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Abstract: In flowering plants, pollen grains land on the stigma surface, undergo hydration, and germinate to produce
pollen tubes. Subsequently, the pollen tube grows through the stigma toward the ovule. Within the ovule, the pollen tube
ruptures to release sperm cells. The two sperm cells fuse with the egg cell and the central cell, respectively, forming a
diploid embryo and a triploid endosperm, thereby completing the double fertilization process. Pollen germination and
pollen tube growth are crucial physiological processes in the sexual reproduction of flowering plants. The processes are
of significant importance for the propagation of plant species and serve as the fundamental basis for the yield of grain
crops. Calcium signaling, functioning as a critical secondary messenger, plays a central role in pollen germination and
pollen tube growth. In plants, calcium signaling refers to the regulatory mechanism driven by dynamic changes in cyto-
solic calcium ion (Ca®") concentrations. Calcium signaling serves as a key regulatory mechanism in plant cell signal
transduction, involved in critical processes such as pollen grain perception of osmotic stress, germination, pollen tube
growth, and guidance. Simultaneously, through modulating various pathways including calcium channels, calcium
pumps, and calcium-binding proteins on the cell membrane, calcium signaling facilitates dynamic remodeling of the
pollen tube cytoskeleton, thereby enabling pollen tube elongation and directional growth at the tip. Furthermore, cal-
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cium signaling coordinates with pathways involving auxin and abscisic acid to regulate pollen tube growth while pro-
moting dynamic remodeling of the cytoskeleton and tip-focused growth through membrane-associated calcium channels
and transporters. The review provides an in-depth exploration of the molecular mechanisms underlying calcium signal-
ing in pollen germination and pollen tube growth, and its synergistic interactions with other signaling networks. These
insights advance our understanding of plant reproductive biology and offer potential theoretical foundations for crop

genetic improvement and agricultural innovation.
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AEH5y B &SR T ACA A7 M 2R B 1 DG SR i 2D
R, ¥ LA KR AR BRCHRZS 2109 BR A= K AR
FEESAE bR i At FE e B EEEH .
Ca>™ M —Fh BI85 M0, WEIERRIK S
W & VA S AE K 8 B ARG o S [RDRI 2 5 304 i o
H Ca® WE ([Ca™ ley) THESHUIRIE AR, Ca™ ¥k
JEE B 0k Sl A At S RIS T 5, DR B 4 i oA
JESZ B AR R R, 375 F[Ca™ ey TH R A I FEA S
Tl B0 BT 57 i B 2 2 B
X E 5 2 MR ) P A SR R AR FE R [R], 2
AR AR Cat PR B RR S AR
A, AL T Mo Al s S gt =, fil
21 13 02 A 40 A ) o R A 2 R R S A 1 1Y
JRE o 3PP AL 5 B4 AR 1 £k 45 40 i B % T S35
RS R b 107 X6 4% B AR A A AR BRI a4
X, BEE T S AE SR B AR ) &
NATT A5 5 FE A0k i A2t F b A E AL AT T
TR BB
1.1 EMBEEVE CaOEEINK

RV, fEmhfEH ARS8 — &
HI Ca™" W IE M Z e, R F AR I K
AR EH k ERTEEP FERPR A2 R
Ja, HACHHAE TR RS B TR, SKELE
15%~35%22 [0 o 4480k v 204 Sk 1 s iz 7K
Rk, KRAEKGEM, RIS, Ehohstng
2, N5 K AER I & MR A KL [Ca™ ey
AR A A SR AE K A i B P RAMIRE E TR AL
IR FERORVE BIAE Sk S 251 S AR R B 2 o
BAE T 119 321 28 20 T B9 [Ca ey JRIEBIE MY, KA
o, Ca™ R AAER R, (R0 R ER A, BInAC
R X R ER A S B W KA R T I Ca*
FREE , 2B X TAEmRum A e A K B G 22,
Ak, Ca® Vi A2 SEUBHIR AR TEAE A8 B 8 & FLALTIT
I, R PUE B I OB T, S e T

T BELTE 39 A BT AR AR R Ca® B E T R,
SEAERIKE R ICEIE S, JE ek &,
12 EMPERIRPHBESHETH

AEA BT S T A AE W0 F RS - 4t i 5% ) i 2
HEAT WG (T B IR . 4 Ca™ Mk B TN 3
FrE A A B E D MBI AR, i
W Ca™ W2 Il sh A Mk, W &L fE R %
FIRERI I, BN —1 “MEE" MG, Xk
5 72 5 A 23 [] TR ] L %) 725 2 4 il A6 b W & ik
R G4, DIAO A GCaMP5 i
BT R R Ca® LS . R PN
JoT A B 285 ) 8 5 - 1 e b R AR HE i R AL
WY R R RR . BB MR, [Ca™ ey
TEACR AL o 22 Rl KT, AR 8 B A AE A 4 v
HESTRNG I AERY Ca® BBIE . M Cat AN
[Ca™ Yoy 72 155 RIAERY ] 521 T B, TR P A2
H Ca® B MOEE A T, PET 2P s i F1
GCaMP6 L 5% T AL R0 e B A i e vh 4% 72 3 1
Bl TEAERSH R, AP Ca¥ WA XA
E, T — 8 B RE (first resting phase,
RePhl ), 7855 —1> i ELIH1 S 20 P Hh B/ 2 1
Ca™ W J¥ 7 ¥ ( [Ca™ oy oscillations with small
amplitudes, CaOsc® ), 33 £ 5% 3 155 b 43 4 76 41 Jfd
b ARG T R R X, MR RR R, A
FRE AR SR (second resting phase, RePh2 )
Wit B P 1Y Ca™ U 3 1 KR B 2% ([Ca® oyt
oscillations with large amplitudes, CaOsc"), JfH.
X LEFR G BT AR B KL E G, M TT
WREE A AEE RS, AR A = A ERE Y
B (third resting phase, RePh3 ), [Ca®]., /¥4
TRE. X—WFREn T 0K ki fEh
[Ca® oy W FE I SHAS AR, 2 A RE 5 7E 464
W At Bl A R RARAE T . eAh, B IE &
I, MR GRAZ ENEE EWE, REH
Be Cansfg oK o BEig ) 2x 3G g 48k vh 45 5835 o
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HEI Y SRR T MESERE S EAERYRIRE &, AE
B 2 A Sk e B A IR ER T A2 K o 4515 5 X
R L KRS R G OIER .. Ca® TEfE M e
) 45 T 55 B P VR S RS A5, AR
AN AL BEWL S Sy RS R 20 R 2
J5 IS A SCHEAE L i 2k Z2 A AL IR s i e A
B AR B AS A RE L R, HE st A K AR Y TR
SEFEM g R, T R AR A Ca® B R X
EMENAERECEZ, ©REMLIE /WA ) 5 i
izt . o s AR AT IR AR B AR AR
T LA i CaZ BB, Ca® B EE 1Y 23 ]
ApAk 2 SEUAER A A KT e Al ek e
() Ca® BB ANEE Ca® WA A, MM T
e T 1 45 5 Tl A ) 4% CONGCs
GLRs @il fll Ca™ -ATP Jifi, U7 AERAT R
Ui KRR R A (5 S, T TR RN A P A
(BN AT, XA Ca® A5 20 P 45 I 1 R i
R EASE SRS W, 45 Tl
ST Ca® BB R CHETTE, XA B L KA
i B REE, R, LT B
A AR S AR, Hoh BRI
FES BEAR AL AN A LA MEE A o BFST R, X e
PR A5 A KR AR R, RGE B R
(R B B o A ZR 0t A DRk 1 B e T 2
2L AR TR I e 0O o o A T A o R
W, AR B T 2 & A A H TR BRI AN AE
T o5t T 200 B A 6 10 1y, el o e R SR A4
R B3 I I B PR P2 2B A IR A T o
AR ER AR R, R T R A Y
Ca” BB . SNSRI . 40 B 2R A0 B 25 0 35 L B
F5 0T 52 RN HE R . X EepLH L FEER
WA AE RS R e DL . VR M 1) H bR 1 2R K
SEIR ARG A
21 RBEGIRERRE

TR I A KT Ca™ e 243 THUSi 1) 200 i
BBIE, [RINE Ca® 2 20 M BE (0 2 B 2% . FE MY A
ARt A, AMETR AR 2Ok Cat, R
ARV B, 33X — A0 X6 s Tl A6 3 A A P A
KZEXEE, 1975 4F, JAFFE &P T &b
R B Ca> R RS S B IR sh R rE, I
TIE S H: 22 Y 6 ) Tty — AR VR R B, 3X — AR
FEAE HE /R Q3 XA AR R A Ca™ I . ISR
NG SR Ca® Bk B PR P AR M A K A4 T

HLAI 2S5 SR, AERYE AR B AN Ca™ Wk Y
[ 2~10 umol/L, 1M 5 HAR X I Y 33 Ca™ e i
JLFEI A 20~200 nmol/L, ] B T3 5 AR (1 Ca® B JiE
JEACRYE ARG S, I 3 A R 2 TR R
PR T Ca” 5 5 M sh a2 F ot & B,
Ca™ B R K WA R A I 21, 460
B HET B 1S 37 5L oI 85 B 1 3 EL IR 7 B 3
ViRlR, BTN Ca® BEEE R, T
Kt ik o SR 1k AR KB SR 2R 5 45
P I PR S s U B IR A s, Bk
PSR E Ca® B, JEEBIFR MK, W
I AE RS THU S 1Y) Ca™ B B 5 T o 1) 2 K A K )
I, BAEME R KRR, &g
KIFARIE— AL HPRAS, Wi n PR, 168
KRG A SR R P Cat YRR
R R AT B2 A Ca™ b 13 i RE S
AR T I KRR AR K S Ca® B L A
KER IR C 2 HE ST, RO TR Fe & il
RN ES . R AU Ca” B X ALK i
KM E KB R TR, 0 Ca” LR A]
PIATT G0 45 AR R A 1), W DR AL A 45 g
T i ) R ER 5 AR K
22 RESHBESHXR

FERYAT AN RE R 2 J2 4, P92 2 IR B
HNZE TR S AR R g R4
RS T A K B AR Y T JL T 5 4 rh SR 4
I, 24 RIS T8 T Lok AL . Ca® ' 1
e I RE (R S5 H AN D RE D T RS 25 SRR 0,
A 1 52 B SR R A RO AT I X8, Ca T T AE R A
AN kE—E ORE R R, Y4 Ca® Uk AR E
—EFREERT, AL RE 23 KOl 58 Ak A5 H e d v
MR a2 10 pumol/L~10 mmol/L ]
HNES Ca* e BE L Al il 0 M BE £ 1 L 65 19 W1
Y, REFWZ, H XA LB FEE, NME
WAK . FE 10 pmol/L VAR, A5 PR BE A 1M Al
2 78 10 mmol/L A |, Ca®" 5 BRIy e ik it T4
F P EAE LK,
23 HRBRSHEESHXER

T3 85 3 3 T A RV A, X — i R K
T shAS ML & A A B 4L, miLsh & A 40
HH SRS AN ER 2 o | A0 R B
PEWIE AR R 21 3 (5 St 5
WA A8 RN 22 1 Sh 284k, 25 A0 B 2L 0 08
BELEAE P AN M A K B RN R AR VE R, R
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AN, B ek S IR AR I R i 24 R ) A R R
TEAMT N, B NLah & A A ME 2L 3 )
2p 03360 0 A T AL AR T WL - LR 2 1 &R
gt Jvi e WS s S BN E 4 H, Jf
MRS AR R 3P BRIk 4, Ca¥ k4
Wit S E PR A, LK E s shiE M
B, i LshiE B2z B anasizsh, BH
5K B 40 A% 1 A A G T X 3%, A e
TEAE N4 Thg 15~20 umol/L 435 Bl WIE i — 4~ &
B R R X, BIRTE R i B
TH[Ca™ oy HNAN £-JILEHER 1200 7T R i 2
B RS RALIE MNP R IR 1 K
REESIAN, 5 Ca X X e 40 i A= 2 ot
TR AL W A0 M A S EL A 0 R M

3 M XETETFEEREING

FEAER B & FE R A A K it fE AR
5 T 3 R Y A A L ) S 30 A A s 4
WE) Ca™ R, EZBiE, MR iiL. 4k
K2 i B AR Sk e i, SR ESNA B 5
W, HSEFEIEATR, fiMA Cat Ut AN,
SEMIPN Ca¥ THE, MM sh— R FiEE S
B RN MAERRLIK G WA, B
A R DL RO YR ATRE
TS5 553 T8 X A6 8 s A %
A ) 5 R AE A A R S
31 $EEEMPAEFEIE (OSCA)

55 0 3% PEPH 2 ¥ i iE £ 3 ( hyperosm-
olality-gated calcium-permeable channels, OSCAs )
R —FAEAE Y P T 2 AR A6 5 B8 7l 3 2R
F, RERS BB BRI TS Ca” >,
IO R, TE M i A Fit, OSCA2.1 Al
OSCA2.2 YENARIE i U 55 25 T8, RRigk
AEBESHN BEEG . S TRk kL
B KoY E, dHEAMEE RIS, B
KB, Sk T 38, X AIRE W aa 0 67 T4
Bk MO A9 OSCA2.1 Fil OSCA2.2 jliE, X
SO KRB S AL AN Ca™ 55, M
1M 5 ZhAE s i & . 76 HEK293 4iififi 1, OSCA2.1
M OSCA2.2 [AIFEREME I ARB AL T, % Ca®
PRI, FLHE o P 4 B T s 4l 50 La®
BH W7 o X segh Bk — B iESC T OSCA2.1 A
OSCA2.2 1E MR IR AZ 25 R 0% N ARIB I I8 15 i
P Ca” We AR AL, [RIRHIEN T 460 Ca™ iR 24k

B s & A AR (R,
32 IMZEERINEEFHEE (CNGC)

R Fil il ( cyclic nucleotide-
gated channels, CNGCs ) X% , sk 15 [ i 1) 0 5%
PRPH S Tl ™), fefdyh e A nlis i Ca®’
(388, 25 RIR B S5 90k . ek & A
TER A AR B 1 A K DA R A g 0 At A g A £
Joip3E 8 B R CNGCs AT L TE 3 5 i A8 8 7 1 LA
T AR R P A KR B AR R i & 140, g
JFeA 20 4~ CNGC iR Y, BA TR,
A2 WA TEAE R BEER IR, I CNGC7 .,
CNGC8. CNGC16, CNGC18 Zgl44-46. 48491 g
HRE LT , CNGC7 F1 CNGC8 5 CNGC18 JE .5
TRVORIR, Y Ca® P, AT 4ERR LR Y I
# KU CNGC7 Fl CNGCS [T RERR /3 T4,
HLAEAEH B K MAE R A AR rp R SR T . 7
LrE ST, cnge7/enge8 1Y A4S AR 2 B AN
IR, RSl R, TIPS IE
AR T CNGC18 EZAEIE R h ik,
EL I PR ST AR B & . BRI
MEERLEEEEMN, T4 S Ca B5IEEE .,
cngcl8 By & B IEH , (HAENHE Won ™ E i 4
KBk, fEmahEh, TEKRARKD, &k
WZAh, CNGC18 I 7E 5 il A8 A 45 1 S A AN
HEE VT RAE P, CNGC16 78 #n Fl T F 4
PERXER B A CEEH . EREMA T,
CNGCl6 M55, iRl iR,
cngel6 T A6 A i ZE T3 R R A T A8 4 B B
B B e fUE . AR RIS S E K, cngel6 46
M X A S A S B AR, IEB CNGC16 7EFEY 20
b A S s e 3 O T AR L
33 XAIMZHHEE (GLR)

BN HE RS2 K E ( glutamate ceptor-like
channels, GLRs ) Z 5 TR ¥E LM 85 A 1 fE TP Y
WES BAEEEMPY, GLRs 4 —2AHE A
PEE T E T, REA T Ca® AN A
M, MG &N Ca® W78k, GLRs O\
AF 72 AR S RBL R I AR 4 A KRR 2 ke A vh &
FEEEAEHPY, Hob, gIr3.7 e A K
18 T8 A= R, glrl.2 FEM A B AR 0 & AR T
GLR3.7 fl GLR1.2 W IZhfgbt Rt — DL 1
GLRs 7EAERY 855 5 1 CHE/EH . GLR 4%
i (4 DNQX F1 CNQX ) &b Hith S B4
Wy A K B, WE—HHIESE T GLRs fEAER A 4=
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K I VE ] - GLRs 7E R4 Hh ik Z Fp L il 3 [R) B
L, AR ES, MOniFE S S S &
FEHEVE R . D-22% R (D-Ser ) fEN—F LAY
FIEWR , BEA% 1 1 O GLRs 1 38 8 35 20 i 5t Ca™™
W B IXFIHLTIZE LT st & R G h Z R AN =
5 S5 T, Ha s T HERC T AR SE 4l 2L ) 1) —
M IR (5 S 1 SHLHID> 1, CORNICHON &
PR — RS A 11, %1% GLRs AP JE I (ER )
G35 R i 8 o 0 A 1) LA S Ca” i A
Qg MZekifk ) BXEE, A TR+
() Ca* F-#, AtCNIHI1/4 ( cornichon homology )
5 AtGLR3.3 MHEAEH, W75 Ha 8 1% v A 7E Ae
TR AN AL, X 2 AN FIEAYE AR (6]
(R B VR G SR T GLRs 3 38 1935 PO, X fhbL
T2 L F sh ¥ CNIH K% 8 4 GLRs 1%,
2P R TP 55 5 R E 24P . GLRs
FE AN [] YA R AR TR %2 67 6 1, GLRs 76T R4S 15
SHHARHEERELEEN, BAA] LU iR
Ca™ P A, AT L3 ot 40 A 9 A R Ca™ ki)
RN RS S GLRs 2R ML P [F4E
AU Y T E 5 SRR 40, 0o
47 Q0] 308 o 60 155 5 P9 45 i 5 R 738 ) SR 3
B PSSR
34 AMEERER MLO

e il fk [T RALF4/19 ( rapid alkalinization
factors, RALF ) il i M AT i Ca® (55,
SN A A ) A AR 1), AT FE AR ) A B o
hREEZEMEM., P55 THEE MLO ( mildew
resistance locus O ) TEX— it B E R T R
PEATTVEF o FRIK AT LA S AR A0 M 1 [Ca® oy 3G
B, Hi, GAO ZEBTHL T X 4B A o e
ZRTEE Y RALFA/19 J&75 0] LI 28 B Ca™
5% .fifi FH i1 Ubiquitin 10 J5 31 73R 3h 1 K3k Ca®*
e/ (GCaMP6s ) LMY, F5E A G0
£ 24 1] 75 32 5L P it A 500 nmol/L RALF4/19 i},

HEAYE Hh Ca™ SR I , 2 A 5 W JEE (19 RALF4/19
fil R AEAS R [Ca™ oy TG, AR TAEME ALK,
MLO J& RALF 155 JiliH T~ i i) 4% 25 38 38 , 7
YL R A 1) e B D R ¥R O E . B
H 45 ) RALF4/19 /NIKZE A 352 7k ANX1/2-
BUPS1/2( Anxur 1 and 2, Buddha’s paper seal 1 and
2 ) F13LAZ4& LLG2/3 (Lorelei like GPI anchored
protein 2 and 3 ) -, BUPS1/2 Wi 1k I £h U
WA K 2r % M MARIS ( Modified Arrest of
Root Growth by Saline Sensitivity ), MG T
TS B 1@ MLO1/5/9/15 845 46 1y 45 4 B
T PR MLOS . MLO9 Hil MLO15 7EAE#Y 4
X RS 1 RN R O E R, sl S
A5 B I AE CNGC18 % 2 0 ) o R [ 32 i
PAY Ca® HOBh ARk, AT R i AL 10 R 18 2
RO A R TS ) 0 M BE Y Ca™ I, PR A MY
PMAMEY Ca* 5275 o 8 i i AR M 3 PR T B 1) 45
fH S RREME K . XFH Ca® T A 3h
AR A2 AN )3 38 R s AR g IR A O X Fe B TR
Ui BG5S L T AR, TS A T A A% 1)
K TR Sh00 2 560 & FAERE A K Y
1 B3 I REanER 1 R .

4 $EESHIEAEYLE

k8 54 R ZH05 M2EPl, Ead F5hhis
EHLT e BB RO RS I Ca™ AR . A0 P L
Tl ViR 8 A 2 7€ 100~200 nmol/L Z [a] , 1fii f 434
B B 35 10~10 000 pmol/L, 1 i i
T B A Ak Bl R R Sy — i E SRS T i L
Hil, Rk ARk TR ) AR Ca® IR
(BN A\ 100 nmol/L Bt 7+ %2 1000 nmol/L )
B R s 2 F A RS 0, S MEEA
(calmodulin, CaM ), SR EHHEH
( calmodulin-like proteins, CML ), #54{ 4t £ 1174
fiff ( calcium-dependent protein kinase, CDPK ), 2&

x1 S5EMPERTMEHNEERNBSEFREREINRE

Tab. 1 Calcium channels involved in pollen germination and pollen tube growth and functions
FE B 3 Z: 5L K FIAE B B A K B FE ek
Calcium channel Function involved in pollen germination and pollen tube growth Reference
0SCA OSCA2.1 Fl OSCA2.2 REHZ I AIRB AL, A5 Ca™ AN, I SHAERY & (2]
CNGC CNGC7/8/18: TEALHBYAE TR 57 IR DU SR A0 38, A S SR Ca® i, I F AL AT A KR 1) (46, 48]

CNGC16: 7EHM0 AT 2505 X408 B 1A SR AT s 7RI RO T IR 8555, 4eifan i asias
MLO YEREE B TEIEN S Ca® W, 5232 M FER, L5218 LRE JU MU & R HERRAE Y8 1 58 3 1k [17]
GLR GLR1.2/GLR3.7: 454K A T Ca™ SHMBEEE , AL & 00 L K AVEZS [21]
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B HBEIREE B #EH ( calcineurin B-like protein,
CBL ). CBL H.{E#E H #H§ ( CBL-Interacting
protein kinase, CIPKs) Fl CaM i 25 1 3k i

(calcium-and calmodulin- dependent protein kinase,

CCaMK ). Xl 0 157 LA (6 4 i e %5d i Ca™
YR JE B AR 23 AR A RS B A Ko . BEis by
B < UL/ SUY

FREWRE Y Ca® WP AEM B M A K AT A% 0
JEEETIRE, HAEHALEIABLN 2 21—
1o VT S 0 B S B R L R S
I AR TR AR KA TR Ca¥ R (I
CaM., CBL. CDPKs) M4 FIE4E 4 Ca” wifk
B Ca®-CaM EAWIBE, K Ca™ UeJE Il s
AL 22 A NS S48 4. X R OBUE PR
KA G Reg T Ca™ 5 5 IS 23 45 5 P g
i, RSB R4 Y Tk S AR S O g
Ky PS5 S RO BT A AR (QnvR R . RS
RS ) S A 22 SR RS AL B R
S ER A 0 f PRE S E A , DT R v A=
Wy 3 1007 A A SRR (1 Bl ST IRHL 2 A
B LR I 2% A% B2 Tl B, A M Ca™ R AiE
f 7 A R B R T 45 S Tl . Ca® s A
Ca” FE DM RIAZ A 3109, 4545 5 o2 1o {5
B Ca® L IEas AR 2 RSO caM
CML il CBL H&H Ca™ 45445, T CDPKs
WFE A Ca™ G5 A 45 M s A A 45 #38 . CBL
5 CIPK RAFEFHAEAEA, 87— RIIAH
PRI T, DI 0O S e N 8515 5 1Y
PR 2l | FE R PR TS sh A
(), XTI | 5 m PR R s U8 T 40 RN 20 Y
Ca” 7 rf Ca” Y AR 27,

41 $SikTHEBLHE (CDPKs)

CDPKs 1E MY o Y £ B AL RS, 8 ik
HUREER S5, IR A A K SR8, %
L B4 LE K % 7 0 O B8 7 LA o T
CDPKs ZZJi% i 01 RE W84 Il o8 5 45 5 7 Ak o S 2R
BRI EM, JEmE TR, Bl CDPK16
R, BT & B T A A A AR
Wass WLsh 28 AR+ 7 (actin-depolymerizing
factor, ADF7 ) TEMRSME RIS 240681, 4
B Ca® e B MR, CDPK16 %} ADF7 1%
PRI SR AN i E S o E— P WF5E R, CDPK16
5 ADF7 fifF AR, FFid Ca® iy iR

B IR ADF7 Xt ILSh 2 1 9 A 3 5 DI 1
MfE BEAE RS 1 AR K U0, MYERS 2577V % B 7E
PRI, SEPA T L, cdpkl7/cdpk34 2878 1Ak
(R AE R 45 A K T B B 2 AR LK 2 B B 4 R
A 3 AR T8 B AZ A EH . CDPK32 i Rk A
PRIGAER B A K e Ak, SFEUEM AN,
g KUS, Ak, BT E I CDPKI Ay
FRirh S FEAE RPN ™ E A, XSRS
J AR i A T Ca® W B T U g,
ZHUO %O 7 101 5 JF i CDPK32 1 b 45 4% &
%, TTREXTAEH B AR uR AN Ca™ /KA 2
MR . A T SR Fh el fEvE, 7EEFAER (wild
type, WT) fEM 4 Fl it & i5 CDPK32-GFP 4k
WA R AT Ca¥ g, SRR, 5 WT 8
BRI IE R Ca” BEEEAA L, CDPK32 i ik
HIRR A AL RS RO T Ca® BRI, FREE(f
AN KA AR i, X F W CDPK32 Af
REZ SR Ca” TR A,

42 5% (CaM )

CaM 2B /EY P BB Ca® 44
F, 2—FEERAEN Ca® %, Eidss
AR Z R AR 1 (3% Rl B 4S5 50, caM
HEEAMEEE, 45 ca 44 R E M
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Tab. 2 Calcium sensors involved in pollen germination and pollen tube growth and functions
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