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Abstract  Freshwater jellyfish, a type of jellyfish exclusively found in freshwater, has a limited number of
species but is found globally. However, their ecology and causes of occurrence are largely unknown. Therefore,
understanding the distribution of polyps, which produce the larvae of freshwater jellyfish, can provide important
data for comprehending their ecology. This study aims to explore the COI gene of freshwater jellyfish using
environmental DNA from the microbial film in the Miho River system. Among the 12 survey points in the Miho
River watershed, genetic material of freshwater jellyfish was detected in 8 points, mainly located upstream
near reservoirs. These genetic materials were identified as genes of the well-known freshwater jellyfish species,
Craspedacusta sowerbii. Notably, the C. sowerbii genes found in the Miho River watershed survey points were
closely related to a species previously discovered in Italy. Consequently, utilizing environmental DNA to explore
the genetic traces of freshwater jellyfish enables rapid screening of areas with a high likelihood of freshwater
jellyfish occurrence. This approach is deemed to provide crucial information for understanding the distribution
and ecology of freshwater jellyfish in Korea.
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(Boothroyd et al., 2002; Moreno-Leon and Ortega-Rubio,
2009; Galarce et al., 2013). 0|23t Bafjubz] 9] 7] Y2 &
A3t WA vk QAR SheFstukeish AR B
of 724 EAS Uehly] i) sig B Ak A4
sHl siofelvh Aske Ba) waeoE 1 Wept o
Atel Ao 2 2A3t3 QIth(Zienkiewicz, 1940; Angradi,
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1998; Jankowski, 2001; Sandy and Terry, 2014). E<=3}ju}
gd= A AARCE 12F0] BEst= AR d8fA glo
uolof tigt A7t v mlgehe Eslute] o] AEEA
of thaid= &=A vzt A9 glotk g siute] < (Genus
Craspedacusta Lankester, 1880)2 714 o Z2]Ql F<=3j
2|24 Do A E31A HAEIL QJth(Arbadiauskas
and Lesutiené, 2005; Jankowski et al., 2008). £3] = %
B (F2IN A 7198 Ao g7l Lu|EEA e u}
2] (Craspedacusta sowerbii Lankester, 1880)= % =o]|A|
Agoz WAHNL, o]F Er]- S 5 B2 A 99
A B3 =9t} (Lankester, 1880; Kramp, 1961). &Lol=
Limnocnida3; (genus)®] L. tanganyicae?} °FZ 87} B2
of 32 Aol A WAElo] B Aol et wARE
gesfinte] Fo] 2AQE F793+3th(Salonen et al., 2012).

sfFaluta]of v Fafutels AdHAer Y2 SdE
I oS dar o, ml=i £ A FoA= geesfiat
s HPIYFT Lz AAsto] olof digt REXRAE 43
3}tk (Karaouzas et al., 2015; McKercher et al., 2017). 3}
Ak 72 F7HlA= @A7A s o] e
23 E dA 9 v|AHo|T (micro-food web) FAFOZ 9]
A3t whet 24291 WA o] 3% b= glrh(Dodson
and Cooper, 1983; Dumont, 1994; Spadinger and Maier,
1999). ofAJop A Hofl A= Y} FoollA] Fsfute)rt &
A A7 EASHAINE Bu)et FR Sl BlsiA &3 ¥l
= 2 AR5 ol 32 Ao 2 B E Qo (Marchessaux
et al., 2021). 2|}, ZZ ol e|7ke} || E SO
of Ao M= gafjuta] o] SFo] Sld uhet g3
atz]o] tigt ¢lAlo] olx| 3l Itk (Kozuharov et al., 2017;
Riyas and Kumar, 2017; Fuentes et al., 2019; Ozbek and
Somek, 2020).

Srane) AL & AF, 7 59 H4 Ex f4o] b
A BolN F2 SAHD SFoH FEUA FYein
A 2D g2 oy wAe) uyEg Hojdoz @
t}(Jankowski et al., 2005; Smith and Alexander Jr, 2008;
Moreno-Leon and Ortega-Rubio, 2009; Stefani et al., 2010;
Duggan and Eastwood, 2012; Lucas et al., 2013). B<=3j|2}
2] WA sfoFaflute] o nRT IR = F/3 A T 3841 9
= B8 TEET}(Pennak, 1989; DeVries, 1992). 4437
A 712 Fol AR U(ege) ST (planula) = Eot
& 5, Thret 7140l $3510] £ (polyp) BT E
Ue A2 shsrobil) 2 4RI FAAAE B8l ol
oHephyra) & A4S}, o15o] kel (medusa) ©.2 4
BapA) ek ol2ig 39S B9 shkel B2e ) 5000
el kel §AS AT 4 9hLucas er al., 2012).
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A Edigtels 2EYOU F2 HE YE Ze
RIEE 5 F2 F3oA TAHt FWel 8, 90ty
ool g sel FeT oA AL AN T, 2009
T Y SofA Eraliute] A S0l LA AT Lee, 1996).
I %, 34 &9 HiuxE QAL A a2 §
Folet Astso A Fepafate]zt AN oH HTde &
F3 AdFollA Ealute]e] JA7F didEe E FE5S
ukorrt (Jang, 2018; Won, 2018; Lee, 2021). 0|3t T3]
g2 o] i} Hste] et et 7|2 FHEA|
kTt SHAE sfFaliutE| e AE7|Z T 948 EHIE
o] HA7|ZS sl w, Eepdliute]e] S Tk ¥4
of ZgslA] ok A FHAAE Tl =T £ 9L
oo, shute] ZRol|A] th=o] JA7E HAE = 917 P
718o) B Q= EH REE FAEH= AL ) 9
sttt iRk 71 d e 2R Qe EYS SR gelst
£ A2 A9 E7Mss, Aoz EYE ERIg= A 9
Al B AJ7to] g ETh wEkA] o]F A5k Hdl B
NREE A& B4 4 e A B4R e
it

2 AFe v $A4 ol Bxste 71de] AET
(biofilm)ollA FAHFAAE 7|He 2 dajute] 2L &
Astglom, u|37k AL BAE g o Ak
71N ES etatarst shglct.
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2 At SRR EREY SRR & dF¥Fe v
A 5 Sl 79 F i nER AE g e = st
(Fig. 1). 2 A3= 20233 399 u|37) EFe} A WS =
ek 1270 A4 RS APsta e, S+
Axe sH(EHHE 7)) 7138 RaEe] e AET &
BARAAE g2 stgn. AT -2 st H
A 27887 e RAEER QRS g AE - AR
(NIER, 2019)°]] w2} =3)stglom HyE S 7-Ax = 4
P2 (4°0) 245 FARN AR = A s Rkttt A3
Ato]9] WAt AL WAIEHA] Q3 AHE U3E HHE=A
£ AFgstG e, AHE & H7lskqTh 3 vFA= w3 F
FrE A 2 239 @42 AlFstth ARE e
2 A¥ Ao A Sterivex filter (SVGPL10RC, Millipore, MA,
USA)E ARESIo] Ais5313lom Ui eDNA 8130 A
Aokt F&¥ ) w=t S [FAAE FE35H T (Minamoto
etal.,2021).
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Fig. 1. Sampling points of Miho River watershed.
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%‘—’Fﬁﬂﬂﬂl Z3ete ALFERS HFFH
ERE7] gzl 1270 X3 e FARtA
—.—%-E-J COI (mitochondrial cytochrome C oxidase I) %—?ﬂ
A5 $E31] meta-barcoding 43} Th. Meta-barcoding
A4S 53 F WA PORE SRS oIS Bl
YRH2FE COI FAAE FE319 T} (Elbrecht and
Leese, 2017) (BF2: GCHCCHGAYATRGCHTTYCC, BR2:
TCDGGRTGNCCRAARAAYCA). 12} PCR I} oA =
ZHE (amplicon size: 451 bp)o] &1 X FS A3
2_‘1] 22} PCR& 53l meta-barcoding libraryE A|2}3}
%tk (Illumina, 2020). AFA oA A2+t meta-barcoding
A& B QA (Metagenom bio life Co., Waterloo,
Canada)©]| 4] Tllumina miseq system (MiSeq Reagent Kit v2)
7dte 2 9§74 g BA51¢. o DECIPHER package
(Murali et al., 2018)9] IdTaxa classifier (Quast et al., 2012)
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0|57} ANA FAE Eesiuhe] 9] CoI At |71A
g 7]bkoe 2 <rdate] & (Order Limnomedusae) COI &
A2 AgEAS w38 o|F 913 GenBankoll A &
S| Eo] Col 32 AEE FAsAT ATEAS
28] MEGA 11 (Molecular evolutionary genetics analysis:
version 11.0.11)& A3} 2™ maximum likelihood ¥4]
0 2 AESE ZA5FH tH(Tamura and Nei, 1993; Stecher et
al., 2020; Tamura et al., 2021).

/M
]

by g
1. 0|5Z |9o| M20 (biofilm)ol ZxH5H=
COIl Rx} CHYE 24

37 A W 1270 AR BEE)A Col f-AA=
meta-barcoding 43 A3} & 3,882 OTUA] 242,910
contig7} A= QIt}h. Unknown species OTU= £ 1,842
OTU (63.71%), 183,057 contig (75.36%)2 A2 50% ©]
A& 233+ ek o] 23t unknown species= GenBankol| £
AstA] e A= FAAIAY AET R Al
9J3) H3l=]o] AHAZ}(fragmentation)® A7} 1XF PCR
224 Reluja A S YASH] F ol BrF5T 4
QIth(Leray et al., 2013; Elbrecht and Leese, 2015; Bista et
al., 2018; Salter, 2018; Zulkefli et al., 2019).

At (Bacteria) ¥ 5 (Fungi)2t F-AFE |71 ES A9
stal, P FHFFTEY T 27 B4 o e COI
AR AEEAS 1), % 172 OTUSA] 29,967 contig7} B+
QE|ct. HEH2 COIFHAE 7o f3RAFE

o RS w59 o & 78 107 145 203 484
74%0] HAH L ERT FoA TFFEE (Annelida)©]

57.68%= 717 ‘E%% H&S AAstglen O F2 dAF
=& (Arthropoda)d AEF-E8 (Cnidaria)©| 22} 34.42%
o} 7.35%2 @2 Hl&S AASATH(Fig. 2A). AXLFE
& (Phylum Cnidaria)®] 3¢] EFole ralae] E7
o] EZ3tE= 3| =akE7) (Class Hydrozoa), B43lute] &
(Order Limnomedusae)¥t 2HAE o AF COI §AA}F
oA AR BH= H] QL B BED BE 73502 JEEER
o] vl FUSI} wakA v|at A W 1270 A
A I E AZFEEY e g s shunt 24
O}ﬂotq ”]i A B2 SR A B HE
o2 ZRIFY B3 2 dAFolMe BET

S04 EE galotels] §HAL sfsel At
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Fig. 2. Taxonomic component of biofilm in Miho River watershed based on COI gene (DataGraph 5.1.1, Visual Data Tools, Inc., NC, USA).
Each circle means taxonomic class (A). From inner circle to outer circle indicate phylum, class, and order. (B) Inner circle means family

and outer circle means species.

£ 9444 o)% 7120] 31 Hmke] FY(polyp)] B
A 7RsAdo] &tk (Pennak, 1989; Slobodkin and Bossert,
1991). AEZFEEol= 3|=257 (Class Hydrozoa), afiut
2|7 (Class Scyphozoa), AA}8]at2] 7} (Class Cubozoa), A+
327} (Class Anthozoa)2] 47l E&FFo] A5t} (Ander-
son, 1998). Y¥HAQl sfFafute] 2 EFEe HAMS &
(Order Stauromedusae), 8|3}+2] & (Order Coronatae), 7|
T8 at2] & (Order Semaeostomeae), 332 & (Order
Rhizostomae)> 25 3jgte]7to] ZgE o] 9ot =3
3}2] & (Order Limnomedusae)S S| =gkt o2 ERE o]
sFafuteiet A2 e ERFeR TR (Jankowski,
2001). o|& F3l siFaluteiet E4siute]z EA H
st e GARSHAIRE Sistele] Astabols Bslst
elo} sopshuel s ol oajae] Batslo] Zahe) Asker
AS AR Aoz BehEth(Kayal ef al., 2013).

2. g=rslim2|el COl RExL 24

n 27k A W 1270 AR Sl Fesiut 5o A4
7] Aol BRI 2 47 Apole] Horalulel =
247} contig 9] ztol7} EASHATH(Fig. 3). H| &7 A
A A HAE Fedfuta] S AR BF AHER
s =t2] (Craspedacusta sowerbii)] FAAZHA 1990
HETe} AT TAE Fdfuieer FUTt Foz
I At (Fig. 2B). v|&7}; A - HAH C. sowerbii
9] contig FollA Y= ol otollA WAE C. sowerbii
AA Lt shte] AlFw-S B8 ™ YA contigES &
HRlat oA HAR ANAL} Wi 77hE AR e
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Fig. 3. Distribution of Craspedacusta sowerbii’s COI gene in Miho
River watershed. Red color means detected C. sowerbii gene and
dark gray color means absent of the gene in biofilm.
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KF962139.1 Gonionemus sp. GS JRH-2014 voucher XMGS10 cytochrome oxidase subunit I (COI) genc partial
75| KF962137.1 Gonionemus sp. GS JRH-2014 voucher XMGS8 cytochrome oxidase subunit I (COI) gene partial
KF962138.1 Gonionemus sp. GS JRH-2014 voucher XMGS9 cytochrome oxidase subunit I (COI) gene partial

100
MHO020720.1 Gonionemus sp. A QL-2018 isolate GYT04 cytochrome oxidase subunit I gene partial

1o} 1 MF135186.1 Gonionemus sp. AFG-2017 cytochrome oxidase subunit I (COI) gene partial

MH242771.1 Gonionemus vertens voucher BFHL-1916 cytochrome oxidase subunit 1 (COI) gene partial
70

MF135185.1 Gonionemus vertens cytochrome oxidase subunit I (COI) gene partial

MF135184.1 Gonionemus agilis cytochrome oxidase subunit I (COI) gene partial
100

MNO068283.1 Vallentinia gabriellae cytochrome oxidase subunit 1 (COI) gene partial

MG791814.1 Olindias sambaquiensis isolate LEM:S01 cytochrome oxidase subunit I (COI) gene partial

JX121605.1 Olindias phosphorica voucher MHNG:INVE 29811 cytochrome oxidase subunit I (COI) gene partial
5 MH700550.1 Olindias muelleri voucher TR4AS cytochrome oxidase subunit I (COI) gene partial
99 | MH?700549.1 Olindias muelleri voucher TR3AS cytochrome oxidase subunit I (COI) gene partial
MH700548.1 Olindias muelleri voucher TR2AS cytochrome oxidase subunit I (COI) gene partial
—— MN068286.1 UNVERIFIED: Limnocnida tanganjicae isolate AGC0087 COI gene partial sequence

511 G- sowerbii in Miho River biofilm eDNA contig 1

C. sowerbii in Miho River biofilm eDNA contig 5

— 100

C. sowerbii in Miho River biofilm eDNA contig 2

C. sowerbii in Miho River biofilm eDNA contig 4

;F 100 | FJ423620.1 Craspedacusta sowerbyi isolate Cs0Yyyy0 cytochrome oxidase subunit I (COI) gene partial

MK600508.1 Craspedacusta sowerbii voucher BECA(H1) cytochrome oxidase subunit I (COI) gene partial

49 C. sowerbii in Miho River biofilm eDNA contig 3
oo MH230079.1 Craspedacusta sowerbii cytochrome oxidase subunit I (COI) gene partial

- C. sowerbii in Miho River biofilm eDNA contig 6

C. sowerbii in Miho River biofilm eDNA contig 7 O|O_5|O

Fig. 4. Phylogenetic tree of Limnomedusae based on COI gene sequence. The evolutionary history was inferred by using the Maximum
Likelihood method and Tamura-Nei model. The percentage of trees in which the associated taxa clustered together is shown next to the
branches. This analysis involved 25 nucleotide sequences. There was a total of 703 positions in the final dataset. Evolutionary analyses were
conducted in MEGAI1.

T ZAH A 7P wo] YA BIFE AR A
AN A = 300 contig 0142 C. sowerbii®] FHX}7} WA
Hoich, Hio] 1] B AHOIAE C sowerbii®] 4
A7} Ae) WA Gskon] MRHo| GRIE o7 &

F AAANA LA 4 contig?] w$- W& o] WA
Ak 7HF atRell YAIF n|s7} R AHL f&50] =
o 77k 5o AR B 9 C. sowerbii 7R}
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O] AL AR A gkttt ol= v|3 7 sHR7t 8FEo] |
I STl RE 2 7]EE A H0] 7] Wil o
£ APERY B Rarbso] e B AR et
Hth(De Kluijver and Leewis, 1994; Lengkeek et al., 2013;
Schrieken et al., 2013; Meyling et al., 2014). TFA& &
Tohe FAA AFoAE 124 contigZ7F Ao FF
AUW7F $JA8E 3HF A HA= 3 contig® $- RLTE C.
sowerbii f-37} contigZ7} 7P @o| WA WA 4=X] st
79 WA AYL AR PRTRE 2A AWAA 27
S8l 271 £Ajetel Aot MR A Ajo] HAiAe)
2 7% 28 ek S8l WRAGAE v 57 folA A
T =2 AFA] F HUEA dFE D ATt A
C. sowerbii BA7F HAIZ 7F5A0] AR ool ¥
HH AR 2R ARE 22 ARl AR, S
2] W L AA12} o) C. sowerbii AA7} A % 9]
= AFA7F A8k k. oFRI7ER] o 3t Ag=R] ol A T
Fofjute]e] 28 Ky vt glov AE JHINME &
Foflute| o] AAE AH A = STk (Fig. 5). wEhA
n] 37 Aol fIX|sH= APASoA Fsfute| o EH 0]
By vp AR A 2 EFo] EAF 7L S&sith
olfgt Fafjute]d] EYE f&ol WME shHoA = R
E|Z] I SFRE o] F AT f&o] =¥ oA 714
of Fztste] 2L 4= ek AN s Fute et 2717F
- 2] wj2ofl St 2 TEo| ofge AEa-E A
St= YoM Eo] B2 R og 4= Stk oS £
Ae gadiuty] 49 337 7149 @453 7ke] &

Fig. 5. The photo of freshwater jellyfish in Youngcheon Lake. This
photo was directly taken on the field by the Author (Hyun-Gi Jeong).
The jellyfish’s diameter was approximately 4 centimeters, and they
had a clear, colorless body.
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Asta g JNA7F shEEAY FEH o2 EAsie et 41
A 7)9ke] SRS Fo - Y| K75 el 4= Qloh

4 2 EnA YoMz Grdfute] 5o C. sowerbiiz T
2 AR d ZpoA A s Ao HuEa glow A
A 579 =9 fHo] EAshs AR =2 EHE
th(DeVries, 1992; Tittizer et al., 2000; Peard, 2002; Silva
and Roche, 2007). B|&7} 9] ¢, FUsHd AHES
fr&ol thar =2ja, shdo] A4 9l 3ubE 7|d R A H o
PAY s T 9 A EE0] YAste o] #&
T 4 Q= 71Eo] TR EAE & Aok EH Y 744
2] 7|&o] w2 718 F2ksto] A&l £'d (podocyst)
AE|9] FHro] EYU5HAl Fth(Acker and Muscat, 1976).
32 A 2ol 244E f7kA] FH AEiE 71E ] B3
s, 22 7o) Y thA| SHAEH = Z/dstEch

N
M

SEolN AT BASAAE Bee 290
SAE 25k glon, 3754 219] meta-barcoding £
Ao W29 gfuty] e 3T 4 ASith 53] @4
diute] A e AHES FFH LR AR A
A7} YIRSk gi71of| siute] A7 HAE ThsAdol ui¢-
=2 Zo® wotdd ARt 2 At Auke} o] s
2] o] Fegt 2ot Ao tisiie e5d AY A+
vh glow, gpdfjuie] o] tidao] ojwdt 2 oflA wAyst
A, 8 ouEt FFS A=A & 5 qlok B9k o
Yzt @4 GenBankel EAst= grdfiuta =9 COI #-4
A= Gonionemus genus (Z-F<d|T2]S), Olindias genus
(ZEAS T2, Craspedacusta genus (H23ljTta] 4,
Limnocnida genus, Vallentinia genus 52 F-AAHTH0]
55450 e Limnocnida®} VallentiniaZ; (genus)] &
FelatEl s AR 24 & 1R A5 giief 7124
¢l BEAQETL o BE53 A o|th weka gasute]
e ExE wtolgro 2 Zh JiA| o e - st
A ARE gEsty gasfuie| o iy 713t AEAE
olfist= d vl T3 HAE & 5 Uk

2 A9 o] HFAAE &8st gasiuiE &
S GG gsiuert 28 sl =2 AY
< HEA FAT 4= Qo 53] o|=gt AL AeA| sk
of YIA|3t shH ] BEHelA EHY FAAE AT R
A Gesfiutezh BT 7heAdo] w2 fodS A9y A
9 (screening)dl= o 83 JEE AT 5= Stk 51A
T2 AolA] A1 TS A A o2 Felgt A of
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