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Efficiency Comparison of Environmental DNA Metabarcoding of Freshwater Fishes according to Filters,
Extraction Kits, Primer Sets and PCR Methods. Keun-Sik Kim (0000-0002-2081-2589), Keun-Yong Kim' (0000-0002-
7647-3766) and Ju-Duk Yoon* (0000-0003-1667-327X) (Research Center for Endangered Species, National Institute of
Ecology, Yeongyang 36531, Republic of Korea; 'AquaGenTech Co., Ltd, Busan 48300, Republic of Korea)

Abstract  Environmental DNA (eDNA) metabarcoding is effective method with high detection sensitivity for
evaluating fish biodiversity and detecting endangered fish from natural water samples. We compared the richness
of operational taxonomic units (OTUs) and composition of freshwater fishes according to filters (cellulose nitrate
filter vs. glass fiber filter), extraction kits (DNeasyZ® Blood & Tissue Kit vs. DNeasy2® PowerWater Kit), primer
sets (12S rDNA vs. 16S rDNA), and PCR methods (conventional PCR vs. touchdown PCR) to determine the
optimal conditions for metabarcoding analysis of Korean freshwater fish. The glass fiber filter and DNeasy2®
Blood & Tissue Kit combination showed the highest number of freshwater fish OTUs in both 12S and 16S rDNA.
Among the four types, the primer sets only showed statistically significant difference in the average number of
OTUs in class Actinopterygii (non-parametric Wilcoxon signed ranks test, p=0.005). However, there was no
difference in the average number of OTUs in freshwater fish. The species composition also showed significant
difference according to primer sets (PERMANOVA, Pseudo-F =6.9489, p=0.006), but no differences were
observed in the other three types. The non-metric multidimensional scaling (NMDS) results revealed that species
composition clustered together according to primer sets based on similarity of 65%; 16S rDNA primer set was
mainly attributed to endangered species such as Microphysogobio koreensis and Pseudogobio brevicorpus.
In contrast, the 12S rDNA primer set was mainly attributed to common species such as Zacco platypus and
Coreoperca herzi. This study provides essential information on species diversity analysis using metabarcoding for
environmental water samples obtained from rivers in Korea.
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TRREY 7S o diAt 24, 23, vls Y 97A
= 9 A ZAA sfz]" DNAQ 23 DNA7} Bgsk= A
o2 AdHA QIth(Taberlet et al., 2012; Kelly et al., 2014).
FA A2EEZ A 222 20084 B4aINFE] (Lithobates
catesbeianus)S A S 2 37 DNA EXjo] ALH o]
(Ficetola et al., 2008; Kawato et al., 2021), J]F& tjA}
o2 Fo A 75, oFE 24, AT 4, oldF 4
& SO Aeetn B4 B4 AT o 4750] of%
o7 H} ¢Jth(Minamoto et al., 2012; Takahara et al., 2012;
Takahara and Doi, 2013; Bergman et al., 2016; Fujii et al.,
2019).

HEAQ ojfo] 24 B0 B¢ 28, 54 Fo| 24
o) ool wheh BaFE AUES B 4 glom, v
NAE S, Qe oz 2ASE Az Aol 9

7] W&ol 3tAE 7}X 2L QJth(Oliver and Beattie, 1993;
Fitzpatrick et al., 2009; Ruppert et al., 2019). 273 DNA &
Ae 71EY A Wil vlsf o Asta w2 HE
AER Be 5L AEY 5 A= PHOR YA AT
(Fediajevaite et al., 2021). ©2tA €7 DNAE o] &3 =
PAREE POSPAPIEEE. FC DA ST e (Grealy et al., 2015;
Knudsen et al., 2019)3} B&0] 3]HZFL EI3F BEY7]
& BUEel o glo] $88 Ao AAHT ot
(Schmelzle and Kinziger, 2016; Day et al., 2019; Akamatsu
et al., 2020). 87 DNAE 245t= THolle @Y $9 &+
B 9 b 241G 917 AAZ PCR BT 23 24
< I8t Hgutad (metabarcodmg) BEA¥og 34 Vs
4= Qitk o] F wlEE Y-S et ZUEF o B
514 A== 7|&Z (Taberlet et al., 2018), —’r—f%ﬂ Uy =4
3H= &7 DNAE tjAtez HE Zto|H|E &8 PCR £
2 2313} ok A EIAE B (Next Generation
Sequencing, NGS)< 53l &xX3l (&5 Q7|48 7S
o2 e Lok BYole ol e 4 4ze 2
7] gzl IAZTS 2T BFA7ISS st A
St = O]E]-(Slmpfendorfer etal., 2016; Weltz et al., 2017).
o|A Y AETHYFE A AFT v, A, T AE
59 5o 2 S 711 87 DNA leplag B
% gH0= S| A A2 51 3 A B
gt 71e22 EASCl HEk A7t 1“30}‘:} k2 Bl AT
A HH /\]E 3 94, 37 DNA & 7]E, DNA
£, PCR ¥ 9 9, Zejoln] 238 Zeh NGS B4
2 2] 9 AR B 5 oo W)
IS 2 F AE 7HsAol %‘E}Xlﬂl &3, o] 9]
AEstd 3 B4 J3S ]t} (Deiner et al., 2015;
Evans et al., 2017; Vasselon et al., 2017).
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1 ol thobet S5, B2shy S4o2 Qg et
A o83l A4 F& sk b lojA #2&3H 5t
LHe] W RRS 0] 88 Al o] FZQl 2TE dojUie Hl &
A7F A& 4 Ut & E9] pH, 2%, F2]AH humic acid)
o A o, A, 1F 5 &% DNAY 23 2 HE 7
5S40 FFS uX= Aoz T A rh(Stoeckle et al.,
2017; Tsuji et al., 2017; Seymour et al., 2018; Akre et al.,
2019). w2bA] 27 DNA HEpHIE Y S 0|83t ZAE 3
S Alof] AR AR A A2 A W, 2ol A
2, A2 AR B 5o Q0] BA that g DL ol
gt ofsfizt dadt Ao s, oA et Y asde
AT vt &30 7P A e o8 da
7F Qe+ (Goldberg et al., 2016).

2 AFoMe et ARSHHAA golRE dd
o2 A3t vehtEy A NS 918 —°r 27
& k29 9UE 37 DNA 3% 7|E, Zejo|v] 23 237,

PCR 4 Gejsel 27 DNA vlehilasy 24 588
HlZal e ojof 2 EHZAY 58 wnE 59 84
I grolnel BAGAA A 84 BRE 9T A2
A2E AN AL BHow st

Mz ¥ 4

1. AR 2t

o[l AFE AT sHdE 20209 74 20° CEREE
¥ FFs Aol HAT FEn
sttt s sty Aol Aol -JUP }2%‘% ks
A|8}7] 18 Carim et al. (2015)°] AAE A3} ZHo] F4=o
o] &3 7h53), uA e Bt AE 50% Ao Hob ZH
DNAE 25 AAT thF SFFE ol&al AlHste o]&
S, AHE A npAIE 2Hge AR 35k
e MEY WL S Jdsty 4L HAE o] &3
60 L 2yetiof 715 A& thy éP Ao oF 700 mLA 33]
o 24 2L ¥+ A4 (New International Scientific Corp.,
Korea)of| gol A@A=Z 2451t

2.4 DNASE L FE
L4913t A2+ analytical test filter funnel cellulose nitrate

(CN, ®0.45 um) (Thermo Fisher Scientific, USA)®} glass
fiber-F 2 ¥ (GF-F, ®0.70 um) (Whatman, UK) ZHE& ©]
&3l Z+zt 750 mLA FE P53t CN 2 GF-F 28 & o
Aoz 2z y|EL Z+zZF DNeasy” Blood & Tissue Kit (©]
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3} BT 7]E) (QIAGEN, Germany)$} DNeasy” PowerWater
Kit (6]3F PW 7] E) (QIAGEN, Germany)E ©0]-&3}1ch. BT
7] E+= proteinase K 20 uL ¥ ATL ¥ 280 uLE ¥ o}
A7 24 mm& 5.0 mm 2 A <4 (OMNI Interna-
tional, Kennesaw GA, USA) 2~37}& Y1 Bead Ruptor
Elite (Omni International, USA)E ©]-&3] ZEE 514
o o] ¥ Bael AL MHE Y2 ¥ seColA 12417 F
QF REE3F Tha Al 2AMS] ARGAF AT A o] whet =351t
PW 7|E | A|2AL] ARGAL AT Aof whet =345k 3iTt.

3.PCR 2412

zZetolv] 2o a4 B7HE A8l HEHEY PCR
P& 9 HeA zapolm 22 128 ZEE DNA (128
rDNA) 993}t 16S 2]E< DNA (16S rDNA) 99 5=
¥ 4 9k ¥ FHE Astgnh 125 924 DNA 99
golu] 23 F oIS YO WEHS 2t Jo2 ¢
HA = Miya et al. (2015)2] MiFish % 471¢] Zalo|HE
£ o] 834t} (Forward primers: MiFish-U-F: 5'-acactctttcc
ctacacgacgctcttccgatct-NNNNNN-gtcggtaaaactcgtgecage-3',
MiFish-E-F: 5'-acactctttccctacacgacgcetettcegatct-NNNNNN-
gttggtaaatctcgtgecage-3', Reverse primers: MiFish-U-R:
5'-gtgactggagttcagacgtgtgctcttccgatct-NNNNNN-catagtgggg
tatctaatcccagtttg-3', MiFish-E-R: 5'-gtgactggagttcagacgtgt
gctettecgatct-NNNNNN-catagtggggtatctaatcctagtttg-3"). 3]
g Zeo|HES FUY =2 ST Zto|w 23 (0]
3} 125)& °]-83 PCR& st 13 PCRE F+&7 &
7 DNA 2L, Z} Za}o| 0.3 uM, Platinum™ II Hot-Start
PCR Master Mix (Thermo Fisher Scientific, USA)E ©]-&3
TF 12uLE 33T 16S IDNA 9 Zatolw 232
AquaAmp® Fish META Universal PCR Kit (AquaGenTech
Co., Ltd, Korea)E ©]-&3tH 2.1 (|3} 16S), A=A At
82} A Aol et skt 13 PCRE 317 DNA A
FEE F 45 WEHOR Syl AUut PCR (9]
3} N) 222 94°ColH 22 B 27] WA o|F WS
£ 04eColA] 15, APWRSL 60°CAA 152, AL
68°CoN A 1528 308] WHESAL, o F HF AFUGL
68°COIA 187t S35tgic). E3 PCR 248 W] E ¢
3t touchdown PCR (0|3} T)2 $33tgoH, $Jo 279
A AR 139 0.4°CH Hsto] mpAeh A3kg 2
Bl 4gecqon], HE AR SAskA Susr
DeNovix DS-11 FX (DeNovix, USA)E ©]-&3] SZAM=E9]
FES 2N, 1 FES ) wE ¥ AREE BE G

ot

= Hlu 201

ol

4. 2to|=2{2| H|xf & NGS 24

22} PCR FZ4HH3-2 13l 16S Metagenomic Sequencing
Library Preparation Part # 15044223 Rev. B&] AR&-2} A
A& Z=x3}9 2, Herculase 11 Fusion DNA Polymerase
(Agilent Technologies, USA)$} Nextera XT Index Kit V2
(Ilumina, USA)E ©]&3}%ith 22} PCR ¥Hg-2 95°C9]
Al & Fet 27] WA o]F BANESE 95°ColA 30%,
AL 55°Co| A 30%, AR 72°Co A 30%
£ 83] HEESIGAL, o] HF ARREE 72°Co|A S5&
7+ 4=33+th Quant-iT™ PicoGreen™ dsDNA Assay Kit
(Thermo Fisher Scientific, USA)E AFE-3to] GA351a1, The
VICTOR® Multilabel Plate Reader (PerkinElmer, USA)E A}
&5to] A|ZE NGS gtolBejg] o] =8 SA5HAh A%t
3t gtolB g I7|E &2lsty] 95 2100 Bioanalyzer
¢} DNA 1000 Chip (Agilent Technologies, USA)S ©]-&
stgith 723 glolE g tACE MiSeq” Platform
(Illumina, USA)& ©]-8-3|| paired-end sequencings 4343}
o] NGS €&t|o|8E B4tsginh. 4R NGS 92t o]
oAl QIIME 2 (Bolyen et al., 2019) ©]-83] Cutadapt 1.15
(Martin, 2011)& o]-&8f g 29 ol AIES A A
1 ZEFPSIGATh ©]F UCLUST (Edgar, 2010)E ©]-8-3f
A= 97%E 715 (cut-off) 2.2 reads®] T3} (clustering) S
383} operational taxonomic units (OTUs)S AJ A5} T.
WA OTUsS) B339 BRE 98 3012300 S35
o] 9l Yol uo]AS 7|20 2 BLAST (Altschul, 1990)
< o]8319 21, coverageSt FAFEE 90% ©]/4+2] OTUsTE
2 0% £40] ol g3,

5. HlOlE] 24

ZatolH 23 (128, 16S), TE|E (GF-F, CN), & 7|
EY (BT, PW), PCR 5 HE (N, T)9] ¢ AA| reads 4=
o} OTUs =& AFESIAL, o]F ofFol 35} readst
OTUsE F&3}7] Y3l 27|97} (Class Actinopterygii)=
e BUH AT olF TolF U BE]
Zof st OTUs = 2 HEFH7]|Fol g OTUsY
reads 5 AFESIlaL, Zato|m 2o FRo| ot Yt
3 z7]0j7}o)| &35H= OTUsQ| I} (family)d A4S OTUs
£ 7|5t vHlasiith Y 9 OTUsY S5 A7
811, Y readsE Tk TEHS B9 olF 24 HolH
£ SHsIG. 2AYHEE Z21E reads @ OTUs &=
H| 24270l Wilcoxon Signed Rank TestS $3§35}o] 54
A zto] & EA5lY oH, TAEALS SPSS (PASW statistics
18, Chicago, US)E &-83l +3=3t}t. A|2¥ shannon
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o B = |

diversity ¥ o]F Ao thdt z}lo]E =}otstr] 9|
PRIMER 6.0 (Clarke and Gorle, 2006)& ]3] £43}%
o} 2 AlZelA] ekt o1 % 240 that Aol S metst
7] 93l TR A =1 (NMDS, nonmetric multidimensional
scaling)S 283}t NMDSE 23+ 27kl SAHE of
EgA Yo AR dAS HUE st FEHE 1EE
t} (Field et al., 1982). B4 #PH¥ £ 24 3jo|2 wfots}
7] AE fAE EYAE 2F ofF FE reads AR
£ square-root® W3+ ¥ Bray-Curtis SAME A$E £
AtzE A2 2 ZAASIAT 2] FoALS stress valueZ
FAEY, 0.2 v|FFY AL fair, 0.05 B|9HY AL excellent
2 yehdth(Clarke and Warwick, 1994). Zatojn| gl
(128, 16S), BE|H (GF, CN), & 7|E¥ (BT, PW), PCR %
HEWN,T) 238 249 A3 2el= PERMANOVA
(Permutational multivariate analysis of variance)S ©]-&-3
2435}tk (Anderson et al., 2005).

Zat ¥ o

BX A& £ CN 9EE PW 7|EE 253 MZL |
A} PCREE FHo| o]Fo|2|A] ool Aol A A 9|5}
ot Yoz ABEL Aoz NGS £42 433 A7
30,536,232 (GF. PW.12S.N)~44,408,092 bp (GF.BT.16S.N)
£ 3R 5 oM, raw reads = 92,203 (CN.BT.168S.
T)~1,645,5777) (GEPW.12S.T)& B4 read % 127,478
N2 Ao FEI S FEar

OTUs E4]0] o] &9 reads = 44,313~89,6957) &
GFEPW.16S.T7} 7F¢ A¢lo™, CN.BT.12S.No] 7}% w
QrTh(Table 1). 0] & &7]0]7+9] reads H] &L 84.7 (CN.
BT.16S.T)~99.8% (CN.BT.12S.T)& Yelgt}. & OTUs 4=
L 27(CN.BT.16S.T)~44 (GEBT.16S.N)7/} & Yelton,
o] & %7)0|7+¢] OTUs 4~ GEBT.12S.N7} 35702 7}%
worth @40 % 9 OTUs 4= GFBT.12S.N7} 337]& 7}
7 weokow, GEBT.16S.No| 327, GEPW.12S.No] 297},
CN.BT.12S.T7} 287} 22 Jehygth 8Z9)7]Z2] OTUs
4= GFBT.I12S.N, GEBT.16S.N7} 4742 543} 713
o] AZH % o™, GEPW.16SNo| 172 7% AA HEH
itk ¥hd FE71Eol Gdh= reads 4= CN.BT.16S.
T7} 4208702 714 @otom, GEBT.16S.No] 35157H,
CN.BT.16S.N¢| 21487} ¢2o 2 Vepgct 9 Z9] OTUs
o] FES AAIA, T readsS Tot= EHS £33
ZAx} UJehd £ 4= GEBT.12S.N, GEBT.16S.N7} 29& 2
2 Z93}9 1, GEPW.16S.T7} 25, GEPW.12S.N7} 23%

O .
[EyS)

Ho
ol

Table 1. Number of reads and OTUs identified by metabarcoding analysis with different primer sets (12S: 12S rDNA, 16S: 16S rDNA)*, filters (GF: glass fiber F, CN: cellulose nitrate),

extraction kits (BT: DNeasy® Blood & Tissue Kit, PW: DNeasy® Power Water Kit) and PCR methods (N: conventional PCR, T: touchdown PCR).

il

GEBT.12S.N GEBT.16S.N GEPW.I2S.N GFPW.I6S.N CN.BT.12S.N CN.BT.16S.N GEPW.I12S.T GEPW.16S.T CN.BT.12S.T CN.BT.16S.T

Samples

82223 54104 74677 52673 89695 51712 87845 47724 84302 44313

Total

No. of reads

80079(97.4) 50628 (93.6) 73436(98.3)  48802(92.7)  88212(98.3) 48192(93.2) 87217(99.3)  44601(93.5) 84149(99.8)  37525(84.7)

Actinopterygii (%)

32 27

35
28

31

32
23

27
25

32
23

36
32
29

44

42
35
33
4

Total

No. of OTUs

19
18

30
28

29
27

33
32

Actinopterygii

23 25

23

22

Freshwater fish

Endangered fish

2.816 2.867 2.682 3.968 2.93 2.627 2.734 2916

2.734

3.042

Shannon diversity

4208

1166

785

1176

2148

356

469

516

3515

1724

No. of reads

of endangered fish species

23 20 20 21 21 25 23 17

29

No. of freshwater fish species

* p<0.05
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Fig. 1. Family compositions (%) of the Class Actinopterygii based on OTUs identified by metabarcoding analysis with different primer sets

of 12S rDNA (a) and 16S rDNA (b).
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Fig. 2. Comparisons of the average number of OTUs identified by metabarcoding analysis with different primer sets (12S: 12S rDNA; 16S:
16S rDNA), filters (GF: glass fiber; CN: cellulose nitrate), extraction kits (BT: DNeasy® Blood & Tissue Kit, PW: DNeasy® Power Water
Kit) and PCR methods (N: conventional PCR; T: touchdown PCR). (a) indicates the average number of OTUs of the Class Actinopterygii,
and (b) is the average number of OTUs of freshwater fish. * indicates p <0.05.

«o 2 Yebgh

Zpolm 23O FFo| wt Yel+= OTUs9
(family) 24 X}ol& vt Zxt 1254 Azt
(family Centrarchidae)7} Uehd o] 73 & Aol et
(0.6%, data not shown), I} ZAJo]| QlojA & Zgto]y =3
= 1 2 AolE HolA= FUTh(Fig. ). 4 =244d B+
OTUs 20| £ Fig. 20| AASH3TE Zeto]m 2] SR
z71017} B OTUs 5 vlwd A3} 12SE 30.2+3.70
(mean+S.D.)7Y, 16S+= 25.2+540712 SAZF o2 2|5
Z}o]& 1 131 (Non-parametric Wilcoxon Signed Ranks Test,
p=0.005)%] B geoli Bt OTUs 5 Blugt A3
oA 12S+= 28.0+3.617), 165+ 24.0+5.157]1=2 A F L
2 oI5t Zolg Holx| Rlth(p>005). U £5E =

71017 4t OTUs = 9 @==ol7 Bt OTUs o4 GF-F
7V Y2t 5.7, 5.0% %ol YepA|H BAH R F-ofgt &}
o]& KoL AIth(p>0.05). =& 7|EY BAZA7} 27)
o7 i OTUs o PW7} 0.5 &9k oL, gpolt B
OTUs 2= BT7} 0.4% o} 2 3}o]2 Holx| &3ttt PCR
ZAY BE4A3o = dHHA el PCR 94]9] touchdown
PCRO] H]3}| ©4=0]F OTUs $=olA4] 2.5% =% EA4
o2 800517 &UTHp>0.05). B4 2AE oF T 24
zto] vl A3t Ao &85t Zatolm] 23+ FF (128
vs. 16S)°ll whet FA Al 2o 7} Qs AL R ERlE ot
(PERMANOVA, Pseudo-F=6.9489, p=0.006), 3% 7|E,
ZE], PCR A & 240l digt TA13 Aol ERI=A
2Fo}thH(PERMANOVA, p > 0.05).
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Coreoperca herzi,

GF. PWrT2SNV D
F.BT. 128N'

ZaCco latypus
?t gia, herzr
Tanakla at:marbmatav

'GF PW.12ST,, 3 :
CN.BT. 123
CN.BT ua/ldus Sp.

nérngdl -’

a
Paralichthys olivaceus

Rhinogobius brunneus

2D Stress: 0.03
i AGFPW 16SN:~~
%
. S
N
CN.BT.16SN. S
Silurus asotus S
\~
ACDreoIeuciscus splendidus 8

F.BT.16SN

SN.
Microphysogobio koreensis

CN.BT.16ST.A !

Cyprinus carpio of
Sarcocheilichthys parvus .
Pseudobagrus brevicorpus .

Fig. 3. Non-metric multidimensional scaling of samples based on Bray-Curtis similarities. Black and white triangles indicate results by
different primer sets of 16S rDNA and 12S rDNA, respectively. The points are grouped based on the similarity 65%, and species correlation

results with MDS axis also presented (only showed correlation>0.7).

NMDS ZZo| M= &4 W F 242 FAKE 65%
NzeA mefolr} o] TR Tt ol RS B
g 4 STk (Fig. 3). AF=E NMDS axis® S5
3k Pearson A¥HEA 23 F AW 0.7 ol FE&

18 Al 16S9 7193te FES BEAVIEA BHFAL
(Microphysogobio koreensis), R 5A7N (Pseudobagrus
brevicorpus)?t 48 (Coreoleuciscus splendidus), ™ 7]
(Silurus asotus), Q] (Cyprinus carpio) 5-°] A= oM,
12Sofl& "&ta] (Zacco platypus), BA] (Coreoperca herzi),
E1L7) (Pungtungia herzi), BN 77} 7]odt= A= &
AEfo] EL7IEQ B FAR ZXFAE 1289 H]
3 16SollA] Bl HESEL Yol =2 A= Yehd v
12S+= ukEQl getn], A7) Fo| AESE Fol 34Ut

PG A RE AR 9 AR E o] &3 FF5t= W
He 27 DNAE 553k o QlojA dRbdo= o]g3t
= HPH O 2 (Tsuji er al., 2019), TYF] sHHSLS o] &3
o= YHEeE 3 JAW | v|F) o Aol =2
Ao g ByE v} Itk (Kumar et al., 2019). CN ZE|&= 3
73 DNA «=&°| t-& de o] vlsf -5} (Hinlo er al.,
2017), GF-F9| 7¢- DNA®} @hildS 52kst= 3leha &
HpuEH 2 71E U2 B DNA $82 27}
A2 4= QITH(Tsuji er al., 2019). W DE 9] A Qo] AHel
o] 3= A7} YT o FARRE ZE Hol7| = 5,
GF-F ZE]9] 37 DNA =&0] W2 uhd F 240 9loA]
£ CN ZEje} 2Jo| & Bolx| Y= AEE Uth(Djurhuus et

al., 2017). & 72 A= BH | F7o wE OTUs

il

Rl

Zpo] B F 2A O F%E Aol YERA] gigkon,
e AEHE 9] OTUs FHollE zto|E By
atte] A RE iAoz ik OTUsE AAks] $
qHe F 7 IEHE BF o]83he Aol viAE A
o =2 gogd

37 DNA £A4¢] 714 wo| o] g5 & 7|Ex BT
7|EolH, 1 t}& o2 PW 7|EE A4 A rh(Shu erf al.,
2020). Djurhuus et al. (2017)2 PW 7|E7} BT 7|[EXth
DNA #& B&& WA, #4132 OTUsE A2 4 9
L Aog2 BWug vl gick PW 7|EQ $280] WY& 9l
2 A#A (inhibitor) & A|ATH= HFNA Ha|Aet g
gt DNAE @7 AAsS7| g 2oz ix*??}i °‘E}
(Schrader et al., 2012). ¥HH BT 7|E&= O & 7|E
o B3] DNA & #-&°] 94313 (Kumar et al., 2019), E
3] GF-F g9t 298 of 53 59| OTUs HEF E3t &
£33t Aoz LA QIth(Djurhuus ef al., 2017). & ALA
I FE, 71 EE 592l ZolE HolX= okokAIT, Z+
ABE9 OTUs A4S H|wslE of GF-F ZEE BT 7]
ER 2&3% A8Eo| BE Zglo|y oA 7 ook
gk OTUsE A4ete AL 2 Uehd 593 238 ¥4
5 Adch ook, AsjAIZE B2 o ARo|AY, AAE
o] 2 A|59] ¢ 37 DNA HEHo| Y& #glenz
(Stoeckle et al., 2017), o|dl&= PW 7|ES AME3H= WO
gL 58 4= Atk (Shu et al., 2020).
B Hagns Zx)7 £ Qe EE}Olﬂi 239

kO 2

Eo|4dL tjat Haqo] Hruake tigk ®3}7] 5]

_E-L_I}LJQ



0= &4 DNA MEtHIZEY EAUHH

HeplR Y-S 38T Al F23% 7€ F shtolth(Collins
et al., 2019). 2 Ao 1289} 168 Zetolm =g o]
g dEbeiEY 24 23 tiFE 92% ©149] reads7h 53
2RTe B0l AFstol BRHolgen], B3| 125
Bt 98.6+0.84%= ]S A&F0|3tt 27 DNAE & &
of| Al H]nA Z-2 Zo|= T Hol EAs}7] wjZ] PCR F
Z AHEQ] dol7h 71 Zato|m 239 ¢ DNA 35 A
20 ¥ 2 + Y= Aoz By vt Itk (Bylemans et
al., 2018). BHH, &% AbE9] Zo|7h f 31 Zeto|w =gt
9 A o B2 G7IME ARE H|nd 5= 7] Wl F
2 FESIE A EE © =& 4 Ath(Deiner e al., 2017;
Bylemans ef al., 2018). & A2}t ZAo|7t g2 128 =gt
oj| 27 (eF 170bp)Tt 16S Zetom Z3H(9F 400 bp) &
F0l5F OTUs FollA= o3t 2ol & HolA| gro} g0
FE WdeEe 55 Zojo & Zgtoln A& Ao
£ HolA stk Wi Zetolm e Yehtes T 8
OTUs¢t 271017 Bt & oA ZolE ESict vt
FYL PCR= 7|fto= 3)517| o] AME-St= Zato]
H 239 F5ol ot WS 7HA™ (Zhang et al., 2020),
Zato|m o} YR &7 DNAYY] EYA E= 2 5E% &
£2 Q3 i £R77 = 3 DNAZ B2 Fof dis)
284 (false-negative) 7} TSt} (Goldberg et al., 2016).
wets ZF A 25 SR o7 He PCRE 35t A
25 M 4= Aol ol 22 WS EY 5 U=
% 3ol ™ (Minamoto ef al., 2019), B Uto}7} ofg] Z79]
Sopolo] 23S P ASIHE Aol HemiEES o] 34}
AAsl= B2 £9] 37 DNAY Higt A& 7N Z
4= )tk (Evans et al., 2015; Ficetola et al., 2015; Shu et al.,
2020; Wang et al., 2021). W2hA] HEHIE Y-S 38 o o
d ANBE SR o ¥ PCRES +35taL, thefsh =
gholm Z3Z o83l FAl BA5t: WHo] ¥ 2=
AEsHA wtotstrlol= HAE Ao g wotEh PCR W
H vlw A7 gukA2l PCR ¥WH3} touchdown PCR
7k 2ol & HolA| gko} Clarke er al. (2017)2] A3} FUst
Fom, g UnkAQl PCR Wi ¥ A3 2=E ol&
2k PCR o] gt 571 A7 283 Ao 2 wekEn)
Hetat Ry 24 dat Zejolw 2F BEO|A Tatia
intermedia (GenBank Acc. No.: MK078120)2 5% % OTUs
7 vebte. of 3¢ Wolalalzlol Ag ehel Al
B Wlsealel, BEulololA Hald dRrka) AAsHe A
o7 Ad#HA QO (Sarmento-Soares and Martins Pinheiro,
2008), m ol A4 B 3] 7|52 Qi o] 2} OTUs
9] 71X EE o]83f web-7]5+e] BLASTnS $3§3t 23}
T. intermedia®] AR F7| X L1t 2] Carassius gibelio,

ot ot

= Hlu 205

ol

C. auratus, C. carassius 52 8714 €3} query coverage,
SALE, E-value ko] 12S= ZFZ}F 98.0%, 99.5%, SE-104%
o 16S= Z+Z 100.0%, 99.7%, 5E-166°0.2 2% FU35}
Itk (data not shown). 128 Zgto| %ol AL #-o Zo
(¢F 170bp)=2 A3\ Sebastes, Takifugu, Anguilla 52 LH-
% (genus)oA T FEY & fle AeE Hig v gl
(Yamamoto et al., 2017; Takeuchi et al., 2019). ¥HH, 16S =
Sholu] Zge] o4 ol oF 400 bpolu], Zefoln] A
& Aslala A2 et OTUse] @714 Zol7} 369
bp=E 1289 H|&l HA=7} £ HYE EFstL T
g AAE Hoh F(order) FEAA Aol7t Y= T F
7+ 369bp2] H7IAgol AHsHA AT FES T3] *e
o, BLASTn 423} T intermedia €714 2 A3t AF
9] 507 o)io] Bol AR} A sh= AR E uf §4
A28 ol S2E o] Q= T intermedia®) | EZE 2o} 4
A 271de 2 Q) vepd datz wadct o] |44
2o TEEH e AR B FAAE o8 o &
TR o3t HFo] Bagt AL ujdtth ol {E ez
HEpEE S o83 F F4Y ATES wol7] AdliA=
E2 49 7|E dolgHo|A7t Basty, AR AAsh=

FE ez 27 volgH|olA 17} I 8 slrh(Wang
et al., 2021). o|n] F=, TP F= 52 Hol Rl gt
27 Hlo|gH|o| A5 Jdste] A-Eskar Utk (Wang ef al.,
2021), o AT A T olge F FH ©
FE WA HeiMe =W oF EES 7IELE 3 Y
olgHo] A9 ghE P a/ds Kol Qith

2 At vEtEY £43 #Este] gE, & 7|E,
Zatolm 23H9| F5, PCR ol olf & ¥ AE
g 5 e BES v EATeEN Ut shHA
GHI A RS FeE HEHIEE S o] 83 F O £
Ao 7122Q AEE AlFstaL )tk

x4 Q

WS o83 B DNA BHE A% 77t &
of ool ATy W7k W BEA/IFE A2l £8
3 7lgolet. ol ATE WepLRYS olgd el
SHolRE Ao BE 4E 58S Bd 4 Jk 4y
o EAYES B S 4717 BH2A, = 2
(cellulose nitrate filter, glass fiber filter), % 7] E (DNeasy”
Blood & Tissue Kit, DNeasy® PowerWater Kit), Z2}o|H =
3H(12S tDNA, 16S rDNA) 12|32 PCR %9 (conventional
PCR, touchdown PCR)Z UE}}= Operational Taxonomic
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= O

Units (OTUs) $=9} & 242 w13}t Glass fiber filter2}t
DNeasy” Tissue & Blood KitE ©]-43 $&3 A2+ 128
DNAS} 16S rDNA Zabo|n] Z3o|A ©Hols OTUs7}H
PV gol A& BE B4R 3 Tejold 2ge
AFE 271017} (Class Actinopterygii) Hv OTUs $2olA &
AFLZ FoJ8t x}o]lE HE I (Non-parametric Wilcoxon
Signed Ranks Test, p=0.005), 017 B OTUs = F
SJela) shsieh. 5 24 Bl A3t oA Zafoln] Z gl
fot 20| S E 3 (PERMANOVA, Pseudo-F=6.9489,
p=0.006), }H 7] Bz = F3t 2po]& HolA|
QStth NMDS £4] 23 & 242 FAE 65% 712004
Zefolm z3to] wEl {HFIL, 16S tDNA Zto|H A|E=
F2 BF715Q B FAMicrophysogobio koreensis),
WS AN (Pseudogobio brevicorpus)7} 7]1938FH 1L, 128
tDNA Za}o|t] N Ex 2 URkEQl 92| (Zacco platy-
pus), AR (Coreoperca herzi) 59°] 7193t 222 el
2 A7 =W shEolA AFTE Aol et wEhtEY S

o188 F thopy B /1230 E AT

MAFEE 424 GUAHY 9597152908 AgaT
), G A} o Fole olrh, &5 (FUA
B BV EE UM AT

MAP |G AYAR: 724, 858, Bg2A 8 24 7
T, ARG, ST, AREA: Y24, BTG, AAA: 2

o =
EL/SL 'E.'_‘l_l::]i

O[sHEtA| o] =&l olshieA S5 AX7}F syt

GlH| 2 =Ee Bnel Aglon 2YAHUe] AL
o} 423 A L Th(NIE-7] ¥H 7-2021-45).
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