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Effects of Soil Water Deficit on Insecticidal Protein Expression in
Boll Shell of Transgenic Bt Gene Cotton
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(Jiangsu Provincial Key Laboratory of Crop Genetics and Physiology, Yangzhou University, Yangzhou 225009, Jiangsu)

Abstract: [Objective] The effects of soil water deficit on insecticidal protein expression in boll shell of Bt gene cotton were
studied. [Method] In 2014 and 2015, two Bt cotton cultivars Sikang 1 (a conventional cultivar) and Sikang 3 (a hybrid cultivar)
were selected as experimental materials and were planted in pots. In 2014, five soil water contents were designed at boll peaking
stage: 15% of maximum capacity of soil moisture (G1), 35% of maximum capacity of soil moisture (G2), 40% of maximum capacity
of soil moisture (G3), 60% of maximum capacity of soil moisture (G4), 75% of maximum capacity of soil moisture (CK),
respectively. Four treatments (G2, G3, G4, CK) were set in 2015. The effects of soil water deficit on insecticidal protein content in

boll shell were determined. Ten days before flowering peak stage, watering should be controlled in each treatment. The pots were
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moved indoors in case of rain. At the same time, the soil water contents were monitored by WET sensor. When the soil water
contents were below the designed value, the pots were watered in the morning, at noon and in the evening. On the basis of these
studies, the effects of soil water deficit on Bt gene expression, activities of nitrogen metabolism-related enzymes were determined in
2015. [Result] The results of the two years experiments showed that the insecticidal protein content of boll shell decreased with
water deficit level increasing. Compared with the control (75% of maximum capacity of soil moisture), the boll shell insecticidal
protein content decreased significantly when the soil water content was below 60% of maximum capacity of soil moisture. In
comparison with the control, the insecticidal protein contents of cultivar Sikang 1 and Sikang 3 decreased by 22.5% and 41.6%,
respectively, with the soil water content at 60% of maximum capacity of soil moisture. However, larger increments of Bt gene
expression were observed when the boll shell insecticidal protein content was significantly reduced. Compared with that of respective
control, the levels of Bt gene expression in Sikang 1 and Sikang 3 increased by 48.6% and 22.1%, respectively. Furthermore, the key
enzyme activity of the nitrogen metabolism showed that the boll shell protease and peptidase increased but the activities of nitrogen
reductase and GPT activities decreased. There existed a significant positive correlation of insecticidal protein content with nitrogen
reductase and GPT activities; and a significant negative correlation of protease and peptidase activities with insecticidal protein
content. [Conclusion] Under the condition of soil water deficit, the boll shell insecticidal protein content decreased significantly.
However, the expression levels of Bt gene in the two cultivars increased significantly. NR and GPT activities decreased, while

protease and peptidase activities increased. Thus, the decrease of insecticidal protein content was considered as a results of decrease

of synthesis and increase of decomposition of protein.

key words: Bt cotton; water deficit; gene expression; insecticidal protein; nitrogen metabolism
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Table 1 The compositions of reverse transcription system and
their volume

2414} Compositions AL Volume (uL)

5xMLV RT reaction buffer 5
dNTPs 1.25
RRI (RNase infibitor) 0.625
MLYV reverse transcriptase 1

1.3.3 W% A<EE PCR Ji] TaKaRa A7 SYBR
Green I (Molecular probes) 1}y S %¢ % 2 & PCR
[ %¢ 6 45 7~ B 41, 7E ABI7500 Real-Time PCR
System § H4{X 34T . Bt 5197518 Bt-F: 5'-GTTCT
GCCCAAGGTATCGAA-3'#ll Bt-R: 5-GCAACGATA

CGTTGTTGTGG-3'.
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JeE it PCR X F 4 MM DLy 127, B 95°C 30's;
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AN[F)NEG FREFR IR ) 22 53 W2 (P<0.05) o F[F] Different small letters meant significant difference at 0.05 level among treatments. The same as below
1 KRS SHRGBEMEZPRAEAZENT M
Fig. 1 Effects of water deficit on the content of insecticidal protein in boll shell
%2 KSSRLBAFDRABAFEITRFEME .
S T 2l a
g 16 I
Table 2 ANOVA and SSR text of the content of insecticidal & 14t
. . G -
protein in boll shell o b
S 12T
K5y RAEASE |G R 2 ot . be
Water deficit ~ Insecticidal protein  ||Cultivars  Insecticidal protein ‘% 08
(2]
content (ng-g'FW) content (ng-g'FW) 5 06}
2014 2015 2014 2015 5; 04
B L
CK 188.97a 335752 ||SKI 110.47a  217.63a R 02
53 0.0 | | | |
G4 124.79b 269.11b  ||SK3 108.31a 210.12a CK G4 CK G4
G3 91.27¢ 174.79¢ SK1 SK3
G2 76.89d 75.85d
AbFE Treatment
Gl 65.04e —
FfH 520.77 14341 ||F1H 0.59 4.87 . X
& = £h B 0 i
Fovalue Fovalue 2 K TERANE 96 h XH$RFH Bt RIZEMRG
FIF AR NE R R A T 22 58 B 2% (P<0.05). Al Fig. 2 Effects of 96 h under the treatment of water deficit on

Different small letters in the same column meant significant difference at
0.05 level among treatments. The same as below

96 h J7, SKI1 Fl SK3 #5cH Br KA EI B EH
o S EX AL, WP 1S, WP 3 T Br FikE
%ui*jm 48.6%FH 22.1%. UtBH 133K 75 84T,
Bt M Bt Tk I AR, L R SK1 2
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2.3.1 NRAuGPT &M FEAFIKA 76N, SK1
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expression level of Bt gene in boll shell

&3 KD TERAIE

K Bt RIEEBHENTRIMERE

REMEME (2015)
Table 3 ANOVA and SSR test of the expression level of Bt

gene in boll shell

K37 ik Bt Fikit B Bt Fikit
Water deficit Expression level ||Cultivars Expression level
CK 0.89b SK1 1.25a

G4 1.21a SK3 0.85b

F {8 F-value 46.62 F {H F-value 72.58

A SK3 #e5e AR & BT OS] NR A GPT 3 1ER

LA . 5% B A B, SK1 F1 SK3 7 14
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K7k (G4) 454FF, % 5eH NR Rl GPT i3 2
# W, b SKINR AT GPT B iE T2 5 F 4 19.1%
M 17.2%; SK3 W53 T % 24.8%FH 15.6% (£ 4)

HEMERY (R4, HHKSFTEHMLIE (G4)
Al S Bt MR e T EARII AR OC & i (NR AN
GPT) &tk T ShFPaIAHEL, NR EEN 25 R R,
{H SK3 1] GPT ¥ PE % # w1 SK1.
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FENH (2015)

Table 4 Effect of water deficit on theactivities of nitrate reductase
and GPT in boll shell and ANOVA

Al hb 3 THIRIE S M E GPT B TE
Cultivars Treatment The nitrate reductase ~ The GPT
activities activities
(umol'g"h™")  (umol-g'h™)

SK1 CK 3.82a 15.1b

G4 3.09b 12.5¢

G3 2.61b 8.6d

G2 1.33¢ 6.2¢
SK3 CK 4.04a 18.0a

G4 3.04b 15.2b

G3 2.88b 12.6¢

G2 1.32¢ 8.7d
TrESSHT KGrTH CK 3.93a 16.6a
ANOVA  Water deficit G4 3.07b 13.9b

G3 2.75b 10.6¢

G2 1.33¢ 7.5d

F {H F-value 64.5 40.3

A SK1 2.71a 10.6b
Cultivars gy 3 2.82 13.6a
F {H F-value 1.6 7.2

2.3.2 JKEEfoE G EEEE IKEGANG ARG
5 Bt AR IEFA R (R 5) o 58Ky
B (G4) 41 F, SKI1 F1 SK3 %58 Hb ik il Al 2K (1 g%
PRI N . H SK3 38 ni 5K+ R SK1, H
H SKI1 KR ANER RS I 2 il e CKO 3G 39.7% 41
65.2%; SK3 W73 731140 41.9%41 92.9%.

x5 HEBRW, THOKS TG (G4) T
FHIEAL Bt s rh GURIIAR DG/ el (IR AN 22
M) StE. AR AIAEE, SK3 8 5erh 2 RS Y
BEET SK1. PEUILE RIS KR TR KK
(1 60%5 1 1, Bsarh i T il Bk, HLiliht
3 S R AR B T 1 .

x5 KoTHABEEPRBINESEIEEEZENESE
S (2015)

Table 5 Effect of water deficit on the activities of peptidase
and protease in boll shell and ANOVA

mn A Ib 3 Sk v S
Cultivars Treatment The peptidase The protease
activities activities
(umol-gh™)  (ngg'h™
SK1 CK 1.41e 33.74f
G4 1.97d 55.74¢
G3 2.15¢ 70.12d
G2 3.45a 104.85b
SK3 CK 1.60e 43.68¢
G4 2.27¢ 84.25¢
G3 2.81b 106.59b
G2 3.48a 143.12a
TiES KpTE CK 1.51c 38.7d
ANOVA Water deficit G4 2.12b 70.0¢
G3 2.48b 88.4b
G2 3.47a 124.0a
F Y F-value 13.8 244
LY SK1 2.25b 66.1b
Cultivars - g3 2.54a 94.4a
F Y F-value 19.6 423

2.4 FAEAFESENREXR

MR (R 6) KW, 252 NR i
PE GPT i P15 % HRUER 11 9 B #1708 3 il ol
IEANDG s MRS 1 8 o B PRI R R B
BRGSO, BB, A K R
FAET, EAPE D (NRL GPT & R
orfsgin COkEE . mOEEEER S . SHEARRE
FIR R B

%® 6 Bt KOSHRTREFRAEASES ARG X
EEEX R
Table 6 Correlation coefficients between insecticidal protein

content and key enzyme activities in boll shell under
water deficit stress

dh Al TR IS E  GPT i% 1k

The nitrate

IREERETE SR AR

Cultivars The GPT The peptidase The protease

reductase activities ~ activities activities activities

SK1 0.999** 0.963%* -0.990** -0.999**

SK3 0.915* 0.981%* -0.984** -0.971**

RN ATRASRIETE 1% 5%7KF b 2%
** and * represent that correlation are significant at the 1% and 5% possible
level respectively
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S5 N o 3 o K 73 i 3 5 3 I BE D 9
Bt b ff, [ I A R AL it R AT
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