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Identification and inheritance of glyphosate-resistant genes GR79 and GAT
in upland cotton

ZHAO Long-fei', ZHAO Liang’, DI Jia-chun®, CHEN Xu-sheng’
(1.Agronomy College, Nanjing Agricultural University , Nanjing 210095, China; 2.Institute of Industrial Crops, Jiangsu Academy of Agricultural Sciences ,
Nanjing 210014, China)

Abstract: The specific primer was used to identify glyphosate-resistant genes in upland cotton GGK-2. The results
showed that GGK-2 not only amplified the GR79 gene with 488 bp characteristic band, but also had the GAT gene with
characteristic band of 379 bp. Then seeds of hybrid F, population of upland cotton crossing upland cotton soaked by 0.3%
glyphosate were used to study glyphosate-resistance inheritance. The results showed that GGK-2 had good resistance to
glyphosate , and the glyphosate-resistant character was quality trait consistent with resistance plants to non-resistant plants e-

qual to 3 : 1 separation ratio, showing that the resistance to glyphosate was the quality trait controlled by a single dominant

gene. At the same time, the separation of resistance genes

%5 B #7.2018-09-29
H o T B [ 5 R E R B W L GR79 and GAT in the F, group of upland cotton crossing

(2016ZX08005-005 .20167X08005001-008 ) upland cotton was determined by PCR. After the target
VeI 8% (1990-) , 5 VTR A A, B -E RS LR . BRSE T I genes GR79 and GAT were introduced into cotton, they
KRR A 3 AL F fh. ((Tel ) 15261871076; ( E-mail ) were stably transferred in a coexistent manner in cotton hy-
1107310135@ qq.com brid offspring, with a total ratio of 97.9%. Then, the F,

BIRAEE R, (Tel) 025-84390371; (E-Mail) njexs@ 126.com group of upland cotton crossing sealand cotton was used to
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make preliminary location of the exogenic genes by SSR molecular markers. The results showed that both GR79 and GAT

genes were mapped to the 20th cotton chromosome, with genetic distance of 3.3 ¢M. There were seven SSR molecular mark-

ers on the side of the gene GR79, the closest marker was NAU2579, with genetic distance of 7.1 ¢cM. There were seven SSR

molecular markers on the side of the gene GAT, the closest marker was NAU3137, with genetic distance of 3.9 cM. This

study provides a theoretical basis for applying the strain GGK-2 in herbicide resistant cotton breeding.
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PCR %52 MR RAL 70 A7, X6 P 25 R A 32 i
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1.1 REH A

] 7= e gt i b A BT b B R GGK-2 fl [
LMV B2 e A= B AR ST B 58 = HERIF 5% L AL,
FI 15 (V-1) R AEPTREH A0 1 5 A AP, YK1107
S AEPUEL H i MR A BT R

DL GGK-2 Mk} A, it B 7% 52 4 A : GGK-2 x
YK1107 .GGK-2x V-1, J F 1% [1 583518 F,AUHE 1k
[ GGK-2xYK1107 ]F, .[ GGK-2xV-1]F,

1.2 KB H*

1.2.1 B # & E ¢ PCR Al A6 BT R H 45
SRR AR G = 45 AR GR79 Il GAT &
K A1 88, GR79 ¥ SEnI s T, A
&t s 488 bp; F:5'-GATGCGAGCACGGCCTG-
CTACTT-3'; R: 5'-ATGCGAATGTGCGGAACCTTG-
AC-3"; GAT FEH R SRS 1 e 90 an s, H bR 4%
M 2K 379 bp; F:5'-CCTATGAGTTGAGGCACC-
GTATT-3'; R: 5'-TGAGGTCCCACAGGAGGAGTGT-
c-3',

Bt GGK-2.V-1 5 YK1107 fyF 7, #LEL DNA,
kS MREM S )7k, PCR 7 Yy e 8 1k
90 V ST A 1% BEWEEE A T HL VK , TEBEIE
WG ZR G g B R R B
1.2.2 FEHmBREAmF LT MR R
IR %5 58 2 BRI T 45 i 18 1 A A 32 i 58
B B GGK-2 T 50 i, YK1107 i T 50 i,
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GGK-2xYK1107 F, i 100 %7 , ¥ 41% ¥ B 19 4% ik
AR 0. 3% , 75 150 ml HEIE I o I B JS 1)
AR BT 24 b, WU AR AP SO 36 & 2R .
SRIGTIA 25 CHEMRIEFAE TSR 7 d 5 R
PR R H B BT A S AR BT R
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VEARAS I 20 A THR AL 26 3T YL A 44 |- 1y 234 %} SSR
Bt s 1t Xt RUGE R 45 L I i 247 PCR 93,
A Z SNG4, PCR &34 WA & K 10.0
pl, SO AR N, GR79 JE A : 94 C HUZ M 10 min; 94
CARE 15 5,63 CiB & 30 5,72 CHEH 1 min,35 4~
TEFR, f2J5 72 °C 4E4# 10 min; GAT 3£ [H .94 C Fids
P 10 min; 94 CA8YE 15 5,55 CiB & 30 5,72 °C ZE{f
1 min, 35 MG, &5 72 CLEH 10 min, P14
16 8. 0% My AEZE ¥ PAGE BER b F ok , B N 18 &
220V, LK ZE pp R IXTBE . HAJKE5 S , S 5K 42
AU T R A TR, 7RI WLEEAT T i vk 2 Ak
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2GR 550
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K2, PIEIHKIE 13528 5 &R GGK-2, B ALY 1
th GR79 JE YRR 45 (/N 488 bp) |, [RI ik 4™
HaH GAT B[R 379 bp R/NPIRHIESRH . PIEIHY
VKIE 2 UKIE 3 2002 2 X BREE R V-1 B A ) |
YK1107 (fliti ) , & WA GAT 5 GR79 H:IH;
PGS AT 73 H 488 bp 5 379 bp R/INAAFIE 4%
o LA EZERRM, AN GR79 Fil GAT E
W Al & GGK-2,

M 1 2 3

1000 bp
750 bp
500 bp
250 bp
100 bp

M :Marker;1:GGK-2;2.V-1;3.YK1107,
B 1 GR79 ERFE#/) PCR &
Fig.1 PCR detection of GR79 gene

M 1 2 3

1 000 bp
750 bp
500 bp
250 bp
100 bp

M:Marker;1:GGK-2;2.V-1;3.YK1107,
B2 GAT EEH PCR #i
Fig.2 PCR detection of GAT gene
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Fig. 3 Identification of resistant and non-resistant cotton

seedling by glyphosate soaking
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Table 1 Isolation of resistant and non-resistant cotton seedling in
different population

GGK-2 33 0 33 -

YK1107 0 18 18 -

GGK-2xYK1107 F, 45 19 64 0.750 0

XGos(1)= 3-84,

2.3 GR79 7 GAT BERTE F, B E R B
¥ GGK-2xYK1107 F, #44&H T H i FL K GR79

F2 BEBEFZ F,BHER GR79 70 GAT EEHRIEFR

1 GAT T2 52 oy B AR AR R IR R PRI 2 A7, it
XF o B RER 2 A H B FED B PCR S I, H o B 15 L
W2, & 2 o], GGK-2xYK1107 F, BE{k
GR79 L AL R AGE R IOT R AT 53 ¢ 1
(89535 HOA9 5 X GAT 5k PR F) G 0 A, 2 ] A9 114 45
UL, X 2 4> F AL AR 5 AR SRR, AT &
PR DR A S PR B A L 5 T L T, 23 B AR
T GR79 FEIN 5 GAT JE[H 5 W] Ay L4 7y 25 )
G, B IGIN FfEA 137 Ak, oAy 94 4
MEKRIN GR79 55 CAT JEH ML A B AL, H
A2 DMERM I GR79 1 GAT (3G 7 B4,
A HBIEE97. 9%, =T 2 D AKAE
B GR79 Al GAT (9 IEA7 7 B B4, H N AE I N 1
HE— TR

Table 2 Coexistence of GR79 and GAT genes in F, hybrid population

GR79 1 GAT 34

GR79 F1 GAT

A M A HMERE R e A BabEAAE 3 1 BB BIXE
F, GGK-2 xYK1107 GR79 94 1 42 2.338 2
GAT 94 1 42 2.338 2
XGos(1) = 384,

2.4 GR79 1 GAT EFEH L BEEN

HH L T 0 5 il A % 52 0 B A GGK-2
YK1107 F,, i &5 5 55 Fili i 2 S A& GCK-2x V-1
F, BOBEIRE HL UK A 22 25k 25 SN 2 6, ek GGK-2x
V-1 PR T H B RER B E 7 . it xt F, 70 i
K2 A B AL A8 PCR A, 23 2 00 I3k 3.
3 R AR B AR T AR 2 52, A0 B AR AR
i SNREEIR GR79 F GAT B45433 + 1 B & f8/K 3
EORLAEE, R T IR SSR 0 Fimic R BT 7 2
PREAL
x3 BRIESHMIERS F,ER GR79 f1 GAT BERM MBI HE
&R
Table 3 Isolation of GR79 and GAT genes from F, offspring of in-

terspecific hybrid

Besis AMEEE SRS s o) e
He X2 1
GGK-2xV-1 GR79 131 50 0.664 8
GAT 134 47 0.090 2

Xgo5(1)= 3-84

I AL DR B e A 00 5 | 0, 3R 5 3R AT 1 i
BibRIC R NAU2579 32— TR AL 20 S 4L ok
1% SSR FRid . AMEEED GR79 I GAT #1455 (i 1Y
H b g o (A= AH R 9, 2 A58 R 353 BT AR AE 20 %5
e fR o MiJE A AR AL 20 S5 e o fR i HoAth 3%
iy Aril, L F s s e Bk, 558 Join
Map4.0 17381538, RAS PR H BEFE R GR79 Fi
GAT (et LS (B 4) . B 4 /LA
GR79 F GAT LN R B, Wi miE il 3.3
cM, A7 14 4~ SSR 51 ¥ 5ixX 2 A~ FE I AHE, 75
GR79 —M45 7 A~ SSR 43FFric, 7£ GAT —{iljti 47 7
o 5 GAT MFE R SSR ARic & 4HEE 3.9 M (1)
NAU3137,5 GR79 it i) 57 FHric & AR 7.1 M
(1) NAU2579, A~ i5t 4% B35 1Y a8t 1L BR B o 120.9
cM, {ETHHE )&, GR79 FI GAT B:[H AR R IN %
B AR PR R B S IR N, A 181 MK,
WCARAS T A 5 D] ) st A R B K
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0cM NAU5307
347 cM NAU6179
54.8 cM NAU2698
68.0 cM BNLI253
775cM ~J |~ NAU6601
81.9eM ~| | NAU3434
83.3 cM NAU3137
87.2 cM GAT
90.5¢cM | > GR79
97.6cM ~ | - NAU2579
99.5cM — | |~ NAU6365
105.8cM ~] |~ NAU3404
108.5 cM NAU6176
11.2eM —T ™ Gh4s
1149ecM —| > NAU6215
1209 cM ——— NAU6667
B4 HEHBERE GR79 1 GAT E181EE 20 S a4 FHiE

HIE L
Fig.4 Linkage genetic map of glyphosate-resistant genes GR79

and GAT in 20th cotton chromosome
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