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W K5 IHBERCRE B &5 (calcineurin B-like protein, CBL) H.{FZE ¥4 (CBL-interacting protein kinase,
CIPK) BN AS (55, EHEYEKRE . URAESAGE T REEEEH. A RAFH RACE HARHIK
IS 245 2k R A b sEBE 1 4 A4S CIPK 25 R cDNA 4= K, DoCIPK 1. DoCIPK2, DoCIPK3 #1 DoCIPK4 (GenBank
S KT957557. KT957558. KT957559 Al KT957560), it 14 & 473, 449, 451, 440 NEIHER, T
JREAK YR N 53.50. 50.93. 51.50. 50.16 kDa, Z5H /4 7.99. 9.25. 8.81. 9.11;, 5L FEM CIPKs A — & lkfE
70%~90%. 69%~80%. 78%~93%. 66%~82%  [f]; % 1 AN H MRS EHIR (5T 5 21~275,
14~268. 16~271. 12~266 fi & ILTR). 11 CIPK KEFA I NAF/FISL 4584938 (335~391, 313~370. 310~
369.305~362) ML IhREHIC; 4 NE AW TEAE 5 IR kEs B, T 32 B0 A 70 BRI L P4 5% 9 452 S0 40 B KT, 5
FFTT AtCIPK24 =445 #1251, DoCIPK1. DoCIPK3 43 338 T H R 3+ MK FE CIPKs 4 FHHb I E. A 2
#£, DoCIPK2 1 DoCIPK4 J& T C 25%f; DoCIPKL £:[KI7E A it fl X AN RIA R LR EZ R, MPREEN
HHH 0.35 fi%; DoCIPK3 % s A E ZE A i i) 3= B 23 9 it 3.36 %Al 3.47 £i%; DoCIPK2 5 DoCIPK4 (13
IEREAAREBL, S H A RZER A RIEE LR EES, WP RIEES M) 2.08 551 7.86 £ . DoCIPK1.
DoCIPK2. DoCIPK3 #l1 DoCIPK4 % [K i [ . A= WME BARHIE K B TE R 09 T — A2 0t 9 25 R FE 8k e fip A 23 7 rp
157 ThRE 2 e Bl

KHEIR: B AR W, €8 PCR, H555,; 4
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Abstract: The calcineurin B-like protein (CBL) — interacting protein kinase (CIPK) plays a vital role in the
growth, development, and stresses adaptation in plants by interaction with the calcium signaling.  In this study,
four full length cDNAs of CIPKs genes, namely DoCIPK1, DoCIPK2, DoCIPK3 and DoCIPK4 (GenBank
accession No. KT957557, KT957558, KT957559 and KT957560, respectively) were cloned from the rear and
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medicinal plant, Dendrobium officinale, by rapid amplification of cDNA ends (RACE) for the first time. The
corresponding encoded proteins, consisting of 473, 449, 451 and 440 amino acids (aa), respectively, with a
molecular weight of 53.50, 50.93, 51.50 and 50.16 kDa, and an isoelectric point (pl) of 7.99, 9.25, 8.81 and
9.11, respectively, shared 70%—90%, 69%—80%, 78%—93%, and 66%—82% identities CIPKs with various plants.
Each deduced protein contained a conserved protein kinase domain (respectively at 21-275, 14—268, 16-271
and 12—-266 aa position), a CIPK family characteristic NAF/FISL domain (respectively at 335—391, 313-370,
310-369 and 305—362 aa position) and some functional motifs. The four DoCIPK proteins, without signal pep-
tide or transmembrane region, were located in the plasma membrane and endoplasmic reticulum at the
subcellular level. The three dimensional structure of the proteins were similar to that of Arabidopsis AtCIPK24.
DoCIPK1 and DoCIPK3 were respectively clustered in the group E and A of the Arabidopsis and rice CIPK
evolutionary tree, while DoCIPK2 and DoCIPK4 belonged to group C. The relative expression of DoCIPK1
showed no significant difference in the leaves and stems, and its transcripts in the roots was 0.35 fold over that
in the leaves. The abundance of DoCIPKS3 transcripts in the stems and the roots were 3.36 fold and 3.47 fold
higher, respectively, than those in the leaves. DoCIPK2 exhibited similar expression pattern to DoCIPKA4.
Their relative expression in the leaves and the stems had no apparent difference, and the transcript levels were
higher in the roots than that in the leaves, with 2.08 fold and 7.86 fold, respectively. Cloning, bioinformatics
analyses, and expression patterns of the four DoCIPK genes provide a basis for functional elucidation of these

genes further during the physiological responsesin D. officinale.
Key words: Dendrobium officinale; kinase; quantitative PCR; calcium signal; domain
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W RREE B 2511 (calcineurin B-like protein, CBL).
Y IO ] S R R T 4 S R N, R
B A5 BT W RE N A, T R A A
CBL HAFEE A #EF (CBL-interacting protein kinases,
CIPKs) 44 CBL & A, KNS S, LA
Ji% Ca®* /i 5 1) CBL-CIPK M2 /4%, S ha 4 Bt 4%
TR A B B4, CIPK's 2 1 1 — A N-K 3
B 45 R IR — A C- A i A M %, EE A& —4
{157 NAF/FISL 35, 37 540% Ca ) CBL H.
&, $E S CIPKS, Bhah, C-AR iR AT — A & [
PR 2C 45 & g5 e,

) CIPK's 2 HUK B LK 5K ik - #1E H 7T, CIPK's
WA O %5 26 AN AFg a4, E
K 43 AN Bkt 27 AT s 23 AP AR E 27 AN
KEFFEIUESL, CIPKS fE ST it R i ia 5%
W, RS S A Ma R Y8 % A i
i EEEEEA . AtCIPK23 5 AtCBL1/CBLY
e B A4k, @i KTliE AtAKTL 4 2401
K*RasM, il SICIPK24 F1EFKZ HbCIPK2 thh
FAMERE K EA7 0 1E 2, AtCIPK24 (AtSOS2)
5 AtCBL4 (AtSOS3) ) H AFE G i Na'/H™ jx q

2k AINHX7 (SOSL) FIiifl H'-ATPase, kMY
SRR 2R PEDY S, GhCIPK6 42 i A 76 % i v& 1R
(abscisic acid, ABA). AT R Epate,
AtCIPK 26 7 fh-1- 85 & (1) ABA 15 581 5 2C 2K
HEReEE ABI1. ABI2. ABI5 AHHAF H ik B AR
I, AtCIPK6 figizid: K &k miR R & & A
i £k e e BBt ftdE s, Fi CBL10-CIPK6
REfE I 515 5 . IEEEUE S S, A SR
993 1 1) G2 S 29, T AL, CBL-CIPKs W28 fE R4 AE
KEE. prdiiha s 2 EZER.

2k 1 41 fit Dendrobium officinale Kimura et Migo
RV fHE B NI 4 SR, 25 TR A B
BT RZE, A E AR A TRz, B
H oo 5 25 oh 200, B A 3 3 A 1 i 2
FEMY IS BRI 2 L 22 05 DL R A= e 5 8 BE0E M 1y
AR 25 A i B R AUk r 2 —, HA Ik
SRR PUMB R TIRL, WO IE . B E SR
e R, B O . 2
57 TH AR — 5 RORIE T kR P02, (R L IR Th RE I
FUARRTBE =, BRI T % s B Y5 1 o] R 2L T R 5 R
Fil. R, AURBZALFIH SSH & 4 B MR B 12 ik
7 A st i 25 S A FE NP, 4y B A 3K RE 4y i oA
557. 530. 450. 555 bp [1] 4 % % 7 31K, BLASTX 47
FrinH 52 MY CIPKs EA®E 8, #Enz
HiREg kAR KRB MEREEEN .. AHF5
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AR 0 e 25 DB B A i i &, R RACE
FiAR e B3 44~ CIPKs i [K 4= K cDNA (DoCIPK1.
DoCIPK2. DoCIPK3 il DoCIPK4 %:[) #4744
GR%E. R AR IEE AR, BIE
JNRNE T A 53 716 F SR B filh

MR 5%

M BPARE R A AR T 2015 4 7 AR
Bl gN, BOAR . 25, M8, WA
)G B-80 CH-1E % .

%PEAZER (RNA) H2BUAN B 4D B S 4% $E AR BR
(cDNA) &R 1% EASYspin Plus f%) RNA HiiE
PRGNS (bRt Z AR e AE U SR A2 AL & A
M RNA; M NanoDrop™ 2000 43566 (Thermo
Fisher, USA) Jll5E & RNA Ji B A4l fE, 1.2% B g bl
I LUK %5 78 . RNA [ 58 84 {8 M-MLV Reverse
Transcriptase kit (Promega, USA) #5541 cDNA
55—k, 20 CIRAEE -

cDNA Rim{RIEH 1 (rapid amplification of
cDNA ends, RACE) 52F& L) 4% EST A#itk, it
4 RS (£ 1), %I SMART™ RACE cDNA
Amplification Kit (Clotech, Japan) B+ 4 5l ik 47
5/3-RACE.

37 P 4 JE R 573-RACE-R/F 519 571 &
fit UPM SIM2 &, #E4T %5 5/3-RACE 16 . X

MAKZ A 2.5 ub 10x Advantage® 2 PCR buffer, 0.5
pl 10 mmol-L™* dNTPs, 0.5 puL 10 pmol-L™* 5/3-
RACE-R/F, 0.5 pL 10 pmol-L™* UPM, 1.0 pL 5/3-
RACE ready cDNA, 0.5 uL 5 U-uL* 50x Advatange®
2 Polymerase Mix, %k ddH,O % 25 ulL. PCR &% A:
94°C 3min; 94°C 305, 70°C 30's, 72°C 2 min, 5 M
¥F;94°C 30s,68°C 30, 72°C 2 min 24 MEH; 72°C
10 min, 4 CRIE. PCR ¥4 1.8% L IR B % B vk
Sy, EIWCE bR ORE, BEALIEEL 3 /> H 4 TR,
MM ABI 3130xl 4% 73X (Applied Biosystems,
USA) 8L 537

EFSKIKREFWIUE FIAH CAP3 ¥ 5. 3
cDNA ¥ 50 5 Pf )5, #47 BLASTX Hl
ORF Finder 43 #7, il 4 XFE5FF i 2 4E (open
reading frame, ORF) 5% (% 1), 7 Wit 4 2K
B ) RT-PCR Bk, AR &R A: 2.0 ub 10x Ex
Taq™ buffer, 0.4 pL 10 mmol-L™* dNTPs, 10 umol-L*
ORF-F/R % 0.4 uL, 1.0 uL ¢cDNA, 0.2 pL 5U-uL* Ex
Taq™ Polymerase, # ddH,O Z 20 pL. PCR f&)%:
94°C 3 min; 94°C 30's,58°C 30's, 72°C 2 min, 32 4
PEIR; 72 CHEMH 10 min; 4 C{RiR. PCR RN =4
1.2% B e Hk 5t Jle rL KRN, RIS v B I adE
A7 53 #r

F5)45 4 ] BLAST (http://www.ncbi.nim.nih.
gov/blast.cgi) - CAP3 (http://phil. univ-lyonl.fr/cap3.php)

Tablel RACE, RT-PCR and gPCR primer sequences of the four calcineurin B-like protein-interacting protein kinase (CIPK) genes in

D. officinale
Gene symbol Primer sequences (5'-3") Amplicon size/bp

DoCIPK1 1-5'-RACE-R: GTCCGTCCTGCCGCATCTGTTCG 541
1-3-RACE-F: CGGTTTCCGAACAGATGCGGCAGG 1086
1-ORF-F: ATGGCGTCGGAGCCG 1422
1-ORF-R: TTACTCTCTTTCAGAGTCATATTCAGAT
1-gPCR-F: GGTGAGTCCGTCGCCATTAAGG 396
1-gPCR-R: TCCGTCCTGCCGCATCTGTT

DoCIPK2 2-5’RACE-R: AGCTGGAGTCCCACAAGTAGTATGGAGTAAG 840
2-3-RACE-F: CTACTTGTGGGACTCCAGCTTATGTCGC 1061
2-ORF-F: TCTGTCTAAGTCCAATAGGGCT 1636
2-ORF-R: CCAAAGTCACAATTTTTAGCTC
2-gPCR-F: TCCTCTAAGCCAGCTTCCACCA 280
2-gPCR-R: CACCTTGCCATGCCCACACAA

DoCIPK3 3-5-RACE-R: GCGTGCCTCATCTTCTCTCATTCTTCCAT 681
3-3-RACE-F: GCATCCAAATGTTGTTCGCCTCCACG 1461
3-ORF-F: ATGCACAAGATGAGCACACCA 1356
3-ORF -R: CTAGTACTGCATCCTCTGATCTGAAA
3-gPCR-F: GTGGGAGGAGGAGGAGAAAGCA 390
3-gPCR-R: CGTGGAGGCGAACAACATTTGG

DoCIPK4 4-5-RACE-R: ATCCTTCTCAAGCCTGCCCTTAGCAATC 824
4-3'-RACE-F: TGTGGAACTCCAGCTTATGTTGCTCCTGAG 994
4-ORF-F: ATGGTGAATAAAGGGTGTTTATTG 1323
4-ORF-R: TCAAATCTGCAGCTGCTGTAAATA
4-gPCR-F: GCTAAGGGCAGGCTTGAGAAGG 134

4-gPCR-R: CCAGCTTCATCCAGGAGGAGGT
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ORF Finder (http://www.ncbi.nlh.nih.gov/gorf/gorf.html)
SEAE LR T 2T CIPKs cDNA 751

% I ExPASy Proteomics Server 7t £k # 1
Protparam (http://www.expasy.ch/tool /protparam.html)
BEAT 4 A CIPKs 2 A 4 5 2 1 I B AL 5T 23 B £
I SOPMA (http://npsa-phil.ibcp.fr/cgi-bin/secpred_
sopma.pl) TR & F B — 22544, R InterProScan
(http://www.ebi.ac.uk/cgi-bin/iprscan/) 1 PROSITE
SCAN (http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?
page=/NPSA/npsa_proscan.html) i il & (4 {4 57 45 ¥
AT, R SWISS-MODEL (http://swissmodel.
expasy.org/) #£47 DoCIPKs 25 [ it = 4E B3 45
SignalP 4.1 (http://www.cbs.dtu.dk/services/Signal P/)
BEAT 4y Wb LT, f5 B PSORT (http:/psort.ims.u-
tokyo.acjp/form.html) 14T 25 13740 i s A Tl 1
TMHMM 2.0 (http://www.cbs.dtu.dk/services TMHMM/)
TRIEE A #5 X ; F DNASTAR 7.0 il MEGA 6.0 X
53 AT S LR 41 EE S R AR 23

SLEfE= PCR (real time quantitative PCR,
gqPCR) %71 ##lbL 2 pg M. 2. HFEHE RNA
REEF ALK cDNA, LI EFla M ZIEHPY RH
gPCR #5ill 4 /> CIPKs % [A 4 23RBS, & HE K
L 1. N ABI PRISM 7500 SZHT %% & &
PCR 1% (Applied Biosystems, USA) #47 gPCR. % i
K ZH: 125 ub 2xSYBR® Premix Ex Taq™ Master
Mix, qPCR-F/R % 0.5 uL (10 umol-L ™) , 0.5 uL Dye,
2 uL cDNA ##%, 9 uL ddH,0. PCRFEFN: 95 C
30s, 95°C 55 60°C 1 min, 40 NMEFF, [FI 245
fRAZE . A RBIES 3 K, BLHEA DR 1% I
(NTC), ASLIGE S 3 K. iR#fE ABI PRISM 7500 SDS
At (Applied Biosystems, USA) 4:piff) CT (Cycle
threshold) {&, 27T #5 JE H M o R ik BP9

R
1 DoCIPKs &R 5 &2 KIIE

FJH 1-5-RACE-R. 2-5-RACE-R. 3-5-RACE-R.
4-5-RACE-R 5 UPM #11k 4 *f51%41 4, 5-RACE
ready cDNA A4, 5-RACE 45 & 7 b 5 I 5 43 53l 3%
5 541, 840. 680 F11 824 bp ] cDNA F 4. [AkT, F
] 1-3-RACE-R. 2-3-RACE-R. 3-3-RACE-R. 4-3-
RACE-R 5 UPM 4 1k 4 Xt 5144, 3-RACE ready
cDNA A4, 3-RACE 4373k #3 1086, 1061, 1461
F1 994 bp 1) cDNA J7%1. #4 5. 3 Kiii cDNAS JF4,

A5 E EST i3S 4 4 cDNAs, K451
1597, 1881. 2006. 1954 bp, fir4 >N DoCIPK1.
DoCIPK2. DoCIPK3 il DoCIPK4, #£%¢ GenBank 3k
BVEM S A KT957557. KT957558. KT957559 il
KT957560., ORF Finder 43-#/7 {7~ DoCIPK1.DoCIPK2.
DoCIPK3 #11 DoCIPK4 £ [X ORF 43 524 1422.1350.
1356, 1323 bp, 5-UTR 434K 15. 306. 330. 497 bp,
3-UTR 75l 160, 225. 320. 134 bp, &H HEZAEY
mRNA Fui polyA FEE; Kk DoCIPK3 4, HAth 3 4>
S DR G 3 0 T R 7 1075 A KOZAK J e,

f# Fl 1-ORF-F/R. 2-ORF-F/R. 3-ORF-F/R. 4-
ORF-F/R #T RT-PCR ¥ ¥4 36 iF 5 Kl 4= K, SR1F K
435y 1422, 1636, 1356, 1323 bp (8 —447 (&
1), ke WF o Sos HSH 4 5T % ORF,
VLA TN 3R 4 4 CIPKs 3£ [X 4: K cDNAs.

1 M 2 M 3 M M 4

Figure 1 The agarose gel electrophoresis of RT-PCR verifica-
tion of the four full length CIPK genes. No. 1 to 4: The four
DoCIPK1-4 respectively; M: DL 2000 standard molecular marker

2 DoClIPKs £ EmIBERIFSIS

FIF AP B850 5%+ DoCIPK1. DoCIPK2,
DoCIPK3 il DoCIPK4 & [K3E 47 R P8 1« FRALERME
73 2% AINE B NI 1 DR VA b R A
RN 2.
2.1 DoCIPKs £FMmIEEHRIREM. BUSFESH
BLASTP /3 #iE7~ DoCIPK1. DoCIPK2. DoCIPK3
M DoCIPK4 £ %4 015 GenBank CLiFMHEY)
CIPKs & A @ B RNE, — Stk 40 4E 70%~90%.
69%~80%. 78%~93%. 66%~82% 2 [i], 5/N415
1 4 = Phalaenopsis equestris XP_020574335 .
XP_020585983. XP_020585435. XP_020588196 f{]—
k5> N 90%. 80%. 93%. 82%. Protparam 43 Hr
3515 DoCIPK1. DoCIPK2. DoCIPK3 il DoCIPK4 %
e A T2, ZIEBREH 25 473, 449,
451, 440 4>, Jr TRkl 53,50, 50.93. 51.50.
50.16 kDa, & HL x40 A8 7.99. 9.25, 8.81. 9.11.
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Table2 Bioinformatics analyses of the four deduced DoCIPKs proteinsin D. officinale. CpT: Chloroplast thylakoid; ER: Endoplasmic
reticulum; Glycos: Glycosylation; MB: Microbody; MW: Molecular weight; Myr: Myristoylation; PK: Protein kinase; PM: Plasma

membrane; PS: Phosphorylation site

DoCIPK1 DoCIPK2 DoCIPK3 DoCIPK4
Physiochemical  Formula Ca396H3790N656 0700516 Ca300H3650N6140657S16  C2316H3668N 6320670513 C2267H3601N5090638S22
property Amino acid 473 449 451 440
MW (KD) 53.50 50.93 51.50 50.16
pl 7.99 9.25 8.81 9.11
Secondary a helix 34.04% 37.19% 41.69% 39.32%
structure Random coil 34.25% 27.62% 27.05% 24.77%
Extended strand 18.60% 23.39% 17.07% 22.73%
B turn 13.11% 11.80% 14.19% 13.18%
Domain PK domain 21-275 14-268 16-271 12-266
NAF/FISL domain 333-357 310-334 308-332 302-326
Motif N-glycos site 461-464 296-299 296-299
PK CPS 119-121, 193-195, 325-327,  163-165, 346-348, 6-8, 10-12, 67-69, 161-163, 252-254, 301-303,
388-390, 470472 365-367 344-346, 441-443 355-357, 373-375, 427-429
Caseinkinase Il PS  265-268, 293-296, 308-311, = 122-125, 301-304, 21-24, 97-100, 120-123, 293-296, 314-317,
318-321, 323-326, 376379, 325-328, 410413 286-289, 354-357, 347-450, 402—-485
464-467, 466-469, 470-473 425-428, 433-436
Amidation site 185-188 381-384 183-186, 375-378
Tyrosine kinase PS 430-437, 429-437 112-119
N-Myr site 175-180, 400-405 168-173, 331-36 171-176 166-171
PKs ATP-binding 27-50, 27-59 20-43 22-45 18-41
signature
Ser/Thr PKs active- 139-151 132-144 135-147 130-142
site signature
cAMP- and cGMP- 338-341, 420-423 331-334
dependent PK PS
Localization Nucleus 70.0%
PM 60.0% 70.0% 70.0% 44.0%
ER (membrane) 30.0% 20.2% 20.0% 85.0%
MB (peroxisome) 20.0% 11.5% 47.4%
CpT membrane 30.4% 13.7% 16.2%
Golgi body 40.0%

22 DoCIPKs EFmIBERMN RN, &l
METTMSH  SOPMA 43 #7 &7~ DoCIPK1.
DoCIPK2. DoCIPK3 #1 DoCIPK4 & [X] 4 i &5 4 J5i 1
TG a-12)iE (alphahelix) FIIE{H5E (extended
strand) /7 FELHH], KON BT E (betaturn), JoEE
% (random coil) #EH .

InterProScan 43 #7 & 7~, DoCIPK1. DoCIPK2.
DoCIPK3 i1 DoCIPK4 & [A 4 fith 25 11 % & 1 AN H
il PR 57 45 M9 4 (IPRO00719; 43 %l N &5 21~275.
14~268. 16~271. 12~266 i & ) 1 14 CIPK
FIEFEA 1 NAFIFISL £5#43%  (1PR018451; 335~391.,
313~370. 310~369. 305~362), & ki CIPKs
B A S SRR . PROSITE Scan 731, 4
AN CIPKs S E S A A ANER R HIT (motif) , 3
BEAME CBRRILALS . BRI 1| BRI
R 25 R 175 2 IR H M TE YR T L B DB ATP

SEA I P A N-G RERRL AL T 5 R T; S 4R T
AN—%, DoCIPK4 A% N-#E 4k A7 5, DoCIPK 1 JG
LA 5, DOCIPK 2. DoCIPK4 N5 i a2 I 1l i s iR
1B A457 55, DOCIPK 1. DoCIPK2 5 cAMP/CGM P 4 i 1]
B P R A 7 R

2.3 DoCIPKs £EmIEBERESK. BEFMEMM
44T SignalP 4.1 F1 TMHMM 2341 4 NMEEBITE
=5 KBRS I 454 . PSORT il &2 7% DoCIPK 1 & fi7
TR P (). SRR BER R R FE A
DoCIPK2. 37EJmfE . WM (). gk, m2rik i
BRI — € 01, P10, DoCIPK4 By 1 73 A £
JRIE N (B5E) AR, 3 DU B e A T4l i
LR

24 DoCIPKs EFmBEANZLEER ST LA
F47% AtCIPK24 (PDB No.: 4czt.1) B % A2, F|
Fil SWISS-MODEL #47 4 /> CIPKs £ [ = 4 45 #) &
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B, & 2 455 Ex, DoCIPK1, DoCIPK2. DoCIPK3
Al DoCIPK4 5l F§ 7+ AtCIPK24 & [ — 870 5l
52.78%. 57.48%. 66.59%. 53.49%, 7% |i) 4k K21 .
25 DoCIPKs &R ZFIIMSFikath cH
DNAStar 7.0 #1f] MegAlign #2 /¥ %} DoCIPK1~4 & [
AT Z P AT AT, B 345K M, 4 4> DoCIPKs
HAHRA @M, N IR 75 R R &,

Figure 2 Three-dimensional structure of the four deduced
DoCIPKs proteins using SWISS-MODEL

396

368 M

C Uity Z 5 R 2H A AR BOR 22 575 N ity B 11 G 45 ) 35
WAL 7 DFG 28 J: R 7R 5 T 4 B APE 28 J: 1R 7k 5k 45
W 30 N EERRAL B HA (activation loop),
AR L EIR . AR BRI EAN A C i
55 CIPKs & FIREA 1 NAF/FISL 25435k

H—2H MEGA 6.0 {445 (Neighbour-
joining) #J# DoCIPK1. DoCIPK2. DoCIPK3 A
DoCIPK4 Ll 7 Fl/KAE CIPK & S5 i 5t 1) &
Gut e S5 A (B14) R, Frik CIPKSE A,
B. C. D. E fi K%, DoCIPK1. DoCIPK3 %34l J&
T E Al A 258, DoCIPK2 fll DoCIPK A4 [A] )& T C 2K #f .
3 DoCIPKs EERIAFF S

I3 MR BV R A R . 250 ) RNA, Al gPCR
FEARKGM 4 AN ERHAREBA . B 5 450K,
4 > DoCIPKs % K728k B2 4 it 3 Fhds B rh B 8 4k
MEE, BREEAXSHR A U R IERAR,
DoCIPK1 JE[R7E 25 i A 0 Rk s R KA 4k, fRH
FRAE X B B UK, M T 0.35 £i%; DoCIPK2 7£
ERI R AN RIE R LR EER, RPREERN
H-H1 ) 2.08 ff; DoCIPK3 %% St 4 4= i 78 ZX AR p
Ab TR =K, B RE TR, al At 3.36 Al
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Figure3 Multiple sequence alignments of four DoCIPKs proteins.  The shaded indicate identical residues; the boxed are the activation
loop and FISL motif, respectively; three highly conserved residues (Ser, Tyr and Thr) are marked with an asterisk in the activation loop
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Figure5 Organ-specific expression patterns of the four DoCIPKs genes using qPCR analyses
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