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Genealogical family trees, which are widely used by genealogists, show how family members and ancestors are related.  The tree connections use information obtained from genealogical records such a birth, marriage and death records.  However, many family trees are missing some ancestor connections because documents have not been found or do not exist to make the connection.  In addition, a tree connection can include inaccurate information because of insufficient documentation, invalid assumptions, information that ancestors wanted to hide, or blindly using another researcher’s tree information without verifying it.  For example, I have a direct line ancestor Isaiah Ivy who documents show having a wife named Mary.  However, I know of no documentation for Mary’s surname.  However, a large number of Ivy researchers continue to list Mary Munn as the wife of Isaiah Ivy. 

 Genealogical research can use another type of family tree.  Our body cells contain twenty-two pairs of non-sex chromosomes referred to as autosomal DNA (atDNA).  The chromosome information can be recorded and the data used to determine if two individuals share matching DNA segments.  If the shared segment is large enough, it usually means they share a common ancestor.  Researchers can use the genetic match connections to develop a genetic family tree.  

A genetic family tree contains individuals who connect genetically through the inheritance of matching DNA segments.  The genetic family tree overlaps the genealogical family tree and includes many of the same genealogical individual connections.  

However, not all ancestors pass down a matching DNA segment to each of their posterity.  If there are no matching inherited connections, then there is not a genetic tree connection.  In other words, a person can be genealogically related but not be genetically related.  Everyone inherits 50% of their DNA from each parent.  However, due to the way parents pass DNA to their children, in a process called recombination, children do not inherit exactly 25% of your DNA from each of their four grandparents.  Instead, an individual inherits on average, a little less or a little more than 25% from each grandparent.  Moving backwards through each generation some ancestors in a given generation will contribute more of their DNA and some will contribute less.  It is quite likely that one or more ancestors’ DNA may not be detectable after 5 to 7 generations, while another ancestor is still detectable at 8 or 9 generations. 

Individuals inherit random DNA from their parents.  Therefore, each sibling’s DNA makeup is unique.  A sibling may share some matches with some sibling and not share other matches with other siblings.                                                                            

Comparisons of two individuals’ DNA data can help find individuals who share matching DNA segments.  If two individuals share a matching segment of sufficient size, then it suggests that the two individuals share a common ancestor.  
However, a match does not identify who is the common ancestor.  The common ancestor needs to be identified using information contained in a family tree.  However, the family tree information needs to be accurate or it can lead to inaccurate conclusions.  The saying,” Garbage in, garbage out” applies here. 
 
Whose DNA should an individual test?  It is best to first test an individual’s oldest ancestor allowing results to cover as many previous generations as possible.  Testing both parents allows individuals to know which matches are from the maternal or paternal side of your family.  For example, if an individual matches the test-taker but does not match the individual’s father then the common ancestor is on the mother’s side.  If the individual matches the test-taker but does not match the individual’s mother then the common ancestor is on the father’s side.  This can decrease in half the number of ancestors you will need to search because you know which are on the side of the common ancestor.  A sibling only inherits 50% of their parents’ matches.  However, their test results are useful since the sum of all the siblings’ matches approximates 100% of the parents’ matches.   

The segment size can affect two major match comparison areas.  Match comparisons can show a positive match and yet not be a valid match.  Research shows that the smaller the segment size used for comparisons the greater the chance that a match will be a false positive match.  A false positive is a match result that falsely indicates that there is a valid match.  The following table shows the relationship of segment size and false positive matches: 
 
     -  15 cM range  -  About 99% are valid matches 
     -  10 cM range  -  About 94% are valid matches
     -    7 cM range  -  About 60% are valid matches
           -    6 cM range  -  About 20% are valid matches
                 -    5 cM range  -  About 5% are valid matches

Note that a large percentage of matches in the 7 cM range are false positive results and 15 cM or greater results are usually valid matches.  Another factor in deciding what segment size threshold to use is that there is a positive correlation of segment size and the number of generations from the test-takers matches to the common ancestor.  Most test-takers have fewer than 10 generations of ancestors in their family tree and documents needed to verify the common ancestor may not be available.  Many segment matches of 10 cMs date back beyond 10 generations.  The following table shows a rule of thumb relationship between a shared segment size and the probability that the common ancestor lived within the last 6 generations:

     -  Above 30 cMs          90%
     -  Above 20 cMs          50%
     -  Above 12 cMs          20%
     -  Above  6 cMs              5%

Matches for smaller segments like 4-5 cM can have a common ancestor 500 to 1500 years ago (20 or more generations) whereas segments longer than 10 cM are within the last 500 years.  There are theoretically 524,288 ancestors in 20 generations.  Few researchers have family trees this large and a large tree is not easy to work with.  At 10 generations, there are only 512 ancestors.  5 cM matches are not only mostly false positives, the positive matches come from ancestors too far removed to be genealogically significant.  To minimize false positives and limit the number of generations to a common ancestor, it is suggested that DNA match comparisons limit segment thresholds to 15 cMs.  

AtDNA ethnicity results may provide some information regarding an ancestor’s heritage such as country of origin.  However from an ancestor living seven generations back we inherit on average less than 1% of our 5 times great-grandparents DNA.  I sometimes hear someone say their ethnicity results say they are 1% American Indian or 1% African.  However, ethnicity results below 5% are questionable and below 2% probably result from noise.  I have not found any research that covers accuracy of low ethnicity values.  However, the accuracy of Autosomal DNA matches for smaller chromosome segments (below 5cM) shows almost all matches are false positive.  I would imagine there would be similar false positive results for small ethnicity percentages.

The following are some suggested steps on how to analyze autosomal DNA matches to find common genetic ancestors and to genetically document the accuracy of those ancestors currently listed in individual’s family tree.  The steps include training, uploading DNA to Gedmatch, DNA testing, false positives, matches, master tree and common ancestors.  You will note the analysis almost entirely uses Gedmatch tools.  Please note that there are other tools available from DNA testing companies and private internet sources.  
 
1. For additional understanding of how to use segment matches to find ancestors, read some of the following internet articles:  
A. “Genetic Genealogy using Gedmatch, An Absolute Beginners Guide:”
www.smithplanet.com/stuff/gedmatch.htm
B:  “Autosomal DNA a step-by-step approach” By Maurice Gleeson MB
https://www.youtube.com  watch v Jtpe6u215ps
	C:  “Kitty Cooper’s Blog, Musings on Genealogy, Genetics, and Gardening”
http://blog.kittycooper.com/2015/02/triangulation-proving-a-common-ancestor/
D:  “A Methodology: Identifying your Relatives through your atDNA Results” by Mesa Foard
http://dnaadoption.com/uploads/DNAadoption/DNAadoption_files/General/Methodology_revised.pdf
E:  “I’ve got my autosomal DNA results now what do I do?” By Debbie Kennett
http://medinary.aezine.com/2017/01/15/debbie-kennett-ive-got-my-autosomal-dna-results-yet-what-do-i-do-next/
	F:  Ivey/Ivy/Ivie database of 45,422 record abstracts with Tracker viewing 
            program which helps you document family tree and pedigree names.     
            Download records at the following web site:  “Iveydna.com”
 Next:    

2. Create an account at “Gedmatch.com” and log onto your account.

3. If you have an autosomal DNA test, upload your autosomal DNA test data to Gedmatch.  See “Gedmatch.com” home page for instructions on how to upload your data.

4. Read the following article about how to use Gedmatch: 
             www.Genie1.com.au/blog/78-tips-for-using-gedmatch by Louise Coakley.

5. Wait a few days for Gedmatch to process your data.  When your batch has finished processing, record your Kit # listed on the Home page.

6. Run Gedmatch “One-to-Many” tool using the test-takers kit number to find individuals that have DNA segments that match DNA segments of the test-taker.  

7. Most of the matches will be from other ancestral lines and not just a singular line such as the surname “Ivy”.  Before using the match information, remove the matches that are from the non-research lines.  Develop a list of Gedmatch kit #s that include surnames and pedigree lines that you are researching.  Gedcom files in Gedmatch can help develop this kit # list.  Combine this list of kit numbers with the test-takers’ match list into a single list.  Sort the combined list on the Kit # column then search the kit numbers for duplicate kit numbers.  Duplicate numbers identify kits that are test-taker matches and are pedigree lines that you are currently researching.  Copy the duplicate number lines to a spreadsheet with the following columns: Kit #, Pedigrees, Chromosome #, Segment Start, Segment Stop, cMs, and Relation.  Combine the duplicate lines into a single line then sort the single lines by Chromosome and Segment Start columns.

8.  Where possible identify and eliminate any of the following false positives in the match data.  
a. If a person matches you but does not match either your mother and or father then the match is a false positive.
b. Eliminate any match data generated with segments less than 15 cMs.  Segments less than 15 cMs include higher numbers of false positives.
c. If A & B match and B matches A’s mother or A’s father then the A & B match is genuine. 
d. If both parents were tested and a child has matches that neither parent has, then matches are false positive.  Remove these false positive matches.  
e. If only one parent was tested, the non-test parent should be assigned sibling matches not shared with the test parent. 
f. If you match someone else but do not match his or her mother or father, you have a false positive match.

9. Gedmatch’s One-to-Many tool uses a batch process to generate matches.  Sometimes the process generates invalid matches that are not related and do not share a common ancestor.  Use the one-to-one tool and verify that all the matches match each other on the same DNA segment.  Remove all matches that are not valid.

10.  The “One-to-Many” and “One-to-One” match test report includes an estimate of how closely related the matches are to each other.  Generally the larger the DNA segment that two persons share (match) the closer they share a common ancestor.  The estimate can give an idea of where to begin looking for the common ancestor.  It is only a prediction and many estimates need to be adjusted a couple of generations.   Record the kit numbers of the matches and the estimated number of generations to the common ancestor.

11.  Create a small family tree and pedigree line that includes 2 or 3 of your closest matches.  Be careful to use only complete pedigree and family tree lines.  Start line with the test-taker.  Name each living person or use “Private” for each living person’s name.  Skipping names will make relationship predictions less effective.  Expand the tree both linearly and laterally to include brothers, sisters, aunts, uncles, nieces and nephews for each generation.  Start tree and pedigree line with test-takers name or if living use “Private” for name.  Do not assume internet family trees and Gedcom trees names are accurate without supporting documentation.  Do not include persons in the family trees and pedigrees unless the names and connections can be verified and proven.  Do not include non-documented theorized names without including a question mark (?) with the name.  When you find a common ancestor then put it in your master tree and note the DNA match verification.  Continue to confirm matches and expand your genetic tree.  If you do not have a master tree, you may be able to find tree information at other sites such as Rootsweb.com, Wikitree, Gedmatch.com and ancestory.com.  If you cannot find a family tree for the test-taker, you might contact your match.  The goal is to figure out who your ancestors are by identifying the ancestors of your matches.  Compare the pedigree lines of two or more matches and determine where the two lines merge each other and share a common ancestor. 

12.  DNA matches are included on both sides of your chromosome.  An autosomal test cannot show which side a match is on. However, if both parents are tested, each parent’s matches can be used to determine the side of the maternal and paternal matches.  If only one parent is                            tested then the match list of the test parent will include both parents match lists.  Phasing is used to reconstruct a non-tested parents DNA from the child’s tested DNA and the tested DNA of the child’s other parent.  The reconstruction can only be done with close relatives up to and including 2nd cousins.  Compare the child’s matches with the test-takers parent’s matches.  If a child’s match does not appear on the test parent’s match list, then assign the match to the non-test parent’s match list.  The match is probably from the opposite side of the chromosome.  3rd cousins are not used because of a process called recombination.  This article will not cover recombination but you can get articles about it on the web.                         

13.  Find matches on the spreadsheet that share the same chromosome segment as the test-taker.  Use the Gedmatch “One-to-One” program to verify that the two match each other.  When two or more match each other then they share a common ancestor.  Triangulation is the process of proving that the test-taker and two other matches match the same chromosome segment and share the same common ancestor on the same branch of the family tree.  Use triangulation to prove that two matches are matching the test-taker on the same chromosome segment instead of one matching on the maternal side of chromosome and one matching on the paternal side of the chromosome.  When three matches match each other, they share a common ancestor and they share the same branch of the family tree.  You can now remove branches from your family tree but keep branches that include these three pedigrees.  Then search the pedigree lines of the three matches for a common ancestor of the three matches.  
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