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RESUMO

O algodoeiro tem alta adaptabilidade a condi¢bes adversas, contudo, um dos principais
fatores para perdas na producdo é o déficit hidrico. A utilizacdo de ferramentas
moleculares em conjunto com dados biogquimicos e fisiologicos tem elucidado algumas
perguntas a respeito da complexidade de respostas das plantas ao estresse hidrico.
Diante do exposto, a identificacdo de genes que compdem essa complexa cadeia é de
grande importancia. Objetivou-se nesse estudo determinar os efeitos do estresse hidrico
sobre a expressdo dos genes GUSP1 e MYB60 e sobre varidveis fisioldgicas,
bioquimicas e de crescimento na fase vegetativa (V1) de algodoeiros. Foram utilizados
gendtipos de algodoeiro Gossypium hirsutum oriundos do BAG da Embrapa Algodao.
As sementes foram plantadas em tubetes. O delineamento experimental foi inteiramente
casualizado, em esquema fatorial 4 (gend6tipos) x 2 (irrigado e ndo irrigado), com 10
repeticdes. As trocas gasosas (g, ci, E e A) foram realizadas com um aparelho contendo
IRGA (Infra Red Gas Analylser). Nas avaliagdes de crescimento foram mensuradas:
altura da planta (ALT), didmetro da haste (DH), numero de folhas (NF), fitomassa da
raiz (FITOR) e fitomassa da parte aérea (FITOA) aos 25 DEH. As atividades da
superdxido dismutase (SOD), catalase (CAT) e a expressdo génica via RT-gPCR foram
analisadas em folhas. Em relacdo ao primeiro estudo todas as variaveis foram afetadas
significativamente (p<0.05) pelos tratamentos hidricos. Moco 1 e CNPA Precoce 1
apresentaram reducdes significativas nas variaveis NF, DC, FITOA e FITOR. SOD e
CAT apresentaram comportamento semelhante em todos os gendtipos, porém CNPA
Precoce 1 apresentou o maior nivel de atividade com 80-90% do fechamento estomatico
(fase 2), indicando que esse gendtipo foi o mais afetado pelo estresse imposto. GUSP1
aumentou gradativamente a expressao em todos os genétipos, destacando-se 0 Moc6 2
na fase 2, enquanto que MYB60 apresentou um pico de expressdo com 50% do
fechamento estomatico (fase 1), decaindo com a severidade do estresse. No segundo
estudo as variaveis referentes as trocas gasosas ndo foram afetadas significativamente
(p<0.05), pois as mesmas foram realizadas na fase 1. Os gendtipos adaptados ao semi
arido nordestino apresentaram as menores reducdes das variaveis fisioldgicas, indicando
maior tolerancia ao estresse hidrico. Para o estudo de expressdo génica, GUSP1
apresentou 0s maiores niveis nesses mesmos genotipos, o contrario foi observado para o

gene MYB60, onde 0s gendtipos relativamente mais sensiveis apresentaram os maiores

Xii



niveis de expressdo, dados esses que corroboram com trabalhos envolvendo os genes
estudados. De acordo com os resultados, os genes podem contribuir para selegéo de
materiais mais tolerantes ao estresse hidrico, visto que conseguiram identificar os
gendtipos mais tolerantes logo no inicio do crescimento (fase V1), tornando tal

estratégia mais pratica em funcao da identificacdo mais precoce.

Palavras-chave: Genes GUSP1 e MYB60, RT-qPCR, SOD, CAT, algodao perene.
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ABSTRACT

The cotton has high adaptability to adverse conditions, however, one of the main factors
for losses in production is the water deficit. The use of molecular tools in conjunction
with biochemical and physiological data has elucidated some questions regarding the
complexity of plant responses to water stress. In view of the above, the identification of
genes that make up this complex chain is of great importance. The objective of this
study was to determine the effects of water stress on GUSP1 and MYBG60 gene
expression and on physiological, biochemical and growth variables in the vegetative
(V1) phase of cotton plants. Gossypium hirsutum genotypes from Embrapa Cotton
BAG were used. The seeds were planted in tubes. The experimental design was
completely randomized, in a factorial scheme 4 (genotypes) x 2 (irrigated and non-
irrigated), with 10 replications. The gas exchanges (g, ci, E and A) were performed with
an apparatus containing IRGA (Infra Red Gas Analylser). Plant height (ALT), stem
diameter (DH), number of leaves (NF), root phytomass (FITOR) and shoot phytomass
(FITOA) were measured at 25 DEH. The activities of superoxide dismutase (SOD),
catalase (CAT) and gene expression via RT-qPCR were analyzed in leaves. In relation
to the first study all variables were significantly affected (p <0.05) by water treatments.
Moco6 1 and CNPA Precoce 1 showed significant reductions in the variables NF, DC,
FITOA and FITOR. SOD and CAT presented similar behavior in all genotypes, but
CNPA Precoce 1 presented the highest level of activity with 80-90% of stomatal closure
(phase 2), indicating that this genotype was the most affected by the stress imposed.
GUSP1 gradually increased expression in all genotypes, especially Moc 2 in phase 2,
while MYB 60 showed a peak expression with 50% of the stomatal closure (phase 1),
decreasing with the severity of the stress. In the second study, the variables related to
gas exchange were not significantly affected (p <0.05), since they were performed in
phase 1. The genotypes adapted to the northeastern semi-arid region presented the
smallest reductions in physiological variables, indicating a higher tolerance to water
stress. For the study of gene expression, GUSP1 presented the highest levels in these
same genotypes, the opposite was observed for the MYBG60 gene, where the relatively
more sensitive genotypes showed the highest levels of expression, data that corroborate
with studies involving the genes studied. According to the results, the genes can

contribute to the selection of materials more tolerant to water stress, since they were
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able to identify the most tolerant genotypes at the beginning of the growth phase V1,
making this strategy more practical due to the earlier identification

Key words: GUSP1 and MYB60 genes, RT-qgPCR, SOD, CAT, perennial cotton.
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1. Introducéo

A cotonicultura é uma das principais culturas agricolas tanto no aspecto cultural
quanto econémico, em nivel mundial. A fibra é o principal produto, de grande
relevancia para industria téxtil em todo o mundo.

De acordo com a CONAB (2017), na safra 2016/17 a area plantada foi de 939,1
mil hectares no Brasil. A regido Centro-Oeste detém a maior parte dessa producgdo
(72%), sequida da regido Nordeste com 22,8%. Em relacdo a produtividade, no Brasil,
houve uma retomada no crescimento com um aumento de 11% em relacdo a safra
anterior (CONAB, 2017). Grande parte dessa retomada, vem da adog&o de novas
tecnologias especificamente cultivares de alta produtividade e adaptacdo ambiental.

As plantas estdo constantemente submetidas aos mais variados estresses
ambientais, sejam eles de origem bidtica (pragas e doencas), como de origem abiotica
(estresse por calor, frio, radiacdo e hidrico); tais estresses afetam diretamente a
producdo, em especial o estresse hidrico.

Diante dos varios estresses abidticos que podem ocorrer durante o cultivo do
algodoeiro, 0s gendtipos respondem diferentemente quanto a tolerancia, revelando
sintomas variados ao longo do crescimento e desenvolvimento das plantas (PARIDA et
al., 2007).

A seca € um dos principais fatores que afeta o desenvolvimento das plantas,
prejudicando a produtividade das culturas em geral. Tal condicdo induz um conjunto de
respostas fisiolégicas, bioquimicas e moleculares nas plantas, dependendo da
intensidade e da duracdo do estresse, dos efeitos interativos com outros tipos de
estresse, do estddio de desenvolvimento e do gendtipo (Meneses et al., 2006). O
impacto da seca na agricultura € uma importante consequéncia socioeconémica que
afeta milhdes de pessoas ao redor do mundo (ELLIOTT et al., 2013).

O estresse hidrico pode afetar a producdo de algodéo, principalmente nas etapas
de pré-florescimento e de enchimento das macés. O estresse no inicio do crescimento
pode acarretar em reducdo da expansdo das raizes, tamanho dos botBes florais e das
posi¢des frutiferas, consequentemente, capulhos menores e em menor numero.

No algodoeiro, varios sinais sdo ativados na célula em resposta aos danos
provocados pela falta de agua. Fenotipicamente percebe-se alteracbes no crescimento,
com reflexo na fibra e produgdo (LOKA et al., 2011), em nivel fisioldgico, alteracoes

sdo registradas na fotossintese e trocas gasosas (KUMAR et al., 2001).



De acordo com a literatura, o algodoeiro possui um mecanismo bioquimico
complexo para monitorar a homoeostase redox das células, de modo a evitar 0 excesso
de Espécies Reativas de Oxigénio (EROs). Alteracdes no metabolismo de enzimas
antioxidativas (catalase, superdxido desmutase, ascorbato peroxidase, etc), como
também o balanco osmotico por meio do aumento de acUcares (trealose e fructanos) e
aminoacidos (prolina e glicina) podem influenciar a toleréncia a seca no algoddo (DAS
e ROYCHOUDHURY, 2014; FANG e XIONG, 2015).

No que se refere a resposta molecular, o algodoeiro possui varias vias de
transducdo de sinais em resposta ao estresse por seca. Alguns dos genes que séo
induzidos por esse tipo de estresse ja foram identificados e caracterizados, inclusive as
vias de sinalizacdo e regulacdo, mas em comparagcdo com Arabidopsis thaliana, a
quantidade de dados sobre tais genes e suas funcdes, ainda € insuficiente. Estudos com
A. thaliana mostraram que a percepcdo inicial do déficit hidrico é mediada por uma
histidina quinase transmembrana (AtHK1A). Esta proteina faz o papel de um sensor,
detectando mudangas no potencial osmotico dentro da célula e induzindo a expressao de
genes relacionados ao estresse hidrico (RIERA, 2005), dentre eles, genes que sintetizam
fatores de transcricdo (FTs) (YANG et al.,, 2009). Estes FTs desempenham um
importante papel na resposta das plantas a estresses, regulando diversas vias de
sinalizacdo através da sua ligacdo a elementos cis que atuam na regido promotora de
genes, fazendo com que tais genes sejam ativados (YAMAGUCHI et al., 2006).

Um dos principais FT relacionado ao estresse hidrico é o MYB, ele esta
diretamente envolvido com a regulacdo dos movimentos estomaticos, (COMINELLI et
al., 2005; GALBIATI et al., 2011; OH et al., 2011; BALDONI et al., 2015). De acordo
com Cominelli et al. (2005), em A. thaliana o gene AtMYB60 foi regulado
negativamente a medida que aumentava o tempo de exposicdo ao ABA exdgeno.
Resultados similares foram encontrados por Huang et al. (2007) e Jaradat et al. (2013)
com o gene AtMYB44. J& sob condicdo de estresse hidrico, plantas de A. thaliana
apresentaram regulacdo positiva tanto para o gene AtMYB44 (Jung et al., 2008), quanto
para dois mutantes do gene AtMYB60 (OH et al., 2011).

Além de FTs, varios genes como LEA, NCED, IRX1, USP entre outros, estdo
envolvidos na resposta de plantas ao déficit hidrico (MAQBOOL et al., 2009;
ISOKPEHI et al., 2011; JUNG et al., 2015; SOUZA et al., 2016). A proteina de estresse
universal (USP) é uma proteina regulada positivamente quando a célula é exposta a

agentes de estresse, como déficit hidrico, apoxia, frio, salinidade, entre outros; sua
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funcdo é aumentar a taxa de sobrevivéncia das células durante a exposicao prolongada a
estas condicdes de estresse (SAUTER et al., 2002; MAQBOOL et al., 2009).

Isokpehi et al. (2011) em trabalho envolvendo um conjunto de dados gerados por
microarrays, identificaram dois genes USP em Arabidopsis, At3g62550 e At3g53990,
que codificam um motivo de ligacdo ATP regulado positivamente sob estresse hidrico.
Em Gossypium arboreum, Magbool et al. (2009) identificaram dois genes, GUSP1 e
GUSP2, sob estresse hidrico; os ensaios revelaram um alto nivel de expressdo do gene
GUSP em folhas, raizes e hastes, exclusivamente nas plantas apds o estresse hidrico. Os
niveis mais elevados de expressdo induzivel pela seca foram encontrados nas folhas.

Apesar da complexidade do mecanismo de tolerancia a seca no algodédo, grande
progresso foi alcangado no que diz respeito a adaptacdes morfofisioldgicas, bioquimicas
e moleculares, tais como: aumento do crescimento das raizes, producdo de ceras
cuticulares, regulacdo osmotica para manter a turgescéncia das folhas e raizes, producédo
de proteinas de estresse, etc (ACKERSON et al. 1981; COOK et al. 1992; SARWAR et
al. 2017). No entanto, sdo necessarios mais estudos no intuito de interligar a fisiologia
com a biologia dos sistemas e 0 desempenho no campo.

Diante da tematica apresentada, objetivou-se neste trabalho avaliar e validar a
expressdo dos genes GUSP1 e MYB60 durante o crescimento inicial de genétipos de
algoddo via PCR em tempo real, como também, avaliar o comportamento desses

gendtipos por meio de caracteres de crescimento, fisioldgicos e bioquimicos.



2. Revisao de literatura

2.1. Aspectos gerais da cultura do algodoeiro

O algodoeiro € uma espécie dicotileddnea pertencente a familia Malvaceae. O
género Gossypium é constituido por mais de 50 espécies, contudo, apenas quatro sao
cultivadas: G. arboreum L. — do tipo arbéreo, nativo da Asia meridional e G.
herbaceum L. — do tipo herbéaceo, nativo do sul da Africa, ambos diploides (2n = 2x =
26); G. hirsutum L. — do tipo herbaceo (upland), nativo da América Central, Caribe e
sul da Florida e G. barbadense L. — do tipo arbustivo, nativo da América do Sul, ambos
alotetraploides (2n = 4x = 52) (BELTRAO e SOUZA, 2001).

A poliploidia freglientemente confere propriedades superiores, como maior
produtividade e melhor qualidade de fibra no algoddo tetraploide quando comparado ao
diploide, domesticados para os mesmos ambientes.

A origem do genoma do algoddo é de 60 milhGes de anos atras a partir da
diferenciacdo de um ancestral em comum de cacau, a linhagem do algoddo
experimentou um aumento abrupto de cinco a seis vezes a ploidia até o aparecimento do
algodao alotetraploide a cerca de 2 milhdes de anos (CARVALHO et al. 2011)

Os diploides do genoma A, nativos da Africa, e os diploides do genoma D
(mexicano) divergiram de 5 a 10 milhdes de anos atras onde posteriormente foram
reunidos por dispersdo transoceanica, entre 1 e 2 milhdes de anos, por meio de um
propagulo materno A-genoma semelhante ao G. herbaceum, hibridizado com uma
espécie de genoma D semelhante ao G. raimondii. A partir desse evento houve a
duplicacdo cromossdmica, surgindo assim o alotetraploide At Dt que se espalhou pelos
tropicos divergindo para pelo menos 5 espécies diferentes, que foram se diferenciando
nas espécies atuais, gerando uma das plantas mais importantes para industria téxtil
mundial (WENDEL, 1989; SENCHINA et al., 2003).

O algodoeiro cultivado é anual, herbaceo e crescimento indeterminado,
intermeando eventos vegetativos e reprodutivos durante o ciclo, com producéo variével
de capulhos. As flores sdo completas com presengca de gametdfitos masculino e
feminino na mesma flor. Em relacdo ao meio de propagacao, Beltrdo e Souza (2001)
explicaram que a principal via de propagacdo é por intermédio de sementes. No que diz
respeito & polinizacdo e a fecundacdo, o algodoeiro € classificado como uma planta

autdégama, embora a taxa de cruzamento natural possa atingir 50% ou mais. Possui
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ovario multiovular com trés a cinco loculos, cada um contém entre 20 e 40 ovulos, nos
quais dao origem as sementes. Apos fertilizagdo o fruto é formado e denominado magc4,
dando inicio ao processo de desenvolvimento das fibras, que sdo tricomas das sementes,
formados por uma Unica célula que se projeta para fora da epiderme. As fibras contém
mais de 95% de celulose, além de proteinas, substancias pécticas e cera. Quando ha o
maturamento da magcé as fibras se encontram completamente desenvolvidas passando a
ser chamada de capulho (VASCONCELOS, 2018).

Em relacdo a fisiologia da espécie, trata-se de uma planta de metabolismo
fotossintético C3, apresentando alta taxa de fotorrespiracdo, podendo chegar a mais de
50% da fotossintese absoluta, ndo se saturando em campo com niveis maximos de
radiagio solar (BELTRAO e SOUZA, 2001). O algodoeiro possui baixa eficiéncia na
transformacdo da energia luminosa em energia quimica potencial por meio da
fotossintese, sendo inferior a 1,5%, como também baixa eficiéncia de particdo de
assimilados (BELTRAO e SOUZA, 2001).

Em relacdo ao crescimento, a agua € de extrema importancia, cerca de 95% da
agua absorvida é usada para manutencéo da temperatura do dossel, ou seja, para resfriar
a planta, visto que a manutencdo dessa temperatura deve ocorrer entre 23,5°C a 30°C
para que a atividade enzimatica seja favoravel ao bom desempenho fotossintético, e
consequentemente a uma boa produtividade (CONATY et al., 2012). A agua também
tem grande importancia no que diz respeito a turgescéncia celular. A diminuicdo na
oferta de &gua afeta diretamente a expansdo foliar e alongamento das raizes,
consequentemente, o crescimento (TAIZ e ZEIGER, 2016).

Dentre as quatro espécies, destaca-se G. hirsutum L., representando cerca de
95% da producédo de fibra em todo o mundo (FREIRE, 2007; CARVALHO, 2008). Esta
espécie originou a maioria das variedades de algod&o cultivadas, representadas no Brasil
pela racas: G. hirsutum L. var. latifolium Hutch (herbaceo) e o G. hirsutum L. var.
marie galante Hutch (arbdreo - mocd) (Figura 1) (FREIRE, 2007).

Em relagéo as cultivares atuais de algodoeiro, de acordo com documento oficial
do Ministério da Agricultura, Pecuéria e Abastecimento (MAPA), por meio do Registro
Nacional de Cultivares (RNC), existem 223 cultivares de algodoeiro registradas, aptas
ao cultivo no Brasil, das quais 27 sdo da variedade latifolium e 2 da variedade marie
galante (MAPA, 2017).
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Figura 1. Algodoeiros moco (A) e herbaceo (B).

Fonte: (papjerimum.blogspot; tribunal0; guarapua.blogspot)

Em média, no mundo é plantado cerca de 35 milhdes de hectares de algodéo,
distribuido em mais de 60 paises, nos cinco continentes. Economicamente, o algodoeiro
movimenta cerca de 12 bilhdes de dblares por ano. A india é o principal produtor,
seguida da China e Estados Unidos; o Brasil se posiciona em quinto lugar com 6% da
producédo de pluma do mundo. Os estados brasileiros de maior producao sdo, em ordem
de produtividade: Mato-Grosso, Bahia e Goias (ABRAPA, 2017; CONAB, 2017).

De acordo com a CONAB (2017), a producdo de algoddo envolve maquinaria
pesada, altamente tecnificada e tecnologia de ponta. A pluma do algoddo beneficiada
passa por varios testes, como classificacao visual, comprimento de fibra e resisténcia. O
carogo do algoddo também é comercializado e serve como matéria-prima para a

producéo de racdo, 6leo e biocombustivel.
2.2. Estresse hidrico no algodoeiro

Durante a fase de desenvolvimento da planta, varios tipos de estresses podem
ocorrer, alguns intrinsecos, relacionados ao proprio metabolismo e outros extrinsecos,

oriundos de agentes externos, dentre eles o hidrico. O estresse hidrico € um dos mais
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danosos dependendo da fase em que ocorre e da intensidade, podendo comprometer a
producdo (MAHAJAN e TUTEJA, 2005; FAROOQ et al., 2009; PEREIRA et al.,
2012).

De acordo com Larcher (2006), o estresse é considerado um desvio significativo
das condicGes Otimas para a vida, e induz a mudangas e respostas em todos 0s niveis
funcionais do organismo, as quais sdo reversiveis a principio, mas podem se tornar
permanentes.

O estresse hidrico restringe severamente o crescimento e 0 desenvolvimento do
algodéo, afetando a altura da planta, fitomassa da folha, do caule, indice de area foliar,
ndmero de nds, qualidade da fibra, desenvolvimento do dossel e raiz (LOKA et al.,
2011). Especificamente, a taxa de fotossintese liquida, a taxa de transpiracdo, a
condutancia dos estbmatos, a eficiéncia de carboxilacdo e o potencial de agua das folhas
de algoddo diminuem significativamente durante as condicdes de seca (KUMAR et al.,
2001). Em trabalho com algodoeiro G. barbadense, Hejnék et al. (2015) estudaram os
efeitos prejudiciais do estresse por seca. De acordo com os resultados, a acumulagéo de
50% de matéria seca foi limitada devido ao estresse como também a condutancia
estomatica, a taxa fotossintética e a taxa de transpiracdo diminuiram sob déficit de agua.

De maneira geral, as plantas possuem diferentes estratégias para enfrentar o
déficit hidrico (FANG e XIONG, 2015): (i) evasdo da seca, € a manutencdo de
processos fisioldgicos chave, como regulacdo dos estdbmatos e desenvolvimento do
sistema raiz durante condi¢fes moderadas de seca; (ii) tolerancia a seca, é a capacidade
das plantas para suportar a perda severa de agua por meio de atividades fisiol6gicas
especificas, como ajuste osmotico via osmoprotetores (LUO, 2010); (iii) escape a seca,
¢ a capacidade das plantas no ajuste de seu periodo de crescimento ou ciclo de vida,
para evitar o estresse por seca (MANAVALAN et al., 2009); e (iv) recuperacdo da seca,
¢ a capacidade de retomar o crescimento e produzir depois da exposicdo severa a
condicBes de estresse por seca. Dentre essas, a evasdo a seca e a tolerancia a seca sao as
principais estratégias contra esse tipo de estresse (FANG e XIONG, 2015).

Por ser cultivada largamente em regiGes semiaridas, a planta do algodao
desenvolveu ao longo dos anos estratégias morfofisioldgicas para se adaptar ao estresse
por seca, como a regulacédo dos estdbmatos, desenvolvimento de raizes em profundidade,
ajustamento osmotico, além de mecanismos moleculares (ULLAH et al., 2017). A
regulacdo estomatica desempenha um papel fundamental na troca de gases entre 0s

tecidos e a atmosfera (WANG et al., 2009). A diminuig¢do da agua no solo ocasiona
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reducdo no potencial hidrico da folha, acimulo de acido abscisico (ABA) e fechamento
estomatico reduzindo a transpiracdo. Cerca de 90% da perda de &gua por transpiracdo
ocorre através dos estdmatos (WANG et al.,, 2009). No algodoeiro, o fechamento
estomatico é a primeira resposta da perda de dgua em condigdes de déficit hidrico. De
acordo com Taiz e Zaiger (2016), a sintese e distribuicdo do ABA é muito eficaz no
fechamento dos estdmatos e seu acumulo em folhas estressadas tem um importante
papel na diminuicdo da perda de agua em estresse hidrico. A condutancia estomatica
pode ser um indicador potencial de tolerancia a seca em algodao, visto que existe uma
correlacdo negativa entre a tolerancia a seca e a condutancia dos estdmatos (ULLAH et
al., 2017).

A transducdo de sinal desencadeada pela percepcdo do componente osmético do
estresse pode ser mediada por duas vias de sinalizacdo distintas: uma dependente do
ABA e outra independente do ABA (TAIZ E ZAIGER, 2016). As vias de sinalizacéo
dependentes do ABA desempenham um papel critico na expressdo de genes estresse-
responsivos durante a ocorréncia de varios tipos de estresses, como estresse por sal e
estrese hidrico (ULLAH et al., 2017).

O estresse hidrico tem efeitos negativos sobre o equilibrio osmético. As plantas
acumulam diferentes substancias organicas e inorgénicas para reduzir o potencial
osmatico em resposta ao estresse (FANG e XIONG, 2015). Essas substancias auxiliam
na protecdo de proteinas e membranas dos danos oxidativos causados pelo estresse
hidrico (CHEN e MURATA, 2011). Em resumo, o0 ajustamento osmatico é um processo
pelo qual o potencial hidrico pode ser diminuido, sem que as células percam o turgor ou
0 seu volume. Como a turgescéncia € mantida, outros processos como condutancia
estomatica, fotossintese e alongamento celular também sdo mantidos em potenciais
hidricos mais baixos. Com isso pode-se sugerir que 0 ajustamento osmoético € uma
aclimatacdo que aumenta a tolerancia ao déficit hidrico (NEPOMUCENO et al., 2001;
TAIZ e ZEIGER, 2016).

Em condicdo de estresses, as plantas naturalmente produzem compostos nas
células denominados EROs, que consistem basicamente em quatro formas: peroxido de
hidrogénio (H,0,), radical hidroxila (HO¢), radical anion superéxido (O;") e oxigénio
singleto (*0,). Tais substancias sdo nocivas as células, podendo oxidar varios
componentes celulares, como proteinas, lipidios e &cidos nucleicos, ocasionando a
morte celular caso a oxidacdo ndo seja controlada (FANG e XIONG, 2015). Para

combater o0 excesso desses compostos, as células ativam o sistema antioxidativo de duas
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formas: vias enzimaticas, por meio da catalase (CAT), superoxido desmutase (SOD),
ascorbato peroxidase (APX), glutationa redutase (GR), etc.; e as vias ndo-enzimaticas,
como acido ascorbico (AA), flavonoides, carotenoides, aminoacidos, etc. (DAS e
ROYCHOUDHURY, 2014). A via enzimatica inicia-se com a SOD desmutando o
radical O,  para H,O, este, por sua vez, sofre acdo de varias enzimas como a CAT,
responsavel pela conversdao do H,O, a H,O e O, e as peroxidases, APX e guaiacol
peroxidase (GPX) que reduzem o H,O, a H,O (APEL e HIRT, 2004). O equilibrio entre
a producdo de EROs e as atividades antioxidativas determinam se a sinalizacdo e/ ou
danos oxidativos ocorreram (ZHANG et al., 2014).

Em trabalho com dois gendtipos de algodoeiro G. hirsutum um moderadamente
tolerante e outro sensivel a seca, apos estresse hidrico por 7 dias, Parida et al. (2007)
observaram um aumento significativo dos aminoacidos livres totais, prolina, agucares e
polifendis no gendtipo tolerante comparado ao sensivel, sugerindo que tais compostos
atuam como principais solutos compativeis em algodao, a fim de manter o equilibrio
osmatico, proteger as macromoléculas celulares, desintoxicar as células e eliminar os
radicais livres sob condi¢des de estresse hidrico.

Rodrigues et al. (2016) trabalhando com gendtipos de algodd@o com varios niveis
de tolerancia a seca sob estresse hidrico por 7 dias, constataram que os algodoeiros
considerados mais tolerantes, BRS 286, CNPA 7MH e CNPA 5M, apresentaram maior
capacidade de crescimento sob limitacdo de agua e também melhor desempenho das
enzimas antioxidativas para evitar danos celulares.

Na figura 2 se encontra uma rede de eventos envolvendo o efeito do estresse
hidrico sobre o meio celular e as respostas associadas, induzidas pelas plantas quando o
sinal de déficit hidrico é reconhecido.

No aspecto molecular as plantas desenvolveram varias adaptacfes ao meio
ambiente. Essa adaptacdo é oriunda de uma série de redes moleculares, consistindo em
percepcao do estresse, transducdo de sinal e expressdo de genes especificos relacionados
ao estresse (ULLAH et al., 2017). O primeiro passo da rede molecular em resposta a um
sinal ambiental (como um déficit hidrico) é a sua percepgdo por receptores especificos,
denominados proteinas quinases, que podem ser de varios tipos, dentre elas, proteinas
quinases ativadas por mitogenos (MAPKS) e ativadas por célcio (Ca*?) (CDPKSs). Ap6s
a ativacdo, estes receptores iniciam (ou suprimem) uma resposta em cascata e
transmitem a informagdo por meio de uma via de transducdo de sinal (CHAVES et al.
2003). Uma dessas proteinas quinases bastante conhecida é a AtHTK1 (URAO et al.
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1999). De acordo com Urao et al. (1999), essa proteina transmembrana tem um papel de

osmossensor em A. thaliana, quando a planta é exposta a estresse por déficit hidrico, ela

desencadeia uma cascata de sinalizagdo que resulta em uma desidratacdo induzida via

expressdo de genes responsivos ao estresse

v

Diminuicédo da
fotossintese e
outros
processos

-

Aumento de L )] Dano oxidativo para
R ROS o cloroplasto
Transpiragdo
Regulago negativa Sintese de
; > de transportadores ATP obstruida
"SRR
o Decréscimo Aumento da
S P y p deCo, | fotorespiracéo
© \,r' . <-I
s b
2 \ Diminuigao da expanséo Aumento da
o ” g e nimero de folhas, L | SOD, CAT,
_g —g L aumento da cuticula, APXno
bR 3 fechamento estomético combate das
© { ) ROS
§ crd \ B Produgio de ABA __j
a4 o m i Actimulo de agucares,
& ({ ‘ h | Aumento das raizes aml_noaados,
> em tamanho e alcaloides etc para
< densidade ajustamento osmético

Manutenc¢éo
da
fotossintese e
outros
processos

[

7y

Figura 2. Efeitos da seca sobre plantas e suas respostas. Fonte: Adaptado de Ullah et al.

(2017).

A cascata de MAPK € uma das principais estratégias desenvolvidas por plantas

contra os varios tipos de estresses bidticos e abidticos. Os genes que compdem essa

cascata participam na transducéo de sinal de estimulos extracelulares e regula a resposta

da planta a tais estimulos. A via MAPK ¢é um regulador central altamente conservado de

varios processos, incluindo respostas hormonais, divisdo celular, apoptose e respostas

ao estresse (ULLAH et al., 2017). Esta complexidade e cross-talk encontradas em

cascatas de sinalizacdo sdo tipicas da sinalizacdo eucaridtica, tal complexidade reflete a

riqueza da interacao entre a expressao génica e os processos fisiolégicos mediadores das

adaptacg0es aos estresses (TAIZ e ZEIGER

2.3. Genes responsivos a estresse hidrico

, 2016).

Genes responsivos ao estresse podem ser regulados por processos ABA-
dependentes ou ABA-independentes (TAIZ e ZEIGER, 2016). A transcrigdo desses

genes é controlada por proteinas reguladoras (FTs) (Figura 3) com sequéncias
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reguladoras especificas nos promotores dos genes que elas regulam (elementos cis e
trans). Genes diferentes induzidos pelo mesmo sinal (déficit hidrico, frio, etc.) séo
controlados por uma rota de sinalizagdo que leva a ativagdo desses FTs especificos. A
manipulacdo dos FTs tem sido muito utilizada para aumentar a tolerancia a seca, ao
contrario da maioria dos genes estruturais, os FTs controlam varias etapas na resposta
das plantas aos estresses, surgindo como ferramentas poderosas para a manipulacdo dos
complexos caminhos metabdlicos nas plantas. Uma dessas classes de TFs é o DREB /
CBF que se liga a elementos de acao cis responsivos a seca (HUSSAIN et al., 2011).

No que diz respeito ao algoddo, varios trabalhos tém reportado sobre FTs
envolvidos na resposta das plantas ao déficit hidrico como: o ERF, FT responsivo ao
etileno exdgeno, sal, frio, seca e tratamento de acido abscisico exdgeno, sugerindo que
tal fator responde a varios tipos de estresses ambientais; 0 NAC também responsivo a
varios tipos de estresses, incluindo estresse por calor, estd envolvido na regulacdo
transcricional da senescéncia foliar; o MYB, intimamente envolvido na regulagdo do
movimento estomatico por se encontrarem nas células guarda, com isso, reguladores da
perda de agua das células para 0 meio externo; o bZIP atua em resposta ao ABA,
induzido por estresse por seca e sal; comportamento semelhante pode-se observar para o
WRKY, responsivo a estresses induzidos pelo ABA (JIN e LIU, 2008; SHAH et al.,
2013; CHEN et al., 2015; LIANG et al., 2016; ULLAH et al., 2017b).

Recentemente, o gene GhABF2 que codifica para o fator de transcricdo bZIP, foi
relacionado a tolerancia a seca e a salinidade em A. thaliana e algoddo. A andlise
transcriptémica revelou que GhABF2 esté relacionado ao ABA e sua alta expressdo em
plantas de algoddo sob condigBes de estresse hidrico e salinidade aumentaram as
atividades de SOD e CAT. Além disso, as plantas superexpressando tal gene
apresentaram melhores resultados no campo, com rendimento mais alto do que plantas
sem estresse (LIANG et al., 2016). O gene GbMYB5, que codifica o fator de transcri¢do
MYB do tipo R2R3, quando investigado em tabaco, esteve positivamente envolvido na
resposta ao estresse por seca. A alta expressdo reduziu a perda de agua ao diminuir o
tamanho dos estdmatos e aumentou a taxa de sobrevivéncia apds o estresse, quando

comparado as plantas ndo estressadas (CHEN et al., 2015).
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Figura 3. Representagdo esquematica das vias de transducdo de sinal celular que
conduzem, a partir da percepc¢do do sinal, a expressdo de genes. Os genes DREB1/CBF
sdo induzidos pelo estresse causado pelo frio, enquanto que DREB2 € induzido pelos
estresses de desidratagdo e salino. Ambos trabalham em vias independentes de ABA.
CBF4, MYC/MYB e bZIP sdo induzidos pela desidratacdo,estresse salino e trabalham
em uma via dependente de ABA. DREB1/CBF e DREB2 se ligam aos elementos cis-
atuante DRE/CRT, MYC/MYB e bZIP a ABRE. Fonte: Adaptado de Khan (2011).

Plantas modelo como A. thaliana e Arroz tém sido amplamente utilizadas para
desvendar as bases moleculares da tolerancia ao estresse. Em especial, A. thaliana
provou ser extremamente importante para avaliar as fungdes dos genes associados ao
estresse individual devido a disponibilidade de mutantes knockout e a sua capacidade de
transformacédo genética. Um nimero consideravel de genes envolvidos em estresse por
seca tem sido identificados como o RD22, Gly, RD29B, RD20A, ERD1, GUSP1,
GUSP2, etc (BARTELS e SUNKAR, 2005; SHINOZAKI et al., 2007; MAQBOOL et
al., 2009).

Em estudos com A. thaliana, os genes induzidos por seca sao divididos em dois
grupos: o primeiro grupo inclui genes que codificam proteinas funcionais que
provavelmente funcionam efetivamente na tolerancia a estresses abidticos, incluindo: (i)
chaperonas, que sdo proteinas que atuam no processo de compactagdo e
descompactagdo de outras proteinas, como também na degradacdo de proteinas que
apresentaram erro; (ii) proteinas LEA, que tem funcGes de protecdo de membrana como

também age como chaperona; (iii) osmotinas, com varias func@es, dentre elas atuam na
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recuperacdo celular apos estresse térmico e uma funcdo especifica na biossintese do
aminoacido prolina; (iv) proteinas de ligacdo ao mRNA; (v) enzimas chave para a
biossintese de osmélitos, como a propria osmotina; (vi) aquaporinas, que sdo canais
proteicos presentes na membrana plasmatica das células para passagem de agua entre o
meio intra e extracelular, etc. O segundo grupo € constituido por proteinas reguladoras,
ou seja, proteinas envolvidas na regulacdo da transducédo de sinal e expressdo de genes
responsivos ao estresse, como: (i) FTs, que sdo, de forma geral, proteinas reguladoras da
transcricdo génica; (ii) proteinas quinases e fosfatases, proteinas sinalizadoras de
diversos tipos de estresses; (iii) enzimas envolvidas na biossintese do ABA, como é o
caso da enzima 9-cis-epoxicarotendide dioxigenase (NCED), precursora do horménio
no citosol (figura 4) (SHINOZAKI et al., 2007).

Proteinas funcionais Proteinas regulatérias
Canais de &gua, Fatores de transcricdo
Engi Transportadores (DREB2, AREB, MYC,
fzimas 2 MYB, bZIP, NAC, HB
detoxificadoras etc)

Proteinas quinases,

- / fosfatase
Fatores de protegéo de
macromoléculas
(proteinas LEA, ESTRESSE Metabolismo de
Chaperonas fosfolipidios
Enzimas chave para Biossintese de ABA
biossintese de osmolitos

(prolina, acucares)

Proteases

Figura 4. Proteinas induzidas durante o déficit hidrico e o frio e suas possiveis fun¢des
na tolerancia em plantas sob estresse. Fonte: Shinozaki e Yamaguchi-Shinozaki (2007).

As andlises de expressdo génica tém ampliado a compreensdo das respostas

moleculares e da interacdo dos gendtipos em determinado por ambiente. Muitos genes
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descritos relacionados ao estresse hidrico foram identificados por meio de expresséo
heter6loga, microarranjos, bibliotecas de genes e data mining (SAUTER et al., 2002;
MAQBOOL et al., 2009; LI et al., 2010; OH et al., 2011; LOUKEHAICH et al., 2012;
CHEN et al., 2015; SOUZA et al., 2016). Além de gRT-PCR, uma das técnicas
preferidas para analise e quantificacdo de transcritos de baixo ou alto nivel de
expressdo, por ser uma técnica muito sensivel e relativamente facil (MORGANTE et al.,
2011).

2.3.1. GUSP1

Genes da familia USP foram caracterizados em vérias espécies vegetais, como
Astragalus sinicus onde foi identificado o gene AsD243 que apresentou expressdo em
todos os 6rgdos das plantas sob estresse (CHOU et al., 2007); em arroz, um gene
denominado OsUSP1, apresentou resposta ao hormonio etileno, sugerindo uma fungéo
potencial na adaptacdo de plantas submersas, 0 que caracteriza estresse por hipoxia
(SAUTER et al., 2002); em algodoeiro da espécie G. arboreum submetido a estresse
hidrico, foram identificados dois genes responsivos ao estresse, GUSP1 e GUSP2
apresentando expressdao em folhas, estame e raizes (MAQBOOL et al., 2009); em
cevada também foram identificados genes via data mining, onde foram investigados a
expressao e a localizacdo sob plantas em condi¢des de estresse salino (LI et al., 2010).

De acordo com Magbool et al. (2009) a homologia entre genes USP conhecidos
de outras plantas e de G. arboreum € suficiente para considerar ambos 0s genes isolados
como membros da mesma familia. Pesquisas de homologia revelaram que as proteinas
do tipo USP estdo presentes em plantas monocotiledéneas e dicotiledéneas, codificados
por familias de genes com pelo menos 10 membros em arroz e 17 em Arabidopsis,
localizados nos cinco cromossomos (SAUTER et al., 2002). Essas proteinas sao
reguladas positivamente quando as células sdo expostas a agentes de estresse como a
seca, frio, altas temperaturas, alta salinidade, etc (NYSTROM e NEIDHARDT 1992,
1993, 1994).

Os membros da familia USP sdo conservados filogeneticamente em procariotos,
fungos, protistas e plantas conferindo habilidades para responder a uma ampla gama de
estresses ambientais. Kerk et al. (2003) examinaram a sequéncia de 44 proteinas em A.
thaliana contendo similaridade com o dominio USP de bactérias e concluiram que todas

as sequéncias contendo o dominio USP em A. thaliana, evoluiram a partir de um
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ancestral comum. Desde entdo, tem-se realizado estudos para compreender a funcao das
proteinas de estresse universal em A. thaliana. Tais proteinas sdo anotadas como
"proteina de superfamilia tipo adenina nucleotidica a-hidrolase”, embora ndo tenha sido
relatado se eles se ligam ou hidrolisam ATP.

De acordo com o trabalho de Isokpehi et al. (2011), por meio de anotacédo
funcional em varios bancos de dados, foram identificadas 511 proteinas USP e 1561
ESTs em varias espécies de plantas (Tabela 1).

A crescente disponibilidade de sequéncias gendmicas de membros de
viridiplantae (algas verdes e plantas terrestres) principalmente em organismos modelos
como A. thaliana e O. sativa, em combinagdo com ferramentas de bioinformética de
alto rendimento e bancos de dados publicos, fornecem novas oportunidades para
examinar familias de genes fundamentais para a resposta ao estresse nas plantas
(Isokpehi et al., 2011), nas quais a tolerancia a seca ¢ um fendtipo desejavel.

Apesar do largo conhecimento de proteinas USP em bactérias, onde foram
primeiramente identificados, a diversidade funcional das USPs em outros organismos,
incluindo varias espécies de plantas como o algoddo, ndo esta bem definida. O estudo
em algodoeiro torna-se de grande importancia visto que existem poucas informacoes a

respeito do referido gene.
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Tabela 1. Conjunto de dados das entradas de proteinas de estresse universal

viridiplantae no UniProt.

. N° de entradas Dominios
Organismos NCBI ID UniProt USP
Oryza sativa subsp. japonica 39947 88 60
Arabidopsis thaliana 3702 78 53
Populus trichocarpa 3694 59 45
Oryza sativa subsp. indica 39946 52 32
Zea mays 4577 52 45
Ricinus communis 3988 43 32
Picea sitchensis 3332 21 21
Physcomitrella patens 3218 18 15
Vitis vinifera 29760 18 11
Micromonas pusilla 564608 10 10
Medicago truncatula 3880 8 8
Micromonas sp. 296587 8 8
Brassica campestris 3711 7 7
Chlamydomonas reinhardtii 3055 6 4
Ostreococcus lucimarinus 436017 5 5
Ostreococcus tauri 70448 4 4
Vicia faba 3906 4 4
Brachypodium distachyon 15368 3 1
Gossypium arboreum 29729 2 2
Oryza sativa 4530 1 1
Arachis hypogaea 3818 1 1
Astragalus sinicus 47065 1 1
Brachypodium sylvaticum 29664 1 1
Brassica oleracea var. alboglabra 3714 1 1
Capsicum chinense 80379 1 1
Cicer arietinum 3827 1 1
Gossypium barbadense 3634 1 1
Hordeum bulbosum 4516 1 1
Hordeum vulgare 4513 1 1
Hordeum vulgare var. distichum 112509 1 1
Marchantia polymorpha 3197 1 1
Potamogeton distinctus 62344 1 1
Mirabilis jalapa 3538 1 1
Pisum sativum 3888 1 1
Populus trichocarpa x Populus deltoids 3695 1 1
Prunus dulcis 3755 1 1
Solanum lycopersicum 4081 1 1
Solanum tuberosum 4113 1 1
Sonneratia alba 122812 1 1
Sonneratia apetala 122813 1 1
Sonneratia caseolaris 122814 1 1
Sonneratia ovata 122816 1 1
Triticum aestivum 4565 1 1

Fonte: Isokpehi et al. (2011).
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2.3.2. MYB

Os genes MYB compreendem uma das maiores familias de FT conhecidas em
plantas (Stracke et al., 2011) com importantes papéis em diversos processos, incluindo a
defesa contra fatores bidticos e abidticos (Dubos et al., 2010). Genes MYB do tipo R2R3
codificam proteinas envolvidas no desenvolvimento celular, na regulacdo do metabolismo
dos fenilpropanoides, como precursores de polimeros naturais (Kranz et al. 1998; Stracke et
al. 2011). Em A. thaliana, AtMYB77 foi descrito como um regulador positivo do
crescimento de raiz lateral através da sinalizacdo de auxina (SHIN et al., 2007); nas
flores a expressdo do gene AtMYB21 é induzida pela seca. AtMYB21, juntamente com
AtMYB24 e AtMYB108, sdo reguladores positivos do alongamento do filamento e da
deiscéncia da antera através das vias de sinalizacdo do &cido jasménico (AJ) e acido
giberélico (AG) (CHENG et al., 2009; MANDAOKAR et al., 2009; MANDAOKAR et
al., 2006). Como também tem envolvimento na biossintese de metabdlitos
(componentes da parede celular, cuticula, suberina e flavonoides) (Figura 5).

Entre os genes envolvidos na regulacdo da abertura estomatica, AtMYB60 foi o
primeiro a ser caracterizado em A. thaliana (COMINELLLI et al., 2015). Nas folhas, a
expressdo de AtMYB60 é especificamente localizada nas células-guarda, onde é
induzida por sinais que promovem a abertura estomatica, como a luz branca e azul, e é
reprimida por sinais que promovem o fechamento estomatico, como escuriddo,
dessecacgdo e tratamento com ABA. Apesar de varios trabalhos indicarem que o gene
MYB60 é regulado negativamente em condicdo de déficit hidrico (COMINELLI et al.,
2015; GALBIATI et al., 2011), Oh et al. (2011) em A. thaliana observaram um aumento
na expressao de duas variantes do gene MYB60 com tratamento por ABA. Em outro
trabalho envolvendo variantes do gene SULF1 geradas por splicing alternativo, Sahota e
Dhoot (2009) identificaram também fun¢des opostas. Ainda sdo poucas as informacoes
a respeito dessa dupla funcdo e, especificamente em algodoeiro é ausente, contudo
estima-se que as expressoes de diferentes genes MYB sdo cuidadosamente controladas
de maneira Unica e especifica (OH et al., 2011).

Em trabalho com arroz, relatou-se que 65% dos genes MYB foram regulados
diferencialmente sob estresse por seca (KATIYAR et al.,, 2012). Uma porcentagem
ainda maior foi observada em A. thaliana por meio de dados transcriptdmicos coletados
na base de dados GENEVESTIGATOR. Nesta base, 51% dos genes AtMYB foram up-
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regulados pela seca e 41% foram down-regulados, no total de 92% dos genes MYB
responsivos a estresse por seca (KATIYAR et al., 2012).

Em algoddo (G. barbadense), por meio de silenciamento génico, o0 gene
GbMYBS5 foi caracterizado com envolvimento no controle de tamanho e abertura dos
estdmatos. Observou-se diminuicdo no teor de prolina e das atividades das enzimas
antioxidativas comprometendo a toleréncia das plantulas (CHEN et al. 2015)

Os FTs sdo a chave das redes reguladoras na resposta das plantas aos estresses
abioticos (GOLLDACK et al., 2014), entre eles, diferentes genes MYB tém sido
estudados por seu envolvimento na regulacdo da resposta a estresses abioticos,
conforme revisado recentemente por Li et al. (2015). Os FTs MYB séo caracterizados
pela presenca do dominio MYB. O critério de classificagdo utilizado para as proteinas
MYB é baseado no nimero de repeticGes presentes em suas sequéncias, variando de um
a quatro. Cada repeticdo consiste em cerca de 52 residuos de aminoacidos e forma trés
hélices a, o segundo e o terceiro estdo envolvidos na formacao de uma dobra de hélice-
volta-hélice (DUBOS et al., 2010). Nas plantas, a maioria das proteinas MYB
pertencem a subfamilia R2R3-MYB, cujos membros contém duas repeticdes. Mais de
100 membros desta subfamilia foram descritos em diferentes espécies e classificados
em 23 subgrupos (DUBOS et al., 2010).

A subfamilia R2R3-MYB desempenha papel central no controle de processos
especificos de plantas, incluindo metabolismo primario, secundario e resposta a
estresses bidticos e abioticos, como também em diferentes 6rgéos e tipos especificos de
células (DUBOS et al., 2010) (Figura 5). Em relacdo ao estresse abiotico, essa
subfamilia tem um papel fundamental na resposta a seca e, em particular, na regulacéo

dos movimentos estomaticos (CAl et al., 2015).
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Figura 5. Rede de fatores de transcricdo R2R3-MYB caracterizados por seus papéis
regulatorios em diferentes érgdos, tipos especificos de células e caminhos metabolicos
em resposta ao estresse por seca. As setas de linha representam uma regulacao positiva,
enquanto a linha que termina com uma barra indica uma regulacéo negativa. Processos e
caminhos relacionados a 6rgdos vegetativos, flor, raiz ou planta inteira sdo coloridos em
verde, amarelo, laranja e rosa, respectivamente.

Grande parte dos trabalhos referentes aos genes relacionados a seca em plantas
estdo descritos em A. thaliana como relatado anteriormente, com algoddo sdo poucos.
Considerando que a tolerancia a seca ¢ uma heranga poligénica torna-se dificil o manejo
por meio do melhoramento genético classico, portanto, sdo poucas as cultivares
desenvolvidas com tolerdncia a seca. Mas por meio das ferramentas biotecnoldgicas
pode-se identificar e isolar genes envolvidos nas respostas ao déficit hidrico, que

permitam entender as rotas metabolicas envolvidas nas respostas das plantas a seca.
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ABSTRACT - This work presents a profile of two genes involved in the pathway of
abiotic stress, focusing on drought tolerance. Four Upland and Mocé genotypes were
submitted to water stress during early growth and further evaluated at 50% (phase 1)
and 80% (phase 2) of enclosure stomata. Plants were previously phenotyped, based on
vegetative, physiological and biochemical traits. Expression of GUSP1 and MYBG60
transcripts was estimated by gRT-PCR. Plants were grown in pots (288 mL) in
greenhouse and further submitted to water stress during 25 days. Although Moc6 cotton
Is considered tolerant to drought, here we found different behavior between genotypes.
Moc6 1 and CNPA Precoce 1 (Upland) were very sensitive to the imposed stress,
showing severe reductions in leaf number, stem diameter and weight of roots and
canopy. Expression of GUSP1 transcripts was high in all stressed genotypes, in both
phases, during water stress period, standing out the genotype Moc6 2, presenting the
highest level of expression., while MYBG60 transcripts were high only in phase 1,
decreasing in phase 2. Considering that the expression of MYB60 can be detected more
briefly, it is worthwhile to invest on divergent germplasm in order to estimate its

interrelation with drought tolerant genotypes.

INTRODUCTION

Drought is one of the primary stresses that influences the yield of several
important crops, despite to management adopted by the farmers. The response of plants
to water stress involves broad physiological and metabolic adaptations and the
perception of water unavailability during cell growth leads to osmotic stress, producing
redundant Reactive Oxigen Species (ROS). The disturbances caused in the cell due to
ROS excess may lead to lipid peroxidation, oxidation of proteins, enzyme inhibition,

DNA damages, and even cell death (Cooke et al., 2003; Rodrigues et al., 2016). The
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damages in DNA may result in either arrest or induction of transcription, induction of
signal transduction pathways, replication errors, cell membrane destruction and
genomic instability (Cooke et al., 2003).

Several plant species employ antioxidative defense systems in order to protect
themselves against ROS. Antioxidative enzymes include superoxide dismutase (SOD),
catalase (CAT), ascorbate peroxidase (APX), monodehydro ascorbate reductase
(MDHAR), dehydroascorbate reductase (DHAR) and glutathione reductase (GR). The
overexpression of these enzymes are associated to tolerance to various abiotic stresses
(Wang et al., 2004; Yang et al., 2009; Rodrigues et al., 2016).

At molecular aspect, many genes that are induced under drought conditions have
been identified and used as candidates in molecular assays in order to assist the
selection procedures of crop breeding. Some of them have been found to be involved in
stress perception, signal transduction and transcriptional regulatory pathways (Aktas et
al., 2009; Uribe et al., 2014). In Arabidopsis thaliana, Wohlbach et al. (2008) found
evidence that ATHK1-His kinase, plays a role in regulation of water stress response
during early growth, soon after perception through plants. As to authors, ATHK1-
mediated response to osmotic stress is abscisic acid (ABA) dependent and functions by
positively regulating genes involved in ABA biosynthesis to increase ABA hormone
levels.

ABA is a broad-spectrum phytohormone involved in plant growth and
development, and also in pathways of various signal transduction during abiotic
stresses. The pathways of ABA from stress perception to gene expression involve
different transcription factors such as DREB, MYC/MYB, ABFs, NAC and
CBF/DREBL1. In literature, several authors have reported overexpression of genes

linked to stress tolerance in plants submitted to drought, in A. thaliana (Abe et al., 2003;
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Jung et al., 2008), Triticum aestivum (Rahaie et al., 2010), Oryza sativa (Wang et al.,
2008), among others.

The MYC/MYB proteins are widely found in both plants and animals and play
important roles in many physiological processes under normal or adverse growth
conditions, such as in upregulation of genes involved in response of abiotic stresses. In
transgenic plants of Arabidopsis, Abe et al. (2003) reported overexpression of AtMYC2
and AtMYB2 which were induced through ABA responsive- genes. According to
authors both AtMYC2 and AtMYB?2 proteins function as transcriptional activators in
ABA-inducible gene expression under drought stress in plants. In T. aestivum, Rahaie et
al. (2010) analyzed the expression of ten MYB genes in plants submitted to salt or
drought stresses and found several genes up-regulated, including TaMYBsdul, an
important regulator in adaptation of wheat to both salt and drought stresses. In addition
to the transcription factors, several genes have been involved in drought tolerance, such
as LEA, NCED, P5CS, USP, among others (Magbool et al., 2009; Isokpehi et al., 2011;
Jung et al., 2015). USP is a small protein that is upregulated when the cell is exposed to
stress agents, enhancing the cell survival during prolonged exposure to such conditions
(Nystrom and Neidhardt 1992, 1993; Jung et al., 2015). Isokpehi et al. (2011) found
two Arabidopsis USP genes, At3g62550 and At3g53990, that encode an ATP-binding
motif up-regulated in a drought microarray dataset. In Gossypium arboreum, Magbool
et al. (2009) identified two closely related genes, GUSP1 and GUSP2 from water-
stressed leaves. Expression assays revealed a high level of GUSP gene expression in
leaves, roots, and stems exclusively in plants following water stress. However, the
highest levels of drought-inducible expression were found in the leaves.

Cotton (G. hirsutum L.) is a fiber crop grown worldwide, and is often exposed to

environmental stresses such as soil salinity, heat and drought. The specie have two
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botanic type with contrasting differences as to drought tolerance. Genotypes from G.
hirsutum spp. Marie Galante (Moc0) are perenial cycle and more adapted to dry
environments, while upland genotypes are annual cycle and show different level of
drought tolerance (Rodrigues et al., 2016). In environments prone to drought, the use of
short cycle and drought tolerant genotypes is an adequate strategy in order to avoid
losses in fiber production. Tolerance to drought is a multigenic trait and a highly
complex phenomenon. The traits that affect the tolerance of crops to drought are
quantitatively inherited and the polygenic nature of the traits makes difficult to identify
a single gene conferring stress tolerance in several crop plants. For this reason, the
identification of drought-responsive genes could provide important molecular markers
for further use in selection procedures of cotton breeding. Numerous articles associated
with this subject have been reported (Aktas et al., 2009; Uribe et al., 2014).

Aktas et al. (2009) used two contrasting cotton genotypes in order to identify
compounds with ability to ROS-scavenging and found that the drought-tolerant
genotype had higher levels of polyphenols, proline, carotenoids and antiradical capacity.
Uribe et al. (2014) used a tolerant genotype (Acala 1517-99) in order to identify
drought-responsive genes under drought stress conditions, and found a total of 110
drought-responsive genes, 79% of which were drought-repressed and 21% were
drought-induced. As to authors, genes for CAT and NADPH were also suppressed by
drought in cotton plants and suggest that the antioxidant and radical scavenging systems
in Acala 1517-99 were not highly active in alleviating oxidative stress after prolonged
water stress treatment.

Considering the availability of drought tolerance-genes reported in literature and
also the necessity to validate such findings in order to assist the selection procedures of

cotton breeding, in this work we tread the profile of MYB and USP transcripts in cotton
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genotypes submitted to water stress at early growth. Additionally, we evaluated the

growth of plants in condition of severe stress.

MATERIAL AND METHODS
Germplasm and experimental procedures

Seeds of four cotton genotypes were used (two Upland and two Moco, Table 1)
and grown in green house (Campina Grande, PB, 07°13'50", 35°52'52", 551 m), in tubes
(0.3 L), containing commercial substrate (Basaplant, Base). After emergence, one plant
was kept per tube. Plants were watered daily up to V2 phase (about 15 days after
emergence) from which a total water suppression was established. A completely
randomized experimental design was adopted, with two treatments (control and stress)
and four repetitions. To growth analyses, plants were maintained under water
suppression during 25 days, when the follows traits were collected: plant height, stem
diameter, total number of leaves, weight of dry root and weight of dry shoots. Data were
submitted to variance analyses, using F test (p<0.05). Means were compared by Tukey
test (p<0.05). The software SISVAR 5.3 was adopted to statistical analyses (Ferreira
2014). The air temperature and RH in greenhouse ranged from 28°C to 35°C and 43%
to 64%, during assay.

Table 1. Passport data of genotypes used in assays.

Genotypes Origin Genealogy Botanic type
Delta Opal Cultivar/BASF, EUA DP 5816 x Sicala 33 latifolium
CNPA Precocel Cultivar/Embrapa, Brazil GH 11-9-75 latifolium
Mocé 1 Accession/Embrapa, Brazil Wild Marie Galant
Moco 2 Accession/Embrapa, Brazil Wild Marie Galant
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Biochemical and molecular assays

The biochemical analyzes started when plants reached 50% (Phase 1) and 80%
(Phase 2) of stomata closure, measured in young leaves, during 8:00h -10:00, through
IRGA (LCpro*, ADC Bioscientific). The activity of the antioxidative enzymes (SOD and
CAT) was estimated from crude extract of leave proteins, in both phases. Briefly, fresh
leaves (200 mg) crushed in 2 mL potassium phosphate buffer (100 mM, pH 7.0) +
ascorbic acid (0.1 mM), EDTA (0.1 mM) and PVP (10%). Concentration of samples
was estimated by Bradford (1976). The methodology of free proline content was
followed according Bates et al. (1973) method, and estimated through
spectrophotometry (Biomate 3, USA) at 520 nm. SOD and CAT procedures were
performed according Giannopolitis and Ries (1977) and Sudhakar et al. (2001), and
estimated at 560 nm and 240 nm, respectively. Biological triplicates were adopted in all

assays.

RNA extraction and RT-PCR assays

RNAs were extracted from the same leaves used in biochemical assays, using
were also used to RNA extraction (Invisorb Spin Plant Mini kit, Invitek). cDNAs were
synthetized with ImProm-1I™ Reverse Transcription System, Promega. To RT-qgPCR
assays, a set of endogenous and specific primers were used (Table 2). The reactions
were carried out using 1 uL cDNA (1 ng), 0.2 uL of each primer and g°PCR-SYBR-
Green mix/ROX kit (Ludwig), according to manufacturer's recommendation. Reactions
were performed as follow: 95°C for 10 min, followed by 40 cycles of 95°C for 15 s,
60°C for 1 min, and 72°C for 15 s. Biological triplicates were adopted.

The graphics, Cgs, and melt curve were automatically generated by software of

Eco Real-Time PCR System thermocycler (Illumina, Inc., San Diego, CA, USA), based
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on normalization method with three reference genes (Livak and Schmittgen 2001). The
expression pattern was estimated by relative quantification. Reference genes used here

were normatized by Artico et al. (2014).

Table 2. Sequences of specific and endogenous oligonucleotides used in RT-gPCR

assays.
Gene Genbank Sequence 5°—3’

Wz G ACCATECACTECTOMGAe
cBouTNG  Dwsosss  LSMCSCTCOAICTIGTECTT
PP2A DT545658 F GATCCTTGTGGAGGAGTGGA

R GCGAAACAGTTCGACGAGAT

F- forward; R- reverse.

RESULTS AND DISCUSSION
Growth profile of plants

After seven days of water suppression, all genotypes showed wilting symptoms
that increased till final of assay, however, the mortality rate of plants, based on
permanent wilting stage, was 7.5% to Delta Opal, 15% to CNPA Precoce 1 and 2.6% to
Moco 1. To Moco6 2, no dead plant was found.

Growth measures were taken at end of assay, at 25 days of water suppression.
Statistical differences were found to all growth traits (Table 3). Mocd 1 and CNPA
Precoce 1 were more affected in most traits. This result is quite surprising because both
genotypes belong to different botanical types and, as Mocé 1 was collected in the same
region of Moc6 2 (Northeast semi-arid), we expected similar behavior between these

two accessions. This results mean that, despite Mocdé 1 and Mocd 2 are non-
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domesticated accessions, it is possible that Moc6 1 had inherited genes derived from
herbaceous accesses, considering the proximity of collection site with cotton fields in

that region.

Table 3. Relative losses (%) of growth traits in cotton genotypes submitted to 25 days

of water suppression.

G Growth traits

enotype PH TNL SD WDR WDS
Delta Opal 58B 1418 274 B 36.9 B 52.66 B
CNPA Precocel  139A  427A 34.0B 50.7 A 65.66 A
Moc6 1 135A  441A 413 A 53.3 A 60.65 A
Mocé 2 127A  295B 2728 20.8 C 55.02 B

Means with same Tetter do not differs statistically (p < 0.05). PH - plant height, NL- total number of leaves, SD - stem diameter; WDR - weight of dry root, WDS -
weight of dry shoots

Antioxidative enzymes

The profile of SOD and CAT in cotton plants, collected in leaves at 50% (phase
1) and 80% (phase 2) of stomata closure is seen in Fig. 1. We found that SOD activity
in scavenging of free radical was mild in both phases of Moc6 2, meaning that plants
had broad ability to adjust the water stress, facilitating the action of CAT in neutralizing
of ROS produced by cells due to water stress. This profile is an indication that this
genotype has a greater ability to tolerate the imposed water stress, more than the others

ones studied.
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Fig. 1 Activity of SOD and CAT in cotton plants submitted to water stress. 1, 4, 7 and
10 - Control; 2, 5, 8 and 11 - phase 1 (50% of stomata closure); 3, 6, 9 and 12 - phase 2

(80% of stomata closure).

Molecular Analyses

MYB60 (ID: 837403) and USP (ID: 108483041) genes are involved in water
stress tolerance in several crops, as A. thaliana, Oryza sativa, G. arboreum, Salvia
miltiorrhiza, (Sauter et al., 2002; Magbool et al., 2009; Cominelli et al., 2010; Wang et
al., 2017). According to literature, USP appears improves the rate of cell survival during
prolonged exposure to stress agents, and may endow plants with wide-ranging stress
tolerance (Zahur et al., 2009). In Arabidopsis, USP-At3g53990 exhibits a chaperone
function and is largely induced by heat, H,O,, and drought treatments (Jung et al.,
2015). In this study we tread the profile of MYB and USP transcripts in latifolium and
Marie Galant genotypes in young leaves at phase 1 and phase 2. As seen in Fig. 2, the
expression of GUSP1 transcripts was higher in both phases of Moc6 2, which was also
more tolerant based on biochemical assays and growth analyses. Then, we suggest that
GUSP1 transcription may be used to assist in selection procedures of drought tolerance
in cotton plants.

As to MYB60, transcript levels were found to be higher when the plants were in
phase 1, decreasing slightly in the Marie Galant and abruptly in the latifolium, in phase
2 (Fig. 2). This behavior corroborates with findings reported in the literature, in
which MYBG60 is involved in the regulation of stomatal movement during stress. Their
level of expression decreases in guard cells with increasing ABA levels, promoting

stomatal closure (Oh et al., 2011). The high levels of expression found in both Delta
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Opal and Precoce 1 mean that genotypes suffered more during stress. According to Oh

et al. (2011) the overexpression of the MYBG60 gene confers sensitivity to the plant.
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Tolerance to abiotic stresses is one of the main targets of plant breeding in

several annual or perennial crops. When face environmental stresses, plant cells activate
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several signaling pathways that trigger the expression of transcription factors. Water
stress is considered widely critical because drought occurs in several environments,
affecting the plant growth in critical phases during life cycle. Several descriptors have
been adopted in order to aid in the identification of plants tolerant to water stress. As
drought tolerance is a multigenic trait, involving a set of physiological and biochemical
processes (Ullah et al., 2017), the adoption of several traits is generally necessary to
attest the level of tolerance of the evaluated genotypes.

At the molecular level, plants respond differently depending on the level of
tolerance, altering gene expression, up- or down-regulating, depending on the role of the
gene involved in the processes of cell defense. The findings of genomics have
contributed broadly to the validation of such results. From these studies, several genes
involved in the path of plant defense have contributed to assist some selection
procedures in several commercial crops, such as rice (O. sativa), cotton (G. arboreum
and G. barbadense) and soybean (Glycine max) (Sauter et al., 2002; Magbool et al.,
2009; Chen et al., 2015).

The genes GUSP1 and MYBG60, initially identified in A. thaliana, have also
homology in cotton. In plants, USP is upregulated when the cell is exposed to stress,
increasing the survival rate (Nystrom and Neidhardt 1992, 1993). In G. arboreum,
Magbool et al. (2009) suggest that GUSP1 is widely expressed in leaves due to
involvement with chloroplasts. In work involving water stress in wild tomato (Solanum
pennellii), Loukehaich et al. (2012) observed that overexpression of the USP gene
increased plant tolerance to drought. Wang et al. (2017), in working with heterologous
expression of S. miltiorrhiza USP genes in E. coli, observed that the increase in gene
expression confers tolerance to salt stress and heat as well as the combination between

them. In this work, using different genotypes of G. hirsutum, we found that Delta Opal,
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CNPA Precoce 1 and Moc6 1 showed slight increase in GUSP1 expression, in both
phases, unlike Moco 2, that had an expressive increase, leading to the assumption that
this genotype is the more tolerant to water stress, based on the set of data here presented
(Fig. 2).

MYB has also been widely reported in response to abiotic stresses in several
crops. As to Baldoni et al. (2015), the MYB family has a specific role in responses of
plants to water stress, such as regulation of stomatal movement, control of suberin
synthesis and cuticular waxes. Here, we found that MYB60 transcripts were more
expressed in leaves collected in phase 1, falling sharply with advancing of stress,
especially in sensitive plants (Fig. 2). This result is coherent with those found by Oh et
al. (2011), which studied the involvement of two splice variants of the MYB60 in A.
thaliana under drought conditions. As to authors, MYB60 played a crucial role in
stomatal movement, based on over-expressing of each variant, resulting in enhanced
sensitivity to water deficit stress. Severe drought stress inhibited the expression of
MYB60 resulting in stomatal closure and root growth inhibition.

Although our work focused on expression of MYB60 only in leaves, there are
several reports of MYBG60 expression in roots and flowers, with negative or positive
regulation, depending on the stress condition in which the plant was submitted
(Cominelli et al., 2005; Oh et al., 2011; Zhao et al., 2014).

Despite to availability of information about these genes in several crops, the
reports in Gossypium, focusing on tolerance do abiotic stress are limited. More
researches must be incentivated in this area, taking in account the importance of cotton
to world agribusiness and the current environmental chances that face on several crops.
The validation of tolerant genes may widely contribute in selection procedures of the

cotton-breeding program focusing on semi-arid environments.
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ABSTRACT - In this study, the RT-qPCR expression profile of the GUSP1 gene and
MYBG60 transcription factor were studied in cotton genotypes submitted to water stress
in the initial growth phase (V2). In addition, the physiological behavior of the
genotypes was evaluated based on the gas exchanges. Nine cotton genotypes were
used in DIC with factorial scheme 9 (genotypes) x 2 (water regimes) with 10
replicates, submitted to water suppression until reaching 50% of stomatal closure. The
gas exchanges were measured (E, ci and A) by means of equipment containing IRGA.
Leaves were collected for molecular analyses. The partial perception of water stress
by the plants (50% of the stomatal closure) occurred around the fifth day of water
suppression. According to the gas exchange data, it was verified that genotypes CNPA
5M, CNPA 7MH, BRS RUBI and BRS SERIDO presented the smallest reductions in
these variables, and therefore were the materials with greater ability to prevent the
deleterious effects of water stress. For the study of gene expression, GUSP1 presented
the highest levels in genotypes adapted to the Brazilian semiarid (CNPA 5M, CNPA
7MH and BRS SERIDO). On the other hand, the MYB60 transcription factor
presented higher levels of expression in the genotypes considered sensitive to water
stress (FMT 701, FMT 705 and FM 966). Considering the results, GUSP1 and MYB60
can be used in the identification of cotton genotypes with divergent characteristics of

tolerance to water stress in the V2 phase.

INTRODUCTION

Water stress is one of the main limiting factors for productivity success in
most crops in the world, especially in the arid and semi-arid regions, such as the
Brazilian Northeast where there is an exposure of plants to long periods of drought

(Zonta et al. 2017).
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Under water deficit conditions plants are affected negatively in most of the
phenological phases, in which they trigger a series of morpho-physiological
mechanisms: stomatal closure, repression of cell growth, decreased gas exchange and
carboxylation efficiency, which negatively affect photosynthesis and consequently
promote loss of organic matter (Kumar et al. 2001; Parida et al. 2007; Hejnék et al.
2015); and molecular mechanisms: the accumulation of osmolytes and the synthesis of
proteins, such as regulatory proteins (transcription factors - TFs) and functional
proteins (late embryogenesis abundant — LEA and universal stress proteins — USP)
(Shinozaki et al. 2007; Magbool et al. 2009). Phenotypically, changes in growth are
observed with a reflection on fiber quality and production (Parida et al. 2007).

In a study with cotton (G. hirsutum) under water stress, Kumar et al. (2001)
observed decreases in gas exchange and efficiency of carboxylation, which negatively
affected photosynthesis. Hejnak et al. (2015) studied the effects of water stress in
cotton (G. barbadense), based on vegetative growth and gas exchange data during 10
days of stress. According to the results, approximately 50% of the dry matter was lost
due to stress. In addition, there was a decrease in stomatal conductance,
photosynthesis and transpiration in the plants under water stress.

Stomatal closure in cotton is the first step in reducing the loss of water under
drought conditions, when the transpiration rate is very high (Ullah et al. 2017). Souza
et al. (2016) investigated cotton genotypes under hydric deficit and observed a
decrease in stomatal conductance. As the stress increased, they also observed an
increase in the level of the NCED gene expression, precursor of the phytohormone
abscisic acid (ABA) on the sixth day of stress, indicating the involvement of this gene
in the response to water stress in the genotypes studied.

Several genes related to water stress have been identified, mainly in
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Arabidopsis thaliana. Wohlbach et al. (2008) have found evidence that the ATHK1
gene, a transmembrane kinase histidine, plays an osmosensor role in regulating stress
response during vegetative growth. Abe et al. (2003) reported overexpression of
AtMYC2 and AtMYB2 genes, which encode TFs, induced by ABA under stress by
drought.

Water stress triggers ABA production, which in turn causes stomatal closure
and induces the expression of stress-related genes. There are signaling cascades,
which rule the expression of genes inducible by drought, ABA-dependent and
independent (Yamaguchi-Shinozaki, 2006). Transcription of these genes is controlled
by regulatory proteins called TFs. The manipulation of TFs has become widely used
to increase drought tolerance in plants (Chen et al. 2015; Li et al. 2015; Liang et al.
2016). Among them, different genes of MYB transcription factors have been studied
for their involvement in the regulation of the response to abiotic stresses (Li et al.
2015).

A few studies have been conducted to investigate other TFs involved in the
response of plants to water stress. Recently, gene GhABF2, which encodes the bZIP
transcription factor, was related to drought and salinity tolerance in A. thaliana and
cotton (Liang et al. 2016). The G. barbadense GbMYB5 gene, which encodes the
MYB transcription factor of R2R3 type, when investigated by means of heterologous
expression in tobacco, was positively involved in response to stress by drought. The
high expression reduced the loss of water to decrease the size of the stomata, thus
increasing the survival rate after stress (Chen et al. 2015). In G. arboreum, Magbool et
al. (2009) identified a high expression of GUSP1 and GUSP2 genes belonging to the
family of universal stress proteins (USP) in plants under water stress.

In this study, the expression profile of the MYB60 and GUSP1 genes was
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investigated in cotton genotypes submitted to water stress, with partial closure of the

stomata. In addition, the physiological behavior of the genotypes was evaluated based

on the gas exchanges.

MATERIAL AND METHODS

Genetic resources and experimental procedures

Nine accesses of the Active Germplasm Bank of cotton at Embrapa were used

for this study (Table 1). The seeds were sown in tubes (0.3 L) containing commercial

substrate (BASAPLANT, BASE, Brazil), maintaining 1 plant/tube. The differentiation

of treatments was done at 13 days after emergence (DAE), when the plants were in the

V2 phase (Souza et al. 2016), being control (C), plants that received normal watering

and stress (S), the plants that were submitted to water suspension until stomatal

closure of 50%. The outline adopted was completely randomized, with factorial

scheme: 9 (genotypes) x 2 (water regimes), with 10 replications.

Table 1. Cotton cultivars used in water stress tests.

Genotypes Botanic type Origin Life Cycle Characteristics
FMT 705 Herbaceous FMT Medium/Precocious AC

FM 966 Herbaceous Bayer Precocious AC

BRS RUBI Herbaceous = Embrapa Late AS

BRS 286 Herbaceous = Embrapa Medium/Precocious ACS
FMT 701 Herbaceous FMT Late AC
CNPAITA 90 Herbaceous = Embrapa Late AC
CNPA5M Arboreal Embrapa Late AS
CNPA 7TMH* Arboreal Embrapa Late AS

BRS SERIDO Herbaceous = Embrapa Medium AS

Life cycle: Precocious- less than 130 days; Medium- 130 to 150 days; late- over 150
days; Characteristics: AC- adapted to the climate of the Cerrado, AS- adapted to the
semiarid climate, ACS- adapted to the climates of the Cerrado and the semiarid; FMT-

Mato Grossense Foundation.
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Determining the gas exchanges

The reading of gas exchanges started after 24 hours of establishing water
stress, between 08:00 am and 10:00 am, by means of the IRGA (Infrared Gas
Analyzer, model LCpro*, ADC Bioscientific). The photosynthetic photon flux density,
air temperature and internal CO. concentration to the environment level, were
adjusted to 1,200 umol m™s?, at 25 °C. The plants were measured daily until they
reached 50% (£ 5%) stomatal conductance (gs) compared to the control treatment.
The following variables were recorded at the time: photosynthesis (A) (umol m2 s?),
transpiration (E) (mmol m? s™) and internal concentration of CO? (Ci) (umol mol™).
The leaves used to collect the physiological data were collected and stored at -80 °C

for later molecular analysis.

Statistical analyses
The data was submitted to variance analysis by the F test (p<0.05) and the
averages were compared by the Tukey test (p <0.05) using the SISVAR software

version 5.3 (Ferreira, 2014).

Analysis of the GUSP1 and MYB60 gene expression via RT-gPCR

The total leaf RNA was extracted using the Illustra RNAspin Mini Kit (GE
Healthcare), following the manufacturer's recommendations and treated with DNase |
(BioLab). The total RNAs were analyzed in 0.8% agarose gel and quantified in
spectrophotometer. The cDNA synthesis was performed with the ImProm-11™
Reverse Transcription System (Promega) kit using 1 pg of total RNA.

For each RT-gPCR reaction, 6 uL of Syber Green (Ludwig) were used, 0.2 uL
of each primer (Table 2), 1 ul of cDNA and water for a final volume of 12 uL. The
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amplification conditions were: 95 °C/10 min, 40 cycles of 95 °C/15 sec, 60 °C/1 min
and 72 °C/15 sec. The reactions were performed in biological and experimental
triplicates. The graphics, Melt curve and Cqgs were generated automatically by the
Eco™ Real-Time PCR System thermocycler (Illumina) based on the normalization
method with a reference gene, AACq (Livak et al. 2001). For the analysis of the
pattern generated was used the relative quantification, and for the endogenous control

were used the Actin, Ubiquitin and PP2A genes (Artico et al. 2014).

Table 2. G. hirsutum primer sequence used for the study with RT-qPCR.

Genes Genbank Sequence 5°—3’

F- GCAAATCGGTGTAGCAATGG
GUsP1 EU107766.1 R: CTTCCTTCTCTCTGAACTCC

F: ACCATGGACTCCTGAAGAAG
R: CCAATAAGGCTTGCAAGTGA

F: TTGCAGACCGTATGAGCAAG
R: ACTCTCCGATCCAGACACTG
F: CAACGCTCCATCTTGTCCTT
R: TGATCGTCTTTCCCGTAAGC
F GATCCTTGTGGAGGAGTGGA
R GCGAAACAGTTCGACGAGAT

MYBG60 NM_100755.2

ACTINA AY 305726
UBIQUITINA DW505546

PP2A DT545658

RESULTS AND DISCUSSION
Gas exchanges

The partial perception of water stress by plants (50% of stomatal closure)
occurred around the fifth day of water suppression, when E, Ci and A values were
recorded. Most of the cultivars under water stress showed a slight symptom of wilting
and sagging in the true and cotyledonary leaves, but without foliar abscission; some
plants presented reduction in height, as seen in FMT 705, BRS 286, and BRS RUBI
cultivars (Fig 1B, E and H). According to Ullah et al. (2017), stomatal conductance is

a reliable indicator to estimate the potential of drought tolerance in cotton because

56



there is a negative correlation between stomatal conductance and drought tolerance.
No effect of interaction between genotype and treatment (G x T) was found,
indicating predictable response of the cultivars to the stress to which they were

submitted.

Fig 1. Cotton cultivars on the fifth day of stress water, with 50% of stomatal closure.
A-FMT 701; B- FMT 705; C-FM 966; D- CNPA ITA 90; E- BRS 286; F- CNPA 5M,;

G- BRS SERIDO; H- BRS RUBI; I- CNPA 7MH. S- Stress; C- Control.

The plants, when submitted to water stress tend to reduce gas exchange as well
as translocation of photoassimilates. In Table 3 are the values for E, Ci and A. In
general, it was found that CNPA 5M, CNPA 7MH, BRS RUBI, and BRS SERIDO
fall within the same statistical group. These genotypes have a greater ability to prevent

the deleterious effects of water stress, and are therefore the ones that offer better
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conditions to adjust physiologically to the stress to which they were subjected. The
cultivars mentioned above presented the lowest reductions in the physiological
variables, common characteristics in resistant genotypes. Highlighting genotype
CNPA 5M, with minor reductions for E and Ci, greater transpiration indicates greater
stomatal opening, and consequently greater accumulation of photoassimilates. The
variation in the physiological parameters, such as transpiration and photosynthesis,
have been suggested as tools for the comparison and evaluation of different plant
varieties for drought tolerance (Krieg, 1983).

Hafeez et al. (2015) worked with contrasting cotton crops for drought
tolerance and observed that the data referring to A, gs and E presented the lowest
reductions in plants tolerant to 5, 10, 15 and 20 days of water stress, corroborating
with the tolerance profile of the genotypes studied here. During the water deficit, the
various physiological adjustments of the plant determine the adaptive morpho-
physiological responses. In a study with drought-tolerant transgenic cotton crops,
Sarwar et al. (2017) observed, by means of gaseous exchange data, a lower reduction
in variables A, gs and E in transgenic plants with 5 and 10 days of water stress.

According to the findings in the literature, the impact of water stress in cotton
crops depends not only on the duration, but also on the stage of development that
occurs, being more sensitive during the reproductive phase (Baldo et al. 2009; Sun et
al. 2015). Rodrigues et al. (2016) investigated the same cultivars of this study,
submitted to 7 days of water stress in the R1 reproductive phase, and observed based
on growth characteristics and the activity of antioxidative enzymes that the same
group of plants presented adaptations to established drought conditions, especially the
CNPA 5M, CNPA 7MH, and BRS SERIDO cultivars. Taking into account this data,

we can observe that these materials maintain drought-tolerance characteristics
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throughout its development.

The FMT 701, FMT 705, FM 966, CNPA ITA 90, and BRS 286 cultivars were
less tolerant to the stress imposed because they presented the highest reductions in the
physiological variables studied. Such behavior is a natural strategy of plants when
subjected to water stress, in order to save water for the organism’s vital processes,
varying according to the tolerance (Baldo et al. 2009). Especially for the photosynthesis
variable, the FMT 701 and FMT 705 cultivars were within the same statistical group,
presenting the greatest reductions. Considering that this characteristic is of great
importance for plant growth and development, this greater reduction can be reflected in
a smaller development during the cycle, resulting in a lower production under drought
conditions. With the exception of BRS 286, which has a double ability for cultivation in
the Cerrado and in the Semi-arid, the other cultivars are better adapted to the Cerrado
climate, with more suitable management for environments with an average annual

rainfall of 1,300 mm.

Table 3. Average Transpiration (E), Internal Carbon Concentration (Ci) and

Photosynthesis (A) in cotton cultivars submitted to water stress.

Cultivar Treatment E Rdc Ci Rdc A Rdc
EMT 701 C 6,73 - 326 - 0,64 -
S 3,22 52,14a 322 1,15bc 0,30 53,13a
EMT 705 C 7,55 - 327 - 0,71 -
S 3,71 50,90ab 323 1,22b 0,32 54,47a
EM 966 C 8,26 - 328 - 0,70 -
S 3,93 52,39a 324 1,22b 0,33 52,86ab
ITA 90 C 8,11 - 327 - 0,72 -
S 4,00 50,65ab 323 1,28b 0,34 52,36ab
BRS 286 C 7,49 - 328 - 0,72 -
S 3,72 50,33ab 323 146a 0,34 52,64ab
CNPA 5M C 8,78 - 329 - 0,75 -
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S 5,05 42,43bc 326 0,76c 0,37 50,40b

CNPA 7MH C 8,55 - 329 - 0,78 -
S 4,63 45,82b 326 091c 0,39 50,19b

BRS RUBI C 8,50 - 330 - 0,74 -
S 4,25 49,95b 327 091c 0,36 51,35b

BRS SERIDO C 8,74 - 327 - 0,80 -
S 4,89 44,05b 325 0,84c 0,39 51,25b

Rdc- Relative difference in relation to control (%). Different letters differ statistically by
the Tukey test (p<0.05). C- Control; S- Stress.

GUSP1 and MYB60 expression

The GUSP1 (GenBank ID: 108483041) and MYB60 (GenBank ID: 837403)
genes were pre-selected in silico because they were involved in the water stress
tolerance route in A. thaliana (Cominelli et al. 2010; Isokpehi et al. 2011; Jung et al.
2015). In this study, the GUSP1 expression observed was higher in leaves of the CNPA
5M, CNPA 7MH, and BRS SERIDO genotypes compared to those considered more
sensitive to water stress (Fig 2), corroborating with the results of the physiological
variables found (Table 3), which demonstrate the adaptability of these genotypes to
stress conditions. It can be verified that BRS SERIDO, CNPA 5M and CNPA 7MH
revealed expression levels of 16.47x, 15.02x and 13.89x, respectively, higher than the
control. For the genotypes adapted to the Brazilian Cerrado, the level of GUSP1
expression in leaves was smaller, especially in the FMT 701 (1.63x), FMT 705 (2.16x),
FM 966 (2.28x), and ITA 90 (2.80x) genotypes. According to the literature, genes from
the USP family are regulated positively when the cell is exposed to external agents that
cause some type of stress, being the greater expression in tolerant individuals (Magbool
et al. 2009). This characteristic was presented in the relatively more tolerant individuals
of this study. Despite the lack of specific information on the molecular and biochemical
mode of action in GUSP1, we observe that it presented a positive response (increase of
expression) with the increase of stress and that its activity was greater in the genotypes

more adapted to drought, thus indicating the adaptive function of genotypes under stress
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Fig 2. Relative value of transcripts GUSP1 (A) and MYB60 (B) by RT-gPCR in the
control (C) and stress (S) treatments. 1- FMT 701, 2- FMT 705, 3- FM 966, 4- ITA 90,
5- BRS 286, 6- CNPA 5M, 7- CNPA 7MH, 8- BRS RUBI, 9- BRS SERIDO. Lower

case compares among stressed genotypes (means tested by student’s t-test, p<0.05).

In a study with G. arboreum cotton using RT-gPCR techniques, Magbool et. al.
(2009) demonstrated that GUSP1 presents constitutive expression, indicating a vital
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role in the cell metabolism of the entire plant, although the expression pattern is greater
in the leaves, suggesting a specific role of the USP in chloroplast. In a study with
tomatoes (Solanum pennellii) under stress water, the SpUSP expression was identified
in the stomata (Loukehaich et al. 2012), in this same study, the authors concluded that
the gene overexpression increased the tolerance of tomatoes to drought in the seedling
and adult stages. This information is relevant regarding the stability of expression,
considering that said protein is possibly synthesized under stress throughout the
development of the plant.

For the authors, the increase in ABA levels increased the number of gene
transcriptions, thus indicating the positive relationship positive between water stress
and the level of gene expression.

In A. thaliana, one of the genes in the USP (Universal Stress Proteins) family,
the USP-At3g53990, exhibits a chaperone function of protecting plants from various
environmental stresses, widely induced by heat stress, H,O» and water deficit, in other
words, the high expression of said gene confers tolerance to these plants (Jung et al.
2015). Despite the existence of information on USPs, especially in bacteria, in higher
plants this data is still little explored, especially regarding molecular function.

Considering that the USPs respond to the various types of stress (drought,
high salinity, temperature, apoxia, radiation, among others), their use is of great
relevance in studies involving mechanisms of stress response in plants.

The large number of members of the MYB protein family indicates its
importance in the control of specific biological processes in plants, where their
functions have been investigated in numerous plant species such as A. thaliana, corn,
cotton, rice, among others. Specifically, the MYB60 has been studied only in A.

thaliana and described as being involved in the regulation of stomatal movement,
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relating to plant tolerance to water stress (Cominelli et al. 2005). In this study, the
expression of MYBG60 in the leaves of cultivars adapted to dry environments was lower
in CNPA 5M (1.45x), CNPA 7MH (1.49x), and BRS SERIDO (1.13x), while a high
expression level in genotypes sensitive to stress was observed in FMT 701, FMT 705
and FM 966, with 5.07x, 4.08x and 4.00x respectively. These results corroborate with
the findings of Oh et al. (2011), who found a high expression of two variants of
MYB60 in Arabidopsis plants sensitive to water stress. These MYBG60 variants are
located in the nucleus and promote deflation of guard cells in response to the water
deficit conferring sensitivity to stress. It is worth noting that each variant of the MYB60
gene has a specific function depending on the environmental variable, as for example,
the presence or absence of light and CO, concentration in the atmosphere (Cominelli et
al. 2005; Liang et al. 2005).

According to Oh et al. (2011), under normal conditions, MYB60 is expressed
in substantial levels. In the early stages of stress, the low level of ABA leads to an
increase in expression levels in MYBG60; on the other hand, when the plant is under
severe water stress, the MYB60 expression is inhibited, resulting in stomatal closure
and inhibition of root growth. This promotes differentiated responses in plants that are
tolerant and sensitive to drought, as is also observed in the cotton cultivars evaluated
in this study.

In another study involving A.thaliana, Cominelli et al. (2005) observed, via
RT-PCR, a decrease in the expression of the AtMYB60 gene as dehydration stress was
increased and by exogenous ABA at a 8-hour interval, after 48 hours there is an
increase in gene expression in the treatment with ABA. This suggests that its activity
increases with the progression of stress, at least up to two days from the start of

treatment.
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The data published here is the first to relate to the MYB60 gene with cotton
crops, because most of the studies concerning MYB genes in plants are described in A.

thaliana (Abe et al. 2003; Cominelli et al. 2005, 2010; Oh et al. 2011).

CONCLUSIONS

Considering the results presented here, GUSP1 and MYB60 can be used in the
identification of cotton genotypes with water-stress tolerance characteristics in the V2
phase, especially the GUSP1 gene due to the greater amount of information available

for cotton.
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4. CONCLUSAO

Considerando os resultados presentes nesse trabalho, os genes GUSP1 e MYB60

podem ser utilizados na identificacdo de gendtipos de algodoeiro com tolerancia ao

estresse hidrico na fase VV2 de desenvolvimento.
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