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DNA, or deoxynucleic acid,
is a sequence of chemicals
that defines each human
being as unique (with the 
exception of identical twins).
It is in the shape of a 
double helix. 

The spirals are held together by four nucleotides or base 
pairs: adenine (A), guanine (G), cytosine (C) and
thymine (T). A always pairs chemically with G and 
C always pairs with T.

What Is DNA?



DNA, used in conjunction with 
genealogical research, is 

known as “genetic genealogy.” 



What genetic genealogy is . . .

• It is another tool in the genealogist’s toolbox.

• It can be used to both rule in and rule out genetic 
relationships.

• It can be used to identify “deep” ancestry.

• Some, but not all, types of testing can reveal health 
information.



What genetic genealogy is not . . .

• It is not a replacement for traditional      
genealogical research

• It does not include a family tree

• It cannot directly tell you the degree of     
relationship

• It cannot tell you who your great-
grandmother was or where she was 
born.
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There are four 
types of DNA  

Autosomal DNA (atDNA)

Mitochondrial DNA (mtDNA) (passed in a 
direct line from a mother to her children)

Y-DNA (passed in a direct line down the 
paternal line)

X-DNA (found on the X chromosome) 







Females 

The 23rd chromosome in a female is
composed of two X-chromosomes, one 
inherited from the mother and one from
the father. Like the members of the other
22 chromosome pairs, in the female, the 
23rd pair form a matched set, can exchange
genetic material, and either member can
be passed to the next generation. Sons 
inherit one X-chromosome from their mother.





Y-DNA Is Passed From Father to Son

Image from familytreedna: Used with permission



ONLY MALES can take a 
Y-DNA test because only males 

have a Y-Chromosome.





Mitochondrial DNA is the 
small circular chromosome 
found inside mitochondria. 
The mitochondria are 
organelles found in cells that 
are the sites of energy 
production. The 
mitochondria, and thus 
mitochondrial DNA, are 
passed from mother to 
offspring.

Credit: www.genome.gov



Everyone can take a Mitochondrial 
DNA Test because mtDNA is 
inherited from the mother. However, 
only females can pass mtDNA onto 
their descendants.



Mitochondrial DNA Inheritance Pattern

Adapted from Genetic Genealogy in Practice



Mitochondrial (mtDNA) Inheritance

Poster Credit: genebase.com



X-DNA Inheritance



Why is autosomal DNA
important in genetic 

genealogy?



Autosomal DNA

Autosomal DNA is nuclear DNA that includes
the 22 pairs of chromosomes that are not involved 
in the determination of sex. Autosomal DNA is 
inherited from both parents, who in turn, 
inherited it from their parents. It can be used to 
study all lines of a family. It is not passed intact 
from generation to generation. During meiosis, 
pairs of chromosomes can exchange sections of 
DNA through recombination.



Father to Son Mother to Daughter

Y-DNA mtDNA

Key:
English/Welsh
Irish
German



Disadvantage 
of Autosomal 

DNA



How do you determine that you are “related” 
to someone else?

Once your DNA is analyzed, it is compared to everyone else in the database.

Segments of DNA that match someone else’s DNA are identified and measured.

These segment lengths are measured in centimorgans (cM).

The longer the segment, the more likely that you share an ancestor with the match.

Some programs enable you to graphically visualize your matches.





Add up the total amount of 
shared cM and use a relationship 
calculator to determine possible 

relationships.





Gedmatch summarizes a 
comparison between two kits 
with: 
1) the largest segment,
2) the total segments, 
3) an estimate of the Most 

Recent Common Ancestor 
(MRCA) and 

4) The number of shared
segments.



Genetic vs. 
Genealogical Tree



At some point, people no longer receive DNA from every ancestor in each generation. In addition, 
even siblings who each inherit about 50% of their DNA from each parent inherit different DNA. This 
also explains how siblings can have different ethnicity estimates. Siblings have the same genealogical 
tree, but different genetic trees.





Each of us has two trees:

• Genealogical family tree – includes 
all our ancestors, known and 
unknown.

• Genetic family tree – only includes 
the subset of ancestors from whom 
we inherited DNA.







Ethnicity Estimates



Comment on facebook:

“My daughter received 
23andMe and 

Ancestry.com for 
Christmas, she did both 
kits at same time and 
sent them in and they 
came back with totally 
different results. I think 

it’s all a scam.”



So is it?



Ethnicity and 
Admixture

• In the science of genetic genealogy, ethnicity 
estimates are the least reliable aspect of the 
science.

• All three companies can reliably estimate your 
ethnicity at the continental level (European, 
Asian, African).

• The results get more inconsistent at the sub-
regional level.



How Are 
Populations 

Defined?

Each company defines populations according to 
their own definition.

For instance, if you are Greek, 23andme will 
categorize your DNA as “Balkan.” Ancestry.com 
would categorize the same DNA as “Italy/Greece.”



Factors in 
Inconsistencies

• Each company uses different reference samples 
made up of proprietary data and publicly 
available data.

• Proprietary data often includes self-reported 
information from customers who report that all 
four of their grandparents are from the same 
country.

• Self-reported results are extensively analyzed 
and some data are “thrown out” as “outliers” 
which differ significantly from others in the 
population. 



Ancestry.com/DNA



On Ancestry, 
click on the 

DNA tab and 
choose “DNA 

Story.”



Step 2: Click on one of your Ethnicity Estimates (i.e. Scandinavian). 



Solid vs. 
Dotted Lines











Speculative vs Conservative Estimates
Speculative Estimate Conservative Estimate

European 99.8% European 98.1%

British and Irish 57.4% British and Irish 14.6%

French and German 22.1% French and German 2.1%

Scandinavian 4.8% Scandinavian N/A

Broadly Northwestern 
European

58.4%

Broadly European 22.8%

General Observations:
1. The more specific you try to get, the more speculative the guess.
2. greater specificity = greater speculation





FTDNA 
Reference 
Populations
N=24











As of Jan 2018, My Heritage had 43 worldwide populations.





Third Party Tools



Gedmatch.com



DNA Painter





Clustering Tool







https://isogg.org/wiki/Autosomal_DNA_testing_comparison_chart

Company Comparisons
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