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Identification of the MBF1 family genes in Chinese cabbage and expression
analysis under high- or low-temperature stress
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Abstract; Multiprotein bridging factor 1 (MBF1), as a class of transcriptional coactivators, plays an important role
in plant responses to high- and low-temperature stress. In this study, the MBFI family genes were systematically identified
from the whole genome of Chinese cabbage, and their molecular characteristics were analyzed. Using bioinformatics tools,
the gene structures, chromosomal locations, cis-acting elements, intraspecific and interspecific collinearity of these family

genes, as well as the physicochemical properties,

7S B H7 . 2026-01-25 subcellular localization, and protein structures of the
HLWE . Hr Aol K Aoz 4 B3 Al I 3 (202512010) ; FZE A encoded proteins, were comprehensively analyzed. Fur-
RIS ATR H (32560727) ; TR A BEEW 2 E K & 45 thermore, based on transcriptome sequencing ( RNA-seq)
S5 % FATL R4 T H (GSCS-2023-206) data combined with quantitative real-time reverse tran-
YEZ B : MARME(2004-) , 55, IWARTF TN, AR, BF5E D7 10 I VEH) seription PCR (qRT-PCR) , their expression patterns un-
BB T . (E-mail) 13142207302@ 163.com der high- and low-temperature stress were analyzed. The

BIRAEE : JIHAT, (E-mail) hull@ gsau.edu.cn results showed that the Chinese cabbage MBFI family
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genes contained six members ( designated BrMBF1-01 to BrMBFI-06, respectively), which were distributed on five
chromosomes. The encoded proteins ranged from 127 aa to 458 aa in amino acid length, with relative molecular masses from
14 098.37 to 50 794.78, and their isoelectric points ranged from 9.25 to 10.16. The promoters of these family genes were
found to contain three major categories of cis-acting elements: hormone-responsive, stress-responsive, and circadian rhythm
regulatory elements. The secondary structures of the proteins encoded by the Chinese cabbage MBFI family genes all
contained a-helices, B-turns, extended strands, and random coils. The secondary structure composition was highly
conserved, while the tertiary structure conformations exhibited significant diversity. Three pairs of MBFI genes in Chinese
cabbage exhibited segmental duplications, and there was interspecific collinearity between Chinese cabbage MBF1 genes
and Arabidopsis thaliana MBF1 genes. Under low-temperature stress, the relative expression levels of BrMBFI-02 and
BrMBF[-03 genes in Chinese cabbage were downregulated, while the remaining four MBFI genes first decreased and then
increased in their relative expression levels. Under high-temperature stress, except for the BrMBFI-06 and BrMBF1-02
genes, the other four MBF1 genes responded rapidly and showed significantly upregulated relative expression levels. In

summary, the results of this study lay a foundation for functional studies of MBFI genes in Chinese cabbage and also

provide genetic resources for molecular breeding for resistance to high-temperature and low-temperature stresses.
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Table 1 Primer sequences used in this study

1M (F£ 1), LA BrActin NS X545 L
FESEAKSE AT R EALEIE . qPCR B B R R N
20.0 wL:cDNA itk 2.0 pL, I, FiFE51¥4 0.6
pL,2x FastReal qPCR PreMix ( SYBR Green) 10.0
pL, AL ddH,0 #ME, P HFRF .95 C Tl
A 2 min95 CAEME 5 5,60 CiR K IFFIEM 15 s, 3L
40 NMIEFR  JE AR 2o B R RS BOARR )7 . B
FEARBEE 3 WS EE , R 2722 BRI
BT 0 32 PR AR AS [ 38 B A BT AR AR R 23k 7K

B R 519 (5'—3") B 514 (5'—3")
BrMBF1-01 CATGAGCGTGTGCCTACTGA GTTGGGGATTGCTTTGCCAG
BrMBF1-04 GGCTTAGCGGTTCAGACTGT TTTCACCCTATCCATCGCCG

BrActin CCAGGAATCGCTGACCGTAT

CTGTTGGAAAGTGCTGAGGGA

2 HER5
21 KBX MBFI REFRLERFBEERE
Ak 14 JB7 0 3 40 B 7E 51

M 2 AT, AR S B 6 A4S K
MBF1 3% R 575 % 51, MK IR i 44 & BrMBF1-01 ~
BrMBF1-06, MBF1 &[N g% () 85 (1 B 2038 1R ) 91
KA T 127 aa & 458 aa; MM 4 T BN T
14 098.37~50 794.78 , H A% o F e e K&

*£2 KBEX MBF1 XEEANENLER

JiiJ& B-MBF1-05, i /A J2 BrMBF1-06 ; 45 H 5 T
9.25~10. 16, ¥ 088125 1, Br-MBF1-05 25 FH 45 L 551,
/)N, BrMBF1-06 25 [ 55 HiL S i K A RRE TR B
33.00~48. 52, % B-tMBF1-04 1 BrMBF1-06 2 N H
Jh, Hoar 1 B R E 5 EA /N T 40. 00, KB
BrMBF1 & [ R 4 22 30 AH X Ao 5 7 3 SR 7K P A
RUE , AR 2 MBF1 R 8 35 8 S5 K
5 IV 40 it 6 T %2 B, 6 1 K 38 MBF1 28 (14
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Table 2 Physicochemical properties of MBF1 family proteins in Chinese cabbage

LA BT

a6 T T
BrMBFI1-01  BraA03g022400.3C Sy ik 142 15 664.83 9.99 38.04 -0.875 A A%
BrMBFI-02 BraA04g002640.3C 4 S yfafk 142 15 609.91 9.90 36.88 -0.804 A A%
BrMBF1-03  BraA05g003200.3C 5 S m ik 142 15 683.83 9.90 35.20 -0.889 Y%
BrMBF1-04 BraA07g008580.3C 7 S a ik 148 16 425.16 9.99 45.62 -0.684 Y%
BrMBFI-05 BraA07g023540.3C 7 Sy ok 458 50 794.78 9.25 33.00 -0.467 4%
BrMBF1-06 BraA09g048910.3C 9 Sy ff 127 14 098.37 10.16 48.52 -0.574 A%
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02 .BrMBF1-03 JEH 530 53 40 F 3 YL fifk 4 5 5

k. s Syt b, AR T e ik iy bR,
BrMBF1-06 34T 9 S Y ki N . BrMBFI-
04 .BrMBF1-05 3£ R 53500 T 7 5 Y i) T,
MK IS JKFE i PLRE T 4 DS MBF1 0%
HH(RI)WEMRERE R (B 2) 7T, BRKFRE
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Fig.1 Chromosomal distribution of MBFI family genes in Chinese cabbage
R3 XOX.EWH BEFKEMBFI EERRERRER
Table 3 Information of MBF1 gene family members in Chinese cabbage, tomato, Arabidopsis thaliana and rice
R EHEAK FRH G5 R EHEARK HH G5 YR EHEAK HH i
KH3*  BrMBFI-01  BraA03g022400.3C KRG OsMBFI-01  1.0C_0s06¢39240.1 || Fiili SIMBFI-05  Solyc12g014290.2.1
BrMBF1-02  BraA04g002640.3C OsMBF1-02  1.0C_0s08¢27850.1 || #{F§JF AMBF1-01 AT2G42680.1
BrMBF1-03  BraA05g003200.3C FEM SIMBFI-01  Solyc01g104740.3.1 AtMBFI-02 AT3G58680.1
BrMBF1-04  BraA07g008580.3C SIMBFI-02  Solyc01g104740.3.2 AtMBFI-03 AT3G24500.1
BrMBFI-05  BraA07g023540.3C SIMBFI1-03  Solyc09g055470.1.1
BrMBFI-06  BraA09g048910.3C SIMBFI1-04  Solyc10g007350.4.1

2.3 KB3X MBF1 EEEFIR:NIER TE

LR s P o 55 R A Sl 4 i
TR FEREAERH, KA MBFI 35 37X 1E
FHCHHnIE 3 7 W fL S B R 30, 0T L4k 3 K
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AR F o A B B D AU G T 55 5 MYB
5B (MBS) 1A JRESE S0 W 014 (ARE)
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AN e INAPYIA ) SEL VA E XY/ S uy
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EER AT T 0B S5 2R (T8 4A) o R 3 1l i
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BrMBF1-03 1 BrMBF1-06 (/) 3£ 751 K i 2800 ~
1 200 bp, HAMNE F- & FHEFIA AR, AHEEZ
T ,BrMBF1-05 (1) K 2548 5 H A B[R] 22 57 b 2 ) L
PP A BE B K T A S N, LA B N 5 R
B EW L Br-MBFI1-04 (/) 3E K 54K B B 0
AN 500 bp AV 1 AINE T, BN FEH, A
EI4BH] UL, K 3EMBF 1 Z 8 A h 3% 110
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Fig.2 Evolutionary tree of MBF1 family proteins from four species
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2.7 KB¥X MBFl RiERESBRMKEMET
2.7.1 #3400 5 (RNA-Seq) #3547 ME 7 0]
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A A B3~ 6 h B AN Gk S TN S B
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AN Fak ) B3 FH, BrMBFI1-06 3L R Kk R
B AN 2], HE 00 FL AT BN e 0 = i e (L 7B) .
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Fig.3 Analysis of cis-acting elements in the promoters of MBF1 family genes in Chinese cabbage
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Fig.6 Intraspecific and interspecific collinearity analysis of the MBF1 family genes in Chinese cabbage
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Fig.7 Expression levels of MBFI genes in Chinese cabbage under different temperature treatments
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