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GmRACK]I Gene Negatively Regulates Drought-Tolerance in Soybean

LIU Xi-ping, WANG Shu-jing,ZHANG Fu-qiang,ZHANG Dan, LI Da-hong
(School of Biological and Food Processing Engineering, Huanghuai University ,Zhumadian 463000, China)

Abstract: Receptor of activated protein kinase C1 (RACK1) belongs to a subfamily of proteins with a repeated structure of
the tryptophan-aspartic acid domain ( WD). In order to study the regulation of GmRACK1 in drought stress,we constructed
overexpression and silencing two binary expression vectors of GmRACKI gene and transformed into soybean. The control and
transgenic lines were treated with drought and rewatering. The dry weight, survival rate, chlorophyll content, hydrogen peroxide
content and antioxidant enzyme activity of the lines were measured. We analyzed the regulation of GmRACK1 gene on drought
resistance of soybean. The results showed that, under drought stress, the survival rate and dry weight of GmRACK] gene
silenced lines(RNAi) were significantly higher than those of WT and OE lines. After 10 days drought, the chlorophyll content
of RNAI lines was significantly higher than that of WT and OE lines. The color of the staining OE lines stained with DAB and
NBT was deeper than that of WT and RNAi lines. After 10 days soil drought stress and then 4 days rewatering, RNAI lines
recovered better than WT and OE lines. Under 15% PEG 4000 treatment , the activities of SOD,POD,CAT and ABA content of
RNAI strains were significantly higher than those of WT and OE strains,while MDA and conductivity were significantly lower
than those of WT and OE strains. These results indicated that RNAi strain could remove excessive reactive oxygen species,
which will weaken the oxidative damage to plants,so the GmRACKI gene could regulate the drought tolerance of soybean.
Keywords: Soybean; RACKI ; Transgenesis ; Gene overexpression ; Gene silencing; Drought resistance
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Table 1 The primers name and sequence used in the study
P1 F cggtaccgagetecactettcagecaaccatt F RITER
P2 R clgatacggalcealeegeactecagiicaa FERTTER
P3 F cggatccatatggeggaaggacteg GmRACKI il
P4 R clgatcagatcclaataacgtccaatage GmRACKI T
P5 F cagagaaaglgcccaaalcalgt qRT-PCR 2 Actin2
P6 R ttgcatacaaggagagaacagett qRT-PCR N2 Actin2
pP7 F gacaltctcactteglecagg qRT-PCR %% 3 PR
P8 R ccealctttgecaccact qRT-PCR #% 5L PR G
P9 F gctgttatgcggecatiglc Southern il
P10 R gacgtctgtegagaagtitc Southern il
BamH [ Bel 1
== ——»[ |
A —HEETHTITIIT— .- — —=———1H
NOS Hyg 35S 35S GmRACK1 NOS
——) —— —
e piglllly i micig=—p iy
NOS Hyg 35S 35S ‘GmRACKlI intron ‘GmRACKl‘ NOS
BamHI Sacl  Kpnl Bel 1
1 EF pCAMBIA1301 #{&# GmRACK] &

RIZEE(A) T RIA AR (B) LHHE

The vector structural of overexpression(A) and suppression(B) of GmRACK]1

based on the gateway binary vector pCAMBIA1301

1.3.3 #HAWMARIGRE SR 580 EREE
PRI A AT I EHAL0S oy IR 5L AL BR S b 3 13
H L EEAT 50 mg- LTI R A 0.5 x MS Bk
P R T SRR AR, 43 W H A B0
T, F bk

i qRT-PCR 3 Hrifi A 4l & 1) it A bk R
IRk R o SR TRIzol 1205 (Invitrogen ) 73 2§
BLRNA, B 2 wg RNA B4 37 CF A 33. 34 kat
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FAPT F1P8 5|4 (K 1),%H SYBR Premix Ex Taq
(TAKARA) fA % (25 wL)7E ABI 7500 J731 60 5 452
( Applied BioSystems, Foster City, USA ) # 47 RT-
qPCR, PCR F&F }:95 C 30 ;95 °C 30 5,53 C
155,72 °C 15 5,40 AMEH,65 ~95 CIERIEI, ff
PR S EE I Actin 2 V5 A2 A5 ], 760 00 o
GmRACKI K ,3 IRHEK .
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1.3.6 FTR&EHTREMKRTERTELTLSER
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P 5 00 S S R B i
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1.4 HESHT

fdi FH Excel 2016 F1 SPSS 17. 0 #A4#E47 17 25 4%
Hr Al Duncan 2 HAL, {f H] Sigmaplat 12. 5 i fF
YEK

2 HREHH

2.1 GmRACKI1 EHF 54
MR &4 it 8 1 5y 41 (1Q39836) w73 5
1 NGmRACKT FEH, FE K0 978 bp, iy B4~ JF

T BREHE (ORF) 40 % , it 325 R IERR , /0 Tl
35.6 kDa, pI7. 62, GmRACKI )% L4 51 B AT
TAWD (B R- KA BIREE M) A, A7 16 JL A
1) GH( H 2 MR- 212 ) F1 WD ({2 fR-K 14 2
iz) ZRR(E 2) , G L G C(aPKC) 5745
¥k, GmRACKI F:H 57K F RACKIA [R) 5 1 18
79.5% , 5 FGIF RACKIA [RIRYEE 92.2% . KH
ALY RACK] 2 (% GH Al WD 4.0 J5 31 1)
B L E LK PKC 4547 15 3 AEST

#iH# ok Liiid
alfalfa . .MAE HETHRAE T ] 74
Arachis_duranensis - . MA HETMRA:T) 74
AtRACK1A - . MAES HETHRA 74
ATtRACK1B . 4 ™ 74
ACTRACKIC . 74
BoRACK1 . .MAE {eTMRY 74
Cajanus_cajan ..MA HeTHRY 74
Fragaria .MGSE TMR; 75
GmRACK1 . «MA e TMRA 74
Gossypium arboretum MAGS] I e THRY 76
sypium_raimondii MAVSE HETHMRY 76
uglans_regia ..MS e TMRA 74
OsRACK1A . .MA e TMRA 74
OsRACK1B MAGCESWNT LRG; 87
. .MAR e TMRAE 74
«MAR HETMRA 75
l11lg hd
alfalfa 157
Arachis_duranensis 157
ATtRACK1A 158
AtRACK1B 157
AtRACKIC 157
BoRACK1 157
Cajanus_cajan 157
Fragaria 158
GmRACK1 157
Gossypium_arboretum 159
Gossypium raimondii 159
Juglans_regia 157
OsRACK1A 1s8
OsRACK1B 174
Phaseolus_vulgaris 157
Ziziphus_jujuba 158
Consensus

alfalfa 244
244
245
244
244
244
Cajanus_cajan 244
Fragaria 245
GmRACK1 244
sypium_arborecum 246
Gossypium_raimondii 246
Juglans_regia 244
OsSRACK1A 245
OsRACK1B 261
Phaseolus_vulgaris 244
245
alfalfa IERTEACAAICG. . vees 325
Arachis_duranensis IERTEACAATEG. . . N R .. 324
327
326
326
326
Cajanus_cajan 324
Fragaria 326
GmRACK1 325
sypium_arboretum 327
\_raimondii 327
Juglans_regia - 326
OsRACK1A 327
OsRACK1B 335
Phaseolus_vulgaris 324
ziziphus_jujuba 328

Consensus yctsl ws dg

Alfalfa ; Medicago sativa 024076 ; Arachis duranensis;XP_015966958. 1 ; AtRACKI1 A ; Arabidopsis ,NP_173248 ;
AtRACKI1 B ; Arabidopsis ,NP_175296 ; AtRACKI1 C : Arabidopsis , NP_188441 ; BoRACK1 : Brassica oleracea ,XP_
013610846 ; Cajanus cajan; KYP6T473. 1; Fragaria: XP _004299548. 1 ; GmRACKI ; Glycine max, Q39836 ;
Gossypium arboretum ; KHG29145. 1 ; Gossypium raimondii ; XP_012486409. 1; Juglans regia; XP_018829694. 1;
OsRACKIA ; Oryza Sativa L., NP_001043910. 1; OsRACKI1B: Oryza Satiua L, NP_001056254. 1 ; Phaseolus

vulgaris : ACJ24167. 1 ; Ziziphus jujube : XP_015882908. 1 ;##.GH; * * . WD.
2 GmRACKI! 5HERERFF It x

Fig.2 The protein sequence alignment between GmRACKI1 and other RACKI1 orthologs
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Fig.4 The relative expressions of GmRACKI gene insuppression and overexpression lines
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Fig.5 The drought tolerance of transgenic plants after drought and rehydration treatment
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Fig. 6 The survival rate of the transgenic soybeans
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Fig.7 The dry weight of soybean plant after drought stress



598 X =

B2 >

. 14 |

"0

. 1.2 s

£ N 1

< 104 N\ .
K \iE 7=

g \iE 7
ﬁg(m- §§$ =
L= =zt
Frosl
- = o

§ 041 \sE 7=

= %%&:‘ H

2 N E

g2l \EUH

N

0

zZ2A W'T
XS OE-5
& OE -8
E==0E-13
== RNAI-3
rzz2RNAi-9
arm RNAi-16

o368 s ]

Treatment time/d

B8 TEREMEREEREKMAIMERSE

Fig.8 The chlorophyll content of transgenic plant leaves after drought treatment
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Fig.9 The phenotypes of transgenic soybean under simulated drought stress for 3 d
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Fig. 10 The antioxidant enzyme activity, ABA and MDA content,and electrical conductivity of transgenic

plants under simulated drought stress
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Fig. 11 The analysis of H,O, and superoxide anion content in transgenic

plants under simulated drought stress
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