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B A BT R, DNA B L BB R i) 12 5
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Ak MfELFaRhmR e EF AR, IFE
CA IR A RO e — 2622 5 | LN, dnme3a 575
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BETh A IEFAETE o I, A5 b B AR HA ) i v 4k
SLTF R dnmes AR SCAESE o ASBIESE LAFR B H ULAY /)N
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WHoT o LAk, B2 % M V8 k25 9 ), 48 MS-222
JRR B i, i ¥51) SBCPE e  MALIEE L JHF U M L PR A5 2 21

JITAT RS R AP R 30 min 5, —80 “CHAAFA
1.2 2 RNARIRE . K MF cDNA &

FH Trizol ILHRHUASAE 5 8 RNA, F 1% SR b
L VKA I RNA 19 5¢ 444 , H Nano Drop 2000 43560
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IR ZEAY Rl R A B 3SR RNA S5 iR A5 1F
R 1ANEE S, #R 5 H PrimeScript RT reagent Kit With
gDNA Eraser i #] £ (TaKaRa, Japan) X ¥ 5% 4
cDNA, I TR 20T
1.3 iREk dnmts B3N F 7 5 e

FETEE A VR B2 T ST AR A A e k4
i S L HE B dnomts 1) CDS J¥ 41, 5% H hiTAIL-PCR
(high-efficient thermal asymmetric interlaced PCR) %
AU R4 dnmts 1R ST IFS . PCR P24 28 2 [0l
W gifl GERE Al PR TORE X JE R A R IT
I e 45 R 28 XA TE DR 5 , 1 DNA Star 9 45 2
dnmts A BT 15 o £ A5BR ILE SCIR S ik
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BT dnmis 1) cDNA J¥ 5115 11 qRT-PCR 519
(1), 535 L& FE S A cDNA ik, F LightCy-
cler®480 3 i 98 52 11 PCR R G4t dnmis 7 e fifk
TG AT 25 B B A Bl £ 4% 2H A b i e ak K-
o, G B B AR TUBA S NS 3E A AT
B AR By BE LA B-actin NS FEN L RBER R R 20
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Table 1 Primers for dnmts expression and in situ hybridization analysis of M. anguillicaudatus
S 519 519751 JEana Eik7) 19751
Reaction Primers Sequence (5 to 3) Reaction Primers Sequence (5 to 3)
dnmt1-F AAGTGCTCCGCCTGTAA dnmt1-1ISH-F GGACCAAAAGGTGCCTACCA
dnmt1-R TGGTCTGGGACGTTTTC dnmt1-ISH-R GGGTGTGCGAGAGTTAAAGCGGT
dnmt3ab-F GTCGGAGTATGAGGATGG dnmt3ab-1ISH-F AAAGCTCCACAGTTACCGTCC
. dnmt3ab-R - TGTAGGTTGGCTGGTGAA . dnmt3ab-1SH-R GGGATCACCAAACCAACTGACCCA
RT-PCR dnmt3aa-F TGTCTGGAACATGGACGC sH dnmt3aa-1SH-F TCGGAGTCTGGGAAGAGTGT
dnmt3aa-R ~ TGTAATGGACGGGGAAGC dnmt3aa-1SH-R GGGCAGCAGATGGTGCAGTACGA
dnmt3b-F GGGGAGTATACGGTTGG dnmt3b-1SH-F GGGGCCATCTCCAAACCACTCCA
dnmt3b-R GGTTTGGGGCTTGATGT dnmt3b-1SH-R TCAAGCTGCACGTAGGGTTT
1.5 RE# dnmts BIRIEEML S FHF B SR 2458 o B 12 i it A e ik 45 6 2, fie

W30 AT T 4 °C 20 5 H e v [ o 4
2 PBST/ W B FE i /K i B T H i b — 20 "CIRAF,

o] BOAS SRR B ST 2 5RO o I E o, AR e
3000 REBEIE IE , 2200 L K S IR LB A )
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1£ NCBI (https: //www.ncbi.nlm.nih.gov/) H1 3k
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www.cbs.dtu.dk/services/Promoter/ ) il I ik cnimts
(1)t 2 F 4% .0 X3, F AliBaba 2.1 (http: //gene-reg-
ulation.com/pub/programs/alibaba2/index.html) i jill
e85 50045 . H ProtParam (https://web.ex-
pasy. org/protparam/) . PROSITE (https: //prosite.
expasy.org/) . InterPro (http: //www. ebi.ac. uk/inter-
pro/ 1 UniProt (https: //www.uniprot.org/ ) S fE £ &
F1 3T 53 T A T s 5 DR 20 B 20 35 1R 1 A 1
JBT 2 A IV 248 L A
1.7 BIES W

et Eds LA 20 3 ok 3y 1 A I S £
FrfE 22 (mean=+SD) %7~ , F Student’s -test Fb 3841

] 22 5 , P<<0.05 L M 4e it 22 5+ 8 % o JH Graph Pad
Prism 8.0 FAEK
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TRk dnmts B E B S 4F1E
ARHFFE O BESRAS T R 4 4 DNA B IR R il X
TR « dnmt] . dnmt3aa .dnmt3ab 1 dnmt3b,CDS J¥
FIH B 4350 4 5032 700.,2 193 Fil 4 572 bp ; 437 Zhi
51 500,899,730 Fll 1 523 P& IERR A B AT . 4 Fh
HEEYE TR EE R, H don3aa 1 55 L RS
1, 10 dnmit3ab FAR(FR 2) o 020 M 5E 7 45 - B
dnme1 €57 T 20 B A% , Hox 34 [A) I 5 457 T 40 B A% A
2 5 v, U A R AT D R 0 7 O ARTR] . 4
ol it 1) 235 #4333 RT 4 1 3 1S3 43, BRIV N a1 8 45 45 4
35§ C i 4 e T 85 R v ) g e X (1T 1) o i
— AT B, A P C S AT AR ARL A R T 485 A4 38
HN v 8 458 45 4 Sl 1 25 AR R, T, dnme 1 L%
DMAP . PBD ., CXXC F1 2 4~ BAH 45 ¥ 3% ; dnmt3aa
Al dnmt3ab FRL, #1415 PWWP AT ADD 25 #4358 ; i
dnmt3b BRIk B8 & A 5 dnme3aa 1 dnme3ab 1 [F)
) PWWP Z5F9 5851 i A 14> CH A5 F58

2.1

F2 RE Dnmts B 4L 1N I 48 B TE
Table 2 Physicochemical properties and subcellular localization of Dnmts in M. anguillicaudatus
Gy F B /k .
WH BED \ AERE R Bk AR
. . 43 Formula Molecular S . .
Gene Gene ID . Isoelectric point Hydrophilic Subcellular localization
weight
dnmtl  NC_073338.1 CoransH11675N 5079303575 60 389.49 5.47 . AififaA% Cell nucleus
Hydrophilic
SR 4 N
dnmt3aa  NC_073351.1 Cru3:Hg041N12070 1351955 101 798.07 6.66 * k#, . . Tl AR
Hydrophilic Cytoplasm, cell nucleus
SR 4 4
dnmt3ab  NC_073358.1 CoagsH10735N210350 0668553 179 579.60 4.88 * k#, . . T AR
Hydrophilic Cytoplasm, cell nucleus
AR 4 4
dnmt3b  NC_073349.1 CaosoH 1160 N9 O o0 S 171 206.84 6.18 K f’# , . WM AR
Hydrophilic Cytoplasm, cell nucleus
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Ve Rk -5 Ho At 28 dnmues A IETR T 5 R Gtk AL
(E2) 7w, A DNA H I RS il 55 AL % dnme ]
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KT O I dnmit3a M dnme3b Wi 3 5 dnmit3a 3%
H—H 00 dnmt3aa F dnmi3ab W37 . AP, TRk
1) 44> dnmes B 513203 5145 BE S 44 ( Danio rerio)
(Cyprinus carpio) A= MR KR
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I hiTAIL-PCR £ A5 75 FI IR 8 cdnmes 1) IR
TP, 43 i B A FE DR ) R 36 A R 2 A L i

2000 bp 1751, FIAELERAE X 12 28 J3 3l 7 (A% 0 T8
PEEAT FI0 2 45 5 SR 46 057 A5 (TSS) AL T
TATA-box 55, I X 25 5 [A %) e 5i [N 45 5 o7 1k
T, 25 R BN, dnmts Ja 81 1 BR T AF4E NF-1,
NF-kappaB .C/EBPalp . Oct-1,Sp-1, GATA-1 % #i
R[5 i DR 45 G O A AR TE 5 AR K B A G
(%% S ¥, i GR .CREB .ER \SRY ,Sox-2 .egr-1.
WT-1.GR-a Pit-155 (WLIEZE i, BHEL 1)
2.5 REkdnmtsTERERR A B M BRI RIZTX
TERRG % B BB, 41 dnmts B 3238 K S 5 5
AR . Dnme ] B dnme30 18 WG 30 5 260k 5 dn-
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Fig.1 Family members of DNA methyltransferase of M. anguillicaudatus and their structure
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Fig.2 Phylogenetic tree of fish dnmts based on their amino acid sequences
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AL, 78 3 H A7 fa b 1y K3k AP 8y, AE S H
W 2 J5 2 N B T 4 R AR A OK P (P<<0.01)
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Fig.3 Expression dynamics of dnmts in embryonic stages of M. anguillicaudatus
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Fig.4 Expression level variations of dnmts during fry stages of M. anguillicaudatus
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Fig.5 Expression profiles of dnmts in tissues of adult M. anguillicaudatus
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Fig.6 Expression localization of dnmts in embryo and gonad of M. anguillicaudatus
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Structure and spatiotemporal expression analysis of DNA
methyltransferase gene family of loach Misgurnus anguillicaudatus
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Abstract To analyze the mechanism of DNA methylation in regulating gene expression in teleost
such as the loach Misgurnus anguillicaudatus , the promoter sequences of DNA methyltransferase gene fam-
ily (dnmts) of M. anguillicaudatus were cloned using the hiTAIL-PCR method based on transcriptome se-
quencing data, and the spatiotemporal expression patterns of dnmis were then analyzed using qRT-PCR
and in situ hybridization techniques. The results showed significant differences in the subcellular localization
and the N-terminal regulatory domain. The regulatory domain of dnmtI includes the conserved domains
DMAP, PBD, CXXC, and BAH, while dnmt3s contain the domains PWWP, ADD, or CH, indicating
a notable functional differentiation between dnmt1 and dnmt3s. Such functional differentiation was further
confirmed by the phylogenetic tree constructed based on amino acid sequences. In the promoter sequences
of the 4 dnmits, besides the typical functional element TATA-box, several transcription factor binding sites
related to embryonic development, growth, and reproduction were also predicted, such as CREB, Egr-1
and Pit-1. The expression levels of the 4 dnmts were all associated with the developmental stages and ex-
hibited dynamic changes. During the rapid cleavage stage, from the cleavage stage to the blastocyst stage,
dnmt1 was highly expressed, while during the organ differentiation stage in later embryonic development,
dnmt3aa and dnmt3ab were highly expressed. In adult fish, dnmtl was highly expressed in the gonads; dn-
mt3aa and dnmt3ab were highly expressed in the brain, while dnmt36 showed high expression in the go-
nads and muscles. Additionally, the expression of dnmts exhibited obvious sex dimorphism: the expression
levels of dnmtl and dnmt3b were significantly higher in the ovaries than in the testis, while dnmt3aa and
dnmt3ab showed the opposite pattern. The results of in situ hybridization showed that dnmt3aa was ex-
pressed in both germ cells and somatic cells of the ovary, whereas dnmt3ab was expressed only in the so-
matic cells of the ovary. These findings indicate functional differentiation among the members of the dnmts
family in M. anguillicaudatus, suggesting that they play important roles in specific developmental stages
and tissues.

Keywords Misgurnus anguillicaudatus; DNA methylation; DNA methyltransferases; gene struc-
ture and function ; regulation of gene expression
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