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ABSTRACT

Scientific trust and quantification of traditional species investigation and results that have been used

in ecology for decades has always been a problem and concern for ecologists. Global ecologists have
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proposed DNA-based species investigation studies to find answers to problems. In this study, we re-
viewed the global trend of research on environmental DNA(eDNA), which is a method for monitoring
species by detecting DNA of organisms naturally mixed in environmental samples such as water, soil,
and feces. The first eDNA research confirmed the possibility of species investigation at the molecular
level, and commercialization of NGS(Next Generation Sequencing) and DNA metabarcoding elicits ef-
ficient and quantitative species investigation results, and eDNA research is increasing in the filed of
ecology. In this study, mammals and birds were detected using MiMammal universal primers from 23
samples(3 natural reserves; 20 water bowls) out of 4 patches to verify eDNA for urban ecosystems
in Suwon, and eDNA was verified by performing camera trapping and field survey. Most terrestrial
species were detected through eDNA, and particularly, mice(Mus musculus), and Vinous-throated
Parrotbill (Sinosuthora webbiana) were identified only with eDNA, It has been confirmed to be highly
effective by investigating techniques for small and internal species. However, due to the lack of reso-
lution of the primer, weasels(Mustela sibirica) and squirrels(Melanochromis auratus) were not detected,
and it was confirmed that the traditional investigation method was effective only for a few species,
such as Mogera robusta(Mogera robusta). Therefore, it is judged that the effects of species inves-
tigation can be maximized only when eDNA is combined with traditional field survey and Camera

trapping to complement each other.

Key words : DNA Metabarcoding, PCR(Polymerase chain reaction), Camera trapping, OTU(Operational

Taxonomic Unit), MiMammal, NGS(Next Generation Sequencing), Suwon city
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SAE Al Q1% «] Agj g} o]l 93 & Ministry of Environment, 2017).
22 A wgo g 71E AEFe MAA et T, 1986 S B S 8 ekl o
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Fhbell flem, 2 ofole A7t 23 A%l
A ABES ¥9 B AYSE 2S5 221550
A wo] BT 5 Yom, 24 el
A5 A7} oS HAA] Rale AT A
3 A7 g EAloltt niA e R Bidata wh
27 Wslshe EAAEA S5/e] eEHA
%o A, dutAel F FA AAS S g APst
7] wfzol] A EA W BEA2 4 e8] vk
b7l ofgl® ddelth oA | ZAEA
A ABA HEAL 2 7% 18T
AIZHA dHAE 7 B ofle), AL At
We EEse e 24 gl oz,
o€ B 2 sl A Ao o

EJF 983 AlA ot}
°HCBD) % =U-¢] )t
e AQ%XHA Eg@.‘ﬂ FAPe} ARl B
Heg 23S FHsp] s EAEES
(Molecular  biology) #°F2] DNA(Deoxyrib
oNucleic Acid) 7|9k AEF ZA 7|9 S A= A
A8l al 9 th(Krishnamurthy and Francis, 2012).
DNA 73t & BUEH 7la2 A7 &
EAehs BEA7F DNA B4 Efratal gl
(Watson and Crick, 1953), &3t
(Genetic distance)7} LukA o2 7+o
< 278 /A v F, R b Aozt
Atte #AMEE] drbdo]a 7] 249 o] &
o 4 Al & tHerbert et al., 2003). Yo7} f71
A7F AA ] )= goluh 244, ulji 5ol
FAAH Role 2oyt EFM A EE Aot
i, DNAS F=35t AHAIS 74dke BEF
< glstel e A7t A= AH Taberlet ef al.,
2012a). ©]&= 2%7DNA(eDNA; Environmental
DNA)ZHE 7ld o' Aah 74131 Hlen, &4t
A e 8K (Molecular ecology) FoFe] &8 &<
BEER THAZTHKelly, 2016).

gl E76ta AEgtalEo] eDNA 7]<
= ABET T At AE] H4A 4ske
tl, eDNAS] ZREA Q] A 3 o] A A+

oAlA 71822l olal7t e7HE AW, B
AAES 9 A woke} 37 DNA 4L
18]3 DNA FHELE o83 DNA A ES
TEdle THEL AMW-S(PCR; Polymerase
chain reaction) 7]&3} 22 Aukz 0l ExA&E
dol R oldles Bess] WRelwn
(Mullis and Faloona, 1987). Yo7} $4-4=qt
Zole] A7|%(bp; base painoE TZHE A7
MG BEE EdE F4HRE o, Fvy
ol4e] A7|XE DB} T5HE gholHelgl oA
AAsta, HFHor BXFE AEte AE
%) 2. 8KBioinformatics) ¥-oFS Aot Ld#H 9
eDNA 23o] &7 = AtHRuppert and Kline.,
2019). oA ® e, FAAES, Y e}
O 2 0|92 = eDNAS] % 97 ZEA2E
AejeAtEelZll mAle] ggollen, olAle
A AAA R Aejetatet $7& #Elshe A
HEONA eDNAE et ZAF Zolol|A 3
A 847F Ha Sle Alo] YA sElddle

3T (Taberlet et al., 2018).

uebA] B AT eDNAZE EHal AT
A 58 @ﬂii e et Fofol Z-8%
=]+ 2] eDNA ATFES 1@staat a3t o
ol7b FuUl Z=AAYEjAlA eDNA HEREEH
(metabarcoding) 7|&S ERF9 2R 2
0/\1 7420]] x];d x%ﬁ_o]._,—_y zsﬂz]— ZA]. Di] 7}
v} EEH &3l wAk HEelw e 2A, 71
How eDNA7} SAEA AEAYD RUE
o &8 9 Hebd § glE ke RAlgtuzt

A=A
II. 8ZDNA2| oIt &

eDNAE B, & e
Al ZollA] B = E}%kd H71 xﬂ%ﬁ =34 Al
3= DNA(Genomic DNA)S 9|1 g+cKTaberlet et
al., 2012a). # %2 eDNA AT+ Ogram et
al.(1987)°] E| &5l 23 DNAC gt
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Figure 1. Overview of the emergence of eDNA studies (Tarberlet et al., 2018; modified)

ZI2EZE ARIAA Al2slSl thFigure 1). 3
2] eDNA ¥ 39 o] %, 2 A7IME #4
(NGS; Next Generation Sequencing)= ©]-&-3F 3|
29| eDNA vlgtutay d77} Hielont
(Giovannoi et al., 1990), PCRe|| H|3] Atjd oz
& H-83 She] "]‘3-0“*1 ofg] T& FE9he
W8 Zalo|vjo] Haj 9l eDNA ¥4 3 5o=
13l eDNA HERIEY A7 10997 A A
At} o] & Willerslev er al.(2003)°l] 23] eDNA
HeptEd S 49 a8 E 7 TR 2 e
2 A7 A= S, Ficetola et al.(2008)°]
%4 A& U] DNA % 2 PCRE 53 32l
2l(Rana catesbeiana)®] HZ& 55 EQlehHA,
A A W AEF ZALEA] eDNA A7 HE22
HuF It} ©]F Valentini et al.(2009), Deagle
et al(2010)2 F9o] WjdES 3 A 5= Z8et
o] eDNA MEPIEH S Fek o] HoldS ¥4
ste A7 Agsislon, o|Ex HIde
eDNAE &3l VAEES ERfdle A2 del,
o8 HIRT LHF, F T AN AETS 7‘3
a17] $lgk Zejoln s 9 RUHE A7t e
3] Z7}gho] Eelw 1 9tk (Oskam et al. 2010;

Miya et al., 2015; Ushio et al. 2016).

1. & PCR(Quantitative PCR; qPCR)
eDNA 71&2 B3 £ 2dstr] daire
A ES] 718 JiEQl PCR 7] 7] &t
7 7H A o] a2 = AL ArkFigure 2; Saiki
et al., 1985; Mullis and Faloona 1987). "4 E¥¢]
71, A, 59 5EF 5 9L A
£ dE3H7] e 3lo] B4 Y 7 -F-(Bergman er
al., 2015; Evans et al., 2016; Minamoto et al.,
2017), 200~600bp F &= ZolE FEd & e
% Eo]& ul7(Species specific marker) <}
zZatoln] 7S B3l Y TS AES F
¥4 PCR(qPCR; Quantitative PCR) 7]&©] &
% tHLogan et al., 2009; MacDonald and Sarre,
2017). gPCR 7]&-< TheFs 25 & W] 73
T e AL o, ARt B o] eFE =
NGS 7]&o] Ak o glo] ZAAA Q] WA
9 % Aegt Zopel| M= A5 8= 9)
U] 2 © 2 Hempel et al.2019)°)] ¢J3] 314 59
A= gPCRO] A3 A 02 g5l 54
2% shol el ARl Contus rhenanuss: 8785t

o o my %
oo |f rlo r
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Figure 2. Process in detecting species
and communities through eDNA

2. AMOH FIIME EM(NGS: Next Gener-
ation Sequencing)

T HAR 2 D7D EAo] 719 TR
o] me, diiE BE A7 YMassive
Parallel Sequencing) ¥2}°] 7}53l 4 (Brenner
et al., 2000, Margulies et al., 2005), dF}2e] A]
RollA 1005 ]3] HZE 7Fe3 eDNA HE
Hl 2% (eDNA metabarcoding) 7]&9] &8=7}
EolA] 2 I tH(Pompanon et al., 2011; Riaz et
al., 2011; Lopes et al., 2017). eDNA W E}H}Z
o 7]4& o2& 0 & 7] PCR 7|&HT} A

>
o Mo

fr o= o AL
pas
oo 3Q
o
+

FHoZ HAATE wlg 2HAA &

%7]9&= PCREY 4 =&

7 BE FY VMG E S F
7§|

ul# (Group-specific marker)

i 30 Mr oo

m
flo

WHeA Zglo]w|(Universal primer))]
I 524 = DNA ety A7 Al A=
ok 2y M8 NGS #4¢] Illuminat}e]
Hiseq, Miseq, NextSeq &2} Thermo FisherA}<]
Ton GeneStudio A|8]|2 & o2 3ALES] thek
g ZUE vhd ol wel F-88) o] FolA 7
T-EA eDNA A8 Akt H2d F de
dryko] whed =] 91tk(Shendure and Ji, 2008).

"R R o BREA OFe $F5haL o
2] T2 AEE 5 e HEH xgoln Jdx
et FolA eDNA ATE F7MAAY
(Drummond et al., 2015). HEAH S Z Miya et
al(2015)%= 128 tRNA 163-185bp 778 HAH o2
8fof ot 88091F= AT 4 U= FUHA
Zao]n|el MiFishE /Eslglen, 3o+
Web7]4He] MiFish Pipeline S ©]-83 4= 2lo] 411
TEE eDNA MEpaY 7les Sl ol F T
AZ8 4 A = Ak Table 1; Sato ef al., 2018).
0% A AAA R MFih % 7IE} g Zjolo]
£ 4838 oF o1 EUHH] g9l en
(Schmidt and McDougall, 2018; Closek et al., 2019;
Zhang et al,, 2019), =Wl A= 2 MiFish &
W Zefolv|& Fgale] FAN ofF AR
el g L3 EUEPE A7 R
(Song et al., 2019).

o} fol Hlsl &4 WEZ eDNA vlEfE o]
gk A7t 5 559 dseltt v & AE
T 9N AES A8l B A oR FEslnR
aH, A5, A9E oo 22 RellA 73
AEFe] DNAZF 78 = glgol Aleks 1 22l
=9 tHRodgers and Mock, 2015). Riaz et al.(2011)
& A ZFEE(Vertebrates) ¥ %4 F(Amphibians),
5 F(Reptiles) BUEIF-S 91 125 tRNA
(73-110bp) & HA 2.2 3}= 12SVSF-R ZEko|H

N
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Table 1. Primers proposed to detect species from fish and terrestrial animals

Taxa Example citation Primer pair Region amplified
Fish Miya et al. 2015 Mifish-U/E (ﬁi_;ﬁ;’;
Vertebrates 12SV5F (TAGAACAGGCTCCTCTAG) 125 rRNA
. . T
Amphibians Riaz et al. 2011 12SV5R (TTAGATACCCCACTATGC) (73-110bp)
Reptiles
taile et al. 2007 12Se (CCCACCTAGAGGAGCCTGTTC)
125h (CCTTGACCTGTCTTGTTAGC) 125 rRNA
125f5 (CTAACAAGACAGGTCAAGGTAT) (~125bp)
. 12st4 (CCTATTTTACTGCTAAATCCG)
Birds Oskam et al. 2010 12sa (CTGGGATTAGATACCCCACTAT) 12S tRNA
12sh (CCTTGACCTGTCTTGTTAGC) (~250bp)
Patel et al. 2010 COI primers (13 0(—:30218bp)
165 A&M Fv2 69
(CCCCGAAACCAGACGAGCTA) 165 rRNA
Andersen et al. 2012 165 A&M Rv2 short (23-31bp)
(TCACTATTTTGCNACATAGA)
Bocssenkool of al. 2012 16Smaml (CGGTTGGGGTGACCTCGGA) 165 tRNA
16Smam2 (GCTGTTATCCCTAGGGTAACT) (~120bp)
MiMammal F
Mammals ) (GGGTTGGTAAATTTCGTGCCAGC) 12S tRNA
Ushio et al. 2016
MiMammal R (~170bp)
(CATAGTGGGGTATCTAATCCCAGTTTG)
125 tRNA
MI2S primers (~210bp)
Leempoel et al. 2020
M16S primers 16S rRNA
(~70bp)

£ AAISI o1, Haile ef al(2007)S &7 /<
S AZE7] Y8l 128 rRRNA(~125bp) S H2 o2
ZejolH S

2F BRT

1

al.(2010)&

3t 12Se-h

rRNA(~125bp) 2

™9} 128 rRNA(~250bp) S
zejoln] 271A & AAISHITE Patel et al(2010)
& 913l RNAZF obd Tl obs f7d oFet WA Zefolw s 9 H2
2191 COI(130-328bp) =
ot} & A= ST

ZF A=S

HHOoZ 3

=2 I A0

A <rstd Tt Oskam et

= 12sf5-14 Z ko]
XA o= g 12sa-h

b

tt

5 AES Yol 16S rRNA(~120bp) S 2 ©
3= 16Smaml-2 Zlo|ME A|etsidith
Ushio et al.(2017)< MiFish o7+ B8 Zdlo|HE

AES Hal 128 445 510 128 rRNA(~170bp) S B2 o2 3}

JX‘l Bx Flf
»ﬂ y

re

Qs

-85 Zalo|n]o] MiMammal S *471"5]'04 T
A Adeje] & AlgdM EfH RUEE

TAo 7 3l= col =g+ eDNA HElEY S o] &3lo] S AEE 1

T tekst Zatolmzt AXE =T, Andersen e Haper er al.(2019)E $-

al.(2012)& 16S tRNA(23-31bp)2] #& #7He
FA 02 1= 165 A&M Fv2 69-Rv2 short Zzjo|
HE AAI5I 2, Boessenkool ef al.(2012) A trapping) = &3 EHF7F E&

ERRAZS I UHPE 198 ATE Bol AgHn 9l

[eJE = =)

o]' —LTI“ITE‘/] ﬂ‘zl‘
Ge(HA, A7, )0l 12 eDNA 2= &
9] Aol & gl o, 7hH e} E?lH-JJ(camera

o E"]'T: Hc}tl'ij
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2,
Rout AFYH, =9 ©]& Pef 5 eDNA
2= Froll BAA] G VAR F=
gl 9t} Leempoel et al.(2020)2 E-79
gk 2AE 1,127 7h el Egsd = & 100
Nel EY AlZoA eDNA AES vlwslg o
™, 16S rRNA (~70bp)2} 12S rRNA(~210bp)
7HA] wE} vi2EE A Este] Zefoln 7 HE
AE vlwststt 7 kel eDNA ZAF A7)
A AFS LA E GAatglon, 53] 4%F
o] 7% fFE eDNAOIAEE HZo] 2Holx )
o} Zjoln] 2t Aol £ EfHF7E I
(Family) =54 168, 12S tRNA T-3to] A <]
A5k o, F(Species) FEAAM EFHA
&)’ = (Taxonomic resolution)= 12s rRNA7}
16S IRNAET} =0} §4F BUEY A &&
A<l eDNA ZA} W ES Albatich

o]’ PCR % veklzd T &8¢
eDNA 7]&o] theFat BFatol tidh 2AkA
Z-87do] AR o] FlEx ek 1y
U o} 71A] thE-E-] eDNA AT AlElE A
AejA AT AN gl om Q13ka}
2 #do] e EAAE AN A8 At
© mEgk gAZE vk vl A SR el A

FEolu AT e 5EF, AUE 5

atural reserves
®  Waler bowl

o] AES 9% eDNA A7F7F AAEHR oY
(Clusa et al., 2017; Hempel et al., 2019; Song
et al., 2019), o|PtA & FHASHE )7} Thekst
i wde] FHEE A S AC A4 6t
T A= tg ZUEH A= 719 Ay
A Th(Staley et al., 2018).

SAEA W stHskE =2 5 ] s
52 ZA8AYE BN BEY o)FS 43
A g e AR olu MAAEA Fado] &
ol5|a 9lom(Song et al, 2012), TA|AENA
W AAsk A 382 fAske 83 9
AE zte AxT L dYFs dFer =
HEFst] DBE 758 Zart slow, oA
eDNAES 283 =X §4F A 7S AF
AL 7leS 4T Bgste] &4 3

QN AT B ARA 2 &8IV US
o7 YzhEr

el

1

o X r

WY, ok

1. CITCHAIR]

HEH eDNA 7|49 A W SAAEA 2
£ 714 HEE 93] =4 W 529 9 A
o] A MY A% FAA BT Fual
TA A A1 FHE WY ' AAsech

=4 3 2§ ARFY oY S el sl

<l Green space

Figure 3. Study area. Sample points of 23 (3 Natural reserves; 20 Water bowls) were selected
in 4 types of green patch area with physical distance from Gwanggyo new town in Suwon city.
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Fuoredd, d93Y, Fusded 2 s Ao B 438 FAPIE o]&ste 2
A A 5 47le] =] 3R] -3l A DNA A B EA AR 93l oF}r]ol] FAlo] <t
Z5 AFHoHAtHFigure 3). ATFUEAE F 742 1-238]el] AA 30-60nE ATt A5
2005t} Ex| ¢k S AEFY A ojA] 7t H AEE 045m DEd] oAZste] WE BEs)
olFE At AHER 107 &7F 2] 3l %ATHFigure 4). F7F2 ApAA o2 WAYg §4
H, 2k 509 dA T} A s FAH o] o]9ldl] $2=2 A3 LoH =AU 7|7+ T+
AS E33laL 910}, eDNAS 53] &4 W & 017} 2HHC-801A, Suntekcam)Z 7| A |3}
4 S BUHAY] A3e A2 st of g & HE K& gofgdon, 2019
ok W 102 1497} 228, o] 5ol AA HA tdA

=

eDNA A& dWkd o=z E(Valicre and
Tabrlet, 2000; Civade et al., 2016; Valentini et
al, 2016) 2 B#E FHRT &€ EY
(Taberlet et al., 2012b; Zinger et al., 2016), &
7 E(sediment; Giguet-Covex et al., 2014; Pansu
et al., 2015), < Z(litter; Yang et al., 2014) &
2 A5l Ak DNAE 333 P9 S
AT & Ao §4 Fo] A4t 54,
d SO 08T = A BE F5i5lo] eDNA &
3 sty @gell M B 332e] A4
Sl 20X S/ 2LY AF T2

AAsto] F 23RoM & A BE FH S0
(Figure 3). DNAE 211 8] =& $ w27
135 7] &l (Shapiro, 2008; Dejean et al.,
2011), DNA HArshelaa} Q12 22
2019\ 7€ 224 20199 7€ 30¥7HA]
8L HAjeta A BE AFSIT. A&
5 99 =l 7letetol 9= DNAE &34 o
Z Aotz B9 438 girlE A2
(Turner et al., 2015), Sfel At

Y

=

.{

i ot _B:

[e)
£4S

&
=
€]

o vl =

o3
T
L9 R €

ol BEFe] EH2A B A 5o dFEA
= s X" 2UHY 7has ok

F89 $490] EAYE #7399 A% Al
A3} 1023} Bl G HYH =S el
7, 59 e 228G PAE A8 2
9 Akt 18] 49 ol 5% olujel T &

A A3l TE eDNA A& AF T 7hiet
Wl SD 7t=E 3 Fet] AN F 5
< FPstch
3. eDNA HEHIZE &4

431¥ Al&Z+E QIAgen blood & Tissue kit &
EZ column(Qiagen, Germany)E ©|-8-3}] Miya
et al. (2015)°14] A|t3 W40 2 DNA F5&
APt o] F 237) MZo|X FE3 DNAS
23] 913 Bz @ 27l (forward, reverse)
o] W4 Zelolr|el MiMammalS AHE-3He] 2
@A PCRE %33t Ushio et al.(2017) A
of| A Miseq Al ¥4 A3 low diversityE 7]A1
st7] 9fsf 67he] AWE A7)t AFE =%
Ea}ol‘ﬂé AHE-BF oL,

13k Zafon] Aol A%

MiMammal-mix
ToaseF-H THA] S

Step 1 : Water bowl installation Step 2 : Camera installation

Step 4: 0.45m filtering and labeling

Step 3: Sampling

Figure 4. ¢eDNA sampling process. DNA was collected using a water bowl and verified by camera trapping.
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4= MiMammal Zeto|w o] oY H7] F&5
07 3717 golatAl ZetolnlE 435t &
AAE NAstnA skt Ee Aoz
sttt sk el AA ¥rkm we
HiSeq 2500(Illumina) ZEi|A A|AA 33T

12} PCRE #4 995 FFA1717] S8l =
P om, 12} PCRY] AP ES HAlste] 23}
index PCR2] 80 & AM23&}9t}. 14} PCRS
6.0 9] KAPA HiFi HotStart ReadyMix (KAPA
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Figure 5. Exemplar camera trap photos taken at Water Bowls.
Water deer(a), Siberian weasel(b), Ring-necked Pheasant(c), Eurasian Jay(d)
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Field Survey

s Marsh Tit l

(Parus palustris) Jungle Crow

Daurlan redstart (Corvus ;\
macrorhynchos,
Korean Mole (Phoenicurus 1% )
jent:

auroreus)

7

(Mogera robusta)

(treptopel/a orieqtalis)

(Tamias sibiricus)

Yellow-throated Bunting
(Emberiza elegans)

Water deer Human
(Hydropotes inernis) (Homo sapiens)
Gry headed v Vinous-throated
oddpecker Parrotbill
Varied Tit (PIDU canus) ~ (Sinosuthora webbiana)
(Parus varius) 4 Ring-necked Brown-eared Rock Dove
Pheasant bulbul (Columba livia)

Great tit

(Parus major (Phasianus colchicus) (Hypsipetes amaurotis)

Siberian weasel
(Mustela sibirica)

Oriental dollarbird
(Eurystomus orientalis,

Orien_tal rr}agpie Red squirrel
(Pica pica) (Sciurus vulgaris)

Mallard
Kcraan hafs (Anas platyrhynchos)
Camera (Lepus coreanus) g eDNA
trapping CAT
(Felis House mouse
catus) (Mus musculus)

Dog
(Canidae spp.)

Figure 6. Venn diagram between species recorded by camera trapping, eDNA, and field survey. Only 50%
of all species were detected by traditional survey methods such as field survey. Gray-treated
species had low primer resolution and detected species at the family level.
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Frequency; 23 9 GPS 7|8ke] 243 34 F7L2 U] AA AHA S AES
719 7ol X ol wel, FUE o]l &F ek A% 2ALS e 23 17 e, o
ol gk A S9lollA siA] f BE5d R o] #4, AEARE ¥ ES e FUA(Mogera
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