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Abstract Monodehydroascorbate reductase (MDHAR) is
an important enzyme that plays a role in the detoxification of
reactive oxygen species (ROS) by maintaining reduced pool
of ascorbate through recycling the oxidized form of ascorbate.
In this study, we isolated a PagMDHAR gene from Populus
alba x P. glandulosa, and investigated its expression
characteristics. The PagMDHAR cDNA encodes a putative
434 amino acids containing FAD- and NAD(P)H-binding
domains. Southern blot analysis indicated that a single
nuclear gene encodes this enzyme. Northern hybridization
analysis revealed that PagMDHARI is highly expressed in
both suspension cells and flower tissues, while its expression
levels were enhanced by drought, salt, cold, wounding and
ABA. Therefore, PagMDHAR might be expressed in response
to abiotic stress through the ABA-mediated signaling pathway
in this poplar species, suggesting that the PagMDHARI
plays an important role in the defense mechanisms against
oxidative stress.
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TALS Oli(superomde 0,), T84 (hydrogen
peroxide, H,0,), 3lo| =& A] 2}t]Z(hydroxyl radical, OH),
U A A (singlet oxygen, 0)9} -2 & AbA F(reactive
oxygen species, ROS)2] A A o]l 7] 218K Gechev et al. 2006).
Dj—/\%/\}-/\ _,] 7PE:1‘6]— /\]—p:],iﬁ'_g_‘_ }\ﬂ:zt—l]«] ,1,]-_14 E]—HHXI
=3ll, DNA @4 A, FgAurs A, 954 21 &
o Aelo] = A& A= AEA7F LAFSHA Ht o]
25t Ak AEHAE Wolals] sto] A Al tolAs
ascorbate, glutathione, carotenoid, tocopherol 52| A 2%} &
AFSHEZ 1} superoxide dismutase (SOD), peroxidase (POD),
glutathione reductase (GR), ascorbate peroxidase (APX), monodehy-
droascorbate reductase (MDHAR) 59| &Atstaar) &A
Abd A Ao ToIgtch(Apel and Hirt 2004).

A 20 23} 3lAakel B2 2 3ol ascorbate= THAF
H5a0s 22 BANPORA RELS L 4TS
o olelg aHabsh IS APXZ} &0 el whgoz o
U=, o] = 2l3} ascorbate= monodehydroascorbate (MDHA)
2 3¢ =t MDHA= MDHARQ] #H-8-8- HFo} ascorbate =
A ALY v a4 2 7142 £3)| dehydroascorbate (DHA)E
AFSLEICE o] 7] 5] MDHA 7} ascorbate 2 S &= AL &
é“*igﬂiﬂﬂd~ﬂ5¢@%4ﬂﬂﬁMMMR

ot 2 ascorbate®] PEFZ FAISHE H ¢
=9 ?} o5hS dl= f 40| tf(Shigeoka et al. 2002; Sultana
A7) 2 MDHAR®| JPLA s Ehefol 4] 313
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ascorbate @] 9Fo| ZF7}slH Al o2 QA3 Ax, F, &
Ed2of tigt Aol S7ksk= Ao Hitw up
(Eltayeb et al. 2007).

A 20] MDHAR @ 8S 37]9] FAD/NAD(P)H A%
FYo] HEEo] glom HEH oS F5Fe] MDHARS
aag/do] FADS NADHZF #oighs & 4= QUtH(Yoon
et al. 2004). T3+ MDHAR-S &4 #ut ofy 2} A|E2,
nEFZ=gof, wEAFA Y& MDHARS| ¥
o thekgt AEg Aof WhEEtha Ul A Qlrh(Leterrier
et al. 2005). & AEF 20] o3t MDHARS] Ha] Z7pi
EolE(Mittova et al. 2004), ¥ (Vaidyanathan et al. 2003)2}
W(Sairam et al. 2002)o]| A E 1% v} 9l o, of 7| A 9
AMDHARIS- A%, A3} A& AEw#| A, 18] 31 AMDHAR?
= A28 F 2EH A0 o Wa o] F7hst Y th(Mittler
et al. 2004). L2 HI7HA] A= o] et Ao gt
A= F2 APX B GR Gof 20| gh5oA Slgle
o, AFSAE g Ao tf gk MDHAR 2H8-710] B dS &
gk Aibs A9 gl Ao tH(Yoon et al. 2004). B £
o] 7Hg FHg AEAdol FH A o]&H AL =
Lo A, 2B A Hhgo] Hofshe AR 7 &
AL g S5k of 7)o = FAksE 54291 MDHARO]
T weba & Atol A AAA U (Populus alba
x P. glandulosa) 25-€] MDHAR (A& £ slo] 4
Aol e 25 EASASH, gt 2EH A A
glo] W FEELES ZAFSHAT

MNENZEZ SAA U5 (Populus alba x P. glandulosa)E
AT WA EE FAA LIRS Qo] A kel
CHChoi et al. 2001). AR 7] o] =&3t 0.4 g HAFA] vl o
AEE 100 mLo] & EhufoFu] A(MSE]A] + 1 mg/L 2,4-D
+ 0.1 mg/L NAA + 0.01 mg/L BA)9|| 3~43 71A2Z A
el oF sFth(Lee et al. 2005). A= 22+1°CQ] oFs) %
2720 pmol m’h)oA 120 pmoZ HAehujoF 3k
Northern blot 548 ¢J3) At = =joF 4, 8, 10, 12, 14, 16,
18, 20, 24, 26 9 304A ] A 25 Fsto] FAE S5t
3 A ze] AR kg 70°CH] BIEALE 2K Eo]
4 BAE skl 9, B7] 9 Welk 194 4EaRR
B, 2o 25dA Bresy sk

FEA AME 24

Ad % vk 8LA ] BAAT v QFA| A A &gt

mRNAE A}8-5}0] A ZHgE cDNA library 52 ©] EST (expressed
sequence tag) == A (Lee et al. 2005)S E3}o] A&
A H 1% MDHAR 34} 4-5/de UEl+= cDNA
225 Hursheth AU DNA 229 A4 AL 2
3} t}2 Vector NTI advance 10.0 (Invitrogen, USA)& 9]
stol o4 obuliAl A 2ASGT Sl 4
Al B2 Uniprot program (http://www.uniprot.org/align/) 2]
ClustalW algorithmS AM8-5}41 11, Phylogenetic tree+= MEGAA4.1
(http://www.megasoftware.net/index.html30)& A}&3}o] NJ
method = 2SIt ofm|=il A E FE4> of 7]
(Arabidopsis thaliana)®] AtMDHARI (NP_190856), AtMDHAR?2
(NP_568125), AIMDHAR3 (NP_566361), AMMDHAR4 (NP_189420),
AtMDHARS (NP_564818), H(Oryza sativa)©] OsMDHARI
(BAD46251.1), OSMDHAR? (XP 483751.1), OSMDHAR3 (XP_
467388.1), OsSMDHAR4 (XP_ 467387.1), OSMDHARS (XP _480126.1),
S Z & (Populus trichocarpa)® PIMDHARI (XP_002326252),
PtMDHAR2 (XP_002298535), PtMDHAR3 (XP_002299509),
L 4>(Zea mays)2] ZmMDHAR] (AY103967), ZmMDHAR?2
(AY107597), ZmMDHAR3 (AY106646)= A X5} t}.
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HAMA L} 9] Q) of| 4| MegaExtractor plant genome kit (Toyobo,
Japan)E AF-8-3F0] genomic DNAS 2| 3k%iTh 10 ugd
genomic DNAE A3t 4 BamHI, EcoRI ¥ HindllZ Z}
7+ A5 A5kl 1% agarose gelo] A7) 453t th&
capillary transfer W'*H © 2 gel 4}9] DNAE Hybond-XL nylon
membrane (Amersham-Pharmacia Biotech, UK)o] %1 o] A| i th.
Membrane2 0.1 mg/mLe] HAAE Ho] H4 DNA7ZF A7}
& 1x PerfectHYB plus hybridization buffer (Sigma, USA)j|
93 68°Cofl A 3087 A 2] it PR A @
AFAIU-E-2] MDHAR ¢DNA probeE 2 7}3t th-2 68°Coj| A
12A]7F &9t hybridization 3} t}. WH2-0] B membrane
2 0.2%x SSC - 0.1% SDS gHo 2 587 33 A3t ot
& Xray D50 =FA1 & dAdskith
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mm)& ek MS o] & Helstelk mE N¥e 3 Zm W D
‘:'J%Ei ARG, A5 ARE FA A Ao
7 T} 70°Co] RSt MDHAR RERI| 22| ¥ 7% 24

Total RNA+= TRI Reagent (Molecular Research Center, USA)
2 AFgstol A el ek Restgict 10 pge]  AECIA L€ MDHAR axier 4545 kol d
total RNAE- 1.2% formaldehyde agarose gelo| 27| HE o APAILHR B oFA 2 e 2] cDNA =
%It} Probeo] 3HAJ, hybridization X membrane washing S = PagMDHARI (Populus alba x P. glandulosa monodehy-
© Southern blot HAT} Eolst Wl oz A A5 AT} droascorbate reductasel)o|2} Y3t 1 EAS FHsl1L
A+ 5kt DNA H714 8 24 2t PagMDHARIEl Zio]

-

domain |
(A) PagMDHARL  — === m oo e e e MAGKSFKYVIIGGGVSAGYAAREFCK 26
PEMDHARL --MAEKSFKYVIIGGGVSAGYAAREFCK 26
OsMDHAR1 - ~MASEKHFKYVILGGGVAAGYAAREFAK 27
HARL MASEKHFKYVILGGGVAAGYAAREFAK 27
AtMDHARA = === === o o= e e e e e e e e e e e e e e e e M I AAGY] 25
HAR3 MASGSSISSNPMSFKHGLSLWCPQSSPLHRTLOSSPSSSIGFKTFFRNHVVAAS SSSFANENREYVIVGGGNAAGYAARSEVE 83
PagMDHAR]1  QGVKPGELAI ISKEAVAPYERPALSKAYLFPEG--TARLPGFHVCVGSGGERLLPEWYKEKGIELILSTEIVKADLAAKTLVSAAGEIFKYH 116
PEMDHARL  QGVKPGELAIISKEAVAPYERPALSKAYLFPEG--TARLPGFHVCVGSGGERLLPEWYKEKGIELILSTEIVKADLAAKTLVSAAGEIFKYH 116
OsMDHAR1 QGVKPGELAI ISKEAVAPYERPALSKGYLFPON--AARLPGFHVCVGSGGERLLPEWYSEKGIELILSTEIVKADLASKTLTSAVGATFTYE 117
ZmMDHARL  QGVKPGELAI ISKEAVAPYERPALSKGYLFPTN--AARLPGFYVCVGSGGEKLLPEWYSEKGIELILSTEIVKADLSTKTLTSAAGANFTYE 117
AtMDHAR4  RGVSDGELCIISEEPVAPYERPALSKGFLLPEA--PARLPSFHTCVGANDEKLTPKWYKDHGIELVLGTRVKSVDVRRKTLLSSTGETISYK 115
PtMDHAR3  HGMADGKLCIVTREAYAPYERPALTKAYLFPLDKKPARLPGFHTCVGSGGERQTPDWYKEKGIEMLYEDPVTGIDIEKQTATTISGKLLKYG 175

domain Il
PagMDHAR1  ILIIATGSAVIKLTDFGVQGADAKNILYLREIDDADKLVEATIKGKKNGKAVIVGGGYIGLELSAALRINNIDVIMVYPEPWCMPRLETAGIA 208

PEMDHARL  ILI IATGSTVIKLTDFGVQGADAKNILYLRE IDDADKLVEAI KGKKNGKAVIVGGGYIGLELSAALRINNIDVTMVYPEPWCMPRLFTAGIA 208
OSMDHAR1  ILIIATGSSVIKLSDFGTQGADSNNIL: VAAIQAKKGGKAVIVGGGY IGLELSAALKINDFDVTMVEPEPWCMPRLETADIA 209
ZmMDHAR! I I.LIATGSSVIKLTDFGTQGADSNNILYLRE IDDADKI.VAAIQAH( GGGYIGI.ELSAALKINDFDVTMVFPEPWCMPRLETAD IA 209
AtMDHAR: FLIIATGARALKLEEFGVEGSD. LADANRLATVIQSSSNGNAVVIGGGY IGMECAAS NVIMVEPEAHCMARLFTPKIA 207
PtMDHAR3 TLIVATGCSASRFPEK- —IGGNLPGVHYIRDVADADSLISSLEKAH-— KLVIVGGGYIGMEVAAAAVAHKLDTTI IFPENHLMORLFTPSLA 263
domain II
PagMDHAR1  AFYEGYYANKGVKIIKGTVAVGFNADSNGEVKEVKLKDGRVLEADIVVVGVGGRPLTTLFKGOVEE-EKGGIKTDAFFKTSISDVYAVGDVAl 299
PEMDHAR]  AFYEGYYANKGVKIVKGTVAVGFNADSNGEVKEVKLKDGRVLEADIVVVGVGGRPLTTLFKGQVEE-EKGGIKTDAFFKTSISDVYAVGDVA 299
OsMDHAR1 AFYESYYTNKGVKIVKGTVAVGFDADANGDVTAVNLKNGSVLEADIVVVGVGGRPLTTLFKGQVAE -EKGGIKTDAFFETSVPGVYAVGDVA| 300
ZmMDHAR1 ArmanmcvxImswmvsmm@wmmmcmmrwvcvcmnwnmsom -EKGGIKTDASFETSVPGVYAIGDVA 300
AtMDHAR4 RAKGVKFIKGTVLTS FEFDSNKKVTAVNLKDGSHLPADLVVVGIGIRPNTSLFEGQLTI-EKGGIKVNSRMOSSDSSVYAIGDVA 298
PtMDHAR3 QKYEELYQENGVKFIKGAS IKNLEASSDGHVAATKLENGSTIEADMVIIGIGAKPAVGPFERLGLNNSVGGIQVDGQFRTGIPGIFAIGDVA 355
paggumu TFPLKLYNDIRRVEHVDHARKSAEQAVKATKSNEEGKTIDVYDYLPFFYSRSFDLS-~—~——~ FYGDNVGDAVLFGDNDPASPKPKFGSY 384
PEMDHAR]1  TFPLKLYNDIRRVEHVDHARKSAEQAVKATIKSNEEGKTIDVYDYLPFEYSRSFDLS FYGDNVGDAVLFGDNDPASPKPKFGSY 384

OsMDHAR1 TFPMKMYNELRRVEHVDHARKSAEQAVKATIKGKESGESVVEYDYLPYFYSRSFDLG IQFYGDNVGDTILFGDSDPTSAKPKFGSY 385

ZmMDHAR1 TFPL!Q&YNELRRVEHVDH RKSAEQAVKATIKGKESGEPVPEYDYLPYFYSRSFDLA- FYGDNVGETILFGDSDPTSSKPKFGSY 385
AtMDHAR4 FPVKLF EHVDSARKSARHAVSATMDPIKTG---DFDYLPFFYSRVFAFS-——-— FYGDPTGDVVHFGEYEDG---KSFGAY 377
PtMDHAR3 AFPLMMRVEBVDHARRSAQHCVKSLLTMTSS—-——Y'DYLPYFYDKVEE!EUD RK" FFGDNVGETIQVGNFDPK-----IATF 438

Pa HAR1 WIKDGKVVGVFLEGGT PDENKAIAKVARV(

QPPVEN-LDVLTKEGLSFACKI
P HAR1 WIKDGKVVGVFLEGGTPDENKAIAKVARVQ
Q

ZmMDHARL GGS PDENKVIAKVAKTQP KKDGLQFAS!
AtMDHAR4  WVKKGHLVGSFLEGGTKEEYETISKATQL 'PAVTIDLEELEREGLGFAHTVVSQQKVPEVKDIPSAEMVKQSASVVMIKICE’LYVWHAATGW 469
PtMDHAR3 WIDSGKLKGVLLESGS PEEFQLLPELAKSQP IVDK-SKLQSASSVEEALEIARTSLQAAV-—— - —————————————————— ————————— —— 497

(B)

100 - PagMDHAR{
PtMDHAR1
AMDHAR1
ZmMDHAR2

Cytosolic
OsMDHAR2 subfamily
ZmMDHAR1

100 OsMDHAR1

AIMDHAR2
100 I—— AtMDHAR3 e
L I, N
AIMDHARY Membrane-bound
100 OsMDHAR4 peroxisomal
subfamily
a7 OsMDHAR3
100 ZmMDHAR3 —J

OsMDHARS
Chloroplast/

W ‘—‘j PtMDHAR3 mitocontrial
% AIMDHARS subtamily

100

lTi
Fig. 1 Sequence comparison of PagMDHAR1 with other MDHAR homologues. (A) Multiple alignment of the deduced amino acid
sequences of PagMDHAR1 with MDHAR homologues from Arabidopsis thaliana (AtMDHAR4), Oryza sativa (OsMDHARI),
Populus trichocarpa (PIMDHARI1, PtMDHAR3) and Zea mays (ZmMDHARI). Amino acid domains (I, II, II) involved in the
binding of FAD and NAD(P)H are boxed. (B) Phylogenetic tree of amino acid sequence of PagMDHARI1 with cytosolic, membrane-
bound peroxisomal and chloroplast/mitochondrial subfamily
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+= 1,535 base pair (bp)=, 23HA nucleotide (nt)of| A 7] A]
F=o] AAste] 1,327 A nto| Al FAE = 1,305 bp 2
°]9] ORFE 7HA= Ao 2 e th(Fig. 1A).

PagMDHARI (KC617869.1)2 4357 &] olu|iAto g I
AEl gzl ors 3t st P trichocarpaol| A R ILE
PIMDHAR1Z} 99%9] 7H & ofn|=it A4 5 d<=
Btk E3F ¥ o] OsMDHARIT} £2:2=9] ZmMDHARI
= 86%9 FEAds HAth

opuieit A E 4] 27} PagMDHARI-Z- 37]12] FAD/NAD(P)H
2% 9 Y(domain I, I, MI)o] HEE o] glom 7§ ofn]
L AFEE] 24 o}u]| k= AM7FA] domain I, 165 ofm] = ARE
B 182 o}u]:=A7}A] domainII, 287H o}n] - AMEE
299 of}u]| = At7}A] domain U7} Z A5} chFig. 1A). wh
2hA B Ao A B8t PagMDHARI-S- Yoon et al. (2004)
o] 4%t MDHAR 8 28] A2l §4 & domain I,
0, Mg 74As Aoz teby

E3 MDHARS E&H J99 ofu|iit AE AL
whom 340 1502 it 4 18 AZA 59
ZH(cytosolic subfamily)@} 72 EA|gelo] 3haty] LRE
Zt= whA3t HEAE 519 Hmembrane-bound peroxisomal
subfamily), 12|50 ofu] wuiero] SAHE FEE 2 o
Ex|/mE2=g]o} 519]% T chloroplast/mitochondrial subfamily)
o]thLunde et al. 2006). THl 2 A Z EA A7} PagMDHARI
2 3709 15 Fo| A X cytosolic subfamilyof <53} t}.
ESE P. trichocarpa® PtMDHARIZ} 714 =2 8- A4
£ YE A TH(Fig. 1B). PagMDHARI®] 43}+= cytosolic
MDHARE E 55 AEg Aof osf Wado] F7}s}H
FHNLFOR FH FEHE 8 AR v
2k WA wdo] glo] HalEof glth(Lunde et al.
2006).

o)

Tl

Southern blot 24

HAPALFES] Qo)A |3 genomic DNAZ A|3HE 4
BamHI, EcoRl ¥ HindlIl2 A3 Aotst o2, HIAL=
T3 A0| PagMDHARI cDNAS B3 08 AL&3}o]
Southern blot ©4]1-& A A5}t 1 A3} EcoRIC 2 ATt
3t & AFA] 9] genomic DNAO] A= 17 9] hybridized band 7}
o1& 3L, BamHI E= HindIZ2 A3t genomic DNA
o A= 2tz 270 9] hybridized band7} 221 = ¢l ch(Fig. 2).

B3t PagMDHARIZ} 99%9] 7H} =2 A4 A5
X PIMDHARI A o A &2 &RIE| §15z0l, PagMDHARI
LAY intronof] AStE A BamHIT Hindll A ehH Q]
7t 247 g A 2R AR ATt oS ige
2 PagMDHARI-S @AMA] Aol 1~2 copy7t ZAjate
Ao =M g o)W A7o| A PagMDHARIZ 2
o] cytosolic subfamilyol] 453} BcMDHAR 37 A7} v 5=

197
(kb) B ,E H

231 —
9.4 — | . T -—_—
66—} —
44
2.3 —
20 —

Fig. 2 Genomic Southern blot analysis of the PagMDHARI in
Populus alba x P. glandulosa. Genomic DNAs digested with
BamHI (B), EcoRI (E) or HindIll (H) were fractionated by
electrophoresis on 1.0% agarose gel. The gel was blotted onto
nylon membrane, and hybridized with P*-labeled full-length
PagMDHARI c¢DNA

o] Ao 1 copyR ZA|3tE Auprl B bl 9ot
(Yoon et al. 2004).

PagMDHAR1 SEXIQ| ZXSO|N ured

PagMDHARI 71 #}2] 22| 50]% Wdl & gQlsty
of WAL QL £7], e 2 Z3 Al - < 14
A o] N EZZEE total RNAE E2]|35}9] northern blot &
Mg AAsHTh 2 A3, PagMDHARI®) HE2 2Y
Wi FAI o A A YEFTH(Fig. 3A).

o]t th2 A]Eof| A K 1¥ MDHARY| %37 Eo|4
b= o2 AR, PagMDHARI T} 2] cytosolic subfamily
o &3t Hi5=2] BeMDHAR QoA o] d =gl
(Yoon et al. 2004), A 2] Y59 MgMDHAR-S ¥ 2]} £ 7]
oA =A wd Fch(Hani et al. 2011). E3F peroxisomal
subfamilyo] &3}= €739 MDHARIZ Fvfjol Al &2
a2 e 9 th(Leterrier et al. 2005). T3}, v OFA| 3 2]
Ao wjonbge] SubEs ek ofs) THkskssel
Aato]l Zz1E 4= 917] wfZoll(Legendre et al. 1993), 4l

T 1
ol
Qi

[e
J—
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(A)

PagMDHAR1

25
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5
0
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(B)

8888658

Cell weight (g)

Time after subculture (d)

(€)

8 10 12 14 16 18 20 24 26 30 (d)

Fig. 3 PagMDHARI expression in various tissues of poplar
cells during normal growth in suspension culture. (A) Northern
analysis of total RNA extracted from mature leaves (L), stems
(S), roots (R), suspension cells (SC) and flowers (F) of poplar.
(B) Growth kinetics of suspension cells. (C) Northern analysis
of total RNA extracted from the cells at the indicated times.
Full-length PagMDHARI cDNA was used as the probe and
ethidium-bromide stained ribosomal RNA (rRNA) served as a
loading control

B9l PagMDHARIO] WA Zo| A &7 TR ==
<= Hj g ol A A= AlStAE Lof o8 =
Ao o e

o foh

HH M| ZE HEZFT(0M PagMDHART "EAS| Ll

HAA L vl QA 32 0} A7) o A| PagMDHARI -7
AR W kS =l P7l HOPOJI At < ufek 4, 8, 10,
12, 14, 16, 18, 20, 24, 26 2 30217 o] A|ZZHE] RNAS
B22]3F t}-& northern blot F-4]1& A A|5F Tl FARA L
o] MiFA 2= A& vl A Ze] A A e S o
2} SAHe AAFAS YErY lch(Fig. 3B). o] wi$-
=9 FE717F i 8AA A A& e vjeF 8~ 16
dof| 27| AFAZ7IE HEHH AL o] F 22 74A] =
2 A st A A 719 o2 Aor UeKt &
=2 ApAE7I= JolEuA A Wol gokie] 44
Hw G2 7] o A= mhW FFEC] LA E L A EZALZE
dojutr] W&l Ao wE . PagMDHARI -7
= FE71 4dRE 7] ApAAT] o] HolE= v

—_
(=)

W S HESES ST AR e
Bl A1 7191 v F 304 7HA] A &Aoo
e S th(Fig. 3C). Lee et al. (2007)0] W= 3
I ek Ee] MEas] W @nld B4 AT f
719 MEol A DNA FH40] AojuaL, 27] A14A1%7]
of MEzEAs Aol YA eA doluetn muagch
E3L o] 7)7F Fetol gl 4 oAl Mo 24 Q1R translation
regulator) % iR st B {AHREQ Edo] A
Z7hete AL Slstqint wabA wj A E g 2] o)
e AEEAT 0 DNA Q4 9 chobe 4R
ol BAshE Ao 2 ofelg 2ATH= MDHAR
o] ascorbate2] BT} Ao eAst= AATE A
E80] $A5 DolLh A7le] $4F Ak B2
AU 2| 5}= Zo|t}(De Pinto et al. 2000; Smirnoff et al.
2001). Ascorbate©] 4+3}, 2Hl /el = A ZE L} AH, &
8] MEZF7|7F Ao 2N WA= ARIAE A0
943 o] 9ltHHoremans et al. 2003). wbA] PagMDHARI
§247 AEE o] FAFHA Lofihs FE719 27]
Aeng7)0] SEol BA dedsen Holu, o=
ascorbate @] 3AMA G20 ol Ao Z Tt o)

H MH‘
oZ’L [‘lo

el d

N
tlo \~> ne

>~

T o

=

o

AEHA HMElof T2 PagMDHART |TXIC| s

Al &0 4] MDHARZ AFStAE g Aof §E-3-6h= HAkst &
A2 A o 528 MDHAR {+-742H9] Whad o] gt vjAY
4 2B A0 oo FheiThal ¢ 3174 A THEltayeb et
al. 2007; Kavitha et al. 2010; Lunde et al. 2006). Th2}A] &
Ao N AEH A 9 ABA A7} PagMDHARI 974
Ao WRol WA dTE ZASAL. DA
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(A)
Con Man NaCl Cold ABA
2 10 2 10 2 10 2 10 2 10 (h)
- - B PagMDHART
(B)
Laminarin
1 2 5 10 24 48 (h)
—— - WD F2gMOHART
(C)

Wounding
0 3 6 10 48 72 (h)

Hg. 4 PagMDHARI expression under various treatment conditions.
(A) PagMDHARI expression in suspension cells in response to
mannitol (Man, 250 mM), NaCl (150 mM), cold (2°C) and
ABA (25 uM) for 2 and 10 h. Untreated control cells (Con)
were incubated for the same time periods. (B) PagMDHARI
expression in suspension cells in response to treatment with
laminarin. (C) PagMDHARI expression in leaf tissues in response
to wounding. Total RNA was extracted from the trimmed leaves
at the indicated times

et al. 2004), AR E AMMDHARIo] Ip& = drufjol A A
28 4 2EF 2 et Aol Srbskdlar, A4
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