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HREX trxs BEENERZ 0T F FTEERMBETFHERSR

Study on Molecular Identification and Pre-harvest
Sprouting Characteristic of the Transgenic Anti-frxs-gene
Wheat Line 00T89
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Abstract Pre-harvest sprouting of wheat is caused by a series of enzymes, in which a-amylase plays a key role. Thioredoxin
{trx) is an important protein capable of reducing S-S to -SH. The authors transferred the anti.trxs gene into wheat { Triticum
aestivum L.} cultivar Wanmai 48 in 2000 in order to obtain a transgenic line with low activities of trx and a-amylase in wheat
seeds to enhance their resistance to pre-harvest sprouting. In this work, a pair of specific anti-trxs primers were used in PCR test
to validate the transgenic plants in Ty lines. A pair of primers of a wheat actin gene cDNA and a pair of trxs gene primers were
used in the reverse transcription PCR test to measure the relative content of trx mRNA in the transgenic positive lines. The
experiments of pre-harvest sprouting were carried out o test the resistance lo pre-harvest sprouting. The results showed that there
were [3 positive lines with the anti-trxs gene among 18 transgenic lines. In the maturity stage, the 8 relative contents of the {rx
mRNA in the 13 positive lines were reduced evidently{ P <0.01). The &rx mRNA was correlated with the sprouting parameters
significantly{ r = 0.7181} . 6 lines with low trx mRNA showed stronger resistance fo pre-harvest spromting during the period from
30 days after anthesis to 10 days after maturity. Compared with non-transgenic plant { Wanmai 48, CK), the average sprouting

time of these lines was posiponed by 2.7 days { P <0.01), the sprouting ratio of seeds on spikes and the spike sprouting degree
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were reduced by 35.5% ( P <0.01) and 47.5% ( P < 0.01), respectively. However, 25 days after maturity, the sprouting

capacity of the positive lines recovered gradually, and no significant differences were found between them( P > 0.05) . Thus, it

can be concluded that the wheat pre-sprouting was controlled effectively in some 00T89 transgenic lines as a result of the

expression of anti-trxs gene.
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FREFHAARN, EHBEHRDE2ERR
BHERMEBEEREC Y, Kneen F Sandstedt 7F 1943 4
BERREMNETR TP RALY « EHBOHE Y,
INEFFRLPHFERINEN « EBRB/MEFEED
BE 30§ 47 ( a-amylase / subtilisin inhibitor, ASI)"* , 3X
WREEELSE_HESENER LEERERE
BEYEZRE. AEMREELERE-—TRANE
WREM BB AL, WEEED h(tn h) 7
HENE o« EMBMEHED N @, ATEER
BoHEIHEAXERBONHER". &
FHEBBEN v HES ok ZERRE T4
EARAZRK,. 23 DNA FRIHEE R, ENAEK
SREEE  HEQRRAT YA BRSSO
AR RIS . AR LEEBEARE v
REMR X L REAZRREORIITRAN
EUBEMFAALEE R, EE EHEEE,
MEEAF X FX MR EDS RIRE. KR
A B 2000 FFFHHFTR L ms ZEEHEFANDE
( Triticum aestivum L.) S &% % 48 ' fEXT5E4L
WET,.T,.T,.T, i@y 20 b, 0ok bR, o
FHITHRERELN A TEEMUBEFIHIEN
ROARGHERENMBRFRER PEMBR
AR KE
1 MHEFE
1.1 ##

LA/ F ( Triticum aestioum L) Gh Fi b & 48 5
(CK)ANZEHER L es HE, BRI B EIFEERB /N
# 00T89 5 4 fU(T) I8 TR, KB TR ¥ EH
FBR(T,) BRI R A A T — 20, 2051 2-1.5-3,

93-3 .80-2.40-1.13.38-1.38-3.39-1.,71.64-4.79-2,79-
1.86-1.93-1.94.39-3.97, 2003 ~ 2004 767 /g 42k

wheat, transgenic lines 00T89, PCR test, RT-PCR test, pre-harvest sprouting resistance

A¥BHAREEEAE, REH L+ R, ENY
5. BT EEFRKRMAKRERM LS DK
L BENLHED] B 3 K. AKEH 3mx 10m, &
AN 1297, R a8 Sem. HBIG—FBH.
NERANHEE ERSEERREE RGBT
B R, 0.5z, HEEAKXHEY Eppendod EH, 8
AKX 60 K, it 1 140 AR, SR VK B R E o R GE
VB -S0CHBMIRKAT &, #1TEEH DNA &7
FEFE. MHERXL rxs ARG HEERER, EF
HEHEHRFEAR— XL EMUEF KD —EH
PZEFATHEARIC 100 B, 2 B T LSS 30d A
MG 10d LS 254 HEATEURE B4R R 10 8, K
EWEHTEEFRR, NAHREHERRRLR
MBS 3 P HE R 20K, KER
ARSI, 25°CHKIEE, 10h BF BUAF, K5 &
- 80CHKIRVKEE, #H4T RT-PCR 2 A E XL -
1.2 BREHESTEN
1.2.1 P4 DNA /N4 B & 6. o A
HEHE DNA /N2 BUCR A CTAB . i %5
W HEIE W E 0D, « OD .y . 0D, 18,115 DNA ¥R FE
A E 1.8 < 0D/ 0Dy <2.0;5 0Dy / 0Dy = 2.0
BRIk FA e EoR . F TE BB (150 ~ 200ng/pL) 5
TR )
1.2.2 PCRFFHHET 1 AR L s BEF IR
A5 ¥R 1 5 {F Primer PremierS .0 i iT5 ¥, 55 5%
314 P1:5-GAACCTGTGCTGGATCCAGAGCTG-3'; P2:
5'-CCAAGTTCTGTGCCAGCCATGC-3' , ;i B4 T
BAAE M. PCR M A &N 20pL, o 1.0uL
B4R DNA 2L 10 x Buffer.1.2pL dNTPs(4.0umol/L) .
1.0pL P1 (4pmol/L) \1.0pL P2(4pmol/L) .0.2uL Taq
(5u/pL) \13.6pL ddH,0. {# i Thermo-Hybaid9600 &
PCR X ¥ #, & Al Touchdown & FF: 94°C i 4 #f
4min; 94 CE 4 30s,58 iR 'k 30s,72°C £ f# 40s,2 4>
TR ;94 °C % 30s,56°C iR K 30s,72C ZE {8 40s, 30
AFEF;72°C A 4min, 4 CHRF. 1.0% IR ¥ E K
Bk,
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1.3 #xZ& RT-PCR ME
1.3.1 & RNA BB R 3 KR, H GTC ¥
(RE MBI E) B & R4 E RNA, A%/ R
FEH 02 5 RNA ¥ B A4l B , e g 9 o5 B el 3 4
HE RNA, FEHERH,
1.3.2 RER(RT):BEL RNAKEERFAER
HRRNA R, RNBABREER 20uL, 2 B
RNA, 1.0pL dNTPs ( 10.0mmol/L), 1.0umol/L. MLV
RTase (200u/pL), 4.0uL 5 x RT Buffer, 1.0uL oligo
(dT),s,0.4pL Rnasin(S0u/uL), ddH,0 #h B 204L, iR
5], WMRET 37°C 2h, R/5 9SCRAEH Smin, 37 B
ARF - 37CHEKEF.
1.3.3 RT-PCRERMUT HE . RE/NFE acin R
¢DNA FF 5% it W45 actin 2 H 3| ¥ : WAC-F: 5'-
GTTCCAATCTATGAGGGATACACGC-3'; WAC-R: 5'-
GAACCTCCACTGAGAACAACATTACC-3'" , 4R 1 /b
ZREALFEORARFNBRITHRSI Y. P35
GCAGAAGCAAACAAGGATGGG-3'; P4: 5'-ACTGCCA
TCGCCAAGAGC-3'. H LB AW IR A A & M.
PCR ¥ 38 K & #2 & S0uL, H P 5.0uL cDNA Biif .
5uL. 10 x Buffer.4.0uL dNTPs(4.0umol/L) .2.0uL P3
(4pmol/L) ., 2.0uL. P4 (4pmol/L). 2.0uL WAC-F (4
pmol/L) | 2.0uL. WAC-R (4pmol/L) . 0.4uL Taq ( 5u/
pL) (27.6pL ddH,0. [FBY A A 2 /5 & # RNA
HaRRERAELEMAMIE DNA S, HHES
HRBELRERNZH. RATVHEBR . 9CHET
# 5min;94°C A ¥ 30s,60°C 18 X 30s,72C ZE i 50s,
28 NI ; 72°C ZE {8 4min, 4CIRFF. 1.0% BG4
BEBLER K, AR actin R I8 H BB 422bp; B
W B (e )T 38l BE K B 0 343bp,
1.4 MEFRRENEERF

BA ¥ 2% Hagemann S AR B MK D HEHE

18 17 16 15 14 1312 11 10 9 8 7 & 5 4 3

BT RS, SHRARSIR 108, H0.1%
HeCl, B Smin 5 AR KFR TR ERERL LK
HEMAISBRAN BEEWNAE 5C, XELH
B, TAWMARHERE, E6¥EK SXREICH,
10d FRN MBI,

BEAFSEME - BAKRFHE =FHE 10
BAGRFHEMFHE ENRFR(%) = &&
RI10B% 10 XA FR B/ S8 x 100% #F
WEBRFE-SHRI0EB 0 XBRREN
ZMB x REMNEFHFNBOMNEYE, H5R
LR FHAMERF BRI | ;B0 JEBREK <
2mm R 2 B FERIBE A 3 EHFREK lmm b 4
B RFEEEK2~-3mm A S KR BHEHK 4~-9mm K
6 ;LIS EIKEK 10 mm M 1 &,
1.5 EHIVRBBERIUTSH

JD801 BER AR R AL AT E R KSE . D801 Sr#7
B33 B BT R0, RAESKEE (I0D)
RRFHEEE (0D = - 10G(L/1); I, RES R
B, L RASKRE), BREERZESHIR adin &
BEREZRE A A &ER mRNA EFE, RRKIBX
H Y #5 HK4E SPSS10.0 # AT 50 4047 .

2 #X

2.1 EHEDNA HHNEZEANSFERE

WER L tres EERITHZ 9 PL.P2 #4TH K
ZEHNHA DNAK PCREM, REEHKFE 48 HAH
MWRLOERR N oxs R ER D AE R, 18 1
BAM PCREMEFEME 1 iR 13 MRE(2-1.5-
3.13.38-1.38-3.64-4,79-2,79-1.,86-1.93-1.94.,39-3,
BT SRB R HF AR, LA DL2000 maker
HE . ZAEATMEKES & DNA K B 474bp 48
Fao

2 | CKH,0P M

1 $5EB#R 0089 T, RH) PCR 1M
Fig.1 PCR analysis of 18 transgenic lines of 00T89 T,
M : marker( DL2000) ; P: plasmid; CK: null plant;1:2-1:2:5-3; 3:93-3;4;80-2;5:40-1;6:13;7:38-1; 8:38-3;9.39-
Ls10:71511:64-4512:79-2;13,;79-1;14:86-1;15:93-1;16:94;17:39-3;18:97.
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i 2B A 13 N8R FR, BE A% B8k AT
PCR &G M5 R 2. B MHAKEEM 7 P1.P2 5]
VAT B DNA B (474bp) , B R X trxs 2

M1 23 4 5 6 7 8 910 1112CKP

1 2 3 4 5 6 7 8 9 40 11

HEAR T/ EHERARHFEZRED 13 M5
HRABEP XHHKRL 4 18T HENT.2%.

12 M CK P

M2 13- MEkFREYUES PCR WM
Fig.2 PCR analysis of randomized samples of 13 transgenic lines

M : marker{ DL200Q) ; P: plasmid ; CK : negative control; 1 ~ 12: randomized samples .

2.2 #X=E & RT-PCR fy3I%E

HPEREN BN MR LR & LB IT RNA
5%, LLPIAT acin BE IS B, 1€ acin BEHEX
2% --BHaf ,RT-PCR &R WA 3.4 fin. By 1
~138X DNARNMKHEEKER, 4 5 AKE 48 X
B,15.16 5 DNA BB R, FTUAR M %
KEFHNEEMZREREERE L, EEAMITE
mRNA £E(EH 4), FEHEERER, KR 5-3.38-
1.38-3.64-4.79-1 35 41 (A #1), mRNA ¥ 3t 5
&, # He ot B B 73.99%;94.39-3.97 — 4 (B
Ay, 53 BHEER 52.5%(P <0.01);2-1.13.,79-
2.93-1.CK.93-3.802 ¥ RZMERILBE KR
86-1 B HAIR L BHERMIE . bk R, B
BREM0. 7% MK REAFERAKE LS HEE
FARK,61.5% K MHEHEE uRNA £ EH B EEMK,
WEHRL S tres B EFHFKF LTI T AN i B
P i A o

M 1 2 3 4 5 6 7 8 910 1112 13 14 15 16

3 RT-PCR MR AR
Fig.3 Electrophoresis analysis of RT-PCR products
M: marker( DL2Q00) 51 2-132:5-3:3:13:4:38-135:38-3;6:64-457;
79-2:8:94:9:93.1:10:85-1:11:79-1;12:39-3;13:97;14: CK;15:93-
3:16:80.2.

2.3 HEKEREFHENERESW
2.3.1 ARGEENGAFNBEE B 5L
B, FEE 30d, BBE YRI5 R FFEAT IR 9 74, & ¥k
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mRNA relativity
5

e
vy
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L
B4 mRNA 5
Fig.4 mRNA relauvity
{The capital letter A B, C.D indicated the LSD difference comparilion
at 0.01 level)l: 2-152:5-3;3:13:4:38-1;5:38-3;6:64-4;7:79-2;8:

94:9:93-1; 10: 86-15 11:79-15 12:39-3;13:97; 14: CK; 15: 93-3; 16:
80-2.

REMNTERFE R 11.62% ;ARG 25d FHITTRE
FHEMGER 2.6d, R HRBAMER A K. EHIE
JG 30d ERAS 10d, RERMEREREA, — KM
PR FR (5-3.38-1.38-3.64-4.79-1 97 B H I K9
i 1] S 1 b ot BHESR 2.7d(P < 0.01), E R B B
EWbit. HE—ERESHBERERAK,
2.3.2 AREHREHAFRLE: BANWG AR
FEEEAE 10d GRE, AN X E(H6)
EW, G 30d AN EFEGMH, WM 5%,
BBGHEN R FELE A, EMABE 25di531% .
BEANMTRZARERESIdERARA)G 10d ER
BWA,EBHK25.7%, FEHHE, BEFHHER
AItK 7 (5-3.38-1,38-3.64-4 .79-1 9T) E R R ¥
MR TR, S MM 35.5% (P <0.01); H
£ F(2-1.13.79-2.86-1.93-1,94,39-3) T FE G & 8
Mo

2.33 AREERBAFELRE - BRAFEEAER
B 7] B U 2 2RI & 0, R B ) R SR
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Fig.5 Sprouting time of spikes of different lines
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Fig.6 Sprouting ratio of seeds on spikes of different lines

ARKNRB EEEEATEEN -1 EGHER,
B 7 a8, F )G 30d ERBE 10d AR & 6
BMEFEEZRBRK(37.2%), fEIL HH,5-3.38-1,
38-3.64-4,79-1.97 F 6 TR A A F E FH X R
TR 47.5% , 5B BE AT (P <0.01); B 25,
BRERZRNERABMNE6.3% BRFERK

160 0O 2-1

140 B 94

0 s-3
B 93-1

|
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Sprouting degree

Bk RO E#IKE ZFRES .
2.4 BRBHFEPLLED mRNA FREHRF
FHEMEXES

HE— 25 X R PR bk R B O B R R
1 E P mRNA XM RERSBRFSLGHRITHRNE
A8 (F 1), ATLAE 1, mRNA = F 58 % ¥ FF B et
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Fig.7 Sprouting degree of different lines
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BERSENREX, SEEEAFEMEFEEE
EMREBENIAX BEFEHZROMCHET
BEREEKF. W& THHEKE, nRNA FEH K
FoBk Z (5-3.38-1.38-3 644 79-1 )1 FHFLH B &
HEFHIE mRNA F E R AR (94.39-3.97),
97 R R AIHE,94.39-3 W E; 53 EM
B A R B E BB A (2-1.13.792.93- D) At & %
BE AR ARBEFIE, e R, FE X
tres BERE AT FRAE #5 B L H R KT B3 mRNA B %K
RRMH, EFRBAFESXEZN HRIFHE.

F1 BABRBEFE mRNA FESBEFHEREZANBXES
Table 1 Correlation coefficients betreen the trx mRNA
relativity and sprouting parameters at the maturity stage

mHNA relativity  Spronting time Sprouting rate

Spronting Lime -0.7794° °
Sprouling rate .6374° -(.8949" "
Sprouting degree 0.7376" -0.9389" ° 0.9334° °

Note:rg g = .3324; ryy = 0.6614.
0.05 and 0,01 levels. respeciively.

3 ik

HAlE A E RSB R — %8
BURZAME X EEHAFE, KL RNA HAEE
BB IS M B A IR A P B LT B 5 © B AR
Ao ESY o h EHNBEHAAVGHHREZ LT
RE FHEHEH o h RETERET LT RAIABTARE
SRREF " oo RENR LR ANE,
SIS He AR T b5 2 CE R MR, A3 3
B X RNA, FIEf) RNA BEBIPHIHIE A B LB R
B3Rk . (BR L RNA XTHEAEEMME F A -E 8
R E £ X mRNA ZEMBE L. #Eid PCR T4
ELRER X e B0 00TBO H 4 1K 18 ©HR R, B
MR EA 13 .48 72.2% . X R
KFEL mRNA FEERBRAHPHF R IHASN
HAHL oRNA FEER T FEBRM(P<0.01),
TRE 6 MR A FTIRA) ) kK FEM
HEFTESEMEERBREZNHME(P <0.01).
BT BN mRNA EFREHDERNKREHR
ARIBMEFOIE. Bl T R REEMR L
HUEMEE TN AR R . EFA PCR &
PR mRNA R EE L, W R XL s
HEWSFAREBNHELF. B —FE.0THFA
EFHEWEAEMRE AT, HE - HERER X
tres HEIFAFREFHEEE uRNA EFEH D,
BT I8 09 e B B L BB 2 (iransgene silencing) . 4§

"7 indicated that significant at

HAXHE HEHAEAN G SR EERESHTH
HEAEE" . I MBS TREFNHS &
B M.

HTHBEEREMERERNEGR, B0 T
B BB M T IT R RN S R ER
HREXEWREGESER. BTEEFRE RN
HENKRZRNEAFEGRAER . 2F2AK . 7
FHFHSLA. HRSEREH . EeEETFNHR
EHM AT 30d £EASG 10d, X th 28 i E
BEFREMFESNY, X 5H L rw HE LiFHE
ABBEANBH FEX. EHRRAIE G B
EMBEOMNHE X o BRER, BH o &R
BmtE R R LA F M, BRE 254 LU
REHKE R FHEE. AR R v BH
HRERBRTREANKE RANE R G0 E MiLE
RERE HEAZWEMHNE, XFEEF RS
HEMNTEE L.
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