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WE AR EHYIK S FIHACR (WUE) BASE MK E R E A TRV REEEFBEZ —, fEXHEY WUE AR ZSHR T %
R ZE A T B (HIE 5 50 T A W) 28 T B R HR R R NS 98D . WKSEAS (Populus deltoidesx Populus nigra) j& £
JE b DX 3 AR A S R T AT SR A 2B R 2 —  IRAESRIR E B3 T Vr 200 R MR SEAS T 2 A T8 3l R AR Y
A F I BASR G Y 2B AL e o H R FE K 5 1 Bl s BR A T — 2D Jl i BE RS i H R A RREEA TP 4R B — A
FIRETAIE WUE (EER-PAEPF1. 9O0EBRIIH LWL T X 4R, YO BRI RVIZILRZ ABA #h % T RE
a3k, HEVRES RIR WU PAEPF1 3L AL TR FIAR viAg Rk, UM It B3R 3E , sebe 218 sh 70 #r
RMZR ST A Z T RN (drought response elememt) , 75 % 5 Wi I JC/F (GA response elememt ) , {8l 11 W TG A ( cold
response elememt) , ABA Wi 3 TG4 ( ABA response elememt) S BT A S FIAE TR,
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The cloning and expression of WUE-related gene ( PAEPF1) in Populus deltoides %

Populus nigra
GUO Peng', JIN Hua', YIN Weilun®,XIA Xinli®, JIANG Guobin" "

1 College of Environment and Resources, Dalian Nationalities University, Dalian 116600, China

2 College of Forestry, Beijing Forestry University, Beijing 100083, China

Abstract; Water-use efficiency ( WUE) is crucial to plant survival, yield and vegetation dynamics. Many researches
trended to reduce water use by more crop per drop. Althoughmuch progresses have been achieved in determining the
physiological mechanisms of WUE, there is few report on the genetic controls of WUE. The first gene ERECTA, which t
promotes WUE, was shown to decrease stomatal density and be involved in the positive regulation of photosynthetic
capacity.

The EPIDERMAL PATTERNING FACTOR 1 (EPF1) gene identified in Arabidopsis is expressed specifically in
stomatal cells and precursors. EPF1 controls stomatal patterning through the regulation of asymmetric cell division, its
activity depends on the TOO MANY MOUTHS receptor-like protein and ERECTA family receptor kinases, suggesting that
EPF1 provides a positional cue interpreted by these receptors. A mutation of EPF1 results in increased stomatal density and
violation of the one-cell-spacing rule ( clustering of stomata). However, there is no report on the relationship between

AtEPF1 and WUE.
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The cottonwood poplar, Populus deltoidesXPopulus nigra, is one of the most important species in large-scale forestation
in China. However, its high water consumption is a key factor limiting its growth in arid and semiarid regions. Identifcation
of genes increasing WUE in this species is important for understanding stress responses and improvement of this species.

In this study, microarray analysis between poplar genotypes NE-19 (P. nigrax( P. deltoidesXxP. nigra)) with the
higher WUE and DN-2 (P. deltoidesXP. nigra) with a lower WUE ,was performed. PdEPF1 from NE-19 ,one of the WUE-
related genes, was identified, strongly expressed in immature leaves and roots, but not in senescent leaves, functional
leaves and the stem. This gene is strongly induced by drought, abscisic acid and high salt levels, and enhanced by
gibberellic acid. To unvarel the mechanism responsible for the inducible expression of PAEPF1 by different stresses, a
1090-bp PAEPF1 promoter fragment was isolated by the adaptor PCR with reference to the transcriptional start site
determined from the PdEPF1 ¢DNA sequence. The PAEPF1 promoter contains CAAT and TATA motifs located at
nucleotides =204 and —35 relative to the transcriptional start site, respectively. Each of these motifs has characteristics of
eukaryotic gene promoters. Interestingly,, the 1090-bp promoter region contained several motifs based on the computer
prediction, such as a W-box (a GA-responsive element) , an MYC binding site, an early response to dehydration binding
site, and a controlling guard cell-specific gene expression binding site. This indicate, that the stress-inducible expression of

PAEPF1 is regulated at the level of transcription.

Key Words: water use efficiency; Populus deltoids; PAEPF1 gene; stress

KA A: AR o EEAE T, s e M R R TR Y R 2R At FESZ A Y 2 A
R~ oK 43 B 2 T i iR G e 1 L — U0 s D B R, BEAE N 3G, Tl Ak T AR i e DA
LA s kAU AL A AR T RS dR s, FIE 2 —A K BT IR AR B = B9 1 2, ARMRHTK & 2B
FHKBEIRM 70% AiAv o BRRICTAR AR Rt LS A& R 73 A it 28 B IR A IRFE S A AR
B K53 FHRCR (water use efficiency, WUE) J& AR SEELAE 9775 /K Y HU AT T FTAE!

KR ARG ( Populus deltoides x Populus nigra) 52" & B i X 38 A 09 50 58 A Tl M SR L 25 W Fh 2
— U MEARRIRE G T VR 2 R 36 U B A O M AR 4 TR A PR MO C B AR I 1 22 TR
tii o (HERFEAG I BN EFEAR AR, PRI, BRI AK I3 A 1 52 1 5l X B v 7K 20 ) I8
H(WUE ) M5k FOR AR . RS TEE BT I, O 4 2P S ) Rl 22 1) L B Te M R 22 8] 7K 43 R FH A%
75 BIR RIS FI RS 7 AR W2 07 T RTS8 0  ERECTA SR 7E 2005 47 15 AR LR T 1
S BRI R A A K o R SRR LRI S 0o R AR AL 85 AR R e A O R i 1 BRI Z A, LR T
AtEPF1 B RE A% A AL B2, R 4% WUE  (E3Z035 PR R B WA R i) & AR A A ) B R 8 30 oK L 4
B, ARSCHICEE T 3 ADTCIERZIN K 53 IR 22 5k o 3 7 2ok LSS R FoR Se B 31 17—~ 50K
SRR AR B -PAEPFT JEH , JFXHZEE P 5 T Rk FAH ke e MR8 AT 1 407 .

1 #RF7E
1.1 ke S b B

R AE A s ROl R 22 iR = AT, RIS AR R BR 24 24 28 To 1k 3R, DN- 2 (Populus deltoides x Populus
nigra) ; R-270( Populus deltoidesxPopulus nigra) ;NE-19 ( Populus nigrax( Populus deltoidesxPopulus nigra) ) ,

JotE AT 2008 4F 4 A 1 HATHBE T, H M 30 em, W25 em. BEFR M MIAL (17 4) 40
W2 By FxE ) RGN 20. 82% , #% ToiE R A B/ NABT RS ] REOR K —
WA AR EFTR KR TR, 7 AT RIE 30 em BHFGREEKIRE E 10 A458, #KR5R 57
SFEHLCH BT, 1 FoK oAb B . 5853 oK R T 5K B 1 80 Y%, NI TTMER 6 A, BRI BEKTE
8:00—9:00 [MI5EAL, 4 H AL 1 U, FE 5 PRUEFR 23 B L
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1.2.1 WUE, Byil&

KK 43 F FHBCR (long-term water use efficiency, WUEL ) B2 . 40 507E 6 H A1 10 A, BIFEAGR IS T 4R
RS FUG PEAT AR I, 052 B 45 A B 45 Ta M R e A K A S BT R 3 bk, 3 e AL R 105
CAT 30 min,70 CHLEEE T /02— T8RN KP-FREE, FH 8 2 0 A5 45 K 0 (e) A e 1) BB, 45
KR AEY RS Bk R Z LRI WUE, B2 KA i 20 2 5 Y iR 3R, 5407 mg/mL,
1.2.3  PdEPF1 JERBFEHF G A HAR

FEPR R B B R4 K 3 P R A

(1) 5 RNA HYFEHL

B RNA 4B IRks 1Y CTAB L5,

(2) H 3 TR B0 e

PLERZERZ M Fr A RHE B RNA, FH 52458 ( TaKaRa , R ) i85 & (7 RO 5% . 183631514 GP1 ;. 5'-
CA(C/T) CA(A/G) A(G/C) TGAAGC (A/T) GATCC-3' and GP2: 5'-GGAGG ( A/G/C) GGCAT (A/G/T)
ATGTCAT(A/G)-3' 353 PAEPF1 K 4K . PCR ¥ A R AR (25ul) , PCR §" 14 [ W 2T K .94 C 5
min, WiZAEME)G 94 C 50 5,58 °C 50 5,72 °C 1.2 min, 3£ 35 MER, HEH B S B PMD-18 K&, F5
W5E A T AR TR IR A R SEK

(3) realtime-PCR 43#T

43 4 HC DN-2 NE- 19 R-270 Tyt LA & NE-19 2t 9—12 Difent it MR A FHEIUS RNA,
S SRR cDNA

XFF PAEPF1 SEH R80T, I 3 MR K BRI BR EAG B AT 5T, $hAR3 K 2 L Wk 300
mmol/L NaCl fUERIA R HEATHEHE , FE23 BIHE 0 2 4 .6 1 12 h f5 BURLH) TS 1 3 v TR A P, RS 7E-80 °C it
IR IKFE AR . T RARH KA PIWEE B T E 4 BT 5, I 046 0.1 .2 .4 8 h i HR I
Ui T A, ARG 7E-80 C IR VKA IR FE 25 H] . ABA ABFERH] 250 mmol/L ABA (R W 47 4k 34!
1.2.4.8.12 h,7E-80 CHAKIRIKAE TIRAE4 . GA AEFERFH 200 wmol/L ¥ B B 7 W HE 4T Wit 23 S 76 O
min 0.25 min 0.5 h.1 h.2 h fiHEGEY M sk TRAE SR 7E-80 C B (IR VKA R4 H .

4300 2 At 7] 9 B RNA BB 5 A cDNA HH F 2 6 a2 i PCR 43 #r, H4s 51 X i ERS. 5'-
GCATATGAATGATGACCCCGAACTTGC-3" ER3: 5'-GCCTCCTCATGTTGT CTGTCGCAGAAG-3'

1.2.4 PdEPF1 33 3R wilk

FRAE BSR4 1 JE R 20 )7 9 B B e 52 5 | A BR e A SE TR 21 L s Bz SR IR 1 s 3 7 LA S5 [ xRy
PER5:5'-GAATATGTATTATTACACCAAACATAC-3’ PER3: 5'-CACTACTTATGATGT CAGTAGATGTTG-3',,

2 ZER551
2.1 R[EDK AL IoPE R K K 73 R HARCE (WUEL) 25 55007

Bl K RN, WUE, 223 EFH s, [W—oK 38T, Jotk R H WUE, 225 3 (P<0.01) ,%5
R NE-19 7EFTA KA HL S B AR (FE TS50 5 /K P BE il ™ 5 5 i A 30 K o R RG340 1) ok
2.41 mg/mL.2.53 mg/mL.2. 61 mg/mL),R-270 X Z (2.12 mg/mL.2.33 mg/mL.2.25 mg/mL) ,DN-2 ffik
(1.98 mg/mL.2.02 mg/mL.2.25 mg/mL) ,

2.2 FIRHSHEAR PAEPF1 FER B34S

J T IHBRANF A REA Z )35t A5 25 5 AR SCHkaE T ACREASAH A% DN-2 1 NE- 19 52 B BRUES Fr H AR i i3
BB, Z5REW] PAdEPF1 FERRRIA S WUE FHCEK, 43517 6 A 18 ATE WUE =i R-270 & & PAEPF1
FER AR B, WUE K9 DN-2 §h & PAEPF1 BRI A AR (& 1), Real-PCR 25 H 53
PR F (R 4085 SR — 350, T % 45 R B A T Sk
2.3 RN PAEPF1 SRR AV FE R 1Y 7 571

XFBRSEAS PAEPF1 BRI AT R 5 A SR 1 7 5110 5 43 Hr 4 SR 6 B PAEPF1 LR 4t 360 MR,
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120 MEERR , o BA 7 MERE R E R (K 2) . 7
AR SCTRIE W30 R 2 FR A (7 5 3 B A 4 - b
FEWNEM, REIT EPF1 52 waE WIE N2k
MR G AMARE H . HAEHY) &8 ot i
BEK, T RILNEE M,
2.4 PdAEPF1 JER A KGR
R T WiE PAEPF1 FE R A SURE S IR REAE 3R
I R BT BRSE AN R L LU s i, Thpgnt, &
25 MR, ME AT LUE Y PAEPF1 3 R TE R
AR RIA S (K 3) XA RERIZEN S5 T A 0 s wn
KA BHEFE, RT-PCR 5 Real-PCR 45 H—, e
Populus deltoides X Populus nigra
2.5 Bk PAEPF1 FEPHAEAS[E) W0 Ab B R 1) 32 35
50T
FIHDEGE B AR N PAERECTA 2 NE-19 §h & %mﬁ%ﬂi .
Fig: 1 comparisons of microarray of PAEPF1 gene between DN-
TEA R 38 o B FRaR R AT 40 M. 45 R WK, 2 and NE-19 done
PAERECTA J:AEEE ¥ Wi7K (ABA ZEFRGI R ARR M BRI AR B E AR R R
eI, WHZEERZ 2 aET (K 4), Boh
FATHEHo At 5 R AT Z XA . RT-PCR 5 Real-PCR Z5 3 —3(,

1 ATGAAGATTTTTGTTGCAACATTAGTCATTGCTCTCATTTGTCTTCCTACGGCCATTTCC
1 M K I F v A TUL V I A L I €CL P T A I S

PAEPF13LRMIA #2352

Raletive abundance of PdEPF1

B 1 PdEPF1 EREEREARMESETE DN-2 1 NE-19 TR

61 GCGAGGCACATAGGCAGGCCACGAACACACCATGGGCACCACCATTCGACACGGTCTCGA
21 A R H I G R P R T HHGHHH S T R S R
121 ATTAAAGATGGGACGGTGGCACAACCCAATTTCTACAGGGAAAGATGGCCAGCAAAGAGA
41 I K b G T V A Q P NF Y R E R WP A K R
181 AGGGGCGATACTGTCCAAATTGCTGGATCAAGCTTGCCTGATTGTTCTCATGCATGTGGG
61 R G DTV Q I A G S S L P D C S H A C G
241 TCATGCTCACCATGTAGACTAGTAATGGTCAGCTTTATTTGTGCTTCACTTGAAGAGGCT
81 s ¢ s P CURUL VM VS F I CAS L E E A
301 GAGACCTGTCCCATGGCTTATAAATGCATGTGGCATAACAAGTCTTATCCTGTCCCATGA
101 E T C P M A Y K CMWHNIK S Y P V P =x

E 2 PdEPF1 EREKZEFERF I RIEMNNEERFT T
Fig.2 Full-length nucleotide and deduced amino acid sequences of PdEPF1

2.6 RS PAEPF1 S 3118751 534

2P AR T R2Y 1300bp K/ IR R BL, 2 Be & A BLAL Y TATA-BOX ,CACA-BOX “§JTfF; 75 4b
FRYERAF TN, PAEPF1 35 R )5 8 1 & 4 Z M do i A8 3¢ i g B Jo 7, AL 45 + 5 10 B J6 7 ( drought response
elememt) , 7R FF 2 Wi W G ( GA response elememt ) , fH iz i )37 JC 44 ( cold response elememt) , ABA ﬂ[’]}_“fﬁﬁ:
( ABA response elememt) %, 53 SN FRAT RS8R 1 43 il S AL A= 4 B9 10 B TTAF ( stoma response elememt ) , 3%
— PR T H AT BRI AL A
3 itig

7K 43 ) R 3550 22 € oy B LA ) JELARL AN | R S ol Al & R A S A ) BT AE ™ (K 43
PR R — DR T E 2 A e R, B2 WTE R R [—Jﬁfﬂiﬁﬂf)‘liﬁﬁﬂf Jt Hid
ZRNWR R BAERRE" A Tk E b i R B R K TR, A R P 5 o A e AR TS R
SR T AN E"J%L,fﬁﬁ“ﬂﬁﬂ@l” AR e L R ) 1 A B R AVE O 1B 2 i 7K 0 ) T SR AR A 4
Pt SCE R FRATT I B RT3 s e PR T BRI AL 56 R A 7K 40 R I3 1% AR R ik B A 1
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Fig. 3 Tissue-specific expression of PAEPF1 under normal conditions in Populus deltoidesxPopulus nigra
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Fig.4 Expression Patterns of PAEPF1 in Populus deltoidesxPopulus nigra. Error bars represent SE for three independent experiments
LHFELE 3 W

FEAK 3 R AR AE RN B4 2 5 L RE T ERR A 22 S M T BOR AR E . il WUE ELHER AR E 2
PR Ay B AR RN AR A RIS 2 B[R] (6 3 UE ] 1 AL G A 7R JOME R Z A7 AR 25 57 o 3 o Wi 28 i /K
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-1090 AAAATTAAAC ATTATTATTA GTATTAGTAT ATTAGTATTA TTCTTAATAT TAGTATTATT
-1030 ATTAATATTA TTATGATTAT TATTATTATT ATCATCATTA TTAATATTCT TAATATTAGT
-970 ATTACTATTA ATATTTATTA CACGGGATCA GTTTTACCAT GTCAGCACAC CCATGCTATC
-910 AGCAGCAGCC AGTCATTCCT CATGCACAGT ACTTGTGTGG CTGCAACGAT GGGATACACG
-850 GGAACAACAA TAAAGAAGGA GACGACAATT ATCCATGAAG GCGCAGGGAA AAGAGTAAAA

TAAAGSTKST1
=790 CAAGTTCATT TAAGCCCCAG GCCTGACCTT CACGTTTATG GCAGGCCTTC ACAGTAGTCC
WBOX  AGCT
-730 TTCACGTCTG TGAATAGGAA TAGGAACTTC TCTTCTATAT ATTTTTTTAC TGTTACACGT
AGCT MYC
-670 EAACTAGCCA ATTTAAAGCT AGAGTAC GTGGTATTGT TCACTCAAAT ATAGTAAATG
TAAAGSTKST1 MYC
-610 CGCATAAAAG AACACATTCA AATGAATGTT GTGTCATGAT TTGCCCACCT AGATCCATAA
MYC
-550 TTCTTCTCTT TCTGGTCAAT CTCTTGTTAC TATCTCAGGC ACATAAATGA ATGCTGGTCC
-490 TCTAGATATG TAGTTTCTGA ACCCTTACGA GGAATAATTG GCTTTTATTT CATTAATAAA
-430 TCACTTGCTT GGCTTAATTT GTAGAGAGAT TTTGTCATGT TAACGATTTG TTGGCCTAAT
MYC
-370 TCATGACAAC TATTTTGCTG AATTTCCCTC CCAGTTTCTT TTTTCCTTCT TTGGGGCCCG
W BOX Pyrimidine BOX
-310 TTTGCAATTT TTTTGTGGGT GTTTAGGCAA GTACCAATGC AGCTATAGAA CATTTTGCAT
-250 AATAAAAAAA GAAATGGACG GCAATATTAG T@TATCC AGAEGGT CAGTAATACT
W BOX CAATBOX
-190 AGTTGACCAT CCAGATGTGC AGCTGTTTCA TGTGTTGAGA ATTGAATGCA GTATTCAAAC
WBOX MYC MYC MYC
=130 TGTACTTATG ATTTTAAATA TACTTCTGTT GAATGTTCAT TTAAAGCTTT GATGTGTGTG
TAAAGSTKST1
=70 TGTGTGTGTG TGTGTGTGTG TTTTGATTTA TTTTCATGAA CTCACCAAAA CATGTGAAAC
TATABOX MYC
-10 CTTCATAATT AAGATAGCCG TGGATCATGT GAAGTGTATC AGGTGTACTT CCATTTACAT
+1
+50 TTAAAACCGA CCCCTTTCCC TCCTTGTAAA ATTTATATAT TCAGCTACTC ACTTGTCAAC
LTRECORE
+110 TCCACTCAGC AACTTCTTTC TTGCAAGATC TCTTCTCTCA CATTTCTTTT CCTTTTTTAG
+170 GATTTAAGTA TTTCTTGATC AAGTTTCCCA GAAGGAAGCA ATGAAGTTCT TAGTTGGAGC
+230 CCACAAATCT ATGAAGATTT TTGTTGCAAC ATTAGTCATT GCTCTCATTT GTCTTCCTAC

M K 1 F V A T L VI AL I CL P

B 5 PdEPF1 E£EE3F7 PLACE $iEE BIR(ER TH
Fig.5 The cis-element of PAEPF1 promoter in the PLACE database

M HRCR R R THZHFBI(E 1),

F1 3PREFHEMER(DN-2,R-270 NE-19) Z KK ST AREE R LR
Table 1 Comparison of WUE, among different Populus deltoidesxPopulus nigra clones (DN-2,R-270 NE-19) under different water treatments

b F THFR A=Wt/ mg FeK/mL K5I B/ (mg/mL)
Treatment Clones Biomass Water deprivation WUEL
FLArBEK DN-2 2.37x10° +3000B 1.20%10° +5000C 1.98+0. 12C
Water well R-270 2.59%10% +2000B 1.22x10° +4000B 2.12+0. 14B
NE-19 2.96x10° +3000A 1.23%10° +6000A 2.4120.16A
R a DN-2 1.51x10° +1000B 0.75%10° £4000C 2.020.06C
Moderate drought R-270 1.893x10° £2000A 0.76x10° +6000A 2.3310.1B
NE- 19 1.897x10° £1000A 0.75%10° +7000BC 2.53+0.08A
JeHE a DN-2 1.01x10° +1000B 0.45%10° +5000C 2.25+0.1C
Serious drought R-270 1.16x10° +2000A 0.46x10° +6000A 2.5410.12B
NE-19 1.17x10° £1000A 0.45%10° +8000BC 2.61+0.08A

* Z T HECR ¢ K056, B KN 0.01 R FEEFR 26 57 W 2

AEPF1 ZERERIRE IF e B A0 5 3L & & UM G e A B, B i 360 AR B4 A, 7B R
ERECTA 1 TMM 3N K RS 32 AR B BL A , X F ol A8 S FL 25 #a i PR 3 A 9 i e & e J1 VE AR B I
¥ ERECTA JEPH O 9% UF B AT DL & Al 9 1 7K o0 R 0%, TR AE R i L IR F 5T PAEPFL JE TR R
KU AR R FAR KB T —A T RESE HK R ZCR G AEPFL R RIJRSER , %R 360bp,
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%ifith 120aa, HS5PIFEIFPAY AEPF1 AR EFEEN: . HEIERFEIRES 52% , i1 24 7 AR
IR, AHOCSCHRIE B X A SR AE (5 5 i Sl B b B T B WE M . XS /R T PAEPF1 E g —Ff
/Ny T REULER HSP 488 1 —FEEA 7 FAEB AR, i 55 80 8 (1 00 A AR AT el A HoAg 42, 1k T
MU G (B LR 2) .

R T2 T ff PAEPF1 JERAE S[R30 4548 B 3R 3K , B A RT-PCR FI#EOtE i PCR ik X B
PAEPF FEH FEEAT T 08T, I A RDE N—4FEA4: R-270 fh R P3RS, IS AR, 255
Bl PAEPF1 7EAGIR , 5, SR AR B 38 vh 338 S 34 7H 5 (B AE ABA Zb3irh PdEPF1 JE R B 3R 378
8h B FNWEAE , BEIIZ LN 2 5 TIKEE ABA i8R M55 80, fedhhin b BT PAEPF1 JEH 95 T 3% 55
WA, A0 HE 4h A2 0A mak B i KAE, 20 6 BEAE Y 5 45 76 T 20 BE T, PAEPF1 PR JF IR 1 B D i fR
R HALHE 6h J5ULIAR TR IR R RE (L X ER 4 £5) XRS5 TBSERIEH . 78 GA 43
T, PAEPF1 SR ik 2h Z WA BIRAME, R T HATRS S TRYNAKES (K 3,E4),

DA 2 30 o BIF 5 A ) 0 R s I 77 A 1 5 R Of i e e 00 1 e 36 [ 88T, AR T 530 3 & 7 A O 178 35k PR O fie
XA I, BORHEPTIE F A — S SR B R AR
Bigh B sOMOl R A WA B R BE S Bl
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