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Abstract

Malic dehydrogenase ( MDHs) have vital functions i n ¢t heen gdev ecloodp nmegn
qgue RmdMDBGenBank | Dwa sl Q4slIRditdgid dfernodm o MumiRaM®iMa d udn p9 9 9

en reading frame ( ORMr), enmchddihngwaa precstpeoinnsi tbh @&t fcontaine
eoretical i 6odfbdcttbecppedntt @dsktldRmbDHapwaendisst avdhst o | oc al
e chl ortoipme®sRN. aRadlyses showelde RimMMOH&h e Mir adiafefrdhmpend among
ssues (highest |l evel s in the fl owers, | owest |l evel s in

fl ower s -balto otnh es tfauglel, a n d RmMD Was mtvodusedritorioba®ao,tandbteimtégration into the

genome was confirmed by PCR afich u t hla analyses. @mpared with wildtype tobaccotfransgenic plantshowed

smaller leaves s h or t lewer nalndigléebyde contents, and higher proline contentsI r rmins gpl ant s s howt
stronger toleranhcpolypyetNmll endNadliCyocol , antdymé umobaamcsetr ®@ss e
show RtimiMDtHr amatically affects plant growth and iseinvolvedc
foundation for the&hgemdtciranitrhpurmovement of

s e
op
t h
t h
ti

Kewor Rhhododendromumilal act de mRdMDile@arse expressi oAbi Bttaesgeni |

I ntroduction from root by 4 folds, compar
This i mproved® byl ehalnatei ngo aAl

Mal i ¢ dehydrogenases ( MDH) i nTae sefeatysed )2 0 PV er ex pr es s
di stributed in plants, a NnMDrtag esn, e sa naln cnoidcirnogo r g la-a 6 tsimis |, ea a
ar e highly conserved. | nMDHIsa nftAsqg mtthladmipama e O amtéhdei totf o | o
NAD(P)H affects the activtinagnssodenMDcHst, o ni@ttiacdd @MBaamigt yiz @ u |
the mutual transformationalo,f @WA&NLOwe raecx pdrvdaddsti nopnx a b ® é ¢ et thi
aci d (SAA)atskal OALcordingokter darheed ronfi nalmf alofxa cti(buwa li m a
subcellul ar |l ocation, p | aentt. ,aMDRHIsGadcda n o vbeer e kipbhrifdreodhmo n n to &
mitochondri al MDHs , p e r otxhiasl gi meen & ovbDaHcsc, 0 pmpsoved i ts t
MDHs , and cyto@li et thpe TMREMEangt. al)20T0ansgeni c presad aag
enzymes are involved in nmaMDHfphyms ioolaonggiec aal sabc tsihvoiweide s
including seed germi nat itoml,e ZpmhaR@N 8 GQn owh & , t r pMdbigeni c
devel opment , fruit devel oopeeex pr é&snsdih esnti reehsdlsa cowé s & anc
(raet. al 2Vdeta al2Bddaberal204ddown to promote the synthesi
Rudr aeptp.a,al 2 OONBi ne MDHs , i alcd midn ing (Wawats.t,.aln2Z0FQUr t her st
peroxi some MDHsAr alried d ppsuindd atf e aolsi hatviiariHe x hrag s si on r ecs pond s
(Pracharoenhwabpbaia acid (ABA), |l ow temperature,
Mal i ¢c acid has an i nopnosret et keyndtuineni onstbé& MBPBS in
to abiotic stress, met abolriesimsaadceutorfi MP Hgne nosf. g amdai pnp
al so accounts for a key dwtteplmedmiad e MpH oplue mat eidn tthhee
tricar boxy(Sict veite ieadl 28Rtz aci d in callusawond tramsgemic
al, 290R®dI0e ThevDH ganscrilpy Frewgael ating gene |l evel s a s
is suggested previously ttoabepaortd atadd t odetchobempiosct ¢ &%
contents of mal i c acid. TYHiuxc o ma fy@a®dm e ¢ 9.0 éTLHiihse | cesddmottoi «
pressur e of cell s, and/ oirrn itnhcer ecacsnet enhhe «a«fhed anti ainn amu
removal of aluminumolienmandace rteanproesi ptantebdéof the tran
al umi num. Many studi es have&heerxep laorree dmanlye MR mpd @emer s .
functi onsMDobHge MPHgexpressionni pl aeperesgtli bnt speci al sub
certain articles to improvetpltaoatswitol eliddee enmd alowemiz
For i nsMadiceag,d nshae i @ WitDdp laa midci scover ed fYamen . dailv2elrlislieb
overexpressi oamgancceased ®hkkddamdobhamg.eal)20Therefore,
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unkmowhether MDHs of onePaslpbecAkso wi CA, hayme) twaesndadonp't
same activity or effect wlpgem de Xsperqeusesnécde si, N tahn ost hsetry dsyp escCy
'Rh. mi cTruarmcszh amsemi  ever gircere na mpir R Wh §lhdtndget h sequence

high ornament al and medi ciinal afatleure.gellowgyeeirfi ¢4t ih@s, st
growth requiremeons#®xtiutr eglr@ws ghveaty bicn olr (Takara). Lat e
that is rich in humus, andshangna&b, nodhitnod)er avtass hpéespd
saline alkali soil. The sopdsiithi viiosdl Af eRBMBPEgdNOfi hpebhe
al kalRme, Misormtntdidimced t o § he e Gaawdaess sdirrwsno JQ412742) .
poorly or does not asvier vaittee.mpMerdy researchers h

to develop methods tol awmitmrgppduceraggingd 1¢cupiii Wertse yased d
Rhododendeaaoanal kal i ne envir@rn,rﬂper”t. At P mES €Nfquemdac e di C
substances are applied to 3SR°A'CEé@AdceGGr'd;%‘?GééGSCT%‘r‘l‘S{"T"n'ty
i s a temporary fix. Cons AACCD&‘T’TC q.tCE;.P.péJé:mtAlon ar
cuwli vatRho.n mnoifcirmtnd hame as W'iml?\/lDH?: ?‘Fi i

hawet been successful. The CT%kTC gnous

|
genes into target species RW“%DH%QE"C&&EQ'?TTA gg%thG@.C figineer
met hods can not only achi &ve¥ di TSI CADNGA Gp-'r—nz? o0QC e nt | b
also save cestbsreand ng merf ETICR er?cT)FTC%GnT TGAC@ATCCTT
previous studies haMPHenrklgMfed TAGCGCEFAANTOHILES T CTA
but most have focused(@GoatdRiel S-"GUCAREECCALECAINAI FAT
1 99F2r achar oem_w7at;ﬂ®@nkz i 23(],10 Q-RMMDHF5-TGAGGCACTGAATGGAXLT GA
Sel iens kil)20TIhe MDothesesfi n OQRRNMMPHERMEBRTTCCTAGGGAACCBACCA

pl antasfs.ucrmi caraen tshtuim | uncIRgnﬁAbH S5FCtGGG AT WpToCsAGIT B T BA C C3;C

t hh@MbHoverexpression could i mprofBaklit el ee aunncder kionegal t ,

al kal i, a nRih .a | nuing rnaonMtChiHgheh rs e = mMD-R; 5i-GCGGTCGACATTCAAAGGAGAGGAGGG

have not been cloned or functi oB88adslteyndegdiveh| yzed.
Therefore, in thicd cltawmdeyd are i dentified an

MDH gene, desimMdDled f rebBm Bi oi nf or mat i cRmMdmHa hg sigeenef at

mi cr anwWwehuamal yzed its trassequeptel wael syedi ffedertor S i

organs and tissues, and iprograams (ahntdt pf:l/o/vbelrass ta tn cdii f. fne

stages of devel opment. Wefithear st(hdit d / / wswwr ot lei .iml m.tn

resistance antdcealbwymionvuem etxuptirielrsisszieodn tion obt ain ORF, we ad

tobac®bd. amdcrant hum coding sequencéeno(CB8) d t eeqa

Protparam (http:// web.expas
Mat eri al and Met hods empl oyed to analyze those es

physi ochemi c alydrophobia raralysise f s .
Sampl e coll ection afnldl  stt ef®ehddddl hivds rcardetl owe osing ProtScalet t ps: / / we |

samples (root s, st ems, |l ezxepaa,sypngdpebdbdDwePs pt wenephasptb
from-yee-a2 @8h . mi crm@ée hgmowi pmmrge daitc ttelde usi ng tool s at t
Beijing Botanical Garden, (Bhitmpedé wiviwadbmydbli. EBkfiearceisc
Leaf, root, and stem mat er(ihatltsp :we/rwewwe. oclblse cdtteud. dikn/ S2e0rlv7i c(
Apr il to October). I n t het os apmeg dyiyecatr s M | fal t oi woelrL stc itreBsswreesd hve

collected at four developmpptabcistagdshttpom/ &wwlags btioo .
JulByjah test speci men was rhulotzie/n) wwashiemptihoey eldi g wi dpor edi
trogen at once and pr eseNPvSMt fupmsdpefra b BDeAIc my. erfif pogr ae g at uot  oRMN
olation. To analyze the psagddBSAtonpsaasneecoasedl mhgys wa
e of 4 weeks were placedciomtdar Wu rsatsrhu cgtdu rreesm s ieSokibaold h ¢
S) medium that ;xoB08i mMMsNEQIc®MrAel Glas obtained using
% PEG 6000, o3y a0dmir dlewhl Gfeorrvelr danstps:// swissmodel . ex

domai RsmMD#ere analyzed wusing

Cloningl eof RrhiMD K DNA:the modiNfciBed Conser ved Dmotntag sn: / D avtwavb a
CTAB met hod was wutilized rlom.enXthr.ggctv/tSetralct RNA/ ¢ ad/twarep
l eaf s aRMp.l emi offd héeemuml 2008 was adopted for multiple s
line with speci SMARDE ORAMEIGA. XL@ad€rutilized to constr
cDNA Amplification Kit ( Tak ar a, Dal i amei gJdhioniang Wansder 1000 bootstr

empl oyed t o puri fy RINtAr aaardd synthesi ze first
cDNA. ThereafteRmMMDHHEE r5d tQd @ n t 1 D ateid &R anadysisl of RmMMDH: F o r
cDNA sequence based oRh . tihnev e § & R 1ip Bl Dsidanngprl eesss | @ pRho.f i | ec

mi cr arnthhhrwm g-b mp laipfiidcati on mifcrcabhNA bénsdstudy i solated to
(RACE). ForNRRALEE pgrhiemear (lIfeoarfwarsdt)enmalaonndg r oot sampl es,
wi t h 5Nj RACE pri mer ( r eivdeermstei yueatshuwopdp | ednept ed im sect

SMARTE RACE c¢cDNA Ampl i fi cPartiinenScKiitpt (RTonteagle,nt kit wiq


https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?%20page=/
https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?%20page=/
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and syntiséesiana fTCIDNAt by usamdgt JIONA/ IEr &ERe rdoasyes) .| aAterl, 0 we
(Takara), and t hef oclDINAb eMasraedh Ussee.ed | 1L O g into correspon
Previous studiEBER Uhsa vtehtes smowmy utelvatl ené ®subsbtre in weight.
reference gene among di f lermdntwi dit ssudzsaf{l ¢anwgs h, rand
st ems, and fl ower s) at t day s aanfet edre vtehleo psmeeendtlalngst avg e e
whi C¥H s t he mo st stabl e r effheerreeracfd egeneve agoeyg TM pl ar
flowers at differ ¢éochulzecetalyet bpmenobatashadefanamecieas ( T
2002a Scheibe 2004Schulzeet al, 2002). T hree f o ri en, t he cikmrea&my MS medi um. Th

these genes were wused ascdmdietrinmls rvedreea echsd f-gbdé®&:as
appropriate. Tabl e 1 [IPICRt. 9 haltlo perrii mar. s Aafdtoeprt ed0 i WagRT o
The 20 ®PICRgRYstem <cont asihnoewded 50& RKIOXt ance and sensit.i
Reference Dye 11 (0.4 OL)t,i s3lu®YB(RabPoruetmi X Ex) TaodE resi
(10 OL, Takara), f oerawcahr d0.d4mdDdidid mete®e MSr inmeedri um cont ai ni
10 M)zo detH8 OL) and dil u5%d( w/DNA g &l yGlt,hya s AL §lcol
ng) . Each reaction wa s carr2ed md;uNaHGO gcewn Tfther ABI d:
GeneAmp PCR 9700 ther mal tcryecaltemen(t ABlwerfFosdemp|CGitteyd un
CA, USA) was e fRCIRo ybeyd -sfheermpg rqeRt h condi ti ons. This stud)
process, includiowed0Oby 6 nedaeveersfl B AC; sfeeldll i ngs and free
95AC and 34 s wunder 60AC nfidmr o4@ncydl eosn.c eS ufbosre qtuleent h g a
this study conducted mel dépigc tceudr v efBfaatneBsh y e 8 5 )1ayh3lt h e
following process, 15 s umdéepbn@bACdeb9des unvDew)f 60 dQd las
15 s wunder 95AC. The st anpdearodk i dwuarntv e nyasuscianlgi ba atsepde cli y
seri al CDNA e@veémnuyigend,o sdexacr itboe dgHda/ getHiotceded 9 9 9
t he al most identical target and reference gene pri me
amplification ef ficiefEY Datagpeessing antl aralgsESPSThE. 02 ( Chi ca
appr qlaichak & Schmwasgen, | 398AY Wwas employed to statis:
calcul aReMD®lt absoei pt exprepSiexsni on of gene transcriopt
and standard errors (mean N S

Sout hern blTohte alnnaI|e)@3nlM@fH®n5|Cgfn|efi@fan(d fference in each
tobacco genome was configremedtt oy POUVdEd " wP hk Qtedt . TM
hybridization assay, whigihffwaspcabspn 3mRlsi 9 oglial
estimating the copy ”“mbeprlaﬂf tyame ra?d‘eeemﬂe*?dearb fﬁnﬁ;gltt
protocols were adopted t o, pJ esp%%m% Rh&a»g]'c DNA ase
on tobacco | eaf sampl es. To ut out hern bl otti
aasay, aclpo wte nd ni c DNA was iS%?I ted from
every | Bathl fdrgesti on. ]?ﬁerea ter, t he
di goxi genHingh ( CPIrG)me DNA
Detection Starter Ki t ‘g%ﬂglam Qng I@%ﬁeé%ﬁnalfso %?U;Pogy,
EeL)Jr:[ri]ig;lascahl nian) IiWr?: Wultt'hlIénéthequNAfsgquence bas?l E1 | éafh
y v sa?np(%upmem(éntapy "fiIQ OFlgé)]) ﬁ1eRmMDH
Construction of overexpre 200 readnmg f(/anéec(PRdFl) End&%{o&i{n Isge%uencets \ee
transformati on Geimepecitfoibca(gr ct]e 8npscompare (Fig nalyses using

. ot aram showed that.the ORFRofn M D Was 999 bp,
RmMMD-FRi an 8 mMD-H we r e utilize \(/jvh|ch V\c/)as alsp Pesponsitfle for encodln rq teln th t
RMMDEBRF (Table 1), foll owe me & P19
produthe tpBl 121 expressi Oﬁontzy]%vd 3?& aP“'”Or?%{O%Bt%erStlmﬁt‘ad m{)l%c%i‘lar mass
CaMV35S promoter. Summmmmév%s? dDat"YP a?'éﬁ“i ticalpolisnael
vector was trAagnrsofbearcrteedrHumt %J | B 7 ab'l'ty |ndex was
strain Gv3i1io01, whi ch Was 1]:4? fgas'tfo'e% tgl Btee'n
concentration. Using the VQrQBaEPBHHX ?@Wﬁ'ﬂﬂ m)—f\f"h
transgenic (TM) tobacco pI prved dpraging segqyq in fhe o
selected seeds from TM rgvga{e@thaﬁwMDﬁp onggts the JMDH! ifamily. I hat
contained kana)’nycTher(da)fOt dq?awmar_atnw@lagalyge§ utley amino  acid sequence of
transferred the T2 positi oM %Hs@wnglghS|H1|{ar(5tlestwﬁhé1ongnlgg§@ptpeéte r
that contai med peatni cpekit BRNEGomseryvyed ydgmai n RMMBH yses

Lat er-PCRIRWas conducted to COdARIimMA cthds 8d 04 aghthucrair haolx y

was harbored in the survi vdiongaiffigsy HB3. f RNylagenatie stree constructed
according to MDH protein nucleotide coding sequences

Growth phenotypes and p hwasdiviséddntpithcea majorisubpgraspsietypically, fmino

transgenic t: oWidea ¢ 6 0 wepdl a B & @aidssequence BRMMDH shared the greatest identity

homozygous TM plants asypwe@lX) ta sMDH hislatede frognvCannellia wleiferal

(WT) plants in the MS medi(ANNR2405.1) &iglCront ained 0. 8% agar
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Fi g.Th®1.PCR ampl i fi chnmMDoM: pDLlo duCcxO0 omartkheer ; 1, 2: The PCR prod
product of X:EG6RACE ThENAR.CRepgoducDNAL full

Fi gRmNIDMHucl eoti de sequence and RmMDH deduced amino acid sequen
associations among t heRnmMDibpem MRH AP mgt dirmane( Qu.ppea) panel ) and
panetlgr.t Scodon is ATG and stop codon (TGA) is marked with an
underlined, shading indicates dimer binding site. (bgl iRimMMDHn eas
under the sequenctee rsniiannad -bfiaondli cNgADW@xn@i 6 s, separately. Hol | ow t
triangles stand for catalytic group, whereas asteri sMBH i ndi c
sequences &dlrmneda®ahohbeWdInpleddagdentlo)s,udgsANINE 2 #@udearic)u, 6 XBPubeB879128.
Il pomoea( XPi0DdIDb:DB®4cCcodcek)yas It K@VdR&EI/e7d. almuym (i XnPd i Ocluln® Ah & h4 s 1s)c,o mos u
(XP_0200P44B2.s1 {hALMiSI7iFET 4t B AP ve3I b2 AZP&R6 ahus (¥Pf0202BATGY.al) ,
asi tGERD 2 R65 mLl c( ARt DB8BEG@)R. bhboning tree constructed using boot





















