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Transgenic Wheat ( Triticum aestivum L.) with Increased
Resistance to the Storage Pest Obtained by Agrobacterium
tumefaciens -mediated
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B OE UARREATN)ERASANERS S AT IHH AAAHEA S B AT ARNC IREOMFH NAR
CoTI NN B A BRARARFAE LSRG EL A AAMBE . £ PCR & % ¥ PCR # #i , PCR-Southern # Southern
blot 4E , %A T Ik 3 FLHANSH Cpr HHELEHEE. RHOERE B MA 0Lyt A fygy
HEE A SHULAUH EFTHFAHALT BARLAENRE. NELABAHLAEHAT RFPRASELs-4M ot
(HABAH#KET-I \T-ﬂl)iﬂ:hﬁ%dﬁi’rﬂf,#: HEREEA IR EAEERT, AF AT R A AN -L a4k
HHERRAT I TI TTHAGSAHEAS T, KT EREESH 4 19.8%.21.9% .32.9% & 58 30 . &4 BMH T,
REBALHABEIFT IR AL ARATOREER A LS ERRRANBTHAOMHER EHE

XA RAERHE, QT AR, TR, AR £
FESES Q75 XEMFIRB A XEFHE 10003061 (2006}03-0431-07

Abstract The transgenic wheat of improved resistance 1o the storage pest was production. We have introduced the cowpea
trypsin inhibitor gene { CpTT) into cultured embryonic calius cells of immature embryvos of wheat elite line v Agrobucterium-
mediated method. Independent plantlets were obtained from the kanamycin-resistant calli after screening. PCR and real time PCR
analysis, PCR-Southem and Southern blot hybridization indicated that there were 3 transgenic plants ziz . transformed- | | Il and
Tl {T-T,T-Uand T-1}. The transformation frequencies were obviously affected by Agrobacterium concentration, the infection
duration and transformation treatment . The segregations of CpTI in the (ransgenic wheat progenies were not easily to be
elucidated, and some transgenic wheat lines (T-1 and T-M ) showed Mendelian segregations. The determinations of insect
resistance to the stored grain insect of wheat viz. the grain moth { Sitotroga cerealella Olivier) indicated that the 3 transgenic
wheat progeny seeds moth-resistance was improved significantly. The seed moth-eaten ratio of T-1 » T-11, T-T and non-

transformed control was 19.8% , 21.9% , 32.9% and 58.3% respectively. 3 transgenic wheat T, PCR-positive plants revealed
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that the 3 transgenic lines had excellent agronomic traits. They supplied good germplasm resource of insect-resistance for wheat

genetic improvement .
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RERNEERRLEFTHEERNA. £
Wi ( Sitotroga cerealefla Olivier) Bt AtEEREDR, &
MOENRHEMEER, L ETR AFE., X8
M AEN B EXEMRT, ZEREAES
ek ERBRIE 60% ~ 80%, RRE = KH#
REFR(FXR A8 90z —". BriflE™
AR E B MR, LR EB PR RME AN E,
KRB ERLFERA, S uE R EG R HEH
FeoE MM A S - RIIRE, FARR
E A, TR B R F /D E O A
Fh, 58 h0 /S B AU RR T BE IR R AT /N R BT R s
- EENM.

M/ EBRE N R R RZ, F A REAE
TRHEASTHAERERE, BEEERENE
G A EREER IR S Bk TEATH
W) — s R T T R )R 1R A0 A BRI R
EEHRNNERE RS ERRIEGRMTEZ
— MM EERE Y PEC A SR mdE
KFEN S M EREE T SRR HERL
BAREAKB T —ERENDE. H 1997 &
Cheng %-° ¥ WK R E FT A FF 4 v 5 5% 40/ 3 4) R AT
Mtk dr fRER S, 18 ] B R R/ R LUK RITE A
FH L IAHAR A DNA R B BRI I R 1 BOR
R R A N EREHATEFGE
Joi Fi - ELE%%HE&M%‘]%](CPW)E:F Bowman-
Birk %22 W R H B E A R ET & A

UL AEEE, REE, R -MAAKNERR

FRES, WSHEE WRE ERESFEERE
% i i R T R R F R AE RO LR
R M T AR . K CpTT
RS AN A B 5 40 B, 7 AR AR E A R (R
H) EXSEEA) AEEHABDBEEENE,
HAEEMMEME ™ RKEREL.

CpTI BB F L R G R EE B
SOERBRE T BET QI EEENE
AR E R . 2000 & FRea %" AL EERE
CpTI RE ST ANE MG HAL, E PCR ERFKE
B ERM R BT EXHIE HXLTH
FELEF AR AR R ANERTE ST
HHEEMT AR, FAARTEN SH CpTT ZH

Agrobacterium tumefuciens , cowpea trypsin inhibitor gene, storage pest, transgenic wheat

GANEGREEEGAUS, FEIHRERTHR
LI bR XTR1G A0 B B LR S AU R 1T 9L
RRB A5 RAE S F B A R A5 1 i & SR A TR
5 R

1 #RAT oz

1.1 #H5EA

1.1.1 HPHHESEFR UEALRTEFTHZME
BERBENEHIEAGHANEHZE. BRE™
BE SHG REHRER, BER BN HEARA
MEBERENT . KRB MEELLRERE
H.

Y EFE BRI, EAE L M8
B M Nk RS E B (CH)200 mg/L. & S B
20mg/L. FEHE 30¢/L IR G ¥ 8¢/l M IHH LTI
FE.EASREMM 2, 4D 2.0myL. it & B
(ABA) 0. 1mg/L, T4 35 3% 5. B A F £ W in
2,4-D 0.5mg/L HH MR 53 3 E (KT) 0. Img/L, T 3535
FE CHAEFERIFREE (Km)S0m/gl, 3k #
B (Cef)200mg/L. A REEFREE . 1/2MS B 47 FE B AN
Cef 200mg/L.

THEBE BN YEP AR (BERRY 10
¢/L BB W 10g/L. NaCl Sg/L) B im #) 48 F (Rif) 25
mg/L.Km 50mg/L.

HegR A BRH S AL R Y R R E R AN 1R
bl BRIR S AR Fe 5 AR B pH {H1H 42 5.8, YEP
e pHEWET7.0~7.2, BEZENKE 121C
20min, FIEFRBEEREE 40 ~ SOCTH K EF A
AR MR AR
1.1.2 B A R R B R A E ( Agrobacterium
tumefaciens ) B #k 7 LBA4404, L%y % pROK-2, AP EH
Blpem e pror i {t. Al TDNA K& 6
NPT HRM Cprr ££W, CpTr EH B CaMV3ISS |5
HFRERE.

1.1.3 8. JN EANERFENSE: AU T
DNA B4R INTP.DNA ¥ FRITEYMAEEY
TE(KE)AFPCRY EIIME EHSETEYT
B AR RS A RA A A Hybond-N" JEJE B ¥ B
Amersham 2% 7 ; % Bf PCR X N 3% 7| & { LigheCyeler
FastStart DNA Master SYBR Green [ ) \Southern blot &
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FHRBE RH BN T HIERE & 8 F D& ( Triticum aestivum L. ) 8 5% 1% 2 447 433

32 7 & (DIG High Prime DNA Labeling and Detection
Starter Kit | ) B Roche 2Y 8] ; HFHIiXH W 8 +#54k
%X M A BR 2% 7] ; TaKaRa PCR X 1 TaKaRa 2% 7] 4
73 3EB} PCR X LightCycler 2.0 B Roche A8 4.

1.2 X®BAZE

1.2.1 HEMERAH & BHRETHRF &R
10l A% 10mL YEP RFEIEFBE P, 28CHEH
(180r/min) i3 7 . BLIH & 50uL fin A B 50mL YEP %
FREFRED,28CIKRH (1800/min) B F E 0Dy, =
0.6~ 1.0, %5 55 3F 9 B # # -0 (12000¢/min, 4°C,
Imin) I EEHE HBEMS ERHAFEERE K
0D, =0.4~0.8,

1,22 /PEGEAGHANFES - RANEHIEEH
514 ~ 16d BIEh KL, 7E 0% (ViV) 2P RN
Imin, 85 3 0.01% ( W/ V) HgCl, i3 |5min, T #
EEKAFERI-SE. HRHK, ETRHELES
IR b, (25 £ 1) CREES 3R 20d, Bl B B % 00 3F
k. REURRBECEMR M S GES MR (HRY
2~ 3mm) 4R R FF, 20d AR 1 K. 8RR 10d ST, 3k
B Pt 2 fE R b B F ik

1.2.3 RAEEFEENMEREGES 2 T #
ALY R ERY 2~ 3mm B9/h3R B TH
ZBET HHH 200umol/L B EARFEE L. (25 1)C
A R THERIME, BB THERHNERITE
BREB(O0D=0.4~0.8)%,(25+ 1) CREE &4
TREYE 60min. )5 B A FHH, X B KR
LERWER MEBARAAEEFE(HMZBT S
Bl 200pmol/L) BIFATIER b, (25 = 1) CREERG T
KR 3. ZRE B a4, 200mg/L Y kTR
BREMEBRHE 2min, TEKPTES-5%,. 8 TiF
PEREFRAL B, (25 £ 1) CHEIE SR 2 B B /5 47 16h/
Bh(Jt/HE ) A BEIE 25 (R BESE I N 40pmol/(m' - s) .
vk s FR AL AT 4 B, e i ok kR M T 1
BEREIemEAN, BEARERE, BELH
REMBEHKKES~Scm 0, %8 1 F, %%, 8
RBEERZERA.

1.2.4 ¥ EE/PEH PCR.EM PCR X Southem
blot £ IR R ER LA PIEN E A Rk 9
PR Bk A 2R 4 8 DNA, B PR B pROK-2
SRR DNA P 4 IR IR BB T, 1Akt
AR 4R DNA, #ET PCR R i %, CpTIPCR £
514 P1:5-GATGATGGTGCTAAAGGTGT-3' ,P2:5'-
CTTACTCATCATCTTCATCC-3'. T A # /= 4 K

79 326bp. B 40ng M Ji B4 B DNA B 10pg ffiki
DNA,fE 25uL R i A Zp # T H M X H B
Touchdown PCR ¥ 1. ¥ 8 & 4 K. 95C 1 T ##
10min, R J5 L1 95°C T+ 1min, (68.5 + 0.5)C i :k
Imin,72CEEM Lmin, #1535 TEHF, &G 72°C HMH
10min. PCR F=%1 Fl 3.09% B 05 ¥ 55 e oin vk 2» B9, 5%
AR RERM

SEHT PCR Rk R &R A& W, =
KAF SR & 4995 C A M 10min J5 # 1T 35
B, B TEH 95T 205,68 C B k 20s,72CHE
fth 205, FEHE K 20°C/s, G T IFHFE 72CHE
BT REE SR, MRS HiRE R 95C 0s
(R A 200/),65C 20s (T RIEFE K 20
C/s),95C Os(EBEE H 0.1C/s), 78 65~ 95CH
BRI AE SR .

B 40pg M B 4 S DNA, 48 BamH 1 37°C
12h 5E =M Y] 5, 0.9 % 5 5 45 BE B ik 16h (L &
20V) 7 BES BB AT 74, SR IS5 M DNA ¥ 42 2] Hybond-N-
BB L™, LIEE DNA CoTl M 1 H B b
B, AT AU PRI HARIC AR M, SRR E
IR A AT
1.2.5 FRRCN/NZE T, {UHF BP0 m o7 97 S BR L3k
HEARADMEL AR . EETREMEN,. BT
R (25 ~ 35°C, M X FE 20 609% ~ 809 ) M9 &
EN ,@%im&(snmmga cerealella Olivier). 3 T H
IEPUE -5 Ra R e Al g R

2 R 54t

HRE.SLANBRZIBT ERMNELNRIE
MR EEE SIS A% R ok
B A7 e of [ fp b B, L3 5% 35 7F TR A 0E o B L0
% 20d, HAT M AHAN TSR NEHHAH
R, SRR E 1), ik A AR Y ] 31
tEMHARAFEEREHENEW. EHEKE 0Dy,
H0.2.0.4 WFHL R, S0 & 7 H 97 1
FEENEREMERN AN ERE BB
0.6.0.8 AR, RB A EWMEFEMN, /3 &
60min 45min 1K B £ KX A 30.29% #1 23.0% ;1.0 £ W
HHHEERRABAYS . KTHERFENIRRE
ACHT B 12 A FEL Y 20 29 34 R BFH 7 A 0 4 I E ok it
W, B e RITE R ABYHEHA
WM F BB R E AR, RS
RHFEERS HRFSE(pHA. BERE S5 .80
N E) M E RN ER™E, GERHT

2.1

© PEMFRHEMARMATIKSHET htto

ournals

1

ac. cn



434

Chinese Journal of Biotechnology

EHIHEHR  2006,V0l.22,N0.3

{ﬁzu‘%ﬁ( B 8 <7 4 3 T A T B N 4R SR B[R] A
ENAFBAFTLFEN. 2XRBINELHS

K ODyy = 0.6, 1R % 60min, A F R F I B ok A A4

geaf 3 TAME R RS FH L RAER .

30 F

Percemage of km-resistant celli/®e
»

Q - H—
15 20 45 60 XK
[noculation duration:min
—— (W02 {04 —ye— =06

—— () 08— 10

Bl U R0 R S b ) X £ 2 94 T R A9 3
Fig.1 Effect of 4. tumefaciens cell density and inoculation

duration on efficiency of transformation

ZEETHBAS) RAHFAMNM SR U AUFHE
SR ERGEMIL LR T M98 2 %L h
MLERMZ—. ERTEAN TR FHIHEYEER
LRI E ST RS RP A TER
M AS. AELBRARTERRE G AN YRR,
RITHEIEFMERG 30mn U RBRAHAAEHE
AR =B B, o SIER N 200pmol/L B AS, B N A
AREL. ERLEG20d Stttk BEHNER
. FRIZWE ), A E4E A S GA
HUEREFRFBRAKE . £ 1(40.0%) 48 2
(24.5% ) 4b3E 3(36.59% ) AT B AL IR 5(21.4% )
W ERHBE L ERTRERGESMESEE, M
F A REEEO3 3% IR TFAIEAFE. Fah

AAOHIRFMILIE TR A AS, TR AR,

P B R B A AS T 2x B IR ATt 2 R B 1k
BEHTRELE EMEFMRERHMA ASES
ThERGANT ASHER ASEFRAGHA
AR RITE vie ZRATRE, FEWMES TR ER
MM ILREST S 0 LR, TEA B FRaT N
A AS SRR WA RREE N AS B2—FHi2
e BERENEN. YA REEEREEM, %
WR £ AL R OR. AL ERSERSATA
EHENY ERY MO B SR Ft
MY LR RESERE 3. AHREN, B EF
A ASIR b UG FAEROR
FATAEEM AS HH-

X1 SHEMZBTER(ASNLAERAR
Table 1  Five methods of adding acetosyringone {AS)

Cultivasion of 4.

Pre-cultivation Co-cultivation

Treatment ] turmefacters )
medium . . medium
in the {ast 30 min
1 + — +
2 + - -
3 - - +
4 - + -
5 - - -
+ . presence of 200umol/1. AS; - .absence of 200;:mel/L AS.
45 r
40 —‘
£ = B [ ]
== 0r
8 st
%2
£ £ 20F
5z |
2iv
= 10
5 -
0 . L ] 1
1 2 3 4 5

Treatment

M2 ZmT &ExEtE s g

Fig.2 Effect of acetosyringone on efficiency of transformation

2.2 HBEHEEMNEBE

BRI WA R EREERE LERRHt
A Bttt HANE et FRE. T;*L
HERFEBZEATH RN EEEFE L SRS
. SRR FREem E4LHW  BELER
HirEk. A LEAT 400 R R T H 4L, 15 B
43 TR HHR R I MRE K ERREEFAIES
R EE M aGEHTESER 12.0%, 41
HEHESEEERN 6.25%, RIKBELEEN
0.75% . i

KBNS N ERERAETREEENE
o, e I/NEM BN R R ERER FHEE W
HAMILEFFE BRAFHHANERRKREN
RENY EHRENST FIRYWEMARL AL, UK
A MERAMERREN LRSS, T HER
BRELECE, BTN FLAXEEFENSE.
ALHE G CpTI M RIFE N FHFA/NEEFRAR,
MG AN FGHREENE Hikb¥ RE
ML EERENEZRRM™ ERE RYetE.
BT ERHEMTASEEN. B ERLH
HHEEFHESHHESBEREAR, M TFNEH
etk Ea AR AGAAMEERY B
BRI RE, ZABHLNBEUBHETES —F
hik -
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FRAF RAENFHERE 2 8% B DX (Triticum aestium L) B R T K 247 435

23 RERAHKT, K T EES FRA

R 3 EEHNBEHROEEA DNA, # 1T
Touchdown PCR FIZEL K PCR Ke W4, &5 R IA 3,
B4fn, kBN HERGHAN I KBEEKRS K
B PA X 88, A A R B9 326bp TS B 4 & f
b £ ;T 3 7% 1L BA PE XY B BRI 326bp FF R R
B, Ry —REMNER., UIRICH CpTI

M P NT 1 2 i M

3 OBEET, #itk CTr #A PCR 4T
Fig.3 PCR analysis of CpT! of the
T, transgenic plants
M:®X174- Hae [l digest DNA marker:P: PCR result of plasmid pROK-2;
NT: PCR result of a non-transformed control: 1 ~ 3: PCR result of

transformed plants.

1.765
5 1.465
v
F1.165
5
2 0.865
g
S0.565
“ 0265

6s 70 75 8 8 %0 95
Temperature/'C
B4 SEEET Bk T EEXH PCR MM ML
Fig.4 Real time PCR melting curves of CpT! of
the T, transgenic plants
P curve: melting curve of PCR produce of plasmid pROK-2; NT: curve,
melting curve of PCR produce of non-transformed control; 1 ~ 3 curve;:
melting curves of PCR produce of transformed plants.

HEE HES, X PCR 7= ¥ # 17 PCR-Southem blot
HE H-FIEHTHHENERFTRE NI EH
(R 8 R) ; B &% 8§ 109 46 49 2: H 40 DNA 24T
Southern blot Z¢32 (B 5),3 % EA KR E R — £
AW BRMERN, MIEFAEELTETH. UL
HRUEW 3 BB HE R A CpTr EEH K, O
EHRE2VIRE N OE XA B Xk EEH
AR

24 CprI1 BEBEET KPMHSEE PCR BHE4S

R EHR T
FREMEKTI.T-1.7-1 25 458 230 k.
307 B 187 R, H—BERREVLER S0 RSP Bk BA FF

5 HMET EE CpTl B Southern blot F3E 4 #7
Fig.5 Southern blot analysis of CpTI of
the T, transgenic plants
P: CpTI PCR-production of plasmid pROK-2; NT: gnome DNA of non-
transformed control; ! ~ 3: gnome DNA of transformed plants.

ML R B A R DNA, #1T CpTr #FH PCR &
W, I ERECR A4 KB B e 4T PCR MK Z
HERFEES . BEEKEZET-I.7-01.T-OH T,
KB &+ PCR (A8 5 PCR BitEME 2 it
SRR 1.94:1.0.75:1.2.13:1,y MR REH, &
BET-IMT-NF, ot BRLBEERI:1 535
H#HFTEE(P >0.05); TEHKRERE T- 11 P, CTT EH
R RERHE(P<0.05),

REBERAELER(RDER, ZIHEREE
BT {fCPCR AT HESRER B &S B
KB TENER BN REILIERZHERY
m5EFEEAKMEL, RARANER, 2B
 EABH BR=EARZHREAEEREMREE,
MEESRAXOENRZERBR DEE AT
FAOBY BRENEARBENHEN. XAER
BT T ERREXABREA T THERE
BRI GEH, SET —RIIRZH RO M dal
BERB FINEREYRAREISIRT HERMEKE
WHREEEREAMERK. FRBEEKREZE
HRASRZHEREZR D ARG ELRE, o] 6825
BDNA FBREAFEEERMEKPHEAMLAKRE
i g4
2.5 HEEANMNET, RERRASK

BHWHE T /L PCR MNP TF AEEY
EEREGTREER I NAGAER T REN
O, AR ER(F 3), 3672 B 0 B bk AP 3 bt
BE BERMNFFILEE ISR, REEHE X
58.3% ;MAHEHEAKRE T-1 . T-11 .T-I1 T, R¥FRE
SRR R, BEEN 19.8%.21.9%.
32.9%, 55 FHBT 66.04% .62.44% 43.57% , 5
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MEMEAREESEER(P <0.01), X—HRE
B R R AT R S IR SRR L AT IR E L &
HEE P ORRE R WA M8 R Al e R oy
T Copr BRSAPNEENATH RO RENE

M. MHXEPEERS K EHEKRZERR
A R MR BE 7 X T BE S AR B A S ) B A
HERTHREBRER XL,

F2 FEREET £ PCRA¥MERESHBEITSW
Table 2 The statistical analysis of agronomic traits of the T, PCR-positive individnals

Number of tillers Number of spikes Number of spikelets Number of fertility Number of seeds/
7 Height/plant {cm) Length/spike {cm)
Line /plant {plant /spike spikelets/spike spike
Mean P Mean P Mean P P Mean P Mean P Mean P
TI 12182242 004 330:092 000 D0l 000 1216206 000 204005 0043 1920:04 0.003 57.80:1.6 0.00
TH 8192210 000 420:08 0.0 7018 000 13.78:06 000 20.20:1.30 00M 2020:1.3 00 56.80x.% 0.0
T 1002238 000 543:143 0502 LW+1.5 000 ©0£:0Q 020 HB.20:045 0H 180071 050 40&:35 0413
C 1373z 190 5.18+ 1.47 91.26+2.17 10.06£0.24 19.0+1.2 17.60 + 0.89 B0+ I

The statistical analysis wsed homogeneity test for variance, one-factor analysis of variance and Duncan multiple range test (a1 0.05 and 0.0]1 level of

prebability) . P, the value of probability of Duncan multiple range test between T, PCR-positive ptants of T- 1 . T-[[ , T-1ll and the untransformed cantrol plants

respectively.

£33 BERNET, REHMASH

Table 3 The insect- resistance determination of T,
seeds obtained from T, PCR-positive plants

Line The ratio of seed moth-eaten mean P

T-1 0.198 £ 0.260 0.000™

T 1.219 +0.265 0.000°"

T-M $.329+0.29 0.002
C 0.583 £ 0.325

The statistical analysis used homogeneily test for varance. one-factor
analvsis of variance and Duncan multiple range test at 0.05 {7 ) and 0.0!
{"") level. Theresultsof P of T-1 , T-1 . T-l[ compared with the control
respectively in Duncan multiple range test were only showed. The ratio of
seed moth-eaten was calculated based on the number of seeds eaten by wheat

moths out of the total number of the seeds per plant.

FEULEHRER, EH IR ERITEAN FRE
TENAREE T ER/ERE; QT HEE—E
BT RS IE s S R BN M RHURE R R LR B BE
Jio TR T HASEAE WA E A BN ERET
AR FESRTE S SRR PR,
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