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Genetic Diversity of Polydora haswelli (Polychaeta, Spionidae) in
Korean Shellfish using cox1 Marker
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Harmful shell-boring species of the genus Polydora (Polychaeta: Spionidae) were frequently reported from commer-
cially important mollusk species in Korea, Japan and China. The traditional approach based on the morphological
characteristics showed limitations for species discrimination among shell-boring species. Therefore, DNA barcoding
was adopted to identify Polydora species using molecular markers. Two Polydora species (P. haswelli and P. hoplura)
in abalone shells were reported from our previous molecular phylogenetic study. In this study, we additionally re-
ported the presence of shell-boring Polydora haswelli in commercially sold shellfish. The taxon-specific cox1 marker
used in this study successfully allowed the isolation of P. haswelli from cockle Scapharca subcrenata, mussel Mytilus
galloprovincialis, oyster Crassostrea gigas and scallop Argopecten irradians. Polydora hoplura was not found in these
shellfish species. The genetic variations were found on the intraspecific level of P. haswelli and the same genotype
was also detected in different shellfish species. This result can provide information on a new host and accurate para-
sitic Polydora species. Moreover, this report can be used as the biodiversity data of Polydora species on the invasion
and transition of harmful Polydora species in mollusk aquaculture farms.
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N 2 P, limicola (3to|®-71 =270 A& ], P. hoplura (= P. uncinata)
o

Polydoraz:(71 9= 714 & 0]4;- Polychaeta T} 7} Spionida
A= 7H A G o] = Spionidae A=A A 0| }) T = 379
710l 7128 8k0] <35(host) 9] Aol VS 71 2]= el A
ETOR, 3, 4, S5 2 of| g7t = SollA] Hars vE
Qltk(Sato-Okoshi and Abe, 2012; Sato-Okoshi et al., 2012;
Won et al., 2013; National Institute of Biological Resources,
2015; Radashevsky and Migotto, 2017; Ye et al., 2017). =U]
olli= A= 7HA| Polydora aura ((§971 d=78 2|5 0l), P. brevi-
palpa (142702 ]), P. haswelli (FoB71 A=A A 0]),

(Z L= AA G o) 5 559 AAlo] 4l QltHNation-
al Institute of Biological Resources, 2015; #5792 = H3
S AP EAHTE] S O AETHF o] EfH| o] A (Na-
tional Institute of Biological Resources, 2021)0]] <273} TH.

oyt HiF M3 ife= I A& FAFA 5]
S Asfistal HAREE F7HA7IH, S 7] Ash 59 &
A2 oy Ao A A 9t Won et al,, 2013). E3F o
Al & St A AR QI91A ) B4 7HsAd o] LA Qled,
PolydoraZ;ol gt g8kt 5 57 2 wzof thgt A T RA
o] A 71% 1 tH(Simon and Sato-Okoshi, 2015; Williams et al.,
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2016; Lee et al., 2020a).

el Eekal X F7HA] k4t Polydorass ol tigt
E50H At Wi EEgleH, 7129 dite tiEE ¥
g 570l o3t =AY BE VA E FHEE o] FolA gtk
(National Institute of Biological Resources, 2015). Lee (1998)
= AAE AotolA P ciliata [71L9=70X] = o]; P. brevipalpa
9] o] (synonym), National Institute of Biological Resources
(2015) 714 % ARIS Bg v} glout, o] L s 1A
o] Hash= Fo] ofz} 10 m Aol A] free-livingd}= 74|
= Ygste] B aslgich. Sato-Okoshi et al. (2012)2 3H+9]
A A ZFAAF 3| 7o A P aura, P. haswelli 2 P. hoplura (as
P, uncinata) 5 Polydora%; A3-A Tt 35S His o
1, Won et al. (2013)2> 2t H& FAOA Ha/d thw
P, uncinata®] "0A8& H31gk 8f Qi o] gt A3 A2 F
e @ 2of osto] F wdo] o] FofF ot AZALof| whE FEY
Ho] 5o & gt F A A|(species boundary)®] Thote]] of =
ol au =, Feoha] P k= AR} A E o 7|HEeE A
28 HA5Ho] @ ti(Teramoto et al., 2013; Simon and
Sato-Okoshi, 2015).

whebx] X[ Polydora; &) 3L of| gt Aol A= f-4Ak 7
RHE o]gsto] Hokgt & WS =35kl 9lrh(Sato-Okoshi
and Abe, 2012; Teramoto et al., 2013; Williams et al., 2017,
Ye et al.,, 2017; Lee et al., 2020a). & QA4 A3 AFLE &
s a)2foll 4 Polydorad: %-& So|x 0% A% 4 Qi vE
ZEg]o} coxl F7AA} 7|RE EAMEAE 7SIt o] & o] &
sho] e H I Aol A Sk gt o 2hed o4 A= 57}
N4 P haswelli€} P. hopluras # %2 2151% th(Lee et al.,
2020a). 7L %, Lee et al. (2020b) %= -2} A DL o] gato] A
i 9fjZtol| EASh= P hopluras £33 T 70 § 5785 1
g HF Qloy, W& sl zbol| A P haswelli 7+ -2 ZHQIskA] 5%
sk3iTt.

2 A AE o]99] w7 szt A WAEE e v

Al 2l Al ul(cockle Scapharca subcrenata, F-%+ Sep
18, 2016), 7}2]¥(scallop Argopecten irradians; %% Mar 15,
2016), A5-alle ] (mussel Mytilus galloprovincialis, 5= Sep
22,2016) Y =(oyster Crassostrea gigas, &% Jan 22, 2016)
A &5 gHsto] izt W) o f 7 E4& 2ARSHth(Fig.
1; Aj7zat 370A|, & FsliE2] 3704, = 2704, 712 8] 271A)).
AT A w7 ) o A oA AR A w1
s 319 M (Lee et al., 2020a), 3|2t 9H& xHO] 7 &4

CBEF - ol

(trace of infestation)2 A © & B35}l A|2E A }%ic)
(Lee et al., 2020a). 39| A2 %29] vzt 223} 3]
o] qlglon], BT A sholstr] o] glck wehd 4%
of a7t 2202 ket 71 H915 b7l Aistod S8R} 24
= A AJsteitkFig. 1E).

A% A &9 total genomic DNAs 522 DNeasy Blood &
Tissue Kit (Qiagen, Germany)Z AR&-35lo] a5kt & %
ol Fagt 542} v = =4 DNA barcoding®] 317
ol coxl FAA}F HE o]-8-51% L (Hebert et al., 2003), coxl
222 ofat meto|o] 2T Polydoraol T3t ol o] 2
5 cox1-Polyd-F1/cox1-Polyd-R2 (Lee et al., 2020a) 23+
< Aeietoict.

Polymerase chain reaction (PCR) Z7-2 95°Col|A] 25 13]
A 2)8}alL, 94°C 302, 50°C 30%, 72°C 14 7148 403) HH23}
o, 2F 72°Col| A 727t final extension Y-S 42345}
t}. PCR 242 amfiXpand (GenDEPOT, Barker, TX, USA)
£ 0]83}o] 20 uL volume®.= Thermal Cycler 9700 (Ap-
plied Biosystems, Waltham, MA, USA)Z 0|83} cox] £
9 FEE skl @7IAEE &Y Al A2 (Mac-
rogen, Seoul, Korea)E 53l A7|A L2 chromatogram
< &3t} Chromatogram Sequencher 5.4.6 2 7151
(Gene Codes; Ann Arbor, MI, USA)2- o]-8-5fo] EA43519111,
S coxl H7|A Do thgt FAHE 242 GenBank (Na-
tional Center for Biotechnology Information, NCBI)2] Basic
Local Alignment Search Tool (BLAST; http://blast.ncbi.nlm.
nih.gov/Blast.cgi)& ©|-&3}3ch EXAITEALS MEGA 6
program 2 = neighbor-joining method [Kimura 2-parameter
option, bootstrap analysis (2000 replicates)| & -85} =}
A 845 gh1 51 thTamura et al., 2013).

d o

S22 ol g8 5o S0l e choket Welel w2 v o
7 49 Parol UeRdthFig. 1). 912 o) B3 ke 2
do] Ao 245 R9lo] tele] coxl EAmlAR of
3 A} BAS MG A3k 10719] P haswelli 74}
Jd-S st 7F2] 8] (scallop 271; GenBank accession
numbers MZ532488, MZ532489), Z(oyster 27l|; MZ532496,
MZ532497), Mzekcockle 37H; MZ532490, MZ532491,
MZ532492) 9 A|FsfEX] (mussel  37; MZ532493,
MZ532494, MZ532495)0l| 4] P. haswelli 7+3-& 215t}
(Primers A g A|£] 424 bp2] cox]1 7|4 Lo] ZAH; Fig. 2).
A3 ALl AE-2] - P haswelli®} P hoplura 2%°0] HE5
Ao H(Lee etal., 2020a), 1 Aol A 2ARE 357 Al mo A=
2= P haswellilt AEESIch

BEAY SHFAF P ohaswelli SU] Hol= 0-3.7%5 B30,
71%& AR A BAE P haswelli®h= 0-3.4%2] ¢7|HolS
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Fig. 1. Korean shellfish infected by Polydora species. Arrows indi-
cated the infected regions by Polydora species A) cockles, B) mus-
sel, C) oyster, D) scallop and E) Polydora haswelli was scraped
out from the infected scallop shell and samples were mixed with
scallop shell debris.

chzo] §87 chopy 687

e itk GenBankell =55]o] QL= 579 pearl oysterd]|
A HHAE P haswelli= S 3} 0.24-3.7%S @7]#0|2 B
At AFES AT P haswelli= A S+ 719] group22 1t
‘ol zitHFig. 2; group A (7Fe]H], =, AjZel, A|SEA], A
&, pearl oyster (=271, =), group B (7124, A|53lH
#))] Group A%} B7toli= 3.2-3.7% 2 F813t 2}o] & K g om,
group AW gh=4F 7HAIE 7helli= 0-0.24%2] |71l (17 &}
°o)E e Tt Group B2 7114 7toll= 0.7%2] 6711013
7N Akel)yE Yepi et WHol| P hoplura®] 73-5- SW A
Aol A gotzelzh F3k=9] 171 Al =(KY677865)= A| 2|t
Al R ol e}z 8l AR Thell 0-1.4%9] d7|Ro|
£ B} o] g8t sk=4t Polydorass Eol| 4 248 = 52 &
o) ololl thaj Al 245 B4 A7E Fato] % olste] Bst
7z 2] B4l AN,

o F

Sato-Okoshi et al. (2012)2 SH=AF A| 22| E-A4 o 4] 9FA]AF
I} Z}AAAF HE(Haliotis discus discus) 270l A P haswelli
7F EAsE Ao g2 Haskgl ot = L7191 Won et al.
(2013) A HEo|A P hoplura®] EAE 2elst3itt. o]
% Lee et al. (2020a)S Polydora €02 BAu}AZS 0|83}
o] T A thE A& Ao A P haswelli®t P. hoplura
o] 2H-S RIskSIch(Fig. 2). ¥l Lee et al. (2020b)2
AR BAE Foto] A& sjztol| A P hoplura®) HEW 45
2k HE e}

Sato-Okoshi et al. (2012)0] &=+2] oFAIAF Wl 2}
|4 P, hoplura (as P. uncinata)®] A5 21514
FE Aol 7Rkt A9 g B2 i AR &
T 2 Aol d= ZolA P haswelli®] TFHE
Sato-Okoshi et al. (2012)2] ZA3}E AR} S=Zof| 4] A&
%Ark(Fig. 2).

Sato-Okoshi et al. (2012)2 FE|E7E 53}0] 7|27 (Atri-
na pectinata, A4, =(Crassostrea gigas, FA14F), HITH7}2]
H](Chlamys farreri, A4, AL Haliotis discus discus, 4]
Ab 2l 2}, WUk 31 %(Omphalius rusticus, AFAAY), 5%
7N(Pinctada fucata, %FAAV) U 58315 (Rapana venosa, A}
AAboll Al P haswelli®] =S Harstgict. & A-olA= P
haswelli®] M| 2-& <32 A|53)d*](mussel)2} A 729 cock-
ley A& o] Harshelet. AFalida]= 7|& FelEA A+
] Dipolydora giardi7} 7133}= 2 0 & X 31% 8} ¢lth(Sato-
Okoshi et al., 2012). wHehA] 2}5-0] A-LoflAl= A FelEA &
o2 M Eh 22 thi 7 o] 2] Fo] SA| 4 o fE =4l
- gdazt ek

coxl A} F-9l= AEF 542 912k DNA barcoding®]
2% BATARA AAHOR Ye) o] 45 YlrkHebert et
al., 2003). w}ebx] ZLsle] AATEolA] Polydorade] 7<)
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P. haswelli MZ532497 oyster 2 Korea

P. haswelli MZ532496 oyster 1 Korea Polydora
P. haswelli MZ532494 mussel 2 Korea haswelli

P. haswelli MZ532493 mussel 1 Korea
66| P. haswelli MZ532492 cockle 3 Korea
P. haswelli MZ532491 cockle 2 Korea Group A
P. haswelli MZ532490 cockle 1 Korea
91 p_ haswelli Mz532489 scallop 2 Korea
r P. haswelli KY065236 abalone Korea
100 P. haswelli KY065237 abalone Korea
P. haswelli KP231333 Pearl oyster China
P. haswelli MZ532488 scallop 1 Korea
100 ~ P. haswelli MZ532495 mussel 3 Korea
98 | P. aura KR052136
LEP. aura KR052138

P._aura KR052140
P. hoplura KY877 h Afri
oplura KY677865 South Africa P. hoplura
o &1 orea

I Group B

94

100 |* P. hoplura KY677861 South Africa
P. hoplura KY677864 South Africa
P. hoplura KY877910 South Africa
59 P. hoplura KY677862 South Africa
P. hoplura KY677860 South Africa
P. hoplura KY677863 South Africa
100 P. brevipalpa KR052134
] 4{P. brevipalpa KR052135
P. brevipalpa KR052122
100 P. websteri KR337466
4‘ P. websteri KR337469

P websteri KR337472

P. cornuta EF525280
P. cornuta EF525282
P. cornuta EF525287
P. cornuta EF525288
—— Boccardiella hamata KP231328

—
0.020

Fig. 2. Molecular phylogenetic relationship of the Korean Polydora species using cox1 region. Boccardiella hamata (GenBank accession no.
KP231328) was adopted as an outgroup. The numbers on each branch represent bootstrap values (>50).

b Riol o] wnl AT} o2 F 7o) MU EF ] ARl 24 T= 4RA A7 1A oA 2Rl F LEREA], HE2 A7IH D C

ul7 & ARE-E] a1 Qe Williams et al., 2017; Rice et al., 2018; E 7 A T E WAL A7IAE TE UERLE &
Lee et al., 2020a). 18} £ 54 %fﬂ o H=skA 3 3] Aj7ut 2+ P haswelli 17] A2 (MZ532490)2] 73-$- cox1
Aol B8k, 7]E9] coxl FEHZ 91T HE ZetolH 4 A7l A C/T7F B A5k Y peaks LER o]
(universal primers)= PCRYAof| A] T2 24132 Btk /\1 T 7HA] A 2 7HA = Aol o3t A T ) TS
A} H9] 1|5 Ye et al., 2017; Lee et al., 2020a). 121} = 2 HojF Qi
Aol A= Polydoras; & 572 $13F 50121<l cox] A} o|PA T Fet FARE -84} #olE 7FAl= P, has-
7 Ag0 7 thofet J‘H‘ﬂ‘oﬂ/\_l o] W% Polydora®] & &t welli7} theFet <50 A E o)A WA s = A2 & ke wak
Hof| v =2 3-84S e ok T 7Fs3E AAE 4= ek Bk opy 2} Ak 7ot F
TR R g 2 AFEATE AF7HA] B FEA = pearl oysterol| A AT F-ARSE coxl F7A4FE & 4= A]

% Ao TAT Amoks 9, AT F BAB WA A2 ozrw Bike] 1At ol JHsAE WSt gt
£ 4RSI U5 AT Polydora 3 UGS SHE R (i 2) dolzel B YU B B AT e

ol AL ok, Eok Z2 w7 & Woll = Polydora®| T4 A e S A9t Y =7 ol s 7R A= AlA
2} thopdo] ZA3He vhs| it Q) th(Fig. 2; 7FeH], x]?oﬂ%}x] SHH(Williams et al., 2016).

in group A/B). 53| 53 X*XP% = 7P e, = aER, offet tpefet 4 wEE A HlsiH=
Ajzzar, 2|5sEA)), fé'z; oxl @792 924 bp FoAK 1 A ol 7148k DNA barcoding 7]%je] 80| Boalo]

o] 2ol 5 e AT, A5 24 P haswelli€t THE 7HAlE th(Williams et al., 2017). 53] =, 7h2jH] 9 33 5 oj2] &
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Fo| Y 7FE A FAsh= B34 (integrated multi-trophic
aquaculture, IMTA)®] 7~ o]F dfj& 7+o] HE/d th 7o
WA 7o) ARt A o2 B 4= ik 219
QA7 o]ele IMTA} FAAE-714 $oll AEF Ao]o)
o]Ft wAF A} Z1of| wE TS oflidet Bl Stk Bouw-
meester et al., 2021).

g QAL A FEE a7 AR AEF(Q2REE, 6,103
o), ZF(30%HE, 2,634 ), SE(6.171%, 2759 ¢), vt
AJH(1.89FE, 5009¢), HEF(6.74E, 2132))df| o211
QlTh(Statistics Korea, 2021). o] 9FA] AFJ | A] thi iz o] 7
2 FA TiFo] ST YA FA ATHE 7HA L FAAG ol
FEF= 71A 4 Qe 1B R a4y vhERo it A
21 U E Y 7|7 niglo] A3 @E=t, & Aol A
A8 FAA = M54 TR Polydorado] €%t 714
Bk opu et szt Al 57t S E Aol A & sfjzhe] f-AA A
Hoh= %)= Polydoraite] §712 A HE W= & Sl
= HoEQdeh A5 ookt o 79 thi & 2 o4 Ao o
e EHE Aol 7Hs e A o= Holn, Y 27| A oA =

Xy g

AT BUE /YO B8 4 9IS 2 OR BerE,
Ab AL

o] =BE IR EATR U] A
22k} (R2021071)8] 9102 488 Ak,
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