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Bioinformatics of grape CBF4 and its response to low

temperature and potassium silicate
ZHANG Hongmei, WANG Wangtian", ZHANG Rui, YANG Ke,
WANG Baogiang, WANG Cuiling

(College of Life Science and Technology, Gansu Agricultural University, Key Laboratory of Crop Science in Arid
Habitats, Lanzhou 730070, China)

Abstract: In order to explore the structure and expression characteristics of CBF4 gene from grapes the
study analyzed the grape CBF4 gene from the aspects of bioinformatics and low temperature and potassium
silicate response. The results were as follows: CBF4 protein was located in the nucleus, there are 5
phosphorylation sites and 14 glycation sites, without signal peptide. It is a hydrophilic, a poor lipid
solubility and an extra-cellular protein. The secondary structure was dominated by random coil, with a ratio
of 56.88%. The protein contains an AP2/EREBP domain. The multiple sequence alignment and
phylogenetic analysis of CBF4 protein show that wine grapes and American grapes have the highest
homology and the closest genetic relationship. Quantitative real-time PCR analysis indicated that the
expression level of CBF4 gene in grape leaves was up-regulated after low temperature stress, indicating
that CBF4 gene may be involved in the response of grape leaves to low temperature stress. Under low
temperature conditions, the CBF4 gene expression is different when potassium silicate is applied,
indicating that the response mechanism of this gene to potassium silicate may be different in different grape
tissues. These results lay a foundation for further study on the function of CBF4 gene in grapes.

Key words: grape, CBF4, low temperature stress, bioinformatics, RT-PCR
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Table 1 Primer sequence and annealing temperature

Elk7 1Ef] S I BRI
Primer Positive Reverse Annealing
temperature(°C)
CBF4 5-AAGTGGGTATGCGAGGTAAG-3' 5-TTCTGAATGTCCTTGGCG-3' 60
ubiquitin 5'-GGCTTGGGAGATGGGAAAC-3' 5'-TCCTACAATACCACCAAACATAGCA-3' 60
15 HaEsE

K Origin9 Al SPSS22.0 A AT £di A FHAI 2347, 35 ] Duncan MUK & 7 20 Mg M FE 2
B 22 S & M (0=0.05)
2 R 5500
2.1 BAREHW T
2.1.1 —Zh &5t



Xf CBF4 & H BRI B 7 1541 %) CBF4 5 43T XN CroasH1631N3110326S14,  HIFE 2 TT AT
% CBFA tEEAHX 7> T8N 24.22kD, LRSS A (ph) N 5.42; AREGE 7240 51.89, S-FHZRK
1£-0.621, FHIZEANAARERKIEEA: MR 524 61.83, RUIMEVEVELLEZE

* 2 CBF4 dHHZAFMR B
Table 2 Physical and chemical properties of amino acids in CBF4 protein

g WHATEE mbpl ELER SR FRERE mmRE o IR

Grand average

Gene Molecular Theoretical FEH E ) Instability ~ Aliphatic of
weight pl Arg+Lys  Asp+Glu index index hydropathicity
CBF4 24.22 5.42 27 34 51.89 61.83 -0.621

H% 3 %1, W% CBF4 RHK 20 Fa@ MR, Ala HE&% (11.0%), HICN Arg (8.7%)
5 Asp (8.3%), HHEIR & E i/ MASE Gin (0.9%) o H AR & 56.9%, JEMMEZIERR Y 43.1%.
#* 3 CBF4 A FER AR T
Table 3 Analysis of amino acid composition of CBF4 protein

AR K Hrt AR Hortt
Amino acid composition Percentage (%) Amino acid composition Percentage (%)

Ala (A) 11.0 Val (V) 6.4
Arg (R) 8.7 Tyr (Y) 1.8
Asn (N) 41 Trp (W) 2.3
Asp (D) 8.3 Thr (T) 3.7
Cys (C) 14 Ser (S) 7.3
GIn (Q) 0.9 Pro (P) 7.3
Glu (E) 7.3 Phe (F) 2.8
Gly (G) 6.9 Met (M) 5.0
His (H) 2.8 Lys (K) 3.7

Ile (1) 1.4 Leu (L) 6.9
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43 1 N56.88%F127.52%, ZEfHIEE 5 Lk oA13.76%, B-#5 A 5 ELi /N (1.83%).
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Fig. 1 Prediction results of the secondary structure of the CBF4 gene encoded protein
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Fig. 5 Results of phosphorylation site prediction
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Fig. 6 Results of domain prediction
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Fig. 7 Projection of tertiary structure of protein
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Fig. 10 Expression analysis of CBF4 gene under low temperature stress
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