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ABSTRACT
Individual species within many taxonomic orders encounter difficulties in classification due to
variation in observations, and inaccurate morphological measurements. Limited studies have
been done to evaluate the molecular data of bats, particularly the Hipposideros genus in Borneo.
Polymerase Chain Reaction (PCR) and direct sequencing had been deployed to isolate and
analysis partial 12S rONA gene fragment from about 430 bp of the mitochondria genome. Fresh
samples were obtained from two caverns in Bau; the Wind Cave and Fairy Cave. Nine species
were captured and identified as Hipposideros ater, H. hicolor, H. dyacorum, H. ridleyi, H.
cervinus, H. galeritus, H. coxi, H. larvatus and H. diadema. Twenty-three samples were extracted
with only one negative result. Fourteen individual samples of various species were successfully
amplified by PCR although no sequence data was obtained from them in this study.
Keywords: Hipposideros, PCR, 12S rONA, mitochondria genome
A BSTRAK

Setiap spesis menghadapi kesulitan dalam pengelasan dalam taksonomi akibat kepelbagaian
dalam pemerhatian individu dan ukuran morfologi. Kajian terhadap maklumat moleclilar
kelawar jarang dijalankan, terutamanya bagi genus Hipposideros di Borneo. Kaedah
Polymerase Chain Reaction (PCR) dan penjujllkan bersiri telah digllnakan untuk mengasingkan
dan menganalisis sebahagian daripada gen 12S rDNA yang sebesar 430 bp dalam genom
mitokondria. Sampel-sampel diperolehi dua gua di Ball, iaitu Gua Angin {Wind Cave} dan Gtta
Pari-pari (Fairy Cave). Sembi/an spesis telah ditangkap dan dikenalpasti sebagai Hipposideros
ater, H. bicolor, H. dyaconlm, H. ridleyi, H. cervinus, H. galeritus, H. coxi, H. larvatus and H.
diadema. 23 sampel telah diekstrak dengan hanya satu keputllsan negatif. 14 sampel daripada
pelbagai spesis telah berjaya diamplifikasi melalui kaedah PCR, namztn tiada maklumat jujukan
yang dapat diperolehi dalam kajian ini.
Kata kunci: Hipposideros, PCR, 12S rDNA, genom mitokondria

,I

_=~

__ _

1.0

Introduction and literature review

1.1

Chiroptera
The order of Chiroptera is further divided into two distinct suborders:
Megachiroptera (megabats) and Microchiroptera (microbats) (Findley, 1993). The two
suborders not only differ in terms of food preference but also relatively in size and
morphology. Microchiroptera possess the unique ability to use ultra-sound echolocation
for the purpose of flight navigation and pursuit of prey. According to Payne and Francis,
larger ears with internal cartilaginous projection and elaborate structures of folds and frills
on the noses help to focus the ultra-sound pulses onto a smaller degree of space. The size
of microbats range from the smallest (Myotis mystacinus and Tylonycteris pachypus)
being only 35 mm (wingspan) to the largest (Cheiromeles torquatus) reaching 86 mm
(Payne and Francis, 1998). Nearly 88% species of bats are exclusively tropical, meaning
they only can be found in the tropical regions of the earth. From this number, 98 species
from 8 families live on the isle of Borneo, the third largest island (746, 337 km 2) in the
world, making up 40% of the mammal fauna on the island (Abdullah and Hall, 1997;
Lim, 1998).

1.1.1

Hipposideros genus
Although the genus Hipposideros (Old World leaf-nosed or roundleafbats) comes
under the family of Rhinolophidae, sometimes it is referred to as Hipposideridae (as
separate family of its own), as explained by Findley (1993). According to him, in their
respective family, Hipposideridae make up about 14% of the total bat species in terms of
population distribution. While most systematic studies have focused on the variation
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present in coding regions of the genome, there exist many other classes of DNA which
may also provide phylogenetic information. One increasingly controversial aspect of the
use of sensitivity analysis in phylogenetics is the implication (either explicit or implicit)
that stability or robustness of a clade or tree may somehow be indicative of accuracy of
the phylogenetic hypothesis against the morphological appearance of a species within a
genus.

1.2

Mitochondria DNA

Many experiments have been done using mitochondria DNA (mtDNA) as the
material to uncover ancient population histories, migration pattern and geographical
homeland. Extended species polymorphism is common for several generations as some
mutations in the mitochondria DNA tends to occur ten times greater rate than of the
nuclear DNA, making it suitable for the study of short term evolution and migrations
(Letellier et al., 1998; Singer et aI., 1991). Mitochondria are organelles that can be found
in cytoplasm of the eukaryotic cells, measuring 0.5 to 1.0 11m in diameter and nearly 7 11m
in length. In human, the mitochondria possess 16, 569 pairs of nucleotide, coding for
various product including small (l2S) and large (16S) ribosomal RNA (rRNA), 22
transfer RNAs (tRNA) and 13 polypeptide (Letellier et aI., 1998) (see Figure 1). There
exist many molecular markers which may provide phylogenetic information, with most
systemic studies focusing on the coding regions of the genome. Among these markers,
one belongs to rDNA of the mitochondria, which codes for ribosomal RNA within the
cellular structure. Although examples exist in which satellite DNA evolution does not
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follow a well-established phylogeny (Wichman et al. 1991), this component of the
genome has provided phylogenetic information for many other taxa (Amason et al. 1978;
Bogenberger et al. 1987; Amason and Widegren 1989; Tynan and Hoar 1989; Durfyand
Willard, 1990; Hamilton et al. 1990, 1992).

Figure I: Gene map of the mitochondrial DNA. The double strand of mtDNA consists
ofthe Heavy strand and Light strand. The shaded region shows the 12S rDNA gene marker.
Diagram was adapted from Fundamentals o/Genetics. (Russell, 2000)

Mitochondria DNA possess many markers that can be used for genotyping and
phylogenetic analysis. Some of the commonly used markers are 12S, 16S (Hoofer and
Van Den Busshe, 2001 ; Shouche and Patole, 2000), CO I (Nylander et ai., 1999), CO II
(Liu and Beckenbach, 1992) and Cyt b (Van Den Busshe et ai., 1993). mtDNA is passed
on to their progeny through the oocyte cytoplasm, otherwise known as maternal
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Methodology

3.1

Sample collection

-

-

Bat specimens were captured and the blood and tissue samples were obtained at
Bau Limestone area, more specifically, the Wind Cave and Fairy Cave. Since the genus
Hipposideros is small in size, harp traps and mist nets were used to make the capture,

with consideration given to the nocturnal behaviour of bats (Abdullah et al., 1997). Blood
and cardiac tissue samples were taken and stored in cryogenic vials containing
anticoagulant, i.e. EDT A. The samples were frozen over at the temperature of between 
20 to -70°C with the help of liquid nitrogen.

3.2

DNA extraction/isolation
All the DNA extractions from various types of samples were done by using the
Viogene Blood and Tissue Genomic DNA Miniprep System (Viogene U.S.A., GG 1001)
with minor modifications made to the protocol. For the blood samples, approximately 50
to 100

~L

of each sample were pipetted into a 1.5 mL microcentrifuge tube. this amount

was then increased to a volume of 200
Proteinase K and 200

~L

~L

by adding PBS buffer. A volume of 20

~L

of

of Buffer EX were added to each of the samples and vortexed.

The samples were then set to lyse in the incubator/ water bath at 70·C (30 mins). Total
volume of 21 0

~L

of absolute ethanol was added to the incubated samples and vortexed.

These mixtures were then applied to the Genomic DNA column and centrifuged at 8 000
rpm (2 mins). The filtrate was decanted, 500

~L

of Wash Buffer added and followed by

centrifugation at 8 000 rpm (2 mins). This process was repeated to wash the column. The
centrifugation process was extended for another 2 minutes at 13 000 rpm to dry the
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column. The Genomic DNA column was then transferred to a new 1.5 mL
microcentrifuge tube and eluted with 200 ilL of preheated ddH 2 0. The column and tube
was then centrifuge at 8 000 rpm (2 mins). Eluted DNA was then stored at -20°C.
For tissue samples, a few additional steps must be performed prior to the addition
of buffer EX, similar to the DNA extraction of genomic DNA from blood samples. 30 mg
of tissue (muscle or liver) was cut into small pieces and placed into a 1.5 mL
microcentrifuge tube before adding 200 ilL of Buffer LYS. A volume of 20 ilL of
Proteinase K was added to the sample with Buffer LYS and mixed immediately by
vortexing for 20 seconds. The sample is then set to lyse for 1 hour at 60°C and then
incubated or 20 minutes at 70°C to inactivate the Proteinase K.

3.3

DNA amplification/Polymerase Chain Reaction (PCR)

Partial 12s rDNA gene was amplified from the complete mitochondrial DNA
using the PCR (Saiki et aI., 1988) with the following parameters: 35 cycles of one time
initial denaturation at 98°C for 2 minutes followed by repeated denaturation at 94°C for

40 seconds, 56.5°C annealing (45 seconds) and 72°C extension (1 minute) (see Figure 2).
A final extension at

noc

for 7 minutes is added after the last cycle. Primers were

designed by Dr Edmund Sim and synthesized by OPERON Technologies, Inc. These
primers are 12SU (5'-AAAAAGCTTCAAACTGGGATTAGATACCCACTAT-3') and
12SL (5 ' -TGACTGCAGAGGGTGACGGGGCGGTGTTGT -3 ').
peR cocktail was prepared in the laminar flow, consisting of several solutions and

reagents (see Table 1). A 50 ilL PCR reaction mixture was prepared for each sample with
45 ilL volume of reagent mix and five ilL of DNA template and pipetted into each PCR
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tubes. A negative control was prepared each time to ensure the reagents were free of
contamination. This concoction consists of 45 IlL of reagent mix and 5 IlL of ultra pure

water. The PTC-200 Peltier Thennal Cycler was set to amplify the gene with the
following parameters: initial denaturation of 98°C (2 mins), 35 cycles of 98°C (40 s)
denaturing, 56.5°C annealing (45 s), and

n oc (1

min) extension followed by 1 cycle of

n 'c (7 mins).
Volume (p.1L)

Solutions/Reagents
Sterile ultra pure water

25.5

PCR buffer

5.0

25mMMgCh

4.0

10 mM dNTPs mix

1.0

25 pmolel)lL 12 SU primer

2.0

25 pmolel)lL 12 SL primer

2.0

Taq Polymerase

0.5

Table 1: peR reaction cocktail

98"C

94"C

2 mins

40 sees

72"C
1 min

72"C

7 mins

56 .5"C
Step 1

StepJ

45 sees
Step 2

Figure 2: PCR temperature parameter
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10"C
forever

3.4

Gel extraction
After electrophoresis, the gel slice containing the PCR product of interest was
extracted and purified using the Viogene's Gel_MTM Gel Extraction System (Viogene
Biotek Corporation, USA; EG 100 1). Approximately 90 ilL of samples were loaded into
each well of the agarose gel for electrophoresis. Sterile scalpel blade was used to excise
each of the gel slices and placed into a sterile 1.5 mL microcentrifuge tube before adding
0.5 mL GEX buffer to it. The whole tube containing the gel-buffer mixture was incubated
for 5 to 10 minute at 60 ·C to dissolve the gel. The flow-through was discarded after been
centrifuged for 1 minute. WF buffer (0.5 mL) was used to wash the column by
centrifugation. The washing process was repeated using 0.7 mL WS buffer for 1 minute
and the flow-through discarded. This was followed by an additional centrifugation at
maximum speed for 3 minutes to completely remove alcohol residue from the column. 50
ilL of Elution buffer was added to the centre of the membrane in the column after
transferring into a new 1.5 mL microcentrifuge tube and centrifuged for 2 minutes. The
eluted DNA was stored at -20 ·C for future use .

•5

DNA purification
PCR Purification process was done using the JETQUICK PCR Purification Spin
Kit (GENOMED GmbH, 410250). HI (400 ilL) solution was added to 100 ilL PCR assay
and mixed thoroughly. The mixture was loaded into the JETQUICK spin column and
centrifuged at 13 000 rpm over a period of 1 minute before discarding the flowthrough.
The spin column was inserted back into a new microcentrifuge tube and 500 ilL of
reconstituted H2 solution was added. The whole tube was recentrifuged for 1 minute at
e maximum speed. The JETQUICK spin column was placed into a new 1.5 mL
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microcentrifuge tube and 50 ilL of sterile water was added directly to the center of the
column. The microcentrifuge was spun at the maximum speed for 2 minutes to collect the
elution .
•6

Cycle Sequencing and precipitation
All cycle sequencing was performed using the DYEnamic ET terminator cycle
sequencing protocol using the DYEnamic ET Terminator Cycle Sequencing Kit
(Amersham Biosciences, US81050). The primers used for the cycle sequencing process
were identical to those used for PCR assay. However, concentrations of five pmolelllL for
both the upstream and downstream primers were used. The whole mixture was mixed as
shown in Table 2. The thermal cycler was set to carry out 28 cycles of denaturation at 95

°C for 20 seconds, annealing at 50 °c for 15 seconds and extension at 60 °c for 1 minute.
Reagents

Quantity blL)

Template DNA

3

Primer (5 pmol)

1

Sterile ultra pure water

8

Sequencing premix

8

Table 2: SequenclOg reaction mixture
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Results
DNA extraction
Blood and tissue samples were obtained from the genus Hipposideros originating
from Wind Cave, Bau on three separate field trips between July 2003 and October 2003.
Out of the 23 samples extracted, only one shows a negative result for total genomic DNA
(Table 3 and Figure 3, 4).
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Species

Result

Hipposideros cervinus

Positive

H. ater

Positive

H. dyacorum

Positive

H. ater

Positive

Collection

Location

Numbers
Bau04

Fairy Cave, Bau

I

Fairy Cave, Bau

Bau 89

Fairy Cave, Bau

Bau 95

Fairy Cave, Bau

Bau 96

Fairy Cave, Bau

Bau 97

H. galeritus

Positive

Fairy Cave, Bau

Bau 98

H. cervinus

Positive

Fairy Cave, Bau

Bau 116

H. ater

Positive

Fairy Cave, Bau

Bau 119

H. diadema

Positive

Fairy Cave, Bau

Bau 120

H. larvatus

Positive

Fairy Cave, Bau

Bau 121

H. cervinus

Positive

Fairy Cave, Bau

Bau 124

H. bicolor

Positive

Fairy Cave, Bau

Bau 125

H. bicolor

Positive

Fairy Cave, Bau

Bau 126

H. galeritus

Positive

Wind Cave, Bau

Bau 145

H. coxi

Positive

Wind Cave, Bau

Bau 147

H. larvatus

Positive

Wind Cave, Bau

Bau 148

H. larvatus

Positive

Bau 149

H. larvatus

Positive

Wind Cave, Bau

Bau 150

H. cervinus

Positive

Wind Cave, Bau

Bau 160

H. ridleyi

Wind Cave, Bau

I

I

Positive
I

Wind Cave, Bau

Bau 164

Positive

H. coxi
I

I

Positive

Wind Cave, Bau

Bau 165

H. galeritus

Wind Cave, Bau

Bau 166

H. cervinus

Positive

Wind Cave, Bau

Bau 168

H. larvatus

Positive

Table 3: Results of genomic DNA extractIOn from samples obtalOed from FaIry Cave and Wind
Cave with successful runs marked as 'positive' and failed reactions marked as 'negative' .
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Lane

I

2

3

4

5

6

7

.4--

Total
genomIc

DNA

Figure 3: Total genomic DNA of micro bats from Wind Cave, Bau.
Lane 1: 1kb DNA ladder, lane 2: Bau 04, lane 3: Bau 95, lane 4: Bau 116, lane 5: Bau 125 lane
6: Bau 160 and lane 7: 100 bp DNA ladder.

Lane I

2

3

4
4

Total
genomic

DNA

Figure 4: Total genomic DNA of microbats from Wind Cave, Bau.
Lane 1: 100 bp DNA ladder, lane 2: Bau 126, lane 3: Bau 145,and lane 4: Bau 164.
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Polymerase Chain Reaction
12S rONA mtDNA was successfully amplified for 14 of the samples for the genus
Hippo ideros (see Table 4 and Figure 5, 6).
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Location

Collection

Species

(!rr.I

Result

I

Numbers
Fairy Cave, Bau

Bau04

Hipposideros cervinus

Fairy Cave, Bau

Bau 89

H. ater

Positive

Fairy Cave, Bau

Bau 95

H. dyaconlm

Positive

Fairy Cave, Bau

Bau 96

H. ater

Positive

Fairy Cave, Bau

Bau 97

H. galeritus

Positive

Fairy Cave, Bau

Bau 98

H. cervinlls

Positive

Fairy Cave, Bau

Bau 116

H. ater

Positive

Fairy Cave, Bau

Bau 119

H. diadema

Positive

Fairy Cave, Bau

Bau 120

H. larvatlls

Negative

Fairy Cave, Bau

Bau 121

H. cervinus

Negative

Fairy Cave, Bau

Bau 124

H. bicolor

Fairy Cave, Bau

Bau 125

H. bicolor

Negative

Fairy Cave, Bau

Bau 126

H. galeritus

Positive

Wind Cave, Bau

Bau 145

H. coxi

Positive

Bau 147

H. larvatus

Negative

Wind Cave, Bau

Bau 148

H. larvatus

Negative

Wind Cave Bau

Bau 149

H. larvatlls

Positive

Wind Cave, Bau

Bau 150

H. cervinlls

Negative

Wind Cave, Bau

Bau 160

H. ridleyi

Positive

Wind Cave, Bau

Bau 164

H. coxi

Positive

Wind Cave, Bau

Bau 165

H. galeritus

Negative

Wind Cave, Bau

Bau 166

H. cervinus

Negative

Wind Cave, Bau

Bau 168

H. larvatus

Negative

Wind Cave, Bau

I

I

I

I

Positive

Positive

I

I

4: Results ofPCR from samples obtamed from Fairy Cave and Wmd Cave with successful runs of
PCR marked as 'positive' and failed reactions marked as 'negative'.
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Lane 1
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3
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peR product

..

Non- specific products

Figure 5: peR products at >400bp.
Lane 1: 1 kb DNA ladder, lane 2: Bau 97, and lane 3: Bau 98.

Lane 1

2

3

4

5

6

peR products

_ _ _+

500~y

Non-specific
products

Figure 6: PCR products at >400bp.
Lane 1: lkb DNA ladder, lane 2: Bau 120, lane 3: Bau 95,
lane 4: Bau 116, lane 5: Bau 147 and lane 6: Bau 160.

16

Gel extraction and purification
Gel extraction was used to isolate the peR products from primer dimer and other
non-specific products of the amplification process. All the 14 samples gave positive gel
extraction results after been visualized on agarose gel electrophoresis, thereafter been
stored at -20 o e prior to the next stage of analysis (see Figure 7).

Lane 1

2

3

..

500bp

Purified PCR products

Figure 7: PCR product without primer dimer.
Lane 1: lkb DNA ladder, lane 2: Bau 97, and lane 3: Bau 98

Sequencing
Unfortunately, of all the three attempts (10 samples) to sequence the peR product,
none has shown positive outcome.
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Discussion
DNA extraction
Samples obtained from the Bau trips (27 th July_3 rd August 2003, 29 th August-1 sl
September 2003, and 13-20th October 2003) were extracted using Viogene's kit. The
entire samples show positive results due to the proper storage in cryogenic vials
containing O.5M EDTA for blood and 98% ethanol for tissue samples, frozen in liquid
nitrogen immediately after obtaining it from the bats. Genespin and Eppendorf total DNA
extraction kits were tried and also produced the same results as compared to those
extracted via Viogene Kit and Protocol.

peR amplification
PCR amplification of total bat DNA with 12S rDNA primers yielded a partial
fragment of about 430 bp. The PCR parameter had been optimized previously for both
12S and 16S primers. The competence ofPCR depends on the general quality of the DNA
template, specificity of the primers, MgCh concentration, overall state of Taq polymerase
and the condition of PCR buffer (Newton & Graham, 1994).
The primers used in this study undergo non-specific amplification in PCR. This
condition reduced the concentration of viable primers for actual amplification works.
Products observed as bands of suspected primer dimer (note in Figure 5 and Figure 6) due
to the occurrence of non-specific primer hybridization. Trower et al. mentioned that the

optimum volume of the template for every PCR varies with each source and should be
acljusted accordingly (1996). It was found that five ~L of DNA template was insufficient

for PCR for the case of Bau 97, Bau 98, Bau 124, Bau 160 and Bau 164. The template
volume had to be increased to 10 ~L per reaction to achieve positive results. It is believed
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that the concentration of genomic DNA for samples Bau 97, Bau 98, Bau 124, Bau 160
and Bau 164 were much lower than other extracted samples.
Some of the results from the PCR may show faint or empty bands after gel
electrophoresis. The presence of PCR inhibitors may also produce these poor results. One
alternative method to correct this problem is to generate a secondary amplification for the
designing of internal primers for more specific results without the primer dimer.
Gel extraction and purification
Viogene's Gel Extraction kits were design to recover 50-70% of 100bp to 10kb
DNA from the agarose gel. Some gel extracted products may be viewed as smearing
bands upon the rechecking of the PCR product due to the residue of ethanol component or
other reagents left over after the extraction process. Normally, only those PCR products
that show the correct fragment size (about 430 bp) and exhibit bright bands are sliced
from the gel and followed by the extraction and purification step.
Cycle sequencing
This process involves the same delicate concept of Polymerase Chain Reaction in
a cycling format of the temperature, although in this form, dideoxynucleotides are been
inserted into each copy of the template at random. But since the following stage of
sequencing showed negative or non-specific results, some of the components of the
protocol should be addressed in follow-up studies. PCR-RFLP can be of use to assist in
sequence generation if the sequence of the gene fragment was known prior to standard
comparison and pre-determination of the type of restriction enzymes to be used. Partial

128 rONA gene fragment sequence is available for two Hipposideros species:
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Hipposideros cervinus (Accession no.:AY044801), Hipposideros galeritus (Accession
no.: U93054).

Conclusion
This study had been successful in isolating and analyzing of peR products for the

partial 12S rDNA gene for the genus Hipposideros although the effort to generate
sequence data was unsuccessful. The construction of phylogenetic tree could not be
accomplished as no sequence was obtained.
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