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The ExpPresson of RC[EA (Gene [mproves ToJer
ance of . co]iCells © Abotic Stress

JANG Chang_hua'
ShanghaiBowan fa]Garden Shanghaip231

Abs tract [()bjectivq Th b study was © revea] the heat hduced exPresspnm ode]ofRC[EA gene an( its tok ance 1© various ahp tf stresses

[ Melhoq Heat resistant and heat sensitve varg tgs of Rosa hybrida |, were subjected to heat shodk treamentatgg ‘C fors b then R d_EA
gene flom hoth vargtes treated was cloned and tansfom ed ht Escherichfa colistrain 13121 fha [y recanhnan tcojonijes were separate]y cul
ured atg°C andgQ°C under he stresses ofL'(;l Na(Cl Na2 C()3 Cng and I—g()2 to study the msponses ofrecanhmnantE colistrahs © h Bh
temperaure Jow temperamre and some o herahp tf stresses [ Resul] After heat shock teament at3g’C frg L RCcIEA 8ene expressed
h8hl ¢ Schiossmanngm’ ( V) and¢ [as veg8as (IV) varg gy butweakly orevenno texpressed n¢ Kordes’'Perfecta (KP) idicathg hat
thd 8ene p closely reptedw ih heatresistance of R h¥brda Compared wih WT staing recombinant cpnes show ed hBher olerance © ahpotc
stresses ncuding high tmpemrture  pw temperamure heawmew] high sajf hBhPH vajue and oxga tpn suggestng hatRCc[EA p conce med
w ith the response of R hYbrida to ah pt stressesmentoned ahove [ (jmcluspr] These results Povide though ts for ncre ashg hea tres ptance
by introducing RC[EA n© heatsensitive R hybrida varieties and studyng the heatresptantmechanjm ofR  hybrdga and ako povide theoreti

ca] support for selecting heat resptantvariety of pndscape and omamenta]p pnts Jke R hbrida
Keywords Rosa hybrida L; RCIEA Thduced express'pr’:l Abptc stress

H#£h ttmperature n summer o ften nffiences the diffren
tatpn of pud and ag8ravates disease and nsect disasers
severe [y cond itoning the Erowth and deveppmentofRosa hy
brda [, Late enbryogenesis abundant ([JEA) Proteps are a
kid of fam 1y Prote ns thatwidely exist nor€anigns and is re
khedwih osnotc regultion W ih regard © [EA Proteng
there are eviences that fhey are ahundant i Phnt empryos
atlat rowth stage and R EA mRNASs could laige ]y accu
muljate n Plant cells under envijonmenta]| stresses such as
dought pw temPerature hh salt ABA ulravpptradiaton
andNaHC()a' ”; moreover i Possesspn of hidh h¥droprhily
and hemal swbifty they could be n water soubf sttus
even under hoiing conditon functoning i swabilizng ce]l
memhrang mogcular parrigr  on bindng and antoxigda
tph?  And therby IFA Protepns ar consiered as one of
the protective supstnces © Plants during stress process

JIANG Rujetaf ™ extracted he soluble Poten fom he
tender Jeaves of heat resjstant R hybrda vare® ¢« Schioss
manngeir (SM) and heat sensitve variety« Koges’ Perfec
@ (KP) bhoth suhected © oom tempPerature and3g ‘C heat
shock prgh and by emppyng€o— D electrophoresis they
found specifrally expressed Prote in Ponts from SM a fter heat
shock and presuned one of which as [ EA Prote n according
0 peptde mass spectum analysp results®  Based upon
these evdences we cpned canPlete [LEA c¢DNA seduence
fran R hybrda and named as RCJEA ©@ly gg1 bP n
1ength encodng 396 am o acgds and with he mogculr
weghtof3g 1. Furﬂqemon,e we suded heat nduced ex
pPresspnmode] of ths &ene N R hybrda vi ransgeng as
wellas fe response Of R FA to varpus abptic stresses
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Mater@als and Me thods
ExPerin entalmaterials

The exPerinent]m aterials are wo Years o}d Potted
seed[ng€s ofheatresjsantR hybrda vargeties< Schlossman
niem’ (SM) and¢ [Las vegas ( Iy) and heatsensitive vari.
tye Kordes’ Perfecte (KP) cultvated in Chiha rose hase of
Shanghai Botanica] Garden ( accordin® as the record of
Shanghai Botantal Gardegl data not shown). This exPer
mentwas carried outon earlyMay 2005,
Ten perature nduced expressijonmode]o {RC_EA gene

Usngmatergls underroan tmperauwre as CK§ both heat
esisantR  hybrda vargeties ¢ Schpss mannem’ [@\%8) and
<« [as vegas (LV) and heat sensjtive vare ¢« Koges ’ Perfec
ta (KP) were supected © high temperature(3g ‘C) Pr3 b
thenmRNAs from thet tender paves were extracted and purj
fed by using RNAout kit( Tiandz Genetf Engneerpg) and
based onwhich the fist cNA strand was synthesized using P ri
meScrPtTM RT Reagent Kit (TaKaRa)\G" Depend b€ ong’
and 3’ flanks of RAFA ORE Pward Puners ATGTCGCT
TATCCCAAATTTZ ' and wevewse priner 5  AAATCCAGTG-
TAGAGAT3  were desgned PCR anpPlifica ton program was
fistofg minatgg °C prdenaturat()p thengp cycks ofgp s at
9% C 40 sas5C andgo s a2 ’C, fhalbyo mi a7 °C pr
exens pn
Prokaryotic expresspn of Rc[ EA 8ene
Constructon of prokaryotic expresspon vector Accordng
o5 and 3’ flanks of RC[EA ORE Prines contapning adap
tors were des gned bY ntroducing EcoR ] recognion sie no
pward puiner and Sa]] recognitpn sie N reverse Priner
PCR anmplificaton was conducted as the program descrhed
ahove using dONA as tanPhte Both PCR Products and
PET2a were doubly dBested by EcoR Tand Sal] and @iget
fragments of PCR Products and PET3p a were recovered and
Bated usingl“ |Base © YieH recombinant construc t PET30 a-
RAEA The recombhant was next transfomed no Esche
richia cof strain DHyq, Seduencing analysis showed hat in
serted RCIEA dNA was correct and wihout shift frame
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PET a RCLEA and PET32 a( blank vecr were hoth trans
fomed no E colistainBl21 and Pos itive copngswere pPre
served at—gQo ‘C foruse
Resistance of recomp nantBJ9q tO tempPerature (Jnem {
lilier of bacerp] soliton atOY, ©of1, o 8enerated by PTG
nducton pro h was centrfuged atq4 500 ym i fors mi to
collect the Precpiaton The Prec Pitatpn was suspended w th
equiva lent sterilized water({, 0 m] of bacteria] souton atQD
0f1, 0 contains{, Qx 109 cellsy andqp ¢ lof hhe suspenspn
was dilied o1 m;] henqgg ¢ 1of the dilited bactera]souton
was agapn dibied ©1 m] and by anapgy diuted © the sikth
ound where here areq gx{Q® cells iy, 9 mIsojuton Next
100 1 of the s ounds diuted soluton was coated on [ B
Phateswihqoo m & L AmP and he Phteswere pcubated atq
C Prg 2 4 6 8 12 d underdark and subsequently trans
ferred ©37 °C ovemBht © catute cojny nunheron each
phte

Meamwhife ramanpg hactera] sojution at()}%w of1. 0
generated by PTG hducton forp h was tansfrred togg C
hh tanperature pr, 5 3 4 ands b andq{ m]of five hac
teria] solitpn heat shocked for d fferent tine was centrfuged
to colfect PrecP ja tons wh ich were then suspended and diuw
ted 00D, =1. 0 fhaly 0O, =0 01 as descrhed above
These sohtons were coated on] B Plates and incubated atgz
°C ovemght © calculate copny nunheron each Plate Each
expennentcontained hree pam le] rep fcates
Resistance of recomb nantB[2q t0 other stresses [Using
PTG inducton culure o fwild tpPeBIp{ as(CKs recan-
biantBlp{ cpnes hatoring PETR a RAEA(T4 I2) and
PET3 a(EV) wih the bacterga]solitpn at()QOD of{, 0 &fener
ated bY IPTG nductpn forp ) was centrifuiged at4 500 ym i
forg min t collect he Precpitation The Prec Pitatpn was
suspended with sterilged water © Oy, = 1. Q. Subsequently
the sojutpons were coated on [B Plhts with different stress
supstances hY "Z" shape nocufton usng hoculthg lOop§
culured under dark agz7 °C ovemght 0 ohsewe copny grow_
ng state [P Pltes contained fie Plowing supstances for
stess geament () 100 200 300 400 mmo}L LGI @
400 500 550 600 MmOy LNaGI@®10 15 20 25 mmojL
Ng CO; @ 300 350 400 450 mmo}LCdC} © 200 300
400 500 moyLH Q.

Results and Analys s
Teamn perature nduced expressionmode]ofR [ EA gene

As ndicated fom RT-PCR amPp lificaton resuls (FE 1)
RCcIEA gene dd not express n a]lR  hybrida varetes tested
under oan temperaure(gg C) While h8hlV expressed n
heat res pant vareties U and [A and poorly n heat sensi
tve varie ¥ KP under heat shock conditions(3g ‘C £13 h)
suggestng thatRCEA gene expresson n R hYbrida vare
tes b heatpduchle
Resistance of recomhpnants © h €h temperature and Jow
temp era ture

Under hgh tmperaure(sg C) copny nunber of re
comhphpantcpnes shaby decreased wih the treament Jura
thn hsting Conwastvely recombinants harhorng Plasn d
PET3 aRCEA Perpmed hEh resistance © hifh tanpera
turg whose surviva] rate reachedzQ, 9% after{ h heatshock
treament and stil 4, 5% aferg h while surviva] rate of
those harhorhg hlank vector PET3 a decreased t011, 9% af
tenq chy heat shqok eamenst. and 10,2610 gfierg - he F&op,
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NT Noma] ttmpermtur H[ Hih ttm Peratur¢ KP Koxes’
Pérkclg SM Sch pss ’mam;'ﬁh} LV Las Vegya$ '
Fi€1 RTPCR rsufs for expression ofRCJEA nR h¥brda
varg tg s und er different emperature trea ment
This shows that expresson of R(JEA has remarkahy en
hanced he resistance of recanhiants © hEh emPperature

F& 2 Vabilty assay of E cof staph Blpq Wih or wihout
PET32a-R d_EA undersq °C

As shown nFg3 copny nunherofrecompnants epher
hathorig PET3p a RAEA OrPETp a decreased gradua [l wih
the bw emperature stress(g °C) 1asting whik those harha
ring PEI32 a R EA decreased obvpusy spwer than harha
ring blank vecorPE3p a A fter pw temperature stress pr{9
h cobny nunher of he Jater Jecreased ©33% whik of he
fom er stijlkePt atpsYy;, ndicathg that expresspn of Rc[EA
has remarkaphly enhanced the resgtance of recomppants ©
bw temperature
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F€ 3 Vabliity assay of E coli stain B[2{ W ih or without
PET32 2 RCILEA underg °C
Resistance of recom ppants to o ther ap Otic stresses
ForWT and both recanbnants hathoring PET32a or
PET32 aRCLEA( wo rePlicates of[{ and [9), IJow concentra
ton of LLC] showed no opvpus phbioty effgt when LI
concentaton pcreased t0 3o mmo)]. those harhorng
PEB2aRAEA(I] and [2) showed growh rates of about
50% Whil hamhorng@ WT and EV of pwer hanqgy;, CdCyl
at the concentraton ofgsg mg, [ heavily nhbited the growt
of WT and EV ( showing the 8rowth rates of ahoutq1qy;),
while Bhtly © 11 and [2 ( aboutgQl; ) Whose copnijes could
grew © fhe verge of Pates hrough he numperwas pss Re
sults of hoty aphove experinents suggest that expresson Of
RCEA gene confers £ coli he resistance to heavy m etajs
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Stessed bygs0 mmo)l, NaGl both [{ and [p coud 8rew
about65% copngs WhieWT and EV were heavily mestrict
ed idicatng hat resistance of recombinants © hgh salt i
creased Toward 45 mmo)], ofNa2 C()a, 4 and [2 could
grow 0 the verge of Phtes( about40% ofCKs) Whit WT
and EV were opvpusl restricted( ower han 10% of CKs),

suggesting recanphants perfomed h8her esisance © high

350 mol/L Cd(L, 550 mml NaCl

Fig 4 Viabil®y assay ofE, colistain B[9{1 undervarpus stresses
As descrbed ahove RCIEA fuspn protepn accunufte
ke n recombinants wih PEI32 aRCJFA remarkahly en
hancing he wmesjstance of hostE coli straip B[21 © abotc
stesses pcud ng heavymemw] high sajt high PH valie and
oxgdaton T concluspn RCc[FA Proen could response © va
rpus apptic stresses

D iscusspn

ExPresson of some ArabdoPsis [EA 8enes js constituw
tve undernom aj cond iton while some others are hghlY n
ducple under he stresses of drought cold and high salt” 8,
which i confmed n R hybrda in he Present sudy R EA
gene showed an expresspnmode]ofheatshock nduchp un
derhigh tamperature sgess hut it ust hBhl exPressed n
heat resjstant varieties and Poorly or even not expressed in
heat sensijtive R hYbrda varetes W heherthe expresspn of
RcIEA 8ene p nduchle answers © the heat resistance of
R hvbrida varie® ohserved n he fiel 49

SoYhean [EA encod n€ gene Em has heen proved © he
abk © mnprove salt resjgstance of E co]i and ®hacco
Plnts'®  Sice fisttine discovered from cotton co® pdon n
1981 bYDure eta] [FA Proeins have heen pund hghly ex
pPress i seed§ anihe,r and nutritonal tissues of drought
stressed seedngs of varpus Plants and s expresspn feve]
is cosely related with adversity resistance of cells UP © he
Present there are many Jieratures pcuspng he functpn of
LEA © Plants under stresg Cheng et al"  jntroduced wheat
PMA1959 (LEA1) &ene nto rfe and pund transgenic rice
Plants are provdedwih h8hercapaciy to dehydrat and h8h
salt usng the simfariy of yeastce ] and Plant ce]] i response
0 h8h saJt SwireClkik tanspmed wheat Cm f£ene pnto
Yeast and fpund that sngle [EA Proten directy mprove the
resistance ofrecompined Yeast to h 8h concentratpn of N

cofiCels to Abp te Stress 81

H valie H () at he concentraton of4gg mo)L inhbied
pur recombinants © difrent exent detaiedl Iq and I2
coul] grow © the verge of plates( about45% ofCKs) Wwhile
WT and EV pust assuned Jess copnes suroundipng the
streak s( about10% of CKs), Which manijfests that recombi
nants expressing Rc FA are endowed with hifher resistance
© oxgaton stress

1300 mmol /L LiCI

g

15 mol /L NagD, 400 ol /L HO,

KCland bw temperaure sges$®  BY nwoducing soyhean
Hn gene(IEA ) no E coliand tobaccy CAlDan et ald
proved thatover express on of s 8ene notonly diectly con
trputes 10 the mprovement of recombphants’ saf res p@ance
butalso to the enhancement of topacco Plants’ resijsance ©
h&h salt Their resulis provded evdence for pmerresearch
ers who studed hismechanin n rice and Yeast and Put for
ward he hyPohesis ie¢, IEA Potens i boh prokanote
and eukaryotic cells may adoPt sinihr Protective m echanism
pradversity Iesistanc@q; moreover the results of CAIDan
eta] also confimed thatE, co]i heterog€enous expresspn B
the smPle shortcutand effectve systan t© sudy he saf re
sisance mechanpm Of[ FA Protefy To valdate he functons
Of RALEA n R hybrﬂgl we cpned it and transformed no
E colistanBloy and reveajed RCIEA 8ene conferred hgh
esjstance 10 hgh emperaure and ow emperaurg as wel|
as 10 other apptic stresses lke h8h sajt h8h W vaje
heavymetals and oxdaton PBecause E cof jtself can not
syntes ze [ FA Protein under heat shock mprovement of
E colin the resistance © varpus stesses js regarded as pe
ng directly repted with he expresspn of RcI[EA gene from
R hybrda The esuls ndicate hatR hybrida RCIEA gene
PRYs a ol n he response O varpus ahptc stesses Which
provies thoughts for ncreasing heat resistance hy ntoducing
RCAEA no heat sensitive R hybrda varetes and studying
the heatresjstantmechanijm of R h¥brda and also pra
vides theoretica] support for sefecting heat res stantvarety of
hndscape and omamenta]Plants ke R hYbrda
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