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Picture on front page; An elephant and me in the Thai Elephant Conservation Centre in Koh Chang, Thailand.

Abstract

Populations of the Asian elephant have been reduced in size and have become highly fragmented due to agricultural and town development. This habitat fragmentation is expected to lead to inbreeding because it restricts the gene flow between the different populations. For the survival of the Asian elephant population it is crucial to counteract this trend and maintain the genetic diversity. Further understanding of population sizes, genetic variety and inbreeding is necessary and can be achieved by research. In this research we analyse cytochrome B and D-loop sequences from blood samples of 28 captive Asian elephants from Thailand to understand more about the genetic variety within a population. We compare them with different published dataset to generate an organized compilation of genetic variation and structure within Asian elephant populations. All 28 elephants clustered into two well-differentiated clades; A and B. For the D-loop region we found 19 elephants to match with 13 haplotypes published. And all 28 elephants matched 4 published haplotypes within the cytochrome B region. Therefore, we could match the haplotypes found by analyzing cytochrome B sequences with haplotypes found by analyzing D-loop sequences.



Introduction
Land’s largest mammal, a symbol of nations, a hunter’s target, a beautiful animal with strong social bands, a tourist attraction, a problem causer for many people, a beloved companion for it’s mahout, an object of worship, gentle in captivity, but dangerous in the wild, these are all descriptions of one animal; the elephant.

The Asian elephant (Elephas maximus) and the African elephant (Loxodonta africana) both belong to the family of Elephantidae. They are the only survivors from the prehistoric mammalian order of the Proboscidae. African elephants are the largest land animals and Asian elephants are only slightly smaller. In comparison an Asian elephant has small ears, two bumps on the head instead of one, a rounded back, smoother skin, and only one finger on its trunk (Figure 1). The African elephant can be divided into two distinct subspecies: the savannah elephant (Loxodonta africana) and the forest elephant (Loxodonta cyclotis), but a recent analysis revealed also two other genetically distinct groups of elephants in Afrika.3,6,14,18,24

[image: ][image: ]
Figure 1. Self-made pictures of a Asian Elephant in Thailand, Koh Chang (February, 2011) on the left and a African Elephant in Kenya, Tsavo West National Park (October, 2010) on the right.

The Asian elephant can be subcategorized into three subspecies, the Sumatran elephant (Elephas maximus sumatrensis), the Mainland or Indian elephant (Elephas maximus indicus) and the Sri Lankan elephant (Elephas maximus maximus). Elephants from Borneo (Elephas maximus borneensis) were found to be a subspecies with a specific sequence not seen elsewhere in Asia, but this subspecies is not officially acknowledged.7,8,9

The number of Asian elephant in the world is decreasing at an alarming rate. The Asian elephant is classified as endangered by the International Union for the Conservation of Nature and Natural Resources (IUCN)’s Red List 2010, since 1986.26 The Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES) listed the Asian elephant on Appendix 1, since 1975, as species that are the most endangered among CITES-listed animals and plants.25 The IUCN’s  Species Survival Commission estimates that the population of wild Asian elephants in 2004 counts about 37,000 elephants, divided over 13 countries. The amount of Asian elephants in Thailand is estimated about 4,000. Of these 2,500 elephants are domestic and only 1,500 elephants are estimated to live in the wild. See figure 2.This is alarming considering that the captive population in Thailand used to be approximately 100,000 during the early twentieth century. At this current rate of decline the elephants in Thailand may reach critically low numbers in only a few decades and may as population even not be self-sustainable.2,16,26
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Figure 2. Estimated number of Asian elephants in the wild in 2004 by IUCN.

The decline in the population is due to the slaughter of elephants for their ivory tusks and the loss of their habitat because of  human-elephant conflicts. Worldwide the illegal trading in ivory is still a huge threat to the African and Asian elephants. In the period of January 2001 until May 2002 almost 3,000 tusks weighing 6,000 kg were seized all over the world.25  
The loss of habitat is the primary threat to Asian elephants. Approximately 25% of the world's population lives in or near the range of Asian elephants.24 The natural habitat of elephants is being used for agricultural and town development, which leads to fragmentation of the elephant population. The World Wildlife Fund (WWF) estimates that there may be only 10 Asian elephant populations of more than 1,000 animals in the 13 countries.26 Habitat fragmentation is expected to lead to inbreeding because it restricts the gene flow between the different populations of elephants. Limited gene variation threatens the long-term viability of the remaining fragmented populations of wild and domestic populations by decreased fertility and disease resistance.
For the survival of the Asian elephant population it is crucial to counteract this trend and maintain the genetic diversity. Insight in the genetic diversity of the Asian elephant is a prerequisite for an effective conservation management. By a molecular comparison of individuals it is possible to learn about inheritance lineages, genetic variation, inbreeding, population sizes, parentage, kinship, sex ratio, genetic subdivisions, the distribution pattern of genetic diversity and  migration trends. All this is relevant for adequate conservation and management strategies. Analysing inheritance lineages in the Asian elephant population can be done using different techniques:

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, which can be used as genetic marker. In 2010 Thitaram et al. investigated the genetic diversity and population structure of 156 Asian elephants in Thailand by analysing 14 selected microsatellites.23 This study indicated a high degree of genetic diversity and a low variation of geographically different populations. However, because of the small population sizes, especially the low number of mating bulls, it is necessary to optimize genetic management and avoid inbreeding.4

In the wild, Asian elephants live in matriarchal family groups consisting of related females and their offspring. Males usually leave these groups when they reach puberty.5,8,21 This may justify that most DNA studies on Asian elephants have focused on the maternally transmitted mitochondrial DNA (mtDNA). In addition mtDNA is useful since this molecule evolves more rapidly than the nuclear genome.28 In 2000 Fernando et al. reported the first genetic analysis of free-ranging Asian elephants. They sampled over one hundred from Sri Lanka, Bhutan, North India, Laos and Vietnam by extracting DNA from dung. Seventeen haplotypes were identified, which clustered into two well-differentiated clades; A and B.7 Fleischer et al (2001) also revealed these two clades by reconstructing phylogenies, using samples from 57 Asian elephants from seven countries (Sri Lanka, India, Nepal, Myanmar, Thailand, Malaysia, and Indonesia).12 Throughout the years, multiple researchers revealed several haplotypes of maternally transmitted mtDNA, which belong to the two clades.8,9,10,11,12,17,19,20,21,22,23 In 2009 in 102 Lao elephants six mtDNA haplotypes were detected which represented both major clades.1 In 82 captive elephants from Thailand eight haplotypes from two clades were found.15  And in 2007 Fickel et al. discovered 20 haplotypes, divided over clade A and B, from 78 captive elephants.11 

In 2009 Vidya et al. analysed mtDNA sequences from 534 Asian elephants across the species’ range to explain the distribution of the two clades . Both clades are believed to originate from the Elephas hysudricus, but in different glacial refugia. The A clade originated in the Myanmar region and the B clade in South-India and Sri Lanka. The B clade is carried by all animals from Indonesia and Malaysia as well and is therefore believed to be subdivided in a Sri Lankan and an Indonesian group. In other mammals different clades are usually geographically separate, but within the Asian elephant population the two clades coexist within populations. There are three different hypothesis that explain the distribution of the two Asian elephant clades. The first explanation is introgression of mtDNA from Elephas namadicus into Elephas maximus, afterwards followed by mutations. This lead to sequence divergence among populations that are geographically separated. The second hypothesis is divergence of populations on the mainland giving rise to the A clade and divergence of populations in Sri Lanka giving rise to the B clade, followed by secondary contact and admixture. The elephants from Sri Lanka were imported into the Sunda region in Indonesia, followed by northward expansion of the clade. The third hypothesis is introgression of Elephas hysudrindicus, which gave rise to the B clade, into Elephas maximus, which carried the A clade, followed by extensive trade in elephants bringing the B clade to Sri Lanka and southern India.7,8,12,22 

Suthathip Dejchaisri in Kamphaeng Saen, Thailand, investigates the variety of  haplotypes in Asian elephants in Thailand. In part of this research, in 2008, R. Rutten examined the distribution of D-loop haplotypes and H. van Lith analysed the variety of Cytochrome B haplotypes, both with samples from one wildlife sanctuary and one national park. This research is in addition to those, but with other samples, and is part of the research of Dejchaisri.4,28,29 

The object of this Student Research Project is to analyse and work out further the D-loop and cytochrome B haplotypes found by Dejchaisri using new samples of 28 elephants from Kanchanaburi. By combining of the haplotypes found by analysing D-loop and cytochrome B a combined sequence can be obtained. This sequence can be compared with haplotypes from several published dataset and therefore generate a organized compilation of different datasets.



Materials and methods
Collection of the samples
The blood samples were already obtained when I arrived at the laboratory. Obtaining blood or tissue samples from wild Asian elephants is difficult and might be dangerous. Therefore domestic Asian elephants in Thailand for collecting our samples were used. The samples used for this Student Research Project were collected by Suthathip Dejchaisri with the help of mahouts and a veterinarian in different elephant camps in Kanchanaburi, a province in the west of Thailand, near the border with Myanmar. In total 28 blood samples from different elephant camps were obtained. The blood samples were stored at -20°C. in the laboratory of the Veterinary Faculty of Kasetsart University, Kamphaeng Saen. 

DNA extraction and purification

DNA was extracted from the blood samples. These blood samples were frozen, because they had already been collected. First the samples were defrosted at room temperature. Second, 100 µL blood was transferred to a 1.5 mL test tube. After that a mixture of proteinase-K, 2xSSC and 10% SDS to degrade the proteins was added. After this step the DNA isolation protocol was followed. For a more detailed description of the DNA extraction protocol  used, see attachment Ι. The blood cells were lysed using D-solution. Then the proteins were seperated from the DNA using phenol-chloroform. To precipitate the DNA isopropanol was added. The samples were incubated at a cold temperature (-20ºC) to condense the pellet. The DNA pellet was washed with 75% ethanol to wash of the phenol-chloroform. In the final step DNA was eluted with 30 µL distilled water. The DNA samples were stored at -20ºC. 

DNA amplification using Polymerase Chain Reaction

To guard against contamination, DNA extractions were conducted in a separate room from amplifications, using different sets of equipment. For amplifying the isolated and purified DNA the Polymerase Chain Reaction (PCR) was used. In  the PCR machine a number of cycles of denaturation, annealing and extension take place, to amplify DNA.

PCR mixture was produced, containing per sample: 67µL H2O, 10µL KCl buffer, 8µL MgCl2, 2µL dNTP, 1µL Taq polymerase and 1µL forward primer and 1µL reverse primer. (The used primers are described in results.) As template, 2µL blood sample was diluted with 18 µL distilled water. Total of PCR product was 4 µL of template with 36 µL of mixture, in total 40 µL. For the negative control 4 µL of distilled water was used.

The standard protocol used for PCR is as follows:

1. Pre-denature	95°C	3min
2. Denature		94°C	30s
3. Annealing		54°C	30s
4. Extension		72°C	35s
5. Repeat steps 2-4 	34 times (total 35 cycles)
6. Last extension	72°C	5min
7. Stop		4°C	0min

. 
Gel Electrophoresis

Multiple gels were prepared from 1.5% agar powder and 100µL 1TA buffer. First, as control, only 5 µL of PCR product with 3µL of Gelstar® dye was pipetted into the wells of the gel. This gel run for 30 minutes, 100V on a MP-250N gel electrophoresis machine from Major Science for the gel electrophoresis reactions. Then the gel was stained for 10 minutes in Gelstar® and after that for 5 minutes with ethidium bromide, before washing it with running water for 5 minutes. For looking at the gel a UV-light plate was used and made a picture of the gel with AlphaDigiDoc RT software, both from Alpha Innotech Corporation. If the samples showed a clear band on the picture, after running and staining the gel, electrophoresis was done again. This time using 35 µL of PCR product and 10 µL of Gelstar® dye. If this gel also showed a clear band after staining and washing, the band was cut out.

Sequencing

This band contained the DNA of the sample. To obtain the DNA the Silica Protocol was used. See attachment 2. After this protocol 2µL of supernatant of each sample was run on a gel. The gel was stained and washed afterwards. If the gels showed a band, another gel containing the rest of the supernatant (approximately 13µL) was run. After washing and staining the DNA band was checked to see if the samples still showed the same band. When a clear band was visible it was cut out and send to an outside laboratory (Ward Medic Ltd., Part in Bangkok) for sequencing. 

Data analysis

For analyzing the sequences, Bioedit was used for alignment. A fylogenetic tree was created using Mega-4. With Genbank NCBI published sequences were found.27


Results


For my Student Research Project I received sequences from 28 elephant blood samples. For those 28 elephants I received both the cytochrome B as the D-loop sequence. I aligned them with Bioedit. After aligning I could compare the cytochrome B sequences with the D-loop sequences and check for overlapping. From the 28 elephants, 16 elephants showed an overlap in their cytochrome B and D-loop sequences. The sequences of 12 other elephants did not show any overlap, but showed a gap at this location. See figure 3.
 
For the 16 elephants that showed overlapping within the sequences, I pasted the sequences together. After that I aligned them with the cytochrome B and D-loop sequences from the other 12 elephants, the sequences with no overlap. Using this alignment the overlap or gap-region was determined. This region was estimated between  nucleotide numbers 15080 to 15350 on the mtDNA genome of Asian elephants, a 270 basepair segment. See figure 3. Using the estimated position of this region suitable primers were selected to amplify and sequence the selected (overlap or gap) segment for the 12 elephants that did not show overlap in their sequences. The DNA fragments of the primer pairs used are shown in black in figure 3.


[image: ]
  Figure 3. mtDNA genome with position of primers and gap-region.






Primer pairs tested for 12 samples with gap region

The first primer pair consisted of forward primer, D-loopFw and reverse primer Buf2w. These primers amplify a fragment of over 1000 basepairs (bp). After electrophoresis these primers showed no band. The primers only showed a band on samples 29, 32 and 96. But when we used these bands again as template to check we did not see a DNA band. See figure 4. So it was not possible to send the DNA for sequencing. 


 (
Dloop
 (
Fw
): 
5’-CACCATCAACACCCAAAGCT-3’
Buf2w (Re):5’-GCGCAGGCATTTTCAGTGCCTTGC-3’
)      [image: ]          
       Figure 4. Gel of samples 29,32 and 96 with primerpair DloopFw and Buf2w

.
Second, the primer pair 195Fw and DloopRe was tested. These primers would amplify a 876 bp fragment. I believed this to be the perfect primer pair for amplification of the gap-region fragment. See figure 3. But, unfortunately, after electrophoresis no DNA bands were visible on the gel only bands from primer-dimers. See figure 5. We had doubts about the quality of DNA that was used, because it was frozen for a long time. Therefore we wanted to test if the quality of the DNA was good enough.

 (
195Fw (
Fw
): 5’-
TTYGCATACGCAATCYTACGATC
-3’
Dloop
 (Re): 
5'-CCTGAAGAAAGAACCAGATGC-3'
)





    [image: ][image: ]
     Figure 5. Gelelectrophoresis of 12 samples with 195Fw and DloopRe primers.


To test if the DNA quality was sufficient four randomly picked samples were amplified with CB1forward and CB2 reverse primer. Because these primers only amplify a little DNA fragment of 300 bp. they are usually easy for sequencing. But after electrophoresis and staining no bands were shown. Which indicates that the quality of the DNA was not good enough. See figure 6.

 (
CB1 (
Fw
): 
5'-TCCAACATCTCAGCATGAA-3'
CB2 (Re): 
5'
-CTCAGAATGATATTTGTCCTCA-3'
)      [image: ]
        Figure 6. Gel of PCR products with CB1 and CB2 primers.


Because the quality of DNA was not sufficient, DNA was extracted again from the frozen samples. But this time, after defrosting, to each sample 300 µL of a mixture of 1800µL 2xSSC and 200µL 10%SDS and 200µL proteinaseK was added. This mixture breaks the cellmembrane, therefore it will be easier to extract DNA. The rest of the DNA extraction was as described in materials and methods.  After extracting DNA we used another primer pair: 22BFw and Buf2w. These primers amplify about a 1000 bp fragment. But after running a PCR with 40 cycles we still didn’t see any bands on the gel. So we run the PCR again with new samples, but this time with 35 cycles. This gel showed DNA bands. See figure 7. 


 (
22BFw (
Fw
): 5’-GCTTAACCACCATGCCGCGTGAA-3’
Buf2w (Re):  5’-GCGCAGGCATTTTCAGTGCCTTGC-5’
) [image: ]
   Figure 7. Gel of PCR product with 22BFw and Buf2w.









The samples obtained with primer pair 22BFw and Buf2w were sent for sequencing. But only the samples with the forward primer 22BFw showed results as a sequence. The forward primer amplified a 420 bp fragment. Within this fragment 12 polymorphic sites were identified. We found 3 different haplotypes within this fragment. The sequences of elephant number 19 and 22 belong to Htb, number 18 belongs to Hta and number 14 belongs to Htc. See table 1.


Table 1. Polymorphic sites of 420 basepair fragment using primer 22BFw, number 1 is the startposition of primer 22BFw, nucleotide number 15748 of the mtDNA genome.

	Ht.
	76
	127
	206
	263
	272
	289
	309
	335
	361
	399
	407
	411

	18
	T
	C
	A
	C
	T
	G
	G
	C
	A
	G
	T
	T

	19,22
	A
	T
	.
	T
	C
	A
	A
	T
	G
	T
	A
	G

	14
	A
	T
	T
	T
	C
	A
	A
	T
	G
	T
	A
	G





Sequences compared with other dataset

Because the different primer pairs did not showed results for sequencing the selected gap-region for the 12 elephants, we could not paste the different sequences for those 12 elephants together. Therefore, we decided to compare the 16 combined sequences and the different sequence fragments from the 12 other elephants with different published dataset. All the sequences, including the 16 combined sequences and the different fragments of 12 other elephants, were compared to published dataset by Hartl et al. (1996), Iertwatcharasarakul et al. (2003) Fernando et al.(2000,2003) and Fickel et al.(2007).7,9,11,13,15 See Attachment 3. The nucleotide sequences from Fernando et al., Fickel et al. and Hartl et al. were obtained from Genbank, NCBI.27 The Genbank accession numbers are noted in the excel sheet. The sequences from Iertwatcharasarakul et al. were obtained using an excel sheet. 

The 16 combined sequences were obtained from pasting cytochrome B and D-loop sequences together. The cytochrome B sequences started at 14150 and stopped at 15350. The D-loop sequences started from 15080 and stopped at 15780. See figure 5. Therefore, the combined sequence was a 1630 bp fragment, which starts at 14150 and stops at 15780. This fragment start in the beginning of cytochrome B and includes both the tRNA for threonine and proline and a large part of D-loop. From the other 12 elephants different sequences were obtained. For all 12 elephants a cytochrome B sequence was obtained. These sequences started at 14150 and stopped at 15080. Therefore, this sequences was a 930 bp fragment. Three out of these 12 elephants also showed a D-loop sequence, which starts at 15170 and stops at 15745, a 575 bp fragment. And the 4 samples sent for sequencing with primer pair 22BFW and Buf2w were also analysed. These sequences started at 15748 and stopped at 16168, a 420 bp fragment. But because these last four sequences originated at a different bp position than the published dataset, they could not be compared to published haplotypes by other researchers. See attachment 3.
By comparison of the table in Attachment 3  I matched sequences of different elephants to published haplotypes found by other researchers. See table 2. Within the part of cytochrome B there was less variation compared to a large part of D-loop. See Attachment 5. Therefore, more haplotypes were distinguished within this part of the D-loop. These haplotypes also matched different haplotypes found by Fernando et al. These haplotypes categorize under several haplotypes found by Hartl et al. and Iertwatcharasarakul et al. See table 2. 


Table 2. Matching haplotypes of different published dataset from several authors.
	Elephant name
	Fernando
	Hartl
	Iertwatchar.
	Fickel

	23
	AK
	Max 7
	A
	-

	54
	AC
	Max 7
	A
	Ht13

	47
	AD
	Max 7
	A
	Ht3

	76
	AG
	Max 7
	A
	-

	77,88
	AH
	Max 7
	A
	Ht2

	27
	BN
	Max 5
	B
	Ht1*

	39, 74
	BP
	Max 5
	B
	Ht12

	49
	BO
	Max 5
	B
	Ht1

	44, 58
	BG
	Max 2
	C
	-

	61
	BL
	Max 2
	C
	Ht21

	32, 38
	BH
	Max 2
	C
	Ht5

	33
	BM
	Max 2
	C
	-

	19
	BL
	Max 8
	B**
	Ht21

	66
	-
	Max 5
	B
	-

	4
	-
	Max 5
	B
	-

	29
	BQ
	Max 5
	B
	Ht16

	24
	-
	Max 5
	B
	-

	54
	AC
	Max 7
	A
	Ht13

	18
	-
	Max 7
	A
	-

	31,96
	-
	Max 7
	A
	-

	14
	-
	Max 7
	A
	-

	22
	-
	Max 7
	A
	-

	89
	-
	Max 7
	A
	-



* In this research it was not possible to distinguish Ht1 found by Fickel et al. But in the research of R. Rutten in 2008, she could distinguish Ht1 to haplotype BO from Fernando.
** In this research Max 8 and Max 5 from Hartl both match Haplotype B found by Iertwatchar. Within these sequence fragments these could not be distinguished.

Pink  		Results from this Student Research Project
Aqua 		Results from other authors
Yellow 	16 elephants with combined sequences
Green 		12 elephants with sequence fragments


In this research in table 2 it was not possible to distinguish Ht1 found by Fickel et al. This haplotype corresponds both to haplotype BN and BO found by Fernando et al. But in the research of R. Rutten in 2008, she could distinguish Ht1 to haplotype BO from Fernando.29 In table 2 in this research Max 8 and Max 5 from Hartl et al. both match Haplotype B found by Iertwatcharasarakul et al. Within these sequence fragments these could not be distinguished.

In table 2 we concluded that 19 of our 28 elephants correspond to 13 different haplotypes found by Fernando et al. within the D-loop region. See attachment 3. Of these 19 elephants, 14 also correspond to 12 different haplotypes found by Fickel et al. Therefore, we could match these 13 haplotypes found by Fernando et al. to 12 haplotypes found by  Fickel et al. See table 2. All sequences of  our 28 elephant samples matched haplotypes found by Hartl et al. and by Iertwatcharasarakul et al. within the cytochrome B region. But within these haplotypes found by Hartl and Iertwatcharasarakul we could not distinguish the different haplotypes found by Fernando and Fickel et al. 

Parsimony network
A parsimony network was constructed for the 16 combined sequences of captive Asian elephants from Kanchanaburi. See figure 4. In this figure the haplotypes names found in this Student Research Project and recognized by Fernando are used. The haplotypes segregated in two distinct assemblages (A=α and B=β). Clade A corresponds to the haplotypes found by Fernando et al. which start with an A, this being the haplotypes in the lowest group in figure 4. Clade B represent the haplotypes in the highest group in figure 4, with the haplotypes of Fernando et al. starting with the letter B. Therefore, in this research we can conclude that the haplotypes F,G,H,I,J,K and L cluster into clade B. And the haplotypes A,B,C,D and E belong to clade A.

Figure 4. Parsimony network of captive elephants from Kanchanaburi.  (
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Pink	Elephant name of elephants in this Student Research Project
White	Name of elephant which resembles elephant name in number
Green	Haplotype found by Fernando et al. 
Discussion

The different primer pairs were used when they were found suitable for amplifying the selected gap-region. The first primer pair; DloopFw and Buf2w did not amplify this selected region, so we chose the wrong primer pair. With these primers at first we did see a band for 3 out of the 12 samples. But with a control gel with these three bands as template we did not see any band. Therefore we could not sent any bands for sequencing. The second primer pair; 195Fw and DloopRe, was the correct primer pair to amplify the gap-region. Unfortunately we did not see any DNA bands on the gel. Instead these primers formed primer-dimers. See figure 7. After using these two primer pairs we questioned the quality of the DNA. Therefore, we decided to check the quality of the DNA using primer pair CB1 and CB2. Since these primers showed no bands on the gel, we concluded the quality of the DNA insufficient. The blood samples were frozen for a long time before we extracted DNA. Next time, it might be better to work with fresh blood, or blood that is not frozen for a long time. After extracting DNA again we used a fourth primer pair on 6 samples; 22BFw and Buf2w. But this primer pair amplified a totally different region of the DNA. These 6 samples showed a DNA band. After sending these samples for sequencing, only 4 sequences with the forward primer were good enough to analyze.

Within the comparison we also compared our data to the haplotypes found by Lei et al. but since we did not found any matching haplotype I decided not to mention this in my Student Research Project, because Lei et al. did research on African elephants, not on Asian elephants. We also compared our data to haplotypes found by Eggert et al. (2002) but these haplotypes did not match. Maybe the haplotypes found by Eggert et al. contain some faults. Therefore, in this Student Research Project, I decided not to mention this. 

In the excel sheet in Attachment 3 some nucleotides in the full genome sequence were adjusted, according to the nucleotides I found in that bp position using the full genome published in Genbank, with accesion number AJ428946. This was done for nucleotide numbers 14248, 14416, 14419, 14467,14494 and 14794 (cytosine instead of thymine), 14786 (guanine instead of thymine), 15322, 15395 and 15686 (adenine instead of guanine). 
In this research in table 2 it was not possible to distinguish Ht1 found by Fickel et al. This haplotype corresponds both to haplotype BN and BO found by Fernando et al. But in the research of R. Rutten in 2008, she could distinguish Ht1 to haplotype BO from Fernando.29 In table 2 in this research Max 8 and Max 5 from Hartl et al. both match Haplotype B found by Iertwatcharasarakul et al. Within these sequence fragments these could not be distinguished.

In table 2 we concluded that 19 of our 28 elephants correspond to 13 different haplotypes found by Fernando et al. within the D-loop region. See attachment 3. Of these 19 elephants, 14 also correspond to 12 different haplotypes found by Fickel et al. Therefore, we could match these 13 haplotypes found by Fernando et al. to 12 haplotypes found by  Fickel et al. See table 2. All sequences of  our 28 elephant samples matched haplotypes found by Hartl et al. and by Iertwatcharasarakul et al. within the cytochrome B region. But within these haplotypes found by Hartl and Iertwatcharasarakul we could not distinguish the different haplotypes found by Fernando and Fickel et al. 
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Attachment 3: Student Research Project sequences compared with sequences found by            Fernando, Fickel, Iertwatcharasarakul and Hartl 

Attachment 1:  Protocol for DNA isolation



Samples 100 ul + D-Solution 500 ul

Invert tube upside down 
for 1 min or more

 (
Repeat one more time
)+ Phenol-Chloroform 300 ul
(DNA phenol 150 ul : Chloroform 150 ul)

     Shaking 15 min

Centrifuge 13000 rpm, 5 min

Pipette 500 ul clear supernatant 
and transfer to a new tube

500 ul clear supernatant + 1000 ul Isopropanol (or Absolute EtOH) and invert tube upside down 10 times

 				    Incubate 30 min at -20°C

Centrifuge 13000 rpm, 5 min

     Discard supernatant
 (
Repeat one more time
)
Wash DNA pellet with 500 ul 75% EtOH

Incubate 5 min at room temperature

    Centrifuge 13000 rpm, 5 min

   Discard supernatant

  Dry DNA pellet at the heat box

Elution with 30 ul distilled water

Attachment 2:  Silica Protocol 
· Put DNA fragment in gel in 1.5mL tube
· Add 250 µL L1 buffer
· Incubate at 55°C. 10 minutes (vortex at 3 and again at 0 minutes)
· Add 10 µL Silica
· Shake for 30 minutes
· Centrifuge 1 minute, 10,000 rpm
· Discard supernatant
· Add 500 µL L2 buffer and vortex
· Centrifuge 1 min, 10,000 rpm 			Repeat 2 times
· Discard supernatant
· Add 500 µL 75% Ethanol
· Centrifuge 1 min, 10,000 rpm			Repeat 2 times
· Discard supernatant
· Dry at 56°C.
· Add 15 µL TE buffer and vortex
· Incubate at 56°C for 2 minutes
· Centrifuge 3 minutes, 13,000 rpm
· Pipete supernatant into new tube			Repeat 2 times


Attachment 3: Student Research Project sequences compared with sequences found by Fernando, Fickel, Iertwatcharasarakul and Hartl.

[image: ]




Legende:

Groen	A = Adenine
Grijs	G = Guanine
Blauw	C = Cytosine
Rood	T = Thymine
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