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CARKI11 involves in ABA-mediated physiological functions in Arabidopsis
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Abstract: In this study, the purpose is to explore the specific role of CARK11 in ABA-mediated physio-
logical processes. Arabidopsis Columbia ecotype(WT), T-DNA mutant carkll, complementation of ki-
nase-dead CARK11™%4 in the background of carkll, (com-CARK11m), and overexpression transgenic
lines(OE-CARK11) were used in this study to determine the roles of CARKI11 during seed germination,
seedling morphogenesis, primary root growth, and drought tolerance. The results showed that com-
pared with the WT, ABA promoted seed germination, cotyledon greening, and primary root elongation
in both cark11l and com-CARK11m, while OE-CARK11 was relatively inhibited. In addition, qRT-PCR
data showed that overexpression of CARK11 promoted the expression of RAB18 and RD29a, which
were ABA-marked genes, and this facilitation was stronger after ABA treatment. In the drought toler-
ance assay, the results revealed that OE-CARK11 enhanced drought tolerance, while carkll and com-
CARK11m were weaker than WT. Thus, we conclude that CARK11 acts as a positive regulator in the
ABA signaling pathway and inhibits seed germination, cotyledon establishment, primary root growth
and drought stress in Arabidopsis. Notably, the function of CARKI11 is dependent on kinase activity in
the ABA signaling pathway.
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% 60 % Wl K FFHRCAH RFF 0 %28
1 3 = XPAR D A5 B B CARKIL 75480 pg 57 1Y b
(=]

TH X} 22738 () PR3 AL 1 [ A 7 TR
W) — ke i iz 355 7 OB R L K IR Yk
TR 10 1 X8 B B 9 R Abscisic acid.
ABATER I R AE T ZAE /. ABA AALS 5100
AR W aa T HL R R E MY AR R
B, BELMLRN HERRI A T ABA BfFETE,
HHAT ABA BB 2R IZ MR A Hod 2009
4FE ABA 5% & (Pyrabactin Resistance 1 / PYRI1-
Like Receptors / Regulatory Components of ABA
Receptors, PYRI / PYLs / RCARs) i) & ¥ J&
ABA HE4k i sem z — 2. ABA SZ R4 A
LS ABA B0 (5 518 pE o 1. ABA Z k&
[ #% B2 il 2C ( Type 2C protein phosphatases,
PP2Cs) FlI SNF1 #H %2 i 2 (SNF1-Related
Protein Kinases2, SnRK2s) /& ABA {5 3# I 1Y
. A 32 308 B, ABA 5 RCARs,
PP2Cs 255 I = JC 42 & 1. PP2Cs BTG 2 2|
il B T 0 SnRK2s 140 i £ . SnRK2s #1%
A T iR 5 A ST R LM AR
WA K AR A i DL o A AR

Wi ABA .05 5l B0 B B, ABA {5
W28 RIS R S AHDCHIE 9E I0A 1f T i — 20
B, anaz.0oft RCARs Q] g 642 0 AH S B 52475
SRR BRI R, M BT ABA &2 1A g 11
(Cytosolic ABA Receptor Kinase 11, CARKI11)
Ll g S IR B R 1k RCAR11-14, H CARKI11 %
203 v Z FLPR K4 Tk il ( Asparagine, N)Jg& 55k
MRALAL . CARKIL & — Rl 28 32 1A% Jifd o 2 11
fiff (Receptor-Like Cytoplasmic Protein Kinases,
RLCKs) , 48 B 57 H /) 22 &m0 3k 0 4% CARKI1-
CARK10. #F58 £ H CARKs &> 51 %55 5 5
RCARs )98 %, IF HAFTE DI RETCARTY . LR JF
ABA SZARSGy R =AW G0 55— R A 0 K AR
JERRE 1, 43 il RCARL-4 Al RCAR5-10, i
RCAR1I-14 J& ABA Z K55 = W5 . L1 — 2R
WIEAAFTE. KPR Y] R I+ CARKI1
A UL W 2 /b RCARLI-14 Jf fff it 5%, fig R
RCAR11-14 A fig5 ABA 454 . NI s ABA {5
S, ik, CARKIL 4% ABA {55141
PLERIEAS B A (F2 HAE ABA M4 K R F i
i BARAE T v A TE R TENEEEY D,
CARKs ZEREY Z 581 ABA 55 105 AH

RAHITE A AR AR K DL ST R oy A AR
HERR R R AR IAE T AT AR A 77 AH DG oY S
LA

4T CARKI1L fEE FH/KF B2 5 ABA
FT i AR I %5 CARKIL B Tihe
PRGEARR carkl] 3 Rk i FEFI PR &R (OE-CARK11
#1 Ml OE-CARK11 # 9) F1 CARKI1A [n] % #k £
(comCARK11m #1 Fl comCARK11m #2),31#
AT A& T AR g ERAP TR E DL
ABA iz 45 H RS2 R o S8 4858 CARK1L 7E4
ST AR LR DL an s g v R AR T Re , JF i —
251 #1 CARK11L 78 ABA {5 5@ B iR H].

2 MREFE

2.1 # #®

T-DNA i AZZE cark11 (SALK_208681c) Iy
TR I+ 4 9 % U7 0 (Arabidopsis Biological
Resource Center). 1 3 15 # 3 A # & (OE-
CARK11) fi CARKI1YA [o] #p #f & ( com-
CARK11m) 4y 51|38 2 ¥ Je 400 ma I RF A8 LU A A5 7
I CARK11 S&7E MR I i e 3EA+.
2.2 /i
2.2.1 #i4 TDNABARTHAZMNKT PR
4B cark11 S00F 1~2 Fr ] 250 ] SR AL
ORI B2 I v T 0 MBI W T, A B i
Pt s T8 530 W I RO e s R VS W O
7090 L BEVEHUTIE 2 W BT Ja I AB 2lK , 3545
cark1l RAFMREY LR L. PAFRAS Y 3 R 41 M A A
AT B A 1l 4% = 52 W (Polymerase Chain Reac-
tion, PCR) , % 5| W) WL 1, AR 4 A2 R 5k e F Uk
BUGEE R 5 B %508 Al AR R

F1 TDNABARELEESIMFIER

The information about primer sequence of mutant

Tab. 1

identification

Bk RS 35" >3

cark11LP TAGGCTGCATGGGAATAACAG

cark11RP AGGGTTTCGAATTTCAGGTTG
LBb1. 3 ATTTTGCCGATTTCGGAC

2.2.2 #ARAKFZME A CARKIL JEH %
PSR A ROCE AR pBIL2L, B 35S J3 3 114
g SRR SR, 4R OBRL IS B Al E A RAT TR
GV3101. SR 5 LIAUL R 1 R4S He b A 25 1 B A 0 Oy
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BRI AL SR Y B R R B AR R TO AR
F. FEMS KR INA 50 pg / mL RIFEER
(Kanamycin) ¥ TO A 4 34z b i 12 H BH 4
BT AR RRRFLA S SR B A R R A A A L
Wk T1 AR 7. WESid s T1 AR PR, {2
R BHE R S MR B 3 ¢ 1 IRk R IFFAE, SR
JEWR T2 AR, T2 ACH i e 4515 R P2
100 20 AR 2 RN 26 130 8 bR 3R e Je 0 75 1
TERER IR ATE U 2 T 5 2252 5.

1 CARKIL % 203 o S HEiR K A& B 5848 h
N 2 (Alanine, A) (CARK11M%A, CARK11m),
A5 B BOE A pZHOT 24k, FIHH 35S 1B 3h
FAE o b R R L $REUTORL A AR AT GV3101,
SRIG LA carkll s Soil AT ARG R4S Bik
it FIA R R A E S
2.2.3 MTHEL HIHRREMTT 4 CREERMT
TE 2 d B ABA VR EERSEERY MS B3Rk,
ABA Y BEH K H9 0,0, 3,1, 0,3, 0,10. 0 pmol/
LB MRER RS E A HE, DI
Ferh oy R AR R BCRE Rh 7 AR TR E P
B4 d ST R R R, R R R
(Germination Rate) 315 52N

Toh -1 & =W R b 1B /A1
2.2.4 Frer&s [E TR AR SIEA, BT
S3BI7E MS FIIA 0. 3 pmol/L ABA ) MS 3%
S NS IR S PR S Tab S ol A S SRR
T2 (Greening) BB TN

R RS A Sl S S AR U R i o O e
JSE
2.2.5 EARMEK SR TET MS Hig
HIE SR 2~3 d ARG R HUR K — 3 2l i o0l e 7%
F| ABA ¥R 0 Al 20 pmol/L Y 1/2 MS K373
W ORI ABA R 85 3R A D o IR A, e T B
FERLY 1 w RS EARMHAK .
2.2.6 FTFma BPOHEMET LD RE
—AEYEEE IR 2 wo AR A IETEK, T
B2 w K. 2 d R WEAAE R,
2.2.7 RNA #9323 F)F Trizol FEH#HL RNA.,
WORT MS 5P 59 1w 3R T 401
AR B D ST WHEFEA By AR A A
1 mL Trizol 37 B 7840 1R 27 VK& 10 min. fIKIR
o 0 JE WO VW A 200 L SRS L VK
B 5 min. PG RO 5 ORI A
500 pL SENEEHEA], KE 30 min. R 3 250,

2 B T0% L BEVE B UTTE , B JE i A 4tk
EIRDTTE » IR RIA I BN RNA, J5 22 0] J TS5 &
H 73 #t (Real-Time Quantitative PCR, qRT-
PCR).

2.2.8 ZuEEFHAHM LU RNA B A
Takara % s ) & 3813 cDNA, M CARK11
BRI Bt 519, 5 e 9 AR R EE R A A&
BLCGER 2) SR 5 FIH Takara SEEF 925 € B 0] &
Xt CARK11 #17 qRT-PCR. LI BActin W N,
KRR Z K 20 pl:10 pl. TB Green Premix Ex
Taqs I FWESI44 1 L1 uL cDNA DL 7 uL
FH/K. BRI 95 CHIAHE 2 min, AR5 95 °C
A5 10 5,60 ‘CiB k 30 5,95 ‘CHEAf 5 s, #&1M 39
MER. BOFEAFARERE 3 W AP ER 3
W it 22 A ARXS FRik & . Graph-
Pad Prism 9. 0 245 8.

# 2 GRT-PCREI¥FFIER
Tab. 2 The information about primer sequence of gqRT-PCR

GIL/EZS FEH(5'—>3")
CARK11-RT-F TCTCCGTGTTCTTGCTTA
CARK11-RT-R GACCTCTAAGTGCTCCTT

ActinF GGTAACATTGTGCTCAGTGGTGG

ActinR AACGACCTTAATCTTCATGCTGC

3 & R

3.1 CARKI11 EERE=H
PAFRARNR G I H A AR R G T Bt —4
17 CARK11 SRRk w0, m a5 R 2N
T-DNA i A 58 28 1 3 3k i B AR i Rk vk R T
o L RNR 2R 5 AR K S — SO RE b AT R T 4y
Br. $RIBCEF A BIDL R &AL LI BE R 19 RNA J5
HEFT S B 98 0 8 . i 45 R N, 7E B AR T
(WT)H CARK11 FLFAHXS RiA RN 11 A2 475
{HJ2: T-DNA §fi ARAEHY cark1] {335 5 F K,
FEALLE T 03 A1 Rik bk &R (OE-CARK11 #1
1 OE-CARK11 £ 91 CARK11 K AHRT 2K
i 2 P AR, OE-CARK1 #1 ) CARK11
FE R Ik R AR R AE R 3 4%, OE-CARK11 #
9 HLF IR RN EF AR 6 4% 5 11 SC R BE R Ak 7 s A
M |l & Bk B (comCARK1lm # 1 F1 com-
CARK11m # 2) ik i R AR i (2K T+
R R (B D, v LU 2 TE carkl]l Fl OE-
CARK 11 #f 2 v 35 R 3 1K 12 1 S Q0 99 300 &g A1 A
i commCARK11m K E T cark1l Hy3EHR Fik
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Bl #EARAKAFHELZE
Fig. 1 CARKI1 relative express levels of transgenic lines
by qRT-PCR

3.2 CARKI11 2 5iF{z ABA T SR FAL

Pl & 5250 o AN ABA #1740 FL
R R I W] R R — B, EAR BRI 23 10000,
R 19 2R PTG PE— 3. ABA $I A i &
0.3 pmol/L. ABA AbFJS , B A= B i) ] e 42 1] I o
1%, 2928 84040510 cark11 SRR R 3 5 35 8 T T
AL GRF] 91005 AL, it R Ik BE R OE-CARKI11
#1 f1 OE-CARKI11 # 9 [y Fh 7l & %43 5 N
7500 7006, K AR T B AR A5 T [ AR BR &R com-
CARK11m #1 Ml comCARK11m # 2 WJif &k &R
A cark11, 535504 91051 95 %0, BEABERR AL £
ZEAE 5 1) CARKITNA S 5 05 58 42 14 14 ) g e
S 2). 43 1.0.3.0.10. 0 pmol/L. ABA 4k
PR R B M AT - ABA XTI RR R Y
Ve RTINGR HREAR R BN . ABA X2 AE Bk
KR AR carkll, com-CARK11m # 1 Fl1 com-
CARK11m % 2 i 54N IH B8 T A8 Bk 1
BRI 10, 0 pmol/L ABA 4bFEA1, OE-CARK11 # 1

OE-CARK11

1 OE-CARK11 2 9 Byl 3 TR AR, S,
CARK11 e R 2K carkll, com-CARK11m # 1
M comCARK11m # 2 7 ABA A3 )5 Fh i & 2
MRy ABA AU Tk F 3k bk R AT ABA UL &
W] CARKI11 /£ R IE I8 K72 545 ABA 4 7
RN k.

mwT

1.01 & - W carkl1
.. M OE-CARK11#1
m OE-CARK11#9

0.84 = com-CARK11m#1
o s Llcom-CARK1 1m#2
5
S 0.6
=
g
£
5 0.4
o

0.24

0 L
0 0.3 1.0 3.0 10.0

ABA concentration/(pmol/L)

B 2 CARKI11 E#-F 8 £ 342 2F ABA #9a 5
Fig. 2 CARKI11 involves in ABA signaling during seed

germination

3.3 CARKIll 25iF#E ABA T SRS ERSER

K2 ABA AbFREF, WT, carkll,OE-CARK11
£1 f1 OE-CARKI11 # 9, comCARK11m # 1
com-CARK11m # 2 T HAE MS B3R5 2 KAE
H—3, 100 Yo #R AR th 2k 71k 24 0. 3 pmol /L
ABA REFRIF &bk FR A0SR i b B A
Uy /b Sk 30, 8% T RE & AF MK carkll, com-
CARK11m#1 fl comCARK11m # 2 FI4¢4k 3%
LA RV L A MR 41, 7% .46, 4% F1 45. 9% ;
i OE-CARK11# 1 fl OE-CARK11 £ 9 M i %
TEPA R, AL 2L 17, 6% A1 18. 8% (K 3).
I, CARKI1 ZiREHG J5 X% ABA Ib B 1) 7 A5 £
T AR T A e 58 D) AU 3R ] CARKIL IE
P ABA A J 0 F B SR .

com-CARK11m

carkl1

“.

-ABA

+ABA

Greening 30.8% 41.7% 17.6%

#1 #9 #1 #2
=P 7 G R Lk

18.8% 46.4% 45.9%

A 3 CARKI1 £-F=t % g3t 42 F 25 ABA 490 &
Fig. 3 CARKI1 involves in ABA-mediated cotyledon establishment
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3.4 CARKI11 2518 ABA M SR EREKINF
TE 1/2MS 3, &R R ERKE 2L
24 20 pmol/L. ABA 4b¥RJ5 , i F A MR R B K
A dol T B A AR ) g a2 SR AR AR (TR ).
GEit i R A B AR BRI A 1/2 MS $%
FRIEI) 35%0, BI FEARMH RNy 35205 carkl] com-
CARKI11m #1 1 comCARK11m # 2 R %X

OE-CARK1__ |com-CARK11m|
TR EA )

204

<
2
%
B

R T AR, A B 440046, 80 F 4200, %
B 2825 RS ABA AR OE-CARK11 # 1 il OE-
CARKI11 #9 MR ZN 17, 1001 17. 75 % , %
ABA 4b¥ B BABURCIR 25 (B 0. %F ABA il 3=
AR HE CARKIL HrREHICS  ABA il £ AR
KAV PR30 ] el ek s 1 il /R, ks
CARKI1 1EJE ABA 55, i AR AE K.

mWT

W carkll
1 QoE-carkii
[ OE-CARK11#9
O com-CARK11m#1
O com-CARK1 1m#2

-ABA 20 umol/LABA

A 4 CARKII £ £ AR K42 J 5 ABA #9v@ 5
Fig. 4 CARKI11 mediates ABA-dependent primary root elongation

3.5 ABAEESEBTHEEREIESHT

RABI18 il RD29a j& ABA {553 B (1) T %k
/B ABA {553 B i 36 K. XF RAB18 3
IR IAT T SRR A IEF AT B
Y carkll BRIBKFALL; OE-CARK11 £9 Al
com-CARK11m #1 ¥k R RAB1S £k &
PR AR T B AR AL, X4 4T 50 pmol/1. ABA
OB B A F ) RAB1S 335K F 3 # 5 . K
YRR LA 1) 40 A% (H R SRR cark1] {42
B 8 A BER T B A B ik %5k OE-CARK11 #
9 1) RABI8 #ik$m T35 100 £, 3% = T4

100
RAB18 BWT
Mcarkl1
HEOE-CARK11#9
Ccom-CARK 1 1m#1

=

Relative Expression Level
e
>

NSRRI
=
cooo—
ShoEN®D

L

-ABA

10

+ABA

A 7 [k R commCARK11m £ 1 ) RAB18
TRV F AR FRZ EL #m T RY
20 f5 (I 5). T RD29a 1 235K 7K -0 B 45 3 W
7~ :JG ABA 4B, T RE AR K carkll Fl com-
CARK1lm #1 By RD29a ik & W Z L T4
R T A ) e T AR R R AR AR Y
74%. ABA A H S RD29%a By FE BB LM T
RAB18, G 5 A8 A B AR . ok Rk 45 iy (181 5). 2%
R, CARKI L i@ 45 RAB18 fil RD29a

PIFRIREH ABA {5530 #%.
1207 rp29a
]
10071 @
B OE-CARK11#9
804 CIcom-CARK 1 1mi#1 "
—
0 o
4l
2‘
0
04

-ABA

+ABA

B 5 ABAZ 5@ E R E AL KF
Fig. 5 Expression levels of RAB18 and RD29a by gqRT-PCR

3.6 CARKI11 EiA#EIEITH T 258 i 52
B2 wilt Rl 4 TR A H 13 d 5. %%

MEREB R ZEIRES, WHER AR carkll, com-
CARK11m #1 fl commCARK11lm # 2 HZE &
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v K FRCH RAF O

%28

A RVJOK T Y (H 2 Fik OE-CARK11 #1 Fl
OE-CARK11 #9 #BpARIJOKE >, K 2 d 5
SLEAE IR A R e 3 R HEF A= T Ay e
TR BT AR  AF TG R RN 7506 5 AR A

OE-CARK11

WEKRERNIHES, it kK WA WEFNH
2.5 %0 5 T3k 22 3K 1) 52 7KK 50 55 Y A U B 4T, FE AR
100 % #BREA 35 (& 6). Ak, CARKI11 1E ¥ % )
RIS 1 A

com-CARK11m

WT carkl1 #1

2-week-old

Drought

=
8
=

—
o
=

Q
=4

#9 L )

B 6 CARKIL 453k B Ak & 25 7 b 4 v 12
Fig. 6 CARKI1 positively involves in drought tolerance in Arabidopsis

4 7 it

ABA AZME 58 AR TR AR DR
(1), RCARs R ALY i £ 2 ABA 24Kk, Tt
TR T AR ) 0 P O 38 2 FE AR YK L 2
RCARs JJRERAL 5 - HAh i A 4 AR DL S
fLiZ 355 4 BEERE R 2 52 40 7. RCARs @ i 5%
S JE B R R At e 10 AR AR A HE e R A8 A R G 4
1% 1k (Phosphorylation) , i% 24 it i§ 4k ( Tyrosine
Nitration) #13Z 24k (Ubiquitination). At FEMTIT
BATE 2018 4E%85E Y ABA ZAKRYBERR A TOR
(Target of Rapamycin) : fEAEMN 4T, TOR #%
f2fk RCARI2 %5 119 A7 (95 2 f2 . M i RCAR12
5 ABA W455 N 545 ABA {5 53848 7R
WA SnRK2s fif 25 TOR &2 4G4, DT A Bk
TOR X ABA {55 il . $lpIr2s ELL & A
(EL1-like Protein, AEL) j& — Fh fig & 4 3 i .
AEL HIRg 578 5 Fh 1 & LA K EARAE R B AR X
ABA PRI, R AEL W] LIBERR fb ABA 324K
A7 2 AR e DT 1) ABA mi . i
AR S % 5 AU RS JT I CARKs 5 ABA %2
PRAF 2 3% 3 (9 A7 5 AR . H o p CARK2-5 Al
CARKI1 SF#R 0] 45 5 - B IR AL 26 1l W 5K % ABA
Z A RCARLI-14, 55 [l WK % ABA SZARTEIEH# 2%
R R RAORA A ABA S CARKSs g

& RCART1-14 fHAR R, 2252 5 ABA M9 454
S0 T IE P #5 ABA {5 53 . PR, o x
ABA SZRIBERR AR 5, AP T LhAR A A K R
PR N -, ASBESE s . CARKLL /6 ABA
558 B 0 IR R 125 ABA 4 306l #h
TR WIS E L R FERMP KK AT
T JF H 3 2 0 B AR T CARKIL 119 % iR 3 g
TEPE.

TR WY A KA T W —F E2Z B E
Jia S ECAREY T R ERUR. ABA 55
LRSI R B Si0) S TE L) N i S = 7 A R
o HEE IR A T R AL DG PAT R T 20 2 e
T2z ShA A Ak 2 R LTI ) S B S 40 1L
TEY) AE 88 T B, i R R Ay ABA TR B 3,
ABA-RCARsPP2Cs =0 & & ¥ K U IR T
PP2C F1FFi S fL 1(Open Stomata, OST1) [ 4t
A B G M OSTL 3l . OST1 376 B &5+
i#i8 & M (Slow Anion Channel Associated 1,
SLACDO R 2 Ak, 5 B AL R RRAIR . e &S
LA A AR SO, TR 4R BOR
CARKI11 g% 48 5 F W M AT 5, 1 3z 22 326
AH L B A R T 5, 7T R 5 A AR AL O A 42
16 K I HICR BE 22, T i 208 LR R R A DA
AR DR B B 22 17K 53, R CARKIL 761+ 5L Jp
R TR R E IR . 454 ABA X ERPAr
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ma L HEDN CARKIL R REIE 0% ABA Z K757
ABA {5538 % » AT 42 AL R S AT
ASCEE R — R W] CARKIL #5825
ABA il % . it i B R L ABA 324K 1977 A 40
FIT IR A 75 AP IE SN A /N A2 55 7K A 45
MfEY . CARKs i R IR¥) 2 5 1% ABA {5
5 B B 5T AR X AR A Tt A S UL R T
CARKI1 75 ABA B0 A5 5 10 I H 4% 19 i P AR
PR KRS S5 HH AT T AR A . M R 7K A 5 /A
SFHEIZEY RO T A RB AR AR R 55

9T B8 5 B FLml . XF T AR A = B —E /Y
SE k-
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