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Babylonia areolata is a common marine gastropod found wildly distributed in the Gulf of Thailand. In this investigation, the
variations in shell color patterns were found among the samples collected from eight sampling sites (Trat, Chanthaburi,
Rayong, Phetchaburi, Prachuapkhirikhan, Nakorn Si Thammarat, Songkhla, and Pattani). There were five different color
patterns described as brown, orange, white, rust, and dark-brown stripe. The brown samples were obtained from all sites. In
contrast, the dark-brown stripe samples were found only in the samples from Prachuapkhirikhan. The other three color
patterns commonly distributed on the West coast of the Gulf (from Nakorn Si Thammarat to Pattani), but samples having rust
color also occur in one site from the East coast (Trad). The genetic diversity and population genetic structure of this marine
species were investigated using ISSR markers. Forty nine ISSR primers were screened and four reliable and polymorphic
primers (UBC 814, UBC841 , UBC845, and T8707) were obtained and used. After, the investigation on genetic variation of
two hundred and three spotted babylon samples from seven sites (Trat, Chanthaburi, Rayong, Phetchaburi,
Prachuapkhirikhan, Nakorn Si Thammarat, and Songkhla), twenty-seven DNA bands can be scored, of which twenty-four
were polymorphic (88.89%). High genetic diversity, at species level, was found (PPB: 88.89%, H: 0.2329, I: 0.3563). The
highest and lowest genetic diversity within population were detected in Trat (PPB: 74.07%, H: 0.2380, I: 0.3572) and Nakorn
Si Thammarat (%PB = 40.74, H = 0.1163, I = 0.1800) respectively. Pairwise genetic distances among populations ranged
from 0.0145 to 0.1276. UPGMA dendrogram based on Nei’s genetic distances divided the populations of B. areolata into two
groups, the upper area (Trat, Chanthaburi, Rayong, Phetchaburi, and Prachuapkhirikhan) and the southern area of the Gulf
(Nakorn Si Thammarat and Songkhla). The hierarchical analysis of molecular variance tested by AMOVA showed significant
genetic differentiation among the populations (Fst: 0.2602, P<0.0001), among populations within group (Fsc: 0.1505,
P<0.0001) and among regions (Fct: 0.1291, P< 0.049). Mantel’s test showed high correlation between genetic distances and
geographical distances (r = 0.6289, p=0.008). High genetic differentiation among the populations can be effected by high
genetic variation within populations, caused by various sources of larval supply or specific-local selection. The genetic
structure between the populations in the upper and the South area of the Gulf of Thailand, found in this study, is useful

information for the conservation of this marine gastropod species.

Keyword: Babylonia areolata, genetics, diversity, population
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2.3 ISSR-PCR
ISSR primers §MiMNAAOUNUAI0819M0M MU Tag]d PCR condition Mtilounuasiife lu Ufnser PCR
nu5uas 25 wul 152AUAIY 1x PCR buffer (Fermentas) 2.0 mM MgCl, 0.25mM DNTP’s 25 pmol Primer 1 unit Tagq

polymerase (Fermentas) 118 10-20 ng DNA template PCR cycle 1/52n9U@28 95°C 5 W1Hi @U@0 45 50UU04 95°C 45



U 45°C 45 3 waz 72 °C 2 W1 WA 72°C 10 WA HI9IANINATD ISSR primers 1A 1AW primers 7111
1 k4 4 ' 1]
ISSR profiles NMAI19zesntim g lunmsdnynsailld 9zgnminmlsy PCR condition 1o 1% 14 ISSR profiles 7
F k4 '
Farnudu Taoez15uTud11v94 anncaling temperature tag ANUIANTUVDS MeCL 1H1TL Wismesdrduas Tusy

ileenninaneudarieedelfizer PCR
HAWAAYDI ISSR PCR 11 18A52015nA2073 gel electrophoresis Tagnanana 251 9gARauiy Sul loading
d 2 4 Y d 2 4 =}
buffer (Orange G 11 40 1losiyua Glycerol) ua Ivanaslu 2.0 Weosidua Agarose gel (a3 100bp DNA ladder (Hyper

Ladder 11, BIOLINE) iilu DNA inasgiulumsvenvinavesnanaaPCR Tagldnnudisdnd lvihi 100 Thad

d
2.4 myAnsIzHYOYa

HoyagniAususwIugduuuvesmsiivas lufiunuves ISSR profiles Hgzunndedaiaun Tuudaz
primer TAg@1aY 1 UnUMSHUOU 1ag 0 unumMs 1itiuou 1A gene diversity (Nei, 1987) Shannon’s information index
(Lewinton, 1972) pairwise genetic distances (Nei, 1972) t4a1g coefficient of genetic differentiation § «n91529105
Fanua (Gst) (Nei, 1973 ) aunsailsziin @ Taonouiumes 115unsy POPGENE (Yeh et al., 1997) 9oy Pairwise
genetic distances 929MYIINAT AL IMILAAIANNAUITUTNITUENTTNUDIL/T23INTHOBN MU (dendrogram) Tao1d
Phylip (Felsenstein, 1989) uaz 11/50n5Y Treeview (Page, 1996) Qnﬁmﬂﬁfﬂummﬂm Tree file L‘ﬂu dendrogram 13
#1529 NUFUWUT VDI genetic distances 11 geographical distances 1315091 1dA7875 Mantel’s test (permutation
10000 ﬂ%ﬂ) Tagl¥neuiunes 1Usunsy Arlequin version 3.01 (Excoffier et al., 2005) t’?m%”wffay‘a geographical

distances 1A0InmMsinszezvinailndngaszrinaszanns lagld Tsunsn Google Earth

o w eaz’ v o d 1 o a 14 as
ARUTUANUTURUENIAUFNTTUU091 529105 (Hierarchical relationship) 9291115310512 HAGIT
Analysis of molecular variance (AMOVA) Iag1¥nouiianes 1151534 Arlequin version 3.01 TasagIins1zrau
Fa
HANAINRUEATTUTZH91T29N TR (among population) taziiilszrnsesmilu 2 nquie (aTa
[ ~ 1 @ ~ ~ A v I U J
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3.2 ManAaIIHUFNITN

mianam RTINS uiaiiasnasnuiinly lu 95 1Wafifud ethanol saninvildlasis

Q/ { e Y v = Ag 1 V a2 Q/ { v
CTAB extraction miwuﬁqmsuﬁaﬂﬂvlﬂﬂaumamqm WATAINING (liuansin) Iﬂyﬂ‘smmmiwuqm‘mmm:

agjfiulszanas 50-100 ng/ul (9317 4)

23130 bp (238.4ng)—
9416 bp (97.1ng).
6557 bp (67.6ng)
4361 bp (45.0ng)—1

2322 bp (23.9ng)
2027 bp (20.9ng)

o

s
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3.3 ISSR-PCR

NMINATOU ISSR primers 31UIU 49 primers (A1319913) AUAIDHNNHBINIIU 5 A20619 WU ISSR primers
A o ) = v . o v ~ v o o o A o . o o
Azt lglumsane1a 8 primers aaaad 13 lua13199 3 (@16nB51809) 11699109111 ISSR primers 1719 8 1115

.. A A . aq 9 Ao 1t = A o
PCR condition IHa®IWYJ 4 primers 14 1SSR profiles N¥ALIU waz lifimsasuuasves ISSR profiles BUNITN

aaa :’ v 1 a A a J aaa ) @ 1 . 4 P A
U{ATe1 PCR dhnusodrudy (9317 5) Taenisiimesveeljnsen PCR dmSuuaaz Primer lauaas 13 luaisiei 4

A13197 3 ISSR primers N 1¥naaoy

i '
A A

GRGST ¥ Meuua (5°-3°) | a1eu ¥0 AU (5°-3%)
1 UBC809 (AG)8G 26 T8711 (CATYG
2 UBCS811 (GA)8C 27 T8712 (GA)SAT
3 UBCS827 (AC)8G 28 T8&713 (CTBG
4 SAS1 (GIG)4C 29 T8714. (GT)6RG(CT)8T
5 SAS3 (GAG)4C 30 T8715 (GA)6C
6 UBC814 (CT)8TG 31 T8716 (cAa6C
7 844A (CT)8AC 32 T8717 (CA)6T
8 844B (CT)8GC 33 T8718 (GA)6T
9 17898A (CA)6AC 34 UBC-813 (CT)8T
10 17898B (CA)6GT 35 UBC-814 (CT)8A
11 17899A (CA)6AG 36 UBC-824 (CT)8G
12 HBI2 (AC)3GC 37 UBC-845 (CT)8RG
13 HBI3 (GAG)3GC 38 UBC-840 (GA)8YT
14 HB14 (CTC)3GC 39 UBC-848 (CA)8RG
15 HBI15 (GIG)3GC 40 TLO1 (CAG)5
16 T8701 (CT)SRA 41 TLO2 (CAA)5
17 T8702 (AG)7YC 42 TLO3 (GACA)4
18 T8703 (GT)6YR 43 TLO4 (GATA)M
19 T8704 (GT)6AY 44 UBCS812 (GA)SA

20 T8705 CAA(AG)5 45 UBCB826 (AC)8C
21 T8706 GGGC(GA)8 46 UBC841 (GA)8YC
22 78707 (GAG)4RC 47 UBC857 (AC)8YC
23 T8708 (GA)TRG 48 UBCR818 (CA)BG
24 T8709 (GT)7YG 49 UBCR868 (GAA)6
25 T8710 (ca)7YC

14



A15191 4 ISSR primers ¥ 1SSR profiles 4 Annealing temperature ANUANTUUD MgClzﬁmmzau

@M VLAag Primer 31421101 DNA 31124 polymorphic bands (PB) LazuU1Av0INaNan PCR

1000 —
800 —3

300—

Primers GRSIBIG Annealing AN Y U | NUIUPB | VA0
(5°-3”) temperature | MgCl, (mM) | (181 DNA NaKan

‘c) ‘ﬁz SNl PCR (bp)

UBCS814 (CT)8TG 52 2.0 6 5 440-1100
UBC841 (GA)BYC 58 2.0 6 6 570-1000
UBC845 (CT)8RG 54 2.0 8 8 270-900
T8707 (GAG)4RC 51 2.0 7 5 390-630

f VU

1000
800

M1 2345678 910111213 141516 171819

f

1000—»
800—»

30—

-

————

M1234567891011

e
nl.l
“wnm

FEI?;: 51617 1819

:ﬁnwun

N

100!
800

300—M

M12 3 45 67 8 910111213 14 151617 1819

e W Ry = -

ﬂﬁ 5 ISSR profiles vodlnses (primer) 814 (n) 841 (v) T8707 () oz 845 (3) (M= 100bp ladder DNA marker

(hyperladder) 1-19 = ISSR profiles Y94AI0819110INNULAAZ A0 )
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34 ﬂ?]ﬂﬂﬂ]ﬂ‘ﬁﬂ]ﬂﬂ]ﬁﬁuﬁﬂiﬁu

Y
11NMIF159ANURAINHAWNWAUFNITTUVBIHBENNUNIHA 203 A9 910 7 152903 §287T ISSR
Y
WD TUOUDNA 919119 27 491 1HA210 ISSR primer 4 A7 TA8YUIAVOIDVDNA 852119 270 D3 1100 Frvel uazd]
o a 4 =~ o A Y
24 wouanianun vienmilu 88.89% N1# polymorphism AWHAINKAIWNINWUENT5Y (gene diversity) HAWMINY

0.2318+0.1959 112 Shannon’s information index NAUNINY 0.35540.2645 (99115199 5)

minfinsanlussdudszrnsnuiulesiFudueaauDNA A polymorphism vz0g 14 40.74%
74.07% ANURANUAWNNHRUFNTTY gene diversity (H) 011579 0.1163=0.1732 019 0.2385:0.2124 1182 Shannon’s
information index (I) 0¢11473 0.1800-0.2544 114 0.3572£0.2821 Tavilszninesrnuiiinnuranaionia
ﬁuﬁﬂiilllﬂﬂﬁq’ﬂﬁﬁ) 1523175910 9MIAAT1A (%PB = 74.07, H = 0.2380+0.2029, I = 0.3572+0.2821) dualsznnsd
ﬁmmwamwmamw‘i’uﬁﬂsiuﬁwﬁqaﬁa U523n591NMIAUATATBTTUIY (%PB = 40.74, H=0.1163+0.1732, 1 =

0.1800+0.2544) (9013197 5)

M9 5 mmwmﬂwmﬂmw‘w”uﬁﬂﬁimawaﬂmm B. areolata (PB: polymorphic bands, H: gene diversity

(Nei, 1987, I: Shannon information index (Lewinton, 1972))

Uszanns $mau o | wesidud H I
{19819 (A7) PB PB (%)
AR 29 20 74.07 0.2380-+0.2029 0.357240.2821
TUNYS 26 17 62.96 0.2064+0.2101 0.3080+0.2950
52009 33 16 59.26 0.1708+0.1934 0.2621+0.2752
W13 34 18 66.67 0.2142+0.1999 0.3244+0.2802
UszanAsius 31 19 70.37 0.2385+0.2124 0.3526+0.2969
UATATFITUTIY 22 11 40.74 0.1163+0.1732 0.180040.2544
A9 28 13 48.15 0.1361+0.1866 0.2088+0.2685
52U 203 24 88.89 0.2318+0.1959 0.3554+0.2645

Y o ¢
35 Iﬂﬁ\?ﬁ§1ﬁw1~!ﬁ'ﬁ1ﬁﬂiﬂ§$qﬂﬂi

INMSANHIANUUANA NN WA UEFNTTHVDIUTEHINTHOINITM WU A1 coefficient of genetic differentiation

a1 [ <3 J o J ~
(Gst) Taumiiy 0.1810 ueraalviiug1 anuulssaumaiugnssu (genetic variation) 52119152510 HOEHUN
3 o = c?;‘ dyd 1 d! Y [ d' kY d' [
wimsdislumsdnensaiifioglszun 18 % Faaeandeenunai 1910 AMOVA fidasnuIANA1INIg

Y
NUFNITNOENUNedRY (p<0.001) 351Nz INTHREVNUNIMUA HazINdadIUVDIANULLTTIUNN
Ea

o o I o [l o 1
NUFNITUNIHNA Uszunar 20% udadiuved AuulssIuMInugNs s (genetic variation) 55MIN5E3INTHOEY

Y v
M21U913 7 132%105 (among populations) (99135197 6)

16



v F
M319N 6 Analysis of Molecular Variance (AMOVA) U93198¥31U B. areolata luszausennalsemnsnaviua

Source of variation d.f. Sum of squares Variance components Percentage of variation P-value
Among populations 6 136.270 0.69102 Va 20.19 <0.001
Within populations 196 535.296 2.73110 Vb 79.81

Total 202 671.567 3.42212

AMUHNNNWUFNTTN (genetic distance) HADYIZNIN 0.0145 54 0.1276 Ty ANUHNNNAUFATTNTZHIN

Y5230 IUNYI AUV BAIANUHRNNAUFNTTUNINNGAAD 0.1276 AIUTEHINUTZINTNNTZERIN

S A 1 1

{ a i o 1 o 4 v o
313 IamaniosNgane 0.0145 (9a13197 8) 1Hp11AIAINA1INIES 19 dendrogram 1NELAAIANNTUNUTVD
1 a 1 1 IS 1w 1
15291nIHOENNUND N ‘]Jiz‘]ﬂﬂi"UEN‘H’E'JEJ‘H’J']’L!GI,L!TJE'L’JmﬂTJll‘VIEJL!,Uﬁ’E]E]ﬂHJu 2 NQUFALIU Iﬂﬂﬂqmuiﬂﬁﬂﬂizﬂﬂﬂi
v
@ 1o [ adt o J @ @ = ' @ @ )
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