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throughput Sequencing of the Mixed Fish Eggs by Hae-young Choi'?, Byung-sun Chin’, Gyung-soo Park® and
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ABSTRACT The appearance of larvae of a rare species, Peristedion liorhynchus, in Korean waters
is suggestive of spawning or adult intrusion. We conducted high-throughput sequencing (HTS) on
31,776 pelagic fish eggs collected from 123 stations off the Korean Peninsula during May to August
in 2013, 2014 and 2017. A total of 21,621,874 HTS reads were mapped onto the P. liorhynchus COX1
reference sequence. Three consensus sequences (313 bp) were constructed from the three samples,
respectively, off Uljin and Goeje Islands in May and off Ulsan in July. These samples were formed a
clade with P. liorhynchus in the maximum likelihood tree of Peristedion. The average genetic distance
within the P. liorhynchus clade (0.0054 +0.0046) was less than that among clades (0.1475 £ 0.0396). The
results indicate that the HTS analysis of mixed fish eggs is useful for monitoring the intrusion of rare

species such as P. liorhynchus in Korean waters.
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Fig. 1. Sampling stations for pelagic fish eggs off the coasts of Korea.
This map and Fig. 4 were prepared with QGIS software v.3.14.16-Pi
(https://qgis.org).

Table 1. Information on sampling and high-throughput sequencing for the pelagic fish eggs

Survey areas Sampling date Sampling gears Number of Number of Number of Total
y plng plng & stations eggs mixed egg samples  sequence reads*
. 6 August 2013 10 3491 10 2,059,750
Off Uljin 23 July 2014 10 3,136 10 2275592
uy Mouth diameter, 60 cm, ’ T
Gwangyang 28 August 2013 Mesh size, 300 um 10 1,833 7 1,448 360
Bay 25 July 2014 10 4,026 10 1,416,520
Korean 2 May~19 June 2017 Mouth diameter, 80 cm, 57 9421 37 6,723,862
coastal waters 23 July~29 August 2017 ~ Mesh size, 300 pm 58 9,869 49 7,893,808
Total 155 31,776 123 21,817,892

*, COX1 reads sequenced by MiSeq (Illumina, USA)
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Table 2. Primers (a) and PCR conditions (b) for high-throughput sequencing of the mixed pelagic fish eggs

a

PCR Primer sequences (5'-3") Direction
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG Forward
GGWACWGGWTGAACWGTWTAYCCYCC?

1 PCR
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG Revers
TAIACYTCIGGRTGICCRAARAAYCA' everse
AATGATACGGCGACCACCGAGATCTACAC-index2-TCGTCGGCAGCGTC? Forward
2" pCR
CAAGCAGAAGACGGCATACGAGAT-index1-GTCTCGTGGGCTCGG! Reverse

¥, The underline indicates sequences from Leray et al.(2013) for amplifying COX1 gene.

Al sequences without underlines from Amplicon et al. (2013). Index1 names and sequences: N701, TCGCCTTA; N702, CTAGTACG; N703, TTCTGCCT; N704,
GCTCAGGA; N705, AGGAGTCC; N706, CATGCCTA; N7070, GTAGAGAG; N710, CAGCCTCG; N711, TGCCTCTT; N712, TCCTCTAC; N714, TCATGAGC;
N715, CCTGAGAT; N716, TAGCGAGT. Index2 names and sequences: S502, CTCTCTAT; S503, TATCCTCT; S505, GTAAGGAG; S506, ACTGCATA; S507,
AAGGAGTA; S508, CTAAGCCT; S510, CGTCTAAT; S511, TCTCTCCG (https://dnatech.genomecenter.ucdavis.edu/wp-content/uploads/2013/06/illumina-adapter-

sequences_1000000002694-00.pdf).

b
Temperature (°C) Time Number of cycles
Step
1 PCR 2" PCR 1 PCR 2" PCR 1 PCR 2" PCR
Initial denaturation 3 min 1
_— 95
Denaturation
30 sec

Annealing 46 55 40 8
Extension 1 min 30 sec

72
Final extension 5 min 1
Hold 4 00 o

Ab a9 e) 23t FE EA4 ) Sea-Bird SBE 9 E= Sea-Bird
SBE 19 plus V2 (Sea-Bird Electronics, USA)E ©]-83}%T}.
A =3 ofgho|A gDNAE FE317] A8f g2 A
A3} phosphate buffered saline22 23] A|&3}%ct. o]&
gDNA 2% 7}AL MagListo™ 5M genomic DNA Extraction
Kit (Bioneer, Korea)?] dx= wiith &3 oj&t9] COX1 ¥
%S MiSeq (Illumina, USA)2. 2 EAJ5}17] 9|3t glo|Bgg]&
AlZsET 2@ A PCRZ o] FolA| = gt B A2 ¢A=
Amplicon et al.(2013)& WHTH WA MiSeq ol HE S E3TH
COX1 49 ZZ zglo|HZ 12} PCRE AA|SITH(Table 2a).
MagListo™ 5M PCR Purification Kit (Bioneer, Korea)ZS o]&
3 12} PCR A& AR ¥ index @714 E (Table 2a)& 72
k= 22} PCRS AASFA T 1349} 23} PCR 272 Table 2b
9} Zt}. 12} PCR 4H29] AAIHT} 5YsHA A 23t 2%} PCR
AHE 9] ==& NanoDrop 1000 Spectrophotometer (Thermo
Scientific, USA)2 Z743}%Ith 2%} PCR AHE-S 5Y3% =2

33t 3 MiSeq (2 X 300 bp; lllumina, USA)|A] E-A15+ A}
Z 21,817,8927] BE (reads)E SRS} TH(Table 1). o] & %
W ezl 9= AAT B+t 4ol, 313bp)E B
3t & AT (Peristedion liorhynchus)®] COX1 22 F7)
A4 (reference sequence) (NCBI/GenBank accession number,
IN312126)°] Geneious 11.1.5 (http://www.geneious.com)S
0|85t w3 (mapping)3tct. Z/JE YX A E (consensus
sequence)S £O02 AA37] Yall AN (Persistedion) T}
AT (Sebastes koreanus NC023265; Jang et al., 2014)2] &
71-9& NCBI/GenBank (Clark et al., 2016)914 $&3}4]
o olge) AR AA STk ek PR o) s
3 BE 7] ¥E CLUSTAL W (Thompson et al., 1994)2
AEst &, 27 U 43 A 212 maximum-likelihood tree
(GTR+G+1 22)E MEGA-XZ £43}%th(Nei and Kumer,
2000; Kumar et al., 2018).

ST 9] AE] B X A K= FishBase (Kaschner et al.,
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Fig. 2. A snapshot on the reference mapping results from analyzing high-throughput sequencing reads from the mixed fish eggs using Geneious
11.1.5 (http://www.geneious.com).

Table 3. Information of sampling stations and reference mapping of reads from the mixed pelagic fish eggs

Survey areas Sampling Locations Temperature ~ Salinity ~ Number of HST reads Consensus coverage  Sequence
y date °C) (psu) eggs (merged reads) reads (merged reads) length
. 36°56'49"N  S(1m), 10.6 347
Off Uljin 11 May 2013 56 73,524 (17,149) 1,319 (248) 313
129°26'06"E B (39m), 6.6 342
35°26'35"N  S(1m), 172 32.7
Off Ulsan 26 July 2014 155 158,076 (72,620) 44(19) 313
129°24'31"E. B(32m), 9.9 343
. 34°45'45"N  S(1m), 15.6 34.1 151 150,514 (70,211) 364 (162) 313
Off Goeje Is. 26 May 2017
128°40'40"E  B(19m), 14.9 34.1 140 134,270 (62,747) ND ND

S, surface; B, bottom; ND, Peristedion liorhynchus not detected from the reference mapping

2019; Froese and Pauly, 2020)°|4 &3 ct. ol¢t FA|9 &
o o] A7)0 Jang et al., 202009 £ %2 F|5HF 2]
o] (Okiyama, 2014)9] 28 JRE 535} c}.

2 o

= gk 12370 Bl AR &7 ofek A2 COXI
F9E dEF F71HE £4 (high-throughput sequencing,
HTS)3}o] & 21,817,8927l B E (reads)E &R o|& o
F =8 YUY (Peristedion liorhynchus) COX1 &=
H714 B (IN312126)°] w3 (mapping)dt 23} 713} AA|
(59), &4H(7¥) Aete] 370 AFAMTE LA A E (consensus
sequence)©] ZH €| itk (Table 3). XA Do ZAH 37 A

ol F £2L 10.6~172°C, AFL 6.6~149°C, §E LS ¥
0] 32.7~34.7 psu, AZ0] 34.1~34.2 psuZTH(Table 3).

COX1 ZFZE7|A <€ (IN312126)°] WP FY=4= 44~
131970, mj o]l AR5t - g=dl 73,524~158,07670 %
o} o|u] HTS &4 of) ARg-3H of3he] 4= 56~151 7 STk (Fig. 2;
Table 3). ST COX1 F2E7|A g gt mjgoz A
AE LA EL Zol7} 326 bpolaL, I FU3HTHGenBank
Accession Number: MW881369~MW881371).

ojgte] XA EL AL 759 COX1 maximum-likeli-
hood treeo| A EHAI AFoll &3kt (Fig. 3). = o
Bt 4o AZE W B 543 A= 0.0057+0.0032
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Fig. 3. Phylogenetic relationships of COX1 gene sequences among the seven Peristedion species and one outgroup as exhibited in the maximum

likelihood tree.
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Fig. 4. Distributions of Peristedion liorhynchus eggs, larvae and adults
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mond, larva (Jang et al., 2020); open diamond, larva (Peristedion sp.;
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Froese and Pauly, 2020).
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