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Abstract:

Analysis of mitochondrial DNA from dung samples can provide information about the
maternal lineages of groups of wild Asian elephants in Thailand. In this Student Research
Project (SRP) 98 DNA samples collected from dung in Kaengkrachan National Park (western
forest complex of Thailand) and 58 samples collected in Phukieo Wildlife Sanctuary (eastern
forest complex of Thailand) were used for mitochondrial DNA analysis.

After testing several primers pairs it was decided to use the MDL5 and MDL3 primers
that were also used by Fernando et al. (2003(a)), because these primers gave the best
sequencing results. A 570 bp fragment of mitochochondrial DNA that includes part of the d-
loop region was analyzed using PCR amplification and sequencing.

In Kaengkrachan National Park 4 mitochondrial haplotypes were identified: BN/HT01
(n = 16; 16.33%), BH/HT05 (n = 35; 35.71%), BQ/HT07 (n = 39; 39.80%) and haplotype
AE_ AH/HT02 (n = 8; 8.16%). In Phukieo Wildlife Sanctuary 4 different haplotypes were
found as well: BH/HT05 (n = 8), haplotype AE_AH/HT02 (n = 44) and AB/HT04 (n = 4).
One sample from Phukieo Wildlife sanctuary displayed a haplotype that had not been
reported previously by Fernando et al. (2003(a)) and Fickel et al. (2007). This could be a new
haplotype: New HTA (n = 1). Heteroplasmia was found in one sample from Phukieo Wildlife
Sanctuary. Haplotype AE_AH/HT02 and New HTA were both present in this sample. The
presence of heteroplasmia indicates that the haplotype New HTA is most likely a recent
mutation. It was not possible to do a quantitative analysis of the data collected in Phukieo
Wildlife Sanctuary, because no selection of samples was made. All collected samples were
analysed, so there is a possibility some individuals were sampled more than once. In the
samples taken from Kaengkrachan National Park the assumption was made that each sample
was taken from a different individual, based on the method of selecting samples for analysis.

The haplotypes that were found in this SRP correlated with haplotypes found by both
Fernando et al. (2003(a)) and Fickel et al. (2007), with the exception of the newly found
haplotype New HTA.

The presence of haplotype BQ/HT07 (which had previously only been identified on
the Malaysian peninsula by Fernando et al. (2003(a)) in the western forest complex, but not in
the eastern forest complex indicates there may be some geographical influence on the
distribution of mitochondrial haplotypes within Thailand. However, the evidence that was
found in this project for a geographical influence was inconclusive and further research
remains necessary.

The information gathered on the d-loop haplotypes was combined with the
information that was gathered on cytochrome b haplotypes by Helmie van Lith in her SRP.
Combining this information can contribute to understanding the phylogeny of d-loop
haplotypes in the Asian elephant.

The data gathered in this SRP made a contiburtion to the database of genetic
information on the population of wild Asian elephants in Thailand. This data can be used for
further genetic research on Asian elephants and may help to design future conservation
programs for the species.

Keywords: Asian elephant, Thailand, mitochondrial DNA, D-loop, haplotypes, genetic
management
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Introduction:

About Asian elephants:

The Asian elephant (Elephas maximus spp) is the largest terrestrial mammal in Asia. It is
smaller than the African elephant (Loxodonta africana). Only male Asian elephants have
large tusks, though many adult males are tuskless. Female Asian elephants seldom have
visible tusks. Asian elephants have relatively smaller ears than African elephants. The total
body length of Asian elephants ranges from 5.5 to 6.4 meters, the shoulder height ranges from
2.5 to 3 meters. Male Asian elephants can weigh up to 5,000 kilograms.1

The Asian elephant is an endangered animal and listed on Appendix I of CITES.2

There are 3 recognised subspecies of the Asian elephant: Elephas maximus sumatrensis,
Elephas maximus maximus and Elephas maximus indicus.

The Sumatran elephant (Elephas maximus sumatrensis) is the smallest of the 3
subspecies. It can be found only in Indonesia. The population is estimated to be about 2,440
to 3,350 individuals.

The Sri Lankan elephant (Elephas maximus maximus) is the largest of the 3
subspecies. This subspecies lives on the island of Sri Lanka. The population in the wild is
estimated to be about 3,360 to 4,400 animals.

The largest population of Asian elephants consists of Indian elephants (Elephas
maximus indicus). There are an estimated 20,000 to 25,000 individuals left in the wild. The
Indian elephant inhabits a wide range of territories in South and Eastern Asia. The Indian
elephant is the subspecies of Asian elephants that is present in Thailand.1

In 2003 Fernando et al. proposed to add the Asian elephant population of Borneo as a
fourth subspecies (Elephas maximus borneensis), after analysing both mitochondrial DNA
(including a part of the d-loop region) and five autosomal microsatellites in 20 Borneo
elephants. They found evidence that Borneo’s elephants are genetically distinct from the other
subspecies of Asian elephants. This supports the hypothesis that Borneo elephants colonised
Borneo in the Pleistocene and that the population was isolated afterwards and that they are not
descendants from Asian elephants imported from the mainland by man. Fernando et al.
(2003(a)) however agreed that further genetic and morphological research is necessary before
the Borneo elephant can be classified as a separate subspecies of the Asian elephant.

In 1998, 2,257 domestic elephants were registered with the Department of Livestock
Development in Thailand. Since the government has banned logging in 1989 to preserve the
remaining forests, most of these elephants lost their jobs and are now employed in the tourism
industry.3

Presently, Thailand holds an estimated 1800 to 25004 wild elephants distributed over
six separate areas: the western forest complex (including the Kaengkrachan National Park)
(1000-1200 individuals), Petchaboon Mountain (350-450 individuals), Dongphayayen
Mountain (250-350 individuals), the eastern forest complex (including the Phukieo
Wildlife Sanctuary) (200-300 individuals), Klongsang-Khaosok (50-100 individuals) and
Hala-Bala (20 individuals).

1 World Wildlife Foundation: www.panda.org; Asian elephant fact sheet 2006
2 Convention on International Trade in Endangered Species of Wild Fauna and Flora: www.cites.org
3 Food and Agriculture Organization of the United Nations: www.fao.org; Giants on Our Hands: Proceedings of
the International Workshop on the Domesticated Asian Elephant
4 Estimate taken from a lecture by Assoc. Prof. Dr. Parntep Ratanakorn made during the 2008 International
Elephant Conservation and Research Symposium: ‘Asian elephants in Thailand’
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There are various threats to the wild Asian elephant population in Thailand. Human-
elephant conflicts claim the life of several wild elephants and humans each year.
Fragmentation of forests and the introduction of livestock into the forest edges lead to a
decrease in the space that is available for the habitat of elephants, and an increased risk of
catching diseases such as Foot and Mouth Disease from domesticated animals.5 Habitat
fragmentation often leads to a higher degree of inbreeding, because it restricts the gene
flow between the different populations of Asian elephants. Inbreeding threatens the long-
term viability of these populations via decreases of fertility and resistance to disease. An
understanding of parentage, kinship, sex ratio, population size, genetic subdivisions and
the distribution of genetic diversity is necessary to facilitate the development of adequate
conservation and management strategies.

5 Information taken from a lecture by Assoc. Prof. Dr. Parntep Ratanakorn made during the 2008 International
Elephant Conservation and Research Symposium: ‘Asian elephants in Thailand’

Fig.1: Forest cover map of Thailand
(Source: www.learnnc.org)

Phukieo Wildlife
Sanctuary

Kaengkrachan
National Park
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Several approaches can be used to analyze the genetic diversity of Asian elephants:
1) Microsatellite genotyping.
2) Paternal lineages based on Y-chromosome variation.
3) Maternal lineages based on Mitochondrial DNA (mtDNA) variation.

DNA contains many repetitive sequences such as microsatellites or simple-sequence
repeats. These can be used as genetic markers to study inbreeding, kinship, migrations,
bottlenecks etc. within and amongst populations of elephants. Especially in African
elephant populations, several researchers (e.g. Whitehouse and Harley 2001; Comstock et
al. 2002; Nyakaana et al. 2002; Wasser et al. 2004; Okello et al. 2008), have used this
technique, but some studies have also been published on Asian elephants (Vidya et al.
2005, Fernando et al. 2000, 2003(a)).

Because only a restricted number of bulls participate in reproduction, Y-chromosome
variation within a population tends to correlate well with geography and directly indicates
demographic processes such as introgression, migration and isolation.

Asian elephants live in matriarchal societies consisting of family groups of several
related females and their (juvenile) offspring. Males leave these groups when they reach
puberty (Fernando and Lande 2000; Vidya and Sukumar 2005(a)). Mitochondrial DNA is
passed to offspring by matrilineal inheritance of mitochondria via the oocyte. Fernando et
al. (2000, 2003(a)) identified 27 different haplotypes within the Asian elephant population
by sampling over three hundred elephants from Sri Lanka, Bhutan/North India and
Laos/Vietnam, Malaysia, Thailand, Bangladesh and Cambodia. These haplotypes
clustered into two well-differentiated assemblages/clades, α and β. These assemblages
corresponded to the clades that were found by Vidya et al. (2005) by mtDNA sequencing
and analysis of microsatellite data. Fleischer et al. (2001) also found these two distinct
assemblages by sequencing mtDNA. Another group of researchers, Fickel et al. (2007)
looked at the distribution of haplotypes and microsatellite alleles in the Asian elephant
population of Thailand. They looked at the variable mitochondrial control region (d-loop
region) of 78 domesticated elephants from 8 different locations in Thailand. They found
20 different mitochondrial haplotypes divided into separate α and β clades. They used
blood samples as their source of DNA.

Other researchers have used mitochondrial DNA to study the evolution of several
different species of animals, including the Asian and African elephant and the woolly
mammoth (Mammuthus primigenius) (e.g. Yang et al. 1996; Thomas et al. 2000; Eggert et
al. 2002; Roca and O’Brien 2005; Rogaev et al. 2006, Gilbert et al. 2008). The results
however, are not always in accordance with each other. Some researchers found the
woolly mammoth to be closer related to the Asian elephant, while other researchers found
that it was closer related to the African elephant.

Analysis of mtDNA has also been used (Eggert et al. 2002), amongst other techniques
such as analysis of nuclear microsatellite DNA (Roca et al. 2001; Comstock et al. 2002)
and morphological studies, to demonstrate that there are two different species of African
elephant: the savannah elephant (Loxodonta africana) and the forest elephant (Loxodonta
cyclotis).

About this Student Research Project (SRP):

The aim of this project is to reach a better understanding of parentage, kinship, genetic
subdivision, sex ratio, population size and the distribution of genetic diversity within the Thai
elephant population by analysing mitochondrial DNA from the d-loop region. This
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information can help to design future breeding programs and help to preserve genetic
variation within the wild Asian elephant population in Thailand.

For this research project mitochondrial DNA is isolated, because there are many
copies of mitochondrial DNA per cell, whilst there is only one copy of nuclear DNA in each
cell. I chose to focus on the d-loop region for this research project because it is a non-coding
control region of mitochondrial DNA. It is not a gene. The d-loop region does not code for a
protein product, so there has been no evolutionary need for strict preservation of the base
sequence. Therefore, much genetic variation can be expected between individuals of the same
species (See figure 2).

Part of the mitochondrial d-loop region has also been used by Fernando et al. (2000,
2003(a)) to study the genetic variation in the Asian elephant populations of Sri Lanka,
Bhutan/North India, Laos/Vietnam, Thailand, peninsular Malaysia, Bangladesh and
Cambodia. They also tested the same part of the hyper variable left domain of the d-loop
region in 20 Asian elephants from Borneo (Fernando et al. 2003(a)) to determine if the
haplotypes that are present in the Borneo population differ from the haplotypes that are
present in the mainland population. Fernando and Lande (2000) used mtDNA analysis of the
d-loop region in combination with radio telemetry to study the social organisation of Asian
elephants. Fickel et al. looked at the variable control region. This is another name for the d-
loop region. They studied the genetic profiles of 78 Asian elephants from different locations
in Thailand. Vidya et al. (2005) used part of the mitochondrial d-loop region as well to study
the genetic variation of Asian elephants in southern India.

I will be doing a small part of postgraduate student Sutathip Dejchaisri’s research as
my Student Research Project. While Sutathip Dejchaisri’s goal is to study the variety of
haplotypes in Asian elephants from different areas in Thailand, I will only be working with
samples from Kaengkrachan National Park in the western forest complex and samples from
Phukieo Wildlife Sanctuary that is part of the eastern forest complex of Thailand. Sutathip
Dejchaisri is also looking at at least ten different nuclear microsatellites and the elephant Y-
chromosome in her research.

Figure 2: Mitochondrial DNA. The d-loop region is coloured green.
(Source: www.mun.ca/biology/scarr/NCBI_Gadus_mtDNA_genome_2.gif)
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The goal of this Student Research Project is to determine the different d-loop
haplotypes present in the Asian elephant populations of Kaengkrachan National Park and
Phukieo Wildlife Sanctuary and to analyze which haplotypes they are. This will give an
indication of the genetic variation within the maternal lines of different populations of wild
Asian elephants in Thailand. The haplotypes will be compared to mitochondrial d-loop
haplotypes that have been found by other researchers in the past.

Analysing mitochondrial DNA from the d-loop region of wild Asian elephants can
help to build a database for the maternal lineages of wild Asian elephants in Thailand and
charting the genetic variation within the species. This information is important for designing
future conservation programs for the wild Asian elephant in Thailand.
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Materials and methods:

Collection of samples:

Obtaining blood or tissue from free-ranging, endangered, large animals such as Asian
elephants is very difficult; therefore dung samples will be used as a source of DNA. Several
other researchers, including Fernando et al. (2000, 2003(a), 2003(b)), Fleischer et al. (2001),
Vidya and Sukumar (2005(b)) and Vidya et al. (2005) have used this technique in their
researches to successfully amplify both mtDNA and nuclear microsatellites.

Sutathip Dejchaisri collected the samples that were used in this Student Research
Project with the help of forest officials and rangers in the Kaengkrachan National Park in the
western forest complex of Thailand and in Phukieo Wildlife Sanctuary in the eastern forest
complex of Thailand. Kaengkrachan National Park is on the border with Myanmar. Elephants
can move freely from Thailand to Myanmar and back. However, the area has many
mountains, which may limit the mobility of the elephants to some extent.

Phukieo Wildlife Sanctuary is in the eastern part of Thailand. The Chaopraya River
separates Thailand into an eastern and a western part. Kaengkrachan National Park is on the
western side of the river, while Phukieo wildlife sanctuary is on the eastern side of it.
However, the river does not constitute an absolute barrier between the two areas, as elephants
can swim across if they wish to.

The faecal samples were collected from the outermost layer of the dung, as this layer
has had the most recent contact with the intestinal mucosa. It is also the first layer to dry after
defecation. Therefore, collecting the sample from this layer results in the highest chance of
obtaining DNA for isolation (Fernando et al. 2003(b)). In Kaengkrachan National Park dung
samples were collected in three rounds of two weeks, with an interval of two weeks between
each round. For this Student Research Project samples collected in the first round were used.
In Phukieo Wildlife Sanctuary this approach was not possible. Dung samples were collected
during one collection round. The Total Count collection method was used. The park is divided
into a number of areas using a grid. A team of rangers was sent to each area at the same time.
They collected samples from each dung pile they found. Rangers were sent to each area
simultaneously to minimise the chance of sampling animals more than once.

The dung samples are stored in DET buffer. The DET buffer contains: 20% DMSO,
250 mM EDTA, 100 mM Tris, pH 7.5 and NaCl to saturation (Seutin et al. 1991). Samples
were stored at 4°C. Samples from Kaengkrachan National Park were boiled for 10 minutes
before adding the DET buffer. To the samples from Phukieo Wildlife Sanctuary the buffer
was added directly after collection. The samples were not boiled before storing them at 4°C.

The location of collection was recorded for each dung sample, as was the diameter of
the faeces ball the sample was taken from. These data can help to identify different herds and
individual elephants.

In this Student Research Project 88 elephant dung samples from Kaengkrachan
National Park and 67 samples that had been collected in Phukieo Wildlife Sanctuary were
analyzed. The estimated Asian elephant population size in Kaengkrachan National park is
approximately 150 animals; the estimated population of Phukieo Wildlife Sanctuarity is no
more than 80 animals.
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DNA extraction and purification:

DNA was extracted from the elephant dung samples using the Nucleospin® Plant II test kit
manufactured by the company of Macherey-Nagel. This kit has been designed to extract plant
DNA from faecal samples, but we use it in order to extract the elephant DNA from dung.

The manufacturers’ protocol for DNA purification was followed with some minor
adjustments. First 250 μl of dung solution was transferred to a 1.5 ml test tube and centrifuged
for 10s at low speed (2000 rpm). After that 100 μl of the supernatant was transferred to a new
test tube. After this step the manufacturers’ protocol was followed (including the optional step
of washing the membrane for the first time) until the final step. In the final step the DNA was
diluted only once with 45 μl of elution buffer, instead of the two elution-steps, with 50 μl of
elution buffer each, as the manufacturer advises. For a more detailed description of the DNA
extraction protocol that was used, see attachment I. From each sample 45 μl of purified DNA
solution was obtained. The DNA samples were stored at -20ºC.

DNA was extracted from 88 and 67 dung samples from Kaengkrachan National Park
and Phukieo Wildlife Sanctuary respectively.

DNA amplification using Polymerase Chain Reaction:

To amplify the isolated and purified DNA the Polymerase Chain Reaction technique was
used. First a suitable primer had to be selected for amplifying the d-loop region of the
mitochondrial DNA. Several primer pairs were tested, both from literature (Fernando et al.
2000, 2003(a); Fickel et al. 2007) as well as a primer pair that had been developed in the
laboratory of the Kasetsart University previously.

To establish the best PCR conditions for a primer pair a temperature gradient PCR was
performed to find the best annealing temperature.

Primers tested:

Kasetsart University: Dloop(Fw): 5'-CACCATCAACACCCAAAGCT-3'
Dloop(Re): 5'-CCTGAAGAAAGAACCAGATGC-3'

These primers amplify a 450 bp fragment. The fragment starts at the threonine tRNA region
and it ends in the d-loop region of mitochondrial DNA.

Fernando et al.: MDL5(Fw): 5'-TTACATGAATTGGCAGCCAACCAG-3'
MDL3(Re): 5'-CCCACAATTAATGGGCCCGGAGCG-3'

These primers amplify a 630-bp fragment of mtDNA, including the d-loop. The first 109 bp
of the fragment code the C terminal end of cytochrome b, the next 135 bp code for
threonine and proline tRNA’s, the rest of the fragment codes for the non-coding control
region that is the d-loop (Fernando et al. 2000, 2003(a)).

Fickel et al.: LoxProl(Fw): 5’-TACCTCGCTTATCAATACCCA-3’
HiCtrIIH(Re): 5’-ATAGCTTGAGTCCAAGCATCC-3’

These primers amplify a 411-bp fragment. The fragment starts in the tRNA region for
threonine and stops in the variable mitochondrial control region (d-loop) (Fickel et al.
2007).



After trying these 3 primer pairs it was found that the MDL5 and MDL3 primers from
the Fernando articles (2000, 2003(a)) gave the best results. Therefore, we decided to continue
with only these 2 primers.

Initially amplifying the d-loop was very problematic. Most of the times no band at all
was visible after PCR, gel electrophoresis (100V, 30 min, 1.5% agarose gel) and staining with
ethidium bromide. Sometimes only a very vague band was visible or primer-dimers were
formed. Therefore, it was not possible to send the PCR product for sequencing (See figure 2).

In case of formation of a double band
or primer-dimers, gel purification was
necessary. First I let the gel run for an
additional 30-35 minutes to separate the
specific and non-specific bands more.
Afterwards the gel was stained with
ethidium bromide to make the bands
more clearly visible using ultra violet
light. Then the specific band was cut
from the gel. After this, gel purification
was performed with the Machery-Nagel

®
Fig. 2: Example of gel electrophoresis picture with
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Nucleospin Extract II test kit for the
clean up of PCR products to obtain 10
μl of purified gel product.

After gel purification it was tested if the process had been successful by using 2 μl of the
purified gel product in a gel electrophoresis. If a specific band of the correct length had
formed the sample was sent for sequencing.

Unfortunately in most cases no visible band appeared or there was still a non-specific
band present. Sometimes there was too little of the sample left to send for sequencing. The
laboratory that does the sequencing requests 10 μl of PCR product (or at the very least 8 μl).

In those cases where too little of the sample was left to send for sequencing, a nested
PCR was performed with 2 μl purified gel product as a DNA template for a new PCR
reaction. Alternatively a nested PCR with 2 μl of PCR product as a DNA template for the new
PCR was tried. Unfortunately, the nested PCR reactions were also not very successful.

All these methods were very time consuming and did not have a high success rate.

So, several problems in trying to amplify the mitochondrial d-loop had to be solved:
 Why did most samples not produce a band at all after PCR and gel electrophoresis?
 How to get rid of the non-specific band that formed in many samples?
 How to separate the specific and non-specific bands (since they were very close in

size)?
 How to improve the success rate of gel purification?
 How to prevent the formation of primer-dimers?

There are a number of possible causes for these problems:
 A too high concentration of bacterial or plant DNA in the isolated DNA sample. This

can inhibit the PCR reaction.
 There could be plant inhibitors present in the isolated DNA sample. These can inhibit

the PCR reaction.
 There may be too little elephant DNA present in the isolated DNA sample to amplify.
 A too high concentration of primer can cause the formation of primer-dimers.
 Wrong conditions in PCR programs can cause failure of the PCR reaction.

double band formation



 Numts (Nuclear mitochondrial DNA sequences) can cause non-specific bands. Numts
are segments of mitochondrial DNA that have been built into the nuclear DNA in the
course of evolution (Lopez et al. 1994; Greenwood and Pääbo 1999).

Several approaches were tried to solve these problems:
First a different Taq enzyme and buffer were tried. Using the new Phusion Hotstart F-

540S DNA-polymerase enzyme and F-518 5x Phusion Buffer HF (Finnzymes), better results
were obtained. No longer was a non-specific band visible in each sample every time. It was
necessary to adjust the PCR program for the Phusion Hotstart Taq to work.

To solve the problem of the formation of primer-dimers several concentrations of
MDL 5 and 3 primers were investigated. At first a primer concentration of 50 μM was used,
but at this concentration primer-dimers always formed. Therefore, several increasing dilutions
of the primers were tried. At a concentration of 5 μM no more primer-dimers formed.
Thereafter a 5 μM solution of MDL5 and MDL3 was used as a default. If no primer-dimers
formed, the samples could be sent for sequencing directly without having to use gel
purification (as long as there are no specific bands either and the band is clear enough).

It is unlikely that there are enough plant inhibitors in the DNA samples we isolated to
prevent the PCR reaction. Although they may be present in the elephant dung samples, the
Nucleospin® Plant II test kit (Macherey-Nagel) is specifically designed to remove the plant
inhibitors from DNA samples.

So I was left with the possible problem that there was too little DNA in the isolated
samples to amplify, or the other option, that there was too much bacterial or plant DNA in the
sample that inhibits the PCR reaction. Since almost all samples that were used, worked with
the cytochrome b primers, I thought it was unlikely that a too low concentration of elephant
DNA in our samples was the problem. Therefore, the theory was tested that an abundance of
bacterial or plant DNA, which are always present in elephant faecal samples, inhibited the
PCR reaction. To test this theory, several dilutions of the isolated DNA samples were made.
First the DNA was diluted 3 times (DNA: distilled water; 1:2). At this dilution more samples
gave a positive result after PCR and gel electrophoresis (100V, 30 minutes, 1.5% agarose
gel), but there were still some samples that did not give a positive result. Therefore, the
samples were diluted even further to a 1:9 (DNA:distilled water) dilution. At this
concentration of DNA template almost all samples gave a positive result and often with a
clearer band than the 1:2 dilutions gave (See figures 3 and 4). After this discovery, a 1:9
dilution of DNA samples was used as a default in the PCR reaction. In some cases the DNA
samples did not work very well with 1:9 dilutions. They failed to produce a band or produced
a double band. In those cases a 1:19 dilution of DNA was used for the PCR reactions. The
1:19 dilutions were successful in most samples. If the 1:19 dilutions failed to produce a band
after PCR, nested PCR was tried with 1μl of 1:9 diluted PCR products from a previous PCR
reaction as a DNA template. If this also did not work, the sample was discarded.
Fig.3: Average success rate of gel
electrophoresis using undiluted DNA

samples
Fig. 4: Example of gel electrophoresis
results after PCR using a 1:9 dilution of
12

DNA samples as a template
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The standard protocol that was used for PCR in this Student Research Project, after solving
the problems that were discussed previously, was as follows:

1) Denaturation of DNA 98ºC 3min
2) Denaturation of DNA 98ºC 10s
3) Annealing of primers 63ºC 30s
4) Extension by Taq polymerase 72ºC 30s
5) Repeat steps 2-4 39 times (total 40 cycles)
6) Final extension by Taq polymerase 72ºC 10min
7) Stop 4ºC forever

At the beginning of the PCR experiments both a positive and a negative control were included
for every 8 DNA samples. The positive control came from a blood sample of a domesticated
Asian elephant. The sample had been amplified successfully in the past and gave a consistent
positive result with the MDL5 and MDL3 primers. As a negative control distilled water was
used. Further on in the project, when each PCR was producing sufficient bands in each
reaction, the use of a positive control in each PCR was stopped. Instead two negative controls
were used in each reaction to reduce the risk of cross contamination with the DNA samples.
The PCRs were performed on a Peltier Thermal Cycler-200 produced by the company MJ
Research or on a Swift maxi PCR machine from the ESCO Company. A MP-250N gel
electrophoresis machine from Major Science was used for the gel electrophoresis reactions.
After gel electrophoresis each gel was stained for 5 minutes with ethidium bromide before
looking at it with a U.V.-light plate from the Alpha Innotech Corporation. To view the gel
pictures the AlphaDigiDoc RT software from the same company was used.

Sequencing:

An outside laboratory did the sequencing of the successful samples: Ward Medic Ltd.
(Prakanong Nua, Vadhana Bangkok). Of each successful sample, 10 μl was sent to this
laboratory with a 10 μM solution of MDL5 primer.

Because Fernando et al. (2000, 2003(a)) used an internal sequencing primer; I tried
this primer as well on a number of samples. However, from the samples that were sent using
the internal sequencing primer, good sequencing results were not obtained for all samples.
Therefore, it was decided to sequence all samples using the MDL5 forward primer.

The DNA sequences that were obtained were aligned with the sequence alignment program:
BioEdit 7.0.0. The sequences that were found in the DNA samples taken from Kaengkrachan
National Park and Phukieo Wildlife Sanctuary were compared to the haplotypes identified by
both Fernando et al. (2000, 2003(a)) and Fickel et al. (2007).

Though Fickel et al. (2007) used different primers than Fernando et al. (2000, 2003(a))
there is an overlapping region of 360 bp in the fragments they amplified. This region contains
a large part of the 411 bp long fragment that Fickel et al. amplified in their research.

Fernando et al. (2003) internal sequencing primers:
MDLseq-1(Fw): 5’-CCTACAYCATTATYGGCCAAA-3’
MDLseq-2(Re): 5’-AGAAGAGGGACACGAAGATGG-3’

These primers code for a 600 bp fragment within the 630 bp segment previously amplified
with the MDL5 and MDL3 primers.
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Results:

Successful sequencing results for the mitochondrial d-loop region were obtained for 86 out of
the 88 DNA samples that were isolated from Kaengkrachan National Park (See figure 5). It
was not possible to send one sample for sequencing due to an error in the DNA isolation
process. In the last step, too little of the elution buffer was added, so there was only a very
small amount of the sample and none was left to try a PCR for the d-loop region. Sequencing
failed in one sample, the data obtained were too noisy and the signal strength too low to
determine which haplotype the sample had.

Out of the 67 isolated DNA samples from Phukieo Wildlife Sanctuary successful
sequences were obtained for 58 samples. In one sample PCR failed at several different
dilutions and nested PCR gave a double band. The double band that formed was too vague to
try gel purification. Therefore, this sample was discarded. The sequencing results from the
other 8 samples had not yet come in from the outside laboratory when I was finalising my
report (over one month after my SRP had ended). Therefore, these results could not be
included in this report.

The successful sequences that were acquired were compared to the haplotypes found by
Fickel et al. (2007) and Fernando et al. (2000, 2003(a)). The MDL5 primer that was
developed by Fernando et al. was used as a sequencing primer instead of the internal
sequencing primers that Fernando et al. used, because this primer gave better sequencing
results. The nucleotide sequences from the Fickel et al. and the Fernando et al. haplotypes
were obtained from GenBank (www.ncbi.nlm.nih.gov; Nucleotide Database).

Fernando et al. (2003(a)) found 27 haplotypes in 317 samples taken from Asian
elephants across Asia: Sri Lanka (n = 81), India (n = 81), Bhutan (n = 13), Bangladesh (n =
30), Thailand (n = 8), Cambodia (n = 30), Vietnam (n = 5), Laos (n = 20), Indonesia (n = 60;
40 from Sumatra and 20 from Borneo), Malaysia (peninsula) (n = 9). The accession numbers
for the Fernando et al. haplotypes as deposited in GenBank are: AY245538 and AY245802 to
AY245827.

Because Fernando et al. used only 8 samples from Thailand, I also compared the
successful sequences to the haplotypes found by Fickel et al. (2007). Fickel et al. found 20
different haplotypes in 78 Asian elephants from Thailand. They also found one additional
haplotype in Sri Lanka. The accession numbers for the Fickel et al. haplotypes as deposited in
the GenBank database are: AF317518 to AF317535, AF324827, AF324828 and AF368903.

A complete overview of the comparison of all the Fickel et al. (2007) and all the
Fernando et al. (2003(a)) haplotypes on all base pair positions can be found in table 7 in

Figure 5: Example of a section of a chromatogram of a sample for which a successful sequence was
obtained. The chromatogram is part of the chromatogram of sample 0330D107 from Kaengkrachan
National Park.
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attachment II. The haplotype sequences as deposited in the GenBank by Fickel et al. and
Fernando et al. were compared to determine which haplotypes correspond to each other.

After determining which haplotypes from Fernando et al. (2003(a)) and Fickel (2007)
et al. matched, they were compared to the sequences that were obtained from the PCR
products that were sent for sequencing. Because the first 20-40 base pairs from the obtained
sequences often showed many unclear peaks or noisy data, it was decided not to include the
first 40 bp of the fragment in the analysis. The same was true for the last 20-40 base pairs of
the DNA sequences. Therefore, these were ignored as well. A 570 base pair DNA fragment of
each obtained sequence was used for analysis (See figure 6). The fragment begins in the
cytochrome b gene, includes both the tRNA for threonine and proline and ends in the d-loop
region.

Four different haplotypes of the d-loop region of mitochondrial DNA were found in the 86
sequences that were obtained from Kaengkrachan National Park. These 4 haplotypes
correspond to the haplotypes BN, BH, BQ and AE/AH that Fernando et al. (2003(a)) had
found. An analysis was made also of 12 additional sequences obtained from samples taken in
Kaengkrachan National Park. These samples were sent for sequencing by Sutathip Dejchaisri.
Two different haplotypes were found among these samples: BH and BQ. The Fernando
haplotype BH corresponds to the Fickel haplotype HT05, haplotype BN to HT01 and
haplotype BQ to HT07. Haplotype AE or AH corresponds to Fickel HT02.

Figure 6: Location of the Fernando et al. (2003(a) and Fickel et al. (2007) primers shown
in the relevant part of the mitochondrial DNA sequence of the Asian elephant (Elephas
maximus)

15121 ttctgaactc taacaataga tttactaaca cttacatgaa ttggcagtca accagtagaa
15181 cacccctaca tcattatcgg ccaaatagcc tcaattctat acttctccat tattctagct
15241 ttcctaccaa tcgcaggaat aatcgaaaac tacctcatca agtaacccct atagtataag
15301 acattacaat ggtcttgtaa gccataaatg aaaaccactt tctaagggta ttcagggaag
15361 aggtccactt acctcgctat caatacccaa aactgaaatt cttcttaaac tattccctgc
15421 aagtaaacca atccgctatg tacatcgtgc attaaatgct cgtccccata cataatgata
15481 tataatacta actatactta atcttacata gaccatacca tgtataatcg tgcatcacat
15541 tatttacccc atgcttataa gcaagtactg tttagtcaat gtgtcaagtc atatttgtgt
15601 agatccacag gttatgttct agttcatgga tattgttcac ctacgataaa ccatagtctt
15661 acatagcaca ttaaagctct tgatcgtaca tagcgcatta ctgagaaatt tctagtcatc
15721 atgcatatca cctccaacgg ttgtatctta actacctacc tccgagaaac catcaacccg
15781 cccatcttcg tgtccctctt ctcgctccgg gcccatcaat tgtgggggtt tctatactgg
15841 atctatacct ggcatctggt tcttacttca ggaccatctc acctaaaatc gcccactctt

GenBank Accession Number: AJ428946 (www.ncbi.nih.gov)

Base pair: 14149 to 15285 = cytochrome b gene
15285 to 15350 = tRNA Threonine
15352 to 15419 = tRNA Proline
15420 to 16831 = d-loop

Red lettering = location of Fernando et al. primers
Green lettering = location of Fernando et al. internal sequencing primers
Blue lettering = location of Fickel et al. forward primer

The area between the two light blue highlighted bars is the 570 bp DNA fragment that was used in
the analysis of the obtained DNA sequences.
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It was not possible to differentiate between the haplotypes AE and AH that were found
by Fernando et al. (2003(a)). These haplotypes differ by only one base pair in position 2 of
the 600 base pair fragment Fernando et al. analyzed. My sequences showed many non-
specific double peaks and disturbances in the first 30 to 50 base pairs of the sequence that was
obtained. Therefore, this part of the sequence was not used for analysis. Base position 2 of the
fragment that Fernando used is not contained in the fragment that was used for analysis of the
DNA sequences in this Student Research Project. Therefore, it is not possible to differentiate
between the Fernando haplotypes AE and AH.

Because Fernando et al. and Fickel et al. used different primers there is an incomplete
overlap in the DNA fragments produced by PCR. Haplotypes AE and AH that were found by
Fernando et al. both correspond to the haplotype HT02 that was found by Fickel et al. (2007).

In the samples from Phukieo Wildlife Sanctuary 3 different haplotypes were found.
These haplotypes corresponded to the haplotypes described in literature: BH (Fernando et al.
2003(a))/HT05 (Fickel et al. 2007), AE_AH/HT02 and AB/HT04 (See table 1 on the next
page).

In ten out of the 66 samples from Phukieo it was not possible to determine a definite
haplotype by sequencing with the forward primer MDL5 alone. The sequences showed some
unclear double peaks that made it impossible to be certain which haplotype the sample
belonged to. Therefore, these samples were sent back for sequencing a second time with the
reverse primer MDL3. Unfortunately, due to protests at Suvarnabhumi Airport in Bangkok
(which was blocked), not all samples had been sent for sequencing by the time the Student
Research Project ended. Therefore, the sequencing results from 8 samples could not be
included in this report.

In sample 050123 a sequence was found that is possibly a new haplotype. It is
identical to haplotype AE_AH/HT02 except that there is a G in base position 344, instead of
an A. There was no double peak in this sample. For the time being this haplotype was named
New HTA for the purposes of this report. It shall be referred to as such in the rest of this
report.

It is not absolutely certain that the new haplotype that was found in Phukieo is really a
true new haplotype. In most out of the 10 samples for which there were problems with
determining the haplotype, a higher than average ground disturbance was visible in the
chromatogram. As mentioned before, the sequencing results of 8 out of these 10 samples are
missing from this report.

After sequencing with the reverse primer the haplotype could still not be determined
accurately in sample 050130. The sequence of this sample was identical to the sequence of
haplotype AE_AH/HT02, except in position 344. At this position the sample showed a double
purine peak (G and A). The G peak is stronger in this sample, but there is also an A peak
visible in the chromatogram (see figure 7 on the next page). This was the case for sequencing
with both the forward and the reverse primer. This sample shows an example of
heteroplasmia. It is an intermediate form between the haplotypes AE_AH/HT02 and the
haplotype New HTA. This indicates that New HTA is probably a recent haplotype. Since
there are many copies of mitochondrial DNA per cell, it takes time before a new mutation is
present in every copy. Heteroplasmia indicates that copies of both haplotypes are present
within the mitochondrial DNA of the individual from which this sample was taken.
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From the samples collected in Kaengkrachan National Park a selection was made
based on collection location of the sample and size of the sample (it is known that larger
elephants produce larger faeces balls). From more than 300 samples collected in the park, 87
were selected. In this report the assumption was made that each selected sample came from a
different animal. The frequencies of each haplotype are displayed in Table 2 on the next page.
Haplotypes BQ/HT07 (39.80%) and BH/HT05 (35.71%) seem to be the predominant
haplotypes in Kaengkrachan National Park, based on this analysis.

Table 1: Haplotypes found in this Student Research Project in the d-loop region of wild
Thai Asian elephants in comparison with haplotypes found in the mitochondrial d-loop
region by Fernando et al. (2003(a)) and Fickel et al. (2007)

Fernando et al.
(2003(a))

Fickel et al.
(2007)

Found in
Kaengkrachan
National Park (n)

Found in Phukieo
Wildlife Sanctuary
(n)

BN HT01* 16(16) 0

BH HT05 35(34) 8

BQ HT07 39(28) 0

AE or AH** HT02 8(8) 44

AB HT04 0 4

New HTA**** 0 1

Heteroplasmic (New HTA/HT02) **** 0 1

98(86)*** 66

* The 411bp HT01 fragment that Fickel et al. analysed matches the Fernando haplotypes BO
and BN. However, the longer 570bp fragment that was used for analysis in this Student
Research Project matches only the haplotype BN.
** It is impossible to distinguish between the Fernando haplotypes AE or AH in this analysis of
the d-loop region, because they are identical in the fragment that was analysed.
*** Numbers between brackets indicate total number of samples including the twelve samples
Sutathip Dejchaisri sent for sequencing with the MDL5 primer.
**** Not found by Fernando et al. and Fickel et al.

Figure 7: Part of the chromatogram of sample 050130, showing the double A/G peak at position
353 (which coincides with position 344 of the fragment that was used in my analysis).
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All samples that were taken from Phukieo wildlife sanctuary were analysed. Out of the
67 collected samples 58 gave a good sequencing result. Because it is impossible to know if all
samples that were collected were taken from different animals it is not possible to do a
quantitative analysis of the data. It is not possible to quantify the frequencies with which the
haplotypes occur. It can only be said that Asian elephants (Elephas maximus) with haplotypes
BH/HT05, AE_AH/HT02 and AB/HT04 are present in Phukieo Wildlife Sanctuary and that a
previously unidentified haplotype (New HTA) may be present as well.

Though it was assumed that all samples from Kaengkrachan National Park were taken
from different individuals, this is not completely certain. It is possible that some animals were
sampled twice. To be certain that all samples were taken from different animals, and
therefore, that the frequencies that were found are correct, it would be necessary to analyse
several different microsatellites. Only if the microsatellites differ in samples with the same
haplotype, is it certain that the samples were taken from different individuals.

In the 6 different haplotypes that were found for the d-loop region during this Student
Research Project, 20 polymorphic sites were present. At the variable positions 20 transitions
and one transversion were found. Three different nucleotides (T, C and G) were detected at
position 367. This position showed both a transition and a transversion (See table 3 on the
next page). For a complete overview of all polymorphic positions in the six different
haplotypes that were found, see attachment III. For a base composition of the different
haplotypes that were found see attachment IV.

Table 2: Haplotype frequencies as found in Kaengkrachan National Park

Haplotype Number (n) Percentage (%)

BN/HT01 16(16) 16.33%/(18.60%)

BH/HT05 35(34) 35.71%/(39.53%)
BQ/HT07 39(28) 39.80%/(32.56%)

AE_ AH/HT02 8(8) 8.16%/(9.30%)

98(86)* 100%

* Numbers between brackets indicate total number of samples that were isolated excluding the
twelve samples Sutathip Dejchaisri sent for sequencing with the MDL5 primer. Frequencies
between brackets indicate a percentage as calculated using only the 86 samples that were isolated in
the course of this Student Research Project. However, it is better to consider the total number of 98
samples to get a good indication of the actual frequencies as present within the wild Asian elephant
population of Kaengkrachan National Park.
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An attempt was made to construct a parsimony network of Asian elephant d-loop
haplotypes using the program TCSv1.21. However, since the data set was limited to only six
different haplotypes, it was impossible to construct a correct haplotype network. The network
that was produced by the program was not in agreement with the network found by Fernando
et al. (2003(a)) and Fickel et al. (2007), because too few different haplotypes were found in
the course of this Research Project. Therefore, this network was disregarded in favour of the
ones that were found by Fernando et al. and Fickel et al. (see figures 11 and 13). Both
Fernando et al. and Fickel et al. found many more different d-loop haplotypes and therefore
were able to build a more correct parsimony network.

The haplotypes segregated in two distinct assemblages (α and β, as is indicated in
figure 13 on page 22). The haplotypes BN/HT01, BH/HT05 and BQ/HT07 belong to
assemblage β. Haplotype AE_AH/HT02 and AB/HT04 belong to assemblage α (See figure
13, the parsimony network as published by Fickel et al. (2007)). Since the New HTA differs
on only one base position with haplotype AE_AH/HT02, this haplotype also belongs to
assemblage α.

A sequence identity matrix of the six d-loop haplotypes found in Kaengkrachan
National Park and Phukieo Wildlife Sanctuary showed a similarity of the haplotypes ranging
from 96.8% to 99.8%. The haplotypes that were the closest related were haplotype AE_
AH/HT02 and AB/HT04, which showed a similarity of 99.6% and haplotype AE_AH/HT02
and New HTA, which showed a similarity of 99.8%. Haplotype AB/HT04 and BH/HT05
were the least close related of the haplotypes that were found, but they still showed a
similarity of 96.8% (See table 4).

Table 4: Sequence identity matrix showing the similarity of the different haplotypes found in
Kaengkrachan National Park and Phukieo Wildlife Sanctuary.

Seq BN/HT01 BH/HT05 BQ/HT07 AE_AH/HT02 AB/HT04 New HTA
BN/HT01 ID 0.992 0.984 0.975 0.971 0.973
BH/HT05 0.992 ID 0.991 0.971 0.968 0.970
BQ/HT07 0.984 0.991 ID 0.978 0.975 0.977
AE_AH/HT02 0.975 0.971 0.978 ID 0.996 0.998
AB/HT04 0.971 0.968 0.975 0.996 ID 0.994
New HTA 0.973 0.970 0.977 0.998 0.994 ID

Table 3: Polymorphic positions present in Asian elephant d-loop region haplotypes in
Kaengkrachan National Park and Phukieo Wildlife Sanctuary.

Haplotype 22 104 167 198 289 336 344 345 355 356 366 367 375 383 389 393 405 458 480 516

BN/HT01 T A G T T C A G T G C T T T T C A A C T

BH/HT05 . G . . . . . A . . . . . . . . . G . C

BQ/HT07 . G . . . . . A C A . C . . . T G G . C

AE_AH/HT02 C . A C . T . . C A T G C . C T G G T .

AB/HT04 C . A C C T . . C A T G C C C T G G T .

New HTA C . A C . T G . C A T G C . C T G G T .

*The numbers in the blue boxes denote the base pair positions of the polymorphic sites in the
analysed DNA fragment.
**A period denotes a base matching with the first sequence in the table, BN/HT01
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Discussion:

Six different mitochondrial control region (d-loop) haplotypes were observed in 87 dung
samples taken from Asian elephants from Kaengkrachan National Park and 58 samples from
Phukieo Wildlife Sanctuary in Thailand. Four different haplotypes were identified in
Kaengkrachan National Park in the western forest complex of Thailand and also four different
haplotypes in Phukieo Wildlife Sanctuary in the eastern forest complex. Haplotype BH/HT05
and AE_AH/HT02 were present in both the eastern and the western forest complex of
Thailand. Haplotype BN/HT01 and BQ/HT07 were only found in Kaengkrachan National
Park, which is a part of the western forest complex. Haplotype AB/HT04 and New HTA were
only found in Phukieo Wildlife Sanctuary, which is a part of the eastern forest complex.

Compared to the studies done by Fernando et al. (2000, 2003(a)) and Fickel et al.
(2007) relatively few d-loop haplotypes were found in the Thai Asian elephant population.
Possible causes could be the limited number of samples collected and that samples were taken
from only two areas in Thailand.

Fernando et al. (2003(a)) found 27 different haplotypes. However they collected 337
samples throughout Asia. They sampled more animals from more different populations in
several different countries (see figure 9). Therefore, it is to be expected that they would find
more genetic variation than was found in this Student Research Project. However, the New
HTA that was found in Phukieo Wildlife Sanctuary had not previously been identified by
Fernando et al.

Figure 9: Sampling locations used by Fernando et al.
2003(a)

Source: Fernando et al. 2003(a)

Figure 10: Phylogram created by Fernando et al.
2003(a)

Source: Fernando et al. 2003(a)
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The haplotypes that were found in Kaengkrachan National Park match haplotypes BN,
BH, BQ and AE/AH as found by Fernando et al. (2003(a)). See table 5 and figures 10 (on the
previous page) and 11. Fernando et al. found the BQ/HT07 haplotype only in peninsular
Malaysia. In the course of this Student Research Project it was also found in the western part
of Thailand, in Kaengkrachan National Park. This could indicate that elephants can move
between the western forest complex and Malaysia or have at least done so in the past. The
BQ/HT07 haplotype was not found in the eastern forest complex of Thailand. This result
indicates that there possibly is some geographic influence in the distribution of genetic
haplotypes in Thailand. A possible geographic influence could also be demonstrated in
haplotype BN/HT01 that was found only in Kaengkrachan National Park. Haplotype
AB/HT04 and New HTA were identified only in Phukieo Wildlife Sanctuary, which is a part
of the eastern forest complex. However, since samples were only taken from two regions in
Thailand, these results are inconclusive. To demonstrate a definite geographic influence on
the distribution of mitochondrial DNA, it is necessary to sample and analyze more areas in
Thailand.

Source: Fernando et al. 2003(a)

Source: Fickel et al.

le 5: Variable positions in the analyzed 570bp fragment compared to the DNA fragments analyzed by
ando et al. (2003(a)) and Fickel et al. (2007)

ition 22 104 167 198 289 336 344 345 355 356 366 367 375 383 389 393 405 458 480 516

nando 73 155 218 249 340 387 395 396 406 407 417 418 426 434 440 444 456 509 531 567 Position

ition 9 100 147 155 156 166 167 177 178 186 194 200 204 216 269 291 327 Fickel

lotype

T A G T T C A G T G C T T T T C A A C T HT01

. G . . . . . A . . . . . . . . . G . C HT05

. G . . . . . A C A . C . . . T G G . C HT07

or AH C . A C . T . . C A T G C . C T G G T . HT02

C . A C C T . . C A T G C C C T G G T . HT04

HTA C . A C . T G . C A T G C . C T G G T . New HTA

Figure 11: Parsimony network
of Asian elephant d-loop
haplotypes as found by
Fernando et al. 2003(a). Blue
circles around the Fernando
haplotypes indicate the
haplotypes that were identified
in the course of this SRP.

Source: Modified from
Fernando et al. (2003(a))
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Less different haplotypes were found during this Student Research Project than were
identified by Fickel et al. in Thailand during their research in 2007. Fickel et al. analyzed
microsatellites as well as mitochondrial DNA from 78 Asian elephants in Thailand in 8
different locations (See figure 12). They found 20 different haplotypes within Thailand and an
additional haplotype in Sri Lanka (See figure 13). During this Research Project only 5 of the
haplotypes that were identified by Fickel et al. were found, even though more samples were
analyzed. This is probably because samples were collected from only two locations in
Thailand. It seems that the genetic diversity in a specific region is limited.

Though Fickel et al. did not use any samples from the eastern forest complex, he and
his colleagues found the haplotypes I identified there in other parts of Thailand. As mentioned
before, the sixth haplotype that was found during this Student Research Project (New HTA)
had not previously been identified by Fickel et al.

In order to find more haplotypes for the mitochondrial d-loop region, it would be necessary to
collect samples from more locations in different areas of Thailand.

As mentioned before, it is not certain that all samples that were analysed during this
project were taken from different individuals. Mitochondrial DNA is inherited through the
maternal line. Because elephants live in matriarchal family groups, it is to be expected that
most, if not all, members of one family group share the same mitochondrial haplotypes. In
this Student Research Project only the d-loop region of the mitochondrial DNA was studied.

To differentiate with certainty between individual animals we would have to make
sure that each dung sample was taken from a different individual. However, observing the

Figure 12: Sampling locations of Fickel et al. (2007)

Source: Fickel et al. (2007)

Figure 13: Parsimony network of haplotypes as
produced by Fickel et al. (2007). Blue rings
indicate the haplotypes that were found in this
SRP.

Source: Modified from Fickel et al. (2007)
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defecation of individual elephants is impossible in the dense forests of Thailand. It is a very
time consuming method and it would take a lot of manpower. Another approach to identifying
individual animals is including a number of nuclear microsatellites as well as the
mitochondrial DNA in the genetic analysis of the DNA samples. If different nuclear
microsatellites are found in two samples that display the same mitochondrial haplotype, it is
certain that the samples were taken from different individuals. Sutathip Dejchaisri is looking
at nuclear microsatellites in her work, but she had no results on microsatellites yet for me to
compare my results to.

It is possible that more than one sample was collected from one individual. Therefore,
nothing can be said with absolute certainty about the frequencies of the haplotypes that were
identified during this Student Research Project. Though we tried to select samples from
different animals based on location and diameter of the faeces ball from which the sample was
taken. It can only be said with certainty that the haplotypes BN/HT01, BH/HT05, BQ/HT07
and AE_AH/HT02 are present in Kaengkrachan National Park and that the haplotypes
BH/HT05, AE_AH/HT02, AB/HT04 and the possibly new haplotype New HTA are present
in Phukieo Wildlife Sanctuary.

Another way to improve the quality of the research would be by sequencing all
samples with both the forward and the reverse primers. Doing so, errors in sequencing could
be prevented. For this Student Research Project not all samples were sequenced with both
forward and reverse primers. In the samples that were sequenced with only one primer it is
possible that an error in sequencing has occurred. Some samples may have been assigned to
the wrong haplotype. I tried to prevent sequencing errors by cutting of a part of the beginning
and the ending of the sequence that showed many unspecific peaks. The chromatograms of
the sequenced samples were also visually checked for double or unclear peaks, especially in
cases were mutations seemed to occur in unusual positions (namely, outside the variable
positions that were found by Fernando et al. (2003(a)) and Fickel et al. (2007).

As mentioned before it was not possible to determine a definite sequence of some
samples. There may have been some disturbance due to Numts. However, it would be
unlikely that the disturbance would show in only one position. To be certain it would be best
to send a hair sample from a domesticated elephant for sequencing. Using the sequence from
this sample it would be possible to correct the sequences that showed disturbances for the
Numt peaks. Because problems with possible Numts occurred only at the very end of this
Student Research Project, no hair sample was sent for sequencing.

We also noticed many problems with amplifying the DNA from a number of samples
taken from Phukieo Wildlife Sanctuary. Samples from Phukieo were collected using a
different method than the samples taken from Kaengkrachan. Samples taken from
Kaengkrachan National Park were boiled for 10 minutes after collection, before adding the
DET preservative buffer. Buffer was added immediately after collection in the samples taken
from Phukieo Wildlife Sanctuary. In the future, it would probably be better to boil all dung
samples for 10 minutes before adding the preservative buffer.

Some problems also occurred with positive negative controls. Partly this may be
because of my inexperience with laboratory work. But the fact that DNA extraction and PCR
reactions are performed in the same room using the same pipettes could also play a role.
Therefore, it would be better to perform these reactions in different rooms using completely
separate materials and equipment. However, the laboratory at the Veterinary Faculty of
Kasetsart University at the Kamphaengsaen Campus does not have these facilities available.

Helmie van Lith, who was my partner on this Student Research Project investigated
the different cytochrome b haplotypes of mitochondrial DNA from wild elephants in
Kaengkrachan National Park and Phukieo Wildlife Sanctuary. Helmie and I used the same
dung samples to extract DNA from. For 83 samples from Kaengkrachan National Park the
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haplotype was determined for both cytochrome b and d-loop. The haplotype was determined
for both cytochrome b and d-loop in only 38 samples from Phukieo Wildlife Sanctuary, due to
some problems with amplifying the DNA fragment for cytochrome b. A comparison of the d-
loop and cytochrome b haplotypes that were present in the population of wild Asian elephants
from Kaengkrachan National Park and Phukieo Wildlife Sanctuary (See table 6) was made.

In Kaengkrachan National Park all samples that showed cytochrome b haplotype A,
displayed d-loop haplotype AE _AH/HT02. In Phukieo Wildlife Sanctuary 3 different d-loop
A-haplotypes were present. All samples that had a d-loop A-group haplotype displayed
cytochrome b haplotype A.

Samples that displayed cytochrome b haplotype B always had a d-loop haplotype from
the B-group. In 41 out of the 42 samples that displayed cytochrome b haplotype B, this
haplotype was combined with either haplotype BN/HT01 or haplotype BQ/HT07. The last
sample with cytochrome b haplotype B showed haplotype BH/HT05. This seems to be an
erroneous result. In Phukieo Wildlife Sanctuary the cytochrome b haplotype B does not seem
to be present. Neither are the d-loop haplotypes BN/HT01 and BQ/HT07.

In Kaengkrachan National Park 34 samples displayed cytochrome b haplotype C. The
d-loop haplotype BH/HT05 was present in 33 out of these 34 samples. The last sample that
displayed cytochrome b haplotype C in Kaengkrachan National Park had as its d-loop
haplotype BQ/HT07. It is the only sample out of the in total 42 samples with cytochrome b
haplotype C that shows a different haplotype than BH/HT05. Therefore, this is probably an
erroneous result. Possible causes of error could be switching of the samples or a
contamination of the samples.

In Phukieo Wildlife Sanctuary all 8 samples that showed cytochrome b haplotype C
showed haplotype BH/HT05.

When comparing these results to the parsimony network that was found by Fernando et al.
(2003(a)). It becomes clear that the haplotype BN/HT01 and haplotype BQ/HT07 belong to
the same haplogroup (see figure 14 on the next page). So it would seem that combining the
cytochrome b haplotype with the d-loop haplotype that is present, can give us information
about the phylogeny of the d-loop haplotypes.

However, when comparing these results to the parsimony network that was made by
Fickel et al. (2007) it would seem that the haplotypes BQ/HT07 and BN/HT01 do not belong
to the same haplogroup (see figure 13). The parsimony network that was found does not

Table 6: Comparison of the d-loop and cytochrome b haplotypes present in
Kaengkrachan National Park and Phukieo Wildlife Sanctuary

Cytochrome B D-loop
Kaengkrachan
(n)

Phukieo
(n) Combined (n)

A AE_AH/HT02 7 26 34

AB/HT04 0 3 3

New HTA 0 1 1

B BN/HT01 16 0 16

BH/HT05 1* 0 1

BQ/HT07 25 0 25

C BH/HT05 33 8 41

BQ/HT07 1* 0 1

Total (n) 83 38 121

*Possible errors. In these samples the d-loop haplotype and the cytochrome b haplotype do not
seem to match in the same combination as in the other samples.
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match the network produced by Fernando et al. (2003(a)). A possible cause could be the
limited amount of samples Fickel et al. analyzed in comparison with Fernando et al. As was
the case in this Student Research Project when I tried to create a parsimony network, use of a
limited data set could produce an incorrect parsimony network.

The goal of this Student Research Project was to help create part of a database of the genetic
diversity of the wild Asian elephant (Elephas maximus) in Thailand. Insights into the genetic
composition, sex ratio and age distribution of the Asian elephant population in Thailand are
necessary for designing management programs for the conservation of the wild Asian
elephant in Thailand.

Figure 14: D-loop parsimony
network as configured by Fernando
et al. (2003(a), combined with the
cytochrome b haplotypes as found in
Kaengkrachan National Park and
Phukieo Wildlife Sanctuary by
Helmie van Lith.

Note: the division in different
haplogroups by lines only applies to
the haplotypes found in this Student
Research Project (circled in blue). To
further elucidate the phylogeny of d-
loop into haplogroups using
cytochrome b haplotype information,
further research is necessary.

Source: Modified from Fernando et
al. (2003(a))
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Attachment I: DNA isolation and purification protocol:

Test kit: Nucleospin® Plant II manufactured by the company Macherey-Nagel

Nucleospin® Plant II protocol: Standard protocol for genomic DNA from plant

Preparation:
 Clean table and pipettes with alcohol and tissue paper

1. Homogenize sample: This step differs from the manufacturer’s protocol
a. Chop off a piece of the blue pipette tip (because the big pieces in the dung

solution will clog the opening)
b. Pipette 250 μl of dung solution into 1,5 ml test tube
c. Centrifuge for 10s with 1000rpm
d. Pipette 100 μl of the supernatant into a new test tube

2. Cell lysis using buffer PL1
a. Add 400 μl of PL1 to the test tube and mix it with a vortex mixer
b. Add 10 μl of RNase A solution to the lysis mixture and mix with vortex mixer

for 15s
c. Incubate the suspension for 60min at 65ºC (vortex once more in that period)

3. Filtration/clarification of crude lysate
a. Place a Nucleospin® Filter column (violet ring) into a new test tube
b. Load the lysate into the column
c. Centrifuge for 2 min at 11,000 x g (13,000 rpm)
d. If not al fluid has passed through column, repeat centrifugation step
e. Discard the Nucleospin filter column
f. Transfer the clear supernatant to a new test tube

4. Adjust DNA binding conditions
a. Add 450 μl binding buffer PC and mix by vortexing

5. Bind DNA
a. Place a Nucleospin® Plant II column (green ring) into a Nucleospin®

Collecting tube and load the sample (maximum loading capacity = 700 μl)
b. Centrifuge for 1min at 13,000 rpm (11,000 x g) and discard the flow

through (this time keep the column!!)
c. If your sample is bigger than 700 μl, divide it in two portions and repeat the

centrifugation step (after discarding the flow through)

6. Wash silica membrane (optional): this step removes protein and other contaminants.
It can, however, lower the final yield by up to 15%.
We use this step because we need highly pure DNA to amplify, because the DNA from
dung is of a poor quality (partially degraded)

a. Place the green Nucleospin column in a new collecting tube.
b. Add 400 μl wash buffer PW1 to the green Nucleospin column
c. Centrifuge for 1 min at 13,000 rpm and discard the flow through

7. Wash and dry silica membrane
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a. First wash
i. Add 700 μl buffer PW2 to the green column (make sure ethanol was

added to PW2 concentrate)
ii. Centrifuge for 1 min at 13,000 rpm and discard flowthrough

b. Second wash and dry
i. Add 200 μl buffer PW2 to the green column

ii. Centrifuge for 2 min at 13,000 rpm to remove wash buffer completely
and dry the silica membrane, discard flowthrough

8. Elute highly pure DNA
a. Place the green column in a new test tube
b. Pipette 45 μl PE onto the membrane
c. Incubate the column for 5 min at 70ºC
d. Centrifuge for 1 min at 13,000 rpm

Note: the manufacturer suggests adding 50 μl PE in step 8b and another 50 μl PE in step 8e.
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Attachment II: Comparison of the base pair positions in which the
Fernando et al. (2003(a)), Fickel et al. (2007) haplotypes and the
haplotypes found in this Student Research Project differ:

Table 7: Part A

Fernando et al. (2003) positions of mutations, compared to haplotypes of Fickel et al. (2007)

SRP 10 11 22 91 104 167 198 213 266 289 334 336 343 345 355 356 366 367 372 375 381 Position

Fernando 2 11 19 61 62 73 142 155 218 249 264 317 340 385 387 394 396 406 407 417 418 423 426 432 Position

Position 9 24 77 100 145 147 154 156 166 167 177 178 183 186 192 Fickel

Haplotype Haplotype

B T A C T T T G G G T C A C G T T A C A C T G T G

BE . T . . . . A . . . . . T A C G G T . . . . . . HT06

BF . . T . . . . . . . . . T A C . . T G . . . . .

BG . . T . . . . . . . . . T A C . . T G . . . . .

BH . . T . . . . . . . . . T A C . . T G . . . . . HT05

BI . . T C . . . . . . T . T A C . . T G . . . . .

BJ . . T . . . . . . . . . T A C . . T G . . . . .

BK . . T . . . . . . . . . T A C . . T G . . . . A

BL . . T . . . . . . . . . T A C . . T G . . . . . HT21

BM . . T . . . . . . . . . T A C . . T G . . . . .

BN . . . . . . . A . . . . T A C . G T G . . . . . HT01

BO . . . . . . . . . . . . T A C . G T G . . . . .

BP . . . . C . . . . . . . T A . . . T . . . . . . HT12

BQ . . . . . . . . . . . . T A C . . . . . C . . . HT07

BR . . . . . . A . A . . . T A . . G T . . . . . .

BS . . . . . . A . . . . . T A . . . T . . . . . .

BT . . . . . . A . . . . . T A C . . T . . . . . .

BU . . . . . . A . . . . . T A C . . T . . . . . .

BV . . . . . . . . . . . . T A C . . . . . C . C . HT16

AA C T . . . C . A A C T . . A . . G . . T G . C .

AB C T . . . C . A A C . . . A . . G . . T G . C . HT04

AC C T . . . C . A A C . . . A . . G . . T G . C . HT13

AD C T . . . C . A A C . . . A . . G . . T G . C . HT03

AE A T . . . C . A A C . . T A . . G . . T G . C . HT02
5

AF C T . . . C . A A C . . T A . . G . . T G . C .

AG C T . . . C . A A t . . T A . . G . . T G . C .

AH C T . . . C . A A C . . T A . . G . . T G . C . HT02
5

Y . . T A C . G T G . . . . . HT08

Ambiguity codes: . . . T A C . G T G . . . . . HT09

R (puRine) = A or G C . . T A . . . . . T G . C . HT10

Y (pYrimidine) = C or T C . . T A . . G . . T G . C . HT11

N = nucleotide C . . . A . . G . . T G . C . HT14

C . . T A . . G . . T G . C . HT15

C . . . A . . G . . T G . . . HT17

. . . T A C . G T . . . A . . HT18

. . . T A C . . T G . . . . . HT19

. . R T A . . . T . . . . . . HT20
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Table 7: Part B

Fernando et al. (2003) positions of mutations, compared to haplotypes of Fickel et al. (2007)

SRP 383 389 392 393 394 405 408 409 427 435 453 458 480 489 504 516 518 520 532 544 561 Position

Fernando 434 440 443 444 445 456 459 460 478 486 504 509 531 540 555 567 569 571 583 595 Position

Position 194 200 203 204 205 216 219 220 238 246 264 269 291 300 315 327 329 331 343 355 372 384 Fickel

Haplotype

B T T G T T A C A T A A A C T C T T A C C Haplotype

BE C . . C . . . . . . G . . C . . . . . . T C HT06

BF . . . C . . . . . . . G . . . . . . . . . .

BG . . . C . . . . . G . G . . . C . . . . . .

BH . . . C . . . . . . . G . . . C . . . . . . HT05

BI . . . C . . . . . . . G . . . C . . . . . .

BJ C . . . . . . . . . . G . . . C . . . . . .

BK C . . . . . . . . . . G . . . C . . . . . .

BL . . . C . . . . . . . G . . . . . . . . . . HT21

BM . . . C . . . . . . . . . . . C . . . . . .

BN . . . C . . . . . . . . . . . . . . . . . . HT01

BO . . . C . . . . . . . . . . . . . . . . . .

BP . . . C . . . . . . . G . . . C . . . . . . HT12

BQ . . . . . G . . . . . G . . . C . . . . . T HT07

BR . . . . . . . G . . . G . . . C . . . . . .

BS . . . . . . T . . . . G . . . C . . . . . .

BT . . . . . . T . . . . G . . . C . . . . . .

BU . . . . . . T . . . . G . . . . . . . . . .

BV . . . . . G . . . . . G . . . C . C . . . . HT16

AA C C . . . G . . . . . G T . . . . . . . . .

AB C C . . . G . . . . . G T . . . . . . . . . HT04

AC . C . . . G . . . . . . T . . . . . . . . . HT13

AD . C . . . G . . . . . G T . . . . . . . . . HT03

AE . C . . . G . . . . . G T . . . . . . . . . HT02
6

AF . C . . . G . . . . . G . . . . . . . . . .

AG . C . . . G . G . . . G . . . . . . . . . .

AH . C . . . G . . . . . G T . . . . . . . . . HT02
5

. . . C . . . . . . . . . . . . . . . . C . HT08

. . . C . . . . N . . . . . . . . . T . . . HT09

. C . . . G . . . . . G T . . . . . . . . . HT10

. C . . . G . . . . . G T . . . . . T . . . HT11

. C . . . G . . . . . G T . . . . . T . . . HT14

. C . . . G . . . . . G T . T . C . . Y . . HT15

. C . Y Y G . . . . . . T . . . . . . . . . HT17

. . A C Y . . . . . . . . . . . . . . . . . HT18

. Y . C . . . . . . . G . . Y C . . . . . . HT19

. C . C . . . . A . . G . . . C . . . . . . HT20

6 Note: HT02 as found by Fickel et al. (2007) corresponds to both haplotape AE and AH as found by Fernando et
al. (2003(a)). Haplotype AE and AH differ by only one base pair in position 2 in the sequence that Fernando et
al. found, this position is not included in the DNA segment that Fickel et al. amplified.
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Attachment III: Overview of the complete sequences of the six d-
loop haplotypes found in Kaengkrachan National Park and Phukieo
Wildlife Sanctuary in Thailand:

Note:
HTB1 = BN/HT01
HTB2 = BH/HT05
HTB3 = BQ/HT07
HTA1 = AE_AH/HT02
HTA2 = AB/HT04
HTA3 = New HTA
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Attachment IV: Nucleotide compositions of the six d-loop
haplotypes found in Kaengkrachan National Park and Phukieo
Wildlife Sanctuary:

DNA molecule: BN/HT01
Length = 570 base pairs
Molecular Weight = 173955,00 Daltons, single stranded
Molecular Weight = 345315,00 Daltons, double stranded
G+C content = 37,37%
A+T content = 62,63%

Nucleotide Number Mol%
A 180 31,58
C 138 24,21
G 75 13,16
T 177 31,05

DNA molecule: BH/HT05
Length = 570 base pairs
Molecular Weight = 173972,00 Daltons, single stranded
Molecular Weight = 345349,00 Daltons, double stranded
G+C content = 37,72%
A+T content = 62,28%

Nucleotide Number Mol%
A 179 31,40
C 139 24,39
G 76 13,33
T 176 30,88

DNA molecule: BQ/HT07
Length = 570 base pairs
Molecular Weight = 174013,00 Daltons, single stranded
Molecular Weight = 345366,00 Daltons, double stranded
G+C content = 37,89%
A+T content = 62,11%

Nucleotide Number Mol%
A 179 31,40
C 140 24,56
G 76 13,33
T 175 30,70

DNA molecule: AE_AH/HT02
Length = 570 base pairs
Molecular Weight = 173997,00 Daltons, single stranded
Molecular Weight = 345349,00 Daltons, double stranded
G+C content = 37,72%
A+T content = 62,28%

Nucleotide Number Mol%
A 180 31,58
C 139 24,39
G 76 13,33
T 175 30,70

DNA molecule: AB/HT04
Length = 570 base pairs
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Molecular Weight = 174079,00 Daltons, single stranded
Molecular Weight = 345383,00 Daltons, double stranded
G+C content = 38,07%
A+T content = 61,93%

Nucleotide Number Mol%
A 180 31,58
C 141 24,74
G 76 13,33
T 173 30,35

DNA molecule: New HTA
Length = 570 base pairs
Molecular Weight = 173973,00 Daltons, single stranded
Molecular Weight = 345366,00 Daltons, double stranded
G+C content = 37,89%
A+T content = 62,11%

Nucleotide Number Mol%
A 179 31,40
C 139 24,39
G 77 13,51
T 175 30,70


