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Caleosin is a common lipid-droplet surface protein, which has the ability to bind calcium. Arabidopsis
(Arabidopsis thaliana) is considered a model organism in plant researches. Although there are growing
researches about caleosin in the past few years, a systemic analysis of caleosins in Arabidopsis is still
scarce. In this study, a comprehensive investigation of caleosins in Arabidopsis was performed by bioin-

l<€yW0deJ formatics methods. Firstly, eight caleosins in Arabidopsis are divided into two types, L-caleosin and H-
Caleo_sm . caleosin, according to their molecular weights, and these two types of caleosin have many differences
gﬁﬂgzﬂon in characteristics. Secondly, phylogenetic tree result indicates that L-caleosin may evolve from H-caleo-
Expression sin. Thirdly, duplication pattern analysis shows that segmental and tandem duplication are main reasons
Function for Arabidopsis caleosin expansion with the equal part. Fourthly, the expression profiles of caleosins are

also investigated in silico in different organs and under various stresses and hormones. In addition, based
on promoter analysis, caleosin may be involved in calcium signal transduction and lipid accumulation.
Thus, the classification and expression analysis of caleosin genes in Arabidopsis provide facilities to
the research of phylogeny and functions in this gene family.

© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Plant oils are very important not only to supply essential nutri-
tion for people, but also to provide energy and material for seed
germination and seedling development. Triacylglycerols (TAGs)
are the most abundant neutral lipids in the plant oils. Most of TAGs
are partitioned in small spherical particles called lipid droplets
(LDs, also known as oil bodies, lipid bodies, spherosomes, and oleo-
somes). LDs contain a hydrophobic core of TAGs, embraced by a
monolayer of phospholipids, and unique proteins called oleosins,
caleosins and steroleosins [1].

Caleosins have been discovered ubiquitously in plants and fungi
[2]. As the structure of oleosin, caleosins consist of three domains:
an N-terminal hydrophilic domain including EF-hand calcium-
binding motif, a central hydrophobic domain containing proline
knot for anchoring LDs, and a C-terminal hydrophilic domain with
several phosphorylation sites [3].

Arabidopsis thaliana is considered a model organism in plant
researches for its small genome (125 Mb) and short life cycle [4].
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Eight caleosin genes have been identified in the Arabidopsis gen-
ome [5]. However, only limited analysis of their functions has been
reported to date. At4g26740 has been found to be involved in
post-germinative activity [6] and At5g55240 was believed to be
associated with dormancy [7]. And more recently, At4g26740,
At5g55240, At2g33380, At1g70670 are verified to be act as perox-
ygenases [5,8,9]. The term *“caleosin” is given by their ability to
bind calcium and similarity to oleosin in structure. Calcium signal
is involved in various aspects of plant development. A study
showed that caleosin expression was up-regulated in high yield
and quality rapeseed [10]. Thus, whether caleosin has other func-
tions, like regulation of oil content, still remains to be investigated.
Potential functions of caleosin are proposed in this study.

The completion of A. thaliana genome sequence and develop-
ment of various databases of gene expression provide a great
opportunity to identify and analyze genes and predict gene func-
tion quickly by bioinformatics tools. Cis-acting elements are impor-
tant switches taking part in the transcriptional regulation of
activities of a gene in various biological processes. To the best of
our knowledge, little attention has been devoted to the promoter
elements analysis of caleosins.

In this work, a systemic analysis of eight caleosin genes in A.
thaliana was performed. According to molecular weights (Mw), cal-
eosin could be divided into two classes, H-caleosin and L-caleosin,
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for the first time. This classification was supported by the results of
motif analysis, multiple alignment and phylogenetic tree. The
properties, evolution and expression profiles of caleosins in Ara-
bidopsis were also investigated. Moreover, potential functions of
caleosin were speculated based on promoter analysis. Further
studies on verifying the functions of caleosin in experiment will
be reported in our next study.

2. Materials and methods
2.1. Identification and characteristics of caleosin genes in Arabidopsis

In order to survey whether there were other caleosin genes,
exact name and HMM (Hidden Markov Model) searches were per-
formed to search the putative caleosins in A. thaliana genome.
Exact name searches were executed by using “caleosin” as a query
in the Arabidopsis Information Resource (TAIR10.0, http://www.ar-
abi-dopsis.org/) [11]. The raw HMM of caleosin domain (PF05042)
was obtained from Pfam 26.0 (http://pfam.sanger.ac.uk/) [12] and
as a query to retrieve the protein database in TAIR using “hmm-
search” in local HMMER 3.0 software package [13], with E-value
<1010, After that, the gene sequences of predicted caleosin were
collected and the redundant sequences were removed manually.
All the deduced amino acid sequences of the putative caleosins
were submitted to the InterProScan 4 (http://www.ebi.ac.uk/
Tools/pfa/iprscan/) [14] to verify the presence of caleosin domain
(IPRO07736).

Physical and chemical properties of caleosins, Mw, isoelectric
points (pI), and amino acid lengths, were performed on ExPASy
(http://web.expasy.org/compute_pi/) [15]. The hydropathic plot
was drawed in ProtScale (http://web.expasy.org/protscale/) [16]
with Kyte and Doolittle method and the default setting. Ser, Thr
and Tyr phosphorylation sites in proteins were retrieved by pro-
gram NetPhos 2.0 (http://www.cbs.dtu.dk/services/NetPhos/)
[17]. Protein stability changes for single-site mutations were pre-
dicted by MUpro (http://www.ics.uci.edu/~baldig/mutation.html)
[18].

To investigate whether the caleosin protein owns a conserved
domain other than “caleosin”, the sequences were analyzed by
MEME (http://meme.nbcr.net/meme/cgi-bin/meme.cgi) [19] with
5 different motifs. The annotations of the identified motifs were
carried out by InterProScan 4 (http://www.ebi.ac.uk/Tools/Inter-
ProScan/) [14].

2.2. Multiple alignment and phylogenetic tree construction

Multiple sequence alignment of the complete protein sequences
of eight Arabidopsis caleosins and one cycad (Cycas revoluta) caleo-
sin was done by software ClustalX 2.1 [20]. The cycad caleosin
sequence was extract from GenBank with accession number
FJ455154. Pretty output and shading of the alignment results were
operated using online software Boxshade 3.21 in ExPASy (http://
www.ch.embnet.org/software/BOX_form.html) [15].

Then, in order to build a neighbor-joining (N]) tree, the align-
ment was submitted to MEGA 6.06 [21] using NJ method, Poisson
model and pairwise deletion of gaps. The phylogeny was tested by
bootstrap replication 1000 and the branch length count on phylo-
genetic distances.

To construct a maximume-likelihood (ML) tree, the alignment
was employed to PhyML 3.0 on website (http://www.atgc-
montpellier.fr/phyml/) [22] using LG model, 6 for substitution rate
categories and SPR for tree improvement. The reliability of the tree
was assessed with bootstrap replication 500.

The visualization of the two phylogenetic trees was both
generated using MEGA 6.06.

2.3. Chromosome distribution and gene expansion analysis

Genes were mapped on five Arabidopsis chromosomes by Chro-
mosome map tool on TAIR, using locus names.

The caleosin genes separated by a maximum of five genes were
defined as tandem duplication [23]. Searching for segmental dupli-
cations were performed according to the study before [24], and
also gained by searching locus name against the PGDD (plant gen-
ome duplication database, http://chibba.agtec.uga.edu/duplica-
tion/) [25].

Ka and Ks values were extracted from PGDD. The Ks values were
used to estimate the date of the duplication occurrence following
the formula T = Ks/2/. For Arabidopsis, 4 is 1.5 x 1078 [26].

2.4. Upstream sequence element analysis

The 2000 bp of eight caleosins genomic sequences upstream of
the start condon were obtained from Arabidopsis genome in TAIR.
Putative transcription factor binding sites were predicted by using
web-based program TFSEARCH 1.3 (http://www.cbrc.jp/research/
db/TFSEARCH.html) in plant [27]. Potential cis-acting regulatory
elements were searched by PLACE 30.0 (http://www.dna.affrc.-
20.jp/PLACE/) [28].

2.5. Expression patterns of caleosin genes

Expression patterns of caleosin genes were performed by ana-
lyzing ESTs (expressed sequence tags), full-length cDNAs, micro-
array data and MPSS (massively parallel signature sequencing)
tags in the public databases.

ESTs and cDNAs were obtained from DFCI database (http://
compbio.dfci.harvard.edu/tgi/plant.html) [29]. Caleosin gene
sequences were used to search Arabidopsis DFCI database, using
BLASTN, with E-value <1079, identity >95% and length >200 bp.
The most matched one was selected when a gene corresponds to
multiple TCs. To analysis gene expression in different tissues, all
the libraries were classified into eight synthetic libraries
(Table S2). Then, for each gene, the number of corresponding ESTs
in each synthetic library was counted and was normalized to TPM
(Transcripts per million).

MPSS tags of caleosin genes were acquired from Arabidopsis
MPSS Database (http://mpss.udel.edu/at/mpss_index.php) with
normalized signature MPSS (TPM) of 17-base signatures.

Microarrays analysis and visualization were done through
AtGenExpression Visualization Tool (AVT, http://jsp.weigel-
world.org/expviz/expviz.jsp) [30,31], using locus search with
mean-normalized value.

The heatmap was generated for displaying expression by R
script [32] on website http://www.hiv.lanl.gov/content/sequence/
HEATMAP/heatmap.html.

3. Result

3.1. Identification, classification and characteristics of caleosins in
Arabidopsis

Eight caleosins in Arabidopsis were identified through exact
name search in TAIR and HMM search in local, which is consistent
with the reports before [5]. Since only names AtCLO1 to AtCLO5
were given in the literatures, additional caleosin genes were
named from AtCLO6 to AtCLOS8 (Table 1). The size of ORF and
deduced amino acid, calculated Mw and pl of eight caleosin genes
varied in a wide range (Table 1). According to Mw, eight caleosins
were classified into two groups, high-Mw and low-Mw caleosin,
named as H-caleosin and L-caleosin.
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Cycad is a relative lower plant, multiple proteins alignment of
eight caleosins in Arabidopsis and one caleosin in cycad were done
to investigate structural features. The results showed that the
insertion of 29 residues in the N-terminal of H-caleosins was the
main difference between L- and H-isoform caleosin. This insertion
made N-terminal larger, hydrophobic region in the medium in the
H-isoform, which were the classification methods used before
[5,33]. It is noteworthy that the cycad caleosin belongs to H-caleo-
sin (Fig. 1).

Alignment revealed that EF-hand domain was quite conserved
except At1g23250 (Fig. 1), which might suggest the At1g23250 lost
the ability to bind calcium.

Central hydrophobic domain, PX3PSX3P, was essential for
anchoring LDs [9]. The second proline (P) of proline knot in L-caleo-
sins was found to be substituted by phenylalanine (F). And in addi-
tion, the serine (S) in At1g23250 was found to be replaced by
glycine (G) (Fig. 1). To figure out whether these changes affect
the structure of caleosins, hydropathic plot was generated and
the change of stability for amino acid mutation was predicted.
The results indicated that the hydrophobic region of L-caleosins
were smaller (Fig. S1) and the stability were decreased.

Possible Ser, Thr and Tyr phosphorylation sites were predicted
by NetPhos 2.0 and marked in Fig. 1. S65, S106, T119, S187, S188
(according to At1g70670) were conserved in L-caleosin, while
T187, S140, S214, S225 (according to At4g26740) were conserved

Table 1

Classification and characteristics of caleosin genes in Arabidopsis.
Gene name TAIR locus ID  Size (ORF, bp) Size (AA) pl Mw
H-caleosin
AtCLO1 At4g26740 738 245 5.81 28038.04
AtCLO2 At5g55240 732 243 5.62 27875.58
AtCLO3 AT2G33380 711 236 5.17 26600.04
AtCLO8 At5g29560 663 220 8.78 24855.3
L-caleosin
AtCLO4 AT1G70670 588 195 9.39 22092.12
AtCLO5 AT1G23240 633 210 9.62 23851.25
AtCLO6 AT1G70680 579 192 9.04 21518.56
AtCLO7 AT1G23250 618 205 9.77  23802.67

At4g26740 1 DGSETEMMERDAMA| ¥
At5g55240 - B S-MERMERDAME X
At5g29560 1 HsT--DHARADSIA X
At2g33380 1 | L
cycad 1 R
Atlg70670 - 3

Atlg70680 1 A
Atlg23240 1 Q xs
Atlg23250 - 5

consensus 1

At4g26740
At5g55240
At5g29560
At2g33380
eycad
Atlg70670
Atlg7O0680
Atlg23240
Atlg23250
consensus

At4g26740
At5g55240
AtS5g29560
At2g33380
cycad

LGEHLW - EMTE
W - DITB

DAWD
DA FEF
-NVTE IEEF
NAHPF

Atl1g70670 EBLK -QLL EEPNERE
AtlgT70680 ESLE - ELL EFNECE
Atlgz3z40 ESIQ-EMLET| IDFFETT
Atl1gz3250 Erx -oMLETEREEYElFT
consensus el m gnrd 4

At4g26740 240 DEKTAYY--
At5g55240 239 YKTYY---
At5g29560
At2g33380
cycad
Atlg70670
Atlg7O0680
Atlg23240 203 RGEKEQELP
At1g23250 198 RGKEQELP
consensus 241

ORL|
OTL

T
P GIENY CL ]
Q = PDIRENGL NSRS
nRL v e s v L
=L Al P R v o
R P Myl v

£l
rrvr dled_lpk

367

in H-caleosin. Y145 (according to At4g26740) were conserved in
the all examined caleosins (Fig. 1). Except that Y145, S225, T119
were reported before [3], other seven phosphorylation sites were
newly identified.

Additional 24 residues were invariable in the tested sequences,
suggesting these sites might play roles in keeping functions of cal-
eosin (Fig. 1). Moreover, previous study has point out that C221
(according to At4g26740) was highly conserved [3]. However,
our results displayed that C221 was only conserved in H-caleosin
without cycad, indicating C221 might be conserved in H-caleosin
of angiosperm.

3.2. Motif analysis of caleosins in Arabidopsis

MEME was used to survey whether there were other motifs. The
result revealed that eight caleosin genes all contained motif 1 and
motif 2, while L-caleosins missed motif 3, and At5g29560 missed
motif 4 (Fig. S2). The annotation of the motifs (Table S1) showed
that these motifs were a part of “caleosin”.

3.3. Phylogenetic analysis, chromosomal distribution and duplication
analysis of caleosin genes

To gain insight into the evolutionary relationships of caleosin
genes in Arabidopsis, both NJ method by MEGA 6.06 and ML
method by PhyML were used to construct the phylogenetic tree.
These two methods led to the similar tree topologies and which
were supported by their high bootstrap values (>80%), suggesting
that a reliable tree was generated. Following the tree, eight caleo-
sins were divided into two groups and the cycad caleosin was clo-
ser to H-caleosin group in Arabidopsis (Fig. 3). It was worth noting
that these two groups completely matched the two groups divided
by Mw.

To survey the expansion pattern of caleosin gene family, chro-
mosomal distribution of eight caleosins was investigated. As
shown in Fig. 2, caleosins were distributed over all other chromo-
somes expect chromosome 3. Four genes (50%), were present on
chromosome 1, whereas two genes was on chromosome 5 and only
one gene was on chromosome 2 and 4 respectively.

Ca2 binding motif

H-form insertion
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Fig. 1. Multiple alignment of the eight caleosins in Arabidopsis and one caleosin in cycad. H-form insertion is boxed with dotted red line. Calcium binding motif is boxed with
dotted black line. Proline-knot domain is boxed with red line. Putative phosphorylation sites of L-caleosin are marked by upper black arrow with “L” and H-caleosin by blue
arrow with “H”. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. Chromosomal localization of caleosin genes in Arabidopsis. The number
indicated at the top represents the chromosome number. The segmentally
duplicated genes are indicated by dotted lines.

Two pairs including four genes were found to be located on
chromosome 1 in tandem with high sequence identity at the pro-
tein level (Fig. 2, Table 2). Two pairs containing four genes were
found to be segmental duplication (Fig. 2, Table 3).

Furthermore, the approximate date of the segmental duplicated
caleosins in Arabidopsis was assessed. Based on the Ks value, gene
pair, At4g26740 and At5g55240, might undergo a duplication
~40.33 MYA, while another gene pair, At1g70670 and At1g23240,
might evolve ~26.33 MYA (Table 3).
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3.4. Promoter sequences analysis of caleosin genes

Transcription factor binding sites were retrieved for 2 kb of the
caleosin gene 5-upstream region, using TFSEARCH. As show in
Text S1, four binding sites for the transcription factors MYB.Ph3
(Myb-like protein of Petunia hybrida), SBF-1 (silencer-binding fac-
tor 1), P (maize activator P of flavonoid biosynthetic genes) and
Athb-1 (A. thaliana homeo box protein 1) were identified. Among
these four binding sites, the former three were common in Arabid-
opsis caleosin genes, the last one, Athb-1, was only present in
At5g55240 (Table 4).

To survey whether other motifs present in the promoter, the
potential cis-elements were further investigated by PLACE. The
motifs GATA, GT-1, phytochrome, RY and RAV1 were found out
(Table S3).

3.5. Expression profiles of Arabidopsis caleosin genes in different
organs

The expression profiles of caleosin genes in Arabidopsis were
surveyed by searching public available resources: ESTs, full-length
cDNA, microarrays and MPSS tags. In the three resources, the data
from MPSS was limited, only four organs (Table S4). The expression
data showed that each caleosin gene had at least one correspond-
ing evidence, indicating that eight caleosin gene in Arabidopsis
were all expressed (Table S4). The expression patterns from three

B
e
- -
b2 73
] 2 2
% 52 o
5 8 &
H-caleosin ° Q
0v.L9ZBYIV
Lo}
#c.eo

Ax1923250

0 ~ L-caleosin
%
2
L7

Fig. 3. Phylogenetic trees of eight caleosins in Arabidopsis and one caleosin in cycad by neighbor-joining mehod in MEGA 6.06 (A) and maximum likelihood method in PhyML

3.0 (B).

Table 2
Tandemly duplicated caleosin genes in A. thaliana.

Duplicated caleosin 1 Location Duplicated caleosin 2 Location Identity (%)
AT1G70670 Chr1: 26644582-26646173 AT1G70680 Chr1: 26647220-26648734 81.15
AT1G23240 Chr1: 8252715-8254625 AT1G23250 Chr1: 8255233-8256770 72.96
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Table 3

Segmentally duplicated caleosin genes in A. thaliana.
Duplicated Duplicated Flanking  Ks Ka/ Age Identity
caleosin 1 caleosin 2 genes Ks (MYA) (%)
AT4G26740 AT5G55240 12 079 0.15 2633 79.92
AT1G23240 AT1G70670 10 121 025 4033 6494

Table 4

Transcription factor binding sites predicted by TFSEARCH.
TF-binding site MYB.Ph3 SBF-1 P Athb-1
At1g23240 2 2 1 0
At1g23250 0 1 1 0
At1g70670 0 1 2 0
At1g70680 0 4 1 0
At2g33380 1 1 1 0
At5g29560 0 1 1 0
At5g55240 0 1 3 1
At4g26740 0 0 4 0

resources were similar. As showed in Fig. 4A, the expression of
At4g26740, At1g70670 and At2g33380 were relatively high in
the examined tissues. At4g26740 and At5g55240 display preferen-
tial expression in seed, while At1g23240 in bud and At1g70670 in
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leaf. At1g70670 and At2g33380 were found to be expressed in var-
ious organs.

3.6. Expression analysis of Arabidopsis caleosin genes in response to
stress conditions

The ESTs analysis indicated that At1g70670 and At2g33380
were expressed in senescence leaf and under stress conditions.
And the MPSS tags showed that only At2g33380 expressed sub-
jected to the SA after 4 h and 52 h with moderate abundance and
low abundance, respectively (Table S4).

The expression patterns of caleosin genes under different hor-
mones and stresses were also analyzed using microarray data. All
Arabidopsis caleosin genes have microarray data except
At5g29560 and At1g70680. However, the microarray data of other
tissue, like seed, under various stresses and hormones were still
scarce. The results indicated that At2g33380 was super-sensitive
to ABA (abscisic acid), and MJ (methyl jamonate), sensitive to GA
(gibberellin) in seedling, whereas At5g55240 and At4g26740 were
sensitive to ABA in seed (Fig. 4B, Table S4). And At2g33380 was
induced in aerial part with cold, osmotic, salt, drought, UV-B,
wounding, and in root with osmotic, salt, while At1g70670 was
induced in root with heat and sensitive to heat in cell culture
(Fig. 4C, Table S4).
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Fig. 4. Expression profiles of Arabidopsis caleosin genes using microarray data. (A) Expression patterns in different development tissues. The heat map were generated by
average log signal values of caleosin genes (F, flower; L, leaf; SL, senescing leaf; R, root; A, apex; S, seed; SLI, seedling). The color scale representing average log signal values is
shown at the bottom. (B) Expression patterns under various hormones (ABA, abscisic acid; ACC, 1-aminocyclopropane-1-carboxylic acid; BL, brassinolide; GA, gibberellin;
IAA, indol-yl-3-acetic acid; M], methyl jamonate). (C) Expression profiles under various stresses. (For interpretation of the references to color in this figure legend, the reader

is referred to the web version of this article.)
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Taken together, At2g33380 was sensitive to various stresses
and hormones, At1g70670 was sensitive to some stresses in root
and cell culture, At5g55240 and At4g26740 were sensitive to some
hormones in seed.

4. Discussion
4.1. Two types of caleosins in Arabidopsis

In this study, eight caleosins are sorted into two classes, H-cal-
eosin and L-caleosin, according to the Mw, as the oleosins are clas-
sified [34]. Motif analysis, protein alignment and phylogenetic
analysis all support this classification. Protein alignment shows
that the insertion of 29 residues in the N-terminal domain of H-
caleosins is the main difference between the two types of
caleosins.

A comparison between H- and L-caleosin shows that the pls of
H-caleosins are below 6 except At5g29560, and L-caleosins are
above 9 (Table 1), suggesting that two types of caleosins might
operate in different microenvironments. Meanwhile, L-caleosin
has smaller hydrophobic region (Fig. S1) and decreased stability
since proline knot changed. Further, two types of caleosins have
different conserved Ser, Thr phosphorylation sites (Fig. 1).

Two oleosin isoforms have different function [34]. Whether two
types of caleosin have diverse functions remains to be determined.

4.2. Evolution of the caleosin genes in Arabidopsis

The duplicated pair, At1g23240 and At1g70670, is speculated to
be occurred 40.33 MYA, which is consistent with the emergence of
crucifers (24-40 MYA) [35]|. The other pair, At4g26740 and
At5g55240, may evolve 26.33 MYA, just before the split between
Arabidopsis and genus Brassica (12-20 MYA) [36].

Cycad is a relatively primitive gymnosperms species. Classifica-
tion result shows that cycad caleosin belonged to H-caleosin
(Fig. 1) and phylogenetic analysis indicates that cycad has closer
relationship to the H-caleosin (Fig. 3). Taken together, H-caleosin
is presumably more primitive than L-caleosin.

4.3. Expansion pattern of caleosins in Arabidopsis

Segmental duplication, tandem duplication, and transposition
play important roles in the gene family expansion. In Arabidopsis,
At1g23240 and At1g70670 (25%) undergo both segmental duplica-
tion and tandem duplication. At4g26740 and At5g55240 (25%)
undergo segmental duplication, and At1g23250 and At1g70680
(25%) undergo tandem duplication. Thus, segmental and tandem
duplication (75%) are main reasons for Arabidopsis caleosin expan-
sion with the equal part.

At1g23250, tandem gene of At1g23240, has mutations in the
calcium-binding domain of N-terminal, indicating the function lose
for calcium-binding. So, it is likely that At1g23250 undergo non-
functionalization. At4g26740 and At5g55240 are segmental dupli-
cation pair, they both specially express in seeds, however, the
expression of At4g26740 was much higher than At5g55240, sug-
gesting sub-functionalization has happened.

4.4. The potential roles of caleosins in signal transduction and lipid
accumulation

Three common putative transcription factor-binding sites were
identified in the promoter of caleosin genes (Table 4). Two of them,
MYB.Ph3 and P, participate in flavonoid biosynthesis [37,38],
which are available to respond to various abiotic stresses in plant
[39].

The third one, SBF-1, which is nearly identical to GT-1 [40], is
discovered in all Arabidopsis caleosins except At4g26740. GT-1
and as-1 or GATA motif work together to respond to the calcium
or calmodulin signal [41].

PLACE analysis shows GATA and GT-1 are existed in all
caleosins in Arabidopsis. Interestingly, phytochrome regulation
element, the target of Calcium [42], are also found out. Moreover,
caleosins have conserved calcium-binding domain and phosphory-
lation sites. Therefore, it is speculated that caleosin may response
to calcium signal, or, may transduce calcium signal to the extracel-
lular space.

PLACE find motif RY and RAV1, too. RY can bind B3 domain
which is in the transcript factors of seed development: ABI3,
FUS3 and LEC2 [43]. RAV1 transcription factor contains AP2 and
B3-like domain, which is related with storage oil synthesis in
castor bean [44]. In addition, a study shows that caleosin is up-
regulated in high yield and quality rapeseed [10]. Thus, caleosin
may be involved in the process of oil-accumulation.
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