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Study of Wheat Tissue Culture Regeneration System and Genetic
Transformation Mediated by Agrobacterium tumefaciens

ZHU Jin-yun' ,XU Yu-juan',YANG Li-ping' ,KANG Xiu-li' ,SUN Yi’,DU Jian-zhong®
(" Institute of Wheat Research, Shanxi Academy of Agriculture Sciences, Linfen 041000 ;
? Bivengineering Research Center ,Shanxi Academy of Agriculture Sciences, Taiyuan 030031)

Abstract; Tissue culture regeneration system of wheat varieties Jinmai 47, Lumai 14, Jinyang 345 and Jinmai
31 were studied. The results indicated that when Kao's organic compound and T vitamins were supplemented on MS
basic medium, the frequency of embryogenic callus induction increased by 31.4% ~42.4% , and frequency of
plant regeneration increased by 50% ~80% . Wheat culli were pretreated in lower temperature condition and aceto-
syringone ( AS) were simultaneously put in bacterial liquid medium and culli medium on Agrobacterium tumefaciens-

mediated transformation. PPT selection and further PCR and Southern blot test demonstrated that bar gene has been

integrated into plant genome.
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G EERTERR DZR ST EM T HEAN
BT, BRI —MARNRFEN FR/DEGRE
AL AR R

1 #MREFE

L1 fik#8

B £ 4l R 20 23 37 0 i I B IR I B & 47
BX 14 FH3M5 FE3 F4MPEIRBMHFM
R MR A RRA R

EEAGHRAE LD MS FFHEHN MS
+2,4-D 2mg/L + FEBE 30g/L; MC 3% 350 MS K
BAMEBEITE + Kao's FHLER + Kao's ¥EFIBE +
Kao's#fk 2 & + T A £ K + 7 20mg/L +
2,4-D 2mg/L;MD Higr 54 MS K BFMMBETE +
kao's AR + THA R + KEEHY 100mg/L +
3, 20mg/L +2,4-D 2mg/L + fE¥ 30mg/L; 434k 3%
FFE A MS + NAA 0. 5mg/L + KT 0. 5mg/L + FEHE
20g/L;MC + NAA 0. 5mg/L + KT 0. 5mg/L + B8
20g/L;MD + NAA 0. Smg/L + KT 0. 5Smg/L + % ¥
20g/L,

Kao's & PR : il & MR (proline ) . K & B & (as-
paragine ) \ 24 & BL ¥ ( glutamine )

Kao’'s 57 Y. BR : £2 ¥ N9 B BR ( sodium pyruvate) |
IR MR (mali acid ) , #7°4%F B ( citric acid) \ZE R R
(fumaric acid),

Kao's X F1 82 . ¥ (fructose ) B ¥ (ribose) .k
$ (xylose) . H & ¥¥ (mannose) . L Z= ¥ ( rhamnose) .
74k — 4% (cellobiose ) . 1L F4 %% W2 (‘sorbitol ) | H £8 #%
( mannitol )

Kao's 44 E : 72 FR45 ( calcium pentohenate) | &,
4L BH 3%, ( choline chloride ) (3 3i ifil B& ( ascorbic acid) .
H Y & (biotin) M B (folic acid) .44 & B, (ribofla-
vin) %} & 3 K B B8 ( p-aminobenzoic acid ) . 44 &
B,, ( cyanocobalamine ) .44 & D, ( cholecalciferol) ,

T %44 &  { PR ( nicotinic acid) \4E4=E B, (pyr-
idoxine ) ,#4 4 & B, (thiamine) ,

HALFT AR W E Ak LBA4404, BHEWIY Ti
Bk pCAMBAR. CHL 11, & ki E&FJLT A
HEE AENTHERIRICH bar EER B ERRERERA,
FoR g RE 1, JLT RN LA WEREE
BB AR 2k LT BRI DR, B R IR B
HREPEAAFEEEM, bor EEXHFXBRERN
Basta B4 % % 4 Phosphinothricin ( PPT ) B4 31 1,
PPT AT LA AR, F T LA,

Bst X1 Eeo RI gy 11

CaMV35S o Bam HI
Xho [~ == Pj )
Hygromycin(R) - Hind TII
Xho I,
CaMV35S Poly A /

T-Border(left) i Chill Chitinase
Kanamyein(R) ¥ ,CAMBAR.CHI.11

1
H

Bam HI

\\‘\. e
T-Border(right)

B 1 J&R# pCAMBAR. CHL 11 ¥ 18 @ i%
Fig.1 Physical map of plasmid pCAMBAR. CHI. 11

L2 RHARFFENF

2003 £ 5 AT A, ANLF & R BB NE
MRMRBHREGAE 12 ~ 14d WER, BUNE
PP BRPD B ARRBRT R, B HEEMER
HHARFEFEFERE,25C TRIEF,20d FEA
TR B R AT R B I, AT H A LR 5 i
AR MEEAGHRBERRNAHAEANERE,
B0 1 WG, REDLHRER 10 RA G H R AL
7 25 ~28C %98 20001x 12h/d &4 F 4L 5%
g, 404k 30d J5 483t ar 4k %, 4 4k 60d 5 483t
R
L3 BEaEmi&

MR E BB ERIRATE A LB + 100
mg/L RIPBE WA FRE P, 7£ 25C 200 rpm
IR E$ESR 24 ~28h, ZEOCEWHAHEEHBET
MD Btk g, ARTFEREERNMIBET
F B ( acetosyringone, AS) 0. 1mmol/L, 3f 4} 5| # MD
B BB FE TSI AS, I AR AN AS
B B AR
1.4 #4

2004 4E 5 T A) ¥ 4 SRR SR EE RN R
MC MD #5575 b, 5 3% 15 ~20d J5, 7 sh IR T2 LB
RHHEARERER,. A3 MAE.ORAHERE
25CHMTEEFR, B 25d R — K, QA 4C K
B RLEIANALEL REEFRTITHAER O
B 4CKFE, Bk B2 1 AAEGA, NKFEP B,
8 HEH A3 ML Bi At R o 5% A MC,
MD + Z, BT FHEI(AS)O. 1mmol/L 53 HEp ,3EFHF S
~Td FFEE i, WA AGEREATREERYE
W 0.5~1.0 h, RIFHBE MD B 5FHE + AS
0. lmmol/L, 38538 2d, & H 0. 5g/L sk ms Ak
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86 Moy &R R ¥ R 9%
HEE KN ERGAR REHXETERRT£
KRR, B A H L A MD + 500 mg/L carbeni- 2 %%5ﬁ$ﬁ
cillin + 5 mg/L PPT 85 3% B 9847 Ifff 2 , I 28 1 W B0 2.1 3MAEAEBEFENNEZHEEERGHARAN
HRGHAFEA ME L35 +0. 5g/L L fim -]

FReH + PPTY) o 4 G17E PPT 1.2 3mg/L #9 3 MR
T.EM6~8 FANEBEERE ZFAFEERE
MD +IAA 1mg/L +ZT Ilmg/L, AR .

1.5 ST

DNA R BCR 3 B SDS B M k"', PCR 3
WK A 25ul, T B F H:94C 45 5,58C 45 s,
72°C 1min 45 5,30 RT3 . BRI FRL bar ZHFF)
Wit sl Y (Y 3 v Bel 438 bp): Eiif:5'-AC-
CATCGTCAACCACTACAT-3'; F #¥:5'-AGTCCAGCT-
GCCAGAAACCC-3',

Southern Z¢35*' Bt 10l PCR 2 FHH: i 7= ¥ 3
17, M PCR i H F Rt id il &vrid B
bar fER ST, BEHL S| s bR 2 4> F 4w 2, F CSPD
(HHmB, B MRBERRBOLEELREY
chemiluminescent substrate ) 3469
1.6 BRERRERN

F 2%o Basta ¥ a5 W F 4L (T, ) Wk B, H
2%o Basta YW FEAL A F 8 (T, 1) ,10d J5 R 4%
A 3T BRE R BB

K3 MEBREERPNEGE R EHAE 2L
FE, AR WE R, MC 1 MD B3¢ 5 FAE BB &
R AR, BORE, RS EE, A &Y,
REHE A RNMA—HTREE, ZAHRERGEH
H, MMSERELERNABHARERE, £
HRGEARNKAOG, FREHRE, BTEN,F
R . NEETE 3 MIEFRE L ARBR
HERGAGHARERREREEREER MC
FEEVFHREAGHAE SRR N 87.8%, L MS
B 42.4% (1), MD s PR ER
BHAFHEFER T76.8% , b MS R BF 31.4% .

NEGHEEAEFRIAE3HERELENE
AR (R) BMEEVHE SO RAGHAKRBRHHE
MTYEERE. MC H5RE F P RHAK TN
184.6mg, b MS B55HEH 67.2mg(FE 1), MD 5
HEPHREERGARASE TR 165. 1mg, t MS £
FREF 47. Tmg, MC 5% FFHAGHRA T YR
BREA29. 3mg, bk MS R ER 7. Smg, MD ¥ 5
HEEFHRERGHRATYRERN 27. 9mg, |
MS B3E RS 6. Img,

®1 3HFEAEFENIEGEREERGARZSR 1 AEHEENRME

Table 1 Effect of three different medium on wheat embryogenic calli

HAR(%) BEAHAAETE(%) #3304 FaGE HE30dEAHAR

801 WE BEAL
AATLER ()

g‘lﬁi ( mg/y&) Number of plﬂl’ll

Callus fresh weight

TYHFEE (mg/BR)

Callus d ight
atus dry welg regeneration on per callus

2
i‘[neﬁi Cultivaffrtd lines Freql:lency of Frequency of embryogenic
callus induction callus induction

MS B 47 Jinmai 47 93.0 45.0
7% 14 Lumai 14 96.6 49.0
Ml 345 Jinyang 345 96.0 51.0
Tk 31 Jinmai 31 97.5 36.5
1) Mean 95.8 45.4

MC % 47Jinmai 47 95.5 86.0
7% 14 Lumai 14 97.0 90.0
% [H 345 Jinyang 345 95.0 96.0
% 31 Jinmai 31 96.0 79.0
¥ Mean 95.9 87.8

MD B 47 Jinmai 47 92.0 77.5
% 14 Lumai 14 94.5 73.5
% 345 Jinyang 345 98.0 86.0
%% 31 Jinmai 31 98.0 70.0
¥ Mean 95.6 76.8

109.8 21.2 2.3
110.9 17.9 2.1
132.7 22.9 1.9
116.2 25.3 1.2
117.4 21.8 1.9
203.7 38.3 18.5
170.2 24.3 15.6
175.1 22.3 19.4
189.3 32.2 13.4
184.6 29.3 16.7
179.7 31.2 13.2
165.3 27.6 14.1
146.9 25.4 11.3
168.3 27.3 12.6
165.1 27.9 12.8

A0 1 WA 3 R SR BN A& R (R) BEAL
AR 10 A HAFE A ME 5L 5 FR 5, #4704k

. REW(RD) MC HEHFEEFYER
BUOHA BTN 16.7 1, o MS 1R &L 14.8
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o MD 555 2 E ¥ ¥R REGARTLE N
12.8 /1, H MS 3535 % £ 10.9 1>, MC 1 MD &b
HRES BRI ZMEAK MS BREMLL, B E
T EHERGAR TSR R, REEkEE
Bt/ 50% ~80%

LU RITHEBEWE P AS AGAREFE M
AS RITH BB P M A HA BT P EMAS 3
FrabsBiE  SREW (R 2) BT RITHBRER
MAGHRFEFEDIM AS L Bf5, EBERE
PIMEREER RRTIEEGEERK 3. 7% ,F

2.2 ASHEBEHMEKRBERE
HBACHKEBEAGTHAE2 NANRGHLSR,

F2 OASHEMEHBLEENRA

Table 2 Effect of acetosyringone { AS) treatment on plant regeneration frequency

#2.4% ,

o g BENSGHSAT(H) BHEHFR) R EER(%)
Cultivars and lines Treatment Number of infected calli Number of regeneration bud Regeneration frequency
E# 47  Jinmai 47 TRYI R0 AS 200 0 0
IR AS 194 0 0
BRI VR P A IR A P AR AS 315 5 1.6
&% 14 Lumai 14 B PN AS 208 2 1.0
RN AS 256 2 0.8
RBRG RFE SR Z &R N AS 179 5 2.8
TP 345 Jinyang 345 BRI P AS 243 0 0
s im AS 301 1 0.3
BRI W P A SR B AR AS 269 4 1.5
®# 31 Jinmai 31 BRYSE R0 AS 235 2 0.9
BRI AS 198 1 0.5
BRI h RS AR AS 134 5 3.7
¥ Mean BRYB 0 AS 221.5 1 0.5
¥R P i AS 237.3 1 0.4
TR D MRS D ER I AS 224.3 4.8 2.4

2.3 RGAAHRBLESHEEKBER
BRI AL B KRR 1 4 A MR R AL

2AAW3MAGAHR, ERTEBEE P AL

HAEFREPE AS L B)5 4 REW(XR3) &K

3 RKELBAGEANERBEENER

Table 3 Effect of low temperature treatment on plant regeneration frequency

ZIKRAE2 MANBGAR R EER A XK
B (3.7%),4 MR (R) BE Pk B4
RH2.5% , RBALE 1A A K &5 H R G Bk
BAERRKZ 4TEM(R) KSR ERREE R

¥ 4hE BB A AR () BT PR EE(%)

Cultivars and lines Treatment Number of infected calli Number of regeneration bud Regeneration frequency

T# 47 Jinmai 47 FefiRaE 231 0 0
fEELHE 14 A 311 1 0.3
RRAE 2 4A 315 5 1.6

#3% 14 Lumai 14 REELE 203 0 0
SRt 1A 198 1 0.5
AL 2 A~ A 179 5 2.8

I 345 Jinyang 345 RE(RBALE 198 0 0
RRALE 1 4R 207 0 0
fRRAEE 2 A 269 5 1.9

T # 31 Jinmai 31 FReBan 205 0 0
KRL®E 1A 167 1 0.6
RRAE 2 4A 134 5 3.7

SE#  Mean R LR = 209.3 0 0
KR4®ELNMA 220.8 0.8 0.4
ERLHE2 MA 224.3 5 2.5
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B OE ¥ M 9%

H0.4% (B 2), REMBABBHHARBA K
BHEER, XATRERED TAGHREL ZRAER
Bigv)a , ORI LAY e 1 40 T 8 2 2K T R 1 B
Jio MifREALE 2 AR EGHS, BRT T4k
REEFFRE R REAE RE 713 %, AU H AU RIB & 1
TERKEATEE, HOMEMERYERE, & AS
BERFEREMET EME R MEATEES, AT
RERRAEN . AR 3 AT R IE AL B /Y At 4L 4B
BERRB T VU A R, T R E K8 40 B [
MR U A R EHRE .

B2 RBRAEMGAKAKGHEEY
Fig.2 Regeneration seedlings from low

temperature treatment

2.4 STFRAULR

FRAS BOPL A R I 22 SDS 8 34 8 38 B 4
fk DNA J5 747 PCR 34 (& 3) , 7 438bp AL HHH B
B H B &4, Xk PCR 7= 4 #£ 17 Southern 2458, 4t
KW 69 bk, Hrh 28 BREFAME, B 4 A RFEE 47
MR ER,

CK P 1 23 456 78 910111213 M
B3 EX47TBEHEKPCRYBEER

PCR amplification result of regeneration plant of

Fig.3
Jinmai 47

M :Molecular marker 4} F#5i;1 ~ 13 Regeneration plant of Jinmai
47 HF 47 H 4 M #E; CK, Negative control B # 3f B ; P, Plasmid
DNA Jfki DNA

P 1 2 3 4 5 6 7 8 CK M
B4 EZ47 BEHEMK Southern LR
Fig.4 Southern blot test of
the regeneration plants of Jinmai 47
M : Molecular marker 43+ F#51C ;1 ~ 8 : Regeneration plant of Jinmai 47
B & 47 A ¥k ; CK: Un-transgenic plant 5 % £ (4 % A #%; P
Plasmid DNA i DNA

2.5 BHEEKIBRER Basta Bt

YA (T, ) B B 4 2%0 Basta S,
AR FH (T, ) & 2% Basta W5, F b0
B L UEEMEBEBAE RN GE, T ER
KTx B EHY RIBK, EREHRAG, REE
With%E (E5), XEEN Basta BINRARER, B
WERR B AN KS SRE, W& TENS 2B
M B BB RBIER, MAEHKRERNEERER
ML, K6 FEZE 47 MR EK,

Bs5 ®HERNE(T)HPPT ik KBER
Fig.5 PPT resistance of transgenic wheat(T)

6 BEXATHHEREK
Fig.6 Transgenic plant of Jinmai 47
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3 i B, AS iR 7E T 5% SR 2 | R L RORI 3L 8 57 2 v B

HEI/NZBHAERENTR EEE P AR EZE
EEMD MYBRELLREM T REFE B
AABIREHEEFDHEI GO ME LRI NE
YRR BGHRE SR, AR N H M RE
HEEFEP A Kao's HEFBR . Kao's FHLEK.
Kao’s ¥ FIBE \Kao's i KA T #E R RFR M
RMGBALE LR, AT E FERERN bR, 8
SEHNEHAEFREEREY  BAR KR
HnA Kao's GHL W T 4 K EAMHGAHR
ISR RA X E R RS, ARARGEK
MEF. Kao's EEBBRTHRABGHERALER
S ESEHEMREERN SR, LA MH R RS LM
i 3t R B R B B9V A, BB A2 2E BT (9 20 44 F0 3% n
R K/ Kao's HHLER A Kao's B FIBE R ik B 1
RFEFAERYR, O T AGHSR YK EMES F
MR RS ERERENEERELA
HEMEM, Kao' s EEEMTHEERERGARD
ARV EEEENER, EMUMEBHERNSS5E
AWES . SE5MREAR SN BAHEEEAS
wEs, A ASA R E RN RER —E
HrER ™,

TR A ) IR T K T kAR A A4 A U A
RBAE, R S A S b R BT, T BLH
SrALTE R F FHEEBEARM RS . HELRERS
JO P 45 4 2 B R A SRR BR 0 P A BB D R B AE
LRI R, IRER R, RITA AT EE ALY
SZHRAKNER 90% U LR EAFR, I HEHRA
iR L F B ENAETF HFERBBRZ BT, X
BEA BB B KB E AR TR,

HEIBE T ZLHEIA AS,INAEER TRITH
WEFRGAR L™, AR LK, Cheng
%R IE AS BB K TF SOumol BY B AT 45 2 % 2
T-DNA B35 4L, 3F A H 100pmol R, ALK R
GWFRT ASHERBEHIE AR NEMIER, &R %

WHEAMTREHREE B3 DR ED, BRE P
AS R AR, BB ER S EAGAL T EHE,
DABR BB 5 3L 5 57 2 P SR S I e O A

INE IR R A H R AE KRS R Wi
TR, BB % R A A S R E B4R,
ERER BTSROHBHHLIZEM B, RKE
T3.7% ~5.9% BB R, HEXN T X2/
Z AR OR UL, g AURT B IRt ) e R B E
P, FATT X A LU T ACRIR B Ab 2, 8 T
B TR E R IR ek, B LA
BEFTEREZFRAG, B MEMBEFRYFERR
B THRAPRNER.

B X3k
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