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ABSTRACT

In Korea, Ellobium chinense is one of the well-known small, air-breathing snails, and was registered as the
endangered species in 2005. The number of E. chinense populations has rapidly declined in recent years. In this
context, genetic information of E. chinense is needed for species conservation in the future. However, the registered
genetic information of E. chinense in NCBI is only 55 nucleotides and 53 proteins. Thus, we sequenced an E.
chinense cDNA library using the lllumina platform, and selected arginine kinase (AK) gene which has been used as
a molecular phylogenetic marker. AK sequence of E. chinense was analyzed through bioinformatic programs, and
the biological importance of E. chinense was discussed in conjuntion with molecular phylogenetic trees.

Key Words : Arginine kinase (AK), Ellobium chinense, llimina Hiseq 2500, phylogenetic analysis

INTRODUCTION

Arginine kinase (AK) + Phosphagen (guanidino)
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Kinases 15&°l| 43t} (Suzuki et al., 1997). Phosphagen
Kinases+ #1402 WA= guanidine 33H&E2 1oy
Al <14t 3HE groupd] 7HA AEE FAlsk: dEE ¢
= Zlez 424 9lew Hypotaurocyamine Kinase
(HTK), Glycocyamine Kinase (GK), Thalessemine
Kinase (ThK), Opheline Kinase (OP), Lumbricine
Kinase (LK), Taurocyamine Kinase (TK), Arginine
kinase (AK) 5& %35} git} (Uda et al., 2006; Mahon
and Neigel, 2008; Jarilla et al., 2014). °]& 4= ATP
9 FlEo] 2 Zlom A glon, thekdh AutelA
Ad x| dhrtel] F83 S sh= Aoz g Flrh (Wyss et
al., 1992; Ellington, 2001; McLeish and Kenyon, 2005;
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Arginine KinaseE 0|&8t HFHLNS2 HEES

Ellington and Suzuki, 2006).

o5 &4 groupe ZA AKS} HTKZ ¥3hsl= AK
group? CK, GK, LK ¥ TK7} 235+ CK groupl z ¥
2]5lc}t (Uda et al., 2008). ©] 5 AK7} #3555 9 oI
HEFENA EAF Ade 2y CKe A5s=oAw &
e Zle g deyA 9ok (Wyss et al,, 1992; Ellington,
2001; McLeish et al., 2005; Ellington et al., 2006). PK
group® &3 &4 £ AK+E v+2 PK group 49 22 4
FE A o o AkE AR, AF ARl 715 dEAR
oA 9l (Uda et al., 2005; Jarilla et al., 2014). E3+
AAsE, ADsE, AATE, IAs=E, TAsE & U
AAEE 7T 54 22, Fal= v} 9t} (Suzuki et
al., 2000). AAEE Aykol|A 157} FAle] PK groupel
%3h= gene®®Wl lineages AT Adr=wo] v &
(Suzuki and Furukohri, 1994; Uda et al., 2005; Uda
and Suzuki, 2007) AK7} AAEE2] EAAEEA A5
7] gol3t markerd] o7 wdste] & AFIAE A
skt

Ao g AAZE Ellobium chinense= Ellobiidaed}2] &
A wit EER QA 5= <l 22 3] 35 @9o] Folt} (Min,
2004). ©] F= whighl= g ellA] HE 91710l A3k Zlow ek
3lod 20051 HE9)] oPIRE [FoFE A F A Moz &
39k 9Jt} (https://species.nibr.go.kr/endangeredspecies/
home/main.jsp) (Lee and Son, 2012). E. chinense= &Hit
=9 A Feficke] 454 L sk A4 We A &
Zoysia sinica (A7) 9} 22 AAE 5 AR ol A 1t
A= oz d#A glek (Min, 2004; Li et al., 2020).
2011 2F §17] & F5Ael w=W E. chinense®] At
M2 (A0O), HA H9] (EOO) ¥ A7 £4 4z A4
7} 343 ZAd Zlez BEuEitt (Kéhler and
Rintelen, 2011; A A3} et al., 2018). A|&A ¢l & 2] 3ot
Ak A i W d5Ae B2 Q1S E. chinense®] ¥
BES SR A5 ¥e] sl akA]utk 2020 099
7]€2.% NCBIE #<ld A3} sdFel o AadRs £
AFAEe] APATE F5 updated FHAR (Kang,
2016; Kang et al., 2018) ¢ F7}4<l dlo|€¥] update:=
+ Zlo® el

oyl AT M= E. chinensedllA &<elsl AK FAAE o]
$3te] AT T ATEFTH AAE sk, olF F3l
FF AATE] AU FAAEEE Aol AK FAA)
=2 7hsAo] QA igte] dotr izt gl

MATERIALS AND METHODS

o
i
X

1. Materials

HEeyy] opAE NFC 7 ANAH E. chinensed] A
A3 AT AL FbE ol (37HHE 2014-11)
Zegskgiet. 20149 79 Aebd® A3 bk a5 o
el AAE AsGon, 479 AAE 5k ol
srale] e AEd 3 Bl ol gsisit

2. Methods
1) cDNA library 75 % ¥7[MY &4
E. chinensed| Al A3 Wihd 245 IAALE 53l &

—

ZAsle] sample®] #AsIE AWicl. FA5} 5] A8 o
83l total RNA FZ&2 Astgl o, o] F7ellA 50-100
mge] A& Z 1 ml® Trizol reagent (Thermo Fisher
USA) & ARgsigith % = RNAE
Spectrophotometer ¥ Agilent Technologies 2100
Bioanalyerg #H83le quality ¥ F52&5 Fqlg H,
Illumina TruSeq RNA Sample Preparation Kit
(Ilumina, San Diego, CA, USA) & A}-£-3}¢] mRNAZ A
A ¥ cDNAS $A3Ich. ¥4% cDNAS 53 cDNA
libraryE 7%3}%2H, Illumina HiSeq 2500 (NGS) =
F5 olgsle] G/ B s

Scientific,

2) E. chinense®| AK sequence EHE 2|8t A

Tllumina Hiseq 2500 53l A4k raw reads® 7153}
clean readsE 7] $J8l cutadapt (v1.11) (Martin, 2011),
Sickle (v1.33) (Joshi and Fass, 2011) % Fastq filterS A&
st o]& 53l raw readsell % adapt A2 E low
quality sequence’} A|71%l clean readsE &X3}%c} Rzl
clean readsE Trinity (v2.0.4) & ©|€3}l9 de novo
assembly S Z1383}3it} (Grabherr et al., 2011; Kang et al.,
2017). de novo assemblys =3 &Rz contigs®
TransDecoder (Haas and Papanicolaou, 2016) & ©]-&3}¢]
Open Reading Frame (ORF) sequenceE &43}3t}. ORF
AEdL TGICL (Pertea et al., 2003) TZ IS o83}
clustering 3 & #-AJo]] A}8-2 unigeness 13|35t} £}
AEFA ol AFg35l1A} 1= AK genes E33F unigene F&
< $J3le] PANM DB (v3.0) (Kang et al., 2019) £} BLAST
program= Zg3tgtt 2 23} &3 unigene> NCBIY
nr (non-redundant) Hlo]EjHjo]2e] BLASTSlY A<Ls 7
Z3kdel. ASE A9e EMBOSS package sixpack
(https://www.ebi.ac.uk/Tools/st/emboss_sixpack/) (Rice et
al., 2000; Madeira et al., 2019) & ©]&3} AK o}n]:At
MdE Frslglrh
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272 ccT AAG TTC TTC CTC AAA CTC AAA | ATG GCC  GCA GAT GCA  GGA  AAG 316
91 P K F F L K L K M A A D A G K 105
317 TG TTC GAT T 16 AAG GCT  GAC  AAA AAC TGC AAG T CTC (@n) 361
106 L F D L L K A D K N C K S L L 120
362 GCC  AAA AAT T ACG  AAG GAG CGC TTC GAT GCC @1¢] AAG  GAC AAG 406
121 A K N L T K E R F D A L K D K 135
407 AAA  ACC AAA TTT GGT  GGC  GGC CTC GCC  GAC  TGC ATC CGC TCA  GGA | 451
136 K T K F G G G L A D C | R S G 150
452 TGC GAA  AAC  ACA GAC AGC  GGT GTG GGC GTG TAC GCC TCC GAC ccc 496
151 C E N T D S G \ G \ Y A S D P 165
497 GAT GCA TAC ACC GTC TTC GCT ccc [@r¢} C1G GAC GCT GTC ATC AAG 541
166 D A Y T \ F A P L L D A \ | K 180
542 GAC TAT CAT  AAG GTC ACC  GAG [@)¢] AAC CAC ccc AAC T GAC 7T 586
181 D Y H K \ T E L N H P N P D F 195
587 GGC  GAC ATC GAC  AAG CTC GAC TTT GGT  GAC (@n) GAT ccc TCT GGC 631
196 G D | D K L D F G D L D P S G 210
632 AAC ATG ATC GTG TCC ACC CGT GTG CGC GIG  GGC CGC  AGC CAC GAC 676
211 N M | \ S T R \ R \ G R S H D 225
677 AGC TAT GGC TTC ccc €eq) GTG [@]¢] AAG TGT GAG  GAG car GTT GAG 721
226 S Y G F P P \ L K C E E R \ E 240
722 ATG GAG AAG AAG  ACC GTG GAT GCC TG AAG  AAG @¢] GAG  GGT  GAA 766
241 M E K K T \ D A L K K L E G E 255
767 C1G AAG  GGA  ACA TAC CAC CCA [@)¢] ACT  GGC ATG AGC  AAG GAG ACA 811
256 L K G T Y H P L T G M S K E T 270
812 CAG  AAA  CAG (@1} ACT  GAG GAC CAC TTC CTC TTC AAT GAC  AGT  GAC 856
271 Q K Q L T E D H F L F N D S D 285
857 AGG TTC T7G AGG  GCT GCT GGT GGT TAC AAC  GAC  TGG ccc ACC  GGC 901
286 R F L R A A G G Y N D Trp P T G 300
902 CGT  GGA ATC TAC TTC AAC  GAC AAC  AAA ACC TTC (@n) GTC TGG ATC 946
301 R G | Y F N D N K T F L \ Trp | 315
947 AAC  GAG  GAG GAT CAT CTC CGC TTC ATC TCT ATG CAG AAG GGT  GGC 991
316 N E E D H L R F | S M Q K G G 330
992 AAC CTC AAC  GAG GTT TAC TCC AGA T GTIT  AAG GCC ATC AGA  GCC | 1036
331 N L N E \ Y S R L \ K A | R A 345
1037 T GAA  GGC  AGT  GGT CTC TCC TTC GCC  AAG CGT GAT GGT T1G GGC | 1081
346 L E G S G L S F A K R D G L G 360
1082 | TAC 16 ACC TTC TGC ccc TCA AAC T1G GGC  ACC ACC T CGT GCC | 1126
361 Y L T F C P S N L G T T L R A 375
1127 TCcT GTG CAT ATC AAG ATC CCC AAG [@1c} TCT GCC AGC ccc GAG TTC 17
376 S Vv H | K | P K L S A S P E F 390
1172 | AAG  GCA TTC TGT GAC  AAG TAC AAT ATC CAG GCC  AGA  GGC ATT CAT | 1216
391 K A F C D K Y N | Q A R G | H 405
1217 | GGA  GAG CAC  ACA  GAA TCT GTA GGA  GGC GTG TAT GAT ATC TCC AAC | 1261
406 G E H T E S \ G G \ Y D | S N 420
1262 | AAG  AGG AGA (TG GGT CTC ACA  GAA ATT CAG GCC ATC CAA GAA  ATG | 1306
421 K R R L G L T E | Q A | Q E M 435
1307 | CGC  AGG  GGT GTT GAG  GCA GTC ATT GCA  GAG GAG AAG AAG T1G GGC | 1351
436 R R G \ E A \ | A E E K K L G 450
1352 | GGT  GGA T TAA ATT AAA AAT  AAA AAA ACA GCA ACA ACA AAC GAC 139%
451 G G S End | K N K K T A T T N D 465

Fig. 1. The complete nucleotide sequence of Arginine kinase and deduced amino acid

sequence of E. chinense.

3) HAMISE MY &HE &8 Phylogenetic £4
NCBI (https://www.ncbi.nlm.nih.gov/) ©| ZHA key

words “Gastropoda” “arginine kinase”, “Bivalvia”

“arginine kinase”, “Cephalopoda” “arginine kinase”% 3}
o] ©% 3 ADE F fulllength oP|xAF LS A1)
phylogenetic ¥4 A& {44 pools TAISIE) ©]
] AFAE0] AYsle] 2P Satsuma myomphala (7

ALlEEo]) Min Kyu Sang et al., 2020)%} Mirus
junensis (FERAFIEH o) Min et al., 2018) 2
AK AM2& F71319 k. MEGA X program (Kumar et al.,
2018) = AF&3l9 phylogenetic #4& AJ3slgon
(Jones et al., 1992; Kumar et al., 2018), Neighbor-
Joining algorithm® AME-3}l4] dendrogram= A3}t
(Felsenstein, 1985; Saitou and Nei, 1987).
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Table 1. List of species and accession number of gene, used in phylogenetic analysis

Class Species Accession number
Scapharca broughtonii BAD11949
Pholas orientalis ACP43447.1
Crassostrea gigas EK(C24881
Azumapecten farreri AEX08673
Mizuhopecten yessoensis OWF45839
Hyriopsis schlegelii AE094538
Bivalvia Corbicula japonica BAB91357.1
Archivesica packardana AXE71657.1
Ensis directus AAM90698.1
Paphia undulata ACP43446.1
Meretrix lyrata ACP43445.1
Meretrix meretrix ACP43444.1
Calyptogena kaikoi BAE16974.1
Solen strictus BAB91358.1
Nautilus pompilius BAA95594
Amphioctopus fangsiao AEK65120
Octopus vulgaris BAA95609
Cephalopoda Sepiella maindroni AEK26855
Sepia pharaonis AKS26488
Sepioteuthis lessoniana BAA95610
Aplysia kurodai BAB41095
Aplysia californica XP_005099408
Pomacea canaliculata AYH91743
Haliotis diversicolor supertexta AJW60778
Haliotis madaka BAA05100.1
Conus anemone novaehollandiae ADK73590
Conus monile ANC48006
Conus araneosus AQM52449
Conus miles AQQ10876
Conus litteratus ARS01451
Gastropoda Conus frigidus ARU12142
Conus ebraeus ASF90538
Conus lividus ATG85037
Nesiohelix samarangae AHC02701
Mirus junensis KJM 34 2
Satsuma myomphala KJM 36_2
Ellobium chinense
Turbo cornutus BAA22870.1
Biomphalaria glabrata ADH59421
Semisulcospira Iibertina AGN95434
Cellana grata BAB41096

4) E, chinense?| AK protein 1= 0=

2155 E chinensed AK geneo|A AAlE|+= whilzle] -
%5 o|53}7] ¢J8] PSIPRED protein structure prediction
server (v4.0) (http:/globin.bio.warwick.ac.uk/psipred/) =
o]-g-ste] A 23} T2 o 5E A3l (McGuffin et
al., 2000; Buchan and Jones, 2019).
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RESULT AND DISCUSSION

Transcriptome 42 3 % . chinense2] 2217, 032
7H unlgenea PANM DB°ﬂ BLA
2 R FRE A9 é 3]
BLASTE 4% ¥ Genscan ZZI13&
Z313t}. L 23} E. chinensed] AK A4

T s}od 127H—4 AK F

= ZelS 98 NCBI
3l orf AEE F

% 35671] ofr]x
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BAA95594 Nautilus pompilius
BAA95610 Sepioteuthis lessoniana
AEK26855 Sepiella maindroni
AKS26488 Sepia pharaonis
BAA95609 Octopus vulgaris
AEK65120 Amphioctopus fangsiao

BAB41096 Cellana grata

'ADH59421 Biomphalaria glabrata
Ellobium chinense

BAB41095 Aplysia kurodai
XP 005099408 Aplysia californica

Aplysiida

'AHC02701 Nesiohelix samarangae
SCH 2020 Satsuma myomphala
SCH 2018 Mirus junensis

Stylommatophora

Patellogastropoda

Heterobranchia

Gastro p lo) d a I ——— AGNS95434 Semisulcospira libertina
94— AYH91743 Pomacea Architaenioglossa
"ASF90538 Conus ebracus
100 % ARS01451 Conus litteratus Caenogastropoda
ARU12142 Conus frigidus Neogastropoda
) 56 ATG85037 Conus lividus
AQM52449 Conus araneosus
100 "AJWE0778 Haliotis diversicolor supertexta -
- 93 E BAA05100 Haliotis madaka Lepetellida Vetigastropoda

BAA22670 Turbo cornutus Trochida
"ACPA43447 Pholas orientalls
BAB91358 Solen strictus
AAMS0698 Ensis directus
BAB91357 Corbicula japonica
ACP43445 Meretrix Iyrata

. . ACP43444 Meretrix meretrix

B Iva | Via AXET1657 Archivesica packardana
BAE16974 Calyptogena kaikoi
ACP43446 Paphia undulata
AE094538 Hyriopsis schlegelii
33 42 BAD11949 Scapharca broughtonii

EKC24881 Crassostrea gigas

AEX08673 Azumapecten farreri

OWF45839 Mi:

Fig. 2. Phylogenetic analysis result using Neighbor-joining algorithm. The AK gene was used as a marker
and was performed in MEGA X using 41 amino acid sequences.

At 51,0687 9712 7= o SlSiet sl AL 26970
2] adenine, 2227]¢] thymine, 28871¢] guanine, 28971<]
cytosine© # o]|Fo]# 9l o AA| 4D GC contents=
54.03%=% 2l o} (Fig. 1).

AAEEE Wl E. chinense®| ¥AAEEA 125 st
71%18F marker® AK genes AH3-3}7] $13}4 phylogenetic
analysisE Z1§3}5it}. o] ZA A AE-3}7] 418t gene pool
o] 4= $13ll NCBIel 55 =|9]3l= Gastropoda (55+7)
, Cephalopoda (F=5) , Bivalvia (¢]ul=5) ¢ AK A<
% full-length® 7M= ARE A3}l Phylogenetic
analysis® 913 gene pool T4l £ A%l AYsle] <
T8 v} Q0= M. junensis$t S. myomphala®] AK A 25
#4900k 2 A% B 31 4, 41 59 AK AR 749
gene pools &R 3} t) (Table. 1).

249 5 gene poole MEGA X program— °|&3}¢] 213}
A Al ke s FEAE P 2 55T 5 e
Neighbor-joining algorithmo.2 #413}¢lc} (Saitou et
al., 1987). 2 73} AR 79t o] 4152] Awo] 2
Phylum7]g] #x]5]¢] grouping ¥ Z& Zalslgit} (Fig.
2). E. chinense’} X% =o|9l& Gastropoda®] 75
Patellogastropoda, Heterobranchia, Caenogasteropoda
4l Vetigastropoda® 7= o] 47]2] subclass® grouping
Hglow 717k subclassollA] #A]E groupS Aplysiida,
Stylommatophora, Architaenioglossa, Neogastropoda,
Lepetellida, Trochida® #F= = ARt} (Fig. 2).

Neighbor-joinings 53 ¥4 phylogenetic treeE £
olgt Az} QA P54l E. chinensest FARA} 717k
group< Heterobranchia® & = glglom, 1 Az} £ A+
Z-2 Heterobranchia®l| 43= Biomphalaria glabrata,
Aplysia kurodai, Nesiohelix samarangae, Satsuma
myomphala, Mirus junensis®] AK gene¥} E. chinense<
AK geneol|A AAME whiAle] 2D F2E v]wste] Hokr)

I A3 652 gastropoda & SAAAES 3pn ksl
21918 Hol= S. myomphalagt N. samarangaes= 16712
@ -helix®} 11-12711¢] B -pleated sheet 7+x5 7}A 72
A EEo]A uid FAYEE AV FEE A A AEs)
+ gastropodat  13-1470¢] «-helix®} 11-1271¢ 2
sheet Tx5 7M1 7oz A5HY N
samarangae, S. myomphala, M. junensis< < orderS!
Stylommatophora®ll &3}A]%t A&z A we} AK
prediction ZA#}9] A o]7} Yelu= A& geld 5= 9l8lth
ol Edl® ALEGE W ST FARIANE A= F
B} Axgt SAAEAE Blle £ 7He AK T2 Abe] el
gk F744q] A7) o e Zlog 7=} (Table. 2
and Fig. 3).

PK group®ll 35 45 7F] lineage +47} AK gene
+ °o]&% ATLATH dAFE ASHLE o]FolA i}
(Suzuki et al., 2000; Tanaka et al., 2007; Uda et al.,
2010). PK group?| lineage® AlETHoT HIg =72
A Em S3)5=0l &3 Stichopus (GlAT) o S+

-pleated

-

ek
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Table 2. Present AK 2D prediction result as number of a-helix and B-pleated sheet

Species Number of «-helix Number of JB-pleated sheet
FEllobium chinense 13 11
Mirus junensis 14 11
Aplysia kurodai 14 11
Biomphalaria glabrata 14 12
Satsuma myomphala 16 11
Nesiohelix samarangae 16 12

Aplysia kurodai Biomphalaria glabrata Ellobium chinense

Mirus junensis Nesiohelix samarangae Satsuma myomphala
Legend:
Strand Conf: - Confidence of prediction
. Helix Cart:  3-state assignment cartoon
= Coil Pred:  3-state prediction

AA: Target Sequence

Fig. 3. The predicted 2D structure of arginine kinase by PSIPRED 4.0. Comparative analysis between 5
species and E. chinense. All 6 species has close Evolutionary distance.

- 138 -



o 43= Sabellastarte (AA|FHo]H) oA A= AK7}
CK groupl|l 3= kinase sequence$} F#2E = &
Folsk 4= glon, o] %3] AK groupe] CK group =4
B FAE o] 2314 02 Asplolaa r5et Ad AR}
it} (Suzuki et al., 1994; Uda et al., 2005; Uda et al.,
2007). E3F HT A7AE AL Thedt olviEE, B5
5 WS 7 AAFEES S E allergens 3—%"&& 2
7 2] AlS AAlFEA ARV =2 s U
Foldt g4 A} i} (Lopata et al., 2016). o] A3
Ad759 Z#AE Flskgls @ AK gene ¥ PK super
family group®ll 43H= geneS-2 Hithe] AAEEA o
AR oz Balat 2 glon] o] o] L3t BAAESA 2o

Solg Zloz A7t & 5 qlvh ®3 A AaEAs 53
AK AARe] 2D Tx o5 Al Aol W} o -helix®] 5
7} g2 Yehd Zs gl & 4 3k o] EYE AK
genedl| 3t A&A3] A= 3% PK super family group
o &3 genes ©|-43F Mollusca®] ¥AHAISEH +4 ¥
ATFhEe] A8 5ol 788 7|E2ARI 2 Hex
Az

d

CONCLUSIONS

E. chinense2] AK FAA= 1,068712] 7|4 L= o]Fof
5{1 ™, 54.03%2] GC contentsE 7}#t}. Bioinfomatic

E3) AA= 3829 AK 44 A9 4 AsidE
'H 25 S, myomphala £ M. junensis®] A4Z 74
7] gene pool= ©]83}9] phylogenetic analysisg Z13J3}31

o} 2 Az AsE A9} o] 3709] Class (Gastropoda,

[e)
L AL FQlEk 2= glojo

kﬂo}mr{mzﬁ

Cephalopoda, Bivalvia) & ¥&
W E. chinense’} *33% Gastropoda group 3t
Subclass @ Order ©9]9] EHFo 7 Fol= AL 313k
< )31t} Phylogenetic analysis 23} E. chinense$} 41
BA7} 7P7ke- EF-7°] Heterobranchiagl 713 &ql=gl
o} sl groupel %3 £ AK WiAd E. chinensed
AK whiiAe] oD 725 8l A & 27 AEEe] A3
73ell el a-helix®] 7} k2 Yephue= 7324 ﬂ"’]’g"]
PE AE F4 T oGk oled A7 AF: IFF

genes |83 2&49l A+E §3) PK super fam11y°ﬂ %
3= A2} Mollusca®] 4S8 ¥4 9 dids<] A2
7 5ol w88 AR E $ EleE AR
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