&

o 474 o ¥ Do

o 5%

BRT

The Tha! Response to Biodiversity

FYIURTUANY T

tmomﬁiu m‘sﬁnmmwv\mnwa'\umoﬁuqnﬁwaoé”mm’m%ﬁnﬁhgm'.ju
(Hipposideros halophyllus) datuserduvaslneg
(The study of genetic diversity in roundleaf bat (Hipposideros halophylius),
a Thai endemic mammal)

-

Tﬂ!.l HA.AT. NWANT 16\731’1&]’1“1 Hasame

iquisn w.e. 2551



The Thal Response to Biodivarsly

R RR UG STTE FETEL

Tasam33dy nmsd@nsanamanuataneiugnssizasawarwindnsdoynila
(Hipposideros halophyllus) fatuszdrinuaslng
(The study of genetic diversity in roundleaf bat (Hipposideros halophylius),
a Thai endemic mammal)

-

Tas ue.as. nwnns [@TINGINT tazame

finuwiew w.a. 2551



FEURTUANYTOE

Tasen359n nwﬁnmm’mnmnvimsjmoﬁ'uqnsmﬂaaé‘mmmﬁ'\é’nﬁagnﬁu
(Hipposideros halophyllus) §a-iszsrduaasing

3

(The study of genetic diversity in roundleaf bat (Hipposideros halophyilus),

<

a Thai endemic mammal)

2 done

1. HRLAT. NUNNT laTInens amﬂuanﬁ'f’mmua:ﬁuqmamf
w1 ingnanudas

2. wingafia unlaseal soniwdseinmmaniuazinaluladuviadszmalng (2)

avuaunlassnislaglassmaiamiasdanai

uaz@nsmlspamidanminingnidainwluwlszinalng lasens BRT)



fAnfnsindszna

AmMIvY 'uwauqaﬂnwmwTeumaeffmwjua:ﬁnmu‘[umumsﬁ'ﬂmsm”wmnﬁ?’amw'lu

H9 o o a o & . A a o ¢

Usznelng  (BRT)  Alinuaivayunsidslasiniail  vsuqmanitueniringuaiugeand
wdnedbufiaa wazsaniisuingmaafussinalulafuiatszinalng (7)) Aldanwewaned

dganuEsan nlumsAnwnian

v & e o v & . e A v v & o
garoi ﬂm:vd'nﬂmatﬂuamwaﬂ nanmsannildannlassnisiandudsslomilunisne

o v o g, A - o a o . e :
uuumsamnﬁmom’mﬁ"lﬂnﬁwnqu mLﬂuamfﬂszmnunwumww;’tuﬂizmﬁ'lnu BU’IJU\‘ISHWB\lﬂ



unange

a A ! -~ a “v
mydnwiselasimisit funsdnmiensdanunainnaiemaiusnssnrassennwi
a . P o o a o a a i
dnsaynyy Fadudatuszrduvasdsznelneg T@nﬂ’l'&'msammuwuqnﬁu’ﬁu@'lﬂmufmmavlavfﬁ

a oo b g a & d9 va L3 P & L3 .
aanuuumnmamamaemam’mumaun‘l@mmmu’lujwwaga Tﬂﬂﬂ'ﬁﬂﬂtﬂ%% 'lﬂmm'squau

e'hazi'wf'f'mmmﬁ'ﬁJnﬁm‘gmlmhmu 135 G861997n 5 MUSInIRNeneU TINIRaNL3 wazdn 1

:‘ -~ el @ v » el L . ! 4’ S o« A o @ oA N

rnniedle Samtaassuh wasrnmafudreiraiiadaldtindreaufaianldlunsanadidu
a v o o ] . 19 g o ¢

1@ nnnmsAnienilasldiassmanawugnisy s nsamung Wyl asangrenthuazdrh

TaflanunannansnanugnIsuindngafinuunniga lurnzfiaqatnanitldaniinauaiy

o o . o ] i (1 { by ! s
'nmrmmumqwugnswnumnmamnmamamnmau‘] mnﬁqﬂ mummﬁmmmnmmﬂ’ma:m

L
r Mo o a : Yqwa & A a o S o
ehlouuag lilnadulwdnownananau fudnlddunuegudnouaniladalnasindnaug sanly

v ¥ a .

. P SV 7 {3 a [ o P o
uﬂﬂil')ﬂuu;a']UJWU'nﬂ"l\’ﬂ"nﬁn"ll@?ﬂuuu&lﬂ']'luﬂa’\ﬂ“ﬁ']ﬂﬂ']ﬂwuqt]??”@l']ﬂqﬂ‘ﬂ\)a"l‘ﬂluaﬁuﬁ‘il'lﬂ

q

Frwauntszrinsaanluviiimiillie gﬁaumnua:mmﬂumm q'lwﬁﬁamwauﬁuﬂ?mﬂ%@lu

: a o Y & 1Y v PURY a e & . v 2 v - S
ﬂ?:'ﬁqﬂitﬂﬂ'lnuvlﬂu']n'ﬂu ﬂ'l’u.lzllﬂ:'ﬂaﬂdﬂﬂ‘lﬂ‘flﬂnqsqfﬂﬂiﬂidn"ﬁu ﬂﬁ‘lﬂﬂiﬂummay‘muammma

o v a & = ' o v
ﬂ?’]&l“ﬂqn“aqﬂﬂqdwuqﬂsiu'ﬂ IANINNITUAY LLR:%:LU%U?:IU’&‘I%I an'ﬁ']'\duNuﬂ']Tai#?ﬂi;ﬂ']dﬂ'\')
&

v w ! o @ § v o a a o P | a a
mnunﬁagnQuLwaﬂaonu‘lu'lmamfﬂs:mnwuaa'l‘nmuﬂuijmwuﬂﬂluamﬂﬂﬁamwﬂs:anﬁmw

galy



Abstract

In this study, a total of 135 samples of Thai Roundleaf bat (Hipposideros halophyllus) were collected
from five caves located in Khao Samo Khonat, Lop Buri Province and one cave from Khao Sing To,
Sa Kaeo Province. Genetic diversity of the bats was analyzed using eight microsatellite markers
derived from DNA sequences of other bats species. The results showed that the closet relationship
was found to be the populations sampling from Ta-Pa Cave and Fa-Tho Cave, where located in
Khao Samo Khonat, while the population from Tai-Din Cave, Khao Sing To was the most diverge
from other populations and this may be due to the geological distance. Consideration the results of
hetero'zygosity, the bats from Tai-Din Cave had lowest heterozygosity than what found from bat
samples collected from other caves. This could be explained that less number of bat population at
Tai-Din Cave would result in inbreeding of the species. The results of the study contribute the
knowledge of genetic information of the Thai Roundleaf bat, which is Thai endemic mammal. Due to
the crisis of a sharp decline in the number of the Thai Roundleaf bat, our data will be useful for the

further planning to establish an effective conservation plan for this species.
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Executive summary
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(Hipposideros halophyllus) daidszin ?iwua\flnﬂ (The study of genetic diversity in roundleaf

bat (Hipposideros halophyllus), a Thai endemic mammal)

Introduction

The Thailand roundleaf bat (Hipposideros halophylius), a Thai endemic mammal, has been
c;tegorized as LOWER RISK, subcategory: Near Threatened (LR/nt) on the IUCN Red List. There
are currently three free living populations of Thailand roundleaf bat which are located in Khao Samo
Khonat, Lop Buri Province; Huai Kha Khaeng Wildlife Preserve Area, Uthai Thani Province and Khao
Sing To, Sa Kaeo Province. These areas are least over 130 km apart from each other. This may
prevent gene flow among those three populations. Therefore, the decreasing of genetic variation is
expected. The genetic diversity may be in the low level as same as other endemic organisms across

the globe. Consequently, the bat populations are susceptible to diseases and lower ability to adapt

to the environmental changes, which increases the risk of extinction.

Microsatellites have been identified and used for genetic studies of many organisms.
Comparative genome studies have shown that microsatellite primer sequences are often conserved
across related species and can be used for the development of markers in related species. Recently,
microsatellite markers have been developed for genetic studies of bats including Hipposideros turpis
or Bang's leaf-nosed bat which is classified in the same genus of the Thailand roundleaf bat. In this
study we applied microsatellite markers that have been developed from othe bat species to analyze
the genetic variation and diversity of the Thailand roundleaf bat from six different caves located in

Thailand.
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Objective
The objective of the project was to examine the hypothesis stated that “genetic diversity of Thailand
roundleaf bat is in the low level”. The project aims to evaluate the genetic diversity of the three

populations of Thailand roundleaf bat using microsatellite markers.

Materials and methods
A total of 135 the Thailand roundleaf bat bat samples were randomly collected from six different
caves in two provinces, Lop Buri and Sa Kaeo. The samples from Lop Buri province comprised of

<

30 samples each from Ta-Pa Cave, Fa-Tho Cave and Sa-Kea Cave, 10 samples from Ja-Dee Cave
[ ]

and five samples from Obb cave, while 30 samples were from collected from Tai-Din Cave, Khao-

Sing-To, Sa Kaeo province. Tissue samples of wing skins (4 mm in diameter) were taken from the

uropatagium for DNA extraction using Real Genome kit. DNA samples were then analyzed using

microsatellite markers derived from other bat species. Genotypic data was analyzed using TFPGA

program.,

Results and discussion

A total of 41 microsatellite primer pairs derived from.Hipposideros cervinus, Rhinolophus
hipposideros and Bang's leaf-nosed bat (Hipposideros turpis) were screened with 135 samples of
The Thailand roundleaf bat. Of these, eight primer pairs, Hce22, Hce15, Hce12 and Hceb developed
from H. cervinus, Rhd119, Rhd107 and Rhd103 from R. hipposideros and Msht9 from H. turpis
showed polymorphic patterns. The number of alleles per locus ranged from 2 (Hce22) to 15 (Hce12)
with an average of 7.75. Overall unbiased and direct count heterozygosity of each locus calculated
from 135 samples varied from 0.3483 (Rhd119) to 0.8459 (Hce12) and 0.2932 (Rhd119) to'0.7926
(Rhd103). For all six populations, the unbiased heterozygosity varied between 0.4095 (Tai-Din
Cave), to 0.7391 (Ja-Dee Cave) with an average of 0.5707 and direct count heterozygosity diverged
from 0.4500 (Tai-Din Cave), 0.6094 (Ja-Dee Cave) with an average of 0.5244. Analysis of
percentage of polymorphic loci using the 99% criterion showed that only bat population from Obb

Cave had 87.5% while other populations had 100.0%. The genetic distance according to NEl's
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(1972; 1978) ranged from 0.0300 (Ta-Pa 'Cave/Fa-Tho Cave) to 0.5926 (Tai-Din Cave/ Obb Cave).
Considering all di'stances measured, the closest populations were found to be the popuiations from
Ta-Pa Cave and Fa-Tho Cave, with the populations from Obb Cave and Tai-Din Cave being the
most divergent. In support of this analysis, the data from UPGMA also showed similar resuits.

The genetic diversity analysis results showed that the closet relationship was found to be
the populations sampling from Ta-Pa Cave and Fa-Tho Cave. This agrees that the two caves are
located nearby at Khao Samo Khonat, Lop Buri Province and thereforethe bats are more Iikély to
have an opportunity to be exchanged. On the other hands, the genetic relationship of the bats from
Tai-Din Cave was the most diverge from other populations and this° may be due to the geoloéical
distanee. Consideration the results of heterozygosity, the bats from Tai-Din Cave had lowest
heterozygosity than what found from bat samples collected from other caves. This could be
e;(plained that less number of bat population at Tai-Din Cave would result in inbreeding of the
species.

During our survey and sampling, bats were first painted with different colors according to
the cave where we initially found them. However, those bats were found again at different caves
nearby indicating that the bats not only live in one cave, but aiso move from one to another cave.
This information supports our results that genetic diversity of bat samples from different caves where
located nearby at Khao Samo Khonat, Lop Buri Province have‘ less divergence when compared to
the bats from Tai-Din Cave where located far form this area. The limitations that might affect to the
statistic analysis of this study was the number of the samples used. The number of bat samples
from the two caves, Ja-Dee Cave and Obb Cave was less than other caves, this was because there
was a few bats live in these caves. In addition, there was no the Roundleaf bat living in Huai Kha
Khaeng Wildlife Preserve Area.

This present study shows the utility of applying microsatellite markers developed from
different species of bat for the analysis of diversity and genetic relationships of the Roundleaf bat in
Thailand. It is the first report of the genetic relationship of the species in the world. The results of the

study contribute the knowledge of genetic information of the Thai Roundleaf bat, which is Thai
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endemic mammal. Due to the crisis of a sharp decline in the number of the Thai Roundleaf bat, our

data will be useful for the further planning to establish an effective conservation plan for this species.
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Figure 1. Three free living populations of Thailand roundleaf bat which are located in Huai Kha
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and Khao Samo Khonat, Lop Buri Province (3) 15
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. Introduction

The Thailand roundleaf bat (Hipposideros halophylius), a Thai endemic mammal, has been
categorized as LOWER RISK,' subcategory: Near Threatened (LR/nt) on the IUCN Red List. There
are currently three free living populations of Thailand roundleaf bat which are located in Khao Samo
Khonat, Lop Buri Province; Huai Kha Khaeng Wildlife Preserve Area, Uthai Thani Province and Khao
Sing To, Sa Kaeo Province (Figure 1). These areas are least over 130 km apart from each other.
This may prevent gene flow among those three populations. Therefore, the decreasing of genetic
variati.on is ekpected. The genetic diversity may be in the low level as same as other endemic
organisms across the globe. Consequently, the bat populations are susceptible to diseases and

lower ability to adapt to the environmental changes, which increases the risk of extinction.

Microsatellites have been identified and used for genetic studies of many organisms
(Osman et al., 2005; Chen et al., 2005; Selvi et al., 2004). Comparative genome studies have shown
that microsatellite primer sequences are often conserved across related species and can be used for
the development of markers in related species (Navani et al. 2001). Recently, microsatellite markers
have been developed for genetic studies of bats including Hipposideros turpis or Bang's leaf-nosed
bat Lazaro et al. (2002) which is classified in the same genus :)f the Thailand roundleaf bat. In this
study we applied microsatellite markers that have been developed from othe bat species to analyze

the genetic variation and diversity of the Thailand roundieaf bat from six different caves located in

Thailand.
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Figure 1. Three free living populations of Thailand roundleaf bat which are located in Huai Kha

Khaeng Wildlife Preserve Area, Uthai Thani Province (1), Khao Sing To, Sa Kaeo Province (2) and

-

Khao Samo Khonat, Lop Buri Province (3).

(Source: Google Earth, 2007)
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Objective

The objective of the project was to examine the hypothesis stated that “genetic diversity of Thailand
roundleaf bat is in the low level. The project aims to evaluate the genetic diversity of the three

populations of Thailand roundleaf bat using microsatellite markers.
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Matgria|s and methods

Experimental animals

A total of 135 bat samples were randomly collected from five different caves in two provinces, Lop
Buri and Sa Kaeo. The samplés from Lop Buri province comprised of 30 samples each from Ta-Pa
Cave, Fa-Tho Cave and Sa-Kea Cave, 10 samples from Ja-Dee Cave and five samples from Obb

cave, while 30 samples were from collected from Tai-Din Cave, Khao-Sing-To, Sa Kaeo province.

Tissue samples
Sampl'es of wing skins (4 mm in diameter) were taken from the uropatagium without killing the
animals, using a punch as described by Wilmer & Barratt (1996). The skins were fixed in lysis buffer

and stored at room temperature until DNA extraction.

DNA extraction
Genomic DNA was extracted from the skins using Real Genome kit ( ) according to the

manufacturers’ instructions. DNA concentration was measured by spectrophotometer and diluted for

50 ng/[AL. The samples were kept at -20 °c.

Primer design
Nucleotide sequences containing repeat regions of Hipposideros cervinus and Rhinolophus
hipposideros from GenBank database were used to design primers. The primers were designed

using http://wsmartins.net/webtroll/troll.html#. In addition, microsatellite markers specific to Bang's

leaf-nosed bat (Hipposideros turpis) that were reported by Lazaro et al. (2002) were aiso applied to

study genetic diversity of the roundleaf bat in this project.

Microsatellite analysis
Polymerase chain reaction (PCR) was performed according to Triwitayakorn et al. (2006) in a total

volume of 20 pl containing 50 ng of genomic DNA, 10 pmole each of forward and reverse primers,
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200 Um dNTP (Promega), 1X PCR Buffer, 15 mM MgCl,, and 1.5 U Taq polymerase (Promega).
PCR was acoomp'lished by 1 min at 94 °C, 1 min at primer annealing temperature and 1 min at 72
°C for 30 cycles. The PCR products were separated on 5% denaturing polyacrylamide gels and a
100 bp DNA standard ladder was loaded in parallel with the samples in order to estimate sizes of
the PCR products. The gels were visualized by silver staining according to Sambrook and Russell

(2001). The genotypes were scored manually.

Data analysis
The genotypic data were scored according to TFPGA format and ar;alysed by TFPGA program as

descried in Triwitayakorn et al. (2006) using TFPGA 1.3 (Miller, 1997) according to location.
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Results

A total of 135 samples of roundleaf bat were randomly collected from Ta-Pa Cave (30), Fa-
Tho Cave (30), Sa-Kea Cave (30) Ja-Dee Cave (10) and Obb Cave (5) which are located at Khao
Samo Khonat, Lop Buri Provifice and from Tai-Din Cave (30) located at Khao Sing To, Sa Kaeo
Province in Thailand. Wing skin of individual bat was collected. Genomic DNA was isolated from
wing skins and used directly in microsatellite analysis.

A total of 21 and 14 microsatellite primer pairs were designed from nucleotide sequences of
Hipposideros cervinus and Rhinolophus hipposideros, respectively ‘that reported in the GenBank
datab#se (Table 1). In addition, six primer pairs specific to Bang's leaf-nosed bat (Hipposideros
turpis) that were reported by Lazaro et al. (2002) were also included in this study. Polymorphic
pe;tterns were identified from the PCR products using primers Hce22, Hce15, Hce12 and Hce5
developed from H. cervinus, Rhd119, Rhd107 and Rhd103 from R. hipposideros and Msht9 from H.
turpis (Figure 2-9). The eight polymorphic microsatellite markers were analyzed on 135 samples that
collected from six caves.

The number of alleles per locus ranged from 2 (Hce22) to 15 (Hce12) with an average of
7.75. Overall unbiased and direct count heterozygosity of each locus calculated from 135 samples
varied from 0.3483 (Rhd119) to 0.8459 (Hce12) and 0.2932 (Rhd119) to 0.7926 (Rhd103) as shown
in Table 2. For all six populations, the unbiased heterozygosity varied between 0.4095 (Tai-Din
Cave), to 0.7391 (Ja-Dee Cave) with an average of 0.5707 and direct count heterozygosity diverged
from 0.4500 (Tai-Din Cave), 0.6094 (Ja-Dee Cave) with an average of 0.5244. Analysis of
percentage of polymorphic loci using the 99% criterion showed that only bat population from Obb
Cave had 87.5% while other populations had 100.0%. The genetic distance according to NEl's
(1972; 1978) ranged from 0.0300 (Ta-Pa Cave/Fa-Tho Cave) to 0.5926 (Tai-Din Cave/ Obb Cave).
Considering all distances measured, the closest populations were found to be the populations from

Ta-Pa Cave and Fa-Tho Cave, with the populations from Obb Cave and Tai-Din Cave being the

most divergent. In support of this analysis, the data with UPGMA also is shown in Figure 10.
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Conclusion and discussion

in this study, 41 microsatellite primer pairs were developed from different species of bat and applied
to genetic diversity study of the Thai Roundleaf bat. Of these, eight primer pairs were successfully
amplified and showed polymdrphic patterns among the samples. The genetic diversity analysis
results showed that the closet relationship was found to be the populations sampling from Ta-Pa
Cave and Fa-Tho Cave. This agrees that the two caves are located nearby at Khao Samo Khonat,
Lop Buri Province and thereforethe bats are more likely to have an opportunity to be exchanged. On
the other hands, the genetic relationship of the bats from Tai-Din C;ve was the most diverge from
other Populations and this may be due to the geological distance. Consideration the results of
heterozygosity, the bats from Tai-Din Cave had lowest heterozygosity than what found from bat
sa;mples collected from other caves. This could be explained that less number of bat population at
Tai-Din Cave would result in inbreeding of the species.

During our survey and sampling, bats were first painted with different colors according to
the cave where we initially found them. However, those bats were found again at different caves
nearby indicating that the bats are not only live in one cave, but also move from one to another
cave. This information supports our results that genetic diversity of bat samples from different caves
where located nearby at Khao Samo Khonat, Lop Buri Provjnce have less divergence when
compared to the bats from Tai-Din Cave where located far form this area. The limitation that might
affect to the statistic analysis of this study was the number of the samples used. The number of bat
samples from the two caves, Ja-Dee Cave and Obb Cave were less than other caves, this was
because there was a few bats live in these caves. In addition, we found that there was no
Roundleaf bat living in the Huai Kha Khaeng Wildlife Preserve Area.

This present study shows the utility of applying microsatellite markers developed from
different species of bat for the analysis of diversity and genetic relationships of the Roundieaf bat in

Thailand. It is the first report of the genetic relationship of the species in the world. The results of the

study contribute the knowledge of genetic information of the Thai Roundleaf bat, which is Thai
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endemic mammal. Due to the crisis of a sharp decline in the number of the Thai Roundleaf bat, our

data will be useful for the further planning to establish an effective conservation plan for this species.
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Table 2. Characteristics of eight polymorphic microsatellite markers. The number of alieles and
heterozygosities (unbiased and direct count) of each were calculated for 135 Thai Roundleaf bat

(Hipposideros halophyllus) individuals.

Locus # of alleles Unbiased Direct count heterozygosity.
. heterozygosity.
Hce22 2 0.5005 0.4593
Hceb 7 0.5184 0.4148
Hce15 7 0.6363 0.3630
Rhd119 5 0.3483 0.2932
Hee12 15 0.8459 0.6741
Msht9 10 0.5937 ) 0.4889
.th107 7 0.7622 0.7185

Rhd103 9 0.8321 0.7926
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