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Identification and relative expression analysis of CBF gene family in Brassica
napus L.
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Abstract: Low temperature is an important environmental stress factor affecting plant growth and development. The
ICEI-CBF-COR [inducer of CBF expressionl—c-repeat (CRT)-binding factors—cold responsive] plays an important role in the
signaling pathway in response to low temperature stress in plants. To explore the evolution of CBF gene in Brassica napus L. and
its function in response to low temperature stress, 11, 6, and 6 CBF genes were detected from Brassica napus, Brassica rapa, and
Brassica oleracea, respectively. In addition, the molecular characteristics, protein conserved domains, phylogenetic tree, gene
structure, and chromosome distribution were systematically investigated. The results showed that 11 BnaCBF genes could be di-
vided into two subgroups including Subgroup I (CBF'1/2/3) and Subgroup II (CBF4). Transcriptome sequencing revealed that all
the CBF genes of Brassica napus were induced by low temperature, among which four genes in subgroup Ib responded rapidly
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and durably to cold stress, and two genes in Subgroup II responded weakly to cold stress, however, the relative expression level of
CBF genes in roots was significantly higher than that in leaves, which were involved in salt stress and osmotic stress responses.
Further analysis demonstrated that the CBF gene family in Brassica napus responded more strongly to freezing stress, especially

Bnad08G30930D, BnaCnng49280D, BnaAnng34260D, BnaC07g39680D in Subsection

I, and Bnadl0g07630D,

BnaC09G28190D in Subsection II. This study lays a foundation for further understanding the biological function of the CBF fam-
ily gene and its response to low temperature, especially freezing stress in Brassica napus., and provides a reference for bioinfor-

mation research of CBF family genes in other species.
Keywords: Brassica napus L.; CBF; low temperature; chilling stress; relative expression level
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Table 1 Primers for qRT-PCR used in this study

(Brassica oleracea) (Brassica napus)
CBF DNA CDS
Ensembl Plants
CBF ,
BLASTP ,
E<10” CBF ,
BLASTP NCBI
CBF
1.3
DNAMan6.0
CBF )
Neighbour-Joining (NJ)
[26] MEME (http://MEME.
nbcr.net/ MEME/cgi-bin/MEME.cgi)
CBF
(http://web.expasy.org/Compute-

MEGA7

Compute-pl/Mw
pl/)  ProtComp 9.0 (http://linux1.softberry.com/)

(molecular weight, MW) (Isoelectric
point prediction, pl) TBtools
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B7, 100 kb
2 2
1.4
He [2425]
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RNA
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BnaCBF s Primer premier 6.0
qRT-PCR , 1

Bio-Rad CFX96-M PCR (Bio-Rad,

Gene name

Forward sequence (5'-3")

Reverse sequence (5'-3")

BnaCBF4-RT
BnaCBF1-C09-RT

GAGACCACGGAAGAGAACGG
CGACTATGGTTGAGGCAGTGAAA

AGTCGTTATGATTCCATCCAAGTT
AAGTCGTTATGATTCCATCCAAGTT

BnaCBF3-RT CCAAGCCGAGTCAGCAAAAT GAGAAACTCAGGTAAATGGGTGTG
BnaCBF1-Cnn-RT GAGACGACGGTGGAGGGTG AAGTCATCATTATGTCCCCATTGTA
BnaC05g34300D/BnaACTIN GGTTGGGATGGACCAGAAGG TCAGGAGCAATACGGAGC
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BnaA08g30950D ITEE . ASTEMVG . . SENESPVTTVAGGE GRKKFCETRHETYRGVRT RKSGKWVC 117
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Bo3g024240 (TSES . GRRKFRFTRHF TYRGVRCRHSGRAVCE 114
BnaAnne34260D (TSES . GRKKFRETRHEVYRGVRT RNSGKWVC 115
Bra019162 (TSES . GRKKFRETRHEVYRGVRT RNSGKWVC 115
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Bo7g110320 (TSES . TESRT TG GRKKFRFTRHEVYRGVRT RNSGKIVCE 115
AT4G25490.1_CBF1_ ISES . AESEMFG. . GRKKERETRHE TYRGVRCRNSGKWVS 112
AT4G25470.1_CBF2_ SES . AESEMFG . . SCYESEY . GRKKFRETRHE TYRGVRCRNSGKWVCE: 115
AT4G25480.1_CBF3_ ISES . AESEMFG . . SLYES, RKKERETRHETY CKIWVCES 115
AT5G51990.1_CBF4_ (NFEYSTEPTSFT STSCHRSPYS . CRKKFRETRHF TYRGVRCRNSGRIGVCRT 118
BnaA10g07630D CEEYTSESESFI STECHRERVS. . GRKKFRETRHE TYRGVRCRNSGKWVC 118
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Bo9g104770 CEEYTSESLSFLSIECHREEVS. . CRKKFRETRHE TYRGVRCRNSGKWVC 118
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Bra010460 TT ] T ARFARKSTVTMENGCNMERTT SCAFVNETTTRHGVMNMERAT _AVFTFRCSFGEFN 216
BnaUnng01150D TT@HATT T AREARKSCVT . | . . . .MFETMAVASCAER AVVIDHT SKG. . 168
Bo8g050800 TT@HACT T AREARKSCVT . | . . . .MFETMAVASCAEVNCTTTCHGMNMERATAVASCAFVNDTTT CHGYEVERTVVE AVETFECSFEGENVA EABVVIDETSKG. . 229
BnaA08g30910D TT@AAD T AREARKSCUN. | . CTTTEHGVEVERTVVE AVFTGECSFE . . 167
Bra010461 TT@ARTT T ARRARKST . TT AFTNRTTARHGT EMERTIVUR AV FRTFCRFGRYVARFTTURGVVFFROVSKG . - 210
BnaA08g30930D 2 TT@ARCT] TAREAEKSE . TTTNE . . . HEMNMESC . « s s e e s e e e e e e e e e m e e et e et e e et e e et ee s aaanasanaannnnn TTVVGVVEEECVEKE. . 141
Bra010463 3 TTe A CT] I TTT . TTCHEL CVEETVVERVE REECREGEYVAFETTVEGTVEERCVEKG . 176
BnaCnng49280D 3 TT@ ATl T I . . .REFTTVECVVEEECVSKG. . 143
Bo8g050740 TTQARAT T T ARFARKST . TT' - TTEHGT DVE F YVAFFTTVFGYVFEFCOVSKG . . 202
BnaA03g13620D TT@HATCT AECAETNETT . | . . .KCHGICVEETTVE . . .. .BTFIEENSTG. . 165
Bra022770 TT@HATCT AECAETNETT . | . TLCHGI LVEET TVE .ATFIFENSIG. . 165
BnaC03g71900D TT@HATT PECARTNETT . | TRHGT RVERT TVR _ATFIRRNNTG . . 165
Bo3g024240 TAGHRATT PECARTNETT . | TRHGT RVERT TVR _ATRTRRNNTG . . 165
BnaAnng34260D 2 TT@HAFT TARCAETNNTT. | . TEHGI CVEET TVE .BTFIEENNLV. . 166
Bra019162 B TT@HAE T TARCAETNNTT. | . TEHGT CVEET TVE .BTFIEENNLY. . 166
BnaC07g39680D TT@HAFT AEKARTNNTT . | . ATHGTEVEET TVF LBTFIFRENKTG . . 166
Bo7g110320 TT®FaFT PEKARTNNTT. | . ATHCTEVERT TVF CATFTFENNTG . . 166
AT4G25490.1_CBF1_ ST@AAC T T AZCTETCETTT .HGI CVEETVVE -ATYTFHCSFG. . 164
AT4G25470.1_CBF2_ ST@ARFT] T NEOTENMCHVTT! .HGT DVEETT VB .ATYIFECSCE. . 167
AT4G25480.1_CBF3_ ST T T ACTRVCEATT . -AGFRVERTT VR _ATYWARCSFN. . 166
AT5G51990.1_CBF4_ TT@HEFT PEONRTTTEGSK . TARRARFABGRGVRR GFRRAFECNGG . . 174
BnaA10g07630D 13 ST@HAF T /BECNETRTTET| . TMVEAVKEREETVGC TECFITEENG. . . 172
Bra028290 3 ST HAET KETATTET| . TMVEAVKPAEETVGC TECFITEFNG. . . 172
BnaC09g28190D ST@FHRFT PECNKTRTTFT . TMVRAVRFRRETVGC TCCFIVEFNG 172
Bo9g104770 13 ST@HAF T /AIICNKTATTETY . . . . IMVEAVKEREETVGE . . . TCCFIVEENG. . . 172
BnaA08g30950D VT FRETTT AT AR HESVCHEON T F 221
Bra010460 VT FRETTT AT AR HE SVCHGHN N F 275
BnaUnng01150D . WIYRSETLI ANYARCUNREHESUCHEHNCLL F 216
Bo8g050800 . WIYRSETLI ANYARCUNREHESUCHEHNCLL F 277
BnaA08g30910D CWTYFGETT T ANYA ACARRE Ha SVCHEHNTET 7 217
Bra010461 -WTFFGFRIT AMYAFC YRR FE SVCRGHNNTEFF 258
BnaA08g30930D JWMFGEETLT 2DNAAGYARNET 1= SVCHECHNCEE F 189
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Fig.1 Multiple alignment of CBF proteins of Brassica napus, Brassica rapa, Brassica oleracea, and Arabidopsis
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Black: the same bases among 26 sequences; Red: the same bases among 18-25 sequences; Blue: the same bases among 9-17 sequences;
White: the same bases among 1-8 sequences.
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Fig.2 Systematic comparative analysis of CBF of Brassica napus, Brassica rapa, Brassica oleracea, and Arabidopsis chromosomes

A: ; B: ; C: MEME

A: Neighbor-Joining phylogenetic tree; B: gene structures; C: MEME motifs analysis.
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Fig. 3 Distribution of the CBF genes of Brassica napus, Brassica rapa, Brassica oleracea, and Arabidopsis chromosomes
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C ; Random ,chrAnn  chrCnn A C
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The numbers of chromosomes are labeled on the left side of each chromosome. Chr is the chromosome of Arabidopsis; A and C are the
chromosomes from Brassica rapa, Brassica oleracea; chrA and chrC are the chromosomes of the A-subgenomes and C-subgenomes from
Brassica napus, respectively; Random means genes are randomly distributed to the specific chromosome, and chrAnn and chrCnn are unan-
chored scaffolds that cannot be mapped to a specific chromosome from the A-subgenomes and C-subgenomes, respectively, chrUnn is also an
unanchored scaffold.
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Fig. 4 Heat map of relative expression level of BnaCBF genes in the different tissues and organs

(FPKM ) ;
The expression levels of each gene (FPKM values) in each sample are indicated by different colored rectangles. Red block indicates relative
higher expression level. Blue block indicates relative lower expression level.
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Fig. S Heat map of the BnaCBF genes under different abiotic stresses and plant hormone treatments
(FPKM ) ; Leaf 3h Leaf 6h Leaf 12h:
3h 6h 12h ; Cold_3h Cold_6h Cold_12h: 4 3h 6h 12h ; Hot_3h Hot_6h Hot_12h: 40
3h 6h 12h ;ABA_3h ABA_6h ABA_I12h: 3h 6h 12h ; MeJA_3h MeJA_6h MeJA_12h:
3h 6h 12h ;ET_3h ET_6h ET_12h: 3h 6h 12h ;SA_3h SA_6h SA_12h: 3h
6h 12h ; Root_3h Root_6h Root_12h: 3h 6h 12h ;NaCl_3h NaCl_6h NaCl_12h: 3h 6h

12h ;PEG_3h PEG_6h PEG_12h: 3h 6h 12h

The relative expression levels of each gene (FPKM values) in each sample are indicated by different colored rectangles. Red block indicates
relative higher expression level, blue block indicates relative lower expression level. Leaf 3h, Leaf 6h, and Leaf 12h indicates normal
growth leaf of 3, 6, and 12 hours, respectively; Hot_3h, Hot 6h, and Hot_12h indicates 40  treatment growth leaf of 3, 6, and 12 hours,
respectively; ABA 3h, ABA_ 6h, and ABA_12h indicates abscisic acid treatment growth leaf of 3, 6, and 12 hours, respectively; MeJA 3h,
MeJA_6h, and MeJA_12h indicates methy jasmonate treatment growth leaf of 3, 6, and 12 hours, respectively; ET_3h, ET 6h, and ET_12h
indicates Ethylene treatment growth leaf of 3, 6, and 12 hours, respectively; SA_3h, SA_6h, and SA_12h indicates salt stress treatment
growth leaf of 3, 6, and 12 hours, respectively; Root_3h, Root_6h, and Root_12h indicates normal growth root of 3, 6, and 12 hours, respec-
tively; NaCl_3h, NaCl_6h, and NaCl_12h indicates sodium chloride treatment growth root of 3, 6, and 12 hours, respectively; PEG_3h,
PEG_6h, and PEG_12h indicates drought stress treatment growth root of 3, 6, and 12 hours, respectively.
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Fig. 6 Heat map of the BnaCBF genes under different low-temperature treatments

HX17_MA: HX17 ; HX17_CA: 14d 4 HX17 ; HX17_FA: 14d -4 HX17
HX17_MB: HX17 ; HX17_CB: 4 HX17 ; HX17_FB: —4 HX17 HX58 MA:
HXS58 ; HX58_CA: 14 4 HX58 ; HX58 FA: 14d -4 HX58 HX58_MB:
HX58 ; HX58_CB: 4 HXS58 ; HX58_FB: —4 HX58

HX17_MA: mock A, HX17 material under normal growth conditions; HX17_CA: cold A, HX17 material treated at 4  after 14 days of
domestication; HX17_FA: freezing A, HX17 material treated at —4  after 14 days of domestication. HX17_MB: mock B, HX17 material
under normal growth condition; HX17 CB: cold B, HX17 material treated at 4 ; HX17_FB: freezing B, HX17 material treated at —4
HX58 MA: Mock A, HX58 material under normal growth conditions; HX58 CA: cold A, HXS58material treated at 4  after 14 days of do-
mestication; HX58 FA: freezing A, HX58 material treated at -4  after 14 days of domestication. HX58 MB: mock B, HX58 material under
normal growth condition; HX58 CB: cold B, HX58 material treated at 4 ; HX58 FB: freezing B, HX58 material treated at —4
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Fig. 7 Relative expression patterns of BnaCBF genes under cold and MeJA treatments
5 Treatments are the same as those given in Fig. 5.



2404 47

12- BnaA10g07630D ~ 140 30— BnaAnng34260D ~ 120
I qRT-PCR
5 104 —— FPKM 1200 5 254 - 100
5 5
§ 0.8+ 100 g 20+ ~ 80
o V.07 o T I~
s Leo &2 & &
o o
Z 0.4+ Z 1.0+ =
£ L 40 £ 40
53 Q
M 0.2 L2 & 0.5 - 20
o ¢ e o o ¢ ® @
yooT &Y &F S oo r &Y OO
& T BRI I IR
25— BnaC09g28190D - 90 12.0- BnaCnng49280D 180
80 - 160
T 2.0+ L 3 10.0
3 70 3 ~ 140
g - 60 5 8.0+ ~ 120
Z 154 7 =
8 02 B - 100 &
& = 2907 B
Y 104 40 5 L g0 &=
o L
2 30 Z 4.0+ ~ 60
= =
C"Z 0.5 - 20 2 204 40
10 20
0 0 0 -0
\og ¥ <% NG QQ’ <8’ \ad ¥ S Q Cjb QQ’
T e RSIRIIRFE RS
8 KBB4 IET BnaCBF £ RE RiA#E XA qRT-PCR 434
Fig. 8 Relative expression patterns of BnaCBF genes under cold stresses treatments
17_MA: HX17 ; 17_CA: 14d 4 HX17 ; 17_FA: 14d -4 HX17 17_MB:
HX17 ;17 CB: 4 HX17 ;17 _FB: -4 HX17

17_MA: mock A, HX17 material under normal growth conditions; 17_CA: cold A, HX17 material treated at 4  after 14 days of domestica-
tion; 17_FA: freezing A, HX17 material treated at —4  after 14 days of domestication. 17_MB: mock B, HX17 material under normal
growth condition; 17_CB: cold B, HX17 material treated at 4 ; 17_FB: freezing B, HX17 material treated at —4
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