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Abstract

Cold stress presents one of the major limitations for plant growth, development and yield world-
wide, as well as distribution, especially in areas of north and high-latitude regions. Worldwide, the
annual crop economic losses due to the low temperature above 0°C is amount to hundreds billions
of yuan. So an investigation of responses mechanism of cold stress in plant and improvement of its
resistance has significant important value. Ca2+ acts as the second messenger coupling of extra-
cellular signals and intracellular physiological response. It plays an important role in mediating
plant growth and development, as well as involved in the regulation of various abiotic stresses.
The review discusses the molecular mechanism of Ca2+ regulating cold stress in plant.
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1. 5|8

(SRS JIhE (e 7/ UR R QUDS P LI i =SSR SN S B/ IS A il oy LU e = S N RS P E 94 > W
AR IS R AV E TR AR B BT T 1], AR 3 FE R4 PRRIR 7% 35 18 B IR 2B 7 5K FTIA 3~5 4 ME2]
Ik, BRI R AL, 8 FRIE S A EE R X [1]. Ca® BT REM L HRILR
LAAh, BRI R, RS R R AN BRI (1% S0 4h, Ca™ AR NI AT
W EREE A, R IR AR S AR Y aa B TR B E S e S IE R [2]. Cam i 2 ik
i Ca’'fE B EMMIRIR A R R EENEH . AR T Ca® (5 S EM W TIR G I m R f
Ca’ 2 5IYGIR R K 7 SR A4 1), HXE Ca¥ (555 CBF MM IXIG IR 2038 2 1 1 4% 50 R T
¥,

2. {RiRBMHE THE5(E S e R

TP IEH AR, A 1 Ca™ & B4R EBAR KT, — B IS B A R RS JE
YL P Ca® 7K L0 R I R) P 308, AT P AR RUBOR S 45 5 (3], 1F Ca’ (5 5 Sl fid, Ca” R 5H
TSR ESEEEASS, B — RN AH I & BN, XEEE N E QMR et — D8
T VR TR U 38 LA DG ) B IR R AA,  ATT VAR A P A b A B AR e S [4] . XU RS IT A A B AE
(RVRIE T I, ARG 5 5 14 ik (R e s KT [RMIG IR 15 - 45 8 IR AE IEAH G R R[5 ]e ARIR MM E — J7 55
Ca” MR BRNAIMIPY, 57— J7 T A S R T B 40 M 9 e X S Y Ca™ KRB Tt [6]. RFIRLEE
BT HIAE Ca* 7K P ARk, R BRI e S EE R AL Ca> i MAANE ML P, AT -5 2040 i Py
Ca™ FH[7]. ARIEME S 3MFIBR I | Ca® @B M. 6 Ca (555 Sl i, Ca” Bisii s A IF45
B IEE AR Sl A T B E S A A R, S E Y S A R IR, IEIE ST,
MAPEAE N ) Ca” BEA BN, SN Ca® /K FBRa T, MBS — R A BN 2]. A
Ca™ WRFE Tl LAVE S RE IR IGRE C A1 D ySPEsg s, SECRERRIEEAP3)MBEIERRAN R . 1P3 AEiimd 3
VAP A5 B FEERE B Ok Ca¥ B 5. BRI fryl SSAR 1A [H]HF 4 BUMI ELAR B £ (1) 1P3, 427 T CBFs
F COR (cold responsive genes)IE[K fIFRIA, HA HmHIPTIEN[8]. A EMHAE 1) Ca®/H' R A #is 1k
CAX1 BATKAMR 1 Ca® s IR /E o cax] THEEGRIL SRR AEA YL S50 R %A 1 R 1
FR, HRLEAYMCLLE, BRI EMPTERE, X —HFT RN, CAX1 @il /ML 4R + Ca®r
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W, TS R BUARE9]. I Ah, TEm S 2 FIEAFAE 5 — I AL RS 25 T ifiE CNGC
(cyclic nucleotide gated calcium channel), ‘& AEWEIEIT TS Ca® A I 2 F R A b AL 9 5 R AR i
[10]o Nawaz [11]#E/KFER I 16 4~ CNGC [, Hr 10 MEHKRTE S LKA TR, EKEHRA
A 7t o o BRI %2 4& 8 (9 COLDI (Chilling-tolerance Divergence 1)l 5 G A HAF, HIH45 5 1iBiE,
SERM P A E T AR, JESCRE G S, ANIMBES a5, R4 R it FE
[12]0 VA BFFCERRIA, Ca® ¥ B TG T v R 85 330 FF S A A7 i AT T P R v b ) A o
MrER -

3. [RiRAME T 515 S BIR B HLE
3.1. Ca¥" ¥ 5 R4

MK Ca 5574 )G, HELN —MRILKERE, C 55 E 0 Ca® &2t (Calcium
sensor) A, Z ik Ca¥ (5 5B ZIBUK, AT K — RINMATIBM R 13]. 55 - 45288 - $EEH -
DR R DR TR R R T 30 S5 B PR GBI AR . H BT 9T U B R N AR R B4 5 TR SRR RRIA 328 1) 465
BEHARS, FTEOFESET - IFEAC-CaM). 55 1 - FiABMREF B J4UE A (Ca* -Calcineurin
B-Like protein (CBL))FI45 5 7 - 45 4% #i 14 2 (4 #4#(Ca™*-CDPK) [14], JI4EK, CBL-CBL-interacting
protein kinases (CIPKs){ 5 7E AT AE Yo S22 7 T 52 21 [ A 402235 (1) 8l G [15] [16]. CIPK 5542
(YRR ) — R L F R/ E R E OB, TEeS CBLs Fr R HAE. CBL-CIPK {5 5B K EIE
Yy Ca® {5 Sl fE bl EEAE

3.2. Ca" ¢ 5EMRIENZFHESEE

CBLs fEAGM a4 M £ Ca* 55 )5, @S Nilf CIPKs AIMEHE RS2 Ca™' 15 5 1 #%
F[16] [17]. W2 WK, WY CIPKs RN 52 2 Fhif i ia 175 531k, CBL-CIPK 15 5 WS fEME )i 58
% i R R BRI [18] [19] [20] [21]. 4R, 55T CBL-CIPK 15 5 i 2 M IR e 32 25 IR TE 5D o
KR TR R, (RIEMEES 0sCIPK3 (0OsCK1)#ik, I H OsCIPK3 (OsCK1)R] i@t Ca*' 15 5
M 7 2RI A AR TR I8 R 2 [22] . Xiang ZE[23]RF 7L KB, %Kik OsCIPK03 7] L3R s /KA 14t
FEMGME . ERE IR AIRF S B, CBL1 5 CIPK7 HAEIL AR RN 25 [24]. Deng ZE[251HF 5T
RIL, SEFIL/NE TaCIPK14 FE e 52 i 8 i stk .

TP ZARIR SN G, AR S Mt FI g5 i R AR e, a5 il 79, A
SIARANMLBR - Ca® KT % (A1, 4 AR P R T 38 ) Ca® i B 45 {5 5 & 32 4 (CRLK 1, CPKs Al
CIPKS)FTEA, #E—DH Ca¥ (55 [ FUfteis, MR RIE N ZZE RN 17]. Yang Z5[26]R0E, 1K
IRV N, CRLK1 5 MEKKI1 HAE, MG MAPK 26N . Teige 25271750 Fd 7+ 7 AT 70 & 0L
IR I0E MAP2K/MKK?2 {5 5 AT 42 T I 1 COR % [Fl 61k . MKK2 /£ MAPK3/MEKK 1 [ F#E 5,
IMAEN MPK4 Fl MPK6 [ Fi#HE 5 25 TR MY RIS Z W [ 28]. ERLVE T, RIRMNE % S 7
[fI[Ca* Jeyt 5 CaMs 454, k0 75 B B K 7 I 25 8 3 169 28 52 0K B (RLKSs) 1 375 1 DA e i
MEKK 1-MKK2-MPK4 ZBk(5 5, M5 KR AR IR 38 N B [29] . AR IR G5 S [Ca” eyt IR I T
IR REE L YT CBF2 Al CAMTA3 W3k, 3k i s (s fp e o J9 e 2% (1 3 S R (3010 45 b, KR
T e PR AN M RS R BN P S 200 S PR o A A e A7 T R B 485 5 B A TR, S U R
FR0E LA S CPKs CIPKS. CRLK1 &54% M N 2 A MAPK ZIBCIR R, e 28 2 (1GR3 5 F) COR
Tk, (RIEMHA FHEY Ca 55 SRELE 1.
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Figure 1. Ca®* signaling transduction pathway under cold stress
B 1. REA T Ca®H 5 5 # 5i812[18]

4. 35555 CBF (ESRIBEREXR

IR SR A (V1 B JE K (CORs) %35, CORs R4t — e i vE 8 A5, ik %, X3
B AR (R M) e 2 AR5 . CBFs/DREBs (C-repeat (CRT)-binding factors/dehydration-responsive
element (DRE) binding factors)s& 1 H T CORs JEA_F i i) — B B i %K1 [31]. Bk H#EI, CBF 5
TS A NRIRSS 57 51878 AR A TR CBF #5145 WK 2.CBF @il 454 COR.LT1 (Low
temperature Induced). KIN (Cold-induced) &2 RD (Responsive to Dehydration)Z5S A i 1 75 3L K] J5 8h 1 X
1) CRT (C-repeat)/DRE (Dehydration Response Element)lfiz0/EH otk b, %S HERIE, MR EEY
PrEEE[32] [33] [34]. WFRRBL, R bHLH #5347 MdCIbHLHI1 (Cold-Induced bHLHI1)AJ LAid i 1F i
¥ MdCBF2 ik, $em T ERMEEIPTEENE. RN, ZEEFEAW T LA B IF 4A1CBF3 53T LI
R TTHE[35]. Zhao ZE[361WF 78 R ILEE FE MaMYC2 K 1 7] LA 5 MalCEl B.AE, #t— {85 MaCBF 1.
MaCBF2. MaCORI. MaKIN2. MaRD2 J% MaRD5 “5R:F 3k, mE R LMHisEdt. Shi & (37
XU IF 2 AR SR AR 3 M, IESE EIN3 0 r] LA % CBFs BRIk . IR ki, RRiFES
SnRK2.6/0ST1 LRIk, X—1i% S SnRK2.6 & A — LR ICEL, MIf#EE CBF-COR K 1K
G5 NEEAR[38] [39]. Liu SE[4010F7ER M, & 7 T IR ¥ ¥4 i B2 S 1 (cold-responsive protein
kinase 1, CRPK1)#&1k 14-3-3 TR, WBERRILIY 14-3-3 AV S CBF & A HAR W HAa e,
M SEEL CRPK 1-14-3-3 BEHRUE S 1A $208 420 AR TS 25 0 B o Ca® (5 5 B8 A2 28 1T i il ok 5 b o kAL ) 3
## ICE1, CBF WK REARRE M, Wi — P sy i yitt. 5oh, Li 41057 KM,
IR IRLI0 1 2K 11 4G MPK3 Il MPK6 RERSTERR 1k ICEL, BRARILEEEME SR Afa ek, ] CBF 3L
Fik, M R KR .
5. RE

HAT, SR T 855 7R A RIR N Z LT 7 BRIt R, SR X A B2 RIS
RS2 A, DA% AR I T IR A5 S AR R BIR GUS fE Ca¥ R B . R, 72 DUS B 7T,
Ca™' 55 R UM SIR(E 5 B2 MBIEH, IPHIRER S — POk & & — % EEN M TSR,
H2 Ca’'f55 ik s CBF IR N 2@ BN BEAE R AW AN EE. 4 Lk, AT Ca™'
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Figure 2. The signaling transduction pathway of CBF-regulated response to stress in plants
& 2. #%Y) CBF ¥ 155 SI181%[35]
WA GRS 5 e P HLHK A B T3~ A IR e S LR, 5] I t 0k #  FE AR B PR 7 ot i
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