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Functional Analysis of a small GTP-binding Protein Gene GhROP4 in
Drought Resistance of Cotton ( Gossypium hirsutum L. )
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Abstract: Drought is the primary abiotic factor that affects the yield and quality of cotton fiber. ROP
( Rho-realted GTPases from plants ) protein is a type of plant-specific Rho small G proteins, and in plants this
protein plays a role in responses to the development and various stresses. In this study, real-time quantitative
polymerase chain reaction ( gRT-PCR ) was used to analyze the expression pattern of the GAROP4 gene under
drought stress and exogenous abscisic acid ( ABA ) treatment conditions. Virus-induced gene silencing ( VIGS )
technology was used to analyze the regulation mode of the GAROP4 gene on drought and the possible regulatory
pathways involved. Drought and abscisic acid treatment increased the transcription level of GhROP4 gene as a
whole, and silencing GhROP4 gene enhanced the drought resistance of cotton. The water loss rate and relative
water content, proline ( Pro, Proline ) content, and activities of three antioxidant enzymes: catalase ( CAT ) ,
superoxide dismutase ( SOD ) , and peroxidase ( POD ) of the detached leaves of the silent plants after drought
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stress were significantly higher than those of the negative control. The contents of hydrogen peroxide ( H,O, ) and

malondialdehyde ( MDA ) were significantly lower than those of the negative control; compared with the negative

control, ABA synthesis and pathway gene expression in the leaves of silent plants were significantly up-regulated.

Altogether, our results supported that the GhROP4 gene was a negative regulator in drought resistance of cotton

through negatively regulating the ABA metabolic pathway.

Key words: cotton ; drought; GhROP4; virus-induced gene silencing ( VIGS ); abscisic acid
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Table 1 Primer and application

1.2.3 GhROP4 % [F 7£ PEG 6000 #0 5p j& ABA %
STHREEXSH  FIH qRT-PCR £ R K5
GhROP4 %: [H 7 PEG 6000 1542, T 52 & 41 5 ABA
7S T R RBHR A, NS BN S K
GhUBQ7"'*', %I abm #&5E MR F & UL, L
J sk A% 1 1) cDNA S BEAR #4T QRT-PCR. JZ 1]
AR e SR 255 ) TR A5 O i) J7 1 5 QRT-PCR
KBTS 0L 15 B B JE AR XS 3Rk /1A
7k BRS04

GBS gl &
Primer name Primer sequence (5" -3" ) Application
CM-GhROP4-F TCTAGAGTCGTCGATGGCAGCACT EAEN aFe
CM-GhROP4-R GGTACCAGGAGCCGCAATCTGTTTCTT

q-GhROP4-F ACCAGCAACACTTTCCCTAC RT-PCR
q-GhROP4-R TGACCAGCAGTGTCCCATAAA

q-GhUBQ7-F GAAGGCATTCCACCTGACCAAC

q-GhUBQ7-R CTTGACCTTCTTCTTCTTGTGCTTG

q-GhCLAL-F GCCCTTTGTGCATCTTC

q-GhCLAI1-R CTCTAGGGGCATTGAAG

GhNCED2-F GACTCGCCGTGCCATTATTT

GhNCED2-R CGACTTTGGCGAATCCTGAC

GhNCED3-F TGGGTTGAATCCCCTGATACTT

GhNCED3-R GCGACGTGTGGACTTACCTGT

GhNCED9-F CCCAGTAGACGGTCCGATAA

GhNCED9-R ATCCCAAACCTTGACATCTTG

GhABF2-F CCAATTTGCTGGGAAGGATAA

GhABF2-R GGTAACTGGTGCTGGTTTGATT

GhABF3-F GAATAGTTGGTTTACCATCTCCTGC

GhABF3-R AACTACTTTCTCCAATGCTGCACTG

GhABI2-F AGTCAAATCCTCAAAGCCGAAAGTG

GhABI2-R ACAATAGTTCGCAACCTGACACCCT

GhABIS-F GTGGGTCCGAGTTTTGTTCC

GhABIS5-R AGCTGCACCTACTTTTCCGT

TXIZ R Xba 1H1 Kpn 1 EFYI S

Xba 1 and Kpn I sites are underlined

124 PFEiii8 GRROPAEBEVIGSH BB S
VIGS &8 ML Hi A GhROP4 5 A ( Gh_
D05G185300.1 ) ) CDS J3 1] ( 588 bp ), FI FH 7£ £ %X
{4 SGN-VIGS ( https: //vigs.solgenomics.net/ ) % 1T
Pl 5 4 SE R Rk LT 51 (334 bp ), Fah it 4E

SV L RS 5 s i A Xba 1
H Kpn 1 BT 25 (R 1), DLl M cDNA A 15
H, PCR ¥ 34 Hw Bt M DNA &5 [t PCR
1315 pEASY Blunt-Zero V-3 oo Bk 414 42 , Pk
BB R, FH Xba 1 F1 Kpn T WU 1E
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R, BHMEXT IR GhCLAT 22 R By 2986 & 151 9 W
1,
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S ia A PERT S R 25 S BT HUEMRSE R B
M, SR AR vk L B GRROP4 15T Bk W #k 0 B
P X R AR PR AR I R OK R 22 5, BEBR 1 h AR
BOH s, L RSK T h, B AL BRI E 3 A
HE,
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R BT BRABAR 55 — 7 B, S IR A AL A8 A T 1%
Fr i & (R E, dba, P ED Ui, FH
A3 BE 3 I A 1k 45 Ak S ( CAT, catalase )

T M R T AT D43 6 0 2 I o AR A ) 1 Ak il
( SOD, superoxide dismutase ). i %8 1k ¥ i ( POD,
peroxidase ) & £ K& i & 1k & (H,0,, hydrogen
peroxide ). N [ ( MDA, malonaldehyde ). iifi & 2
(Pro, proline ) & """ ; Z Mk LT 1
DU I R AR S K B B A EIA I 3 A
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* 1.
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Y3 DAL TE 12 h ks 55X REAH L C I B 25 5
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24 TRV::GhROP4, [ ¥ X} f& TRV::00, #j14d
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Fig.1 Expression pattern of GAROP4 gene after PEG 6000 and ABA treatment
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A: GhROP4 H b5 Fr BEHY PCR 434 B: TRV : : GhROP4 VIGS ZRAKRIEFI %4 . M: Trans 2K Plus I DNA Marker
A': PCR amplification of target fragment of GAROP4, B: Identification of TRV : : GhROP4 vectors by restriction enzyme digestion.
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Fig.2 Construction of VIGS vector of GhROP4
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Fig.3 Silencing efficiency test result of GhROP4 gene
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Fig.4 Phenotype of plants after GhROP4 gene silencing
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Fig.5 Determination of drought-related biochemical indexes
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Expression analysis of genes involved in ABA signaling pathway in leaves from GhROP4 silenced plants and control
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