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, ( ,2015) K=48 Contig
filh (Satyrichthys rieffeli) fil Scaffold, ,
(Scorpaeniformes) iy  (Peristediidae) filh SOAPdenovo reads
(Satyrichthys) ( o, 2013; , 2015; ,
, 2016), 1.2.4
( NOVOPlasty 2.6.3
,2021) i , (Dierckxsens et al, 2017),
(Bussing, 2010; Ono , GenBank fify
et al, 2014), , GenBank 2 COlI (GenBank No.MK777566.1) MitoFish
COI s (Iwasaki et al, 2013)
i MEGA 11 R
; survey ( ,2019)
, 1.2.5 GenBank 18 il
; GenBank 18  fif ) W (Dactylopterus
, volitans) , 12 ( ND6)
fifh ; fih
MEGA X (Bayesian)
1 (ML) (BI) (Ronquist et al, 2003),
1.1 MEGA X (Kumar et
fifh 2021 12 al, 2018), BIC GTR+G+I ,
1955 1956 , 6 , MEGA X
) > lg 1 000 ,
-80 °C , DNA ;
survey
1.2 2
1.2.1 survey - 2.1 survey
DNA (Maniatis et al, 1982) 2.1.1 [llumina
DNA nova ) fifh
300~350 bp s A DNA 300 bp , raw reads
PCR 57.59 Gb, 49.13 Gb  clean reads
Illumina nova PE150 il O 96.73%, Qs 91.72%
fastp ( D, fifh
(Kajitani et al, 2014), ,
GC , .
1 HERAEEsurvey MFER
Tab.1 Results of the survey sequencing of S. rieffeli
1.2.2 K-mer On 0w GC
. K=17, Liu  (2013) K-mer /Gb b P [%
383 941 058 57.59 96.57 91.64 41.29
@1’1 329 460 024 49.13 96.73 91.72 41.24
K-mer ’ : O >20; Os: =30
K-mer R
2.1.2 il
1.2.3 SOAPdenovo (Luo DNA , 350 bp
et al,2012) 10 000 reads , Blast
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NCBI (NT ), 80% ,
( 2) DNA, ,
, 19.93%, fifh
*2 WRAYBSBEENFLERS NT ELbxy
Tab.2 The results of S. rieffeli comparision with the NT library
/bp /bp %
Epinephelus 1185 5945 19.93
Cottoperca J 672 5945 11.3
Lateolabrax 549 5945 9.23
Plectropomus 530 5945 8.92
Sparus 276 5945 4.64
Scophthalmus 267 5945 4.49
Sebastes fiy 160 5945 2.69
Nibea 144 5945 2.42
Anarrhichthys 134 5945 2.25
Trachurus 122 5945 2.05
Myripristis 121 5945 2.04
Sphaeramia 120 5945 2.02
Larimichthys 120 5945 2.02
Pseudochaenichthys 108 5945 1.82
Acanthopagrus 108 5945 1.82
Cyprinus 107 5945 1.80
Perca 100 5945 1.68
2.1.3 K-mer K-mer s
fifh fifh 16 527 bp, 38
K=17, figh 827 Mb, R 22 tRNA 13
813 Mb; 0.92%, (PCGs: APT6 ATPS Cyt-b COXI~COXIII NDI~ND6
45.97% ( 3) K-mer 48 ND4L) 2  rRNA (I2S rRNA 16SrRNA) 1
, ( 1), D-loop ( 2 5)
fiifh 8 tRNA (tRNA-GIn  Ala Asn  Cys
2.1.4 fiif Tyr Ser Glu Pro) 1  PCGs (ND6)
SOAPdenovo Contigs 4 L , 29 D-loop
N50 N9O survey , S H s 11
rieffeli contig N50  NO90 712 bp 134 bp, s 99 bp, tRNA-Cys s 39 bp,
Contigs 100 bp 98.42%;A T G C NDG6, 32 bp; 4 ,
N 29.64% 28.81% 20.52% 21.02% 8 bp, tRNA-GIn  tRNA-Met ND4
0, GC 41.55% tRNA-Pro, ND4 , 5 bp
2.2 fifh A (27.4%) T
2.2.1 survey (26.9%) G (16.8%) C(28.9%)( 6), GC
R3 ImKAEEERASERT
Tab.3  Statistics of S. rieffeli genome characteristics
K-mer K-mer /Mb /Mb /% /%
S. rieffeli 43 850 343 050 48 827 813 0.92 45.97
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44.4%~51.4% A+T (54.3%)
G+C (45.7%)
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B
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( ND2
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Fig. 1 Distribution of the K-mer depth of S. rieffeli ATP6 COXII ND2)
% 4 Contigs 24 R51t
Tab.4  Statistics of the contigs assembly
DNA /bp (=1kb) /bp N50/bp N90/bp GC Contigs>100 bp
Contigs 752 061 430 2 083 983 31368 712 134 41.55% 2 051 006
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Fig.2 The circular map of the mitogenome of S. rieffeli
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Tab.5 Structural characteristics of the mitochondrial genome of S. rieffeli
/bp /bp
tRNA-Phe 1 68 68 GAA 0 H
12S rRNA 69 1014 946 0 H
tRNA-Val 1015 1086 72 TAC 0 H
16S rRNA 1087 2 785 1699 0 H
tRNA-Leu 2 786 2 859 74 TAA 0 H
NDI 2 860 3834 975 324 ATG TAG 0 H
tRNA-Ile 3839 3908 70 GAT 4 H
tRNA-GIn 3908 3978 71 TTG -1 L
tRNA-Met 3978 4 046 69 GAT -1 H
ND2 4 047 5092 1 046 348 ATG TA 0 H
tRNA-Trp 5093 5163 71 TCA 0 H
tRNA-Ala 5165 5233 69 TGC 1 L
tRNA-Asn 5235 5307 73 GTT 1 L
tRNA-Cys 5347 5412 66 GCA 39 L
tRNA-Tyr 5413 5482 70 GTA 0 L
Ccol 5484 7034 1551 516 GTG TAA 1 H
tRNA-Ser 7035 7105 71 GCT 0 L
tRNA-Asp 7109 7181 73 GTC 3 H
coln 7189 7879 691 230 ATG T 7 H
tRNA-Lys 7 880 7953 74 TTT 0 H
ATPase 8 7955 8122 168 55 ATG TAA 1 H
ATPase 6 8113 8 795 683 227 ATG TA 0 H
colll 8 796 9 580 785 261 ATG TA 0 H
tRNA-Gly 9 581 9 652 72 TCC 0 H
ND3 9653 10 001 349 116 ATG T 0 H
tRNA-Arg 10 002 10 070 69 TCG 0 H
ND4L 10 071 10 367 297 98 ATG TAA 0 H
ND4 10 361 11 741 1381 460 ATG T -5 H
tRNA-His 11 742 11 810 69 GTG 0 H
tRNA-Ser 11 811 11 878 68 TGA 0 H
tRNA-Leu 11 884 11 956 73 TAG 5 H
ND5 11 957 13 759 1803 600 ATG TAA 0 H
ND6 13792 14 313 522 173 ATG TAG 32 L
tRNA-Glu 14314 14 382 69 TTC 0 L
Cyt b 14 388 15528 1141 380 ATG T 5 H
tRNA-Thr 15529 15 600 72 TGT 0 H
tRNA-Pro 15 600 15 669 70 TGG -1 L
D-loop 15670 16 527 858 0 H
COXII ATP6 COXIII ND3 ND4 Cytb) 3 « 3, AT-skew COI ATP8
tRNA R GC-skew ND6 5
TA- T- AG- 2.2.3 RNA i
fih 13 AT-skew  GC-skew 22 tRNA, tRNA 66~74 bp,
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Tab.6 The composition ratio of mitochondrial genome nucleotide
T/% C/% A% G/% A+T/% C+G/% AT-Skew GC-Skew
NDI 30.8 31 22.4 15.8 53.2 46.8 -0.158 -0.325
ND2 28 33.1 26.3 12.5 54.3 45.6 -0.031 —0.452
col 30.5 27.3 24.2 18 54.7 453 —0.115 —-0.205
coll 27.4 28 28.3 16.4 55.7 44.4 0.016 -0.261
ATPase 8 21.2 36.4 309 11.5 52.1 47.9 0.186 -0.520
ATPase 6 28.6 329 253 13.2 53.9 46.1 —-0.061 -0.427
coli 28.4 29.8 24.3 17.6 52.7 47.4 —0.078 -0.257
ND3 32.8 31.3 18.7 17.2 51.5 48.5 -0.274 —0.291
ND4L 28.6 34.7 20.1 16.7 48.7 51.4 —0.175 —0.350
ND4 28.3 30.9 25.8 14.9 54.1 45.8 —0.046 -0.349
ND5 27.8 31.0 27.0 14.1 54.8 45.1 -0.015 -0.375
ND6 37.6 13.7 15.2 335 52.8 47.2 -0.424 0.419
Cytb 29.1 31.8 23.8 15.3 52.9 47.1 —-0.100 —0.350
PCGs 29.2 30.0 24.6 16.2 53.8 46.2 —0.086 -0.299
tRNA 26.7 21.4 27.6 24.2 54.3 45.6 0.017 0.061
rRNA 21.9 25.3 31.9 20.9 53.8 46.2 0.186 —0.095
CR 30.0 21.4 323 16.3 62.3 37.7 0.037 —-0.135
Mitogenome 26.9 28.9 27.4 16.8 543 45.7 0.009 -0.265
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Fig.4 Prediction of secondary structure of tRNA-Ser (GCT) in S.
> rieffeli
, 21 tRNA R
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(4 fih
il 2  rRNA (Leu) (Pro) (Thr)
(125 rRNA  16S rRNA), 946 bp 1 (Ser-TGA), (Cys),
699 bp, rRNA A (31.9%) T ( 5), (Pro)
(21.9%) C(25.3%) G (20.9%) ( 6), 4 , (Leu)
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Fig.7 The BI tree based on 12 PCGs of S. rieffeli
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Fig.8 The ML tree based on 12 PCGs of S. rieffeli
, fifh (Li et al, 2019b),
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41% ), , ATG , ATG
s ; 49.13 Gb (Consuegra et al, 2015) PCGs
clean reads, O 90%, 827 Mb, T-- TA-
813 Mb, 0.92%, ,
45.97% ff ;
, 713.18 Mb ( (Hecht et al, 2017)
,2022) fifh 812.86 Mb (Xu et al, 2020) ) mRNA
(Ophichthus lithinus) 755.24 Mb ( , poly A (Ojala et al, 1981;
2022), fifi(Sebastes schlegelii) 846.36 Mb Liu et al, 2009) PCGs  AT-skew  GC-skew
fifj (Sebastes koreanus) 832.53 Mb il ( 6), , AT GC ,
(Sebastes nudus) 813.12 Mb (Xu et al, 2019) , , , AT-skew
R (Tridentiger bifasciatus) 887.60 Mb (Zhao et al, GC-skews ( ), (Yu et al,
2022), 2019) AT-skew GC-skew
fiifls ND6 AT/GC-skew ,
45.97%, 38.61% fif 39.65%
43.30% fif 44.10% fif] 43.65% ,
fith 41.40% % 32.60% , (McLean et al, 1998; Touchon et al, 2008)
fidh 0.92%, 0.26% tRNA tRNA-Ser (TCQ) DHU
fify 0.17% 0.70% fify 0.22% , , DHU
fify 0.20% fify 0.31% iz 0.47% tRNA-Ser (TCQG)
, , 0.8%, , (Hardt et al, 1993)
60% ( , 2018), fiih 12SrRNA 168 rRNA
filf 0.8%, 60%, H  tRNA-Phe  tRNA-Leu (UUR) ,
, {RNA-Val , 125 rRNA 168
Contigs N50 712 bp, N50 rRNA (Satoh et al, 2016) RSCU =1
254 317, ,
clean reads fiifls , ; RSCU 1,
i , ( ,2013;
il ,2020) D-loop tRNA-Pro  tRNA-Phe ,
s (Wei et al, 2010; Li
et al, 2019a)
, GC-depth ,
, (2020)
fifh fiy ,
16 527 bp, ; Miya  (2015)
, GC 45.7%, 15 )
AT ,
A T (Broughton et al, 12 PCGs ,
2001; , 2004; Consuegra et al, 2015), G filf , fif
16.8%, G ( , ML BI fif ML
2021), ( , , , BI ,

2006) 13 PCGs , COI GTG fil
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) (Kawai, 2008)

fih fih fifh
fifh ,
survey
fifh 827 Mb
45.97%;
38 ,
GenBank 18 fil ,

0.92%
16 527 bp,

fifh , , fih

Bl RRURARE R A e i T & 8 R B
BAp R A2 P 0945 BT L, JEEAL.

) ) , ,2006. 16S rDNA
30 [I].
, 52(3): 504-513.
) ) , o, 2023. Survey
[J1. , 43(2): 186-193.
) ) , o, 2022.
[J]. ,
29(9): 1264-1276.
R , 2019.
[J1. , 41(11): 979-993.
, , 2021. [M].
: : 546.
, 2015. fiE
[D]. : 1 24-25.
, , 1998. DNA
[J1]. , 18(3): 25-31, 6.
, , 2015. [M].
: 811.
) ) , , 2013. HOX
(] , 26(2):
19-25.
) ; , ., 2020. fiifi
[31. ,44(11): 1792-1803.
) , , 2021. Survey
[J]. , 40(S2):
2505-2512.
) ) , ., 2020.
[J]. , 39(5): 702-709.
> > , , 2016. M].
: : 523-524.
) , 2022. survey

[1]. , 29(7): 994-1001.

s , , , 2018.
[J1. , 40(11): 944-963.
s , , ,2004. 8
16S rRNA [1.
, 14(5): 514-521.
i, 2013. JUEEE Y
1 727-730.

BARCHI L, LANTERI S, PORTIS E, et al, 2011. Identification
of SNP and SSR markers in eggplant using RAD tag
sequencing [J]. BMC Genomics, 12: 304.

BOORE J L, 1999. Animal mitochondrial genomes [J]. Nucleic
Acids Research, 27(8): 1767-1780.

BROUGHTON R E, MILAM J E, ROE B A, 2001. The complete
sequence of the zebrafish (Danio rerio) mitochondrial

M]. 3 . &K

genome and evolutionary patterns in vertebrate mitochondrial
DNA [J]. Genome Research, 11(11): 1958-1967.

BUSSING W A, 2010. A new fish, Peristedion nesium
(Scorpaeniformes: Peristediidae) from Isla del Coco, Costa
Rica [J]. Revista de Biologia Tropical, 58(4): 1149-1156.

CHAN E K F, TIMMERMANN A, BALDI B F, et al, 2019.
Human origins in a southern African palaco-wetland and
first migrations [J]. Nature, 575(7781): 185-189.

CONSUEGRA S, JOHN E, VERSPOOR E, et al, 2015. Patterns
of natural selection acting on the mitochondrial genome of a
locally adapted fish species [J]. Genetics Selection Evolution,
47(1): 58.

CUTARELLI A, GALIERO G, CAPUANO F, et al, 2018. Species
identification by means of mitochondrial cytochrome » DNA
sequencing in processed anchovy, sardine and tuna products
[J]. Food and Nutrition Sciences, 9(4): 369-375.

DIERCKXSENS N, MARDULYN P, SMITS G, 2017. NOVOPlasty:
de novo assembly of organelle genomes from whole genome
data [J]. Nucleic Acids Research, 45(4): el8.

HARDT W D, SCHLEGL J, ERDMANN V A, ef al, 1993. Role
of the D arm and the anticodon arm in tRNA recognition by
eubacterial and eukaryotic RNase P enzymes [J].
Biochemistry, 32(48): 13046-13053.

HECHT A, GLASGOW J, JASCHKE P R, et al, 2017.
Measurements of translation initiation from all 64 codons in
E. coli [J]. Nucleic Acids Research, 45(7): 3615-3626.

IWASAKI W, FUKUNAGA T, ISAGOZAWA R, et al, 2013.
MitoFish and mitoAnnotator: a mitochondrial genome
database of fish with an accurate and automatic annotation
pipeline [J]. Molecular Biology and Evolution, 30(11):
2531-2540.

JJA C H, YANG T Y, YANAGIMOTO T, et al, 2021.
Comprehensive draft genome analyses of three rockfishes
(Scorpaeniformes, Sebastiscus) via genome survey sequencing
[J]. Current Issues in Molecular Biology, 43(3): 2048-2058.

KAJITANI R, TOSHIMOTO K, NOGUCHI H, et al, 2014.
Efficient de novo assembly of highly heterozygous genomes
from whole-genome shotgun short reads [J]. Genome
Research, 24(8): 1384-1395.

KAWAI T, 2008. Phylogenetic systematics of the family
Peristediidae (Teleostei: Actinopterygii) [J]. Species Diversity,



5 : fifh (Satyrichthys rieffeli)

survey 1527

13(1): 1-34.

KIM E B, FANG X D, FUSHAN A A, et al, 2011. Genome
sequencing reveals insights into physiology and longevity of
the naked mole rat [J]. Nature, 479(7372): 223-227.

KO AMS,ZHANG Y Q, YANG M A, et al, 2018. Mitochondrial
genome of a 22,000-year-old giant panda from southern
China reveals a new panda lineage [J]. Current Biology,
28(12): R693-R694.

KUMAR S, STECHER G, LI M, et al, 2018. MEGA X:
Molecular evolutionary genetics analysis across computing
platforms [J]. Molecular Biology and Evolution, 35(6):
1547-1549.

LI Q, WANG Q F, JIN X, et al, 2019a. Characterization and
comparison of the mitochondrial genomes from two
Lyophyllum fungal species and insights into phylogeny of
Agaricomycetes [J]. International Journal of Biological
Macromolecules, 121: 364-372.

LIZY, TIAN C X, HUANGYY, et al, 2019b. A first insight into a
draft genome of silver sillago (Sillago sihama) via genome
survey sequencing [J]. Animals (Basel), 9(10): 756.

LIUBH, SHIY J, YUANJY, ef al, 2013. Estimation of genomic
characteristics by analyzing k-mer frequency in de novo
genome projects [J]. arXiv: 1308.2012.

LIU Y, CUI Z X, 2009. The complete mitochondrial genome
sequence of the cutlassfish  Trichiurus  japonicus
(Perciformes: Trichiuridae): Genome characterization and
phylogenetic considerations [J]. Marine Genomics, 2(2):
133-142.

LUO R B, LIU B H, XIE Y L, et al, 2012. SOAPdenovo2: an
empirically improved memory-efficient short-read de novo
assembler [J]. GigaScience, 1(1): 18.

MANIATIS T, FRITSCH E F, SAMBROOK J, 1982. Molecular
Cloning [M]. Cold Spring Harbor, USA: Cold Spring Harbor
Laboratory.

MCLEAN M J, WOLFE K H, DEVINE K M, 1998. Base
composition skews, replication orientation, and gene
orientation in 12 prokaryote genomes [J]. Journal of
Molecular Evolution, 47(6): 691-696.

MIYA M, NISHIDA M, 2015. The mitogenomic contributions to
molecular phylogenetics and evolution of fishes: a 15-year
retrospect [J]. Ichthyological Research, 62(1): 29-71.

OJALA D, MONTOYA J, ATTARDI G, 1981. tRNA punctuation
model of RNA processing in human mitochondria [J].
Nature, 290(5806): 470-474.

ONO M, KAWAI T, 2014. Review of Armored searobins of the
genus Peristedion (Teleostei: Peristediidae) in Japanese
waters [J]. Species Diversity, 19(2): 117-131.

RONQUIST F, HUELSENBECK J P, 2003. MrBayes 3: Bayesian
phylogenetic  inference under mixed models [J].
Bioinformatics, 19(12): 1572-1574.

ROWE H C, RENAUT S, GUGGISBERG A, 2011. RAD in the
realm of next-generation sequencing technologies [J].
Molecular Ecology, 20(17): 3499-3502.

RUAN H T, LI M, L1 Z H, et al, 2020. Comparative analysis of
complete mitochondrial genomes of three gerres fishes
(Perciformes: Gerreidae) and primary exploration of their
evolution history [J]. International Journal of Molecular
Sciences, 21(5): 1874.

SATOH T P, MIYA M, MABUCHI K, et al, 2016. Structure and
variation of the mitochondrial genome of fishes [J]. BMC
Genomics, 17(1): 719.

SHI L L, YI SK, LI Y H, 2018. Genome survey sequencing of
red swamp crayfish Procambarus clarkii [J]. Molecular
Biology Reports, 45(5): 799-806.

TOUCHON M, ROCHA E P C, 2008. From GC skews to
wavelets: a gentle guide to the analysis of compositional
asymmetries in genomic data [J]. Biochimie, 90(4): 648-659.

WEI S J, SHI M, CHEN X X, et al, 2010. New views on strand
asymmetry in insect mitochondrial genomes [J]. PLoS One,
5(9): e12708.

XU P, XU S Z, WU X H, et al, 2014. Population genomic
analyses from low-coverage RAD-Seq data: a case study on
the non-model cucurbit bottle gourd [J]. The Plant Journal,
77(3): 430-442.

XU S Y, ZHANG H, GAO T X, 2020. Comprehensive whole
genome survey analyses of male and female brown-spotted
flathead fish Platycephalus sp.1 [J]. Genomics, 112(6):
4742-4748.

XU S'Y, ZHAO L L, XIAO S J, et al, 2019. Whole genome
resequencing data for three rockfish species of Sebastes [J].
Scientific Data, 6(1): 97.YU P, ZHOU L, ZHOU X Y, et al,
2019. Unusual AT-skew of Sinorhodeus
mitogenome provides new insights into mitogenome features

microlepis

and phylogenetic implications of bitterling fishes [J].
International Journal of Biological Macromolecules, 129:
339-350.

ZENG L, WEN J, FAN S G, et al, 2018. Species identification of
fish maw (Porcupinefish) products sold on the market using
DNA sequencing of 16S rRNA and COI genes [J]. Food
Control, 86: 159-162.

ZHAO X, LIU Y X, DU X Q, et al, 2022. Whole-Genome survey
analyses provide a new perspective for the evolutionary
biology of shimofuri goby, Tridentiger bifasciatus [J].
Animals (Basel), 12(15): 1914.



1528 54

THE GENOME SURVEY ANALYSIS AND MITOCHONDRIAL GENOME
ANNOTATION OF SATYRICHTHYS RIEFFELI

LIAO Xian-Hui', WANG Yi-Ting', QU Yin-Quan', LIU Qi’, GAO Tian-Xiang'
(1. Fishery College, Zhejiang Ocean University, Zhoushan 316022, China; 2. Wuhan Wanmo Technology Company Limited, Wuhan
430076, China)

Abstract In order to understand the genome characteristics and mitochondrial genome structure of Satyrichthys rieffeli,
the second-generation high-throughput sequencing technology was used to conduct genome survey analysis of S. rieffeli, to
provide basic information for studying its molecular content on the Illumina nova sequencing platform. Results show that
the size of the assembled genome was 813 Mb, the heterozygosity was 0.92%, the proportion of repetitive sequences was
45.97%, and the N50 of Contigs was 712 bp. The mitochondrial genome of S. rieffeli is 16 527 bp long, with 38 genes
(22 tRNAs, 128 rRNAs, 16S rRNAs, NDI~ND6, COXI~COXIII, Cyt b, ATP8, ATP6, ND4L, and one D-loop region). No
rearrangement occurred among genes, and the GC content was 45.70%. Incomplete codons T-- and TA- appeared in
protein coding genes. In tRNA, only tRNA Ser (GCT) lacked the simple loop of dihydrouridine arm (DHU arm), and the
others had normal secondary structures. In addition, combined with the mitochondrial genomes of 18 Scorpaeniformes in
NCBI, the molecular phylogenetic relationship of Scorpaeniformes was constructed using the maximum likelihood method
and Bayesian method. Moreover, S. rieffeli and Scalicus amiscus form a clade as sisters as they belong to the same family
Peristediidae, which is consistent with the previously reported morphological classification of S. rieffeli. The study laid the
foundation for in-depth study on the phylogenic relationship of Peristediidae.
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