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Abstract: Calcium-dependent protein kinases (CDPK/CPK) are a class of Ca® " -sensitive Ser/Thr protein
kinases, which play important roles in plant growth and development, as well as in response to abiotic stresses.
CDPKs could autophosphorylate or phosphorylate metabolic enzymes, ion channels, transcription factors, and
membrane transporters, forming complex signaling networks to respond to abiotic stresses, such as salinity,
drought, and low temperature. Meanwhile, CDPKs also participate in plant hormone signaling pathways such
as abscisic acid and salicylic acid to modulate plant growth and development. This study reviews the research
achievements concerning the structure, classification, regulatory mechanisms, roles in abiotic stress responses,
and breeding applications of plant CDPKs. This paper also proposes future application prospects for CDPKs in
the field of breeding, aiming to provide genetic resources and a theoretical basis for the genetic improvement of
crop stress resistance and biological breeding.

Key words: Calcium-dependent protein kinase; Signal transduction; Phosphorylation; Abiotic stress; Breeding
application

s A #7: 2026-01-06; & [E] B #3: 2026-03-26

EE&TH W% A KRB A 0 H (32371758) 5 b 5 7 AR AR 2 e B 0137 fik 1 2 1% £ 1 (KICX20251303) %% Bl

PEZ B A 8T B (2000-) 55, B0, 1l JLHE RN, A0 B 5 2E |, 32 2 M S AE W 30 B8 2E A 5Y L E -mail: 2867992640@163.com; #5K T3 3T
(2001-), %, DU I ARE B AL WE Rk EE SR REF F G E -mail: 2531705901@qq.com; #45#: (1997-) , 2, 30, Il +-
R, Hl Pt A, EENFEEF R E -mail: 1364000397@qq.com ; *i# {7 /E & Author for correspondence, E-mail : zheng-
mei@baafs.net.cn; guogiang@baafs.net.cn



2764 B

S 34 4

T AE B AR AR K A8 b R ) sl A b 3 52 22 Fil
AV S AR A Y e, e T 5 O g R
R R T AR Y S TR A TR AR EE N M
W) AE A0 HE AL OB T 5 A B AR S AT 8 I 4% R
gt , s B 1 (Ca®' A5 5 4% 128 3 % F0 22 245005 1k
#E H ¥ (Mitogen activated protein kinase , MAPK)
A UHRBE SRR A Y, Ca® ME RS S, Y
SR 3015 5 175 S5 Sl o I 47y v A A H
f e, Ca®' il ad i 28 5 S R I 3 O T i SR I
IO, J8 Ry 3 45 B R D AR AL B A S A IR
FALHE < 8598 K 1 (Calmodulin, CAM) 5 8 % #
# H (Calmodulin-like protein, CM1.) | 5 4 #fi 4 &
1 ¥ B (Calcium-dependent protein kinase, CDPK/
CPK) | #5 4 % 2 i B #& 1 (Calcineurin B-like pro-
tein, CBL) Al CBL H.{f £ H ¥ M (CBL-interacting
protein kinase , CIPK)'™', X 26 Ca®" & J& %5 1 57 J& 1
LA Ca®' ¥ B 1Y I8 3 A2 Ak, 15 T VR 45 AE 4 1) A I
L A RIS a1 e A N i N S P S
CDPKs /& 18 #) 57 A 19 45 15 % 4% , e B Ca® 45 & 3l
CEF -hand ) A1 3 B A0 38, mT 5 420K 45 45 55 e 1k o
BERL S BRI A E A, W, CDPKs
A DL BN 5 I N ) RE SR ik A A W) 0 BE AR
Ro L N K O N WS B~ TN R o
CDPKs 82 MY 45 AT (19 — 2 Ser/ Thr 2 F ¥ o
SV 20 A e B, HG A T A BT L A A L B
- 4 A B3 2R A 45 A0 I 4% L L N-OR 3 2 CDPKs
I 40 5 57 FPAE T 2 BE A O B 4 IR RS R
W], CDPKs 82 5 &3 ol . T 5 AR IR 5 4 )8 5
22 300 B8 3 0 0, PR AR R ) AR K R B T
SN DAL SNV R = R 1 NS N i G 1 |
400 336 B8 AE BN 8% o AR Y B PR 2 1 AR
RGLRIR T MY CDPKs 25 14328 (M4 HLH &
X CDPKs £ M Ji7 135 58 ik 38 o f9 7 FTAL I 2L &R
Gt Z G I ROk CDPKs 76 8 Fh 45 3 v 9 1z
B 5%, L P W0 300 3 4% 0 B KO8T it R 8 7 4 4
PRI -

1 #E4 CDPKBIEHFns 2
CDPKs 945 F 5k 20 1 35 B2 phy ] 745 285 Fg Bk 76 14

VB T 235 R SR 1 A ) 5 R S R A R 1R 4 R o
PUAS R4 LR (B 1) o AT AR 85 4 4 432 T CDPKs

) N s, 4 5 40~180 2 B /R , )7 41 i B8 vT 4% H Tt
[ U5 M, WA R AT BB 2 55 8 1 50 AH B AR AR 248 g
FEAEY SRR O 25 F UE CDPKSs 9 4% O i 1k 45
Fa 38, 100 5T B R AL IS W L 1% 45 k) B A B B ) A%
Ser/ Thr 2 [ 124> 8 B AR SF O3 B
) 5 R Sl e ARG AR ST ) 4 R e e A
R 1 W O L g & = S AR
CDPKs Iy 3¢ 8 5 45 & X 3 , &% 4 4~ EF-hand £ 7
CDBOR % 1~341), 44> EF -hand i 12 2 2L R
A 1 B - B - BB 45 AL JF 45 B — > Ca® dL R
M Ca’ g A B B ARSIk AT, &5 kR A
A, R THC A A0 25 4 3, AT 84 6 S . EF -hand
FA AR Sl Ca®t 45 A AT 5 B
. BT 4809 CDPKs, H 5 b 40 55 Hifth JL 2
G546 ) RE AH G 0 B UG, L [R)AL R P S A S i
SO, B E#E CDPKs I RKE KT
AT LA 7R P A R S v 0 B R s R ) CDPKs
FKU N, AE AR I P, 34 4 CDPK 3 H %4y N
PUAS EERGNT, W RE, 78 B A (Fragaria X anan-
assa) W B FveCPKs 430 1O AN E 21, 5 — 3 21 %)
A W EN . BTl a3 X CDPKs #F47
S, T B eIy ER R E
R 38 45 e 7 TP AR T

A M Active site
yr ,—T EF-hand
j/—Palm /. \
H,N - —&) ) — CooH
N-lobe C-lobe
VNTD S/T KD AJD CaMLD

B

g Q
@ @ . ® of
T
1)

Stimulus
T O B AR B P ey A TE PR EE G
Inactive CDPK

Active CDPK
1 4% CDPK £ #sCE (A) FBEEME (B) REE™
Fig. 2 Diagram of CDPK structure domains (A) and activa-

tion mechanisms (B)
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Note: VNTD, Variable N-terminal domain, S/TKD, Ser/Thr, pro-
tein kinase domain; AJD, Auto-inhibitory junction domain; CaMLD,
CaM-like regulatory domain; Myr, myristoylation site site, Palm,

Palmitoylation site
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Fig.2 Schematic diagram of CDPKs regulating plant responses to abiotic stress
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CDPKs &

Note: CDPKs regulate plant stress responses by being activated by calcium ions, followed by the phosphorylation of downstream proteins (such as

RBOHSs and 14-3-3 proteins) , thereby effectively responding to stress. CDPKs can also mediate responses to external stimuli through the MAPK

signaling pathway
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ot AN BE T, I ) /N 22 G T AR I
H Nz TabZ1P60 i 1 5 TaCDPK30 A B AE H ,
— 7 W HAE S A IF B TaNCED2 % ABA 4 M
KNI F B EHEABABR R 5 —m L
Tal EA 15 P36 mi 1 5 R 2 3, [R) e 3 3o 4 8 ]
SR A B BRAE MDA & oA bR T M, R X



4 8 1) BT

A COPK AR 5T W30 15 75 b o 69 4F 57 ik Jé 2767

A F N R T Az Y B R R A (Ginkgo
biloba) ' CDPKs 5 ROS # B \MAPK 5 5 K 25 #
] 5 A A %% U0 AH G, S TR AR A b i R
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W) CPK %% , e i AtCPK6 A L i # i2 b ABF
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K25 2 NS H0 2 a0 ). X e iF oY i
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X Fk ) ZmCPK1# % %€ A CDPKs R 1
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Bt A AR RN A B AR A I
(OIS I T R ) R R T AR M i
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1 {7 5 B CDPKs A5 6 TR0 R A B, 3 1 0% — 3R 1)
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Table 1 The role of CDPK in plant response to stress conditions
K 22 Wk
‘%ﬁg i CDPK Y& Function %3
Specie name Reference
VBl A(CPKI 25 4R 30000 R« W R 0 I 5 5 T B 9 G B R 1T (31]
Arabidopsis Salt stress response;Key proteins in the phosphorylation abscisic acid signaling pathway.
thaliana
ALCPK12 o 45 W3t s 3006 1B ¥ TR 1% 5 R I B2 R 7 ABI2, IR Bl MR AL JBE Y iR 17 B .E I 2 1 T ABF1 5 ABF4, [29]
Response to salt stress;Stimulate the ABA signaling negative regulator ABI2, and phosphorylate the
ABA signaling positive regulators ABF1 and ABF4.
ACPK27 35 I VRS 8 7P, DF ) IR R R 30 15 5 Sl [30]
Regulate the balance of reactive oxygen species and ions, and positively modulate the salt stress signal-
ing transduction process.
S S ZmCPK4 BAEWGAES A ABA BT LS ERKE T LR, (47]
Zea mays Integrate stress signals, regulate the ABA pathway and genes related to growth and development.
ZmCPK1  HAFAE 2 AR 49 %8 v W36 1) 5 Bl 17 [51]
The presence can inhibit the plant’s active response to cold stress.
K F OsCPK12  ## 4k OsCATA 5 OsCATC 0 445 H O R 25, DI 1 1) 38 $5 7K R S0 Ak Wb 2t Tk 52 44 5 1) B 56 165 % et [32]
Oryza sativa JELI I B
Phosphorylation of OsCATA and OsCATC maintains H,O. homeostasis, thereby positively regulating
oxidative stress tolerance in rice;Reduce resistance to rice blast disease.
INAE TaCDPK27 2 G4 /N s b vt , Fe D e 5 /N2 B R DG 5 0 1) 9 42 /N2 i [33]
Triticum aesti- Resistance to wheat powdery mildew is subject to negative regulation, and its function is related to
vum wheat autophagy.;Positive regulation of wheat salt tolerance.
TaCDPK30 5 TabZIP60 HAEJATE ABA 451, T T /N2 Tk VE [34]
Interact with TabZIP60 to regulate ABA synthesis, thereby mediating salt tolerance in wheat.
TaCDPK1 38 MU RS B30 O i 32 1 . [43]
Enhancing the plant’s tolerance to low-phosphorus stress.
BAHM  MsCDPK3 Al IE TS ABA 5 530 8, Fie AR 4 0B 38 15 A0 B A5 454 005 O o 4 i 85 - 46 o £ T i k4 [38]
Medicago Enhances salt tolerance by positively regulating the ABA signaling pathway, reducing reactive oxygen
sativa species accumulation and membrane damage, and optimizing ion homeostasis.

RS S s (R 2> e, 4 i T S
FHROS wy o & 748 M 51 & A ki, CDPKs 1Y
WO AT LS 5 5T S B 0 L 5 ROS
NN R A W A A TR ¢ 1V I e Ll )
AtCPKS5 F1 AtCPK11 IE ] 3 45 A1 9 % w2 6 Jolr 36 719
iiif 52 M, P S WO R b ) S R MTPS
HAE, B R Ak H Ser31 F Ser32 7 i LA 5 5 12 7
PE BB BT o B R S A RO R S, I % AR
BEY S AR EY , 2R CDPKs [/ 3k K 76
Wi N7 EE 4 S W 20 B R B SRk R B B
B, 7 ¥ B CPopulus tomeniosa) W, WFFE N L S8 5E
T 20 4~ PiCDPKs %t , H ¥ PiICDPKSKS5 .
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AcCDPK5'™ . 5 F F 15 J& O RF A= ) 27 RSk I 401 2%
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KA EW YR R R A ET
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AR 4 530 1R PN 1 B AR RE 7, DA T A 250G A i 252 1
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E— 25 00 T U B AR BN L AL 5 MAPK {5 5 205 Al
B A0 56 PR ek . Bilan, S = rh i SiICDPK 14
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ROS 1 A= i %P0 A 2675 38 45 B 58 N Bt A
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WS (55 5 S 10 A0y TE R ) PP R LR 5 o
25 AT B VR H
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AR AT SR, RS MK R R E K
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B AR VR e i 2 TR AL ] Bk oy
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FH] KR L R 4H b %25 1 314 CDPKs BE A, Hrp
OsCPK25 1 OsCPK26 35 B b 8 5 T I8 #8225 i)
JK R e 5 BRI 5 R 5 CDPKs fEE AR 38
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I I 9 g A A AR R) 2 5 R 908 3R R4 AU
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