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Genealogical study using Mitochondrial DNA (mtDNA) 

Lora Anak Johi 

Resource Biotechnology Programme 

Faculty of Resource Science and Technology 

University Malaysia Sarawak 

ABSTRACT 

This study examines the inheritance of maternal mitochondria DNA of a selected family. The sequence analysis 

was done by analyzing the mitochondrial D-loop region which are the hypervariable region I (HVR I), 

hypervariable region II (HVR II) and hypervariable region III (HVRIII). A total of 54 buccal cell samples 

collected from 54 individuals of the selected family. Phylogenetic analysis was done using bootstrap test of 

Neighbor- Joining (NJ) and pairwise distance was to determine the genetic distance among the family members. 

The result of the phylogenetic analysis indicated that HVR I was the most hypervariable region compared to 

HVR II and HVR III. However, the combinations of the entire three HVR regions produce the best results 

regarding the genealogical relationship among individual members of the family.  

Key words: maternal mtDNA, D-loop, hypervariable region, phylogenetic analysis, genealogy. 

 

ABSTRAK 

Kajian ini bertujuan untuk menentukan warisan maternal DNA mitochondria dalam ahli keluarga yang terpilih. 

Analisis genetik telah dilakukan dengan menggunakan lokasi D-loop mitochondria iaitu hypervariable region I 

(HVR I), hypervariable region II (HVR II) dan hypervariable region III (HVRIII). Sebanyak 54 sampel pipi telah 

diambil daripada ahli keluarga yang terpilih. Analisis filogenetik dijalankan dengan menggunakan ‘Neighbor- 

Joining’ (NJ) dan ‘pairwise distance’ telah dilakukan untuk menentukan jarak perbezaan genetik di antara ahili 

keluarga. Berdasarkan keputusan daripada analisis filogenetik, HVR I region memiliki lebih banyak variasi 

berbanding dengan HVR II dan HVR III. Namun dengan menggabungkan ketiga-tiga HVR region telah 

menunjukkan keputusan yang terbaik untuk kajian berkaitan genealogi sesebuah keluarga. 

Kata Kunci: mtDNA maternal, D-loop, hypervariable region, analisis filogenetik, genealogi. 
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1.0 Introduction 

The word Genealogy came from the Greek words γενεά, pronounce as genea, give rise to the 

word “generation”; and λόγος pronounce as logos, which mean “knowledge”. The basic 

meaning of genealogy is the study of family and tracing their lineage and also their histories. 

There are many ways to study genealogy. The techniques that have been use by genealogist 

includes oral tradition, history records, genetic analysis and other record obtain from family 

members. All of the result is usually represented in the form of chart or pedigree chart.  

Genealogy is important to detect the truth about their ancestor and as well as to determine the 

inheritance of a certain disease in the family. Besides, genealogy also being use to proof a 

family connection toward a potential heirs and it is use in historical studies such as for the 

study of a royal family (Anon, 2010). Genealogy also help in finding lost member of the 

family. For my study, am using the mtDNA to create my own family tree as well to determine 

my family relationship. 

Mitochondrial DNA (mtDNA) is the most common genetic marker used in genealogy test. 

Furthermore, mitochondrial DNA is inherited from the maternal line. The test is carried out to 

find out the similarity in the sequences in the DNA. Due to the property of having large copy 

of number, faster evolutionary rate, smaller molecular weight and lack of introns, mtDNA 

always being use in phylogenetic relationship as well as in genetic testing (Mortiz et al., 1987). 

In some cases studies, the mtDNA is chosen for sequence analysis in forensic community for 

human identification especially in those cases where the genomic DNA is highly degraded or 

non-existent (Holland et al., 1993; Holland et al., 1995). The medical communities also use 
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mtDNA sequences to diagnose diseases associated with specific mutations and deletions in the 

coding regions (Wallace et al., 1997).  

In this study, I investigated the genealogy of my own family using the mitochondrial DNA 

segments HVR I, HVR II and HVR III of the control region. First the phylogenetic trees were 

construct individually as in one phylogenetic tree base on HVR I, HVR II and HVR III 

respectively.  Then a single phylogenetic tree was made as the result of combination of the 

three HVR regions. 

Objectives 

1. To extract DNA from buccal cell. 

2. To amplify the mitochondrial HVR I, HVR II and HVR III segment of the mitochondrial 

control region (D-loop) using PCR. 

3. To sequence the amplified PCR products. 

4. To examine the genealogy of the family. 
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2.0 Literature Review 

2.1 Genealogy 

Genealogy is a field that uses certain process to prove or to demonstrate kinship. Techniques 

that are normally used are using the historical records and some uses the genetic analysis. All 

the information obtained will be skillfully assemble, and build a case for identity and kinship. 

The information gather might be the firsthand information or ideally records, and evidence 

that can be drawn (Greenwood, 2000). Collecting family records and stories is the first step in 

genealogy process. Historical, social, and family context is essential to achieve the right 

identification of individual and their relationship (Bishop, 2008).  

The investigation of genealogy is set years back in 1875 by using genetics technique. George 

Darwin, a son of Charles Darwin used surnames to estimate the frequency of first-cousin 

marriage (George, 1875). Bryan Sykes, a molecular biologist at Oxford University make a 

research on the surname Sykes and obtained valid result by looking at only four markers on 

the male chromosome (Sykes, 2001). Thus, pointed out that genetics becoming a valuable 

assistant in the service of genealogy and as well as is in history. After publishing the book of 

The Seven Daughter of Eve in year 2001, the availability of DNA tests increased rapidly, thus 

making the field of genetic genealogy raised dramatically.  

2.2 Pedigree Chart 

Pedigree chat also known as the family tree (Young, 2005). It is a diagrammatic form of 

presenting the relationship in the family. It use useful in the studies of genealogy, medicine 

and social works. The pedigree chart is drawn up accordance with loosely standardized rule. 

The symbols that are use usually described in accompanying legends. This can minimize the 
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confusion during the interpretation of the pedigree (Lewis, 2005). With the collaboration of 

powerful technology and traditional pedigree, analysis of the differences in the structure of 

DNA itself can be done (Arthur and Elaine, 1990). 

Symbol use in the pedigree: 

   

 

  

 

 

 

 

 

 

 

         (Young, 2005) 

2.3 Mitochondrial DNA (mtDNA) 

The mammalian mitochondrial DNA codes for 13 polypeptides each of which is an essential 

subunit of mitochondrial respiratory chain. The coding genes are 22 RNAs and two rRNAs 

whose proteins are essential for intramitochondrial protein synthesis (Patrick et al., 2000). The 

mtDNA of variety species have been examined but the scientists found out that only in 

mammals the genetic informations are so concisely organized (Arthur and Elaine, 1990). 

The reasons that mtDNA being chose is because in the three dozen of the mtDNA, there is the 

introns appear. Besides, many of the mtDNA butt up against each other so that the last base of 

Affected individual  Male 

Unaffected individual 
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Deceased individual 
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Miscarriage 
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Presume 
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Consanguineous 
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Pregnancy 
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the gene is follow by the first base of the next (Lewis, 2005). Furthermore, mtDNA does not 

cross over, and not wrapped in the histone protein. The other reasons mtDNA being chose in 

genealogy tract is because all mitochondrial presents in our cells are derived exclusively from 

our mother and none from our father. This is due to the facts that Eggs (ovum) contain many 

mitochondrial and sperm contain less number of mitochondrial compare to the eggs. None of 

the sperm mitochondrial survive later inside the fertilize egg. Thus any trait associated with a 

mitochondrial DNA must be transmitted by the mother to the children/child (Arthur and 

Elaine, 1990).  

Mitochondrial DNA has being use to construct the human evolution tree where it leads to the 

human origin base in Africa (Horai et al., 1986). Others studies that already being done by 

using mtDNA is the studies which include African individual which support that the origin of 

human are from Africa (Johnson et al., 1983). 

2.4 Mitochondrial DNA gene HVR I, HVR II and HVR III 

HVR is stand for hypervariable region, this region is located at the D-loop of the mitochondria. 

Mitochondrial consist of heavy strand (H-strand) which is purine rich region and light-strand 

(L-strand) which rich of pyrimidine (Suthat, 2006). D-loop region located at non-coding 

region of mitochondrial a segment also known as the control region (Doda et al., 1981). 

The polymorphism on the control region of mitochondrial can be used to identify an individual. 

In most forensic cases, HVR I and HVR II always being use to identify an individual. Since it 

is a very high polymorphism, it can be sequence out and provide a high degree of information 

of a certain individual.  
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For HVR III it is located at the area of 438 to 576 of the mitochondria and it has 17 groups of 

polymorphism.  For HVR III alone, it discrimination power is low. But when the 3 region 

combine (HVR I, HVR II and HVR III) the discrimination power will increase, and then it can 

be used to identify an individual more precisely (Suthat, 2006).   The Figure 1 below shown 

the enlarge region of D-Loop. 

  

Figure 1: Enlarge region of D-Loop. 

 (http://zeitlerweb.com/wordsdna/) 

2.5 Polymerase Chain Reaction (PCR) Amplification   

PCR is a method that is use to amplify a targeted DNA sequences. This method permits the 

selective amplification of a specific target DNA sequences. PCR is chain reaction process due 

to the fact that newly synthesizes DNA strands will act as the template for further DNA 

synthesis in subsequent combination (Tom and Andrew, 1996). 

The PCR has been employed extensively in the medical and also biological sciences since it 

was formally introduce at the Cold Spring Harbor 51
st
 Symposium on Quantitative Biology 

(Mullis et al., 1986) 
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The PCR need some component so it can be run perfectly, the component needed are the 

template DNA, primes, Taq Polymerase, deoxynucleoside (dNTPs), Tris-HCL, 2mM KCL 

and MgCl2 . The procedure involve in three phase which is denaturations of double helix DNA 

strand normal at the temperature of 95
0
C, annealing to primers at the temperature of 45

0
C, and 

extension.  

PCR has a major impact on biological research. For example, this technique has been use to 

amplified of a 40,000 year old frozen woolly mammoth DNA, as well as in many applications 

of forensic investigations (Campbell and Reece, 2005).  
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3.0 Materials and Methods  

3.1 Sample Preparation 

Sample taken was the buccal cells sample. Samples were taken using sterile collection swab. 

After buccal cells were obtained, then swabs were put into individual tubes containing 5.4mg 

of EDTA. EDTA is use to protect the DNA. Later, the tubes were placed in a container and 

stored in a freezer at -20
0
C for future use. All samples taken contain duplicates. All tubes were 

labeled according to generation and numbers. The Table 1 below shows the list of generation 

and hierarchy and Figure 2 show the figure of the family tree. 

Table 1: Generation and hierarchy 

Generation hierarchy 

I Grandparents 

II Own Parents 

Aunties 

Uncles 

III My brother and I 

Cousins  

 

 

 

 

  

 

 

Figure 2: Hypothetical example of a family tree 

1 2 

1 2 3 4 5 

6 

7 8 

1 2 3 4 5 
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7 8 9 
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II 
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3.2 CTAB Preparation 

Since extraction of DNA are following the CTAB protocol (Grewe et al., 1993). Hence CTAB 

have to be prepared before any DNA extraction. CTAB materials consist of EDTA, CTAB, 

Tris-base, NaCl, 2-mercaptoethanol and ddH20. Table 2 below shows the mixture of making 

500ml CTAB, 1000ml CTAB and 2000ml CTAB solution. 

Table 2: Mixture of CTAB solution 

Chemical and volumes 500ml 1000ml 2000ml 

EDTA 3.70g 7.40g 14.80g 

CTAB 10.00g 20.00g 20.00g 

Tris- base 6.05g 12.10g 24.20g 

NaCl 40.90g 81.80g 163.60g 

2-mercaptoethanol 1000µl 2000µl 4000µl 

ddH20 500ml 1000ml 2000ml 

 

Based on the table above, total volume of 2000ml CTAB was prepared. First, NaCl, Tris- base, 

CTAB, EDTA and ddH20 were mixed inside a beaker and put on the hot plate. The mixture 

was stirred and heated until it turns into a clear solution. It is to make sure that are not 

formation of bubble during stirring. Then the solution was left to cool down. The beaker then 

covered using aluminum foil to avoid contamination. Then, the solution was left overnight.  

After the solution being left overnight, it was transferred into 1000ml Schott bottles. Since, the 

amount of solution being prepared was 2000ml, so the solution was poured into two 1000ml 

Schott bottles. After that 2000µl of 2-mercaptoethanol was added into the bottles respectively. 

This is done in the fume hood. Then to mix the entire chemical in the solution the bottles were 

shake gently. Lastly, all 2000ml of CTAB solution were poured into eight bottles of 250ml 

Schott bottles. 
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3.3 DNA Extraction 

The extraction method follows the CTAB protocol (Grewe et al., 1993). First, the cotton part 

of the buccal swab was cut and placed in centrifuge tube. Later, 700µl CTAB and 8µl of 

20mg/µl proteinase-K (20mg) were added. Then the centrifuge tube was incubated in 55
0
C 

water bath for 1 hour and all the tissue was completely dissolved.  

After that, all the solution was transferred into a new centrifuge tube. Later, 700µl of 

chloroform: Isoamyl alcohol (24:1) was added into the new centrifuge tube. Then the 

centrifuge tube undergoes centrifugation at 13,000rpm for 20 minutes. Next, 400µl of the 

aqueous phase which contains the DNA was transferred into another centrifuge tube by using 

wide bore pipette tip. Cold ethanol was added into the tube. Then, the sample and the solution 

were mixed by inverting the tube several times then centrifuge tube undergoes another 

centrifugation for 20 minutes at 13,000rpm. Later, the ethanol was discarded and the pellet 

was washed. Next, 400µl of absolute cold ethanol and 25µl 3M of NaCl were added into the 

tube.  The salt solution cause the cellular and protein debris to clump together. Then the 

sample undergoes another centrifugation for 20 minutes at 13000rpm. Lastly, all ethanol was 

discarded. In this case, after centrifugation, none of the DNA pellet was visible; this may due 

to the small amount of the DNA been extracted. But based on DNA extraction manual, the 

DNA pellet should clumped together underneath the centrifuge tube hence it was resuspended 

in 100µl distilled water after the pellet was air dried. 
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3.4 Gel Electrophoresis 

The formation of band of DNA extraction was visualized by using 1% of agarose gel. 0.3g of 

agarose gel was weighed and added into cone. Later, 30 ml TBE buffer solution was added 

into the cone and heated using microwave. Next, 1µl of ethidium bromide was added into the 

agarose gel solution and was poured off into casting tray. The comb was inserted in the casting 

tray. The comb was taken out after cooling and the wells were appeared in the gel. Next, the 

gel was inserted into the tank fill with agarose buffer and let the gel sink. 2µl of sample was 

taken out and mixed with 1µl of loading gel by adjusted of micropipette to 3 µl on the 

spyrofoam, then they was resuspended several time and put into each well. 1µl Hyper Ladder 

was put into the well and the electrophoresis was turned on at 90V. The electrophoresis was 

turn off after the band reach the third bottom line in 30 minutes, the band was screened soon 

after. 

3.5 Polymerase Chain Reaction (PCR) 

The entire sample was subjected to DNA amplification using the method of Polymerase Chain 

Reaction (PCR) and 50µl PCR reaction mixture will be use. The mixture consist of 10X PCR 

buffer (Promega), 4µl Deoxyribonucleotide triphosphate mixture (dNTPs), 1.5µl of sterile 

Magnesium chloride (MgCl2),  1µl of template, 0.3µl of Taq polymerase, primer (primer 

25pMol) and 36.2µl distilled water (dH20). The primers consisted of 1µl of H-strand and L-

strand 1µl. Amplification was performed in a gradient cycler (biorad). 

For HVR I and HVR II, it PCR condition were different from HVR III. For gene HVR I and 

HVR II the initial denaturations was set at 94
0
C for 4 minutes. Then, the denaturations 

occurred at 94
0
C for 45 seconds. Then, the annealing process was done at 55

0
C for 30 seconds. 
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Later, the temperature was rise up for extension process. Extension process was done at 72
0
C 

for 1 minute. For HVR I and HVR II, the denaturations, annealing, extension were undergoing 

32 cycles. For the final extension, the temperature remains the same but the time change to 5 

minutes. 

As for HVR III gene, the initial denaturation was set at 94
0
C for 1 minute. Then, denaturations 

occurred at 94
0
C for 1 minute. The annealing process was done at 54

0
C for 30 seconds. Later, 

the extension process was set at the temperature of 72
0
C for 1 minute. The denaturations, 

annealing and extension were done for 30 cycles. Lastly the final extension was done at 72
0
C 

for 5 minutes.  Tables 3 below will show the Primers of HVR I, HVR II and HVR III. 

Table 3: Primers of HVRI, HVRII and HVRIII. 

Primer HVR I L15997 

H16401 

5’-CACCATTAGCACCCAAAGCT-3’ 

5’-TGATTTCACGGAGGATGGTG-3’ 

Primer HVR II L29 

H408 

5’-GGTCTATCACCCTATTAACCAC-3’ 

5’-CTGTTAAAAGTGCATACCGCCA-3’ 

Primer HVR III L128 

H619 

5’-CGCACCTACGTTCAATATTAC-3’ 

5’-GGTGATGTGAGCCCGTCTAA-3’ 

          (Suthat, 2006) 

3.6 Purification of PCR  

The PCR product was purified before it was send for DNA sequencing. The purification of 

DNA was done by using the commercial purification kit (Promega) according to instruction. 

An equal volume of membrane binding solution was added to the PCR reaction which was 

28µl. While, SV minicolumn was inserted into the collection tube and the prepared product 
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was transferred into the minicolumn assembly. The samples were let to incubate in room 

temperature for 1 minute. Then the samples undergo centrifuge at 14,000rpm for 1 minute. 

The supernatant was discarded and the minicolumn was reinserted into the collection tube. 

700µl of membrane washing buffer (with ethanol added) was added into the tube and the tube 

were undergoes centrifugation again for 1 minute at 14,000rpm. Supernatant was discarded 

and minicolumn was reinserted into tube. Later the samples undergo the second step of 

washing by using 500µl of membrane washing buffer, and were centrifuge for 5 minutes at 

14,000rpm.  Then the supernatant was discarded and the tube was recentrifuged within the 

minicolumn at 14,000 rpm for 1 minute until dryness. 

The minicolumn was transferred to a new 1.5ml microcentrifuge tube and 30µl of nuclease- 

free water was be added into the tube and incubated for 1 minute in room temperature. Later, 

the tube was centrifuged at 14,000 for 2 minutes. Lastly, the purified product of PCR was 

stored in -20
o
C before it be send for sequencing analysis. For the conformation of sample in 

the purified product, 2µl of the samples was taken for gel electrophoresis.  

After all the process of purification was done, the sample was send to a private company for 

sequencing process. 
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3.7 Data Analysis 

After receiving the result of the sequencing, the analysis of data was begun. The sequence was 

analyzed by using CLUSTAL X (2.0.11) software (Larkin et al., 2007) and CHROMAS Lite 

(2.01) software. For multiple alignment of DNA sequence, CLUSTAL X (2.0.11) was used. 

To review the DNA sequence, CHROMAS Lite (2.01) software was used to view in the form 

of chromatogram (Lim, 2010). The sequence of the chromatogram was transferred to the 

Microsoft Notepad in the form of fasta format. Then the sequence was align by using the 

CLUSTAL X software, it is for editing the sequences (Fong, 2005). The purpose of doing data 

analysis was to check the similarity of the sequences. Furthermore it is used to calculate the 

matrix of genetics distances between sequences and to construct Neighbor- Joining tree 

(Saitou and Nei, 1987). 

The sequences were aligned by using the command of “Do Complete Alignment”. After the 

sequence was being aligned, the sequences were saving in the form of Nexsus format. Then 

the data was transferred to the DNA sequence Polymorphism (DNAsp) Version 5.10.01 

software (Librado and Rozas, 2009) convert the data into MEGA format. Molecular 

Evolutionary Genetic Analysis (MEGA) version 4.0 will be used (Tamura et al., 2007). 

  


