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Abstract

Research on food sources through DNA metabarcoding is being used for various organisms based

on high resolution and reproducibility. In the study, we investigated the difference in food sources between pre
and post-starving in the three bivalve species (Anemina acaeformis, Anodonta woodiana, and Unio douglasiae)
through DNA metabarcoding using 18S rRNA V9 primer. The food source of pre-starving appeared in 87 genera,
71 families, 51 orders, 35 classes, and 22 phyla. The primary food sources were the zoo and phytoplankton,
including Chlamydomonadales, Euglenales, Ploima, Sphaeropleales, and Stephanodiscales. However, all zoo and
phytoplankton were not observed after starving except Schizopyrenida and Rotifera. In Levin’s niche breadth
analysis, the Bi index of A. woodiana is 0.3, which was higher than A. acaeformis (0.14) and U. douglasiae (0.21),
indicating that they feed on various food sources. The niche overlap of A. acaeformis was measured as 0.78 in A.
woodiana, 0.7 in U. douglasiae showing a relative high value compared to other bivalves. The trophic level of A.
acaeformis, A. woodiana, and U. douglasiae based on the food source information were investigated as 2.0, 2.0,
and 2.5, respectively. The results of the previous study on the trophic level using stable isotopes showed 1.8 to 2.4
values were similar to the results of this study. These results suggest that DNA metabarcoding can be an effective
analyzing tool for the gut content in the bivalves.
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o]t} (Vaughn and Hakenkamp, 2001; Heo et al., 2021). o}
24 ol Fe] Bolel At A AL ol o]
o o)) R AEAY Fuols w80l B 4 9l

F ol AT ol HRE F 32, 147}, 1850]
HATTT A UoLee, 2019). F) o7 % o
olflo] HuE it Ao Euksith(Heo et al., 2021).
Lee et al. (2008b)2 A EEZH I EQ Microcystis aeru-
ginosa®] Y=o utegt o|ujulF W=ZIN (Unio douglasiae)
9 &S T|HSIG S, Lee er al. (2008a)2 A EETF
AEY A2FY ¢AFT FEoAA TEY AAgol
E HAELS RIS vf Q) ESE Choi ef al. (2014)2 &
22929 B2 wet BRI (Anodonta woodiana)®]
s Hagk vk ok 919 A= o9 AAF olv
P72 9 HEES EAste] Hold FRE AFsHA+=
Fotgith dgrol AAste ojujsi{F o B, A =
(Pinctada fucata)®} 2718 27\ (Panope japonica)®] ¢ W
LES B4t F2FE ZAT HEEFIEC] F4F
HoldYE KB Ii1E G 0™ (Chang ef al., 1988; Lee, 1997),
Z| 2o 7Febur 27 (Sinonovacula constricta)?] Ho| Y&
NGS (Next Generation Sequencing)”| <& 2835to] 1
SFARt (Heo er al., 2021) ©= o] g 7ol gt 2A=
A9 gle AAolth
FAES Hold AF7E oHE olf= ARAA H2
| ¥&7] g 2ot B3 A =& A=Y s EETIE
22 vA| Hold AEdt 77 ol AAFH
FEEOIU o7 Z2 & Holdk HHIIE] glo] &
271 €A &th(Kim et al., 2018; Ji et al., 2020). E3] o|ujj
o] Bolge B 4E U FEEYAEC| uE
o HEE Toldl o] olFL £THUHoIA 5]
L sto] AeRt Hold ARE HE7|7F €A ¥k (Heo
et al., 2021). °]& si23st7] 98l 2 NGS 7|¥= °l&
% DNA metabarcodingS 53 %A g3 Fast &£
F71 o8& Hold Aol 8= Stk (Deagle et al.,
2005). DNA metabarcoding2 ¢} W85 A3t thok
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A= F =3 (Kwon ef al., 1993)°] w2t & 573
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Fig. 1. The sampling site of the Baekje barrage in the Geum River.

CCTTCYGCAGGTTCACCT AC)E o]&£35}to9] PCRE 4
393} o} (Amaral-Zatteler et al., 2009). PCR 2742 94°C
38 B 94°Co| A 30%, 57°ColA] 18, 72°C 1& 30% I}
& 353 WhEsto] FESI e, 72°Co|A 583 7t
A#ste] 123 PCRS AP35} 23 PCRS Nextera XT
index kit (Illumina, USA)E ©]&3}o] AYP3IHch 43§
= PCR product= 1.5% Agarose gel 2 ©]-83t A7] 4%
< 53 PCR ZHES I3l th NGS £4L Iseq 100
(luming, USA)YE ol &3te] 2ashed, =0 97144
2 Qiime2 pipelineS ©]-4-3}%] Amplicon sequence variant
(ASV)E A&st9th AH&9 ASVE BLASTE nucleotide
d| o] E] 1] o] A (Blastn, NCBI, 2021) (NCBI, 2021)& o] &3}
o] taxonomy assignment (>97%)S X335} ch.

ojufufj 7] 9 YE=olA A5 ASV W= HEE o]
of Yol Arinle 24 9 ol fofE 24,
& DAL FHEG Hold AdivlE 242 fiAol

A &, 1, & 7, 29 ERT o 7ol o2 ASV
9] HI=F o] §3t5ith 359 Hold thFd2 H4 £ A
<= (Dietary breadth index, Bi)E ©]&3}¢] AASt4ct. Bi
A= FGHl EF AR = (Levin’s standardized niche
breadth) (Le vins, 1968)& AR8-3o] AAkat9ih.
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Table 1. Change of taxon number on the pre- and post-starving of Anemina acaeformis, Anodonta woodiana, and Unio douglasiae.

Host Starving Source Genus Family Order Class Phylum
p Zooplankton 4 4 3
re-
Phytoplankton 20 15 9 7 5
Anemina acaeformis
Zooplankton 1 1 1 1 1
Post-
Phytoplankton 0 0 0 0 0
p Zooplankton 4 4 4 3
re-
Phytoplankton 32 25 14 8
Anodonta woodiana
Zooplankton 3 2
Post-
Phytoplankton 2 2
p Zooplankton 7 7 2 2
re-
Phytoplankton 18 14 12 9 5
Unio douglasiae
Zooplankton 0 0 0 0
Post-
Phytoplankton 2 2 2 2 2

42 R Z 23 (version 3.6.3; https://www.r-project.org)
S o]g3lo] B A5} 21, igraph (Csardi and Nepusz,
2006) B7| A& Sl 3stAT.
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Fig. 2. ASV (Amplicon sequence variant) frequency of gut content between pre- and post-straving in the Anemina acaeformis, Anodonta

woodiana, and Unio douglasiae.
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A= F2 COI (Cytochrome ¢ oxidase subunit I) %
A& o] 83t Zatolw (Kim, 2017)2} 18S rRNAE o€
3t Zgto|H (Heo et al., 2021)7} 2 AHEE QT NCBI
nucleotide HoJEjHo] 20 TEH I =S i =
goln g BEE= AR T ol wEt Zolzt A
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Fig. 3. The Venn diagram of overlap in feeding pre-strarving zoo
and phytoplankton in Anemina acaeformis, Anodonta woodiana,
and Unio douglasiae. Numbers in the Venn diagram indicate the
number of orders which ate at each species.
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Fig. 4. Dietary breadth index (a) and Horn’s index (b) in Anemina
acaeformis, Anodonta woodiana, and Unio douglasiae.
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Fig. 5. The network analysis of gut contents in Anemina acaeform-
is, Anodonta woodiana, and Unio douglasiae. Abbreviation bi-
valves are colored circle nodes, and links appear in the association
between bivalves and food sources. The link width is proportionate
to the fed frequency. Abbreviations of figure are followed; Ud:
Unio douglasiae, Aa: Anemina acaeformis, Aw: Anodonta wood-
iana, Ba: Bacillariophyta, Ch: Chlorophyta, Cr: Cryptophyta, De:
Decapoda, Ec: Ectoprocta, Eu: Euglenophyta, Fi: Fish, Fu: Fungi,
Ne: Nematomorpha, Oc: Ochrophyta, PI: Platyhelminthes, Pr: Pro-
tozoa, Re: Retaria, Ro: Rotifera, Tu: Tubificida.
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Fig. 6. The trophic level of Anemina acaeformis, Anodonta woodi-
ana, and Unio douglasiae.
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