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Abstract

Low temperature is an important abiotic stress limiting
the production and geographical dispersion of many
crops, including rapeseed, as an important oil crop. In
this study, known cis-elements regulating molecular
responses of plant to cold stress were used to identify
genes involved in cold tolerance. From 62,384
Unigenes from Brassica Genome Gateway, 56 cold
responsive genes were identified. Promoter analysis,
gene ontology enrichment, co-occurrence, protein-
protein interaction and in silico gene expression
analysis were performed to validate the results of gene
identification. The results showed known cis-element
appearance in promoter region of all identified genes
which involved in different biological pathways such as
Calvin cycle, respiration and signal transduction in
different cell parts. Co-occurrence study of identified
genes illustrated mutual connections of genes with
correlations above 0.64. Promoter analysis, PPI
network and investigating transcription factors
involved in transcription regulation of 56 identified
genes and 98 co-expressed genes indicated the
molecular mechanisms and similar pathways of plant
response to cold and introduce candidate genes to be
used in breeding and genetic engineering programs.

Keywords: Co-expressed regulatory network, Gene
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TFBS ID Family of TFBS Sequence Support
TF_motif_seq_0410 bHLH CACGCg 98.2
TF_motif_seq_0270 WRKY AGTCA 98.2
TF_motif_seq_0255 AP2; RAV; B3 TGTTG 100.0
TF_motif_seq_0508 SBP ttGTATGca 100.0
TF_motif_seq_0237 GATA,; tify aaTGATCtc 100.0
TF_motif_seq_0239 Dof tCGTTAct 100.0
TF_motif_seq_0241 ZF-HD TTAAT 100.0
TF_motif_seq_0243 GATA, tify GATAT 100.0
TF_motif_seq_0257 NF-YB; NF-YA; NF-YC ATTGC 100.0
TF_motif_seq_0267 Trihelix CTTAC 100.0
TF_motif_seq_0271 bzIP taaATAATta 100.0
TF_motif_seq_0254 AP2; ERF cgaCCGACat 100.0
TF_motif_seq_0252 Myb/SANT; MYB; ARR-B CtCTGAG 100.0
TF_motif_seq_0246 Homeodomain; TALE tcAATCALtc 100.0
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No. Genename  Unigene Protein description Cell Component* Molecular Function* Reference
1 ERD7  AT2G17840 Protein EARLY- Chloroplastic ~ Circadian rhythm, response  Kimura et al., 2003
RESPONSIVE TO to abscisic acid, response to
DEHYDRATION 7, cold
chloroplastic
2 MKK2  AT4G29810 Mitogen-activated Membrane, ATP binding,MAP kinase  Furuya et al., 2013
protein kinase 2 Cytoplasm, activity
Plasma
membrane
3 ICE1 AT3G26744  Transcription factor Nucleuse Transcription factor activity ~ Chinnusamy et al.,
ICE1 2003, Miura et
al.,.2003
4 AT3G09200 AT3G09200 60S acidic ribosomal Organelle, Copper ion binding, Bae et al., 2003
protein P0O-2 Cytoplasm structural constituent of
ribosome
5 PRK AT1G32060 Phosphoribulo kinase Chloroplast Kinase activity Goulas et al., 2006
6 AT5G66400 AT5G66400 Dehydrin Rab18 Cytoplasm Copper ion binding,nickel ~ Puhakainen et al.,
cation binding 2004
7 VRN2  AT4G16845 Polycomb group protein Nucleuse, Chromatin DNA binding,  Wood et al., 2006
VERNALIZATION 2 Organelle metal ion binding
8 COR413- AT2G15970  Cold-regulated 413  Organelle, Plasma  Cellular response to cold ~ Breton et al., 2003
PM1 plasma membrane membrane acclimation, response to
protein 1 abscisic acid
9 SEX1 AT1G10760  Alpha-glucan water Chloroplast, Water dikinase activity Yano et al., 2005
dikinase 1, chloroplastic ~ Mitochondrion
10 HOS10 AT1G35515  Transcription factor Nucleuse RNA polymerase |1 Zhuetal., 2010
MYB8 transcription factor activity
11 SFR6 AT4G04920 Mediator of RNA Nucleuse A coactivator involved in the Knight et al., 2009
polymerase |1 regulated transcription of
transcription subunit 16 nearly all RNA polymerase
11-dependent genes
12 CAl AT3G01500 Beta carbonic anhydrase Apoplsdt, Carbonate dehydratase Goulas et al., 2006
1, chloroplastic Chloroplast activity
13 TUB6  AT5G12250 Tubulin beta-6 chain Cytoplasm, GTPase activity Chuetal., 1993
Mitochondrion
14 AT4G34150 AT4G34150 AT4G34150 Cytoplasm Response to cold Kawamura and
,Plastid Uemura. 2003
15 EMB2770 AT4G03430 Protein STABILIZED1 Cajal body Pre-mRNA splicing factor Lee et al., 2006
required for splicing and for
the turnover of unstable
transcripts
16 CBF2  ATA4G25470 Dehydration-responsive Nuclear Sequence-specific DNA Vergnolle et al.,
element-binding protein binding, transcription factor 2005,
1C activity
17 ESK1  AT3G55990  Protein ESKIMO 1 Golgi O-acetyltransferase activity ~ Xin and Browse.
1998
18 AT2G37190 AT2G37190 60S ribosomal protein Chloroplast , rRNA binding, structural Bae et al., 2003
L12-1(RPL12A) Cytoplasm constituent of ribosome
19 LTI65  AT5G52300 Low-temperature- Abscisic acid-activated Nordin et al., 1993
induced 65 kDa protein signaling pathway,response
to cold,
20 COR314- AT1G29390 Cold-regulated 413 inner  Chloroplast Cellular response to cold, ~ Okawa et al., 2008
T™M2 membrane protein 2, cold acclimation
Chloroplastic
21 ATAG30650 ATAG30650 UPF0057 membrane Mitochondrion  Defense response to fungus  Okawa et al., 2008
protein At4g30650
22 CBL1 AT4G17615 Calcineurin B-like Mitochondrion  Calcium ion binding ,kinase Cheong et al., 2003
protein 1 binding
23 LOS2  AT2G36530 Bifunctional enolase Apoplast, Copper ion binding ,DNA Lee etal., 2002
2/transcriptional Chloroplast binding, magnesium ion
activator Mitochonderian  binding ,phosphopyruvate
hydratase activity
24 LOS1  AT1G56070  Elongation factor 2 Apoplast, Copper ion binding, GTPase Ishitani et al., 1997
Chloroplast, activity

Cytoplasm
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No. Gene name Unigene  Protein description Cell Component* Molecular Function* Reference
25 KIN1 AT5G15960  Stress-induced Cytoplasm Cold acclimation Vergnolle et al.,
protein KIN1 2005, Kurkela et
al., 1990
26 Gl AT1G22770 Protein Cytoplasm, Involved in regulation of circadian ~ Cao et al., 2005
GIGANTEA Nucleuse rhythm and photoperiodic
flowering.
27 COR15A  AT2G42540 Protein COLD- Chloroplast Galactose binding, lipid binding  Dong et al., 2011
REGULATED
15A, chloroplastic
28 HOS1 AT2G39810  E3 ubiquitin- Nucleuse, Metal ion binding, ubiquitin-protein  Lee et al., 2012
protein ligase Cytoplasm transferase activity
HOsS1
29 ERD10 AT1G20450 Dehydrin ERD10 Cytoplasm,  Actin binding , copper ion binding, Reyes et al., 2008
Nucleuse nickel cation binding
30 MEKK1l  AT4G08500 Mitogen-activated Endo, Nucleuse, MAP kinase activity, protein Furuyaetal.,
protein kinase 1 Plasma serine/threonine kinase activity 2013
membrane
31 STRS2(RH25) AT5G08620 DEAD-box ATP- Nucleuse, ATP-dependent RNA helicase Kimetal., 2008
dependent RNA Cytoplasm activity, RNA binding
helicase 25
32 GRP2 ATAG38680 Cold shock Cytoplasm, Double-stranded DNA binding ~ Karlson and Imai ,
protein 2 Nucleuse 2003, Kimetal.,
2007
33 S6K2 AT3G08720 Serine/threonine- Nucleuse, ATP binding, kinase activity, Mizoguchi et al.,
protein kinase Cytoplasm protein kinase activity , protein 1995, Mizoguchi
AtPK2/AtPK19 serine/threonine kinase activity etal., 1996
34 GRP7 AT2G21660 Glycine-rich RNA- Apoplast, Double-stranded DNA binding, =~ Kwak et al., 2005
binding protein 7 Chloroplast, mRNA binding, RNA binding,
Cytoplasm single-stranded DNA binding
35 ATA4G30660 AT4G30660 UPF0057 Membrane Low temperature and salt
membrane protein responsive protein family
At4g30660
36 CPHSC70-1 ATA4G24280 Heatshock 70kDa  Chloroplast, ATP binding, unfolded protein Bae et al., 2003
protein 6, Mitochonderian binding
chloroplastic
37 COR47 AT1G20440 Dehydrin COR47 Cytoplasm, copper ion binding, nickel cation ~ Vergnolle et al.,
Mitochonderian binding 2005, Ishitani et
al., 1998
38 CZF1 AT2G40140 Zinc finger CCCH Nucleuse DNA binding, metal ion binding, ~ Vergnolle et al.,
domain-containing transcription factor activity, 2005
protein 29 sequence-specific DNA binding
39 TCH2 AT5G37770 Calcium-binding Plasma calcium ion binding Delk et al., 2005
protein CML24 membrane
40 RBCS1A  AT1G67090 Ribulose Apoplast, copper ion binding, monooxygenase Kawamura
bisphosphate Chloroplast activity, ribulose-bisphosphate  and Uemura .2003
carboxylase small carboxylase activity
chain 1A,
chloroplastic
41 RZ1A AT3G26420 Glycine-rich RNA- Nucleuse Binds RNA and DNA sequences  Kim et al., 2005
binding protein with a preference to single-stranded
RZ1A nucleic acids. Displays strong
affinity to poly(G) and poly(U)
sequences. May be involved in
tolerance to cold stress.
42 PER3 AT1G05260 Peroxidase 3 Secreted Removal of H20z, oxidation of Liorente et al.,
toxic reductants, biosynthesis and 2002

degradation of lignin, suberization,

auxin catabolism, response to
environmental stresses such as
wounding, pathogen attack and
oxidative stress.
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Component
43 COR413IM1 AT1G29395 Cold-regulated 413 inner  Chloroplast, - Okawa et al.,
membrane protein 1, inner 2008
chloroplastic membrane
44  CFBP1 AT3G54050 Fructose-1,6- Chloroplast ~ Catalyzes the irreversible reaction ~ Goulas et al.,
bisphosphatase 1, from fructose-1,6-bisphosphate to 2006
chloroplastic fructose-6-phosphate and inorganic
phosphate, to regenerate the primary
CO2 acceptor molecule, ribulose-1,5-
bisphosphate (Probable).
45 FRO1  AT5G67590 NADH dehydrogenase Mitochondrion Accessory subunit of the Lee etal., 2002
[ubiquinone] iron-sulfur mitochondrial membrane respiratory
protein 4, mitochondrial chain NADH dehydrogenase
(Complex 1), that is believed not to
be involved in catalysis.
46 At3gl7020 AT3G17020 AT3gl7020/K14A17_14 Plasma Hydrolase activity Kawamura and
Membrane Uemura, 2003
47 OEP161 AT2G28900  Outer envelope pore Chloroplast Voltage-dependent high-conductance Drea et al., 2006
protein 16-1, chloroplastic channel with a slight cation-
selectivity; selective for amino acids
but excludes triosephosphates or
uncharged sugars (By similarity).
48 RPN2  AT4G21150 Dolichyl- Endoplasmic Essential subunit of the N- Kawamura and
diphosphooligosaccharide-  reticulum oligosaccharyl transferase (OST) ~ Uemura, 2003
-protein complex which catalyzes the transfer
glycosyltransferase of a high mannose oligosaccharide
subunit 2 from a lipid-linked oligosaccharide
donor to an asparagine residue within
an Asn-X-Ser/Thr consensus motif in
nascent polypeptide chains.
49 RCI2B  AT3G05890 Hydrophobic protein Membrane Capel et al.,
RCI2B 1997
50 DGK2  AT5G63770 Diacylglycerol kinase2  Membrane Phosphorylates the second Gomez-Merino
protein messenger diacylglycerol (DAG)to  etal., 2004
generate phosphatidic acid (PA),
another important signaling
molecule. PA is required for plant
development and responses to abiotic
stress and pathogen attack.
51 CSP3  AT2G17870 Cold shock domain- Nucleus Chaperone that binds to RNA, Kim et al.,
containing protein 3 single- (ssDNA) and double- 2009
stranded (dsDNA) DNA, and
unwinds nucleic acid duplex.
Promotes freezing tolerance.
52 At2924040 AT2G24040 UPF0057 membrane Membrane
protein At2g24040
53 HOS15 AT5G67320 WDA40 repeat-containing  Nucleus Acts as repressor of cold stress-  Zhu et al., 2008
protein HOS15 regulated gene expression.
Interacts specifically with and
promotes deacetylation of histone
H4. Plays a role in gene regulation
for plant acclimation and tolerance
to cold stress.
54 SAUR14 AT4G38840 At4g38840 Plasma Response to cold Lee et al., 2005
Membrane
55 RAD23D AT5G38470  Ubiquitin receptor Nucleus May be involved in nucleotide ~ Kawamura and
RAD23d excision repair. Uemura, 2003
56 LTI65 AT5G52300 Low-temperature- - - Nordin et al.,
induced 65 kDa protein 1993
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