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The influences of wind speed on pollen-mediated gene flow from transgenic cotton. YAN
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Abstract: The genetically modified (GM) crops have been globally commercially cultivated for
20 years, and public concerns are persistent overheating about ecological risk of gene flow. This
study investigated the pollen-mediated gene flow ( PGF) frequency of CrylAc from transgenic
cotton SGK321 (CrylAc/CpTI) to non-transgenic cottons Shiyuan 321 and Zhongmian 35 under
three wind conditions (0.54, 0.92 and 1.27 m - s™') in greenhouses by PCR and Bt protein as-
says. Our results revealed that PGF varied depending on the wind speed when Shiyuan 321 was
the pollen receptor, and was the highest under low speed wind and the lowest under high speed
wind. With Zhongmian 35 as pollen receptor, PGF was very low, and not dependent on the wind
speed. PGF depended on the variety of pollen receptors, and total PGF to pollen receptor of
Shiyuan 321 (GM parental line) (10.63%) was higher than that of Zhongmian 35 (2.50%). PGF
declined exponentially with increasing distance between GM cotton and non-GM receptors. Our re-

search provided some reference for ecological safety assessment of wind-mediated gene flow.
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B DB A N T 50 B FME A i 1) AL A
S IR R AL N b AR R AR AR TR
(0’ Callaghan et al. ,2005;Gao et al. ,2016) $iHi(Li
et al. ,2011) . PLBRE | ( Messeguer et al.,2001) T
5i35% ( Donegan et al. ,1999 ; Masuda et al. ,2017) %541
RAYEAR . F PR 23kl AL iy 20 4[] AR A
AT ARl FREE 2R R R A S s (2
45,2009 ; James ,2016) (HL5] A T BRI EL2E
Wy 4 () BUAR R OC R A4, JE DR S 02 o rp i
LAY RS 7 4. ( Ellstrand , 2001 ; Nap et al. ,2003 ;
Ammann ,2005; Lu et al. ,2005; Wu,2007) ,

BEPREAS MOFRHE A B B B R, 248 — MR
P REIA A4 ) a5 WA e A% 21 05 — AR IR
R BLA (R4, 20115 FALAE SR, 2011) , HE[H
BRI — R R S i i A AR AR, Hh S s AL 5
BAZTAME R SR AR, A B AR 3 (HAnR
HNIEEE DR BB b 27 AR TR R AR S KUK
BEA e SE VR Y Bl AL FIAR, AR A 5 10 ik PR O
FEAE R AR S et i 19 2 R A TR X 2 ok N A
IS B, e — A B KT A oy B e ) el B
B (BUIH A, 20135 R X MK AE, 20135 Yan et al.,
2015) , CAMBFFERM . 2 RIER Z AN A 2 50 A
TR, — R R e i DR W) 5 52 A A R 1) Ao A R
BN B I B ( Llewellyn et al., 1996 ; Ma et
al. ,2004 ;Song et al. ,2004 ; Goggi et al. ,2006;Dong et
al. 2016 ; Hu et al. ,2017) ; — M AEAFAEAL A B Ui
R B 5 &2 (Van Deynze et al. 2005 ; Johnson et
al. ,2006; Llewellyn et al. ,2007 ; Yan et al. ,2015) ;7%
LR R FRIT Y it 7R (6] R KBRS O by e s (R MR AEE,
2013; Yan et al. ,2015) ; AE %2 [n] KU E 1) AU 5 7] L
vy HE DR RS IR (R bR AE 2013, HITAA G
TAEB R Bl KIS B 2 A% 4% RO BT S 40l (8 SE 05,
2008) , {H i A LA 56 XU 0 5 PR T3 4 00 2% 52 T 1Y)
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HRAE ( Gossypium hirsutum L.) /& 5F ALK Y,
TERY 22 Z (R B KT A by B AT I R g B 4% . A
1997 4 Ry B G AR ES Hu g | 3E Be A LAk | v [ 4% 5L K]
iR P LY A I 8 S | B R G i P S
REERZH P SAREEMA (Wu e al., 2002,
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1.2 BEMmEIT
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Fig.1 Greenhouse layout
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TEMRAE MR I R AL Tl A TR AR, DA GG LA
X 5 AEFE I X AR AR AL IC R 0 m, 76 B B 5 L A X
0.8.1.6.3.2.6.4.12.8 19.2 .25.6 .36 m AL #-1THURE
Umbeck %5 (1991) A58 4 BH | % 3 R 48 19 53 58
REHR LR R EAL B IO, R, A0 B
] St Fh AT B M AE AL RR b b R SRR 3 AN
5o PERERFN - ELAL I S5 70 IR = A, B
NEAT A RAREE 30(10 x 3) BRA P T T
R, M TEURE 2880 RS
1.4 FEFERSR

K CTAB HE42HC 1 em® A3 8EM A DNA (Ma et
al.,2004; 2R F MR, 2013 4 @R 5, 2015) , Fl
NanoDrop 2000 Jll i& FE A< DNA ¥k B B e AR 5 —Ff
BER 40 ng - pLHFEERI, 2R TS
5'-GAAGGATTGAGCAATCTCTAC-3' Hl 5'-CAAT-
CAGCCTAGTAAGGTCGT-3" X} ¥ 5 2 A CrylAc i
1T PCR ¥ ¥4 K I (2R & MK 4%, 20135 Yan et al.,
2015), PCR Jx i {& % : 2 x Tag PCR Master Mix
(PCO902, At LS AE R A BR A F] ) 10 pL, |
TUES I ( LA AR ARARAE) % 0.5 pL,
DNA #5 2 L, WZE /K 7 wL; PCR SV 5 ; Filas
95 °C 4 min, 75 94 °C 60 s 3Bk 56 °C 60 s ZE
fifi 72 °C 90 5,30 PMEH JEALEH G EIEfH 72 C 5
min,, N4 R FH 2% B B i A e FRL Uk G I H
2571

K] Bt 8 FARINRAC SR (445 Bt-Cryl Ab/Ac #2
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Plot 10.0 #4453 H .
2 BERS5HH

2.1 REEAR G

PERAR AL AR IR = AR ORI R, e LR R A
FAESG SE AR AL AL — 30, R PR 1Y R A
DGR S 25 F A ] 2 fr , B E AR b R X
S RGH 4R R 0.54 .0.92 Fl 1.27 m - 87,3 KL
Z I A M2 S (F, = 76.021,P<0.001)
KB T E AN AR G A6 H Y
2.2 JRUHE K S PR VRS A R Y 5

PRAF IR0 AN [R) XU A5 1 T %) ELAA T RS RS At
R 1, XA 21" ENEm IR S,
AE R G 4% T 2 2 BRI XA S 90 i PR R 1 R e
15, AR, 2013 AF 00 B 2, I XU
()3 PR RS A0 3R 7E 2012 4FF- X3R5 14.17% , B i
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Fig.2 Measurement of wind velocities
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Table 1 Pollen-mediated gene flow ( %) under different wind speed conditions

2012 A 321 rhifs 35

BB (m) sz g o Fy60 {[iSE3 T o Fogo P
0.8 40.00£5.77 40.00+5.77 13.33+3.33 - 10.00+5.77 6.67+3.33 3.3323.33 - -
1.6 13.33+6.67 10.00£5.77 10.00+5.77 - 3.33+3.33 0.000.00 6.67+3.33 - -
3.2 26.67+6.67 3.33+3.33 0.000.00 - 6.67+6.67 3.33+3.33 3.3323.33 - -
6.4 16.67+8.82 13.33£6.67 13.33+3.33 - 3.33+3.33 0.000.00 0.000.00 - -
12.8 10.00£5.77 6.67+6.67 6.67+6.67 - 0.000.00 3.33+3.33 3.3323.33 - -
19.2 6.67+3.33 3.33+3.33 13.33+6.67 - 3.33+3.33 3.33+3.33 3.33+3.33 - -
25.6 0.00+0.00 0.00+0.00 0.00+0.00 - 0.00+0.00 0.000.00 0.000.00 - -
36 0.00+0.00 0.000.00 0.00+0.00 - 0.000.00 0.000.00 0.000.00 - -
T 14.17+3.12 A 9.58+2.92 A 7.08+1.75 A 1.815 0.171 3.33:1.30 A 2.08+0.85 A 2.50+0.90 A 0.377 0.687
2013 A3 321 i 35

HEE (m) I i [ Fy 60 ik o [ Fago P
0.8 36.67+6.67 33.33+6.67 13.33+3.33 - 6.67+3.33 3.33+3.33 0.000.00 - -
1.6 43.33+8.82 10.00£5.77 10.00+5.77 - 10.00+10.00 0.000.00 6.67+6.67 - -
3.2 16.67+3.33 23.33+8.82 0.000.00 - 3.33+3.33 3.33+3.33 3.3323.33 - -
6.4 20.00+5.77 10.00+5.77 10.00+5.77 - 3.33+3.33 0.000.00 3.33+3.33 - -
12.8 6.67+3.33 3.33+3.33 6.67+6.67 - 3.33+3.33 0.000.00 0.000.00 - -
19.2 3.33+3.33 0.000.00 3.33+3.33 - 0.000.00 3.33£3.33 3.33£3.33 - -
25.6 6.67+3.33 3.33+3.33 0.000.00 - 3.33+3.33 0.000.00 0.000.00 - -
36 0.000.00 3.33+3.33 0.000.00 - 0.00+0.00 0.000.00 0.000.00 - -
-1 16.67+3.44 A 10.8322.75 AB  5.42+1.59 B 4.328 0.017 3.75:1.45 A 1.25:0.69 A 2.08x1.04 A 1.328 0.272

[A— bR R F R R BA B EEE S (Tukey ZH WKL, P<0.05)

b [ 30 2 N O O (1A 7 R S0 S
SRR IR B AE0.8 mAb ik B B i, 4 A H

FR2 AEEMZHEERZBINENILE (%)
Table 2 Comparison of pollen-mediated gene flow ( %) to
different pollen receptors

A 321 ki 35 0 df P
TRk 15.42+2.31 3.5420.96 4752 9% <0.001
rhif 10.21£1.99 1.67+0.54 4.148 94 <0.001
ik 6.25+1.18 2.29+0.68 2910 94 0.005
T 10.63+1.12 2.50+0.44 6738 286 <0.001
0 : .
s o fl3%y=-9.7841nx+34.491 R’=0.9893

o Fiy=-7.282Inx+24.406 R’=0.7334
v Ei#Ey=-2.451Inx+11.029 R’=0.3698
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Fig.3 Regression analysis for the pollen-mediated gene

flow as a function of the distance

38.33% M1 36.67% , —# 73 HI1E 25.6 H1 36 m Ab5HE
R B IR 1) KA, R GRS RS
AR ARSI , 5 ORE R B A AR DG AN B
2.5 JEREERS AN B R A RA R — 2k A

15 2880 kT4, A D 1) 5 DA RS A
A% 189 H , 2R R I 1A 3] 6 AR AR B P45
PR PERE 28 3.17%, 38« A1 i 3217 R AR,
“HAR 357 e ARSI 2 B 45
33 i

BE PR ER RO AT R B FE R 2 R VP () — A EE
foabn , — AT LA B 23 T Bt A7 ME AR A ( Mes-
seguer et al.,2001; Heuberger et al.,2010; Scorza et
al. ,2013 ; Zapiola et al. ,2017) , WA — LR 5 58 3 X
FeAT I (AN BT R B ) AT ARG I R ) i R i
U5 R (Lavigne et al., 1998; Johnson et al.,2006;
Zhang et al. ,2011) {H Yan %5 (2015 ) BBFIT R | 4%
AN B PRI 5 T AR A6 41 v e o e 70 e AR e 1
YA Priwiss , i LA Bl 43— T B 58 k27 e
AIRE R F PCR 7 4% 518 5L DA % T o 460 00 i 2 34 58
T AR R A5 3] 1) 5 PR R R A 44 W 1 (U
beck et al., 1991; 5k K ¥ 5%, 1997 ; Johnson et al.,
2006 ; T K 7K %5, 2007 ; Rong et al.,2007) , i % FF4%
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PR T — A B PR R 1 S, TT LAkE G % By L HOx
FEPRERS 2 5 15 N T KR B R KU
Xof 35 PREEAS () S

WAL S AL B A , 464 W] LA B B e i R
IR AT 0 FE B AL 4G . B 5 SCAE (2008 ) (Y BIF
FRY FERHENT 3 m - s B, T EV BB 1%
PRI F AP T 15~25 m, Y KE KT 3 m - s
s, AR T XS 85 m Z b, AR FMAE (2013)
KT I IR AE I PR R I AF o 8 B IR = b g 1)
DAL S 1 XA B IX 35 PR RS AS 3t B 5 031k 25.6
F136 m, — & Y 3k RS i o I 3 v X BRIX ]
AR 1) WA S SRR A i T T XL, A
A5 RRW] “A7IE 3217 VE AR AR AR XGE A
S SR R SRS 3 e ey, oo KU AR AR, o AL — i
T 2R A6 A A 378 B B A543, 3 56 v v XLk
T EEPREERS AL 0] fE S AN IR KGR AR I A
Koo AEMTOAZIAE ELATIE 1 284 3k A e 5 BUAE K
R R FEIRGE S N ARG DA itk — 20 05T
WFFE B FER AR R P AT E A B BR A 3
IR TN TC S A T A6 R0 A T A RV 4557,
B ORFF AR 7 e L = R A B SR R AR
PGS BR, B S iR, 5 3 RS 1 (4 UM,
2003 ; BEAR A2 45,2013 K IR S, 2014 ), 7E“ AR
357 VRN AL PR AT, IR Xk I PR R A R A
MR FRATTIA X By i 357 1k
TER 2 VR L RN RS A T AR, SRR A %
ARG IR X, 8 5108 16 M LA A8 3Z 1k
(RS RN A G | AT 56 Fir e B A < 7 328 3217 Rk 3
KR AL EAS BT AL 5 5 LR AL R O Rl X
MR FH IR ERMER . 5 Yan 55 (2015) A BF
FEAL, SEAR At 3217 1 Ry 32 AR iof 114 B PR IEE % 43
R T 7124 384 ik 3217 VR 2 AR 1Y
SEPREARS IR 3w T A 357 el 1 57
(RFMAE,2013)

Umbeck %5 (1991) &1 PCR J7 ¥k 1 K Ml v
e SE R AE L RS AR A0 | 25 R W] | 78 IR 7 S R AV
TEFPHEIX 7 m JE RN, 2438 R e i ik 5% , Bl HE 25
FRIHE R A AR R [, 76 25 m ARTSREARG I 21 56 A
B, HWA/NT 1%, Van Deynze 55 (2005) Y #F
FEAEIEISABL, s 56 DR Al A 35 DR VB S 00 R ot 25 8 8 1)
AN, 7 0.3 m AL IR 7.65% ,7E 9 m Ab/N T
1%, 7 [ 46 o) 5 i DK R I 2 B, B PR V2
FRAE 0.2 m ZbiA %] 0.28%, 1F 6.2 m Ab/NTF

0.01% ( Rong et al.,2007) , 577 ANF5E 24 ( Song
et al. ,2004; Goggi et al.,2006; #X 5514 2013 ; Bal-
tazar et al. ,2015) , A I0 45 R KB . DL Aac 3217
YR 2 AEAR R A XU 5 1 T, SE R RS A
WA S 2 B DR A5 P ke DRI R A1 22 ) B 8 18 1
TR, IR TR A R AR R TR R B AR, =S
SR BE IR AN (05 BT B (] I B A% R IR R 1Y
B e RE I AER G AT BT R, (HAREE AR A
AN S BORE: s PR A A 8 LA — 5 BB AL, 3 7]
RS HBURE 55 R AR A4 o 70 R R 80 A PR 3 A Y,
ATRE S BURE SR AT 5, AIER h PCR AR I 45
REHEARIN AR A — 2 WAFTEARFE R e A
{EORF BRI B E LR (HFR B, 5 R AR
SRR CRFE MR, 2013; Yan er al.,2015) HI{L, 25 L
FIFig , PR RS 7 A 1) 2 AR — R A AE B ZE
IR AT AR T R AT (T UM BT BR 550 1)
RGN, Xof B DR AL 7 A AR A M TR IE

Fe BN AVE D PR TE L M) B i A PR R, 48 7
ST B R B R 9 SR D7 T T R R DU
(RE V% ,2008; Hermannsson et al. ,2010; Chen et
al. ,2016; James,2016; Tsai et al. ,2017; Wang et al. ,
2017) . FRIE W7 i w2 RS A% 1) 2 il BR80T 52
ANWHR R 5 35— Tl o [ 175 1) 2 S RV E I A= W 2 4
FVEZS KR4 28, 7890 F1) T BE DAL A 1 27 BR
) AR AR R A i X 2 e PR A T A 1) A 2 XU
PEATRL2A ¥ (Grevich et al. ;2005 ; Mlynarova et al. ,
2006 ; Hvarleva et al. ,2009 ; Benitez et al. ,2010; f5 5
A, 2011 A2 SCHERE,2016) .

S 30k

AL, WRIEH, FIEAE, 5. 2014, KB RTE R I 55 1
Rl WrgE. vaAefol w4, 27(4) : 1682-1685.

BUOME, R, REM, 20130 K 5 R X
CrylAc BERMRALAL R A 3 (0 B R T A% ) S 0. A AL 2
fit, 25(5) : 453-458.

S0k, TR, R, 45 2003, /NEAEKY AT 1A
Mg iR B4R, 18(1) : 1-6.

2 W, ZRLTF, SRR, 4F. 2000, AEREEERE L
R . il Bl, 37(1) : 3-8.

I, BOWE 2011, B RE Y RO BRI A A A T R
et K FC U AE A2 25 KUK (4 /IF 58 AN AT AR, A Bl
23(2) . 186-194.
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noides L. ssp. sinensis Rousi) [ FF 48 451 S KU AL ) BE
EIRIREIN. A= A5 A, 28(6) : 2518-2525.
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