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Genome-wide identification and expression analysis of B-box gene family in
wheat
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Key Laboratory of Molecular Cytogenetics and Genetic Breeding of Heilongjiang Province / College of Life Science and Technology, Harbin Normal
University, Harbin 150025, Heilongjiang, China

Abstract: B-box (BBX) is a class of zinc finger proteins that contain one or two B-box domains and play important roles in plant
growth and development. The number, gene structure and phylogenetic relationship of wheat B-box transcription factors, as well
as their expression specificity in different tissues and response to abiotic stress were investigated. A total of 87 members of B-box
gene family were identified from wheat genome and all contained the B-box domain. TaBBXs encoded 146 to 489 amino acids
and the isoelectric points ranged from 4.32 to 10.42. Chromosome mapping showed that these genes were distributed on 18 wheat
chromosomes except 1A, 1B, and 1D. Based on phylogenetic analysis, TaBBXs were divided into five subfamilies, with 0—4 in-
trons. The members of the subfamily in the same phylogenetic tree branch in the same group had highly similar gene structures.
The qRT-PCR revealed that the investigated 20 genes had different expression patterns, and most genes were highly expressed in
leaves, and 7aBBX10 and TaBBX39 were only highly expressed in leaves, while 7aBBX74 was expressed in spikes, TaBBX43 was
specifically expressed in roots. These genes showed different expression patterns under different stress. 11 genes were
up-regulated after low temperature stress, 13 genes were down-regulated after ABA treatment, 10 genes were up-regulated after
salt stress, and 7 genes were down-regulated after drought stress. TuBBX10, TaBBX39, TaBBX60, TaBBX67, and TaBBX74 were
significantly up-regulated under two or more stresses.
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( ) fect Real Time) (RR047, TaKaKa) cDNA
Primer 3  Primer Premier 6 s
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Table 1 Primers used in this study
Gene Forward primer (5'-3') Reverse primer (5'-3')

TaBBX01 AACGGGGGAGTGTTACTTCT AGTTGGAGCAGAGGAACCGA
TaBBX06 AACTCGCCAAGTCGGAGGA AGCTGCTGATACGGAGGTACA
TaBBX08 TACCGCCGACGTGTTCTT TCAGAGGAGGATACGCTGTG
TaBBX10 CTCGCATCGTCCTCTCCAA TCTGCTGGCATGAAGGTACA
TaBBX12 CACAGCGTATCGTCGTCTGA ATCTCCTCGTGCTCCTCCAT
TaBBX13 TCGAACAAGCCGTATCAGCA AGAAGGAGGAGCCGAGAGAC
TaBBX14 AGCCGGAGGTAATCAAAGCC GAGGAGGACGACAACGATCC
TaBBX18 GGGTTCTCCGGGTTCGAC CCTCTAACTCTTGCTCCGGC
TaBBX35 TGACATTGAAAGGCTGCGT TGACATTGAAAGGCTGCGT
TaBBX39 ACCGCCGATTCCTCATCAC CCAATGTCGTCTTCTCCTCCT
TaBBX43 CTCCGAGTACCTCACCAAGAC CAATGCTCCTGCCTCATCCA
TaBBX46 CACGCGGTACATGGCACG CCGGTGCGCTTGACGAAG
TaBBX52 CCGAACTGCGAGGAAGGAATA GCTGGCTGATGTGTAGGAAGT
TaBBX60 GCCGAACTGTGAGGAAGGAA AGGCTGATGCGTAGGAAGTG
TaBBX62 CACGACGGGCGGGTAAAG GGCTCCTTTTCAAGAACTGCG
TaBBX67 GAGAAGGAAGGGAGCGAGTG GCTGGACTGGACCGTATTGT
TaBBX74 GCAACCAAGAGCAGTATGTGAT TGTTGACGGAATCTGTGTAAGC
TaBBX76 AGGTAAGCTCATGCACCTCG CGTCTCGCTGTCGATCCTTG
TaBBX77 GACGAGCCCATTCACAGCG GGCAGATGTTGGTGAGGTAGTC
TaBBX86 AGGGCGGGAAGATGGACTAC ATGAGGAGCTGTAGGTCTGC
TaActin TACTCCCTCACAACAACCG AGAACCTCCACTGAGAACAA
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Fig.1 Conserved domains of B-box genes family in wheat
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Fig.2 Phylogenetic tree of B-box genes family in wheat
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Fig.3 Chromosome location and gene duplications of the B-box gene family in wheat
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Each colored bar represents a chromosome, gene names are labeled on the basis of their positions on the chromosomes, segmental duplication

genes are linked by colored lines.
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Table 2 Putative regulatory cis-elements in wheat B-box family gene promoters
cis-elements Number of genes Functions of cis-elements
CAAT-box 87 Common cis-acting element in promoter and enhancer regions
TATA-box 87 Core promoter element around —30 of transcription start
CGTCA-motif 75 cis-acting regulatory element involved in the MeJA-responsiveness
TGACG-motif 75 cis-acting regulatory element involved in the MeJA-responsiveness
ABRE 84 cis-acting element involved in the abscisic acid responsiveness
ARE 67 cis-acting regulatory element essential for the anaerobic induction
MBS 49 MYB binding site involved in drought-inducibility
LTR 57 cis-acting element involved in low-temperature responsiveness
W box 51 Wounding and pathogen responsiveness.
TGA-element 42 Auxin-responsive element
GC-motif 51 Enhancer-like element involved in anoxic specific inducibility
CCAAT-box 24 MYBHvVI1 binding site
TCA-element 30 cis-acting element involved in salicylic acid responsiveness
P-box 31 Gibberellin-responsive element
WUN-motif 20 Wound-responsive element
ERE 18 Ethylene-responsive element
GARE-motif 23 Gibberellin-responsive element
TC-rich repeats 27 cis-acting element involved in defense and stress responsiveness
AuxRR-core 18 cis-acting regulatory element involved in auxin responsiveness
TaBBX76 (16 ) , (231
, [24] [26] [27] [28-29] [30]
, TaBBX10  TaBBX39 B 32 30 29 30 64 37 24
, TaBBX74 ,  B-box
TaBBX43 , laBBX52 TaBBX60 87  B-box ,
s , 3
TaBBXs s
( 06 , TaBBX10 TaBBX52 TaBBX60 (homoeologs),
TaBBX67 TaBBX74  TaBBX86 ; B-box
, TuBBX08 TaBBXI10 B-box CCT
TaBBX12 TaBBX39  TuBBX60 , B-box 50,1
: 1 2 B-box CCT
, TaBBX60 TaBBX62 TaBBX67 ) I 1 B-box CCT )
TuBBX76 10 ABA , v \Y% 2 1 B-box (23]
TuBBX14 TuBBX35  TaBBX86 B-box 5o, 1 2 B-box
; TuBBX10 TaBBX39 1 CCT 53 TaBBXs I
TuBBX60 TuBBX67  TuBBX74 2 1 ar, 2 B-box 28
v ,vVv 6 1 B-box
N 111 4  TaBBXs (TuBBX25 TaBBX26
3 Wit TuBBX31 TaBBX75) CCT ,
B-box R s
B-box CCT (23.23] , B-box , . OsBBX25  OsBBX27 I
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Fig. 5 Expression profile of B-box gene family in different tissues of wheat
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Fig. 6 Expression profile of B-box gene family under different treatments in wheat

A: ; B: 20% PEG 6h; C:4C 6 h; D: 0.2 mol L™' NaCl 6 h; E: 100 umol L™' ABA 6h * 0.05 ;
*ok 0.01

A: control; B: six hours of 20% PEG treatment; C: six hours of 4°C treatment; D: six hours of 0.2 mol L™' NaCl treatment; E: six hours of 100
umol L™" ABA treatment. * and ** indicate significantly different at P < 0.05 and P < 0.01, respectively.
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