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Abstract ; Plant response to low temperature stress is a complex network process, involving numerous of tran-
scription factors regulation. In this paper,we had found 108 full length ¢cDNA sequences encoding bZIP factors in
rapeseed from a transcriptome database bioinformatics analysis under low temperature stress. Through sequence com-
pare, chromosome distribution and cluster analysis,these sequences could be differently distributed on the 19 chro-
mosomes , performing dynamic change in cold resistance process. We also found these transcription factors in A sub-
tribe ,C subtribe, I subtribe , G subtribe, S subtribe gathered the most,the subtribe B and D subtribe rarely gathered.
Quantitative analysis of the four genes differences performance in all stress stages,we found that the genes regulation
had the same trend with the sequencing analysis, not only proved the reliability of the sequencing data, but also
proved the dynamic regulation of rapeseed bZIP transcription factors in response to low temperature stress.

Key words :rapeseed ;low temperature ; bZIP transcription factors ; mining ; cluster analysis

R AAEAR SRR BE - BR i AE ) 1) M AR Y
[ I ids 2 i A At 5T I, PR B A, 4
R AR DR R 473 5 1 A AR A 4 2K v IR B T2
T, e AT FEVERT ST S AT FE B T — B AR o5
BFFE SR 22— (HA I BUE R T2
FERFERIER, Sl TR 22 Fi R D 1 58 X

s B #1.2015-03-27 & B B #1.:2015-04-30

ST EALIE T 5 B 2 B 22 PR A R M AN A A
Y E KT T E AT R A ST, BT A 5% [
TR AL E TR
RN R E SR N 7 , S 5P A K R
BHRSFME TR, RS i I R B L
PRSI0 () L A5, S R B M A OC B e S X+

™ 2% R B #A:2015-12-09

URL:http://www. cnki. net/kems/detail /11.4996. S.20151209. 0907. 014. html
BETA : FREEHH AT LRI (2011AAI0A104) 5 IIPGA AR5 & I H (11YZGC099)

B—VEE EEMNF MR BF MY, E-mail ; chunfangdu@163. com



154 iR/

wOW o 17 %

F %A AP2/EREBP 2§ bZIP 28 MYB 28 BHEHE M
(WRKY ) 251 NAC 2 5 MEF G5 . bZIP H 5k
TR EAZ YR A T A2 RS —2R
EELEN Y Y WA AR o A R
PO, KR bZIP B BRI XS SR T 51
G5k A HoAth B AZ AW bZIP B AR B, R A
bZIP H FIAHE.Z [ 56 22 B3], U B AT 12 bzIp £
Fh—AEEE Tt 2R FEERTE AN
DR RIREA  DZIP 25 S R T B R,
FURFEIFP T & 76 1 bZIP #7558 P2 KR R
[ S 5P AR DEE S SRR RE L, &
XS RPN M S L R A e R

TS ] O — 1) AT R, BT Al A
HIRIFFE FIGE B X 4P 3 B I 22 4 25 R R
MIPERT . FE R IE RIEAS 2K AR B AR A K
V- Ry F K D5 T AR T AR Z A N E R A
FURR Y AR TERE SRR, ShAE AW i 2E
2R IR HLRIOT AR D, B — Al I e AR 1Y
ISEFH  Shy sk — 2B 90 i S5 A AR Uk v 1 AL o 4 At T e
Fl, H. Indeok 25" R FH 38 8 4 35 DR 20 040 28
AL X S A SARIRBE T A bZIP B sk 3Rk
HEAT TRIFSE . H R B SR Ay S YR U A AR E A, AR
TE T B9 bZIP 5% 56 PR 3300 B3 R WA
A5 1 A AR IR 38 1 W B SR sk 2 B o)
BT, 256 & A By H i A0S 4 5L PR A Eids IR
P55 T H W B S bZIP 5% 55 K R4 T & 48 F R
SO HT A RIAR R T S o oy AV Tk 3 4 08 45 R 4% D
B, PUFEE R BRI S
1 M#RE5FE
1.1 E¥Y#H

H AL S R L9 i FE PR, AT AE - 15 °C
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Table 1 RT-PCR primer design
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H+VKi% Beijing Genomics Institute ( Shenzhen ) , #2H
RNA 4 3% J5 Fil Nlumina HiSeq-2000 X} ¢ & 1
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Unigene name Forward sequences(5'-3") Reverse sequences(5'-3") Purpose
CL218. Contigl5 TGGTCACCGTCGAGCTCAT CACCAACCACACCAAGATCACT RT-PCR 234
CL2922. Contig9 CCACTCAATGATGGCCAACA ACCTTGTCTCTGCAAACCACAA RT-PCR 437
CI1A804. Contig3 TCTCTGTCGAAGAAACCTCCTGTA AATGCCCACTCGGAGTCACT RT-PCR % #r
CL7631. Contigl CCCGACCCCGACTAGTGTTA ACCTACACCCACCGGGAAAG RT-PCR 7+ #F
ActionQ3 TCCATCCATCGTCCACAG GCATCATCACAAGCATCCTT WZ519




14

A7 A HE AL AR 5 T B9 bZIP % 55 K T2 4 S R 2R A

155

2 FHR5HMH

2.1 RIRFSHHIERMZE bZIP HXETXIE

A 3 R A Y S S TE AR IR S 45
A BE A I B R M 25.5 x 10° ~27.6 x 10° 4™ clean
reads , FYIE P EEYI N 90 bp VA L, MR KR
it 10 Gb, 29788 35 H W R SR L 4L 5 4%, 24k
P5 O 228 NCBI Ed8 %2 , B Bifi5 >4 : DCF_CTO \DCF_
CT2. DCF_6 ., DCF_CT12 . DCF_CT24, ### CDS 4%

®2 RIBFSTHHIERMZE bZIP ¥ REFLHEXT

BrAEE 1 2, 30 D0 ARG U 4 35 S Y bZIP B s A
T, 4 A an b AT R AL L XA £ 108 S H i A
% bZIP B sk, 5 38 /40l pg I 2k B HL AT [A]IR
PE 5 [R5 1 3 A0 3 3 AT W8 R i D 20 2080 e
FHEXT, R IR CL15048. Contigl 7E 132 B 32 vh ok
J% B[R] 5 3 (K, CL13823. Contig2 , CL13823. Con-
tigl F1 CL13823. Contig3 7F H & H & & B[] 5 %L
DAL, D B 3 SRR P 38 T AR AT BZIP e i A
T(#£2),

Table 2 Blast date for BnbZIP genes in response to cold treatment

[E ¥ 3L Homologue
HEP 1D EB NP2 Hi PARIITAE P R
Gene 1D L AL Brassica Brassica Description of Arabidopsis
Arabidopsis Brassica napus
campestris oleracea
Unigene2576 AT1G06070.1 BnaA08g28440D  Bra030637 Bol023333 AtbZIP69 ( DNA binding)
CL14907. Contigl ,CL14907. Contig2 AT1G19490.1 BnaC05g15020D  Bra025743 Bol026864 AtbZIP62 ( DNA binding)
CL6527. Contig2 AT1G42990.1 BnaA08g04620D  Bra034925 Bol033486 ATBZIP60 ( Upon ER stress)
CL95. Contig7, Unigene7919, Unigene7920, AT1G45249.1 BnaC03g22210D  Bra040260 Bol045190 ABF2 ( Enhances drought tolerance)
CL95. Contigl ,CL95. Contigd
CL33. Contigl3, CL33. Contigl5, CL33. AT1G49720.1 BnaA06g03040D  Bra018800 Bol016788 ABF1( May mediate transcriptional
Contigl6, CL33. Contigl9, CL33. Contig regulation of ABA responses)
17, Unigene21684, Unigene21685, Uni-
2ene21686
Unigenel9681 AT1G75390.1 BnaC06g22430D  Bra003755 Bol039895  AthZIP44 ( Conserved upstream opening
reading frame relative to major ORF
AT1G75390.1)
Unigene4889 AT2G04038.1 BnaC09g22200D  Bra017359 Bol032575 AtbZ1P48 ( DNA binding)
Unigene5437 AT2G16770.1 BnaC09g09130D  Bra037290 Bol012703 AthZIP23 ( Adaptation to
zine deficiency)
CL11833. Contig3 ,CL11833. Contigl , AT2G18160.1 BnaA07g01890D  Bra037235 Bol012472 AtbZIP2/GBF5 ( Encodes a b-ZIP
CL11833. Contig2 transcription factor)
CL218. Contigl1,CL218. Contigl9, AT2G31370.5 BnaA05gl1370D  Bra018250 Bol004544 POSF21 ( Response to
CI.218. Contig22,CI.218. Contig9, xenobiotic stimulus)
CL218. Contigl5,CL218. Contigl6,
CL218. Contigl4,CL218. Contigb,
CI.218. Contig8
CL103. Contig2 ,CL103. Contig3, AT2G36270.1 BnaA05g08020D  Bra005287 Bol011719 ABI5 ( Response to freezing)
CL7631. Contig2
CL15048. Contigl AT2G40620. 1  BnaC08g46880D #N/A Bol033465 AthZIP18 ( DNA binding)
Unigenel6932 AT2G41070.3 BnaC04g56840D  Bra016953 Bol005146 EEL( Transcription factor
homologous to ABIS)
CL13158. Contigl AT2G42380.1 BnaC04g52770D  Bra004689 Bol004832 AtbZIP34 ( Vascular development)
CL7897. Contig2 AT2G42380.2 BnaC03g23710D  Bra000256 Bol001886 AtbZIP34 ( Vascular development)
CL6010. Contig5 ,CL6010. Contig7 AT2G46270.1 BnaC04g01070D  Bra004550 Bol017742 GBF3 ( Response to abscisic acid)
CL6010. Contig2 ,CL6010. Contig3 , AT2G46270.2 BnaA05g01520D  Bra004550 Bol000879 GBE3 (Response to abscisic acid)

CL6010. Contigd , CL6010. Contigh
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[R) R Homologue
HEP 1D EB NP2 Hi PARIIT AL P ik
Gene 1D RIGEL AL Brassica Brassica Description of Arabidopsis
Arabidopsis Brassica napus
campestris oleracea
CL8472. Contigl ,CL8472. Contig2 AT3G17609.2 BnaA03g34610D  Bra001671 Bol022925 HYH (Involved in phyB
signaling pathway )
CL15439. Contig3 ,CL33. Contigl2, AT3G19290.1 BnaA01g26200D  Bra037533 Bol018082 ABF4 ( Mediate ABA-dependent
CL33. Contig2 ,CL33. Contig3 , CL33. stress responses )
Contigd ,CL33. Contig5,CL33. Contig8
CL5639. Contig3 ,CL5639. Contigd AT3G51960.1 BnaA04g05810D  Bra033464 Bol009156 AtbZIP24 (Induced by salt stress
and promoted salt tolerance)
CL5639. Contigl ,CL5639. Contig2 AT3G51960.2  BnaCnng36700D  Bra033464 Bol009156 AtbZIP24 (Induced by salt stress
and promoted salt tolerance )
CL14837. Contigd AT3G54620.1 BnaA09g34460D  Bra007083 Bol008965  AtbZIP25/BZ02H4bZIP ( transcription
factor-like protein mRNA )
CL14311. Contig5,CL14300. Contig6 , AT3G54620.2 BnaA09g26320D  Bra032369 Bol029432 AtbZIP25/BZ02H4 ( transcription
Unigene23797,CL14837. Contigl , factor-like protein mRNA)
CL14837. Contig7 , Unigene3816
CL13823. Contig2 ,CL13823. Contigl , AT3G58120.1 BnaA09g37270D  Bra003320 #N/A AtbZIP61 ( Up-regulated in
CL13823. Contig3 cold deacclimation)
CL1797. Contig9 AT3G62420.1 BnaC08g32210D  Bra007679 Bol045695 AthZIP53 ( cellular
response to starvation )
CL2922. Contigl ,C12922. Contig3, AT4G34000.2 BnaC07g44670D  Bra011485 Bol033853 ABF3/DPBFS5 ( Response to
CL.2922. Contig4 , C12922. Contig5, stress and abscisic acid)
CL2922. Contig7 ,CL2922. Contig8 ,
CL2922. Contig9
CL2922. Contig2 AT4G34000. 3 Bra011485 Bol033853 ABF3/DPBFS5 ( Response to
stress and abscisic acid)
CL6102. Contigl ,CL6102. Contig2 , AT4G34590.1 BnaA01g02570D  Bra011545 Bol013680 GBF6( Translation is
CL6102. Contig5 ,CL6102. Contig3 , repressed by sucrose)
CL6102. Contigd
CL3921. Contig3 , Unigene3369,CL3921. AT4G36730.1 BnaA08gl5400D  Bra011701 Bol028975 GBF1(DNA binding)
Contig2 , CL3921. Contig4, CL3921. Con-
tigh ,CL3921. Contig7 , CL3921. Contig8,
Unigene2832
CL3921. Contigl0 AT4G36730.2 BnaA01g01100D  Bra011701 Bol028975 GBF1(DNA binding)
CL13653. Contigl ,CL13653. Contig2 AT4G37730.1 BnaC01g01320D  Bra011780 Bol028894 AthZIP7 ( DNA binding)
CL14224. Contigl AT5G15830.1 BnaA02g02830D  Bra023540 Bol021255 AtbZIP3 ( Glucose-ABA
interaction network )
CL8495. Contigl , CL8495. Contig2, Uni- AT5G24800.1 BnaA02¢32330D  Bra020471 Bol016432 AtbZIP9 ( Encodes bZIP
gene28301 protein BZO2H2)
CIA804. Contig3, Unigenel3700, Unigene AT5G28770.1 BnaC07g27440D  Bra010010 Bol016628 BZO0O2H3 ( Response to
13701, Unigenel3703 abscisic acid stimulus)
CILA804. Contigd AT5G28770. 2 Bra010010 Bol016628 BZO2H3 ( Response to
abscisic acid stimulus)
CLA804. Contigl , Unigenel3702 AT5G28770.3 BnaC02g39310D  Bra010010 Bol016628 BZO2H3 ( Response to
abscisic acid stimulus)
CL8100. Contig3 AT5G44080.1 BnaCnng27030D  Bra033719 Bol012855 GBF4 ( Sequence-specific
DNA binding)
CL5518. Contigl AT5G49450.1 BnaA09g03330D  Bra036142 Bol032354 AtbZIP1 ( Tolerance to salt,

osmotic and drought stresses)
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