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Abstract: Activity of bcl complex (ABCIK) is a protein kinase commonly found in
eukaryotes and prokaryotes. It plays an important role in various developmental and
physiological processes, especially critical for plant response to diverse biotic and abiotic
stresses. In this study, a genome analysis was carried out and 18 genes of ABCIK family
were identified in tomato. Phylogenetic results showed that these members could be
classified into three groups — ancestral clade, mitochondrial clade and photosynthetic-
specific clade, with several subgroups based on subcellular location prediction by WoLF
PSORT and all the SIABCIK proteins contained an ABCIK conserved kinase motifs-VAIK
(VAVK, VAMK) and DFG (DEG). Conserved motifs analyzed by MEME program indicated
that all ABCIK protein contains motif 2, 5, 6 and 8. Predictably, the SIABCIK proteins were
localized in chloroplasts or mitochondria; in our analysis of expression patterns, SIABCIK
genes could be detected in all tomato organs, and eight genes were specifically expressed in
tomato leaf, which implied that the SIABCI1Ks might be involved in energy metabolism in
tomato. The expression of several genes was significantly changed under abiotic stress,
implying their probability of performing various roles in abiotic stresses (NaCl, high
temperature, cold, abscisic acid and salicylic acid).
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Introduction

The ABCIK 1is an evolutionarily ancient gene family, conserved throughout species of
archaea, bacteria and eukaryotes [1-3]. The ABC1K family has also been described as a new
family of putative kinases [4]. Unlike typical protein kinases, the ABC1K proteins lack
sequence similarity to the ePK domain HMM profile, but have the most conserved kinase
motifs, including the VAIK catalytic motif (VAVK and VAMK) with protein kinase activity
in Arabidopsis thaliana [3, 5]. The family was first discovered in Saccharomyces cerevisiae
[2], the yeast ABC1 gene was located in nucleus, and regulated the correct folding of
cytochrome b and assembly of BC1 complex in mitochondrial respiration chain [6, 7]. Recent
studies revealed that aarF in Providencia stuartii, a homologue of ABC1K gene (yigR) from
Escherichia coli, was required for ubiquinone synthesis and their mutations lead to respiratory
defects in bacteria and mitochondria [1, 8]. When an ABClI-like protein from Arabidopsis
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expressed in S. cerevisiae, it partially repaired the activity of complex III [9]. In human,
a homologue of the ABCI1K proteins (CABC1) had been identified and possibly involved in
apoptosis [10]. ABCI1K in plants have more diverse functions than those in yeast [5, 11-17].

Since then, ABC1K genes have been identified, isolated and characterized in many plants,
including Arabidopsis thaliana [5, 18], rice [18-20], maize [21], wheat [11, 17] and populous
[22]. Previous studies showed that, ABCIK protein in higher plants were located in plastids
or mitochondria by mass spectrometry and subcellular localization analysis [3, 23, 24].
For example, the Arabidopsis chloroplast protein AtOSA1 (4t5g64940) was identified as a
factor playing a role in the balance of oxidative stress [5]. Another chloroplast protein in
Arabidopsis, AtACDO1 (ABCIKI1, A#4g31390), plays important roles in mediating
chlorophyll degradation and maintaining the number of chlorophyll binding photosynthetic
thylakoid membranes, as well as in the photo-oxidative stress response [12]. Recent studies
showed that, ABC1K1 (4t4g31390) kinase constitutes a new type of regulatory link between
photosynthetic activity and chloroplast metabolism [16], and ABCI1K1/3 (ABCIKS3,
Atl1g79600) complex contributes to PG function in prenyl-lipid metabolism, stress response,
and thylakoid remodeling [25]. In addition, AtSIA1 (4¢3g07700) and AtOSA1 affect iron
distribution within the chloroplast and act in signaling pathways that influence responses to
ROS production and oxidative stress [13, 14]. Moreover, AtSIAK (4t5224970) genes involved
in stress response of salt [26]. In rice, OSABC1K2 (LOC 0s02g36570) play potential roles in
regulating dark-induced senescence [27], and OsABCIKS8 (LOC Os06g48770) was a
negative regulator in response to dehydration stress through ABA-dependent pathway [28].
Meanwhile, OsAGSW1 (LOC Os05g25840), which localized in chloroplasts, plays an
important role in seed shape and size by regulating the development of vascular bundles of
flag leaves [29]. In addition, ZmABCI1-10 (a homology of AtOSA1 in maize) is a cadmium
responsive factor and play potential roles in the plant adaption to diverse abiotic stresses [21].
TaABCI, a homology of AtOSA1 in wheat, was localized to the cell membrane, cytoplasm,
and nucleus, and TaABC1 overexpression in Arabidopsis enhanced drought, salt, and cold
stress tolerance, implies that 7TaABCI may act as a regulatory factor involved in a multiple
stress response pathways [11]. Another study indicated that characterization of TaABCI
expression revealed that gene expression was tissue-specific and could be up-regulated by
Puccinia striiformis f. sp. tritici (Pst) and/or by an abiotic stress like wounding. High-fold
induction suggesting that 7a4BCI is a rust-pathotype specific HR-mediator, and
down-regulating suggesting 7aABC1 was involved in HR against stripe rust, but overall host
resistance is not HR-dependent [17].

Tomato (Solanum lycopersicum) is the second most consumed vegetable and has been
adopted as an important model plant for fruit development [30]. Although the roles of
ABCIK genes in development and response to stimuli have been substantially elucidated in
Arabidopsis and other plants, there is little information concerning the function of ABC1K
genes in tomato. In this study, 18 ABCIKs genes were identified in tomato genome.
The further analysis was carried out to reveal these sequences evolutionary origin,
chromosomal location, amino acid sequence conserved motifs, and their expression pattern
was determined in different organ and the abiotic stress condition by quantitative real-time
PCR analysis. These results will be useful in studies on the function of each gene in the
ABCIK families.
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Materials and methods

Identification of genes and chromosomal localization

ABCI1K members in tomato genome were identified by Arabidopsis. In order to find out
tomato ABC1K genes, 17 protein sequences of the Arabidopsis ABC1K members was
searched among Solanaceae Genomics Network database (SGN, www.sgn.cornell.edu) [30].
All the obtained sequences were sorted for the unique sequences. ABC1K domain search for
these sequences were carried out using Pfam (http://www.sanger.ac.uk/Software/Pfam/
search.shtml) [31] and SMART database (http://smart.embl-heidelberg.de/)[32]. In total,
18 ABCIK genes were obtained and named as Solanum lycopersicum ABCIK (SIABCIK)
genes. Genes were assigned numbers from SIABCIKI to SIABCIK18 based on their position
from the top to the bottom on the tomato chromosomes 1-12. WoLF PSORT
(http://wolfpsort.org/) was used to determine the predicted location of SIABCIK [33].

Phylogenetic analysis

A phylogenetic analysis was performed by aligning all the ABCIK protein sequences of
dicots tomato (Solanum lycopersicum, Sl), and poplar (Populus trichocarpa, Ptr) [22],
Arabidopsis (Arabidopsis thaliana, At) [5, 18], and monocots rice (Oryza sativa, Os) [18-20]
and maize (Zea mays, Zm) [21] with Clustal X 2.0 [34] and an un-rooted neighbor-joining
phylogenetic tree was constructed. Bootstrap analysis was carried out taking 1,000 replicates.
The MEGAS.1 software was used to view the phylogenetic tree [35]. Similarly, second
phylogenetic tree was constructed using ABC1K protein sequences from tomato.

Identification of conserved motifs

Protein motifs of the ABC1K protein sequences were identified statistically using MEME
program (http://meme.nbcr.net/meme/) with motif length set as 20-197, motif sites 2-18,
maximum number of motifs to find was set at 18, searching given strand only and the
distribution of one single motif was any number of repetitions [36].

Digital gene expression analysis

The expression profile was determined through analyzing the RNA-seq data based on locus
gene name [37]. The RNA-seq data’s were downloaded from SGN (www.sgn.cornell.edu)
[30], including the sequenced data of various tissues in tomato cultivar Heniz 1706.

Plant material and chemical treatment

Tomato seeds (Heinz 1706) were sterilized, rinsed in sterile water and sown in recipient.
Plants were grown under standard greenhouse conditions; the culture chamber rooms are set
as follows: 14-h-day/10-h-night cycle, 25/20 °C day/night temperature, 80% hygrometry,
250 mmol/m?/s intense luminosity. When fourth leaf appeared the plants were subjected to
stress treatment. The stress treatment involved exposure of plants in 1/2 MS liquid medium
supplemented with 100 uM/L ABA, 5 mM/L SA or 200 mM/L NaCl respectively and
exposed to high temperature at 42 °C in the lighted incubator or cold chamber at 4 °C. 0, 1, 2
and 8 hours were sampled. And also in the vegetative stage to take root, stem and leaf, in the
reproductive growth stage take flowers and ripe fruit. The plant tissues were frozen in liquid
nitrogen quickly and kept at -80 °C until RNA isolation.

Extraction of total RNA and cDNA synthesis
Total RNA was extracted from tomato organ: roots, stem, leaves, and flowers, fruit and
treatment sample for three biological repeats using a TRIZOL Reagent (Invitrogen) according
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to the manufacturer’s instruction. Total RNA was treated by DNase I to remove any genomic
DNA contamination and checked by RNA gel. M-MLV Reverse Transcriptase reverses
transcription kit synthesized single-stranded cDNA. Then the single-stranded cDNA can be
used directly for quantitative real time PCR. Three biological replicates were taken and for
each three technical replicates were employed.

Quantitative real time PCR

The reactions were carried out in 96-well optical reaction plates (Applied Bio-systems, USA).
Q-PCR was performed using the ABI Prism 7000 Sequence Detection System and Software
(PE Applied Bio-systems, USA) [38]. To normalize sample variance, SIUBI3 gene
(Solyc01g056940.2.1) was used as the endogenous control. The reaction mixture contained
1 uL cDNA, 0.4 pL PCR primer, 5 uL. SYBR and 3.2 pL dd H,O. The PCR ran for 39 cycles
at 95 °C for 5 s and 55 °C for 20 s for annealing and extension. The gene specific primers for
real-time PCR were designed by primer 3.0 [39] and listed in Table 1. Q-PCR was performed
on three biological replicates. After the reaction, the fluorescence curve and melting curve
were used to analysis.

Table 1. Primers used for qRT-PCR

Primer name  Sequence Primer name  Sequence
SIABCIK1-QF AAATGCAGAACGTCTGGCTCTTG SIABCIK10-QF GCACTCGCCCAATTAAGGTACTG
SIABCIK1-QR TGTCCAAAGCAGCTAAGATCGG SIABCIK10-QR CTAAGTTCAATGGCACGCAATCTC
SIABC1K2-QF TTCGGCATCACAGAGTGAACATCG  SIABCIK11-QF ACTATGCTGCACTGTGGAAGGC
SIABCIK2-QR CCCTCGAGGACTAAAGTTGTCACC  SIABCIKI11-QR CCAAGGCCTCATTGTGAGAATCCC
SIABC1K3-QF CCCTTCTCAAGATGCTTCTGGTTG SIABC1K12-QF TCTGCAAAGGTGCTGAGGTTGC
SIABCIK3-QR TCCGTTTCTGAGAGGACTTGTGC SIABCIK12-QR TTTGGCCGTAGTAGCATTGCCATC
SIABC1K4-QF GCTGGCAATTTGTGGCAACTACG SIABC1K13-QF ACGGACATCCACCATTTCCATGC
SIABC1K4-QR GGAGATATGCGACCAACAATTCCG  SIABCIK13-QR TTTCGAGCTGCTCTCTCAGACTC
SIABCIKS-QF ATACGAGACATGGTCAGCAGGAG SIABC1K14-QF TAAGGTCCAGAGGCCTCATATGTC
SIABCIKS5-QR ACTTGCCATCAGGATGTATGCC SIABC1K14-QR TCTTCGAACATGTGTCTCACCATC
SIABC1K6-QF TGGCTAGCAAACATCAAACACACG SIABCIKI15-QF AGGGAATATGTGCTGGACTGGTG
SIABCI1K6-QR ACCACAAACCAGCTGAGGCAAG SIABCIK15-QR TGTCCTCAAGCTTCAGCTTTCC
SIABCI1K7-QF AGGAAACGATGCTAAACCTTGGTC  SIABCIK16-QF ATCCGCAGGCAGCTTCTTCTTG
SIABCIK7-QR ATGGAGCTCAGACAGTGCCTTTG SIABCI1K16-QR CGAGCAACGGATGGTAAGTCTTGG
SIABC1K8-QF GGTATTGAAGTCGCGGTAAAGGAC  SIABCIK17-QF TGGGAGAACCGTGGTCTAACATC
SIABCIK8-QR TCAGCCTGCCTGAACAAGTTGTAG  SIABCIK17-QR TAAACCTGCCCAAGGGATGCAG
SIABC1K9-QF TTCGGGATGCTGTAGCCAAAGG SIABCIK18-QF ACTTTGGTGTTGGAGGGATGGC
SIABCIK9-QR TCCAACACAGCAAGGCTTCG SIABCIK18-QR TTTGCAGTGTCTGTAGCACGTC
Results

The identification of ABCIK genes in tomato

Comprehensive identification of the SIABCIK gene family members in the tomato was
achieved using all ABCI1K proteins previously reported from Arabidopsis and other plant
species [3] in BLAST queries on SGN database. A total of 18 non-redundant SIABCIK genes
were identified and manually verified their uniqueness by removing redundant sequences
from the databases (Table 2). Since there was no standard annotation assigned to these newly
identified genes, we named these SIABCIK genes as SIABCIK]I to SIABCIK18 based on the
distribution on the chromosomes (chromosome 1, 2, 3,4, 6, 7, §, 9, 10).

The further analysis indicated that the intron number of each gene in tomato was from 0 to 20,
open reading frame length ranging from 1428 to 2871, deduced peptide length from 476 to
957, and the isoelectric point from 5.27-9.9 kDa. Previous data showed that the ABCI
proteins were involved in the electron transfer in respiratory chain and located in
mitochondria [6]. To understand the subcellular localization of ABC1Ks, WoLF PSORT was
used to determine the predicted localization in plant cell. Interestingly, most of the ABC1Ks
were located in mitochondria or chloroplast using this programs (Table 2).
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Table 2. Basic information for ABC1K family genes in tomato

Gene name Locus ID Location Introns CDS length Amino acid pl Mol.wt.(kDa) Localization Chromosome

SIABCIKI Solyc01g068640.2.1 70233998..70244981 7 1815 605 546  66.96 Chlo 1

SIABCIK2 Solyc02g084400.2.1 42099504.42094686 5 1788 596 933 67.87 Mito 2

SIABCIK3 Solyc03g006660.2.1 1233241.. 1241413 4 1893 631 99 7163 Plas 3
50248132.. .

SIABCIK4 Solyc03095620.2.1 JrS 10 1614 538 609 6027 Mito 3
55715212..

SIABCIKS Solyc03g110940.2.1 s 1 1461 487 883  55.64 Cyto 3

SIABCIK6 Solyc04g008300.1.1 1981218.. 1982819 0 1602 534 905 6038 Chlo 4
40914182..

SIABCIKT Solyc04g04938021 411418 1 2343 781 867 8895 Cyto 4
51052577..

SIABCIKS Solyc04g054190.2.1 LT 19 2265 755 92 85.02 Chlo 4

SIABCIK9 Solyc04g072230.2.1 5566882195410262" 20 2121 707 837  78.88 Chlo 4

SIABCIK10 Solyc04g083010.2.1 04061311 6 2145 715 622 79.28 Chi 4

olyclsg - 64056480 : : °

31778043..

SIABCIKI1 Solyc06g051730.2.1 5 1045 1 1617 539 845 60.74 Cyto 6

SIABCIKI2 Solyc07g009150.2.1 4190366.. 4203458 11 1428 476 878 5405 Cyto 7
55840808..

SIABCIKI3 Solyc070454202.1  Lod % 17 2100 700 942 79.29 Cyto 7
55214508.. .

SIABCIKI14 Solyc08g0689202.1 oo 0% 13 2175 725 895 8234 Mito 8
55560775..

SIABCIKIS SolycO8g0742802.1  “pougy 18 2871 957 668  106.77 Cyto 8
55845022..

SIABCIKIG6 SolycO8g074560.2.1  paro > 13 1989 663 527 7470 Chlo 8
66185006..

SIABCIK17 Solyc09g091580.2.1 P 12 2358 786 561 8621 Plas 9

SIABCIKI8 Solyc10g006790.2.1 1231572.. 1237111 4 1917 639 911 7235 Plas 10

Chlo: chloroplast; Cyto: cytoplasmic; Mito: mitochondrial; Plas: plasma membrane

Mapping SIABCIK genes on chromosomes

Results indicated that SIABCIK genes were distributed in almost all chromosomes with the
exception of 5, 11 and 12 (Fig. 1). Further analysis found that two genes in different
chromosomes had homology, such as SI4ABCIK2 and SIABCIK3, SIABCIK6 and SIABCIKI1,
SIABCIKS5 and SIABCIKI12, SIABCIKS8 and SIABCIKI3, SIABCIK9 and SIABCIKIO0.
And there were five SIABCIK genes in chromosome 4, three in chromosome 3. The other
chromosome (chromosome 1, 2, 6, 9, 10) contains only one gene.

Phylogenetic analysis of ABCIK genes in tomato and other plants

In order to examine the phylogenetic relationship among ABCI proteins from dicots and
monocots plants, a multiple sequences alignment of dicots tomato (Solanum lycopersicum, Sl),
poplar (Populus trichocarpa, Ptr) [22], Arabidopsis (Arabidopsis thaliana, At) [5, 18], and
monocots rice (Oryza sativa, Os) [18-20] and maize (Zea mays, Zm) [21] was constructed
with Clustal X 2.0 and an unrooted tree was built using MEGAS by employing the Neighbor-
Joining (NJ). As shown in Fig. 2, this phylogram was classified into three groups (I, II and
IIT), and based on the primary amino acid sequence, the ABC1 members in groups Il and
groups III can be further clustered into three (Ila-e) and seven (Illa-g) subgroups respectively,
consistent with the Lundquist [3].

Phylogenetic tree combining gene family from different species will help us to understand the
phylogenetic relationships among the members and allows speculation on the putative
functions of the proteins based on the functional clades identified. Owe to the functions of
several ABCI1K proteins have been well characterized experimentally, phylogenetic analysis
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of ABCIK proteins has identified in three clade (Fig. 2), the subgroup I with 12 members
from five plants was the ancestral group of ABCIKs, the second clade consists of the
subfamilies Ila-c, which are all likely targeted to the mitochondria based on localization
predictions; the subgroup III comprises seven subfamilies (IIla-g) and is specific for
photosynthetic based on the studies of AtABCIK12 (ABCI1K1), AtABC1KS5 (ABC1K3),
AtABCI1K17 (AtOSAl), AtABCIKS (AtSIA1), AtABC1KI12 (AtACDO1) and OsABC1K7
(OsAGSW1), which subcellular localization were on chloroplast and involved in chloroplast
metabolism, was the photosynthetic-specific clade.

------

Fig. 1 Chromosomal distribution and segmental duplication events
of tomato ABC1 genes
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Fig. 2 Phylogenetic tree of ABC1K in tomato and other plants
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Multiple sequence alignment and motifs analyses of SIABCIK proteins

Sequence alignment of the deduced ABCI1 proteins in tomato by Clustal 2.1 and MEGAS.1,
the result showed that all SI4ABCIK had a conserved ABC1 domain, and contained VAVK
motif and DFG motif (Fig. 3A). Data revealed that ABCIK in tomato is very diverse and
putative motifs were predicted by the program MEME and 14 distinct motifs were identified
(Table 2). The schematic distributions of the 14 motifs among the different gene groups are
presented in Fig. 3B. The most widely distributed motif 2, 5, 6 and 8 were found in
SIABCIK]I through SIABCIKI18. The motif 11 and 12 were distributed only in two ABCIK
protein sequences. The length of conserved amino acid sequence motif within the range was
from 21 to 197.

As expected, most of the closely related members in the phylogenetic tree shared common
motif compositions, suggesting functional similarities among the ABC1K proteins within the
same subfamily, but the unique motifs were shared by different groups. In the same sub-
family have similar motifs. Motif 9 existed in III sub-family; motif 1 and motifs 14 exist in I
sub-family. We can indicate that the ABC1K motifs were essential for its function.

Fig. 3 Conserved domain and motif analysis of SIABCIK gene

The expression profiles of SIABCIK genes in organ

Since tissue specific transcriptomes of tomato were available for root, leaf, bud, flower and
different developmental stages of fruit in SGN database, it was possible to investigate the
in-silico expression profiles of ABCIK genes in various tomato tissues. Mapping of the
available transcriptome reads revealed expression patterns of 18 SIABCIK genes were
retrieved in terms of RPKM values. Hierarchical clustering of the expression profiles showed
that several SIABCIK genes exhibited preferential expression in distinct patterns (Fig. 4).
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Table 3. Putative conserved motifs in tomato ABC1 proteins predicted by MEME

Motif  E-value Apgﬁ&red Amino acid sequence

1 2.9e-170 3 GHERLKSALAHIGTHALLKMLLVDNFIHADMHPGNILVRVTQSKSSRKRIFKSKPH
VVFLDVGMTAELTNNDRIILLEFFKATARRDGQTVAECTLQLSKKQNCPNPEAFIKE
VKESFDFWGTPEGDLVHPADCIEQLLEKVRHHRVNIDGNVCTVMVTTLVLEGWQ
RKLDPDYDVMHTLQTLVLKSDWAESLTYTI

2 1.8e-157 18 LDNIFERFDREPIAAASLGQVHRARLNG

3 8.9e-129 10 VEVGVYCSFNQLLEYGFYHADPHPGNLLRTYDGKLAYLDFGM

4 7.8e-086 14 RAGPAFIKWGQWAATRPDLFP

5 7.3e-083 18 VPKIYWNFTRKEVLTMEWIDG

6 4.0e-091 18 VVVKVQHPGVQELMMTDIRNL

7 7.2e-093 16 YMNELCILQDDVPAFPNQVAFNIEEELG

8 3.4e-085 18 YEECAKILYEEIDYINEGKNADRFRRDFR

9 1.2e-055 7 LAQITFDYPFRIPPYFALIIRAIGVLEGIALVGNSDFAIVDEAYPYIAQRLLTDESP

10 1.0e-024 2 QEKVSACFRPWQRSFQFWVRAVDIYTGYKVFQLRVGFEKDVQKQEAMWERQHE
VAAEKIYNMCSDLGGFFLKVAQLIGKP

11 1.5e-022 2 GIDTLSKCEDEQKEMLKLAQGMFDTKLPPGVKMMOQPFSEESSVKKIAVEAFPEELF
SILRTLQILRGLSVGLGISHSCAEQWRPIAEEALYNAGRLTDIDMKRSHRHRT

12 1.1e-021 6 QKYGMIEAIAHLIHRDYGAIVKDFVKLGFIPDGVNLQPILP

13 6.3¢-015 4 FAEMIFVHGFLHGDLHPGNILV

14 1.6e-009 3 NTFYKSYSLTSPGTTVRNHAEVAWKKLSRIYFDEGQTFNQLSRFAQALSLALSRSY
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Fig. 4 Heat map showing digital expression profiles of SIABCIK genes
in various tissues of tomato based on RPLM values

The expression profiles reveal that five genes from subgroup III, such as SIABCIK4,
SIABCIKS, SIABCIKI10, SIABCIK13 and SIABCIK17 shared similar expression pattern with
a high expression levels and especially in flower, leaves, and B+10. And four genes,
SIABCIKI11, SIABCIKI13, SIABCIKI5 and SIABCIKI8 were specially expressed in root.
Some SIABCIK genes were constitutively expressed with low levels in every organ tested,
such as those of SIABCIK1, SIABCIK2, SIABCIK3, SIABCIKS and SIABCIK14 (Fig. 4).

Then, SIABCIK gene expression pattern in different tissues was validation by quantitative
real-time PCR (Fig. 5). Most of SIABCIK genes had a high expression levels in leaves, and
the leaves relative expression levels of SIABCIKI, SIABCIK7, SIABCIKI10, SIABCIKI4,
SIABCIK17 was over 10. Compared to leaves, their expression levels were lower in roots and
flowers. The expression level of SIABCIK2, SIABCIK3, SIABCIK4, SIABCIKS5, SIABCIK9,
SIABCIKI1, SIABCIKI13, SIABCIK]I5 and SIABCIK16 were higher in fruits than in roots and
flowers. In summary, ABC1K genes were highly expressed in leave and fruits, then root and
stem, finally flower.

The expression profiles of SIABCIK genes under abiotic stress

In order to reveal the relationship between SI4ABCIK genes and abiotic stresses, the change of
gene expression was determined by qRT-PCR under a variety of stress treatment. Tomato
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seedlings were subjected to various stresses for 1 h, 2 h and 8 h, basal expression level of all
SIABCIK genes was checked in 0 h as one fold, and the expression of all SIABCIK genes was
normalized with reference to the expression of SIUBI3 gene. In first 1 h of NaCl treatment
(Fig. 6 A,B), the expression of SIABCIK2, SIABCIK3, SIABCIK4, SIABCIKS, SIABCIKG,
SIABCIK10, SIABCIKI1 and SIABCIK14 were quickly induced, and reach to 2 fold, most of
them were keep at the level till the end except SIABCIK2, SIABCIKS and SIABCIKII.
The transcript of SIABCIK9, SIABCIK12, and SIABCIK18 were sharply reduced after NaCl
treatment. In other way, the level of SIABCIK1, SIABCIK9, SIABCIK13 and SIABCIK17
were firstly decreased by NaCl treatment, but after 2-hour treatment, their expression returned
back (Fig. 6 A,B). Most of the SIABCIK genes were increased expression by cold stress
except SIABCIKII and [2, and had a highest expression levels at 2 h (Fig. 6 C,D).
The gRT-PCR results showed that the expression levels of SIABCIKS5, SIABCIKI2,
SIABCIK14, SIABCIKI15 and SIABCIK16 were significantly up-regulated after heat treatment,
but SIABCIK2, SIABCIK3, SIABCIK7, SIABCIKII, SIABCIKI3, SIABCIKI7 and
SIABCIKI1S8 were down-regulated after heat treatment (Fig. 6 E,F). Among 18 SIABCIK
genes, SIABCIK6, SIABCIK7, SIABCIKS, SIABCIK9, SIABCIK10 and SIABCIK12 were up-
regulated at 1 h, 2 h and 8 h after ABA treatment, the expression levels of SIABCIK17 have
been found to increase by 12.5 folds at 8 h after ABA treatment (Fig. 7 A,B). SIABCIK?2,
SIABCIK10, SIABCIKI11, SIABCIKI2, SIABCIKI4, SIABCIKI5, SIABCIKI6 and
SIABCIK18 were up-regulated by SA treatment, and SIABCIK[4 was increased by 43 folds at
2 h after SA treatment (Fig. 7 C,D).

.I'siaBciki E .| sIABCIK2 g ..[SIABCIK3
H
N
L g,
Lo W i MEEEE
|sBciks N ;:*;mm‘lxs £ .. [SIABCIK6 .
g
n = 2| h‘ (" g ! l ‘
z s i I ]
1 r] _,..] . . I B 5 N = & , |_ L L !
Sl)‘\ﬂ(_“(q

SIABCIKT poy | SIABCIKE =

Ll

—
L’.

[

Relalive expresson IVl Rylative exprossion levels.  REIGUVE expression levels  Relalive expression levels  Ralalive expression levels

Relative expression levels  Relative axpression levels  Relative axpression levels  Relative expression levels — Relative expression levels  Relative axpression kevels

s
::
E
L . ] L
SIABCIKI0 .| SIABCIKI1 2 _‘_,‘SIABCIKIZ
L E& i
. i
-1 .
U i s | J
s mm BN €.l M om I o |
. |SIABCIKI13 ‘[SIABCIK14 . |g [SIABCIKI1S
o | Eu
| - L i
R ] L
2 -
.| H
s U _ E |
IS m IS N e sl 1B & = B oo ] e ) 1
“ISIABCIK16, 2 [SIABCIK17 1 |8 ../SIABCIKIS
| | #°| . B, I i
. g M §e M &
! 2] £
| - ] 1
L_..L____ ﬂa_::_,_l At .

Fig. 5 Q-PCR analys1s of 18 SZABC]K gens in dlfferent tissues

295



Int.]J. BIOAuTOMATION, 2015, 19(3), 287-302

w
o
"
o

il i |
fEE

& o W
o

2y "

in o

Relative expression levels
s

m B o

Relative expression levels
i

Wl

Mo
ma

-

A,
;;L LIﬂLLLﬂL

L] |
11
LA

Relative expression levels

&
2o kW B @ B B W

Relative expression levels

. HeatOn B

i B2 Elsg F
B | = e B

8 s

w W

g g

@« 1 @

ag- L ] B g 1

K =

e LT L L
g G G e T e g g o o g

Fig. 6 Effect of NaCl, heat and cold on the expression
of SIABCK genes in leaves by Q-PCR analysis

@
-

= A

imm ﬂMm i

-
=
1 -
="

o

Relative expression levels
» -

Re!alive expression levels

;o

]

S

Relative expression levels
Relalive expression Ievels

e N & @ @

JJJ¢J$¢¢$

9“ "’q“”' l-?‘_r"‘...p’" »’"9“9»9’

lnh[ILLLIJIuL I:H_l:-'_'lfl

',-J»J,éé,ﬂ-)«—vw'*w ,,s&',,.w';‘“

Fig. 7 The expression of SIABCIK genes in response to ABA and SA

Discussion

ABCI (Activity of bcl complex) is an important protein kinase. Previous studies showed that,
ABC1 gene family involved in a wide range of metabolic regulation of plants [3, 6].
Therefore, it is very essential in reveal ABC1K comprehensive significance identification and
its function. Compared to 17 members of the ABC1 proteins in Arabidopsis [3], 20 in maize
[21], 17 in Oryza sativa [18-20], 23 in Populus trichocarpa [22], we found 18 members of
ABCIK protein sequences in tomato genome (Table 2). They were distributed on nine
chromosomes (chromosome 1, 2, 3, 4, 6, 7, 8, 9 and 10) (Fig. 1). Previous study showed that,
ABCI1 proteins have the most conserved kinase motifs, including the VAIK catalytic motif
(VAVK and VAMK) [3, 4]. SIABCIK protein sequence in tomato had 14 motifs (Fig. 3B);
VAVK and DFG are conserved protein sequences in ABC1K protein sequence (Fig. 3A).
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ABCIK protein localization and its function have a great relationship. The yeast ABCIK
located in the nucleus and mitochondria controlled the correct folding of cytochrome b and
the assembly of bcl complex in the mitochondrial respiration chain [8]. Arabidopsis OSAI
gene, located in chloroplasts, was found to be involved in balancing oxidative stress generated
by Cd*, hydrogen peroxide (H,O), and light[5]. In this study, SIABCIK proteins were
located in mitochondria or chloroplast through predicted by WoLF PSORT (Table 2).
Pervious study shown ABCIK involved in chlorophyll degradation and the response to
photooxidative stress in Arabidopsis [12]. In chloroplasts, PGs are formed by blebbing of the
outer leaflet of the thylakoid membrane and remain attached to the thylakoid membrane
system, providing a conduit for metabolite exchange between the two structures [16, 23, 40].
TaAbcl and AtOSA1 predominantly expressed in leaves and stems, with only a very low
level in roots [5, 17]. Our study found that most SIABCIK genes had a high expression levels
in leaves and fruit, and little expression in roots and flowers (Fig. 4 and Fig. 5).

ABC1 genes play an important role in response to abiotic stress and several specific
biological processes [3]. Recent studies showed that ABC1K genes in rice leaves could be
modulated by a broad range of abiotic factors such as H,O,, abscisic acid, low temperature,
drought, darkness, and high salinity [19, 20]. The expression of wheat TaABC1L was induced
by osmotic, salt, and cold stress and abscisic acid (ABA) treatment, where the peak of
expression induced by salt was 30-fold higher than that at the control condition [11].
AtACADO1 RNAI plants were more sensitive to high light and MV-induced photooxidative
stress [12]. Our result found that most of SIABCIK genes were induced expression by abiotic
stress such as salt, high temperature, cold, ABA and SA (Fig. 6 and Fig. 7), which implies
that SIABCIK genes play important roles in response to abiotic stresses.

Conclusion

In conclusion, ABC1K family genes were involved in a wide range of metabolic regulation of
plants. It plays an important role in plant growth and development, organ building and
hormonal signals. This study provides the genomic framework for further in depth study of
the function of SIABCIK in tomato. The expression pattern analysis revealed that SIABCIK
genes had a high expression level in leaves, and might have conserved roles in abiotic stress.
These results provide a basis for future function of SIABCIK genes.
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