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EVALUATION OF TRANSGENIC CHINESE CABBAGE
UNDER FIELD CONDITIONS
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Abstract Four homozygous transgenic Chinese cabbage ( Brassica rapa ssp. chinensis var. utilis Tsen et Lee) lines were eval-
uated in the field. The plants carried a bar gene for Basta resistance and a Nla gene from TuMV for virus resistance. A number
of biological and agronomic characteristics, including growth duration, pollen vigor, seeds per pod, seed germination capacity,
yield of flower stem and seed storage ability, were evaluated under field conditions. The result showed that most of the traits
were statistically comparable between the transformed and nontransformed plants except some traits, such as seed vigor, pollen
vigor and seed preserve ability. They were related to the competition talent and declined in transgenic plants. The yield of flower
stem was also lower than the control. The transgene mediated Basta resistance of the transgenic plants expressed well in the
field conditions, but the virus resistance did not. One hybridized combination with good traits was bred between a transgenic

line and a traditional variety. The inbreeding depression of the transgenic plants and the complex pathological environment in

the field were suggested to be the main reason for the phenomena above. Fig 3, Tab 5, Ref 16

Keywords

CLC Q943 : S634.501

FHE MR EE (turnip mosaic virus, TuMV) J& 442 Y %
B, REFTFUHREYN FERT. A XPRIEH, 542
EYRENEANROBERE Na fii B RS EE B KR
FOUE . AT 1995 SFBALRITHN T I BB AR
BB EPR T A EER O KFE TaMV Nla B J K 45 55 BR 2 7
Pivkky bar HE MR E MK Bl ELE AR, KB T EE
EEBRAGHR. 3 MERMBEE L EEREN, FREE O
FARFRH B AFTIARE MBRERIGE , A Bk R8O IRAE T 4
H PRI RR , U £ R R R R [R],
FRARR B TR R ) A S AR 1998 4E3R18 th 4 A LA
E RO R AL A [B] Al (REEZH 7 98B - 01 -09) . 5%

e B 3 . 2003-08-28 &0 B 3. 2004-04-15

# JERCTTAHZRIA H (No. 954413500 ) J b st i H AR BHF 24 1 H (No.
5992006 ) %8 Supported by the Municipal Science Committee Project
and Municipal Natural Science Foundation of Beijing, China

w  IAMEHE  Corresponding author ( E-mail; Liufan@ nercv. com)

transgenic Chinese cabbage; field evaluation; traits; herbicide resistance; virus resistance; competitiveness

TR PORI R BCAT A N5 IR A2 2 BOR ZARR AR TR O, 4
SRR KRR AT RS SRR SRR E
AR , 1999 S BL G B [N 1 3T R 1E F (R E AT T 2l T
PHBEEHLSCS , RAXT o R HEAT P 2 BGIE , i i 2 H 3%
HFI SR BERL 2RI

1 AR
L1 RIeH#

“49 F.LT N H KRB FANEY P IRE B T B  — iRk E
P32 ( Brassica rapa ssp. chinensis var. utilis Tsen et Lee) i F}.
FRAMBARITEN RHNES B ARLE kB TEE LR
(TuMV) % N E B a 22 ( Nla) FITER 5] Basta ) bar £&
HEA FL7"EERAD, REEEFNALROEKRR
T1. T2 i st A 28, A J v, P3RS Ll
EEHEFEERR TL-9,T2 - 16, T2-19, T2 -20, 4B %5 B
&, ATFAPR.



564 MAS®HELEY ¥R

Chin J Appl Environ Biol 10 %

PR H A ORI T A AR R R B AL B EE M.
1.2 BMRFAZE
12,1 HRBREE  BIHRBEI R b g S ot
P ERAR AT, R B3, 225 P 3T 49 3L T
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HEGARFERE I H A BHIC ] 9 238 — AR BRI TR AE KB DL,
AR A RE T ERK B Bk 255
1.2.3 HEREMEN HEEERENEZRA3
~4 mm KIEE. EMWFELBETES WK 4] BHET
MR AHEE R 2, B EE I SR EE.

£ 6 cm HRBFMA A 2 mL 254 B, A FDA
(fluorescein diacetate, 7, BRI K ,2 mg/mL 57 ) 10 pL,
RIRIRS, B E 4. 5O BER P IETHEERE 77, B
BB B FOCHTE /ML T B 8. SR S MILEF. 4
AR 3 AFES.
1.2.4 HERMHEEBEMFHERBERMELERESN
7 AR SR, R N SRR AR R I KR A 3, KR
HEH B AR RBIEM T, TR LR, T 248 L maE e
RHBIBP F HE R B S B R A R RO
1.2.5 HEFREAEHFHEOEENZE 200046 7,
49 O B HERMAR T1 -9, T2 -19 MFp 7 E e FE R
RERE, ABERMN T, HABERTHRHN 6 cm F 4 cm
BB RTRERHNBORHRA, BT T2 33 om AL &
AR S0 RM T3 AT TR 4 A BGE 67, Bl E B
HRRE R R HFIEDL.

MFALEFKERE, RTREKS, BETEENT
B F7kH,24 h 5 R A DDS - 1A B S0 8 R I IR Y L 5
B.ZE X EH B THARIRANBORER -, 720 CE
EATHER.3dGUHRNMTESBENZFE, B
K. 7 d BRITRFR. SR 3 AT, B HHE &R 50
LT
1.2.6 #GEBEBBRER Basta I MAEMEEEERIF
KEAERG, CHA 3 ~4 FE M. o B m B ¢ = 1%
Basta /K¥#FR (& PPT 1.5 g/L). 1 wk JERIEH ZRE M H
FRELFRIGTIE.
1.2.7 fmEREmEGE BRI AER B AE 5 R
FF 0 G, TALMIRERR ;1 4%, OB BRERARAE 53 4%, O
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FLR AR H 2 DNA #) Southern 2237 , By ik AR J: X Wy A 7E
7. DNA $RHUR M CTAB Jrgk ! fREFRICR I PCR DIG 7

&t 6 1857 & ( Roche , 1636090) . 5 DNA 22 HindIIl B4 5, BB
RGP ES , WRERFR . R4 2438 i AP BRYE DIG Luminescent De-
tection Kit ( Roche, 1363514 )i & AT 74T Nla Re[H 24
5, GEBEED , AR — 3K E#EAT bar BE ) Southern 2237,

1 JRIE AR 3

Fig.1 Flowering transgenic Chinese cabbage
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Table 1 Field traits of the transgenic Chinese cabbage
et RIEH (1/d) &R (Vem) EH (d/cm) Bk (m/g)
Lines Early flowering time Length of flower stem Dia. of flower stem Yield of flower stem per plant
CK 28 ~32 31.57 2.5 98.6*
T1 -9 38 ~42 18.94 2.4 87.5%
T2 -16 25 ~29 30.42 2.0 90. 4%
™-19 28 ~32 20.0 2.1 85. 8l
£®2 HEFAROCEXNBRHEMEREMHEALE
Table 2 Pollen quantity and vigor in transgenic Chinese cabbage and its control
S FEdh THER B & R FDA stain
Material ViZ 4 No. of pollesns /bud SLELAE RS gg@ﬂ,;*ﬁ o R
Total buds (n/10°) Total pollens Stained pollens Frequency (/% )
XIS Control 64 0.79 1220 963 78.9
L] Transgenic lines
T2 -16 60 0.82 960 672 70.0
T2 -19 60 0.70 910 605 66.5
T1 -9 109 0.89 843 573 68.0
15 Average 0.80 68.2

2.3.2 MFHERAE FEUNEREREONETFESSN
S, PR AR (net replacement ) 2y — WS 0 ¥ 2 45
RIM R ESR, BRI E R T ECS R 7400
EEPRRY . ARSCI P X R 2 N A S bR R S AR R R R X B e
TR FERE T AT T RIP I EO . SR ¢ BRI,
IR IR R EIEANF T L HERAXRS
XA BEER (FR3).

2.3.3 REFAXMFHEFERAAIE KBEREROX
BT Ao A T 29 33 em RV BEH & OR) N, &
10 mo( X44F 6 A ZAF 4 H) Mkfr)a , NERF AN T ZIE
AR ARMT M T MR BRRARFRERARK

BEMEOLT R H R 8H BEUh. ZERERFF S,
HEFSERERMFHENEAREHBER, MFEX
ZF 3 d TR BN ERRTE 40% £ 6. R EM TP, %
FEFEBRH AR B E TS e, B TR IR 2B
B, WXt AP F 2 TBREIE R 5 (£ 4) . RHEIRR , T RER 3
EFF B &5 6l BRI 5%

B3R 4 AT, B R 3R I P R RIS TERS RIS 38
B SR O TS, BARGETE 10 mo J&, FPFIATE 1 B BRI,
B3 SEARA RS BREAEM TRESERR, TThE
SRR R EA X, X T BB IE RN 1R FAERE R
FHRIFHIEIT , B4 RS0 A (&) .
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Table 3 Seed set of the transgenic plants and the control

i H IS FEihS Samples Ty
Ttem Material 1 2 3 4 5 6 Average
3B/ Ki 4% Pods/branch CK 37 33 31 39 28 33.6
T2 -20 45 31 26 33 29 32.8
FTH/ I Seeds/pod CK 22 22 24 18 20 12 19.7
T2 -20 23 24 24 22 15 21.6
F4 RENENBEEREEARNOMFEN
Table 4  Vigor of the transgenic and control seeds before and after storage underground
\ e ey _—
SHpIRH bk 3 Electrii&il%ctivi Vi Z{?‘Fﬂ i L EHJL]? f %%k%$ g i
Material Storage treatment 2 E}; 180 Of geTmn” .engt o er.mmatlon Rotted Deformed
(k/10* pS(cm g) ~!) ation (r/% )  seedlings (I/mm) capacity (r/% )
49 31> Control TEH Before 0.77 99 47.25 99 1
TEfG After £ Box 0.68 100 19.05 100
% Bottle 0.70 100 19.27 100
T1 -9 TEHi Before 1.41 99 44.52 100
)G After &3 Box 1.25 2 0.04 9.3 85 1
% Bottle 1.07 94 14.00 100
T2 -19 TETi Before 1.49 91 33.40 93.3 4 5
TG After % Box 1.35 0 0 0 150
Ji2E Bottle 1.02 92 14.97 94.7 6
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Fig.2 Spontaneously germinated transgenic seeds

(arrow) in the harvested field
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) Southern ZR 45 BTN , Fe B AR BRI 4 39 A bar 2
RAFLE , T BB (B3 -3). {H2 Nla 22 Southern
FRITEE R e R AR B TR (I 24 DNA 8 3 i
HZ3H (B3 -2).

ZWEERIIFR A, Nla ZEH 7 X} AR Y ZE 41 1Y Southern
ZRAH B PR, T PCR 45 R 8 FAYE. X278 B D X IR 2R R 4
SArE—BS AMIR Nla 2 R R IR PR 50751, P51 5 3
Southern Z83X 455 12 fYk , {H#%SMR Nla 2EF ¢ 7HET PCR 319
| — KB E EMATE R R T I, FEPCR &4 2 A%
HER , EE T — P RAL.

Iy TR B R B R AR b 5 S A SR bar B
P B NIa 2[4,

T1-9 T19 T2-16 T2-16

3-1 NIaZEBHPCRY HE45 ]
3-1 PCR result of Nla gene

3-2 RIYF R ANTadk F fSouthernZ¥as

3-2 Plant genomic Southern blotting of Nla gene
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Fig.3 Foreign gene identification using PCR and genomic Southern blotting in released transgenic Chinese cabbage lines
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xS FEREN EMEAST A1 ME(ZAFRL x
T2) KB, HAE R RERE, BB ol , B bR & ot A
KR AR SR R B T X R,

HFARBESERE, BEFD,HE CRREERRN R
Brh AR S0, R ER AR R MR B B AR IR
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Table 5 Field traits of the progenies in crosses between T2 — 19 and normal variaties

= Py =X Py }Ekt,
HE WA He e g Ak - Bl LR/ TR AR
Cross Uniformit Growth vieor Length of flower  Dia. of flower Stem yield per No. of virus
o g stem (//cm) stem (d/cm) plant (m/g) infected plants
97C1(CK) 7 Uniform HE Vigorous 25.2 2.63 106.0 0
ZHZEL XxT2 . .
Sanyue x T2 F Uniform AE - Vigrous 26.7 2.7 111.3 0
T2 x35 R3EL» . )
T2 %35 d caixin 3 Uniform ik Middle 27.0 2.23 85.7 0
T2 x60 K> . ,
T2 %60 d caixin ¥ Uniform IE - Virorous 25.4 1.76 56.9 0
T2 x 415 19 . ,
T2 x texianl9 ¥ Uniform B, Vigorous 19.1 1.65 39.2 0
66(()) (?E C%;l;;ig 5% Uniform HE Vigorous 13.4 1.48 26.5 0

3 it

Crawley (1992) M EFAMEAN B EASMIITTLZE
BRI , R F  BEE MM T REREGE S S
EGEERESENYNRERRESFE, FAAEAEER
Pog. AR, B TE TP TR E RS R TR R e 7
LR H A AR, EERRE B R EASE
S Mm-S RN RERELR I LT K, BH B b
VR AR TS0 0, Wi TR 3 W e S R B A
FE koA I E S S A P (fitness cost) ™.k #F Ly
[EHALE IR , P I KRB F 1 R B R 5 5L T
BEMEFERIER E, SERERMBYTHEER™.
KE SR ORNE , PrFRrhnREE R XS 5% RS
R RS RERARE B R AR RER IS
REFTE BEHD . AFRERS FRFR SR 5, 505
HNEEFNAREAYFERE, SXBRAEEH B2, %
oA B FEAMNEEERAG ERRERA. HEF A
e MU ERHFR EEE BRET. AR R B4 68
TE L, HEXNEAELY, THEER. 7E/KRE L E T SSR,
RAPD, AFLP #4713k 41 4 7 3R BH , B A1 IR 2 B 3 AN 5,
Ab R R A A K REERE I 550 M7 b, S X AT RS
25 NS T T EV SR T EE MR SR
EEMBERZHR RS AR X BB oY 45 B8R R AT
B S8 2 AR 2 MBS M 5 PR 3R A5 T 4.

TEFEFRBR R I T R IR AR, R AT fE R
AR — KRR DT, BAETRAGEERAERSE,
BB ANBARFES EHRL, B FFILEH. BREREM
BHEE IS 1 Bk, P R FE S L, X BRL, (HER
BEf Zess A L T B B HeR AR, R R AR
B B aA R ERTE SRR, AT LA i 2238 ) 2 4 B kb
£2. T bar EFE BRI BREL ] Basta FLHEE i —XF B
BRI 1 , Basta A—FR R SR IEBR B, 5 5L H BRI B
BRI EREE , ESREEER, U REANEASE T 658
RFFRR, F BT O ZEEE AR RN A THELARE
Flreb VR R ARIT MR SRt 2 A = eh R 2 b (a1 R AT
Ry Al

EMRFBHNEERNAEZESAT TuMV WEABER
Na . BIAFFASRZE Y WEAEW N HH, RET S

15 ) e ik PR KR B, {H TR R W e B R AR A L IR AL A B
FRATATIIRE TaMV SR L5 B8 , SRR
B AR PO PR, (A ARSI B B R4 R R, 2
HREA Bn O R G g pum k. SRER A, Bl T7ER
FALEMENT , RIRFT LU B EE DR
R R AP RLER LB U, T B (B R 4 B RS
U, B TRAYATE AR S (MRA CMV) B R /M
AL AR A BPUR R R T — 1, R T Fe R R
YRR AHREXRNA S REARNEE —EN) &N
PN ¥ Nla 9% — ik CP (7 AR S & , T RE R 4T
BRI TR — A

ERERR R, ZRKE R, 655 X R AR
Nla £t Southern Z45x 45 R B FHE. i Tk B BY Nla ZE[H B35
FEMMNRNENEORER, 28 b TE RPN RE SEY
WA, R T RN E , i REEY) B B TERE DI
SEE BT R I A, AR R, B SRR A I R 2
B AR A B 22k ]
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