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Pt EERFA survey DRI E S B

- K- /,
ARE, BHEF

WITLIEAE R 2K 24 BE, #WITE 41l 316022

W kA (Hemitripterus villosus)y 74 At 1V 3 e B 58 1) 48 3%

2, AR R LA T R B B T R R

BRI, NI AL ML RN I ARMF B, P A A [ e bric, DU oA SR TARER LS %,
AHIRGE X G A T A 3L A survey 4307, k-mer 3BT 3 B g A AC L AL KNl 713.18 Mb, 224 %0 0.26%,
T FEIRY L0 38.61%., HEDH 494 40 55 45 . L 7R, Contig N50 il Scaffold N50 235124 7433 bp. 19388 bp. 7
AL ATEE N, BRI E] 583498 At AN, FXTFERESA 1010 4 /Mb H — i3 5 &2 15 55 (55.61%),
B EE IR Z(33.39%), £, =HIEHRE T EE L AC/GT Fl AGG/CCT 268, M TDEFEEFE IR FELETLE
5~17 o WIS REH, G SR N T AL, 7T LU “Tllumina+PacBio+Hi—C” B 7 5 1 2 44 H 5 ot i
SIEEA T Y, 2 5 1E 0 i TR A S e R J5 22 1A% =B R 3R A 3 0 A TR e . AR R &5 SR ] LR i

AL o A A Wy 2 FE AL 2 E 5 e I RE A B

KR G A, mEENTEAR, 2FEFEH survey; M IERC

RESES: S931 XEREREEE: A
157 38 5 I 7 £ R (high-throughput sequencing,
HTS) ) & 8 R KBS 3L R 21 22 i o g4I T Hi R
Je G (45 £ 28 3 [N 4 2 AF 5 MOBE ) £ 545 5K
YR ARWHEAL, BRTCRE 7215 50 b a2l
4 AP &5 58 . 2T Hlumina M7 H AR
SN survey AT, BIREDZH K/ NFIE Ze P
DTS, S XA 2 7% 5L LA 7 91 i )
11/ BARGREEM Y, 2T Lander-Waterman 15
HHEAT k-mer 738, HRPE k-mer SR FNR E 1) 401t
5, FERAR AT BUAS T Pl 58 R4 ) K0S
REENRELZFHFER, Fhrgs R —
6 T I L2 11 A T SR e R R e, ko R T
B TR A 4 BRI L Ay R S AR A 2,
gk 7k 44 1%} G IE B % (Trachi notus ovatus) i A 41
FHET TR, BRI/ R 642.68 Mb,
e M E A T A 550k 0.31%.30.19%, K

Kt BE: 2021-09-08; f&ITHHA: 2022-01-06.

TEHS: 1005-8737—(2022)07-0994—08

HLTR i A SR IR 2 220 T AR AR LRI R Xu 250
Xof 46 B fifi (Platycephalus sp. 1) 1A 44 T Ji 4 3
K2 survey 407, 75 HEMESARIERAH KD, IF
HHE BT 48 B6E B W] O M S TG B (XXUXY), MR 2k
BBE R A 2 Rtk A A W 2 i R SR IR = B kL, ]
i, KR survey s ATt n] 7 4 5L R 2H 3 FL N
PR I FF & B3 T2 FR 10 (microsatellite markers),
(CELRY TN P N R R ik Y e o 0 VTN i -2
KGR R Sk, AR T
RS D EARIC R A A, = P B T
TR FRICTE & TAERAMNA . SR &
e AE S, MR R CAE S ) T R,
15110 7 e 25U O] ] 4 R 2 survey Bt R B0
390967 “~fk T A Frid, b4 £k fi (Scatophagus
argus) P BT G IR A B R R i 2 SR AP AR e
BEIHEAOBE S0 4%, Zhou 2 M -2 157 (Dios-
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corea zingiberensis)Jk K 41 KGN E] 419372 4
TR, A ist A RS T AR S SR R i

G KA f1 (Hemitripterus villosus)sf J& T fiff IE
H (Perciformes) . 4 f3 H (Cottoidei) . /\ffifa
Bl (Agonidae) . 24 1\ £l (Hemitripteridae), J&
TIRM R A, EEMEV LR R
HEEEU, LRSI E  farE R M EmE,
SR | AR T i e P Ak
B 832 ARSI A H s Y, giAt AL
BRI Ok = AW LD I e Rl AR /N T
SZAT G S | L SR B R T,
SRR AL A BE U R B R R AU R, iR
TF I GY R A 0 R 5745 B AN BT IR Ok 4 TR . B,
P, w4 E O RS e T A ek A
W5, b E RS R D, BAFSRE NA LLAE
AR R A e ROR g F | AT i L SRR A
15 R fge = U247 5 R T Rk AL it Ak R e
FA BT DR LR AP T AR TR, [ B X 3t ol 9% I
T TAEMEA —Ersem . A5
I e 2 AR X G A e LRI 4 survey 438,
VAR IR KN 5 B R d 2790 Lo 9] 4
ARG R, AGEAC i AL A OR3P A= ) 2 i s 4 it
FERM R [ A 3 T e O e A e SR R A
0 B PR A TR ARIC, R 2R AL £ st A 2 R
BB IR 5T P 535 1Y 43 FAic

1 MRE5FE

11 #HARE

AHIE 5T T G AC (AR 5T 2020 4F 3 AR H
WHLAH L Sk, R AES2:F DNA &IEH
PR R T A e . TR 28 e (g 254k .
MR ) BB 52 ik 22 (v [l £ 25 )P,
PEBELERLA 128 ribosomal RNA (12S rRNA) F Bt A
DNA %%J% % %% 3@ i 5 National Center for
Biotechnology Information (NCBI)&{#E & 1 AH ¢ 17
HI{5 24T BLAST J3 4T, 478 15 B (query cover)
F1—F Pk (percent identity)¥J KT 99.0%1E A1 Ff
YW BT . 2R AAFA DNA KB E
Ja, WHLRALH 95% L EE W EE R, 17T
—80 “C MR VKAE 1 H

12 SEENRF

ol FH R - S 0 7 3 B M AL £ S [ 4 DNA
fii FH Covaris 8 7 i i iR {300 R 24H DNA i#47
Bfbab3, kSIS KR DNA BB, &R
S INI P23k JE g 350 bp 19 DNA U, 2
JE i FH] Tllumina HiSeq4000 /7 F- 15 i 17 XA iy
(paired-end) A T o 1 30 8 00 7 SC 2 A4 S AN )
AR Z2 FE b 5 1 R BOR B B4y A BR 2w i
7o XHEHR T HLEPE (raw data)FE 4T 40dE iy At g
5, A3 A % PE(clean data)H T /R4 W15
JSREFi g
1.3 HESH

i/l GCE V1.0.0P" 54T k-mer 4347, 3&
T k-mer M4 IR, AR A KRNI IR
T B R ME R JFHI L 8 SOAPdenovo v2.01%%
K clean data PHEEA1I%6 % Contig Ml Scaffold
Zol(k=41), FGIHHREERFE R

ffi JH MISA Ji A< (MISA, http://pgre.ipk-
gatersleben.de/misa/) % 20 & - (1) J& K 41 7 41 i 4 7
TR SR, Gt 1~6 fIEEE W . i
REER, TERESEUN /30 E 10, 6. 5. 5,
5. 5K 1~6 BlIEE A e/ ME . i Primer3 HifF
AT, JFREPLER 10 X519, £&519E
B, PCR ¥ H4J5, I B BE B 5 I i Dk 35 A T2
AN SRR IO 53 1 0 A R

2 HRE5HMH

21 MEF#HEE5RIT

A5 K NGS FARBEATINF, X2 PG
AR B 350 bp MSCE AT R AL, ks
JF A B (raw data) 52.36 Gb, ik 5L a
BB (clean data) 52.04 Gb, GC &0 43.13%.
PR R A 0.04%, ¥ B Q20 F1
Q30 439114 95.99%F1 90.85%, 2 BH I ¥ it F 45 5,
i 5 2L 4 survey 7 BT B R
2.2 17-mer 5

X} clean data 4T k-mer 4381 LAPEAL AL A £
FER RN 2 G R fE ] . HEHL k-mer
IR H 17, @t Gt ar, Sk sk A fa L
HHR/INR 728.52 Mb, HEBREE 12 k-mer 1Y 1% 22 52 i)
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Ja, MEMEIER R RN R 713.18 Mb, 4]
MREFN 0.26%, HEFHNH LG 38.61%;
23 EFEAVMTAEE

8/ SOAPdenovo HAFXt ikt A fa 4 L R 2
AT EEE k-mer=41 W IRNAHHIE R
Contig il Scaffold 2!, ZikEAC o HE KA W) AH
RELER L 1, BAAEMGAACHIER A 2K
h 577 386 707 bp, £k AL HE R ALK N
80.96%. H:rf Contig N50 #i1 Scaffold N50 f{) K Ji&F
A3 912 7433 bp 1 19 388 bp, Scaffolds K& KT
100 bp LA S KTF 2 kb )7 5154351 205 339
142 158, WAL MGA A AELHAH GC &&=
g 43.49%,,

*1 GMHXEEFRBVTSHELER
Tab. 1 Preliminary assembly results of the
genome of Hemitripterus villosus

Contigs Scaffolds
k-mer KiEbp  HH KEbp  KH
size number size number
N9O 953 101087 1701 46063
Ns50 7433 19686 19388 7394
JFHEK total size 568984670 577386707
¥ 55 311514 205339

total number
J¥ 31 4 $0(= 100 bp)
total number (=100 bp)

731 2 50(=2 kp) 65160 42158
total number (=2 kp)

293307 205339

24 EFRARIEMASH

FIH MISA BRAXT R AL A 25 4 2 1 3 A
AP HN I il PR ARG TR e AN o 25 R LA I
1| 583498 N T A7 A, Al 2 1y ff TR A 48
TE 97637 5740, Hik BREAX F AL A
1010/Mb M TR s o X 45 A G T3 B A7 ik
14831, 458 Wn 33.39% (194850/583498) 1
T REARC N EREIE, 55.61% (324502/583498)H
Bl K, 8.27% (48264/583498) F = B, 2.19%
(12800/583498) K PUBKFE, 0.30% (1769/583498)H
TLOREE, 0.23% (1313/583498) M5B Ak . Horp — i
FLE G B R e 1, SR A B

Ay, PR B iR A 5 AR 5 R R P K
B I ZE R . X5 Xu % | Srivastava 2P
FIBF 5T 45 B A— 2, ¥ 8 T2 AR C A h 3
HE N F . R A An LR 2 b A TR A R
A 5~70 W, Hrh i #ESE AC/GT
FEOBE %) (6~70 1K), BE REUE 5~17 &b
(f T B A >20000) 8 AR T (8 1), i Bkl 2]
(B T AN R B ELABI 2R 88.41% . 6 YRR 117k
TEBERZ, N 75671, kA 10 REE, KN
75334 (& 1b). A AC fa i TR A A 1 0 Ak 2
PR it B A OB B N R B E R R A R
X5 Chen ZPHLR LM —30, TEGRAA fa
FE AL, R Ah A I T TP A [ ) B TR Al
BARKZRE 2). % 5 H) F 083 1S 08 3 5
PR, fEE T R s KT
5000 (FEERECH 10~17 1K), —hSEEEHE L
T 5000 (EEXREHN 6~17 IX), =HFEHEEHE
KT 1000 (FEZRBCH 5~12 ). DUBHHEEE 25
HRT 1000 (EERECH 5~9 1K), 4% BR7EH
figi i 75 52 v, A/T B2 HOT AR C/G T BRIT
132 (Bl 2a); ZWSEEE T, AC/GT JIr i Ll e i,
1M CG/CG il fe fik (& 2b); =W Bk & &2 o,
AGG/CCT # & i 2, H Kb AAT/ATT, T
ACG/CGT ¥ fix 0 (Kl 2c); DUk 3 & &2,
ACAG/CTGT . ACAT/ATGT . ACGC/CGTG .
AGTA/ATCT ., AGGG/CCCT Hll ATCC/ATGG HI%
KT 1000, 1fi AACG/CGTT. AAGC/CTTG.
ATCG/ATCG ., CCGG/CCGG ¥4/, H/hTF 10
(B 2d). R BSUER A TR A S A R, 3R
IBEHLIERC T 10 AN DR A7 597 PCR 734 Al
HEL IR, B 45 M FEL K 45 SR 7R PCR 3
RN 90%, FHH MISA BRI B TR A A5
HA—E WA, SR TR S 2 S A
38 L 2D BER BT A
3 itig
31 #HHRXeaEFRAHERBFE
AR E R R4 survey, XF4FEAC

i A AL B AT VA, RN 7 2 A 21 9 L
PUIN R TR AL, BFEE R n] gkt A
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70000 4

—+— BAPFEE mononucleotide PUBRZEE tetrinucleotide
= B dinucleotide —x— TiBsiAE pentinucleotide
—+— =HgFE trinucleotide —e— 7NBIZE hexinucleotide
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Fig. 1 Repeated frequency statistics of different types of microsatellites in the genome of Hemitripterus villosus
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Fig. 2 Repeated frequency of 1-4 types of microsatellites in the genome of Hemitripterus villosus
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HEAGAE W2 L ORAP IS A 2 Rl B 5 B4R T AR
PRALSH YR k-mer SMHTEE SRR, G4k
PZH K/ R 713.18 Mb, b iy 22 58 i A [7] 4
FhAH G A5 BN R), AHER T 2 i i 2
Tt 3 0 I A RN, R At FE R A i
fiiti(Sebasti scus marmoratus)'*/(812.86 Mb) . 14-[%F-
fili (Sebastes schlegelii)(846.36 Mb) . & fif - fi
(Sebastes koreanus)(832.53 Mb) . 4 B F fih
(Sebastes nudus)®?(813.12 Mb)iy 5L 2% /)N, {H
5 %% B i (Platycephalus sp.1)“\(#f: 684.15 Mb;
TfE: 674.96 Mb) . #A YT 4% (Trachider mus fasciatus)™*’!
(652 Mb)f I, FEFEAE KR, XulEES DL gV
I N EE I BIA S, MRS, 2k
A A0 FE AL B TR A LB R 38.61%, B B fil©)
(ME: 29.96%; HE: 29.23%)m, (HIGMRT & bl & 2
S-fif J £ 24 (5 A8 L KT 39.65%)1¢%2%1
IEAk, R A A 0.26%, HAE MR
T BRI 0.76%, HE: 0.77%)F1 4 BE SF- fif
(0.31%) 5%, H5 17 [P il(0.22%) | ) e - iy 1)
(0.20%)HH24 . JEHF A survey PEALLE IR L, it
AC 0 5 R 20 7 i T T SRR LA 2R A B SR B TN
21 survey Zr M4l SR a] DLk J5 2 0 48R AC fa i T
SR % TAESR LI RE TERE

G A P L A S5 R F B, Contig N50
Al Scaffold NSO 43 51°h 7433 bp. 19388 bp, £H%%
2 5 ) ¢ S filh (Contig N50 7261 bp, Scaffold
N50 16255 bp)H 2402, 5 H At 2k b 3 H 25 ) 4
YA 5 M H At 522 T LA S fh A B
(R 2H 2B % SR 47 (Contig N'50<1790 bp, Scaffold N50<
4362 bp)!®* . (H 5 H A BRI 0 Rt LR 2
LA RCR DM e, R AL a3 [H £ 400 5 2 2
(1) NSO 1 EERCA, HE AR T B 24 %6 1) i et A 2,
AN BE T IR AR W ST T AR EER, dl
J& 22 % F “Illumina+PacBio+Hi—C” 20 & 7 A ¥
PR 2L A5 . SR, ASHIFSE 3RS
(L% P ST o] 1 R R R AV R SNP A7 5 8%
HRSF P H e (ultraconserved element, UCE), PAFF
JRAEAL ta Bl £ 2 R G L R 40 2 5 B
32 Y EM SSR 4 fFE

AR GT FRAT G AC 11 35 R AT Hp o T2 A AR

FEH 1010 4~/Mb, 5T B B 4 2 4 (Scato-
phagus argus)!'”(653 ~/Mb). H14E4%# & (Erio-
cheir sinensis)**Y(572 1~/Mb) . #& & fil’*1(314.6 1~/Mb) .
G IE SR 65 01(295.8 AN /Mb)ZERFSE M e s, % 0E
L EWFE R e T o R DR B
2 W R AL £ 4 R (R s D B AR S R T RE
PRI A B O, E— 2 BRI A
(194 850 MJE, Git1R 8 T B AN F LK
673 AN/Mb, %5 4 8% fo 3 N 41 i TR F U OH
M (HA S B el A R A L . M DA
R = T R L N 4 B 8 061 R 4 2 o o
Ao T H AN I I H A 55 v Y Jk DR 4 B A
M EMER L, i TARERBEE, B A
BULRE R, WRES FEOR MR TR SR
Ao BN, G A B R 4 E R 8 LA A
i, {H F e S il 21 2% B 445 22 (Contig N50=
674 bp), HAH I i TR B A B ghk:
AL 01 FE DR 2R v TR 3 A DL R R R B e A
#(55.61%), [F] Labbé ZPOHR L 1E L2 ML R 41
S ik T A BT (1~3) A 8 o Oy A — 3, HL
HEkFEN &I gy s P it ot
25 S TR o U A FA 5L PR 2 3 L 1% o T R A A
AR 5~17 REE, FWHM DAL E R
A UG N i 2 D R, X ] RE S T
AT A BE B AS T 8 o A5 R T AR R T
BRI SE O AN A B i ) S I KB
Ah, ABFFE SR B G DR A S 583498 A4S, H:
LR EE 9 T BT AT 28, X ST
31 v A 4 B U145 O BiF 5 235 SR ), {50 < Mk 25
S A/T B L1 B 7 Y SR DNA B9 42
HERTIE UG A1 D23 Yl £ S L R M R D
R R A E R, F B AC/GT .
AG/CT EE ¥It K E, M CG/CG U5 —fkk &
I 0.31%, TEREHESIYH, GT Ml AC J& —fi &
A ST R WA PO X AT RE R gl A AL gk
PR 2 i TR o7 5 b AC/GT Bl e 2 R . A<
W 5% R A 05 B2 i A 4 3 TR 40191 16l P i
B R AC i T3 B 05, WF ST SR AN AT LKy
e S TR IT R IRAL RS B, g b H AL
YLRRAE I F 58 R A 1A L
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Whole-genome analysis and microsatellite distribution characteristics
of Hemitripterus villosus

ZHAO Ruirui, XU Shengyong
Fishery College, Zhejiang Ocean University, Zhoushan 316022, China

Abstract: The sea raven, Hemitripterus villosus, is a common species in the northwestern Pacific Ocean. Owing to
the significant role of the sea raven in the flesh and caviar industries, it has become one of the economically
important species in China, Korea, and Russia. Owing to the decrease in resources for sturgeons in the caviar
industry, sea raven is one of the best alternative candidates. However, due to anthropogenic activities, such as
overfishing and pollution, the fishery resources for sea raven have been overexploited and have declined in recent
years. Further, due to limited biological and genetic information on this species in Chinese coastal waters, the
development of resource management and conservation, as well as fisheries and related processing industries, have
been markedly restricted. To obtain useful genetic information to implement sound management and conservation
plan, whole-genome analysis based on high-throughput sequencing data was performed to estimate basic genomic
information and develop genome-wide genetic markers of this species at low cost. Genomic information was
estimated based on the k-mer distribution pattern (k=17) using GCE v1.0.0 software. The genome sequence was
then assembled to contig and scaffold levels using SOAPdenovo v2.01 software, with k=41. Subsequently,
genome-wide microsatellite motifs were identified using MISA software. Primers were designed using Primer3
software. A total of 52.04 Gb of clean sequencing data was generated. K-mer analysis revealed that the genome
size of H. villosus was approximately 713.18 Mb, with a heterozygosity rate of 0.26% and repeat sequence rate of
38.61%. Based on preliminary genome assembly results, the Contig N50 and Scaffold N50 were 7433 bp and 19
388 bp, respectively, with a final sequence size of approximately 577 Mb and GC content of 43.49%. The levels of
continuity and completeness of this assembly were low; hence, further studies are needed for improved
high-quality genome assembly. Based on the assembled genome sequence, 583 498 microsatellite motifs were
detected throughout the genome, with a relative abundance of 1010 microsatellite motifs per Mb. Among them, the
ratio of dinucleotides was the highest (55.61%), followed by that of mononucleotides (33.39%). AC/GT and
AGG/CCT were dominant in the dinucleotides and trinucleotide repeats, respectively, and the repeated copy
number of microsatellites mainly ranged from 5 to 17 times. To preliminarily validate the effectiveness of
identifying microsatellites, ten motifs were randomly selected for primer design. After PCR amplification and
electrophoresis detection, nine microsatellite motifs were successfully amplified. However, further confirmation is
still needed to validate the effectiveness of identifying microsatellites and their polymorphisms at the population
level. The genome survey results revealed a simple genome of H. villosus, which could be assembled using the
sequencing strategy of “Illumina+PacBio+Hi-C” to generate a high-quality chromosomal level genome assembly.
The screened microsatellite loci could also be used as effective molecular markers for subsequent genetic studies.
Owing to the limitations of our study, further analyses are needed to improve the quality of genome assembly,
confirm the effectiveness of the identified microsatellite loci in population genetic studies, and conduct comparative
analyses between samples from different geographic localities. The findings of this study provide not only basic
information for evolutionary biology and genetic assessments of the sea raven, H. villosus, but also scientific
references for fishery and germplasm resource management and conservation from a genetic perspective.
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