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Molecular cloning and expression analysis of cold stress-related gene
BobHLHIS8 in cabbage ( Brassica oleracea var. capitata L.)

QIN Wen-bin', DAI Zhong-liang', SHAN Xi', TANG Jun’, WANG Shen-yun®, LI Jian-bin>
(1. Zhenjiang Institute of Agriculiural Sciences of the Ning-Zhen Hilly District, Jurong 212400, China; 2. Jiangsu Key Laboratory for Horticuliural Crop Ge-
netic Improvement/ Institute of Vegetable Crops, Jiangsu Academy of Agriculiural Sciences, Narjing 210014, China)

Abstract: In this study, a gene full-length sequence of the cold stress-related bHLH transcription factor BobHLH18,
was isolated from the cabbage inbred line Y923 with cold and bolting resistance by homologous cloning methods. Genome
search analysis results showed that this gene was located on CO1 chromosome of cabbage, which belonged to the LF1 sub-
genome. Sequence analysis results showed that this gene contained four exons and three introns, and its encoded protein
contained 338 amino acids with the molecular weight of 38 380 and the isoelectric point of 6.80, its N terminal contained
bHLH domain. Subcellular localization predication analysis results indicated that the protein encoded by BobHLHI8 was lo-
cated on the nucleus and had nuclear protein features, which was consistent with transcription factor characteristics. Homol-

ogy analysis results showed that BobHLH18 protein had high homology with bHLH18 protein in Chinese cabbage and Arabi-

YRS 85 :2018-03-16 dopsis, and the similarities were 90.5% and 89.0%,

ELWB . B RE LRI H (2016 YFDO101702) 5 11754 B A
BRI H (BE2017379) 5 VL3R & AL B A 32 808
JE4 T H [ CX (15) 1016 ] 5 3 i B 3% + &l 39 H into two evolutionary branches, and the bBHLH18 homologs

respectively.  Cluster analysis results showed that

BobHLH18 and its homologous proteins could be divided

(2015C110008) from the cruciferous plants could be clustered into the
TEER A 2230k (1971-) B T A AR BIFTIE R Az same division. qRT-PCR analysis results indicated that
HIEF MG, (E-mial) ginwenbinbin@ 126.com BobHLHIS8 gene was induced by cold stress and had high

BIEE 28, (E-mial ) jbli0518@ 163.com expression levels at 12 h after cold treatment, suggesting
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that BobHLH18 gene may play an important role in the response of cabbage leaves to cold stress.
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FRMAERT IR KK 7 d W HBELTHT 55 A 4 C Ik
TGRSR A iR TV W b 3 DIRE SR = IEH AR
KA RE AT BB 430076 0 h .6 h 12 h .24 h f148 h
st WAL Ak B 3 RO RE AR AR A AR (25 R R
-80 CIRAFFHI,

1.2 BobHLHIS EREKFIIHTE

PLTL R T2(3R 1) Ry 514, X 2 1) bHLHIS
&K cDNA SERESEA TR, 5 DNAMAN #1044
XTRP A EAT DEZ 41 %, 15 3] — BUF 51 )5 #2358 NCBI
#E4T ORF A7, AR 4l bHLH18 [ ¢cDNA 35115
519, £ H i gDNA tF#l cDNA H 4 3% bHLHIS J
A PCR 7= 9 i 47 B¢ Rl 9 5 [ 21 pMD18-T 2k
Kb SRIE AL KRBT DHS o A2 2540, Pk ECBH
PE e AT I T B IE
1.3 BobHLHI18 EE M E [

T 1 2R 252 FE I A B 7 Brassica database
(BRAD ;http ://brassicadb. org/brad/ ) 5 BobHLHIS
FEPR P 91) 56 4 A [ 118 Jik PR 8 37 B L3Rk PR 2 o7 A
K, X5 BobHLH 18 AT HL 38 157 S48 DB AT
1.4 BobHLHI18 EEFF 545

FIFH DNAMAN 1 ORF Finder 7EZ 5114 EA 4% 1T
iR NV I [R) 5 51) B A0 s e S HE T, 1)
SMART ( http ://smart. embl-heidelberg. de ) 7£ £& T_ H X
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bHLH #EA 7R 5F IR0, B EXPASy 7£ 28 T H Prot-
Param( http ://www. expasy. org/ tools/ protparam. html ) i}
TR TSR A T H5E., H PSORT (http://
psort.ims.u-tokyo.ac.jp/ ) FEZk T HAH4 78 AV A0 E
FrHEN, AR, L BobHLHI18 2 [ 2 3L 08 7 51 N
BEFFS1, 75 GenBank A8 ALY Bl 55 1% 5L [N [
(W91, IfiE Tt MEGA 3P THEf ST
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&1 PCRyEBHEIHFT
Table 1 Primer sequences for PCR amplification
GlE P FIFHI(5'—3") i
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PCR 41
PCR ¥}

E & PCR 1%

T2 TCACAAGAACTTCGATAAAG

T3 CGAAAAGGGACCAAGAGGGC

T4 ACCCGAGGAGCCATCTTCAC SEHE PCR 4748
T5 AATCCACGAGACAACATAT FEHE PCR ¥ 14
T6 GACCTGCTTCATCATACT £ PCR 1

2 GRS
2.1 HI%Z BobHLHI8 EE gDNA #1 cDNA F3lIH)
TIE

A3 S LAKE FECH W5 I F DNA YA A 3H % -
cDNA A B, FI 514 T1 A1 T2 #E47 B B9 3L
PCR P14 15, 28 1.5% S IR W EEI FL UK , k7% PCR
PP KB 1.000~2 000 bp (& 1), 314774
ZYIEEIE R FERE T, 45 R R L) gDNA A
i, ML K DNA 42K 1 286 bp, 1M LA cDNA iy

FEAR, MAFIZFE ] cDNA JFFIHJE N1 017 bp, FIH
ORF Finder 73l ¢DNA F41], 35 Hi1 017 bp K
JER cDNA JEHME IS — A e i B I g g .
X EARASFSE N 4L P 51 5 cDNA 51, 45 H % A
WE 3NN T4 NINE T, 2 58P R
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(GenBank ; NP 001077944.1) 5 iz 3 K B A # 5 1Y
FRIE 35 89. 0% , Heks Hodw #4°4 BobHLHIS.,

M1 23

2000 bp

ol

250 b
100 by

M:DNA marker DL2000;3k3H 1. BT HE, JC PCR 734 724 ; 9k
i 2. L)L cDNA AR H 5L PCR 3734 74 ; Uk i 3. L) DNA
AR H A2 PCR 338797,

B 1 BobHLHI8 E[& PCR ¥ ¥

Fig.1 PCR amplification of BobHLHI18 gene

2.2 BobHLHIS8 BB ELL

T BobHLHI8 FEH 751, | H Blast #2576 H
WEBE DR 2 B PR AT R R R, 58— &
BobHLHI8 J& A ¥ % 5¢ 4= #H [\ () 5& A B )3 1)
(Bol028883) , iz P #l s (v 76 H HE 1) CO1 Je ik I,
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51 481 bp 290 bp 129 bp .69 bp,3 A& T K/
“} 239 bp 105 bp #1204 bp, JMHTiZIER N 757
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Fass N (& 3) , BV bHLH g5 R38N & 700k, X 5
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A 1
82
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244
325
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811
892

973

ATGAATATGTTCTCCACAAGATGGTTTTCTGAGCAGGAATTAGAAGAAAATAGCATCATTCAAGAATACCAGATAAACTCA
M N M F S T R W F S E Q E L E E N S I I Q E Y Q I N S
AGAGTAGGAGAGATCCATGAAGCTCAACACGATCTTCCACACTCTTTCTCAACTCTTATGGCCCCCACAGATGATCCTTCT
R V G E I HE A Q HDULU®P H S F S TLMU AT PT DD P S
TACGATGATTTGATTGAAATGAAACCATCAAAGATCCTCAAAACAACTTACATATCACCAAAATTGCCACC ACCACCCTCT
Y ppbL I EM KPS K I L KT TYTI S P K LZP P P P S
TTTCCTCTTCCTCCTAACTCAAAAACTTATCTTCATCATCAGCCTTCCTCAAGAATTCTCTCCTTCGAGAATGCCTCTCCA
FPL PPN S K TYTULUHUHIZGQ?®PS SR I L SFE N A S P
AATGGTATGGATCATGGGTACGCTCCCACCTATCTAAATTCAATCATGAACCCCAAAGCTGAGGATGGAGAGCCGCCAAAC
N GM D HG Y A P TYLNS I MNP K A E DG E P P N
CGGATGAATGAGCCGATTAATCGAAAAGGGACCAAGAGGGCTCAACCTTTGTATAGAAACCAAACTAATGCGCAAGATCAC
R M N E P I N R K G T K R A Q PL Y RN QT NIA Q D H]J
ATAATGGCCGAAAGAAAACGTAGAGAGAAACTTACTCAACGATTTGTAGCTCTTTCTGCTCTAGTTCCTGGCCTGAAAAA G
[ M A E R K R R E K L T Q R F V AL S A L V P G L K K]
ATGGACAAGGCTTCTGTGTTGGGAGATGCACTAAAGCATATAAAGTATCTCCAAGAAAGAGTGGGAGAGTTAGAGGAGCA A
M D K A S VL GD ALK HTTI K Y LQJ|E R YV G E L E E Q
AAGAGAGAAAAAAGATTAGAATCAGTGGTTCTTGTGAACAAGTCTAAGCTGATTTTGGACGATAATAATCAATCATCTTCG
K R E K R L ES V VLV NI K SI KL TTLDTDNNIGQS S 8
TCTTCGTGTTGTGAAGATGGCTCCTCGGGTTTAGAACTTCCCGAGATTGAAGTAAGATTCTCGGATAATGATGTTCTAATC
S s ¢cCE DG S S G 1L E L P E I E VR F S DND V L I
AAAATCCTTTGCGAGAAGCAAAAGGGCCATGTTGCCAAGATTATGGCAGAGATTGAGAAATTTAATTTCTCAATAACCAAC
K I L C E K K GH V A K I M A E I E K F N F S I T N
TCAAGTGTTTTGCCCTTTGGACCAACACTTGATATCACCATTATAGCTAAGAAGGAGAATGATTTCGACATGACACTCATG
S s vL PF G P T LD I T 11 1 AK KZENDTFEFDMT L M
GATGTTGTAAAGAGCTTAAGGTCCGCTTTATCGAAGTTCTTGTGA

D V V X $S L R S AL S K F L *

l | | J
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A BobHLH18 3 PRI 3k J37 51 I Ho 2wt (19 2 1 o & 2 )7 51 s 2= 1B B HLH 25447 BobHLH18 FH L1417,
Bl 2 BobHLHIS EEWEF IR ERILHNEQREERF JI4SE

Fig.2 Characteristics of the base sequence of BobHLHI18 gene and the encoded protein amino acid sequence
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Fig.4 Multiple alignments of BobHLH18 orthologous proteins from different plant species
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Fig.5 Phylogenetic analysis of BobHLH18 orthologous proteins from different plant species
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