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Table 1 Characteristics of watermelon CBL genes
HH Btk prE s shBFE T i S 4 e o
Gene Chromosome Locus Coding sequence/bp Number of exons Predicted subcellular localization
ClaCBL1 /Cia014375 1 30 336 060~~30 339 704 681 8 B AL R
ClaCBL2/Cla021155 5 837 079~838 633 660 8 ik
ClaCBL3/Cla004253 5 9 269 238~9 272 125 639 8 E:tiliatGi
ClaCBLA /Cla022675 8 25 648 147~25 652 224 738 9 E:tiliatGi
ClaCBL5 /Cla016110 9 14 115 708~14 117 956 642 8 HifaAz
ClaCBLS / cla008761 10 77 813~80 694 642 8 21 e I R A B A
ClaCBL7 /Cla004434 10 4 820 228~4 822 200 672 8 [TE=2NN
ClaCBL1 —
ClaCBL2 — —
ClaCBL3 i A
ClaCBlL4 — — ——
ClaC’BLS i
ClaC’BL6 —
ClaC’BL7 —
50 L L L L L L L L3
0 bp 500 bp 1 000 bp 1500bp 2000 bp 2 500 bp 3000 bp 3500bp  4000bp
YMEF Exon  — N Intron

1 #KCBL EARETF RNEFEN

Fig. 1 Exon-intron structure of watermelon CBL genes
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Fig. 2 Phylogeny of watermelon and

Arabidopsis CBL genes
ClaCBL2 , ClaCBL3, ClaCBL5 #1 ClaCBL6 ; 25
B 1L R&H — A3 ClaCBLA ;i ClaCBLI 0
ClaCBL7 %% 1 25, MPHJKFIUEEIF CBL ¥
b3 i3t 1k 43 M Sk &, ClaCBL1 f1 ClaCBL7 5§
AitCBL2 [H &, ClaCBL2 5 A:CBLS8 §] i,
ClaCBL3 5 AtCBL4 [ ¥, ClaCBIL4 5

AtCBL10 | ¥, ClaCBL5 Y ClaCBL6 W] g2 5
AtCBL1 M AtCBLY [FJ#R. HiS= R IFIIHL
B L AT 4R R L UK CBL E R
H RS FI S A A RF AL (B 3, R
A]REL e CIPK AHE A F K FPSF {1, A
JrEXt eI CBL 4itS 8 5 P9 37 ot R 9,
EfEREHR 34 EF-hand AL GE 2) . %
WERERF I L& ENEEEES CIPK #H
YR BB B P51

%2 PL CBL B EEHNEF S

Table 2 Motif analysis of protein coding sequence of

watermelon CBL genes

HFH EF F#:45f EF-hand

Gene PROSITE Motif Scan
ClaCBL1 /Cla014375 3 3
ClaCBL2 /Cla021155 3 3
ClaCBL3 /Cla004253 3 3
ClaCBLA /Cla022675 3 3
ClaCBL5 /Cla016110 3 3
ClaCBL6 / claD08761 3 3
ClaCBL7 /Cla004434 3 3

£ :PROSITE Fl Motif Scan A FUFFIRF 4 ER T A,
Note: The PROSITE and Motif Scan are the online analytics tools for

identifying the motifs in protein sequence.
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Fig. 3 Alignment of protein coding sequence of watermelon CBL genes
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] CBL S EHEF 5 ¥& 8 24688 M
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ENTER BRI 4 2R AR 8 B & A A R (R
3). &4 CBL FERE AU A A Y0 5% 38 B
BT, A W YR 8 i R T 4
ClaCBL3.ClaCBLA #i1 ClaCBLS6 , BE & 45 i 5 2 o7
&It ABRE, A5 #UbhE N & ooiF HSE, X%
BIVEJK CBL Rl 855 L0 058 ria FAE )

WENELR, HAT ZWEEAEY¥IEE. R
PEHIRE ST CBL ThagsrHrss 3 45 45 ot
P43 BT I AL HEAL AT HEMPE R ClaCBLL 25
FBE(GA) JKGIE (SA) L HBE K A M i85 1o
% ; ClaCBL2 2 53K FT2 F Fg (MeJA) . GA 4
K 5 1A 5% 85 N 4 ClaCBL3 2 5 it ¥5 8
(ABA) .2 GA KR ¥ Wrin B A i 55 45
M ; ClaCBL4 25 ABA.MeJA.GA. SA. #i
IHFIAE B3 3 N 2 5 ClaCBLS 25 MeJALGA 4§
WME KM A, T 2 Wil &L Y 5 %
ClaCBL6 245 ABA #ihif . T2l HHE R H
SETREE A 3515 4, ClaCBLS5 1 ClaCBL6 1]
5 AtCBL1 1 AtCBLY —F£ 0] LI B0 85 F 1
UK ; ClaCBL7 25 2.0 (GASA T2 hd 2

&3 /R CBL BN T
Table 3 Cis-elements of watermelon CBL genes
BiEmR  EERE  REMEER 28N ﬁ%?((‘:A) #ihE Ve TRk 7 T A KGR (SA) By T
A (ABA) B LYl Eﬁé‘ﬂﬁﬁ (Me] AlEZ gjﬁfiﬁ i oz N2 e E%‘HITJ‘I E%‘HITJ‘I nj%nfriic i%njj;tﬂﬁri m%‘ﬂﬁﬁﬁ [
Gene  RIENRT A7xfF BWAxH ik GAREmotf Hoo# Kot it E2wiriis Jotk W box
# ABRE BoxW1 CGTCA-motif ERE /P-box HSE LTR MRS TC-rich repeats TCA-element
ClaCBLI — — — — 1 3 — — 4 1 —
ClaCBL2 — — 2 — 1/1 2 — — 4 — —
ClaCBL3 2 — — 1 1/1 — 2 — 5 1 —
ClaCBL4 3 — 1 — 2 1 — — 3 1 —
ClaCBL5 — 1 1 — 1 2 — 1 1 — 1
ClaCBL6 3 1 — — — 2 — 2 1 — 1
ClaCBL7 — 2 — 1 2 2 — 2 2 1 2
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Identification and Characterization of CBL Family Genes in Watermelon

ZHU Qianglong, ZHAQO Yulong, LYU Huiling, LUAN Feishi, GAO Peng
(College of Horticulture and Landscape Architecture, Northeast Agricultural University/Key Laboratory of Biology and
Genetic Improvement of Horticulture Crops (Northeast region) , Ministry of Agriculture, Harbin, Heilongjiang 150030)

Abstract: Plant CBL family genes play important roles in response to environmental stimuli. However,
the available knowledge of CBL in watermelon is insufficient, In this study, seven CBL genes
(ClaCBL1 — ClaCBL7) were annotated in watermelon genome by bioinformatics method and their
genomic distribution, molecular feature, phylogeny and cis-elements were also analyzed for providing
valuable information for further functional dissection of watermelon CBL genes. The results showed
that watermelon CBL genes were unevenly distributed in genome, and only one (ClaCBI4) had nine
exons and the rest of them had eight exons. The putative coding sequence length of CBL ranges from
639 bp to 738 bp. On the basis of phylogeny,they were divided into three groups. Their coded proteins
had FPSF motif, which interacted with CIPK kinases, and three EF-hand motifs, which could bind

calcium ions. The putative proteins of ClaCBL were all localized into different subcellular locations
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except ClaCBL1 in extracellular matrix. In addition, there are several cis-elements existed in upstream

sequences of watermelon CBL genes, which could response to different environmental stimuli and

phytohormones. And the cis-element types and number of different watermelon CBL genes were not

identical. These results indicated that watermelon CBL genes might involve in multiple biological

processes and they had different functions,

Keywords: watermelon (Citrullus lanatus); CBL gene; sequence characterization; protein structure;

phylogeny; cis-elements



