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Studies on the gene flow from herbicide-tolerant GM rapeseed to its close

relative crops

PU Hui-Ming', QI Cun-Kou', ZHANG Jie-Fu', FU Shou-Zhong', GAO Jian-Qin', CHEN Xin-Jun',
CHEN SOI’lg1 » ZHAO Xiang-XiangZ(l. Institute of Industrial Crops, Jiangsu Academy of Agricultural Sciences, Nanjing,210014,
China;2. Dept. of Agron. , Agric. Coll. , Yangzhou Univ. , Yangzhou,225009,China). Acta Ecologica Sinica,2005,25(3) :581~588.
Abstract : The rate and its determining factors of gene flow between two herbicide-tolerant GM rapeseed varieties and seven
varieties from six Brassica species was studied under the paired growth and natural pollination conditions. This study will
provide scientific evidence for the evaluation of the ecological safety of growing GM herbicide-tolerant rapeseed crop.

At the year 2000/2001 season, the pollen donor glyphosate-tolerant GM rapeseed variety Q3 plants were grown in pairs
with each of the seven pollen receptor varieties which are all close relative of the pollen donor. The row ratio is 4:2. The
growth area for each pair is 20m®. Following natural pollination, the seeds from receptor plants were harvested and pooled for
each variety. Seeds were sown in the following autumn in the field condition in order to screen and identify the individual
progenies with gained glyphosate-tolerance. Seedlings at the 4~5 leaves stage were spread with 0. 2% glyphosate at 450 kg/
hm?. Both dead and survived seedlings were counted 15 days later and the rate of gene flow through pollen drift from the
glyphosate-tolerant GM plants was calculated. Among the six Brassica species studied, only Brassica oleracea var. Rowara was
not contaminated by gene drift owing to the its incompatible flowering period, while the rest six varieties from five species all
contaminated by herbicide resistance gene through pollen drift to some extent. The rates of gene flow to B. carinata var.
Dodolla and B. nigra var. UNS are the lowest among the six pairs, 0.091% and 0. 243%, respectively. The rate of B. juncea
var. Liyang Kucai and B. campestris var. Xinghua Youcai are relatively high, being 0. 951% and 0. 879%, respectively. The
highest gene flow rates were observed in the two B. napus varieties, i.e. vars. Ningyou No. 7 and Ningza No. 1, with 1. 252%
and 2.191%, respectively. The same methodology was used to measure the rate of gene flow from glyfosinate-tolerant GM
rapeseed HCN-19 and its close relative crops in the growing season of 2001~2002. The row ratio was 2:2 and the growth area
for each pair was 30m?. Mature seeds from each pollen receptor variety were harvested and sown in autumn to evaluate the rate

of gene flow from the glyfosinate-tolerant GM pollen donor. The seedlings at 4 ~5 leaves stage were spread with 0.2%
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glyfosinate at 450 kg/hm?. Except that B. oleracea var. Rowara, all the rest six varieties of five species have been
contaminated by the gene flow from glyfosinate-tolerant GM pollen donor. The rate of gene flow to B. carinata var. Dodolla
and B. nigra var. UNS was relatively low, being 0.028% and 0.024%, respectively. B. juncea var. Liyang kucai and B.
campestris var. Xinghua youcai ranked in the middle, being 0.109% and 0. 479%, respectively. The highest rate of gene flowr
was observed with B. napus var. Ningyou No. 7 and Ningza No. 1, up to 1.698% and 1.724%, respectively. The current
research across two consecutive growing seasons has produced consistent results in relation to the trend of gene flow of two
different herbicide-tolerance genes from rapeseed to its close Brassica relatives. It is clearly demonstrated that the rate of gene
flow from rapeseed to other B. napus varieties is higher than to other Brassica species. It was also observed that the rate of
gene flow from herbicide-tolerant rapeseed to B. juncea varieties or B. campestris varieties is higher than to B. nigra varieties
or to B. carinata varieties. The true transgenic identity of the plants contaminated by gene flow has been further examined by
PCR using primers derived from the respective herbicide-tolerence gene and all of these plants were confirmed positive. This
clearly confirmed the high reliability of the current data.

The current research also demonstrated that the flow rate of herbicide-tolerant gene from GM rapeseed to its Brassica
relatives is determined by multiple factors among which the sexual compatibility between the pollen donor and recipients,
synchronous flowering time are very important. It is the authors’ belief that the rapeseed could transfer herbicide tolerance
gene to its Brassica relatives through pollen drift and therefore special consideration and care should be taken for growing GM
rapeseed.

Key words : herbicide-tolerant GM rapeseed ; Brassica crop;gene flow
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EER . REBLSIAMBENERAMSH, FEASRATRBRENBX I HEREEEEBEIRRNFZHEA,
REHMERBRERAMESHERELT. MHEERRBEANEYEAIRANZF It SHE BhEE—ERNE, FEX
B2z —-REAAERELIENEB S REEHEY, SEHEHYTARNAE, ATERBEBE, MER+FHEHN
(Cruiferae) % # ¥k (Brassiceae) % B )& (Brassica)tEY), SR FAA BRH MY L ES NEEBHYLREA 0417  REH
14 ANEREER 1 AR 1 AR, HhHBERMWEB. napus L. ), AEBME (B. campestris LTI EB MK (B. juncea
LOERERBENEEMR/EY . 355 H B (B. napobnrassica L. )  KEAX(B. pekinensis L. ) F I (B. parachinensis L.) K E
(B. parachinensis L. ) F*F(B. juncea LOFRREBEMHKRXEY . ZEEMY PH B (Sinapis abla L.) ¥ b (Raphanus
sativus LO)GRIBEY YN R T FEE0 T LR EHE LR AR £ . B E WML S
HE R BRF R R, MR 005 B E B A B T R R BB 7 NS S UM 36 Scheffler RIBT TR B A E MK
B 75m® o, BEF EE B SE Im 1 3m 40 A9 7600 (5 88 A3 43 5 2 1. 5 %0 0. 496, 12m AL MG AR R 0. 02% ,47m 4k
e IR R T B B 0.00033%612, 4 4 1k B ) 5 B 18 AR 9 K B 400m? B, BE 5% B T 3 200m A B £5 H 55 3GE % B
0. 0156 % ,400m AR T B 0. 0038 %113, Timmons % [ ffF 95 72 B , 5% 26 8 v SE B O AR 9 10hm? B, BEAE JF 360m 4b B 164 45
BERBER BB A K ERFEN 102,78 1. Skm 03752 22 BL/m® BT, £—KREAREH MR EBERTRS,
B E BE 26~100hm®, K B 3EAL B} BE 1238 3000m T, EZEAAXTRSBHREARK ELESURMENIRNEH AT L
MiERARA XD, BEEXNEERHEEN KD 40m 52, 8% 2 500m T TE, EEMNERERTE 4~5km , EERBFE
MEGT, B LR, CRRILEDY, RERMEATAE, F# L +455, B3 EREBSRBRENZRESD T
RERAESEY £ HERT BRI XENEY.

FX 2N HERGBRENMRSHAMZER 6 M0 7RI ESR ERBHENARENEGT HERER
HREAMRGSCZEDRNEREBRERAEPMER . B EEFRENBRNESLELE TR EKE.

1 #EME%
1.1 HEAs

TR EAR R R EEBRERME QI MHCN- 19 BRI ENEX HETBHX QG A HEREABEFHRLE,
ZFZRATERAES,PIMERE PR IR .Q3 BA N EH BN CPit+gox WM EH, MG KRRV HAEZRIN | MER
BRI BEER EF, AXSEHAEMBC, MXHAEABEARS BRI HETBMmE N RE TR MFEHSHCN-19
FABERBHAERER, SERE T B bar Z2E 1 Barstar K E 2 H ,bar EFE M Barstar IWE XL F S FEN . EER LS
B bar BREMET BOHERIN 1 M EEEHOBEERDY, BRZEARAHERBERLEZED,. 3L 6 7 B8,
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HAHBERWERHTRLIS.TH 757, AR MR F XM 3", IF R b3 5 F R, R IF (B. carinata)
F“Dodolla”, H 85 (B. oleracea) fh# “Rowara” I Bt (B. nigra) MM WET”, Mikdi Mk H BB R F 4 Monsanto 24
R4/ 41% Roundup /K, B T BEER B 0 & 8 B R B H RA S48 13. 528 BOK B H B HHEKA

1.2 REHE

1.2.1 HEMEEFMETX KB LHE R B 25 W0t 78 B SRR PR s R X 1T . 2000 FRKIBH M EH B
HERBEME Q3 5 7 M EW R4k MR BN B R, 47 1L 4.2, 4 FRAE M BLER AT, 2 1T E M 2 AR AT KL, BT A B 14
REDX, BNPNXFEER 20m?®, /DX FEVLHES], [ARFATREER GRS K. 2001 FEREHHTE T B o180 Stk b8
HCN-19 £ R 5 7 AN 68 52 45 5 b L 8] R AR AT E R 2:2, 2 AT R M B L, 2 AT TR M S A b4 Kt , B X8 44 L AP A I AR 30m?,
AR EEYLHES], W R AP AT R IR R AR R D KR BRI R T KB IR A SR S AR I MR
J& B BB, ZEHR R RGBT

1.2.2 HREAGREKGKERE BILHK 7 AZESMOBLHTFETREH, CEMENREH, EMR AL, &
BT HEEEERTHAM. 8 3 HIRA s RBURRAES LMK EKRE, B8R BT 1m®, 38 4~5 BB HEER
B, 2001 FREEHEH BHEK, SO ZEBEMHMEER 40~76m*, FH 4~5 B 0. 2% FRRENEHBBRER
450kg/hm?, I Bo 0 8 H W2 I B0 75 S AL AR, 825 15d BB RE B SIEE L, it 5 RN, 2002 FREHIE T BE
BB ZAMS MM TR 167m®, 388 4~5 MBI 0. 2 A BB M E T BBR B/ 450kg/hm®, T BE 508 T M8 B B0 Y5 e
HR B2 10d 5 P2 R 8 S50 E LA S R TS R R

1.2.3 PIREMEHEKN PCR &N X KERMHHKEHIE F1 PCRARMZMETIMY MK RKCE
BRI, #THEEATEEAER PCR &1, AT PCR R H Table 1 Sequence of primer used in the test and length of PCR
CPy.gox fl bar £E 3| FFI i LG R A YRl g Products

BARAR, 3 WFEF RE 102, M DNA WiRRS B34 BRUER 3915 51 THABKE
. e Detected . Amplicon
2P, PCR 85 8 Clark WA B #F22, PCR R M gene Primer sequence Jength (bp)
+ an =
% . 2mmol/L Mg*", 1 4l Taq B (L ETAY LRAT CP.  P1,5 CCATCCTCTACTGCTTTCCC 3' 398
#4),1X PCR 2 ® ¥, 0. 2mmol /L dNTPs, {4y 0. 10umol/ P2.5' GTCTCACCTTCATCGCCATC 3'
L, #&4R 40ng, KB AR N 20ml, PCR ¥ 38 &4 . 94 C HI A5 gox  P1.5" CTCTTGTTTCGTCGTTTCATC 3 450
P2:5 GAAACCCATCCACTTGGAGTA 3'
5min, 94 CAF ¥ 40s,55CiB Kk 40s, 72 CZE i 40s,35 41 s ’
min 3{@ s Bk 40s 3 fif SN OSLED bar  P1.5' ACCATCGTCAACCACTACATCG 3’ 420
72°CEEfH 10 min 53 . PCR ¥ 34 7E MJ200 L#4T, ¥ #™9 P2:5' GCTGCCAGAAACCCACGTCAT 3
1 AN LYk, 95V, 4 2h ,EB e, 3 7E Geneg- Barstar P15 TCAGAAGTATCAGCGACCTCCACC 3' 236
enius | K 3 B8 4H. Marker: YZW DNA Marker ( [ 8 B ¢ P2.5 AAGTATGATGGTGATGTCGCAGCC 3’
MRRL.
2 BR55H

2.1 PiEMRSEZEYRERR S ERE

FERVBREAMIGELEREREREEL SR SEY  LHE S R E R0 AR HEREHZ — AR 2 M
B R 0 i S A R R 7 SRR AR A R SR 2 SRR SR AR T B H A R “Rowara "B FF 8GR 5 2 7B Mt

SR IEHA R B AN R 5 AR 6 A 8RR 2 55 20K LR b R TR S5 AR o A SR I 3R R R AL 3R R BRIT R A O

FHR IEHGE , SR BRI ER 2 X Eh 16~21d. RIF & F “Dodolla” FiIF LR W3 & M R PR R B SK , H
TR, SR EE R TF RS R 16~19d. HEMMWRAMTHR157.“Th 7 5”5 Q3 F1 HCN-19 HF—%
B FREMER B BT ERASPREK FRINEAF, BB 22~24d(E 2) . TREEREWEEFRERGT . BAF
EHEERR . Hh TEPER YRR TARBERNIFER D, X R MR 5EEEY R~ EEEHER 0 ER.
2.2 YUBREE M XTI S AR i B R B A R

2001 4EXF 7 R ARG MAE R B SR H BT RAER . S RRVSZER 6 N PERH I M F “Rowara” 5 784 S i & R 48
MABRZIEERTRS HA S MY AFRBREBZ NG HBEERNISE . KA IRIT & “Dodolla” 3 B BB M A HAMK,
U 0.092 % , FBIT SR FH“TULMAT "W, Dy 0. 24356 » 1 Fe B 3 308 3 o “ AL W 87 AN IF SRR W 3R P “BR P VI R B 4
Sr3 0. 87906 A0 0. 951 %, ME MM HERMBRM“TH 7 5" TR S"EFNEBHERR, T H KB 1. 25220 2. 191%
(R ATREEPHBEGFT  HENMRBELIEREBR AN ERRBAHEREY L, H 5, 2002 £35 7 3%
BRMERERERETRERER SREAZER 6 M PERH B M “Rowara” SEMEE R F BB RZHIHER
GRS HR S MMYARBRERZBNGE T BRER M5 R Ho RIT IR BB IR 5 F “Dodolla” 2 B BB SRR,
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535128 0. 024 % F0 0. 028 % , IF 35 2 it St Fob “ B PR o 32 40 P SRS 3 A A AL T SRV A B R B S SR LK, 43 0 0 0. 109 %6 0
0.479%, MR ARMM HEHMKHMMTH 757 “THR 1 S"EREBARER AP 1.698%H 1. 724% (R . FER
ARAGIHEERMEZEDNERESLALRE W, PRFHRAERESERNAR FHEERERE, FRYMENE R
RWERERER TRITMRFHEFERBHE,

k2 ZERIMBOEMBSE

Table 2 Synchronization of flowering period of six Brassica species

o o MR A/ KA/ P RE ML X B

Py EFid] AR o . . . L

Variety type Cultivar Beginning of flowering  End of flowering Days of flowering Synchronization days of

y P ) period (month/day)  period (month/day) period flowering period
Q3 3/18 4/11 2 B
HCN-19 J— _ - —
3/13 4/6 25

H®ERHR —

B. napus THR1S 3/23 4/15 24 22
Ningza No. 1 3/15 4/7 24 24
TH75 3/23 4/14 23 22
Ningyou No. 7 3/15 4/8 25 25

1 SE R i 3 P Ak 3 3/13 4/2 21 16

B. campestris Xinghua youcai 3/9 3/31 22 21

FFRE MR Rm#EE 3/26 4/20 26 19

B. juncea Liyang kucai 3/23 4/18 27 17

®¥F 3/29 4/28 31 16

B. carinata Dodolla 3/25 4/26 33 15

HiE Rowara 4/29 6/15 37 o

B. oleracea 4/25 6/13 39 0

BIF R &) 3/17 4/6 21 17

B. nigra UNS 3/11 4/1 22 " 18

, 2001 SEFH I 2001year data
2002 FE ¥ 2002year data

£3I CPhiteox BEMNMR 6 THNBEERBHE
Table 3 The rates of CP,+gox gene flow from THT rapeseed (B. napus) to the six Brassica species

B HEFRE — 4 o
BH%ED 5 H 2 75 , * IR Y B (%)
. . Total number of Number of plants
Variety type Cultivar Frequency of gene flow
tested plants transformed by gene flow
T % 15 Ningza No. 1 11773 258 2.191
# B.
HEDBR B. napus 51 7 % Ningyou No. 7 12385 155 1.252
BERIME B. campestris .4k M 3K Xinghua youcai 10576 93 0. 879
FEB MK B. juncea B3 Liyang kucai 12302 117 0. 951
®3F B. carinata Dodolla 8739 8 0.092
H ¥ B. oleracea Rowara 687 0 0
B3 B. nigra T # UNS 5761 14 0.243

2.3 BRMEBEAXRIEZEEK PCR AW

RAMEBBMTRERREG AR, FTHXEERN PCR N, S EXBEMEER BESZESMHAERRA
BEBIME, 2000 FRW T 6 MM ZESHABEERSHIE T BAEK, UL ZERFEHMTE T BB Q3 #xt
B, CP,tgox ERMMLERENR A GMHEMKGI EIFRTHE MK FEA Q3 RAALEERBHIEH BAK S
i 450bp #1 398bp WRF R Y W , RU KM E R KBHREHBEKETH CP +gox WMEN, ARXBRBHELE RS
AL (A 1a, B 1b),2002 F8 W T 6 L8 Z A MM KB E RS HHIE T BAEE, UERZESF R ATET B
3 HCN-19 # A H4 BB . bar 2 Barstar EERMER XA ZHSHERREU LRI T TREEEARABEER
BRHETBAEREBI & 420bp 1 236bp MAFRY HMH , RPUKELEERBHPETREKRIY TH bar HHE M Barstar
B, 2 RBENT I EEERREL TR (E 2a.H 2b).
3 g

HEAFBRENMRNEERESESENEBIEZEY, DHAHRUT 3 MERKMF . (DFE LHEERREME
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R4 var BEMHRX ¢ M HNBEERBEE

Table 4 The rates of bar gene flow from THT rapeseed (B. napus) to the six Brassica species.

o - PR EHERHR FRBRBE D
YL e 2 R
. . Total number of Number of plants Frequency of
Variety type Cultivar
tested plants transformed by gene flow gene flow
T 4% 1 S Ningza No. 1 16877 291 1.724
H BB M B. napus . ) &
T 7 & Ningyou No. 7 15545 264 1. 698
HERMFE B. campestris Y46 ¥ Xinghua youcai 20108 100 0.479
IF KRB MWK B. juncea M3 Liyang kucai 34054 37 0.109
%I B. carinata Dodolla 17910 5 0.028
H 1 B. oleracea Rowara 573 0 0
S B.nigra J& T UNS 20847 5 0. 024

M123456 78910111213

M1 23456738910111213

Bl 1 CP, £ gox ZHE# PCR 4 B i
Fig. 1 Electrophoretic profile of PCR products amplified with CP4 and gox primer
M S FEBIME YZW DNA Marker; 1 Q3; 2 T 15 NingZa No.1; 3 #FEIFHFTZ 1 5 NingZa No. 1 transformed by gene flow; 4
5 7 & Ningyou No. 7; 5 ZEFE 545 M 7 B Ningyou No. 7 transformed by gene flow; 6 4LilI3 Xinghua youcai; 7 HE 554k
M3 Xinghua youcai transformed by gene flow; 8 ¥ 3 Liyang kucai; 9 #8153 PH# K Liyang kucai transformed by gene flow;
10:Dodolla; 11 3 5 ¥¢ Dodolla Dodolla transformed by gene flow; 12 Jii UNS; 13  #:H¥5 § S5 88T UNS transformed by gene

flow

1 2345678 9101112M131415 123456789101112M 13141516

B 2 bar % H MM Barstar 3K PCR K1 &%
Fig. 2 Electrophoretic profile of PCR products amplified with bar and Barstar primer
M SFEFME YZW DNA Marker; 1 EFEBERTZ2 1 £ NingZa No. 1 transformed by gene flow; 2 TZ¢1 % NingZa No.1; 3 &EFE5H
T 7 B Ningyou No. 7 transformed by gene flow; 4 Tl 7 & Ningyou No. 7; 5 #E {544k H 3k Xinghua youcai transformed by gene
flow; 6:3¢4bM3K Xinghua youcai; 7: HEHI5YEMFEH Liyang kucai transformed by gene flow;8: BEMHE K Liyang kucai; 9: FEE Y Dodolla
Dodolla transformed by gene flow; 10: Dodolla; 11:3EE 54 /E M7 UNS transformed by gene flow; 12 JE#lt UNS; 13-16.HCN-19

FEYANRES ASER; ONE LEERMEREREYHERD, EHHAE; QOEY¥ LHERMRMEEZEDRA —
ERRRNE, X ERBEREH MR AREEZEREY A ELEY KEERN REEEHE ERKPEK . AR~
HMEXEMEVHEEHE APER AHESE., ZEBREYILREFEY, FEHBK EEFREFNT WRBSHE. B
MEEYHREPABEERERARZN SAREBREWERAOR.FTXS FREBREERAFREEREHE
SAEMEEF LR B8N — B MR RRE RS 5% 7 B8, RAERRRZD . ZEREY 6 i3k E 4 2 772 /£ 78
SRBHE. M YMEYRERERRHERLAEHAREE RN, 2205 REXRBER &4 T 308 EXHFLT 8
EREH FHEHRKES " HEAMRSHELZMHAEARDMRSRE  ELER BB T EUMRABREANLERNEH
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BIAFXMUHBE FEHME. F PEFEEYPS ), 2RRWERCEY REAMRESERERELRESAZER
W, BREESHEEPRBREREESN WHEA S MW EREBRRIL 0.024%~2.191%, HMATR, £/
RERMHEEARBRENMES MWL REY R ERES,

HERNBRENMXSEEREZEYRNENEBAXZEHERYW MAAZENERRE RN ERENEER
. BEMMEER 6 MM EAZEMERTRA HEMBXEXS SRERETFMBIFHFEMERN 2. 34% W
11.67% , SR B MBI LB MEN ZMER 19.07% M 55.04% , M HBEHMELFBEILEEALES, A, ZEE 6
ARERATEMREIHBERMEX BRI SHERME X AR MR R B EES> T ENME ORERLTEIFME
0D, AR HER WA ENEHESARE L 1.252%~2. 191% . BT HERWEA S ARMMPENITF R HEN
0.109%~0.951% ,iE R FH KB MR F A SR EM LTI ABIFN 0.024%~0.243% ., AR, ZHE 6 MFPH KRR AHE:
S5REEEREREMRL RHPEFEERERNEYFEM.

EEEREY 6 NP, HIE . SRR mERBIN N 2 FEREAR, H KR WM IR MR MR EMR LTI N RN FE
HEM MERAEEARIRER(E D FHARRNABEASIRPRETAERAKRER NEE. S BEBAS. &
MR R REERC, ATR 2 AN BB ES RN H BRI, A AACC a4 d R EE AT C k4,
BHig EXHREMILTES (B BBCC 4D NERNER RN R TFHARMMERA AARGEKIDMFRBEMR AR
AABB Rk 4DMEREBR, K THEF AABBRAKIDNERNEBR, BRA LRBRSERERAF. MEARERRE
fLF A REKH, B bXFE SRR ST SR 3w
BEATHAZERLTEFWEREBE, KT B3I EHEE
B, SR EA B, 55 AT 5T N P H B
% Q3 #y CP,+gox FEEMHTLE T B4 HCN-19 §) bar ZH 7]
BT AREEE, Metz SN IRMFRERES B H KA H
KHCHRaEAERTHRBEEMNSELZM B. rape M
B. juncea RIS Bt 2 B ¥ B MY ST 3R, (B AT RE S M SMR B 1) B.
oleracea MB. carinate B RNK 2, REKTBET EHREK
EXFEMBEYTENH BERME. A RBBEMIF RN,
MREEFHEEBED C R kd, THRAREN AR MK
AR ERHENRE SRR ATMERRERBEN SR
2,

Bt
B.nigra

BB 2n=16

BREQWEIF
B. carinata
BBCC 2n=34

H#

B.oleracea
CC2n=18

B. napus
AACC 2n=38

B3 ZER6NHZEMBELR

Fig. 3 Genetic relationships of six Brassica species
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