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Abstract  Gut contents analysis is essential to predict the impact of organisms on food source changes due
to variations of the habitat environment. Previous studies of gut content analysis have been conducted using
traditional methods, such as visual observation. However, these studies are limited in analyzing food sources
because of the digestive process in gut organ. DNA metabarcoding analysis is a useful method to analyze food
sources by supplementing these limitations. We sampled marine fish of Pennahia argentata, Larimichthys
polyactis, Crangon affinis, Loligo beka and Sepia officinalis from Gwangyang Bay and Yeosu fisheries market
for analyzing gut contents by applying DNA metabarcoding analysis. 18S rRNA v9 primer was used for
analyzing food source by DNA metabarcoding. Network and two-way clustering analyses characterized the
relationship between organisms and food sources. As a result of comparing metabarcoding of gut contents for P.
argentata between sampled from Gwangyang Bay and the fisheries market, fish and Copepoda were analyzed
as common food sources. In addition, Decapoda and Copepoda were analyzed as common food sources for
L. polyactis and C. affinis, respectively. Copepoda was analyzed as the primary food source for L. beka and
S. officinalis. These study results demonstrated that gut contents analysis using DNA metabarcoding reflects
diverse and detailed information of biological food sources in the aquatic environment. In addition, it will be
possible to provide biological information in the gut to identify key food sources by applying it to the research
on the food web in the ecosystem.
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DNA HEIHIEEE &

Aesta o2 thefet AF7F o] Foj AL YA, ofF |
ol A+ RN A& HYY o Hat FY &
A T2 AT FA]o] 18 B4k er al., 2020). T
9] o|F dHlolEHlo]A F= AT (Kim er al., 2011b; Jung
etal., 2014)9| A= o] 7 &] Ho|d FHE= A Aot &
o] AA A&stAY gle A= Bon =9 ofF HolH
Hlo]A FishBase’ (http://www.fishbase.in)ol| = FE] Z AJ
B FEof Hlg} Hold FEE HE& (%)= FA A5t
o] YsRoltt. uebs SPWEAL wolgat B
AT AL olF S 4 20U Hold ¢
AE7} G asict

2yt &= 47) 455 2233} 72445 1,291 (Natio-
nal Institute of Biological Resources (NIBR) 2019)0] ¥ 11
5o] 4it}. o F W ofRE 715FE THto] 21650
dA oH 3 o7 1,075% (Lee et al., 2018)0] &
HA Atk sER|TE HolYo] By o]FE= 19699 EU=
(Acanthogobius hasta)F€ @ARA7IA] F 120H0| HI1E
UL, Q] AFoA = o7 HolY A& 19384 2
AFo] o] 9] oF 2009 Fo] H i1 (Kim, 2017)% o] o] A
A ojFel vl Hold FEIF BHuH F4e ofF BA
ok St TA Y A AT e diEE duEE o83t ¢
WE&E2 FEA QL 242 T3l o]FAF7] wizol ¢ W
S0 gt FHA el 23PN 24dE]E 5
719 A2 =0 wheh HolY spotof A|jtlo] Wk
thJi e al., 2020). o8 AEEFIAEY FEEILIE
22 oA Holgde §etoR Ago] 5, F T4
oA A& A AE 7HAA QA o 25 S T
Utk o] o] & WE=ol et Bo] 4 aaxE AH
Aoz ofste o ool 7] Wil 2 E4H4 7]
So o] &3 Yol Tofof| et bt A7 M3E
1tk (Na et al., 2020; Heo et al., 2021).

DNA " E}e} = (DNA-metabarcoding)2 Ho]¥ A
o M2 HIHLZA et ARES 22 A
=53 itk E= 44 1,000 mof| A A43F= Myctophids
£ 875 (Copepoda)®t 22 7|7} &2 Hold& 4
sto] Wea ol sheto] 417 gFof DNA wek}
9 olgstel WolAg $HT AT YR S}
Thysanoessa macrura®} Euphausia superba7} 714 &
o] HAlgt HolYgoZ g3 Hh(Clarke et al., 2020). =
U AFANA = A2 A (Todarodes pacificus)et A%-o]
(Muraenesox cinereus), X 7}Aa| (Pleuronectes yokoha-
mae)®] §| W-8ES DNA HIEHIE Y& o]-&35to] 724
SHTH(Kim, 2017). A 28 AzoA = 240 F
8 Ho|Yo| o]F (Pisces), 142+ (Crustacea), AA &

r
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o
ol

o M2 9 8B 24 369

I

(Mollusca)2 &2 Ql=H|, DNA #lejuzy &4 23}
deAold] 9] WEEo| BA, FA, AFAF, T7HIA
F 522 yeht £3A =S FAFEATH(Kim, 2017). E
gh Agto] AAste ARolo M= AXBES, YsfiolA
A Aols olRE FE HAste Ae st A4
Aol wE ol o] A= gl 4= Tk (Kim, 2017).
9o A E F&s 2 DNA HetutEE S ohA 2| 2%
o]F9 9] WEE Sk gelof tigt ol H S HojA A
g Hold ARE AlFsta At

2 Aolde 2 FE5EL Q= DNA e Eg S
o|-§3to] o] F AHesta theFet HoldE EAstA
sttt ol & {3l FFwol| X BFX] (Pennahia argentata)
o} F=7) (Larimichthys polyactis), A5M$- (Crangon
affinis), 57| (Loliginidae beka)S AR5l ¢ W&E
o] T3 DNA HepH 29 S $=3)51%ich DNA HEtatE S
oA B wlolY ARE olgeol HY B FUT F4
2o WAAHE BAsh A4AE HHL 915 Levin
niche breadth 0| 83 7} o}F.2] wo|¢l Thb L HATHA
A, HEHZ Z4E o835t o7} Hold AABAE
H| kT ob2e & AT Ao} o E Yol A<}
o] Bl HFZ flste] F& A (Trophic level) £4&

F3tAct.
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1. ¢l LIS ME &5 % DNA HEHHIZE

J

A HWEE B4 Ha 20209 59 FFTAA o=
E 15%0.5m, & 10mm)S o]8dte] SAPES
st UG oA BES F27)9 BAEX], AFAY
. BF7] 42 AA A §15 AE3Ho] 15mL conical
tubeo]] 80% ethanol2 B I3ttt YAsE Y& £} v
242 99 ol o AFeIN FU BE FL 7K 9
HEES AEseh A5 oAIRolM U BE T2
Fz7|9 B2, AFA = LT oFS FAsAe Y
EF71 22 FERQ AeAoE sk & A&

shadth I 0B FY 2Ystel AT ofale] A4

DNA 32 A ¢ 24 UgEe] et 28g PAe)
9138ll, 1X PBS (Phosphate-buffered saline)E ©|&3o] ¢
£ AMFHsAT 9 W-8E2 DNeasy Blood and Tissue
Kit (Qiagen, Hilden, Germany)E ©]&3}o #3 Z=2
EZo w2t genomic DNA &3}l Microplate reader
(Thermo Fisher, USA)E& ©]&3}4] DNA AHFS AYP3}
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Atk olF 9 WE&=s A Y3 JIHYE oot
< 98 AH83t= 18S rRNA V9 (1380F-1510R) Z&to|
(Forward: 5'-CCCTGCCHTTTGTACACAC-3'9} Reverse:
5'-CCTTCYGCAGGTTCACCTAC-3")E ©|&3}o] PCR &
A8 A YA T (Amaral-Zettler et al., 2009). 18S rRNA
Vo Zeto|m = AP ES ST = = "7 Hohe
ZA o] Ttk (Heo et al., 2021).

PCR A3J-2 AccuPower PCR PreMix (Bioneer, Korea)S
o] 8§38 2H, PCR 272 94°C 387 27] A3 F 94°C
oA 302 WA, 57°ColA 18, 72°CollA] 148 3023t §A
}8E 303 g & 72°ColA 102 2Pttt PCR
AHEL 1.5% Agarose gel A7 95& o]&35to] A|ZH3t2
2}Hol3} 21, Qubit (Invitrogen, USA)S ©]-83}l% DNA
FEE kAt gelB g A &2 Nextera XT DNA
Library Preparation Kit (Illumina, USA)E ©|&3}4] 24}
PCRE =334 tt. NGS (Next Generation Sequencing) &
A0 22X iSeq100 (lllumuna, USA)S F3 A|EAS A3
SHETh Al EAE HlolEl= Qiime2 o] Z 2kl (Bolyen er
al., 2019)& ©]-83} ASV (Amplicon sequence variant) A
Estglen, g AL glo]E Hlo]AE NCBI nt H| o] B H|
o] 2 (https://ftp.ncbi.nlm.nih.gov)E ©]83}4 97% A=
2 B4 PCR 004 ¢ &= A Z4] ofF
9] DNAE FE£E7| fjZof, X4 o]Fe} T2 £ ASV
H% g2 A & £Askih

HE JRE ol g5tel Bolle] AriulE HA 9 Thoby
B4, T 24, YEYa BY, ASE 24 B4
Sastele. Holg AHE BA4S AW 2 7w 2}

74,
RAE 9 YEE DNAASV HlE HHE Fgsigon,
ol ot 4L HAE X4 (Dietary breadth index,
BOHE A4ttt HAAE A= A 22 AHA Y] =
(Levin’s standardized niche breadth) (Levins, 1968)2 ©|-&

stol Fotgiom, the ol g Fo ANT 4 ek

B-1

Ba=
n—1

o}7]A By Wl EFE AR Y Zo|u] HEjz|¢] Z

# 5 274 (Levin’s measure of niche breadth, Bs=1/3p?)

£ o] gato] it oju, P Hold j& AT FEo

o p2 A4 ol T4 = T7Y & UEhdnh A4t

A ghol 19 77k B9 ot HoldE g2 e

TLxk=1 +( ZPjX TLj)
i=1

TLE Wol4E BRZ ;o 4% WAoIn, Pauly and
Christensen (1995), Sanger (1987), Hobson and Welch (1992),
Hobson et al. (1994), Hobson (1993)E Zr113le] B o] 49
FLA BHUE ARSI Pe HolE R 7t
At A 8= g UERdTh

MR A AR soluate] BAS S35 o
o AZA 3 4 (Dray and Legendre 2008)T} HE$
3 XS 433}t (Csardi and Nepusz, 2006; Bae and
Park, 2019). Al&3 &3 &4 Bray-Curtis # 2] (Beals,
1984)8 713+ ¥ Ward 9Z2% (Ward Jr, 1963)2 ©]-&5}4
Ho| Y FAMo whet HAR HES IESSH Ul
EQT £42 ol HEE A (node) 2.2, Ho|Hat
e BAE d2A(ink) o2 HEYIE A5
HEYIA A2 #7](widthy= 2+ FET 3T
ol 7t A4 HIE&E Yuidtth ASH <4 &A% vE
A3 BALE HolgS ERTOE Fo] &3}l 4
AgZ L5 Y EHI &4 AFH 44 242
R (ver. 4.1.2; https://www.r-project.org) L2 13-& 0]-8-3}
Fom YEL I B2 igraph (Csardi and Nepusz, 2006)
H7)AE ol &t en, A 3 £42 vegan 7] A
(Oksanen et al., 2019)E o|&3} ).

DNA WEtHFEE & o83t AF & FYT 559 9ol
Y& 6% (phylum), 87 (class), 145 (order), 233} (family),
244 (genus), 25% (species)©] A E ek Fgtol A A
gt BFX (PSP Hol¥L ©ZHF (Amphipoda)7t
62.5%, ©15% (Fish)7} 28.3%, 412+ (Decapoda)7} 6.4%,
23 O] | $-5F (Cumacea)”} 1.5%, 8725 (Copepoda) 1.3%
AAshs Aoz Uehgth(Fig. 1). sHAIRE of Aol A
At B2 (PYM)] Hol¥E o7 (Fish)7} 82.3%, &
+5+ (Copepoda)= 16.6%, LA 01 5F Mysida)= 1.1% A
lShe e Yeit o] £ % o7 FF Hold

N1

>
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Fig. 1. The relative abundance of food source taxon in the 8 marine species. The abbreviations can be seen in Table 1.
Table 1. Information of the survey area location with survey sample.
Code Latitude Longitude Specific name Total length (cm)
PSP1 Pennahia argentata 13.52
N 34°54'42" E 127°48'18" . .
LSP1 Larimichthys polyactis 13.8
Gwangyang bay
CSpP2 N 34°51'33" E 127°47'28" Crangon affinis 6.04
LSP3 N 34°47"2" E 127°46"7" Loliginidae beka 12.28
PYM Pennahia argentata 13.52
LYM Larimichthys polyactis 18.42
Market N 34°73'4" E 127°43'43" .
CYM Crangon affinis 7.84
SYM Loliginidae beka 27.7
£ 27RE Ueidth FUwIH AT F27IASPH  TAT olFolA FARIAT Fig. ). o8 Fo] BFAY
o] Hol9e BAET} 99.9%, 5 Rotifera)7t 0.1%% A%, H&E Fol7h AAA T o Re} NSRRI} F 7

ZALE AT, oA A YT AR (LYM)= oF
7F 51.2%, 277t 48.8%= UEht S A7 +4
gk o] 79| Holge Ao|7t YUATh FFTol A HFg A
FA-(CSP2)= 8717 (92.6%)7F = Ho|UOE XALE
Aoyt AR A FRAgE AFA>-(CYM)E ¢ HEE
NA 77 (100%)5 HEE ] AP AFA-2 14
g A=A -] Holdo] AL UR|shgiTt. FFTol A A
A%t BF7](LSP3)9] Hol¥L 87F7(91.4%)2 47 A
757 (8.6%)7F HEE Ao, oA F oA Fdgt 7He A of
SYM)2] & UYLEL o]77} 96.6%2 ZAEO] & &
9] Holdo] Zpo|7} At LT BEY ¢ HEES
ZAgE Bpz|eh A7), A2 A ¢ HEE HE
2 o Zo7h YRR Fa Holge] HEL Y 2

AN BEHOE ARG, A7) Bl a2t
F7b 28 wolgom SAStY. ShAw BES|9
ool S FEF Kim, 20112 44 2= 7
o2 ) 9 hEBe] TAo 2 Aol2 Bt 9] He
2o ARA, 307 Astel] uet Wolvt gk Aoz &
2 QUek(i eral, 2020). FF AFNAE WETLE 2
oEe oxE 29U Bt 9 AoE BuE,

AZH 2 B4 2w SRS ERY} GAFE B
A (PSPI)o] ThE AR Bls) A4 Hl&o] B, A
ZAFE B2 LSPIO], o} R PR RE GeAol
(SYM)7H EF2 2] ulsh A4} ¥ &o] skeh(Fig. 2).
E% AYYBD 847, 83FE AR (CSP)Y A
g0l ¥9kT B PYM)7F THE 4Bl vls) 2ol
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FE AAste v 2 AR UEHYY. EF7] 2
™ AFA et FAg AFA = Holdo] [ASH
of & IF2eg Fole Aol At A & A0
g Bt Fx7), FeAole A BRI AFA S
o Hol o] tha Zpol7h qlo] M=o aFoE FY A&
=

2 AT =AY ZE HASs] A BAY Hold 4
T 2ot B W T (Table 2). T3 ol Hig HFA] 9
ol WeEL AZEI} 65.1%, AZHE7} 27.1%, THRE7}
7.1% <2 2 e 3HAT DNA HetE g o]8-3t
2 AFoHE 77 67.2% GAFIL 17.4%, L2477}
12.4%, WZr77F 1.8%, 70177} 0.8%, ol +-5+7
7} 0.4%= Vel BA Q) AL Adkel tha ZpolE B G
otk T 71K oA Bl AAFERE TEHLE
AAstA o U HEFER] oFE A%t 9 o]dAol
UE A2 ZAET F27)= A SR w2t v
o] Zol7} AUAT AAFERSY ol7FE FE AT A
O 2 Yt SQto 2 IlE A9 £ Hold
2 7o g R{, ALRE ARSI S Y DNA H gt
AP o R ZAE AFAYL-9] HoldE 9777} tj ol
Ak EF71¢ FeAdole oA Holdo] HuE A7t
o] Ho| Y| ¢ HrI} FFsto] H|wstx] gkt &
Z A9 DNA #lefutag& F3 2AME Ho|d Fr o} 1}
AL 4 A5 Holg HRE T EH, o] 72 4]
7 22 ol o AAFEL T2 35E ¢
ol glov; FAHQl Apol= Kt EJF AT HAX]
o Zx719] Feo= A% Holde FH AolE B
Aot kA FARES JES HolYd JEE FHE]Y|
A= 2AF A7) 2 A T 83 vHE XA g
Q% 702 wobd

L=
.

2. B0l Mol M2 HAE

HI
z

= 87771 g el Sag Hold
o2 WrtEM OE ATHE 275 HTAE v
o ceret e AEe FRu Ho|eel AR BuEY
t}(Cha and Park, 2001; Lee et al., 2010). AFAL-2] <
LZ7tR7F 9 Ho|Yo R FstA AAEIL 53] AA
A AR AT (CYM) Y] 7 folls 2777 4%
Ao 2 ZAE Q. o] F= E2] (PSPL, PYM)&}, 3r=27]
(LYM)7} Bo] Q40 Ao ZAEsict §5) B7Ae)

AT

Cumacea
Amphipoda
Decapoda
Fish

Protozoa
Copepoda
Rotifera
Mysida
Chaetognatha

[ ]

PYM
LYM

p=
S
2}

LSP3
CSP2
CYM
PSP1
LSP1

Fig. 2. Hierarchical clustering of 8 marine organisms according
to the food sources and cluster distance. The abbreviations can be
seen in Table 1.

Chaetognatha
Mysida
@ SYM
PYM @&
cYM @ Fish
d
Copepoda PSP1 Cumacea
LYM & -
CcSP2 LsP3 @ Amphipoda
@ Decapoda
Protozoa
Rotifera @ LSP1

Fig. 3. Network analysis of food source in the marine organisms.
In network nodes and link appear group between organisms and
food sources. The abbreviations can be seen in Table 1.

Fx7] 2L Folu2 oS & ol A He A
Q131 (Huh et al., 2018), o] 77} T2 Ho|H9
H3| 27]9} F&o] Wl qlo] a3tapyoA Algto] A
o 9 88 B4 A BE B2 L A0 23w
(Clarke et al., 2020).

DNA wEHHIE & B3l ERlgt siF= W Hold o
FH= Felsty] fsl Hold = (Bi)= 453t (Fig.
4y, BAE BN e A PSP 0289 Bi A1
@2 molm o AeIAl T BRA BYMO v 4
gaoz 23 ¥ gol Uit B2/t dE 48
T tEA AAZAA FYT FE7] (LYM)7} 0.89
£ Holn AA HE AFIA 7HE B2 Hold Z& H
At A=A = FFutol A AP E AT (CSP2)oll A



DNA HEtHIZE

0.08%h2 E o, oA oA FYg A (CYM)
A Hold & Fho] 022 Yetylth F57 EF7]
(LSP3), 2 Ao (SYM)E tjAato g 7ast Holy Zoj
Ae BF717F 0.19, ZFeAoj7h 0.022 e Aol Hl3|
EF717E AHH o R 2 Hold &8 BTt

JFHA B AT (Fig. 5) 1A JYTAE A

0.8
0.6 1

0.4

T n I. i

PSP1PYM LSP1LYM CSP2 CYM LSP3 SYM

Niche breadth

Fig. 4. Levin’s niche breadth index of 8 marine organisms for com-
parison to field and fish market. The abbreviations can be seen in
Table 1.

Table 2. Comparison of food sources contents in bibliographic data.

% M2 9 LSS B 373

g BERE 20, LU BHERE 3282 HiF 2.60] U

I, ZFR7)E 26404, FFALE 27402, BE7)E 2.6,
HeAol= 3.99 gro] Ut ¥A FFLAE BA%
EH oA Fo] & (Perciformes)©] 3.469] ZH& 7HA =)
(Romanuk et al., 2010), B4t 2.6 7HA|= Bx)et Z=x
719 oF 0.89] &polE 7HRITh ol EdA Hd A%
o] 35.6cm?l Aol vlaf & ALY Bp2)e} x| 4

kil

PSP1 PYM LSP1 LYM CSP2 CYM

Trophic Level
N

LSP3 SYM

Fig. 5. Comparison of trophic level between field and fish market.
The abbreviations can be seen in Table 1.

Species Method Food source %o
Decapoda 65.1
Microscope (Huh et al., 2018) Crustacea 27.1
Polychaeta 7.1
Fish 67.2
Pennahia argentata Amphipoda 174
. . Copepoda 12.4
DNA metabarcoding (this study)
Decapoda 1.8
Mysida 0.8
Cumacea 0.4
Fish 46.5
Microscope (Kang et al., 2022) Crustacea 31.3
Decapoda 214
Larimichthys polyactis
Decapoda 88.8
DNA metabarcoding (this study) Fish 11.1
Rotifera 0.1
Crustacea 32.6
Microscope (Hong et al., 1989) Polychaeta 15.2
Decapoda 10.9
Crangon affinis
Copepoda 95.2
DNA metabarcoding (this study) Protozoa 4.7

Rotifera 0.1
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ol Ant o] mAA| I A4
AgE o] FFDAANA 2olE 7= AR AtrdHTt
£3 (Cortés, 1999)01 4 ZAME A ¢-Fob 7hztFo] ot
A 2522 Yeh=d|, & AR ARG GEFEA=
B 274022 H|S3 G Btk FE22 2 9o}
=0l 329 o] W=l (Cortés, 1999), & AR &
F7le 292 i Rlth ojs 24 ojgt £ol9f 7|9
e E5719) 27171 2ot A4 st Holde Atolof <
3 YDA EA U2 Aoz dekd) v e
o9 4%, 392 Lot thE FEFo) vld) &2 g& B
2 A (Fig. 2)°1A o2 A=l Hls) ﬁiz‘ﬂh o
Wol AAste] AN JFEALT vny &
22 Hol Aoz QYZAET} o] AE QoFstd,
olYl 24L& T YA Brh= AEY B A
‘7'<1 S 2A A7) 5 o4 ZHA] agle] 2dt HolY
= A& &A% 4 ek
011*1% Hold BAA dEAY P ¢
2 Q) AAIOlA Lotk Holdo] FE ¥
B A7 sz BE FHY oA Wt ane

gl ol ol

= 4y [Ulﬂ.l
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r& tlo
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%
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e 2esl7] 98] DNA vetulasy W ol g,
A0S ol 87 WML ojRe}, 7Rl 2e 27

7} B|mA 2 YEo| AF9] HolYL A5t ¥lE, DNA
HELEE S o]-&3 WA= BluE 277 22 8
72 Ex A19] wo|Yo 2 JeEGTh(Table 2). 3FA|q 2
o Folalw Ag 33t 9:1-73-\4' AE] 5’-7] ol w2k A4

Q?_ﬂ?‘i‘:}(Flgs 4, 5) 2135 ﬁ:rLoﬂ/q Z/\]-o]-

[e]
=

£ X719 zoi% A ﬁha%% 1o}, whE 22 S
=4 o2 gk,

X
s

0]

HIPAE olFfet 8477 35 Holdor E4H
o gkl A AT HFA7 7 gol B2 ol
SZ4RE2 ASV HIET} 62.5%2 UERFOH o4 of A%

oA LYt BHEX| = o]F o ASV HITET} 16.6%2 7HE
WATE FFRl A QAT F2719 £ HoldS Az
FE ASV HIZ=7I7F 99.9% 2 e o ojAj%9
71= o]79] ASV HIE7} 51.2%8 RAME Qlch Frokvtat
NN AFAE- £ Hold AL 8ARE 92.6%
9} 100%= ZAE Ak Fgatol A AT EF7= a7
F91.4%)E 7P @ol HAou oAl A U7 e
ols o7 (96.6%)5 7H ol AAstih ASH 24

Az

M.

71 2 A AFA -2 FATE A=A
ARt on B2 9 27|, e ook
2 AU U EYS 74 23, 8
ALt HE oA AET dEE o]
ﬁﬂi ZAHE QAT ol & 4
Agt Fx719 "ol & & 0.001
°1Al7é}°ﬂﬂ TAT =719 Hold F g2
ol thfAol 7H T LA BH
F2 ANYE ezt 3.982 7MY %
oA AT BILA|7}F 2,008 FIFEAT} 7}
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