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Abstract

In this study, we analyzed the food components in the release product that sampled Sinonovacula

constricta from the foreshore littoral at Byeongnyang-myeon, Suncheon Bay. We used microscopy and next-
generation sequencing (NGS) to evaluate the applicability of morphological and molecular methods to analyze
release products. The higher species diversity observed in the NGS method is due to the different levels
of species identification, as microscopy displays morphological and anatomical levels of plankton species
identification in S. constrita. Moreover, NGS can identify the level of species in the organic matter by using

the 18s_V9 primer.
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A A O A AYAERL (producer), A~H] A} (consumer)2} &

32 (decomposer) 7}t 2+ GYHA A f71H oz A= ol
Ho|AkES FAEtL, WA 28 Ho|%(food-web)S F
A3t} (McCann, 2000). o]ujsj79] 2252 Ho|go
°j°mf741l'v“—“} ofUet BEdL3l] Je ujHch YubE o
2 ol AESHIES FQ Ho|dog =2 A4
s Eolb}(aoem 1982), 22 EE2ZFE7} g
ofet Z&

2 BEar 293 Ho|YoZ ARRELE Ao
2 9H3 R th(Davenport et al., 2000; Lehane and Davenport,
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2006; Davenport et al., 2011). wekA] ojujuflF2] 8 H
oj¢9] At F B4 thA AAH Y Holg = H
A3 Ul ) 2asth B AEEYIE Ay U
2L HuAS s AEH0l Fesy U sjHsty Ex
o 7198 53 S oohsIF Clo| ) B9 HAE 2
hES Fof EaiEol, AEA Y FH-sieHs TS
3 Hol e Tofst= b o=l Ut (Alfaro, 2006)-
An|7FS o83 FHSH T4 AE FES7] Sl 2
< BARE 9 HEE 240 EAETE o] =9y
I Qlth(Deagle er al., 2005). EAHYESHE W2 %184y
£ Yo ¥ FAo| 7153t 18S tDNA {34412 vo g
(Amaral-Zettler et al., 2009; Albaina et al., 2016)} SU| =
FFAsH BAE gotste o F-8sittal 4dERl vEE
‘:ﬂo} 42 W9 cytochrome ¢ oxidase subunit I (COI)

ox, F‘]I. I'U'lﬂ

OBTII-
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7} 98] AFRE 2 QJth(Carroll et al., 2019). 7FZ7)
(Sinonovacula constricta)~= Z7tt] AHANA AAlsH, &
7 ojgat FAlo] GHsHA o]FojA| = ofHjglFolt. A
2 7}A7} e WEAYOR (Feng ef al., 2010; Niu ef al.,
2013; Lukwambe et al., 2018) A% (Niu et al., 2015)3} gt
= (Niu et al., 2013), 9= (Maoxiao et al., 2019) TH A
7b BaEo] glotk ARt Holg} Al gt sed o
T I 584 Hlsl dHFes Fon, Ffolx 1

= 8L gtk B d39 E&-L NGS (Next Generation
Sequencing) 7S &83to] 7}E|9=I (S. constricta)?]
EAEE wolel BA0] olgsto] 44 Holue BAsh,
Fefstal 2ao) Arjel vl 245 wokeh
Mz o Y
1. ME AR AT L Ho|HME Helsty 5H

E AFLof| A ARESE 7F=IBERIN (S. constricta)Z 2021 7
9 B (Fig. Dol AW AR (0 =152 A5t A
™ 78RN (S. constrictay= B2 B2 (32 7P
WHI"O] AlAsHL, 74 (), 24P (mm), ZA L (mm)E ST
T B7H 32 SROIA 2447 Sz AAlste] Hold

A8 EAFES gHE 5 AEEEEE T F
AL 93t A B EALES YBE zFzt 29 (Formalin,
YAKURI, Japan)¥ £ (L6146-1L, SIGMA, Germany) &
H(10%)= o183l dA 9 14 & 333Hn| 7 (Axioskop
40, Carl Zeiss Inc., Gottingen, Germany)2.2 733}t
Agsaze) gejsy B4 Rpolt AEIUnES
A2 Foged (1978), Cassie (1989), Round et al. (1990)
o 7|Wksto] & = F EVHA TS Al Y7 =
Hol WHE= ¢ T4 E771E st FAsH 4]
EEYIEY AE+= duplicatesE FAs5FFom, A
7}= Sedgewick-Rafter (S-R) chamber2 x200 ¥ x 400
g olshel 59 Mg Akstel +AH It FEEYA
E9] Feetd 2= Koste (1978), Smirnov and Timms
(1983), Einsle (1993) 7]4ko & 2 227}%] Eﬂs}a-b_
o) RajElo] Ferl BpHe FEEYIES) 2K 5
o peh 58 olgalol B EL ol 4202 545
Aot FEEHIELY AFA H7= Sedgwick-Rafter (S-R)
chamber2 x 1008}& ©]3te] £ A-S ALKt 8= 9)
Tq— = Eo]?ﬁ] E/HO] /\/gﬂ Ag _0_. U]EX—1 Ag% }_7_(_] oz

TESFATH NGS 45 913 Al Be 45T JHES
3}514] air compressor vacuum pump (FAS 20W, FALCON,
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Fig. 1. Map of the study site at Byeongnyang-myeon, Suncheon
Bay.

China)E AM&3le] 0.7 ym TR0 98 mL& o3}3}a,
60°C Egto] LEA 10& Axst Aj7tdz A 35
B 3 (-20°C) NGS &4 A3t

2.NGS 24

NGS #42 &2 dfoA AHE AE 5 I A
73 AN} v R 5 e SNAIE(SLHER7EE 2714l &
FEHE7HS 370A) AEsto] ()t EA A X3
ok Hold E48 EAES ZESIY DNA Extraction
Aqsha, AABEY DNA G149 S FEH7 9
Primer 18S_V9& AA3}5TH(Table 1). £41 913 A
€5 NGS ZEL IlluminaAte] Miseq (Illumina, San
Diego, CA, USA)S ARE3HATH MiSeqs B3l 429 Al
& Hlo]¥ (fastq)= F 8= skl 27 FASTH (Fast
Length Adjustment of SHort reads) H& 1.2.11% ©]-£3}
o Paired-End H|°|HE sto] AE= HISHHATH(Mac-
go¢ and Salzberg, 2011). H¥&H dlo]gl&= CD-HIT-EST

=?L- o
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Table 1. Universal primer information applied to the study.

Target
organisms Name Primer sequences References
(region)
E?’X:fd 5'TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCCTGCCHTTTGTACACAC3’
1
18S_V9 Joetal., 2019
R , ’
pr¢ 5'GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCCTTCYGCAGGTTCACCTACS

7|18k OTU (Operational Taxonomic Unit) 4 T2
el CD-HIT-OTU (Li ef al., 2012)2 0|3} A1 A4 o
Y2 7HEEE e £49 A4 (error-correction)} 235
3t (Ambiguous) A8 1XF 22 A A3}, rDnaTools
(Schloss et al., 2009)E AF&3to] 7|92} (Chimera) A
g A 9 AAsI= F HA AFE AX F v
2 97% ol FAMIE e e OTUR 232HTY
(clustering)< 3tk ZF OTUL] A€ NCBIY %= DB
9} )3}t BLASTn (Zhang et al., 2000)E 4~3§3}o], Z+
Agutet §AHEO] (97% identityold) 7Hd =& ER< A
B2 54 (taxonomic assignment) 25 o| &3} Act.
Uncultured ¥ bacteria -5, OTUZ} @FEA] %2 read
9} <0.1% A& Hl&S YelE OTUE 4HA5H3 T

2
1. 20|FS 0|88t 712/ =7 Hol& 24

2 AFollA ZHIRZRIN (S. constricta)®] Hold RS
2157] sl 1570 7WAS EARES B8 m] 7 (Axioskop
40, Carl Zeiss Inc., Goéttingen, Germany)2.2 #7335t}
AA WA Q] FAE 24.4~43.2 g (Bt 34.3+6.7), ZPFS
68~87 mm (B4 78.3+5.6), Zt1E 23~30 mm (F
25.8+2.1)9 HYZ et (Table 2). EAFES] HolH
Au) "7 24 7R 238 f-FrE 23 9o 4=
EH3E, SEETIE, 47 MAY BEAR &, vsA
g 229 ghfo] WAE L o] F AEEFIAES X
5 (Bacillariophyta), =25 (Chlorophyta), g% (Cyano-
phyta)oll &3l= ¥ 8% 10%°] £3AsIGL, 5T
EL2 85 % (Rotifera)ol| £3= Notholca sp. 15, 8715
(Copepods) 2] {48 copepodite 15°] & 3}3ich F 574l
B35 YA E (protozoa), A2 (Cladocerans), 8215
(Copepodas)®] THo| F 77), nl54 FEEFZLEC] 174
9] Z}2Igk 2R (S. constricta)7RA| ol A = 1Tk (Table 3).

Table 2. Object information of the Sinonovacula constricta sample.

Sample Shell length Shell breadth Total weight
No. (mm) (mm) (2)
01 72 24 24.4
02 87 27 42.6
03 87 26 38.8
04 80 24 414
05 68 24 30.0
06 78 26 35.1
07 76 25 294
08 72 24 25.5
09 78 24 29.6
10 82 30 38.1
11 81 28 41.3
12 73 23 39.2
13 76 27 28.3
14 82 29 432
15 83 26 27.8
Average 78.3 25.8 343
S.D. 5.6 2.1 6.7

Shell length and breadth: mm, total weight: g

-
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|

2.NGS 7|42 o|8st 712|% =7} Ho|

rie
HI

NGS 245 &3 2olx d71A <4 (paired end)>
1,215,6087] 0], MEF H 243,1227012) G714 Qo]

oAt Unique OTUsE £ 2,717/ &l o]
NCBI GenBank®] H|o|E|E HIE 2 & BLASTn £4&

Alste], 27t AEES B3l F 16712 OTUsE lst)
(Table 4). EZ 2% OTUsel| tigt A7| -2 e 519
A AZol 273702 7H wekew, 19 714 AEe] 157)
2 71 AT} o] 5 FHolF (Aspergillus penicillioides)
o} oJuju|F (Atrina pectinate)= BE A|Ro|A TEES
o, FBO|F(A. penicillioides)~ 72.44% = Ho| €] o
BES At ook olwjgjFoll &3h= A. pectinate

(1.88%)= AA| MANNA, Ruditapes philippinarum (1.46%)

]

Lo o A2 o
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Table 4. List of identified particles based on NGS analysis in food source of Sinonovacula constricta.

Phylum Genus + Species 1 5 12 15 Total Identities Accession number
Ascomycota Aspergillus penicillioides 13 261 51 9 13 347 99 NG_063229.1
Ascomycota uncultured Aspergillus 3 1 4 100 KR131440.1
Arthropoda Oulenziella bakeri 99 KM277810.1
Basidiomycota Malassezia restricta 3 3 99 CP033152.1
Chlorophyta uncultured Chlorophyta 5 6 11 98 AY180027.1
Platyhelminthes Euryhelmis costaricensis 19 19 98 AB521800.1
Platyhelminthes Holostephanus sp. 61 61 99 MT668950.1
Mollusca Atrina pectinata 1 5 1 1 3 99 EF613241.1
Mollusca Ruditapes philippinarum 1 3 3 7 99 JN807342.1
Nematoda Dichromadora sp. 4 4 92 MN250081.1
- uncultured eukaryote 6 4 10 98 KU743755.1
- uncultured eukaryote 3 3 93 AY180006.1
Number of reads 15 273 67 103 21 473
Number of OUTs 3 5 6 7 4 12
A . B o

W Pinnularia sp. W Aspergillus penicillioides
B Navicula sp. B uncultured Aspergillus
[ Notholca sp [ Oulenziella bakeri
80 1 3 unidentified 80 4 [ Malassezia restricta
— [ copepodid o B uncultured Chlorophyta
[ A s B Euryhelmis costaricensis
@ [} [ Holostephanus sp.
g g [ Atrina pectinata
s 601 g 60 W Ruditapes philippinarum
g 'g @ Dichromadora sp.
g g —erioponsd
@ 40 g 40
5 s
& &
20 1 20
0 . . . 0
01 05 08 12 15 01 05 08 12 15

Fig. 2. Comparison of identified particles in food source of Sinonovacula constricta between microscopic and NGS analysis (N.D.: No Detec-

tion).

2 37] 7§A|L] 7182 AN (S. constricta)ol| A Ho|PoRE &
st F 3.34%E AASIAL, vFA ABEo] A A
AeA gRlE]o] 2.71%E AHA|5H4T 7185 &
3= Holostephanus sp.2} Euryhelmis costaricensis-< 12
B AR AR SAE Ao, AR Wl A 242 59.22%3%
18.45% 2.2 =2 H| &2 &1t

S==
= o

NGS 7|

mjo

0|8

o

9ol Zat Hlw
NGS £41-& A3t 7}2|gr=zs

-
R

==

A (S. constricta)®] Hol¥
17, &5+ 718%. o9 R®, AvlR, 527, 45,
27 1R JAPERE FAA=] slsleH, FHH 5
oA ERIE 5 AEFFIAES T o] YA go} zjolE

B Ath(Fig. 2 and Table 5).
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Table 5. Lists of identified particles in food source of Sinonovacula constricta between microscopic (ind. L™") and NGS analysis (number of

reads).
01 05 08 12 15 Total
Phylum Genus + Species

Micro NGS Micro NGS Micro NGS Micro NGS Micro NGS Micro NGS
Arthropoda Oulenziella bakeri 1 1
Arthropoda unidentified 1.00 1.00 2.00
Arthropoda copepodid 1.00 1.00
Ascomycota Aspergillus penicillioides 13 261 51 9 13 347
Ascomycota uncultured Aspergillus 3 1
Basidiomycota  Malassezia restricta 3 3
Chlorophyta uncultured Chlorophyta 5 6 11
Mollusca Atrina pectinata 1 5 1 1 9
Mollusca Ruditapes philippinarum 1 3 3 7
Nematoda Dichromadora sp. 4 4
Bacillariophyta  Pinnularia sp. 1.47 1.47
Bacillariophyta  Navicula sp. 1.33
Platyhelminthes  Euryhelmis costaricensis 19 19
Platyhelminthes Holostephanus sp. 61 61
Rotifera Notholca sp. 1.00
- uncultured eukaryote 6 4 10
- uncultured eukaryote 3 3
Number of species 4 3 2 5 0 6 0 7 0 4 3 12

7 @n7 4ol 7hsstlh =Y A9 tEE lE
o} EoE Az neoy, FEEYIE H 9 o 12t
% (Arthropoda)®] AH7|2} B4 8% 7 (Brachionus sp.)2}
AL onasp)21 T2 SIS, B ok
4 54 A ARE AAE o) reme
e s B9 9 2 d olekgo] o, a2t
20 (copepodite) T} FEBFLE L (ege) 5 A
£ £50] 7hsoha AesiE 4x ATl Zisel teks
NGS $43} Fefe B2 WAst] AN HE AT
19k olgl B4jo] 71 Aoltt

2 AFA Hold NGS &4 23} F3olF, 45, °l
w7 A AHRF A vebsTh 7 gt (.
constricta)y= =1} é} ZHIES FQ Ho|YoZ F
L A g o2 IdHFH Y (Guo et al., 2017), 2]
EETAE AETC] RAY oigi7Y oA 25 F
T 7 gle AVlole tE 3 S8 Holdew 7
43h= Aoz AdHA Qch(Peharda et al., 2012). 7Fo=R
N (S. constricta)= 54 30~50cm ©|Uj&] A o}1E0]
2] A AlSH= Zo]th(Koh et al., 1997; Suh et al., 2017).
B AT oA ol B FET] F
o sl BAHE 245 §71BAS M3, BE A A

-

=

298 ANy AEBFAED 250 AR 244 4
EZYIES WP Bt 58 20l AxeE A
,q/a AEEZHFEL 27 AASEHRG old} ZEH=E
sElo] Zajdjoll AAlshe BB Bojglo® A ol%
T(Kim, 2016). TebA] BIek $419] WS 242 ko
2 ofufuFe] HABEL 7Y AT BekE] (Wong
and Cheung, 2001; Alfaro, 2006) &%°] U &7} Ho| &
£ 9 23, F40) $0 QL T A2 Do,
offl dto] AMH £A ARl BEAFESA THE F
O] A9 M2 Igol|A sfztol Rz {718 o|ujuF
o Apole} ABE Zelo] BANRS A0 BEHET, 1}
ShA] SOl PAES SHIT A% B4 ARE A3UE A1
ZoF AR (Kim et al., 2018; Na et al., 20200 F-H}t
Hopst ol g Belol AP Aolth ek g 4B
o whek DNA @7149S ZE3H7] 9J3) chyet S04 ot
# (genetic marker)E ©]-83}o] A EZFIE (Yoon et al.,
2016), 3E=ZFIE (Clarke, 2017)S A OZ ZE351H £
5% Anje] Heksh 4k Aol

o gE BAu 2o Bolels W A BAS FoE
LT B dhel iAo H7120l Ho]
sjofat 4B GoF 917, Hol FFY F3ol sFssiet. B
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g ohet sol 9aEe] 3 BHsh Aol Hol 129 91
£ o5t 21 AEASIA B2 o]k Kharlamenko ef
al., 2001; Dubois et al., 2014). &F ZHIES YO 2 3}
£ ol A7oA BT Ao AAe B B B A
28 et Jeets A veplay, SULEN 5
o HA BAPES Hgste] BYRTHA urtk ety A
A0l Aesta BA so|d 2ARA] 7K Zoltt,

¥ 2

o

AT A= ZHBERIN(S. constricta)®] EANRES d0|
3} 2AH 7GR (NGS) 71902 ol 9L 3
, o1& B3l FEsHA 9 BAEH] Whiof wE ol
v w3FE Tt 7RIS ZIN (S. constricta)®] Hol YL
Hol what ZpolE H ot HoldBES 9] HollA &
A7 242 T ABAF e A E4o) 7}
U FEjeHA 9 sjetE E4 mofo] EhEtA
BAL {715 FHE FESHE A8 DNA 21
Aol 27 Arjole) ATRAH Mg TPy

o
K

e 1 A
32 of o

oo 2 Mz 2 o
o

NGS

MAPHE 3|94 (A st SFugatstat Hakaby), =
ARl (FAtdsta 3 - U A At A, A2E(F
Atdistn A apstat uhAbby), A (d et S a

ML || AAA4: 5197,
il gog, Yz 394

2@, A2EH; 3]
(RE, ARAE: B

OlaiEtA & =&lle olsieA S5 AA7} 8=

H| et ] Ao Sfste] ATHYL:
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