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HAT

%k
1 2 1 1,20 1,20
(1. 315100;
2. 315604)
(histone acetyltransferases, HATS)
, (Sinonovacula constricta) ,
, HAT
(ScHATS) ,
11 ScHATs , GNAT MYST  p300/CBP ,
HAT qRT-PCR , ScHATs
; , ScKAT2B  ScKATS ScKAT9-2 Scp300
(P<0.05); , ScHATs ,
Sep300 (P<0.05); , ScHATs
(P<0.05) , ScHATs ,
HAT
S968.3; Q953; Q789 doi: 10.11693/hyhz20211000239
, ( H3  H4)N
(Ho et al, 2010) &- )
, (H2A, H2B, H3, H4) , DNA ,
147 bp DNA , DNA ,
(Kouzarides, 2007), (Struhl, 1998; Eberharter et al, 2002)
, HAT 3
N (Patel et al, 2013), : (1) GNAT, GCN5 N ,
KAT1 (Hatl) KAT2B (PCAF) KAT9 (Elp3) ; (2)
(Kouzarides, 2007) MYST, KAT5 (Tip60) KAT6A (MOZ) KAT7
(histone acetyltransferases, HATSs) (Hbol) KATS (Sas2) ; (3) p300/CREB (CBP)
(histone deacetylases, HDACs) (Hodawadekar et al, 2007; Bannister et al, 2017)
(Bannister et al, 2011) HAT A , HAT ,
* , 2021C02069-7 “ 2025” ,2021Z114 , 2019B10005
,202003N4191 R , E-mail: [jy148369@163.com
s R , E-mail: zhihua9988@126.com; s s , E-mail: dongyinghuil18@
126.com

:2021-10-10, :2021-11-17
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(Yao et al, 1998) (Caenorhabditis Blastp s
elegans) (Goodman et al, 2000) (Carre et al, s SMART Pfam Batch-CD Search
2005) (Padgett et al, 2018) ,
(Pinctada martensi) ( , 2020) , HAT
(Latrasse et al, 2008) (Liu et al, 2012) ProtParam (https://web.expasy.org/protparam/) HAT
(Imran et al, 2019) (Gao et al, 2021) (D (MW) (GRAVY)
, HAT (Latrasse et al, 2008)
(Yin et al, 2019; HAT ,
Gan et al, 2021), 1.4 ScHAT
(Gao et al, 2021) MAFFT 7 (Katoh et al, 2013) 7
(
(Sinonovacula constricta) ) HAT
, , MrBayes 3.2.6 (Ronquist
( et al, 2003) , 4
,2017; Dong et al, 2020), 1.5x10" (sampling frequency) 5 000,
, , (burn-in fraction) 0.25,
, (average standard deviation of split
HAT frequencies) 0.01 FigTree
, 1.4.3
( 1.5 ScHAT motif
) (Vibrio parahaemolyticus) SMART (http://smart.embl-heidelberg.
, HAT de/smart/set mode.cgiGENOMIC=1) Pfam(http://pfam.
xfam.org/search#tabview=tab1) HAT
MEME (https://meme-suite.org/meme/
1 tools/meme) HAT (motif), motif
1.1 18, 21~50 aa, TBtools
2021 3, (Chen et al, 2020)
, (58.43%1.75) mm 1.6 ScHAT
(19.93+0.46) mm ,
( 25°C, 20) 3d
, 2216E 28 °C (180 mg/L, 72 h) (32 °C, 96 h) RNA-seq
OD¢yo 1x10% CFU/mL 11 ScHAT FPKM (fragments
1.2 per kilobase per million mapped reads) ,

(Dong et al, 2020)

(Branchiostoma belcheri)

(Homo sapiens)
(Crassostrea gigas) (Mizuhopecten
yessoensis) (Octopus bimaculoides)

(Strongylocentrotus purpuratus)

NCBI (https://www.ncbi.nlm.nih.gov/)
1.3 ScHAT
ScHAT )

B

4 D
8 SRA
SRR10097413~SRR10097424;

SRA : SRR9943679~
SRR9943690  SRR13594753~SRR13594764
TBtools
1.7 ScHAT

150 3,
1x10® CFU/mL 0
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3 6

>

RNA,

12 24 48 72

96 h,
-80 °C
Trizol (TaKaRa, Japan)
RNA

Prime-Script™ RT (TaKaRa, Japan)

cDNA
ScHATs
1 >

18S rRNA

Green Supermix 10 pL
15 s, 60 °C

;95 °C
3

B

Primer 5

1 uL cDNA( 100

LightCycler®480II

ScHATs

qRT-PCR

1 min 3
27AACT

SPSS

(P<0.05), GraphPad Prism 8.0.1

(20 pL)
)8 uL SYBR®
:95°C30s, 40

ScHATs

# 1 RT-PCR FTESIMEFSI
Tab.1 Sequences of the primers used in qRT-PCR
(5~3"
ScKATIF CACAAACATTGATGACTTCTCTGC
ScKATIR GCTCCATTTATCATCATCCACATC
ScKAT2BF TGAAAACACAGCGGAAGAAGA
ScKAT2BR ATGGAGGATTGCCAAGAGGA
ScKATS5F CTAACCGAAGGGTGTAGGCTG
ScKAT5R CGAGGGTACTCCAACTTGCTG
ScKAT6AF AACAAACGGGAGACGGAG
ScKAT6AR ACACATAGCAGTCATCAGGAAGT
ScKAT6BF AGAGCAGGGAGTAAAGCGTG
ScKAT6BR CTGAGATGGTAGCAGCGTAGA
ScKAT7F GTCTCAAAATGCCCCCTGCC
ScKAT7R TCATAGCGGGTCTTACACTCG
ScKATSF TGGGAAGTATGAGATTGACACCTG
ScKATSR CCCATCCACCTCAAACAAAGA
ScKATY-1F TGCCAGACTTGCCAAATGTAG
ScKAT9-1R TCAGGGTGGAAGGGGAATAA
ScKTA9-2F AGGACCTTGGAACGCAGTGT
ScKTA9-2R GTAGGCGTAACAGACCAATCAAA
Sep300F AACCAACAGAGGCACCAAGG
Sep300R TCCTTTAGATGTGTGGGCTCA
ScCBPF CCGAGTGTGCCTTCCCAAAT
ScCBPR ACAAGCCCAGATGTGTGCCC
18SF TCGGTTCTATTGCGTTGGTTTT
18SR CAGTTGGCATCGTTTATGGTCA

2

2.1 ScHAT
11 ScHAT ,
3 , GNAT
(ScKATI1, ScKAT2B, ScKAT9-1, ScKATY9-2) MYST
(ScKATS5, ScKAT6A, ScKAT6B, ScKAT7, ScKATS)
p300/CBP  (Scp300, ScCBP)

, ScHAT
5 Sep300 , (
2) 5~26 ,
187~2 261 aa , 19.99~92.40 kDa
, (D) 5.95~9.30,
34.44~62.72 , 11 ScHATs
7 , 7
3 )
HAT 13,
12 1 MYST ,
; HAT
2.2 ScHAT
MrBayes HAT
(D 7
, KAT2A/2B KAT9 (GNAT);
KAT5 KAT6A/6B KAT7 KATS8
(MYST) HAT
, SCHAT
2.3 ScHAT motif
SMART ,
HAT ( 4 , GNAT
KAT2 PCAF N Bromo
; KAT9 Radical SAM
; ScKAT9-1 , GNAT
N-Acetyltransf 1 C-Acetyltransf 1
MYST ,  ScKAT6A CgKAT6B-2
1  PHD-SAM 1 ,
zf-MYST MOZ SAS ; KAT5 KATS
Tudor-knot (HsKATS ); KAT6
PHD , KAT7
C2HC-zf p300/CBP zf-TAZ

KIX Bromo
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F 2 ScHAT RiEFEIE LR
Tab.2 The physicochemical properties of ScHAT gene family
1D /pl /kDa
evm.model.ctg169.36 ScKAT1 379 Hic_asm_8 19899672:19907780 8.65 44.65 9 —0.599 54.55
evm.model.ctg313.2 ScKAT2B NAT 806 Hic_asm 10 42250573:42264982 8.89 92.40 18 -0.534 50.17
evm.model.ctg56.31 ScKAT9-1 390 Hic_asm 0 9015516:9025304 9.3 44.32 13 —-0.396 36.33
evm.model.ctg56.32 ScKAT9-2 187 Hic_asm 0 9026664:9031490 7.71 21.23 5 -0.416 34.33
evm.model.ctg367.24 ScKATS 473 Hic_asm 1 4261871:4279716 8.29 53.97 14 -0.592 44.51
evm.model.ctg52.16 ScKAT6A 584 Hic_asm_0 53282557:53297791 7.23 66.57 10 —0.785 53.89
evm.model.ctg122.31 ScKAT6B MYST 1806 Hic_asm 4 73085863:73111539 8.07 19.99 17 —0.846 59.97
evm.model.ctg77.48 ScKAT7 616 Hic_asm 0 32365113:32372689 9.11 70.54 12 -0.872 50.04
evm.model.ctg55.51 ScKATS8 415 Hic_asm 13 22940213:22957896 7.56 48.76 10 —0.643 40.29
evm.model.ctg75.43  Scp300 p300/CBP Hic_asm 6 65986389:66001279 5.95 73.33 10 -0.606 55.83
evm.model.ctg53.44 ScCBP Hic_asm_6 62838874:62869874 8.81 25.08 26 —0.767 62.72
£3 GRS HAMYIT HAT RiESE 8 ( 3) GNAT , ScKATI
Tab.3 Comparlso;:)z;ijcgz Zﬁglzte}:;fslr;[:c?er;amlly between S. SeKAT9-1 4 ’ SeKAT2B
GNAT MYST p300/CBP ScKATY-2 MYST
(H. sapiens) 5 5 2 12 , ScKATS 5
(B. belcheri) 2 6 2 10 ; 4
(C. elegans) 0 4 1 5 S (D ) s
(S. purpuratus) 3 9 1 13 p300/CBP
(0. bimaculoides) 2 6 2 10 ) , Scp300
(S. cozt;tric'ta) ) 2 2 z 1; ’ ScCBP D
. gigas
(M. yesfofnsis) 2 6 1 9 2.5 ScHAT
HAT motif ScHATs
2 HAT ’ ( 4 , ScHATs
18 motif SCKAT6A s ScKAT9-2  ScKATS  Scp300
CgKAT6B-2 , MYST 53 (P<0.05),  ScKATZB
. . . . . (P<0.05) , ScHATs
motif 8 motif 5 motif 9 motif 1 motif 2
) ) , Sep300
motif 6, KAT6 1 2 motif 3;
(P<0.05)
GNAT , KAT1 KAT9 1 2 26 ScHAT
motif , motif 16 motif 7 motif4 motif 14 motif
15 KAT2 » p300/CBP GRT-PCR  , 11 ScHATs
motif s motif )
, CgKAT5 ScKATS , ScHATs
KATS KAT8 1 motif4 motif 10; (P<0.05),
HsKAT2B-2 KAT2 motif 12 24 h ( ScKAT64
2.4 ScHAT ScKAT7), ScKATI  ScKAT6A 48 h ,
96 h Sep300
ScHATs , 3~12 h , 24 h
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KAT2A/2B
KAT9
KATS
KAT6A/6B
KAT7
KAT8
p300/CBP
- sckatt |
CakaTs
. Mykars
: Obkears
B%qr‘ie
1 HAT
Fig.1 Phylogenetic analysis of HAT gene family in S. constricta and other species
3 s Hs: ; Bb: ; Ce: ; Sc: ; Cg:
; My: ; Ob: ; Sp:
F4 EEE. KTFHWRMA HAT RIE B 451 LR
Tab.4 The domain analysis of HAT gene family in S. constricta, C. gigas and H. sapiens
ID KAT
evm.model.ctg169.36 ScKAT1 KAT1 Hatl N
NP _066564.2 HsKAT2A4-1 PCAF_N-Acetyltransf 1-Bromo
XP_006721881.1 HsKAT2A4-2 KAT2A Acetyltransf 1-Bromo
XP_011432298.2 CgKAT24 PCAF_N-Acetyltransf 1-Bromo
evm.model.ctg313.2 ScKAT2B PCAF_N-Acetyltransf 1-Bromo
NP_003875.3 HsKAT2B-1 KAT2B GNAT PCAF_N-Acetyltransf 1-Bromo
XP_005265585.1 HsKAT2B-2 PCAF_N-Acetyltransf 1
evm.model.ctg56.31 ScKAT9-1 Radical SAM-Radical SAM_C
evm.model.ctg56.32 ScKATY-2 Acetyltransf 1
KAT9
NP _060561.3 HsKATY Radical SAM-Radical SAM_C-Acetyltransf 1
XP_011425652.2 CgKATY9 Radical_SAM-Radical_SAM_C-Acetyltransf 1
evm.model.ctg367.24 ScKATS Tudor-knot-zf-MYST-MOZ_SAS
XP_006718484.1 HsKATS KATS Tudor-knot-zf-MYST-MOZ_SAS
XP_034324845.1 CgKATS Tudor-knot-zf-MYST-MOZ_SAS
evm.model.ctg52.16 ScKAT6A PHD-SAM_1
KAT6A
XP_011542958.1 HsKAT6A MYST PHD-zf-MYST-MOZ_SAS
evm.model.ctg122.31 ScKAT6B PHD-zf-C2HC-zf-MYST-MOZ_SAS
KAT6B

XP_016871492.1 HsKAT6B PHD-zf-MYST-MOZ_SAS
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1D KAT
XP_034318334.1 CgKAT6B-1 Linker histone-PHD-zf-C2HC-zf-MYST-MOZ_SAS
XP 011442343.2 CgKAT6B-2 PHD-SAM_1
evm.model.ctg77.48 ScKAT7 zf-C2HC-zf-MYST-MOZ_SAS
NP_008998.1 HsKAT7 KAT7 zf-C2HC-zf-MYST-MOZ_SAS
XP_034330903.1 CgKAT7-1 zf-C2HC-zf-MYST-MOZ_SAS
XP_034329657.1 CgKAT7-2 zf-C2HC-zf-MYST-MOZ_SAS
evm.model.ctg55.51 ScKAT8 Tudor-knot-zf-MYST-MOZ_SAS
XP_011544272.1 HsKATS KAT8 zf-MYST-MOZ_SAS
XP_011434277.2 CgKATS Tudor-knot-zf-MYST-MOZ_SAS
evm.model.ctg75.43 Sep300 zf-TAZ-KIX
XP_011438001.2 Cgp300-1 zf-TAZ-zf-TAZ-KIX
XP_034303589.1 Cgp300-2 zf-TAZ
XP_034303586.1 Cgp300-3 zf-TAZ-KIX
XP_034303592.1 Cgp300-4 KIX
cvmmodel.ctas3.44.1 SeCBP p300/CBP ¢ TAZ-KIX-Bromo-DUF902-HAT KAT11-ZZ-zf-TAZ
: Cl8 245 -Creb_binding
zf-TAZ-KIX-Bromo-DUF902-HAT KAT11-ZZ-zf-TAZ
NP_001420.2 Hsp300 -Creb._binding
zf-TAZ-KIX-Bromo-DUF902-HAT KAT11-ZZ-zf-TAZ
XP_016878433.1 HsCBP -Creb_binding
zf-TAZ-KIX-Bromo-DUF902-HAT KAT11-ZZ-zf-TAZ
XP_034303595.1 CgCBP -Creb_ binding
SckATS  —— - Motif 8
cors w—mmea |t 0115
HsKATS  ——lil - ] Mo}!; ;
HskATS  JHI - Ot
SckATe Il - KAT8 __ Mg}:;g
CgkATs  — I - Mo}i; 1(1)
HerAT - —MYST o Motif 18
100 SekaT7 - ——R—IHEEE- L KAT? I \Votif 17
CgkAT7-1 — [l - s Motif 3
CokAT7-2 —— I - — Mg}g 16
ScKAT6B —l—Iill +— Motif 14
CgKAT6B-1 i | | KAT6 — . Motif 15
33| 100 HSKAT6A " e 3 m Votif 12
99 HskATB —— F——— A e Motif 13
100 SckAT28. —i—HE—R ENEHE-
_‘::chATZA — IR R A Sc S.constricta
22 100 100 HskAT2A-1 ——HE—I -
HsKAT2A-2— I mCg C.gigas
86 HskAT28-1 ——HE—It N
100 HsKAT28-2—H—IF Il GNAT @ Hs H.sapiens
SCKAT9-2
@ HSKAT9
99 99 A ScKAT9-1 | KAT9
61 CgkAT9 —P—
Cgp300-4 W—H ——
Sep300 ——HE—H ——
sccBp ———B—W
Hsp3o0  ———H— 8 H
HscBP ———H—F L ] | ] #8—8%— —p300/CBP
cgeep ———HEF—H i | = i
Cgp300-1 —M—MHH -
Cgp300-2 —HE-
Cgp300-3 —HHHI -
A SCKAT1  ——— - GNAT
A SCKAT6A ¥
_1%‘—. CgKAT6B-2—HI—— l_ MYST
5'r 3
0 3(I)0 6(I)O 960 1 2100 1 5IOO 1 BIOO 2 1100 2 4I00 2 7100
2 HAT motif

Fig.2 Motif analysis of HAT gene family in S. constricta, C. gigas and H. sapiens
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g @ © @ ScKaT1 ggg (Imran et al, 2019) , HATs
o000 O @  SckaT2B [} 150
GNAT 7 050 3 HAT
o @ ScKATY-1 0.00 )
L ® ©® ®  ScKATY-2 :?;38 ’ HAT
-1.50
— ScKAT5 _
00 00000+~ 2 (Imran et al, 2019);
XX ] @ ( ScKAT6BA 6 HAT , /
MYsTH4 ©© © O SckATEB ( ,2020)
o ©® © ScKAT? ; , HAT
— o @ () ScKATs
11 HAT R GNAT
— 000 ©0@ sw3o
p300/CBP MYST  p300/CBP R
Y © @ ® sccep .
S NP2 @ 22 & 5
o W S e 8 HAT
L X N
&oe \55&2; R
, MYST s
3 ScHATs (Hodawadekar et al, 2007) ,
Fig.3 Expression profiles of ScHATs in different developmental
stages ’ ’
: 8 (Ovum) 4 (4 cell) (Blastaea) R ScHATs
(Gastrulae) (Trochophore) D (D-shape
larvae) (Umbo larvae) (Juvenile mollusk) (Liu et al, 2012 ,2020)
FPKM
, HATs
3 (Gan et al, 2021) MYST
HATs 5 (Voss et al,
DNA 2009); GCNS5/PCAF  p300/CBP
(Mai et al, 2009), (Goodman et al, 2000; Koutelou ef al, 2021) GNAT
SR8 SR8 (32°C)
0.80
sorat | I I I I 060
sokare-r [ L 0.00
sokaroz T T e oA
sorcars [ I . 0560
soxares [ I MyST
sokar7 [ |
sorars | -
Scp300 ---- ]—p300/CBP
sccee [ I I
CG EG CG EG EG CG EG
7 FrARER 7 FrARER
4 ScHATs

Fig.4 Expression profiles of ScHATs in gills and hepatopancreas under ammonia nitrogen and thermal stresses

. CG: ; EG:
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ScKAT1 ScKAT2B ScKAT5
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Fig.5 Relative expression of ScHATs in gills after V. parahemolyticus infection
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KAT2 Bromo , (
, ), HAT
(Zeng et al, 2002; Ren et ,
al, 2016) GCNS5 ,
(Carre et al, , HAT
2005) , HATs
D (Imran et al, 2019);
24 h ( , 1984; , 2015) ScHATs p300/CBP

b

(Lietal, 2014);,
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(Gan et al, 2021) , ScKAT6A ScKAT7 ScKAT9-1
, ScKAT9-2 ScKATS R
Scp300 3 R PCAF ScHATs
ScKAT2B (P<0.05)
R p300/CBP 4
PCAF (Kim et al, 2012),
R HATs 11 ScHAT R
, HAT
, 2020) , , GNAT
HATs R MYST p300/CBP
R qRT-PCR R
( )
S ScHATs ScHAT R ScHATs
(Apostichopus HAT
japonicus) , 3 ,
(HDAC3) (histone methyltransferase,
MLLS) (
,2017) R HAT
, H, ., 2020.
, SeHATS 1. , 43(5):
20-26.
(P<0.05) , ; ., 2020.
s R 3~6 h 24~48 h (HAT) [ , 36(3):
96 h, . HATS 666-674.
> , , , 2017.
[1. , 24(3):
> 470-476.
, ScHATs , 2020.
[D]. : :33-48
s s s , 2020. (Sinonovacula
, HAT constricta) miR-8245a-5p GOT
(Magnaporthe (1. , 51(2): 388-394.
oryzae) HAT ’ , 1984.
_ 1. , 4(4): 385-392.
’ (Yin ez al, 2019); KAT64 s s , 2017. (Sinonovacula constricta)
PHD-zf
(AIRE) (Musco et al, 2008), - » 48(1): 161-170.
Waziri s 5 , 5 2015,
(Waziri 1. , 37(4): 263-269.
et al, 2020); KAT7 C2HC-zf ; BANNISTER A J, FALCAO A M, CASTELO-BRANCO G, 2017.
C2HC-zf (Litopenaeus Histone modifications and histone variants in pluripotency
vanname) (Yang et al, 2021); and dl'fferentlatlon [M] // QONDOR A. Clllromatm
) Regulation and Dynamics. San Diego, CA: Academic Press:
KAT9 Radical SAM 35-64, doi: 10.1016/b978-0-12-803395-1.00002-2.
S BANNISTER A J, KOUZARIDES T, 2011. Regulation of
(Ghosh et al, 2020) chromatin by histone modifications [J]. Cell Research, 21(3):
’ 381-395.
’ > CARRE C, SZYMCZAK D, PIDOUX 1J, et al, 2005. The histone
PHD-zf C2HC-zf Radical SAM H3 acetylase dGen5 is a key player in Drosophila
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GENOME-WIDE IDENTIFICATION AND EXPRESSION ANALYSIS OF THE HISTONE
ACETYLTRANSFERASE (HAT) GENE FAMILY IN SINONOVACULA CONSTRICTA
UNDER ENVIRONMENTAL AND BACTERIAL STRESSES

LIAN Jia-Ying', LYU Li-Yuan’, YAO Han-Han', DONG Ying-Hui""?, LIN Zhi-Hua'?

(1. College of Biological and Environmental Sciences, Zhejiang Wanli University, Zhejiang Key Laboratory of Efficient Utilization
Technology of Aquatic Germplasm Resources, Ningbo 315100, China; 2. Ninghai Institute of Mariculture Breeding and Seed Industry,
Zhejiang Wanli University, Ningbo 315604, China)

Abstract Histone acetyltransferases (HATs) controls the regulation of body growth and the response to environmental
stress. However, little is known about HATs in marine mollusks at present. The razor clam Sinonovacula constricta is a
typical bivalve living in tidal flats and currently faces extreme environmental challenges. To understand the evolutionary
dynamics of HAT gene family in shellfish, phylogenetic relationships and gene expression patterns of HATS in S. constricta
(ScHATs) at different developmental stages, environmental stresses, and bacterial infection were analyzed and compared. A
total of 11 ScHAT genes identified from S. constricta genome could be divided into three subfamilies (GNAT, MYST, and
p300/CBP) in sequence homology. The protein structure prediction showed that SCHAT members belonging to each
subfamily were conserved in protein domains and motifs. Gene expression analysis revealed that the expression levels of
ScHATs was generally higher in the early developmental stage than that in the late stage. ScKAT2B, ScKATS, ScKAT9-2,
and Scp300 were expressed differentially in gills against ammonia-N stress (P<0.05). ScHATs showed similar expression
pattern in gills and hepatopancreas under thermal stress, and Scp300 were significantly downregulated in hepatopancreas.
Additionally, expressions of ScHATs increased dramatically after Vibrio parahaemolyticus infection (P<0.05). Therefore,
ScHATs is an important class of genes in the development and immune defense of S. constricta. This study provides a
theoretical foundation for further understanding the evolution and function of HAT gene family in mollusks.

Key words Sinonovacula constricta; histone acetyltransferase; gene family; environmental stress; bacterial

infection; gene expression



