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ABSTRACT

Metallothionein (MT) plays an important role in protecting cells from harmful substances. MT is a protein with less
than seven kDa with large amounts of cysteine residues, which have been studied as a phylogenetic biomarker with
unique patterns not only in vertebrates but also in Mollusca. Panopea japonica is a giant clam that lives on the coast
of the East Sea in Korea. Nevertheless, little research has been done on the genetic resources of P. japonica, and
the amount of genetic information registered in the NCBI is very limited. In this study, a metallothionein sequence
consisting of 74 amino acids with 222 bp nucleotide was obtained from the transcriptome data by using the GS FLX
454 platform. In Silico analysis of PJMT gene was conducted with ClustalX and MEGAX programs. With the
previously reported Mollusca MT data, we verified the PjMT sequence as a potential candidate for molecular
marker, and also confirmed that PjMT was clustered in Myoida order.
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£ 7o g E9l Zr|ejxs| (Panopea japonica A.
Adams, 1850) & AAE=% (Mollusca) °]"isi7} (Bivalvia)
%32 (Adapedonta) S22 (Hiatellidae) 7]
glx714 (Panopea) ol £3= ¥zl AL SN 7
| qdete] oz wwA o] W T F - Hie Ak
7}, AlgEl, dB Ex S| AAlsk (Lee et al., 1998;

_75_



NI ZM (Panopea japonica) 2 Metallothionein & Xt

Straus et al., 2008). o]sA°] A< ¢l FAo] 7L A
o 74} MAshE Al 54 wiitel o] ofeslony (=
AAEALH; https://species.nibr.go.kr/index.do), 19861
Z3HE EAR] 1 BEE AR AFH I} A RE A A A
F Aoz 717} A7 7] AR (Lee and Rho,
1997). +Ex/9ke] Fefq AR Qg Fo] AYE £
Tk HT olofEre ddew =25a gl DSI (Digital
Sequence Information) °l¢ A2 de= 93 F+4EH
AT7h v Al

o] A m) A A5 A= Metallothionein (MT)
A= (Margoshes and Vallee, 1957), 1974 Olafson
7} Thompsonel| 93l +4 HENA 7l=F A3 Az
222 9w Fc} (Olafson and Thompson, 1974). MT+
607112 ofm| Aol A 20719 A|2H|Q] Z7)E 2= 7 kDav]
nke] A EA} ehlA 2 (Capasso et al., 2003), TFEFe] A]2H|

o (Cysteine) T} BFE A7) ¥A ¥ Az
(Cysteinyl) A7) QA3 wde 23 gl Zo] EAAo|
oh MTE 243} A ol 3ol 7|54 722 950k] 34

¢

olgs] Qs AFR 49 Pl weh Pk Wk
(Riek et al., 1999; Ziller and Fraissinet-Tachet, 2018),
MT #x% FA313L 3l thioneino] 43} 3}8h4ql A3
= YoINEE fxEska 27} okol&d} ZAdste] (Jenny et
al., 2016; Park et al., 2018) sl & 25 E AXE 253}
= 9L 3 53] 7l=4, ok, 2 4 FEE A3} AA
Tu5e] T Ee T2 AL 3 How A
sltt (Dzie . giel, 2004; Sauge-Merle et al., 2012; Gu et
al, 2019). °lo] MTE F240] osje] fEue Soldel
Sea sl AR B dvsh wel AdHsic
(Baek et al., 2009; Wang et al., 2016).

19999 AAITES dde® & SolAql sfgle] (CxCx
(3) -CTGx (3) -CxCx (3) -CxCK) MytilusE djate=z & o
TollA ERlEHA 2HPA SA e 7|28 +57 Tho|=el)lo]
A 3=% 1 (Binz and Kagi, 1999), ¥4} 71584 o177} 2
1| A8 E7] ARkl 53], Al 2018 & A7l o
AsEE MT FAA ASEF A7E5 E3l 18071 dAlE=
o] MT MLz} A7d=]g 5870 dj A Qo] sjojefu|o] 27}
TE=HA (http://bioinfo.sch.ac.kr/metallothionein/)
(Chung et al., 2018) MT 42} &4 AlEF-Fol 7]¢f3t1
s,

A, NCBIo|= 18S, 28S ribosomal RNA 4 #}¢} ]
EZ=eol COI +A7 5 87o] 55 & ¥ 21 9

= AR gt A= At o]ol] & A7-E E3l
27z MT A4S Elsty AAE=E W A+
A st g Fof EARETA 72 AR FHa)

ERET

1. cDNA library 75 2 47144 ¥4

gw = 37|l (P. japonica) - 7NA12] gonadell
A Trizol reagent® A}83}¢] total RNAS F&3 %,
AgilentA}2] bioanalyzer 2100 expert Eukaryote Total
RNA Nano Chips A3} qualitys #13}5ich. mRNA
purification kit& AF8-3}¢] mRNAR AA 5| cDNAE
gAsla cDNA  librarys T7E315ch AlIZEl cDNA
library:= Agilent*}9] bioanalyzer 2011 expert High
Sensitivity DNA Assays AHE3}e] qualitys 2els)sie
W, GS FLX 454 platform= AF83le] G7]449 45 A
PEPES

2. Transcriptome data] AE7) 3.3}2] 34 3 Metallothionein
A de] g1

Roche Newbler SFF tools (version 2.0.01.14) & A&
3fe] MID barcodeo] ™2} standard flowgram format
(SFF) files® #2]3}o] adaptor sequenceS A|A3IE, GS
assembler (version 2.5.3) Z assemblyE A3}
scaffold®! contigE &+ 3}9c} (Fu and Peterson, 2012).
31 9 contig A <95S PANM DB (ver. 3.0) (Kang et al.,
2019) & ©]43F annotation AZl|A MT ML 2gslx
9l contig® %3}, EMBOSS packages 3l
sixpack programs AF$3Fe] MTE oS5+ opw| At A
=5 39lslsitt (Madeira et al., 2019). ElEl L5 o
3 AL $18] NCBI nr database2} PANM database©l|
4 BLASTE 433}, Mollusca MT #&la]l (CxCx (3)
-CTGx (3) -CxCx (3) -CxCK)¥ 2] U] %5 u|wsl= 7
o7 Age AAF 3tk

3. Multiple alignment & phylodendrogram &4

Chung et al., 2018 °l 2J3t] A4z A AAFE2] MT
A< database (http://bioinfo.sch.ac.kr/metallothionein/)
oA Zrlelxel ZAE] MTALS FHg ¥ multi
FASTA format® 2 amino acid /25 ARt Azl=
mFASTA A¥< MEGAX (Kumar et al., 2018; Russo
and Selvatti, 2018) ¢} ClustalX (Larkin et al., 2007) &
AH3ke]  multiple alignment® 33 % Maximum
Likelihood Estimation " (Wilks, 1938) 2%
(bootstrap values = 500) molecular phylogenetic
analysis® 433} dendrogram ZA¥E L)
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TGA AAA TAC GCA ATT TCT CAT TTC GAC ATT AGA CTA TTA GCG AAG 46
i » K ¥ A& T S H F D I R L L A K 15

47 ATG AGT GAC CCA TGC GAT TGC ACT AAA ACT GGC ACC TGT GCG TGC f§ 91
16 n S D P ¢ b€ T K ® @ ) € & € 30

92 ACG GAT GCC TGT TGT TCT TAC GAC GAG AAC TGC AAA TGC AAC AGT 136
31 T D A € € S ¥ D E N & K € N 'S 45

137 § AAA TGC GGG GAT AGC TGT AAA TGT CCC GGA TGT AAA GTG AAG TGC jf 181
46 K € @ Db S € K € P @ € K ¥ K C 60

182 J AAG TGT ACA GGT GGT TCC TGT GCT TGC GGT AAA GGC TGC ACT GGT j§ 226

61 K ¢ T 6 6 s € A C€C 6 K 6 € T @ 75
=

227 J§ CCA GCC ACG TGC ACA TGC GCT GAC TCG TGT TTG TGC AAA TGARGGG 271

76 P A T € T € A D 5§ € L. € K *Ba6 90

272 CGT TAC GTC ACG TGG TTA CAG CGG TGC AAT GAC GCG CTT TGC AAA 316
91 R ¥ M T W L Q@ R € N D A L C K 1e5

Fig. 1. The metallothionein nucleotide sequence included
amino acid sequence of Panopea japonica female (red
box = coding region).

3 AAA TAC GCA ATT TCT CAT TTA GAC ATT AGA CTA ATA GCG AAGEATGE 47
1 K ¥ A I S H L D I R L I A KEIM

48 AGT GAC CCA TGC GAT TGC ACT AAA ACT GGC ACC TGT GCG TGC ACGRE 92
16 > B 2 € D C T K T 6 T € A C T 30

93 GAT GCC TGT TGT TCT TAC GAC GAG AAC TGC AAA TGC AAC AGT AAAR 137
31 D A C C S: ¥ D E N C K C N = K 45

138 § TGC GGG GAT AGC TGT AAA TGT CCC GGA TGT AAA GTG AAG TGC AAG 182
46 c 6 D s C K C P G C K v K C K 60

183 Q§ TGT ACA GGT GGT TCC TGT GCT TGC GGT AAA GGC TGC ACT GGT CCAR 227

61 ¢ T 6 6 s € A C @ K 6 C T @ P 75
228 J§ GCC ACG TGC ACA TGC GCT GAC TCG TGT TTG TGC AAA TGANGGG CGT 272
76 A T € T € A D S € L E K 2 G R 90
273  TAC GTC ACG TGG TTA CAG CGG TGC AAT GAC GCG CTT TGC AAA GGA 317
91 ¥ X ¥ WL g R € N D A L C K G 1e5

Fig. 2. The metallothionein nucleotide sequence included
amino acid sequence of Panopea japonica male (red
box = coding region).

#Am ¥ oy

278z (P. japonica) MT AA AQe s|ds=
coding region< - EF 222 bpo|H 747]9] o}w]| Ak
o7 ZodsA FAE] 99 Coding region3] GC 3+

2 el A 51.55%, +7lA 50.9% °]x, AlxH|Q]
(Cystem) Z7)1= 2170 (28.38%), B4l (Lysine) {]’71% 171
(1.35%) = -4 ZF Fdsigleh #elsl 27)ez7)9
MTH‘”‘& A 2Hel (Cystein) Z71¢) Fheko) =1, e

Z471¢] FA 9} s|2E]d (Histidine) & E331A] o= MTE]
gzg% 2% kA glYleh (Fig. 1, Fig. 2). o)== A3) o
= +F vlel=eklde dAske AAST Binz et al.,
1999). olol Z7|elx7 (P. japonica) &) MT Ad< %3
At 20189 MT A 2e] SAAQ] dfi”E o]83 dAlTE+
9] A% 24 AF (Chung et al., 2018) &) MT A& o]&
3}e], Multiple sequence alignmentE 33}H MT<2]
Aol 74kt dendrogram & FASR=H 23 A9E =

MN‘ i
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> Panopea generosa Metallothionein (Female)

MSDPCDCTKTGTCACTDACCSYDENCKCNSKCGDSC

KCPGCKVKCKCTGGSCACGKGCTGPATCTCADSCLCK]
1

CAC ( GKG) CTG (PAT) CTC (ADS) CLCK

[l B UL St ] S5 J

CxC x(3) CTG x(3)CxC x(3)CxCK

Fig. 3. The comparison data of MT sequence pattern of
Panopea japonica female.

> Panopea generosa Metallothionein (Male)

MSDPCDCTKTGTCACTDACCSYDENCKCNSKCGDSC
KCPGCKVKCKCTGGYCACGKGCTGPATCTCADSCLCK]
1

CAC (GKG) CTG (PAT) CTC (ADS) CLCK

) e 1 R ol 1} B B NI

CxC x(3) CTG x(3) CxC x(3) CxCK

Fig. 4. The comparison data of MT sequence pattern of
Panopea japonica male.

o
ES

QA7 gakEal f’—”]ﬂiﬂ (P. japonica) ¢ MT A4
AAEES] 549 MT &gl CxCx (3) -CTGx (3)
-CxCx (3) -CxCK ¥} v|w3lg S v oF - & 57 dX|3}5 1
ok - 4= 9] coding region@} non-coding region E-F %"E]
Hed 7 ALE Uehdlle= Aoz Eqlso] MTE A3t 27
B (P. japonica) o gy 7F BE =AL Hrlsr=
AL 2ld = 9ol (Fig. 3, Fig. 4),

7))z (P. japonica) MT A H2] EAAIEEHFA
g Felstaal AdsY A5l dolelulo]AE BEsle] I
78]z (P. japonica) MT A 2& query® BLAST Z#&
E&st] F 49%°] MT A4 data set= TSIt
(Chung et al., 2018; Kang et al., 2019).

ClustalX <I#S AR-3F multiple sequence alignment

2 &3 MT A2 59 458 A=s)s AL S35y
fig. 59 A¥E <& 4 99l Multiple sequence
alignment®] ZZE T3l 185-208 opu|:Al Ad FFo
MT A Qo] FAAEEF] viAR &84 5 Qo= A3 A
T Adet Fdg RS T Qo] EAAITERIA R
&gt Tl ARel AE AFE 5 Yok (Fig. 5) (Binz
et al., 1999).

593 data sete] Higke] Maximum likelihood
Estimation "8 22 dendrogram A< 43J3F A¥, =

_l",
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Female_Panopea_japonica_

male Panopea japonica

ACJ22893.1 Pinctada maxima
AGU91654.1 Pinctada martensii
ALA14799.1 Alectryone11a7911catula
CAC48045.1 Crassostrea_gigas
AAK15581.1 Crassostrea_angulata
AEF33388.1 Crassostrea_ariakensis
AEL97645.1 Crassostrea_} _rivularis
ANU06197.1 Crassostrea - _virginica
CAC83770.1 Ostrea edulis
ACS544750.1 Hyrxopsxs cumingii
AHH31398.17} _Hyriopsis_: —schlegelii
SCH20171_Cristaria_plicata_SCH
ABP01350.1 Unio_ tumidus
ARS92877.1 HerEter _lusoria
ADM96223.1 Meretrix meretrix
ALX35069.1 Meretrix_lamarckii
ABM55725.1 Corblcula fluminea
AFH73818.1 Mercenaria_mercenaria
AEB91530.1 Rudxtapas_phxllppxnarum
CAF34421.1 Bathymodiolus_azoricus
P80246.2 Mytilus_edulis
ADV56675.1 Mytilus_galloprovincialis
ATD87395.1 Hytllus coruscus
AEX60795.1 Perna vxrxdxs
ABHO03633.1 Laternula _elliptica
ABP57066.2 Cerastoderma_edule
CCW28381.1 Cerastoderma glaucum
ACH99846.1 scapharca brnughtonii
AB016370.1 Argopecten_irradians
ACU46012.1 Mactra quadrangularzs
ARB07548.1 Drexssena_pulymnrpha
ACT53273.1 Pisidium coreanum
SCH20181 Aegista chejuensis
ACC1783171_Nesiohelix_ samarangae
ABL73910.1 Helix_aspersa
ARK84863.1 Hellx_pomat:.a
AWD77146.1 Arion vulgarls
SCH20172_Incilaria_fruhstorferi
ARK84864.1 Helxx_pomatxa

SCH20161 Satsuma myomphala
ADB29127.1_Physella acuta

0.......150.......160.......170.......180...

BV T R | N AN T

Fig. 5. Multiple sequence alignment of 49 reference MT protein sequence included P. japonica.

1571¢] Groupl® FHEE Z& stk A=
Gastropoda Class®l] 43l= 571¢] order<}, Bivalvia Class
of &3l 10712] Order® &l gict £ ol 9] jalEal
Z7)8]%7 (P. japonica) + Bivalvia Class® Group G¢ll
&3l glglen, ¥ 4 SFe Pinctada maxima,
Pinctada martensii, Argopecten irradians $ < %
AZ vhehia 15ie) (Fig. 6). ol $olt 5402 <l
of AT = gl ERIAQ] Ae]E MT AEE o]&-3te
g+ Yg= AARIYaL & 4 gtk (Lozupone and
Knight, 2005).
A7 A3E T3 FEg 2| z)e] MT A 92 vle]
Z3A Ale] AAl]l FE A=A stuE =7 A
°ﬂ 283 5 & AR dEHY, TAAEEREA AR

U A =L “4 MT Mg &8 FAAS 7] AFEE
Fo, I A7t A 7l ol AR AR

e},

2 o

TSI A AE 9 frafleAd os) 2] =y
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©2 <A metallothionein F+AARs EAAISE53H4 0}
Az FgH ok & A7 W F< ZrlERA (P
]apomca) T IgFAEE QoA &u|7) o] FoiAE F
o, FA TR F ERe AT S g w1 A
sl gk Folok 222 bp 74719 oprxate g FAH
o] 9= = W]ﬁiﬂ] metallothionein A=, AAFES]
=xA¢] MT sj8al CxCx (3) -CTCx (3) -CxCx (3)
-CxCK ¢} dx3}3ic}h. Aol =]o]Z Mollusca 49%2]
MT ML} A F%3F data set2 multiple alignment 3,
Maximum Likelihood Estimation ®}'322 dendrogram
= A% 27 15709 Order® Yol A= Groups &<ls}
P 2 FARAE st 2 gldth A7 A= MT
TR &8 SRR A7 AEEE ST E %
Hojlo] 8 w2 &S & 4= & AT ARSI

E R AR Aoz m&E @FdTAd,
NRF-2017R1D1A3B06034971) ¥ &H3dstm sredf

u)e) A ol S g,
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ADB23127.1 Physalla acuta Group A (Hygrophifa)

SCH20172 Incilaria fruhstorferi

AWDTT146.1 Arion wilgaris
AAKB4863.1 Helix pornatia
ABL73910.1 Helix aspersa Group B (Stv|ommatophora)
ACC17831.1 Nesiohelix samarangae
SCH20181 Aegista chejuensis

AAKB4864.1 Hellx pomatia

SCH20161 Satsuma myomphala Gastro poda
APT40583.1 Halots discus discus
AMS38479 1 Haliots discus harmi Group C (Lepetelida)
ABWO4628.1 Haliotis diversicolor supsriexta
" 'AST14862.1 Litlorna litorea . i
» ’—{: ° Group D (Littorinimorpha)
“ ARAT1541.1 Pomatias slegans
= 'AST14869.1 Pomacea bridgesi . .
\_-»: XP 025111374.1 Pomaces canaiiculata Group E (Architaenioglossa)
% ACJ22893.1 Pinctada maxima —
3 ’—Cmummwwunmammii Group F (Pterioida)
Panopea japonica male f
lT: Panopea japonica Female Group G (Mvmda)
] = o
o e s Group H (Pectinoida)
% ——— ACU46012.1 Mactra quadrangularis
{ ACTS3273.1 Pisidium corsanum
- AABOT548.1 Dreissena polymorpha GFOI.Ip | (Veneroida_ll
- ABP57086.2 Cerastoderma sdle
#E CCW28381.1 Cerastoderma glsucum
ACH99845.1 Scapharca broughions Group J (Arcoida)

e
CACB3770.1 Ostrea eduiis

ANUOB197.1 rgini

AEF33388.1 Crassostrea ariakensis

AELO7645.1 Crassostroa rivularis Group K (Ostreoidal

CAC48045.1

AAK15681.1 Crassostrea angulata

ALA14799.1 Alectryonella picatula

[ ABH03633.1 Latemula eliptica F i =
| AEX80785.1 Perna viridis Group : (PhOIadomVOIda) Bl\la‘\lla
G = PEO246.2 Mytilus edulis
- ADYSEAT.1 Mthes eceson Group N (Mytiloida)

CAF34421.1 Bathymodiolus azoricus

3 ATDAT385.1 Mytlus coruscus

- AFHT3818.1 Mercenaria mercenaria
L l: AEBS1530.1 Ruditapes philippinarum
ABMS5725.1 Cor
» AASS2877.1 Meretrix lusoria
. 4“|£ ADMS6223.1 Meretrix meretrix
ALX35069.1 Meretrix lamarckii
2 ABPO1350.1 Unio tumidus

= SCH20171 Cristaria plicata SCH a )

- ACSHTSO.t ytopsis cuing Group O (Unionoida)
= AHH31398.1 Hyriepsis schiegeli

Fig. 6. Molecular phylogenetic analysis for hierarchical relationship between classification. The evolutionary history was
deduced by using the Maximum Likelihood method and JTT matrix-based mode (Jones et al., 1992). The bootstrap
consensus tree deduced from 500 replicates is taken to represent the evolutionary history of the taxonomy analyzed
(Felsenstein, 1985). Tree branches corresponding to partitions reproduced in less than 50% bootstrap replicates are
collapsed. The percentage of cloned trees in which the related taxonomy clustered together in the bootstrap test (500
replicates) are shown to tree branches (Felsenstein, 1985). Initial tree(s) for the heuristic search were obtained
automatically by applying Neighbor-Joining and NJ method based on a simple model of sequence data algorithm to a
matrix of pairwise distances estimated exercising the JTT model, and then selecting the topology with excellent log
likelihood value.This analysis involved 50 amino acid sequences. There were a total of 287 positions in the final
dataset. Evolutionary analyses were conducted in MEGA X (Kumar et al., 2018).

Group M (Veneroida_2)
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