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ABSTRACT

This study aims to estimate location of land mammals habitat by analyzing spatial data and investigate
how to apply environmental DNA monitoring methodology to lotic system in Yangpyeong-gun,
Gyeonggi-do. Environmental DNA sampling points are selected through spatial analysis with QGIS open
source program by overlaying Kernel density of wild boar(Sus scrofa), elevation, slope and land-cover
map, and 81 samples are collected. After 240 mL of water was filtered in each sample, metabarcoding

technique using MiMammal universal primer was applied in order to get a whole list of mammal species
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whose DNA particles contained in filtered water. 8 and 22 samples showed DNA of wild boar and

water deer, respectively. DNA of raccoon dog, Eurasian otter, and Siberian weasel are also detected

through metabarcoding analysis. This study is valuable that conducted in outdoor lotic system. The study

suggests a new wildlife monitoring methodology integrating overlayed geographic data and environmental

DNA.

Key Words : Harmful animal, Sus scrofa, Hydropotes inermis, MiMammal, Lotic ecosystem
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UZte) W= Qlste] A} A2 7L T
H3le 1 91 o™ (Penas et al., 2011), =AIAS
o #5% Gk djxAo g V)& 4, A
A, FA 9 e AdAHE AEFHT QY
(Kim et al., 1998). A2el] 9HS =77 9
ol5 7] Y3l Qlzte] dFddoz Hslshe=
7357F BT of B ET Algte A V]3]
7F 7k A T8, S4HE dEle B8
Q1 FFEFH (Kang, 2017) 59 o2 &A]7}
eI gtk S SlellA e MoAE
BT 9 FAeol] #e HE ol A, A A
ol Aitel] TS FE MEES AAF
gl “fralotlEE" R Aste] st ¢l
o dEAY ol EE T skl BlHA
(Sus scrofa) ¢t 17ke] v, o F E0] o TE
o] T4 282 % A9} FAE d&
T vpzo] ARAQ EA7F 2 v A4
2F3to]th(Lee et al., 2018).

olg|gt 2AASA T 9} oY FE A14A9

2E Fo|7] 93 A7l A&A By
HE Zzados AT A7), Xgd ¥,

2 g 59 932 gofstu A 2 B
Uz 297} 3ltkAn et al., 2018). &
3t o] AEE ZALS Bl E84 0]
o A EsHA esty] 9ldl 274 DNAE &4
St A28 WP E olsfel A o] a7 9l
THMinamoto et al., 2012). €7 DNA £ <]

A

WA Hee] o8] $& & W A&

1,

= W87 Zetoln ke sl FofoA
7 DNA 95 7M1 ZAHDrummond et al.,
2015). 12]a A=vdd @ (CBD) 3 =W
QoM = AEAAS] TEHQ AL} HEHy
ol RUHEe f8  EAE T (Molecular
biology) #0Fe] DNA 7|4+ BEE 2A}F 7|HS
25 AFsn de A4 o|tK(Krishnamurthy
and Francis, 2012). 73 DNAZ o] &3} T E]
g AT AR gelel dM = AR W
H(Lyet et al., 2021)°]7] wj&Eo] Al-2 T2
e A At Age Zew ek
274 DNAS AT &< AvEd 44 U
5 FA9 2 AN & AES Bl &
7 DNA #4128 3} A %(Ushio et al., 2017)7}
AR TheFet SFAAE Al ] 273 DNA
A A EsHA] Eoithe AR S Zet B
ko ZHEIY] 7] DNA EA& B 9o E
& FHo| ofFFo] glo] FHQN FR| A
7} ith(Valentin R. E. et al., 2020). <] 2
7d DNA A+ A3E 9 (202007 =41 W &

PR AT BEHOE 13 912020) 2
$92 900197k 1A Aol o] govk =
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Figure 1. Rater analysis on the presence of wild boars(Sus scrofa)
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~ 37°40°077 0|t} TS| Al7bsl dxA| S,
=i} o] @ A 7R B A A A H o
ol ok FES] a7t EAStL A7 % T
A9 F foloklEEQ] WA (Sus scrofa)2]
AMAEEL B (179 BT =2 2 (2.2
vl2]/km’)o] Th(National Institute of Biological
Resources, 2020).
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YR (Sus scrof))7t EAAY AAA R
Ayttt AAA = AdS &) st
EXAYRE, A4xt A=A AL, AR
Ndzts, sHAEALdT AL ARE S8o}
At EXFELE 20189 TEF EXAYEL
2 SAZFHEAE 2 (hitp://egis.me.go.kr) &
FE 2R E Wol ARsisith A=Ad e =
A 198635 E 74, EXolE, A4, T 4=
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3l AR Z o A (https://www.nie-ecobank.
k) 2HE AR E ol ARSItk 11 ¢ A7
T 2020 frelflepdsE FfLEH F &
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2 24 A9 2A5E L&t A
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AL ST UhdAE, THYEAL T Ak
55 @&t FHTY HENA(Sus scrof)7t

A2 7k e S AdEER BE5%]
ChFigure 1914 A). ZF 9 AH S 7|Fe 2
U 1kmE A4 S (Alexander et al.,
2016), AL =] XA E HY = 54 5%
S Stk a8 1 kme] i o] ulE
A|(Sus scrofa)7} M A& 4 Qe WAL
sttt el d R <ol AR 20% o] ste]
A IE7F 200m ool FEE %
(Meriggi et al., 2016; Acevedo et al., 2007)<
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CHTaberlet et al., 2012; Thomsen and Willerslev,
2015). %<9 %7 DNA <& Ogram et
al.(1987)0] HA&ojA LzAe DNAC that 3
Z ZREZS AEIHA Al dAle
54 RxF dg 9dE AEHY 27 DNA
vellEy How EuE 54 ERTe A
o] G714 52 (Next Generation Sequencing)=
T OF T4 AEYH Sl AHETHKIm et
al,, 2020). & Ao AA A7 LD EA
o] AEHE AHEste] 87 DNAE w48k th

2021 69 1793} 224, 23Y % 330 AA
o] 817 Aol et 8170 & AE 4
< APt 2 ZARFIA 30 mL 438 5
A5 o] &3te] 83]e] JEIH S Fall 240 mL
o] A% 045 um pore size 7FEZIA] TH
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A ofglsto] Y= At AF 3 A ZE DNeasy
Blood and Tissue Kit (Qiagen, Hilden, Germany)
£ |83t DNA F&5 At 53
DNAE Z%3}7] 913 (Ushio et al., 2017)°l| 4]
Aleket WM& Zzlo] ol MiMammal$} Illumina
Ate] Nextera index kitE AM&-3lo] 2@ PCR=
2839t} Zatol v = Ushio et al.(2017) G+
oA ARE-gE A3} o] Miseq A1 417} low
density 7§41 918) 67He] A A7IN)7F AT
H MiMammal- mix Zz}o|HE A}&-3}9th &
A dd9s ST A 12 PCRE 2x
KAPA HiFi HotStart ReadyMix
(KAPABiosystems, USA) 6.0 ul 2t
MiMammal-mix Z2}e]™ (5 pM primer F/R) 2t
7407 pl, BAE SFHF 2.6 ul, AEAN =
St DNA 2.0 pl® 35 12 pl 2 APs4

94 °CollA] 3% F<F %7] DNA WS 13
Z, 98 °CollA] 102 F<F DNA ¥4, 50°Cel|lA]
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5% B fAIS 4 °Colld BAsid 13
PCR AHe& A8kl 218)¢k 22} Index PCRE

v

[ DNA extraction ‘

DNA purification
DNeasy Blood and Tissue Kit
{Qiagen, Hilden, Germany}

DNA extraction
from cartridge filter

I PCR 2 POR

MiMammal primer
{Ushio et al.. 2017)

Nextera index primer
(Hlumina, US)

v

[ Metabarcoding

FASTA translation

Matching with Genetic DB
(Ushio et al., 2017}

Miseq analysis

Sequencing chemistry ver3
(llumina, US)

v

| Result I

Figure 2. Progress of eDNA metabarcoding Analysis
using cartridge filter

2x KAPA HiFi HotStart ReadyMix 12.5 %}
Nextera Index primer 1 (N7XX) 2.5 ul, Nextera
Index primer 2 (S5XX) 2.5 ul, BdE 7S
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2183t Att 96 °ColA] 31 &<t 27] DNA W
A& A3 T, 96 °CollA] 305 < DNA W
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sequencing chemistry ver3< AHE-31od, Illumina
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olgat] YEF FHA FH DB WA &
P3loAtt. 71E AEF F4A F 5 DB H]
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1. 2 DNAZ &8st BT Ul ZR7 53
=4 Zit

AN R Holle A AR v
T FAHE 98.5 % ©1%49] identity S
Hehtay A8 gelstych &

B e S
o 3 THF AUFA AT B FE
Asletel AnE £E3AG 399 AFENE

E3) 37 DNA 7|8S d83le] FHEe o4y
9 &8k (Stream), A= (Valley), <A
(Reservoir), &= (Agricultural Canal)ol|A<]
B EFFY 8 24T 23, A (Sus
scrofa), ILBFY(Hydropotes inermis)®t 2]
D(Lutra lutra),

25 437} 5%0] A&

(Nyctereutes procyonmdes),
ZA¥) (Mustela sibirica) %

Huc} (Figure 3).

1) 37 DNAE 83
AE A3}

o\ S) 2] (Sus scrofa) 74 DNAS 7 &3 23}
= O3 2 (Table 1). WA (Sus scrofa)%
Z 8/ AHIAM AEEU oA, BlEF] F
< 208% UtT}. oS A|(Sus scrofa)7b EHQ1E
A F M 2o g2 2o AL 259
o PaE BN A 28 speAo] e AA
of sjFgE). =47 M e A2 66H

#E)2](Sus scrofa)

[ ﬂn:oi‘

o

¢

& & 7Pedel we Aol A% £3e
gEch bHA7F 229 87 A= F 2 x4
M2 317 (Types of Aquatic Ecosystems)= H]
W &K 221 (249, 254, Al 2413
@49, 66, AFA 1414 28%), FFE 374
(159, 16¥, 319) o2 Vet x9w oF
=0 Ao e A X2 243
e Ao A A e AR ARl
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Table 1. Explanation of samples of wild boars(Sus scrofa)

15 (L)) Jipyeong-myeon Yes Cloudy or Rainy | Agricultural Canal 7
16 (L) Jipyeong-myeon Yes Cloudy or Rainy Agricultural Canal 9
24 (0)) Yangdong-myeon Yes Cloudy or Rainy Stream 20
25 (0 Yangdong-myeon Yes Cloudy or Rainy Stream 88
28 (L) Yangdong-myeon Yes Cloudy or Rainy Reservoir 57
31 (L) Jipyeong-myeon Yes Cloudy or Rainy Agricultural Canal 17
44 (0 Cheongwoon-myeon Yes Cloudy or Rainy Valley

66 (/\) Seojong-myeon Yes Cloudy or Rainy Valley 4
13 (L)) Gangsang-myeon No Cloudy or Rainy Stream -
20 (0D Gangsang-myeon No Cloudy or Rainy Stream -

* [J : High likelihood of Presence //\: low likelihood of Presence

=2 Qg e A F
Table 1). A4 A, &8 &

ol AR ¥t frAEiAlel s et

AAEANA A7 HEH = S gl

2) ==2](Sus scrofa) ©]¢] £ 7% Az}

a2 (Hydropotes Yy
(Nyctereutes  procyonoides), <2 (Lutra lutra),
A M) (Mustela sibirica)o| g+ 74 DNAE
A& 2de o= 2o (Table 2).

12 (Hydropotes inermis)7} EH A2
Z 2N AR, Buge] F o2 26137 gk
t}. a2k (Hydropotes inermis)7} E1E A1 3
7P =2 BegE Bl A2 sgH o HiEiA|
(Sus scrofa) & 7Fs/d0] =2 AR el= afdH
Aek Blea7t 7P e AAE 75 A flem
NN 2] (Sus scrofa) =8 7Fs/do] & Aol
o). a2l (Hydropotes inermis)’} HEE 37
< F 270 AA T 2okl 970 (194, 249,
261, 279, 359, 479, 519, 779, 799), Al
170 (104, 29, 100, 40, 427, 431, 549, 561,
581, 6681, 75%), AFA N (699), w52 170
(16¥) 3oz yepdtt. ekt 458 2270
A4 5 1970 A13do] WAl 4 el we
Aol e, 37] 2|30l w2 30|l o]¢],

inermis) <+

U 2] (Nyctereutes procyonoides)= % 271 A3
A BE4 T 1327 vgrom 49 x| Hol| A
1272 7P =A JESTE SAM(Mustela
sibirica)®t S (Lutra lutra) T3+ ZE A=)
T BE 242 RS AR ZRlE AT A1
H|(Mustela sibirica)c &5% w8, T2 Lutra
lutra)E 25bd F oA HEEHIUT U
(Nyctereutes procyonoides)St 5~ (Lutra lutra),
ZA| 8] (Mustela sibirica) 25 A (Sus scrofa)
=4 7Fs/do] & AA A HEHA

2. Q7| UEE 2 2 DNA 24 1F

1) 52367} 37 DNA 7k 2%

B Asl= 71E 4 DNA A=Y S 3
FAEA} obd A, Ltz o] A3
APt F57F s2E SN MSS AF
3 & A7E BASItE A 9ofrt At
AR 37 DNAE BlY 841, 2%, 2,
el daEke Wl w=u(Pilliod et al,

2014; Sales et al., 2019; Staley et al., 2018,
Hauger et al., 2020), A TLI} o] 7] 4
7 ASE A% xS el Aol
of wet e Zlego AEES] IAHE B
22

a9 Py

=)

A3}, vl

A F Qe
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Table 2. A Part of Results of metabarcoding

58 (L) Jipyeong-myeon | Water deer Cloudy or Rainy Valley 1128
51 (0)) Seojong-myeon | Water deer | Cloudy or Rainy Stream 338
75 (N Seojong-myeon | Water deer | Cloudy or Rainy Valley 4
4 (O) Danwol-myeon | Raccoon dog Cloudy Stream 127
30 () |Yangdong-myeon| Raccoon dog | Cloudy or Rainy Stream 5
15 ()) | Jipyeong-myeon | Siberian weasel | Cloudy or Rainy | Agricultural Canal 14
42 (L)  |Yangdong-myeon| Eurasian otter | Cloudy or Rainy Stream 9

(Sus scrofa) =
4~9¢ Aol 2, A%

* [ : High likelihood of Wild boar Presence //\: low likelihood of Wild boar Presence

olet LEaE I Al7|= 8
ZA} ol Fol 682 v

wA g7t AL AZIdE nefskE A4 A%

H

g eS| X (Sus scrofs) BEF

G A AL >
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B e ABHEL Hol
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718) B A9t Aol 1glen, 87 A

= 5709

AR FYABAABY 2AAY

(20209 =)= AFo] Utk A4x} A=A
FAZAL A AT JE AFLS 80 F 174

o AHo =z 3

NP

2o

® @l A £ B @
Y 24 5

vefela
e, 2

E‘rﬂ} JJr PC
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