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Molecular and Functional Analysis of Transgenic Wheat
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Abstract; We isolated stress-related bZIP transcription factor gene, GmAREB from soybean previously. The
functional analysis indicated that overexpression of GmAREB can significantly improve the stress resistance of trans-
genic plants. In this study, GmAREB was inserted in downstream of maize Ubiqutin promoter to construct vector,
pSK-GmAREB for wheat transformation. The vectors were transformed into wheat varieties Zheng 147 and Jimai 22
by using biolistic method. After transformation, 70 T, transgenic plants were identified using PCR and the transfor-
mational efficiency was 1.37% . Among transgenic plants, 31 plants came from host Zheng 147 and the transforma-
tional efficiency was 2. 14% . 39 plants came from host Jimai 22 and the transformational efficiency was 1.08% . At
present, 18 T, generation of transgenic line had been identificated, and 4 and 14 transgenic plants came from
Zheng 147 and Jimai 22, respectively. The southern blot proved that GmAREB was inserted into wheat genome.
The stress-tolerance analysis showed that under low temperature stress condition, proline accumulation in three
transgenic plants host in Jimai 22 were higher than that of wild type wheat plants, which suggested that overexpres-
sion of GMAREB increased accumulation of proline in transgenic wheat. This higher level of preline content might
be contributed for stress-tolerance of transgenic wheat plants. We hope that our study can pave the way for selecting
stress-tolerance transgenic wheat lines in the future.
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BHEZEMNE(VZIP) XERRTFEARLE
BAEYP A ARTE BRETH—LKEH, bZIP %
HXBFHLFASAR :8F 5% 5% DNA By
AHHHEEHE S 5ERLEANTEERNER
ERAXEEMRE  HREE T N-KREHBREK
BRUZEBAENERLES DNA, KEMNHSER 5
DNA E#4A" . BEHY P bZIP B FH FHGE
WER, bZIP ¥ F N F4 45N A.B.C.D.E.F.G,
H.IF1S 310 AT, BFRZHM, Y P bZIP
BARNSERHFUBEEMNERL RESNRE
D EBEEBRABHCY T ESSHM ABA(B
%R EEBE EREERERBESRRN,
Choi %'* Bk % k& 3| T #lE&5 5+ 9 ABF/AREB bZIP
KEFHEF, KBRS % N4 ABF1,ABF2/AREBI ,
ABF3 ABF4/AREB2, H 9 ,ABF1 ¥ EZ 5K,
ABA & R B ,ABF3 £ E S 5 ABA & i KB,
#E LB W% K N, ABF2/AREB1, ABF4/
AREB2 £E 2 5 ABA . F 2 Hih 3 H LM E R
BRB . HAh ER AR Y B R BT g2
#) AREB bZIP 245 B F, {0l 8 69 TAF-1'® KA§
f9 0sBZ8' [ TRAB1'®  E ¥ #y ABP'" k& i
HvABIS 1 HvVP1 &2

TR EBEREYIEREWHEYERERE
MEY=BHBEERMHFZ—, MEERES
KEEEY EERZFPEEREETHMM, H
FREPHTRE EMEHERERELE THERE
R RAEATHERABEDNTEREAPREK.,
BERAEBENREERE, FA AL EHEAREL
MEBRDMESHOREURBREFOAER
®BE,

FMAERTRERSAMBHELNIIERER,
REEYHHRSEHE A FZRINNE T, 0fH X
ZHLEA AN HAVI 5 THERENABHHE
P RE THIE RS I S M (BADH) R H B B T %
B /N BT SR B B U R A 1B AR
SR (mitD) Bt R #% 4k 400 R IF 3% 58 T 400 o JF 89 T b
I, BNEREEA B EE 6-SF7 4 B bk
RAHBROTE WG KBRS,

LAk B R R T A 3R R A B O T RS
TEAHR, RETHEE— LB HE TRk
A YA EEBAEARR"™, Chen
£ EMBFMME L R IX KT GmDREB2 %[ o
BE5E, BB T 2010 T 5% 3 4 A8 ok 4 P9 0 i 25 1R
ARTREHANNENEE S ERE HRT

FRAMBOTR W MFHERRE S, SRS
R A% E/NEH 7 R /N E K ERF 25 R K
F W6 BN EIRHBEN BHEEHEAMERE ]
5, W6 BNKITRKRE T HEH MR L%

ABSTAH THENRERTRBEENSPR
BEE|— N BH HLH AR B bZIP K REFER
GmAREB, #:WNIIEEHTIEB: % GmAREB %Al
MIF AR AR T X T R 3 KR X E e
tho AiXK R 2 B L # L 1 CmAREB B
FACR/NE BB 147  KERBES N E S F
%22, #FEFEIEH CmAREB EHNE 284 3/
ERRAS HENPENBERATYRMERS
BHZEPNXVIERER.

1 #R5FE

L1 #EmsH

HERZED LIRS RBGIRER/INE GRS
% 22 O R A R BB 1R 4 B B AR B M 147,
k. GmAREB 8.k Bk pKS.pAHC25 . pAHC20 #
MALRERF, pAHC2S B bar 2 H i 18] 8
ko WEBIKEH qus ZH, HA XK GmAREB 1] L4
AR gus B, # B R pAHC25-GmAREB,

JBE (1 R R & A B R U A & W B TaKaRa
/2 6] ,DNA HE 2 BUK M & W B TianGen 2 7], & #
MUIEE B Promega A7) ,FIMHIt R BB EYH
ARAFE B
1.2 sSMEGkMBHE

BERE 14d EARH TR RIMEE, BR T
SD2 &, UCERBETERAG  EXTdER
HEGARLEBLBEFEENBES,
1.3 ERMZEEL

EEREBEEASERERE b,
% B PSK-GmAREB F1 pAHC20 3 1: 1 (kR %4>
REBBEHRL 1.0 pm £HHR L, A BIO-
RAD A&}y PDS-1000/He PR #ITE+F . &+
EHAGARERBBEEEFHH LA 16 ~ 18h,
RIFFHD SD2 sk, BEE &G (26C) KA 1%
#2 R,
1.4 HUABENEHEL

WE ISR 14d WBRGALHT LR 2 KT
B8 1 AL B SR 50 1/2MS B Smg/L £
K& +2mg/L Bailaphos,26°C ¥ B 1 3¢ 28d, 5 2 )k
fEBEIE SR R 1/2MS B0 4mg/L Bailaphos,26C Y B§
Hi5r28d, Stk ER/NEBA 1/2MS B
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0.2mg/L TAA +0.5mg/L MET [ 5% 55 % ,26C
X6 B8 5% 5% 30 ~40d,
1.5 #HEENMEEKRNSFRY

GmAREB 5| ¥ #) i% it : 5-TAATGTTACTGGCAC-
TACTCTG-3 # 5-CAACTCCAATCAACCCTC-3, PCR
Rl i 3R R R FF % F 51 4 8% A AR B : 10 x PCR
buffer, 2. Sul; ANTP (2. 5Smm), 2. Opl; Primer-F (10
pm), 1. Opl; Primer-R (10pm), 1. 0pl; rTaq (5U/
pl), 0.2ul; #5457 (DNA),1.0pl;ddH,0 # = 25ul,
Y REF H:94C 10min, 35 x (94C 1min ,54C
455,72°C 1min),72°C 10min, 16%C {£ %, PCR & Ji
FEYIHE 1.0% BB AR MEUE A | 90 ~ 120 V 3 FE e 3k
B,
1.6 #EMFE/NE T, RT-PCR &

BB e /NEr R RIE RNA, B2 g &
RNA,Olig (dT) 314 ,M-MLV R ¥ R B # TR
BRX REREKRER W, RERIBES R Pro-
mega A F M-MLV R # F i H., U/NEN 3
B H BActin NS HEER,ZITNS519, K LiF
B|47:5-CTCCCTCACAACAACCGC-3; F #%5] 4:5-
TACCAGGAACTTCCATACCAAC-3, ¥ 1% GmAREB
HENH5IWE 1.5, B 1pl R F 74 cDNA
#4T PCR ¥ 3%, R R H 25, RIESFY BT
% :94°C 7 %5 # 5min;94°C 1min,58°C 1min,72C
1min,30 MEF;72°C 10min; 16 CEE; HNEHR
ARV HBFRLS P HBEF., BHEREN PCR
FEYITE 1.0% M BLAS IS L b 90 ~ 120V B FE e 3k
R,
1.7 #£EE/ME T,4H Southern blotting

4 DNA 35ng £ Hind Il B§40,1. 0% (5%
EEEREKE . % EREE L (Hybond2N + ,Am-
ersham) , R B E M LR ED, #48 CmAREB BN 7
Iy N R B N4, K R 815bp,
Al o-"P-dCTP #RiCHRE#HITAE
1.8 WERIBOVE

BEMSRONES R Zhang ' 2 FiE, F
2009410 A5 B KHER, 11 A TFHHEREK
BHEOCUT, BESKE -9C, 12 A 4 HIRHE,
BEKGBREREYERS BERERS THRE
KBBREBR S RGBS =BG, %
RO E, HHPELE NeELBEEEFXE
P EENRRNERAHEMSIBENS K, &
520nm KT HE, AMrBma tES(SARA
FERIHE) HERMNER,

2 ERE54H

2.1 HEFEREHENHE

RIS MK G cDNA 1§ # i GmAREB %
W EERB—RK Smal BYIBLA, B —% K
Sacl BYINI R o FFIB % M Y1 8§ Smal 1 Sacl 1)
oh ] K BB pAHC25, B e 88 & A B 7. 8kb 5 88
K 5 B pAHC25 K Bt #1 Smal, Sacl B 41 3 4 &9
GmAREB %N i B ¥, 9B T 1 (6] B 4K pAHC2S-
GmAREB(W 1), B8y %A L #f H Ubiquitin J3 31 F;
A HindII1 43 5 B§ 40 8 0k pKS Fl o ] £ & pAHC25-
GmAREB, %Y T W% A 3 8 F .GmAREB M#%& 1L F
A WS pKS E3#  METATMEH N EER
{& pKS-GmAREB (/& 2),

2 M

B 1 pAHC25-GmAREB &4 & AMIHH
Fig.1 Restriction digestion analysis of recombinant plasmid
1 EHAFR ;2 B4 FN pAHC25-CmAREB Sma ] ,
Sac | 8§Y]1;M:DL2000
1: Recombinant plasmid;2:R

id PAHC2S-
GmAREB digested by Sma 1 ,Sac 1 ; M: DL2000

fl(+)origin

ColE! origin HindlIT NOS 3
2 AFMEHAHREREK

Fig.2 Structure of expression vector

for wheat transformation

2.2 % GmAREB BEHEE#NKRE
IR 147 85 % 22 2, BERNRRH/NE
DREHRBHHR SR RERERE, FAGAAS



752 H Yy B E R B ¥R

1%

WHEFUE HALKEIERE(1/2 MS + Bi-
alaphos 3mg/L) b, X M A B MK B 1 ~ 2cm A,
BALEERE(1/2MS + 1AA 15mg/L) B4,
FE15~18C HXEBE 70% , 88 18h HE[ B R B

ZH G, AR KE 7 ~8em i , IR EREH
HUEBRBERZ(EI), LBR 509 %k, A H
REEAKEE, =HHESHREY FRREREA
DNA, #47 T fUHBRE) PCR %58,

B3 REEEKRNBTEBERBH
Fig.3 Selection, regeneration and transplantation of transgenic plants
ATEESE IR b M AT B RGALR ML C. A A RE P ERIE R D BEENBRAK

A:Resistant callus on selective medium; B:Differentiation of embryogenic callus;

C: Regeneration of resistant callus; D:Transpl ion of ic plants

2.3 HERNET,KHPCREW

PAKEM 147 AL R4k, L3R & 1800 M4 HE,
WG E AR 133 B, BRATE 107 Bk, LITFE 22
FEAZ AR, SEE S 5085 M IR, KB 272 Bk A
BB 193 ¥ X REHEEKREST ST

M ck-1cktck-2 | 23 4 5

R, o R 3 KA T, AR PE A R E M B 70
BOBEALER 1.37% , YRR 23.3% , HPBM
147 MM BRSE 31 Bk, L E R 2. 14% , FHtER N
29.0% ;3 % 22 FAYEABE 39 Bk, 4L % 1.08% ,
PR 20.2% (B 4,% 1),

8 9 10 1112 13 14

B4 %5 T,REHN PCREN
Fig .4 PCR identification of some T, regenerated plants
M:DL2000; CK+:GmAREB B ; CK-1 . & ¥ B B ; CK-2: 5K ;1 ~ 14. Ty {04 GmAREB 2% Hikk
M: DL2000; CK+: GmAREB plasmid ( positive control) ; CK -1: wild type plant;
CK-2: H,0; 1 -14: T,GmAREB transgenic plants

®1 MEYERGALEEREEER

Table 1 Transformation result of wheatcellus tissue

ik ELER BRE ot L PCR FAtE# 4 PCR FA#E % (% ) HALE(%)
Material Embryos bombarded Plants transformed  Plants detected ~ PCR positive plants PCR positive efficiency Transformation rate
#5147 1800 133 107 31 29.0 2.14

HE 22 5085 272 193 39 20.2 1.08

Bt Total 6885 405 300 70 23.3 1.37

it # = PCR Mtk Hisk/ (M B/ BRK) ) /5 i EH x100% ;PCR B1#E % = (PCR MM/ H M%) x100%
Transformation efficiency = ( PCR positive plants/ Embryos bombarded )/( Plants detected/ Plants transformed) x 100% ; PCR positive efficiency =

(PCR positive plants/ Plants detected) x 100%

T AREERER#TRN, KB 17 Mk
o HPRAMM 147 MEBEEKRREI AN RAF
£ 2MHEERER 144,

2.4 #HEEMEK RT-PCR $4

BEZEAIFE22H5 AT REZEKER,

FIF] 6mAREB §9%5 5 51 Y117 RT-PCR % & , i W
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GmAREB ¥ A ME P EX, B RE£Y.
GmAREB BNEFHERNEFHE -TRBNFERX,
b, 1824 1823 1815 Bk Z M E BB H S, 1817 A
I BEHEZIERBE MM BEREE LN
GmAREB BN M £ ik, X & ¥ GmAREB % £ 5%
ERNEPATLIRIA(ES . EH6),

ck- | 2 3 4 5
B c
S i 4 2 g
" ] ' % GmAREB
P
" Actin

Total RNA

BS HEEMNEPR GmAREB BRI FE
Fig.5 The expression of GmAREB gene in transgenic wheat
CK—:%{k¥ % 22,1 ~5.1815,1817.1821 1823 1824 i &
CK-:Jimai 22 ;lane 1:1815 line;lane 2;1817 line;
lane 3:1821 line;lane 4 :1823 line;lane 5:1824 line

= e -
N Ay ®
T T

> o =
— T

HEFOSRARHE
Relative expression of gene

o o o
F'S
;

S
N
T

(-]

1815 1817 1821 1823 1824
HiPRGS Plant code

6 %EE/NEDP GmAREB ERMAX KRiAR
Fig.6 Relative expression of transgenicGmAREB wheat

2.5 #HEMEHEEA Southern blotting 4 47

HTH#H—BHUEL PCR RHZREIBERE
FELESH/NELEA S, L] PCR 5 RT-PCR
B 4 MHER,1813,1814,1816,1817 Bk &R it
4T Southern blotting 4347, 4R %< ,PCR B &M
898k 2 Southern blotting 3 B FH ¥ , i BA 44 5t I8
REZFES(EAT) HE—PIELXIEERCESE
INERENAR, ERABED,GmAREB B8 31 F
MAMKRLEFEEA 1A Hind R R (FH 2), Wi,
Southern blotting % R B /R X FRKD—H,
WE# GmAREBE 2B ABI/NEXERNAT. BEH
ERPMEMRHBENRFELEEL MM E 5
£E,

12 3 4 ckckt M g,
231

3534bp—» L E.F | e

7 T, ¥%EEMHA Southern AL R
Fig. 7 Southern blotting analysis of T, transgenic plants
1 ~4 S5 HIBR CK - Y # 22( IR A Hind T R§Y)
/A DNA, MY f7 69 DNA 4% /5 5 GmAREB () DNA
B 738 CK + :GmAREB R ( RIHEXT ) 5
M:Hind 111 §§4] ADNA 3 Fi#5 %

1 -4 Transgenic plants;

CK - ; Negative control, ( Jimai 22 ) Plants DNA were cut
using Hindlll, then cut DNA were transformed on member
and hybridized with GmAREB probes;CK + :GCmAREB trans
formed vector (positive control) ; M: ADNA/Hind Il marker

2.6 HEREKEKZHERSESH

ERE FTREAGLSEADMAT , FEEY
upEmER SR MY, B THEMEKYE
WoE e RE R ERES RS, BE
B AR K B FE . B 8 BN, 1815.1821,1824
3AEENKANMERSEAM TREANERE
#£75,1824 18151821 B A EA M & & L3t B 251
Whn10.7% 4.2% \3.5% ., ME 6 7,7 1824,
18151821 3 ¥k £ % GmAREB EFE MR X B 1
BX-ZR5F ErMBERAIRNUEER
A B EHEERPMERERSENERED
F GmAREB HH K3 RIKFIEH,

780¢
760t
740f
720}

7001

HERER(g/e)
Proline content

6801

Hi¥22 1815 1817 1821 1824

& Hi#k449 Plant code
B8 HEANZHERSBANESER

Fig. 8 Proline content analysis of transgenic wheat
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3 iFig

NEEREARELERBRBRNERFEMHEL
FED, R T ERHART, BN ER
5K ENERAAS NIRRT E , FHEER
EEEEBUHER™ , sFEMNFHEBERLEL
B4 GmAREB % 5 A E/NE RFh b, B ILHE
H1.08% ~2.14% FBTHEMERHEMEK. &
XHWERBEHUZRELBERHAENBHLMN, I
S EERREBEERRARBESEN T EERER
ARMEFRELHE, MRARANERMER
A, X HBEHERNTERS THEES,
T EAHKEE A PCR FERIATURKEE
R, BETHERE,

e R B R 38 I A A X 3 3B A8 B — Fh A
BAERR, B ERAMEWANDNEEZHENR
B, X— S EWFEHRIEL ™", BI RN
ETFWBEDERURL, AT FE R 4 B AR X P 6 AR
Vendruscolo %' {FHAZE T8 . B B S0 MW E &M
T, 2FBUNE Uk 4 IR 2 AR YK B2 64 1 35 3% 0, A TR 3
MRS, SHEAREXKAELE TR
REHF BB, 10 Kishor Z'™ ¥ N 2 % 131 5
TLRER) PSCS R 5 CaMV 358 BEi FiEEEH AR
Hep, BRI EEME R ER S B AR 10 ~18
& FEFL R ML B e x) BB B 42 85, Nanjo 148
HEMKEB(HEMERXEB) R XER A
proDH ) cDNA %% BIRIBEIF 1, & 55 7 40 B /9 il 2
K¥E BERBTHEAMKMNBKBNEBENRZ
¥, Gilmour Z™ ) ¥ CBF3 £ HB ALIE I}, 5B
CBF3 ZHE KB RERFAE T i ¥ %X H (CRT/DRE
HE)BRE, ER 0B R AR, R Yk
5% CBF3 EHABFPHEARMN ST BRLZTHA
ERYLMEFERPHBERSRFTL 2 -3 15,

EHRKBHIE GmAREB BE/ N EBZHBEPH
REBSHMNKRANBERSBET BT EAL -,
R BE FRERHE/ME S CmAREB ¥ FHE Tt
REMBTHTHEVSSHERSAWERARE
FH NATMRETHERMEZETWHERI R, A
BE &M T ,GmAREB % EHNEZMEREEMR
EAEEERNENEHEEEER, £30K
H—BELHERANERNNBERSBRS Y
HRMXR BT EE S KT # GmAREB ¥4
BT WA, 3 — 07 GmAREB 2HMPLE ST
HLH, RS HR H/E BE EA
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