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Abstract: In order to evaluate the genetic stability of the target traits of 30% glyphosate water ( Monsanto) tolerance in
transgenic herbicide tolerant soybean at different generations, we used transgenic soybean ZH10-6 with G2-EPSPS and GAT
genes as materials to detect the target protein content in different generations (T, — T, ), growth stages and organs of
transgenic soybean by enzyme-linked immunosorbent assay (ELISA). At the same time, we investigated the tolerance of three
generations of transgenic soybean to the target herbicide by spraying different doses of glyphosate. The results showed that, the
target proteins G2-EPSPS and GAT could be detected stably in all transgenic materials, and the expression levels were
basically the same among different generations. The expression of target protein was the highest in leaves and the lowest in
seeds. Under the condition of spraying the same dose of glyphosate, the plant height, seedling rate and damage rate of transgenic
soybean ZH10-6 in three generations were significantly different to those of non-transgenic control soybean (P <0.05), and

showed strong tolerance to 4 times medium dose of target herbicide. The results showed that ZH10-6 could be stably inherited

in the offspring, which provided data support for the biosafety evaluation of transgenic herbicide tolerant soybean.

Keywords: Soybean; Transgenic; Herbicide tolerance; Target traits; Genetic stability

K RRE T FLAREY, R 2 03
gfetpdz—" Hop BEE RSO RS
A AR, X B R b AT Y R T R A R
M2 A R DR K T I R T S A S R R A A
SEAPTERLIAN G EERT . A 1996 AE Rk AL
LA R DR TR A 0391 R R AR, 39 2018 A 4 BRI [
KGR HEFLE A 9 590 J7 hm®, (5L ERE LY
PRI AR A 50% 7 of B e I A R 2 )
AR 5 T WAL M B TAE %3, ) Ik
MG TP A o H B =2 1T A 1) 5 3 DR A 1 0 2 4
(), R A 5 A AT o . PR UL, 3% [ AH 44 i
WA T — G0 S )RR M S, 1 A0l

s A #7:2021-05-31
BE&WH : B ZFHEHE KL (20192X08013-002) .

LR R A )2 2T TAE , Horb 4R 30 T %t H b
PR RGO 52

AR RE R AL 36 15 A R oy, & % A B PR
RN TIERR B G , AU A e i Fae i fe .
I, o R DAL 1 A PR S P B M S LA
O Y A MG X L A A Pk T R AT
IR 08 2 23 A 2 A, 7 Ty AR S A
B AFRE A BRI, £V H KRR TaDREB3a 5K
THENHBA IR E RS R &R X
i Bt cryl Ah JEPIHT I E KA T, ~ Ty £ i 5 3 4 A
BRIEAT DNA JKSEHIEE A KCEAS I, % S04 MR 3 PR 7T
DU AR SE 1A% , I EL a4 He e st 6t 75 21 7 A

E—1EF  F AL (1988—) , 5 AL, VBB 5 5, BN AL L R A= W 2 PP AT SE . E-mail : wangeheng880625@ 126. com,,
BIRAEE : EA(1977—) 03, 14 BT B, ERNFRARL AP B3 IR R S e B R A W) 2 2P B 58 . E-mail : wytaas@ 126. com,,



768

K TR

6 1

A B 458

ZH10-6 JZ3K[E [{ F4H & %% G2-EPSPS Fil GAT
SER T BRI R G, HARBRE D R . AT
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Table 1

IR & (AAL241) Fi GAT BEER s 5 A 0] 8
(AA1341) 0 B G AR YR A PR A ]
1.2 {Ie iR

I T 2019 4% 6—10 H ZEA MY AR HB 4 7™ iy
JI0 T it J5 e A A 3 s (R ) 3 PR
U5 HE AT, B A T R HETT IR B A1 R
HiBE N (39°25'40. 65"N,116°5642. 50"E) o R H
VU JE A 2.8 mo Ry B B 5 L, SR L 300 m 3 [l Y
Tofe HR G Rl . B AMRIG A IR £ AR 5T 4 .
1.3 K58i&it
1.3.1 BHEaAEZHN R 3 R
PRI A 2 AT e 5 PR ) R R T 19 N [) A B 3 1) A
PR LT HURE , AN [R] 2 20 0] A [R] — FE Bk 1 3R I,
SEBRRTINAE G ECR 4 AN SRR 1 AN R LR A
i, I/ ZEFF/ AR TR AR S B2 200 g, KPR HRURE J5 i
SRR RS REAR () BT AT KR, SR 5 BEBL A I 200 ~
300 Fi(F 1), HBUFEJG 5 min PECETE T K L, SE0%
R P s B E . rAMEs -80 CLRTE,

AT ELISA 1 KX 2 4H RBR T
The soybean tissue samples for ELISA detection

HAIA]
Histological type

R A i

Sample description

AEN=Rinp |

Growth stage

FR e 5 R IR AR R AL

Number of non-transgenic plants

e DR R A R A

Number of transgenic plants

Tty A e — e L 43 - 5 2

ve il I — b - S B 2 AR R 5 2

=nH4f e I —Hi kL A0 H 5 2

V3 EFF Il — Ak I i 3 2% 5 2

il Il — bk - S B 4 AR R 5 2

IEAE e W] L A 1 5 2

R2 EFF I — ik I 32 2% 5 2

il i) — bk - S B 4R R 5 2

1 Il — AR L B 4 8 F R 26 5 2

SR 191 A I — ik L o230t 5 2

Ro EFF Il — Ak I #0132 5 2

i IF)— b - $9 e B 2 AR R 5 2

FFRL [vi] — M Bk 32 AL R AFRE 50 ~ 100 F 5 2

SEFAY RS ek [F)— ok 3B AR S0 ~ 100 iz 5 2
1.3.2 AARMREM & R4 ORABENLK AR FOH B 2.

T4 RESE, DXEERA 1 m SEREH, NFH 1.4 Fik

FUA/NTF 20 m*, S 4 AN Ab B ZH10-6 Wi 75 /K ;
ZH10-6 Tt 0 H 5 v 10 WERGE 7K ; o i 10 Wi
FOHBE . BH B o AR
HaF) (900 g ai - hm™) WY 2 £ &
(1800 g ai-hm™) A 4 £5H(3 600 g ai-hm ™),
TREAKZ 3 w125 0w it & H B, 8 245 o 2

1.4.1 BAREGEMNA D AE  FRPUS R
TR SLALSUEE 50 ~ 100 me. 0T A A 2%
FF AEFRPRIRE A 2.0 mL 85045 , 4 100 mg Ff
SR T mL 2B PRI A, FR 5 IR 2T 5 min, A
BESAE 4 °C,4 000 remin ' £/ F B0 3 min, B
B
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1.4.2 BAaEa4Ekn i ELISA K7 &,
FIJH Multiskan Sky F#7 {00 & H b1 1 G2-EPSPS
F1 GAT #£ 450 nm 1) OD {H ., Z:ilbrifERZE, 251t
AR S B AR AR IR EE
1.4.3 FEHppatsrn g 245 GB/T 17980. 125
FELR A ANZE 2SS 7,14 F 28 d 88 g sk
TRIER GG 14 A28 d JEA RS SRR T RS
(BEMLEEHL 10 Bk ) F1 24 FRE IR (BEPLIEHL 10 #R) .
FEREAR AT HRAE R 10 G To2hFE, 5 KX A
K31 9 MO FREAR, R B it A8 fk, 255
BEA AR 10% LIS R, AR &K B I
e 52 2 - 2 BE A AR A B 4, 24 5 B A o i T AR
174 DIF BB A, HE 7~ 2 0% ~ 5% 53 95 %f
AR LT R AR, i BORE R A Ak Bl 24 3 B A
AR 172 LT R 08, 8™ 6% ~15%
4 G X HER R E R K, i B SO R
TRAC T A BE 374, 4k LR &2, 4D ™ 16% ~
30% ;5 9 25 FEME AR RIE T . BRFH 32 F R 1T
R/ /IR
ZT(]I;;S) x 100
Hrb: X 52 FHRN KR K2 FEREGS Ik
SIE T R SRE M R = 90

X(%) =

15 HBAH

ML DPS vI8. 10 JEATHRAOSEHHH ST, e
R FLBRER 110 9 TR (Rt 22, 047 F
R 1 ST 437 22 4307 HBOR AL B 0
DR KT B A 0 R K A L 5 I3 %01 T
[ 5% ST MR K 8 L 0 5 e
A

2 HERESH

2.1 ZHREEFXEEHREENNZERIEST
2.1.1 BAFMAEHEALSA  XAFE AT Y
REHL G E Y G2-EPSPS Al GAT H bR 1 #9i)
TELER N TEPTEE S MEF B, 3 AR LA
KRG ¥a] £5 5 K I Y G2-EPSPS 4 [ FI GAT #
1. 7€ VC 1, G2-EPSPS I GAT & (A 7Ert K iy &
HANRAL 2 ~4 %, 1E V3 1], G2-EPSPS FI
GAT H F7EA R b iy Rk H AR — 2, Rt
> > 2, fE R, b g AR 1 &
KA PR B T HESRE, G2-EPSPS dH H 1
HRAIZE R IR F AR, AT I, A6 IR ; GAT
HEHEZEF P& B R, #EA R6 ], G2-EPSPS
Il GAT H R EHS V3 BIAHLL, R6 HIF1 RS
HPkPRL P AR I AR B ) B (£ 2) 6

®2 BREANZRESER

Table 2 The results of spatiotemporal expression of objective protein Bir.pg-g
HizE M AR H HURERTH Sampling stage
Interest protein Generation  Organization VG V3 R2 R6 RS
G2-EPSPS T, M A 0.456 +0.029 0.334 +£0.008 0.186 +0.003 0.193 £0.014 N/A
I3 0.160 +0.014 0.059 +0.001 0.023 +0.002 0.018 +£0.003 N/A
E S N/A 0.013 £0.002 0.025 +0.001 0.004 +0.000 N/A
bid N/A N/A 0.007 +0.001 N/A N/A
FERL N/A N/A N/A 0.014 +£0.001 0.016 +0.001
T, M A 0.417 £0.012 0.314 £0.002 0.203 £0.008 0.214 £0.000 N/A
R 0.156 +0.003 0.053 +0.005 0.018 +0.006 0.027 £0.003 N/A
E S N/A 0.008 +0.001 0.034 +0.004 0.019 £0.002 N/A
yid N/A N/A 0.009 +0.002 N/A N/A
kL N/A N/A N/A 0.012 £0.003 0.015 £0.003
T, iy 0.539 +0.002 0.301 0. 001 0.210 £0.033 0.203 £0.004 N/A
Uit 0.154 +0.006 0.037 +0.005 0.020 +0.004 0.025 +0.002 N/A
ES N/A 0.016 +0.001 0.017 0. 005 0.016 +£0.001 N/A
iz N/A N/A 0.012 £0.002 N/A N/A
kL N/A N/A N/A 0.010 £0.003 0.012 £0.004
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HirdEH HEAR HL IRAERTY Sampling stage

Interest protein Generation  Organization VG V3 R2 R6 RS
GAT T, iy 0.174 +0.001 0.135 +0.004 0.136 +0.017 0.071 £0.007 N/A
ik} 0.039 +0.019 0.078 +0.001 0.047 +0.001 0.023 +0.002 N/A
e N/A 0.018 +0.002 0.013 +0.003 0.011 +£0.001 N/A
1 N/A N/A 0.062 +0.01 N/A N/A

FERL N/A N/A N/A 0.002 £0.001  0.003 +0.001
Ty M A 0.163 +0.017 0.126 £0.007 0.118 +0.015 0.068 +0.001 N/A
R 0.059 +£0.002 0.055 +0.009 0.073 +0.021 0.049 +0.027 N/A
E-3 N/A 0.046 +0.008 0.024 +0.019 0.017 £0.002 N/A
1 N/A N/A 0.083 +0.002 N/A N/A

FERL N/A N/A N/A 0.003 +0.000  0.002 +0.001
T, A 0.151 +0.016 0.139 +0.015 0.103 +0.017 0.085 +0.001 N/A
Jit3 0.068 +0.002 0.073 +0.007 0.023 +0.004 0.049 +0. 006 N/A
B3 N/A 0.024 +0.002 0.017 +0.001 0.013 +0.009 N/A
a2 N/A N/A 0.084 +0.005 N/A N/A

FERL N/A N/A N/A 0.007 £0.002  0.006 +0.001

2.1.2 BARBFEAIEASN MKESALE 0.007~0.012 peg-g™'o FEFCR, B HERE A

BRI A S8 Y G2-EPSPS 1 GAT Hirik
HAIIE SR R, 3 AL IR T AYAS [A] 2H 21
A E Y, ¥R AR OE A I 2] B bR AR 1 G2-EPSPS Al
GAT, 7EmfH-r, G2-EPSPS il GAT % 4 19 & & ¥l
KRR FRE B Hd G2-EPSPS # H7E R2
I R6 11 &5 i AT, S5 B 7E 0. 186 ~ 0. 214 pg-g™';
GAT FEH7E V3 1 R2 1 & EAHIT , Ju [l #E 0. 103 ~
0.139 pg g™ ' 7EMLYH, G2-EPSPS K ik
S HAE R AR —34, 1 GAT 8 I 7E AN R A=
B FRIRMG O TCHE TG, 7E 2241, G2-EPSPS
EANTEELTHEREM A, 7F R2 Rk EH
ik f R GAT SR HTE V3 IR Rk it i, Bl 2 T
Tk, kB, GAT HAMWREEWHE & T
G2-EPSPSEE [, &40 71 4 0. 062 ~0. 084 pg-g™' .

%3

IR (F£2) .

2.2 AEHREREEKXEX HIRBRER S
2.2.1 vRAEEHBG G E o WNEE 3 R,
TS it A R 500 2 00 R H I A 1,3 AR e 3
IR 52 ZH10-6 1 R i 2634t 2 1 TR 3 R o
(P<0.05), AAR%E 3 R K St oh s i s H g 7 d
S IR AL N 14. 48% ~16.25% ;i 14 d J5 4
PRASFRIET s Mottt 2 A% Hh 700 2 0 4 5 b o o H IR
7 d )5 MR TRAE T, W R 2 £ R
4 frrpslE R H RS L R G MR 7E 28 d 9
T2y Sk B A K —F, BTN 100. 00%
AL, 3 AN AR 3L 3L R & ZH10-6 YT 37 4 i
Y HARBR R

BHEARFEEHBH XK E R E LR

Table 3 The comparison of seedling formation rate of soybean sprayed with different doses of glyphosate EA{r: %

I % Seedling rate

At B ibm - - -
. . - Mizh)E 7 d iz )5 14 d Wiz )5 28 d
Generation Material Treatment
7 days after application 14 days after application 28 days after application
T, ZH10-6 7K 100. 00 100. 00 100. 00
Hh 100. 00 100. 00 100.00
2 fErh 100. 00 100. 00 100. 00
4 A epo) 100. 00 100. 00 100. 00
135 10 WK 100.00 £0.00 a 100.00 £0.00 a 100.00 +£0.00 a
i 16.25£2.50 b 0.00 £0.00 b 0.00 £0.00 b
2 fErh 0.00 £0.00 ¢ 0.00 £0.00 b 0.00 £0.00 b
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gR3
JE T Seedling rate
AR R Ab B
Generation Material Treatment 25057 d 2505 14 d 2515 28 d
7 days after application 14 days after application 28 days after application
4 £ & 0.00 £0.00 ¢ 0.00 £0.00 b 0.00%0.00 b
T, ZH10-6 K 100. 00 100. 00 100. 00
i 100.00 100.00 100.00
2 100. 00 100. 00 100.00
4 A epo) 100. 00 100. 00 100. 00
H 10 K 100.00 £0.00 a 100.00 £0.00 a 100.00 £0.00 a
i 15.15+0.79 b 0.00 £0.00 b 0.00 £0.00 b
2 0.00 £0.00 ¢ 0.00 £0.00 b 0.00 £0.00 b
4 FE ) 0.00 £0.00 ¢ 0.00 £0.00 b 0.00 £0.00 b
T, ZH10-6 K 100.00 100.00 100.00
4 100.00 100.00 100.00
2 5 100. 00 100. 00 100.00
4 b 100. 00 100. 00 100. 00
hi# 10 ik 100.00 +0.00 a 100.00 £0.00 a 100.00 £0.00 a
il 14.48 +2.67 b 0.00 £0.00 b 0.00%0.00 b
2 ) 0.00 £0.00 ¢ 0.00 £0.00 b 0.00 £0.00 b
4 fHh R i 0.00 £0.00 ¢ 0.00 £0.00 b 0.000.00 b

ARG FHEFR IR AL B U R AE P <0.05 KV EERBH .

Ml

The different lowercase indicate the significant difference of seedling rate of each treatment at the level of P <0.05. The same below.

2.2.2 vhmEHMRKIMSFZEES>N WL
R 3 A HE R 7 088 A s, Wi R
Wil e B P B DR R 2 ) Ak v T B R 22
(P>0.05)  MEARIIREIE 1K, T2 HEHO L AL,
RS FER K G, FE W AN [F) 551 6 5 H g 14 d )5 4

BRIIIET , 52 % A 3] 100. 00% , -5 W3 it = H PG
FRREN R G AP R E V2 7 (P <0.05,%4) .
H1 e R] UL, T B 5557 5L [N G2-EPSPS 1 GAT ] {1%%
PR E ZH10-6 19 3 MU E B 1L, H- iR
BHPEH.

*4 BIHEARFEEHBOXRERSMZIEERILE
Table 4 The comparison of plant height and damage rate of soybean sprayed with different doses of glyphosate

iz fE 14 d Mizh ) 28 d
A MR b 14 days after application 28 days after application
Generation Material Treatment Kk 2AER K 2R
Plant height/cm Victimization rate/% Plant height/cm Victimization rate/%
T, ZH10-6 K 55.41+1.10 a 0.00 83.96+1.79 a 0.00
R 55.45+0.94 a 0.00 83.35+1.99 a 0.00
2 £ & 55.29+0.89 a 0.00 83.93+1.90 a 0.00
4 fErp A 55.60 £0.54 a 0.00 83.89+1.42 a 0.00
i 10 7k 55.29 0. 88 0.00+0.00 b 82.83 +1.29 0.00 +0.00 b
R FEMRIET: 100.00 +0.00 a FARSET 100.00 +0.00 a
2 fE R HERRFET: 100.00 +0.00 a HERFET: 100.00 +0.00 a
4 FE i HERRIET 100.00 +0.00 a HERRIET 100.00 +0.00 a
T, ZH10-6 ik 53.54 +£0.05 a 0.00 82.570.07 a 0.00
A 53.49 +0.04 a 0.00 82.60£0.08 a 0.00
2 i 53.61 £0.07 a 0.00 82.57 £0.09 a 0.00
4 A rpo) 53.56+0.07 a 0.00 82.540.13 a 0.00




SEILRE YD B bR R 00 15t 15 Fe e e X
Wbk R BA TS L, s E R
5 G2-EPSPS FI GAT J PRI 1 i e 5 PRl K G AR Miov) 20
O A7 B 2 B, H BT SE ) G2-EPSPS
REfRILH GAT 7E DNA RNA F17E 1K PR ib
HAgRaEmie ., MRS nrsess £, 7ot
PRI TR 53 95 390 DK 2 76 AR ) 3 AR Rl L 2 i AR 2
HRIIFHEZESR ., MERDHAEK, S48+ CP4
EPSPS 2 119 & 5728 (0 B 5, R ) 4 U7 [ — i 30
(i) CP4 EPSPS % [ & W AR AR, T Hiphag
TEASB) T AR 253 B TR , Ao 5 1 7 55 il oy 5 it

SN EPSPS 3E Rk, S =AY WAL
& DNA JKF- 5 S K- BRI AT, DL A A Xt
FH A TR A2 M 45 07 1, % H AY R AM79-EPSPS
(LR e YEREAT T 200 R85 B (9 5L 18 AM79-
EPSPS 7E AR AR A [R] 20 21 G 5% 55 R0 B0 128 7K SF- 34
FoE FRik , AR B bR B 555 ATt 52 1 78 i
BRI E WSS e, L REY AN IR SE R Y
FikZFRZ N R0, W8 GEE AR
AN R BRI T AL IR S T AR TR, B
T, ~TAVEEILHAKGH S MEFWMS M
b, Sk T HARER 1 G2-EPSPS il GAT 1)k,
R A2

ARG HE b B i PR A2 5 0 TR I B )
K BFLA-1 HEAT T 4% 5K P FI R KPR | a8 i

772 K 2 B % 6 1
gx4
i) 14 d 2455 28 d
At bR fbyp 14 days after application 28 days after application
Generation Material Treatment ] ZAER ¥k TZER
Plant height/cm  Victimization rate/% Plant height/cm Victimization rate/%
H 10 K 53.51 £0.13 0.000.00 b 82.58 £0.05 0.00 £0.00 b
R HARIET: 100.00 +0.00 a THRFET: 100.00 +0.00 a
2 HRIETS 100.00 £0.00 a HRIETS 100.00 £0.00 a
4 rpo) FARIET: 100.00 +0.00 a HIRRFET 100.00 +0.00 a
T, ZH10-6 K 53.97+0.13 a 0.00 82.41+0.22 a 0.00
bR 53.88£0.09 a 0.00 82.38 +0.08 a 0.00
2 f v 53.97 +0.08 a 0.00 82.50£0.13 a 0.00
4 b 53.95+0.22 a 0.00 82.4920.07 a 0.00
i 10 HK 53.95 +0.07 0.00 £0.00 b 82.29 £0.32 0.00 £0.00 b
LRFileiY HERFET: 100.00 £0.00 a FHRRIET 100.00 +0.00 a
2 fEh R FRFET: 100.00 +0.00 a HRRFET 100.00 +0.00 a
4 FE i TARAET: 100.00 +0.00 a HRRFET 100.00 +0.00 a
3 W B FH 1] & K A4 e R g it R TRt e, i 1 % A

IR, BRILZ AN, Ak IG S 28 X 2 R R 2 14
REMERDEAT T VR A, & PGS 5L R bk & 28 7 i
AR B HR AN  BER Oy TR 4 F 2 R
T HIMIR DR 1) 4 A RISt A2 AN 23 WA MR ™ AR
B RE R . A B 98 D3 56 DR RE 90 2E 9 &8 5 0F A0 1
AR R, At T 3 A A SRR X AN (] 7
B B (R T 32 4, 76 D31 A A AF 9 A4 [R) s, 56
WE T 5250 % ELISA 50 i 25 5L, (A HIF 9 1) 45 SR B
TN EE R E Ay B R DR gk R ) K R A ) A
VMR AEA T BE SR .

4 %

ABISEAE 2 B 5 I 5 B R N K L H AR B Y
FOR AL FFAE ] Wit A [ 5700 48 b B 555, HO AR
ANFTEACRE R R T ZH10-6 FE A [R] A= B W A48 B
Hr, G2-EPSPS Hil GAT i HAYRIA GO, A ROFN T
FIARTER B BT E M . 75 3 AR S AR
LA EF WA B Py RE R H bR, B AR
Bl RIS — 2, [, T, ~ T, 40 ZH10-6 34
TR T X 30% 0 H B KGR (e LR, A< ) B iR 32
Mo IZAEA AT D Bk 5 A AR K B ZH10-6 77l
e B HJR SR R ROR S HE

S 3k
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