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Rk, #—FRRAR R SATEF M 14 A GmCIPK #ATR A Z T PCR 247, A R A A X L E A K E CIPK AR A&
RARAAEEESN S HE FL 5 EMA0% ABA ACC SA MeJA #E 0055 R&k, RAFGRRLSFEY AL EKEE
S IR K ERR CIPK & GQ#EES ek e ZAE X R34 T TN 47, L3 17 % FE R CIPK 5 E e & (G ds Ak
B HFAFE)VAELELE, AFAAERNKL CIPK ARG H AR SFRNELL T Lo,
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Expression Character of Vegetable Soybean CIPKs
in Response to Abiotic Stresses and Hormones

FENG Zhi-juan, XU Sheng-chun, LIU Na,ZHANG Gu-wen,HU Qi-zan, GONG Ya-ming
(Institute of Vegetables , Zhejiang Academy of Agriculiure ,Hangzhou 310021 )

Abstract ; Calcineurin B-like-interacting protein kinase ( CIPKs)was one kind of serine/threonine kinases, pla-
ying crucial roles in abiotic stresses and hormones signal transduction pathways. Based on soybean genome data-
base,a total of 52 CIPK genes were identified from soybean. Multiple alignments showed that all soybean CIPK pro-
teins had the conserved regions which were composed of an N-terminal kinase domain,a junction region and a C-ter-
minal regulatory domain. Phylogenetic analysis of CIPKs from soybean,Arabidopsis and rice revealed that all CIPKs
were classified into four subfamilies and each subfamily was composed of homologous CIPKs from these three spe-
cies. The classification of CIPKs from soybean was consistent with Arabidopsis and rice ,which implied that the dif-
ferentiation of CIPK genes occurred before the evolution of plant species. Promoter sequences analysis suggested that
most GmCIPKs had stress and hormone related cis-acting elements in their promoter regions. Tissues expression anal-
ysis revealed that each GmCIPK had different expression pattern in different tissues. Furthermore ,14 GmCIPKs with
relatively higher transcript level in different tissues were selected to investigate their transcriptional response to vari-
ous stimuli by real-time PCR. The results showed the comprehensive responses of the tested GmCIPKs to heat,
drought, salt stressors and ABA,ACC,SA,MeJA signaling. By BLASTP analysis, 17 orthologous GmCIPKs involved
in CIPK interaction networks were identified between Arabidopsis and soybean based on the online database of pro-

tein interaction. These candidate CIPK-interacting proteins included kinase , phosphatase and transeription factor and
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50 on. The findings of this study will provide a foundation for the functional characterization of the GmCIPK genes in

vegetable soybean.
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FIEFT 2 17 1) FL X, HeX 45 58RI F MEGAG. 0 (14948
ferk it CIPK & ) R GEHE LA, bootstrap fH
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MR T3 TR 21 200808 I v e I CIPK 25 PR B
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SA 100 pmol/L MeJA 12 i1 4b 34 K% 5 i 35 57 46
42 Ciaift Ab 21, AL FEAF A1 348 0.5 h 1.5 h.6 h,
12 h, SRR [F] Ao [i] B A Ak BP9 5 1 A %o R4
3 B AT P A A 2T A P R BT - 80 °C
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IR AR AT 14U RNA $2HL, A FH R AR Y
FastQuantcDNA 27 1 55 & o J 7 s 0 & i 17
cDNA &1, ¥ —4k Ja 1 R S22 i PCR it
FHl KAPA SYBR® Fast qPCR i 7] & #F 17 %6 06 5 &
PCR, A GmActinl1 YE RN SHF | BN AK FR
20 pL, LR E PCR B FE T M. 56 1
A1 AMEFR,95 C FAEYE 10 min; 5 2 4,40 M1

£1 KXE CIPK EAHEBHNEERSMHE
Table 1 Identification and feature of CIPKSs in soybean
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ff FHEE A ELXT blastp B2F7, #8115 K& CIPK &
JEIR PR 4R 5T CIPK 25 1N, iF— 5 ) HI 400 R
FFHE H HAEBHE F Arabidopsis Interactions Viewer,
o3 Hr CIPK 2 e 5 oAl 2 B AR 00, 4521
K STRING %A% (hitp ; //string-db. org/ ) VE"
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2.1 XECIPK EEHEBNEERALTE

FER A 2 Hh 48 R4k 1% 52 4> CIPK
fif L [N, 28 Fe ot 55 B R EE A9 K 5 CIPK 36 PR 780 )
Fea o —8, B AR T T R, K
G4 528 MR FERR TR I, B0 P AT 306 42 I
PR B o A e BN 6. 11 31 9. 31, 43 Tyl
il 35. 14 kD 3 59.71 kD(F 1), {#SF45 5L
XA AT @, A CIPK 2 i 35 5 A S 8 (1 3%
il DX (AKX ) (22 DX (1 AR DX ) R 4 X (2845
WRX) (K1), W48 A7 538 s, A CIPK
R OB 28 5 T 4 R 5 B R AL o5 20 BT S/,
A CIPK FE W & A 28R 0 2R | 2R A7
MR X IR T REFE 4EHF GmCIPK A 1Y
23 (A G548 SN — R A (A5 5 A deb HP S B

PRATEE R
SEH 44 By Conserved domain location {3 SFHLAR Sy TR(KD)  WARMEN  BRRAALA R
Gene Gene 1D T IX P IX Amino Isoelectronic Molecular Subcellular Numbers of
name number Kinase Regulation acid point mass localization phosphorylation sites
domain domain

GmCIPK] Glyma. 01G131500 12 ~266 310 ~368 467 8. 69 52.85 Cytoplasm Ser:11 Thr:3 Tyr:4
GmCIPK2 Glyma. 02G202900 21 ~275 299 ~356 430 9.10 48.36 Cytoplasm Ser:11 Thr:2 Tyr:2
GmCIPK3 Glyma. 02G217300 9 ~262 305 ~364 444 6.11 50. 45 Cytoplasm Ser:14 Thr:4 Tyr.7
GmCIPK4 Glyma. 02G234800 15 ~269 316 ~374 463 8.85 52.87 Cytoplasm Ser:11 Thr:4 Tyr:3
GmCIPK5 Glyma. 02G235100 21 ~276 306 ~362 442 7.12 49.25 Cytoplasm Ser:9 Thr:5 Tyr:2
GmCIPK6 Glyma. 02G275900 13 ~268 308 ~367 472 8. 06 53.77 Cytoplasm Ser:6 Thr:5 Tyr:3
GmCIPK7 Glyma. 03G036900 32 ~177 256 ~314 413 8.63 46. 46 Cytoplasm Ser:11 Thr:4 Tyr:3
GmCIPKS Glyma. 03G260200 16 ~268 307 ~367 440 8.45 49.93 Cytoplasm Ser:10 Thr:3 Tyr:4
GmCIPK9 Glyma. 04G061500 1 ~253 284 ~342 434 8.96 48.78 Cytoplasm Ser:14 Thr:2 Tyr:4
GmCIPKIO  Glyma. 04G090500 9 ~262 305 ~364 446 6. 65 50. 80 Cytoplasm Ser:14 Thr:1 Tyr.7
GmCIPKI1  Glyma. 05G158700 19 ~273 325 ~381 517 7.23 58.42 Cytoplasm Ser:23 Thr:1 Tyr:2
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PRAFEE A B
ESpA W 5 Conserved domain location  Z{E R SEHL AR i (kD) RANMEN:  BERRALALREH
Gene Gene ID TG IX WX Amino Isoelectronic Molecular Subcellular Numbers of
name number Kinase Regulation acid point mass localization ~ phosphorylation sites
domain domain

GmCIPKI2  Glyma. 06G062100 11 ~265 301 ~359 453 8.51 50. 60 Cytoplasm Ser:14 Thr:2 Tyr.4
GmCIPKI3  Glyma. 06G092300 9 ~262 305 ~364 446 7.16 50. 81 Cytoplasm Ser:15 Thr:1 Tyr:7
GmCIPKI4  Glyma. 07G023500 19 ~273 315 ~371 441 9.07 50. 46 Cytoplasm Ser:11 Thr:6 Tyr:5
GmCIPKI5  Glyma. 07G051000 15 ~268 307 ~368 438 8. 89 49.91 Cytoplasm Ser:11 Thr:4 Tyr.4
GmCIPKI6  Glyma. 08G116500 19 ~273 333 ~390 528 7.24 59.71 Cytoplasm Ser:19 Thr:1 Tyr:4
GmCIPKI7  Glyma. 08G218400 19 ~273 301 ~357 430 9.25 48.77 Cytoplasm Ser:13 Thr.5 Tyr:4
GmCIPKI8  Glyma. 08252100 18 ~ 144 188 ~246 467 9.00 53.63 Cytoplasm Ser:17 Thr:2 Tyr:5
GmCIPK19  Glyma. 09G079400 19 ~275 314 ~374 448 6.26 50. 53 Cytoplasm Ser:27 Thr:10 Tyr:4
GmCIPK20  Glyma. 09G089700 22 ~271 323 ~384 462 8.94 51.70 Cytoplasm Ser:11 Thr:4 Tyr:1
GmCIPK21  Glyma. 09G098000 23 ~277 307 ~366 440 9.28 49. 65 Cytoplasm Ser:11 Thr:3 Tyr:2
GmCIPK22  Glyma. 09G276600 26 ~282 310 ~369 438 6.15 48.82 Cytoplasm Ser:10 Thr:5 Tyr:2
GmCIPK23  Glyma. 09G277000 12 ~266 311 ~369 460 8.52 52.36 Cytoplasm Ser:8Thr:1 Tyr:3
GmCIPK24  Glyma. 10G001700 12 ~266 311 ~369 431 8.90 48. 12 Cytoplasm Ser:13 Thr:4 Tyr;3
GmCIPK25  Glyma. 10G179600 23 ~279 311 ~370 437 9.10 48.53 Cytoplasm Ser:16 Thr:3 Tyr:2
GmCIPK26  Glyma. 01G131500 12 ~266 311 ~369 462 8.77 52.46 Cytoplasm Ser:15 Thr:3 Tyr:2
GmCIPK27  Glyma. 11G235300 20 ~274 321 ~379 452 8.73 50. 88 Cytoplasm Ser:12 Thr:4 Tyr;3
GmCIPK28  Glyma. 13G069500 22 ~276 306 ~361 456 6.53 46. 88 Cytoplasm Ser:9 Thr:4 Tyr.5
GmCIPK29  Glyma. 13119500 21 ~276 314 ~373 446 8.45 50. 08 Cytoplasm Ser:6 Thr:4 Tyr.4
GmCIPK30  Glyma. 13G166100 11 ~264 307 ~367 446 9.01 50. 82 Cytoplasm  Ser:20 Thr:10 Tyr:5
GmCIPK31  Glyma. 13G228400 31 ~285 351 ~407 512 6.70 57.53 Cytoplasm Ser:19 Thr.5 Tyr:4
GmCIPK32  Glyma. 13G228500 12 ~266 320 ~379 451 9.20 51.53 Cytoplasm Ser:13 Thr:3 Tyr:3
GmCIPK33  Glyma. 13G370000 16 ~239 294 ~350 425 8. 87 47.35 Cytoplasm Ser:22 Thr:4 Tyr:4
GmCIPK34  Glyma. 14G040200 13 ~289 329 ~388 462 7.65 53.00 Cytoplasm Ser:10 Thr:6 Tyr:3
GmCIPK35  Glyma. 14G203000 24 ~278 301 ~360 439 7.52 48. 63 Cytoplasm Ser:6 Thr:5 Tyr:2
GmCIPK36  Glyma. 15G003400 21 ~275 330 ~386 461 9.05 51.77 Cytoplasm Ser:21 Thr:5 Tyr:4
GmCIPK37  Glyma. 15G084000 17 ~122 179 ~292 306 8.74 35. 14 Cytoplasm Ser:18 Thr:4 Tyr:4
GmCIPK38  Glyma. 15G084100 29 ~283 349 ~405 510 6.75 57.27 Cytoplasm Ser:17 Thr:5 Tyr:3
GmCIPK39  Glyma. 15G187400 19 ~274 313 ~372 437 7.58 49.17 Cytoplasm Ser:16 Thr:3 Tyr:5
GmCIPK40  Glyma. 15G203700 21 ~275 305 ~364 438 9.31 49.51 Cytoplasm Ser:10 Thr:2 Tyr:2
GmCIPK41  Glyma. 16G020200 16 ~269 308 ~368 438 9.05 49. 86 Cytoplasm Ser:12 Thr:3 Tyr:3
GmCIPK42  Glyma. 17G040700 23 ~278 316 ~375 448 8.75 50. 39 Cytoplasm Ser:9 Thr:4 Tyr:5
GmCIPK43  Glyma. 17G066300 10 ~262 303 ~362 467 8.82 52.82 Cytoplasm Ser:13 Thr:4 Tyr.7
GmCIPK44  Glyma. 17G074800 17 ~271 296 ~351 422 9.17 47.60 Cytoplasm Ser:10 Thr:1 Tyr:3
GmCIPK45  Glyma. 17G113700 11 ~264 307 ~367 446 9.06 50. 83 Cytoplasm Ser:7 Thr:3 Tyr.5
GmCIPK46  Glyma. 18G021600 12 ~266 313 ~371 449 8.99 50. 31 Cytoplasm Ser:12 Thr:4 Tyr:4
GmCIPK47  Glyma. 18054600 20 ~274 304 ~359 450 6.18 50. 12 Cytoplasm Ser:7 Thr:4 Tyr:4
GmCIPK48  Glyma. 18G055000 12 ~266 311 ~369 462 8. 80 52.40 Cytoplasm Ser:14 Thr:3 Tyr:3
GmCIPK49  Glyma. 18G212200 12 ~266 311 ~369 462 8.85 52.65 Cytoplasm Ser:10 Thr:1 Tyr:3
GmCIPK50  Glyma. 18G212700 32 ~288 315 ~374 443 6.41 49.71 Cytoplasm Ser:7 Thr:7 Tyr:3
GmCIPK51  Glyma. 19G111300 12 ~336 280 ~339 426 7.99 48. 84 Cytoplasm Ser:8 Thr:1 Tyr:3
GmCIPK52  Glyma. 20G210800 23 ~279 310 ~369 436 9.22 48.62 Cytoplasm Ser:15 Thr:4 Tyr:1




1172 i 7/

IS S

18 %

GmCIPK23

GmCIPK11

GmCIPK1
GmCIPKB

FEREEELECEE R

GmCIPK41
GmCIPK38|

= 2 nlf;{gt o WZI“IIW!};‘ W’I:IE[:I-I-_E

(2 2 2 |

EEF R R e

B L RN EEE LR R L Tl )

1+ |

=2
(=2 B = |

i EE'.T | g Mg i 1:_;'.7 BLRCTRCT l’-Ei.Fi."‘ i'q:fi.'?;r"]: | it

2 = |

GMCIPK37 ===== ===~
GmCIPK46
GmMCIPK22
GmMCIPKS

GmCIPK16
GmMCIPK27

H
5
H
2
i
"
o
o
o
g
¢
|
e
®
g
o
H
b
®
"

ERCR AR R R R

Hom 0 < H K e R e e e e

RSN ﬂ'-l.’[

EsuBoxo INEES -
LSAL GLLHT CGTPNYVAPE NAFDI1S

Bl 1 KE CIPK B SRR FEHIE LR
Fig. 1 Multiple alignments of

S GFDLSGLFE

soybean CIPK conserved domains

2.2 XE CIPK EE#ENEMHLI

TR E GmCIPK 2 M kL & LA
K GmCIPK & [ 3 il A1 H: Al 4 90 [R) 05 2 A 4
KIpotg s 7T REHMAN (E 2), d5RER. K
7 GmCIPK A 4 MWRE(T ~IV);
A4 DL I FH K R 5 A~ ) i) CIPK 28 1 I A
I 4 AR, KE GmCIPK [ It 35 5
M SRS Il 37 A TR AN S ST A R B A
JKRE AR R ST ) CTPK 25 1 8l 1 53, 0 P 7E K
o KFE ARG ST 3 WP A4 Z W, i e CIPK
HEHECER —Fh kAT o fe, LA, WA
W RGP A LA, VI Z R (35 1) iy
PRI I 2 T HAW O S 3L B (1.7 45 1.5 1
.5 A4>) Hckd

2.3 KE CIPK ZEEHBERRIHFTEHEST

JA Bl ¥ 75 Wy e PR 33 R 48 5 e o o A
F, J8 Bl A A7 AE M 7 33 58 FNECR A5 5 1 G HET
HE—E R BT DU BE R R 1 2 5 W&, 52
ANKE GmCIPK FE A 3 T 0 Hr i 7s (% 2)
73. 1% MR A JR 3 7 X35 45 HSE (heat stress
responsive element ) VEFH T/ (5 & A %) ;69. 2%
B RE 51 & A TC-rich repeat JU 4 (45 3% 5% B 30 A
*) 334, 6% M 51 & A LTRE (low temperature re-
sponsive element) 1F F JofF ( 5K A %) ;13.5%
A MBS FERITTIF (5T RAK) X 4 KTl
HiEEra WA A K. A, K5 GmCIPK HE
H57. 7% B9 51 7% A CGTCA ( MeJA-responsive el-
ement) EFH JC1F;46. 2% MWL A TE R s F X & A
ABRE ( ABA-responsive element ) 1E H 7T 14 38. 5%
B9 R 52 %54 ERE (ethylene-responsive element ) 1 F
Jof4530. 8% & A GARE ( gibberellin-responsive ele-
ment) YEFH IG5 15. 4% %4 TGA (auxin-responsive
element ) 1E HJT/ ;5. 8% W 51 7% A TCA ( salicyl-
ic acid-responsive element) {E I, iX 6 ZEI0/4-#D
SWMENEA K, WRKE GmCIPK B H 5 MY
(30 555 e B3R 8 0 2 LA AR SR I, Horp
GmCIPKI2 F1 GmCIPK28 %45 5 ~ 6 /> HSE JLi%,
GmCIPK4 F1 GmCIPK40 %A 5 ~6 4~ ABRE Juff,
GmCIPK20 . GmCIPK47 Fl GmCIPK50 & 3 3 />
GARE JCfF, 6mCIPK34 & 45 5 4> TCA JCF (1A
3), Ut 8 N EERIM A T BE B4R 2 S iR A
ABA (GA B SA {55 &L,
2.4 CIPK EEEXREREERAPHRAEX S

MR R e B 51 4 GmCIPK FE 3%
BEE (GmCIPKIS TR 5B ) | 2 KU I R 0k
WRRGENERK KT SRR RAERE
BB 4 DR 4) , Hop 5 1T A%
GmCIPK20 FEAR P 3R Ik ARy, 70 AN 25 vp 3Rk
w K ; GmCIPK6 . GmCIPK34 #1 GmCIPKI1S5 FEMF1
R R, H DERKIEN GmCIPK4S FEM AE
SrAEEHAMZE R R BB S, BT RBER Gm-
CIPKI9 .GmCIPK39 .GmCIPK29 Fl1 GmCIPK42 £ 4L
MR IR R, BER 5 I K W] RE AL & B AR
fX, BN EEKEN GmCIPK40 75 % Fit 21 27
(FhFFIARBR AN ) B AH X425 s GmCIPK2 A5 5232
rh 3638 3 5 GmCIPK36 . GmCIPK33 1 GmCIPK35 1+
fErh IR
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Table 2 Numbers of cis-acting elements in soybean CIPK gene promoters

LA Gene ABRE CGTCA ERE GARE HSE MBS TC-rich TCA TGA LTR
GmCIPKI 0 0 1 0 0 0 1 1 0 0
GmCIPK2 0 0 0 0 1 0 2 0 0 1
GmCIPK3 0 0 0 0 1 0 0 1 0 1
GmCIPK4 6 0 0 0 0 0 2 1 0 0
GmCIPKS 0 0 0 0 2 0 0 0 0 0
GmCIPK6 0 0 0 1 1 0 4 0 0 1
GmCIPK7 1 0 0 1 1 0 3 2 0 0
GmCIPKS 0 0 2 0 2 0 3 0 0 1
GmCIPK9 2 0 0 0 1 0 1 1 0 1
GmCIPKI10 0 0 0 0 0 0 2 0 0 0
GmCIPKI1 0 0 1 0 1 0 2 1 0 0
GmCIPKI2 3 0 0 1 6 0 2 0 0 0
GmCIPKI3 0 0 0 0 2 0 2 2 0 1
GmCIPK14 0 0 1 1 2 0 0 0 0 0

GmCIPK15 0 0 0 0 0 0 0 0 1 0
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xr2(4)
FEH Gene ABRE CGTCA ERE GARE HSE MBS TC-rich TCA TGA LTR
GmCIPKI6 0 0 0 0 2 0 0 2 0 0
GmCIPK17 0 0 1 1 2 0 1 0 0 0
GmCIPKI8 2 0 0 0 1 0 1 0 0 2
GmCIPKI9 1 0 1 0 2 0 2 0 0 1
GmCIPK20 1 0 0 3 4 0 1 0 0 0
GmCIPK21 2 0 0 0 1 0 0 1 0 1
GmCIPK22 1 0 1 0 0 0 3 0 0 0
GmCIPK23 1 0 0 0 1 0 1 1 0 0
GmCIPK24 0 0 1 0 0 0 2 2 0 1
GmCIPK25 0 0 1 0 3 0 0 2 0 0
GmCIPK26 0 0 2 0 3 0 3 0 1 0
GmCIPK27 3 0 2 1 1 0 0 1 0 0
GmCIPK28 0 0 1 2 5 0 1 0 0 0
GmCIPK29 1 0 1 0 1 0 1 0 0 1
GmCIPK30 0 0 1 0 2 0 0 1 0 1
GmCIPK31 0 0 0 0 2 0 3 1 1 0
GmCIPK32 1 0 0 0 3 0 1 1 0 0
GmCIPK33 0 0 1 0 2 0 0 0 0 0
GmCIPK34 0 0 0 0 0 2 1 5 0 0
GmCIPK35 1 0 0 0 1 0 2 1 1 0
GmCIPK36 1 0 0 0 2 1 0 1 1 0
GmCIPK37 0 0 0 1 0 0 0 1 0 0
GmCIPK38 1 0 1 0 1 1 2 1 0 0
GmCIPK39 1 0 0 0 0 1 1 1 0 2
GmCIPK40 5 2 0 1 0 0 1 0 0 1
GmCIPK41 0 0 0 0 3 2 2 0 3 0
GmCIPK42 0 0 1 1 2 0 0 1 0 1
GmCIPK43 3 0 2 0 0 0 0 1 1 0
GmCIPK44 0 0 0 1 2 1 0 1 0 0
GmCIPK45 0 0 0 2 2 0 4 3 1 1
GmCIPK46 1 0 2 0 1 2 0 1 0 0
GmCIPK47 1 0 0 3 0 1 3 0 0 1
GmCIPK48 1 1 1 2 0 0 1 1 0 1
GmCIPK49 0 2 0 0 2 0 2 0 0 0
GmCIPK50 1 0 0 3 2 2 3 0 0 0
GmCIPK51 2 0 0 0 0 0 2 1 0 0
GmCIPK52 0 0 0 0 3 0 0 2 0 0
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Fig. 3 Distribution of cis-acting elements in the soybean CIPK gene promoters
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Fig. 4 [Expression analysis of soybean
CIPKSs in different tissues
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A represented root tissue, B represented leaf tissue,
0.5,1.5,6,12 represented treatment time(h) ,
number represented relative expression data,the same as below
El5 RAXES CIPK EEREEEHE
(B, T2, 58) LEHRAESH
Fig.5 Expression analysis of vegetable soybean CIPKs in
response to different abiotic stresses ( heat,drought and salt)
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Fig. 6 Expression analysis of vegetable soybean CIPKs in
response to different hormones( ABA ,ACC,SA and MeJA)
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Red represented Arabidopsis homologous CIPKs in soybean,
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Fig. 7 Interaction network analysis of soybean CIPKs

and related proteins in Arabidopsis
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