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Abstract Histone deacetylases (HDACs) and histone acetyltransferases (HATs) are a group of reversible
enzymes that catalyze histone acetylation/deacetylation, playing crucial roles in plant growth and development.
This study aimed to investigate the characteristics of histone deacetylase (XsHDAC) and histone
acetyltransferase (XsHAT) family member genes and proteins in Xanthoceras sorbifolium , with a focus on their
expression patterns during seed embryo development. Genome-wide identification of XsHDACs and XsHATs
family members in X. sorbifolium was conducted. Bioinformatics analyses were performed to examine their

physicochemical properties, gene structure, conserved motifs, chromosomal localization, synteny, and cis-

AW H FR A ARE IS 1 H (32371833).

*  EIEVEH : E-mail : lihui830@bjfu.edu.cn.
Wik A 41:20254E8 H 12 H



52 i/ B /| S 1 46 45

acting elements. The expression patterns of XsHDACs and XsHATs genes in different tissues and during seed
embryo development were analyzed using quantitative real-time PCR. A total of 15 XsHDACs genes(belonging to
the RPD3/HDA1, HD2, and SIR2 subfamilies) and eight XsHATs genes (belonging to the GNAT, MYST,
CBP, and TAF,250 subfamilies) were identified from the X. sorbifolium genome. These genes were distributed
across nine different chromosomes. Physicochemical analysis of XsHDACs and XsHATs family members
revealed that most proteins in both families were hydrophilic and acidic. Subcellular localization predictions
indicated that XsHDACs and XsHATs family proteins were primarily localized in the nucleus. Phylogenetic
analysis showed a close evolutionary relationship between X. sorbifolium and Litchi chinensts, both belonging to
the Sapindaceae family. Protein structure predictions demonstrated that XsHDACs and XsHATs family members
were rich in random coils and a-helices. Cis-acting element analysis revealed that the promoters of XsHDACs
and XsHATs genes contain elements related to seed development, light response, hormone signaling, and stress
responses. Quantitative real-time PCR revealed that most XsHDACs and XsHATs members were highly expressed
in the embryo of seed, with increased expression levels during late-stage embryogenesis. The XsHDACs and

XsHATs gene families exhibited both evolutionary conservation and specificity. The expression results suggested

their potential crucial roles in the embryonic development and oil biosynthesis in X. sorbifolium.
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Table 1 Information of primers’ sequences used

He[H 2R ERGI#(5—3) BL1 514 (5'—3")
Gene name Forward primer(5—3’) Reverse primer(5—3")
XsGAPDHF GCCAAGACTATCCAACCT GCAACCACATCAACATCAT
XsHDAS ACGCTGCCATTCCTCAAAGA ATGCAGACTCCGATGAACCC
XsHDAG6 AGATCAACCGTCCCTTCCCT AGAAGCCGAAAAGCCCATCA
XsHDAS CCGGGCTTTCTTGACGTTCT CCCGCTTTGTCTGCTTCAAC
XsHDAY GTCTACTTTGGGCCCAACCA GTCAGCTGAGTGGAATTGCG
XsHDAI14 AGTCACTTGTTGCAGCTGGA AGCCCATGTACACGTTGAGT
XsHDAIS TGCTGGGTGAAAATCCTGGA GCCCGCCGTACCTTCTTAAT
XsHDAI9a GCACTTGGTATGGACGTGGA TGGACACTAGGTGCATGCTG
XsHDA19b ACCTGGTGCTGTGGTTCTTC TCCACGTCCATACCAAGTGC
XsSRT2 ACGATATTGGGCAAGGAGCT ACAGTCCCATGCAACTCAAGT
XsSRT4 TGTCGGATCTCAGTTCCTGG GGGCTTTCACTTGGTCCTGA
XsSRT6a TGCACCTGTAAACGCCACTA TGTCGGATCTCAGTTCCTGG
XsSRT6b AGGCTACGCAGAGAAGCTCT ATACCTGCACCCGTGAACAC
XsHDTla AGTCGTGAGGTTGAAAGTGACA AGCCTTCTTATCAGGAACCGG
XsHDT1b AAAGCAGGCACTCCTCAGAC TAGAGCACCATCAGACCCGA
XsHDT3 GCCCAGAACATAAGCCAGGA ACTTTTCTCCTCTGCCAGCT
XsHAGI GCCACCTCTTCCATCCACAA AGTCCTCAGCATCAGAGTCG
XsHAG2 ATTTGTCCCTCCTGCCAGTG GCTTCCCAGCAGTTCCTGAA
XsHAG3 TTGATGGAAGAGGCAGAGCG TCGGGTTGGTTGAGGCATTT
XsHAM1 TTGGCATGCATCCTCACCTT ACTCAACAGCCCAAGGTCAG
XsHAM?2 AGGAGGCTTGATGAATGGGTG GTTCACGTAAACTGGCAGCA
XsHACI GAGTAATGCCGGGTGATGGA GATGGAGGCTTTACATGCGC
XsHAF1 CGTGGGAAGCAGGAGAACTT TCAGCAAGCATTTCTCGCTC
XsHAF2 GGTGAGTGTGTGGCAGTTCT TGGAAGCGGTGTGGAAACTT
2 HRESW JRBY, SIR2 W AT 4 B . XsHATSs B 11 K K

2.1 XsHDACs MM XsHATs EEXHHRRLEER
4R E QIR 41T

38 2 7 81 LEXT, S et SR PR 2 508 I v
TE 15 4~ XsHDACs 5& Al 8 4> XsHATs 5& A o
XsHDACs & H K & Al 730 8 3 W 5K %, Hoh
RPD3/HDAT WK KA 84 hL bt , HD2 WK 5 A 34

A0 4R, Hoh GNAT R A 3 4
B MYST WS AT 2 W Bt , CBP WEZE A 14> Bl
B, TAF,250 WA A 2 At (R 2) .

S5 B AR SR AN B R S T R
BT, A SCE S XsHDACs A1 XsHATs 25 [
FWE 5L % L, 5 & B, XsHDACs H RPD3/HDAI
ISR 5 R HD2 MV S i A 1 G 1 R B0 R R kL AL
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Table2 Physicochemical properties of proteins encoded by XsHDACs and XsHATs gene family members

Yu
Wi e s | AP R Chremomme .
Subfamily Gene name Gene ID Gene sequence Amino acids . o i qurgph- Subc.ellu}ar
length/bp number Gy RIGOIE  AORAE obicity localization
No. Starting Ending
XsHDA5 ~ XS13G0000300.1 31 469 1346 13 42083 73551 7.04 -0231 A%
XsHDAG6  XS13G0205600.1 6511 715 13 18440192 18446702 588 -0281 %k
XsHDA8 ~ XS10G0208600.1 4094 378 10 27324779 27328872 538 -0.181  4HfifgE4e
RPD3/  XsHDA9  XS10G0189900.1 9672 459 10 25563436 25573107 5.16 -0.343 4R
HDAL  X¢HDAI4 XS08G0082900.1 1687 175 8 10694904 10696590 528  0.054 AR
XsHDAI5 XS13G0012000.1 110820 581 13 999640 1010459 6.09 -0.423 A%
XsHDA19a XS06G0265200.1 6258 499 6 31591565 31597822 511 -0567  Zijfi%
XsHDA19b XS06G0266100.1 11 068 467 6 31988618 31999685 579 -0397 ISR
XsSRT2 ~ XS01G0117000.1 11 080 447 1 13708191 13719270 8.17 -0.159  Zijis%
XsSRT4  XS08G0254700.1 6286 372 8 29422597 29428882 872 -0.219 J
SR XsSRT6a  XS01G0117200.1 7 465 472 1 1374249 13749961 7.88 0.107  ZAHAEBTAR
XsSRT6h  XS15G0181700.1 6828 448 15 18691280 18698107 9.11  -0.260  4ffik%
XsHDTla XS12G0010700.1 4221 326 12 1014407 1018627 487 -1.055 4l
HD2  XsHDTIbh XS10G0185900.1 3539 274 10 25235716 25239254 53  -0.821 4t
XsHDT3 ~ XS13G0226100.1 4773 608 13 21330954 21335726 5.14 -0977 4t
XsHAGI  XS01G0275100.1 9 344 616 1 28219065 28228408 599 -0.603  ZHMfif%
GNAT  XsHAG2  XS04G0216600.1 3258 466 4 27534203 27537460 555 -0246 AL
XsHAG3  XS13G0078200.1 5775 1005 13 7261674 7267448 7.3 -0.255 A4
XsHAMI  XS07G0161100.1 1674 456 7 14445643 14453353 699 -0.613  ZHJfIE%
MYST XsHAM2 ~ XS07G0161400.1 5973 456 7 14513828 14521582 823 -0.436  ZHMiE%
CBP XsHACI  XS13G0220600.1 2360 1793 13 20139040 20151359 836 -0.678 4t
TAF, 250 XsHAFI ~ XS13G0224500.1 9596 1101 13 20139040 20151359 917 -0.734 ¥
XsHAF2 ~ XS12G0000500.1 5412 1803 12 20139040 20151359 581 -0.675 ¥

T PR PR 10 07 9 B A R AR R SRk MR P X (8, BRI AR 1 B A e, IR HRBUK I, SUE AR

Note: The total average hydrophobicity referred to the mean hydrophobicity value of all amino acid residues in a protein sequence, indicating

the solubility of the protein. A positive value represented hydrophobicity, while a negative value represented hydrophilicity.
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In Fig. 1C, the chromosomal positions of XsHDACs and XsHATs genes were indicated by short red lines on the circles. Gray lines represented all

synteny blocks in the Xanthoceras sorbifolium genome, while red lines indicated the duplicated gene pairs in XsHDACs and XsHATs.

B1 XERXsHDACs(A)FXsHATs (B)BEE RGN RAERBEREMSMAILLMESH (O
Fig.1 Chromosomal localization and synteny analysis (C) of the XsHDACs (A) and XsHATs (B) gene families of

Xanthoceras sorbifolium
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Fig.3 Gene structure and protein conserved motif analysis of XsHDACs(A) and XsHATs(B)
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Table 3 Secondary structure analysis of XsHDACs #1 XsHATs protein family members

HHAR a-13iE ugliikid p-iefh AR s 11T
Protein name a-helix/% Extended strand/% f-sheet/% Random coil/%
XsHDAS5 34.18 10.25 0 55.57
XsHDAG6 36.22 13.43 0 50.35
XsHDAS 37.83 15.87 0 46.30
XsHDA9 34.89 11.56 0 53.56
XsHDA14 30.29 21.14 0 48.57
XsHDA15 37.52 11.19 0 51.29
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XsHAC1 26.49 5.13 0 68.38
XsHAF1 47.23 4.09 0 48.68
XsHAF2 40.82 4.83 0 54.35
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Fig.5 Three-dimensional structure prediction of XsHDACs and XsHATSs proteins
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