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RESUMO GERAL

Uma das caracteristicas das sementes que represantesafio para
guem se propde a trabalhar com conservacgdo, ésibiidade a dessecacéo.
Esta caracteristica é encontrada em um grande alofeeespécies de interesse
agrondmico, florestal e medicinal. Sementes ortad@m processo germinativo
tém sido utilizadas em estudos relacionados atesta. Em geral, sementes
ortodoxas apresentam perda da tolerdncia & defiseapds a protrusdo
radicular, entretanto, sementes@gpaifera langsdorffiperdem tal capacidade
precocemente, se tornando sensiveis j4& na fase 2ndmebicdo. Assim,
considerando a caréncia de estudos relacionadefeid® do ambiente maternal
sobre a tolerancia & dessecacédo, o presente watigjtivou analisar aspectos
moleculares e ecoldgicos da perda da tolerancissedacdo em semente<de
langsdorffiiem processo de germinacdo. As sementes foranadateem areas
de Cerraddstricto Sensem Montes Claros e Lavras, MG, e também em &reas
de mata ciliar em Lavras, MG. As sementes daspi@sedéncias apresentaram
perda precoce da tolerancia a dessecacdo, comseimientes de Montes Claros,
mantiveram a toleréncia a dessecac¢do por um penfador do que as outras
duas procedéncias. Sementes do Cerrado de Momtess@bram utilizadas para
as analises bioguimicas e moleculares. Maioremafies foram observadas em
oligossacarideos da familia rafindsidica (rafinosstaquiose e trealose), ao
longo do processo de embebicdo, estando ausentesstigios sensiveis a
dessecacdo. Genes relacionados a germinacdo atementaa expressdo
durante a germinagdo, enquanto aqueles ligadodegaricia a dessecacao
diminuiram, aumentando novamente apés o tratanumtestabelecimento da
tolerdncia a dessecacgdo. Foi possivel concluir,iguenfluéncia do ambiente
materno na perda da tolerancia a dessecacdo emtssndeC. langsdorffii,e
gue as concentracdes, 0s oligossacarideos dadamafilndsidica, a sintese de
proteinas resistentes ao calor e a expressdo tes geperoxido dismutase,
ABAL, e proteinas de choque térmico, sdo corratatlas com a perda e o
restabelecimento da tolerancia a dessecacao detssntesta espécie.

Palavras-chaveCopaiba. Expressdao génica. Efeitos ambientais. sGelee
referéncia.



GENERAL ABSTRACT

One of the seed characteristics that represenaléenbe for those who
propose to work with conservation is the desiceatigensitivity. This
characteristic is found in a large number of spedt agronomic, forest and
medicinal interest. Orthodox seeds in germinatiomcess have been used in
studies regarding this theme. In general, orthodeeds present loss of
desiccation tolerance after radicle protrusion, &y, Copaifera langsdorffii
seeds lose such capacity precociously, becomingitsen in phase 2 of
imbibition. Therefore, considering the need fordsts related to the effect of the
maternal environment over the desiccation toleratiee present work aimed at
analyzing molecular and ecological aspects of dss bf desiccation tolerance
in C. langsdorffiiseeds in germination process. The seeds wereciemlldérom
areas ofStricto SensCerrado in Montes Claros and Lavras, MG, Brazilva$
as in areas of riparian forest in Lavras, MG. Theds from all three origins
presented precocious loss of desiccation tolerdrmeever, seeds from Montes
Claros maintained desiccation tolerance for a lomggiod then the remaining
origins. Seeds from the Cerrado of Montes Claroewsed in the biochemical
and molecular analyses. Greater changes were @oserwligosaccharides of
the raffinose family (raffinose, stachyose and atebke), over the soaking
process, being absent in stages desiccation sensitbenes related to
germination had their expression increased durisgngation while those
related to tolerance to desiccation decreaseckasang again after the treatment
of reestablishment desiccation tolerance. It wasibte to conclude that there is
influence of the maternal environment over the lwfS®lerance to desiccation in
C. langsdorffii seeds and that the concentrations of oligosaa#®rof the
raffinose family, the synthesis of proteins regista heat and the expression of
the genes superoxide dismutase, ABA1 and heatassigroteins is correlated
with the loss and reestablishment of desiccatiderance of seeds from this
species.

Keywords: Copaiba. Gene expression. Environmefffetts. Reference genes.
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PRIMEIRA PARTE

1 INTRODUCAO

A tolerancia a dessecacédo € normalmente definio® @capacidade de
um organismo em suportar a secagem a niveis &riticoestabelecer o seu
metabolismo normal apés a reidratacdo. Esta habiidesta presente em
espécies de todos os grupos de seres vivos, semd@&rg vegetais, € mais
comum em sementes, polen e esporos. Quanto astssmexistem trés grupos
classificados de acordo com a tolerancia a desdec&ytodoxas (tolerantes),
recalcitrantes (sensiveis) e intermediarias (compmwtamento intermediario
entre os dois primeiros grupos) (ELLIS; HONG; ROBER 1990; ROBERTS,
1973).

Muitas espécies vegetais de interesse produzenmsesmecalcitrantes,
0 que tem sido um grande desafio na tecnologiaedeestes. Este tipo de
semente ndo suporta secagem e, tampouco, O armaz®Epnaas baixas
temperaturas, tendo viabilidade e disponibilidadegacao longo do ano. Tais
caracteristicas dificultam os estudos relacionadsensibilidade a dessecacao
em sementes recalcitrantes. Por outro lado, sememtedoxas toleram a
secagem e 0 armazenamento, apresentando maiddddeilpara estudo. Além
disso, durante o processo germinativo elas perdeoleeincia a dessecacao,
tendo sido proposto por Sun, Marzalina e Khoo (1,999iso destas, em estudos
relacionados a sensibilidade a dessecacao.

Uma importante ferramenta no estudo dos mecanistadslerancia a
dessecacdo sdo os estudos moleculares. A avalidgdovariagbes nas
concentracdes de agucares, principalmente aqualbrsianados a tolerancia a
dessecacdo, bem como proteinas, sdo de grande® aaxicompreensdo dos

mecanismos de tolerancia a dessecacdo. Além dizsop estudo da expressao
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génica, pode-se compreender quais sdo as mudatgeismadas com a perda e
0 reestabelecimento da tolerancia & dessecacgasouddordadas aos possiveis
erros e variagdes o0s quais podem ocorrer durantetaggms do estudo da
expressao génica, se faz necessario 0 uso de andéahormalizacdo. Para tal,
a validacdo de pelo menos trés de genes cuja sfjorés uniforme dentre os
tratamentos analisados é importante, sendo esgenes de referéncia.

Copaifera langsdorffii € um importante representante do género
Copaifera no Brasil, apresentando ampla distribuicdo geagrafEstudos
anteriores relacionados a perda da tolerancia emarges dessa espécie, durante
a germinacao, evidenciaram que a mesma perde r@role prematuramente
guando comparada as demais espécies ja estuddeREIFA et al., 2014).
Considerando o comportamento incomum da espécighéda, e sua presenca
em ambientes com caracteristicas climaticas cdatr®s, a mesma é
interessante para auxiliar na elucidacdo dos fatbgados a sensibilidade a
dessecacao.

Considerando tais fatores, no presente trabalhgtiwiu-se analisar
aspectos ecolégicos e moleculares ligados a pertlsiatancia a dessecacdo em

sementes d€opaifera langsdorffiDesf, durante a germinacao.
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2 REFERENCIAL TEORICO

2.1 Tolerancia a dessecacao

Define-se tolerancia a dessecac¢do como a habilidaden organismo
em suportar a secagem a niveis criticos, sendx cdpaeestabelecer o seu
metabolismo normal apés a reidratacdo (ALPERT, 20DOIVER; TUBA;
MISHLER, 2000). Esta habilidade estd presente edostoos grupos de
organismos, desde bactérias a animais. Em espdgjesais, ocorre com maior
frequéncia em sementes, poélen e esporos (ALPERIG; HOEKSTRA, 2005).
Para sementes, esta habilidade é de grande impiarféotécnica, pois permite
a dispersdo para longe da planta mée, possibititaisdim a colonizacdo de
novas areas.

Na biologia de sementes, existem trés categoriagicdsa quanto a
toler&ncia a dessecacdo e ao armazenamento. Sereengéveis a secagem sao
denominadas recalcitrantes. Estas ndo resistemaz@namento por periodos
longos, bem como nao toleram a secagem a nivéisosriSementes tolerantes,
as quais sdo capazes de suportar a secagem a iiferisres a 10%,
permanecendo ainda viaveis por longos periodos rdeazanamentos sdo
definidas ortodoxas (ROBERTS, 1973). O terceiro pgruas sementes
intermediarias, apresenta tolerancia a secagenmazanamento moderados
(ELLIS; HONG; ROBERTS, 1990).

Sementes ortodoxas, ao longo do seu processo @mvibbgmento,
atravessam duas etapas em que seu comportameésitigfco € similar ao das
recalcitrantes (PARCY et al., 1994). O primeiroutathte a formacao na qual a
semente esta se desenvolvendo e ao final destmlpdrhaturacéo) adquire a
toleréncia. O segundo é o processo germinativqquab a semente perde essa

capacidade. Tanto as fases iniciais do process$oreh@cao da semente, quanto
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0 processo de germinacdo, tém em comum a altaladi®i metabdlica. Este
metabolismo esta ligado ao desenvolvimento da sempara que ela seja
dispersa (maturacdo) ou para germinar e formar &atyh (germinacgao).
Durante a maturacado, ocorre a ativacdo de mecasisgtarionados a tolerancia
a dessecacédo e reducdo dos demais processos,ndooreoposto durante a
germinacdo (KERMODE; FINCH-SAVAGE, 2002; NEDEVA; KIDLOVA,
1997; PARCY et al., 1994).

Muitas espécies vegetais de interesse econdmicdicima ou
ecologico, produzem sementes de comportamentciteaate ou intermediario,
bem como apresentam disponibilidade em periodoms@o longo do ano,
sendo um dos maiores problemas na conservacdontmnies e producdo de
mudas destas espécies. Dessa forma, € important®nbecimento dos
mecanismos ligados a toleréncia/sensibilidade &edagéo, no entanto, tal
estudo em sementes recalcitrantes € dificultadda @s caracteristicas destas.
Por outro lado, considerando a perda da tolerénaassecacdo em sementes
ortodoxas em processo germinativo, Sun, MarzaliK@ia (1999) propuseram
0 uso dessas sementes para a realizacdo de estladinados a sensibilidade a
dessecacao.

Considerando as trés fases do processo de germidagdma semente
ortodoxa (BEWLEYet al., 2013), era postulado como regra que a peada
tolerancia a dessecacdo ocorreria proximo a pémruadicular (germinacéo).
Isso foi evidenciado em varias espécies tais chl@dicago truncatuldFARIA
et al., 2005)Sesbania virgatdMASETTO et al., 2008)Peltophorum dubium
(GUIMARAES et al., 2011)Solanum lycopersicura Abelmoschus esculentus
(LIN; YEN; CHIEN, 1998). Contudo, foi observado exstudos anteriores, que
Copaifera langsdorffiapresenta um comportamento diferente deste, iicia
perda ainda na fase 1 da embebicdo, sendo a me=miaaptotalmente na
metade da fase 2 (PEREIRAaL., 2014).
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2.2 Mecanismos de tolerancia a dessecacao

Ao longo do processo de secagem, ocorre a congéotdos solutos no
interior da célula, o que pode resultar na desagéur de proteinas, perda da
composi¢do quimica, aumento do pH intracelular moslana integridade de
membranas e do DNA (NEDEVA; NIKOLOVA, 1997). Podetimda ocorrer
danos fisicos causados ndo sé pela saida de agsapeta entrada durante o
processo de reidratacdo (WALTERS et al., 2001; WRLBRYANT, 1999).
Além disso, durante a secagem, pode haver limitatdoeliminacdo de
metabdlitos téxicos, 0s quais podem causar maidaess a estrutura celular
(BUITINK; LEPRINCE, 2004; LEPRINCE et al.,, 1995, @0) LEPRINCE;
HOEKSTRA, 1998).

Dessa forma, os mecanismos de tolerancia a deésedagem manter a
integridade celular, ndo s6 durante a secagem estamlo seco, mas também
durante o processo de reidratacdo (PAMMENTER; BERJ2999). Neste
sentido, uma massiva alteracdo na expressao géaicemente é observada
durante a desidratacdo, sendo que pamr@bidopsis thaliana é alterada a
expressdo de cerca de 30% do genoma (ANGELO¥ICAl.,, 2010). Sendo
ainda que 21% desses genes tém a expressado akerdital do processo de
maturacdo. Além disso, a reducdo do metabolismonsiderada chave para
manutencao da integridade celular no estado sern.ddmetabolismo reduzido,
a demanda por agua e fontes de energia é menar daléroducéo de espécies
reativas de oxigénio.

Dentre todos os transcritos, aqueles ligados assdnde acido abscisico
(ABA), sdo os mais importantes no estudo da totadra dessecacdo
(BEWLEY et al., 2013). Grande parte dos mecanismos ligadimderancia a

dessecacdo sdo responsivos a presenca do ABA, smdmencionado como
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um dos principais hormonios ligados ao processoRBBDO; MARCOS
FILHO, 1998; BARTELS, 2005; NAMBAR/et al., 2000).

O acumulo de reservas tais como as proteinas LB# g€mbryogenesis
abundan} e oligossacarideos da familia rafindsidica (@da) estaquiose e
trealose) e a sacarose, tem sido relacionado cdendncia a dessecacao
(BLACK et al., 1999). Proteinas LEA séao sintetizadarmalmente ao final do
processo de maturagdo e junto aos oligossacarfiggoguncdo de manutencéo
da estrutura celular e da integridade das moléad#daBDNA durante o estado
seco. Os acUcares tém atuacdo ainda, como sulsstilat Agua na célula,
evitando assim, a lixiviagdo de compostos intrdaets e ainda mudancas na
membrana plasmatica durante o estado seco e dumanteidratacdo
(LEPRINCE, 1993). Os carboidratos acumulados nalaébrnam o citoplasma
mais viscoso, condi¢do referenciada como “estadeeo’i ou vitrificagdo
(BUITINK; LEPRINCE, 2004), sendo comum em semeragsdoxas. Neste
estado, o metabolismo € reduzido, bem como a difdedmoléculas dentro da
célula, condicdo na qual séo reduzidas as reagfepaperiam causar danos a
integridade celular.

Além dos mecanismos de manutencdo da estruturdacehinda é
necessario o controle de espécies reativas derogjgéuja eliminacdo se torna
dificil no estado seco (KRANNER; BIRTIC, 2005; PAMMNTER; BERJAK,
1999). Moléculas oxidantes causam grandes danagrégiuga celular, sendo
deletéria a falha de sistemas antioxidantes (FINKBIOLBROOK, 2000;
KRANNER; BIRTIC, 2005; LALOI; APEL; DANON, 2004). Bntre os
diversos metabolitos produzidos com fun¢cédo antamde, recebem destaque na
biologia de sementes, a superoxido dismutase (S@Bfalase e outras
peroxidases (NOCTOR; FOYER, 1998) as quais catalisaconversédo do ion

superoxido em kD, para posterior conversao em ©H0.
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2.3 Influéncia ambiental sobre as caracteristicas da s&nte

A influéncia das condi¢Bes ambientais sobre o @gsgamvivo tem sido
amplamente apresenta em todas as classes de organifara espécies
vegetais, as condi¢Bes tais como disponibilidadieida, fertilidade do solo,
comprimento do dia e temperatura tem influénciaesabfendtipo da planta e
também das sementes e polen (DELPH; JOHANNSSON;PSHRISON,
1997; FENNER, 1991; WEINERet al., 1997). Dependendo do ambiente
parental, tanto a morfologia quanto a fisiologiautea semente, sdo alteradas,
sendo relatadas até mesmo diferencas quanto adg@arméncia ha mesma.

Quanto a tolerancia a dessecacao, varios estudposid® apresentados
evidenciando mudancas no comportamento fisioloda® sementes em funcéo
do ambiente de origem. Davet al. (2004a), mostraram que pakasculus
hippocastanunas condicdes de temperatura do ambiente maiafhnciaram
0s niveis de sensibilidade a dessecacdo nas semefltawset al. (2006),
mostraram ainda que sementesAder pseudopalatanyzroduzidas em regides
de temperatura mais alta apresentam menor sedaiglia dessecacao, do que
aquelas produzidas em locais mais frios. Semert€auhelia sinensisriundas
do Japéo suportaram a secagem e armazenamentcapos,gperdendo apenas
13% da viabilidade (AMMA; WATANABE, 1985), enquantque aquelas
provenientes da Africa do Sul foram classificadasn@ recalcitrantes por
Berjak, Vertucci e Pammenter (1993).

Quanto a perda da toleréncia a dessecacdo em ssnoetttdoxas, ndo
existem estudos que evidenciam alteracdes emrgatamento, em funcdo do
ambiente maternal. Considerando as mudancas jarvabdss em espécies
sensiveis a desseca¢do (AMMA; WATANABE, 1985; BERJANERTUCCI;
PAMMENTER, 1993; DAWS et al., 2004b, 2006), o estutdb efeito das
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condi¢cdes do ambiente maternal sobre a perda deanoia a dessecacdo em

uma semente ortodoxa, pode auxiliar na compreatsfoocesso.
2.4 Copaifera langsdorffii

Dentre os representantes do gén@opaiferg C. langsdorffiié o que
recebe maior destaque no Brasil (GUERRA; MEDEIRQIHB; GALLAO,
2006; VEIGA JUNIOR; PINTO, 2002). Essa espécie sgmga ampla
distribuicdo no Brasil, sendo encontrada em &reasadtinga, cerrado e mata
atlantica no Nordeste (Bahia), Centro-Oeste (Geiddato Grosso do Sul) e
Sudeste (Minas Gerais e Sao Paulo) (QUEIROZ; MAFRSFDA-SILVA;
COSTA, 2014).

Assim como nos demais representantes do génentragéde do tronco
de C. langsdorffij 6leo de interesse medicinal (VEIGA JUNIOR; PINTO,
2002), com aplica¢gbes antiinflamatérias, bactesicidiurético e expectorante
(FREIRE; BRITO-FILHA; CARVALHO-ZILSE, 2006). Além idso, a madeira
€ utilizada na construcdo civil, pecas torneadahos de ferramentas e
vassouras, até mesmo portas e painéis (LORENZI2;20&IGA JUNIOR;
PINTO, 2002), sendo a espécie ainda utilizada baraacao rural e urbana
(JELLER; PEREZ, 1997) e na recuperacédo de areaadisips.

Sementes deC. langsdorffii apresentam comportamento ortodoxo
(HONG; ELLIS; LININGTON, 1998), sendo referenciade@mo apresentando
dorméncia ocasional (FOWLER; BIANCHETTI, 2000; LIMét al., 2008),
estando esta ligada ao impedimento na absorcédgude Bem como a presenca
de inibidores da germinacdo. Quanto a tolerandeasaecacéo, foi evidenciado
comportamento fisioldgico incomum em relacdo asailersementes ortodoxas
estudadas (PEREIRAt al., 2014). Sementes d& langsdorffii se tornam

sensiveis a dessecacdo ja na fase 2 do processabebicdo, sendo a primeira
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espécie ortodoxa descrita a apresentar tal compent®. Dado a este
comportamento e a importancia dos estudos de taiier& dessecacdo, bem
como a presenca da espécie em areas de dispakiliddrica contrastantes, o
estudo da perda da tolerancia a dessecac¢a@.elangsdorffiiem funcao do
ambiente, podera gerar informacfes interessanteéa pa elucidacdo do

problema.
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ARTIGO 1  Environmental effects onCopaifera langsdorffii seeds:

morphological and physiological aspects

VERSAO PRELIMINAR submetida & revista Brazlian Journal of Botany,

podendo sofrer alteracdes de acordo com o corpariadiida revista.

Autores: Wilson Vicente Souza Pereira, José M&rcoha Faria, Anderson
Cleiton José, Ailton Goncalves Rodrigues Junioni®& José de Andrade.

ABSTRACT: Maternal environment influences all morphologicaind
physiological characteristics of an organism. Thtisis study aimed to
characterize morphological and physiological défeses of Copaifera
langsdorffii seeds from three provenances. Fruits and seedscobeeted in
Cerrado areas in Montes Claros, MG and Lavras, B8, riparian forests in
Lavras, MG. Size, mass and water content of frustseds and aril were
measured, being also evaluated physiological clexistics (imbibition,
germination and seedling size). There are diffezerat the seed size, imbibition,
speed and percentage germination among the seeghareces. The data shows
that the maternal environment influences both maiqiical and physiological
characteristics o€opaifera langsdorffiseeds.

Key-Words: Copaiba, environmental effect, seeds.
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Introduction

From the large number of species on @mpaiferagenus,Copaifera
langsdorffii is the most representative. The species have ggmgraphic
distribution in Brazil, being present in Brazilimortheast (Bahia), Center west
(Goias and Mato Grosso do Sul) and southeast (MBersis and Sao Paulo)
(Andrade Janior & Ferraz, 2000). As the other sgefiom the genus, from the
wood ofC. langsdorffiican be extracted oils with medicinal applicatififeire
et al, 2006; Veiga Junioet al, 2007)The wood can be used for buildings,
furniture, tools and many another purposes (LoteB@D2; Veiga Junior &
Pinto, 2002). Also, the trees are used for degradeds recovery and also urban
and farm afforestation (Jeller & Perez, 1997; Lairep002).

The biometrics knowledge is an important factar daderstanding the
germination process, vigor, storage and propagatiethods. Biometrics also is
important for the differentiation of species andametterization of ecological
aspects of the plant (Matheus & Lopes, 2007). Facts the day length,
temperature, water availability and herbivore &tan where the plant grows
have large influence on its phenotypic characiesstFenner, 1991; Delpét
al., 1997; Weineet al, 1997). Thus, the seed characteristics are afheeirced
by the environment, and affect the plant vigorpals establishment and growth
(Dawset al, 2004).

The biometrics studies can helps on the understgndf the plant
ecology and can shows the effects of the matemata@nment on the species.
Furthermore, this knowledge can help in the segdliroduction, aiming its use
for reforestation projects. Then, this study aintedevaluate biometrics and
physiological differences of. langsdorffiiseeds in relation to the collection

area.
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Materials and methods
Plant Material

Plant material was collected froB\ langsdorffiitrees orstricto sensu
Cerrado in the counties of Montes Claros and Lagiéisas Gerais, Brazil) and
also in a riparian forest in county of Lavras beswduly and August 2011. To
morphological assays fruits were collected befote bpeningand to
physiological assays seeds were collected aftgrediton (open fruits). To
physiological assays seeds were cleaned by maegaving of the aryl and
dried into storing water content (10 + 2% at wesigaon climate-controlled
chamber [20 °C, 60% air relative humidity (RH)].té&f drying, the seeds were
stored in sealed semipermeable plastic bags indacb@amber (5 °C, 40% RH),
until the beginning of the experiment. For eackimmment, the experiments
were carried separately and the experiments wétiatéd within 1 week from

the collection date.

Characterization of fruitsand seeds

Fruits were measured using a digital paquimeteutthe length (bigger
measurement), width (smaller measurement) and nagk However, seeds
have different shapes, thus, only width (paratiehte hilum) and thickness were
measured. Moreover, the water content was detednioe fruits, aryls and
seeds (separately) by oven drying at 103 °C fohddrs as adapted from Ista
(2004). For both fruits and seeds biometrics wesedu50 replicates of
individual fruits or seeds.

As standard, the germination tests fGr langsdorffii seeds were
preceded with mechanical scarification with sandpamd conditioning at paper
roll at 25°C with constant light. It was evaluatd® germination and normal
seedlings formation, being considered normal thedlg®y with all health

structures (leaves, stem and primary root). Fopliaates of 25 seeds each were
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used for germination test which was evaluated &o Ahe germination speed
index (GSI) was calculated by the formula propdsgdMaguire, 1962). After
40 days, the width of the stem and primary root thieddiameter on the interface
root/stenmivere measured individuallffor these measures were utilized 30

seedlings sampled randomly of each provenance

Effect of the C. langsdorffii seed leached under lettuce seed germination

The effect of theC. langsdorffiiseed leachate of each provenance on
lettuce seed germinatiohgctuca sativia For that, 70 grams of seeds of each
provenace were immersed on the same weight oflelistivater during 24 hours.
The resulting solution was used to moisten the getion paper used as
substrate for lettuce seed germination. The seeats wonditioned into Petri
dishes at 20°C and constant light being used le@dtivater as a control. For the

germination test were used four replicates of Hls each.

Effect of pyroligneous extract and provenance under C. langsdorffii seed
germination

The effect of pyroligneous extract under the geation of the three
seeds provenances was also accessed. For thatepergrd the extract by gas
recovery from eucalyptus wood burning at 550°C. €keact was distilled two
times in a rotatory evaporator at 100 °C. The extfar tests were diluted at
1/50 and 1/5000. The seeds (without scarificatiea)e immersed in the extract
for 48 hours and immediately after treatment, wadgomed the germination
test, as described above. The criteria to assegsimgination on this assay were
formation of normal seedlings, being used 4 repgaof 25 seeds on each

sample.
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Data analysis

The experimental design was completely randomized dil
assays.The data analysis was carried by ANOVA and if thirestatistical
influences of the provenance on the evaluated ctaistics, was done the
Tukey's test (5% probability) by the software R féfindows (RCoreTeam,
2014). Also, for complementary data the environmleobnditions between the
provenances, the climate data from the region oftel® Claros (Federal
University of Minas Gerais climate station) and tas (Federal University of

Lavras climate station) were collected.

Results
Characterization of fruitsand seeds

The three provenances have not difference aboltuhesize. However,
fruits of the Cerrado from Lavras had higher frestdl dry mass, and for these
characteristics, fruits of the Cerrado from Mont#aros had the lowest values
(Table 1). There was no difference between the grances about the fruit
water content. In relation to the seed aryl, thghéi fresh and dry mass was
observed on seeds from Lavras Cerrado, and lower $eeds of Montes Claros
Cerrado (Table 2).

Table 1. Morphological variations of fruits d@@opaifera langsdorffiifrom
different environments

Fresh mass Dry mass Water content Lenght Thickness  Width

(g/fruit) (g/fruit) (%) (mm) (mm) (mm)
Cerrado (Montes
Claros 0.489( 0.443 9.30¢ 21.01: 11.85: 21.01:
Cerrado (Lavras) 1.124a 0.975a 13.14a 25.53a 14.91a 22.53a
Riparian (Lavras) 0.926b 0.841b 9.45a 22.12a 14.22a 22.12a
p <0.0001 <0.0001 0.83 0.39 0.42 0.068

Same letters on the columns indicates absence figfratices among tt
provenances by the Tukey test at 5% of probability.
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Table 2. Variations on the aryl dfopaifera langsdorffiseeds from different
provenances

Fresh Mass (g/seed) Dry Mass (g/seed) Water (%)

Cerrado (Montes Claros) 0.223c 0.185¢c 17.32c
Cerrado (Lavra: 0.432i 0.333: 22.29:
Riparian(Lavras) 0.322b 0.260b 19.17b
p <0.0001 <0.0001 0,02

Same letters on the columns indicates absof differences between il
provenances by Tukey test at 5% of probability.

In relation to the seed measurements, the provenafluenced the
thickness, fresh and dry mass (Table 3). Higharesivere observed in seeds of
Cerrado from Lavras. The water content on seed€afado from Montes

Claros had the lowest value.

Table 3. Morphological variations Dopaifera langsdorffiseeds from different
environments.

Width Thickness Fresh Mass  Dry Mass Water

(mm) (mm) @ @ (%)
Cerrado (Montes Claros) 8.40a 6.42c 0.325¢ 0.293c 10.12c
Cerrado (Lavras) 12.00a 8.80a 0.592a 0.505a 14.53b
Riparian (Lavras) 10.46a 8.06b 0.450b 0.382b 15.77a
p 0.08 <0.0001 0.0002 0.0025 <0.0001

Same letters on the columns indicates absencefferences between tl
provenances by Tukey test at 5% of probability.

The seeds of the three provenances shown similamiggtion ¢ =
0.18; CV = 8.15) and formation of normal seedlifjgs= 0.206; CV = 9.55)
(Figure 1A). However, the germination speed indéxseeds from Montes
Claros Cerrado had higher value than the seedhef provenancep€ 0.0001;
CV = 13.81) (Figure 1B).



38

= 100 - g Germination Normal Seedlings 0
E g0 - A 3 5 i a
S s - ‘ ‘ A '
z 0 a 3.0 -
= - -
E ?i &0 - 2.5 4 b
E = —_ [
£ 2 s0- %20
EZ 40 -
§3 =
2 30 -
% ;0 10 1
=) “
2 ) 05 -
= 10
= 0 ‘ 0.0 -
Cemmado (Monles Cerredo Ripariaz Cemmado Cerrzdo Ripasian
Claros) [Levras) (Lavras) (Montes Claros) (Levizs) (Lavres)
A Provenance B Provenance

Figure 1. Germination and normal seedlings percentage (Al) germination
speed index (GSI) (B) ofopaifera langsdorffiiseeds in relation to the seed
provenance. Same letters indicate no significafierdinces between the seed
provenances, according to a Tukey test (p05).

The visible germination (radicle protrusion) ssarfor all provenances,
at the sixth day. At this time 53% of Montes ClarGgrrado seeds had
germinated while the other provenances reached uhlise after 8 (Lavras
Cerrado) or 9 (Riparian) days. In relation to tleedlings size, seeds from
Montes Claros had shown the highest values. Thereno differences among

the provenances regarding the root length and diameter (Table 4).

Table 4. Biometric variations in seedlings @bpaifera langsdorffiideveloped
from seeds from different provenances.

Diameter* Total Length Root length Stem Length
(mm) (cm) (cm) (cm)
Cerrado (Montes Claros) 2.62a 13.96a 8.04a 5.91a
Cerrado (Lavras) 2.79a 13.15ab 7.80a 5.35ab
Riparian (Lavras) 2.75a 11.85b 6.90a 4.92b
p 0.24 0.01: 0.0¢€ 0.01:

Same letters on the columns indicates absenceffefatices between tt
provenances by Tukey test at 5% of probability. afeter evaluated on the
interface root/stem.
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Effect of the C. langsdorffii seed leached under lettuce seed germination

There was no effect of the seed leached over theigation of lettuce
seeds (p = 0.76; CV = 0.11) (Figure 2Apowever, the seed leached affected the
GSI, being the leached of seeds of Cerrado fromtdfoflaros resulted in the
lowest GSI when compared to another seed provesamue the control (p =
0.00001; CV = 20.13)(Figure 2B).

100 - a a a 25 a
oo - :
50 - 20 1 ab
o
= 60 - 15 4
3 @ be
£ 30 2 c
£ 40 - 10 -
E 30 4
o
o 20 5
10 -
0 - T 0 - T T T
Control Cerredo Cerredo Riparien Contnl Cerredo Catrado Riparian
(Moates (Levres) (Lavras) (Montes  (Lavras]  (Lavras)
A Claros) B Claros)
Provenance Provenance

Figure 2. Germination percentage (A) and germination spegex (GSI) (B) of
lettuce (actuca sativp seeds under effect of the seed leached of three
provenances ofCopaifera langsdorffii Same letters indicate no significant
differences between the seed provenances, accdmagukey test (g 0.05).

Pyroligneous extract on seed germination

The normal seedlings developed frath langsdorffii seeds showed
differences under effect of the pyrolegneous ektfiéar the three provenances,
the high concentration of the extract resultedhia towest normal seedlings
percentage. On the other hand, seeds from La@ersgdo and Riparian Forest)
had highest germination when submitted to the lomcentration of the extract,
differently of the seeds from Montes Claros Cerradloat had higher

germination when were not submitted to the extficjure 3).
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Figure 3. Response of thre€. langsdorffii seeds provenance to the EPL
concentrations. Same uppercase letters indicagnabsf differences between
EPL in each provenance. Same lowercase lettersaitedi absence of differences
between the seed provenances in each pyrolegngtrasteconcentration.

The climate data can be observed on the figurénd.fiiuit development
occurs between March to June being the seed dispeis during July to
September (Freitas & Oliveira, 2002; Lorenzi, 20B2droniet al, 2002).

Discussion
Gutterman (2000) reported that the environmenteaaah the position of

the seeds on the tree can influence its charatitsti¥ he three provenances had
major differences about the water availability,ngethe Cerrado from Montes
Claros driest provenance. The environmental efteeder the characteristics
between the provenances was reported already rptpiysically, but also
physiologically (Wulff, 1986; Fenner, 1991; TompgePritchard, 1993; Delph
et al, 1997; Weineet al, 1997).
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Figure 4. Cilmate data from the region of Montes Claros & Lavras (B).
Data obtained from (A) Climate Station of the Agvoric Institute, Federal
University of Minas Gerais, campus of Montes Clai@® Climate Station of
Federal University of Lavras.

High temperatures results on reduction of seed aiwkmass (Fenner,
1991; Agrawalet al, 2005), and the region of Montes Claros had, dutire
seed development, higher temperatures and lowarfaliaithan Lavras.
Gutterman (2000) mentions that, despite the efféthe environment under the
germination is real, there is no a standard, tkhis, response depends of the
species. Seed morphological variations of the wiffe provenances were
reported forSenna spectabili§Souzaet al, 2007), that had the seed size and
production influenced by the environmental condisio

The reduction of the lettuce GSI under elangsdorffiiseed leached
shows the presence of germination inhibitors alyemgborted for the species
(Buckeridgeet al, 2000). Once the GSI decrease more on the effezxtoact
from the Montes Claros Cerrado seeds than the gthidis may be due to the
higher inhibitor concentration on this provenance.

The effect of the pyrolegneous extract on seedhigation is reported
by many researchers (Broven al, 1994; Pierceet al, 1995). Brown & Staden
(1997) had reported the inhibitory effect of thghhtoncentrated extract on seed
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germination, which can be toxic for the seeds, lasensed on this study and
another. Also, the increasing on the germinatiodeurthe treatment with the
low concentrated extract was also observed (Brewral, 1994; Brown &
Staden, 1997; Dayamltet al, 2008). However, on the present study, was also
observed that, for a species the response to th@cexan be influenced by the
provenance of the seeds. The stimulant effect ®flalw concentration extract
could be observed on both provenances from Lab#sseeds from Cerrado of
Montes Claros had better germination under therabnf he first one had more
germination without the extract and the other twovpnances had an increase
on the germination under the effect of low extremhcentrations. This shows
that also the response to the extract can be eliffidd by influence of the

environment.

Conclusions

Environmental conditions influenced the morpholagic and
physiological characteristics @opaifera langsdorffiseeds.

The response @&. langsdorffiiseeds to the pyrolegneous extract can be
influenced by the environment.
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ARTIGO 2 Is the loss of desiccation tolerance afteéed by maternal

environment?

VERSAO PRELIMINAR submetida & revista Seed Science Research,
podendo sofrer alteracdes de acordo com o corpariatida revista.

Autores: Wilson Vicente Souza Pereira, José MaRoxha Faria, Aderson
Cleiton José, Olivia Alvina Oliveira Tonetti, Wilchighterink, Henk W M
Hilhorst.

Running head title: Desiccation tolerance dbopaifera langsdorffii

Abstract: There is little information about the influencetb& environment on
the seed morphological and physiological charasties, especially on
desiccation tolerance. Therefore, the objectivahid paper was to study the
desiccation tolerance ofCopaifera langsdorffii seeds from different
provenances. Seeds were harvested in Cestibo sensun Montes Claros,

Cerradostricto sensuand riparian forest in Lavras. These cities amatied,

respectively, in the north and south of the Stdt®dimas Gerais, Brazil. The
climate in the north of the State shows higher temrafures and lower
precipitation than the south. For each provenatte,imbibition curve was
described by measuring the increase in the seedrwantent along the
incubation. The seeds were then imbibed at diffetenes and submitted to
drying with posterior rehydration in order to assesurvival (desiccation
tolerance). Additionally, for seeds from Montes G the effect of pre-

humidification and scarification on desiccationet@ince was assessed. It was
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observed that seeds from the Cerrado of Monteso€lare more desiccation-
tolerant than those from Lavras, pointing out thie maternal environment
influences desiccation tolerance. Pre-humidificatand scarification did not
influence desiccation tolerance.

Keywords: Copaifera langsdorffjicopaiba, desiccation tolerance, maternal

effect.

Introduction

The most usual definition for desiccation tolemaris the ability to
survive to almost complete water losses, being ableecover the normal
metabolism after rehydration (Olivet al, 2000; Hoekstrat al, 2001). Alpert
(2000) also defines desiccation tolerance as thigyalo equilibrate the internal
water content with the moderately dry air and nestihe normal metabolism
after rehydration. This ability is present in altogps of organisms, from
microorganisms to animals (Alpert, 2000). In plam®stly in seeds, pollen and
spores (Hoekstra, 2005), structures that must be tb disperse far from
parental plants, and it is necessary to be drafoertain period. There are three
groups of seeds, based on desiccation toleranose ttolerant to drying, cold
temperatures and storage for long periods (orthpdthose which do not
survive to drying, cold temperatures and storagea(citrant) (Roberts, 1973),
and those which can survive to moderate drying@ualing and can be stored
for periods longer than those belonging to the loitcant group, but smaller
than the orthodox (intermediate) (Elésal, 1990).

During their development, orthodox seeds alterpateses of tolerance
and sensitivity to desiccation. During embryo fotima and growing, while
metabolism and water are high, seeds are sensitidesiccation (Parcgt al,
1994). During the maturation phase, seeds becotamtd, keeping this way

until dispersion. When seeds are imbibed and thienigation process starts,
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desiccation tolerance is progressively lost (Ned&aNikolova, 1997).
Considering this, and the difficulties in studyimigsiccation sensitivity in
recalcitrant seeds, Sugt al. (1999) propose the use of germinating orthodox
seeds to understand desiccation sensitivity.

During the germinative process, the metabolisme&tivated, reserve
consumption starts and desiccation tolerance mésnanare deactivated
(Kermode & Finch-Savage, 2002). Based on the tipieeses of germination
(Bewley et al, 2013), most orthodox seeds keep desiccationatwter during
phase 1 and start to lose it by the end of phas@rong the orthodox seeds
which have already been reported in the literatdesjccation tolerance is lost
when the radicle protrudes, and this behavior isocated to the intense
metabolism in phase 2. On the other hand, a diffebehavior concerning
desiccation tolerance has been reportecCfipaifera langsdorffi{Pereiraet al,
2014). Its seeds start losing their desiccatiorrémice in phase 1 and, by the
middle of phase 2, it is completely lost.

It has been already reported that the environrhaata great influence
on seed characteristics. Phenotypic and physiabgltaracteristics of the seeds
are influenced by maternal environment conditiosach as day length,
temperatures, water availability, soil charactagstand even the action of
herbivores (Wulff, 1986; Fenner, 1991; Dekgthal, 1997). These characteristics
also influence seed vigor, germination, as wellsasdling establishment and
growing (Stearns, 1960; Daves al, 2006). Some authors reported the effect of
maternal environment temperatures under seed dasmdRenner, 1991;
Pritchardet al, 1999). Desiccation sensitivity is also influetidey climatic
factors, as observed fokesculus hippocastanumnd Acer pseudoplatanus
therefore, it is important to consider the enviremtal influence on the response
to desiccation by the seeds (Daetsal, 2004; Dawset al, 2006). However,

these factors have not been well explored, andriemn the effect of the
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environment on desiccation tolerance are scardhenliterature (Tompset &
Pritchard, 1993; Finch-Savage & Blake, 1994).

SinceC. langsdorffiican be found in different environments (Queiebz
al., 2014), understanding the loss of desiccatiorraalee inC. langsdorffiican
be useful to explain the uncommon behavior obserfad this species.
Furthermore, this study can be useful for the camn@nsion of the effects of the
maternal environment under seed characteristiosteftre, the objective of this
study was to characterize the loss of desiccatberance inC. langsdorffii

seeds from different provenances and pre-germmatiocedures.

Methods
Copaifera langsdorffiseeds were collected after dispersion (open fruits)

at Cerradostricto sensuin Montes Claros and in Lavras, MG, as well as in
riparian forests in Lavras, MG. After collectiohetseeds were dried to 10£2%
water content and stored in semipermeable bagsliy and cold chamber (40%

air relative humidity / 5°C), until the experimentsre set.

Assay 1 — Loss of desiccation tolerance

The assay on the loss of desiccation tolerancecerai®ed out separately
for each provenance. Therefore, a sample of 3Gssgag mechanically scarified
using sandpaper, imbibed in paper at 25°C/condigint, and had the weight
measured at regular times. Using this data, thébititn curve was established
for the determination of sampling points for deatgmn tolerance tests. For each
sample, points at phases 1 and 2 of the imbibi@iome were chosen.

Another sample of mechanically scarified seeds thas imbibed as
described above until they reached the chosen golfdr each point, seed
weight and water content were measured; the seeds tiven placed in gerbox

with silica gel until they reached the initial watmntent (variable as a function
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of each provenance). Therefore, seed weight wasuneg at regular times until
it reached the target weight, calculated by theaidéquation 1 (Hong & Ellis,

1996). After reaching the initial water contenteyhwere maintained in such
state for 72 hours. The seeds were subsequenthyitad to pre-humidification

at 100% (air relative humidity) and 25°C under ¢anslight during 24 hours,
and then imbibed in paper at 25°C under constght.li

{100 — Initial moisture content)

(100 — Target moisture contet)

Equation 1- Formula used for the calculation of the target sesifght
during drying.

Target weight = ( ) — Initial weight

Assay 2 — Effects of pre-germinative treatmentdesiccation tolerance

For this assay, only seeds from Montes Claros weegl. The influence
of mechanical scarification on desiccation toleeamas tested. Based on the
data of assay 1, seeds were imbibed until reactwogdistinct water content
values, the first one being that in which seedsstiledesiccation-tolerant, and
the second one when seeds have already lost désictalerance. Since non-
scarified seeds present an uneven imbibition, saed was weighed separately
during imbibition until reaching the target wateméent (based on Equation 1).
The seeds were then submitted to the drying pro@ssised in assay 1 for
scarified ones. A germinative test was also caraetiwith seeds scarified or
not, for comparison; however, these samples were submitted to the
imbition/drying cycle. The germination criteria wethe formation of normal
seedlings. The loss of desiccation tolerance liatiom to water content was
analyzed, comparing scarified seeds to those ruoifisc.

The loss of desiccation tolerance in seeds sulinitte pre-
humidification was also analyzed. In this casejmhbibition curve was made

using mechanically scarified (sandpaper) seeds ittidohto pre-humidification
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at 100% air, relative humidity at 25°C and constigtit. Subsequently, the
seeds were conditioned in paper at the same tetape@nd light conditions for
the same times used for the samples from Monte®£aentioned in assay 1.
The seeds were then dried in silica gel until rearhhe initial water content
and maintained in this state for 72 hours, whew there submitted again to pre-

humidification and conditioned in paper at 25°C andstant light.

Data analysis

For all assays, desiccation tolerance was evaluategermination, and
the formation of normal seedlings were used asrditIn each germination test,
4 replicates with 25 seeds were used. To desces&ahtion tolerance, each
environment or treatment was analyzed separatefta Bvere analyzed by
Generalized Linear Models (GLM) by the Binomial fmand the explanatory
equation was established. The analysis was castiedsing the software R for
Windows 3.1.0 (RCoreTeam, 2014).

Results and discussion
For all provenances and treatments, despite diffags in the times, the

same behavior was observed regarding the losssi¢adion tolerance. Seeds
become completely sensitive to desiccation by titlla of imbibition phase 2,
as described for the species in previous resefeteifa et al, 2014). However,
changes between the provenances were observeds 8eadthe Cerrado of
Montes Claros kept desiccation tolerance untiléhd of phase 1, with a fast
decrease upon the start of phase 2 (Figure 1A)nwlesiccation tolerance
reached less than 5%. Seeds from the Cerrado padan forest of Lavras
presented a similar behavior (Figures 1B and Qigesidesiccation tolerance
started to decline at the beginning of phase 1,veagilost around the middle of

phase 2.
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Figure 1. Loss of desiccation tolerance in scarifi€l langsdorffii seeds,
measured by the formation of normal sedlings, @dsefrom Montes Claros
CerraddA), Lavras Cerrad@B) and Lavras riparian foregt).

Figure 2 shows the loss of desiccation toleranceséads from the
Cerrado of Montes Claros which were submitted t®-hprmidification before
the beginning of imbibition. When the loss of desation tolerance is compared
with those seeds that were not submitted to preidiifioation (Figure 1A), it is
possible to observe that there is a small changdéehavior. With pre-
humidification, the loss starts after the beginnafgphase 1 (that happens in
phase 2 without pre-humidification), and the deseeia smaller and slower for

seeds submitted to pre-humidification. Howevehath cases, there is not more
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desiccation tolerance after the middle of phasesZbserved in all cases studied

in this paper.
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Figure 2. Loss of desiccation tolerance in scariftedpaifera langsdorffiseeds
submitted to the pre-humidification treatment. Bhaxis represents hours of
imbibition after the treatment, and time O représeseeds submitted to the
treatment, but not to the drying process (control).

Scarified seeds take 24 or 96 hours to reach therveantent of 24
(desiccation-tolerant) or 55% (desiccation-semsjtivrespectively. However,
non-scarified seeds have not shown uniformity ibibition, taking from 48 to
72 hours to reach a water content of 24%, or 9Bt hours to reach 55%. The
germination speed was also different between tbatrirents. Scarified seeds
reached 82% of germination at 192 hours of imhbhitiat the same time, only
25% of non-scarified seeds had germinated. It takeand 384 hours for non-
scarified seeds to reach the final radicle protnugiercentage that is reached in
scarified seeds (Figure 3).
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Figure 3. Accumulated germination dfopaifera langsdorffiseeds under the
influence of the pre-germinative treatment.

The loss of desiccation tolerance is not influghbg scarification, as
shown in Figure 4 (p>0.05). Scarified seeds afé desiccation-tolerant at a
water content of 24%, and not at 55%. However, starified seeds start losing
their desiccation tolerance with a water conten4f. At this water content,
desiccation tolerance is higher in scarified sed® in those non-scarified,
which shows a decrease in the beginning of imioibitiAt a water content of
55%, most seeds are desiccation-sensitive, indepdndof the scarification

treatment.
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Figure 4. Desiccation tolerance itCopaifera langsdorffiiseeds under the
influence of the pre-germinative treatment. Samgeugase letters indicate the
absence of differences between the water contertpre-germinative treatment
by the Tukey test at 5% probability. Same lowerdatiers indicate the absence
of differences in the water content between prengeative treatments by the
Tukey test at 5% probability.

For most species that produce orthodox seedsloizeof desiccation
tolerance always starts around the radicle prainjsas observed fdvledicago
truncatula (Faria et al., 2005),Sesbania virgata(Masetto et al, 2008),
Peltophorum dubium(Guimardeset al, 2011), Solanum lycopersicunand
Abelmoschus esculent(lsin et al., 1998). In all cases, sensibility happenly
after the radicle protrusiorCopaifera langsdorffiiis the first species reported
with a premature loss of desiccation tolerance ritesg in seeds from the
Cerrado of Lavras (Pereigt al, 2014). All provenances studied here and the
first report for the species show that the lossdesiccation tolerancéy C.
langsdorffii starts at phase 1 and is completely lost in thedhaiof imbibition
phase 2. OnlySenna multijjugehas been reported with a premature loss of
desiccation tolerance (Rodrigues-Junior et al, 20THis species has shown a

loss of desiccation tolerance in the beginningnabibition phase 2, and it was
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completely lost in the middle of the same phaseysghbehavior was similar to
that presented b. langsdorffii

The effects of environmental characteristics ordseerphophysiology
are already reported for many species (Wulff, 198&nner, 1991; Gutterman,
2000). As an example, Bognounet al. (2010) reported high effect of the
environment under germination parameters @Ahogeissus leiocarpa,
Combretum aculeatunC. micranthumand C. nigricans. For these species,
germination and seedling establishment were inflednby seed provenance.
Despite the premature loss of desiccation tolerabctangsdorffiiseeds had an
environmental-dependent behavior. Seeds from Mo6@lasos Cerrado could
keep desiccation tolerance longer than the othemptwvenances (Figure 1).

Dawset al.(2006) reported a provenance-dependent level si€cation
sensitivity for Acer pseudoplatanusThe researchers showed that, for this
species, a warmer condition results in a higheicdagon tolerance, when
compared to seeds from cooler regions. The de&ccablerance ofC.
langsdorffiishows a similar behavior, as can be observedgur&i5. The region
of Montes Claros has a warmer and dryer climatguifei 5A) than Lavras.
Seeds ofC. langsdorffiidevelop from January to July, when dispersion, Wwhic
happens until August, starts (Freitas & Oliveir@02; Lorenzi, 2002; Pedroet
al., 2002). In Montes Claros, the rain season enddlay, and the seeds go
through a dryer period during their developmentyddrconditions and higher
temperatures can be an important factor to ind0cdangsdorfiiseeds to a
desiccation-tolerant condition, when compared ® rigion of Lavras, which
have lower temperatures and also a higher rainfall.
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Figure 5. Climate data from Montes Claros (A) and Lavras (8durce: A)
Universidade Estadual de Montes Claros. B) Unidaick® Federal de Lavras.

Both samples from Lavras (Cerrado and riparian)daiiilar behavior
about the loss of desiccation tolerance, and wHsreint from the sample of
Montes Claros. Considering the differences in tlmatic conditions between
the regions, it is possible to conclude that thmepieratures and rainfall are an
important factor, inducing a higher desiccationetahce in seeds. The
importance of the climatic conditions on the seedictation tolerance cannot
be separately considereflapirira obtusaseeds harvested in the same region
(Lavras), but in different environments (Cerradparian and rupestrian fields)
show different behaviors, although developed in shee region. Thus, it is
important to consider not only the climatic conalis, but also soil nutrients,
water availability, as well as the presence andndbnce of predators and
species genetics (Peregtal, 2011).

The loss of desiccation tolerance in orthodox seesia function of
maternal environment has not been yet describedgber, many recalcitrant
seeds have shown an environmental-dependent behagarding desiccation
sensitivity. Seeds dfamelia sinensjsfrom South Africa, have been described
as recalcitrant by Berjadt al. (1993), dying when dried at a water content below
29%; on the other hand, seeds from Japan survived1fC storage by 6 years
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and with a survival decrease of only 13% (Amma & taviabe, 1985).
Provenance has also influenced the average watterddost for that results on
death of seeds of coffee (El&s$ al, 1990).

C. langsdorffii is described with physical dormancy, causing the
imbibition impediment of the seed (Fowler & Biantthe2000). In the present
study, it is possible to observe that the seedaalchave a uniform and slow
germination when not submitted to mechanical scatibn (Figures 3 and 4),
which shows a delay in the germination of untreasegds. Mechanical
scarification is usually applied as a pre-germiratireatment for physically
dormant seeds (Fowler & Bianchetti, 2000); however,C. langsdorffii, it is
not essential, since non-scarified seeds germitmtiewithout the uniformity
presented in scarified ones.

Scarification allows a fast seed imbibition, whiglsulted in a uniform
germination, but can also cause, as cited befamade to the cell structure that
could be a factor which influences the loss of desion tolerance in this
species. In this case, a pre-humidification prainibibition was thought as a
strategy to avoid the premature loss of desiccdtitarance (Crowet al, 1989;
Kovach & Bradford, 1992). However, this treatmditt not change the loss of
desiccation tolerance during imbibition f@. langsdorffij and the process
happens with any expressive changes, when compaitedseeds untreated
before imbibition. There was no influence of medbah scarification on
desiccation tolerance. Non-scarified seeds showeédcaease in germination,
when submitted to desiccation treatments, when eoedpto the scarified ones.
It was possible to observe a decrease in desicctilerance at a water content
of 24% for non-scarified seeds, which did not hapipescarified seeds, and, at
this point, they are still desiccation-tolerante8 with a water content of 55%

had the lowest germination ratio, independent afrification, showing that
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mechanical scarification is not a factor that inflaes seed desiccation tolerance
(Figure 4).

Conclusions
There is an influence of maternal environment coma on the loss of

desiccation tolerance @opaifera langsdorffiseeds, and seeds from drier and
warmer environments are more desiccation-toletaant tthers.
Pre-germinative treatments do not influence thes lo§ desiccation

tolerance.
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ARTIGO 3  Validation of reference genes fotCopaifera langsdorffii seeds
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Abstract: Recently, the study of gene expression has beggroving in
technology and methods. For an accurate resud,ifhportant to have a good
set of reference genes. However, it is necessafipdahis set for each species
and study conditions. The present study has thectib¢ to validate a good set
of reference genes for germination studies Gwpaifera langsdorffiiseeds.
Seeds with three imbibition times plus a desiccatmerance re-establishment
treatment were used in the experiments. Primerge wesigned using Fabaceae
species sequences and tested in conventional P@Hieation, as well as real-
time PCR efficiency. The remaining primers werdaeédson stability, and the
analysis was performed using the tool GeNorm instbfeware gBase Plus and
the Normfinder, using the software R for windowsheTresults of both

algorithms were tested using a target gene, andethéts of both GeNorm and
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Norfinder were compared. In the conditions of thespnt study, the most stable
genes were GADPH and AIN.

Keywords: Copaiba, germination, gene expression, housekegpgings.

RESUMO: Atualmente, o estudo da expressdo génica tem naglboem
tecnologia e métodos. Contudo, para uma melhorigf@cdos resultados é
necessario se possuir um bom conjunto de genesfel€mcia, e para isso é
necessario o estudo para cada espécie e condigé®.trBbalho teve como
objetivo validar genes de referéncia comumenteassath espécies da familia
Fabaceae para estudos de expressdo génica e emstabnto da tolerancia a
dessecacdo em sementesCapaifera langsdorffii Sementes em trés estagios
de embebicéo e também submetidas a um tratamenteediabelecimento da
tolerdncia a dessecacdo foram utilizadas para wd@stOs primers foram
desenhados baseando-se em sequencias de espédasilim Fabaceae e
testados em PCR convencional para teste de amphifice também em PCR em
tempo real para eficiéncia. Primers com eficiéagieopriada foram testados em
PCR em tempo real, utilizando-se todos os tratamsesgcolhidos. Os resultados
foram comparados pela ferramenta GeNorm e tambéla fearamenta
Normfinder. Os resultados indicaram que, para adi¢cdes estudadas, 0s genes
GADPH e AIN séo os mais estaveis €mlangsdorffii

Palavras-chave Copaiba, germinacao, expressdo génica.

Introduction
Copaifera langsdorffiis one of the most important species of the genus

Copaifera(Guerraet al, 2006). In Brazil,C. langsdorffiican be found in the
Northeast (Bahia), Center-west (Goias and Mato €&rodo Sul) and the
Southeast (Minas Gerais and S&o Paulo), growin@datinga, Cerrado and

riparian forests (Queirogat al, 2014). As members of the genus, from the wood
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of C. langsdorffij an oil with medicinal interest is extracted (Feait al, 2006).
The wood can be used for buildings, furniture, daord floors (Lorenzi, 2002).

Gene expression studies are an important tool uiederstanding
physiological processes, and have been increasngntly. Real-time PCR
(QPCR) became the most used procedure for the ifjoatibn of gene
expression levels (Cheet al, 2010; Cordobeet al, 2011). However, many
errors can happen during RNA isolation and purifizg the synthesis of cDNA
and even during the gPCR reaction, resulting inorerous results
(Vandesompeleet al, 2002). Therefore, many strategies are used,Haubést
one is the use of housekeeping genes (referen@s)ydn theory, these genes
present a stable expression level (with a smaliatian), irrespective of
treatments, tissues or developmental stages st(dadlesompelet al, 2002).

In general, the most used genes are those retateakic cell processes, such as
ribosomal proteins, actin, tubulin, ubiquitin andhet elongation factor
(Czechowskkt al, 2005; Dekkeret al, 2012).

Since the usual reference genes were assumedlds, shey were not
validated as stable before the beginning of theareh. However, recent studies
have shown that these genes will not be alwaydestgfandesompelet al,
2002; Czechowsket al, 2005), and there is not a universal reference geat
can be used in all studies (Dét al, 2010; Dekkerst al, 2012). Thus, it is
important to validate reference genes for eachystadd a minimal number of
three genes is necessary. Therefore, many tools haen created, such as
GeNorm (Vandesompelet al, 2002) and Normfinder (Andersest al, 2004).
Both compare expression levels among treatments inditate the best
reference genes for the study.

A large number of studies have been conducteld thi¢ objective to
validate reference genes for many agronomical aodemispecies, such as

Arabidopsis thalianaGlycine max Medicago truncatulaVicia fabg Pisum
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sativun(Czechowskiet al, 2005; Jiaret al, 2008; Huet al, 2009; Gutierreet
al., 2010) and many others, as cited by Bteal. (2010). On the other hand,
these studies show that, although some genesalrke $h several species and
conditions, it is still necessary to validate these before the beginning of the
study.

Copaifera langsdorffiseeds have shown an uncommon behavior about
desiccation tolerance (Pereiaal, 2014), and the study of the gene expression
in C. langsdorffii is important for understanding desiccation toleeanc
mechanisms; however, there are not good referercesgvalidated for the
species. Also, since a good set of reference garesalidated in a certain
condition, they are useful candidates for othensusT this study aimed to
validate a good set of reference genes during énmigation and desiccation

tolerance re-establishment@bpaifera langsdorffiseeds.

Methods
Seed Collection

Seeds ofC. langsdorffiiwere collected in a Cerrado area in Montes
Claros, Brazil, in August 2011. Only seeds from umat(open) fruits were
collected and had the aryl removed manually. Thedsewvere then dried to
10+2% in a climate-controlled chamber [20 °C, 6@ative air humidity (RH)].
The seeds were stored in a cold chamber at 5+28Q1@82% air humidity. For
this study, three imbibition points were choselidy seeds), 72 and 120 hours.
For imbibition, the seeds were mechanically scadifising sandpaper, as used
by Pereira et al (2014). The seeds were subseguentditioned in paper at
25°C and constant light. For the re-establishneérdesiccation tolerance, the
treatment was stablished based on previous expetsnidata not published),
being used the treatment of incubation of 96 houlsbed seeds conditioned on
1uM Abscisic Acid solution for 72 hours at 15°Ctre dark.
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RNA isolation

For RNA isolation, 20 seed embryos that were frapeliquid nitrogen
were used, and were then extracted from the s&bdsfrozen material was kept
in deep freezer at -80°C until their use.

The seeds were grinded in a Mo Bio 96 Well Platakeh/MM 400, and
the RNA was then isolated using a modified Hot Bgoeotocol (Wan &
Wilkins, 1994). RNA integrity was evaluated by atephoresis in agarose gel
and the concentration was measured in Nanodrop Acidbk synthetized from
1pg RNA, using the kit IScript (Bio Rad, HerculegSA, USA) with the
manufacturer protocol. cDNA was diluted 10 timesl atored in freezer at -
20°C.

Reference Gene selection and primer design

Reference genes were selected after a literataech and, for primer
design, only sequences of mMRNA coding region werlected. At least 3
sequences of species from the Fabaceae family fexicese genes that were
found in C. officinalis sequences) were used for primer design. The segsien
were collected on the open database National CefaterBiotechnology

Information (NCBI,http://www.nchi.nlm.nih.gdv Table 1 shows the species

used for primer design.

For sequence design, they were aligned usingstfvare BioEdit.
From the alignment, regions with the highest corstésn between the species
were selected. Specific primers (0-fold degenenatigere designed, using the
conserved regions of the gene sequences. The prinage then tested on their
specificity, using the online tool Basic Local Aliment Search Tool (BLAST),
also the NCBI website. Only primers with homology the candidate genes

were used for the analysis.
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Table 1. Reference candidate genes, species used and nushberimer

designed for tests

Gene Primers DesignecUsed Species
(code)
Actin 1 ACT Medicago truncatula; Caragana

korshinskii; Cicer arietinum;

Actin 2 ACT

Medicago truncatula; Medicago sativa;
Glycyrrhiza uralensis;

Actin DepolymerizintACDTF
Factor

Medicago truncatula; Cicer arietinum;
Glycine max; Lotus japonicus;

Auxin Induced Nodulin  AIN

Copaifera officinalis

Cyclophilin CYP

Viciafaba; Arachis diogoi; Glycine
max; Arachis hypogaea; Cajanus
cajan; Vigna radiata;

Elongation Factord ELF

Copaifera officinalis

Glyceraldeyde-3- GADPH Medicago truncatula; Cicer arietinum;
phosfatase- Pisum sativum; Glycine max;
dehydrogenase

Initiation Factor 4A IF Medicago truncatula; Cicer arietinum;

Glycine max; Lotus japonicus;

Protein Phosphatase 2A PP2A

Medicago truncatula; Cicer arietinum;
Glycine max;

Ribossomal Protein 40S 40s

Copaifera officinalis

Ribossomal Protein 60S 60s

Copaifera officinalis

TIP 41 TIP4 Caragana korshinskii; Cicer arietinum;
Glycine max; Lotus japonicus;
Ubiquitin UBQ Cicer arietinum; Glycine maxLotus

japonicus Medicago truncatula

Primer amplification and efficiency tests

For primer amplification tests, a mix from all cBNsamples was used.

The conventional PCR was then carried out, in otdeheck the amplification

of each primer. PCR products were evaluated byosgagel electrophoresis and

only primers that had amplified were tested foiirtledficiency. The efficiency

tests were performed by real-time PCR, using a aofiall samples for each

primer with 3 replicates. Subsequently, the angdifon data was used for the

efficiency test. This test was made using the sofwLinReg, that showed the
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average efficiency of each primer. Only primerd tied efficiency between 1.9
and 2 proceeded for the stability test (Dekledral, 2012).

Gene stability

For the stability test, a real-time PCR was cdriet for each primer,
using all samples individually at this time (3 laigical and 2 technical replicates
for each evaluated point). The threshold cycledath was used for the stability
test, using the software qgBase (Vandesompatleal, 2002) and also the
Normfinder package for the software R for Windowsaderseret al, 2004). By
both softwares, an ideal set of reference genesldghm® those that present a
stability average (m value) lower than 0.5, beingeptable at lower than 1. The
data from both softwares were compared to seleet libst genes foC.

langsdorffii

Normalization factor comparisons

In order to make comparisons between the restltsexpression profile
of one target gene was done. In this case, ther&igde Dismutase (SOD) gene
was used. The primer designed presented amplditati conventional PCR and
also presented efficiency (1.9). The expressioell@as normalized with the
best three reference genes indicated by the saba@ith and withouth the re-

establishment treatment) and was compared toaf setstable genes.

Results and discussion
Figure 1 shows the gels from conventional PCR petsd of each

designed primer in this study. From the 22 desigoéahers, only 15 showed
specific amplification and were used for efficientmsts. The results of this
second test are presented in Table 2. The aveffigercy was between 1.6
(80%) to 2 (100%), but only the primers that préséran efficiency higher than
1.9 (95%) were checked for stability.
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Figure 1. Agarose gels from PCR products of primers testedCopaifera
langsdorffii Unidentified points are genes not used in thegmrestudy.

For the stability tests, data were analyzed uslhigeatments (0, 72 and
120 hours of imbibition plus the re-establishmersatment), and also without
the re-establishment treatments. Figure 2 shows@bNorm results for the
stability of the data. When data were evaluateg for imbibition times (Figure
2A), it was observed that the genes 40s and GADEB#¢ #he most stable for the
generation of the normalization factor. For an lIdearmalization factor
calculation, the use of a minimal of 3 referencenage is necessary
(Vandesompelet al, 2002). As mentioned by Cordobaal. (2011), the use of
two co-regulated genes, despite not influencing #t&bility test, is not
recommended for use in normalization factor catiuta. Thus, as 40s and 60s
are ribosomal proteins, one of those must not ked.uBherefore, the best genes
for use are 40s, GADPH and AIN. When all treatmégintbibition times and the
re-establishment treatments) were used, there otas gene with stability lower
than 1. The use of the three most stable genesndomalization factor

calculations was indicated in the gBase softwasdyars. In this case, GADPH,
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ACT1 and AIN are the genes that had stability lowlean 1, when only

imbibition treatments were evaluated.

Table 2. Average efficiency of the tested primers @wpaifera langsdorffii

Gene Primer Code Efficiency
Average
Actin 1 ACT1 1.91
Actin 2 ACT?2 1.9¢
Actin depolymerizing factc ACTDF.1 N/A*
ACTDF.Z 1.9C
Auxin induced noduli AIN 2.0C
Cyclophilin CYP.1 1.6C
CYP.z N/A
Elongation Factord ELF.1 N/A
ELF.Z 2.0C
ELF.S N/A
Glyceraldeyd-3-phosfatas- GADPH 2.0C
dehydrogenase
Initiation Factor 4/ IF.1 N/A
IF.2 1.7C
IF.3 1.9/
IF.4 1.81
Protein Phosphatase PP2A N/A
Ribossomal Protein 4 40¢ 1.92
Ribossomal Fotein 60: 60s 1.9¢
TIP41 TIP4.1 1.81
TIP4.2 1.7¢
TIP4.Z N/A
Ubiquitin UBQ 1.6¢

"Primers without amplificatiolin the conventional PCR. Only primers w
an efficiency higher than 1.9 (95% efficiency) waeed for the stability test.
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Figure 2. Average stability of the primers by the GeNorm gsial. A. Results
for analysis with the treatments 0, 72 and 120 siefiimbibition.B. Results of
analysis for 0, 72, 120 hours of imbibition and tineatment of desiccation
tolerance re-establishment. The GeNorm M value wasulated with the
GeNorm tool using the software gBase Plus®.

By the Normfinder analysis, the most stable gemesthe same that
were indicated by GeNorm. However, there are soiffierences between both
analyses about the order of stability, as obseimdgigure 3A. According to
Normfinder, AIN is more stable than GADPH and 60&hen the re-
establishment treatment was included, the mostestmmnes were AIN, GADPH
and ACT1, as also observed by GeNorm (Figure 3B).

Both analysis (GeNorm and Normfinder), showed simiesults about
the stability of the genes. Differences betweepritlyns have been observed by
Cordobaet al. (2011). However, in this study, despite the snadiflerences
between the analyses (about the stability ordeg),lest three genes indicated
for normalization were the same in all tests. Tihdicates 40s, GADPH and
AIN as reference genes (for imbibition time anaysand GADPH, AIN and

ACT1, when the re-establishment treatment was dwzdun this analysis.
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Figure 3. Average stability of the primers by the Norfinderabysis.A. Results
for analysis with the treatments 0, 72 and 120 siefiimbibition.B. Results of
analysis for 0, 72, 120 hours of imbibition aftee re-establishment treatment of
desiccation tolerance. The Normfinder M value walsuated with the package
on the software R for Windows.

To proceed the gene test, a normalization testocarmsed out, using the
target gene Superoxide Dismutase (SOD). For thds tesithout the
reestablishment treatment, Initiation Factor 4/qrigiation Factor d and Actin
depolymerizing factor were used. For the test witle treatment, Actin
depolymerizing factor, Actin 2 and ribosomal 40stpin were used. The data
from the target gene was also normalized usingbtst three reference genes.
The result can be observed in Figure 4. Using nbemalization factor
generated by the most stable genes, the gene shdawn-regulated standard
during imbibition, and has an increase when thelsege submitted to the re-
establishment treatment.

When the results without a good set of referenceegeavere analyzed
the as standard can be observed in Figure 5),9tpeasible to observe that the
gene expression standard has no change (down-teguaring imbibition and
upregulated after the reestablishment treatmentweder, there are some

changes that can be observed when Figures 4 ardcompared.
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Figure 4. Normalized expression of SOD using the best theéerence genes.
A. When only imbibition times were analyze8l. When imbibition times and
the re-establishment treatments were analyzed.
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Figure 5. Normalized expression of SOD using three not védidaeference
genesA. When only imbibition times were analyzdgl. When imbibition times
and the re-establishment treatments were analyzed.

The arbitrary choice of a set of reference genehont a trustable
validation has been mentioned as an uncertain wastudy gene expression
(Gutierrez et al, 2008). An unappropriated refeeemene can generate an
erroneous result and knowledge. The importancehef validation could be
observed in the present study. The expression atdraf the gene was down-
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regulated during imbibition and, after the re-ebshiment treatment, it has
increased up to a value higher than that of tim¢Figure 4). When the

expression was normalized using a bad set of mderg@enes, although the
standard was the same, the values were differahinah trustable. The major
difference can be observed between the results @&ehours of imbibition

(Figures 4A and 5A) and after the re-establishmieratment (Figures 4B and
5B).

The study of reference genes has been mostly ctediuéor
agronomical and model species suchebidopsis thaliangCzechowsket al,
2005; Dekkerset al, 2012),Glycine max(Jian et al, 2008; Huet al, 2009),
Brassica napugChenet al, 2010),Zea mayg¢Chenet al, 2011),Pisum sativum
(Die et al, 2010) These data are the best starting point for referegene
research on another species.

There is not a universal set of reference geneshwtould be used for
all species or conditions. Fatea maysand Spinacia oleraceaChenet al.
(2011) observed that GADPH is a good candidatethim case of stress
conditions forHedysarum coronariuCordobaet al. (2011) indicate ubiquitin,
while for Pisum sativum Die et al. (2010) suggested Actin and Protein
Phosphatase 2A. Actin 1 and Elongation Factow&re also cited foYicia faba
(Gutierrez et al., 2010). However, as showed byd#ual. (2009), the set of
reference genes depends on the conditions ane tissu

Reference genes can change according to the speulesxperimental
conditions (Gutierrezt al, 2008). GADPH and AIN were the best reference
genes, once these were between the most stables gewder the conditions
analyzed in the present study. Once the use eé tteference genes is ideal, it is
possible to choose between 40s and 60s (only foibitron times) or ACT1
(when the re-establishment treatment is includédthe present study, good

candidates as reference genesJopaifera langsdorffiwere found; however, it
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is important to validate these genes for each stodgdition, since the

expression of all of them can change.

Conclusions
Glyceraldehyde-3-phosphatase-dehydrogenase anduliNodnduced

Auxin can be used as reference genes for studi€opaifera langsdorffiseed

germination.
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Abstract: Copaifera langsdorffiis an important species from tl@opaifera
genus. lts seeds, characterized as orthodox, showingommon behavior
regarding desiccation tolerance, which is lost pecamusly during germination.
Thus, this study was conducted with the objectigeahalyze changes in
desiccation tolerance mechanisms during the getimimaof C. langsdorffii
seeds. Therefore, changes in oligosaccharides, ggpeession and protein
profile of C. langsdorffiiseeds were analyzed for the loss and re-establighme
of desiccation tolerance. Raffinose family sugars present only in non-
imbibed seeds. From the total seed weight, 7.3%omposed by heat-stable
proteins that decrease during the imbibition prec@EP, HSP and SOD, GA
20-oxydase and CYP707A expression dynamics haverslkocorrelation with
desiccation tolerance. In the present study, it wassible to observe a
correlation of ZEP, HSP and SOD genes and the sgigthof heat-stable

proteins with the loss of desiccation toleranc€ itangsdorffiiseeds.
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Introduction
Desiccation tolerance is defined as the abilftgro organism to lose its

water content until a critical level, keep on thiate and reestablish the normal
metabolism after rehydration (Alpert, 2000; Olivatral, 2000; Hoekstrat al,
2001). Desiccation tolerance is present in all gsoof organisms, from bacteria
to animals. In plants, it is more common in pollsppres and seeds. There are
three seed classes, according to desiccation taerarhose highly tolerant,
which are able to survive with a low water contantl temperatures for a long
time: they are called orthodox; in the oppositeesitiere are seeds sensitive to
drying and storage, called recalcitrant (Rober®5,3). Between the two groups,
there are seeds that have an intermediate behabiing classified as
intermediate seeds (Ellet al, 1990).

A large group of plant species of interest (ecoicam ecological or
medicinal) produces recalcitrant or intermediatedse(Hong & Ellis, 1996;
Bovi et al, 2004). This is one of the major complicationsséed technology,
since these seeds cannot be stored for long pefdsto this fact, desiccation
tolerance is one of the major matters in seed gigltnowever, due to the
problems with sensitive species, these ones afeullifto study, being the
orthodox seeds, which behave as recalcitrant dgrammination, a useful model
to understand desiccation sensitivity (Sral, 1999).

Desiccation tolerance has been well studied oneingpecies, such as
Arabidopsis thalianaandMedicago truncatulgMeurset al, 1992; Nambarat
al., 1995; Wehmeyeet al, 1996; Wehmeyer & Vierling, 2000; Buitingt al,
2003; Vuet al, 2003; Farieet al, 2005; Buitinket al, 2006). There are also

many studies related to desiccation tolerance atheen species (Liet al, 1998;
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Masettoet al, 2008; Guimaraest al, 2011). These studies report as a rule that
the loss of desiccation tolerance occurs aroundatiele protrusion. However,
for C. langsdorffij this loss occurs between phase 1 and the midddbase 2
(Pereiraet al, 2014), and it is the first species described véthdifferent
behavior, when compared to orthodox seeds whick baen already studied.

The drying process changes many cell conditioreh) a8 the increase in
pH, membrane integrity, as well as the physical ahdmical composition
(Nedeva & Nikolova, 1997). Drying with an active talgolism also makes the
cell incapable of eliminating toxic metabolitescBlas oxidant agents that cause
deleterious reactions in the cell (Leprineeal, 1990; Leprince & Hoekstra,
1998). Drying can result in mechanical damage tth membranes by the
increase in hardness (Hoeksétal, 2001). To avoid drying damages, the cell
must have mechanisms to keep its structure and Dirity (Pammenter &
Berjak, 1999). Therefore, during the maturatiomget the seed starts
accumulating reserve molecules, suchiae embryogenesis abundafhtEA)
proteins and raffinose family oligosaccharides. Sehenolecules keep the cell
and DNA structure by replacing water, and avoidl @@nponents from leaching
(Koster & Leopold, 1988; Leprince, 1993).

During the drying process, the seeds are vulnerdbleoxidant
molecules, and antioxidant systems are importaketp seed survival (Finkel
& Holbrook, 2000; Laloiet al, 2004). The most common antioxidant enzyme is
superoxide dismutasgSOD), which catalyzes reactive oxygen species (ROS
into O,. There are also another mechanisms, such as sgtajgutathione
reductase and peroxidases.

Most of the desiccation tolerance studies showdbatisic acid (ABA)
is majorly linked to desiccation tolerance. Most thife mechanisms are
responsible for ABA and its presence can also iaddesiccation tolerance.

However, many other genes can be related to desindmlerance. Angelovici
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et al. (2010) report that, irArabidopsis thaliana30% of the plant genome
changes during seed drying. One particular toalrtderstand the mechanisms
linked to desiccation tolerance consists in thattrent of the seed in a sensitive
stage with combinations of ABA, polietilenglicol EB) and low temperatures.
The re-establishment has been used in many sp@rieggink & Toorn, 1995;
Vu et al, 2003; Farieet al, 2005; Brugginket al, 2007; Vieira, 2008), and the
gene expression of sensitive seeds before and thigere-establishment of
desiccation tolerance is a useful model to undedsthe mechanisms related to
the process.

Many desiccation tolerance mechanisms have bestrided for model
species, and changes in sugar composition andysterare analyzed, as well as
the expression and loss of desiccation-tolerantet genes. Howeveg.
langsdorffiiseeds have presented an uncommon behavior, anihieresting to
understand what mechanisms are related to thisatophase 1 of germination.
Thus, the objective of this study was to evaludtanges in sugars, gene
expression and heat-stable proteins Gopaifera langsdorffiiseeds during
imbibition and desiccation tolerance re-establistinpeocess.

Material and Methods
C. langsdorffiiseeds were harvested from mature (open) fruituliyn J

2011 instricto sensuCerrado of Montes Claros (North of the State ohaéi

Gerais, Brazil); the seeds were then manually eéanemoving the aryl and
drying into storing water content (10 + 2% at Wasis) in a climate-controlled
chamber [20 °C, 60% relative air humidity (RH)].té&f drying, the seeds were
stored in sealed semipermeable plastic bags inla dwamber (5 °C, 40%
relative air humidity), at the Forestry Seed Lalbamaat Universidade Federal
de Lavras until the analyses. For the physiolodiests, the conditions of paper

roll at 25°C under constant light for imbibitionfgenation procedures were
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standardized, and the seeds were also submittedetdnanical scarification,
according to the methods applied for desiccatiteramce studies on the species
(Pereira et al, 2014). The seeds had the loss of desiccationratute
characterized in previous experiments (data notighdx), based on the same
methodology used by Pereieaal. (2014).

Based on the above, seeds with 96 hours of imbibifdesiccation-
sensitive) were used for testing re-establishm&herefore, the seeds were
conditioned in three combinations between polyethgblycol (PEG), abscisic
acid (ABA). The solutions were PEG OMPa/ABA OuM,®B MPa/ ABA 1
uM and PEG 1.7 MPa/ABA 0 uM. Each of these comlinatwas tested at 10,
15 and 20°C for 72 hours in the dark. Desiccatmarance was tested by the
drying of the seeds at 30% air relative humiditytilureaching the initial water
content (before the beginning of imbibition). Theeds were kept dry for 72
hours, when they were submitted to pre-humidifaratiat 100% air water
content and 25°C under constant light; they ween tbonditioned under the
germination conditions for testing. Desiccatioretahce was evaluated by the
normal seedling percentage, corrected on the ldsike initial germination
percentage presented by untreated seeds.

In order to analyze proteins, gene expressionadigdsaccharides, two
imbibition points were used, according to the lo$gesiccation tolerance in
previously tested seeds, being 72 hours (stilladesion-tolerant) and 120 hours
(desiccation-sensitive). The best re-establishnrettment was also used for
comparisons. Seeds without imbibition were used aascontrol (0-hour
imbibition). For gene expression and protein qugnémbryonic axis were used
for sampling; however, for oligosaccharides, redeishment was not analyzed;
however, they have been tested in embryonic axisatyledons.

For oligosaccharides, 20mg of lyophilized matewak incubated for 15

minutes at 76°C in a 80% methanol solution with dommelezitose (internal
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standard). Subsequently, the remaining methanolewaporated in a SpeedVac
for 2 hours. The pellet was resuspended in 1 miQmilater and centrifuged at
14,000 rpm for 3 minutes. The supernatant waseadildi0 times and filtered for
the HPLC analysis (Dionex, Carbopac PA 1 columictedehemical detection).
The concentrations of oligosaccharides were useddta analysis. The amounts
of inositol, trehalose, glucose, sucrose, raffinasd stachyose were analyzed in
the seeds.

RNA was isolated using a modified Hot Borate proto¢Wan &
Wilkins, 1994). In the extraction buffer (0.2M sodi borate decahydratate,
30mM EGTA, 1% (w/v) SDS, 1% (w/v) Sodium deoxyche)a 1.76 mg DTT
were added, as well as 52.8 PVP, incubated at )6 minutes. The buffer
was added to 100mg of grinded material and mixegbittex; 4y of Proteinase
K solution (1.35 mg at 4.4p water) were then added mixed. The samples
were incubated at 42°C for 15 minutes (and mixeglaah 5 minutes), and then
64uL of 2M KCI were added and incubated on ice3@minutes. The samples
were centrifuged at 13,200 rpm at 4°C for 20 miswtad the supernatant was
transferred into a new tube, where 259 pL of 8Mdokl LiCl were added and
incubated on ice overnight in a cold room. The damwere then centrifuged at
13,200 rpm at 4°C for 20 minutes, and the supentateas discharged. The
pellet was washed in 750uL of 2M ice-cold LiCl azehtrifuged at 13,200 rpm
at 4°C. The pellet was resuspended in 100pL of DBERKD) water and the
concentration was measured.

The DNAse treatment was carried out with 10pug RNAtHe addition
of 10uL Promega® DNAse enzyme and 10uL DNAse buHed the samples
were incubated at 37°C for 20 minutes. In this o) 100uL of Phenol
chloroform solution were added and mixed on vortex.a Phaselock®
(previously submitted to centrifugation for 30 seds), the solution was added

and centrifuged for 5 minutes, and the upper phasetransferred into a new
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tube with 1/10 volume of Sodium Acetate and 2.%8rthe volume of ice-cold
ethanol. The material was led to precipitate fdrolr at -20°C and centrifuged
at 13,200 rpm for 20 minutes at 4°C; the pellet tesn washed in 250uL ice-
cold ethanol. The pellet was dried at room tempeeaand dissolved in 20uL of
DEPC MiliQ water. The integrity of RNA was evaludtby electrophoresis in
agarose gel and the concentration was measuredaimoddop. cDNA was
synthetized from 1ug RNA, using the kit IScriptdBRad, Hercules, CA, USA),
using the manufacturer protocol. cDNA was dilutédtimes and stored in a
freezer at -20°C.

Genes related to seed metabolism and desiccatitmmance were
selected, based on the literature. For primer desigmplete sequences of

MRNA were searched on the data base National CdateBiotechnology

Information (NCBI,_http://www.ncbi.nim.nih.gdv For each gene, at least three
sequences of Fabaceae family species were setecdtieel design (Table 1). The
sequences were aligned using the software BioHuit @ highly conserved
region with 600 to 1200 base pairs was used. Spqumifmers based on these
sequences were designed for the analysis.

For primer amplification tests, a mix of all sangplevas used. A
conventional PCR was then carried out to check aimplification of each
primer. PCR products were evaluated by agaroseslgetrophoresis and only
primers that amplified were tested for their effiaty. The efficiency tests were
made using a real-time PCR with a mix of all sampgte each primer with 3
replicates. Subsequeuntly, the amplification deda wsed for the efficiency test.
This test was made using the software LinReg PG&, showed the average
amplification efficiency of each primer. Only prinsethat had an efficiency
between 95 and 100% proceeded for gene expressayses tests (Dekkerst
al.,, 2012). Actin 1, Glyceraldeyde-3-phosfatase-detyyenase and Auxin
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Induced Nodulin were used as internal controlse(efce genes), based on

previous tests (data not published).

Table 1. Species selected as a basis to primer desig@dpaifera langsdorffii

gene expression studies.

Gene Used Species

Zeaxantin Epoxidase 1 (ZEF Medicag« truncatua,
Glycine max, Cicer
arietinum,

ABA 8'Hydroxylase (CYP707A Medicag« truncatula,
Glycine max, Phaseolus
vulgaris, Cicerarietinum

Aba Insensitive 3 (ABI: Pisun sativum,
Populustrichocarpa, Rosa
canina

Small Heat Shock Protein (HS

Copaifera officinais

Mitochondrial Heat Shock Protein (mHj

Copaifera officinali:

Dehydration responsive element bind Eremospartonsc goricum
protein (DREB) Galega orientalis, Sophora
davidii
Gibberellin 20 oxydase (GA20c Medicag« truncatula,
Glycine max, Phaseolus
vulgaris, Pisum sativum
Mmannosy-oligosaccharide l-alphe Medicage truncatula,
mannosidase (MAN1) Glycine max, Cicer arietinum
Superoxide Dismutase (SC Medicag« truncatula,
Glycine max, Lotus
japonicus, Cicer arietinum
Gibberellin Regulated Pron 4 Medicagc truncatula,
(MTR_79010580) (GRP) Glycine max, Lotus

japonicus, Cicer arietinum

The amounts of total and heat-resistant proteine abkso analyzed. For

the extraction, 100 mg of the grinded samples wamtded to 1mL of the
extraction buffer (500mM TrisHCI pH 7.5, 5mM Na@&mM MgCl, 0.001M

protease inhibitor added with 1jgtmercaptoethanol). The samples were mixed

on vortex and centrifuged at 13,200rpm for 30 nmésut 4°C. The supernatant
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was divided into two aliquots, one for the analysfisotal proteins and other for
heat-resistance. Heat-resistant aliquots were tieatte85°C for 15 minutes.
Subsequently, both aliquots (total and heat-redtistaere centrifuged at 13,200
rpm for 30 minutes at 4°C. The supernatant wassteared into new tubes and
the samples were quantified according to the metifid@iadford.

The electrophoresis was carried out using acrglargel. Thus, 20uL of
the loading buffer was added to the samples antbthest 95°C for 5 minutes,
then applied on the gel. The gel was prepared twithparts, the first gel was
prepared with 12.6% acrylamide (8 mL distilled watk2.45 mL of 1.5M Tris-
HCI with 0.4% SDS; 9.3 mL of 40% acrylamide solatiol50uL of 10%
persulfate solution and 24uL TEMED), and the sequard with 6% acrylamide
(6.4 mL distilled water; 2.5 mL of 1.5M Tris-HCI thi 0.4% SDS; 1.57 mL of
40% acrylamide solution; 30puL of 10% persulfate usoh and 22.5pL
TEMED). The electrophoresis was carried out at 10w hours at 15°C. The
gel was fixed for 30 minutes with a fixation soauti(40% methanol, 7% acetic
acid), and colored for 2 days in a solution with83% (w/v) Colloidal Coomasie
Blue G-250, 1.6% (v/v) orthophosphoric acid and 1(@%) ammonium sulfate.
The gel was subsequently discolored for 5 minute®.26% (w/v) Trizma Base
with pH adjusted to 6.5 with ortophosphoric acidd amashed in 40% (v/v)
methanol solution. The gel was kept in ultrapuréeewfor 2 days and the image
was then obtained with a high-resolution scannke image was analyzed with
the software GelAnalyzer, and the bands were coedpdny differences in
intensity.

For the gene expression analysis, the softwarseBas® was used for
normalization and expression data calculationsdAth were analyzed using the
software R for Windows (3.1.0) by the Tukey test5&b probability, when

differences between the samples were observed B9\AN For all molecular
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assays results, the data on Relative Fold Changeramasformed, based on the

control (0 hours of imbibition), for comparison.

Results and discussion

A germination test carried out together with reabBshment
experiments shows 93% seed germination; basedi®opdicentage, the success
of each re-establishment treatment was calculadidtreatments showed a
small percentage of re-establishment, except f@@ PEBMPa and ABA 0 uM at
10°C, which have no desiccation tolerance. Threattnents showed a re-
establishment higher than 50% (Figure 1). Theseatrtrents were not
statistically different. However, for gene expressiand proteomics studies,
PEG 0 MPa was used with ABA 1 uM at 15°C, sincg fresented the highest

normal seedling percentage.
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Figure 1. Normal seedling formation ofCopaifera langsdorffii under

desiccation tolerance re-establishment treatmeB&me uppercase letters
indicate the absence of the effect of temperaturethe treatment. Same
lowercase letters indicate the absence of the teffdcthe treatment on
temperature.
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Figure 2. Changes in oligosaccharides @bpaifera langsdorffiiseeds during
imbibition and drying conditions. A) Glucose, B)okitol, C) Raffinose, D)
Stachyose, E) Sucrose, F) Trehalose. Data wereatiaed in Relative Fold
Change, based on the concentration of the oligbsaice in axis at 0 hours of
imbibition. Same uppercase letters show the abseficdifferences in the
oligosaccharide between the evaluated samples. Bavaecase letters show the
absence of differences in the oligosaccharide vissues. Sample captions:
0, 72 and 120 refer to the three imbibition poamslyzed, 72D and 120D refer
to samples with 72 and 120 hours imbibition (retipely), followed by drying,
until reaching the initial water content.
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The levels of oligosaccharides showed a variatietwben the samples.
The major increase was in glucose on Axis at 12@shombibition (Figure 2A).
There was an increase of 45 times (related to axi@ hours). At this point,
seeds were in the middle of imbibition phase 2, #mel germination was
between 144 and 168 hours. Glucose levels kepbutithig changes, except for
120 hours; there was no difference about the lesfetgucose between axis and
cotyledon. At 120 hours, followed by drying, glueokvels decreased in the
axis.

Inositol levels increased in axis during imbibitioeven at 72 hours
followed by drying, there was an increase in thiesels. Only at 120 hours
followed by drying, the levels of inositol decreds@&hese levels also increased
in cotyledons; however, they decreased at 120 hdrigure 2B). No big
differences were observed in sucrose levels, extepfact that, at 120 hours,
imbibed seeds followed by drying had more of tHigasaccharide than at O
hours, in cotyledons and axis (Figure 2E). Raffsjastachyose and trehalose
(Figures 2C, D and F) showed the same standardeTblggosaccharides were
only found in seeds without imbibition (0 hourskity absent in another
sampling points.

During imbibition, as well as for re-establishmehgre were changes in
the expression of all analyzed genes. ZEP1 shows aecrease during
imbibition and, at 120 hours, the lowest expresdmrels of the gene were
observed (Figure 3A); the expression restartetietd-establishment treatment.
The same standard was observed for both heat-girobkins (Figures 3E and
F), the expression levels in the re-establishmexrs wer than that observed in
non-imbibed seeds. Since ZEP 1 expression decredd®d 8’hydroxylase
increases (Figure 3B); however, even in the rebistanent treatment, the

levels of this gene keep increasing. The same doeildbserved for Gibberellin
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20-Oxydase and Gibberellin Responsible Protein, clvhincrease during
germination and keep this way during the re-esthbient (Figures 3C and D).
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Figure 3. Changes in gene expression@bdpaifera langsdorffiiseeds during
imbibition and desiccation tolerance re-establishim&) Zeaxantin epoxidase 1,
B) ABA 8’ hydroxylase, C) Gibberellin 20-oxidase) Bibberellin Responsible
Protein 4, E) Heat Shock protein, F) MitochondHaat Shock Protein.
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The gene ABI3 showed a decrease during germinatitsh did not
increase after re-establishment (Figure 4A). For \dAand DREB, the
expression keeps increasing, even after the rélestanent treatment (Figures
4B and C). Superoxide dismutase decreased durihipition, with the lowest
levels at 120 hours. After the re-establishmerdtinent, the levels increased in

a higher rate, when compared to non-imbibed seeds.
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Figure 4. Changes in gene expression @bpaifera langsdorffiseeds during
imbibition and desiccation tolerance re-establistima) ABA insensitive 3, B)

Dehydration responsive element binding protein (BREC) Mannosyl-

oligosaccharide 1,2-alpha-mannosidase (MAN1), DpeBoxide Dismutase 1
(SOD).

The initial percentage of total proteins @ langsdorffii seeds was
8.71% (w/w). This amount decreased at 120 houtisghiacreased again at re-
establishment (Figure 5). For heat-resistant pneteihe initial percentage was
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7.30% (w/w); this shows that a large amount of giret in the seeds are heat-
resistant; however, this percentage decreasedgliminibition, being increased
again after the re-establishment. Total proteioseiaised at 72 hours, and this is
probably related to the restart of seed metabolisftije the seed starts to
produce new proteins for the radicle protrusionaluhiin thisC. langsdorffii
sample, happens between 144 to 168 hours. The &ameens at the re-
establishment treatment, that is, the increasimgbeaexplained by the increase
in heat-resistant proteins. On the other handddweease at 120 hours could be

related to the decrease in heat-resistant progeitiss point.
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Figure 5. Changes in total and heat-resistant proteinSagfaifera langsdorffii
seeds during imbibition and desiccation tolerare@gtablishment. Data was
normalized to Relative Fold Change, based on theeptage (w/w) of total
proteins observed at 0 hours of imbibition. Santede for a group of proteins
indicate the absence of differences between théitidn points.
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From the gel analysis (Figure 6), it is possiblebserve that, from all
proteins isolated, 7 showed changes in expressigld between the sampling
points. From these, 6 are heat-stable proteinslawds observed among heat-
sensible proteins

Total Heat Stable
Marker 0 72 120 R 0 72 120 R

40

30«
25w

20m

15-

10 w

Figure 6. Total and heat-stable proteins@bpaifera langsdorffiseeds during
imbibition and desiccation tolerance re-establishini@atments.

The data collected from the GelAnalyzer softwdreveed differences in
the seven bands selected (Figure 6). All heatestpliteins showed a decrease
in expression levels among the sampling pointsuieig) 6, 7A, B, D, Figures 8A
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and B). However, protein 3 was expressed only ah@ars, being absent in

another points.
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Figure 7. Relative changes in protein expressiofCopaifera langsdorffiseeds
during imbibition and re-establishment. (A) Prot&inB) Protein 2, (C) Protein
3, (D) Protein 4 (see Figure 6). Proteins 1, 2 4rhd the relative fold change
calculated based on band intensity at 0 hours iiidmb Protein 3 was
calculated based at 72 hours.

Protein 7 showed an increase during the imbibiti@atments, being
absent at 0 hours and reaching the highest level@@hours (Figure 8C). At
the re-establishment point, this protein showed@aeahse in expression.
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Figure 8. Relative changes in protein expressioiCopaifera langsdorffiseeds

during imbibition and desiccation tolerance re-Hglisament. (A) Protein 5, (B)
Protein 6, (C) Protein 7 (see Figure 6). Proteirand 2 had the relative fold
change calculated based on band intensity at Gshimbyibition. Protein 3 was
calculated based at 72 hours.

Many mechanisms are required for the success si€¢@sion tolerance
(Berjak, 2006). The accumulation of oligosacchajdas an example, is
important to protect the cell against the effectste dying process. €.
langsdorffii seeds, the presence of raffinose family sugafnoae, stachyose
and trehalose) were observed in non-imbibed sepdsttee absence after the
beginning of the germination (Figures 2 C, D and $)crose and raffinose
(trehalose, raffinose and stachyose) accumulataanbeen thought as involved

to seed desiccation tolerance in many species KBlanet al, 1992; Blackiget
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al., 1996; Blacket al, 1999), showing the importance of those sugapsdtect
the cell structure in the dry status for many redeers. These sugars and some
proteins act replacing the water in the cell, armutgrts against the collapse of
membranes and DNA (Koster & Leopold, 1988; Leprint@93; Blacket al,
1999; Pammenter & Berjak, 1999; Kranner & Birtio0B).

Myo-inositol is mentioned as an important factor fgant growth
(Loewus & Murthy, 2000; Donahuet al, 2010), playing a role in many cell
processes. This oligosaccharide is synthetized ffloicose and is a substract for
raffinose family sugars (Shat al, 2005), being this synthesis reversible. It is
already reported that these raffinose family olagaharides rapidly disappear
after the beginning of imbibition, breaking downfdre the completion of
polymeric carbohydrate mobilization (Blockt al, 2007). Energy is highly
required for the germinative process, as mentidne@Ilochl et al. (2007); the
important role of raffinose family oligosaccharidesthe energy supply of the
early germinative process. As mentioned by Wenagl. (2003), these sugars are
also antinutritional; therefore, the metabolisnméxessary for the beginning of
germination. Thus, the decrease in these sugdfserréghan the increase in
inositol and glucose, is probably related.

Black et al. (1999) reported an accumulation of raffinose tbgetwith
the desiccation tolerance ifriticum aestivumembryos. ForC. langsdorffij
these sugars are absent after the imbibition stdawever, at 72 hours, there is
still a high desiccation tolerance (compared taQrk), but there is no raffinose
family sugars. Thus, these sugars are not essefatiathe acquisition of
desiccation tolerance, but can play an importaletirothis ability.

ABA is a major hormone in seed desiccation toleeaiBewley &
Black, 2013; Chandler & Robertson, 1994; Nambetraal, 2000; De Castro
&Hilhorst, 2006), in its metabolic pathway, Zeaxant epoxidase play an
important role in the beginning of production (@utk Krochko, 1999). Most



99

desiccation tolerance mechanisms are responsiblehéo presence of ABA,
which is rapidly synthetized under stress condgidZhanget al, 2006).
However, ABA must be degraded for the beginningemination, as observed
in this study and already reported. ABA 8’-hydrasg (CYP707A) is known as
one of the major enzymes in the ABA catabolism (@& Krochko, 1999): its
expression increases during germination, whiclxjgeeted. The increase in the
biosynthesis of GA is also important for the begignof germination (Groot &
Karssen, 1987; Debeaujon & Koornneef, 2000). Besitlee high expression of
superoxide dismutase (SOD) in dry status and tlecrease in re-establishment
show an important role of antioxidant mechanismsd@siccation tolerance
(Pammenter & Berjak, 1999; Waltegsal, 2005).

In the present study, it was also possible to miesa decrease in the
expression of ABI3 (Figure 4A), which also plays amportant role in
desiccation tolerance (Oonet al, 1993; Khandelwakt al, 2010). However,
this gene did not increase after the re-establighneatment. Heat-shock
proteins also showed a decrease during germingkgures 3E and F); this
could be confirmed by the protein analysis, oneehhbat-stable proteins (HSP
class) decreased during germination. On the otlkerd hDREB 1 showed
differences between imbibition times or after tleeestablishment. This gene
also plays a role in desiccation response, andceedse during imbibition was
expected, as well as an increase after the relsstetent treatment (Morraet
al., 2011). The decrease in superoxide dismutase olsasrved during the
germination process.

During the imbibition/germination process, desimoa tolerance
mechanisms are expected to decrease, while thaserefated to germination
must increase in order to restart the seed mesabtgermination (Angelovicét
al., 2010). In the present study, a reduction in aegicn tolerance mechanisms

during germination was observed, as can be showechénges in raffinose,
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stachyose and trehalose (Figures 2C, D and F)¢ad®in-related genes, such
as ZEP1, HSP and SOD (Figures 3A, E, F and 4D)iedse in heat-stable
proteins (Figure 5) and increase in CYP707A, GA28od MAN1 (Figures 3B,
C, 4C and D).

Considering the three phases in the imbibitiomfgeation processC.
langsdorffii seeds start to lose their desiccation tolerancerdsat imbibition
phases 1 and 2 (Pereital, 2014). As reported above, in most orthodox seeds,
phase 1 is mostly characterized by water absorpaod most repairing and
activation of the metabolic system are in the beigig of phase 2 (Bewley &
al, 2013). At this point, there is a high demand afergy, where
oligosaccharides are useful (Blo@tlal, 2007). Thus, the beginning of the loss
of desiccation tolerance is expected between imibibiphases 2 and 3, when
high metabolic events start (Bewleyal 2013). HoweverC. langsdorffiiloses
its desiccation tolerance in phase 1, and suga&se g@xpression and protein
profiles change in this germination step. It suggmdbat, forC. langsdorffij
phase 1lis already characterized by high metabolic everttgchvresult in a
premature loss of desiccation tolerance for thesEs.

The re-establishment €. langsdorffii seeds showed a reasonable
efficiency, since it was possible to have more t6@% of seed re-establishment
(based on the initial germination percentage). Wigeme expression and
proteins were analyzed after the re-establishmemtas possible to observe a
new increase in the expression of ZEP, HSPs and, 3®izh had decreased
during the germinative process. The percentageeaf-$table proteins follows
the same standard of these genes. However, geiomisratated genes (GA200x,
CYP707A and MANL1) did not decrease after the reddisthment, and there was
also a decrease in ABI3, even after the re-estabbst treatment, which
suggests no relationship of these genes with dagicctolerance. Despite the

importance of oligosaccharides in the structuratgmtion of the seed during the
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dry status, HSPs and thermo stable proteins pkgdime structural role, which
suggests that these proteins are replacing thetidmsc of sugars that were

consumed during germination.

Conclusion

The expression of Zeaxanthin epoxidase, Heat SHerclteins and
Superoxide dismutase genes, production of raffiffaseily sugars and also
heat-stable proteins is correlated with desiccatioferance in Copaifera
langsdorffii seeds, present in desiccation-tolerant stagesbseht in sensitive

ones.
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