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The studies on gene flow from GM herbicide-tolerant rapeseed to cruciferous

weeds

PU Hui-Ming!, QI Cun-Kou', ZHANG Jie-Fu!, FU Shou-Zhong', GAO Jian-Qin', CHEN Xin-Jun',
CHEN 'Songl, ZHAO Xiang-XiangZ (1. 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(4):910~916.
Abstract ;: Eight common Chinese cruciferous weeds were grown in pairs with the glyphosate-tolerant GM rapeseed variety Q3.
The frequency of gene flow from the herbicide-tolerant GM rapeseed to these cruciferous weeds was studied under either
natural or manual pollination conditions. This study is to provide scientific evidence for the evaluation of the ecological safety of
growing herbicide-tolerant GM rapeseed.

Firstly, we studied the gene flow from glyphosate-tolerant GM rapeseed to cruciferous weeds under natural pollination
conditions. Eight cruciferous weed species including Capsella bursa-pastoris, Crdamine hirsuta, Descurainia sophia,
Orychophragmus violaceus, Rorippa palustris, Thlaspi arvense, Rorippa montana and B. juncea were grown in pairs with
glyphosate-tolerant GM rapeseed variety Q3. The row ratio was 3 : 3. The seeds of the selected eight weeds were sown three
times, each with a 20-days gap. The first time was 20 days earlier, the second period was at the same time and the third period
was 20 days late when compared to the sowing date of rapeseed. This is to ensure that at least some plants from each weed
species could be at the synchronized flowering period with rapeseed. The planting area of each pair is 30m?. All plants were
allowed to pollinate naturally. Each weed species was harvested separately after maturity. The screening of glyphosate-tolerant
weeds contaminated by the pollen drift of GM rapeseed was carried out in field conditions in the following autumn. Seeds were
pretreated with GA; to break dormancy. Seedlings at 3~4 leaves stage were spread with 0. 15% glyphosate at a rate of 450 kg/
hm?. The survival rate of spread weeds were investigated 15 days after the spread and the rate of gene flow through pollen drift
from rapeseed were calculated. The results demonstrated that under natural pollination conditions, there was no gene flow
from glyphosate-tolerant GM rapeseed to seven out of the eight weed species examined. These weeds are Capsella bursa-
pastoris, Crdamine hirsuta, Descurainia sophia, Orychophragmus violaceus, Rorippa palustris, Thlaspi arvense and Rorippa

montana. The total sample size of these seven weeds was 240, 000 plants none of which survived the herbicide spread. In
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contrast, 205 out of 23,157 B. juncea plants examined survived the herbicide spread, and it’s the rate of the gene flow through
pollen drift was estimated as 0. 885%.

Secondly, we have also studied the gene flow from glyphosate-tolerant GM rapeseed to cruciferous weeds with the
assistance of manual pollination in addition to natural pollination. The seven cruciferous weed species were grown in pots,
about 10~ 20 plants in each pot. The weeds-growing pots were surrounded by glyphosate-tolerant GM rapeseed Q3 plants
which were sown in three time periods each with a 15-days gap to ensure the synchronized flowering between the rapeseed
plants and each of the weed species. During the whole flowering season, in addition to natural pollination, manual pollination
of each of flowering weed plants using rapeseed pollen was carried out between 9 am to 4 pm daily. The harvested mature weed
seeds were screened for glyphosate-tolerance in the following autumn. Seedswere pretreated with GA; and germinated in Petri
dishes prior to sowing to the field. Weed seedlings at 3-4 leaves stage were spread with 0. 15% glyphosate herbicide at 450 kg/
hm?. None of the 5234 weed plants survived the glyphosate spread, indicating that gene flow by pollen drift from glyphosate-
tolerant rapeseed to the seven cruciferous weeds examined did not occur, even with the assistance of manual pollination. This is
perhaps because of the high level of sexual incompatibility between rapeseed and each of the seven weed species examined. This
clearly demonstrated the biosafety of growing GM rapeseed in relation to the seven cruciferous weeds examined in this study.

However, there is a relatively high level of sexual compatibility between rapeseed and the wild B. juncea and subsequently
the rate of gene flow through pollen drift reached as high as 0. 885% in the current research. The wild B. juncea is a common
cruciferous weed in China. It is highly divergent and distributed widely. Therefore, the spread of transgenes to wild B. juncea
from the large scale growth of herbicide-tolerant GM rapeseed needs particular consideration.
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MEHEERRENHERFTENEASARRISERNER CEREER ‘BB " AEHEEMENELEY L, S8
HEEr-anit nER B8 B+ FER4E E =EBEHE, BER+FEB (Cruciferae) fE¥), 53R R
PHREMEELZ RERBELHTFERREREZSIL T+, Hp B & R EH F K (Capsella bursa-pastoris) ERE
(Descurainia sophia) . ¥ 8 3 (Orychophragmus violaceus) . M 17 3¢ (Lepidium apetalum) . B > FF (Malcolmia africana) . E B
(Draba nemorosa) AL (Rorippa palustris) . G (Nasturtium officinale) .i8 ¥ 3€ (Thlaspi arvense) , /NEXMEIF (Erysimum
cheiranthoides) . 8 3F (Thellungilla salsuginea) \WE K3 (Crdamine hirsuta) %+ 2R, £ B R A EYE T TH LT . 2745
MESHRTEM REZERS, BEAERBREN ML EEY —F W NI ERERE, REGTHEERER”, £
HRE. EEINRE Brassica napus (H B W32 7] 518 £ 8 LW F W Brassica rape (FEF ) B. adpressa. Sinapis arvensis.
Raphanus raphanistrum (B4 /N8 PoZZespl) EHRMMESEERE FE AL ERZRES T FER R ERNE N6
FEW, HHATEEAEREMORERI, B BERTGERN SRR EARREAG T BB AR %%
ERREERK LATIEEBEN.

R EMEEE LK 8 f+F R BN R i SRR E T iR RAE, £ A RGN ATHB RN &
GT HREEANRERN WS T FAMAEANEREBIR, AREERBRERNMENESE2E TN EML TR EK

#.
1 HEMAE
1.1 K8

MR BT EMERMHI R BME Q3, Q3 A EHBMBRERN K CPy+gox NMER  FIHEMRNHE, R
ELEH BRI N 1 T EEEH B EHER,CP +gox P HBEERIZ F, 4B it BC, [0 32 8 /KM 18 # /4R 4 B A
BOBHEREERNBEFAGR EETHREREYNZTLETR., ERZEERYREMIEE RO +FEPRE,F
HRKFERRE GBS NIESE B . 3K (Rorippa montana) HIEFFF3E (B. juncea)8 FAEHR AEFBX MEH. 7
P AE Bk B0 2 H B RS B 71 28 Monsanto A 814 P2 41% Roundup 7K,

1.2 RBI®
RBELHEREBEEEF YR HEREEH#T 2B FHBAHTHIRLE RN EEHREATHE
BRAXARBHEH 2R THT

L2t FRERARGERSE SO TR A K R R R R KSR 945 BB
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EXTEERTE R R B ERMERE 5 BT F BB FRA 0. 4~0. 6g/kg WRE M GA, AL H 24h, BRER T
S 1000 B 4ARP 4R R 24T HE 30S AT HLIRBE S . B GA, 4038 24h . FEM FREVMB G A GA, 08 2¢h, BEMTH L
BT R RALE.

1.2.2 FHERERYAREHRE 200l FRBEFX . EAF BRE EEX RNER EER EXAHRFR S/ +F
HREESHEE MRS Q3 ERMME. TN 3 3, KPS 3 HEM.E I PHEXNEMNYPREE 204,58 2 5M %K
&R, 58 3 B LLIE ¥ AR 20d, LR EHAEZOEBOEK SR REM S ERRS, SRR 1 MK
INE AN FHE R 30m?, DX EEYLHES], 0 ERIPFTREER AR, R BB, ST FREBREFEMK,
HE MR R 35 50 0 T LS — BB 5 40 9 40 HE M 3K 3% 1k 2 2 1 AR A B O A UG M IR R 2 B T 8 AN IR A5 . 2002 4F
REMEREERER . SMHHENBBERA M FH T XE BN THRRLE, 8 MR MHEER 134~268m°, R E 3 0
WRA ARBEEAESLEEMHNARE SHABRAER Im%3~4 S AHBEHE . SY AR KENETBBRER
450kg, TRV H MR B M5 Rtk B2 15d SR REE SR LA EH EETRAEER,

1.2.3 HHEFEEBMATHBEHRE 2000 FHRBEFRXBFXRAE BREEEX NEX.BEXMER 7H+F7
B EMET AN, 2% 70cm, & 50cm, & 10~20 4, ZEWE 4 3 PR EGEHBBR LS Q3,8 1 HILEREY
BRI FE2PIERBMN,.E 3 PHEFEHER 154, UHBRENEEMBEDE 1~ 2 MEREEPRL. REFER,.E
KRBBEFN, X 9:00~16:00 RE Q3 MIBMMBFHERATATHYER HALEAEN L. RERBE O #
WA R, WA R R LR TREEH. 2002 ERBRHENEHRER, . 8 MBS THIRLE, B TR
M RE HEEFRBAH.3 HHRERS LB R R 3~4 HHIE A BB 0. 15% A %Ik B M 5 H BRE N 450ke, I
HEHEH BER TS PRk,

1.2.4 HREMEFEM PCR AW Xtk HIFEREWEFIF R K, T RNEHBEEG PCR K1, AT PCR W H
CP, fMgox AW W L BHEEEAYRNEERATER I WHFIIRNE 1. L DNA WERSBEESHH K. PCR &
¥ % B Clark B9 7 #7707, PCR KRR : 2mmol /L Mgt ,1 847 Taq M B4 TAY TEA TR, 1X PCR BT,
0. 2mmol/L dNTPs, 5|4y 0. 10pmol/L ,# 4%k 40ng, & MK 20ml, PCR ¥4 &4 : 94 C HAE ¥ 5min, 94 CAEME 40s,55 CiR k
40s,72 CHE{# 40s,35 MBI, 72 CHE{# 10 min £55, PCR ¥ 7E MJ200 L 3#47, I =W 1. 4% HUSER ik, 95V, 4
2h,EB $t 8, 3 7E Genegenius F# W3 B8 . Marker: YZW DNA Marker( ¥ B RE B RHED).

2 BREHH %1 PCR M5 MATIHY # K BKE

2.1 ZEMHFHWRSE Table 1 Sequence of primer used in the test and length of PCR
REAKPAREZRENFEREENT.HRIFESKE  products

eI RS MR EMERERE R RERA, s TETEE ] *’“friﬁii’ﬁ

ERFEMRTRAMBEE, RRP AAREIE ST s 5T gene sequence length(bp)

ARIBEEAN—FMEBEBNYE, TFHEBRELIK, 4% CP. Pl.5' CCATCCTCTACTGCTTTCCC 3'

Ve st , B F LA A R B R B R 2 B, RO B A 1 R P2. 5 GTCTCACCTTCATCGCCATC 3 398

gox  P1.5 CTCTTGTTTCGTCGTTTCATC 3’

L kg s — (18] A M B
TR RIS KA IREFT R A BRI P2. 5" GAAACCCATCCACTTGGAGTA 3' 450

FLEE R R AP . AREH 0.4~0. 6g/kg W HIHRE
BB WAL AR AR EEXMEEX S M+ FERREM T . BREART0UE, ZFRHZENBEK 0~16%,
RHEF 36.3%~80.67%. MAHRRBEEARFNHYEMBRER FETMERR FRRN, RERTARFBRKK.ER
R E M bR 5 FrARERTFRAKIRT R ZFMHYRSIEN . BREMN FEVMBEE, BARERAE, BRFZR
WHAHE, KFEFRHE AN B 0B 49. 3% . TREMTHMHEEK . BIRE VMBEEEH TREREAFTHH
RBBRER. FRHTFTEIRBEEEHEGA AR B FHARNTHETTELE AR ARERBRAF R, FHRFFHER
XTERA 0 RFF] 72. 23% . AEMRALFE LR AT BERN T KR 4978 ROT B 0 R A AR AR IR B T, 2 B BURNE 2 AR AL SR W AT
FFHRIR AL TAERAENBRLBEERAET XTRSHERFAZLEAAFT X FEE—ENRBERET A8
TREERAB FETERTXFMER., B 7H+FEMEREERRTENTS TR, BE T EFOREREE,
H+FHEBRERBERETE T RS,
2.2 ARBEREHTHBRER W +HFEMAEHERES R

EERBEMRATHRERNMIEN +FAENKEYEAEBRHARY, GUEMREXSER AT BRE EER. AL
K BERNAEL 7 A+ FEERNAENREEREBEAT (R 2. THTFERREINEEE 24 776k, W EH BR
AP ERBEH, RUEAREMFH T, UREEMSENR AN, 5+ FEBRERIAZN, MRRBRENERA RS ELE
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BEBBTFEBAE L AESERBENEEEN 7T FENRERZLKN. HUXNBFEFEINEREBRER. 5
REILEF 23157 ¥k, P HIPEHE R 205 3R, B EEB K 0.885% . Fitk i ERBRERA MRS EFAITFRYER TSR
REG| EEEER.

F2 NBEEARRSTFENKENERFR

Table 2 Gene contamination of transgenic herbicide-resi rap d to cruciferae weeds

ERRE Bz BB HEE LR EHEBROD

Weed type Total number of tested plants Number of plants transformed by gene flow Frequency of gene flow
F3E Capsella bursa-pastoris 44277 0 0
B X Crdamine hirsuta 52826 0 0
F43E Rorippa montana 62307 0 0
R A3 Rorippa palustris 43908 0 0
BB Descurainia sophia 30000 0 0
BIER Thiaspi arvense 3655 0 0
& B3 Orychophragmus violaceus 2886 0 0
BFFF 3K B. juncea 23157 205 0.885 .

2. 3B B A TR ER MR R R ENERES R

ATHBEBEHTRBEENMEN +FAMRESERERERARE BRI FR AR BRE EBXR
X BEFXHEZ THTEENRENREENEBENTER D, 7THTFERRELLE 5234 5k, S BHEEH BEREN
AR, ERIEW, R EAANTHEERRZOET . UFERMERILAN, 5+FEBRERZEHEREMN, FIREN MR
FHESEMEREERNEBI+FEARE L BRRAMEAFER BN EEEH 7+ FEMRERBEEZ 2K,

£3 CPtgox ERMTFRMBRENERATR

Table 3 Gene contamination of CP,--gox gene to cruciferae weeds

FERRA K EBBRE ERGRAERE ERRBEOD
Weed type Total number of tested plants Number of plants transformed by gene flow Frequency of gene flow

F 3K Capsella bursa-pastoris 727 0 0

Bk FE Crdamine hirsuta 357 0 0

HE3E Rorippa montana 483 0 0

W3 Rorippa palustris 1145 0 0

& IR # Descurainia sophia 860 0 0

B 3E Thiaspi arvense 649 0 0

1% B 3 Orychophragmus violaceus 1013 0 0

2.4 BEHBEE PCR &N
ot K 7 26 2 78 0 B0 H B B OF G R BK AT 00 L R A
PCR #0452 A H S e 26 51 B ESUPE B R 09 ML %2 CP, A
gox 5 TR K W 45 SR 0 W1, 3% A 32 25 00 B0 0 SRR B 45 5 4 0
BT e A Q3 Kk M % 5 378 B0.HL 20 H B A8 B 249 4G W o
398bp il 450bp BOAESE Y™ A , 0 K 245 S K78 MO HL B H A
BB H CP,+gox DM % H , AR K B8 M1 BB R E
REEwEmE 1,E 2),
3 g -
EREEYSHAEEMHAEEROERE NG HH S B1 CP H#EK PCR BMEN
it:—%I’EE%%ﬁTﬁ%%%@%%%ﬁﬁﬂﬁﬁiﬁ%?ﬁs Fig. 1 Electrophoretic profile of PCR productsamplified with CP,
—BERFHRAZEAERTERFATORERBEZRE ~ )
S 0 B — R RS LT A T el T 07 0 M YZW DNA Markers 1~4 B EISRET R

B. juncea transformed by gene flow; 5~8 H3F¥K B. juncea; 9~

BENRFEGEREEN, FERSFEAREGM AT ERFEER 2 Qs

FIEF T B MRERERZEEY T GRAFRELMGE,
BAEBETRANEETERDOREC, BN EREER LNEERREREY - EERS AN EERR BRE
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EREYSHEEEMEERESNEERRD, AP LUEEEPRER ML MR, R B IBRE E
BERREX BEXNEL 7H T FZARAENEREBTRARE EEREBRENT EXRAEHAMATHIRERGT
MUEABEEREER, AW LLANUEERAREN BRI, A FR EEREF T FENRERESHE.
+EEBEYRTREEL ALRERK, REHISRA
HLBESS WY, R ELRARETREEKGEATHE T oz 0mM 3 45
EELE EEREE R EHE AL WAL, FdkL, i i i s I
EZHAZHENERETERBEMNARANERT LSBT & 2
TRW. HYZHRE—MREEHWERALTE, +FHBE
VREZH R REFEZREAES, TERANES 5L
BRI 25 -+ F R B R R P, - AR
BHHREFEA-ITHRBHEFHEMAERRER. 2R
SPHERMEEEREME Ad-2 B84, B FRESRE 0
SHBEBEXIXNES BEATFEMUTFRERN, BHIEE X
O. diffusus) A EMFERL EHERB LD, ERH RO,
BEIER R M REL, EMEM M AZHTEL, Ml EEX
(O. hupehensiORE G FEMEREL LW ERBR L, HERHRE B 2 gox B A PCR W i
.8 A EAEREERF L ELARAMAE BB IERK Fig. 2 Electrophoretic profile of PCR products amplified with gox
BB, K WAL B 0 ATERE . i B 3K (O. viodaceus) K B FEMFH primer
k FEREES, EREROBRES, AL BRERNSHAELNE M A TRIFE YZW DNA Marker; 1 Q3; 2 B3 B. juncea;
A BERE R BB e 95 B0 3, 7T 48 808 B 3K (O. diffusus) MWL 3~5 EBISTREIR B. juncea transformed by gene flow
B 3 (0. hupehensis) 513 B 22 38 FE AT T35 B K (0. viodaceus) SR A Z MDD, 88005 S Xt M 38 5 Mm% 42
REMUARCEAFRARHALLENBEETMRRESR ., £ KB MWRER R “A73155”7 1 H ¥ 2 W 3 “A982258”,
“A983180” 1 A4 , B “A 9850547 R A M 4 3, (L “A982258” X “A985054”1 M A MYy » I 4% X 4B Fr Sh it gk
BFOR, ETREANAMERAHBEMNET 3L AR/ MBS TERMHF I/S EARNMT 4L A 2R TH
KANF— WHEELAHERE. £ 10 BAWEEANRFNREHFP IOREFRE BRIZUE SHREETRE . X—4REH
MREAMERTE AR —ERENE, ERRRMANETENHEREEZR. AR EUERNITEMBRBZHEIA
AH . BETHEYERK.APRELET . RERKBRZHF. B, TFERBRRZR —RZHEIERTHFEMED
FHEESEER, UMRABAMBERNYRREME SR ER T LUEE SRR MEMED, BRESRS, TFHER
SHEBSZERBBALXEERAEN, DAGCRAREZ LS 3 FhAR 5 4438, L8 15990 Mk, k18 1257 A
BL,720 B FTF,675 N FL MR EARMN 7. 8% Bl EN 459 H G REVUMRESE SERERTRS KB H
AR E F1 AR K08 R AR, BLZ0 R0 00 BRI FE /0 0 2 2 0 T 9518 20 0, B+ 6 RHE ) 44 0 2 R A B KUY,
WERSAN, BEATNUREEMETHMIEE LTESRBEMN. TERAXETHERIER, EHXSERTE.F
X BAE EE THRES T FHEREY A AR NAG T BEUEEEMBR A EENHRISE, BEEMMEMRAZN
RERAXAMNHEGD, DREAUHERMENEER, FXABREILAS, BB ELGELZ R, H R YPO1. YPO2 Gl X F
F)M YD16. YDISGHEX MBS —HMEFRE " MR ZMNE T REBRZHF . AHRPERBIEN T X — K,
MEES+FERER IR ENEZEE ARV ERRA CARBEN KA THREXREWERRER 0.835%. HE
FERBREABMBRE ROKE+FZHER R FAREL, 5/ B, B K T TR 7 5 B BT BR 50500 b S v B A OV 3B B0
EEBRNSIEREER.
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