$45% B3 Wl B % U R Vol.45, No.3
2024 & 6 A PROGRESS IN FISHERY SCIENCES Jun., 2024

DOI: 10.19663/j.issn2095-9869.20230109002 http://www.yykxjz.cn/

TIWE, sk, FraE, FokUE, BRERE, x4t fFATR. S Ria B 4 It R i DR R v S RRIE A, ol Bl R, 2024,
45(3): 149-158

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, 2024, 45(3): 149—-158

SHAMALEFARNIERESIFES

FEY m oA R & TAgY
B xlbet! EHE Y
(1. BREEEE SRS WE WH 5711265 2. MR HUH PRS2 B B N VS A1 3T B 5% B
W =W 572025; 3. HEEHERY: BAKFEAETTESLEE IR HF85  266003;
4. MGFE IR I TR AR L R 0 571126)

WE 7 % & 65 & (Epinephelus akaara) . #} 4 7 3t # (E. coioides). = 4% 3t # (E. moara)
1% /5 % 38 # (E. fuscoguttatus)fn # i 7 3 # (E. lanceolatus)4 2t [ 41 & % T & 09 0 H7 R 4E, AP R
Jf| Micro-Satellite (MISA)#% {4 #t 2 £ #4E B P RECHY S Fh B e & 2 L H A 77 AT T Effk, o
WMTMEEERE XA EEHNEFNRBOE MBI QAL HRET, ESHomasEtmlA
B, i AT 28 AT E AL A, A FEAT 271~296 N/Mb 2 18], FHKEE 22 bp &£
E, MITEHEAEALEA TN E Y 0.59%~0.67%, HEAXAEHE . & Fdaxt £ 80 odis
BB, _HEEERS, HAVERE, HMAEZ R TRERENE TR, EEH N EH
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OB 6Mm 12T EREHAEE, o, ENEEXAFHAFLNHEL N R B WAL
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(A Ml A A s il 96 B A R 45, 2022), A i T R
KFEF AR+, B EE R A BE 0 37 E
(Rimmer et al, 2019). #Rifi, FfiE FREMBEAT K,
BB BT RO R AL | DL R = S 2 )
/8i(Shapawi et al, 2019), k75 T Jié H 8 2L 28 T kst
et AR A E T/E. BT, ARANRERMETE
TR e £ F R Z4 28 B A S5 45 58 )7 30 (Rimmer et al,
2019) B 53T A= P H A P & e A v 3 e 0 Y
WA T [, SSR(micro-satellite) . SNP (single nucleotide
polymorphism) &5 73F-Fric A4k H B (BEHE 55, 1999),
A3 FRRAC T 2328 80 A B £ PR g A A s A% 5 b
MEREFE, i, MEEREABREILEE,. 28
Mo, FESEFEE . ST T 3
PR 20 78 25 R 254 5 (Deng et al, 2014), #7120 H
TR Gy BB LEH 0T . A% 2 REPETEA |
T Y R FbR O S B B 7 Fh AR 5T .

AR A K G T, K Thric gk
FZ IR IR . B iREE(2022) K] SSR FRid, % 5E
T #RbA £ B f1. (Epinephelus coioides) A T A% 4 5 1
REBALEY TR . Xiao Z5(2018)%5 474t AFLP Fx
IO AR R T L £ B . (Hyporthodus  septemfascia-
tus) FRIE BEIR A s AL Z R ME RN B R 450 . ST T
Z£(2007)F1 I RAPD £ AR 437 T /b A B B F R A
SR ie 2R, BT 2018) A FH i L2 Arid
SEHT T T i A s e A BRE £ [T A BXEAfL(E. 1anceol atus)
(S =8 A BEfA(E. moara)( Q)] HACHEA A ] 1)
WALAR SE B, FHAT, A B FAMCIT KB A TR,
FET Bl b5 et A iRGE o L, JF R KR B S
FAMMAE I 5 Fhic x4 A B B AR B R

MEAFR it 25 o 408 e Y P 5 R ) skt 2 Je R 5
AR T R, 4L A AL SR AT it T B £ gy
THRICHIT & (Toth et al, 2000; FHIEHZE, 2017). H
Wi, 55/ BEf(E. akaara) . S AR, ks A B
ff1(E. fuscoguttatus) . #7715 ff . = 80 Bl E 58 1
SIERAM T . RIF &5 25 R A S B 43 F A
i, WESTHBIEMEARER, AT 2N
HEEXT 5 P BEf SSR AT, JHEXT AP
B ik — 2 A, DU A AR K B e
SR A BRE A7 R 7 B R SR

1 HR5HE
11 HMIBEMATFE

M CNGB (https://www.cngb.org). NCBI (https://

www.ncbi.nlm.nih.gov/) . DDBJ (https://www.ddbj.nig.
ac.jp) Ml Dryad (https://datadryad.org/stash)EUHE & HP 4k
S Fifr BEAE I 41751 (Ge et al, 2019; Zhou et al,
2019, 2021; Yang et al, 2021), FE4IEE L 1, F)
A Micro-Satellite (MISA) %% 14 (https://webblast.ipk-
gatersleben.de/misa/) (Beier et al, 2017)#47 5 Fifr 5
IR TR : HEHBIC: 1~6bp, H
WAEEZE N =12, “WEHEEZE =6, —.
PO, FAOSIREE A P DL =5,

1.2 HESH

S MISA R R8s, FIH A g A3 & 50805
Pk sE LR P A, FIH Excel G 5 F B
FE R 4 58 LR TR A B L AR R B (4~ /Mb;
i E R B R A B E) . SSR IR E] (bp/ 15
LA B B/ DR ) L A AT A R
B NS RYBNELE, AN(AT) PG AT]. A
(PR, . =0, HASIGEES) . 0 I E
EHITH B EL, . (AT HHY 16]. EEFEN
&) (e H A ) HAA WP S e AT A ) o AR B R
T AN Ko B ) R R R i HE S 2 S B ] 2 R
BHIF MR —FEE I, 1 AGC KAETE
AGC. GCA. CAG. GCT. TGC fl CTG, AGCG %
MELFE GCGA. CGAG. GAGC., AGCG, TCGC,
CTCG. GCTC il CGCT (Jurka et al, 1995).

2 HZRESW
21 5 MAMGERASESXBMIERGSH
H1E

IS SRR B PR 5 i BE £ 4 5 R 4H B0
(F 1), I MISA #5394 i 8 8 5 H 58 56
R DRFA], Gitas R % 2, 5 Ffa BTk Rl
KRS 1G, LR E A T 271~296 4~/Mb
Z I, BN 6.30~7.06 Mb, FHIK N 22 bp 22
fi, SEISEERZERNAK, g8 5
A1 BE 055 T R B 5 E AR R BT 3
BN ARG R, HUCh RIS, JTREE H R
JCHH LS H 3G i
22 S5HAMEERARIESEES B NEHEHE

LA 5 i BE R PR 2 v g o R D2
WORAIE A B, A [R) AR ) B A2 5 i i L o U A
25, [HRAREA G 3 MK 4), P E Rk
b, AL CZRGBHZEEE R, A R EE R
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Tab.1 The information of whole genome in the five species of grouper
Pyl keiac) FEFIZH RN Contig HiE I K- KRR [E]
Species Reference or Accession No. Genome size NS0  BUSCO analysis Assembly level Publish date
JRE A E. akaara DRYAD: 4398b9f 1.136 Gb 525 Mb 96.80% Chromosome  2019-06-25
AU A BEfA E. coioides NCBI:GCA_900536245.1  1.024 Gb  2.49 Mb - Scaffold 2019-12-05
ki1 BEAA E. fuscoguttatus  NCBI:GCA_011397635.1 1.047Gb 13.8 Mb 97.49% Chromosome  2020-02-22
ey A BE40. E. lanceolatus NCBI:GCF_005281545.1 1.087 Gb  119.9kb 96.40% Chromosome  2019-05-13
=UABEA E. moara NCBI:GCA_006386435.1 1.084 Gb  2.22 Mb 95.60% Chromosome  2020-05-26
®2 SHANERIEHERSHIHE
Tab.2 Amount and distribution of microsatellite in the five species of grouper genome
TiH IR AR AP A B PR AR By (TR U AR
Items E. akaara E. coioides E. fuscoguttatus E. lanceolatus E. moara
FHF 4 K/N Genome size/Mb 1135.73 1023.56 1047 1087.42 1083.59
ik TR B Y Microsatellites count 307 537 284438 310028 297 402 305214
PR R
LB . . 6877 655 6304559 7056 845 6421185 6 854 645
Total length of microsatellites/bp
K Average length/bp 22.36 22.16 22.76 21.59 22.46
K] 4 I
ﬁgfﬂgﬂ sl 0.61% 0.62% 0.67% 0.59% 0.63%
Proportion of genome sequence
*HXHL#ETE . 270.78 277.89 296.11 273.49 281.67
Relative abundance/(pieces/Mb)
BARREERH B i L
Number and proportion of 74 443 (24.21%) 79860 (28.08%) 94003 (30.32%) 90363 (30.38%) 87946 (28.81%)
mononucleotide
AR i ke
Number and proportion of 166 081 (54.00%) 146 363 (51.46%) 151 984 (49.02%) 146 940 (49.41%) 152 421 (49.94%)
dinucleotide
SRAEEECH B it
Number and proportion of 43 688 (14.21%) 35492 (12.48%) 37769 (12.18%) 36367 (12.23%) 37 942 (12.43%)
trinucleotide
PUBR AR H B it e
Number and proportion of 18 531 (6.03%) 17563 (6.17%) 20970 (6.76%) 18 583 (6.25%) 20 430 (6.69%)
tetranucleotide
TLHRAERL H Kb T
Number and proportion of 4069 (1.32%) 4 664 (1.64%) 5015 (1.62%) 4 839 (1.63%) 5679 (1.86%)
pentanucleotide
PRI B i e
Number and proportion of 725 (0.24%) 496 (0.17%) 287 (0.09%) 310 (0.10%) 796 (0.26%)
hexanucleotide

HTE S A Bt A b SRR, Eixdah
di HEik 90.00% 7547 (35 3). 7E S EE A HH, AC
FERNBCR S PR, PRI E R R e
80.00%, [AIf}, &P 2 #5 DU b gl i 2 1 2
MG 4); CGRBIEmi/, 785 Masifa ks
BEBIPALE 0.04%~0.10%., —BiEEE 294, %
R ER2RE N AAT. AGG Fil AGC, HBI55h
29.62%~31.41% . 17.38%~18.69% . 12.55%~16.26% .

PR ILEE AN, AATC. AAAT. AGAT il AATG
RARFEIE, 4 FAONECRHET RS A AN, (H2EER K
Hrp, mocaprtadh AATC KBS0 i EE
FHVBERT T 45 . AR EHERZ I AGAGG,
AAAAT FIl AAGAT; JLrf, JiR fi A 50 £ 0% 55 42 230 4
HHE 5 HAD 4 Fh Al e AT e F 2200 . SRS 3
HE KBS AHMIE, (HZH AAANNN (N AR A DL
SMEYHA 3 FhEs L) . AANNNN F1 ACAGAG.
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23 5 MAREERANMIERFIESENH S/
FHE

ML A AT 5 b A B R PRI 2H o TR oA LA
S AN [ B 52 2R R T A 5 DL A HAY 35 22
S, (BRI A DU — 3, T
BB EIREYS DU g A (B 1) 5 b B R
AP AR OB AR AR B O R A
DA B ) B T A 1 DR B R 12~25 1K (18 1),

A3 ) o BB E A B Y 99.35% . 96.54% . 97.54% .
95.39%F1 97.34%., _fRFLEE H, I FEE G
TE 6~32 Y2 ] (& 1b), 5 B i 52 B 0 97.53% .
98.91%. 98.58%. 99.59%F1 97.79%; i, A%k
HE 11~14 RZRVNRRE Lk, 78 =t EE T, #
N FEZEEDT 5~16 WA 1c), 43l 99.33%.
99.18%. 99.65%. 98.99%F 99.34%. VUfHIEHE K 5
DU FEARAE 5~17 WZIE)(# 1d), 090 99.51%.

®3 SMAMBEESXBPEI SHABESEE NEKF

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

FRSATEA
E. fuscoguttatus

e A B
E. lanceolatus

U AR
E. moara

588 IR RATE whr A BEfa
Bases E. akaara E. coioides
P B A(67 960)91.29%  A(69 052)86.47%
Mononucleotide C(6 483)8.71%  C(10 808)13.53%
S AC(131 654)79.27% AC(111 722)76.33%
Dinucleotide AG(20 244)12.19% AG(20 214)13.81%
AT(14 121)8.50%  AT(14 362)9.81%
= AAT(13 119)30.03% AAT(10 846)30.56%
Trinucleotide AGG(7 595)17.38% AGG(6 616)18.64%
AGC(7 102)16.26% AGC(4 762)13.42%
DU B AATC(3 684)19.88% AATC(2 850)16.23%
Tetranucleotide AAAT(2 356)12.71% AAAT(2 203)12.54%
AGAT(2 291)12.36% AGAT(1 954)11.13%
FiR e AGAGG(492)12.09% AGAGG(598)12.82%
Pentanucleotide ~ AAAAT(320)7.86% AAGAT(357)7.65%
AAGAT(297)7.30% AAAAT(319)6.84%
AT AAATAT(178)24.55% AATCTG(52)10.48%

Hexanucleotide AAAATT(110)15.17% AAATCT(46)9.27%
AAATCT(98)13.52% AATCAG(28)5.65%

A(85 760)91.23%
C(8 243)8.77%
AC(114 330)75.23%
AG(23 389)15.39%
AT(14 210)9.35%
AAT(11 187)29.62%
AGG(6 749)17.87%
AGC(5 503)14.57%
AATC(3 417)16.29%
AAAT(3 332)15.89%
AATG(2 606)12.43%
AGAGG(527)10.51%
AAGAT(441)8.79%
AAAAT(435)8.67%
AAATCT(37)12.89%
AAATAT(25)8.71%
ACAGAG(15)5.23%

A(80 222)88.78%
C(10 141)11.22%
AC(113 806)77.45%
AG(20 993)14.29%
AT(12 046)8.20%
AAT(11 423)31.41%
AGG(6 674)18.35%
AGC(4 564)12.55%

A(78 792)89.59%
C(9 154)10.41%
AC(114 533)75.14%
AG(23 630)15.50%
AT(14 109)9.26%
AAT(11 697)30.83%
AGG(7 090)18.69%
AGC(4 994)13.16%

AATC(3 136)16.88% AATC(4 593)22.48%
AAAT(2 627)14.14% AAAT(2 338)11.44%
AGAT(2 045)11.00% AGAT(2 085)10.21%
AGAGG(586)12.11% AGAGG(660)11.62%

AAGAT(409)8.45%
AAAAT(402)8.31%

AATCAG(20)6.45%
ACAGAG(19)6.13%
AGATAT(13)4.19%

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

AATCTG(64)8.04%

TE: 5B ORISR M RO A BOZION P SR DR E . R AR

Note: The number in parentheses refers to the number of microsatellites in this category, and the percentage refers to

microsatellites in this category. The same below.

x4 SHAMBIHIAHRESH I0FHEEE AN ITHME S

Tab.4 The counts and percentage of most frequent top 10 duplicated copy categories observed in the five species of grouper

PR AT
E. fuscoguttatus

Bl AP
E. lanceolatus

U AR
E. moara

HEF I A B Rl 1 B

Sort E. akaara E. coioides
1 AC(131654)79.27%  AC(111 722) 76.33%
2 A(67 960) 91.29% A(69 052) 86.47%
3 AG(20244) 12.19% AG(20214) 13.81%
4 AT(14 121) 8.50% AT(14 362) 9.81%
5  AAT(13 119) 30.03%  AAT(10 846) 30.56%
6  AGG(7 595) 17.38% C(10 808) 13.53%
7 AGC(7 102) 16.26% AGG(6 616) 18.64%
8 C(6483)8.71%  AGC(4 762) 13.42%
9  AAG(4708)10.78%  AAG(3 741) 10.54%

—_
(=)

AAC(4 129)9.45%

AAC(3493)9.84%

AC(114 330) 75.23%
A(85 760) 91.23%
AG(23 389) 15.39%
AT(14 210) 9.35%
AAT(11 187) 29.62%
C(8 243) 8.77%
AGG(6 749) 17.87%
AGC(5 503) 14.57%
AAG(4 191) 11.10%
AAC(4 026) 10.66%

AC(113 806) 77.45%
A(80 222) 88.78%
AG(20 993) 14.29%
AT(12 046) 8.20%
AAT(11 423) 31.41%
C(10 141) 11.22%
AGG(6 674) 18.35%
AGC(4 564) 12.55%
AAG(4 021) 11.06%
AAC(3 714) 10.21%

AC(114 533) 75.14%
A(78 792) 89.59%
AG(23 630) 15.50%
AT(14 109) 9.26%
AAT(11 697) 30.83%
C(9 154) 10.41%
AGG(7 090) 18.69%
AGC(4 994) 13.16%
AATC(4 593) 22.48%
AAG(4 250) 11.20%
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99.41%. 99.36%. 99.81%%1 99.65%; H:iH, AGAT
il AAAG B DVEEEKIN  E 2 . Hidk
EwEY, I ELERLE 5~14 (A le), 7l
98.21%. 99.06%. 99.52%. 99.90%F1 99.56%; H:1,
AAGAG. AATAT Fl AGAGG & H£ I B KIS, 43
M m L, EARMBEELZ S, BIRFEEEST
5~12 Rz E(E 1D, 43515 100%. 99.60%. 100%.
99.68%7H1 99.75%.,

NGRS @SR & TR TV
(F 2), #5 DUECTE 6 A 12 YRR TR 43 A 5 H B
B, IR+ DUBC B st ek ;. Hoh, S T R R
TEEEYE DECh 6 IRt Z, HEURTE 4~5 T Z 0],
A3 RS TR BRI 16.75% . 15.77%. 14.78%.,
15.80%F1 16.00%. L4k, 45 D% A K SSR fi7
WA A T A R R = 80A BEAL T By A B
P8 DURICR K AL O SRR S 5 T ik
2 TA FINHFET E AGACAG, 4ril#EE 502, 803
48 Ko mBABEMAN =ML TER GAG, MUmILE
2 CACT. TiiFETEE CCACA N & N R Ky
s, SRl ERE 205, 652 A1 111 K,

3 i

Ffi & T~ — 1% ¥ (next generation sequencing, NGS)

25000 a — RO E. akaara
18 é 20 000 R AEA E. coioides o
£ 5 15000 B A E. fuscoguttatus &
o 5 B A E. lanceolatus i
g g 10000 =8O E. moara ?
3 5000 =
Z
0 15 20 25 30 35 =40
HpE T E Mononucleotide repeats
= — IREAPE E. akaara
Hg =z FE OB E. coivides ﬂg
I ° 8 A A E. fuscoguttatus o
2 é Yo AP E. lanceolatus g
®3 — BYAPE4A E. moara 3
2o s
20 25 30 35 =40
ZHEHETE R Trinucleotide repeats
3000r e
15 & 2500 — FEFiRf E. akaara
5 & 2000} B HBLA E. coivides
o 5 1500t B AR E. fuscoguttatus
g 'g 1000+ o AP A E. lanceolatus
® Zz 500 — BYABE E moara
L S
20 25 30 35 =40
FAFFEF R Pentanucleotide repeats
K1
Fig.1

FORBYHE , I e sk 75 S8R A R
Ok B 22 ) 0 T e R IR N .
(Rachycentron canadum) (I Z£45%, 2023). M3k &5
(Megalobrama amblycephala) (3K /45, 2022) . ML %}
IR (Penaeus vannamei) (FAEHESE, 2023), 216 75 Jy fili
(Takifugu rubripes) (fE & ¥4, 2006) . B ¥ 65 65
(Trachinotus ovatus) (5K 7K {8 45, 2020) . % i fa
(Pelteobagrus fulvidraco)(f R 7845, 2021). 4%k
(Scatophagus argus) (EH#EIESE, 2020), FEfE(Channa
maculata) (B 4E, 2020)5F AR T T SRR 4 A
S FARIE AT GE . A58 R C & AR 0 A BE 4 S5 A
LR, O e R D RS . AT RFLP
(restriction fragment length polymorphism) (Ramirez
etal, 2006) il AFLP (amplified fragment length

polymorphism) (Xiao et al, 2018)%—MEALHETT % 9 4>
600 M TR FRIC AL R 773X, 43k P 2 B3040 i ok
MLERCR 21k 28 TAUL, Bl L, Lttt
HE SR,
31 5MANMEBRMIESERASHHT

5 A B £ 4 L PR 2 BRC0E 0 8 1 AR BT R R A R
K35 5 4 1 ZE LR 19 0.59%~0.67% (3 2), 1%

F AZ&(Homo sapiens)(3%)(Subramanian et al, 2003) ., 4
(Bos taurus)(4.7%) . 4 =F-(Ovis aries)(4.8%) (BSR4,

400001 b — FEABA E akaara
é 3(5) 888 #FP A B E. coioides
4 25000 18 AL E. fuscoguttatus
& 20000 Bl fi B E. lanceolatus
g 150% — BYEAE E moara
i
Zz 5000
10 15 20 25 30 35 =40
T HEL Dinucleotide repeats
10000 d
% 2888 [ — AT E. akaara
@ 1 880 . LB E. coioides
g 3 008 I ¥ S ABEA E. fuscoguttatus
2 4000+ BoH A B E. lanceolatus
g %888 I — BECHBEH E. moara
2R SN ORRE moare
5 10 15 20 25 30 35 =40
VUBRIEE R Tetranucleotide repeats
700 f
i f",i 600 — REAP E. akaara
® =z 500 FHE AP E. coioides
iz g §88 18 AP E. fuscoguttatus
e K BT AP E. lanceolatus
200
& § 100 — BYCHBEA E. moara
0 L TS TR T T TR TN T T TN T T T T T T T T T T T T T T T T T T T 1
5 10 15 20 25 30 35 =40

SPREFE K Hexanucleotide repeats

5 Al B 0 4R D 4 v (R T R A ) i AR 2R T 8 DL A

Distribution of copy numbers in different microsatellites repeat types in the whole genomes of five species of groupers
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60000 - a b
" XH§3E Hexanucleotide 60 000 " P Hexanucleotide
i & Y RO * FLAAE Pentanucleotide & PR . ﬁﬁ}% Pentanucleotide
= {g 40 000 - E. akaara PUBHAE Tetranucleotide g 240000+ T E. coioides POBREL Tetranucleotide
mé‘] B " - . fg% Bljlnuclleott.gie I g ;M% Trinucleotide
= g 20 000 + - nucleotide =] -g 20000 | = i » —H§3t Dinucleotide
®3 . = FPgHE Mononucleotide = 3 . = BpfiHE Mononucleotide
0 0 n
567 8 910111213141516171819202122232425>25 567 8 910111213141516171819202122232425>25
# D1 % H Number of copy # D1 % H Number of copy
60000 - ¢ B AR " XhE 4t Hexanucleotide 60000 d BB = XBfE: Hexanucleotide
= i} . . ,
i & _ E. fuscoguttatus gL Pentanucleotide . & - E. lanceolatus " R gk Pentanucleotide
= 240 000 PUEAL Tetranucleotide S 2400001 PUBREE Tetranucleotide
5 g ggi ]T)f,muclleott,fe B o =P Trinucleotide
SIS w I " inucleotide = 2 - fl 5 I » sk Dinucleotide
= § 20 000 B _ » gL Mononucleotide = g 20000 - | I 5 - _ = BpgZ Mononucleotide
Lis =
0 0 Illl IIIII.III-I
567 8910111213141516171819202122232425>25 567 8 910111213141516171819202122232425>25

#& DU H Number of copy

60000 - e
mEABEE

40 000 | E. moara

HEERE
Number of SSR
N
(=)
(=2
S
(=)
[ ]
1
|

2 )1 %7 H Number of copy

= 7B Hexanucleotide

1 FifgiAE Pentanucleotide
PUBsAL Tetranucleotide
=R EE Trinucleotide

» Tt Dinucleotide

= BApg 3L Mononucleotide

0
567 8 910111213141516171819202122232425>25
¥ I % H Number of copy

B2 5 ol B A fol TR 4% T A2 95 DL A S Ak

Fig.2 The distribution characteristics of copy numbers of microsatellite repeat in five species of groupers
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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
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
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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 E. lanceolatus, copied 502, 803, and 48 times
respectively; GAG, CACT, and CCACA in E. moara, copied 205, 652, and 111 times respectively. 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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