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ABSTRACT

Charonia sauliae, the largest sea snail is designated as the class | endangered species of red list data in Korea,
because of habitat destruction and environmental pollution. For the conservation and restoration of this species,
identification of genetic resources through transcriptomic and genomic studies, and investigation of ecological
information are needed. In this study, we identified aquaporin (AQP) which plays an essential role in the water
channel, by local-blast analysis with the nucleotide database of C. sauliae generated by lllumina Hi-Seq 2000
next-generation sequencing platform. AQP of C. sauliae contained 897 bp of nucleotides encoding 299 amino acid
residues. The domain analysis of AQP showed one aquaporin-like domain including six transmembrane domains,
eight amino acid residues which are related to the amphipathic channel, and two Asn-Pro-Ala signature motifs
(NPA boxes). 3-Dimensional analysis indicated that it included six alpha-helix structures, which formed the
transmembrane channel. To understand the evolutionary-relationship of AQP, conducted the multiple alignments
and phylogenetic analysis, resulting in that AQP contained highly conserved NPA boxes and transmembrane
domain. AQP of C. sauliae was localized in the same branch with Pomacea canaliculata (Ampullariidae). In the
future, our results provide valuable information for the functional characterization of marine invertebrate aquaporin.
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Molecular phylogenetics of Charonia sauliae inferred from aquaporin gene

A¥gto)t} (o] € |, 2002; Bang et al., 2010; Kang et al.,
2015; Kang et al., 2016; Kang et al., 2019).

sddd MAs= 5% &, 7P 93 s
(Charonia sauliae) = g3l L#-2} A|F= ol Eds=
AR EE AodS Holu, FH Hxw vho} A AN
BEA7RIAE 158 ® AR gk YT A
ol E 7|3 E7AEIE 2ASY A 5 248 &
A3k A o7 oA gk 2oy AA7EA] g gt
2o} Ay 59 7|24 AT olFAA Wk, A
B Al 1=l Ante] o] Fojal AA o]t (7 ¢, 2009;
HAYZAHE, 2012).

Aquaporin (AQP) & £22F712 & Peter Agre i
ol Aoz WAl Alzet whiAg ATd w=e A2t =
o] 558 Ak Ad WiAeln, 1 Ave 20039 =8
sehde AsH Skt (Agre, 2006). L o] F W QT
3l Qztell A &4 1370 family7} A=, o] e
A5, veejo}, FE2 AEdA AQP family7} gel=|gl
e Tkt A Ao A A7 AEshET v T8
1A ZHg3hed AR lEAEE 29 OE BAEY §
5 §ol3H 3 AQP AL EE577} thgst 4] 4
A 29 T¥S Ak Fad dEgS sheleR ¢EA
peow, olgf BEste FAA ATE T FAYETA A
TEo] wWol AW vy EI EZ[ AQP AHF
NCBI ZuAgds o83 Astdds= FA=U
(Colgana et al., 2018).

#A7}12] NCBI taxonomy browser ] 53o] Foj3l:
U159 442 E Nucleotide A]go] 771, Protein A
o] 407 LE| kYTl o5 WA Sl vEZ
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zelo} AA A 2, 37/ SAA A Axeld E25o]
A AR ML BF nEZEo} fAAE oyt o]F
= Ugase] 44 # A7 A =gl ol A4
o] - B3 Ao|rh. & Al YRuFe] fA4
o] 75 9 F B4 ALY 7Rk w7 $ls) AR A=
4 (NGS) 7142l Ilumina HiSeq 2000 & AM8-3}o] -7
FA5 A bl gitt (SRR11069700). o] Hloje5e
FF U2as So] 144 75 AT ¥ vEasoe] A 5
9E W T 24 4T dolez 253 249 5 9L
og} AZght). £ AFelME g SRA HolE A
AQP FAAE AEAEIA WPHoE FAste] AQP FAA
o] et AdS SRty ATERA A4 st 1 )%
S AFslr] $J8t 7| xuolE] x| 1 E%7} 9}

MATERIALS & METHODS

=35 (Charonia sauliae) & £U755% (Littorinimorpha),
%9157 (Ranellidae) ol &3 E5/FE QAP+
el 3715 w2 F AlFEeA AASS S A3 F mRNA
FE5 98 W =AS &3

1. cDNA library T3

mRNA £2% 951 Yange) U 24 WEa)
o] 4 F#&t v} Trizol reagent (Invitrogen, 15596026)
el wel RNAE FE35ith 3% RNAE
NanoDrop-2000  spectrophotometer$} Agilent 2100
BioAnalyzer RNA nano chip= AM-3}%] quality control
< $33}tk. cDNA libraryx  SureSelect Strand-
Specific RNA Library Prep kit (Agilent Technologies,
Santa Clara, California, United States) & &3}
illumina sequencing £°2 AZ3}R e QPCR NGS
Library Quantification Kit (Agilent Technologies,
Santa Clara, California, United States) £} Agilent 2100
BioAnalyzer DNA 7500 chip 2% library quality
control= 133} oF 200 bp Afo]|=E w592 cDNA
library= clustering 45 A 3 2AH] G714 L4547
(Next Generation Sequencing) Illumina HiSeq 2000 %
WE Agstel ARAE sk,

2. Y2 31%-2) aquaporin (AQP) A4 &1

UZ3.59] Transcriptome ¥4 2 AQP 44 R E 3
3 A A A7 DR 7S o]83te] wHEolA raw read &
121222 Cutadapt (v1.11) ZE 232 Z adapt sequence
£ AA3IG 2, Sickle (v1.33) T2 07 Jow quality
sequences A|AT} clean readsE 23t} (Martin;
NA and JN, 2011). Clean reads & 7}z £E&5+ LB
£% assembly 3FE Trinity (v2.0.4) ZZ 13O 2 contig
£ AA3AT (Haas et al., 2013). A= contigs =H-E
Transdecoder ZZF13E& o]83}o ORF AIES &L &,
TGICL (TIGR Gene Indices Clustering tools) (v2.1) %
Faow FHAEYZ F unigene & WE3th (Pertea
et al., 2003). A4 ¥ unigene A <EE-2> PANM DB version
3 oA BLAST Z&713& %3}o] annotation & #1335}
3, o] A3 F YHuF] AQP E FA=+= HEES T
sixpack ZZ 713 (EMBOSS package) 23 7|53t opn|
A HEES FE315itF [Rice et al., 2000; Kang et al.,
2019). AQP ¢ EAS U= Ao ezl First NPA
box ¢ Second NPA box A<g¢] YZ 152 AQP A%
EABF=A] dotr ] fJste] A dAE FAE Gt
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3. 225 9] aquaporin 7] 2 3D 2 3 £X

NCBI ° 555 dol8E< ol-83te] BLAST £ &3l
ARgE Aol A alspglaL,
transmembrane helices & TMHMM Server v. 2.0
(http://www.cbs.dtu.dk/ servicessTMHMM-2.0/) & 535}
&3ttt T3 Phyre2 (http://www.sbg.bio.ic.ac.uk/
phyre2) £~ZEo]E AlE3le] @il 3D Fx5 10F
yelgtl (Kelley et al., 2015).

conserved domain &

4. Multiple alignment 2 phylodendrogram £}

NCBI (https://www.ncbinlm.nih.gov/) ¢ nr (Non-
redundant) d|o]EjH|o] oA BLAST & AsiAA & 2
QAEE2] aquaporin AL Y159 aquaporin A2S
FASTA s}ol WS u}% % ClustalX2 (v2.1) Zz1ae
o] 83} multiple alignment & A3}t (Larkin et
al., 2007). =3t MEGA X Z2 138 0]-83l9 Maximum
Likelihood ¥}8< =3l phylogenetic dendrogram & =4
3t ajglon, o]& nigow Ydugo AQP MEE thE A
ATEES] AQP ML v|wiAste] ZTaFze] FAHA
2 AFEFEAE A5 Felsdot (Kumar et al., 2018).

RESULT & DISCUSSION

RAEALL A7t 9lol 249l 7S AY oy
WAl AR A5} A el mkew s FAT
&7} op7|=El L Qloh. olell AEThFdS BEASLA 20104
ATt d el Al 102 Bl F3]olA vharek o A7} A
HE QT AR gk AT 2 ol TR ol o3 A=
AQE FALR B A7} ASH R Su T Yok
5 20144 o] F ol AAejed /| GRH %] vlepA ub
& vigow BEs AR £A49 RAL AT £A4
A roF AR Y (S HAE AR, 2012).
Aquaporin (AQP) + Ze}vfatel A X7t £:A4| ol5E &
A 2 44 52 QA A8, SleEeld, 24
A Fu), AZ o5 % A4 Als Add} 22 olef
+ 3= Z2® 4¥A 9t} (Li and Wang, 2017,
Verkman, 2017). 454t 24 5 AAdelA Fog 43S
she oz el bt QAL A EE e Asda
7t Folge W 5o BN FA4 0 U} F g A7
7} 3=l (Park et al., 2000; X <], 2008; Jang et al.,
2011; Oh et al., 2011; Abir-Awan et al., 2019).

A 4 A9 A5 AQP-1 9] o] WA ehtH, 4
T Fo} Aol AQP-1 o] # wEEE e R e 9]
o, AQP-2 7} &3 7%, vasopessin receptor 2 gene-
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o] dojutria d#A gk wak &84 AFA, P4l Aol
S7kke Aol gla, wiukel Ag-oll= AQP-7 ©] =

A 9 2243 A7)e] vl 3L 3l oA 2 24 AL
of Z-gacha divh AQP-4 + B4 olF, A7 T 59 o
g5 A el Zae

AQP W A mA| Aol 243 5 9lE Zoew Audh (3
2], 2001; Jin et al., 2006; Li et al., 2017; Lu, 2017,
Silva and Soveral, 2017)

o

1. J 23259 aquaporin (AQP) A4 &5

2150 AQP +AA A9 F 897 bpoln 299 <]
olp|Ate 7 FAlE]o] 9l9lr}. Coding region 2 GC 3
2 53.67% o], @A A G- Glycine ©] 327 (10.7%),
Alanine ©] 307 (10.03%), Valine ©] 307} (10.03%) & %
et Qigith (Fig. 1). WZase] AQP Ad# <zt
AQP-4 A9LE vw3lgds w, First NPA box ¢} Second
NPA box #¥#o] 75% Uxsl= 71 #Feld 4 gt
(Table. 1). o} 9] cDNA glo]nzjg]e] ZEA|= <l7t
AQP-4 2] 7% rate] AQP-4 ¢ 94% UAsh= ¢E3=
3017]¢] o] eAks AL glgo] ElE L glo] AQP A%
o] FAAIEE Aoz on|7} Qlvka shdsglel (Li et al.,
2017). NCBI nr ©lo]e]#o] 26 BLASTE &3 <l=l
259 AQP A<¥, NCBI Entrez Hlo|ejH|o]2ofA
"Gastropoda aquaporin”" &% M & AZS =3 FHEH
0% 165 AQP A g< Atk

2. Y} 23%-9] aquaporin 7]% 2 3D 2h R £

AQP 9 3314 Fx& tlkit AQP FHA 4 oY TE
o Qloj A A2 A Folgt Alolol e EFSta A B
EE5 PE B3tk AQP & 30kDa WFAlE 745l 44
T2 Az 747 599 fd dEE g Jew dEA
sit}. 6712] transmembrane helices (JAFA 2 2= 1o o
3] 2F 30° 7[€olA Sl) 7F o1, A AEA Yol HA]ek=
244 &2} amino ¢} carboxyl ZEF©] = Aoz UduA
k. AQP £ olxdezl-ZzeEel-dEld  (Asn-Pro-Ala,
NPA) A7} v 2 BEx] 3709 AlEe] 29} 2702
AZY 222 7432 9} (L et al., 2017). BLASTS £3
MIP (Major Intrinsic Proten) superfamily’} conserved
domain$l& #elg 4= 9J3it}. MIP superfamily 2] 74
2 AE ve®, 283 AEE AloldlA &, 22 T4 4
ol&E& AdAor lslE I AdEAS Jes e AL
F 9EA Stk Ugarge] AQP ohv)xAb A QelA MIP
Superfamily 2712] Jd& AN Ay} Fol&ql o] 24
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Molecular phylogenetics of Charonia sauliae inferred from aquaporin gene

273 ATG GAA GGG ATG TAC ATC TAC ACT GCT AAC AAA GTG 317
90 M E G M Y I Y T A N K A% 104

318 GAA GCT ATT CGG AAA GGC GAT CAT GGT AAC GGT GGA GAA AAA TCG 362
105 E A I R K G D H G N G G E K S 119

363 TAC AAG ATC ATC GAT GTC AAG GAG CTG AAA TGC CTG GCG TTC TGG 407
120 Y K I I D \Y% K E L K C L A F w 134

408 452
135 149
453 CTG GGG GGA TGC TCG GTT ATG TTT ACA AGT GGC AGT GCT CAG 497
150 L G G c S \Y% M F T S G S A Q 164
498 542
165 179
543 CAC GTG 587
180 H \Y% 194
588 632
195 209
633 677
210 224
678 TTA CAC TCC AAC CTG 722
225 L H S N L 239

723 GCA GTG ACG GCC ATC AAC ACG AAC CTG ACG GTG 767
240 A V T A I N T N L T V 254
768 812
255 269
813 GCC AAC CGC CCC TCC TTC GGC 857
270 A N R P S F G 284
858 TGT GCT GGG GTG AAT 902
285 ¢c A G V N 299
903 947
300 G A 314
948 TCG GAC AGT TAC GTG 992
315 S D s Y v 329
993 1037
330 344

1038 TTC AGC CCG TAC AGA GGA ATG CTC TCT ATG GAT GAT GCT GTG CAG 1082
345 F S P Y R G M L S M D D A v Q 359

1083 AAA ATG CTT CAA GAC GAG AAT TTC GTG GCC ATA CCA CGT GAC TAC 1127
360 K M L Q D E N F \Y% A I P R D Y 374

1128 TTC AAG GAC ACA GGA AAG AAC CCC AAG GAC ATC ACA GCC ACC TCC 1172
375 F K D T G K N P K D I T A T S 389

1173 AAT CTC TGA 127
390 N L * 404

Fig. 1. Major intrinsic protein (MIP) superfamily. (A) Red letter: Characteristic part of MIP
Protein 1, (B) Yellow letter: Characteristic part of MIP Protein 2.



Table 1. Comparison of aquaporin sequence between Human aquaporin-4 and gastropoda aquaporin

Korean J. Malacol. 36(1): 35-43 2020

First NPA box

Second NPA box

NP_001304313

(Human Aquaporin-4) HISGG-HI NPA  VIVAMVC NYTGASM  NPA RS-GPAV
SCH_Cs_Uni_22788 HVSGG-HI NPA VTIAMAV NFTGASM  NPS  RTMGSAV
AHL29026.1 HISGG-HV NPA VTIAALF PYTGASL  NPA  RSFGPAL
AHL29028.1 HISGG-HV NPA VTIAALF PYTRASL  NPA RSFGPAL
XP_005111061.2 HVSGG-HI NPA VSIAMAV QYTGSSM  NPS RSLGSAV
A0S89753.1 HVSGG-HI NPA VSIAMAV NYTGSSM  NPS RSLGSAV
RUS77374.1 HVSGG-HI NPA VTIAMAV QYTGSSM  NPS RSLGSAV
XP_009050122.1 HVSGG-HV ~ NPA  VIVAMTV SFTGASM  NPA  RSLGSAV
AYH91719.1 HVSGG-HI NPA VTIAMAV KFTGCGI NPS RSLGSAV
AJF12150.1 HISGG-HF NPA  VSLGLLA TLTGSSM  NPA  RSLGSAV
XP_011446842.1 HISGG-HF NPA  VSLGLLA TLTGSSM  NPA  RSLGSAV
XP_022345267.1 HISGG-HF NPA  VSLGLLA SLTGSSM  NPA  RSLGSSV
XP_021364227.1 HVSGG-HF  NPA  VSVGMAV HFTGASM  NPS RSLGSAI
XP_014767491.1 HISGG-HI NPA VTIAMAI HLTGSSI NPA  RSLGSAA
AUJ87723.1 RINGPPQM  NPA ITLAMLC NCHCLSA  CLP ICQLNVS
AUJ87719.1 RINGPPHM  NPA ITLAMLC SEQQE- - e
AUJ87726.1 RINGPPQM  NPA ITLAMLC - = e
XP_013086008.1 TVSGG-HV NPA ISLGFLI QISGGCM  NPI RSLGPAV
Fo] =£H 9t} (Fig. 1.). Figure 1A wto g %7 9 9l Aol A & 2 9oy} AR JHuEL ¥3he
& AQP °] AF A3 271°] NPA Box 495 251 9l ojw gt AAFEAE T A7t s ) glo] &
£

t}. 3 TMHMM Server v. 2.0 (http://www.cbs.dtu.dk/
servicess TMHMM-2.0) & £3}% 6712] transmembrane
helix do5 &g + ASckFig. 2) WEisgs I
17709] 555 WA S vl &) & 27, F 260 719
oppliste® FAF o] glglem, Mol wly- AR Eel
& 4 9lgleh 3D 7= #AAF 3D 7= AAI 6719
alpha-helix 7%} 17]9] beta-strand 7% FA ]
& sty 3 Phyre2 Zx IS o83t <17k
AQP-4 19 (NP_001304313.1) I} Y2152 AQP A2
A 33k F2E vasls | 2 727 g AR E
A& 4 leh (Fig. 3). AT AQP-4 & Aol 20| &l
SAE A5 e e Aex d¥A 9lof, opv|xAt g
A7} AR Y EE2] AQP E3F 23k Avtks]of

2. Multiple alignment ¥ phylodendrogram -4

Y21 AQP A 23 1759 AQP ol At A4 o]
B A9 ClustalX2 £423 AAle=E SolAed 4
=5 #lspglen (Fig. 4), MEGA X Z2Il& |43
Maximum Likelihood phylodendrogram ¥4 Zz} =7 3
el group, 117] Fo2 £-7E5 g + oich Ea
oo HZ AU ndFer AAR F5Hol (Pomacea
canaliculata) 7} 43 A58 o)3} (Ampullariidae) ¢ 2
o ggoz Baon (i o} & 2008), T452 Aplysiidae
o] Aplysia californica, Plakobranchidae®] Elysi
choloretica® 27F ¥l 1, vitfdsjo] 59l Lottiidaed
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Molecular phylogenetics of Charonia sauliae inferred from aquaporin gene

273 ATG GAA GGG ATG TAC ATC TAC ACT GCT AAC AAA GTG 317
90 M E G M Y I Y T A N K A% 104

318 GAA GCT ATT CGG AAA GGC GAT CAT GGT AAC GGT GGA GAA AAA TCG 362
105 E A I R K G D H G N G G E K S 119

363 TAC AAG ATC ATC GAT GTC AAG GAG CTG AAA TGC 407
120 Y K I I D \Y% K E L K C 134
408 452
135 149
453 TCG GTT ATG TTT ACA AGT GGC AGT GCT 497
150 S \Y% M F T S G S A 164
498 542
165 179
543 AGC GGC GGC CAT ATT AAC CCT GCC GTT 587
180 S G G H I N P A \Y% 194

588 ACC ATA GCA ATG GCT GTG ACC TTA AAC ATC 632
195 T I A M A \Y% T L N I 209
633 677
210 224
678 AAA GGG GTG ACC CCA GAT TCA TTA CAC TCC AAC CTG 722
225 K G \Y% T P D S L H S N L 239

723 GCA GTG ACG GCC ATC AAC ACG 767
240 A v T A I N T 254
768 812
255 269
813 GGC ACA ACT GAC GCC AAC CGC CCC TCC TTC GGC 857
270 G T T D A N R P S F G 284
858 902
285 299
903 AGC ATG AAC CCT TCT CGA ACC ATG GGC TCT GCT 947
300 S M N P S R T M G S A 314
948 GTG GCC TCG GAC AGT TAC GTG GAC 992
315 \Y% A S D S X v D 329
993 1037
330 344

1038 TTC AGC CCG TAC AGA GGA ATG CTC TCT ATG GAT GAT GCT GTG CAG 1082
345 F S P X R G M L S M D D A v Q 359

1083 AAA ATG CTT CAA GAC GAG AAT TTC GTG GCC ATA CCA CGT GAC TAC 1127
360 K M L Q D E N F \Y% A I P R D Y 374

1128 TTC AAG GAC ACA GGA AAG AAC CCC AAG GAC ATC ACA GCC ACC TCC 1172
375 F K D T G K N P K D I T A T S 389

1173 AAT CTC TGA 127
390 N L * 404

Fig. 2. Nucleotide and deduced the AQP amino acid sequence of C. sauliae. (A) red box =
prediction of transmembrane helices in proteins (B) “*” indicate termination codon.
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N
X

Human Aquaporin-4 Charonia sauliace_Aquaporin sequence

Fig. 3. The predicted three dimensional structure of aquaporin sequence by Phyre2 with Human Aquaporin-4 and
Charonia sauliae Aquaporin.

* s *

Ls_AQP RVALTFGLAVAIWWIFSEIEG X SPLEIGLAVVVCHLFAI REFGPALIMD FWVGPVAGALLAGLLY
Sp_AQP RVALTFGLAVATVVWIFGHISGG-H B SPLEIGLAVVVC LFATL RSFGPALIMD D FWVGPVAGALLAGLL
Ac AQP  KIAFAFGLAIMALIQMIGE ; PALLIGLTVILGHVAGI SLGSAVASDS EWVGPIAGGVLSAI
Hp_AQP KIALSFGLAIMALIQMFG NPAV PALLIGLTVILGHLAGINY PSRSLGSAVASNAI GPIAGGVLSAL
Ec AQP KIAFCFGLSIMALIQMIG PALLIGLIVIVGHLAGIQ PSRELGSAVASDKI DENIQWIAPIAGGVLSSLE
Lg_ AQP KIAFTFGLAIMAMIQMIGHVS : QALLIGLIVELGHVSSISFIG ARSLGSAVASNS! I¥YWVGPILGGVLAAL
Pc AQP KIAFTFGLAIMALIQMIG A PSLLIGLIVILLELVGIKFTGCGINPSRSLGSAVASGRYKDHWVYWIGPILGGVLAAAV]
Cs_ AQP QIALGFGLSIMALI PALLIGLTVILLHCAGVNFTGAS RTMGSAVASDSYVDIWVYWVGPIVGGIAAALA
Ch_AQP RVALAFGLAIMALI L VSLKIGLTVAMLHFSCITLEG: RSLGSAVASGDYDTHWVYWVGPILGGCIATLL
Cg_AQP RVALAFGLAIMALI! HNPA LKIGLTVAMLHFSCITLTG PARSLGSAVASGDYDTHWVYWVGPILGGCIATLL
Cv.AQP KIALAFGLAIMAQI MK IGLEVEMLEFSCISLIG PARSLGSSVASGFYSDH IGPILGGIIASLL!
My AQP  KISFAFGLSIMAMI HVSGG - HENP2 IGLTVATLELSGIHFIG. IPSRELG IASNNFTDQ GPLIGGSLAALT
Ob_AQP T NASIAIGLTVELSHLAALHLTGSSIN LG! YWAY] GPILGGCAAALL
GIL_AQP YQSLPVGLSIIVGHMFGVNCHCLS LPCQLNVEFHLSHNL ------------------
Nm_AQP YQSLPVELEVIVEHLFGVSEQQE - -|- - - - - - - - - === - - - oo mmmmmm oo
Pi_AQP

Bg_AQP

First NA box SecondPA box

Fig. 4. Multiple sequence alignment result of C. sauliae and 16 AQP protein reference sequences. There are First NPA
box and second NPA box. The analysis was performed by clustalX2 using representative amino acid sequences
from Octopus bimaculoides (XP_014767491.1), Aplysia californica (XP_005111061.2), Helix pomatia (AOS89753.1),
Elysia chlorotica (RUS77374.1), Pomacea canaliculata (AYH91719.1), Charonia sauliae (SCH_Cs_Uni_22788),
Lottia gigantea (XP_009050122.1), Biomphalaria glabrata (XP_013086008.1), Lymnaea stagnalis (AHL29026.1),
Stagnicola palustris (AHL29028.1), Pleuropoma jana (AUJ87726.1), Georissa laseroni (AUJ87723.1), Nerita
melanotragus ~ (AUJ87719.1),  Mizuhopecten  yessoensis  (XP_021364227.1), Crassosrea  virginica
(XP_022345267.1), Crassosrea hongkongensis (AJF12150.1), Crassosrea gigas (XP_011446842.1)

Lottia gigantean, Planorbidae®] Biomphalaria glabrata, + Bivalvia ZF°| %3}x, Octopoadidae ¢! Octopus
=2300] Lymnaeidae®] Lymnaea stagnalis, Stagnicola bimaculoides 7} Cephlopoda L&l —’-55}% g ol
palustris 2 grouping 25 E913}3ic}. 12]1 Helicinidae 3} (Fig. 5). 4% 2 £ AQP A< First NPA box &
9] Pleuropoma jana, Georissa laseroni, Nerita melanotragus Second NPA box ° L] ?z]s"?sl'li‘tﬂ, ol o}m|xAb
© 2 U¥ 1, Helicidae & A-gg=)o|2 wo] d&jx|1, o] A7} alanine ¥} serine AF°]] mistranslation WEY o7 F=

212% 9% Helix pomatia, & ASHLE F75+= 7S 2 ¥ EARESA o] o Zad Zloz A7 (Guo et

g 4 ik Pectinidae (lelElzh o) FlelElel  al, 2017). FF o e AAFEES] AQP Mo HE, &
Mizuhopecten vessoensis, Ostreidae (%) 31 Crassostrea A AFEFEE AAF] A7t o |3 2=
hongkongensis, Crassostrea gigas, Crassostrea virginica T & 7 olg} gt} w3 Al S EFER BA 7Y B o}
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Molecular phylogenetics of Charonia sauliae

inferred from aquaporin gene

XP 0147674911 Octopus bimaculoides QOctopoadidae CephlopOda
77 [—— XP 005111061.2 Aplysia californica Aplysiidae
__#]  L— A0S89753 1 Helix pomatia Helicidae
L RUS77374.1 Elysia chiorotica Plakobranchidae

_|:A‘(H91?19.1 Pomacea canaliculata
bl SCH Cs Uni 22788 Charonia sauliae

Ampullariidae

XP 021364227 1 Mizuhapecten yessoensis
o XP 022345267 1 Crassostrea virginica
% AJF12150.1 Crassostrea hongkongensis
93 = XP 011446842.1 Crassostrea gigas

n20

XP 009050122.1 Lottia gigantea Lottiidae GastropOda
XP 013086008.1 Biomphalaria glabrata Planorbidae
100 r AHL29026.1 Lymnaea stagnalis .
* AHL29028.1 Stagnicola palustris Lymnaeidae
7t ’— AUJBT726 1 Pleuropoma jana
” \_L— AUJST723.1 Georissa laseroni Helicinidae
53 — AUJBT719.1 Nerita melanotragus
Pectinidae
Ostreidae B|Va IVI a

Fig. 5. The result of phylodendrogram analysis on evolutionary relationships. It was divided into big three groups (Cephlopoda,
Gastropoda, Bivalvia). In Gastropoda, there are 7 families (Aplysiidae, Helicidae, Plakobranchidae, Ampullariidae,
Lottiidae, Planorbidae, Lymnaeidae, Helicinidae). In Bivalvia, there are 2 families (Pectinidae, Ostreidae).
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