblioteca LIB15042 

ATGGCTTCCATCTCAGAATCTTACAAGAACAGTCCCATCTCCATCGACCACATCATCCCCAT

GGACTTCAAGAATGTCCTGAAACTACCCACCTCGCACACATGGACGCCCTCCCCGACCCTTT

CTAGCCCATCAAGTTGCGAATCTGTCCCCATAATAGACCTTGCTCACCCTCATGCACTTGCAC

TCATAAGGAAGGCCAGTGAGGAATGGGGCATGTTTCAGGTTACGAACCATGGCATTCCTACC

AACCTGCTCACAGATGTTGAACTCCAAGCCAGAAAATTATTCGAATTACCTGCTAGCCAGAA

ACTCCTTGCCGTCCGATCACCGGAGGGGATTGCAGGTTATGGCAAGGCACACATATCCCCTC

TTTTTCCTAAACAAATGTGGCAAGAAGGGTTCACCATGGTCGGTTCTCCAGCTCAACATGCT

AGACTACTTTGGCCACATGATCAGGAGCACATCAGATTCTGGTAAGTTTGGAATAATTCAATGA

TACAATAATATATTTTCGATGGAAATAGCGATTTCTTCTTCTTGGGTAACCTCCTGGTAAAGTGCACATT

GGCATGCACAGAAAAGAACACTGATTTTTTGTTTGTATTTACATTGGTTCATTGCCACGCCTGCAGTCAA

CAGTCATTGATCTGGAAGGGTAGGTTTGTGGTAGGGGTGCTGTTCTGTTGGTTCTTTGACCCATTTCGTT

ATTATCTATGGGGAATTGTAATGGTGCTGATTAAAGGTGAGGCATGGCGTGAAGTGGGGTTTGAGCAA

CTAAGCACAACCCGAAAGCGACAAACGTTAGGGTAAAAATGAAAATCAGAACCAAATGGATGGAACC

ATGCACTGCCTTTCACGTAGCTTTACATGGTCAAAATCCCAACAGTAGTTTTTTGGTTGGGATGATCTTC

CATGATGAAACAGGACCCGGGTGCATCGTTTACCTATTTTGAATATAGCCAAAGCCTAAAGACAAGAG

TGCCTCCAAATTTAAATAATTGACTAAAATCTCTCTCCTACTGTTTGTTTCTACTTGTCAGCTTAGTATAA

ATAACCACCCTATTGTCTTGCACCATGTTTTAACTTTTTGTTCTTCATGAAGCAACGTGATGGAGGAG

TATCAGAAGGCAATAAAGGCTCTGAGTGAGAGGATAATTGGGCTGATGCTCAAGTCACTGG

GTCTGACCCAAGATGATGCAAAGTGGTTAAAGTCCACGAGTGCTAGCAAAACTTCACAGGC

GCTTCTACAATTAAACTCCTATCCTGTATGCCCTGATCCTGGCCATGCCATTGGCTTTGCTGC

ACATACCGATTCCTCAATGGTCACTTTACTATACCAAGGCAATATCACAGGCCTGCAAGTTC

TGGGAAAGAATGGTATATGGGTGCCTGTGCAGCCCTTGCCTGGCGCACTTGTTGTCAACGTT

GGTGACTTGATGCACATAATCTCCAACGGCAGGTTCAAGAGTGCCTTACACCAAGCTGTTGT

GAACCAGACCCATCATCGTATATCAGTTGCGTACTTCTACGGACCACCAAGGGATGCCAAGG

TATCACCATCAACGAAGCTGGTGGACGCTGATCATCCTCAGCTATATCGTCCCGTGACATGG

AAAGATTATCTTGACGCCAAGAAAACTTATTTCAACAAGGCCTTGGAGTTTATCAAATATGA

TTCGTGCGACAAAGGAATGCAATAG 

 

>c102 PoGA3ox5 - Biblioteca LIB15042 

ATGGGGACTACCTTTTCTGAAGAATCTAACAATGATCTGCACCCTCTCCACCCCCACCATGCTA

TACCCTTAGATTTCCATTCGGTCCAGACCTTGCCGGACTCCCATATCTGGCCAAAATTCGGAGA

CTCCGAACAGTCCGATGACCTACTGTGCGTACCGTTGATCGACCTCAGGTTTCCTGATGCCGC

GGATCAAATAGAGCGGGCGTGTGAAACATGGGGCGTGTTCCAGGTCATAAATCACGGCGTTC

CATTGAACCTACTGCAGGAAGTCGAGGCTGAGGCTAGATCACTCTTTTCTCTTCCTCTCGGAC
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AGAAATTGAAAGCCTCCAGGCTCCCTAATTCTGTAGCTGGGTATGGAATAGCTCCGATATCGCC

ATTCTTTAACAAATGTATGTGGCATGAAGGGTTTACCATCAGAGGATCTCCGGTTGATCATGCC

AGAAGACTTTGGCCCCAGAACTACCGTTCCTTTTGGTAAGTCCATGCACTTCCATGCACGTCGTGA

AACGTATAATTATCTGTTAACCAGGTAGGAAATTTTGGGTAGTCTTTTGGCAGAAAACCAGATTTTGTCTA

ATTATGTTTATCAGATTTTGTATTTCCATCACAATAGCTATAGCTAAGCAGGTTTTGTTACTATTAACACCAT

TTCTACATTATTTTATAATAAAAAATATATCCGTGACATTAATTTTTCATTAGATTTTGATGTAAACGGAAAA

TTAATTTAAGTTTTTTTTTTATGTTGGGTCTGATATTGTATATATATAAAGTATCATCATGTTTTTATGGACAA

ATCAAATAAATGATAAACCCAAGGTATTTGGTTAAATAGGATGATTCATTTTTATCAAAAATCGATTTTTGA

ATTTGGATATAAAAAACCTTAAAATAAACCAAAAAAATACTTAAATAAGAGCACACGGTTAAAAGCTTCT

TTGACAACTCTGAATCCAGGATTGCTTCCTGTTTGGAAATTAAACTGGCTCATATTATAATCTCTTGTTTTT

TTCCTATAATTTGACAATAATCGCAGTGATGTGATTGAGGACTATCAGAAGAAAATGAAAGAACTG

GCTAAAACCCTGGTGCACACAGTACTCAAGTTCGTGGGGATATCTGAAGAAGGGATAAACCG

GTTATTGTCAACTGAAGGTGCAAGCACCGCTCTGCAATTGAACTCGTATCCACTCTGTCCTGA

CCCCAATAGAGCCATGGGTCTAGCCCCTCACATGGACACCTCGCTCGTGACTATACTCCACCA

GAGTGGCACAAGGGGCCTACAAATCTTCAAAGAGGGAGTTGGGTGGGTGGGGGTACGCCCC

ATTAATGGAGCTCTCGTGGTCAATGTCGGAGACTTCTTGCATATTCTTTCGAATGCAAGGTTTC

CTAGTGTGCTTCACCGCGTGGTAATGAAAGAGACCAAACAAAGGTTGTCCGTGGCATATTTCT

TTAGTCCGCCGTCTGATTTTCTTGTCTCTCCTCTTGGTTTGAACTCTGGCCATATTCCGAAATAC

CGTTCAATATCCGTGGGAGAGTATCTCAGGATTAAGGCCAATAATCCTGAGACAGCTCTTTCTC

AGATTAGAATCTAG 

 

>c239 PoGA20ox1 - Biblioteca LIB15042 

ATGGCAGTTGACTGCACCAAAACCATCCCATCAATGGCAGCCTATCACCAACATCCAAAAGAT

GACCGCCAAGAAGGCAGAAATCAGCTAGTTTTCGATGCCAAAGTGCTTAGGCACCAACAGAA

CATACCCCAGCAGTTCATCTGGCCCGAGGATGAGAAGCCATGCGCGAATGTGCCAGAGCTCC

AAGTTCCACTCATAGATTTAGGTGACTTCCTCTCTGGCGACCCTGTCGCTGCAAGGGAAGCTT

CAAGGCTAGTTGGTGAGGCATGTGAGAAGCATGGCTTCTTTCTTGTTGTTAATCATGGAGTAG

ATAAAACTCTCATTGCTGATGCCCATCGATACATGGACAACTTCTTTGAGCTGCCACTCTGTGT

AAAGCAAAAGGCTCGGAGGAAACTTGGTGAGTCGTGTGGATACGCCAGTAGCTTCACCGGA

AGGTTTTCCTCCAAGCTACCCTGGAAAGAAACGCTCTCCTTTTGCTACTCAGCTGAAGACAAC

TCATCGAGACATATCCAGGAATACTTTCACAACACAATGGGCGAAGAATTTGAAGAATTCGGG

CAAGCACACGAACTTGCGTATATTTTTCTATTTCTCCACTGCTGCATATTGTTTTCATCAAAGACTAAAATT

TGTGCTCTTGTTTTTCACCAGGACGGTGTATCAGGACTATTGCGAGTCCATGAGCACTCTGTCACT

CGGAATCATGGAGCTCCTGGGAATGAGCCTTGGCGTGAGTAGAGCTTATTTCAGGGAGTTCTT

CGAAGAGAACGAATCCATAATGAGGCTAAACTACTATCCTCCCTGTCTAAAACCTGACCTCAC

TTTAGGAACTGGTCCCCATTGTGATCCAACATCCTTAACTATCCTTCACCAAGACCAAGTGGG

TGGTCTTCAGGTGTTTGTAGACAACGAATGGCGTTCCATTAATCCAAATTTCGATGCGTTTGTC

GTTAACATTGGTGATACCTTCATGGTAAGTCGCTTGATTTCCCAAAGCGTGGTAACAAATGACGGGCA

CCTTAATATGTTTTTTACTGATTGATGTTGATTTGTTGGGCTCTAAAATTCGTTTGCAATTCCAGGCACTTT

CAAATGGCAAATACAAGAGTTGTTTGCACCGAGCAGTGGTTAACAGCGAGAGCCCACGCAAA

TCTCTGGCTTTCTTTCTGTGTCCAAGAAACGATAAGATGGTAACTCCACCAGGTGAATTGGTG

GACACATGTAACCCAAGAGTGTACCCTGATTTTACATGGCCTACACTGCTTGAATTCACGCAG

AAGCATTACAGGGCGGACATGAAAACTCTTGAGATGTTCGCGAAATGGTTGCAACAGAGAGA

AGTTGAATAA 

 

>c6521 PoGA20ox2 - Biblioteca LIB15042 

ATGGCAATAGAGTGCATGAGAACCATGTCATCTATAGCAGCTCATCACCAGCATCCGACAGTT

GAGCGCCACGATGACAGAAAACAGTTAGTTTTCGATGCCAAGGTGCTCAGCCACCAAACAAA

TATACCCCAACAGTTCATTTGGCCCGACGACGAGAGGCCGAGACCGAATGCGCCAGAGTTCC

AAGTTCCACTCATAGATTTAGGCAATTTTCTCTCTGGCGACCCTGCTGCTGCGAAGGAAGCTT

CAAGTCTGGTTGGCGAGGCATGCCAGAAGCATGGCTTCTTTCTTGTTGTCAATCATGGAGTAG

ATAAAACCCTCGTCACTGATGCCCATCGACACATGGACAAGTTCTTTGAACTGCCACTCTGCG
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AAAAGCAAAAGGCTCGAAGGAAACTTGGTGAGTCCTATGGTTATGCTAGTAGCTTCACCAGA

AGGTTTTCCTCCAAGCTCCCCTGGAAAGAAACACTTTCTTTTCGTCATTCAGCTGAGAAAAAC

TCGAGACTTATCCGGGACTACTTTCACGACACAATGGGTGAAGATTTTGAAGAATTCGGGTAA

GCATTCGAATCTATGAGATATTTCCTTTGGTTTCCTGTAGGGGATATCGTTTTATTATGTTTTCCATGTCAAT

ATTCATGCTTTTGTACTTCCAGGAGAGTACATCAGGAATATTGCGAGGCCATGAGCACTCTGTCTT

TGGGGATCATGGAGCTCTTAGGCAATGAGCCTTGGAGTGAGCAAACTCCATTTCAGGGAGTTC

TTCGAAGACAACGATTCAATAATGAGGCTAAACTACTATCCCCCATGCCTAAAACCTGATCTTA

CTTTGGGAACGGGTCCTCACTGTGATCCAACATCCCTGACCATCCTTCACCAAGACCAAGTGG

GTGGTCTCCAGGTGTTTGCCGACAACGAGTGGCGTGCTATCAGCCCAAATTTTGATGCGTTTG

TCATTAACATCGGCGATACCTTCATGGTTTGTCACTTGATTGCCGCCGTTACATATATAGGTAGTTGAT

TGTGATTCGTTGTTCATTTAGAGCTTATCATCAAAGAGCGTTTAATTCTTTTCCAGGCGCTTTCGAACGG

GAGGTATAAAAGCTGTTTGCACCGGGCAGTGGTCAATAGCGAGACCCCAAGGAAATCTCTTG

CCTTCTTTCTGTGTCCGAGAAATGATAAGCTGGTAACTCCCCCGACTGAACTGGTGGACGCAT

ACAACCCAAGAGCATACCCAGATTTCACATGGCCCTCGCTGCTCGAGTTCACGCAGAAGCATT

ACAGAGCTGACATGAAAACTCTCGAGATGTTCACAGATTGGCTCCAAAAGTCAGCTGAATAA 

 

>c555 PoGA20ox3 - Biblioteca LIB15042 

ATGGGTCCGATGCCTGCTGAGCAACCATTATCTTTCGATGCATTGTTTCTACAAAAAGAGACT

AACATACCCTCTCAGTATATTTGGCCTGATCATGAAAAACCATGCCGTGACCTCCCTGACCTTG

CTCTCCCTTCTATAGACTTTGGAAGCTTCCTTCAGGGAGACCCTTCAGTTGTCTCCAGAACTA

CCCAACTCATTGAAGAGGCGTGCAAGAAGCACGGATTCTTTCTTCTGGTTAATCATGGAGTTG

ACTCCAGGCTCATAGCTAAAGCTCATGAGTATATGGACAAGTTCTTTGACATGAACCTCTCAG

ACAAGCAAAGATTTCAGAGGAAGGTTGGGGAGCCCTGGGGATATGCCAGTAGCTTCACCGGC

AGGTTCTTCTCCAAACTTCCATGGAAAGAAACCCTTTCTTTTCGGTTCTGTGGGGACAAACAG

TCTAACACTGTCGAAGAATATTTCCTGAATGTAATGGGTGAAGAGTTTGAAGAATTCGGGTAA

GAAAGAAAGTACATTTTATTATTTGCATCATTTCACTTCAGAATGCAAAGAACTTAAAAGCAAAAATGAA

ATCACTTTGGCACGAGCAAGTTTTTATGGTATTAATTATGTATCACTATTTATAAAACAAACTTATAAAAAA

AATCCAAAAGTGAAAGAAAGATGGCGGCACACACATTCATAATTACGCATTTGGATGCTATCTGTTTTATG

CAATTATAAATGCATGTTGTATTCTTCAAAAAATTTTGATTCTTCAAAAAAAAAATGCATGTTGTAATTCAT

GCTCATTCCCAAAGATGCTGAATGGTTCTGTCTGATGCAGGAAGGTGTACCAACAATACTGTGATGC

CATGAACACTCTCTCGCTCGGGATTTTGGAGCTTTTGGGGCTAAGCCTTGGGGTGGGCCGAG

AATACTTCAGAGATTTCTATGATGGAAATGATTCTGCTATGAGGTTGAACTACTATCCACTTTGC

CAGAAACCCGATTTAACTCTTGGAACCGGGCCTCACTGCGACCCAACATCCTTGACCATCCTT

CATCAAGATCAAGTTTGCGGCCTTCAAGTCTTTACTGACGAAAAATGGTACTCCGTCAATCCC

GACCCAAATGCTTTTGTCATCAACATAGGCGACACATTCGTGGTACGTGAAATTAGTGCACGGGT

TTTTTCTTCTTCATCTGCCGTTCCTTTGGTTTTTTACCACCACAGGTAATGGTCGTCTTTCAGGCTTTAAC

AAACGGCATTTTCAAGAGTTGCTTGCACAGAGCTGTGGTGAATAACACAAAAGCGAGGAAAT

CCCTCGCTTTCTTCCTATCTCCAAGAATGGACAAGGTGGTAAAGCCCCCAAATGCTCTGGTCG

ACTCGAAGAACCCAAGGCTTTATCCGGATTTCACATGGAAGGATCTGCTAGAATTTACGCAGA

AACATTATAGGGCAGATACGAAAACCCTAGAAGTCTTTTCAGCTTTTCTTGAACAAGAAAATG

AGACGTTGAGGCTGAGGAAGGTGGCCTCAGAGGACAACGAAAGGGACTCGGAAACCAGGG

ACAAGGGAAATAGTAAGACCAGCAAGTAG 

 

>c137 PoGA20ox4 - Biblioteca LIB15042 

ATGACTCATCCTGAACGACCTCTGGTTTTTGATGCATCCATCCTGGAACACCAAGCTAACAT

ACCCTCCCAGTTCGTTTGGCCTGATCACGAAAAACCTTGCTTTGAGGCCCCGGAACTTGCTAT

CCTTTCTGTAGATATTGGCAGCTTCCTTCACGGAGAGCCTTCAGCTGTCTCACAAGCGACAC

AGCTAGTTAATGAGGCATGCAAGAAGCATGGAATGTTTCTAGCTGTTAATCATGGAGTTCAC

TCAAAGCTCATAGCCAAAGCTCACGAGTACATGGACAGATTCTTTCGCATGAAGCTCTCAGA

GAAGCAAAGAGCTCAGAGAAAGATTGGGGAGTATTGTGGATATGCTAGTAGCTTCACTGGC

AGGTTCTCCTCCAAACTTCCATGGAAAGAAACCCTTTCTTTTCGTTACTGTCCTGACAAAGAG
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TCTTCCAACATCGTCCAAGAATATTTCCTGGATGTATTGGGTGAAGAGTATGAAGAATTCGG

GTAAGCAAGTTAGCATATAAATTTGCATGGTTTTATTCCAACTGAAAAAAGAAATACAGATGGCTTGCC

ATACTTCCCACATCAAATCATTCTATAACAATTGCTCCAAGAAGCTATTCATGATACGATATATGGTTGT

GTTTTACACAGGAAGGTGTACCAAGAATATTGTGACGCCATGAACAGTCTCTCTTTAGGGATT

ATGGAGCTTTTGGGGCTAAGTCTTGGGGTTGGCCAAGAGTACCTGAGAGATTTCTTCGAAGG

AAATGATTCCTCGATGAGGTTAAACTATTATCCGCCATGTCAAAAACCTGATCTAACTCTTG

GAACAGGACCCCACTGTGACCCCACATCCTTAACAATCCTTCATCAAGATGGCGTTAGCGGT

CTTCAGGTATTTTTTGATGAAAAATGGCACTCCGTCAGACCTGATCCAGAGGTTTTTGTTGTC

AATATTGGAGACACATTAATGGTACGTAAGATCATTTATTAGCAATCGAAGGCACATTTGCTCCTAG

AAAACCTCTTAACTTAACTTTAGTGATGTGATTCTAGCTAACCTTAATTTTGGATATAAAATGGTTTAAA

AATTTCAGACTATCTGCACCCATTCAATCCATAGTGCTGACTTAATTTGAATTTTTACTTTTGATCAGTA

AATTTCTGATTGAGTGGCTTTTCAGGCTCTATCAAATGGCATCTTCAAGAGTTGCTTGCACAGAG

CTGTGGTCAGCAAAAGAATAGTAAGGAAATCCCTTGCTTTCTTTCTGTCTCCAAGCATGGAC

AAGGTGGTGAAGCCTCCAAGCGATTTGGTTGACTCCAAAAATCCAAGGGCGTATCCGGACTT

TACGTGGCGACGACTGCTAGAATTCACACAGAAACATTACAGAGCGGATATGAAAACCCTA

GAAGTCTTCTTTACTTGGCTCCAACAACCAACGGCTCAGATGTTGCCAAACATACATATTTC

AGTTGGCGAAGGGAAGTGA 

 

>c321 PoGA20ox5 - Biblioteca LIB15042 

ATGGACAGTACTGGAGTTTCTGTTTTTGACAATAGTTTGCTGCAGAAACAACCAGAGTTGCC

AAAGGCATTCATTTGGCCAAAAGGAGACTTGGTTGGCAACCAGGACGAGCTTAACGAGCCT

TTAATAGACTTGGAGGAGTTCTTGAACGGTGGTGAGGAAGGGACTGCTCGTGCTGCTGACCT

GGTTAGAGCGGCCTGCATGAACCATGGCTTTTTCCAAGTAACCAACCATGGTGTTGACGCAA

GCCTTGTTCGTGCTGCTCATCAGGAGATTGACTCCATTTTTACTCTGCCCCTTGGCAAGAAGC

TCAGTGCTCGTAGGGAGCCAGGGAGTGTGTGGGGATACTCAGGTGCTCATGCGGATAGGTA

TGATTCTAAGCTACCTTGGAAGGAGACATTTTCCATTGCGTACCGTGGGAGCGACTCCTGTC

AGCTTGCTGTGATTGACTACATCAAATCTGTCCTCGGAGAAGAGCTTGAACACACAGGGTAC

GTATGGCTTATTGCTTCTATAAATGTGCTAACTTCTAATTAATGCTTTCGAGGATGGCATTACAAAGGGA

ATGAAGTTGCACCTTCTTTTAAACTAAAAACTGACCAACTTCATCTACGAACATGAATTGCTTTTATGCA

GATGGGTATATCAGAGATATAGCGAAGCAATGAAGAAGCTGTCTCTGGTGATTTTTGAGCTG

TTGGCAATTAGCTTGGGGGTAGATCGTTTGCACTACAGGAAATTCTTTGAAGATGGCACGTC

CATCATGAGGTGTAACTATTACCCGCCTTGCAATAATTGTAATCTCACCCTGGGCACAGGCC

CTCACTGTGACCCAACTTCCATTACAATCCTTCACCAAGACCAAGTTGGCGGCCTTGAAGTG

TTTGCCAACAACAAATGGCAGGCTGTCCGCCCTCGTCCAGATGCCTTTGTCATAAACATTGG

TGATACCTTCATGGTAAGTCTCTTCTACTTCATTCATGTTCCACTTTTCCCAAGCAATTATTTATCTCA

ATTGAGGATTTTTCATTAAAAAAGCAACGTCTTCTCTGTTTATCGGTTTCTGAAAAGCTTATCAACTGAT

ACGCTGTCGAACAAGAATCACTATGGGATCCACCGTGCTTGTCTACTGCACATCAAGAGGCTTAGCCCC

GCCTCCATGGGACCATAGCTTTCCAGGCCATGGCCTTTGTAGAGAAACATATAACTTTTGTTTGTAGCA

GAGTCGGATTGAATCAATCAATAATTTACATCAATAATTGGAACATTTGGGGAAAACTGAAAGAAAAA

GATGAGCCAGATCCATCCTTTTAACACCCATCACTTACGAGGATTCCTTGATTCTAACTACATAAATAAT

AAAAATACAAGATGGGGTCGCAAATTACAAGATATGTCTTTGTGAGAAAGTTGCATGATTTCTGTCCGT

TAGGACTATTGATTTTTTTTCCCTTTTGAACTTTTGCGATGCATTATTAGCTCTATTTAAATGATTTGACA

CTTGAAAAGAACCAATTATATCATAAGAAACTTTTGCATTTATTATCTCATTTATTAAATTATAGTGTCA

CGTTTGACTTTATTTTAGTAACCAATTAAAGTTTATTAATGATACACACCAAGTGGTTTTATCCGTAAAA

TTTGATGTGCAATTATTTATCACTGGCTTGTTGATTTGATGAGCAGGCATTGTCTAATGGAAGATAT

AAGAGTTGCCTTCACAGAGCAGTGGTAAACAGGGAGAAAGAGAGAAGATCGTTGGTGTTTT

TTGTGAGTCCGAAGGAAGAAAAAGTGGTGAGACCCCCGCATGATCTTGTTGGCAGAGAAGG

GCCAAGGAAATACCCGGATTTCAGATGGTCTGATTTATTGGAGTTTACACAAAAACACTACA

GAGCTGATGTAGCCACTCTGCAAAGCTTCATTCACTGGCTTCTATCTTCCAAACCATCTAACC

TATACTTGCCTTCCTAG 

 

>c3304 PoGID1a - Biblioteca LIB15042 
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ATGGCGGGGGGTAACGAAGTCAATCTCAATGAAAGCAAGGTATTTCTTTGCTTAATCTAATATGGA

TGTGCTGCTTCTTTTCTAGTGTTGAGAGTAGTTAGGTTATCCAAATTTTGATGTTTTTATAATGGGTTTGATT

TGTGTTTTTGGAGTTCTGTTCTGTTATGGAAATTTCTATAATAGAATCGGTCGATTTTTAGCTTGGATTTGG

ATTGCCTACTATGAGTGTCTTGACAGGACCCGTGGTTTGGGGCTCGTGATTGTTTCTGTTGGAGGGAAGT

GCGTTAGGTGCCCGTCTTATGGTTTCCGTAAGAGTAGATGCTGATATACTGACAAATCTGTTGTAGAATTT

CAAGCTTCCTCGTAACTTTTAGTAATGGCTGTTTTGGGGGAAGATACGAGGTTGTGATTGGGTGTTTGGG

TTTTGGAGCTGTAATATATGAGGGTTTTGACTTTTGATTGAATTTTGAGATCATTTCCCAAAACTTAATTGA

CACTTGGACAGGCGTTGTTTTGCTGACAAAGTTGGATTTGTTTCCCTTTATAACTGGCGCTCTTGGTTAAC

GTTAATACTAATCCTGTTACTTGTTTGGTAACTTTGTCAGTCTGCCTACTTATTTTCTGTTGTTTTCCTGTAC

TATAGCTAACCTTTTAGCCCAGTATCATGTATGGTTACCATGGTTGCTTCAAACCGAATGCCGAGCATGATT

TAGTCTTTTTTCTTAACAATATTTTGGTCTATCTAATGCAAGCTCCGGAGATGAACAATATGTGAAGTAACA

CTTATGAATTTCTTCTATCCCAAGCTTTTGTGGTTGCAAGGAATGTTTGCTAATTGTGTTTATTCATTTTCTG

TGCAGATGGTAGTTCCGCTTAACACATGGGTTCTCATTTCCAATTTCAAGTTAGCTTACAATCTT

CTTCGTCGTCCCGATGGCACTTTCAACCGTCATCTAGCTGAGTTTCTTGACCGTAAAGTTCCTG

CTAATGCTAATCCAGTTGATGGTGTTTTCTCATTTGATGTTATAATTGATCGTGGGACTAGTCTC

CTTAGCCGGATCTATAGGCAGACCGATGGGGAGGATCTGCGGCCAACTATTGTTGACCTTGAG

AAGCCTGTGAATAGCGAAGTTGTCCCGGTTATCATATTCTTTCATGGTGGAAGCTTTGCACACT

CCTCTGCTAACAGTGCTATATATGATACACTATGCCGCCGATTAGTGGGCATTTGCAAGGCTGT

GGTGATTTCTGTGAATTATAGACGAGCACCAGAAAACCGGTATCCTTGTGCTTATGATGATGGC

TGGACAGCTCTTAAATGGGCTACCTCGCGGTCATGGCTTAAGAGTAAGAAAGACACGAAAGT

TCATTTATACTTAGCCGGGGATAGCTCTGGTGGTAACATTGTACACAATGTTGCTTTAAAAGCT

GTAGAATCTGGTATTGAAATACTGGGGAATATATTGCTCAATCCAATGTTTGGTGGGCAAGAGC

GAACTGAATCAGAGAAACGACTTGATGGGAAATACTTTGTGACCATCCAAGATCGTGATTGGT

ATTGGAGAGCATTTCTTCCTGAGGGAGAAGATAAGGATCATCCGGCATGTAATCCATTTGGTCC

GAAGGGTAAAAGCCTAGAAGGAGTGAACTTTCCCAGGAGTCTTGTAGTGGTGGCTGGGTTGG

ACCTTACTCAGGACTGGCAAATGGCTTATGTTGAAGGGCTGAAGAAGGCTGGTCAGAATGTG

AAACTTCTATATATGGAACAAGCAACGATTGGGTTCTACTTATTGCCCAATAACAATCACTTCC

ACACCCTTATGGATGAGATACGTGAATTTGTGAGTTCTAACTGTTAG 

 

>c110 PoGID1b1 - Biblioteca LIB15042 

ATGGCTGGTAGTAATGAAGTCAACCTTAATGAATCCAAGGTTTGTCTCTCTCCTCGTTAGTGTTTT

GACACTTGGTCTGTCCTTTATTACTCTTCGTCTTCTGATTTTCCTTCATTTGTTGTGTTGAATGGTGTTGCC

TTCTAGCTCTGCCGTCTTACCAGGTTGTTTTTGGAGTGGTCTTTACTAAATCCTGGGTTGGGCGTTTTGTT

CAAATTAAGTAAAGAAAAAACAGTATACTGGTTTAGTGTTTGATCAGTGACCGTCTTCCTCGTTGTTTTGA

TGGAGTTTCTTTAGTTTTGTTTTCCGATTTCGTTGATCTTATAGGTGGAGGGTTCAGTATGCTCTTTCATCT

TGAAGATATTGTTTTAGCAGTCAACTTTTGTTCTGTAATGGTCTAGATGATTAATTGCTGGGCTCATCTTGC

AGAGAGTCGTTCCACTTAACACTTGGGTTCTCATTTCCAACTTTAAACTGGCATATAATCTACT

CCGCCGTCCCGATGGGAGTTTCAACCGTGATTTGGCGGAGTTCCTTGACCGTAAAGTCCCTGC

CAATATCATTCCGGTTGATGGAGTTTTCTCTTTTGATCATGTTGATAGGGCCACGGGCCTCCTC

AATAGGGTCTACCAGCCTGCCCCTGAAAATGAGGGTCAATGGGGGATGATGGATCTCGAAAA

CCCTCTAAGCTCCACCGAGGTTGTACCGGTTATAATCTTCTTTCATGGAGGAAGCTTTACTCAT

TCCTCCGCGAATAGTGCTATATACGACACATTTTGTCGCCGCCTGGTGAGTATTTGCAAGGTGG

TGGTGGTTTCCGTTAATTACCGACGATCCCCTGAGTATCGGTATCCCTGTGCATATGATGATGGT

TGGACAGCTCTTAAGTGGGTCAAATCCAGAACTTGGCTTCAAAGTGGGAAGGATTCAAAAGT

TCATGTCTACCTGGCTGGCGATAGCTCCGGTGGCAATATTGCTCATCATGTTGCTGTTATGGCA

GCTGAAGCAGAAATCGAAGTCTTGGGTAATATCCTTCTCCATCCAATGTTCGGCGGGCAAGAG

AGAACAGAGTCGGAGAAGAAACTAGATGGCAAGTACTTTGTTACTATTCAAGACCGTGATTG

GTATTGGAGAGCTTATTTACCTGACGGAGAAGGTAGAGACCATCCGGCTTGTAACATTTTTGG

CCCAAGGTCAAAAAGTCTCAAAGGTCTCCAATTCCCAAAGAGTCTGGTTGTCGTGGCTGGTT

TTGACCTCGTCCAAGATTGGCAACTAGCTTATGTGGAAGGGCTCGAGAAAGCTGATCACCAA

GTGAAACTCCTCTATCTAGAGCAGGCCACAATAGGGTTCTACTTCTTGCCCAATAATAACCATT

TCTATTGCCTCATGGAGGAGATTAAAAGCTTCGTGAGTTCTAACTGTTAA 
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>c1489 PoGID1b2 - Biblioteca LIB15042 

ATGGCTGGTAGTAATGGAGTCAACCTTAGTGAATCCAAGGTACTTGTCCCTCTCTTCATCAGCGTC

TTCACACTGTATACTTCTTTTCCCCTCTGTTTTCCTTCATTCGTTTTGTTGATTCTTTTTATAGTTTTGGAGT

CTTGAACGGTTGTCTTTTTATACGGGGTTCTACTAAATCGTGGCTGGTCCAGTCTTGGTTTAGGGGCTTTG

TTCATACAAAGCTAGTGTAAGAATATACGAATTTGGCGTATAAATGTTGACTTATATTTCCTCTTCATTTTAA

AGGATTTGGCTCTCACTTACAGCAAATGTTCTAGCTGCTGCTTTTCAATTTTCCTCGTACAACTCTGCAGT

TTGTCTCTCGTTGTTTTTCATGTTGGGTTATCGAGATCAGAGTTTGGCAATTTCTTTGAAGTTCAAAGGTC

TTCACTTTCGTTTAGGCCTACTCTGTTTGTTTCCCGTTCTGAATAGACTTCACATTATCCACTGAAACTCGT

TCTAGCTTCTTTTTGGGGCTTCTTGGGTTTATCTGATACTGTTGCTATTCTGGGTGCGTGATTAATCCTCTTA

AACTCTTGATATTCAGGGTATATTGCAGTCTAAACTATTGATGTAAAGTTCAAAGATTTGGTGATTTCGTCT

TTTGTTAGATATTCATCTAATGATTAAATGCTTTTTTTTCTCCGTGCAGAGAGTTGTTCCATTAAACACT

TGGGTTCTCATCTCCAATTTTAAGCTTGCATATAATCTCCTTCGCCGCCCCGATGGGAGCTTTAA

CCGTGATTTAGCAGAGTTCCTTGACCGTAAAGTCCCTGCCAACATCATCCCAGTTGATGGGGT

TTTCTCCTTTGATCATGTTGACAGGGCTACCGGCCTACTGAACAGAGTCTACGAACCCGCCCC

GAAAAGTGAGACTCGTTGGGGAACTGTGGAGCTCGAAAAGCCCTTGAGCACCACTGAGGTT

GTCCCGGTTATAATATTCTTCCATGGAGGCAGCTTCACGCATTCCTCTGCCAACAGTGCCATATA

TGACACCTTCTGTCGCCGGTTAGTGAGCATTTGCAAGGTGGTTGTGGTTTCTGTAAATTACCG

GCGATCCCCCGAGTATCGCTACCCGTGTGCATACGACGATGGTTGGACAGCTCTCAAGTGGGT

CAAGTCGAGAACCTGGCTTCAAAGCGGAAAGGATTCCAAGGTTCATGTTTACTTAGCCGGGG

ATAGTTCCGGTGGAAATATAGCTCATCATGTAGCTGTAAAGGCGGCCGAAGCAGAAATCGAGG

TATTGGGTAACATCCTTCTCCATCCAATGTTTGGCGGGCAGGAGAGAACAGAATCAGAGAAG

AGACTAGACGGGAAATATTTTGTCACAATCCAAGACCGTGACTGGTACTGGAGAGCCTATTTG

CCGGATGGCGAAGACAGAGATCATCCTGCTTGTAACATATTCGGGCCAAGGACAAAAAGTCTT

AGAGATCTCAAGTTCCCCAAGAGTCTAGTGGTCGTGGCTGGTTTCGATCTCGTCCAAGATTGG

CAGTTGGCGTACGTGGAAGGGCTGCAGAAAGCTGATCATGAAGTGAAACTTCTTCATTTGGA

ACAGGCCACGATAGGGTTCTACTTCTTACCGAACAACGATCATTTCTATTGCCTCATGGATGAG

ATTAATACCTTCGTGAATTGTAACTGTTAA 

 

>c41 PoDELLA1 - Biblioteca LIB15043 

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 PoDELLA2 - Biblioteca LIB15042 

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 PoDELLA3 - Biblioteca LIB15042 

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 PoDELLA5 - Biblioteca LIB15042 

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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APÊNDICE D – SEQUÊNCIAS PROTEICAS 

 

Sequências proteicas dos genes relacionados ao metabolismo e resposta a citocinina 

em formato fasta 

 

> c2900 PoIPT_2 

MKCSSSQQEPEQSPSDGGEGLATEAAKKQEEREKKAKVVVIMGPTGSGKSKLAIDLAAHFPVEV

INADSMQVYRGLDILTNKVPLHDQKGVPHHLLGTVSPNVEFTAKEFRDSAILLIDEIFSRNCLPVI

VGGTNYYIQALVSSFLLDDTAQDLDECLSCNFPGDDQAVHLLESKTDTFDFTYEFLKNIDPDAAN

RLHPNNHRKIKQYLHLYARTGIIPSKLYQGKAAQNWGCIGNCRFNCCFICVDAAIPVIDQFVDKR

VDCMINAGLLSEVYDIYNMDADYTRGLRQAIGVREFDEFLKVCQLASKDDYARDLIGSLNKDK

KILKDHISAILHFTDDNQLKILLTEAIEKVKVNTRRLVRLQKRRLNRLQTLFGWNMHHLDATDPI

SCKSDDSWATQVVTPAAKIIKSFLNEDRSSEVEQEVHVDIGTELHERNLWTQYTCKACGDKVLR

GAHEWEQHKQGRGHRKRISRIRKSGRQRTLVAAQGPEASS 

 

> c677 PoIPT_3A 

MSLSMSVCPQTRNMLDILPTARLKMDILGPRWRKDKVVVIMGATGTGKSRLSIDIATRFPSEIINS

DKMQAYKGLNIVTNKITEEEMSGVPHHLLGVVNSNSEFSATDFCDMTSLAVESILTRGLLPIIVG

GSNSYIDALMDGGEYRFRSKYDCCFLWMDVSMPVLHEFACRRVEQMVRNGMVDEVRNMFDPS

ADYTHGIRKSIGVPELDRYFRAEPFLDEETSAGLLHEAISEIKNNTCILACRQLEKIHRFINIKGWNI

HRIDATEVFTRNGKEADEAWEKLVARPSSAIVAEYLYYSTAQVPATVGTTKDYYAQCLVA 

 

> c3062 PoIPT_3B 

MNLAMSLCQQTSNVLDIPGGRLKMDILGPRWQKDKVVVLMGATGTGKTRLSIDIATQFPSEIINS

DKMQAYRGLDIVTNKISKQEMSGIPHHLLGIRNPNSEFTATDFCDMTSLAVESILTRGLVPIIVGGS

NSYVEALMDGGQYRFRSKYDCCFLWVDVSVPVLHESLRKRVDQMVGNGMVDEVRNLFDPHA

DYSHGIRKSIGVPEFDRYLRAEAFLDQETRARLLQEAIYDIKKNTCNLSCRQLEKIQRLRHVKGW

NIHRIDATEVFCRSGEEAEKTWEKLGSKPSSAIVRQFLYNIINKVPATAASAKDYFEHCLVA 

 

> c1513 PoIPT_5 

MTMRLSVSAYNQVQPRVNFQGALNKNPFHCRKDKIVFVIGPTGTGKSRVAIDMATRIPAEIVNC

DKMQVFKGLDIVTNKVTEEECLGVPHHLLGVVDPDTDFTSEDFRIHASLVLESIVARDRLPIIAGG

SNSYIESLNDVPDFRLRYECCFIWVDVSMPVLHSFVSNRVDRMVEAGLIDEVRNMFDRNRNDYS

LGIRRAIGVPELDQYFRKEGTADAATRGKLLDSAIAKIKENTCILACRQLQKIHRLRSRWGWNM

HRIDATEVFLRKGKEADEAWEKLVAGPSTMILNKFLYDTVSPSESVDIPIIGPAVPLPIPAMAAAA

AASR 

 

> c1471 PoIPT_6 

MSYITSHSLYTPRKPAQQLFHVNISTTVPSPLQPPTRRRLSFRRLPRRIRMESSSDSYLRKDKVVVI

MGATGCGKTKVSVDLATRFPSEIINSDKMQVYNGLDLTTNKVPPHERHGIPHHLFGEVDPDEGEF

SPFDFRVAGGLAVSDIVSRKKLPIVVGGSNSFIHALVVDRFTPASDVFYGLDPVSPQLRYNCCFLW

VDVAFPVLCDYLCKRVDEMLDSGMFEELSAYYESGESANQPGLRKAIGVPEFEKYFNKYGPGCD

RRKWDRLRTDTYEHAVSEIKDNTCQLAKRQIGKIIRLKSSGWDLQRVDATEIFRQSMMMMTTTSP

SEDYCHRDSGNRKEEWLPEEKWRRKKKRWIETVWEREVLTPSVNFVKRFLEE 

 

> c151 PoIPT_7 

MTSVRLSMTAVGPQLNFQVAVNKKTLYHKKDKVVFVVGPTGTGKSRLAIDLATRFQAEVVNC

DKMQVYKDLNIVTNKVTEEESRGVPHHLLGVIDSDKDFTSEDFRTNASLVLESIVARNRLPVIAG

GSNSYIEALMNDEPNFQMRYQCCFLWIDVSMQTLHSFLSDRVDRMVEAGLIQEVRNMFDPNRN

DYSQGIMQAIGVPELDQYLRKEATVDAVTREKLLNAAIVKIKENTCLLACHQLQKIHRLHSQWN

WDMHRIDATEVFLRSGEEAEEAWEKLVAGPSTTILNQFLYSNILQSDTMDVNITNPAGPIPIPAM

AAAYR 

 

> c1815 PoIPT_8 

MSFVSRSHYTPHNLQPFFGTNINIPSWPPPQAPIRLSFRRLHRGVRMDSSASHRLKEKVVVIIGAT

GCGKTKVSIDLGNRILSEIINSDKMQVYNGLDITTNKIPPHERFGVPHHLLGEVDPDDGDFTPSEF

RVAGGLAVSDIVSRKKLPFVVGGSNSFIHSLVVDHFNPESDIFSVSDPVSTQLRYNCCFLWVDVA
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VPVLCDYLCKRVDEMLDSGMFEELSEYYESGDSASQPGLRKAIGVPEFGQYFRKYGPGGERRE

WDRVRRVAYEDAVREIKENTCQLAKRQIGKIMKLKNSGWDLRRVDATEVLRLKLMTSGSDDCL

NDATPEDWEEKKKKKKQKRCSKKKKRWMELVWEREVLEPSVKIVKRFLEE 

 

> c17929 PoIPT_9 

MPVGGSPVPTRKKMMSIQRLRVQYNSTSTDINANTNVIKQDTDKKKVLFVLGATTTGKSKLSID

LATHLNGEIISADKIQVYRGLDIASNKITENDQGGVPHYLLDFVDPDVDYTTQDFSNDAHQALDH

IIGNGHIPIIVGGSNTYLEALVEESPFNFKVNFDARFLWMDVSLPVLYRRAAKRVDEMIKRGLVD

EVRMVPPGADLGRGVWRVIGVAELQPFLQAERNMEDEATKKMLLDIAIEEIKKNTNRLAEIQVG

KIKRLRDKLGWKLHRIDATSVYIEDGVTSMDAWKGAAFKPALEICSDFLKRC 

 

>c715 PoLOG_1 

MEGEMDVKQSKFKRICVFCGSSSGKKSSYKDAAIELGKELVSRNIDLVYGGGSIGLMGLISQAVY

DGGRHVIGVIPKTLMPREITGETVGETKAVNDMHQRKAEMARQSDAFIALPGGYGTLEELLEVIT

WAQLGIHEKPVGLLNVDGYYNSLLSFIDKAVEEGFISPSARHIIVSAPTPRELVKKMEEYLPCHET

AAPKLNWEIEQLSCPPQCDIST 

 

>c28 PoLOG_2 

MEEIKSRFKRICVFCGSSSGKKATYQEAAVELGKEMVERRIDLVYGGGSVGLMGLVSQAVHDG

GRHVLGIIPRSLMPIEVTGNPVGEVKAVSDMHQRKAEMARQADAFITLPGGYGTLEELLEVITW

AQLNIHRKPVGLLNVDGYYNSLLSFIDKAVDEGFISPEARCIIVSAPTAKQLFTQLEEYVPQYDEIT

SKLVWDEVEKRVAKVPESGVASCSF 

 

>c8 PoLOG_3 

MEVGSTVLSPSSSSRFKRICVFCGSSQGKKSSYQDAAIELGKELVSRNIDLVYGGGSIGLMGLVSQ

AVHDGGRHVIGVIPKTLMPRELTGETVGEVKAVADMHQRKAEMARHSDAFIALPGGYGTLEEL

LEVITWAQLGIHDKPVGLLNVDGYYNSFLSFIDKAVEEGFINPSARTIIISAPSPRELVKKLEEYVP

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

LLEIIAWSQLGIHDKPVGLLNVDGYYNSLLALFDRGVEDGFIENSARQIVVIADTAAELIKRMEEY

APMHDKVAPRQSWEVDRSSESTSSGNPIGS 

 

>c1545 PoLOG_10 
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MEDQQLQHQQRLPAMKSRFKRVCVFCGSSPGRSPSYQLAAIQLGKQLVERNIDLVYGGGSIGLM

GLVSQAVYDGGRHVLGVIPKTLMPREITGEPVGEVKAVSGMHQRKAEMARQADAFIALPGGYG

TLEELLEVITWAQLGIHDKPVGLLNVDGYYNSLLTFIDKAVDEGFIAPAARHIIVSAQTAHELMSR

LEEYEAKHSGVASKLSWEIEQQLGYTIKSDIAR 

 

>c1907 PoLOG_11 

MENQQPQNQQRQPPMKSRFKRVCVFCGSSPGKNPSYQLAAIQIGKQLVERNIDLVYGGGSIGLM

GLVSQAVYDGGRHVLGIIPKTLMPREITGEGVGEVKAVSGMHQRKAEMARQADAFLALPGGYG

TLEELLEVITWAQLGIHDKPVGLLNVDGYYNSLLSFIDKAVDEGFITPTARHIIVSAQTAHQLLSKL

EEYQPKHINGWEMEQQVGVPH 

 

>c2375 PoCKX_1a 

MGAPPSAFLNQNKAILLRFLIILLLGSVPEKANLCSNLSLASPSVLLPGASSTSLSLKTISLDGYFRF

DGIEYAARDFGNRYRFLPSAVLYPKSVSDISTTIKHIFEMGRASELTVAARGRGHSLQGQAQALQ

GIVMDMESLEGPEMQVHTGKKAYVDVSGGALWIDLLRETLKYELAPKSWTDYLHLSVGGTLSN

AGISGQAFQHGPQIDNVYQLEVVTGKGEVITCSRKRNAHLFYGVLGGLGQFGIITRARISLHPAPK

MVKWMRVVYSEFSRFSNDQEFLISLKNSFDYIEGFVIINKTGLVNNWSATFAPRDPIQASNFISDG

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

KSSITDFNSGVFRDIVLRRNITTGPLLFYPMNRNKWNDKTSAVIPEEDVFYTVGFLHSSGPQDWQ

VYDGQNMDVIKFCEEKGLGVKQYLPHFTSQEEWIDHFGLKWKTFRERKARYDPKTLLSPGQRIF

NSI 

 

>c10 PoCKX_3 

MVESSIIPIYFVFLILFATRLVSTLGKSLPWTTLFQSKHQILDLANRLHTGSDSIESVSSDYGNMVH

EKPAAVLYPSSLEDMRTLIKLSYNLSAPFTIAARGRGHSVRGQAMAYNGVIIDMMHLRNRRNRT

GVVVSESDSLGFFADVGGEQLWTDVLNATLEHGLAPVSWTDYLHLSVGGTLSNAGISGQTFRY

GPQISNVYAMDVITGKGQLVTCSPNMNSELFYAVLGGLGQFGIITRARIALEPAPKRVKWVRML

YGDFSAFTKDQERLISINGRKQNKALDYLEGSLLMALGPLNNWRSSFFPSSDIPRITSLATQHGIIY

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

DLFHSVLGGLGQFGIITRARISLEPAPVMVKWIRVLYSDFATFSEDQEHLISAERTFDYIEGFVIINR

TGILNNWRSSFNPQDPVHAGKFQSDGKTLYCLELAKYLHRGETEEQYEEVRDLLSQLRFIPSTLF

LSEVPYIDFLDRVHVSEVKLRSKGLWEVPHPWLNLFIPKSKIDSFAREVFGNILSDTSNGPILIYPV

HKSKWDNRTSAVIPDEDIFYLVAFLSSAVPSSTGTDGLEHILTQNKRILRFCETERLGVKQYLPHY

TTKEEWKAHFGPRWEVFVQRKSTYDPLAILAPGQRIFQRHEKRAQAIYLQ 

 

>c171 PoCKX_6b 

MVLLLSCITLRTKLCLSRNTTSLKTLSVSGNFSFDDVHHAAKDFGNRLQLLPLAVLHPKSVSDIAI

TVKHIWQLGPYSELTVAARGHGHSLNGQAQAHQGVVINMESLQGSKMHIKKGNNPYVDVSGG

DLWINILRESLKHGLAPKSWTDYLHLTVGGTLSNAGISGQAFRHGPQISNILQLEVVTGKGEIVSC

SENQNGDLFHSVLGGLGQFGIITRARISLEPAPVKWIRVLYSDFRTFSRDQENLISAESTFDYVEGF

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

ALQFLGLDEEKSSSTGLKVDLIITDYCMPGMTGYELLKKIKESSTFREVPVVIMSSENVMTRIDRC

LEEGAEDFIVKPVKLSDVKRLKDYMTARELRPQKDDATNKILNVNKRKTRESCDDFSLSSTSSVS

PSSTSSLSLSSQSSPSPSPSPSPSPPSLSPSPSMLLSSSAPCSPSSLESPTRRLKRTSSEYAVHDIYPSI 

 

>c1761 PoRR4 

MARNGVLSQRWRSEKLEGLSFSSSLDDDVEEEVHVLAVDDSFVDRKVIERMLRISSCKVTAVDS

GRSALQFLGLDKDNSSCIGLKVDLIITDYCMPGMTGYELLKKIKESSNFREIPVVIMSSENVMARI

NRCLEEGAKDFIVKPVKLSDVKRLRDYMSARELRVKREEIITKHNNSKSINIYFNKRSKSRGSCCD

DISLSSTSLSSRPSSSSALSASLSIVLSSSAPSSPSSG 

 

>c36 PoRR5 

MAGEILQRGLPEGLGMCKGSSPSTAEELHVLAVDDSLVDRKVIERLLKISSCKVTAVDSGTRALQ

YLGLDGEKSSVGYNDLKVNLIMTDYSMPGMTGYELLKKIKGSSAFREIPVVVMSSENVLARIDR
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CLEEGAEEFLVKPVKLSDVKRLKEFIMRAEGEETIERINRKREREDDALSLSSSSLSPSPPLPSSEQP

VSSTLCFSKRPRYERTE 

 

>c1441 PoRR6 

MTTANRNFRLGSLEEVGVRNGSFTSGDEELHVLAVDDSLVDRRVIERLLKISSCKVTAVDSGSRA

LQYLGLDGEKNSVGFNDSKVNLIMTDYSMPGMTGYELLKKIKGSSKFKEVPVVVMSSEKILTRI

DRCLEEGAEEFLVKPVKLADVKRLLKEFITKGETEQTVRSMNRKRERHGDAFSLLLPSAA 

 

>c72 PoRR8 

MTATIMSMASETQFHVLAVDDSLIDRKLIERLLKTSSYHVTAVDSGSKALEFLGLNREVDSDSSP

PSVSTEEENHHQDIDVNLIITDYCMPGMTGYDLLRK 

IKESKSFKDIPVVIMSSENVPSRINRCLQEGAEEFFLKPVQLSDVNKLKPHLLKGKAKEDQSYNNI

NKRKGTEEINSPDKTRTRFNDNLEVV 

 

>c2947 PoRR9 

MTIAAGSQFHVLAVDDSIIDRKLIERLLKTSSYQVTAVDSGNKALQFLGLYEDDQSNPDRLSVSP

NSHQEVDVNLIITDYCMPGMTGYDLLKKVKESSSLRNIPVVIMSSENVPSRITRCLEEGAEEFFLK

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

CDYLIKPVRIEALRNIWQHVVRKRKNEMKDLEQSGSVEEGDRQQKLSEDADYSSSANEGSWKN

PKRRKDEEEDVEERDDTSTLKKPRVVWSVELHQQFVAAVNQLGIDKAVPKKILELMNVPGLTRE

NVASHLQKYRLYLRRLSGVSQHPNNLSGSFMGTQEAAYGPLASLNGLDLQTIAATGQLPAQSLA

TIQAAGLGRPTTKTRLPMPIVDQRNLFSFENPKLRYGEGQQQHFNGKPMNLLHGIPTTMEPKQLA

NLHQSSHSLASMNMNMQVNPLGSQGGQSGSLLMQISQPQARGQILNETIGNHVPRLPSSIGQPM

MSNAINGMVLARNALAEDVRGTRNCPVPQSSSMMNFPLNSSAELSGNSFPLGSNPGICSLASKG

GFQDEDNSDIKVSGGFIPSYDIFNELHQQKSNDWELQNPGLAFNASQRPDSLQTNLDTGSSNLPQ

FGFSPVQSNGDNRNVSSMVKQIFSTGDATEHVNVQSSGQYVNGYFADNSVRVKAERVSDSNYQ

TNLFNAAQFGQEDLMSSLLKQQQGGIEPAETEFDFDGYSVDNIPV 

 

>c404+c20499 PoRR2 

MSGFPPVASNVNSASSSSKGAGANSSSGASNYACIVASAGVTVPENFPVGLRVLLVEDDRASLKI

AEQLLRGCLYKVTSCAKAKIALNILSENRESFDVVLSAVHMHEMDGFELLKYVLKMGLPLVMM

SSDCSTNTVMRGIMNGACDYLSKPLLEQELKNIWQHVIRKKLVNGNKELEHSRSLEDNDQHKQE
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NDDVKNASSVTDGALKCQKRKRNAKEEDDELEGDLLSTSKKPRVVWSLDLHQHFIDAVDKLGV

DKAVPKRILELMNIPGITRENVASHLQKYRIYLKKQNADQQQRGSSKAFCGSLDSNVKPNPLGR

YNMEALSAFNQIHPQTLAMLPAENLGRPTGGIVTMMDQPVLVQSSLQAPKYIPIEHGLAFAQPLE

QCQTNISEKSFPQNMASVEEISKDYVVWSSDAFGTFGPSTNQGDITNPHSNRSMDILKQQQQHRQ

LNHSQEPSSITEHNHPLTLHPSCLTSQSPVYFQTGNGSASMNHNSSYNRNVAMDYSFLSPIPYDSP

MNIFQLQDGDFKAPGVVSAYSAPFSISPTALSYSVNADSGNLPQFQNPTTSIGAARQVLGVTPTDS

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 

MRSEEGKAVHRESQKDGVSEQDLRDNGFPVGLRVLLVEDSLLQLIILEKMLLSCKYQVTTCQEA

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

MVGGSSSFSPMLIPNQQVPGDNSIPQPQFSHGMSQSYGNPSKFQPSILGNLNSPHQANQASFSWR

NGGMPCGRVNVPNGLHDSNSLQEMYAQQNQGRTNFGNPSRFMFTPAATGSRDSNYIPSIGNEGF

VSSDYRLANANRIYGGIQMNVEGAPAGQEQTPFYRTELSSGLNGGYGMTNLIQNNSMNVAPRE

NGEFQSLAQGASFAGFNGGNHFPPSFSAINQGNNSMLPPPAAQQDIHVASDYSPQVQNNLPTWG

GISDQQQIGQTDLDDILLGPASQVTPGQVLGPSQVTPSQKQIGGLQLNAKFPNSSHHEEVNTPLGE

LLNNTDFMSSFCAEDNTLWNEQAPSQACD 

 

>c32 PoRR14 

MVASQRVASSLSTSASSYGCSKDAGADVSVPEQFPAGLRVLVVDDDTTCLRILEQMLRRCLYHV

TTCSQATVALDLLRERKGCFDMVLSDVHMPDMDGFKLLELVGLEMDLPVIMMSADGRTSAVM

RGIKHGACDYLIKPIREEELKNIWQHVIRKKRNETKEFEHSGSLGDNDRQKRGNDDVDNASSAN

EGTEGASKCQKKRSNVKEEEEEELENDDPSTSKKPRVVWSVELHQQFVSAVNQLGIDKAVPKRI

LELMNVPGLTRENVASHLQKFRLYLKRLSGVAQQGGMSTTFCGPLDSNAKLNPLGRFDIQALAA

SGHIPPQTLAALHAELLGQTTGNVMTGLDQPALLQASVQAPKCIPIEHGVAFGQPLVKSPSNISKS

FPQNMASAEEVAKGFGAWSSNNLSTAGPSGNLGGISTQHSNMLMDILQQQQHRHLQLAQQPSS

LPEPSRSISVQPSCLVVPSLSSVCFQTGETSASMNQLSNFNRSAAMDYSLLSTHSNNSSINIGLLSD

GDLKTKVVVDGYSAPSSVSPSVSSCSVNADNGVTQQVQVQIQSPTISGGPTRQLHGLVPNICGIQ

GSYGTKSGEVLNQGPLGNPGLNRGTSTLSPFAVGQFESPLTNLSNGKIYAEINANKVKQEPSMEFI

NNARVAIPVSQQFPPSDIMGIFTE   

 

>c739 PoRR18a 

MGVEGQRGGGSGNEDKFPVGMRVLAVDDDPICLKVLDNLLRKCQYHVTTTNQSLKALKMLRE

NRDTYDLVISDVNMPDMDGFKLLELVGLEMDLPVIMLSAHSDKELVYKGVTHGAVDYLLKPVR

IEELKNIWQHVVRRKKWQPKDQKGSDYQEQDCEETGEGVAAAASTCSADQSGKGCRKRKDQD

EDEEDGEENENENEEPGTQKKPRVVWSVELHRKFVAAVNQLSLDKAVPKKILDLMNVEGLTRE

NVASHLQKYRLYLKRLSNAASQQANMVAVFGSKDSSYLRMGPFDGFGDFRSFSGSGRLSGSSLS

SYSTGGMLGRLNSSSGLGLRGISSSGLLQPAHSQLSSTKTSLGKIHPVSLSANSSTNLFQGNPSSLE

HHQLQSKSWAIGEFNRNDDAVGFTLASSFPDARLNFGGLGNRVPIASGNPLMLQDRTQQIQGKG

AFATQSSVGLPTLNHDTLDVGVHGSSNLRDHSRCNENWQSAVQLSTFPSNTLPLDETFCHDPISS

TNLKNNISSNSSHIGNSPVEFSTSSVRTIPLENSRLDMQGQAVMTANAVQNMNHTSKQRWEEHS

QGYNANVNDSFGTMNSLIPGNGFMGSLSHVMDQRRKFDASMMSQLSSSPSTIHHPDAENSGMD

PKLRTGEEGLPDQTKLPNGLVQNSYDALDDIMNAMMKRV 

 

>c7945 PoRR18b 

MSVEGQRAGCSGDEDKFPVGMRVLAVDDDPVCLKVLETLLRRCQYHVTTTNQSLKALKILREN

RSKYDLVISDVNMPDMDGFKLLELVGLEMDLPVIMLSTHGDKEFVYKGVTHGAVDYLLKPVRI

EELKNIWQHVVRRNKLQSEDHNMSANQEQGGEETVKGVPAAGSVSTADRSEKGCRKRKDQDE

EREESEENEEAGNQKKPRVVWSAELHMKFLAAVDQLGFEKAVPKKVLDLMNVEGLTRENVAS

HLQKYRLYLRRIRNEASQKANMVAAFGTRDSYYLPKGSLDGYLSSFSGPGSLWSSSLSSYSTGD

MLGGLNDSSGITLSGISSPGLLQPAHSQLSSSATSFGKIQHNFLSANQDTNLFPGMSSLLQDHIHQ

QSKSCTPIGECNFSDDAAGFTLASSSADAKVSIGSSINGVSSGSCNLLMLQGSAQSSDLLDHSTCS

RNWQGGAYLSTFPSNTPPLNVPFRHDPLSSTNFKDNASPNSSHIGDSPIDFSPSCALTVPVENSRV

DLSSQSSLVGNVVPNVNYLSKLGEQEHGQVYDPSFNNSFGTMNSLISGNGLVGSLSHDLDVSQL

SSSSSFFHHLDPEKSDTDLKPMVGDECHLEDFTQNNHDSMDDMMNVMMKREHNDMMLEDGEF

GLDAYSLESCL 

 

>c1287 PoRR21 

MATDMAVSVEILENTETFPTGFRIMIVDSDLTSLAITSTMLRRQSYIVTIAKLATDAIDIVRKRANE

LDLILTEARLPDMNGCELLEIIGKISALPVVVLSAEYDESAMLGSLLRGAEFYLVKPISGCDVKRL

WQFSYPKKGEPTLSIERINSSHQVESPEENRSSEASERGTYSSTDEQSEENGERNTVEKEKPEEDN

PTLTISKKPKLVWTNELQRRFLGAVWLLGLDEAQPKKILKLMKVPGLTKENISSHLQKHRLKVR

RQREAKKKIVITNSKHPSTSTSSSQSAKTSHFLNPELLMTMHQQGLGKNFNDPISLPGFVSGNFPM

HLDSHHNDFPMPTIEENLNDPMSTRGFGSGHFTVHLDSNQSNVPSLPPQSYQPYSDHDGSNIYPQ

GFLMQRMSLPSGVPHSSACTGNCLQQQFQMPQLSPLHLPSFQEQESFTHIHNHHSQEFLAQRTSL

PNAVPHNLSTSIGNYNHQQQLQTPQLSPPPIPPPQEQETNELFDVKGGGVDDIFDFLNKPTQQPDD

EGNHNDPNGHFHSGFGNSLASLPSLHS 
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Sequências proteicas dos genes relacionados ao metabolismo e resposta a 

giberelina em formato fasta 

 

>c213 GA2ox2 

MVVLSQLTLDQFSLIKSCKPGGLFSGIPVIDLKDPEAKTLMVKACEEFGFFKLVNHGVPLEFMIKL

EALAANFFNLPQSEKNKVGPPDPFGYGNKRIGPNGDVGWIEYLLLNTKPQLTFQESLSVFQDNPE

IFRSAVEDYVTAVKNMTFEVLELMADGLGIAPRNALSRMLRDEKSDSCFRLNYYPPCPELQALS

GRSLIGFGEHTDPQIISVLRSNNTAGLQICLRDGTWVSVPPDQTSFFINVGDVLQVMTNGRFRSVK

HRVLTATKKSPRLSMIYFGGPPLHERIAPLPSLVNKGERIVYKEFTWGDYKKSVYKSKLADYRLG

LFEQNTEQ 

 

>c307 GA2ox3 

MVVLSQPAILDQFSLIKSCRPSGLFSGIPVIDMKKPEAKSLIVKACEEFGFFKLVNHGVPLEFMIKL

EALAANFFNLPQSEKDKAGPPDPFGYGSKRIGPNGDVGWIEYLLLNTNSQVTSHKTLSIFQDNPE

NFRSAVEDYISAAKRMTFEVLELMADGLGIEPRNVLSRMLRDEKSDSCFRLNYYPPYPEMQALS

GRNLIGFGEHTDPQIISVLRSNNTTGLQICLKDGTWVSVPPDQTSFFINVGDALQVMTNGRFRSVK

HRVLAGMKKSRISMIYFGGPPLDEKIAPLPSLAIKGEESLYKEFTWCEYKKSAYKSRLADYRLGM

FEKATGK 

 

>c397 GA2ox4a 

MVVASPTPIRSERIQAIELPVIDLSGERPKVSSLIVKACEEYGFFKVINHGVPQDIIAKLEQESISFFA

KSFMEKEQAGPATPFGYGCKNIGFNGDFGEVEYLLLDTKPHSIGQRFETISNDPKKFSSAVHGYIE

AVRLLACELLDLMAEGLWVPDTSVFSNLIMDADSDSILRLNHYPPMPVLCKDKDSSPSYSSNKV

GFGEHSDPQILTILRSNDVGGLQISLNNGVWVPVTPDPTAFCVNVGDVLQAMTNGRFVSVRHKA

LTNSYKSRLSMAYFAAPPPHARISAPSDAVSPPTPSLYRPFTWAEFKKAAYSLRLGDSRLDLFRM

QNDGNVA 

 

>c2737 GA2ox4b 

MVVASPTPIRNDKIQAIELPVIDLSGERSKVSSMIVKACEEYGFFKVINHGVPQETIAKLDQESISFF

SRSFREKEQAGPACPFGYGCKNIGFNGDCGEVEYLLLNANPHSIAQRSKNISSEPRKLRSAVCGY

VEAVRVLACELLDLMAEGLWVPDTSVFSKLIMDMESDSILRINHYPPMPLLCKDKDKDSASYNC

NRVGFGEHSDPQILTILRSNDVGGLQISLNNGLWVPVPPDSTAFCINVGDVLQLQAMTNGRFVSV

RHKALTNSNKSRLSMAYFAAPPLHAKISAPADIVSPLRPSMYRPFTWGEFKKATYSLRLGDSRLH

LFRLQADENEG 

 

>c1937 GA2ox6a 

MVVPPPTPIRTMKHKALGLPTIDLSLNRSTVSELIVKACEDYGFFRVVNHGVKMEVTARLEEEGA

EFFAKPASEKQRAGPASPFGYGCKNIGFNGDAGDVEYLLLHTDALSVSERSKAISNDPEKFSSAA

NDYIHAVKELACEILDLAAEGLWVQDKDALSRLIRDVHSDSVVRLNHYPAAKEMMDGDSSTKR

IGFGEHSDPQILTVLRSNDVAGLEICLHDGVWFPVPPDPTAFYVLVGDLLEVLTNGRFTSVRHRA

LPSFLKSRLSMIYFGAPPLNTWISPLPEMVSPQCPRQYKPFTWSDYKKAAYSLRLGDTRIELFRIC

DK 

 

>c2547 GA2ox6b 

MVVPSPTHIRTKKTKALGIPTVDLSLNRSTVSELIVKACGEYGFFRVVNHGIKTEVTARLEDEGTE

FFAKSAMEKQRAGTATSFGYGCKNIGLNGDMGEIEYLLLHTNPHSISERSKTISNNPTKFSCVVN

DYIQEVRELACEILDLAAEGLWVQDKHAFSRLIRDVQSDSVIRINHYPSVKEAMDWDPSPKRIGF

GEHSDPQIVTILRSNDVPGLEICMHDGLWVSVPPDPTAFYVLVGDVLEVLTNGRFPSVRHRAMA

NSRRSRMSMMYFGAPPLNARISPHPEMVSSGSPILYKAFTWSDYKKAAYALRLGDTRLDFFKIPN

Q 

 

>c4764 GA2ox7 

MAVNPPFQDACKILTKDSYAKDDKFFVVQECDLPIINLSRLTLGQKERDSCMKELAEAAREWGFF

QVINHGVPREVLKRMLRKQKKVFHQPFKKKVDYKFLNLPGTSYRWGNPKAACLSQFSWSEAFH

IPVTDISRMKEYENLRSAIQAFTKAAAILAQSLAESLARQLGVRTRFFAENCAPSNSYLRMNRYPP

CPLSSIVYGLVPHTDSAFLSILYEDQVGGLQLRKNGTWLSVRPNPDALIINIGDLFQAFSNDAYKSI

EHRVVASREVERFTVAYFYCPANDAVVQSCRKPAVYRKFSFKEYRQQILKDIEATGDKVGLSRFLN 

 

>c271 GA2ox8 
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MEEKPEVEECPLPLIDLKHLSSGDDTERATCAAAICSASAEWGFFQVVNHGISPQILGKMRKEQV

KLFQTPYQTKASCGLLDNSYRWGNPTATSQHHFSWSEAFHFPLTKISDQTCYGHEFTSLRDVLVE

FAAAMSRLARLLAGILAENLGHPREAFGNVCHENNCFLRLNRYPACPISSDIFGLIPHTDSDFLTIL

HQDQVGGLQLLKDSKWVAVKPNQEALIVNIGDLFQAWSNDVYKSVEHKVIANTVRERYSIAYF

LCPSHDSLIGSSREPSIYRKFTFGEYRTQVQEDVKRNGHKIGLPRFLL 

 

>c2081 GA3ox1 

MPSRLSDAFRAHPVNIHQKHLDFTSLQELPDSFKWTQLDDHPSGDLLISESVPVVDLLHPNALQN

IGSACKTWGVFQVVNHGIPSSLLDSIESTSKSLFSLPIHQKLKAVRSPDGVSGYGFARISSFFSKLM

WSEGFTIVGSPLEHFRQLWPHDFSQLCDIIEEYEKQMQKLAGRLMWLMLASLGISKEDLNWACP

KAESRHGSAALQMNYYPVCPDPDKAMGLAAHTDSTLLTILYQNSTSGLQVLKEGTGWVTVPPIP

GGLVINVGDLLHILSNGLYPSVLHRAVVNRTKQRLSVAYLYGPPSSVQISPLSKLVGPSQPPLYRS

VTWNEYLGTKAKHFNKALSCVRVCALLNGLVDVNDNNRVKVG 

 

>c2205 GA3ox2 

MPSRLNEVFRAHPVHIHQKHLDFASLREVPDSFKWTQPDEPPSGGESFVSESVPIIDLLHPNAVEN

IGYACKTWGVFQVTNHGVPTSLLDGIESTSKSLFSLPINQKLRAARSADGVSGYGFARISSFFSKL

MWSEGFTIAGSPVEHFRQLWPQDYSKFCAIIEEYEQEMQKLAGNLMWLMLDSLGISKEDLSWA

GPKHSKGEPKEGRAALQFNYYPACPDPDKAMGLAAHTDSTLLTILYQNGISGLQVLREGTGWVT

VPPIKGGLVINVGDLLHILSNGLYPSVLHRAVVNRTKQRLSIAYLYGPPSCVKISPLSKLVGPSQPP

LYRSVTWNEYLGTKAEHFDKALSKWTLVDVNDQNRVEVG 

 

>c585 GA3ox3 

MASISESYKNSPISIDHIIPMDFKNVLKLPTSHTWTPSPTLSSPSSCESVPIIDLAHPHALALIRKASE

EWGMFQVTNHGIPTNLLTDVELQARKLFELPASQKLLAVRSPEGIAGYGKAHISPLFPKQMWQE

GFTMVGSPAQHARLLWPHDQEHIRFCNVMEEYQKAIKALSERIIGLMLKSLGLTQDDAKWLKST

SASKTSQALLQLNSYPVCPDPGHAIGFAAHTDSSMVTLLYQGNITGLQVLGKNGIWVPVQPLPG

ALVVNVGDLMHIISNGRFKSALHQAVVNQTHHRISVAYFYGPPRDAKVSPSTKLVDADHPQLYR

PVTWKDYLDAKKTYFNKALEFIKYDSCDKGMQ 

 

>c102 GA3ox5 

MGTTFSEESNNDLHPLHPHHAIPLDFHSVQTLPDSHIWPKFGDSEQSDDLLCVPLIDLRFPDAADQ

IERACETWGVFQVINHGVPLNLLQEVEAEARSLFSLPLGQKLKASRLPNSVAGYGIAPISPFFNKC

MWHEGFTIRGSPVDHARRLWPQNYRSFCDVIEDYQKKMKELAKTLVHTVLKFVGISEEGINRLL

STEGASTALQLNSYPLCPDPNRAMGLAPHMDTSLVTILHQSGTRGLQIFKEGVGWVGVRPINGAL

VVNVGDFLHILSNARFPSVLHRVVMKETKQRLSVAYFFSPPSDFLVSPLGLNSGHIPKYRSISVGEY

LRIKANNPETALSQIRI 

 

>c239 GA20ox1 

MAVDCTKTIPSMAAYHQHPKDDRQEGRNQLVFDAKVLRHQQNIPQQFIWPEDEKPCANVPELQ

VPLIDLGDFLSGDPVAAREASRLVGEACEKHGFFLVVNHGVDKTLIADAHRYMDNFFELPLCVK

QKARRKLGESCGYASSFTGRFSSKLPWKETLSFCYSAEDNSSRHIQEYFHNTMGEEFEEFGQVYQ

DYCESMSTLSLGIMELLGMSLGVSRAYFREFFEENESIMRLNYYPPCLKPDLTLGTGPHCDPTSLTI

LHQDQVGGLQVFVDNEWRSINPNFDAFVVNIGDTFMALSNGKYKSCLHRAVVNSESPRKSLAFF

LCPRNDKMVTPPGELVDTCNPRVYPDFTWPTLLEFTQKHYRADMKTLEMFAKWLQQREVE 

 

>c6521 GA20ox2 

MAIECMRTMSSIAAHHQHPTVERHDDRKQLVFDAKVLSHQTNIPQQFIWPDDERPRPNAPEFQV

PLIDLGNFLSGDPAAAKEASSLVGEACQKHGFFLVVNHGVDKTLVTDAHRHMDKFFELPLCEKQ

KARRKLGESYGYASSFTRRFSSKLPWKETLSFRHSAEKNSRLIRDYFHDTMGEDFEEFGRVHQEY

CEAMSTLSLGIMELLGMSLGVSKLHFREFFEDNDSIMRLNYYPPCLKPDLTLGTGPHCDPTSLTIL

HQDQVGGLQVFADNEWRAISPNFDAFVINIGDTFMALSNGRYKSCLHRAVVNSETPRKSLAFFL

CPRNDKLVTPPTELVDAYNPRAYPDFTWPSLLEFTQKHYRADMKTLEMFTDWLQKSAE 

 

>c555 GA20ox3 

MGPMPAEQPLSFDALFLQKETNIPSQYIWPDHEKPCRDLPDLALPSIDFGSFLQGDPSVVSRTTQLI

EEACKKHGFFLLVNHGVDSRLIAKAHEYMDKFFDMNLSDKQRFQRKVGEPWGYASSFTGRFFS

KLPWKETLSFRFCGDKQSNTVEEYFLNVMGEEFEEFGKVYQQYCDAMNTLSLGILELLGLSLGV

GREYFRDFYDGNDSAMRLNYYPLCQKPDLTLGTGPHCDPTSLTILHQDQVCGLQVFTDEKWYS

VNPDPNAFVINIGDTFVALTNGIFKSCLHRAVVNNTKARKSLAFFLSPRMDKVVKPPNALVDSKN
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PRLYPDFTWKDLLEFTQKHYRADTKTLEVFSAFLEQENETLRLRKVASEDNERDSETRDKGNSK

TSK 

 

>c137 GA20ox4 

MTHPERPLVFDASILEHQANIPSQFVWPDHEKPCFEAPELAILSVDIGSFLHGEPSAVSQATQLVN

EACKKHGMFLAVNHGVHSKLIAKAHEYMDRFFRMKLSEKQRAQRKIGEYCGYASSFTGRFSSK

LPWKETLSFRYCPDKESSNIVQEYFLDVLGEEYEEFGKVYQEYCDAMNSLSLGIMELLGLSLGVG

QEYLRDFFEGNDSSMRLNYYPPCQKPDLTLGTGPHCDPTSLTILHQDGVSGLQVFFDEKWHSVR

PDPEVFVVNIGDTLMALSNGIFKSCLHRAVVSKRIVRKSLAFFLSPSMDKVVKPPSDLVDSKNPR

AYPDFTWRRLLEFTQKHYRADMKTLEVFFTWLQQPTAQMLPNIHISVGEGK 

 

>c321 GA20ox5 

MDSTGVSVFDNSLLQKQPELPKAFIWPKGDLVGNQDELNEPLIDLEEFLNGGEEGTARAADLVR

AACMNHGFFQVTNHGVDASLVRAAHQEIDSIFTLPLGKKLSARREPGSVWGYSGAHADRYDSK

LPWKETFSIAYRGSDSCQLAVIDYIKSVLGEELEHTGWVYQRYSEAMKKLSLVIFELLAISLGVD

RLHYRKFFEDGTSIMRCNYYPPCNNCNLTLGTGPHCDPTSITILHQDQVGGLEVFANNKWQAVR

PRPDAFVINIGDTFMALSNGRYKSCLHRAVVNREKERRSLVFFVSPKEEKVVRPPHDLVGREGPR

KYPDFRWSDLLEFTQKHYRADVATLQSFIHWLLSSKPSNLYLPS 

 

>c3304 GID1a 

MAGGNEVNLNESKMVVPLNTWVLISNFKLAYNLLRRPDGTFNRHLAEFLDRKVPANANPVDGV

FSFDVIIDRGTSLLSRIYRQTDGEDLRPTIVDLEKPVNSEVVPVIIFFHGGSFAHSSANSAIYDTLCR

RLVGICKAVVISVNYRRAPENRYPCAYDDGWTALKWATSRSWLKSKKDTKVHLYLAGDSSGG

NIVHNVALKAVESGIEILGNILLNPMFGGQERTESEKRLDGKYFVTIQDRDWYWRAFLPEGEDK

DHPACNPFGPKGKSLEGVNFPRSLVVVAGLDLTQDWQMAYVEGLKKAGQNVKLLYMEQATIG

FYLLPNNNHFHTLMDEIREFVSSNC 

 

>c110 GID1b1 

MAGSNEVNLNESKRVVPLNTWVLISNFKLAYNLLRRPDGSFNRDLAEFLDRKVPANIIPVDGVFS

FDHVDRATGLLNRVYQPAPENEGQWGMMDLENPLSSTEVVPVIIFFHGGSFTHSSANSAIYDTFC

RRLVSICKVVVVSVNYRRSPEYRYPCAYDDGWTALKWVKSRTWLQSGKDSKVHVYLAGDSSG

GNIAHHVAVMAAEAEIEVLGNILLHPMFGGQERTESEKKLDGKYFVTIQDRDWYWRAYLPDGE

GRDHPACNIFGPRSKSLKGLQFPKSLVVVAGFDLVQDWQLAYVEGLEKADHQVKLLYLEQATI

GFYFLPNNNHFYCLMEEIKSFVSSNC 

 

>c1489 GID1b2 

MAGSNGVNLSESKRVVPLNTWVLISNFKLAYNLLRRPDGSFNRDLAEFLDRKVPANIIPVDGVFS

FDHVDRATGLLNRVYEPAPKSETRWGTVELEKPLSTTEVVPVIIFFHGGSFTHSSANSAIYDTFCRR

LVSICKVVVVSVNYRRSPEYRYPCAYDDGWTALKWVKSRTWLQSGKDSKVHVYLAGDSSGGNI

AHHVAVKAAEAEIEVLGNILLHPMFGGQERTESEKRLDGKYFVTIQDRDWYWRAYLPDGEDRD

HPACNIFGPRTKSLRDLKFPKSLVVVAGFDLVQDWQLAYVEGLQKADHEVKLLHLEQATIGFYFL

PNNDHFYCLMDEINTFVNCNC 

 

>c41 DELLA1 

MKRELEKKINQPDTSPSMATPAADNGKAKIWEEETRPADGGMDELLAFCGYMVRSADMSEVAL

KLEQIEEIMGHAQEDGLSQLAFDTVHYNPSDMSSFLENIRSGLNLNPNFDSVSQPSSVDNSFLAPA

ESSTITSLDFTDKTEYGLFDESSALDYDLKAIPGKAVFSQQQRQQTQFVDSCVREPKRLKASSTEL

YPTSTPSSSSSNTIGSSVGTDSTRSVVLVDSQENGIRLVHLLMACAESVQENKLDVADALVKKIGL

LAVSQAGAMRKVATFFAEALACRIYRVVPQNSIDLPLSDILQMHFYETCPYLKFAHFTANQAILE

AFEGKKRVHVIDFSMNQGMQWPALMQALAVRPGGPPVFRLTGIGPPAHDNSDRLQDVGWKLA

QLAEAIHVEFEYRGFVANSLADLDASMLELRPTEFESLAVNSIFALHTLLARPGAVEKVLSVVKR

MQPEIVTVVEQEANHNGPIFLDRFNESLHYYSTLFDSLEASSSTQDKVMSEVYLGKQICNVVACE

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 DELLA5 

MKREHQAILGGTGYTSTTNTLIGREAESSSMASGSMGKGKSWVEEEQDAGMDELLAVLGYKVK

SSDMADVAQKLEQLEMVMGTAQEDGISHLSCDTIHYNPADLSGWVQSMLSELNGTPSCDLDML

LTSQDSVLGNSSEITTIDYSDPQLPAKVFADDSEYDLRAIPGAAAYSQTDFDVENSTNRKRIKPNL

KETASPSSSSTLATTATTATTATTPLPGTTLTETRPVLLIDSQETGVRLVHALLACAEAVQQDNLK

LADTLVKHIGLLAASQAGAMRKVATYFAEALTRKIYKFCPQNCLDPSYSDTLEMHFYETCPYLK

FAHFTANQAILEAFADCNRVHVIDFSLKQGMQWPALMQALALRPGGPPAFRLTGIGPPQPNNRD

TLQQVGWKLAQLAQTIGLEFEFRGFLANSLADLEPGMLDLRSPQVETVAVNSVFEMHRLLGRSG

GIDKVLSSVKAMKPKIVTIVEQEANHNGPVFLDRFTEALHYYSSLFDSLEGSGLAPSSQDLVMSE

LYLGRQICNVVACEGGDRVERHETLTQWRTRMESSGFDPVHLGSNAFKQASMLLALFAGGDGY

RVEENNGCLMLGWHTRPLIATSAWQLTDVDSL 
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APÊNDICE E – CURVAS DE MELTING 
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