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Autosomal DNA 

What is autosomal DNA? 
 
Autosomal DNA consists of all nuclear DNA except for the X and Y sex chromosomes. There are 
22 pairs of autosomal chromosomes in each cell. Whereas Y-chromsome and mitochondrial DNA 
inheritance are linear and intact, autosomal DNA is not. Every time that it is passed on to a 
subsequent generation it is shuffled in a process called recombination. A parent only gives half of 
their total autosomal DNA to a child. Therefore an individual shares 50% of their autosomal DNA 
with each parent, about 25% with each grandparent, and approximately 12.5% with each great 
grandparent. However, due to the random nature of recombination, eventually there will be some 
individuals in your family tree from whom you did not inherit any autosomal DNA.  

X-DNA 
 
Though X-DNA is technically a sex chromosome and therefore is not autosomal, it is often tested 
with autosomal DNA. The X chromosome pairs with the Y chromosome in males and with another 
X chromosome in females. Though it is sometimes considered the “female” sex chromosome, it can 
be inherited both paternally and maternally and consequently is not the same as mitochondrial DNA, 
which is inherited only maternally and is not nuclear. The X chromosome also recombines. 
However, as a single chromosome the effects of recombination are much more prominent. The 22 
pairs of autosomal chromosomes do not recombine exactly according to expected percentages, but 
as an average over all chromosomes. Since we cannot estimate the inheritance percentages for a 
single chromosome, it is impossible to assign percentages of expected DNA inheritance to the X 
chromosome. While it is impossible to estimate percentages of DNA inherited on the X 
chromosome, it can be used to narrow the possibilities for where two individuals might share a 
common ancestor in their trees. 

Genetic vs. Genealogical Family Tree 
When considering autosomal DNA testing, it is important to consider the differences between 
genetic and genealogical trees.  
 

“In reality, everyone has two family trees.  The first is a Genealogical Tree, which is every 
ancestor in history that had a child who had a child who had a child that ultimately led to 
you.  Every decision made by every person in that tree contributed to who and what you are 
today... However, not every person in that tree contributed a segment of your DNA... As a 
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result, we have a second family tree - a Genetic Tree– which is a tree that contains only 
those ancestors who contributed to our DNA.” 1 

Key Terminology 
 
Chromosome: An organized package of DNA found in the nucleus of the cell. 2 
 
Centimorgan: A unit of recombinant frequency used to measure genetic distance. It is often used 
to imply distance along a chromosome, and takes into account how often recombination occurs in a 
region. 3 
 
Megabase: A term used in genetics to measure the length (number of base pairs) of a genome 
segment. Megabases measure the physical distance of a genome region whereas a centiMorgan is 
used to measure the genetic distance. 1 Mb = 1,000,000 bases = 1 Megabase4 
 
Recombination: The exchange of DNA segments between the two copies of a chromosome 
(maternally inherited and paternally inherited).5  
 
Triangulation: A term derived from surveying to describe a method of determining the Y-STR or 
mitochondrial DNA ancestral haplotype using two or more known data points. The technique is 
also used in autosomal DNA testing to compare matching DNA segments to determine which 
ancestor donated which particular segment.6 
 
Phasing: Phasing is the task or process of determining the parental source of a SNP's alleles. It is 
the process of trying to determine which DNA was inherited maternally, and which DNA was 
inherited paternally. 7 
 
                                                
1 Bettinger, Blaine. “Q&A: Everyone Has Two Family Trees – A Genealogical Tree and a Genetic Tree” at The Genetic 
Genealogist (http://www.thegeneticgenealogist.com/2009/11/10/qa-everyone-has-two-family-trees-a-genealogical-tree-

2 International Society of Genetic Genealogy, “Chromosome” ISOGG Wiki 
(http://www.isogg.org/wiki/Chromosome: accessed September 2014).  

3 International Society of Genetic Genealogy, “Centimorgan” ISOGG Wiki 
(http://www.isogg.org/wiki/Centimorgan: accessed September 2014). 

4 International Society of Genetic Genealogy, “Megabase” ISOGG Wiki 
(http://www.isogg.org/wiki/Megabase : accessed September 2014). 

5 International Society of Genetic Genealogy, “Recombination” ISOGG Wiki 
(http://www.isogg.org/wiki/Recombination : accessed September 2014). 

6 International Society of Genetic Genealogy, “Triangulation” ISOGG Wiki 
(http://www.isogg.org/wiki/Triangulation : accessed September 2014). 

7 International Society of Genetic Genealogy, “Phasing” ISOGG Wiki (http://www.isogg.org/wiki/Phasing : 
accessed September 2014) 
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Identical by Descent: a term used in genetic genealogy to describe a matching segment of DNA 
shared by two or more people that has been inherited from a recent common ancestor. Being 
identical by descent is contrasted to being identical by state.8 
 
Identical by State: Identical by state is a term used in genetic genealogy to describe DNA segments 
which do not signify the sharing of a recent common ancestor and are therefore not identical by 
descent.9 
 
Endogamy: the custom of marrying only within the limits of a local community, clan, or tribe. 

Testing Companies 

Family Tree DNA 
 

- Fairly responsive community 
- Stores samples for optional future testing 
- Accepts result transfers from Ancestry.com and from 23andMe (pre-January 2014) 
- Worldwide customer base 
- Some matches have published trees 
- Smallest autosomal database (about 250,000) 10 
- Stringent matching algorithms with high thresholds which eliminate some matches from 

the list. 
 

AncestryDNA 
 

- Fairly responsive community 
- Most matches have attached trees 
- Attempts to phase data through “pseudo-phasing” 
- Mostly American customers 11 
- No sample storage 
- Does not accept transfers 
- Second largest database (More than 700,000)12 

                                                
8 International Society of Genetic Genealogy, “Identical by Descent” ISOGG Wiki 

(http://www.isogg.org/wiki/Identical_by_state :accessed September 2014) 
9 International Society of Genetic Genealogy, “Identical by State” ISOGG Wiki 

(http://www.isogg.org/wiki/Identical_by_state : accessed September 2014) 
10 International Society of Genetic Genealogy, “Autosomal DNA Testing Comparison Chart” ISOGG Wiki 

(http://www.isogg.org/wiki/Autosomal_DNA_testing_comparison_chart: accessed September 2014). 
11 Ibid. 
12 Ibid. 
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23andMe 
 

- Largest database (More than 900,000)13 
- Most stringent on privacy settings 

o Sharing is not automatic, must invite matches to share information 
- Test Y-DNA and mtDNA for haplogroups 
- Worldwide customer base, though banned in some countries.14  
- Lower response rate for genealogy 
- Uses a different chip as of January 2014 which is different from the other companies.15 
- Does not accept transfers 

Results 

Raw Data 
Because each test looks at more than 500,000 markers of DNA, the raw data is about 20,000 pages 
of pretty meaningless numbers and letters. However, there are third party websites and tools that 
can be used to analyze the raw data. These include Gedmatch.com, Family Tree DNA’s transfer 
program, and David Pike’s tools.  

Ethnicity 
Each of the DNA testing companies offer a report on ethnic origins. Ethnicity estimates are estimates 
and will not be exactly reflective of genealogical ancestry. Ethnicity admixture report will differ from 
company to company due to the reference populations and algorithms each company uses. Though 
there are some cases where ethnicity estimates can give clues for future research, they are only a 
small part of your DNA results. 

Cousin Matches 
Each of the DNA testing companies provide a list of people that are related to the individual tested 
based on the amount of shared DNA. These lists of matches are the most genealogically useful part 
of DNA test results. Matches should be considered and contacted for collaboration, especially those 
that are predicted to be closely related. Each company varies in the functionality and information 
included on these lists.  
  

                                                
13 International Society of Genetic Genealogy, “Autosomal DNA Testing Comparison Chart” ISOGG Wiki 

(http://www.isogg.org/wiki/Autosomal_DNA_testing_comparison_chart: accessed September 2014). 
14 Ibid. 
15 Moore, CeCe. “23andMe Releases a Sample of Their New V4 File: First Look and Analysis” at Your 

Genetic Genealogist (http://www.yourgeneticgenealogist.com/2013/12/23andme-releases-sample-of-their-new-
v4.html: accessed September 2014) 
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Ancestry.com 
- Contact with matches through website system 
- Many matches have attached family trees 
- Automatic analysis of ancestors in common 
- Search by surnames and places in trees 
- No chromosome browser 
- Starring matches 
- Adding notes to matches 
- Identifying new matches 
- No ICW analysis 
- No exact information on DNA shared – only estimation of relationship. Estimation is 

generally fairly accurate, especially for predictions that are 3rd cousin or closer. 

Family Tree DNA 
-‐ Direct email contact information for matches 
-‐ Chromosome browser 
-‐ Matrix comparison 
-‐ Profiles  

o Earliest identified paternal and maternal ancestor 
o Introduction 
o List of Ancestral Surnames 

-‐ Identification of other tests that matches have taken.  
-‐ Comments/notes section 
-‐ Searchable by name and ancestral surnames 
-‐ Some matches have attached trees, but trees are not automatically searched for common 

ancestors. 
-‐ Searchable by In Common With matches and Not in Common With matches 
-‐ Total shared cM 

23andMe 
-‐ Matches must be contacted individually and invited to share information 
-‐ Searchable by reported surnames and places 
-‐ Designation of Y-DNA and mtDNA haplogroups of matches 
-‐ Surname and locality analysis of matches 
-‐ Advanced Inheritance tool (chromosome browser) 
-‐ Countries of origin tool 
-‐ Reported percentage of shared DNA and number of segments. 
-‐ Some trees attached 
-‐ Identification of maternal versus paternal relatives (with multiple tests) 
-‐ Ethnicity analysis in chromosome view 
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Relationship Estimates 
Each company estimates the relationship between matches. These estimates are determined based 
on the expected amount of shared DNA between different relatives. The following table details 
these relationships and amounts. 
 
Table adapted from ISOGG Wiki:16  
 

Relationship level %DNA 
shared  

DNA 
shared cMs  

Detected 
by testing 

Notes 

Parent/Child 50% 3400  100% The percentage shared is exact, not an 
average 

Siblings 50%  
(42%-58%) 

2800-4000  100%  

Grandparent, grandchild; 
uncle/aunt and 
niece/nephew; half-
siblings; double first 
cousins 

25%  
(18%-32%) 

1200-2200  100% Note that when the DNA testing 
companies predict a relationship, that 
they are predicting this information 
based on the shared DNA. They are 
not taking any paper documentation 
into account. 

1st cousins; great-
grandparents; great-uncle 
or aunt; half-aunt/uncle; 
half nephew/niece 

12.5% 
(7.3%-
13.8%) 

500-950 > 99.9% A half-aunt/uncle relationship is one 
where there is a half-sibling 
relationship between the parent and 
the aunt or uncle. 

First cousins once removed; 
half first-cousins 

6.25% 
(3.3%-8.5%) 

225-580 > 99 % Half-first cousins have only one 
grandparent in common, instead of 
two. 

Second cousins; first 
cousins twice removed 

3.125% 
(2.5%-5%) 

170-340  > 99 %  

Second cousins once 
removed; half-second 
cousins. 

1.5% 
(.5%-2.5%) 

34-170 > 95%  

Third cousins; second 
cousins twice removed 

.78% 
(.3%-2.0%) 

20-135 > 90%  

Third cousins once 
removed 

.4% 
(.1%-1.3%) 

7-88 > 50%  

Fourth cousins and more 
distant 

.2% 
(0%-.5%) 

0-34 < 50 % Once a relationship is further than 
fourth cousin it becomes much more 
difficult to detect and differentiate the 
relationship based on the amount of 
shared DNA. 

                                                
16 International Society of Genetic Genealogists, “Autosomal DNA Statistics,” ISOGG Wiki 

(http://www.isogg.org/wiki/Autosomal_DNA_statistics: accessed May 2014) 
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Applications for Autosomal DNA Testing 

Adoption/Unknown Paternity 
 

-‐ Any identified biological relatives should be enlisted to test. Their matches can be 
assigned to the biologically known line. 

-‐ Best to test at all three companies 
-‐ Follow the DNA Adoption methodology17 

o Identify matches who re related to each other 
o Build trees for important matches 
o Regularly check for new matches and update trees, chromosome browsers and 

ICW match lists.  

Genealogical Brick Walls 
 

-‐ Whenever possible use mtDNA testing and Y-DNA testing to supplement your 
autosomal research 

-‐ Search for descendants who are closest generationally to the brick-wall ancestor.  
-‐ Test several descendants of the brick wall ancestor to help narrow the matches you 

should focus on.  

Confirming and Refuting the Paper Trail  
 

-‐ Collaborate with matches for whom you can identify documented relationships 
-‐ Compare DNA to identify segments that you have inherited from specific ancestors 
-‐ Use these segments as a reference for other matches and family members who contact 

you. 
-‐ Demonstrate non-descent through additional testing of hypothesized close relatives.  

New Avenues of Research  
 

-‐ Search for significant anomalies in the ethnicity admixture, defined as (5%-25%) of DNA 
from undocumented ethnicities 

-‐ Search for anomalies among your matches  
o Are there any lines of your tree that produce no matches? 
o Are there any close matches (2nd cousin and closer) that you cannot document? 

  

                                                
17 Harman-Hoog, Diane and Foard, Mesa. “A Methodology: Identifying your Relatives through your 

atDNA Results” at DNAAdoption.com 
(http://dnaadoption.com/uploads/DNAadoption/DNAadoption_files/General/Methodology_revised.pdf: accessed 
September 2014). 
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Tools for Working with Autosomal DNA: 
Though each of the testing companies offers some tools for analysis, there are several other third 
party websites that offer advanced analysis of DNA results. All of them have the same basic goal: 
triangulation. Through triangulation, the researcher identifies matches that also match each other. 
Matches that match the tester and also match the tester’s matches are called In-Common-With 
(ICW) matches. In most cases, when two matches also match each other, the common ancestor that 
they share is most likely the common ancestor (or a close relative to the common ancestor) of the 
tester as well. However, caution should be used when an individual descends from endogamous 
populations. In these cases, two matches may be related to each other independent of the common 
ancestors that they share with the tester. Once ICW matches and groups have been identified, their 
matching segments should be mapped to show where they share DNA in common. After 
identification of ICW matches, trees should be built for each match to determine the common 
ancestors and locations that they share with the tester.  

Third Party Tools for DNA Analysis 
• GEDMatch (gedmatch.com): The best place to upload results for cross-comparison of 

results from different companies. Though it is free to use, donations are appreciated.  
o Find matches from all three companies 
o Search for Runs of Homozygosity (ROH) which are segments which are identical 

within a single person’s genome indicating how closely their parents may have been 
related.  

o Identify ICW matches from all three companies 
o Determine where individuals overlap with each other.  

 
• DNA Gedcom (www.dnagedcom.com) - The tools on this site allow for the extraction, 

manipulation and comparison of DNA segment data. As AncestryDNA does not provide 
segment data, DNA Gedcom is of limited use with their results. 

o Autosomal DNA Segment Analyzer (ADSA)  
§ Combined Chromosome browser and ICW matrix 
§ Shows blocks of individuals who match each other on the same segment 
§ Includes profile data from FTDNA 
§ Includes lists of all ICW matches for each match 

o JWorks and KWorks 
§ Both do the same thing. JWorks for Excel and KWorks for other 

spreadsheet software 
§ Used to quickly discover shared common ancestors 
§ They group matches that share overlapping DNA segments and that are 

ICW matches to each other 
o Gworks - allows download and analysis of Gedcom files from FTDNA, and Snavely 

tool data from AncestryDNA (see next section) 
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• Snavely Tool – This is a third party app available in the Google Chrome store for use with 
the Google Chrome browser. To find, go to the Chrome Store and search for 
“AncestryDNA.” This tool allows one to download a list of all matches from AncestryDNA, 
and a list of the ancestors of matches gathered from the family trees attached to DNA 
results at AncestryDNA. If the same person manages multiple tests, it is also possible to 
create a list of only matches who are “in common with” both testees. Requires some 
knowledge of spreadsheets. Spreadsheets produced from the Snavely Tool can be combined 
with GEDCOM files gathered through GWorks. 

• Genome Mate – Developed for use with Microsoft Silverlight. Stores and compiles all DNA 
data from all testing companies and from GEDMatch. No knowledge of spreadsheets 
required. 

• DNA Match for iPad  - developed for use with the iPad. Alternative to spreadsheets. 
• Kitty Coopers Chromosome Mapper – Uses .csv files as an input. Can coordinate and group 

individuals sharing common segments, and/or map segments of DNA to known ancestors. 

Conclusion 
 
Autosomal DNA testing has provided significant new resources for genealogists to use in their 
research. Because autosomal DNA is representative of all of a persons ancestors, and not restricted 
to direct lines, the potential to push through “brick-wall” ancestors has increased several fold. Many 
are becoming interested in genealogy through the use of these tests, and as professionals, we must 
understand how to help our clients in using this information in their genealogical research. 


