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CBL-CIPK S &% 5/ MMAFI A4
ERHEYEEFEST
Tmp' S, BEE HAE HHhE

( 1. MoB Ui IR S & TR, = My 655011; 2. ME 4B /M A mK = it
T R A L 2R AR TS N L S SRR, = i 655011 )

W OE. BRI B W 1 (calcineurin B-like calcium sensor, CBL) J& Ca’ 454 %5 14 , i@ f 5 2840 4w
WM B W 3 H A2 I # ( calcineurin B-like calcium sensor interacting protein kinase , CIPK) HAENS Ca¥ 15
S, CBL-CIPK 55 R4 25 7YX 2R s raa i m i 72 SR AT/ F Bt HL
il , ZWF 5T 3T BLAST J3 4 Fo X 09 75 1%, 76 4 L N AKX/ - CBL 5 CIPK SRR R HEAT T %58, I X5
H ARGk SEH S5 Feak it LR HAESAT TR, S5 RM . (1) 7/ 13 4l St 3 e 51 8 A
CBL 3:H 5 18 4~ CIPK 3£ ,CBL 55 CIPK B F K B/ HI7E 211~257 aa 5 422 ~484 aa Z[H], 55 L 5 43 5l 7%
4.65~5.08 5 6.20~9.26 Z ], (2) 734k, CBL B ZHEEA 8~ 10 NHMR T, 1Ml CIPK JE R G015 43 0 b 2
9 1~2 ANFMNE T (11 ANERD) R 12~ 15 ANAMNE T (7 AR ) W25, (3) ZF 40 HEXT R R, /M F CBL & A
HRUEF 1A 14 D IERR IR B2 A AE M8 EF-hand 527 5 3 A BUCER BER[R] (9 L8 EF-hand 5% | T
CIPK & 0G0 & N S a5 A 5 C 3 MR FISL/NAF 254438, (4) Y (oA 7 s, 26 /M CBL
5 CIPK FEORI S MG T 9 SRt fk b (5) sk AU A R W, K84 CBL 5 CIPK B RIAE /M -+
i E M R A KR FR A Horh JeCIPK14 5 JeCIPK18 TEAR IR AN FRET |- 8 33k f ik 3] T 4 b 35 /K F
(P<0.01) ,Z5/MAF PR, 25 L4855 NI R/IMAT CBL M CIPK 3EH D) RE 4% @ 5 I0IR 15 5 5%
FHURITF TSR AE T4
G T, B, CBL-CIPK, S FE, £ikHr, Hidt:
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Abstract; Calcineurin B-like calcium sensor (CBL) is a Ca> -binding protein that mediates the Ca® signal transduction
process by interacting with Calcineurin B-like calcium sensor interacting protein kinase ( CIPK). CBL-CIPK signaling
system is involved in the response of plants to a variety of stress conditions. For insight into the chilling mechanism of
CBL and CIPK in Jatropha curcas, the CBL and CIPK gene families were identified from J. curcas based on the BLAST
method, and then the phylogenetic relationship, gene structure, expression profile, and functional interaction were
analyzed. The results were as follows; (1) A total of 8 CBL and 18 CIPK genes were identified from J. curcas
genome. The protein length of CBLs and CIPKs ranged from 211 to 257 aa and 422 to 484 aa, respectively, and the
putative isoelectric point ranged from 4.65 to 5.08 and 6.20 to 9.26, respectively. (2) Furthermore, all the CBL genes
family contained 8—10 exons, while the CIPK genes family were divided into significant 1-2 exons (11 genes) and 12—
15 exons (7 genes). (3) Sequence alignment revealed that CBL proteins identified 1 atypical EF-hand motif consisting
of 14 amino acid residues and three typical EF-hand motifs with different substitutions, while CIPK proteins contained
kinase domains in N-terminal and self-inhibiting FISL/NAF domains in C-terminal. (4) Chromosome mapping analysis
indicated that 26 J. curcas CBL and CIPK genes were distributed with different densities on nine chromosomes. (5)
Transcriptome data analysis showed that most of the CBL and CIPK genes were highly expressed in J. curcas leaves, roots
and seeds. Among them, the up-regulated expression of JeCIPK14 and JcCIPK18 reached significant levels under cold
stress, which was involved in the cold resistance of J. curcas. All the results of this study might lay a significant

foundation for further studies on the gene function and chilling signaling transduction mechanism of CBL and CIPK gene

(1. College of Biological Resource and Food Engineering, Qujing Normal University, Qujing 655011, Yunnan, China; 2. Key Laboratory of

families in J. curcas.
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WEREAE A& T -1 B AH 5C HE F B (sucrose non-
fermenting-1 related protein kinase , SnRK) &) 1Z 17
TETHIY) B9 22 2 18/ 95 & R (Ser/Thr ) 28 8 H
Ml % . MG B MR P 9 B R 45 R SnRK K% 73
47 SnRK1 ,SnRK2 SnRK3 =4~ % %, SnRK3 X
BEFR R 2545 4 B W2 i B 3k B AE B (A CIPK
(calcineurin B-like calcium sensor interacting protein
kinase) (Shi et al., 1999; Kim et al., 2000) =k 3k
U 1 SOS (salt overly sensitive ) (Ji et al.,
2013) , KA JEABERREE B W EL 2 A ( calcineurin B-like
calcium sensor, CBL) /& CIPK B9 H 3% I HAEE A,
UL RE 0% S AL Y Ca™ {7 5, 2L [ 41 B¢ Ca®-CBL-
CIPK ZURfE 5 RS, Z 5P B & mEh MR &
TS AR AR 0y 30 55 30 Y e 7 3oE R (L et al., 2009
Sanyal et al., 2016) , fEHN Ca™ ZIKE T, CBL #B &
A 4 ADORSFPEAS [R] 1Y < B8 5E - 5 — IR i€ ( helix-loop-
helix, HLH ) EF F-# ( EF-hand ) 3£ % , & Ca™ 454 Fff
WVF Y ( Weinl & Kudla, 2009) , @B, #8543 CBL &
H N ik B A5 K& M09 N - 55 Bt L (N-
Myristoylation ) 8 N —%# 1 [t 4L ( N-Palmitoylation ) {3/

s i BNZ B AR S I F5 42 ( Batistic et al., 2008)
CIPK ZE 1 N iy 80l 235 4 o b #0605 1 A4S 3800 2R
(activation-loop ) #& J¥ , fii F-DFG-5-APE-J¥ 41| 2
&, Hor 3 N BE RS AY Ser Thr  Tyr 5% 2 J2
T VE KA BT L (Guo et al., 2001) , 1fii C %t £
DT R U A S e A TR A, P 21 324 A
S HE TR 5% JE 2 LAY FISL ( Phe-Ile-Ser-Leu ) /NAF
(Asn-Ala-Phe) Z5 #3802 CIPK 5 CBL £54 9.0
FF3(Du et al., 2011) , IEH#1H BT, FISL/NAF 45
FBRE N i 5 295 A8 S AR AT B A B AR
44856 Ca® IS 1Y CBL 2 15 FISL/NAF
SEMIRLE A5, AT ARBR FISL/NAF 45 F 3ok % 38 il 45
Ty DX A A AR, DT 2% 30 384 3% 4 ( Akaboshi
et al., 2008) , 74k, C ¥t 1 4~ 37 a4k
TR 5% FE 20 BV () PPI( protein phosphatase interaction )
LER B, e E 5 CIPK 45 & B9 & B R B PP2C
( protein phosphatase 2C) Fp2& | 135 4+ 4K CBL &
FI IS FISL/NAF 254 35, i CIPK a1 ) | #) i Ik
5 (Ohta et al., 2003)

HiT, B 28 %) 2 Fh s #7542 3 D5 40 K S k47
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T CBL 5 CIPK ZEN Y% 5E | CBL 4 P 58 15 L 4% .
ARG ST (Arabidopsis thaliana) 10 1~ ( Kolukisaoglu et
al., 2004) 7K #G ( Oryza sativa) 10 > ( Kolukisaoglu
et al., 2004) . E K ( Zea mays) 10 4~ ( 2= F| ik &5 |
2010) . ¥ W ( Populus trichocarpa) 10 > ( Zhang et
al., 2008) ./NZF ( Triticum aestivum) 7 1~ ( Sun et
al., 2015) . J# 3% ( Brassica napus) 7 1~ ( Zhang et
al., 2014) i F ( Solanum melongena) 5 1~ (Li et
al., 2016) 55 ; CIPK H& X X e 614 . A 91 25 4
( Kolukisaoglu 2004 ), /K FE 33 4
( Kolukisaoglu et al., 2004 ; Kanwar et al., 2014) |
FEK 43 ~(Chen et al., 2011) . 27 1~ ( Yu et
al., 2007) ./INZ# 20 > (Sun et al., 2015) . K &
( Glycine max)52 1~ (Zhu et al., 2016) V¢ 23 1>
(Zhang et al., 2014) JifiF 15 4~ (Liet al., 2016) .
SESR (Malus domestica) 34 1~ ( Niu et al., 2018) 5
%] (Vitis vinifera) 16 4~ (i & 55, 2017) | & i
( Lycopersicon esculentum ) 22 A~ ( AU 0 X1) L,
2018) %5, /MMl F ( Jatropha curcas) J& K Bl
( Euphorbiaceae ) JJRIXH J& ( Jatropha Linnaeus) 2 4F
AT /N B TR SR e 3 U b IX (AR I A,
2004) o VR EZRARAMEAE ) , /N 7B 15
MR 35% ~60% , i b 25 F 53 & shHl, H G H
BORFEPRINB] T BRIV bRifE, BA T & 8 I & FH
A5 ( Makkar & Becker, 2009) . H &7, X} F /N
+F CBL 5 CIPK FJ5 (%) R 4 5 B H B AR 53 B ik
K WA, AW FEEE T/ F B 415 8 (Sato et
al., 2011) ,FI A=Y 1% B 27 J5 vk 5 8 /Ml ¥ CBL
5 CIPK A JF X A B i PR 45 4 | 2 P 0k
¥ R G A AR R A K RE BAE #EAT T 40 A,
VLA SE /M F CBL 5 CIPK 3 R 0% (1 Bt i
155 e AL 22 5 JE Al

U AR

1.1 CBL 5 CIPK EEARKHEE

Hi4 Kolukisaoglu %5 (2004) , Zhang % (2008) .
Yu %5 (2007 ) %5 B8 A 4 0w T K A B /N A
TR MM B CBL 5 CIPK 3ERZ 5 F 51,
TAIR %04 2 ( https ://www. arabidopsis. org/) T %% il
AT 10 4~ CBL &M 5 25 4~ CIPK JER 08 1751,
M PlantBiology %¢ #i J% ( http://rice. plantbiology.
msu.edu/) FZE/KAE 10 4~ CBL 3£KH 5 33 4~ CIPK 3

et al.,

K ) & [ F %), M Phytozome %41 3§ % ( https://
phytozome.jgi.doe. gov/pz/portal.html ) T 2 A7 H 10 4~
CBLF:H 5 27 4> CIPK F£ B & H 5y 51, i i
Clustal X #4572 B 5 LA, A Hmmer 3.0 A4
Hmmbuild F& 7K X SCPEAE A CBL 5 CIPK 25435
HIFR Al ¢ HMM £ 59 [R] B, 43 %1 A GenBank
( http://www. nchi. nlm. nih. gov/genome/915/) 5
Kazusa ( http ://www. kazusa. or. jp/jatropha/) ( Sato et
al., 2011) T /M 5~ f B e B A 1 o gl A, ]
NCBI ) Makeblastdb 2 F¢ 4 12404 P2 A #ufk., 1A
NCBI Blast 5 J3* Xt /N 5 28 F 5ROHE 128 28 A7 A Ml
BlastP A#H{LL P b %t (B {E E < le-10, 7 51 A1 ) 1 >
50%) AFEIRIA G 5 9/ i - CBL 5 CIPK 8 5
J¥4, SERLIFA X (self-blast) ZBRE R JFH1, K
B TU A% 19 € 28 )7 51 A ] Pfam (http ://pfam. sanger.
ac. uk/) 5 CDD ( https://www. nchi. nlm. nih. gov/
Structure/ cdd/wrpsb.cgi ) 7£ 2k T. E. 43> ¥t CBL A9 EF-
hand 3575 CIPK 25 1445 #4938 ( protein kinase
domain ) fatE— i 2k , 75 2 /M F CBL 5 CIPK %K
RS [FET 20 0 A 5 R 751 5 mRNA
PO T e S R A58 5347
1.2 CBL 5 CIPK EBEFKEHF 5 54

I ExPaSy #2 it () 76 £k T. B ProtParam
(http://web. expasy. org/ protparam/ ) X} /i ¥ CBL
5 CIPK # AT & BFRECH FLie 5> 71 (Mw) (S5 H
ML(pD) FFEEA SRR 43 BT, B %€ 1Y /M - CBL
5 CIPK EHPAI SR T KA L CBL 5
CIPK #EH ¥ I F F Clustal X #1777 51 AH BUHE b
X, RJE H MEGA 6.0 PRl i 48 4235 (NJ) M  &
SR, IR H B B (bootstrap ) #EATKE 55, [7]
i, Fl A GenDOC A4 X} Clustal X Ho X} &5 S i 47
CBL 5 CIPK & 1 fR~F 45t oyt 55 4t il i
CDS J¥41 ( coding sequence ) 5 FE K J¥ 51 b XT LU €
CBL 5 CIPK JeW W & T 5508 T B 4544, 3t R
GSDS ( gene structure display server, http://gsds.
cbi.pku.edu.cn/) 22l BN S5 18], 5381, e A
2 LA Wu 45 (2015 ) FIEE ) /M 5384 18 Bl P A
B E , IF 8 3 MapChart ( version2. 1) 2 il 3 [H %2 i
&, | F STRING ( http://string-db. org ) ¥£ 4T CBL
5 CIPK £ H 855 BARE M 250 Hr (B8 W] 5 R
F0.7),
1.3 CBL 5 CIPK EHE KR RIED

M GenBank 1) SRA 4 52~ 2/ M+ A ] 45
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B Mlumina 5 38 2 0 2 2088 (' A SRR1639660
H2 SRR1639659 , Fl - SRR1639661 ) , il i Bowtie2
5 Samtools T E R4 5E 2 (1) /M F CBL 5 CIPK %
JGIE DR 5 0 e JOHE R AT LU, 13 345 CBL 5 CIPK
LR A FIE reads B, Z J5 i@ i Cufflinks 27 i1
AR FE A ) F35 B FPKM ( fragments per kilobase
per million ) {H , #E17LL 2 NIRRT EEL AL, If5E B L
BN S E RN TR, BT LR IR ERE
% (hierarchical clustering) . %345, AR AT RT3 /)M )
TR 20 (Wang et al., 2014) 5507 5 [ ki
(digital gene expression, DGE) ( Wang et al., 2013)
Bl SR BRBO IR 12 CARIRALEE 12,24 48 h
) CBL 5 CIPK 5: A 5 if Clean Taq £4M , i ik
TPM ( transcript per million clean tags) PAS PR ALY
FE K 32 34 i (Thoen et al., 2008; Morrissy et al.,
2009) , 13 E/IMAT CBL 5 CIPK SN ZGAE AR Ab
TRy 2E 7R85, FIH R A% (version 3.4.1)
) gplots 5 pheatmap PR %5 22 i & 25 4 #r #4 &
(heatmap) ,,

2 HEXRERM

2.1 CBL 5 CIPK W E R 5 5451

3 L[] 5 4 b A &R FE /N - B R A
2 E R 8 A4 CBL 3 A (JeCBL1 ~ JeCBL8) 5 18
A CIPK 54 ( JeCIPKL ~ JeCIPK18) (% 1) , il at
ExPASy T.E.Xt/IMil T CBL 5 CIPK F 3N k7
HALS B 34T, 85 R R W], CBL 5 3 K FE 47
AiTE 2 172 bp(JeCBLT) ~9 344 bp( JeCBL2) Z |f],
EEFF YK E DA AE 211 aa(JeCBL8) ~257 aa
(JeCBL7) Z [A], % L 5 480 s Bt , /- A 7 4.59
(JecCBL5) ~5.08 (JcCBL4) 6], H4b, CIPK Z %
FER K JE > A 7E 1 522 bp (JeCIPK16) ~9 348 bp
(JeCIPK9) Z [] , 2 1 1 )3 51 < BE 43 Aii 7 422 aa
(JeCIPK16) ~484 aa( JeCIPK2) Z[H], B JcCIPK9 |
JeCIPK14 JcCIPK15 K JeCIPK17, &5 i 35 4 3 &
SRAEE , 434 7E 8.03 (JeCIPK2) ~9.26 ( JeCIPK4)
Z [,
2.2 CBL 5 CIPK EEAM ARG #H L EEEEH

WL MEGA 43 A8 2 /N 5 400G I KA
W) CBL 5 CIPK 3 Rk 2 G (& 1),
GiREW], CBL FEH ZWEE N 1,10, 11, 1V g4
S5 /N i - % 35 PR R 4y il R 3 (JeCBLA |

JecCBL6 . JeCBL8 ). 1 ( JeCBL3 ) . 2 ( JeCBLS,
JeCBLT) 2( JeCBL1 . JeCBL2) (1. A) , 5/ ¥
CBL HHARIGEHMBREE R G (E 2, A) , Hrp
JeCBL3 FE B I h 5 JeCBLI | JeCBL2 B 3 5
I, AE Z2 ) Fh A B b ) e R 1 W R, S
JeCBL3 SR 25 (9 A48 F) AR T JeCBL |
JeCBL2 (10 AN F) —3, 5 4h, CIPK 3 H K
IR 6 AR, /Nl %o 1oz 5 A 4 2 43 )
H3.1.5.2.2.5(K 1. B) W 5/MilF CIPK B[
FKIEHRMBRERYA (K 2. B),

455 /Ml T CBL 5 CIPK HEIR 5k il B8 25 4%
SR GSDS T H 4 #r Hi 3k R 254, 45 3 o,
/NHF CBL 5 CIPK &N R H Wk R A re e 5
AR W) A, N F 8 A4 CBL 3K Y 41 i 7
BEN8~10 1N (F 1), HAM T 5'-UTR 5 3'-
UTR X3k, Hrp % 110 89 JeCBLS (2 501 bp) 5
JeCBLT (2 172 bp) #EL & 9 A+, H B AR
A4 V% IV B JeCBL1 (7 811 bp) 55 JeCBL2
(9 344 bp) #BA T 10 N+, H LA K
(K 2: A). Kolukisaoglu % (2004 ) i i At H: i
P #h CIPK 5 N 800 1) R 2R 45 R 5 55 I 45 4 ¢
&,/ F CIPK £ B4 & 5'-UTR 5
3/-UTR X35, 18 /> 5& [ Ak b1 AR 4 3k (5] 25 44 43
PIRZE, 11 A4 JeCIPK 3£ R AL 1~2 AN T,
H o JeCIPK4 | JeCIPKS | JeCIPKS . JeCIPK10 |
JeCIPK13  JeCIPK16 Fl1 JeCIPK18 XA & 1 4> 4h
W, 1 JeCIPK1 | JeCIPK2 | JeCIPK3 1 JeCIPKG6
52 NMINE T, BN, T A JeCIPK R 65
12 ~ 15 4~ 48 &+, H v JeCIPKT | JeCIPKY |
JeCIPK11 JeCIPK12 11 JeCIPK17 #/40 55 15 4~ 4b
BT 1 JeCIPK14 5 JeCIPK15 9l & 14 D 5
12 M58 F (Bl 2: B),

2.3 CBL 5 CIPK S EBF 5| & &30

Kolukisaoglu 4% ( 2004 ) W 5% % B, CBL &
EA 4R R [ A EF-hand F A1 )7 | 18 5E
- -2 JEVE R EF-hand A LR 25y | o ] 36 (4
Fo12 A A\ R R ok R, R T AR
DKDGDGKIDFEE-) i 1 (X) . 3(Y).5(Z).7(-
Y) 9(-X) 12 (-Z) v IR FR I3 R R 5F , A
FJE CBLEHS A Ca i@ (K 3; A), il
i 8 AN/ T CBL 2 A & IR 7 51
95—~ EF-hand (EF1) # B 14 D2 LR R 5,
AR E) EF-hand 4544, 1M%% 2~4 > EF-hand
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£ 1 INEF CBL 5 CIPK EEREW F FI4H1E
Table 1  Sequence characteristic of Jatropha curcas CBL and CIPK gene families
K < IR % Yu e €
(bp) (bp) number ( aa) P localization®
JeCBL1 105636225 7811 1 246 226 4.65 10 6
JeCBL2 105642436 9 344 1453 230 4.72 10 3
JeCBL3 105641144 5327 1216 213 4.66 9 3
JeCBLA 105628645 4765 2 256 222 5.08 9 8
JeCBLS 105638156 2 501 1320 249 4.59 9 11
JcCBL6 105645647 6 427 1210 212 4.94 10 9
JeCBLT 105631691 2172 1197 257 4.99 9 2
JeCBL8 105646026 2 295 1 456 211 4.73 8 9
JeCIPK1 105648050 3049 2 148 465 8.89 2 6
JeCIPK2 105649679 4015 1968 484 8.03 2 3
JeCIPK3 105639024 2 810 2170 458 8.92 2 4
JeCIPK4 105649678 1 740 1 740 445 9.26 1 3
JeCIPKS 105633501 2 076 2076 435 9.22 1 11
JcCIPK6 105649201 3 104 2168 453 9.13 2 10
JeCIPKT 105634022 6 365 2 346 459 8.98 15 3
JeCIPK8 105637561 2 006 2 006 447 8.60 1 11
JeCIPK9 105637170 9 348 2323 451 6.56 15 8
JeCIPK10 105630316 1947 1947 449 9.06 1 2
JeCIPK11 105642786 5136 1995 443 8.65 15 8
JeCIPK12 105639377 8 199 1907 448 8.83 15 11
JeCIPK13 105638989 1737 1737 425 8.76 1 4
JeCIPK14 105630750 5 880 2117 446 6.54 14 4
JeCIPK15 105643632 4159 1931 440 7.22 12 1
JeCIPK16 105648048 1522 1522 422 8.78 1 6
JeCIPK17 105628484 4503 2249 464 6.20 15 11
JeCIPK18 105632073 1 880 1880 442 8.74 1 1

TE: ML SR E GenBank /M T N LR I ; "ilad ExPASy T HITBZE (A 4% 5 T Wu S M/ 7t 15

T4 L 3 AT YL 0 R 62 (W et al., 2015)

Note: * Gene IDs are available in the National Center for Biotechnology Information ( NCBI) Jatropha curcas ( Annotation Realease

101) database (http://www.ncbi. nlm. nih. gov/) ; "Protein characteristics of pl ( isoelectric point) was predicted using the ExPASy

online service (http://web.expasy.org/protparam/) ; ©Chromosomal localization was completed based on the linkage map constructed by

Wu et al. (2015).

(EF2-4) HAG MM 12 S F MR R 3, H P BREE
137 (Asp) FIES 12 03 ( Glu) 28 R 26 X A 57 4 , H
b EERR A (3.5.7 .9 ) # & A4 T #3 BUAG, B
EF4 EF3 1 EF2 19 2 56 /e BOACCSR B s m .
Bk 55 3 457 Asp (D) 7E EF2 H % Lys (K) B, 78
EF3 g Lys(K) 5 Arg(R) BT, 7€ EF4 g Lys
(K) 5 Asn(N) B %5 5 137 Asp(D) 7E EF2 Hrg
Asn(N) 5 Lys (K) B, 78 EF3 tf 3% Gln(Q) 5
Asn(N) BUR ;55 7 £ Lys(K) 7€ EF2 H Val(V)

5 Tle(T) BT, 78 EF3 F1 4 Phe (F) 5 Try (Y) B
2545 9 137 Asp(D) 7E EF2 5 EF3 th## Glu(E)
BUAR (K 3. B), KA EZ5HR IR, EF-hand2 -4 4544
H R A ) 2R R A SR FR UK, ARIIE T EF-hand 45
& Ca”WRE 1 5 Z Mk, 34 MRAE N i X IR
K, /N F CBL &K % 1) JeCBL1, JeCBL2,
JecCBL3 JcCBI4 JcCBL6 A1 JcCBL8 £1& 16 ~34 aa
R N I 31, HoAE JeCBL3 5 JeCBL8 N i %
7 B -MGCXXSK/T- 1) 5 5% £k )57 51, LA Jn 3% CBL
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AtCIPK20
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IMAF S RIEEST KB R CBL 5 CIPK R KRN RStk 43

Phylogenetic relationship analysis of Jatropha curcas with Arabidopsis thaliana, Oryza sativa ,

and Populus trichocarpa CBL and CIPK gene families

EHE BS54, M JcCBLS 5 JeCBL7 N 40 & #¢
K N P50 (B 3. A)

Y FEA R CIPK £ W FK SnRK3, iZ I i
5Bk SNF1 W FL 24 AMPK [R5, #8 B A N i
VTG 235 A4 S, JHC v PN B IS A (activation-loop ) Jik
JP R AERZOAER . ZE/Mi - 18 4> CIPK ZEFH Y N
— it R % 52 B WE-DFG-5-APE-J¥ %1 (K] 3. C T X
) MR A L)y (R’ 3. C), B f
{R5FHY Ser Thr Fll Tyr ZIEM AR AL (K 3. C ik T
TN) o AN HE C AR % E B CIPK #5H 21 aa A
NI EE P FISL/NAF PR SF -NAF-JF 4 (K 3. D
TRIZkFR), DARIE CIPK & [ 1E % 4 T [ 3
KA
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Fig. 2 Gene structure features of CBL and CIPK gene families in Jatropha curcas
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FPH XS (EF1-4) 5 C. /MMl ¥ CIPK 25 [ N i 25 14 15 rb i D BE 0 31, #5 L R ST Y Ser Thr Tyr % ; D. /Ml F CIPK
[ FISL/NAF &5 #y35,

A. N-terminal domain of J. curcas CBL proteins, N-Myristoylation domains of JeCBL3 and JcCBL8 were underlined; B. Sequence alignment of
CBL EF-hand (EF1-4) in J. curcas; C. Activation loop within N-terminal kinase domain in J. curcas CIPK protein was presented, conserved

amino acid residues of Ser, Thr, and Tyr were marked by arrows; D. FISL/NAF domain of J. curcas CIPK proteins.
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Fig. 3 Sequence alignment of Jatropha curcas CBL and CIPK domains
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Fig. 4 Chromosomal localization of Jatropha curcas CBL and CIPK gene families
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A CIPK &R AR R B 35 R 45 40 R A R AR ST,
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Fig. 5 Differential expression analysis of Jatropha curcas
CBL and CIPK gene families in different organs
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Fig. 6 Expression analysis of Jatropha curcas CBL
and CIPK gene families under chilling stress
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Interaction network analysis of CBL and CIPK proteins identified in Jatropha curcas

and homologous proteins in Arabidopsts thaliana
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