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B E:UBHEHFRAESSNBRETESLL WA HHELTREESAE 12 h REE RNA,RT-PCR @ 5%
EE2MHERN IEA3 BANSREEMNLFRBIERT . £F 85 .Sk 14 8 LEA3 BEEHEREFI 2K 254 661 bp #1
694 bp, H A EE TR 14 89 LEA3 BAXFRBIESK 639 bp, RV 23 M EEMBRENBHR LKA HINE
2 UM EEBRREARWNRTRETHFF . MRELH 8 SH LEA3 ZARE 5L BB/ 33 bp BHES,
BECABENER FABNEARUMIBHCE 4 MFETFI G M EEHRTETHIAR., —FE
DNA 5EERFF) LW RBEMES TN 94.38%F 92.02% ., ZERIESHFERFNF RS2 IEAS HREEARTE
RENBELER BUREEAEHNNER T B EYHTREFT L.
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Cloning and Sequence Analysis of Novel Drought-Tolerance Gene Coding LEA3
Protein in Tibetan Hulless Barley
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Abstract: Late embryogenesis abundant (LEA) proteins were major group of proteins that were prominent in the stress
response in various organisms including plants, algae, yeasts and bacteria. LEA3 protein was hydrophilic and accumulated
in higher plants under conditions of extreme desiccation, during the last stage of seed formation, and during periods of water
deficit in vegetative organs. In the present study, the most contrasting drought-tolerant genotypes were screened for
comparing the differential sequences of gene coding LEA3 protein in Tibetan hulless barley, based on scoring of water loss
rate (WLR), maldondialdehyde and proline measured. And Dongqing 8 with the highest scores and Pinbi 14 with the
lowest ones were selected for analyzing the differences between the genes coding LEA3 protein in Tibetan hulless barley.
Total RNA of two selected barley cultivars was extracted after treating with dehydration for 12 hours, and the first strand
cDNA was synthesized by mRNA reverse transcription based on the primers designed according to the homologous sequence
from Hordeum vulgare L. regiesterd in GenBank (No. X78205). RT-PCR products of gene coding LEA3 protein were
cloned to pMD18-T vector. The bi pMD18-T plasmids, inserted interesting gene, were identified by PCR and
restriction digestion, respectively. Results of sequence analysis revealed that both genes coding LEA3 protein contained

entire open reading frames. The ORF of gene coding LEA3 protein from Dongging 8 was composed of 606 bp, contrasting
with 639bp from Pinbi 14. Accordingly, the deduced LEA3 protein in drought-tolerant genotype, Dongqing 8, was
composed of 202 amino acid residues, while that of 213 amino acid residues in drought-sensitive genotype, Pinbi 14. The
deduced LEA3 protein in the most tolerant genotype contains 8 repeats of an 11-amino acid motif that form amphiphilic a-
helical structure, accordingly it shares the same characteristics as the third group of LEA protein. Comparing with LEA3
protein of the most sensitive genotype, the deduced LEA3 protein in Dongging 8 was absent of the fourth motif because of
absence of 33 nucleotides. In addition, there was a mutation of 6 differential amino acid residues appeared between in
Dongging 8. The polarity of LEA3 protein in drought-tolerant genotype could be stronger than that in Pinbi 14, due to those
6 mutant amino acid residues. Respectively, both materials shared 94.38% and 92.02% similarity by DNA and amino
acid sequence homological comparison. In the present study, differential number of repeated motifs was related to the most

EGWE: BRAABEESTA (30270830) ; F EAHEB-FEE R EEESESA M THZA" AA R0 E

EEMAr: &NI(1969-), 5, D%, BRI A UHI, B304, %k - Y15 . Tel: 028-85232103; E-mail: pengjiagiong@ 163. com
* il .7 # ( Corresponding author) : RABE(1957-) , 7 , N LA, BF R MG H 4 ST, &k A YR 1E% . Tel: 028-85229053;
E-mail: yumq@ cib.ac.cn

Received (WA H #1) :2006-04-07; Accepted (#:3 H #): 2006-07-12.



w2

B A% . AHETRIES ZAFRNEERNARSIFR 547 293

1
b -5

ing dr

genotypes in Tibetan hulless barley. The differential hydrophilic capability of LEA3 protein

could be related to differential number of repeated motifs, mostly to the polarity of mutant amino acid residues.
Accordingly, it was suggested that differential configuration of drought-tolerant proteins may be contributed to capability of

drought resistance in plants.
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HEHEYEREFBRMETEAD (lae
embryogenesis abundant proteins, LEA proteins) & #f 7
REEHFEN —R I THRREK, XXERS
YW RKEFEDHEL, THYHE TR BE.ABA
B ESHEF . WIERERF 6 R EE
MIFEMFFIRIT, LEABHEY M4 8, kA%E
K3 ( Hordeumn vulgare L.) B HVAI R &R K #E
ABEIH LEA BH(LEAS BH) B¥SHLE
NN EERH B RTETFE S
(TAQAAKEKAGE) , %% 75 FF 5 Al & SR 36 1 o-3B
ShH, 7EFE 4 40 B K B4R R B OK X B9 3B K
B, HRIAN LEA3 BEHERMNELRBARE
—%*ﬁ%m&ﬁ%iﬁﬁﬁm*ﬁ*,]wapmkuh 206l
Suprunova ¥ HIE LY BHWES S5 LEA2 &
HMIEA3BEHERSVEESNBRABRESR X,
Babu %' B 5E i $ Kk HVAI K RS IE ST LEA3
BEORERERPIIE,

FEERHEYAFHEIEREYEIEZ—,F
BB ER = ERN A ELEBTRR
FHHMAERRETERAEE LM, BT NEER
BERMEFRT R KKk FRA R EE g2,
ERRENERTOREEYZ - EEEMXHE
YRBEPEESTHANER, BER, FRNES
FARBARRELZAERABZIAER ., &5
RUBARERAIME EREH L EMNERM L, 2%
PITRET AL, #H RT-PCR FR R S5 X
ERER DA RERBEHENR, VIR EREHA
FHMERMEYRBEENERRET 2%, 0o

HAIBEEEYR R TR,

1 HREAFZX

1.1 ##

1.1.1 FR## B EPRAKR F_ENRE

ERSBAOWE X 84 4 THHRIE 89 F AR 1T
BABBRARN, EELPREERBROAMPLE 8
SHAPERBWME G 14 3 TRE.

1.1.2 3l £ 2& N5 EH LEA3 BHE K

L5197 (P1) 5'-ATGGCCTCCAACCAGAAC-3, T i
5l % (P2) 5-CGAACGACCAAACACGAC-3' #f ##
GenBank K F ( H. vulgare L.) R HVAI R
HHE P 5 (X78205) ¥, 3 # 5% 514 Oligo(dT)y N
EHMEEY AT =M. HY 8 RNA BBREA &R
W T A R W 4 518 B TAKARA A )24 7 Fi
RAEHRAEY AT, Tag DNA REBMUW AL ELY
AF],DNA Bl ik iR EW B LB ERAEY TR
24 A, pMD18-T # & K # %K 5 R TAKARA 4 424
B dh , KIGFF B IM109 AL A7 H F, DNA
PRI N ) B8 W B GIBCOBRL A, 5|1 ¥H & MK
FPFIRE B Invitrogen AP A T LS A TR
1.2 A&

1.2.1 HWERNAARBREEHZAL L
HS8S AL UERMTETH I ZRANERD
O RIEKRNE, T 2CHMEX 12 h RRMESE
FBETERE. YENERYA 10 om B, BT
BEBKEAK L, TR 12 b JFHERSIE, & RNA
BERA AN T R ERBUEY B RNA, FHTE 1 8
cDNA BB Mo PR FE N 1 pg pL 7' B RNA 2 4L,
5 x MMLV buffer 4 uL,10 mmol L™' dNTP 2 uL. 10 mmol
L' Oligo(dT); 1.5 L..10 U RNase Inhibitor 1 10 U 3
F4%E8, 1N 0.01% DEPC /K £ 20 pL. BHEFR NS
#4 30°C 10 min,42°C 45 min,99°C 5 min,5C 5 min.
1.2.2 LEA3EZG AR ¥ HAE9& K PCR
HRNAERRBEERY 1.5 uL,1 U Tag DNA &
B, 10 x buffer 2.5 xL,25 mmol L' Mg™* 1.5 pL, —H
# T H(DMS0) 1.5 pl, 2.5 mmol L™ dNTP 2 L, 10
pmol L' Forward Primer 2 pL, 10 pmol L' Reverse
Primer 2 pL, 1 dH,0 £ 25 pL, KL E ¥ K 95C 10
min;94°C 40 5,55°C 40 5,72°C 1 min,30 &3 ;72C 8
min, PCR 744 1.2% B A 58 08 e AL ok, 181 dig i b
B8 A B

1.2.3 IEA3 &9 ARG LES A HE A&
VAR, ¥ E st fL ) H 69 H Bt pMDI18-T k#1773
B EETYHALIMIORZ AN, JeBUH M
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TERERE IR , R R SR BUSORL DNA, 43558 i PCR A
WA Pstl. Kpn DY) 5 , 3 AT RS E 55047

2 BER5HW

2.1 LEA3 ZBEAEHK RT -PCR

A3 5% S e R ARAR 4T LEA3 2 A 2 A9 PCR
T, 1. 2% MBS Ik B R B, A — KA
7700 bp BB —ZH (B 1), 5 A SRR

2000 bp

1000 bp
750 bp
500 bp

H1 %£%8E.Mk14LEA3ESERE RT-PCRYHER
Fig.1  RT-PCR products of the gene coding LEA3 protein
in Dongging 8 and Pinbi 14
1: DL2000 maker; 2: &7 8 5; 3: ditk 14,

1: DL2000 maker; 2: Dongqing 8; 3: Pinbi 14.

2.2 LEA3EHERANRESEATRA

i PCR\EEVI K E4REKRYW, BEHTFH PCR
PHRAB . ERANYEELHEME M A BS RT-PCR
JHABRME R BR/AN—B(E 2),iE i3
EHMABMEHAT.

Dongging 8
Pinbi 14
X78205

Dongging 8
Pinbi 14
X78205

Dongging 8
Pinbi 14
X78205

Dongqing 8
Pinbi 14
X78205
Dongqing 8
Pinbi 14
X78205

Dongging 8
Pinbi 14
X78205
Dongging 8
Pinbi 14
X78205

B2 SFEANENEEM pMDIS-TEAF PCREMILELER
Fig.2  Identification of r i pMDI8-T ids by PCR
and restriction digestion
1: £7 85, PCR; 2: &7 8 5, H#Vl; 3: DL2000 marker;

4: fhIL 14, PCR; 5: dhlL 14, BVl
1: Dongging 8, PCR; 2: Dongging 8, restriction digestion; 3. DNA
Marker DL.2000; 4: Pinbi 14, PCR; 5: Pinbi 14, restriction digestion.

2.3 FIMESHH

JE T B A 3 AT W KT 5 4 X, 2
B SRR T A b 14 B9 B B FE B HFRFI 2K R 694
bp, ®& 1 4> 58% B9 FF B8 B2 4E , H A 4TS HiE R 639
bp, WG & 213 MEEMRBIEN Z K, FHBHEA
R 9 NEEMRFETFS, B THRBA LEA3
BH. SZHHE, RETLE 8 5/ LEA3EH
HREE 2K 661 bp, K HBAEK 606 bp, Fif 7
202 MR IR IR I B L BK, —F 7E DNA ¥ 51 F & 3
R 731 b A [ UR 1 43 51 4 94.38 % 1 92.02% (A 3,
& 4),

AACCAGAACACCCGCCAGACGGCC GA
CCAAGCAGARGAC CGGCGAGAC GGCCGAG G

B3 Z%8S. .Mt 147 H. vulgare L.(X78205) KR LEA3 & (5 3 B i) ¥ 51 tb ¢
Fig.3  Comparison of DNA sequence character of genes coding LEA3 protein in Dongging 8, Pinbi 14, and H. vulgare L. (X78205)
REARRFABHEH 100% ; 3 KARRBHBREE ; A KARFEEERS 0,

Sequences in black background mean 100% similarity, sequences in blue background mean absence of nucl

in white back 1

mean O similarity.
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Dongqing 8 MASNGNCH
Pinbi 14 L
X78205

Dongqing 8 DETAQ

Pinbi14 D

X78205

Dongqing 8 FAGYTRES.
Pinbi 14 T
X78205

B4 Z£H8S . REU5H.

Fig.4

vulgare L. LEA3 & A # S E 8 5 tb &
Comparison of amino acid sequence based on the deduced LEA3 proteins in Dongqing 8, Pinbi 14, and H. vulgare L. (X78205)
MEREZF BN 100% ; Kzﬁﬁﬁﬁ&ﬂt% BRARE R 0.

mwm“oxmmummgu 7
QKAGETAEATKQKT GETAEAAKQKAAEAK 71

AKQKAAEATEARKQKASD 131
EAAKOKAAEATEAAKOKASD 142
/ KQKAREATEAARQKASD 142

m KDT‘].’TGM.‘VED’I‘II‘ PTRNH

Sequences in black background mean 100% simil

in blue b 1 mean absence of nucleotides,

sequences in white backgxound mean O similarity.

2.4 ERGHSSH

HFAH 85 LEA3 EHEES 154 ~ 186 Z [A]
) 33 MEHRF S 6K, SBOHEMN A LEA3 & H
/0 Thry, -Alag, B9 35 7K R 5F 3 70 51, Br ik 20 B4 5 51

BTH 4 NMRTETERFS; MO, 5 6 MHER
AEBRBENLBEAREN, LH 8 SR MERE
BRI TR (R 1),

F1 L£HSS R UESAERBEHLE
Table 1  Comparison of polarity of 6 differential amino acids between Dongging 8 and Pinbi 14
Cfl’l?:ar : 2 3 4 5 6

B 14 Glns, Lysy; Alajog Aspig Alayg; Thrag

Pinbi 14 etk /- et/ E E127/3: 98 Bt/ IE 273248 /-

Polar/- Nonpolar/Positive Nonpolar/- Polar/- Nonpolar/- Polar/-

A¥sE Aspy, Glus Thros Asnyg Thrige Projes
Dongging 8 et/ e/ et/ /- /- A B /-
neqing Polar/- Polar/Negative Polar/- Polar/- Polar/- Nonpolar/-

‘BT RER R AR, IR R R R

negative represents negative charge.
3 i

LEAEHR - REXHGHBHMEALNEA K, £5
H1k,LEA2 EEZHE (B ik Z 3 A, Dhn) #1 LEA3
BEHERAREREYIHARREEZH 2 KR ERENA,
EANHRERIEEL LEA3 EANERBESHY
M RHEREEME™Y, K LE3 BEHFEHFE
TN AR 45 R BR P 5 AR 1E #E W7, LEA3 & A
MHEYARBARORPEETEHNSENRETER
FP3IRETE BLEL A W BE R KM B etk o B SEM, B
T ¥ JE R 6 SO HIE B ST ¥ DL 3 S P B R 55 = 1)
B AE R

EXEFREMRKR A _BEARERERE
A TR AR S8 B9 SR b, X 7 8Ok VR A9 7 RR AR
TTHREHLEE, HFERNEHEFERN 2 HE
BB AL HF 8 5.4 kb 14, % Al RT-PCR ¥ R X}

=" FR A AT, IE "R IE ML, SRR S A

Polar represents polar amino acid residues, nonpolar represents nonpolar amino acid residues;

“-" represents no charge, positive represents positive charge,

LEA3 & H 4 3 1 2 3 5 1) cDNA JF 51 417 [F] I 58
e AEREI, —HETR(ERMERL 6% ~
10%) %t B B 3 H 1 & — 4 53 m Rk, 7€ PCR
SRR AR A A S SRS B A B A B —
PEARAR T L X LA BB ST ke 4R ik b o 5% H A2
B DNA 51 5 i ffe 5 () B BR T 51 43 AT 45 R R W
LEA3 2 F 753X W i B 18] 7776 22 524, EE R AR
SFETTF S N B 2 57, FRAR &R ZE 1
LEA3 3 H % B 3 R A & (S 9 [ U7 22 54, 3 22 [
BERESHEEZEEEEFNBKR, A /HHE—
BT

WRAWBRGERE, AR YR FE M LEA3
HEHE UWANEERBEHARORTFHETELTF
FURIPE DL B T 22 5, ) 0 - AE M AE T LEAD7 &
EERFETE N A 5 4, 3K LEAT6 EE &
ABAERMNRTET, M KE pGmPMS Fl
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pGmPM10 %% H) 2 E W] £ 3% 30 A~ HH3E R sF & T
g B RGE B9 LEA3 % 4R <7 T HE U A
FA—# xR e, BEE RAENEERBF A
FHERMARES LEA3 BEMRFHEITE N EF
ERR ENZER —fEY M Fh sk LEA3 EEHERE WA
ZEAR, RAEBIERMLTE 8 S LEA3 &
HERE 4 MESFETFS . BT LEA3 EANR
FEITENHNER HBEESLE 6 MREMNRE,
SHAH S S IE3EHEFNEAEREAHRYE,
XMAERN IEA3 B EATREEA ER/MEK
e MY R R RN A EEN
M, LEA3 BEHARTFETE NN ER S5EKE
FERR, U RXFh 2R EY TR R m, E4
#H—EHRE P,

4 g

HEMA R HFRE LEA3 EHZEE K cDNA
FIIRAHZER, S 14, BILERMHLH
8 SH) LEA3 BHKRBAE 4 METFETELFS
S, EBA 6 NEEERRIREE R A AR, X F 22 7 T RE X
HYHMEEAEER W,

B AR R B R A B R AR AT R
R AR AR, SR T B
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