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A study on the response of Arabidopsis CARKs kinases to ABA signaling
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Abstract; The plant hormone abscisic acid (ABA) plays an important role in the response of plants to
abiotic and biotic stresses for survival and reproduction. In this study, the T-DNA mutants of carks as
parents to construct double mutant to detect the function of CARKs in the ABA signaling pathway. Seed
germination and cotyledon greening rate were analyzed in plants before and after ABA treatment. The
results revealed that, compared with wild type, CARKs single mutant and double mutants had a higher
germination rate. The cotyledon greening rates of double mutants also showed similar results. These re-
sults indicated that CARKSs play a positive regulatory role in the ABA-mediated germination and seedling
growth in Arabidopsis. And the members of the CARK family showed redundant roles in ABA signa-
ling.
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ABA G i = RO e 45 : ABA Z 4K
(Regulatory Components Of ABA Receptors/
Pyrabactin Resistance/ PYR Like, RCAR/PYR/
PYL) SNF1 # 5 Bk 1) # H ¥ A (SNF1-Related
Protein Kinases, SnRK2s) I F Ui 09 5% 5% K +.
ABA fETERS . 7E ABA 21K 5 ABA 454G )5, 4l
TE A #g s 2C(protein phosphatase 2Cs, PP2Cs)
(3G Pk, NI BE i T XF SnRK2s Ay 1 5.
SnRK2s [ @R Ak J5 » B0 FC0 R 0 I e B
PR A B - 3 2 45T 008 3 W 3 Y I
W ABA SZIRBR T W ABA A a5 5
R YR B AR A Y W 3a B N 2. IR SRR
T It 33k RCAR12 8 RCAR13 J&, %4
R R R AL B, 5 B AR R A H RS S A L LA
TR B A # /8 T RCAR12 Fl RCAR13 ] fiE
PEALNRA T %0 B S Tk B2 %) Wil 7 5 TRT R 4% T BRI A
F™I. 78 /N 2 Hfr, TaOPRI (12-Oxo-Phytodienoic
Acid Reductase 1)1 ABA {5538 [ )5 45 0 455 K]
F MYC2(Myelocytomatosis 2), Ml E T /N&
X AR T 27 PR PR W ST R R ABA 1 ) iy
A T ETHAAE YRR LE P ia B3 W v XS
gelb A 7 B H 2 L

ASE B S mE LA RS T By ABA 2 K
RCARS/PYLS Jyifs i1 fifi 1%t 2] CARK1, %¢ 5t X 5>
T EAD SRR U A8 S 0 Uk Y < i 53 ) S
RCAR3, RCARI1, RCAR12, RCAR13, RCAR14
TER NSNS Bk A EAE T, OF FLRERS B IR b &
A0 KR AR 2 1 [ M 43 BT B CARKI 4b, 3%
FIGEIA 10 AR E H . 539045 45 CARK2-
11, [Rl P i K5 4y R =AW K, Hoh CARKA
5 - CARKS-9 y 115805 - 6 T 035 1
W, A A 8RB T CARKI 3 4+ 9 W2 1
ABA ZAR M IE AR ABA 55 (145 . PRI, i@
1% CARK G715 5 5 78 (R R RUE 58 AZ AR 1) 4347 »
9% CARKs B4 25 ABA 55 WiH#E. H
1E ABA {55 &2,

2 HHESHE

2.1 # #®
carkl, cark2, cark4, cark5, carkb, cark7,
cark1l £/ T-DNA i A 278 & MHARE It A= 9 9%

AL (Arabidopsis Biological Resource Center,
ABRO WK, 35 5 4 BFE H B A2 7Y (Col-0) 4 3
M5 B LR 1. B I WA A 5 8 IR B 1 S 5 TE
http://signal. salk. edu/index. html 124k, 5|4
iy 27N R

K1 carks REEFER

Tab. 1 Informations of carks mutants
P AGI Tl
CARK1 AT3G17410 Salk_113377
CARK?2 AT3G62220 Salk_020728
CARK4 AT2G41970 (CS822613
CARKS AT3G59350 Salk_136404
CARKE6 AT2G43230 Salk_203094
CARK7 AT1G06700 Salk_086563
CARK11 ATI1G48210 Salk_149921C
22 /[ &
2.2.1 P ARMRIRA PCR 55 A%

% Plant Genomic DNA Extraction Kit 7| £
(Biovision). U1 em® ZE47 (4 pg IF BV F o IR
BERE AR5 buffer A 400 pLL;65 “CHM# 10 min,
250 10 min, 58 3, 0 400 pL buffer B R%);
2.0 10 min, fin 400 pL buffer C Ve 5 8.0 2K
W, 038 & buffer D . DLEE UM FE N 41 DNA
AR MAG [ F1 2XT5 Super PCR Mix (It 3¢
RL) ,PCR P 1 K6 25717

2.2.2 ddIe R T RBONE AR,
FASEPR 5 AR PR AU e T T AR A B SR BN E e
g% BREZAES . RSk B ACAR ALK B 2 i
S b HETFED B O REE R R ek
1 2438 Pl F TR 528 (AR 1) PCR i e A4S
2.2.3 ABA #H 69 FFF 9L MS [E{RR: %
FLB: 32 M 7. ABA ZhBRAGVR B2 0. 3,0. 5 Al
1 pmol /L, 4350 G 11 W & 1) B 7 H50OR 8 4%, 18] B
12 Wit — IR & 3, A Y E R =R
2.2.4 ABA #pHle94F & MS BlAREFRILES
Fefh . ABA ZEHRAHREA 0.3, 0.5 F 1 pmol /L. 1§
PP &5 - B 24 h GEitFp 71 AR SR 1 A 5L
R S IR A R YRR =R

3 & R

3.1 carks BTENEE
PCR %5 45 FAR W DAt 7 - Fh X E 58 AR
L 1 RN 22 A AR — A RR R R U R AR R
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FZE, F: ddi CARK Rikh B BLEBRAZ 5 0 R % 58 &

carklcarkd ,iB N carkl/4. [R]BE, H 4 JUFP A HE %
AR BNIC N carkl/7 . carkl/11 . carkd/5. carkd/
7.cark4/11, cark5/7. cark5/11. & Uy #E A9 X
AR I A R R 2 A AR L 264 T PCR 3. 3
Hg |4 LP #1 RP 43547 T T-DNA 4 AP
Ui, LP S IE w514, RP 2l 514, LBL. 3 4
AR I I 4 E ) T-DNA 254K B B oK B
Ui, LM IER 59, ] LP+RP XA 51 ¥ REH 1 5%
I, BB T-DNA i A ] LBL. 3-+RP X%}
IR At R UIE T-DNA 6 AL BrLL, H
XX 51y [) I 47 48— SRR N A 2R 2 B LP
+RP [} 5571, FRWE B A A 25 HOl Bl LB 3+
RP (25417 RIS SRR 45 P B A 25t 2
Ze A AEAR. FR Iz, b AR UUEE 58 AR AR 1) 4l Ak
C A ER AL ).

cark1/11

cark1 cark1 cark1

cark4 cark7 cark11

8
3
N
8
3
S

2 K X R 2 K 2 R
Q'S. “’g Q"Q' ,’,8' Q"Q'fa"q' Q"Q' ~$‘Q'
v o\’ A% ‘ON' % ’ON v
N Ng N4

cark4/7 cark4/11 cark5/7

cark4 cark4 carks

|
%
8
3

cark7? cark11 cark? cark11
Q"Qg";‘qg Q"qgn,"q ::Qg,g‘ ,Qg ,(Qg
v VN v Q\' 3’0'\ 3 Q':b
N & R K
B1 carks RERTHRLEESY PCREZ

Fg.1 PCR identification of carks double mutant plants

3.2 ABA MFIM T FREZ A FH TR

TERR W & A5~ W A2 5 [y Bt carkl, cark4,
cark5 . cark6 PRI IR 58 A8 PR AR AL T HY 4R RIS ABA
AU ANIEL 2 TR, 7R MS AR SRS B carkl
cark4 .cark5 cark6 Z&ARRFIEY A= T (R Wi A fa #
AR—3 (A 2a) , 1] ABA 2bB )5 (K 2b~d) , B SR
T A kR0 R E TN H] AH cark] . carkd cark5 .
cark6 ¢ 7% WY WY kR R A B .
0.3 pmol/LI¥) ABA IR A HER 7 d 5, B A Y
gk 28 5 By 2200 2 A7 (Pl 2e D T carkl 2h
76 % . carkd R 62% , cark5 F3 39% . cark6 K 46%
ik UL B4 R, CARK1, CARK4, CARKS,

CARKS6 1 ABA 93 {40 il B 5 1 A A1 5 A8 ¢
A IE PR .

(a) MS (b) 0.3 pmol/L ABA
2 100 - WT . o100 - WT
S = cark! % = cark1
RS - carké & - carkd
= -~ carks 5 > cark5
& 50 ~ cark6 £ 50 —~ carké
5 g
O &}
0 12 24 36 48 60 72 84 96 108 0 12 24 36 48 60 72 84 96 108
Time/h Time/h
(c) 0.5 pmol/L ABA (d) 1 pmol/L ABA
2 100 - WT = 100- - WT
BN - carkt & - cark1
g -+ cark4 g -+ cark4
*3 -+ carks 'S -+ cark5
£ 50 - carké & 50 - carké
g £
O &)
0 12 24 36 48 60 72 84 96 108 0 12 24 36 48 60 72 84 96 108
Time/h Time/h
© ®
MS 0.5 umol/L ABA <
E 100 - wT
g = carki
W8 cark4
£ cark5
g 5o . cark6
5
g
E-|
£ o
15 ms 0.3 pmol/L ABA

B2 carks $RB R EARAEAT H AT ot L dpat 5t
ABA 858 A1)
* x P<20.01.

Fig. 2 carks single gene mutant plants were insensitive
to ABA in ABA-mediated seed germination and
green shoots ( )

* % P<0,01.
(a) mMs (b) 0.3 umol/L ABA
100 - WT 2 100 - WT
= - cark7 % - cark7
9 -+ cark11 9 -+ cark11
‘a’ =
£ 50 E 50
: :
o ]
0 12 24 36 48 60 72 84 96 108 0 12 24 36 48 60 72 84 96 108
Time/h Time/h
(c) 0.5 pmol/L ABA (d) 1 pmol/L ABA
wr 2100 - WT
§1on : cark? ‘?\: = cark7
_E -+ carkt1 .S - cark11
= <
g 50 g 50
£ 5
3 ]
0 12 24 36 48 60 72 84 96 108 ° 0 12 24 36 48 60 72 84 96 108
Time/h Time/h
© f
0.3 umol/L ABA 0o = -wr
AT = . cark7?
& - carki

Gernination greening ratio/%
g

°

Ms 0.5 umol/L ABA

B3 carks 3B R TAREFT H LA T ot L 402
ABA ey 8B 47 (D)
* x P<0. 01.
carks single gene mutant plants were insensitive
to ABA in ABA-mediated seed germination and
green shoots (]I )
* % P<0,01.

AR b, 7 Fh 78 & A AR g 3, carkT .
cark11 PRILIR 58 AR PR A 45 T B A AU X ABA AN

Fig. 3
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B B 3 Fros. 7E MS [ R 85 55 2 b cark?
cark11 ST A AL ()W A B A — 3 (] 3a).
H 0.3 pmol/L ABA 4b#H )5 (& 3. 3b-d) s cark7,
cark11 SRR % 40 WA TS 25 52
K. HHO. 3 pmol/Li) ABA Zb3 8 d Ji5 . BF A= BY [y 2
HEE K 35U LA (F 3e D), 1M cark? R 92%,
carkll 2y 78%0. LA I 45 & W] CARK7 Al
CARK11 HIREB K Bk R AE ABA 45 59 300 il b
T R I AR SR ABA AU,

(@) ms (b) 0.3 pmol/L ABA
2100 - WT ©100 - WT
% - cark1/d % - cark1/4
g -~ cark/7 § -~ cark1/7
E=] - carki/t1 "5 = carki/11
g s g%
g =
o 5}
O, O
0 12 24 36 48 60 72 84 96 108 0 12 24 36 48 60 72 84 96 108
Time/h Time/h
(c) 0.5 pmol/L ABA d 1 ymol/L ABA
X - WT
2100. - WT S>100
% = cark1/4 Eo - cark1/d
S - carki/7 '3 = cark1/7
5 -~ carki/t1 2 = carki/11
L& 50 g 50
£ 5
g G}
0 12 24 36 48 60 72 84 96 108 0 12 24 36 48 60 72 84 96 108
Time/h Time/h
© O
0.5 umolLABA 2 . . -
- i 3|-' . carki/4
¥ g - cark1/7
1 8 cark1/11
5 5o
=
8
k!
£ o
(<] Ms 0.3 umol/L ABA

B4 carks XE R LARAEFF 0 A Ao F ok T 40 2T
ABA #9885 AT (1)
* % P<C0. 01.
carks double mutant plants were insensitive to
ABA in ABA-mediated seed germination and
green shoots ( ] )
* x P<C0.01.

Fig. 4

carkl/4 carkl/7.carkl/11 X T 58 25 (A FE Fh
T RN AR e g BOR R T B AR X ABA )
R, WE 4 7R, carkl/4. carkl/7. carkl/11
XU A8 PACFHE A= 38 1) Wi 2 e AN Kb B LT — 3
(& 4a). H ABA 4b 3 et (E 4b~d), carkl/4,
carkl/7 carkl/11 XUEE 58 AR (A B B & 35 LB A
T, HE SR, 0.5 pmol/L () ABA b3
SRR 10 d J5, Bp A R ek 2F R A 13060 A A
(B 4e. D), carkl/4 5 88%, carkl/7 F3 91%,
carkl/11 2y 78%. 4y i XU 58 AR 4K carkd /5,
carkd/7 cark4/11 . cark5/7  cark5/11 FE8E K& Fl ¥
AR ZR N [ AE X ABA AU, anl&l 5 k. Joak
BRA bR R S AR PR T A R i R SRR — 3K
(& 5a). Fi ABA 43 (& 5b~d), carkd/5.
carkd)7 carkd/11 ,cark5/7 .cark5/11 W HE AR K

YT A R34 L B A= R vy, HO 22 R IR R T 0.5
pmol/L 19 ABA Ab# 10 d, B A= 7 ) &% 25 K hy
20% 2545 (& Se D), 1 carkd/5. carkd/ 7. carkd/
11.cark5/7 .cark5/11 M43511% 81%.89% .76 % .
79%0.85%. LA &5 R LW, carks S 58 AR R AEFh
FH kAT AR S B BT ABA 1 AN U 5% T

carks BAGRARIR,

(a) MS (b) 0.3 pmol/L ABA
Xtoo - WT oo - WT
= - carkdls & = cark4/5
RS -~ cark47 .S -+ cark4/7
] - carkd/11 & = cark4/11
£ 5 - carks7 .S 50 - carks/7
g = carks/11 g - carks/11
L L
] ]
0 12 24 36 48 60 72 84 96 108 0 12 24 36 48 60 72 84 96 108
Time'h Time/h
(©) 0.5 pmol/L ABA @ 1 pmol/L ABA
o
2100 - WT X100 - WT
% - carkds S - carks/s
S -~ carkar7 .2 ~ carkd/7
- - carki/t1 & = carka/1
EES -~ carks7 S 50 ~ carks/7
g - cankst1 £ - carks/11
L
3 O
0 12 24 36 48 60 72 84 96 108 0 12 24 36 48 60 72 84 96 108
Time/h Time/h
(e) .®
Ms 05pmo/LABA 3 -
i g - carkd/s
£ - carka/7
g carkd/11
53 . carks/7
= . carks/11
g
£
&
<] ms 0.3 umol/L ABA

A5 carks N ERTAREA T H L T of L g ad sf
ABA ##5 g 541 CID
* x P<C0. 01.

Fig. 5 carks double mutant plants were insensitive to
ABA in ABA-mediated seed germination and
green shoots (][ )

* x P<0.01.
4 I .

#HEEE, &L T A B GE B R 1
ABA Z K. HRZ BT TG L & ABA {5538
B2 2 A [A] 8. 76 IEH 1 L F » TOR (Target
of Rapamycin) B2k RCAR12 % S119 fii /5,
il ABA {5538 #%; 76 38 & . SnRK2s # % 1k
TOR f#)—/~FFE Raptor, MIfi#l#| TOR f9 3t
TEPEYL B B 9E A OR B B AEL (Arabi-
dopsis EL1-like) 73 3|82 {& RCAR11 #y S109 F11
S156,RCAR12 1y S136 1 S182 By i, {2 idkiz &
A& TRTIRIRE A, P L AEL 7€ ABA {5538
6 v S TR s R T 5 B R B CEPR2(C-
terminally encoded peptide receptor 2) iR {L #% 5=
FEFFIE i RCARIO (% S54, {2k RSL1 2 %
#HEE YT RCARL0 13z &1k, i mife i 26S HH
it Xof HL PR A AR 9 B P S R P CARK
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FZE, F: ddi CARK Rikh B BLEBRAZ 5 0 R % 58 &

Wi b RCARS Y T77 {3 541 RCAR11 # T78 {31
RLHIGAT L ABA SZARON R s 0 R Ak S 35OH:
X ABA {5 S M52 ma AN m] IR BT 52 44
TR LS S LR X 248 1 A AR IR R

carks P IR 98 A8 K carkl. carkd. cark5.
cark6 . cark? 1 cark1l 1EFp T8 & A1 M 28 4% By
BEAHXT T B A AU % ABA AN HUSE (B 2 FiE 3),
carks W & AFAK carkl/4. carkl/7. carkl/11,
carkd/5. carkd/7 . cark4 /11, cark5/7 Fl cark5/11
[V 7 B & 5 I 25 & B B A s T 1 A 28U X6
ABA AEIRE S ELIX Al SR i T R D e AR I
([ 4 FE 5) X U CARKs G5 51 7E ABA {F
FIBAETIIREREICARN. LI E AT TAERM
CARKI1 #8 % B iz fb ABA 32 1K, ff LI LA
CARK s BRI DI Re e 2% (1) 53 AR R b R}, FRIT IX 2
RASKLE ABA bR AL, I HRT CARK 7¢
ABA {5 5iE i I VE . AETSCER T, T cark2 fE
FRIEHI RIS ABA T 52 P 5 B2 1 22 45008,
WA A UL AR AR LA Ry o

LKW, CARKS FEEDIRRIUAR T B2 P oK
AT DLGE o 7 9 A0 8 B B 9 78R A B AN R Y
CARK 212 5M R ABA Z KA AEA EAEH
T AR S R 16 52 35 43 73X 48 CARKs il /2
5B BR AL A A i ABA Z K, 5 & 4 #r X Lk
CARKSs I FEA XA [F] 9 ABA 32 R %S PR
S, QAR SR A5 R VIR A ) CARKs 23 %
FRALARTE ) ABA 324K, If H 25 ma HAK Y 19 85
KV IR 20BN T HAFAE DR TUA 1k i i (. A
5% CARKs 78 ABA {55 g rh iy D sea Bh T A it
SEAE ) o X 180 5 I 1 1 ML 2 R LB L R TR
VEYRT 30858 A 35 17 1 & O e 42 m AR 1 ™ .
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CRIMAES 5O, SCRVEHR 3 2 LLN2 RS 4 £ L 1 RAIET 3 4,
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“(in Chinese)”. %35 T4 SCHkA% U GB/T 7714-2015 AR
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