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Distribution characteristics and functional annotation of repeat
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CHEN Yue', XIE Jia-yan'", SUN He-ying**
('School of Life Science and Technology, Wuhan Polytechnic University, Wuhan, Hubei 430023, China; *Key Labora-

tory of Aquatic Organisms Monitoring and Assessment of the Changjiang Basin, Ministry of Ecology and Environment
(Under Construction) , Wuhan, Hubei 430019, China; *Changjiang Basin Ecology and Environment Monitoring and
Scientific Research Center, Changjiang Basin Ecology and Environment Administration, Ministry of Ecology and
Environment, Wuhan, Hubei 430019, China)

Abstract: [ Objective] This study aimed to systematically reveal the distribution patterns of repeat sequences in ge-
nomic microsatellites of Cynoglossus semilaevis and analyze the functional annotations, providing sequence resources for
developing microsatellite molecular markers with potential functional implications and exploring genetic breeding.
[Method] Based on the whole-genome sequences of Cynoglossus semilaevis, the microsatellite repeat sequences in ge-
nome were screened by bioinformatic methods. GO functional annotation and KEGG signaling pathway enrichment analy-
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sis were conducted on genes associated with microsatellites in exonic regions. [Result] A total of 473776 microsatellite
loci belonging to six base repeat types were identified in the Cynoglossus semilaevis genome, accounting for 1.62% of the
total genome length; the number of microsatellites decreased with the increase in the base number of repeat units, and
mononucleotide and dinucleotide microsatellites accounted for 84.85% of all microsatellites, with a significant positive
correlation between chromosome length and number of contained microsatellites (P<0.05, the same below). Among dif-
ferent repeat motif types in genomic microsatellites of Cynoglossus semilaevis, the A/T motif was the most abundant in
mononucleotide repeats, and the AC/GT motif was the most abundant in dinucleotide repeats, and the numbers of each
type of microsatellite decreased with the increase of motif repeat times. The significantly enriched GO functional terms of
genes containing microsatellites in genomic exonic regions of Cynoglossus semilaevis were regulation of transcription by
RNA polymerase II and protein phosphorylation. The KEGG signaling pathway enrichment analysis results showed that
the significantly enriched signaling pathways for genes containing microsatellites in genomic exonic regions of Cynoglos-
sus semilaevis included starch and sucrose metabolism within the metabolism category and necroptosis within the cellular
process, followed by the tight junction within the cellular process. [ Conclusion] Genomic microsatellites of Cynoglossus
semilaevis are mainly composed of mononucleotide and dinucleotide repeats, and a significant positive correlation is
found between the number of microsatellites and chromosome length, with the number decreasing as motif repeat number
rises. Microsatellites in exonic regions are significantly enriched in signaling pathways associated with transcriptional
regulation, energy metabolism, and immune response, and they probably participate in the adaptive regulation of Cyno-
glossus semilaevis under environmental stresses such as hypoxia.
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[ 1 5% 3 S ]2 45 5 85 ( Cynoglossus semilaevis)
SRJE THEE A ANEIY B & 858, &g X 2R 4
TR E RTS8 858 (Cynoglos-
sidae) TRRIAR By t0.28 , A AR B R AL
RARE, 20 ERm , C RO IR E E 2 A T
IKRFRFARS G2 (LB, 2020) o 18 S4E Sy S8 ()
JEAR £ 255 | AR 3 ) P T ) 8 A2 AR AR S PR
i (Guo et al.,2016) . AR, K& H 7 K IFLi
THFNFR B RS, 3k BE 457 FK B s G 5 1k
T AR BN R R A TR A R TR
W& TR R AR I R, S ECE I R S E RN T
K FRREIS A% 22 FEMEREAR S 2 Fh SR b (TR IDE TN 45,
2015) . PRIIL, X2 i S A o o B U0 E A A A A
ML AL BT, S o T iR e T & SR AR T
FNVEHE 6 TR g T B AR I 1R 2 ARV AL A4
R HA R IR i B i A% HoA 825 S [HT AE
5 3E R 14 T2 (Microsatellite) SR ] 207 51 8 55
(Simple sequence repeats, SSRs) , & i 1~6 s FEA4)
B EE S DNA JPA , 78 FAZ A Y B N2 h 2 A2 AE
(Fungtammasan et al., 2015) , ff T & B £ &M
1o 2 R S ARG SRR A, B N TR
et L Z AP A R it 28 SRR v (S 4%
2023; EE A, 2023 ; PIA RS 4, 2024 5K 4
2025) . X £1 #1 5F (2017) X 21 Js 3 6k (Leptobotia
rubrilabris ) 3& R 20 i 1B 85 52 79 80 09 0 By 2 30, HE

A A SR LIS SE RN F H BB R
AE ; B Z 55 (2019) T B JE 8 ff1 ( Datnioides pul-
cher)RAD-seq A t4 3 R 4 B A B0, o B2 DL —
BREE R S 2R | AR L A RRAE T &t 20 X
Z MM T B ARIC B EE 5 (2021) RGEARHT T 0
(Cyprinus carpio) 4= R LTI B 0 A0 FRAE , IF48
N T HARSNE Ry A B T S E T
SAHOCAT Tl B, S AZ I TR e TR AL T
282 A4 (2021) 878 T 3CUG (Meretrix meretrix)
e SR 2 v A T AR A £ 3 A R R i
e A NAE (2022) RS Hr 1 #.A44 (Crenopharyn-
godon idella) B i TR 52 9 i o A i =
DA IETCL B B RARAE , JF A T 38 B TR A
JE 1Y Z2 A PE R BRI ; B S5 (2023) #5378
T 55 11 41 ( Opsariichthys bidens ) 4% R 40 1 T HE
ANTE T X 43 A 22 5, S IX LA =gk 8 5 )7 9
N3 IR FURF AR G e R 22 A R A TR AV A
LA (2023) Fe T W (Rachycentron canadum)
FERZH P A2 LA TR A, T T i 2 AT
Wy B A AU TR AL B AP £ F 5 Song 4§
(2023 ) %F H A 53 % ( Okamejei kenojei ) 3R 2H Fh i
BREEEFIN AT REIAT 007, RGN T =2
AEHRREE N RS FEEIT; Wang 55 (2023) 15
78 T R X 35 18 BA] /R SCHR (Shinkaicaris leurokolos)
FERIZH vl TR A A e W o A
AT, SRy A s P 558 0 e 1 5 PR A B 0T i 5 o e



- 1664 -

B o Rk F IR 57 %

SrFAmic B AL T R S R AE (2024) X
10 282 A d i [ 0 2 (Myxobolus episquamalis ) #h
i XS AR AT D RETE R AT, R Bk SR T
BATRe2 5 518 FAEWHE BA DGR £ Y 2s it
2 5 Liu Al Yang (2024) #8575 T K F15E 75 68 (Congris-
cus megastoma ) (1) F PRV R AiE KA T2 o3 A B 5
Ma F1 Song (2024 )id 1 His 16 B 2 a8 #0245 [
M TR A, 8 T HA R 5% A
2 (2025) 3 TR ICF-fifll (Sebastes schlegelii) il
B il (Sebastiscus marmoratus ) 2 4 FE 5, HL#sE
Gt TPE I DR ERE A a5 5L h
S SE T K WA S T R A FRRIC IR T
GBI 5 Tk 45 (2025) WA T H AR 82 (Engraulis
Japonicus) B PR ZH Fh i T B Y 52 91 LA L 43 A A
BN FETCH WEFRHE , iz R B st AL 2 AR
PROLT O WU . 25 BTIR  l l Ar b E AR P b B
PR 2H ol T B2 o 52 e A0 %) A B X S DR R AR, 7Ty
SFhRiC T & BT R A A AR R o
AL H) G L [ AT A Vi DR P 9 A
B AERRIC , TR R IR N A8 A8 R T 5
T ZREVE R A AR B AR 2 CE 2 . H
T, 2T T B8 P RO DG BE PR A R 83K Sl
BLIIE A BT (45, 2020 FMITIRAE , 2025) , {H7E
2 FE PR AR LG TR P 91 o0 A RRAE B e R,
PRI A /0 o (DL e 1) S S P 0 ] 5 T2 0 i B 4
FED A | o HIE R4 b i DR 2 e 90 0 55
A SRR, IE 61T GO DI BE T B A KEGG 15 5
R AR AT, AR B R D e W i AR
Gy FhRCTE & Sas e B RS e 41 Bk
1 #MRl57R%®
1.1 EREAHERIE

IS [ KA W R4 L L NCBI (https:/
www.ncbi.nlm.nih.gov/) T £ 1 7 3 3L P 41 7 41
B35 GCF_000523025.1, M40 5 22 S gL Ak, K
/NA470.2 Mb,,
1.2 IR Sk

1 F} MISA (http:/pgre. ipk-gatersleben. de/misa/
misa.html) XI5 3 7 5 58 R 4 3 91 20 4 7 i 10 AL A7 A
i & (Sebastian et al., 2017) . MISA B 505 &
FAREEL A >10 K, AR EE A >6 UK, —HdCEE | DU
B TR SR E A 25 G A T BE Al
ARG TR B KR B2 R 100 bpo AR PEINIE B AMECXT
JELOU), X T I Ay ) — 27 (i A/T 5 T/A) BT A
(iR s

1.3 BIEGOYEIREKEGGESHREES
Xl
S5 W T R L DN 2H GFF RS- MISA %
FEAS B R T A 3445 19 Python JAIA
PRECS B TR E B 0 A - DX X ) 3 A D
18 1o DAVID 4% J% (https://david.nciferf.gov/) ( Sher-
man et al., 2022) X X BE FL K #H 17 GO D se i B S5
KEGG {55 538 I & 50 HT
1.4 HIESHITE
K FH SPSS 27.0 GE i1 I35 Wi+ i 35 R 41 v
DR AR KB RN AT BT EE DU S8
(Schug et al., 1997) . AT -
B H (%) =25 A G T R R/ T AL A
%100
IR B =2 R TR B R R TR
Bt
AFNT 8 i =% 2 R DL K B /R R 2 A 3
K
AR = i =45 20 HU 3 10 R/ TR 4 B A
K
2 BRE5HMH
2.1 ¥ BEHERARMIEDHRIFE
Xof 2 M I DR 2 R A T O TR AN AR,
WM iR . HILPR AL b % 31 6 Fhis ik 85 2 2%
R TR AT 154737764, AL BE S 7593486 bp, ik
PRIZH R B 1Y) 1.62% , AT 284 1007.62 loci/Mb,
SURH X5 BE N 16149.49 bp/Mb, 245 1 kb £E[H 20
FEN Ao AR 1A R e Ho T
I 5 P B K 3 i, L I A R L
TR 5 TR S 84.85%, X 43 T2 M T 45
B YR E i R IEAT T, SRWE TR,
1 SRR AT ERRERE, & EBK
7.59%, 21 Y R A T B A B i /b, 7 R
1.41%. FHICIMHTEE 1 Bon R e R K 5
LR i T A RO 2 B IE ARG (P<0.05, R IR o
2.2 ¥ BESENEAMIENARESE TEE
X 2 i R R Al T A [ i AR ST s A
HEATAHT , 5 R AN 2 Fir 7R o TRl — B 3k J 42 2R AU A
PEMARTR R FE o0 B A AR 22 5,
FEEG AR AT H TR 2, C/G R i i
> THRELE G KA AC/GT otk i %, Hik
hy AT/AT 350, AG/CT I e e /b . =t EE
AU AAT/ATT Hocditin i 2, ik o AAC/GTT
HIT, AAG/CTT B oo Bltim i /b o DO AL 8 58 25 Al
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H1, ATCC/ATGG % & fie 2 , H.IR i AGAT/ATCT S i HAE, Hi ACCAGG/CCTGGT Hot i i % .
JG, AAAC/GTTT oo i /b . Timgi e d g 5 Al 2.3 ¥ BEHERARIEETHESIRE

1, AGAGG/CCTCT %k it fx £ , H. ¥k i ACAGT/ Xof 2 Y T R DR 2 A TR T Y B A R T
ACTGT 57T, AATCT/AGATT Houhi i i/l o N0 404 45 R WK 2 7 o 2% 2 AUk 1 i S4p it 2
LA RS L A R AIG , S ER ot JTEEWREIEINMFEAG. 20 S SR A i 2

®1 FREHERARARLEMIER ST

Table I Distribution characteristics of different types of microsatellites in genome of Cynoglossus semilaevis

IS Kt AR RRIEH(%)  AKE(bp)  CFKE(bp)  AHXER (loci/Mb) - AHXT 4% ¥ (bp/Mb)
Repeat type Number Proportion of total repeat type  Total length ~ Average length Relative abundance  Relative density
FAREJE Mononucleotide 225471 47.59 2689036 11.93 479.52 5718.92
T #f2E Dinucleotide 176516 37.26 3177738 18.00 375.41 6758.27
B2 Trinucleotide 50695 10.70 1053570 20.78 107.82 2240.68
PUBKIE Tetranucleotide 17259 3.64 489208 28.35 36.71 1040.43
FLffIE Pentanucleotide 2581 0.55 119800 46.42 5.49 254.79
75H§2E Hexanucleotide 1254 0.26 64134 51.14 2.67 136.40
40000
30000

20000

MIEHE
Number of microsatellite

10000

1 2 3 4 5 6 7 8 9 10 I1 12 13 14 15 16 17 18 19 20 21 22

K Chromosome
Bl MIEEFEESLEaE NS/

Fig. 1 Distribution of microsatellites on chromosomes of Cynoglossus semilaevis
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Table 2 Dominant motif types and proportions of different types of microsatellites of Cynoglossus semilaevis

T Repeat type JLIEZET Motif type HEEL Occurrence number 5 (%) Proportion
Hifif 3 Mononucleotide AT 200084 88.74
C/G 25387 11.26
T H#E Dinucleotide AC/GT 102916 58.30
AT/AT 40345 22.86
AG/CT 33255 18.84
ZH#FE Trinucleotide AAT/ATT 12044 23.76
AAC/GTT 5870 11.58
AAG/CTT 5660 11.16
PUFfJE Tetranucleotide ATCC/ATGG 5518 31.97
AGAT/ATCT 3829 22.16
AAAC/GTTT 1359 7.87
TiHs3E Pentanucleotide AGAGG/CCTCT 285 11.04
ACAGT/ACTGT 284 11.00
AATCT/AGATT 261 10.11
ZNBE Hexanucleotide ACCAGG/CCTGGT 127 10.13
ACACAG/CTGTGT 73 5.82

ACCTGG/AGGTCC 62 4.94
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FETCHEE AT 5~1067 %, HiH1 96.66% i TR
FITHEE AN T 5~30 . 7RI T2, 5
JCHEE B 10 R D R %, 368684, 5
PO TR B 35.67% ; BRI TR v, it
JUHE B 6 I D RS %, L6224, 5
TR TR Y 25.10% ; = HEAE | PUBE AL | Fm
FERZSOREE G DA B LB TE B RECh 5 IR I
R RZ, 439 246 1067 .255 F141 4>, 43
) % R A TR SRR 40.94% . 47.03% . 44.91% Fil
40.03%.
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GO FBNTER
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Fig. 2 Distribution of different repeat numbers of six microsa-

tellite types in genome of Cynoglossus semilaevis
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Fig. 3 GO functional annotation analysis results of genes associated with microsatellites in exonic regions of Cynoglossus semilaevis
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K3 Fm . GO IRETEREILARTS 212 2% GO Ui RE A%
H , 1§54 ¥ 1 #2 (Biological process) . 40 Jifd 2H 43
(Cellular component) #1453+ fiE (Molecular function)
SR AR RN RS T GO HIRE Sk H A
Z RS H Y 58.02%, H P RS RNA 4 i1
% 5% Y8 7% (Regulation of transcription by RNA poly-
merase 11) FYREPR R e 22, o 12320, 4HfIZH 5328
SRR GOYifesk Hib A5 B4 H 19 20.28%,
Hrh BRI (Nucleus) (B RG22, 36191,
AFIRERMNEF BRI GORE A H R AHM
21.70%, Horp 3 831 GTP Bl 1% M (GTPase activity ) ¥
FNE R 2, 3501 . GO UIfeERE T4 R
N, EAERN GOTIReA H FEE D T AEY LR
5], Horp RNA R A Bl T S5 ) 45 AR 11 B e R Ak
(Protein phosphorylation ) %) & 45 72 5 i .35 .
2.5 FEEHEEANEFXIFEHIERXERN
KEGG G S BEREENITER

XA, 24 i B PR 2 47 i DX s o T3 R A G
FE N AT KEGG {5 53l i w5 S 701, 2 2R an k] 4 e
TNo Pl RS D 2 A A X T R A DG A A
& 4 2R (Metabolism) P4 58 15 & 4k # (Environ-
mental information processing) . 4l g i #2 (Cellular
process) F1 it 1% {55 B 4k # (Genetic information pro-
cessing) PU RS, 55 10 2515 5%, Horp AR
2 B JE R FIRE AR/ 18 (Starch and sucrose meta-
bolism ) 55 4 g i #2251 o B IR AL T (Necropto-
sis) {7 il B A i 0, O Al Lt R 2 b Y
B 1 H2 (Tight junction) {5 53 . 740 I #2228

i, LR 4 AR A B 41 B 2R (Cytoskeleton in muscle
cel )5 5 i B EM IR ER L, 1461 H
WK R IR A B A 3B 531 v 4 4 e DR — A B R 32
A& ¥ H./E F] (Cytokine-cytokine receptor interaction)
fF 538, 1071,
3 g

Wi 5 v 0 R R ARG R R L T T R Al
O Z N TR FRa s . i R 2T
5RO T Y R S RO K SRR )
PR (F5E5,2014) o P o R ERE LN AT
02 4 s FLFE PR ZH BT B ) o A A X S D R T R
FROE, ] SOT Z R s dT T 3Eal . A
R R, i SR A i DR P91 B
H B 1.62%, 1L T K48 1 (Protosalanx hyalo-
cranius)f2.53%(EEMHE,2023) , & T EMK(Bagarius
yarrelli) ) 1.23% (4 SO 55, 2021) (FE A1) 1.43%
(B LF 78 5, 2022) 15y 11414 0.10% (55 fi #4545
2023), ARMOEEER AP PA S RER—ER
Yieh2: 5, T g SR ) st e 2Rk B A KN K
HE DR 20 41 2 o i A DR R A O (TR EE A, 2021) . 7R
T ERSE R A, 6 Fhisl TR HE A2 R DL S i
AR, G (PRE,2021) 4 6 (D85,
2023) 25 0 2 A R0 ; 1 Kk B 7 8 (Liu and Yang,
2024) FiHe B i (A 45, 2025 ) ) LA i K5 H0 42 13
PR RZ . ATEHE R ] G s ) TR
FR BT A e o A R A B TR (A O A
2021),

OB RN ®
FRif Starch and sucrose metabolism
Metabolism
Ascorhaleﬁ?ﬂ}igiz%ﬁa (ﬁ}‘sﬁ ®
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Fig. 4 KEGG signaling pathway enrichment analysis results of genes associated with microsatellites in exonic regions of
Cynoglossus semilaevis
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T2 1 i PR T A SRR DR R, AT 3
I ety , S R ECA- i AR S fi S5 £ 2 A 0
(REESE 2021 ; BB A H45E ) 2025) , fF HidE R E 2%
AIrh  AC/GT £ v i %2, HOK Ol AT/AT £,
AG/CT BT e /b, 3 — 43 Al A i £ FT K 1
R 75 18 v 1 [ BE A7 AE (2255, 2021 5 Liu and Yang,
2024) ; AG/CT SEoc it /DT BB A-T X ] &
HEARRE IR T C-G BIEXT , 5 5 & AR Wi A o)
A X (Zhao et al.,2011) . 7€ = FLE G R A 2
B AAT/ATT JET R i 2, ok AAC/GTT
FI0, AAG/CTT A ocim i/l , £ W AAN(NACERER
A VISMYAT A a8 ) 203 TR BAT I @A, LB
588 7 AR AL 2EL ol i e, 5 880 2l £ R A0 Y 43
B AR L (BT S5, 2021 5 BUER NS, 2022 2%
4,2023), MO, AR R B R T T8 1 B
YR T BE R 2B AL PR P A LA
TEBE 55 XM (Ictalurus punctatus) DNA 16 42 Jk
RAD23B W4t IX KB T =L EEY 1, HER
UOBE A TR AR ] S 0 R 3 2 A5 149 1 n] g
PERAD23B 15 & (b T B BANIL C B (11045
A, DTS5 DNA B 68 1, B4 3 PR 4 A Fe e 1
Keg5dig KUK (Liu et al.,2001) . =Bl & 5914
S A] 5 IE D ( Danio rerio) B 5 3L 100 25l 4018
TPPESI , 32 B S RE DR 1) S Rk T e 5 0
T 2 4H 5% (Diekmann et al., 2009) ., KL, %f a2
1B S =R WO WA B T €I S 2
o U 5 R T . BIFTE R B, BT R A A 58
A AT B A% O B A B OT R R B N R B
INEESTRE2ANE 0 E AN S =R 28 S T W EREA s 27
PR K50 D) 328 Y [ {EK (Harr and Schlbtterer, 2000) . 7S
AFF 5 Fp 2 i i DR 4 o 0 0 Bt T R P e
B I 38 K, 7 SR £ v XL )R ] A
(OIS, 2021 5 AR R4S ,2022) .

AT TS EE R R 1, A TR R AP X
SRR T B B A B 1 B A R A R IR Rk i
A7 T EE EE IIEE (Oliveira et al., 2006) . AAiff
GNP T AN i X TR AR DG R 3T GO
UIRETE BT, 45 R & Bl 35 & 42 1 GO T RE 4 H
TR FAY R, Foh RNA A 115 5%
PR R 1 RS R I 1) & SR FE i % . RNA R
AT 112 ik PR SR A0 il , LR S R ] B2
] mRNA & i RL R 5 2 K 36 35 7K F (Kornberg,
2007) . WY& BR, 75/ 35 H X UF (Litopenaeus van-
namei) ', RNA 54 117 5 POLR2H 7] 38 1+ 3K 2
PUA A FNIS 15 T 3 R 42 S5 D B A AR R X v pH
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T 27tz 53 119 T 9] 455 308 856, 3% WA 48 A 6 W] 3 oo 34 0 A 28
HE PRV SR BT )5 1 12 28 (Sun et al., 2021) . 4R
H BB IR AL 215 5 i I dE S B | 38 o 2R 1 e
5 BEIR B A5 IR, 2 5 20 A SRR BRAE S )
I 2 IV (Bigeard et al., 2014) . #F5% # 0, i % nl 18
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il 1% 1 , PR LRI R TR R AR, i A AL iR
ARSI ) 55 FRIBRE T 32, AT 5 00 X 438 1Y)
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(B A TR IR AL, T Ca PN it W) AT fiph 2 S PR 1k
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B LI RE B RS 1R 4% (Dumorné et al., 2018) . Hi b nf
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PO T NEi=5 ) & oXa U7/ VP QB2 28 1) S 15 BN I S T RS BV T R
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blochii )L 5638 1M I A VR FMRE REAS A2 | Bl AR
JERE I, #2000 g B A Ak SR ATE A LLfR
BEfiE B 45 (Sun et al.,2021) . ML, B A& kA BE
I BE 77 2 2R AR AR PR 85 b A= A7 19 DG B (Guo
etal.,2016;Ma et al.,2023) . FEZHMIT RIS, 15
PR T AR 50 M A 3 o IRSEPE I A Sy —Fp
PR PR AT, 76 K i (Larimichthys crocea) 4%
ORI P B2 A% L (Cryptocaryon irritans ) JE& 4 1Y 12 #2
Hh, AL ) miRNA A3 5 Jirt L 2 47 5 285 e e
IIRE(Qu et al.,2023) . 52 ML, HuZEfE FI7EIE 2
i DY (Mytilus unguiculatus ) 1A PN B 55 BRIE T 40 |
B7 1E 4k K 9 i FNAL B 47 , S OB ) e i 0 28 2 —
(Li et al.,2024) . Zi4 GO Ufig 4 B A KEGG 15 5
R AR AT A IR R SRS i XA T
RIS S TR G5 aeai
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