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Morphological and Genetic Species Identification in the Chironomidae Larvae Found in Tap Water
Purification Plants in Jeju. /hn-Sil Kwak'->* (0000-0002-1010-3965), Jae-Won Park?*(0000-0002-4067-7089), Won-Seok
Kim? (0000-0003-3368-3891) and Kiyun Park' (0000-0003-2965-6970) ('Fisheries Science Institute, Chonnam National
University, Yeosu 59626, Republic of Korea; *Department of Ocean Integrated Science, Chonnam National University,
Yeosu 59626, Republic of Korea)

Abstract The Chironomidae is a benthic macroinvertebrate commonly found in freshwater ecosystems,
along with Ephemeroptera and Trichoptera, which can be used for environmental health assessments. There
are approximately 15,000 species of Chironomidae worldwide, but there are limited studies on species
identification of domestic Chironomidae larvae. In the present study, we carried out species classification of the
Chironomidae larvae that found in Jeju’s tap water purification plants using morphological characteristics and
genetic identification based on cytochrome c oxidase subunit I (COI) gene of the mitochondrial DNA. Body
shape, mentum, antenna, mandible in the head capsule, and claws were observed in the larvae for morphological
classification. Analysis of 17 larvae collected from faucets and fire hydrants of domestic tap water purification
plants revealed the presence of two species, including 14 Orthocladius tamarutilus and 3 Paratrichocladius
tammaater. These results will aid the use of the criteria information about species classification of the
Chironomidae for water quality management in water purification plants and diversity monitoring of freshwater
environments.

Key words: Chironomidae, tap water purification plant, morphological classification, mitochondrial DNA,
genetic species identification
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Table 1. Chironomidae species collected from tap water purification plants in Jeju, Korea.
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No Code Sampling date Sampling site Species (n;rli;)* (mljnI;* * \(/ziﬂlr?)e
1 JJ2010WT 2020-10-23 Water intake tower Orthocladius tamarutilus 2 0.2 0.06
2 JJ2010Faul 2020-10-23 Water treatment plant (Faucet) Paratrichocladius tammaater 1 0.1 0.01
3 JJ2010Fau2 2020-10-23 Water treatment plant (Faucet) Paratrichocladius tammaater 2 0.1 0.02
4 JJ2010Fau3 2020-10-23 Water treatment plant (Faucet) Orthocladius tamarutilus 1.5 0.1 0.01
5 JJ2010Fau4 2020-10-23 Water treatment plant (Faucet) Orthocladius tamarutilus 1.5 0.1 0.01
6 JJ2010Fau5 2020-10-23 Water treatment plant (Faucet) Orthocladius tamarutilus 2 0.2 0.06
7  JJ2010Fau6 2020-10-23 Water treatment plant (Faucet) Orthocladius tamarutilus 2.5 04 0.31
8  JJ2010Fau7 2020-10-23 Water treatment plant (Faucet) Orthocladius tamarutilus 1.5 0.1 0.01
9 JJ2010YHI 2020-10-23 Yongheung pressurized fire hydrant  Orthocladius tamarutilus 3 0.5 0.59

10 JJ2010YH2 2020-10-23 Yongheung pressurized fire hydrant  Paratrichocladius tammaater 2 0.2 0.06

11 JJ2010YH3 2020-10-23 Yongheung pressurized fire hydrant ~ Orthocladius tamarutilus 3 0.2 0.09

12 1J2010YH4 2020-10-23 Yongheung pressurized fire hydrant  Orthocladius tamarutilus 2 0.3 0.14

13 JJ2010YHS5 2020-10-23 Yongheung pressurized fire hydrant  Orthocladius tamarutilus 2 0.2 0.06

14 JJ2010YH6 2020-10-23 Yongheung pressurized fire hydrant  Orthocladius tamarutilus 1.5 0.2 0.05

15 JJ2010SMB1 2020-10-23 Sammaebong water hydrant Orthocladius tamarutilus 3 0.5 0.59

16 JJ2010SMB2 2020-10-23 Sammaebong water hydrant Orthocladius tamarutilus 3 0.5 0.59

17 1J2010SMB3 2020-10-23 Sammaebong water hydrant Orthocladius tamarutilus 0.5 0.59

*TL: Total length, **HL: Head capsule length
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£ 3$Z317] Y319 F primer: 5'-TTTCTACAAATCAT
AAAGATATTGG-3" R Primer: 5'-TAAACTTCAGG
GTGACCAAAAAATCA-3'E o]-83}4it}. PreMix & Master
mixture®]] F, R COI primer (20 mmol L™)E 1uL £ &,
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2 20uLE %30 £k PCRY 2%, A7 241&
95°C (7T8&)7F 27] WS AR F, 95°C (40%) - 50°C (40
Z) - 72°C (50%)9] =49 WA, 2% AL 40 cyclex
HHE 2, 72°C (74) & #AA 4°Co) gttt 523 PCR
product= o}7F2 2 A (1.5%)S o|&35te] AV|gEo=r
PCR product AFo] 25 313t} PCR products+= SZ% W
E HES x7}o =2 Z} PCR gel purification Kit (Solgent,
Daejon, Korea)E ©|-&38 AAIstATH AAE A 2452
BioneerA2] ABI3730x] DNA Analyzer (Macrogen, Korea)
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|4 EAE 2759 DNA 9714
g5 3% FAA F TS Hsl £ AFolA Bl
A AFE Z2oaE9 29 BAE vEd= 29 F
9] A5 A4 (homologous sequences)= NCBI GenBanko|
A HAsEo] DNA AHAdS SR8kt AedsHs &
4] (phylogenetic analysis)< Mega X-& ©]-835}4] neighbor-
joining tree® F 7He] TAWAE EAstH o, HEH4
7 Zmtel COl G714 8 Asdol =2 $1 o =Y
Aol Ugtd S50 A8BAE vla EA5H

AR B 2T 759 FHY 5 58 &
F71 (QbEld, &5, diof, ster|d 2 B E 245
Zuat {39 TR AEA = ddd FEEE HIE
ol sHFAAR B oj R o) RAFsEAY ghalE= Aol
e e SEE AT ok e $5E Hol 43
2 oo 4 o deln sl 8ol Aue T2E 2R
QIt}(Figs. 1, 2).
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Fig. 1. Morphological classification in Orthocladius tamarutilus (A): Body, (B): Mentum, (C): Mandible, (D): Antenna, (E): Claw, Scale

bars (A) = 500 um, (B)~(E) = 50 um.

Fig. 2. Morphological classification in Paratrichocladius tammaater (A): Body, (B): Head capsule, (C): Mentum, (D): mandible, (E): An-

tenna, Scale bars (A) =500 um, (B)~(E) =50 um.
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Fig. 3. Phylogenetic tree of the COI sequences in 19 species of the Chironomus with 17 individuals from Jeju constructed by neighbor-join-
ing analysis (bootstrap value 1000). The numbers at the nodes are the percentage bootstrap values. The bold letter indicated to 17 individu-

als collected from Jeju purification plants.

HAct. 37| H 2 F 137} teeth® median teeth (MT) 17,
lateral teeth (LT) 6322 6LT-IMT-6LT FEj 2 T2 EH A
© ™, median teeth 7120 teeth= Y T 20|t} (Fig.
1B). thel 17119 apical teeth®} 4719] inner tooth7} 312
™ 3HA teeth7} 4HA teethBE T} Ztom HAMO 2 e}
Yt} (Fig. 1C). Antennas= 57]2] segment® A &30,
ring organ< A WA ot 1/59] $*]35}H, Blade= 59|
ZAogkge Zojoltt. F&X| claw7} F&= It (Fig. 1D

and 1E). Bl E 20T (P, tammaater)’= AA70] 1~2
mm= A A J 2 Ee HEMolt). st de F 13
N2l teeth® median teeth 17)], lateral teeth 62422 6LT-
IMT-6LT P} = &= Ut} (Fig. 2B). 1, 2¥14 lateral tooth
7F A9 291 eH, 5 balloon 2|t} tjet2 1719
apical teeth®} 47]] o] A< inner teeth?} ERFEL.
o, 4 1A inner teeth= FH3F HFO 2 VeIt (Fig. 2D).
Antenna:= 5712 segment® AW, ring organd R HA
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o] 9] 1/30] $JX)3}aL, Antenna Blade®] Z o] 5¥7) ul]
Bt 43100, o accessory blade”} 1T} (Fig. 2E).

T FY AL o2 g gAnt B&2] 59| FEie A
o] FAFsIGTE Zmt 139 FEHA F 582 A=
Ue FHY HEIU, 72 B, skerE T o B
Z19] v, FEf Foll et o] FoR|H, Holuh A28
w2t 559 AAE vlo|= thfstA ek o Slo] A
o8 FEI= AL 258 I & ok o] WAsH
7] oA &A1 Qg i 39 iAS Ee vHE
£ 59 E77100 Wizt g Fei 240 A7t 9
3] =8 = ojof 3ttt (Kwak, 2015; Kwak et al., 2020). 734
4 W FHeEole FZAZTT(O. amarutilus) 1714,
Aol e SEAZTT (0. tamarutilus) S7HA), €
w2 (P, tammaater) 270A), £E714A 4A3HA o A
= TAZTT (0. tamarutilus) S7AA, B2 2w (P
tammaater) 1704, A5 vij=A] 23pA A= Euprlgz
T (P, tammaater) 37§47} Q1% 1T (Table 1).

U &8 AeF AL 2 Zn §3 g F
T4 A7t HuE A 3 A 2ute
Chironominae®] £38F= SZWE (Chironomus dorsalis), k=
FEZuL (Chironomus flaviplumus), 271 FYE 712wt
T (Chironomus kiiensis) 3%, SAF-YZTL (Polypedilum
yongsanensis) 1522 AAZ 5~9 mm, FZ 0.5~1.5 mm
Bl [~159mm’ 2718 2l vhdo] AL &
e 2 {32 STAZTA (0. tamarutilus), BFit
21897293 (P tammaater) 222 AAA 1~3 mm, =
0.1~0.5mm, 53 0.01~0.59 mm’Z QWA &3 Fo
& 27)7} i 2g oz BAHTH(Kwak ef al., 2020).
F ARGl A BAE 252 oA BeE A7t
HOHA] Y= ToE o= I A4 TL dFeR 3
FE, 4 D A Ao daido] FEETh

Zut u|EZE2|oF DNAS COI {342 £& 47
AEE 7|Hte 2 AFASHE EA (Phylogenetic analysis)
< 43519l ch(Fig. 3). NCBI Genbankol| S-2¥2w} COI
AN LGS B3 At 14704 (JJ2010WT, JJ2010Fau3,
JJ2010Fau4, JJ2010Fau5, JJ2010Fau6, JJ2010Fau7,
JJ2010YHI1, JJ2010YH3, JJ2010YH4, JJ2010YHS5,
JI2010YH6, JJ2010SMB1, JJ2010SMB2, J12010SMB3)+=
NCBI°| T5% ZZu1}H(LC462337)9 22 A=
A9 3L, 370 A (JJ2010Faul, JJ2010Fau2, JJ2010YH2)=
Bt g 2w (LC462346) 22 A= 35k 1A
oA WA ZutL Chironomus®}; Polypedilum3; $E53+=
& Ass FAHATH(Kwak er al., 2020). o]t At
£ HEZE=o DNAZIRE 34 & $4% 58 2o+

P

ofy X T

ofl

20T R4 245
Zo| HAE Aol wet theFeiA ERES Vet
Zupt §-52 SR oflet A AAF R de] £
AAE, FEf7E AR &, o 549 ofHeS AL
St} (Lee and Kim, 1998). o] COI primerE ©]-8-3t DNA
A7IMEE o] 83 F TR A7 JYPH T (Carew et al.,
2007, 2015; Kim et al., 2012). A9t A Q] A1= &
FAA U Fed B AE glo] EF7F X7 wif
2 25AE dozint oo B AFoAE AF HeH et
oA BAE 2t {559 T 58S FH L DNA /4
ATE Bl B AR 2 E7INE ARE vwstylth 2
ATE B3l A
T2 349 A9 9 AL FHEE U= T Ookst
A debdrlol =21 e 2 £4 2YUEHS Y3 A=
e 84 W Zut 550 dig 712 BEF A5 P
o] ZZE|ojAof gt o3t ARE FF AL W LA
Bl Zure] gt 9@ A3 o) digt Jrel T &
37 T HRhE AlAeE bl =20 € AR 7"t

Jo

¥ g

Z-wk (Diptera: Chironomidae)~= AAA4 QI FH+5
E2 34 9 2 wHlo] et 9L B F4 %]
A #AYEolth. o3t ZAut fFo] AeoA &
A= AT AeAedoa Tad 2ot 139 T2 57
317] ¢l e AFF 2 COI (cytochrome ¢ oxidase subunit
D) Primer2 Z-ZA]71 DNAS| A7MEE Ales 24L& &
8 24 AT A8 W EE8X¢} 2318 59
A ARE 17T4AE S2AZTF (0. tamarutilus) 14744,
M1 D22 (P tammaater) 370A| & 2502 E91E Q]
o 7} 2w B9 Yo BAS TR sas)E, ek o
Hu, BEe FehH 549 £5712 F ST NCBI
Genbankol| 554 Zult 19% COI 7|4 4L 7|tez
2 Aol 24 1770A419] AR B4 A -
7z COI G71A B0 SZAZWL (0. tamarutilus)F EF
712w (P, tammaater) 2522 Z}Z AlS(clade)S
o|F= Aol ERIF It ol Aat= A S E A
He 20T $5 Ol Gs 2404 £ 5
3 ERARE oz sa B U B A8 o
AHRZ &89 Aot

RS 212 (A et

g ), A4 (Aot
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MAPIGIE AdA4: 24, S F4 & 9714 &
AR, B Al & 9719 & 9L & BRH, HEA

T ZA & U7 & WY, AR ZelAl & ¥
&iﬂ%ﬁﬂﬂzﬂ%k%&ﬂﬁ&uuﬂJ%L 2A: 2ol
A &E7|d 91 B 9 AR DA & v, IR
ol Al ojLH] 422 oA BE Azl =Ro] Al &
o5, 20 HFTE S AES L ALY

(=]
Ol
——
rd
-

o] =& olalT;A F=9] A7t Y=
HTH| o] =& IFAAAT SHAFAIG S A ¢S vt
o} 435 &1 [NRF-2018-R1A6A1A-03024314], [NRF-
2020-R1A2C-1013936].
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