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Abstract Dormancy-associated protein (DRM) is involved
in the dormancy physiology of plants and is conserved in
almost all plant species. Recent studies found that DRM
genes are involved in the abiotic stress response, and
characterization studies of these genes have been conducted
in several plants. However, few studies have focused on
DRM genes in woody plants. Therefore, in this study, cDNA
coding for DRM (PagDRM]I) was isolated from poplar
(Populus alba % P. glandulosa), and its structure and expression
characteristics were investigated. PagDRMI encodes a
putative protein composed of 123 amino acids, and the
protein contains two conserved domains (Domain I and
Domain IT). PagDRM!] is present as one or two copies in the
poplar genome. Its expression level was highest in the stem,
followed by mature leaves, roots, and flowers. During the
growth of cultured cells in suspension, PagDRM] was highly
expressed from the late-exponential phase to the stationary
phase. In addition, PagDRMI expression increased in response
to drought, salt stress, and treatment with plant hormones
(e.g., abscisic acid and gibberellic acid). Therefore, we
suggested that PagDRM!1 not only plays an important role in
the induction of dormancy, but also contributes to stress
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irilenko et al. 2007). 4] &2 37 AE & Ao tf gl
T R A7 ol dA A e R
¥ (dormancy)< A BlgkTt. o] of T SEo] H]AY
20k FH Ao Tl o AZ oA Halg
(Lang et al. 1987; Rae et al. 2014). |+ A A8 7| &
of Yol A= FH A Tolga} FA o o
H[ A &2 AE Y o) Wh-3-6f= - Abof| gt A7t
wo] o] F o]z 1L I tHGovind et al. 2009; Hwang et al. 2005;
Lee et al. 2013; Ueno et al. 2013).

Dormancy-associated protein (DRM)& 30 Al of W& o] &
Lo A AR, FEFolA AS HilEglr
(Stafstrom et al. 1998). DRM - AR} = 22 FHAE o] 9l =
of ofof| A BF& &t (Kebrom et al. 2006; Tatematsu et al. 2005),
we A Eo| A o] FH, 0] 4%, EAe] dol 12 7 4
Abof| o dl= A 0 &2 H 315 ¢l tH(Soeda et al. 2005; Stafstrom
2000; Tatematsu et al. 2005; Wood et al. 2013). DRM &7 &} 7}
A g AEYARESS 2= A0 2 G A HA T
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3 A BOIA o] §AHe] W B4 o] Bhika] o] Fol 7] 3
Qlt}. =, DRM A A= o 71 A ol (Rae et al. 2014), vl 3=(Lee
etal. 2013) 712] 12 W (Govind et al. 2009) 5 2] Al Eo] A A
Z, 4,44 D54 T A EH AE 2of Whg-ho] W
A= Ao g Huwgrh ol det A= DRM - A7t
Al g0 AEFT oA dojubs FH B oY BlAEA
AE A RSO o] Q= S 9| gttt whebA
o fAA WHS 2AYO RN HFE EYT 489
A S EA shdA 84 AEH Ao g WA
YEo] 7t Ao R 7t il ¢t} (Rae et al. 2013; Soeda

A EA T Z AR YT (Populus alba x P. glandulosa)S At
$5hel 0.0, WjoFAI i BAL L0 QJof 4] $E 3fsict
(Choi et al. 2001). A 2] 7] o] =23} 0.4 ¢©] B = 100
mL | AeujFuf o] 3~43 1kA 02 A e sttt
(Leeetal. 2005). A 3£ +=22+1°C 2] ¢F3t 332 A (20 pmol m'zs'l)
14 120 pm2.2 kvl SFSATh. A R AL 9
3| Alt) T ujoF4, 8, 12, 16, 18, 20,24 2 26 4 O] A T2 2]
S} tHLee et al. 2007). 22 5ol £42 9]0l 9, &7
W el 1A AR R 2R, 20504 R A
HSHATh BE AR 2] A Aol A7l Thg -80°C0]
R

A 22 & oMttt ME 24

U QFA S of| A 2] 2F mRNAE AHE-5Fof A 2HgF cDNA library
8-l ] EST (expressed sequence tag) S 2 E4](Lee et al. 2005)
= &5to] AlEof A BilE DRM {3449 A5/ & YE
W= cDNA 225 Adstqich Al e cDNA 229 A4
A7) dS A A3 thS CLC Main Workbench 7.5 (Qiagen,
Germany) & ©]-&3te] o4 ofn| At A GE& 2 ASHS T
Thul ) o) A=A A2 Uniprot program (http://www.uniprot.
org/align/) 9] ClustalW algorithmS A}-8-3}-9 11, phylogenetic
treex= MEGAA4.1 (http://www.megasoftware.net/index.htm130)<

A}-8-5}o] Neighbor-Joining B 5 © 2 A4 5191 o}
Southern blot &Ad

DNeasy Plant Mini kit (Qiagen, Germany)S AF&5}0] & AFA]|
L} 9] 9l of A genomic DNA S H2]3}93 T 10 pg 2 genomic
DNAZE A3t 4 BamHI, EcoRI, HindlIl 2 Xbal © 2 747+ &+
23] A3} AT} 1% agarose gelol] 7] 453t t}-2 capillary
transfer B © 2 gel A 2] DNAE Hybond-XL nylon membrane
(Amersham-Pharmacia Biotech, UK)o]] 1 o] A] #1 T}. Membrane
£0.1 mg/mL 2] HAEH ¢10] A4 DNA7| H 715 1x PerfectHYB
plus hybridization buffer (Sigma, USA)o]| & 11 68°Cof| 4] 308
7+ A A7) &4t o2 mAE AAF2] PagDRMI ¢cDNA
probe= A 713k tF& 68C o A] 124 7F %t hybridization 3}
At HH-3-o] T membrane2- 0.2x SSC - 0.1% SDS £ ©
2152733 A3 tha Xeray 5ol =417 3 A4
shlch

jus
4

4B ASHA o S22 2

iy

T,
=
=

[ P 1 TR
| <2

71 Z (mannitol, 250 mM)2} & (NaCl, 150 mM)
ZF A 2] g b2 24 2FEE 10A] 7F 5-0f) A =2
A2 e 5 flaf A7 Sl e 4t
| 2o} ) %) 2] &% 7} oF2oCT} HA AS
2417V} 10417 S0 5 of 3k e 4]
S8 ZAsE7] Y5lo] salicylic acid (SA, 20 uM),
abscisic acid (ABA, 25 uM), jasmonic acid (JA, 10 uM) %
gibberellic acid (GAs, 20 uM)E Z+Z} wlj &F vl x| of & 7}5}ar
0.5 Z 10417 Fofl Al 25 3] =3} Aok o 2= 5 L3 ol
FAZE obF-d A glo] A7 = Z242) 3]sl Qi &
ARSI E O R FIYSLG AL, I A B SA A
o] 49 o2 -80Cofl Bta}qict.
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Total RNA &£2| 2! Real-time qPCR &4

RNeasy Plant Mini kit (Qiagen, Germany) S AF-8-5} ¢ total RNA
£ 2731} 10 pg ) total RNAE- 1.2% formaldehyde agarose
gelo] 7] 453}l t}. Real-time qPCR £4] of] A}-&-3F primer
= Primer3 3 & 713 (http://fokker.wi.mit.edu) & = A A 3} At}
PCR Z-ZAHE ) S 3t W EE 0 2= actin 44}
= Ah8-5} 9 THKim et al. 2011). PagDRMI 9-7 71 ©] PCR =
o] &= Au}3H5-ATCATGCCAGGAACTCCA GGGA-3') &
AH}EK5-TTCGTCTCTCCACTGTACATCCAG-3') primer S A}
8okt Actin §2249] PCR S&& 9ot g
-GCCATCTCTCATCGGAATGGAA-3") & A=18K5"-AGGG
CAGTGATTTCCTTGCTCA) primerZ AH8-3}31th 1 ng ] total
RNA 2 52 E| cDNAE 34 513 tHRNA to ¢cDNA EcoDry premix,



J Plant Biotechnol (2017) 44:69-75

71

( ) Domain I
PagDRM1 [MV L LDKMWDDVVAGPQPERG - LGKLR - K|l STRPLNIKDIDV - == === -===cunu-- GEGSSPVNRFQRSMTMPG - - - = === === ===~ 57
PtDRM2 |MVL LDKMWDDVVAGPQPERG - LGKLR - K[ISTRPLNIKDIDV === =========uz=- GEGSSPVNKFQRSMTMPG - - === == === === ~- 57
PDRM3 [MSL LDHLWDDTVAGPLPENG-LGKLRKKPSYGLRSNSGKESDGSGGSVMRSY - - -GGEATTEETKKVTRS IMIVRPPGY = - = = == === = = 75
AtDRM1 [MVL LEKLWDDVVAGPQPDRG - LGRLR-K[I TTQPINIRDI === =-===cunmmecnn- GEGSSSKVVMHRSLTMPA-AV - === -==numn-- 57
AtDRM4 [MGL LDHLWDDTVAGPRPENG - LGKLRKHHTFSFRPSSGNDQSEAGSA--RSY- - -GEDSLPEEAVKVTRS IMI IKPPGY - -~ =--==-- 73
OsDRM4 |MG L LDQLWDE TVAGPRPDSG - LGKLRNYYAQGGQLEEASPETQDGH- - RRRAGGRRRRRAE KPHRLRLGGHQFVGPMNYSATQRGEKVLKN 88
OsDRM8 |MGL LDQLWDE TVAGPRPDSG - LGKLRKY/SSFSPSSPSAA-AAAPG- - - - - Temmmin.s APPDAPAATVTRSITIVRPPS------- LSV---| 68
Domain I
PagDRM1L | = < == === <o -- TPGTPTT--PVTPTTPVSARSNVWRSVFHPGSNLATKT IGAHVFDKP-QPNTPTVYDWMYSGETKSEH---R 123
PDRM2 [EEEEEE TPGTPTT--PVTPTTPVSARSNVWRSVFHPGSNLATKNIGAHVFDKP -QPNTPTVYDWCYNGAWE - - - - - - - 119
PtDRM3 | - - -QNNGSSA--TPPASPAGSTPPVSPFSAE -SPFGFEEG----- - FRREAT ==t RRQPRVDPEFLLLLTAND---1 134
ADRM1 [ == === oom= oo - SPGTPTT--PTTPTTP--RKDNVWRSVFNPGSNLATRAIGSNIFDKPTHPNSPSVYDWLYSGDSRSQHQWIK 125
ADRM4 | - - -Q- -GSSA----PASPAGSTPPLSPFSPPLSPFSANAGGKEPFRFRRRSTSDAFEKAAGGSETGPRSSPP----- - TYG- - -M 140
0sDRM4 (KON NG S R G = = o= e ISMTKEA---S 107
OsDRM8 PSPRGGGGEYSSSVPSSPASA--PDSPFASATTPKG-DSWRRLRRKPKTATDAAPEAAAAVGPRSPTVYD- - -WVVISSLD- - -R 144
(B) g9 PagDRM1 n
48 PtDRM2
AtDRM1
82
EC) AtDRM2 Type |
100 L ADRWS
66 OsDRM7 —
OsDRM4 —
a9 AtDRM3
55LPtDRM1
%5 OsDRMS8 Type IT
= ————  OsDRM2
= AtDRM4
o PtDRM3
99 PtDRM4 —
01

Fig. 1 Amino acid sequence comparisons of PagDRM1 and other DRM homologues. (A) Multiple alignments of the deduced amino
acid sequences of PagDRM1 and DRM homologues. Amino acid domains (Domain I and Domain II) are boxed. (B) Phylogenetic
tree based on the PagDRMI1 amino acid sequence and DRM sequences from Arabidopsis thaliana (At), Oryza sativa (Os), and Populus
trichocarpa (Pt).The DRM family proteins used in this analysis include AtDRM1 (NP_001154378), AtDRM2 (NP_850220), AtDRM3
(NP_175809), AtDRM4 (NP_849820) and AtDRMS (NP _199243) from Arabidopsis thaliana, OsDRM1 (ABA95234), OsDRM2
(ABA95871), OsDRM4 (NP_001061955), OsDRMS5 (NP_001063265), OsDRM7 (AAL78369) and OsDRMS8 (EEC83671) from Oryza
sativa, and PtDRM1 (XP_002304241), PtDRM2 (XP_002305123), PtDRM3 (XP_002319507) and PtDRM4 (XP_002330171) from

Populus trichocarpa.

Clontech, USA). PCR ZZHF-3-2 93] PCR Master Mix (2x
SYBRGreen, BioRad, USA)2] ufj i+ of whz} ¥H-2-A| F T} &=
ZHhE-2 AAZE RUE o] 75 PCR 53 7](CFX96
Touch™ Real-Time PCR, BioRad, USA) S A} 95°Cof| A
3EZF13],95°C 15%,60°C 152 12|31 72°C 202 9] I} A4S
408] 12| 3 72°CO A 1083F 18] AASEGATh #4230
2o pastaa, 4 AR A ] f A IRy
¥l ol uteh Ao kst chPhattl 2001).

21 9 0¥

DRM1 |EAfel 22| & +Z A

FHARA Y5 vl R A 3 &2 &) cDNA library of| A A19HSHEST
24 2ol DRMI $H712] DNA 22& Aersisit

(Lee et al. 2005). 0] & PagDRM] o)2f W3}l 1 EALS T
w3191k DNA 6 7] 4 & 4] 27} PagDRMI ] 20| = 674
base pair (bp) =, 16 A nucleotide (nt)o]| A 7§ A] Z=0] A| 2}
5}o] 384H A nto| Al A &= 369 bp 2 0] 2] open reading
frameS 7}A| = A 0 2 el th PagDRMIL- 123 7] 2] ofn
LAS g A E thal A oF 5 31|, P trichocarpa®l A
H 1% PIDRM29} 97% 9] -2 ofn|le Al G A5 S B
oA THFig. 1A). E 3 1] 9] OsDRMSTH= 69% 12 1 of 7] &
) o] ADRM4%}= 62%9) A5442 BTt SHH Populus
euphratica®] XM_011029490.1 2 XM 011029491.13} Z+-z}
99%31 979 0] A% A4S ek 9 Eh(A T )4 A,
DRM thuf & of| = 270 9] ® &% < (domain 17} domain IT)
o] 2R ALY T2 17]2] B2 o(domain [)o] A3}
Ao g2 & A Qth(Kim et al. 2007; Steiner et al. 2003). o}u]
WAL 4 2] 77} PagDRMI o= 191 o 1 ALE-E] 264
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Fig. 2 Genomic Southern blot analysis of the PagDRMI in
Populus alba *x P. glandulosa. Genomic DNA digested with
BamHI (B), EcoRl (E), Hind 1l (H) or Xbal (X) was fractionated
by electrophoresis on a 1.0% agarose gel. The gel was blotted
onto a nylon membrane and was then hybridized with P -labeled
full-length PagDRMI cDNA.

OFH| l=AF7HA] domain [0] E A 5}aL, 455 ofw] i AFELE] 115
¥ o}u| L A7FA] domain I 7} A5t A o2 Ve
DRM-2 domain -3 o} o}u|le Ak A & £ of whe} Type [}
Type I 2 JE3FcHWood et al. 2013). THal A o] &¢I 317
24 23} 2 @170 A 2] 8 PagDRMI-E Type Io] % 3}v],
P. trichocarpa®] PIDRM2&} 714 =& G AT A & el 9}
th(Fig. 1B). 82| 2+ 1§ (Type 17} Type IT)o] 42) 4 7%
off thafAl= b2 7kA] i ghs] BFa A A ghthWood et al.
2013). 3+ Liu 5(2011)2 Type I ©H¥8 & Q1 Populus trichocarpa
o] PIDRM29] 61H, 63 18] 3 7087 923t gy
(T, 7%, T™)o] 5h 2 o] ¢l4ks} 2§ of Fojghe} 11 . 18}
T}, 22 Type 5] %:5H= PagDRM1 3 T2} 9] Ade_DRMI
(Wood et al. 2013)0]| Iz o] A Fo] Z HEL o] Ql=AHAO R
spols] 91,

Southern blot &4

HAAA L] Qlof| A 2%t genomic DNAE A| $HA 4 BamHI,
EcoRl, HindIl 2 Xpal © 2 L4 3] A3 o}-& HhALS F 23
A0 PagDRMI ¢cDNAE B3 © & AF8-3}¢] Southern blot
A& AASHI T T A} EcoRl = Xbal 0 &2 A gt &
AFA] L5 9] genomic DNA O A += 17l &] hybridized band 7} &
ol & A th(Fig. 2). BamHl E+= HindlI2 A3t genomic
DNAoJ A= Z+2t 271 9] hybridized band7} -0l %] Qo m,
PagDRMI 47} W= A9 4 Hind Il HEHR917} 3
N EA stoiek o)) AutE 12 5to] PagDRMIS AAY
AIR2) A0 12 copy7t E A 5H A 0 2 BhekE ek

12

10

y. M. s R F

Fig. 3 Tissue-specific expression of PagDRM]I. Total RNA was
extracted from the young leaves (YL), mature leaves (ML),
stems (S), roots (R), and flowers (F) of Populus alba x P.
glandulosa. Error bars show the standard deviations of the
expression levels.
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PagDRM1 A2} 22 Eo0
HARA O] 9, 7], 5
2] 5} ¢ real-time gPCR &
o] Whel-2 & 7] o Al 7%
A o] PagDRMI 7 A}2

IS gelst7] 9]sho]
HE total RNAS &
Fa ot L A3 PagDRMI
EblthFig. 3). o1d Sl
&7)zoz vng 27
Z 71014 108 = 7+ = o,y 9 ZoA= 7t
Z4u) ol 9] &8 R 528 dehy et

HFF O PsDRM2= %£7], 9 W e o A A T = ¢
31 (Stafstrom et al. 1998), 5~4=2] sbDMR1 -F- 7 A= A o}-o] A]
=& 9H-S YERY Sl th(Kebrom et al. 2010). E3t, v} =9
BrDRMI 73 2h+= B2, A< 9 9 thoFeh 27]38 5ol A
tg o] =2 Ao 7 H 1% vl QItH(Leeetal. 2013). DRM &
AR 2 FuAE of ol olojo] A wHHthn ool
UAITE 7L 9O T2 2 A oA T = A7 of 2 A&
o 4 RILE et o] el g 2342 Botol DRM S A7} 2
X Bolx o WshA gkou], £ Ryt 244
e o2 e o,
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tlo
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HYFM| 20| WEFTI0IM PagDRM1T REIRIS| A

QAR W QpA|E 0] 5710l 4] PagDRMI 57 7k2)
AL BUABH] SAskol 2 A7) P TR e
RNAEZ ¥2) ¢ T& real-time qPCR .4 41 4|5} ch. A}
A9 P 2719 o] o] HjoF 8 ~ 160] 2]
718 AN F A7)0 o 2= A8 hopH| L] HF A
Q1 SAHg A=A LERUY 9l TH(Lee et al. 2007) (Fig. 4A).
PagDRMI 871 322 A4 7)o] st 1695
B o] Z71stel 317191 weF 200 ol /14 &
AL e, 26070 B2 W £ 2 A3kt
(Fig. 4B). @AFAILFR 9] B o] o] 4 &= £ 7] DNA7H
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(A)

Cell weight (g)

o 4 6 8 10 12 14 16 18 20 22 24 26

Time after subculture (d)

4 8 24 26 (d)

(B)

Relative expression level
o - ~n w -~ w o ~ ©

Fig. 4 Expression levels of PagDRM]I in poplar cells during
normal growth in suspension culture. (A) Growth kinetics of
poplar cells in suspension culture. After sub-culturing, the fresh
cellular mass was maintained for 26 days. (B) Expression levels
of PagDRM]I during normal growth in suspension culture. Total
RNA was extracted from cells at the indicated times

=L, 27) A7 A 2R o] s
o] Fo] Xt} o] & AR 7]of o] = v A 9] ¢Fto] 1
o] AAFo] A &) = thLee et al. 2007). DRM 84 =} 2] &4
2 AE9 THAZL dE o] 9] o (Rae et al. 2013),
PagDRM10] 2§ A 71| A &=A] Wdsth= A& Sl o] 4
A7} M| 2] et 9 A AL I o A ojf= g of] B
oA Ao 2 g gl

HFF oA Al A uhA = e %] PsRPL27 7 A1€)
gl o] Z71e uff PsDRMI 7 219 ¥hd o] A 7H4x5}3d
© ] (Stafstrom et al. 1998), ¥l o A A A A7)l G17]
9} DNA E-A| A 7] ¢ S7] ol AdDRMI1 3 A 2} 2] vh&l o] Zha
5= A0 2 UEFGTHWood et al. 2013). whafA] & o319
A 223t PagDRMI 9] @ o] Az g do] gihs] dojut
= Al7loll YERUA] R o, A AYAo] H A B = Al 7] o
F7het Ao 2 wekE i) o] 23k A2 AlE o)A § 9]
w3}, 5 WA 32 o] A AR(programmed cell death)Q} T+ ¥
AR o] vl QA L O =317 &, A 7)o W H
Th= H 3119} A 2] 8}= A o] th(Correa et al. 2008; Hosseini and
Mulligan 2001).

HIEN AE A B AE 32 AM2(0f TE
TR &

PagDRM1 &

Hes 2F T BHH 222 44 W5 =4 2 &

¥

=)
N

.

T} WA A A &7 of 283k Gepstein and Gllick
2013; Pnueli et al. 2002). Al &2 DRM G A A= T HZ A o
of g 2 ol iz} chobal W EY AE 20 oA =
F& o] Z271skthal & A QL th(Hwang et al. 2005; Lee et al.
2013; Stafstrom et al. 2000). wh2kA] 2 Ao A= v Y& 3|
LEH X A7} PagDRMI Ao R of A= F&F
2 ZASH] 993Fe] A Z(mannitol, 250 mM), 3(NaCl, 150
mM) % A2(2°C)Z A 2|3t vjFA| L2 E| RNAE &
3} t}-2 real-time qPCR 42 A A5}t 71 A3} ARA
2] o] &J i A= 24 7F 2-of W o] F7}5h7] Al Ao ﬂﬂ
10A17F S0l = ok 45 2 A A 3] =2 HE-S e
o, d A 2Tt A= & 2] 241 7F $-of] 4ulf o] o] 57}
£ UEt SITh ¥H, A2 4] 2] o osfj A= o ZFol&
Holz] oFSIthFig. SA). o=|dt ATt AT
PagDRMI S AR 7} Az} I AEH A0 vh-3-31o] Hhgl

o] Z7Fek& &ju| gttt

At Az Aol o3t DRM 7429 Wdl 5 7h= ol 7]

At (AtDRMI.1, AtDRM2)o| A = R 115 H} Q) Th(Rae et al.
2014). E 3} H] 3= 0] B-DRMI (Lee et al. 2013) 7} -2 0] AhDRMI
SARE QT Az 93] Fo] Z/H5H= Ao 2 Lt
3 tHGovind et al. 2009).
A9k @ AEH 20] W §H719) Ak ABA
L5l thof3t Al ES 2R ASHYARE &3
=702 ool A QeHSuzki2016). Tk B oo
AAFA LM O] v FA| L o] ABA, GA, JA 12| 1L SAE
A 2| ]t b5 PagDRMI 73 A1) W of w2 = 9o
AFSEFQIEE T A3 ABA | O] sl Af = A 2] 0.54] 2 %9

of 2uf o] F 75t 1AL, GA A 2] o A= 10A] 7t 39

o] 3.14 & Z7}3} 9 t}(Fig. 5B).
Az o 2EY A0 ¥hgshe A 7 - ABA Al
A 2ol Qs 24 )= 7| &bo] 2 & e A] ¢l tH(Shinozaki
and Yamaguchi-Shinozaki, 2000). ABA o] 2]3F DRM 37z} 9]
Wby 271 = 9F%= 3 (Stafstrom et al. 2000)T} E U} E(Vriezen
etal. 2008)o| A H 1=t HFF 9] PsDRMI L 2 A2
3t} §AF5H ABAC ] 3 kel o] Z7F5HA] B GA ol o 3)
A= W85 ] &FQFTh(Stafstrom et al. 2000). L2 L} off 7] A
t ©] ADRMI.29} A(DRMI.4'= GA 0| &} 8] &l o] 7+ 46}
Ao 2 et Rae et al. 2014). WA GA A 2o &
PagDRMI -7 0] U0 T} 2 A B of A B % DRM &
Az H el 540 2= 2ho] 7} Q= Aol oh. W, JA ] &f 3
A= A9 0.5A1 7| Al PagDRM1 8] '@ o] LA 342313
=l JAS &3 DRM -8 2} o] Wl 2= off 7] A off of] A
= 2 115 v} Q) th(Rae et al. 2014).

o) 432 3ok o1 Akl 5-& DRM § 1417} Thop et v 4
%14 /\Egﬂ/\ ol /\] L _@:E’Eoﬂ rﬂol_o:] Al ‘joﬂ u;]‘a]- E}E

rlo

"U

mJI, rd

BN

= o go N > omx

rﬁL rsi %N N rlr i) mlm
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Fig. 5 Expression levels of PagDRM]I under various treatment
conditions. (A) PagDRM]I expression in response to treatment
with mannitol (250 mM, Man), NaCl (150 mM), and cold (2°C)
for 2 and 10 h. Untreated control cells were incubated for the
same time periods. (B) PagDRMI expression in response to
treatment with plant growth regulators including ABA (25 uM),
JA (10 uM), SA (20 uM), and GA (20 uM) for 0.5 and 10 h.
PagDRM1 expression levels are presented as relative values
when compared to those of untreated controls. Error bars show
the standard deviation of the expression levels.
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