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The differences of water use efficiency ( WUE) among three Populus deltoids

clones, and the cloning and characterization of related gene, PAERECTA

GUO Peng, XIA Xinli*, YIN Weilun~
National Engineering Laboratory for Tree Breeding, Beijing Forestry University, Beijing 100083, China

Abstract: In the many parts of the world where water is in short supply, plant water use efficiency, the ratio of carbon
fixation to water loss, is critical to plant survival, crop yield and vegetation dynamics. So much effort is being made to
reduce water use by crops and produce more crops per drop. Promoting plant water use efficiency is one of the most
significant strategies to save water. For the evidence of variation in WUE among species, cultivars and populations.
Therefore, it is of great significance to cultivate and choose good WUE clone. Populus deltoides is one of the most important
species for largescale forestation projects in china. However, the trait of high- consumption-water becomes the key limited
factor in the arid and semi-arid areas In our test, Carbon isotope discrimination (8C) is a measure of the *C/"C ratio in
plant material , and is positively correlated with WUE. We therefore examined 3" C to assess WUE in our study, the average
BC/"C of NE-19, R-270 and DN-2 was =29.732,-30.758 and -31. 606, respectively. For farmers and agronomists, the
unit of production (WUEL) is much more likely to be the yield of harvested product achieved from the water made available
to the crop through rainfall or irrigation. In our study, we found that the WUEL of NE-19, R-270 and DN-2 was 2.41,
2.12 and 1.98 mg/ml, respectively. Although WUE can be studied by many strategies, little is known about the genetic
control of transpiration efficiency Our interest has therefore focused on identifying genes whose function could increases plant
water use efficiency ( WUE). Thus, finding new key genes responsible for water use efficiency phenotypes is of great
importance not only for a better understanding of stress responses, but also for promising future crop improvement. The
ERECTA gene regulates plant transpiration efficiency in Arabidopsis. In our paper, A ¢cDNA clone, designated PdERECTA ,
was isolated from Populus deltoids. And the cDNA of PAERECTA was 2844bp and contained a single open reading frame of

948 amino acid residues. The deduced amino acid sequence of PAERECTA shows characteristics of a transmembrane

E&TE : HZEML 948" I H (2007-4-01) 5 FEIZ + 30" FHE SRS (2011 BAD38BO1 ) 5 [EI5 F #A 54 B BT H (30730077,30972339)
5 B H#5:2010-04-17; f&iT A #A:2010-11-12
# W IRAER Corresponding author. E-mail ; xiaxl@ bjfu. edu. cn, yinwl@ bjfu. edu. cn
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receptor protein kinase with distinct domains: extracellular domain; transmembrane domain; intracellular kinase domain.
To determine which type of stress could induce PdERECTA expression, total RNA was extracted from One-year-old NE-19
treated with various stress. gRT-PCR indicated that mRNA accumulation of PAERECTA was induced by low temperatures
salt stress, abscisic acid ( ABA) | Dehydration. In order to further determine the pattern of tissue specific expression of
PdERECTA under well-water conditions, different organs of were harvested for RNA extraction. In the paper, we also found
that PAERECTA was strongly expressed in top-leaves, weakly in immature-leaves but not in senescent- leaves and roots,

indicating its function in normal plant growth and development.

Key Words: ERECTA gene ; Populus deltoids ;1eaf 8 C ;water use efficiency (WUE)
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O BRREUT AR AR AL, SO A K A AR 28 % B TR RO, B mRE AR B (K 43 R FH &R
(WUE) & SE 3 FUHK 1 oo Fs e

KR A ( Populus deltoides x Populus nigra ) S 25 FE Hh X B3 A 0 58 58 A Tl M SR A 28 W 2
— B MR IR E G T VR R 36 U A T F T TR A SE PR RO B U AR A 1 48 B RK
fit o (HBERSEAA I AR AAHAE K AR, PR, SR g L AK AR 1 1 52 T B IXC 07 8 5 7K 40 1) FH &%
K (WUE) 5l RIS AR . 30 M5 R LA K 0 R RS R ) 22 51 (R AERR A% To bk 2R )2 45 4
TEIK I3 FISCR Y 22 S i 75 EEAIT 5T

Masle® Z7E 2005 4F 1 KAERI ST o & B ERECTA Wl 3Rk 43 R AR, R I 7E SBAs k58 i 3 A (i
FHRE  (HRXHZHE R () 3RB R R B A T 0 3R RARIE A . PRI | 38 3 9 5 X 1 R 1Y
FIRFFPEIEAT 30T BAG B XA T — 2D AT S DA AR Al B, Dol i 1A W) 2 - BB 5 A
e WUE R B ot RARUE S ) R A A
1 #RF7E =%

1.1 gk R Ak B

R AR L K22 = N7, g0 AR R B 345 4= 28 otk 3R, DN-2 ( Populus deltoides x Populus
nigra) ; R-270( Populus deltoidesxPopulus nigra) ;NE-19[ ( Populus nigraxPopulus deltoidesxPopulus nigra) ] ,

TEPERIARET 2008 4E4 H 1 HAR TR 205 30em, WA 25em. Hige LONHI AL (17 £3) 2070
(2 ) Fmet (1 ) IRAMIAR, HHEMAEKE N 20.82 % , £ Tok: R IHEEA/NAT 2/ AT REfR RS —3K,
REAAR 1 MR ER AR IR, 7 W5 30em B RIS 2 10 J 4550, #K50 R H 56 4 bl
P B, 1 FloK oAb 3R 5853 (oK AR 3855 7K 5 1Y 80% . Ak BRAETEPE &R 6 7, B IR BE/KAE
8:00—9:00 [H]5E AL, B A ML 1 UK, FEAMARIESR S LR,

1.2 W55k
1.2.1 WUEL /il

KK 7 B FHRCE (long-term water use efficiency, WUEL ) FJI5E . 2357 6 H A1 10 A, Bl /K56 1 46
HRNES SRS AT AR 0 D, 00 B 25 A B A 0 R AR R TR AR IR 3 Bk R TR, O BEAR
105°C A7 30min, 70°CHE = AE T HITT 3 22 — 2% V- R i, 9 i 3o 0 445 45 K 0 ) 26 9 6 1) R
ORI A= Py 5 25K Z I WUEL, & Z K A i 2 0 2 i THIBORFR , 07 mg/mL,
1.2.2 §°C MylE

FKIRIGZE A, AL A R AR T AR R 3 Bk BRI 9 it 2RI 3 it IR B R OAMLRE
H1,105°C A7 30min,70°C 46T 2 6 F I PR &, BF S o i, 28 5 iR R 58 il €O, , 35 B FEJE M2 vl 2B 7= (1)
MAT22251 BV AR [ 3E LA (S0 5 B A 1 €/ € ANER I R ABRE 9 1/1000 pamol , HARYE T i 28 3034
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8"C.
8"C ByE = ( Rp-Rs )/Rs

FH, Rp (Rs 73R Y 2 2URE 5 AR EAL A FE i PDB ( Pee Dee Belemnite, — RV HH ) D1 5% 1k
A, HBC &N 1.1124 %) 192 C/C,

1.2.3 PdERECTA SR [F]JE 7 k% & Realtime-PCR

(1) 5 RNA HyFEHL

A RNA (J4REUZ I CTAB buffer i 453817,

(2) H R R B30

PIAbSE A7 B R RHRBUE RNA, 522489 (TaKaRa ) i) & AT I F4 5%

i ) B R K 2 35 hitp :// genome. jgi-psf. org/#8 2 3| ERECTA [A]JE A X11001240, #1154 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)-3'7if# 4K . PCR ¥ KR N 94°C Smin, FAEMESG 94°C 50s,58°C 50s,72°C 1.2min, 3
35 MESH, BB TERES I PMD-18 R &R, Ml i B A: T A9 TR BRA Al 58 A%,

(3)realtime-PCR 43#7

43 HIEEHC DN-2 \NE-19 R-270 Tisnt 42 HUE RNA A6 5% cDNA, 20 5IHEHC NE-19 Tosgnt 2 it 9-
12 DJRET gt ARE RNA S SR cDNA

JE AL FE  ERHA . 150 mmol/L NaCl BE%E 24h; ABA 403H.200 pwmol/L ABA Wi, 4h J5 iU NE-19 f{nf
o WK BRRERRIR S TR DR AR | 25°C 0 8h B NE-19 (M- F, ¥kl B NE-19 AR IR 754 4°C
AEBR10h, 340 5 42 BOA AT A9 B RNA 5% 5l DNA T %€ % & & PCR 20 M, %55 519 ERS: 5'-
GCATATGAATGATGACCCCGAACTTGC-3'ER3; 5'-GCCTCCTCATGTTGTCTGTCGCAGA AG-3'#H1798)6E i PCR.,

2 HER5HH g 0 2.383£0.1180c
2.1 FARUK AL R R R K 5 R 3 g Sg[ 1700 2000E00N }
(WUEL) 2 5353 Hr g

(EFE AP RN R A Ktk ek So 07
WS, A6 A% 10 HZR SRR R 0 e N
NI REAK B B L, 0 T 4% JE b 2816 1) WUE 0% SRR R

Populus x euramericana clone

., Z5RE. LR 28 WUE ffE2 5, H NE-
19 5h & B (1. 973mg/mL) 3 R-270 K 2 (2. 066mg/
mL) ; DN-2 F/K (2. 383 mg/mL) (K1), Sater freatments
2.2 FOPBORLITRIER [ 6°C #2250 5091 SRMHRIN ¢ K030, 5 BHANER 0,01, IR oR R
FIHfaE ¢ MM ER(Pe/”C, 887 C) 5 3
Py 7K o R AR A AR SR A AH M | POTTRE ILAEAAR ) 7K o3 R AR B PEAG T8 B, & Al 0 9 7K 43 R T %
FRAFFT Fr RAE  HHK 3 R AR I G S T — 8 9 IR B R T B, v il 18 5 1 L RB IR A T Ik el
TR o R HECRIE R B SR . S50 & BUAE 78 43 DK AL 3, 7K 40 R AR B 1 i R ELP €/ C
H(E2) .,
2.3 FOTRRKAEEE TR R MR FEIN Z ALK 67 C M WUEL HAH 4 #r
WRF R AL (8 C ) AU BT HYDEA 1R R AL AE M/ CO, e 1 A —a fE g 15
IR R AR BAT IEAR DG . BRI, Bk [ 2 R AR FERE Y /K 20 R FRCR e v BT e RS L, 45251
RITAERRIT, 8°C 5 WUE 1E78 53 bk AT (9 BA ARG AR DG NI UE B ot R Z ] WUE 19 22 Sk
(K3),

Bl1 FHEKGETEMRE WUEL ZRHLLER
Fig.1 Comparisons of WUEL among different clones under full

http ; //www. ecologica. cn



3242 SR I S 31 %
FEEBHIOIER
Populus x euramericana clone
8.0 DN-2 R-270 NE-19
: s _ 300 A(r=08588)
2851 o g 25 4
. T290¢r H_E' > 2.0 .__‘_*/,—0—‘7/"
f&E 2951 RE LS
&5 300l T T3 10 ¥=0.2027x + 8.3644
=g 3 o - R*=0.7377
&S -305f gz 05 '
Mé) 310F T 31& 0 L 1 1 1 L 1 1
§Oo _31'5 -325 -320 -315 -31.0 -305 -30.0 -29.5 -29.0
- ’ I RERRALH 6°C
—320F Carbon isotope composition
-325L4

B3 FHRKGEBTREBRRMCEAM 67 C 1 WUEL BIHE%
k3 g

Fig.3 The correlation between carbon isotope composition and

2 EHRARETEERESVC ERMLRR
Fig.2 Comparisons of 6> C among different clones under full

water treatments
LHMER ¢ 1, B 0.0 AT R RS % WUEL under full water treatment

2.4 TEFRIPEIKALIET PAERECTA JERTE 3 D Tolk R H 1Y #3424 5

L9 E i PCR, & PAERECTA £ 3 4~ Jobk
FRZ Rk 22 5 5 HOR O R TR B 22 5 v — B0
(K 4), NifiifalUi ] PAERECTA 7Edb3E Bty ovk &b
HAMEMIIRE(E4)
2.5 PAERECTA 314538 K75 53 Hr

ZHEH cDNA 4K 2844bp, 40 948 R HEIR .
K5 B~ PAERECTA WIAZTT IR )T 51 A 5 1) 4 L R Y
B, LA R K R M R, ELA T e
1 3 A, Hor 12 AN 32 A X5 T 326 R DX 3l T Populus x euramericana clone
W DX, FCA AN 32 IR X IO i — R B B S R R El4 FEHHRKAIET PAERECTA ERERETLERZ EFRE
TREZH AV (81aa—492aa) ; BE IR X 35k (551aa—573aa) ; I E#  Fig.4 The expression of PAERECTA among Populus x
XI5 (617aa—883aa) , euramericana clones under well water treatment
2.6 PAERECTA R:RTEARRIA L Bkt

FIFHZE ) 5 4 R X PAERECTA 3£ N 78 NE-19 5 &S [F A1 21 () Kk Fe kil A7 i, &5 R 8w,
PAERECTA 7 T i v ek i ey, 5—6 UM IR 2, THRE T R &0 R rp 3 Te 63k, BLAAIZ LA (0 &
REA —ERHGERIE (B 6) o I3 SN A AR S R Xk
2.7 PAERECTA R:HTEARRIPA T BFRK 5T

FIHZE G E B AR XS PAERECTA B:[H NE-19 i R A [F] 38 vh i Rk R e A7 00 B, 45 R 8w,
PAERECTA B:RTEEE V2 K ABA ZbFRS R rh R Rb b . AU EE R 2 ZFh a5 (&1 7) . J35ME
Al it R AR Al SR X R
3 £i5itie

LI 7K ) Y58 3 2 W s iy S LR ) S AR RN 2 4 | 2 A SR Al & Joe 1 S s o in e EK 4y
PR E— D E R T E 2 A e bR, A2 NTE R R 52, [5) B, BREE R R i 45, JF H e
ZHN PR ZEAERR RS AW R 3 G e DR 1 AR K N TR, A PR 5k A AT R
AL T TR R (R FhaR AL A St BRI T LR R VR, R 5 R K o0 R BSCR A B
P XEK,

HEI K SRR AE R () AT 25 57 E IR ) (HFD N 28 AR IR IR A 2 . i WUE B 348 br Bl PR

g
=3

5| I

)
W

N
[}
T
—

—_
W
T

>
T
H

PAERECTAZE: H f AR X &
=)
T

PJERECTA gene relative abundance

(=]
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a1~ A TG TC TAT TAAGGAATCAT T TAGCAATGTGGTGAATGTGC TTC TTGACTGGGATGATGTG
I T M S x X E S F =S ™ ¥ % N W L L, D W D I W
&1 CRACARATGAARGATT T TTGTTICTTIGGCG TGS TG TG TTT TG TGACAATGTCAGCCTCTCCGTT
=1 H N E D F c s W R G W F C D N v S LS W
1z GCTTTCTC T TAACC TG TCCAATTITGAACCTIGGTGGTGAAATTTCTCCTGCCATTGGAGAT
a1 s L. ™ L s ™M L 0 = I = P A I S D

I
T TGAGAARCT TIGCARATCCATAGACT T TAAAGGGAATARGT TGACT GGT CALAT CC ChGHA)|
B M L Q = X D ¥ - A ES [=3 Q x » =

= x G < s . = = D X = D » X X = [ |

GACATICCCTTITITCTAT I TCCARGTIGAAGCAARCTIGATACCCTARAAT T T GAAGAR CANDC
o x = = = x

CAGCTTACTGGTCCCAT
QX Ed G ® x = = T X £y Q x P = I K T L.

C T T C

3T CT TAa|

rGTChAG|

CCTAGT)

AGT GGG

= x = ¥ x [ 5 Q W n T 5 = 5 [+] [ ]

CTCACCGGGAAGAT ICCAGAAGTGATIGG I T TAATGCAGGCCTIGGCTGT T T TGGATTT
TCAARGC TAAGC TACT TGCAAT IGAATGACAACCAGCTEGGTTEGGAAGRAATTCCTCCT

A " o X oD W0 I W G __B_X_ B

CTTGGGATGC TCGARCAGTIGTITTGAATTGAATC T TGC TARTARCCATC zGCCccc|
G T . = Q i = = T L Y Y @ L = > = |
AT TCCOAACAATATCAGT ICT IGCAGGGCTTTGAACCAAT TAAATGTATATGGTAATCAG
X W _®W XS S < _=®B_&A L W _Q L W _ W __¥ G __® ¥

TrIGAGTGGAATCATAGCGTCAGG T T TCAAGGGTCTTGAAAGTCTGACT TACCTAAATCT T

Exramx T T rTocAnRCGATTICARAAGGCAGTATTICCTATTIGAGCTGGGACACATTATCAATTTGGAT
EFea == = = = » ¥ x ©_ s X P X ®E I G _H_ X X = I D |

A1z01 ACATTCGATCTICTICCAGCAATAACTTI TITCGEGEGCCCATTCCAGCTICTATTGEGTGATCTE
@03 T I b _ 1L s =5 ®W =\ ¥ _ s 6 P _I P _ A = T G D L

1=6a CAGCACCTICTCAT I TTGAAT I TGAGCAGGAATCATCTTCATGGAAGGETTGCCAGC T Gan|
[a=a = = I I X I ®W ¥ s ®» ¥ H L H <G R L P A E

13=21 TTTGGGAATC TAAGAAGCATACAAGC TATAGACATGTC TTTCAACAATGTGAC TGGTAGC
as ¥ S ™M L B = I © A I D M = F N N YV T G =

1381 ATTCCAGTGGAATTGGGGCAGTTGCAAAACAT TG TTAC TC TGATCC TGAACAACAATGAC
asl1 T P W E L & © L & ™W I W T L I L ™ N N D

1a4a1 TTGCAAGGAGAAATCCC TGATCAAC T TACCAATTIGTTITCAGCC TTGCCAATTTGAATTTC
ast ] L. o S E r P »pP © L T ™M < F S L A ™ L ™ F

1501 TCATACAARCAATTTGTCAGGAATTGTGCCACC TATTAGAAACC TGACAAGGTTTCCGCCA
so1 ElaE I L s & T W P > T ® ™M L T R F P F

1561 GACAGTTTTATTGGARATCCTTTGTTGTGTGGCAACTGGTTGGGATCAGTATGTGGCCCT
sS=1 D s F I & ™M P L L < & N W L & = W < < P

I

1sz1 TATGTCC TGAAGTC TAAAGTGATC TTCICTAGAGCTECAGTTETCTGTATCACGTTGGGA
sSa1 ¥ v L K S K W I F S R_ & b W ¥ _C X T I G

ET-EN E W w I xS M W w W W I ¥ kK s M oa »r Ok <o 7

17a1 TTGATAATGGGATC TGACARAACCC TACACGGTCCTCCCAAGC TTGTAGTCCTTCACATG
Ssa ] I, r mMm & = » ®K T L ®H < P P K L YW ¥ L ®H M

1sd1 GACATAGC TATTCACACC TTCGATGACATAATGAGGAAC AC TGAGAATTTAAGTGASGAALG

so1 D r ~ ¥ ®H T F D pD I ™M B ™M T E N L S E X

1861 TATATTATAGGTTATGGTGCATC TAGCACAGTATACAAGTGTGTGTTGARAAATTCCCGA

s=1 ¥ I I & ¥ & A = 5 T W ¥ K < W L K N S R

19=1 CCACTTGCAAT TAAGCGACTC TACAATCAGTACCCATACAACTTIGCATGAGT T TGAAACT

sa1 P L A~ I ®E B L ¥ ™M < ¥ P ¥ ™M L ®H E F E T

ox

1981 CAACTIGAGACCAT ISGAAGCATCAGACACCEGAATATAGTCAGC T TACATGGT TAT GCA|

661 = I ® T X X S T ®B_HM_®_W X W S I H G ¥ n

[Foax cCTATCTCCTCGTIGGGAACCTICTCTITICTATGACTATATGAAGAATGGTTCTCTGTGGGAT
s X = = = G = X I = = o =  »a = B = = 3 = D

2o C T TCT ITCATGGATCATCCAARARAGGET TAAGCT TGACTGGEAAACARGAT TAAAAGTAGCH|
Fox L. I M ©6 s s X K v XK I D W ®E T =R _ L X WV &
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