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Abstract: SnRK2 genes encoding Ser/Thr kinase exist exclusively in plants. To understand SnRK2 function
responding to abiotic stresses in castor bean, 6 SnRK2 genes were identified and characterized based on complete
genome data of castor bean. Results showed that SnRK2s were hydrophilic proteins and their gene sequences were
highly conserved in plants. Phylogenetic analysis revealed that SnRK2s were significantly differentiated between
monocotyledons and dicotyledons, implying their different evolution history. High — throughput RNA - seq
data were used to define the expressional profiles of SnRK2s among tissues and different development stages of
seeds. Results showed that most of SnRK2s expressed in all tested tissues and tissue specific expression was not de-
tected. But expressions of Group 2 genes were significantly up — regulated by stress. Among them, SnRK2 gene
29908. m006067 responded specifically to exogenous ABA (100pmol/L), NaCl (250mmol/L) and cold (4°C)
treatments in seedlings. And gene 29772. m000313 responded specifically to ABA and cold.
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1E AR AR K & 2 B F T
ORI FES RS B M0 R R
FE Ry T RN 3 I 3 e R R e, JE L 1 — R 8
A2 R ORS00 B AL AR ) R S R S
T UM G B0, R 33X A A5 5 ORI A% 1 31 4
MRz, SIEPHEE A I H Ik . EX S E R,
VO R B TR il A A R O R E R RE . HAT,
TEARY) PR B T AR 22 38 R , 050 B 74RO Y 2
FA IR SNFL A G 26 5 #0 (SnRK) P &A1 7E
T 25 1 A BT A A R A AL i) 7 JECR 9
o5 I U (R R BRI 266 0 TR 9 G B

SnRK ( sucrose non — fermenting 1 — related pro-
tein kinases) J& 22 Z R/ 7 2 R ( Ser/Thr) 2K & 1 1%
fitg, )2 A AE T AW R . SnRK 1] 4325 SnRK1
SnRK2 il SnRK3 =AWAME . HH, SnRK1 W5
HE -SSP AMPK & B FIEERER) SNFL 3 H
TESEF AT RE b o BE W), 229819 BE bR LA
JEUAAR e R 1 38 G 400 38 45 T TR A A
FH 5 ifif SnRK2 1 SnRK3 AT 5 i S A 4 k5 A
(Y, EES SRR KR T PO E S,
R 2 SnRK2 PG AL, 76 Wi WA 5 A S AR A
Wyt e R A T HE B
E AT 4 A R 2H O L A0 oK KR AL R T e
PARCERSERIYI ) SnRK2 8006 03 AT T 73 15 48
JE IR /INGE R OR G Wi A A ) R R )
SnRK2 SEHHEAT T % M RESM AT o 85— A
SnRK2 JEPH 72 A /N2 v S8 5 B 1Y, Bk fiv 44 S PKA-
BAL( B, TaW55) , 20 i ABA {5 5 i1 Ml =18 i
FElpat o MR R G0 & R C AR A 4L,
SnRK2 o] L0 R =258, B Group 1 ~ 36l
SnRK2 (1) C %y 32 B A0 & WS S50 5, Herh 25 4 5l 1
FAAET B B SnRK2 S0 8 51 Hh, By 518 2
TH VIR O, TG 5 11 e 53 HH BRAE Group 3 Hi, 4
NIRRT ABA JE o 2 FEBIEE T
HR P, BB B SnRK2 25 A 38 ( Bk AtSnRK2. 9
S ¥I5%Z =8 WA A5 S, ) I HAT S5 R e T Y
Group 3 Jil Gi 25| ABA f#¥538 ZUHE , M Group 2 1
550 . ABA {55, Group 1 "3 ABA i §/0"0)
TEZKFE R, 10 4> SnRK2 G20 I 53 34 32 e 15 v F9 5
T, HHt Group 1 I Group 2 Wiy 3 A4 P 1 %2 %
ABA [ F BREB IA R ABA {55 2 4h,
SnRK2 2 [l 2 55 H e PR 0 0 A R 1, 40
KA 11 A~ SnRK2 Jif 53 A7 2 /> 55 Z40 )i NaCl Ak
P2 A me AR AL B, 3 A BE PR A7 A ], AR
3 I B N o A R A L MR R A 3

A~ SnRK2 B WS T 54 g A e e . N
B TaSnRK2.3 . TaSnRK2. 4 F TaSnRK2. 7 3K 0 [
F 5 NaCl 3R DL B4 a7~ . SnRK2 & 11 3%
B Al LAGE S ABA {5 S fe S 5L s,

BRR N K EE Bl ( Euphorbiaceae ) B R /& ( Ricinuss
communis L. ) Xf- W — 4 A2 B 2 4R R AR K Y), o2
MR A KR E Y 2 — 2 ERRH )2 B T
Tk AR A AN AR 20 A LI 2R ) i
Bho AL, B EA TR AU PR B i RE ST, B
AT el T 5 T R R 3 PR R )RR, P DATE
PRI i B AR O SRR, BRI TR
FE B B 3t T AP S G PR A2 AR, B JRR
WA ARG T BT IRAS T R (H R AE
HARPRIE M0 J7 T ST, %) SnRK2 5 K
JERIR A3 A AT A DA o AT 5L T B R )
PRIZHAE B, 2878 T 6 N BRR SnRK2 LB, I %8 H &
g kA AT FED AL motif I 23 K AT
T oMo BEAb B S3HT T BERR SnRK2 JE PR IE H A=
KA T AR R B 38 T 1 3R35 15 10, 1 ZE X6 BF
FEEE IR SnRK2 FEPR ZR IR (1) A= 12 I Re S AR 4k ,
PR B RRARAE PRI 138 O AL ] B LAl

1 AR

1.1 E# SnRK2 & HHERETEMS

A 38 1 W7~ i A5 A ) 40 R T SnRK2 2R
SR (http ;//www. arabidopsis. org/ ) ¥, 7F
BE R 5L [ 2H B0 2 (http ;. // castorbean. jevi. org/in-
dex. php) H1##4 T BLASTP X, 50 SI{E R p < e —
10, JP 51— B K F 60% . X F13 8L E A,
Al Pfam %t 4% £ ( http://pfam. sanger. ac. uk/) Fl
SMART #2 % ( http://smart. embl — heidelberg. de/)
AL 2 115 FL AT SR ) 2 1 IO 45 F 3 ( protein ki-
nase domain) . & [ X EE K SnRK2 & 1T 70
2, 00 R #HA T (10 4>) (ER (1T AS) JKRE(10
A FEHE (10 4S) 1) SnRK2 & 1 P41, IF &%
Kobayashi 25 A/ 552, i 1 ) 51 X R 2R 4 4k
B , K BERR SnRK2 5 PG 73 1 3 25
1.2 SnRK2 EHREWAS L, EREHMNE

BIRL R T

N T VREA AR SnRK2 8 KR RSk,
FIFH Clustal W B4 %) B R /N T ( Jatropha carcas
L. ) JUEFT (Arabidopsis thaliana) 7K F5 ( Oryza sati-
ve) \FE K (Zea mays) .5 % ( Sorghum bicolor) | V1.F4
£ ( Selaginella moellendorffii ) . /)N 37 Wi #% ( Phy-
scomitrella patens ) F1 X $ ( Chlamydomonas rein-



162

P ERH R AR

2015,37(2)

hardtii) H1 i SnRK2 25 [ 8 HEFT 1 HUXS , I LAACHE
i) SnRK2 # F4F A3 RE, # T MEGAS. 0 B4
1405453334 (Neighbor — Joining) #4# T R ZEHEALH
Hr Bootstrap {H A 1 000 FE4 . Fl| i GSDS( Gene
Structure Display Server, http://gsds. cbi. pku. edu.
en/ ) TEERFE 70 1 B RR SnRK2 FHE R 544, JF H]
MEME ( http://meme. sdsc. edu/meme/cgi — bin/
meme. cgi ) TEL ST HAR F P S AT T motif
OINT SECE N B TERE 6 ~ 200 AR RS,
R ECE B R, B 2 T 25 4> motif, F1) H]
ExPaSy 32 {1 1) £ 2% Protparam 4% ( http ;//web. ex-
pasy. org/protparam/> AT AR B H \ﬁ}%ﬁ JFES
S5 R I T R SR R O B S B K PE R A
1.3 B SnRK2 EEHIRE S

BERR T 19 306 (b 5 1RO B2 0T 5 B
FEMIE) o MK H PR EL A9 B RR 4 B A AR IR A 2]
250mmol/L ) NaCl 5§ 100wmol/L ) ABA 1, 43 Jj]
SRIALPE 3h H 6h Jo By R VER IR o T3 Hh—FR

SYBERRAN B TE 4°CAIRIE T 5557 3h A 6h, R340 BHAH
ZA3WHELE , MIBHEBRFMETAK, KHE 2
ANXSREZH 6 IR T (3h HURE ) A IR 2 (6h BURE) o
Transgene 7\ ] it TRIzol plant RNA #2870 & H2 B
I RNA, R ] Nanodrop & RNA ¢ J& 1 Jit it
JEFH BN WH B I L VKA DU RNA T i, B S X 2pg
24 RNA ] TaKaRa /2 7] f#) Primescript'™ IIlst strand
cDNA Synthesis Kit 5 & 17 S 5%, 5149 7751 W,
# 1, JHG MUY cDNA fE MR 4T PCR 91, &
T oM 94 °C T AR P 4min ;94 °C 28 P 30s,55°C 3B k 30s,
72°C %EAH 355,25 MEFF ;72°C LEfH Tmin,,

JIAN, FIFHT 2 A 1 B RR 223K 3 s ), v
1 SnRK2 BRI AN [A] 2H 2L 46 ik AR B2k Ja 20d
FIFhF (R 1) B0 IG 35d B (Fh T 2) FIH2H:
J5 40d PIRFL Y FAR T O . [H]I R A B A IR 1Y
BURRRN T 1 ABA Lb SRR IR SnRK2 JEA 1y
FikwAk,

%®1 RT-PCRE|¥EF
Table 1 Primers for RT - PCR

FEH 2Pk nAGEE71s2]) IEAGEIE7 15 2] PR
Gene name Forward primer Reverse primer PCR product/bp
28725. m000317 ATTCGCTTCAAGGAGGTGGT CGGGTCCTCTTGATCTTCGA 438
29772. m000313 GCCTACATTGCACCAGAGG CCCATCTGCAGGTTTCCTTG 453
29908. m006067 TGCAGATGTTTGGTCTTGTGG GGCACACGAAATCACCACTT 450
29822. m003504 TTTGGAGTGGCAAGGCTAGT GTGATAGGACCTCAGGAGCA 475
29676. m001638 CCAGCTCCTCGGTTGAAGAT GCTCTGCATGGGTTGATCAG 459
29780. m001320 GACAGTGACAGGTACGAGCT GGCTGCCATCCAACAATGTA 406
Actin GAGCTTCGTGTTGCTCCTGAG TGGCCATCAGGAAGCTCATAG 461

&2 B SnRK2 EEHEBEUERSH

Table 2 Physical and chemical properties of castor bean SnRK2 proteins

ERIE S B PR AL St TR AEERE R EL TR SF RIREERRER K
Group Gene loci Coded amino acids Instability index MW/kD pl Aliphatic index Hydrophobicity
1 28725. m000317 357 48.6 40.872 4 5.76 78.66 -0.537
29772. m000313 313 40.63 35.624 5.46 95.59 -0.232
2 29908. m006067 338 37.71 38.289 7 5.71 89.64 -0.292
29822. m003504 336 42.95 38.056 4 5.74 88.21 -0.352
29676. m001638 362 37.5 41.058 8 4.8 85.88 -0.242
3 29780. m001320 363 40.78 41.092 6 4.81 88.9 -0.337

2 HRGHH

2.1 ERf SnRK2 fRiEEBRIERE

it BLASTP FExf kA 1 22 AMirikdE A , (il
id Plam FI SMART 3 254 3k 7 Hr A1 28 SEt A 7
Hr, 3RK45 T 6 4Bk SnRK2 R H (£ 2) .
2.2 ERf SnRK2 EEHRFHULSTH

K1, SnRK2 8 HAT IR A3 haitly, H
FER AR o 1 3 423 - Group 1, Group 2 Al
Group 3, 111y i BFAHY) (UN/INSZBEEE ) FIBRZSAR Y (4N

VLR 1 SnRK2 & [ AUAFAAE T Group 3 1, K
PENY SnRK2 85 [ SR AE — 32, W Wk IX 43T i 2B A
Y1, H5 Group 3 HEGE MR, XL R
N Y Y SnRK2 2R R IFIE R R, B —2h
PRSI SE D, Group 3 A% D3 AT g2 fe i oAb B0 .
FAN, B AtSnRK2. 9 F1 29822. m003504 = 4, % B¢
SnRK2 £ 17 55 A 4 A AL AR ) (B A B
e (B 1) 45 SnRK2 2 1 7E B IR AW
TR RO ST R . AR R G RT, BRR
Group 1 H14 47 1 4~ SnRK2 % [ (28725. m000317) ,
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Group 2 " 4 & 3 4~ B 61 (29772. m000313
29908. m006067 F129822. m003504 ) , Group 3 L&
2 /i B (29676, m001638 £ 29780. m001320) , H.

BEJFRAY SnRK2 2 A [R] B /i 5~ 76 2E e itk
KRR

T AR B A5 SR R Y ZERE, i GRS, ORI, RO ARE R,
LLAARNT Y, SR ORI . 200 RIZEAR 7R BERRAY SnRK2 3 H

Note : Branchs in different color represent different plant groups ( blue:alga; yellow:Pteridophyta; purple :moss;

red ; dicotyledon; green:monocotyledon). Red underlined : castor SnRK2 proteins
B 1 ERK(Re) /MMEF(Jer) BT (AL) (EK(Zm) KFE(Os) (FR(Sb) .
/NILFREE (Pp) IEESHE (Sm) FN3E R AKGE ( Cre) B SnRK2 F| BB R Gt L
Fig.1 Phylogenetic analysis of SnRK2 from castor bean (Rc), Jatropha curcas (Jer) ,
Arabidopsis thaliana ( At) , maize (Zm) , rice (Os), sorghum (Sb), Physcomitrella patens (Pp) ,
Selaginella moellendorffii (Sm) and Chlamydomonas reinhardtii ( Cre)

2.3 HEA SnRK2 XIEHMEREHMNEQELER

FHEAE T T B RR 6 1~ SnRK2 38 [H (1) 4 % 1
AN R FAR (B 2A) . BT 29772. m000313 J:H
(L& T MINRT) 200, Haw S DIV & A 9 4
SR, HAN TR EEAR R ST, 31X 5 Sl iy il —
. motif ZpHr4h @R (& 2B) BB SnRK2
HILEE 13 NMRSFRY motif, Forbpy 1.3 .4 #1543
A FHrA I SnRK2 25 1 . motif 1.3 F15 S A 7E
BB 4 AT C sy g 1 rh . 534k,
1E4% Group HIFTEAEFF 7 1) motif , 41 motif 6 47 5 3l
TEAET Group 3 H, 1M motif 11 457 AF7E T Group
1, K4 Group 2 F Group 3 FR M C A% (5
29822. m003504 Z A1) # &4 motif 7 F1 motif 8, AJ
ES ABA {5 M A O s gk AR fE
AL FE T SnRK2 521 i) 5 PR 435 ) 1 ) g 2 55
JEORSFIY, BETZ R R E RTEA Y AE K R B ok R h
EEIENEM, HIE, 7TEA R Group [H]FF 784K 5 1Y
motif, 3% 1] fE & SnRK2 £ [ 5% 7 A= T RE 74k 19 7

BUR SnRK2 8 HALIE R 0 s (2 2)
FEJRR SnRK2 HH L 313 2 363 e SRk, 5
CAEY R/ BiEE LR K KA U
Jr IS SnRK2 8 H RS RR B H A L(ER 3) .
BEJFR SnRK2 3 H A9 BG4 B B S B M . X 2R
FIUE/ K PESERT B0, 2 B 6 D EE F Y GRAVY {H
FRONE, LT EORR Y SnRK2 3 H#0 2 KK H ,
FURSRKREEEA Fr 25+ BR T B RR 29908. m006067
F129676. m001638 T HE ThaEHEH, a4
NATREEH .

2.4 ERK SnRK2 EREBRIESH

T ST A P B SRR PR Bk i R A A T
SnRK2 FENAEA R H A R R FIBTE oL 45 R A B,
BT 2 ANFEH (29772, m000313 F1 29822. m003504 )
TERRT 2 Br BRI 2 21K LLAE, HiAx SnRK2 ]
TEAR I B 1 Bl 2 FRFL A Rk, B
RHH A R A H I I Z ML (E13C) o A RNA - seq
W e > ST T AR ABA X B RR B 1K Bl F
i SnRK2 FENFIK B0 (] 3A) A BE, Group 1
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TE A BUR SnRR2 BRI & T SR T4 00T . HERFEINE T, LMK AE T BB SuRK2 & AR motif ZH 47
Note: A : Exon/intron structures of castor bean SnRK2 genes. Exons and introns are represented by boxes and lines respectively.
B : Distribution of conserved motifs within amino acid sequences of each SnRK2 protein

2 ERK SnRK2 EREFKRHEE LMK motif 5317

Fig.2 Structural features and distribution of conserved motifs within S#RK2 family in castor bean

®3 /\FiEYH SnRK2 HKixER
Table 3 Summary of SnRK2 in 8 plant species

WFh eS| Rt 2 ERE3 AE HILREH ViES
Species Group 1 Group 2 Group 3 Total Number of amino acids Classification
JNATWHE P. Patens'™®) 0 0 4 4 340 ~ 349 LHE Moss
VLRGN S. moellendorffit ) 0 0 6 6 334 ~360 #%2& Pteridophyta
B JFR Castor 1 3 2 6 313 ~363 KLF-I Dicotyledon
/Ml F Jatropha 2 3 2 7 326 ~362 XTI Dicotyledon
BIEGSF Arabidopsis ] 5 2 3 10 339 ~369 XF1 Dicotyledon
T K Maizel ') 5 3 3 11 263 ~393 BT+ Monocotyledon
JKFG Ricel ) 5 2 3 10 295 ~371 7 Monocotyledon
=R Son‘ghumBO] 5 2 3 10 333 ~379 HiF-I Monocotyledon

VE: Ay RNA PO R E R BB ES (A5 9 R0 % o SnRK2 JEIRE 10 pmol/ LABA A0S 460, UL SR IR E (P < 0.01)
B Jy2fE & RT - PCR K B RR&N B M A SnRK2 FEPIAE 100 wmol/L ABA (8 (4°C ) F1 250mmol/L NaCl bR 19 F2 351 I ;
CK1 F1 CK2 435435 3h Fl 6h (1 %f BEr o C R BERR SnRK2 FEFIAEM: MR B85 20d (FD 5 (R 1) B85 35d Fi ¥ (Fh52)
TR G 40d FRRFL AP R FRIKIEIAPE . 5 DGE I Y% I log2 AR b5 VR, A B iR RANR A log2 Arififb /5 ik Bl
Note : A ; Expression of SnRK2 genes in castor bean seeds! ) cultured under 10pmol/L ABA treatment in vitro through high — throughput RNA
sequencing. Double asterisks denoted a highly significant difference from the wild type (P <0.01 ). B:RT - PCR analysis of SnRK2 genes
expression level in castor seedling leaf under ABA (100pumol/L) , NaCl (250mmol/L) and cold (4°C') treatments after 3h and 6h;
CK1 and CK2 indicated 3h and 6h control. C: Heatmap represented the expression profiles of castor bean SnRK2 genes in leaf, root,
seed 1 (20d after pollination) , seed 2 (35d after pollination) and endosperm (40d after pollination). The geneted heatmap was based on
DGE expression data (log2 normalized). Color scale (representing log2 signal values) was on the top of heatmap

B3 B SnRK2 EERFRESH

Fig.3 Expression analysis of castor bean SnRK2 genes
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28725. m000317 3£ H7E 10wmol/L ABA 4b¥ J5 51k
T 7E Group 3 1, A ABA AL B S 30 T L
29676. m001638 ) I3, i HH 29780. m001320 )
T N IR Group 2 Y 3 AR E SN ABA
Wb PRIG AR 3 VA, BN A AR B R
T FE B Group 2 ZEIE AL L W N SRR ABA 545,

AN R E 5 RT - PCR A T B4 i
F 1 SnRK2 GG FE R AE i R (9 35 (18 3B) , 24
BB X H X ABA (NaCl v 38 2547 1)
o Group 2 Hi {3 29908. m006067 #3% 3 F i
SR LR 29772, m000313 % ABA FIvs pif
A BRI N o T Group 3 1 Group 1 (1) 3 K X} 3
Ffrligpaes 5 S ELA B8 A M B, ISR 7E BERRH Group 2
A B 1 03 ZEHRAE A e v R P E AR

3 Zib5itib

SnRK2 SR TGN N — MY R A 1 Ser/Thr
R LG, MY 2 G S R Pl B b &
HEEEAMERSY . AT B  RE R P g T
6 1~ SnRK2 R, SHIEEIT (10 4>) E K (11 4) |
KRG (10 A) DL R 3 (10 A4-) AH EE, BERR 1Y) SnRK2
SEHEEH B, RS T & B SnRK2 &
IS — 28Ry S AR SF 0 3 ), LR i A
Y, U HIE A T A T Bk, AN,
Group 3 1] e fe AL U 1Y) SnRK2 & 1, K124 Group
3 DL S B B A R S A R R
PR, T DAB B A ) SnRK2 8 (1 MK AR B 25 3 i A=
BHEE RN T L X S T R GE
— " R T R, SnRK2 A R KR T
B 35N, TE R T 3 280, LB 2 ] & 2l
SEREER o 3 AT RE S B FAEY 1 2 AL A R 1
HiA X,

KA WF5E 2, SnRK2 2 [ 3Bl AE Al ) 1E 3 A
KEE WL ABA {55 T5 &k AR A NaCl 4
S [S2 TSI SF A 0 (S R N | S
B SnRK2 FENTEA AL P B B ik, 5RTA
WFge g R — 20", L SnRK2 25 1 ki 78 A 4 4%
AMLMIER £ B 5EK rm g2, ShE
ABA Kb 3R FR T R4 B v A5 B3R H AL 2
I, B Group 2 25 1AL B2 A58 05 3 605, d U R
% Group 2 TN B 5 TR SMNE ABA {5515 %
R, X5 LR IT R GE R ), 7E 4 T
Group 2 HJZ {55 W i ABA {55, Tfii Group 3 3Z %
ABA [ ZUE ), M AE B KA, SnRK2 K Y
SANERER B0 SN g ABA AL BIMEC . fEK

far, 52 ABA iS00 = AN RUE T Group 1 A1
Group 2" [H g, AT LA M 7E A [ 9 Bl o o
ABA (2R AN R By, IR S e ah, BRI
JITF SnRK2 FEHERXT NaCl Ay a8 HAG — & FE B
A, HoAr, Group 2 ZEBEH A 29908. m006067 F
PR NaCl FIv8 38 5 ZU980 ,29772. m000313 FE A
XV I8 A Ao () M 1N, B 78 2 AT DA 3 5 e
HRYER HE G, 1 Group 3 F Group 1 AL
X ABA NaCl F1v% e &8 5 EA T 1 me o Jdiat
X EEJFR SnRK2 25 [ motif {1 i#F— 25 73ty & B, #51
R AAAE— 247 51 motif, 3X A BEJE T B[R 2E
FREAE ) 0, JPip A e R v R B 25 S T A I A R
P

BERTEFRE M Br b A PR B RRAT &
T [ B B 2 B £ ) T R DR A B 7 R AR
FESEE T 0 B RRL 00 58 38 B % AH OG 1Y SnRK2 K
B VR T T ARG R DIRE L S AR B A TR
ik, il — P IRRE R SnRK2 JE R KR A=) 2%
DIResRAL 78R, O 1 BRI AE 38 1Y 1 AL
DL NCERR ST B AR At T S S A ER A

B2k
[1] Zhang H, Jia H, Liu G, et al. Cloning and characteriza-
tion of SnRK2 subfamily II genes from Nicotiana tabacum
[J]. Mol Biol Rep,2014,41(9) :5 701 -5 709.
[2] Chinnusamy V, Schumaker K, Zhu J K. Molecular ge-
netic perspectives on cross — talk and specificity in abiotic
stress signalling in plants [ J]. Journal of Experimental
Botany,2004,55(395) :225 -236.
[3] Hrabak E M, Chan C W M, Gribskov M, et al. The Ara-
bidopsis CDPK — SnRK superfamily of protein kinases
[J]. Plant Physiol ,2003,132.:666 —680.
[4] Halford N J, Hey S J. Snfl - related protein kinase
(SnRKs) act within an intricate network that links meta-
bolic and stress signalling in plants [ J ]. Biochem J,
2009,419 :247 —259.

[5] Polge C, Thomas M. SNF1/AMPK/SnRKI kinases,
global regulators at the heart of energy control? [J].
Trends in Plant Science,2006,12(1) .1 360 — 1 385.

[6] Kulik A, Wawer L, Krzywinska E, et al. SnRK2 protein
kinases — key regulators of plant response to abiotic stres-
ses[J]. OMICS,2011,15(12) .859 - 872.

[7] 1LiJ, Wang X Q, Watson M B, et al. Regulation of ab-
scisic acid — induced stomatal closure and anion channels
by guard cell AAPK kinase[ J]. Science,2000,287 ;300
-303.

[8] Yoshida R, Hobo T, Ichimura K, et al. ABA - activated



166

P ERH R AR

2015,37(2)

(9]

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

SnRK2 protein kinase is required for dehydration stress
signaling in Arabidopsis[ J]. Plant Cell Physiol,2002,43
(12) .1 473 -1 483.
Umezawa T, Yoshida R, Maruyama K, et al. SRK2C, a
SNF1 — related protein kinase 2, improves drought toler-
ance by controlling stress — responsive gene expression in
Arabidopsis thaliana[ J]. Proc Nati Acad Sci USA,2004,
101(49) .17 306 —17 311.
WREIEWR, 1) X, 4% sk, A, 2R SnRK2 Jk R 515 )
SREMAEYE B[] o E A 4z, 2013,29
(13):120 - 127.
Anderberg R J, Walker — Simmons M K. Isolation of a
wheat ¢cDNA clone for an abscisic acid — inducible tran-
scrip with homology to protein kinases [ J ]. Proc Nati
Acad Sci USA, 1992, 89.10 183 - 10 187.
Belin C, de Franco P O, Bourbousse C, et al. Identifi-
cation of features regulating OST1 kinase activity and
OST1 function in guard cells [ J].
2006,141:1 316 -1 327.
Kobayashi Y, Yamamoto S, Minami H, et al. Differen-

Plant Physiology,

tial activation of the rice sucrose Nonfermentingl — relat-
ed protein kinase2 family by hyperosmotic stress and ab-
scisic acid[ J]. The Plant Cell ,2004,16:1 163 —1 177.
Yoshida R, Umezawa T, Mizoguchi T, et al. The regu-
latory domain of SRK2E/OST1/SnRK2. 6 interacts with
ABII and integrates abscisic acid ( ABA) and osmotic
stress signals controlling stomatal closure in Arabidopsis
[J]. The Journal of Biological Chemistry, 2006, 281
(8):5310-5318.

Boudsocq M, Brygoo H B, Lauriere C. Identification of
nine sucrose Nonfermenting 1 — related protein kinases 2
activated by hyperosmotic and saline stresses in Arabi-
dopsis thaliana[ J]. The Journal of Biological Chemistry,
2004,279(40) :41 758 —41 766.

Huai J, Wang M, He J, et al. Cloning and character-
ization of the SnRK2 gene family from Zea mays[]J].
Plant Cell Rep,2008,27:1 861 — 1 868.

Tian S, Mao X, Zhang H, et al.
ization of TaSnRK2. 3,
wheat [ J ]. Journal of Experimental Botany, 2013, 64
(7) :2 063 -2 080.

Mao X, Zhang H,

Cloning and character-

a novel SnRK2 gene in common

Tian S, et al. TaSnRK2.4, an SNF1
— type serine/threonine protein kinase of wheat ( Tritic-
um aestivum L. ), confers enhanced multistress toler-
ance in Arabidopsis[ J]. Journal of Experimental Bota-
ny,2010,61(3) :683 —696.

Zhang H'Y, Mao X G, Jing R L, et al. Characterization

[20]

(21]

(22]

(23]

(24]

[25]

[26]

(27]

[28]

(29]

[30]

[31]

of a common wheat ( Triticum aestivum L. ) TaSnRK2.7
gene involved in abiotic stress responses| J]. Journal of
Experimental Botany,2011,62(3) ;975 —988.
Mustilli A C, Merlot S, Vavasseur A, et al. Arabidop-
sis OST1 protein kinase mediates the regulation of stoma-
tal aperture by abscisic acid and acts upstream of reac-
tive oxygen species production [ J]. The Plant Cell,
2002,14:3 089 -3 099.
Li J, Assmann S M. An abscisic acid — activated and
calcium —
fava bean[ J]. The Plant Cell,1996,8:2 359 —2 368.
ORI, RN T BORBETEHEOLLT ] S
FOEIAF 2741 AR, 2010,25(2) < 178 ~ 181.
FERHT, E L BRAT O RE IR T K B BLAR 5 iR
L)), ol ®l2#,2007,35(34) .11 165 - 11 167.
RAORE. ERAE Y LA R T]. hE Y TR
\1._,\,2007 27(10) ;98 —102.

SCE, A o B, Bl AR ] PA A0 B JRR A% i 18 3501
?ﬁuﬁgmuiﬁﬁﬁﬂw J. RIS, 2006 (5) :541 -
544.

3 RGEE, XIS, XA - B RR A T 25 M) T i
LI el B4 ,1994,4(2) 12,

Xu W, Li F, Ling L Z,
and expression profiles of the AP2/ERF family in castor
BMC Genomics,

Independent protein kinase from guard cells of

Z

et al. Genome — wide survey

bean ( Ricinus communis L.) [ J].
2013,14.785.

Chandrasekaran U, Xu W, Liu A Z. Transcriptome pro-
filing identifies ABA mediated regulatory changes to-
wards storage filling in developing seeds of castor bean
(Ricinus communis L. ) [ J]. Cell & Bioscience, 2014,
4.33.

Umezawa T, Nakashima K, Miyakawa T, et al. Molecu-
lar basis of the core regulatory network in ABA respon-
ses: sensing, signaling and transport [ J |. Plant Cell
Physiol ,2010,51(11) ;1 821 -1 839.

Li L B, Zhang Y R, Liu K C, et al. Identification and
bioinformatics analysis of SnRK2 and CIPK family genes
in sorghum[ J ]. Agricultural Sciences in China,2010,9
(1):19 -30.

Boudsocq M, Droillard M J, Brygoo H B, et al. Differ-
ent phosphorylation mechanisms are involved in the acti-
vation of sucrose non — fermenting 1 related protein kina-
ses 2 by osmotic stresses and abscisic acid [ J]. Plant

Mol Biol,2007,63:491 —503.

(TG Fh722)



