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Taxonomic Studies on Genus Incilaria (Pulmonata, Philomycidae) in Korea

Jun-Sang Lee and Oh-Kil Kwon

Department of Biology, Kangweon National University Chuncheon, 200-701, Korea

We performed a genetic analysis using starch gel electrophoresis to the phylogenetic
relationships of the genus [ncilaria (Pulmonata, Philomycidae). As a result of the genus
Incilaria was divided into I. fuhstorferi, I. bilineata, and Incilaria sp. groups. The average
genetic similarity among the populations in each species of I fuhstorferi, I bilineata, and
Incilaria sp. were  S=0.635,  S=0.550, and  S$=0.482, respectively. So the Incilaria sp.
group was needed additional research. The genetic similarity between I fuhstorferi and I.

bilineata was  S$=0.364, I fuhstorferi and Incilaria sp. was  S=0.427, I bilineata and

Incilaria sp. was  S=0.399, respectively.

Key words @ GStarch Gel Electrophoresis, Phylogenetic Relationship, Incilaria, Genetic
Similarity
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Incilaria®s 2F& % %ol FAME 1 oy F
F d 3o F(Slug)y= Philomycidae(™ & 3 o] ) 2 A wbdol Hel 2t [ obilineatal Benson, 1842)
9} Limacidae( i f‘ﬂ.ﬂ"go]ﬂ)ﬂl B 3% 5% 7A (uigtdo)9t [ fuhstorferi(Collinge, 1901) (Atglg
sjojlth(Choe & Yoon, 1997). ©]% Limacidae®) 24 °l & FHslof st7] wFol XelH WolFo W &
322 T2 F4 SHAM TUR §FUE TEoIH o A L HE HEY 4 BRIt 1868% A
e Adamsoﬂ oate] =SolA AYE §E vt slugs
o] =F2 1996 = Uljlﬁléﬂgzﬂ‘&g] TRHA oA g A o]F UdHo{E o ¢ EFEH
Tlel et AT UL A7k W o] Fol A gol 7t T W{HAH A7}
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pm(39,000 g)o & 30837 A& 9 *J%_”E stof A ubE
& AAG 4E %’J% st sHEA BAE 4
g 4719 %2 Yang (19913 Buth(1986 )01 uhof
wet 43 AE dvid ¥ (horizontal starch  gel
electrophoresis)& A A8 31 starch(Sigma, S-4501)
gel 11.5%¢ 5= &ty d/jdsos 34
& THaga W ovtasd wwde] FFe buffer
system¥ &4 G u }*f’* Selander (19711}
Buth(1986)9 W& t}. HAstv H
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localities and number of specimens of genus /ncilaria in Korea

Species Localities No. of Date
specimens
I sp. 1. Mt. Chuwang, Chongsong-Gun, Kyongsangbuk- Do 20 Sep. 1996
2. Mt. Sunun, Gochang-Gun, Jeollabuk-Do ) May 1997
3. Mt. Naezang, Gochang-Gun, Jeollabuk-Do 6 May 1997
4. Aernimok, Bukcheju-Gun, Cheju-Do 21 Jun. 1997
I fuhstorferi 5. Mt. Naezang, Gochang-Gun, Jeollabuk-Do 17 May 1997
6. Mt. Chiri, Sanchong-Gun, Kyongsangnam-Do 3 Jun. 1997
1. bilineata 7. Aerimok, Bukcheju-Gun, Cheju-Do 10 Jun, 1997
8. Mt. Mudeng, Kwangju-Shi, Jeollanam-Do 10 Aug. 1997
9. Chuncheon-Shi, Kangwon-Do 3 Jun. 1997
AAEAT A ANAE AEA7A Aok AH Z+ % 2 HdE FAAEE olgse BIOSYS
2 gurslg T Kwon(1990)9] 2§ whyol wal £3 program(Swofford and Selander, 1981)2. 2 7} # ¢t o)
sdtg oo A 9 urRol Hy el WolE FAF I Y Atz Wx(allele frequency), ©lE®EHFaL ww
sted AP E AFR #A F(Fig. 1) 2AL W%7) (heterozygosity) & ate] Ayt @2 F7ke] FA4 W
(-80C)o B3t #7|dE8 AEE ALEEA. ol& ZAbSHAT zb Fwk ¥ FF KA St
2. uh FHA 9EE Eda ste] Rogers (1972)¢] f4
ARSI Nei(1972)e] f 8 ao)aA(D)E 8
BEH-80T)e Had ARs A9 E8 AR I Rogers(1972)9] FAA4 +A2(S)E Ef& Speath
Al AE AR AskEE AL 2AR o qoaiaoel wdel wel UPGMA (unweighted
grinding  bufferD.W.)e}  ul&(V/W)s 112 sof pair group method with arithmetic averaging) %4} o
glass homogenizer(B. Braun Co)Z vhaidt %,

Sorvall RC-6B(rotor SS-34)5 o4&, 4Tl 18000

2 dendrogram$& 44 5k5 ¢}
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Fig. 1. Features of genus Incilaria. ( ): Collected localities.
I, I. bilineata (Aerimok), 2; I. bilineata (Chuncheon-Shi), 3; I bilineata (Mt. Mudeng),
4, I fuhstorfri (Mt. Naezang), 5; I fuhstorri (Mt. Chiri), 6. Incilaria sp. (Mt. Sunun),
7; Incilaria sp. (Mt. Naezang), 8; Incilaria sp. (Mt. Chuwang), 9; Incilaria sp. (Aerimok).
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Table 2. Allele frequencies of nine populations of

Pgi a 18100 67 i ,
genus Incilaria b & 02 B 10 63
c 02 3B 0B 9 10 2B N 37
d 31
. Inclaria sp. I fuhstorferi I bilineata e 62
Locus A
12 3 4 5 6 7 8 9 Pegm-1a 5050 8
- b S50 50 15
Got-1 a 1.00 ¢ 1.00 50017 8 5 %
b 1.00 1.00 1.00 100 1.0 70 .10 d 30 50
C 300 90 1.0 e 50 AN 44
6Pgd a 70 1.00 Pam-2a 100
b 0 b 1.00
c 97 1.0 25 c 1.00 1.00 100 1.00 1.00
d 53 1.00 1.00 75 d 1.00O
e 47 1.00 03
Gp a 8 50
Gbpdh a 09 30 06 b 200 50 80
b 1.00 1.00 17 91 100 100 35 1.00 M4 c 1.00 1.00 20 1.0 1.0
C 23 35 d 1.00 1.00
Lap-1 a 1.00 * A, Allele
b .90 1.00 1.00
¢ .10 1.00 1.00 1.00 1.00 1.00
Lap-? a LOO Table 3. Genetic variations of nine populations of
b 83 0520 1.0 genus Incilaria
¢ 17 1.00 100 1.00 1.00 PH &
Pept a 07 10 Population N A %P Hp Hg
b 67 10
c 3B 88 1040 12 Inctlaria sp.
d .40 1L.OO .05 70 60 88 .
e 22 1.00 10 1. Mt. Chuwang 20 16 444 094 .157
2 D167 089 062
Mpi a 100 100 67 1.00 1.00 100 2. Mt Sunun o L2 167089 062
b 33 1.00 1.00 1.00 3. Mt. Naezang 6 16 266 176 254
2Gpd a o8 L0 1.00 4. Aerimok 21 14 222 098 .080
b S0 100 Average 145 3456 114 .138
c 1.00 1.00 .
d 100 100 42 100 I fuhstorjeri
= o o
Hbdh a L0 5 5. Mt. Naezang 17 12 111 118 .064
b .10 42 1.00 10 65 6. Mt. Chiri 3 12 167 074 .081
LS 010 Average 120 139 096 073
1 bilineata
Ao a 25 20 45 850 .
b 100 100 75 100 100 100 80 55 50 7. Aerimok 10 1.8 667 111 250
Est-1 a 100 .10 100 100 100 80 1.00 8 Mt Mudeng 10 14 444 161 175
b 90 100 20 1.00 9. Chuncheon-Shi 8 13 278 111 .106
Est-2 a 50 5 Average 150 463 127 177
42 67 50 1.00 1.00 1.00
c 58100 33 100 50 * A locus is considered polymorphic if the frequency
- of the most common allele does not exceed 0.95.
Est-3 a 07 L . .
b 93 1.00 Abbreviations @ N. No. of specimens, A; Mean No.
c 03 30 1.00O of alleles per locus, %P: Polymorphism per locus,
d 100 92 1.00 1.00 1.00 .70

HD; Mean of direct heterozygosity, HG, Mean of
expected heterozygosity
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Table 4. Rogers’

bRt S o] &(Incilaria)

ST EREH AT

(1972) coefficients of genetic similarity (S) (above diagonal) and Nei's

(1972) coefficients of genetic distance (D) (below diagonal) of nine populations

of genus Incilaria

1 2 3 4 5 6 7 8 9
Incilaria sp.
1. Mt. Chuwang 616 503 513 491 A5 524 431 484
2. Mt. Sunun 404 730 5h33 424 390 A8l 347 273
3. Mt. Naezang 596 211 02 ALD 335 O 02 256
4. Aerimok 615 618 384 A91 463 438 331 303

1. fruhstorferi

5. Mt. Naezang 678 870 830

6. Mt. Chin 904 940 1.097
1. bilineata

7. Aerimok 568 699 513
8. Mt. Mudeng 792 1031 890
9. Chuncheon-Shi 656 1325 1467

701 636 4p0 523 386

749 423 313 260 245

805 670 1.149 203 598
1.0% 574 1408 631 630
1237 919 1440 424 443

L fruhstorferi‘:f Lap-1, 29 Hbdh, Pgm-2, Gp oA,
I sp.s= Got-1, Hbdh, Est-3, Pgm-1, Gp8 ##a %
oA M oeidk dojgt Qb7 vtebwtth Table 29 i Y
A WIEE ot £ F4H ®ol HEF
& HHTable 3). Incilaria sp. 48¢e] 2 FA=G
Wyl v 16 (A-145) ol thg &el
77167 - 444% (P=34.56%)°i1 olddgA Hne
0.089 - 0.176 (Hp=0.114)c& WA FJoke] F4 4
Wol A&7t 7b wokuh [ fuhstorferi 2942 24 &
Aad @A 5 12 (A=12)eja dEge me
111 - 167% (P=139%)°l0] ol Ay Mk
0074 - 0118 (Hp=0.09%)°l" [ bilineata 33+
13 - 14 (A=15) o)x t}& &9 HIxE: 278 - 66.7%
(P=46.3%)°1 0.111 - 0.161
(Hp=01275 ol i Fe Yot
woEzke] S A oolrzl flsted 7 A
(Tdble 2E o] &3td
S)sk Nei(1972)¢] &
T8+ a1 (Table 4), Rogers(1972)¢]
(9% Edz UPGMAWHA uet
HAe A3Fig. 2) 2 W Hohe
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dendrogram

41 sl

48% W99 2 ey, 53 3
b, Al WA AF=AM A€ Incilaria®

2AAE

I bilineata®t [ fuhstorferi o1= groupoﬂ‘E %8} 7
e HYE EHFTUnclaria sp)E datdn}, sk
I fuhstorferi 229 dde] & 14 \J,“F‘_X]C 0.6350]

W 1 bilineata 349 Hel
B3 s F3 v A S vud dy
I bilineata®t I fuhstorferi Abol¥ $=03640]1 [
fuhstorferi®t Incilaria sp. Abol= $= 0427019, [
S=0.399% Incilaria
I fuhstorferiol 77t

F24

AR 0559

bilineata®} Incilaria sp. Abel&
sp. group®l I bilineata B¢+

& F48 FABAE eI D 30 FHT BF Y

Hol HEHEEEFA FNFEC =047 - 07
(Ayala, 19755t} stA vpelytc)
z

g Aol (slug) i sl ttel HHAl e dRurg

o szl ¥ ahs o gl AL} if—**“*Ol ol A K

2 AMah wrdel e, &89 94 §o F

.
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U

ol &4 C} (Kwon,1990). =l
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Incilaria. sp.
1. Mt. Chuwang
.559 .
2. Mt. Sunun
482 e ,
.729 3. Mt. Naezang
4. Aerimok
1. fruhstorferi
I 5. Mt. Naezang
6351 6. Mt. Chiri
.387 1. bilineata
7. Aerimok

.550 ’ 8. Mt. Mudeng

9. Chuncheon-Shi

Fig. 2. Dendrogram of nine populations of genus Incilaria based on Rorgers’(1972) genetic simuaiiy

coefficient(8).
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bilineata XY= I fuhstorferi®h 7178 §A% §of
G Ag Ay Este] FHa 1Y

BAE pEt FuW AT fAR W gYu

Limacidae(® F¥1 & HolB}) 24 352 F2 53 X sp.2 BVESY 538 AT Incilaria spyr 7Y
M FHE FAd" FEIY AFuigd uH3 YA A, WA Incilaria sp. groupT e
o] k. @iy Feko]l €41l Philomycidae group(S=0482)& FAate] M) Incilaria sp. 4ytol
(NG HBolFhe 2% bilineata, I fuhstorferi) < 4o 2702 groupl ® Y-ulElo] o] REatEel ek &)
A M Exo] Holg uehllo] e ¥ HEZ ]J Q ARl RN R/ Qs E owHiE g4
E M A8 YRYeR £ BHAH x5 AT L bilineatadt I fuhstorferiy= $-0.364, I
BHshed %8 ofeffol aloh weha ol g fuhstoreri®t Incilaria sp.y: 5-0.427, I bilineata®}
bR B 2 o) 14 2] & of] A 2 . — _ L

T AE ohp s Sl 7 A=K A Incilaria sp.v= $=0.399% Incilaria sp. group®l I
§l Incilaria®: 4%

d

£ aEa
%

2 A ]
dalst st Incilaria sp.v= FAAE dgela 1= A=145 uhd

Rogers( 1?72)9] A \:fﬁi](S-)%‘ Ed2 UPGMA Hel WEl Poadsetols ol@yea wEr f,
Wwiel W& dendrogramel A Incilaria sp. groups A
918 [ bilineata, I fuhstorfri £4 4o 32 01142 Yebt i, [ fuhstorferiv- A=1.2, P=13.9%,
ARSI S=055 - 06359 HAR ZIgE g Hp=0.096°1" [ bilineatat= A-15 P-46.3%, H,
o2 g Avise(1976)9] Tl A @zt £=Fol vz & =0.1272 el Selander(1976)2) &AM o4 o
i obF W FFog el Inclaria® i U T o] Folzl fodA el v ol fababelot

Hebzb FAA wolrr 48 BRETZon sy Tl vigdol iz Al Adams(1868Y8F Msllendorf!
Wk FE M Ui AlFEReM A (A883)7F =%, &8 n, AR oAl gFy shd u) i
Incilaria¥i = 1 bilineata$} 1. fuhstorferi © = group 9] slugs¥ 7153 o] 3 Kuroda(1939)1= 23 24 2%
o FalA i SPE BHIE @AY Inclaria Kang S(1971)> 23 2% 2% Yoo(1976)%= 23 24: 3

_ 34 -



At wld o) &(Incilaria) S4HHFe #FEH A
% Kwon# Habe(1979)% 23 24 3%, Kwon(198], [in Japanesel.
1990)& 23 3% 4Fog 7]AERL, Choest Buth, D.G. (1986) Locus nomenclature and enzyme

Yoon(1997)0] 2% 3& 5% o8 z+z; 7aistar gle,
AeHog HE AL Inclariad ol 9% V1A 8
Qi o F 2%Fo] [ fuhstorferidl otFEoR 7E
(Azuma, 1982; Higo and Goto, 1993)%(o] lv}. e}
M el of A h%%w NAso] elX ke ey
o) F7F MAlEil lg 7hEAdel woW 538 ¥ Ay
A A et Incilaria sp. groupell 3t F7hH <l

PEAA Ak ol woiHot @ Holtt,

Incilaria®; &3 # %o £FE A S 7AHAA
AU 10cHaAE L‘H"&Qfﬁ FHAEHY] FEHE o
st I fubstorferist I
bilineata £ el “YTX'I A Tdale $=0635%
S=05502 uvElyton olsl= HMER $=0.4829]

A 2d2E eh = Incilaria sp. group®] Ao
olZ9 RFHA el g F7F A7 8HU
oozt F7F §43H 2ARE L fukstorferist 1
bilineata ol $=03640l1l, I fuhstorferi®t
$=0.427, I bilineata®t Incilaria sp.©

$=0.3995 viebvb Incilaria sp. group I bilineata

g [ fukstorferiol 7t FHA §ABAE e

Incilaria sp.x=

Aok
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