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o 2AF B AR A W GE 2)

fe]
(1) Z=A

Fr

- ZAAE Y BRE BACIE 2 T JPor 53

- T3A% : VanDorn water sampler, eDNA sampler(Smith-root Inc.; Smith et al.,
2003, Thomals et al., 2018)& o]-&3}o] &= (500ml, 1L, 3L) A4 & YR A4T)

- ASA R ¢ EEAA5m, T5m)E o8&kl AF(4bL)et A H(lkg)s sk
A & s dFEAA4T)
=5

- AEAE - A AT H(MHand net, Kick net)S ©]&3le] AAFE- 54
< d3=(70%) 14

(i
o

T o= AA

2] W Filter/Gast pump(5 in. Hg)& ©]83F ZH & (pore size : 0.2, 1.2, 3,
4

Sum) F WEHE(-20C)
% AZA R A9 Bm olde] S AL =

L ) R R i

ol
f
fob
T

-
(1) DNA #= 3 QC
- DNA &% @ £3ES & W st &5
kit %8 (Qiagen kit protocol ©]-&)
- DNA QC : F=3+ DNA9 Quantity(fluorescence-based method),
electrophoresis method), Size Check(ZZ¥® 3)

T A+ Qiagen DNeasy power soil

Quality(gel

(2) AR vpA H8S T3 Library A% 2 QC

- 42 1A mtDNA-CO1 17, nrDNA-18S 271 #&(3& 3)



- Library Preparation kit(Herculase II Fusion DNA Polymerase Nextera XT Index Kit
V2)Z o]&3F Library A% 2 QC(L¥ 3)
¥ A AR Aol =z A ©d 1= 3¢l A] Library A% QC =3
(3) & SFFAA AR W (26474) : Ilumina Miseq platforme ©]&3}o] 2F 300bp

Abo] 2] Tllumina short read A1 A§At

Conc. Final Total g |

Sample Name (ng/ul) | Volume(ul) | Amount(ug) Result i i
21YGIF1_CO1 | 9.043 35 0.317 Pass i

<DNA QC> <Library QC

a9 3. 345 HA A8 DNA % Library QC(elA] A& 21YGIF1_CO1)

# 3. AR A 53 7R v AR

. Target o
No. Primer name Strand sequence ] Citation
size(bp)
. Leray et al.
1 | COl(Leray mlCOlntF) F GGWACWGGWTGAACWGTWTAYCCYCC 313 2013)
Folmer et al.
2 | CO1(HCO2198) R TAAACTTCAGGGTGACCAAAAAATCA 313 (1994)
Blaxter et al.
3 | 185(V1/2) F GCTTGTCTCAAAGATTAAGCC 400 (1998)
Blaxter et al.
4 1 185(V1/2) R GCCTGCTGCCTTCCTTGGA 400 (1998)
Zhan et al.
5 | 185(V4) F AGGGCAAKYCTGGTGCCAGC 530 2019
Zhan et al.
6 | 18S(V4) R GRCGGTATCTRATCGYCTT 530 2013)
g FAFEA AR 7 AEuSd 24 AAHeE FEshe A KA dolg o]~
2 EA golzeRels &gete], d&dF FHFHAA raw  dataZFE Assembly,

Preprocessing, Clustering, Taxonomic assignment, Diversity statistics 52 <=x}% <l
AETSd 4 3
(1) Preprocessing & Clustering : DADA2 X =2713S o]&3] raw datazZ5FE 29
AF8-3E i A 44 (Callahan et al., 2016)
(2) Taxonomic assignment & Diversity statistics
- ZAA FEE SFRAA dolE o] A~E reference® WE A Eel W3 taxonomic
assignment =3}

- Alpha-diversity, Taxonomy-diversity, Alpha-rarefaction, PCoA, UPGMA Tree,



Heatmap &9 t}Fsk oA &2 (diversity analysis)
¥ FAFHA diolHulol 28 75 Fd 78 5 EFT
oz Aty 4 3
% Alpha-diversity : %% % A4*(Dominance index; DI), t}%¥ %= XA 4=(Diversity index;

H), 5% A (Evenness index; EI J), &% % A< (Richness index; RI)

2. %8 BAAE B4 2L HATIA —F&@.
7 ATddE AR(QAEE 2% ¢ FETE7), F990)
- A o} A R 5 ANE
SR ETUA W A AAGA Aok Rea A
Hgatel N&-HA LE WY L AN F7 soto] 45

- AAEE WA AEA 2w s AAT FHe FHe Bad AFIRF

il
flo
=
A

k)

O
HU
>,
1
oL
Ho
N
L

TEUE7], A wE Gl AAGE 4)
I 4 FAGYd 24 dFadE A A
7 -5t ok AR A/ #E 2A
- U 3% 10F5 A4 BRadg
o= 7] 3% - AR A HFAVEAFE, dFLE7) g g
(Pleuroceridae) T AE6F) X3

- A W7 Weod £ grmel wel AlF ol

- FEHE7

(Semisulcospira oy HEt
forticosta) - 487 Hrlo) 9 ol&du 9gS
- NS AU AEAY, S FE

A} 355 o] 3} - =) 1% 2% A4 wad

(Ampullariidae) - AAAA R A AW (TUCN) A A ABEfA L ehF
- 5ol - A2 W7 sloy FEF R mek 2ol
(Pomacea A EFT
canaliculata) - A AR THF
* Z4 g EAY =9 A E A (https://species.nibr.go.kr)
v 5424 ookl EA 0 Haplotype network, Haplotype diversity, Nucleotide diversity
st 4 Yd £4 79




3. - FHA HolgHlolx R Fo]=Zl F5
7h @A AA vpE s HeolH A
(1) 70 dleld : &7) DB(NCBI, BOLD, SILVA)lA 47] EF(AA- 2489 A5 E)S
T o2 mtDNA-COl ¥ nrDNA-18S ##F vtz = dolg 43

(2)

E
TETAEES

ZA] "lolg
A vt = o)y g

AR es grg dA 4(30F) 22 mtDNA-CO1

(7}) Genomic DNA % : DNeasy Blood & Tissue kit A} (Qiagen kit protocol ©]-&-)

D e, Gl 59 =4 455 A& 1.5ml tubed Y&

2) ATL buffer 180ul, proteinase K 20E H7F 2 &3t F, 56 CoA =4S ¢4 3]
&3

3) 15%7} vortexing$t H, AL buffer 200uE H7}skal t}A] vortexingste] £

4) = e 200 FH7}8kal vortexingshe] &+

5) &39S DNeasy Mini spin column®. & %71 5, 8000rpme & 187 4 £

6) M2 2ml collection tube® 1 A|gF %, AWI1 buffer 500E %718kl 8,000rpmel A
13 AAEg

7) A2 2ml collection tube® XA T, AW2 buffer 5000E 787}kl 14,000rpmel A
37 AT

8) 2ml collection tubeE W& il A= 1.5ml tubez uLA|

9) "yt 37 THFT T+ AE buffer 100wE H7Fsta 533 A & H,
8,000rpmoll Al 123t A4lfEelste] HFA4E DNA +=

10) F%% Genomic DNA+E 0.7% agarose 2 T+ #33 #%7|(Nanodrop, V=)=

o]-§-3t4 Quality AS(F%E, ¥5 5
(W) 4= mA A 0 7 g EA < vlE = DNA %ﬂx} A (mtDNA-CO1 - #¢

%9, LCO1490/HCO2198) A & (Folmer et al., 1994, 3 5)

% 5 DNA #tz= A7 53§44 vl gn

. Target o
No. Primer name Strand Sequence ] Citation
size(bp)
1 | LCO1490(CO1) F GGTCAACAAATCATAAAGATATTGG Folmer et al.
650
2 | HCO2198(C01) TAAACTTCAGGGTGACCAAAAAATCA (1994)

A

ha

(t}) PCR % Purification : AH¥ Fd2 vAE o] &3 FHA FF(TaKaRa Ex Tagq,
TaKaRa Bio.) 2 5% s A A (QIAquick PCR Purification Kit, QITAGEN Co.)(3 6)



3% 6. PCR €%+ =4

plh

Ne 2d A

R

PCR mixture

PCR condition

TaKaRa Ex Taq 0.5
10x Ex Taq Buffer(20mM Mg2+ plus) 5l
dNTP Mixture 4ul
Primer F 210
Primer R 21k
D.W. 325140
gDNA 440
Total volume o0l

Initial 95T Imin
Denaturation 95T 30S (40C)
Denaturation 45750C 30S (40C)
Annealing 72°C Imin (40C)
Extension 72°C 10min
Final extension 4C 10min

(2}) Sequencing % dHo]E A g

1) ABI PRISM 3730XL Analyzer(Applied Biosystems Co.)Z& ©]-&3 Sequencing <=3}

2) 13 raw data®] Assembly % Blast® &3 % £ 54 (Geneious v.11.0.5)

o BARAR B stelzetel 5

- @AfAA-EbaY B4 g 9RAEe] S5 AEUgd 24 solzeel
TEE e B4 Zeag A4 9 4s 43S FA F, HFRAA B 9EY
sholZekel 7wk %

4. 34 FAA AE 7N BEGIFH B4 dwd 24

- BARAAE 2APRIA Bl o|27AH BARAAE o83 AR TA
AT ARAA FF v 24

w BG4 AR AY D ARG P, BARAA FE L FA% v Ag P,
REGGY B4 0y Sl U@ g £



.z
FAR gn R 4209y 24
7 BAGAA deEF A7ALNGS) 1

- Illumina Miseq platforms o] &3] A FA2F 887) Alzel] thst FHx} vpA=E(3F)
& d7iMdg gR2647, £ 7)

m d-+2=
1.

o WE

27 7 AR

r
-l (

o
o

_1
- Raw data Al 3 ASV tixz A4 HAEES Sl FHI F ASV 13346671 9

HolH & 7|utoz7 METIYA A 3

F 7 AT QEF AVIAE TF AR
ZAMA17] | Data size | Target region Total read Read ASV(A)
bases(bp) count(x1)
Ao CO1 1,175,293,630 3,904,630 12,794
- 2.2G 185(V1/2) 1,049,088,544 3,485,344 5,272
(n=22) 185(V4) 985,392,730 3,273,730 5,769
. CO1 1,515,308,046 5,034,246 27,569
(n:22> 271G 185(V1/2) 1,406,632,598 4,673,198 9,646
185(V4) 1,451,458,722 4,822,122 11,058
- CO1 1,392,787,200 4,627,200 16,375
(n:;:;> 2.6G 185(V1/2) 1,382,452,064 4,592,864 6,911
185(V4) 1,246,828,085 4,142,286 7,921
e CO1 1,550,211,404 5,150,204 13,589
(n=22) 3.2G 185(V1/2) 1,554,123,980 5,129,980 8,038
185(V4) 1,417,133,886 4,708,086 8,524
(:HL:]& 10.7G Merging 16,126,710,889 53,543,890 133,466

s BAFAA AR 7 F A=A F3 (A% 5 ) xdA A
U SRR 7N ARG B

(1) A4

rlot

(o]
rN
by
N
&3
0%
d
iw)
o2
ox
M
1%
i)
&

- AR ARE Ttem 2ARXHAIAR) MAE(E, A5, 7he, Aw)
AETGY e BA A, Fao 50 BRPAAN F 204 65% 2209 4095 604% |
Hrdeel S09GE 8)

- ERed AEUGA Plu Ay, "dAEEo] 107 325 1323 2475 B8FoE THE
B2 Fol ®HA HIoHw, vFor AYseE 274 125 499 73% 97F, dd s = 2%
57%, dAsE 274 55 163 19%

(0]
I
—_
—_
_\:L_L
w
0e]

B
&
ofN
<)
oft
offt
it
N
o
0e]
f
&
_\"L_ll
w
[\
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AF wow B2 Fo| ¥AH(H 4

1

A

A = 91

132%—

Aevdd vl Ay Fol 264F ez 7H B Aso] ©A Hdow,

_"
o

thEo® 7hg 228F, o 205%, AL 150% £oR B Fo| §AH(H 4)
&

x] PHHEﬂ

A ETHEA H]ﬂ Az G711 AHAA 15H5FoR I BS Fo
o, tgow A 148%F, 973, =¥ 141F, IA2 137F, 7H=H
GE72 122%, Oﬂz}&s 106%, 974- 9571 105%F, o|ord 102%F oz B
gAE (19 4)

1L

A& & o & 7he A
7
25| |||z s|a|2|2|2|2|a|s|2|2|2 2|22 |0 |55
] 7}
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7Fe 1
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oA 7¥4
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9%731 -
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JE72 ]
e 11| 17 |22 |26 | 36 |12 | 22 | 36 | 55 | 83 | 14 | 28 | 46 | 65 |104| 12 | 28 45 | 65 |101| 15 | 35 | 78 | 92 | 122
FA |17 |37 | 89 {100 [150| 16 | 49 | 163|214 1264 16 | 44 | 118|156 205 | 18 | 50 129180228 | 20 | 65 |229 | 409|604
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6&oz2  nupstFAol 3 (Baetidae) 5%, WS FArol I (Heptageniidae) 2%,
=9 = & I (Hydropsychidae) 2%, th& 7] ZH(Pleuroceridae) 14 5 o] o34 <l

- SAFAA AR 7|6 &2 JPHe AR ElE "HeAlES F 3% 207 645 2323
3954  568F o % =X Ho]F}(Naididae) 184, Z w3} (Chironomidae) 395,

0!

A8 % 5 (Nematoda) 695, H & 5= (Platyhelminthes) 325" So] %4 <
« JF e AFAAA F w4 oEE wAAEHR ERAA AHyol Zad
HFrEAER 2 A9 AT HAA AR N §A] 7o R A& AHG T 5] The
- AESAAY ZAMEHAAN E@ld EFEdES F 3% 253 £2F 114Fo=
W 7} = 2] 3 (Nemouridae) 1%, Z-oh# #H(Tipulidae) 24, W#zbe] #H(Corydalidae) 24
5ol tiA

# BRFAA dolemolzel 71 Aust gle wEAdER Fu ANF g #4
al

= vl A3 BRadEE J(Family) FFolAs 60%9 =&
= l

Joe4vhe mgdorl, 39 RREE FEo=
]

o
BT W 28 w07 AME T

AHFL ooz A%&5e) DNA vhms 4u % 83504 deolgulols: F5o] Bad
(3) BARAR AW Fa Biw £5 9A AdA 2H(TH 6)

- Rarefaction curve #4] W oz AW FAE AAERE AE T4 GAE 94
A8 HA o Fd ARFH T &A 7HAE FA4F

- AAE "X FF 7|gA %
7l A= Jol  253.0£2.6 7 =L FAE EAEHASH, AL
1499+03F 202 71 v X2 BAg. ol Fo AE9 FFAo] mol ¥4 U
e 4o ko] F7hsk o=

- FAE-ARE T g 24 A, FAEE G AFolA 2815+1.8F (A
AR 36,0007 7]15), AAERE GA1Q2IYGD A A 15614165 (2 AH=F 93,0007
VIE)o®E MY =& T §HA ZIdAVE B4, sk AReA =2 F5 7IdAvh
g HAow, FF AH EAGHE, 7 75 S wE AF B B 59 FUF

=
ATt LT Aow Bord
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=
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%10 #8047 AR 2 449 3ol
Fsr 471 Rl Rl 4733 7t =
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FAEH 1.00" + -
53 1.00" 1.00" + -
%9743 1.00" 0.00" 1.00° +
7 0.46 0.09 0.16 0.19

o = =44 3%

A Feko] Z4zf stvte] FHAAPE o2 FAEO Fsr #ol 0 e

4§ ol(Pomacea canaliculata) B 2 FHATE¢Ad E4(29 12

(D 1143 T 4A 3 A "ol e AAe] FAHJoH F 47 FJdolA go
mtDNA-CO1 3 *H313bp) A H 40571 <+x

* 29 (21JRC1), 7FE=3(21GDC1), ©]F (21TIAC1), Y& 74 1(21INDGI)

(2) TCS Z=za#dS& o]&3sle] FHAE network 4 2, G9-dHoldra F 479

7 2+4 (Haplotype)©] =&H (19 12)

(3) oA, HEA1 AT A4 e FHAPEel #AFHINL, FHAAE vI=(Hd,

Haplotype diversity) ¥ 7] t%(x, nucleotide diversity)7} =F @A #2E (% 11

(4) =53 AN = T 409 FAAF] AR,
o

FAAYS B FHHm Adom, f44Y DUE 9

=
—
—
a
L

’

2 4 2}
0.606+0.00033 0.021= t©& 278 A el wls] 7Fg =A #AFHNL, 7tEHe] 1
gso 2 =4 #EHE(Hd=0.272+0.008, 7=0.011)

65) 2 AR 2t FAF BHAF(Fsp) 24 A, oW, GER, ud, 23W A4
ZH 543 ZFol7F 0.0-0.2(P-value<0.01) 8.2 47] A& A= @S FH424 37}
JERES(E 12). olo} 2 AdEz SE AgHon e fA0Rd B4 dis
selFol olgE olF AR Awe FAT AAT AN BAHom WA
Fo fAH Y FdE g2 A o= FAA Al AAT Y olF,
Fw AAA Bde walw Jdsd xAE F

o] JiAITte] W53 (population
bottle-necking)S 7 @s A=EA HAE F AdS(TE 12, x 11-12). webA
AR e A o] A2 3 W g} 7S

AajM = A Aol MAs L = Gl MATY HEFHAEgH A o]
F7HH o= e ojof & Aoz AlHH

E UL #93el A8 KA dg A
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7P 32 2 0.272+0.008 0.011
o] oFx 41 1 0.000+0.000" 0.000"
Y571 7 1 0.000£0.000" 0.000"
Total 405 4 0.552+0.0004 0.019
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(7h) &71 DB(NCBI, BOLD, SILVA)olA o3 &/ Z7(

i FTAA, FAA 49
ojgd HeF +d ARE +4

™
3151
o

|
(W) &7 7o H3tslE deolH % sequence similarityol wal 99% o)A X
sequence™ 3FY = clusteringdlo] # Al

]_

ol
rir

- AA LE739 CD-HIT clustering, &7 sequence similarity 99% % -&

(th) mtDNA-CO1 wF=Z= dHo]E(NCBI, BOLD) A& 3863071, d#]&& 9591071,
AP &E 544171, 338 5= 14132711 2 nrDNA-18S vlz= do]E (BOLD, SILVA)
AA-sE 20007, AR 5= 2147971, AP 52 69717, 3 5E 214070 FH

(2) AHAl dlolg : AAFE 17F, A sE 13F, AFsE 13Fo] digt mtDNA-COI

== doly 15471 FH

=
[}
5

% 13 B4 FdA vtzE deoly 3 | (‘21.12. 7]15)
N = _ /=
an mtDNA-CO1(A/%) nrDNA-18S(A /%) Total(7)
NCBI BOLD Z}A) BOLD SILVA

re
2
off
(i

2,52071/1,668% 36,11071/12,915%(7631 /175 | 98%1/58%F | 1,90271/1,525%

A A= (13,14471/8,685€(82,76671 /13,778%(3971 /135 1,12971 /315% 20,3501 /14,775 999,649
AEEE| 22771/161F | 521471/1,909F |3941/13F| 27/1F 6,96971/2,873F T
el 5= | 276%1/154F | 13,856%1/3,368% - 3771/25% | 2,10371/1,469F

. TR A Folzekel 5

(1) 272 AH 7|§re] AEotd 4 A7 53t gol=zgel F55 98,
4GA A Z2 M 2~(Quality filtering & assembly, Clustering, Taxonomy
assignment, Biodiversity statistics) 7]%¥F 7+3(3% 14, 19 13)

E 14 45074 40 710 4EHEY BY BB

Process Program Result
| Assembly DADAZ | Assembled reads(Se fasta)
,,,,,,,,,, Pre-processing | DADAz | Removed noise data
Clustermg DADA?2 ASV
i ir ASVs, Chaol, Shannon,
3 Alpha-diversity | alpha_diversity.py Simpson etc
1 I‘gﬁfoer;(éri?g I howse E BLAST/UCLSUT Taxonomy Composition
Diversity | Alpha-rarefaction | Pprogram i alpha_rarefaction.py Rarefaction curve graph
Analysis =" using R Frmmmmmmmmmomm oo Sy
] PCoA | package | make 2d plotspy | PCoA graph(2D, 3D)
% UPGMA Tree i upgma_cluster.py UPGMA Tree graph
' Heatmap | | make_otu_heatmap_htmlpy | ASV Heatmap |
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1. Quality filtering 2. Representative 3. Taxonomy assignment 4. Biodiversity statistics
8 assembly sequence =N

Raw data ]

= ASV selecting
by sequence variant

T 3

Database [Ccmmunity richness]

& diversity

Quality filtering

reads Tnmmnmanc) - r__!_c ] [ Barafaction e
f ' Packas 5 !
R Assemble paoa co1 185

R Remove Har| B2y eauence smiarty [ Blast identity |

Chimera reads CD-HIT & =

paired-end reads [ OTUs Clustering ] BOER silva® now [ UPGMA tree ]
S ———

PCoA plot

|
| | 1
Family Genus Species
80%  90%  97% R

a9 13, AT AE 7R AEvSFd A ol =gkl
(2) 1¥+4] Quality filtering & assembly
(7H) NGS #4115 &3] gr3 & Raw data AA 2 =¥
(L) A Z2AAAE Z239) ¢ Raw data — Quality filtering reads(Trimmomatic,

Bolger el al., 2014) — Assemble paired — end reads(DADA2, Callahan et el.,
2016) — Remove Chimera reads(DADA2, Callahan et el., 2016)

(3) 294l Clustering
7h =949 dolBHEZ5E i A4 AE(OTU £+ ASV #4 WUy A8, 19 14)
(4h) OTU #4] W (clustering by sequence similarity)
1) OTU(Operational Taxonomic Unit)= PCR errorE #7Fetst clusterz &/ ©9lE
AAdsk= Alo] 53
2) Raw datag similarity(97%, 99%)E 7]1+o2 #FAFe ME78] clusteringste] thiE
A dE sk WH(CD-HIT, Fu et al, 2012)
(th) ASV #4] W (selecting by sequence variant)
1) ASV(Amplicon Sequence Variants)= PCR % sequencing A4 AA¥ error
MEEs AAS dEAERE F7 G915 BAdst= Aol 534
2) Raw data°l#] PCR % sequencing ¥7golA AAPH errors AAS 3 H3H
AEdE 7Ivte s g Ade A4stE W (DADA2, Callahan et el., 2016)
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|, Adaptor trim Cutadapt

N
{ ELASH ] \ Adaptor trim
’ Assembled reads — DADA2 )
4( CD-HIT-OTU j

Preprocessing & ASV

Preprocessing & GUT picking ﬁ
—{ OUT abundance

L~ AsvOHEME

A
s Comamnn T (i

(Subsampling)
y y mafft
( Muscle, FastTree )( BLAST/UCLUST )é

AsvLCHEME
JrMu itiple alignment
s Multiple alignment ( ASV L E XM B . tre )
o ( BLAST/UCLUST )
( OUTCHE A B.tre )
Taxenomy
:[, QlIME e
QIME <« Taxonomy

NP Community diversity
 Community diversity { ASV Report )
( OUT Report )

<OTU &4 33>

a9 14 BARAA AR GE NG A BA

(4) 39+A] Taxonomy assignment
b AdE diE ML reference 7| T W B 5 TS

IS

(W) &7 ol A3 Blast identity -8 (Family 80%, Genus 90%, Species 97%)
¥ B SAlo Wl Blast identity % Z 2

(th) Blast 23] W& & 55 5

(5) 49+A] Biodiversity statistics

Oh TEE F B Mo G AROFY 24 59

() AHE B4 Uy (Abe Z239) @ Alpha—diversity(Dominance index, Diversity index,

Evenness index, Richness index), Alpha-rarefaction, PCoA, UPGMA Tree, Heatmap
5 (R, R Core Team, 2020)
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