AT Plant Physiology Journal 2018, 54 (8): 1365-1371

doi: 10.13592/j.cnki.pp;j.2018.0116 1365

B T T FRIEBoRACKIE R X PR H EMFiH & HUF2 M

FEE, A&, R, TR, ERaY
YR SRR AR S TR B, TR T 5463000
2T T T R A B, 9T R 5 T S 463000

T EE PR TN A B AR AR 2ERE, | MI510900

2 X a#BCIZRRACKD)Z — N FERT &G, LA S5, T HMWAERK T A TR PR,

AR RA LKA BoRACK I35 3 R ) R T AAAR, vA I8 937 AR B 22 90 R A P s 2 a6 =T ol 4.

IR

RE B B8 em 2 AT AR &, ANERXF TR FEREZ S THAR, FHAS A RTARZFK, HO0,4
T 455 5 BoRACK 1845 6947 F 8] % it 42, 20T 2 B PCRAOMT A, f2id ik BoORACK 13+ 3 B Atk ¥, BoRbohs
KR FORKTFRFIE5%, Xk REOR, AT L 342 ¥, i3 RABoRACK B4 A4 ot 25 phid

KHEIR): A RHE I AT AL A HL0,

AR 2 — DRI, 23 IR AS
R ERBE S BT kK 2 EY AR
Wy — AR B, A D S A —
o TR BT AR ) IR AR BN LA,
HEATFE R 2 B 2 . BasselZ£(2011) WU
B4 7F(Arabidopsis thaliana)F 83 71 583/ FE[A 1]
e 5 Fh - IRBR B A AH G . He%5(2011)7E /K HE
(Oryza sativa)Mp i KIS RIAF OB EASE
PR . B T Jk DR SR AR A P 1 s 2 A2 4k
Gh, VB EMNVE 2155 01, WGP (reactive
oxygen species, ROS). NO%&, 7L &K & FFh¥
W i R kA T AR KA AL . AR N BIROS
HINADPH %L B Hs S8V AL A2 B, TINADPHE L
il J& RbohJE R ) 2238 7= M) (R K [ 462013) . EAR
ROSHAN N A FH 1, (LA WE NS 5 1D
e O M2 1T Z 8 5INPT (Huang S5
2017; Panngom%52018). {5141, Rk % f1E # 3=
B, 3 PESURT DLE N Rh 1 8 RO R T 5 5 s B Y
5 AL B AL TR, X5 A B i 4z il A
(Kong%:2017; Ye%52012). 481, HATRAHG ANH
TEROSHIAML 2 ThRE . A2 3 T RE BLAE IX L 1L 72
G 55 S .

RACKI1 (5 H¥EFC1 324K, the receptor for acti-
vated C-kinase 1)7& A 74-B-MR He 454 1 £ Tk
EH, RWDHEE(MER-RLAMREH, trypto-
phan-aspartic acid repeat) s [ 2 % H s B 1) —
. RACK1Z 5 Z /M5 55 S B AA[F(E 55
TSR, FlacAMPS 55 5. mRNARI B
2. 4% = R RN R 1 5 A A 4 (Bird 55201165

Guo%$2009; Komatsu%:2014)., it 7K, S #H0
HA B —RACKIEER, (HAEF LMY H RACK]
F R RA TUAE K 90 G 1 2, ) dn Ul a5 22 (A
HEEZ3NRACKIFE, fE/KFEEE R H A 24
RACK I [FJJFH: K (Chen®52006) . 1 K Dy REA 7T
i, RACKIJEH vl g6 = S5 AEY S -4
38 (GuoZ52009). Wang25(2014) K FIPCRE A 7
% | EK(Zea mays) RACKI3EIK(ZmRACKI), I
ZmRACK T FIKREGE ARt T K 1y b (1 K B 5 b
Sl AR . TR A P K FE AT 70, Nakashima
ZE(2008)HF 7NN, K FERACK 12K A AT fE 5 HiAth 55
AR EAE R 2 R 2 5 R 00 S A4 (1 e )82,
HHLFR AT B K FERACK 13 31k 5 SR 0 ] I
JE ROSHE A1 72 4 5% (pathogenesis-related, PR)
BRI AR N, 22 5 REIR . 7K FE R
T AW, Zhang%5(2014) A IRACK 1] gl
HHTH,0, 7 8BRS 5 FH K. RACKIZ Y
=55 0, Nielsen2(2017)HF 580 NRACK 1
T AR AR R T A SRR R A
M IESERACK L — AN e 8 MR E H, HiE
R BB AE ¢ . Schmit5(2016)iA JyAsclp/
RACK 12 5% WER40S W AH HAE FH A — A S gt
Kl ¥, RACK 1] 8 & 7EA% B AR 3 3 5 i T3 72
ARG SIS AR R R IR .
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PRHERTFRR EEEEY, REER
WMEREY) . 1555 T AT R A iy, KB
A5 I RACK TR R & = i B R 7 71, 4
MHNRACKI[FJEIER . 24, BIRRACKIHEA
TER R S AR R S M A — et 5, (B
FKBoRACK IFERITE 5 I8 X A H 5 115 &
S FRVRFE F0 A IR o« AR FC 08 I i R 3B Bo-
RACKIFER, 73 v HAE #h olhie F Fp i i A% o
A HIALEE, A5 7K FIVIRRACKT ) ) g
B9 it

1 R 57HE

11wt

PIARHWE 4 2 A (Brassica oleracea var.
acephala f. tricolor) NZAAM KL, Kt EDHSa N
ARG, I RAFE AT, FACNLBA4404, %
% AKpCAMBIA1301. DNA 54 g AR i) 14
VIl 53 7106 H TaKaRa 2y 7] ; DNAERHE BT &
R BURT G T LR AR A ] .

1.2 7%
1.2.1 BoRACKIEE )72 %

AR F(TRIzolIA ], Invitrogen/s 7] )FEHL
PIAH W S RNA. DNase Thb3 751, ffab 3t
[FERNA (2 pg) A7 A8 1 Ab 3 I s 3 5%, 28—
B cDNAA IR ST B RNA 5% . i RIE

II(IE P, [ XP2, )T PR H ERR
FERZ T 7 51 (GenBank & 3 5: Loc106317602).
P14 JEPCR7“ ) eH 1 % B It e vh IRl fic . 4ifbe (1)
Jv B B B pMD18-T# /4 (TaKaRa 2 ), @i il
JF- 1 5E cDNAR A B .
1.2.2 FRARMEFBPREIERE L

AT AR PR H WEBoRACK 13 R i ik M4
W&, FH BamHIF Spel XU V) v [% 1 B J5 5 Rk %
PRARE, 20—t RIEBoRACK I 3E R ) ik, 1H
MR FAR A LR AL R B2 35S JH 3)) 1 (CaM-
V35S)FINOS# ik¥ . BEYIVELIEBoRACK 1
Ko PARFE A 77 2k 2 7 RNATHE(RNATD &4
(515 1E X P3A1% X P4). #BoRACKILZHR
IS FARNALF KL 73 5l 5 NS AR AT TR LBA4404, X
FARFTE AN S A TT75(Gao%E2015) 5 N BRI H
WO IR . WIS R PR IE . T AR+
FIAES 45150 mg L W8 MSHE 973 3k 47 & 2F
ST AR BH PR AR SR FH PCR 7 VA6, 51470 W% 1.
1.2.3 ZHEEPKRHIEEKKAISouthern blot4s

SR E A5 (2017) 04 R CTABIVE S IU: £ [
PIAH WA IS N 4IDNA . FIPSRIP6{E 5l
W, Tt 25 IR RGP A H 0 S (R 2L DN A AR,
XFHFEATPCR Ao Southern blothsr il 2% AH ¢ T
JiH(DIG DNA Labeling and Detection Kit, Roche, %
BT A

EQEN R EIE 2]

Table 1 Primer sequence for the experiment

GIE/E2S JFH(5'—3") &
Pl CGGATCCATGGCCGAGGGACTCGTACTC BoRACK it %3k
P2 GTGATCATAGTAACGACCAATACCCCAGC BoRACKIid %3k
P3 CACGAGTGGTACCATGGCCGAGGGACTCGTAC BoRACKI RNAi
P4 CGGATCCTGATCACACTCGCACACAAAGAACC BoRACKI RNAi
P5 TTGCGATAAAGGAAAGGC SouthernZ% 3¢
P6 GAAACAATGGTGGGGACA SouthernZ% 3¢
RACKI1-gRTF TCTCCACCCGCAGATTCGT qRT-PCR
RACKI1-gRTR TCTCCACCCGCAGATTCGT qRT-PCR
RbohA-qRTF TGTTGTTCCCTTTGATGATAGCC qRT-PCR
RbohA-qRTR ACAATGAGCAGCGAGTAGACGA gRT-PCR
RbohD-qRTF TTTCCTTCTTCCGTAGCACCTC gRT-PCR
RbohD-qRTR CTTCGTCTTTGTCCACCATGTC qRT-PCR
RbohC-gRTF TGCTTTCACATTAGCCACTCC qRT-PCR
RbohC-gRTR TATCAACCTTTCGCACCCGTA qRT-PCR
actinF GGAAGGACTTGTACGGTAACATTG e
actinR TGGACCTGCCTCATCATACTCA e

R BRI K
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1.2.4 #HEFEPREIEEKAFIQRT-PCRG

T AR 55 DR ORI A H 3 A Y AR R, 7E150
mmol-L" NaCl4tHES5 dJF, #2EUERNA. qRT-PCR
S CHR(LiZE2009)3E1T, Factin h N % .
1.2.5 #EIMERKENS. HFLFEFmBLE

DB A= RSP H A% BRI R R T A 14T
SRS . I R R B ) R T FH T 0% RS (VT Y)
1230 s, I H KMEES IR HE P TH#&Fh
TE S AMSE TR AL TE B IR AR( L4290 mm) |, DAZE
Pk At BE, 15511150 mmol-L™ NaCl. 1 mmol-L’
Tu (53844, Sigma)+150 mmol-L'NaCl. 1
mmol-L" Di (J#ME%, Sigma)+150 mmol-L™" NaCIF
20 mmol-L" H,0, (Sigma)+150 mmol-L" NaCl 44>
HE. M RFLML2 DEIEF12 hBEE28°CF i
1T« FE4RE B H) sl s R SF (U K2 mm>Ay
K)o BANKFRLR, AR ES, HEET0
REFhF o
1.2.6 H,O,2EE

o BB 7 I PR H WM 23 0l P 281K
120 mmol-L™" H,0,i2¥1, 435 T-0. 24148 hBUFF,
PRI gl i i T3 AT H,O, & &l 5, FAR S I
18 JA(2006) 17 V34T

2 SLUGEER

2.1 HEEPREHERIPCRAGN

L NI B B B 50 (35S)F1 H I 2E [
(BoRACKIZER)Jy HAR(H 5 BA K L4 79750 bp),
it F#F 1A BoRACK 1 JARNAi RACK I {75 FE K 2
K H PR I DNABEATPCRAG I, B k6 00 i) i i
B 2D
2.2 R EF P HTESouthern blot#&

MAPCRAG I BH 4 () it~ 42 BUELDNA . A5 H
35SERACK Ik & R R AZAZ RS . . DNAH]

MCK1 2 3 4 5 6 7 8 910 1112 13 14

1 B RPIAC H B PCRAG N
Fig.1 PCR analysis of transgenic kale plants
M: 2000 DNA marker; 1~8: i B 5L F A Ik; 9~14: RNAI
RACK IfEi#k; CK: 25 [0 R

S °
Lo
—_NNNO O
[aNaRaRaRaNaN
oo oo o

EcoRIBfR, F I FEFEWBA #2585k, T i 5k
BRI H 06 B4 28 okt EL¥ON 345 DL(E12).
XY BoRACK I [ L& B4 2 P H W 1 2L A
e, T H AN T I T
2.3 #EEFIPIK B IEBoRACKIHIqRT-PCRAEN

FET AL RIPR R 1 BoRACK 1335 1) S 58
BPCROMT IR (K3). I RKiEMKROe3. Oedfll
Oe6 [ JBoRACK I FIE AN 5 MAERNAIfK &R H,
BoRACKIZFIEATYIRGeR AT, 50} AR LA &
Fr5t, IXEeLE BELH BoRACKIREH ROt ik,
HRNAIK REEAMH RIL . Bk, TATESE
BoRACK i 31K (1) i BE R bk R 34T 5 2L 7t
2.4 PRHEIEBoRACKIH FRiAtk R FELELNE
THIEER

A BoRACK 13235 /KX = AR R Oe3
Oed MO/ E it TRt B, 5% K A T, M- 15 %) i
Y E F4 150 mmol-L"' NaClai A~ 4 NaClg £
o 3k 47 525 . i FIE R T #4150 mmol-L7' ()

CK'1 2 3 4 5 6 7 8 9 10 11 12 13 14

B2 BR3P H i Southern blotfs il
Fig.2 Southern blot analysis of transgenic kales
CK: 7% FIXTHE 1~8: i OB LI A A K 9~14: RNAIH #k o

AHXF R IE K
[
Oel H
Oe2 h
Oe4 H

Oe3

Oe5 H

|

I3 HEHER A H i BoRACK 1 [KIqRT-PCRAG
Fig.3 BoRACKI gene expression in transgenic kales
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NaClA R B AR BE R 5, R 20l P 7 K 5 8
55 SR, XA A TR N R R,

235 dAbEE 5 )R A 2 e an E4-ARIBI R . 4R
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Fig.4 Analysis of seed germination in kales exposed to salt stress
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1 mmol-L" Tuf#J150 mmol-L" NaCl (}&4-C){IMS 3
FrEE R, R IR AL B 2 (AR R TG
ZE 51 (El4-GATH) o SR, Jis Pl Ak 34 D) 385 SE 2% 7%
DR R B o - B R (Bl4-DAIT . 3 6 45 535 B Bo-
RACK 7t 3215 i HE PR 5 3 7 Bk 1k vl e
5ABAG R Ko

ABAKL B35 AR EE R 3R 45 5 75 5 H,0,
(774, Hy O, W AT e 2 55018 R B . SR,
#h 8 T HLO, 45 M 1 8 K& (1 43 1 WL E AT
&, AT, BATVHE T #4150 mmol-L' NaCl
JHRE T A P HL O % PR H AN [F) 5% 5 R AR R 1Y)
PR . S5 R, /P72 hig, SME
H,0, &b 3 B 72 i3k Fir A7 25 D] B4 R AR () b1~ 16 25 by
N R R (B 4-EFIT), K525 7))k $81.6%
(CK)F185.5% (Oes). 4R IASNEH,0,FE (21 4h
Joip e T B A PR W Rl B K, XY BoRACK S
FIE I B R S AN K

HE— 5 7L BoRACK I3 31K % F DR3P A H
R R IH,0, /K I, &% FL PRk &A1 1 H,0,
KPS 2 B (5-A) . %20 mmol-L' H,0,4b
B AT AT HL ORI, 45 SR 45 B R R bk &R
P FH,0, 3 i AN B2, T B AR A BOR B 3G n (&
5-B). iXU8ZE SRR, BoRACK I ik 565 kk R
FEERIE T K B E A R S H0, 7 A K.
2.6 BoRACKI1#ZBoRobhEE IR IE

BoRACK 1 3Rk e BRIk 2 AE £hWriE T H,0,
TrEN RS HACHAH CIRRI RIEE K. KRH
qRT-PCRA&IBoRbohA. BoRbohCH1BoRbohD (F]

A 7
VT Kk
g 6 ==0e3 *oop*
= ) = Oc4
Tg:o —=30e¢6 .
e *
g 4 *
=
o 3
4t
O: 2
= 1
0 0 24 48
AL BRI E] /b

KH W HHRIMATNRbohFEH, H 44N EH B
EAA) L KT o R TR 3N JE B 1 s KT
TE Ik IR F R bR R I Fh 7 rp 3 T B AR U ()
6). X5 I Kbk R YR H,O0, % B AR b s — 5k
(E5).
3 iTie

E LB, RACK1 2 51555 Sl ik fi
WA 5 . ERLEITRUKRERT 7L, KR
RACK1 5 WM E (G5 % FH 5(Guot52009).
SR H ATE A % TR B IERACK & F M IR
R TR R, ASHIF 50 0T 2 TR SR H 0 T AR 3 AR
WFEARIEAT T 9258 /Mo 7£150 mmol-L™' NaClf
T, o 20 e R R AR PR R 2 B 2 s T R
(Kl4). RWBoRACKIZEEME NTEF T K & A
R RAEEZER MR . FATKIL, BoRACKI]
T8 I 1Y 5 AB A S fif AR AR H, O, 7 A2 AT IE [7)
WA AR, TTABA 5H,0, — 3 X M1 Hi K 1
WAL AR

X1 5 40 R T b i AR AR BA(Guo s
2011). AT, HETLEER A N HRACK IV AT 1
H R AT AR 2> . ZhangZ5(2014) CL4RiE 1 /K AE H
OsRACK 1 £ FI 7E M 11 K I i 57 ABAT) 73 it 4K
o AHF TR INBoRACKIAE 1T ABAS T IFH T
B R HRORIE T AARAER . fESNA TR, 5X R
FERRAR EL, i %3k BoRACK 1% 3E Kk 2 (0 Fh -1
KA I ER(E4) . AN, ABAAEY)E R0 ) %
B 2 A SRR, T ABAZ A FH 300 1) 5 25 410

B
VT
6 ==0e3
= mmm Ocd -
= —= 0e6 Bl
oy
)
£
=
]
bn 2
o)
jus)
0 0 24 48
AT (8] /h

KIS PIACH 5 IRHL 0, &
Fig.5 Endogenesis H,0, production in kales
A: ZEIEKALTE; B: 20 mmol-L™ H,O 403 . P&l p s A I A BE 4 1 AR [ B IR Wk 2R 55 0 IR 1835 22 2 (P<0.05), ** 3 AR [l b 3

ZAE AN RV B PRI 2R 5 XTI A 35 22 57 (P<0.01), 6 [F] Bt
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Fig.6 Expression analysis of BoRbohs in germination
of kales seeds

HlER I R EE R . DA gh R, B R DA AR T
Eh B AN EURNE ] BE T ABATK 43 A .
ROS % HO; FIH,0, 41 5%, A2 115 %% Fhivi 35
i 52 ) 25 {5 5 4% T 7 T-(Zhang%52016) . FROS
VAT BIE MK 2 O E B, RO eI R
B E . BIRROSHIKFZROSH A
ABASflR $5  FIROS T b 3 K (1 1 715, 7E b
Wit ABAEEHIROSIE T IHLEI ANIERE . ABE5T
RIAEAEY) £ 18 5 i R 1A BoRACK 1358 H,0,
MR(EIARIS). HE—BHRRY, Sl T iRk
BoRACK 1% & R R A% 7 AE RO S AH G 5= A ) R 1k
(RbohA~ RbohCHIRbohD)I) i i T-EF £ RY(1E16).
LIRSS KB, BoRACK 2% i 5 ol ] Be A& it 1
T A H,0,7K PRI 2 5ROSAE 5 1M LA o
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Overexpression of BoORACK] affects seed germination of kale under
salt stress

GUO Jun-Jie', GUI Hong-Xia’, WU Xin®, LI Hong-Yan', LI Da-Hong"’

'School of Biology and Food Engineering, Huanghuai University, Zhumadian, Henan 463000, China
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’School of Architectural Engineering of Guangzhou Nanyang Polytechnic College, Guangzhou 510900, China

Abstract: The receptor for activated C-kinase 1 (RACK1) is a highly conserved scaffold protein with versatile
functions, and plays important roles in the regulation of plant growth and development. Transgenic kale plants,
in which BoRACK1 gene was overexpressed, were studied to elucidate the possible functions of BORACKI in
response to salt stress in kale. The tolerance to salt stress of the transgenic kale plants was higher as compared
with the non-transgenic kale plants in the seed germination. Reactive oxygen species production was more ac-
tive than in the wild-type. H,O, may also be involved in the regulation of BoRACKI during seed germination
under salt stress. Quantitative real-time PCR analyses showed that the transcript levels of BoRbohs genes were
significantly higher in overexpression of BoRACK transgenic lines. These results indicated that overexpression
of BoRACK] positively regulated kale tolerance to salt stresses.

Key words: kale; seed germination; salt stress; H,O,
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