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Abstract  Environmental DNA (eDNA) is a genetic material derived from organisms in various environments
(water, soil, and air). eDNA has many advantages, such as high sensitivity, short investigation time, investigation
safety, and accurate species identification. For this reason, it is used in various fields, such as biological
monitoring and searching for harmful and endangered organisms. To collect eDNA from a freshwater ecosystem,
it is necessary to consider the target organism and gene and a wide variety of items, such as on-site filtration
and eDNA preservation methods. In particular, the method of collecting eDNA from the environment is directly
related to the eDNA concentration, and when collecting eDNA using an appropriate collection method, accurate
(good quality) analysis results can be obtained. In addition, in preserving and extracting eDNA collected from the
freshwater ecosystem, when an accurate method is used, the concentration of eDNA distributed in the field can be
accurately analyzed. Therefore, for researchers at the initial stage of eDNA research, the eDNA technology poses
a difficult barrier to overcome. Thus, basic knowledge of eDNA surveys is necessary. In this study, we introduced
sampling of eDNA and transport of sampled eDNA in aquatic ecosystems and extraction methods for eDNA in
the laboratory. In addition, we introduced simpler and more efficient eDNA collection tools. On this basis, we
hope that the eDNA technique could be more widely used to study aquatic ecosystems and help researchers who
are starting to use the eDNA technique.
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M = u)stn] 3o weli eDNAS £&3tn BA3E 7|&
Z BBS olu|sl7| %= St} (Ficetola et al., 2008; Thomsen

37344} (environmental DNA: eDNA)= 5, EY, et al., 2015). eDNAE £A Ao w2tA] Intracellular
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t}. Intracellular eDNA= F2 T X AEQ RIAEZ E
= At oA A ste AlA|ZERE ofy e}t TAEZ Al
9] A3 E3} Intracellular eDNAZ EFH T} Extracellular
eDNAE AlzH 9 Ajzdfo] BafjEo] A2 WREE S0
Az gre 2 §&5 JHEA ookt o= Qs dAIZt
of RFAEFE 4~ )t} Extracellular eDNA+ THA|3E 9 T}
Az YEQ] A|aZojlA -§&H DNA7} 25 ZFHET

ol2|gt eDNAE FAE A B4tk Eaf 74& wt
B, £330 A3tk (Sassoubre et al., 2016). YHHE o
2 A A A eDNAE Intracellular FE|2 &A=t
(Barnes et al., 2016). 0|52 AE 43 & BN =
9] = (secession) X Ao BiEE= ANEZY FH
Bot ol EASF W AN ExFo FHEA T
oF(Germination) ¥ AX EE& F3 +AHARZ FUR
t}(Ficetola et al., 2008; Jerde et al., 2011; Merkes et al.,
2014; Kim, 2018). +5 22 3% eDNAE $3|9] 559
wEka] ARolA SRR 327 =Y oAl EZ BEY AlE=
A A8 Zali7F AR GAE BEL A2 A&EFH S
2 #E51HA eDNAY F=5 F7HIITE 8o A
7t =23 Intracellular eDNA= AW 3} Ajzuto] Hajg
o uat M gt 2 8= Extracellular eDNA FE|Z2
A= o] 5o x5 Hrt shAT d7 dE2F= FH
Z210] |2 A2E o] Intracellular eDNA FEfS G135}
A = BAFoz 37, HAHHo] 2E5HA Hrh(Ogram
et al., 1987; Levy-Booth et al., 2007). o|Z2 A = E|A
A &3t eDNAS sk, 52X A A 9
AAste BEY TS BT 4= glch(Bohmann er al.,
2014).

olelgt eDNAZ ol8e +AH A BUHYS BL U
=, 2} A7 9 ulg A AE AAA meke) Has) B
4zte) quA BRo| Qo] 2 WL Mol g AT
oA &-g3}1 At} (Smart et al., 2015; Creer et al., 2016;
Shaw et al., 2016; Boussarie et al., 2018). &A= o]
o] B2 HokolA] eDNAS 83t glom ARgALe] ¥
o] w3t AW EE AR e theFsitt U.S.EPACYA
= eDNAE ©o|-g3lo] 249 {8 27 WAY 225 9
otsi glonl YxEas] /|5HHAE o4l B4 =
48 PHT + Y BRRES MU BT Un
(Creer et al., 2016; Hobbs et al., 2017; Howard 2018). 0| <]
o= 459 DNAZ ol §3tel ol © 93 WeIF
25 g9 (Lucy et al., 2021; Hoffman et al., 2016;
Shu et al., 2020). USGSOI A= 73} 313 9] o} & FA]-
55 232ot BEH7|E B0 eDNAE &-8sto] 2y
B2 438 Bt olgt eDNA sampling protocol< 3

AAEH Y techniques and methodsZ2 A 8} T} (Carim
et al., 2015; Laramie et al., 2015). 532 WFD (Water
Framework Directive)o]|A]:= EU &% =715 Alo]o] eDNA
network (DNAqua-Net) & FA3to] 73 A oA eDNA
£ o] &3 A= ZUEHPE st glon J=i) g
o= st 7189 A& EAshs LR (Diatom)9
eDNAE 7|ite 2 AEA74 B7HE 35k ok (Kelly
et al., 2018; Tapolczai et al., 2019; Apothéloz-Perret-Gentil
et al., 2020; Blancher et al., 2021). 2| A= eDNAE ©]
&3 BERYEF o] &t o]FojAL glon FE
Tk ozt oA BEAAS EM o] eDNAS &85}
31 QJt}(Takahara et al., 2013; Miya et al., 2015; Hayami
et al., 2020; Kitagawa et al., 2020). T£0] v|=3 @2 H
# =7kl A= eDNA A77h AlR1#}8} (Citizen Science)Z}
ZA3E o] AUEZHA] eDNAE ©] &3 HERYEHYo| &
S8l o8 F2 cDNAZ AU SAoIA ATEe)
o7} o|FojR) 2L QIt} (Biggs et al., 2015; Pocock et al.,
2018; Larson et al., 2020; Westfall et al., 2021). = A
= WAHAA AAs= BFE7IF SaubAt(Gobiobotia
naktongensis)2 MAS &2ls}7] 3 eDNAS o]&3}
I glew, Ao olFn EES BAsts 2R
EXZE eDNA 7]Hto g2 gA53 QIth(HRWEMD, 2019,
2020; Kim et al., 2020a, 2020b). E3+ ZoFak HAQke] ¥3
43 cDNA BHS 58] S4E] TURIS Anjus|E
SHAL, 4t 9] ZuT 930 9| YEE soldl RAo=
eDNA 7|®Hg AL37|= 39 tH(Kim et al., 2019; Na et
al., 2020). SFA|TE oFA1712] S eDNA9| 282 w9 m]
gk eEoln, AU E A w2 dol=2 <l g
Wt AE 7|HEL 9FE eDNAES 0|83t HERUETY
o] +3E Qirt.

&2 9= eDNAZF SAHAE AF57] A =72A

N =52 FAF A A IA eDNAS ARSI I 2
Hhele g Ao eDNAE F&8te S &

St

Mz o W
1. eDNA x{&! o{1}X|(Sampling filter)

eDNAE A3 (Sampling)st7] §g o}2] A8l
ZFasitt. o129 F= H o1}z Q] o] weta] eDNA
A 58 D U= Zo|7h AT 4= Jlom o= A
T Ado] 2 9L nA 5= 9tk (Turner et al., 2014a).
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Fig. 1. eDNA capture methods from water samples. Referred from Wang er al. (2021) The percentage of pore size and material of filters
used for filtration in eDNA capture. (CN): Cellulose nitrate, (MCE): mixed cellulose ester membrane, (PES): Polyether sulfone, (PCM):

Polycarbonate membrane, (PCTE) Polycarbonate track etched.

eDNAE o Bs17] 943t A= 34 F+ 7HA ez =
2 9}, clzhAEe ) ARRSRe AuEEQ] oI (Filter
paper) FE|@} Sterivex filter2} Zro] oM EL}L o 2] 7} 31
Uz Z23Ho] g ez FES 4 don, @A F 7HA
FH 5 W2 eDNA Aol A ARS-E|IL QAT (Spens er al.,
2017; Takahashi et al., 2020; Wong et al., 2020; Vautier et
al., 2021). = 7HA] FEf 2% 3 o] HEkstn AR
Z70]| weba] 23t FEE AR5l eDNAE AR gt

1) o{2}X| (Filter paper) HEH

ZolFH Y AR = 7P Gt AP EFEA w$
oreFet A AT} F=(pore size)©] EA|3Hct (Fig. 1). eDNA
ARl A 71 ol AMg-El= 9 7A= membrane oJ7}7]
9} 847 (Glass fiber: GF) o }2|7} EA5tH o] Hioj =
polycarbonate A& 5o W& A7} AMEHTH(Turner et
al., 2014b; Hinlo et al., 2017; Pilliod et al., 2017; Majaneva
et al., 2018; Wang et al., 2020) (Fig. 2a~c).

Membrane oJ3R|= A& of walA Cellulose acetate,
TEE ¢ %o ¥

Cellulose ester, Nitrocellulose 52

=9] 37]7} 0.25~1.00 pm7HA] T3tk Membrane
A= oA 5 7IAE o8&t AZsgrol 2 ¥
=9 27|17} 4Astt. ojet IR FE oA A
Zol wahA Polyether sulfone, Polyvinylidene difluoride,
Polycarbonate2 &3 = 9100 0.2~1.0 yum7HA] 5=
T77F sttt Membrane S #H2|¢F & AR = =
o] #Ust] =52 eDNAE FUsHA AT 4= A= AA
o] ZAsARE, YA EA=E QAT o] H|4)7} LA
FA ool AR er Aot B3 FF oA = F
A7F oS- GFobA o} 7 Fof| o= QIFE o]
A 4= 7] diZel 25 oJ7A] Yol membrane A A S
F7kste] o]F oz ARl o2 Qs BFAHA| Y] B¢
eDNA 435 84 o & delo]l ad 4 St
F2]4 5 (Glass fiber: GF/F)9] &= Z7]& 0.1~5.0 um
ooz Wezt Wi Weon fdf AR 5 2
71o] @2t GE/D, GF/C, GF/F o] &gttt 24+
£ BobA AFst7] wiizel o3 F(Multi-layer) 22 4
=o] g9lon o2 QlF o R It mo] WAYSLY] o]
Aok AT o Foz2 FAE Q7] wiZe] e of
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Fig. 2. Various type of filter paper and Sterivex filter. (a) Glass fiber filter paper, (b) Cellulose membrane filter paper, (c) Polycarbonate filter

paper, (d) Sterivex filter set.

2o A2 tE F=o] AT 4= ey olgt F= A
o] WjZofl U % eDNAE FH3s7| o3& A= &
HA Ut} (Turner et al., 2014b; Barnes et al., 2016; Hinlo
etal.,2017). o|¢} Wi 2 YF Ao A= felidf of2A
oX%= eDNAY] F=7} vl Eqkow, fa4df oA
Z5et i A=l wEhA eDNA 5= Zo)7F A5kt
(Spens et al., 2017; Sanches et al., 2019; Takahashi et al.,
2020; Pall-Coporation, 2021). o] o]f-Z UX eDNA 3}
3o 4= eDNAE AFE o GF/F AR E AHSsh= A&
Ae o of ol g AFIAE o8] $2l4
& AR E ARSI Qlth(Carim et al., 2016; Shu et al.,
2020; Minamoto et al., 2021).

2) Sterivex filter HEH

FOoIFE Y T A= eDNAS AATH7] YA HHEA|
A E} oA ARE-SfoF st A -7t B Aol Al
HEz o3 xgt wA5to] eDNAS HHZT) SHA|TE 2|
Aoz oA E wAste] eDNAS stz Bl Al
2 A}ole] w2 Y (Cross Contamination)©] A& 4= Q)
7] W2l AHNES A&LH oz AAHFoF o= HAZS
o] ZAgtct. o]2|et MAZRS Folax}t R &} oA
EE 2% AR ALAETL eDNA AR o ARS-H ST
(Blankenship et al., 2017; Li et al., 2018; Majaneva et al.,
2018; Pawlowski et al., 2020; Wong et al., 2020).

Sterivex filter= Bt AlFo] 7WEZE o 3lo] ARE-s}

7] W% ZtHESh (Fig. 2d). &77F SSAHOo2 SR
%Uo] eDNAY] A4S A5t 5] Az = SR
Holol| eDNAZF AT} Sterivex filterS ARR-3}a] eDNA
& ARk AeolE #4719 2 FUAE Al
Sterivex filter Y50 ALE Fsith AFAIL 202
2A719] H2ES Wolo] ofzishe o] ko, of
24317} s Elo] iz 2 QFE Aol AelE 2]
(Fig. 3)E °l&3to] FAIY] H2ES LoWTt. Sterivex
fillers 1318 AE02 eDNAZ Y3t T HE L (RNA
later Fi= OJRH8) S FUS1L BRIl Wk AHE A
Az ettt AAZ WM Sterivex filter= eDNAE
F23p7] 98 dere A2 ol RTH, FALY B
ES 0]83}o] Sterivex filter 5 SIS el & 2
of EAsh= A E &8 w2 Fhfo] 2 mL micro
tubeo| &4 H=th ©|FA 2 mL tubeo| &A H2 THA]
oA eDNAE F&3Fch(Kast, 2016; Cruaud ef al., 2017).
SEA|GE W2 $29] Sterivex filterE ¥ o] A= A
2 AZtaRTE o9 27] gigo] o] sy el oheF
gF S0l AU 7P E A HHE Sterivex
filter W&ol Lysis Cocktail (Lysis buffer +Proteinase
K + Phosphate buffered Saline)& F¢J3}t¢] 3l & Adds}
A ¥ YR IR ZHE] eDNAS &3 Zolch @A)
+ o|F3t Lysis Cocktail ¥+ o}Uz} Silica beadS T F
Y3t = Vortex 1S B3l 3F5HA-E2]2] WP 2 eDNA

223} 9Ith(Ushio, 2019; Minamoto et al., 2021).

il
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Fig. 3. Use of a Sterivex filter for sampling of eDNA in Water column. (1) Injection of field sampling to syringe, (2) Injection of water sam-
ple to Sterivex filter, (3) When you hard to push, using silicon injector, (4) Injection of preservation solution.

3) eDNA xS 2Ist ofatx| MA

Sterivex ZE|= F3|7} 231 FA7F 7hH A E ol A
ARgSE7] -9 go|et FEjo|tt. 3 o x| 9} oA ET}
dA|BtE o S17] wiZoll @A SA| wA sk AR 7
Tk o2 Q] A2 tE A Ate]9] mALHE FHA
313 4= ik AT 7MY & R R Y Wt wi-
HIR7] w 2ol 2AF A o] B ARolle Be AR A
Sterivex filterg AMESHE Ao w¢- & FEo = 28T
e,

20009 tH 2~Z4k eDNA AT Z7]|o& thiEe] o3
oA Fo] Fejol TR E o]-&5te] eDNAE A5kt
2ol webA A2 o I3 HE Y ARAE AR5t
eDNAE Astglon] A7 Afols A4S 145t
Al A2 2utslth(Table 1) (Schrock et al., 2013; Turner
et al., 2014a; Williams et al., 2016; Schill, 2020). ©]% ZH]
7} i el wet Fo] 9 & o Tx] et of 2t Sterivex
filterS A}83}o] eDNAS AR o™, @A Sterivex
filterS 7]¥to 2 thoFst v} Sterivex filterd] T2 X
AsH= A28 eDNA A filter7} 7=z 1ok (Thomas
et al., 2019). F$ A+ A HEY eDNAE AFsH7] 9
e HA 9 AR {3 B o3} YRS Blu HFche AT
7} §rEA] a3t o] 7|jto R AHAZ oj#x| 1} o1}
HEE Aegozn T2 ¥ eDNAE H&50=2 A7
A Aoz goH,

et

2. eDNA % =71 U HiH
(Sampling methods and tools)

A A ZA5H= eDNAS A R5H7] ¢J3t Z st 5
Mo FHAE o] T} (Filtering) 3= Wy olth. 2 Intra-
cellular eDNAE tjA 22 3l o112 53) oJnix|of o}
Q= eDNAE FE3IT} eDNAE A5 Y5 d3< o
= 1 LE FASHA T (Laramie et al., 2015; Hobbs et al.,
2017), &4 50 mLE-E o E(ton) G2 A2 A
she 8% oty oihgFo] WE4F eDNAY =&
(Yield)®} &7} =t} (Schabacker et al., 2020). @A o
= 8l ot AR E ARSSHL 9l eDNAY] ®
S HABHA A8l 7HaE @AM st WAl AF
233 Qlth(Hobbs ef al., 2017). @F-E A3317] Y3
A @ReE Yt IS 24 F7HRE YE 5 o
(Laramie et al., 2015). @5 A53to] AT ol &
A = ¥ (Collect and Pour)® o3} AX]of] AZAH o}
A& @l Fojdo] st W (Direct)o] &5
AL of et o whakA ARt HHE ARESHE "k
URkAQl 34 9 A=A} 519 7-9-oll= Direct B2t
Collect and Pour B 25 ARESE 4= Q1oL kol 4]
o] &2 & ZHol9 Foll= s AE YA o7
HHE I 4= 9171 W&ol Collect and Pour S &
8 AETE 2ALEA At} oyshs ol o
= Y3k 4= ok
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Table 1. Overview on published methods and quantities used for filtering eDNA from macrofauna in natural freshwater systems. Modified
from Michler et al. (2016).

Year Organism Filter material Filter pore size (um) Sampled water volume (mL)
2011 Amphibian Cellulose nitrate 0.45 5,000~10,000
2011 Carp Glass fiber 1.5 2,000
2012 Fish Polycarbonate 3 2,000
2012 ﬁgﬁﬁ; Glass fiber 15 8,000
2012 Fish Cellulose acetate 3 2,000
2012 Fish Nylon 0.45 500
2013 Snail Cellulose nitrate 0.45 4,000
2013 Carp Glass fiber 1.5 2,000
2013 Carp Glass fiber 1.5 2,000
2013 Amphibian Cellulose nitrate 0.45 1,000
2013 Amphibian Polyethylensulfone - 600
2013 Fish Cellulose acetate 3 1,000
2013 Fish - 0.45 300
2013 Fish Glass fiber 1.5 6,000
2014 Carp Glass fiber 1.5 200
2014 Fish Glass fiber 1.5 6,000
2014 Fish Polyethylensulfone 0.22 2,000
2014 Macroinvertebrate Glass fiber 0.7 900
2014 Amphibian Cellulose nitrate 0.45 2,000
2015 Carp Galss fiber 1.5 2,00
2015 Amphibian Glass fiber 0.7 4,000
2015 Fish Glass fiber 1.5 2,000
2-15 Fish Cellulose nitrate 0.45 1,000
2015 Amphibian Cellulose nitrate 0.45 1,000

Fig. 4. Use of a hand pump for eDNA sampling. (1) Pour sample slowly into filter funnel, (2) Engage hand pump to begin filtration, (3) Re-
move funnel cup, (4) Fold filter, (5) Place filter in 2 mL o-ring tube of ethanol (Goldberg et al., 2017).

1) gem=
eDNAE #7olA o3d of 7P A AT & e
}H]= = (Hand-operated vacuum pump)©]th(Fig.
WEFHIE= 502 GES FA5H ostr| ool
7|Ago] B sttt BKo] AH| ¢ H|go] AP ®
ofyz} ZFdel7t 1rdste] AR ARE- Aol H
golsit}. E3F AGu|7F 27 3tE| o] 227} 7HHEL| W&
of @xefA ko] golsitt AEFHI = AN ELL A

o)i

4

~

do 2o

st Abget At FFE SA] AN E] $A4 H1
HEFPE 2 ATAE YR 4 P45t eDNAS o
gt

oj9} Zro] MEHI = AME Holrl Wi, 2uto] 7t
g o] AT AFE FASH] oA A&H L
2 HEE 55 7FedloF e WARZo| EA%T E3L
F502 PA4E g2 AP AFZFHZ (Electric
vacuum pump) & th ¢Fet7| o] W2 Fo] FHFE o
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Fig. 5. Process of electronic handy pump for eDNA sampling. (a) Handy vacuum pump that made by smith-root Co. Referred from “https://
www.smith-root.com/”, (b) Peristaltic pump with Sterivex filter. Referred from “https://www.fishsciences.net/expertise/”.

sk o ool EAFTE H&o] AL E T4
A H27F ARG Aol HEHZO| FFLEoR o)
i ‘21— A% 4 &2 19 Rk w2hA Collect and
Pour &2 HRFFE A5, At W] S&=H,
Direct 4|4 oh;h}%é Hgo] o}k,

»n
Job

I

ch

sy
H X (Handy Electric pump)+= M E=EHZ 2] Q-
2 spash] o1 Pero 2 ABAGIA AGSIE 2t
o WigelE At AHNA AE e
CFUE AsHEE T 7HA FHZE EARE A
15H = (Vacuum pump)®] FE|Q} E8H = (Peristaltic
pump) FEj7} SRt F P BF oA ARGEHI 9
th(Fig. 5a, b). 7|2 AFste HZol7] o] o7t
o] EgzHrh LshH, XEH o2 S FA5H7] 9
St HAZ2o] gtk walA Direct B3} Collect and Pour
WS 25 AR 4 Qi

AFUZ Y APANA B FHZL 3
g 2 Ayt sty ot AT Hol= FH
(Vacuum bottle)d} Agsto] ARE-3tt}h(Majaneva, 2018;
Smith-Root, 2021). AFHE &= EA] EA|st= o3+
3 ZoIA 7 2L GO o & 97] v b4
w2 A7t B2 8-S AT 5 St} E3 AFAA
ARt NFHZe Fej7t fARH | dzol AREAE 4
A AN 4= ik shATE X33t REEA] Aol ARS-

5t7] g2l 2519 & 2A8IE AL HEWRE &
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Fig. 6. eDNA filtration using a peristaltic pump support by power
drill.

o] dFste] 7171139 Yjlew 1}‘13}715 Q) E3E ¥

Zo] BAR Q3 &0 WIS u FARZ g 2%t
Y27l T 4 ok EYE I 27 BE Yojdle
dgoz 5 s, Zur] % SiY vjAet o
A A3} (Carim et al., 2015; Morrison et al., 2019). &
HEZE S osts ¢ dEol Yt ontE
% SA &S] ol FAIZE Aol 7171 d
o x|7} aE o] eDNA A&7} &4E ggo] Yt &9
FEZ= HEZV|AE wiE et dAste] ARgstAY 33
T s 223t &, A=y} Aste] A= gt
(Blankenship et al., 2017; Schwartz et al., 2017) (Fig. 6). A
oY P2 oS3 Ao SHPT S AN 43
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37t 7hsshe B2 HEEY wE $E2 A1 4 gl
AT AT o83ty SYPZE AEdtes A¢ 3
At As=dat i e AYgS Adsof gt de=d
AL EE(V)E #7)8H £255 A5 ZHY 39|
Z7Fe) viE 29 AYS ol (AhE E7|5H @A A
ol guiEle gubdl As=d g E 1.3~1.5Ah
2 =] et @A DTS FAZE ARSSH= T
o= 2.0 Ah o]4+e] H-&F viE 2|7t dastA|qk viE 2
9] §Fo| 7T AF=d Y A7|e FAZE A 57t
517] wjEeol] AREAte] ARSRH O mEkA] HAs AlES A
Aafof gttt o] "= AF=de] B3-S (rpm)<} 3
A (EZ: Nm)2 SYFE AaeteE ZAst= ale
24 £33 Ao BE 25 o ool 7P
=0t AT AFEEY £=25 AT 5 glow AAzE
A A, =Y REof Rgo] F 4= Qlth T Lol A
FEA 9 wiE Y S ST o7 viE g (LEHF| Y
El2]: 6~14 Ah)2] 30~40% B xHto] ¢tE7] wjof A7t
A&A s AT 7Festis o wiE 7t waA &
=R-al =g

3) eDNA i HE ofntH=

2| 7|& eDNA AZPAHEQ S H st eDNA
Aol Bk ookt 7)50] EAste AE o2 7 A
wo] BjE . )tk (Thomas et al., 2018; Edmunds ef al.,
2019; Sepulveda et al., 2020). eDNA AE AHAH|= £
ol web 2719 FA7F theksto] ARgAtY] 8= 9 2
[z watxy A = Qrt. A& JPAH = IA oA
Hx, AN E, A 37 HHE Vs 5 9loH AR
Aol Faof et HHYNE AQstar AN = gt
(Fig. 7b).

eDNA A& Ag3u] 9] oz EHT U A5
zo] ez A= ZHAH | waba ohefRt 7150l
A3t A& AAFH = 25 Direct HHO R of st
Collect and Pour & ARE3HA] o=t} 1719 A gg =
= @5 o §F 9 oY, RS 52 AT
A7] Wzl AR RS @43 29 5 ok E3F 5
9 AR EFo] thEFo g EAste] oikA] #HH7} Ay
S o 7]7] WROlA dS 284 oA 9 g
oES w2 4 Utk 7He HEEEE FE TP HE
AZE o] AR W = Qe FEOIA, EAZE
A, & Rz Qs FH] &5k A AR BReE 7}
Al = Qlth A7F AEHZY e o4 H 7|50 4
Stz 717178 g 9 oags AARte s gold 4
U 71717HA] theFstA| A7) (Fig. 7a). o]2i3t #1713

Fig. 7. Developed sampling pump for eDNA in freshwater. (a)
Hand-held eDNA pump and associated 3D-printed filter cartridge
and vinyl tubing (Edmunds et al., 2019), (b) environmental DNA
sampling using the ANDe™ system (Thomas er al., 2018).

AGHZ= FAZE 7HE L, Ru)7} ol ARgALY] w2 =7}
AF o R gt

eDNA A& A FZE= AFHZ Fei7} oy 7] o
of A viE+E AR ot glon wWjE &
3 &gt AHEALY] dao] wEbA wEeE A st
Extracellular eDNAS AT 4= QAT HiS S AE WA
AY AEHI YR 2 AAT 5= ¢l7] w2l - A
©]9] eDNA @ o] 'TAE 4= gl

o
ok 8 ofm Ao

4) eDNA TS fIst =7 MY

eDNAE AT off AR&AHY] Qe (81, 7, 34, A
A F) D A Ao webs AEg =725 ARgsfof g
t}. Bj20] eDNA B4 AT eDNA HATARE T2 o
FE - 4 Q7] PR FA-g AYGHE ARESkL &
A3 A PH O eDNAE AR sHe Ao] wf$- 523t
AT A HEEQ] eDNA YL A4S A 4=5te] Al
HAHNA AFHEZE ARESHo] ot BHAE ARESHL
don % oIE gt 7|WAIA 9 A Eo] uje- B
afct. kA @S ueHe oA LA s BAIY
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Fig. 8. Prototype of sampling pump of low-cost for eDNA in freshwa-
ter (Application number: 10-2021-0124789). (a) Name of each part, (b)
Illustrating of eDNA sampling using the low-cost sampling pump.

317] Yalide o)A SA ATste] eDNAS
iHéth Ao 2 watsfof gttt o]t eDNA @3 A
A S B35y 98 A7) eDNA 7 AL oy =
7ato] RBYE| 1 9)OH Proto-type©] SAE o] ARt A
F2 A3kl Qlth(Fig. 8). wabA] o]2|gk eDNA A A
SHTEO] A& 02 JEETtH I eDNA A7t T
S SUsHA o|Fold = S AL R whHEch B3 AW
35tk eDNAZF 3ol wet eDNA A3 AHlE ARS8
AEAL B AR AAF FE Aut A 97ER] ule- ohF
A 708 g o]& 93l eDNA A7 A= oS
<3t 1 AMgSl7] HE|dt W R Wwste uHETL
9= S8 AT 4= e AFCE kitshd o= &

fr

1™ (Preservation of Sampled eDNA)

eDNAE g k=58 &7HEE AA 3] Eai=7] AR
3t AA7ZF =2 FH QS 9 Intracellular eDNAE Extra-
cellular eDNAZ HE =™, Extracellular eDNAE 27}
(fragment) @92 B3| 5o] Al2tR] A €t (Barnes et al.,
2014; Strickler et al., 2015) (Table 2). |3t 0|2 X}
oA eDNAZ} - E 3] (Filter paper)E oHr-d A=
glo] AR IS A9, APHE eRbske Bl
A eDNA9| & A7} IS o= Stk A& o] ¥ads W
A 9 Hazstr] S 7Py RHA O AMSE= B2 Y
i 2H@C, 42D oA ARE B, 86k Ao|th
(Rees et al., 2014). o]&3t Yda HIHL eDNAS 2

THA] HEAZL 4= 1o} 2 o|F eDNA7ZI S5 =2 &5
E]o] PCR £40] E7153 A2 WA Ech(Ladell ef al.,

2019; Licul et al., 2021). ©]& 3t o2 A oA A=A
eDNAE 12417t olufo] AThslAL} £ BEQN EE 3
B go0e H7}eto] eDNAS] 4 WAL dslor T,

1) OlIELZ (Ethanol 99.9%, Ethanol Absolute)

e DNAZF 25 #FA%H:= d ¢HF4ed &4
24 @ Ao H AHEEI ok (Piskur ef al., 1995;
Cheatham et al., 1997). USGS2] Snake River Field Station
A4 eDNA protocolo| A= eDNAE Akl HESH=
ol oleheg Arlele Aow kel glen Usasel 2
2] protocolo| &= EA A HFH eDNA A 2E HE3}7]
3l Molecular =59 TS HA7ISHES AFS AA
3131 Qlth(Laramie et al., 2015; Hobbs et al., 2017; Pilliod
et al., 2017). &2 #7135t eDNA A2 = 7471A] E3)
2] A3 FAEH S J7FeA @3 A2 (4°0)
A BIsts gh B o) B 28ko] 24) o]A]— 22314t} (Licul
et al., 2021). B9t o}y 2} eDNA S| 222 Molecular grade
9] gk 33 mLe} 3M9] Sodium-acetateES E¢31] F
SHs o 7PY agpo)glon 7Y o HES| 7H55lal
t}(Ladell et al., 2019) (Table 3). 23] o|et-23} Sodium-
acetateE Y3 T A2 (4°C)o|A EISIEE eDNA A
2L 159 A% BaEe] $Esb Fastgr). duey
Sodium-acetate”} A0l =& F S o EHF A= A
o thefAl= Aes] dHAA| Ao ol2Rt 2TE F3l
RENEE EUSH] GRS 1) cDNAY B} T
3} 2 9l AL Wt 2 9}

2) RNA later

oflg-E-0] eDNA HEo| Flojx] B2 o] EA AT
7Rt 3o s Qs oA Rt FEo] EA)
gtk B3 w|Soll A = R mebA oehe R &
H Lrto] FA|E]o] 917] wEe] @AoA Ago] o
AL7} WSk} (Pilliod ef al., 2017). E3F o]&E4 7]29]
7kl wet ofle& 9] HAEET} STkt o= Qlsf A
gro] gEHe A7 IS 4 Aok mEbA oeE
Zro] DNAE ¢t F o2 Hst 4= glom 3Jjdlxjo] e
HEGHY] F o] == It RNA later= FEA|E bl
of AR AES] RNAS BESY] 98] Fste £
O 2 DNA EEo|= g3t a7t e 2Ae& A 3
th(Lee et al., 2002; Michael et al., 2013; Junior 2020). ¥
E eDNA &3l= @A A eDNAE A3 3E & RNA later
1~2mLE FY3sto] of2}x] 2} RNA later”} F-235] HE3}t
= AL ARSI QI (Miya, 2019; Minamoto et al., 2021).
RNA laterg FY3t o] Foll= RN EY FYFE Y535t
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Table 2. Summary of major finding on eDNA persistence. Modified from Barnes et al. (2016).

Environment Target organism Major finding
eDNA concentration decreased exponentially; after 4 days the probability
Laboratory of detection was <5%. Rare detections occurred as late as 14 days.
Common carp . . AR . . ..
freshwater (Cyprinus carpio) Degradation rate negatively correlated with indices of microbial activity
aquaria P P (biochemical oxygen demand, total DNA concentration, and chlorophyll a
concentration) and pH
Laboratory American bullfrog eDNA remained detectable with > 5% probability for 25 days in glass
freshwater (Rana catesbeiana) and beakers, while fish eDNA in small ponds demonstrated > 5% detection

mesocosms and
small natural ponds

Siberian Sturgeon
(Acipenser baerii)

probability for 17 days

Laboratory
freshwater

aquaria and
eutrophic Sth order
river

New Zealand mudsnail
(Potamopyrgus antipodarum)

eDNA remained detectable for 21 days following snail removal

Lentic environment

Exogenous plasmid pEGFP
(Clontech, USA)

Plasmid DNA was undetectable within 170 h in

untreated water, while no degradation was observed in the presence of
antimicrobial agent EDTA. Culling the bacterial community via filtration
also resulted in reduced DNA degradation rates

Mesocosms

floated in
experimental ponds
and laboratory
freshwater aquaria

Silver Carp

(Hypophthalmichthys molitrix)
carcasses, fecal samples of eagles
(Haliaeetus leucocephalus)
which had eaten Silver Carp

DNA could be recovered from swabbed carcasses for up to 28 days of areal
environmental exposure, independent of ambient temperature, humidity,
precipitation, and UV exposure. Silver Carp eDNA was also detected from
fecal samples of birds who had eaten Silver Carp, and detections occurred
from feces which had been deposited up to 30 days prior

Laboratory
freshwater aquaria

Idaho giant salamander
(Dicamptodon aterrimus)

eDNA decreased exponentially in light and shaded treatments but was no
longer detectable in full- sun treatments after 8 days, detectable in shaded
treatments after 11 days, and detectible in refrigerated controls after 18 days

Laboratory
freshwater
mesocosms

Bullfrog
(Lithobates catesbeianus)

eDNA decreased exponentially but remained detectable <1~54 days
following organism removal. Higher temperatures and lower pH decreased
degradation rates. UV-B intensity interacted with other factors but appeared
to have a positive relationship with eDNA degradation

Outdoor freshwater

Common spadefoot toad
Pelobates fuscus and great

eDNA persisted 7~14 days following removal of live organism

mesocosms crested newt Triturus cristatus
Experimental Bighead and Silver Carp eDNA was observed in pond sediments for > 130 days after fish removal,
ponds (Hypophthalmichthys spp.) but was not detected in pond water after the same period

Groundwater and
riverine
environments

Transgenic Bt
(Bacillus thuringiensis)
corn plasmid DNA
(Zea mays)

Plasmid DNA degraded to undetectable levels within 48~96 h in aquatic
environments; however, eDNA remained detectable throughout a 192 h
experiment when water was sterilized by autoclave

of F7|AHNELS] FEE HATHeITh RNA later7h 5]
H eDNAE 37°CollA 24417t 52k A= (25°C)o M= 15

Zo|HALE ZoIHE RNA later= $54E A7EE AR
o] E7H55lH, HA|E WRo|A ZojHH RNA later=

A FF Hyto] 7Hs3hH 4°C~2WZH(—20~—80°C) 2=
o= 671 o]At Eo] 7153tk (ThermoFisher, 2021).
RNA later7} &7]0] AAI7E =& 5H {8H<4:9] RNA later

Kio] FAElol AN A7 YHHT SR Sl

ofTHAE HlET 4] BAe) slo] | 4 glrk. EFE RNA
later's T7}0] S0 24 R0 glofA Qo] Rl

2 % 9t
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Table 3. Summary of sample collection and preparation methods used to detect eDNA in water bodies. Modified from Rees et al. (2014).
Environment Volume of Filter type Preservation method DNA extraction method
samples
Mesocosm 250 mL Membrane filter Stored at —20°C Modified DNA extraction procedure
Containers 15mL - Addition of 3M sodium acetate Quick-gDNA spin-column kit
o and 100% ethanol L
Beaker, artificial/ 15mL - DNA precipitation followed by
experimental pond, DNeasy blood and tissue kit
natural pond
Aquaria, natural 15mL - DNA precipitation followed by
pond QIAamp blood and tissue kit
Stream S5Lor Cellulose nitrate Filter stored in 95% ethanol Filter air-dried then Qiashredder/
10L DNeasy kit
River 4L or5L Cellulose nitrate Filter air-dried then Qiashredder/
DNeasy kit
River 2L Glass fiber Filter stored at —20°C MoBio kit
Aquaria 20L Durapore Filter stored at —80°C Bead beating then DNeasy kit
membrane filter
River 2L Glass fiber Filter stored at —20°C MoBio kit
River 2L isopore Sample immediately DNeasy kit
polycarbonate transferred to laboratory for
filter filtration
Tank 120 mL - Addition of 3M sodium acetate DNeasy kit
and 100% ethanol
Tank 2,4,8L glass fiber Filter stored at —20°C MoBio kit
River 2L - Addition of 3M sodium acetate MoBio kit
and 100% ethanol
Tank (trash can)/ 5L glass fiber - MoBio kit or
field site QIAamp DNA Micro kit
Aquaria/glass 500 mL Cellulose nitrate Filter stored in 95% ethanol Filter air-dried then Qiashredder/
mason containers DNeasy kit
Streams lor2L
Tank 20 mL or Amicon Ultra 15 Filtrate stored at —25°C DNeasy kit
50mL centrifugal filter
Pond 2L polycarbonate
filter
Pond 1L polycarbonate
filter
Pond/lake, 15mL - Samples stored at DNA precipitation followed by
stream, 20°Cfollowed by addition of DNeasy kit
mesocosm 3 M sodium acetate and
100% ethanol
Stream 6L glass fiber Filters stored on ice MoBio kit
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3) 1 2 HEHHH
o&hZ} RNA later ©|2]o] eDNAS HESI= WHOR

L= Silica bead €of] E343}1= HHH, DNA lysis buffers ¢
sto] olif A2 A ZE gfsts WY, TS AT F
15%9] Longmire’s §8-& R0 FUs A4 =
AE AdAZ 2utsl= o] ok (Williams et al., 2016;
Spens et al., 2017; Licul et al., 2021).

eDNAE A A8t oJI}A| EE Silica beado] 5= =
A3 x| o] EAshe= e &3] A|ASt] eDNAE =2
PO R ARGEGloY BEV|ZE W HESFO] ufle
2 gol wj-$- oAt} Silica beadE ©|-§5to] &
] AASIES 1 78 0] eDNA 5L oeh2 &
ZA29] 20~30% +52 YEM it (Allison et al., 2021).
DNA lysis bufferS FUTCZH o2& AZE 12
3l= "L Silica bead 2T} $48F X EAMEE VR Qch
(Majaneva et al., 2018). T]2-0] eDNA FZI}AA] Lysis
GAE vl APFoEH FE2IA 9 43S 7HssHA
3F% T Lysis bufferg $UgH A|RoJA eDNA FE+ 9
B2 23 X8 60~70% $2S JEPROH Silica
bead BEIHHRET oF 58] =& L& 839t (Licul et
al., 2021). 3}A|TF eDNA A|Z7} Lysis buffero]] ZHA|7F =&
2 7% DNAQ mhQlo 2 283k 4= Q7] ol Al
7k Bof| AgtstA] gt

ol
ol
FIF
oL

(o]

-

OZi

e
r_>d el

M o WG N rlo
ofr

Silica bead 23 2 DNA lysis buffer FUH o1t 3,
043'4*1]501] 2-§-5h= W o] A9k Longmire’s -84 =92
ol FUshs WA @A e 4 gle A

% APAE 2HkH= ok eDNA HAL WA 517] YafiAl

Aol 52 Longmire’s 8 2 FYs= Ao
q-(Schrock 2013; Wegleitner et al., 2015; Williams et al.,
2016). 3HA|RF FF,E Apste] APz Htshs W
< A& H 20 AR Qs B X[ o4 eDNA
£ AFslole AsHA 32 eDNA A os o
Hrh

X

4) eDNA BE U

eDNAE BE317] i3l thaFet 8 (buffer)So] AHE-E]
o] gtow, 7R oehS 1} RNA later7} 7H3 ol ALg
=itk FF eDNAS HESE P 94 T 8342 7]

vlo 2 tlokst A7EL 53ste] AMLsls Hgko g o
7 AYE RoF poE AW el s 242
o] golo] G eDNA HE0| 958 % glou, ol
S5 TP BE JFS AT Qo] HEHE R
& gl b yhaabgol wet wE B AL 4 Art
U.SEPASIAE F412¢l eDNA protocol X HNE W1ts}

DEY M

F

Qom ofeheT} RNA later 25 AMg 7H5317] mj&o] &
T g E] kA AHee RENS AR RS EF
33 Qlth(Hobbs et al., 2017). whahA] EZZ <l eDNA
Fo] o]F0j2]7] o] Hof AREALE] T AE<E DNA EE9
A HEGAS HAAsto] ARgsfjof gt

4, eDNA 3£HH4 (Crude eDNA extract method)

ZHL AEZ YR ZA 5= Intracellular eDNAS
Az ez Adls IHe2A FATE7HA EFste A
AgHch(McDill, 2009). 3] eDNA & 7ol AHEEE
7153t Ajeke] F7ol mEhA eDNAQ] 5Eo} & 9] Z}o]
7b EAstH o]= eDNA A Ao g2 FFS w|zth
AR eDNA AF-oA AM&-El= DNA & kit= DNeasy
Blood and Tissue DNA extraction kit (hereafter DNeasy,

1y

Qiagen, Hilden, Germany), PowerWater DNA Extraction
Kit (PowerWater, Qiagen), PowerSoil DNA Extraction Kit
(PowerSoil, Qiagen), PowerMax Soil (Qiagen), QIAamp
DNA Stool Mini Kit (Qiagen), DNeasy mericon Food Kit
(Qiagen) 5| AFE=AL Qlom kit Fi7ol WA F=3¢
A Ao Adw ® 23 Zpolzt EATH(Tsuji et al.,
2019; Shu et al., 2020). &4} A] 01‘94 Apol= FE3=
eDNAY & 9 =9 2}o|2 o]ojd &= glom, o] F
AT ARG A2 che Do} e 4 Sl A
Z7}A70h DNA 32 ki tokal o] ek Az Aol
DNA FZ Protocol®] ZA3}A|qt, T A Lol EH LE
Protocol> @ T4 & =& (Cell lysis and crude extraction),
® &= 4 AA(Concentration and Purification), ® §&
(Elution)®] Al GAZ = 4= itk &5 9 A W2
A9 ®E kit A AHS o] &3 AAHS AREStL Jle
™ Nuclease Free water ITE= TAE bufferS ©]-235}o] eDNA
85510 k. wiebd] 2 ApolAs Tk R 2E

'é'
= THOE &3t

mlo o

1) eDNA -;—%% HSH Mlztmbay

o) 2 3= oA (Lysis and extraction)= &84 9 3
3z "L o]L35}e] DNASE HI3= Alxy 2 A
ohe Tt T A E Yo £R5Hs DNAS £&A)7]=
TAoltt. &84 WY (Mechanical lysis)Z} 31612 ®H
(Chemical/Enzymatic Lysis) 2.2 F823 4= glon tjokst
94 = 9 545HE F2 AMS-SITH(Table 4).

E8 & "4 @o| o]-835l= Freeze thaw W2 AlX
=2 —80°CoJA 308 Zot i‘—“E(Deep freezing)t H, &
Al 60°C F83l0] NZE F33] 5= 3 3~53]
HHERT} o] TP ol A /‘1]:&7]' 53 FA;S vHESH vk
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Table 4. Overview of variables examined in nucleic acid extraction methods. Modified from Lever et al. (2015).

Method Mechanism
Mechanical =~ Bead-beating Break up particles containing cells, dislodge cells, and/or mechanically destroy cells
methods Homogenizer Break up particles containing cells, dislodge cells, and/or mechanically destroy cells
Freeze-thawing Cell cracking by ice crystals
Heat Heat-stimulation of chaotropic chemicals, surfactants, protein, lipid-, and
peptidoglycan-degrading enzymes
Chemical Tris Hydrochloride (Tris-HCI) Bufters pH of lysis solutions at levels that are suited for enzymatic treatments
and ) Na2EDTA (EDTA) Inactivates nucleases
irgg:zl?lc Guanidium hydrochloride Denatures proteins

Triton X-100

Sodium dodecyl sulfate (SDS)
Phenol-chloroform-isoamylalcohol
(PCI; 25:24:1)

Cetyl trimethylammonium bromide
(CTAB)

Proteinase K

Lysozyme (muramidase)

Lipase Typ7

2-hydroxyquinoline
B-mercaptoethanol

Disrupts cell membranes
Anionic surfactant that disrupts cell membranes and denatures proteins

Phenol denatures proteins. Chloroform dissolves/ binds nonpolar constituents.
Isoamylalcohol stabilizes interface of phenol-choroform and aqueous extract

Cationic surfactant that disrupts cell membranes

Destroys proteins (structural, membrane-bound and enzymatic)
Hydrolyzes N-acetylmuramic acid N-acetylglucosamine bonds
Hydrolysis of lipids

Antioxidant; prevents phenol oxidation.

Antioxidant, prevents phenol oxidation, and reduces disulfide bonds

tris(2-carboxyethyl) phosphine (TCEP)

Same as -mercaptoethanol

= Y82 eDNAE &3 (Fraser et al., 2005). 0]1& ¢
3] 253 (Deep freezer) = A A A7} HIEA] TR 3)
o 22 522 ¢DNA U BjYA]E DNAS &3 o
2 AHg-=th Bead beating -2 eDNA A&7} BAYE=
Micro tube®] Silica A&2] Micro beadE Z3F A4 &
2 & 5~108 59t Vortex $tH(Tsai et al., 1991; Fujimoto
et al., 2004). o] ZFofA LAYst= Beadd ETH THL
2 AZE T3l DNAE £& 4171t} Bead beating U
2 F& EA39 eDNAS FE517] 913t o2 ASH
o} (MacGregor et al., 1997; Hurt et al., 2001; Costa et al.,
2004). Bead-beating T HE 4-5-2] eDNA FEIA A
T A3 ALEY 422 DNAS 2231 A Lo e
Hoh= Y5 (-10°C o]sh) Aejoll A B W2 eDNAT} &
=] th(Hundermark et al., 2020). THiF AR ZA)5H= EF
DNA kit £3F(0.5~0.8 )9 E|HEL AME35lo] eDNAS
FE A U EA5ts 2F L AEEHIES W
Ao g 3thH 0.5~0.8 g2 ¢ A2 ol FEI F=
9] eDNAE SHE35}7] fJaiAls 3~5 ¥HEQ] eDNA F&9|
B e

sleba] w2 Hal a4 (ex: Proteinase K) T+ ThoF
AlZ &% (Lysis) &9 A5l FUste] AZ5 w4
11 eDNAE FE31= "otk (Smalla et al., 1993; Zhou

2

_?L

et al., 1996; Abdel-Latif et al., 2017). Lysis €42 SDS
(Sodium Dodecyl Sulfate) ¥ NaOH, EDTA (Ethylene-
diamine-tetra acetic acid) 52 AESZ W2 DNA &
kito| A A|g3k= Al%Fo|th(Chauhan, 2018). 3iE AloFE52
AZ9 9 A|zzdto] 2-gsto] o]F §3A|H DNAE &
T4 Qe 482 Sul, U3 ATOINE Koo} 3R
o] &8t Lysis Cocktail 2 A|ZF5te] ARE3HC}H(Osmundson
et al., 2013; Gargouri et al., 2018). 382 w2 A|FS
FYote 1HHS o2 A2 TaT o= ot Al2g
TFE 2ol wEbA MEZa ago] gkl ¢ glom,
o|& s 54 wrffo] vsjA & B0 B 5 Y
t}.
P ATLAHEL DNA 32 kit A AIAI8H= Protocol-&
ARESHAY A4 ZHA ol A kit protocolS W E 5k eDNA
FE5ta glom & ARgo] 7HHEHIL, eDNA &
£0o] BAE DNA 3% kit protocol AME-31] eDNAE
Z3}13 th(Ficetola et al., 2008). £3] T4 2008~2012
o= A9 tiFE dAtelA eDNA F%0°] DNA & kit
S ARESle] o]FojFH o 2012~14¥EE DNA & kit
9] protocolZ HEF3}o] eDNAE FE31 %t (Barnes et al.,
2014; Turner et al., 2014a; Renshaw et al., 2015). 3}X|qt
70% o)A W oA DNA F& kit Protocol& 1

oX L

e e fob o
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2 Hgotgon 48 15% J=9 AFAT HIFH
Protocol& ARE-SFATH(Tsuji et al., 2019).

E7]-3Fet B3t gL WA HALE o]83 Freezing
thaw = Bead-beating I+ A Lysis €9 (Proteinase
K¢} SDS &) &2 HEA (RNA later)E 75t Al
Zutd] a&S 77 HHeEA P4 9 Y &
oA eDNAE FE5& o AME-3H%TH(Ushio, 2019). ©]8
gt Ssh-Eu A WL 7€ FEh oo 9 %
gEet 1.5~104) 7I7ke] DNA 5271 S7hst3ls &
gk ol eDNAE Tl AT &+ e T 5= &S
1.58] o] F718telet. o] "ol= Ee]-3tst HagS 3
23lo] 825 eDNA A2 & (Yield)S £o|7] Y3l
Chloroform : isoamyl alcohol (24 : 1) £4-& H713 & ¥4
£25to] F3ol DNAE 553t Higo] AME-H Atk (Park
etal.,2012; Park et al., 2018)
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HEieH
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eDNA 335 33l eDNA 59 93 1§ 5
XS A-Al AAIstL AT (Minamoto, 2019; Miya,
2019; Minamoto et al., 2021). 3}t HIHS 7o 2 &
2% (GF/F) AT A& AME3t= w3} Sterivex filterS
o|-§sto] F&5t= WS EF Ao F e
eDNA 83| Z=&)nte] E4o] A%ttt fe2ldf F=4
9] 2 EAL YsHA oA AMESl= Salivette tubeE eDNA
FE2740 HETo2ZH eDNAZF AR E AR & B
o Buk oty Et AAEA tubeE WASHA] ¢Eil eDNAE 5

3t 4= 9lt}h. ESE Salivette tube= YAEZE E3) o7
A2HE F29 eDNAE 22T 4 3120, eDNAZL A

2) 2= eDNA &t5 9]
° _

Q)
=

.

AE ALRE A AAL 5 Atk Sterivex filter F=H
< AHEYE B3l Hiol £A5t= eDNA FE2ES 58

(Harvesting)& 4= ittt & eDNA 3] WHE Sterivex
filterE o]-&3}o] eDNAE 73 &, UjFof Lysis Cocktail
2 FYskAL 56°C, 30E 59 Rotator2 3|HA| 7| vl st
o}, sjFg ol A N E7}F o= o] HE 8o DNAVF &
2531, YAEF S} Sterivex filter YF-o £A5F= eDNA
EEHS AR o]F F3l Sterivex filters TE5HAL
Wi A E AstR] ¢l eDNA F50] 7538t =
7}A) B BE 220] 22 E ¥ DNA extraction kit (Blood
and Tissue kit, Qiagen Co.)] AA| Z2HS A3} eDNA
o] =5 EUth o] LA QR Ho] WAYslr] 7]
ool AgAFe] Fo71 2 Hr) t50] eDNA 213
of| Al A ZrojEo] thFe 2 WSS o, FA 2ol Al
A4 gH@do] TS = 7] fi2d] FEE2 &7

o)A o)} Bast

3) 2~MEf 7| eDNA £= 2 HA|2HH KAl

eDNAE AA| ¥2-E sHA] griate FELH 92 oA
E 3AE 29T 5 Sl ARl EAo|t) a3 3 v @
< FY NRE BAFoEN AR & ol Hrt | A
Hof| oA EAT 4= Sloh B3 ATt @49
7} 245 eDNAY &7} $71817| we] B} theFet A
£9] eDNAE AFT 4= Uth. 3HAITE eDNA A& = A
Aol ¢ A F43] 7157 WiZell o2 QI3 eDNA
FZ Y 28 A7 anF o R A avt ok
ZLE AR oA eDNAE A3kl 7Hys5lS o, @A)
AMLE] T Q& Sterivex filters ST A 0] ¢F 10 cm’E
#HOFE 100~200 mLe] EFFF o2e = o} shx|gk
100~200 mL&] @7} 22 AAE T 5 glom,
o|& tWstr] flal 3~478 A oA eDNAE 71 A
gfjof gtct. Aoz 22 Ap| 9] HETSAS Totst
7] A= 3~47119) Sterivex filter7} AR E T} T20] A
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Fig. 9. eDNA filtering kit Prototype design (Application number: 10-2021-0124789). (a) Front view with injection hole, (b) Back side view

with outlet hole.
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