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In Parts 1 and 2 of this series we learned about the structure of DNA and how the four major testing 
companies (Ancestry.com, MyHeritage, 23andMe, and FTDNA) test your DNA sample.  In the next four 
articles (Parts 3-6) we will look at the different types of DNA, their corresponding tests, and the information 
you can and cannot obtain from the results.  Before we begin, however, there are a number of myths or 
misconceptions that are common about DNA testing.  Common examples include: 1) my parents and 
grandparents are deceased so genetic testing won’t help me; 2) DNA testing will provide me with a family tree; 
3) women can’t take DNA tests; 4) genetic genealogy testing is a violation of privacy; 5) I should share DNA 
with my genealogical relatives; 6) my ethnicity estimate should match my known genealogy; 7) the relationship 
prediction from the testing companies is the actual genealogical relationship; 8) because my mother/father/
siblings share DNA with a genetic match means I will also share DNA with that person; 9) DNA testing is too 
narrow to provide me with useful results, and 10) DNA testing will reveal my health information.  I will cover 
each of these at some point during the discussion of the different DNA testing types. 

In this article we will examine the mitochondrial DNA (mtDNA) test and what information can be 
obtained from it.  If you recall, mtDNA is found in the mitochondria and is the only DNA not found in the cell 
nucleus.  Human mtDNA forms unique circular molecules, like a twisted rubber ladder with its ends connected 
to itself, that contain 16,569 base pairs (see Figure 1).  Mitochondria are called the powerhouses of the cell and 
produce energy for the cell using oxygen and glucose to create adenosine triphosphate (ATP), the cell’s main 
energy source. Human cells average about 100 mitochondria per cell with a range of 10-2000 per cell.  Each 
human mitochondrion within a cell contains about 5 mtDNA molecules with a range of 1-15.  Therefore, on 
average, each human cell contains about 500 mtDNA molecules. 

 
Figure 1. Mitochondrial DNA  

Source: Wikimedia Commons, the free media repository. https://
en.wikipedia.org/wiki/Mitochondrial_DNA  

  
Figure 2 shows the various regions of the mtDNA loop.  mtDNA has three genealogical regions of 

interest, the hypervariable regions (HVR1 & HVR2) and the coding region (CR). When DNA testing was in its 
infancy, and was very time and labor intensive, only the hypervariable regions (HVR1 & HVR2) were tested. 
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These were of particular interest because they mutated more rapidly than the coding region.  Today, however, 
due to the vastly improved testing methods, the entire mtDNA circle (all 16,569 base pairs) is sequenced. 

The mtDNA base pairs are numbered starting at the top and moving clockwise from 001 to 16,569.  The 
HVR2 region corresponds to base pairs 001-574, the gene “coding region” corresponds to base pairs 
575-16,000, and the HVR1 region corresponds to base pairs 16,001-16569.  If you imagine the loop to be a 
clock face, the HVR2 region would be from 0-2 minutes, the coding region from 2-58 minutes, and the HVR1 
region from 58-60 minutes. 

 
Figure 2. Mitochondrial DNA  

Source: Wikimedia Commons, the free media repository. 
https://en.wikipedia.org/wiki/Mitochondrial_DNA 

Human mtDNA contains 37 genes in the coding region - 13 protein coding genes and 24 RNA coding 
genes. We are familiar with protein coding genes but we haven’t talked about RNA yet.  Ribonucleic acid 
(RNA) is a polymeric chain of nucleotides similar to DNA, but RNA is found in the cell as a single stranded 
chain folded onto itself, rather than a paired double-helical strand like DNA. RNA is a polymeric molecule 
essential to the coding, regulation and synthesis of proteins. It is one of the molecules critical for cellular 
function and viability. 

mtDNA shows very slow mutation rates compared to nuclear DNA and no recombination occurs which 
means that it is inherited unchanged over many generations.  It also has a unique inheritance pattern - only 
females pass on their mtDNA to their children, but both males & females inherit their mtDNA from their 
mothers.  Therefore, both males and females can take an mtDNA test.  As a reminder, recombination occurs in 
nuclear DNA during meiosis when the autosomes (sex cells) are being formed and causes portions of the DNA 
strands to exchange with one another leading to variations in the daughter cells and the next generation of 
offspring.   

Since no recombination occurs and the mutation rates are extremely slow for the full sequence mtDNA, 
there is only a 50% chance of finding a most recent common ancestor (MRCA) within 5 generations (~120 
years).  However, the probability of finding an MCRA increases to 95% back about 22 generations (~550 
years).  For this reason, mtDNA testing is not useful for finding genetically related cousins.  8 

Figure 3 shows a 7-generation fan chart and the inheritance through the female line. So why do only 
females pass on their mtDNA to their descendants?  If you recall, mitochondria are the powerhouses of the cell 
and sperm cells contain a large number of mitochondria in their tails to enable them to propel themselves 
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toward the ovum and ultimately achieve fertilization.  Most of the mitochondria is located at the base of the tail 
which is lost upon penetration of the ovum membrane and fertilization of the egg.  Although this explains why 
most of the male mtDNA is lost with the tail, nobody yet fully understands why all of the male mtDNA 
remaining in the head is completely eliminated from cells. 

 
Figure 3. Inheritance Pattern for mtDNA 

Source:  Generated by the author from similar fan charts in 
“Guide to DNA Testing and Genetic Genealogy” by Blaine T. Bettinger, 2016 

Another way to look at the inheritance pattern is to ask who will inherit the same mtDNA as the 
matriarch in the family tree shown below in Figure 4.  She will pass on her mtDNA to all four of her children 
so the first-generation descendants will all have the same mtDNA.  However, in the second generation, neither 
of her male children will pass on her mtDNA and only one of her daughters had children so only those two 
grandchildren will inherit their grandmothers mtDNA.  Finally, in the third generation only her second 
granddaughter will pass on grandmother’s mtDNA but all three children will share the same mtDNA from their 
great grandmother. 

 
Figure 4. Who Inherits Great Grandmother’s mtDNA? 

Source:  Generated by the author 

FTDNA is the only major testing company you can use to take an mtDNA test.  The other three major 
testing companies do not test for mtDNA.  When you receive your full sequence results, they are presented as 
differences between two reference standards, the Revised Cambridge Reference Standard (rCRS) and the 
Reconstructed Sapiens Reference Standard (RSRS).  The initial Cambridge Reference Standard (CRS) is a 
mitochondrial DNA sequence of a single European woman sequenced in 1981 with a haplogroup H2a2a1.  The 



CRS is just a reference sequence, it is not a record of the earliest human mtDNA.  A corrected, revised CRS of 
this person was published in 1999 (rCRS) this is now used as the first reference standard.  The RSRS is a 
mitochondrial DNA reference sequence that uses global sampling of modern humans and ancient hominids.  It 
was introduced in 2012 as a replacement for the rCRS and shows an unbiased path back from any one modern 
mtDNA sequence to our distant common maternal ancestor.  It is now used as the second reference standard. 

FTDNA reports all the differences between your mtDNA in the HVR1, HVR2, and Coding Region from 
both the reference standards, the rCRS and the RSRS.  The results give the positions around the mtDNA loop 
where the differences occur and what differences are observed.  For example, my test, when compared to the 
rCRS showed no differences in the HVR1 region, 5 differences in the HVR2 region, and 2 differences in the 
Coding Region.  One of my HVR2 differences was 263G (where an A in the reference was replaced with a G at 
position 263 in my mtDNA).  Similarly, in the Coding Region one of my two differences was 5988T (where an 
A in the reference sample was replaced with a T at position 5988 in my mtDNA).  My test showed more 
differences compared to the RSRS which showed 8 differences in the HVR1 region, 9 differences in the HVR2 
region, and 36 differences in the Coding Region as well as 7 extra mutations and 2 missing mutations.  
Everyone who tests will show some differences from the two standards and the fact that you do show 
differences has absolutely no negative implications for you or your mtDNA ancestry - it is just the differences 
from the two arbitrarily chosen standards. 

In addition to the variations from the reference standards, the maternal haplogroup can be identified 
through this test.  The maternal haplogroup determination reveals information about the migration of your 
ancient female line.  My maternal haplogroup is H2a2a.  The H branch of my ancient maternal line dates to 
about 30,000 years ago and is one of the most common lineages to migrate into Europe, accounting for about 
40% of the Western European population.  My wife on the other hand is maternal haplogrop W6c.  The origin of 
the W haplogroup dates to approximately 20,000 years ago, and it is mainly found distributed in west Eurasia. It 
is likely that individuals bearing this lineage participated in the expansion into Europe following the Last 
Glacial Maximum.  Figure 5 shows the ancient maternal human haplogroup migration map for all of the 
branches of the maternal tree. 

 
Figure 5. mtDNA Human Haplogroup Migration Map 

Source:  Family Tree DNA website.  Migration Map Copyright 2006. 
https://www.familytreedna.com/pdfs/?path=%2Fpdf-docs%2Fmt_migrationmap.pdf 

Geneticists have traced every human being on earth back to one maternal ancestor called “Mitochondrial 
Eve”.  Eve lived from 100,000 - 150,000 years ago based on known mtDNA mutation rates.  She was not the 
only woman at that time, but all other women’s female descendants have died out.  She lived in East Africa and 
had at least 2 daughters.  More recently, geneticists have shown that all European women have descended from 
7 matriarchs who lived from about 10,000 - 45,000 years ago and they are called the “Seven Daughters of Eve”. 

https://www.familytreedna.com/pdfs/?path=%252Fpdf-docs%252Fmt_migrationmap.pdf


Because of the slow rates of mutation and the lack of recombination, mtDNA is not useful for finding 
living genetic cousins because an exact full sequence match may be several generations or several thousand 
years back.  For example, when I took my mtDNA test, 22 matches were identified with a perfect full sequence 
match.  Except for my mother, none of my identified matches led to a genealogically relevant match, i.e. no 
common ancestors were found in their trees.  However, as mentioned above, mtDNA is useful in determining 
the maternal haplogroup and ancient origins back thousands of years due to the slow mutation rates.   

mtDNA can also be useful for answering specific genealogical questions such as whether two people are 
maternally related.  Human mtDNA can also be used to help identify specific individuals. Forensic laboratories 
occasionally use mtDNA comparison to identify human remains, and especially to identify older skeletal 
remains.  It is also used to exclude possible matches between missing persons and unidentified remains.  Many 
researchers believe that mtDNA is better suited to identification of older skeletal remains than nuclear DNA 
because the greater number of copies of mtDNA per cell (~500 mtDNA molecules per cell compared to 1 set of 
nuDNA molecules per cell) which increases the chance of obtaining a useful sample, and because a match with 
a living relative is possible even if numerous maternal generations separate the two.  Below are two examples 
where mtDNA was used to identify missing historical figures. 

The first mystery involves the Romanov family (Figure 6).  In 1918, Vladimir Lenin ordered the 
murders of the Romanov family who were being held in the Ural Mountains.  Czar Nicholas II, his wife Czarina 
Alexandra, his four daughters Olga, Tatiana, Maria, and Anastasia, his son Alexei, a physician, and three female 
servants were all murdered, but the location of the burial site was never disclosed.   

 
Figure 6. The Romanov Family 

Source:  Wikipedia - The Free Encyclopedia. 
https://en.wikipedia.org/wiki/Execution_of_the_Romanov_family 

In 1922, a woman named Anna Anderson claimed to be the Czar’s youngest daughter, Anastasia, but 
numerous critics claimed she was actually Franziska Schanzkowska, the daughter of a Polish factory worker.  At 
the time, there was no scientific way to prove or disprove her claim.  Then in 1991, a burial site was found in 
the Ural Mountains with 9 bodies - 2 adult males, 4 adult females, and 3 young females.  The bodies could be 
the Czar, Czarina, 3 daughters, the physician, and the 3 servants.  If so, what happened to the 4th daughter and 
to the son?  A descendant was needed for DNA testing having the same mtDNA and as it turns out, Prince 
Philip, Duke of Edinburgh and husband of Queen Elizabeth II, was identified as a living descendant of Queen 
Victoria sharing the same mtDNA as Czarina Alexandra and the five children.   
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mtDNA testing showed that Philip had two rare mutations at positions 16,111 and 16,537.  The mtDNA 
of one adult female and the three younger females matched his DNA including the rare mutations.  Additionally, 
one of the male’s mtDNA had an even rarer anomaly, two nucleotide markers (C&T) at position 16,169 called a 
heteroplasmy labeled 16,169Y.  The Czar’s brother, Grand Duke George Alexandrivich, whose grave location 
was known, was exhumed, and he showed the same mtDNA heteroplasmy.  The Romanov family had been 
found!  The absence of the 4th daughter and the son led credence to Anna Anderson’s claim of being Anastasia.  
The solution was to test Anna Anderson’s mtDNA but she had died 7 years earlier.  Luckily, tissue samples from 
her had been stored in a freezer at a hospital where she had been a patient before she died.  The mtDMA 
conclusively showed she did not match the Romanov family and that Anna Anderson was a fraud.  Her mtDNA 
did, however, matched the maternal great nephew of the Polish factory worker.  Anna Anderson was indeed 
Franziska Schanzkowska as the early critics suggested.  But what of the two youngest Romanov children?  In 
2007 another burial site near the first site was found of a young boy and a young girl.  mtDNA of both bodies 
matched the Romanov family - Anastasia and Alexei were found! 

 
Figure 6. Family tree showing the maternal relationship between the Romanovs and Prince Philip, Duke of Edinburgh 

Source: From DNA to Genetic Genealogy - Everything you wanted to know but were afraid to ask by Stephen P. Morse 
https://stevemorse.org/genetealogy/dna.htm 

The second example involves King Richard III.  In 2012, researchers found a skeleton under a parking 
lot in Leicester, England.  Based on the location, skeletal wounds, and severe scoliosis present they believed 
these to be the remains of King Richard III of England.  Richard III died in the Battle of Bosworth Field on 
August 22, 1485.  Using full sequence mtDNA to test their hypothesis, genealogists traced the maternal 
descendants of his sister, Anne of York, to 2 living relatives, Michael Ibsen and Wendy Duldig.  Richard’s 
mtDNA differed from both Michael and Wendy by only one mutation and they all had the same rare 
haplogroup, J1c2c.  Based on this and other evidence they proved that these were indeed the remains of King 
Richard III. 

In summary, mtDNA is a circular piece of DNA with 16,569 bps located within the mitochondria of the 
cells.  It is inherited by both males and females from their mothers but only the women pass down their mtDNA 
to their children.  For this reason, it is referred to as the maternal ancestry test.  An easy way to remember this is 
that mitochondrial DNA = mtDNA = maternal DNA.  Early tests only tested the hypervariable regions (HVR1 
& HVR2) which could be used for haplogroup identification, but now, due to improved testing methods, the full 
mtDNA sequence is determined and the results are reported against two reference standards, the revised 
Cambridge Reference Standard (rCRS) and the Reconstructed Sapiens Reference Standard (RSRS).  mtDNA 
does not undergo recombination and the only observed changes are due to mutations.  Due to the slow mutation 
rates, mtDNA is used to determine the maternal haplogroup and ancient origins back thousands of years but is 
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not useful for finding random genetic cousins.  It can, however, be useful for answering specific genealogical 
questions such as whether two people are maternally related or for identifying human remains as long as a 
living relative along the maternal line can be identified for comparison.  Currently, the only major testing 
company to provide an mtDNA test is FTDNA. 

This concludes our discussion of mitochondrial DNA.  The next article will discuss Y-DNA which 
follows the male or surname line.  Until then, happy genealogical hunting!


