— e

P BUNFER

Progress in Fishery Sciences
ISSN 2095-9869,CN 37-1466/S

(EVRLIERERY M4 E R

H - 5 Fofr A B 0 4 5 DR 2 A T 0 0 5 R AU 20 A

= FRE, mit, raE, Tk, BRMEmE, e, fFRIE

DOI: 10.19663/j.issn2095-9869.20230109002

WA 2023-01-09

Mg E R HE:  2023-07-21

g1 kg FBE, &k, FaE, Tk, BRERE, &, AR, 5 Ron ARk

A5 PR SRR [I/OL]. ol ARt .
https://doi.org/10.19663/j.issn2095-9869.20230109002

@NKif oL

www.cnki.net

WIS ER: EdmBE LIRS, ffk NSRRI 2 DR R HEBUE R BN g & R S5y
B HEMBARCLE, HEEFRATIF B8 FE TR HEROE i de 5 H e fa 4 )
TURFE RGN CBIEMZ LI HBUS IR, AT AEE MAREE . &, WIS, B g % R de
AR 2 HL DU Y CUfh E ) BV s R P B e 1 o S P S8 Al I 2% 1 AR A B e AUAF £ (il
R ERZEB) A1 CITI AR BAE Y A RE s 2 ARWE TR A B . Bl Rl 77 &g
BB TUSCSR R, AR ARANGGAT 9 S AR ABUT s R fh N 2 LA R 15 [ A R 5T i
AR BOARDRIE, IEB MG —HIVETE 5507 f79 . 87, A0, g th R ROt ERRESS
N ERF ERAI A BRI, SR ERG — 25, AMRBSOESCEH | 1EH . HUE A FRAER A2,
FURTEE T g A HEAT > B0 IE K

HREEIN : 40U TR EE I S (R E2EARIIT] OsfiBoO) By REHARAREL, £ (FE
FARWIH (MZRREO) HARESRE T & LA 5 405 T N 7 — SR i, DL BRI RO 30, A2 BRI
AR BT HI AR SO AT E R . HERROE RS . BN E R . B (o B AR (RIZRRO) A2 B 5l
FIR) FL A SR A R I 4 S R R (ISSN 2096-4188, CN 11-6037/Z), It LAZE 2 3T 1) 099 4% i 9 24 27
RSN IE AR



2023-07-21 14:36:42
https.//kns.cnki.net/kcms2/detail/37.1466.S.20230721.1151.001.html

44k HH o B o o JE Vol.44, No.*
2023 F * PROGRESS IN FISHERY SCIENCES *, 2023
DOI: 10.19663/j.issn2095-9869.20230109002 http://www.yykxjz.cn/

FIOE, mHE, &, EOKBE, BREEBE, XG0, £F R 5 Fhofr BE M 4R R 2 TR R S AR S AT Ul Rl R R, 2023,
44(*): 00-00

WANG X L, GAO J, QI X, WANG Y B, CHEN F X, LIU J Y, FU S Y. Screening and characteristics analysis of microsatellites in the
whole genome of five groupers. Progress in Fishery Sciences, 2023, 44(*): 00-00

ShmasERAMIERIESHFIESHR

Il B #'2 F &S TARD
MR 12 X Aet AR L2
(1. EHEEE S RERE MR MO 5711265 2. TR AT AR B R N S A BT BT ST B
M = 572025; 3. PENGFERFEKFMBAFELLRE LK HE  266003;
4. MR PRI K IR TR R L GRS Mg H 571126)

W= & 7 #EF 5 F 38 £ (Epinephelus akaara) . 44 7 3% # (E. coioides). = £ 7 3% # (E. moara) .
1 5 7 3E # (E. fuscoguttatus) , # # 7 37 f (E. lanceolatus) 5 ## & 3 fa 4 JE [ 4 b 44 T &ty 4 A7 BR 4,
A5 # F| Micro-Satellite (MISA) B a2 2E 4048 B o R By 5 A st & A H 4 5 7| H AT T E
i, PMTHELEEEXA EEHNXFEBROENHN 2 AL FREF, ESH AR
AREEAF, HiFEH BT 28 F AT EAE, A FEEANTF 271~296 NMb z 7, FHK EE
2bpAt, MITEREAALFA TN EILA 059%~0.67%, HEL EAKE, bibftixtEE
Mofidsh—%, _HEAEFERS, HANERE, HMAEZ L TR ER BN E AL, 24
£ 5 A, AC. AAT. AAG. AGC. AATC. AAAT. AGAT. AATG. AGAGG. AAAAT . AAGAT .
ACAGAG., AAANNN., AANNNN (N 4 Fr A ShFfl 3 Frat 25) A (h % K5, AR EEZXAM T EH
HENHTMEERK, BEHEGZXANE N BT Y -, GHEHE NS m, HTEHEM
ZHW, BN 6 12T EHE HABE, L, EAEFEEXAPHAHEL I RHENMA
BB meta R T, TA 2 AGACAG 441 =& 7 502, 803 f1 48 'k, =4 G B & # GAG, CACT
1 CCACA 75| EH 7 205, 652 1 111 k. 5 b msi e AL H A T E QAR A -3, 88
eI A RE P FES A3 N oA R EERNEEMA AARLT NS Hasta g REM
TERFHEFAREBESE, FHVHLEAEAHNA, RETR. FEXRMFTEHEFTETTHN
TS 2
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5 44 %

M GeitHAFE %) BiE o, R E A B0 SR 77 mg 4F
FE, 2021 4F =t 20 5 t, [l B —AFEHE K 6.29%
(P E M G AR, 2022), Ao 53R I K SR 2
PR, FRE B At B N R A B 3
(Rimmer et al, 2019), #Rifi, K& FRHEMBY K,
A BE A BT A R AL ORI = A £ )
i (Shapawi et al, 2019), m& 5 T i H 5 B2 Pk Mtk a5
et MR A LS TR, Hil, AMaRMEEE
TR L F A2 AL e B F  L(Rimmer
et al, 2019). FifiE 7 A= W) HAR (R PR & R i vy 3
MR A B 208 R B, SSR (Microsatellite) . SNP
(single nucleotide polymorphism) 4 F45ic A4k H #L
(BRAR A, 1999), 4rFHnic T & 2 A A1 Bt PR AR
ffE b FE A B A E T B, b, TR LTS
LR 280 FRESEFE . AL
A HRAR AN L PR 20 2 55 358 45 P s (Deng et al, 2014),
JZ N TR X 53 . BEARIB AL 450 oA | st 24
PEVPAL . R4 FIAR i 4 B B F A 5%

AR EE KA T s, Hor i
JZ R IR . Bk S (2022) R SSR Frid, 45
T 5 £ BEta (Epinephelus coioides) A T 4% A 5 1
RSP TR . Xiao 45 (2018)45 44 AFLP #
ICH AR R T L 4 B4 (Hyporthodus  septemfascia-
tus) TR I FER Y 5t A% ZREVE RIA BRI G 4510 . 58 7T
Z5(2007) I I RAPD H AR 37 1RV A B EF R A
5P 2R, 5 (2018) A i T A bRl
G0 T H AN 2 e A B A [l A BE £ (E. lanceolatus)
(Q)*mBCAFELA(E. moara)(R)]5 HACBEAFE AR (1)
WG . BT, AR5 Fhnic b kg 55
AR, fEEF R b s . i, JFREKE
B S B 43 bR v B8 &5 A B 0 7 R B
AEREX,

UTAEAR , B oy 8 e DU AR i) PR A e R
IAS Y T B, 4 AL R s e 3 A fle o 1 0 B £ 5
TARICHIT & (Téh et al, 2000; =445, 2017). H
I, RS A BEf(E. akaara) . &b A BE 45 40 BT
ffi (E. fuscoguttatus) . iy A BEf | = 80 B0 T 58 AL
EFEHAWTY . TR 2 TR G/ 2+
i, AT EMEARRR, AR ET 2R
HEdExT 5 MR SSR PEATHGE, FFEXFHFNE
Bk — 0 A, DU A B A K Prisi A
o S DRIt 28 B A

1 #MRE5RF*®
1.1 HMIBEAEEE

M CNGB (https://www.cngb.org) . NCBI (https:/
www.ncbhi.nlm.nih.gov/), DDBJ (https://www.ddbj.nig.
ac.jp)5 Dryad (https://datadryad.org/stash) £ 45 & Fp #k
U 5 Rl BE £ Y LR 20751 (Ge et al, 2019; Zhou et al,
2019, 2021; Yang et al, 2021), PE4if5E L 1. F)
A Micro-Satellite (MISA) %k 14 (https://webblast.ipk-
gatersleben.de/misa/)(Beier et al, 2017)#47 5 Fif 5t
AL TR P ARk . A HoT: 1~6 bp, H
P E YL D B =12, ik EEE =6, =,
VO, TFNZSHREE E A P DL =5,

1.2 BIESH

S MISA K R, R F gm0 A< B 5 5080
Pk v LA T AL, [l R Excel 3 f4F4eit 5 Fia
BE A0 L A 58 SR s TR RS KB L A SR (4
IMb; T DR SR A A ) . SSR -4 5 (bp/
Ay RS E M T RERGE) . EE TR T
REEEIVUTHI AL, AT, TH AT]. EE
BRI, = = W, AN ER), ZOoEN
BEE LIT AR EL, . (AT)e iy 16]. EXE
P2 DU (R 3552 2 0 LA ol WP S el L ) . AR A
A5 e FSCRT 5 U RS s e 5 0 1) R 97 22 5, 4 [+
KEEHTF IR —FhE G DG, I AGC 24
& AGC. GCA. CAG. GCT. TGC. CTG, AGCG
2454045 GCGA. CGAG. GAGC, AGCG, TCGC,
CTCG. GCTC. CGCT (Jurka et al, 1995),

2 HERESW
21 5 MAMAEFNASSS XM IEREN T
45 4E

NS FEBE E FR 3R E 5 B B4 3 N 20 K d
(F 1), i MISA 5 B 4 A i vE 4 & e 55
AT RFH], Gitas Rk 2. 5 Fifr BEfaSE R 4
KN 1G, TR AT E AT 271~296 ~/Mb
ZMal, MK K 6.30~7.06 Mb, XKk 22 bp 42
fi, SHRISEERENAK, hE—8 5
A1 A0 45 B R R | E R SR Y — 2L
BN TAEREE L, KOO, JfpEHEE
JCHRFEE H A8 i s
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22 SHARBERAMIEESHE NEKINFFE

AL 5 A B £ R PR 4 v % R AR 4 L2
ARAIE A B, AN TR) 5252 S R ) B 52 2 3 O i

o R A 22, (HEBE R ES—EGE 4). Bk ER
FR, AL CAGIMBHZERE K, AJBIEEMN

*k1 sMARESERARR
Tab.1 The information of whole genome in the five species of grouper

Yrkh BT FEZHR/N - Contig HAE AT K RitA]
Species Reference or Accession  Genomesize NS5O BUSCO analysis Assembly level Publish Date
IR A E. akaara DRYAD: 4398h9f 1.136 Gb  5.25Mb 96.80% Chromosome  2019/6/25
MU AT E. coioides NCBI:GCA_900536245.1 1.024Gb 2.49 Mb - Scaffold 2019/12/5
K2 S A EE E. fuscoguttatus  NCBL:GCA_011397635.1 1.047Gb 13.8Mb 97.49% Chromosome  2020/2/22
e A B E. lanceolatus NCBI:GCF_005281545.1 1.087 Gb  119.9 kb 96.40% Chromosome  2019/5/13
~EA B E. moara NCBI:GCA_006386435.1 1.084Gb 2.22Mb 95.60% Chromosome  2020/5/26
*2 STHAREMIEHER S M
Tab.2 Amount and distribution of microsatellite in the five species of grouper genome
TiH AR S AT Fhli B i B H B OB
Items E. akaara E. coioides E. fuscoguttatus E. lanceolatus E. moara
FEKZH K/ Genome size /Mb 1135.73 1023.56 1047 1087.42 1083.59
o B2 B AL Microsatellites count 307 537 284 438 310028 297 402 305214
TR R 6877 655 6304 559 7056 845 6421185 6 854 645
Total length of microsatellites /bp
SERYKJE Average of length /bp 22.36 22.16 22.76 21.59 22.46
o LR 4H 55 4] 0.61% 0.62% 0.67% 0.59% 0.63%
Proportion of genome sequence
XS 270.78 277.89 296.11 273.49 281.67
Relative abundance /(pieces/Mb)
PARRIEECE 5 e 74 443 (24.21%) 79860 (28.08%) 94003 (30.32%) 90363 (30.38%) 87 946 (28.81%)

Number and proportion of
mononucleotide
TR E Kb T
Number and proportion of
dinucleotide

EX[E S =P Tge
Number and proportion of
trinucleotide

PUBRIEEL H A b e
Number and proportion of
tetranucleotide
FHREAH Kb b
Number and proportion of
pentanucleotide
FNBEEECE Kb L
Number and proportion of
hexanucleotide

43 688(14.21%)

18 531(6.03%)

4 069(1.32%)

725(0.24%)

35 492(12.48%)

17 563(6.17%)

4 664(1.64%)

496(0.17%)

166 081(54.00%) 146 363(51.46%) 151 984(49.02%) 146 940(49.41%) 152 421(49.94%)

37769(12.18%) 36 367(12.23%) 37 942(12.43%)

20 970(6.76%) 18 583(6.25%) 20 430(6.69%)

5015(1.62%)  4839(1.63%) 5 679(1.86%)

287(0.09%) 310(0.10%) 796(0.26%)

Bt fe 5 Pl BE A BL R A b B AR 4 xR, 7RI
W Hak 90.00% 28 47 (3 3). FE Bl EH A R,

AC I R xR, FEizd 200 b o gz
it 80.00%, [mIf, J&BrA A E DU h B e £

FIZE (K 4); CG Zea & wf /b, 78 5 Fif BEfa 0k
FEE G KB FAE 0.04%~0.10% ., =Kt E E 25
v, BOR SR =928 508 AAT. AGG #il AGC, il
29 29.62%~31.41% . 17.38%~18.69% . 12.55%-~
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16.26%. VOB FEE & 250 H, AATC. AAAT. AGAT,
AATG MILEZN, 4 FEBIECREHEF R A AR, (H
ZHERK; Hd, mE8UaBEfidh AATC 285009 & 07
JE BT T ANECR AT 4 o FOBSE R B 0
AGAGG. AAAAT. AAGAT; Hrth, FrEAEEan
RGBSR HE T RS S A 4 R 2O — 3 St
PEAE LIS AHIE, (HZ 8 AAANNN(N Bk
A DAY Al 3 s 3t) . AANNNN 1 ACAGAG.,

23 5 MAREEFNARIEFIIEEENHSH

S, (HApFPE S AR B DU 3 — 3,
R R A EHE DUESC B hnmr e b (B 1) .5 F oA B £
(IR A B, AR AR, RS AR B A BT
10 Fl = B0 BE ) B 5 52 9 DU e b | 12~25
W, ol o B L A B Y 99.35% . 96.54% .
97.54% . 95.39%71 97.34%. —BFLEE S, $£I1%L
FEAENLE 6~32 RZM, L E S RN
97.53% ., 98.91%. 98.58% . 99.59%F1 97.79%; H.1,
Y RECRTE 11~14 RZ AN BE Bk o =L S

FHIE

AL AT 5 oA AR R DR A R T i A 4 DL

S WA [ B 52 2R R T A 5 DU A BT (2 35 22

b, PR EEE BT 5~16 K, 0 9ld 99.33%.
99.18%. 99.65% . 98.99%7# 99.34%. DUHkILE &
D FEAERLE 5~17 R2ZE, 43545 99.51% .

R3 BESXBJEIIHMMABESENALS

Tab.3 The top three dominant duplicated copy categories for each duplication type in the five species of grouper genome

A B
E. fuscoguttatus

Bl AP
E. lanceolatus

U AR
E. moara

g AT Rl 1 B
Bases E. akaara E. coioides
FAfH I A(67960)91.29%  A(69052)86.47%
Mononucleotide
TR C(6483)8.71% C(10808)13.53%
Dinucleotide AC(131654)79.27% AC(111722)76.33%
AG(20244)12.19%  AG(20214)13.81%
=Rt AT(14121)8.50% AT(14362)9.81%

Trinucleotide

PO Ik
Tetranucleotide

T

AAT(13119)30.03%
AGG(7595)17.38%
AGC(7102)16.26%

AATC(3684)19.88%

AAAT(2356)12.71%
AGAT(2291)12.36%

AAT(10846)30.56%
AGG(6616)18.64%
AGC(4762)13.42%

AATC(2850)16.23%

AAAT(2203)12.54%

AGAT(1954)11.13%

Pentanucleotide AGAGG(492)12.09% AGAGG(598)12.82%

Y B

AAAAT(320)7.86%
AAGAT(297)7.30%

AAGAT(357)7.65%
AAAAT(319)6.84%

Hexanucleotide AAATAT(178)24.55% AATCTG(52)10.48%

AAAATT(110)15.17%

AAATCT(46)9.27%

A(85760)91.23%

C(8243)8.77%
AC(114330)75.23%
AG(23389)15.39%
AT(14210)9.35%
AAT(11187)29.62%
AGG(6749)17.87%
AGC(5503)14.57%
AATC(3417)16.29%
AAAT (3332)15.89%
AATG(2606)12.43%

A(80222)88.78%

C(10141)11.22%
AC(113806)77.45%
AG(20993)14.29%
AT(12046)8.20%
AAT(11423)31.41%
AGG(6674)18.35%
AGC(4564)12.55%
AATC(3136)16.88%
AAAT(2627)14.14%
AGAT(2045)11.00%

A(78792)89.59%

C(9154)10.41%
AC(114533)75.14%
AG(23630)15.50%
AT(14109)9.26%
AAT(11697)30.83%
AGG(7090)18.69%
AGC(4994)13.16%
AATC(4593)22.48%
AAAT (2338)11.44%
AGAT(2085)10.21%

AGAGG(527)10.51% AGAGG(586)12.11% AGAGG(660)11.62%

AAGAT (441)8.79%
AAAAT (435)8.67%
AAATCT(37)12.89%
AAATAT(25)8.71%

AAGAT(409)8.45%
AAAAT(402)8.31%
AATCAG(20)6.45%
ACAGAG(19)6.13%

AAAAT(533)9.39%
AAGAT (482)8.49%
AATCTG(68)8.54%
AAATCT(67)8.42%

F4 sHARGHHILAHRESH 10 MEEE LS

Tab.4 The top 10 duplicated copy categories observed in the most frequently occurring five species of grouper

B s AR
E. fuscoguttatus

b A i)
E. lanceolatus

pae A AR 7NN
E. moara

AC(114330)75.23%

AG(23389)15.39%

A(85760)91.23%

AT(14210)9.35%

AC(113806)77.45%

A(80222)88.78%

AG(20993)14.29%

AT(12046)8.20%

iH AR AT Rl 1 B
Items E. akaara E. coioides
AC(131654)79.27%  AC(111722)76.33%
RO A(67960)91.29% A(69052)86.47%
A AG(20244)12.19% AG(20214)13.81%
Counts AT(14121)8.50% AT(14362)9.81%
and AAT(13119)30.03% AAT(10846)30.56%
percentage

AGG(7595)17.38%
AGC(7102)16.26%

C(10808)13.53%
AGG(6616)18.64%

AAT(11187)29.62%
C(8243)8.77%
AGG(6749)17.87%

AAT(11423)31.41%
C(10141)11.22%
AGG(6674)18.35%

AC(114533)75.14%
A(78792)89.59%
AG(23630)15.50%
AT(14109)9.26%
AAT(11697)30.83%
C(9154)10.41%
AGG(7090)18.69%
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C(6483)8.71%
AAG(4708)10.78%
AAC(4129)9.45%

AGC(4762)13.42%
AAG(3741)10.54%
AAC(3493)9.84%

AGC(5503)14.57%
AAG(4191)11.10%
AAC(4026)10.66%

AGC(4564)12.55%
AAG(4021)11.06%
AAC(3714)10.21%

AGC(4994)13.16%
AATC(4593)22.48%
AAG(4250)11.20%

e 355 NET IZZE M LR B s 0 BONZE P SRR M LR A .
Note: The number in parentheses refers to the number of microsatellites in this category, and the percentage refers to

microsatellites in this category.
99.41%. 99.36%. 99.81%71 99.65%; H.'f', AGAT.

Ml AAAG HEH 5 DIBRI r fifio i 2 . Aol
wEY, HIVEEEEPTE 5~14 kZE, 73505
98.21% ., 99.06% . 99.52% . 99.90% /1 99.56%; .1,
AAGAG ., AATAT H1 AGAGG T & % I B ki, 43
MR L, HEARBRELS T, BV FEE DT
5~12 Wz 1A, 4355 100% . 99.60% . 100%. 99.68%
1 99.75% (/& 1),

AN ) B 02 ST TR ) R DL A (1B 2) i
N, P8 DUBCEE 6 R 12 YR TR 40 A7 B50ie: s BRI
JEREE P8 DUECR R s gl Hodr, ST R fE
HHIUECH 6 kit i Z , HARAE 4~5 7208, 435
R DR BE R 16.75% . 15.77% ., 14.78% ., 15.80%
F116.00%, IthAh, HEHE DR KA SSR i s34 47
A T4t A B = S0 BEfarh . 5 A B b AT
o DUVEUR R L SO A A T, &S TA
ML FEE AGACAG, /il R 502, 803 Fl 48
Wo nECABEMAN =ML ER GAG., UM HLEE
CACT, Higiz R CCACA N & U Bk KAHi
A, O IE A 205, 652 F1 111 ¥,

3 it

ki % F — 1% 1 ;¥ (next generation sequencing,

NGS)HARYHEA, FEHA | %5417 5 55 5 I
B, MOk 2 B i T B s R I H . 42
i (Rachycentron canadum)( & 245, 2023) . Ak &
(Megalobrama amblycephala)(5K /45, 2022), FL4NE
X F (Litopenaeus vannamei) (£ AEFES, 2022) |, 40 6E 7R
Jy fili(Takif ugu rubripes)(#: & %5, 2006). BJE 5%
(Trachinotus ovatus)( 3k 7k & %5, 2020) . ® i fi
(Pelteobagrus fulvidraco)(fE /A 4E, 2021), & &kfn
(Scatophagus argus)(E IS, 2020), HEfiE (Channa
maculata)(_F B 545, 2020)55 &8 E4T T 3L R 413 A
3 FARIE T GE o AT 52 H T & A ) A B 4 55
HEHE, e K T EA M. MHILT RFLP
(restriction fragment length polymorphism) (Ramirez
etal, 2006) #1 AFLP (amplified fragment length

polymorphism) (Xiao et al, 2018)%:— K MEALAETF & 9
1600 A TLEARIC AL e 72X, 42 5L PR 4 B 40 i ik
MO RBEZIL 28 HALL, B L, S IEE,
HAE .
31 sHANMEARIESERAASHIN

5 Fofr A7 IXE £ 4 ik AT ZH K090 7 28 Y P TR PP 1 L
KA1 5 45 A LR AL F1 9 0.59%~0.67% (3 2), fik

F AZ&(Homo sapiens)(3%)(Subramanian et al, 2003) ., 4~
(Bos taurus)(4.7%) . 41 f-(Ovis aries)(4.8%) (S5,
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Bl 1 5 Flom Bt b g TR A2 2R B HE DU A
Fig.1 Distribution of copy numbers of microsatellites repeat types in the five species of grouper

P2 5 ol B AR A [R] T2 A2 R 8 DL Ko A

Fig.2 Distribution of copy numbers of different microsatellite repeat types in five species groupers

2013) SE M FL W o o5 Lo s (B AR A BE S K RE S
(Ailuropoda melanoleuca)(0.64%)(Z=4-1% 4%, 2014)4H
Fb, By LA iy o 3R 42 mT eI PR T R A R/ )
1L TR 20 P 3 A K HE B 3K ARG 22 5+ (Hancock,
1996), fEfaZer, B (1.8%) (TR, 2020).,
B 5 SR #N (Ictalurus punctatus)(1.45%) (JF 5 45,
2022), ¥iff(Ctenopharyngodon idella)(1.43%) (% 4 /A%
45 2022) . LLHEAR 7 l(0.77%) (FE EE I 45, 2006)%5: 1
U DR ARSI AL7 90 i () L A5 2 b B £ g, 2R
5 i £ B £k PR A AT 0 b oR] BB AF 1R M i 1 (Xu
et al, 2020),

16 5 F A BE B rh, BRELBEESL, BEE LT
B BITHE A H B, TR A Rl
K. SBES SR e A, 2022) . BEAE (L E AR,
2020) . FfA (TR, 2022) % M K 54 B
SCAESE, 2013)  RAES | JUAR AE (A5, 2014) % I
FLahy b B A i R PR RAURE], 5 Aha
B0 B A rh R D RS H & 2, iR B
) 49.02%~54.00%. FEULIMEMIFEHZ —, JZEH
T T AL G 408 R R i e R AN (] AR 98 R FH B 3 5
H¥=12 bp J500, 1 HAth 50 4 0 i 128 2000 R FH B
B\ 10 bp FF i T B (A< B 5T R FH>10 bp G 5

VU1t 54 Tl 5 A R g BB ) {HL7E U JRE (B 45, 2022)
S5 7L S A R < R (T MRIASE, 2020) . LA T X IR
(EAEHEESE, 2022)58 K A= sh W, — s T 2 R0
AR, SAMIIAR 8. gL,
AFE RS TR BRI, A FERCT
B 28 S — R LR LISREU Wy A A 20 1Y
PR . BRI RIAR, (H48 H A IR )34 L Ah]
ARAEBKRAA, R TERE T,

32 BEESHNELINNMIERESH

5FaBEfar, AZSHIMECRTE RIS E S Y
Wda s, FHBIR 90% A4, 5 A KARES .
JUHLAE | BB BT K (Tetraodon nigroviridis) . BE & X
FREW, FAAEENUALL, X ATRE S Bk bR g
A Alu 1 LINE-1 55 5 505 51 R 5 A ¢
(Edwards et al, 1998), 7 i EZ+H, AC. AG.
AT RHBITE 5 Flof B 3% 5 52 95 DU 5| 09 3 TR A
B HRTET =, M CG ZEHny & A, A5 4
FE R 0.04%~0.10%, CG K5I # & 78 KB4
Yyl o B FR A (TGh et al, 2000) . 3% 52 K0 A [ 9)
FREERIZE P 4 FhosiE2H B A B B 22 7k, i —
5 T ] B S A [R] B BE A7 TR 45 4 % ] @ (Edwards
etal, 1998). £ —IEELE T, HAHT = MZA1¥H
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AAT. AGG. AGC, H, AAT MmMiEnfi5 A
. RAEM . FLANIEXTHR | Rifa | ZL6§ R 7S K2
sh¥—3%, AGG 5 AGC 78 K L5 Fl b o A ke
B, HWRFEY, AGG &5 5HAY RN R A K
KRBV EN O M G005, 0 AGG 285
) GGA Fl GAA HE 7 FI eI 55 K 2 R e #k
AR ) Rk P (TR AR RS, 2021), BRILLA
Hb, AGC ZEHIMIR AL 2 2 A AR L 5 B A5 B
A, HAFMMESMRE L., REH, 7
AGC 25y CTG HE 75, CTG /ENAILEFEAR
i U5 157 B (DMPK) L [ 3 UTR X A4 2 K,
gy, HREwEP AR A T B B EUS 7 8 BE
(DM1)(Brook et al, 1992), R HBBEART . AN
B B OIBERE . DEEARSTAEAE R (Ergoli et al, 2020).
Kb, AGG. AGC & JII =Ml % 7 A7 AR W] e 76 A Bt
s | R G ) R A v R E AR 1
M. F. AR ERE RN Y, AAAN. AAAAN Fl
AAAAAN s JiI 35 Sy 25 Bl 35 i 52 28 1 v P 4 28 )
MITT 3 44, Horbr, AAAN ZEGIZEMZL 4 h & 140
F & (Tah et al, 2000); 1 AAAAN 7E 7% K250
SR Z, fERRESIY D,

33 AREMIEEEXBMNE NEEEST

5 Fp B fa e FE R Al b, 25 B AR TR A
BOSTEEZ VIR 6 8¢ 12 Y B (, Jf 34k
P DB BN, TR S A BOZ D (] 2).
X 544k AC £ (Hemitripterus villosus) . 4x4kfi . BIIE
5 5 55 £ 208 4 BE PR AT vl TR A8 P — 350, X
25 T ARG B 4 K R A A Y R AR
R, FEIEH TR PO S H AR E M 5 Al
K, it BA SR 2 5 4 DUEL R IEAH G, R
BRI, HRE RS, BRI, 5
FOFCRL B/ (Wierdl et al, 1997); 75— 5 T, SR ELFI
TS I =12 Fl=6 WE R TR E, Kk, 7F
X2 AT T A . LR UL, AN TR] A g S
AR YRR RN G S R A . R0, BATEA S
— [ BRG], 7Rl L A R S
FBRANTF B TC I AR A1 o

FELLES 5 B B 25 8 2 A0 v 8 2 48 DR
AT R, AR (T, TA il AGACAG)Ail &
S B (GAG ., CACT . fl CCACA)F7E & #5 U1 4
BRI IR S, AR ERY, AT BESEgAs
Wy e EL Y R I ) ER A AR e T e A B R

LU BE A0 R 7 A5 b A Bk TR R R Ak B e RT
K59 5K (TGh et al, 2000)., 12 5 & v 145 A1 1] GEFE )l
HEAL A K 5 A B kSRR B VR, X A g
PERIAAERE I AR . o, GAG HEFAIEH
P v BT R B T R AR E M 28 AR HE A (Ge et al
2019), HEZAMMAL e SEBEmNELE ., &
S8 DUBR B vl RB ARG AH R DI RE A 84k, R,
X U1 DU v W T 52 R ATl — 2 A9, A
B PR A Bt i SEE AL AT Rk

H AT, 20 U&7 B 4 35 DR 4 0 s e 102 A 4
ST= RT3 = Ry = Wit N0 3 GER=Y TN TR AR 3 £ e nr ]
BE A8 ZREPE R BTSE (Xiao et al, 2018; 5217745,
2007), 7E& T 0 R HIF S 8 o AHIE ST R I A
VI B, AE 5 Fiof B 4 3 R 4L i e 15 & 45
PR BA, ik — Dot s AL . iE k. 3R
TRBEE LAl . [FIE, )R AE A 50 £0 4 S R 4 rh i e 1S
WM DEAMERE, A HE IR KM TR
Y, ARt REbR IO | R TR SR R B
FR A TAERR AR TR
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Abstract

Grouper, a species of coral reef fish, exhibits a wide geographical distribution within the

warm waters of the tropical and subtropical regions across the globe, primarily inhabiting the middle and
lower layers of water. Characterized as a substantial marine economic fish, grouper possesses
considerable nutritional value, boasts a high market worth, and garners significant consumer demand. Its
popularity among consumers is attributed to its inherent attributes, and it holds immense potential for
further cultivation and breeding endeavors. This study utilized micro-satellite (MISA) software to
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investigate the distribution characteristics of microsatellites in the genomes of five grouper species
(Epinephelus akaara, E. coioides, E. fuscoguttatus, E. lanceolatus, and E. moara). A custom script was
developed to analyze the screening results, and statistical analyses were conducted on the microsatellite
repeat types, duplicate copy types, and core copy numbers in the genomes of the five grouper species.
Over 280 000 microsatellite sites were identified from the entire genomes of the five grouper species. The
relative abundance of microsatellites ranged from 271-296, with a total length ranging from 6.30-7.06
Mb. The average length of the microsatellites was approximately 22 bp, and their proportion in the
genomes ranged from 0.59%-0.67%. These results provide insights into the distribution characteristics of
microsatellites in the genomes of these five grouper species and can inform future studies on their
genomic architecture and evolution. The repetitive types of microsatellites were analyzed in terms of
number, proportion, and relative abundance. The number, proportion, and relative abundance of repetitive
types followed a consistent pattern, with the highest number of double base repeats, followed by single
base repeats. This pattern decreased as the number of repeat units increased. A, AC, AAT, AAG, AGC,
AATC, AAAT, AGAT, AATG, AGAGG, AAAAT, AAGAT, ACAGAG, AAANNN, and AANNNN (N
represents any of the three bases except A) were the most dominant types of each duplicate copy type.
Type A accounted for 90.00% of single base repeats, while type AC was the most dominant in double base
repeats, accounting for nearly 80.00%. Interestingly, the content of the CG duplication category was the
least, accounting for only 0.04%-0.10% in the five grouper species. This may be owing to the fact that the
composition content of the four bases in the different species' genomes is different, and there may be
structural problems with different bases. The results of this study provide insight into the distribution
characteristics of microsatellites in the genomes of these five grouper species. The high frequency
distribution of AGG and AGC in the dominant types of triple base repeats may play a crucial role in
regulating genes involved in immunity, disease, and other genes in groupers. Previous studies show that
AGG is a well-known binding site for numerous transcription factors involved in early growth and
development of various species. Additionally, the change of base repeat polymorphism of the AGC
category is directly linked to genetic diseases and holds significant evolutionary and medical research
value. AAAN, AAAAN, and AAAAAN are dominant repeat types that are widely distributed in mammals
among the four, five, and six base repeat types, respectively. Different types of microsatellites show
significant variability in the number of core copy numbers. Nevertheless, the number of duplicate copies
of each type of microsatellite exhibit a consistent trend in the five groupers, and the number of
microsatellites decrease with an increase in the number of duplicate copies. The analysis of microsatellite
distribution revealed several key findings. First, over 95% of single base repeat copies were concentrated
in a range of 12 to 25 times. The main number of copies for two base repeats ranged from 6 to 32 times,
with a small peak between 11 and 14 copies, and decreasing numbers with increasing copies. The number
of copies for four and five base repeats was mainly concentrated in the ranges of 5-16 and 5-17, and 5-14,
respectively. Notably, AGAT, AAAG, AAGAG, AATAT, and AGAGG repeats exhibited a large number of
copies, even when the number of copies was high. The increase in copy number may represent changes in
polymorphism at these loci that may lead to disease or changes in corresponding functions. Overall, these
findings provide important insights into the distribution and potential functional significance of
microsatellites in the genome of the studied species. The distribution characteristics of microsatellites in
the genomes of the five groupers provide a valuable basis to understand the evolutionary mechanisms and
functional expression of these species. The distribution of duplicate copy numbers of each type of
duplication displays two peaks at 6 and 12 repetitions, with the number of microsatellites decreasing with
increasing numbers of core copies. Some duplication types show particularly prominent numbers in
specific species, such as T, TA, and AGACAG in the saddle belt grouper, and GAG, CACT, and CCACA
in the moara grouper. These variations highlight the importance of exploring the role of microsatellite loci
to develop a better understanding of the genetic distance and kinship among the five groupers. This
analysis lays the groundwork to develop high-quality microsatellite molecular markers, and facilitates the
selection of favorable varieties and the development of new varieties. In general, these research results
provide important data to understand the genomic characteristics of the five groupers and helps to conduct
advanced genetic research on these species.
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