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I. Introduction
This paper reviews 3 types of DNA tests.     
Section II includes a sample report for each type to introduce some of the terminology that needs to be understood.     
Section III is a discussion of DNA biochemistry, including DNA inheritance.

Section IV includes more test reports, with a discussion of interpretation of the data, and the genealogical use of the reports.

Section V has a comparison of different testing companies.

This information will enable the reader to determine whether he or she wishes to proceed with tests, and which company to contact
This paper is a combination of selected material from the internet, with the addition of some of the author’s test reports.     For readers who wish more details, there are several good articles by Wikipedia, and by The International Society of Genetic Genealogy at       http://www.isogg.org/     Additional references are given in the text.

II. Three Types of Tests
Y Chromosome Tests     

All males have Y chromosomes which they inherit from their fathers.      The son’s Y DNA is identical to the father’s for many generations.      Mutations occur occasionally which are then passed on to subsequent generations.     As a result, Y chromosomes can be categorized in groups (aka clans & haplogroups) and traced backward in time for thousands of years.     These tests cannot be used to identify fathers, but they can rule out possible fathers in different haplogroups.       

A typical report from 2004 is shown in Fig. 1.     The raw data is recorded as the number of STRs (Short Tandem Repeats), of DNA between genes.     In this example only 10 STRs are reported.     Current tests provide up to 111 STRs      In this example, the interpretation of the data is that the author has male ancestors of the Celtic clan Oisin.
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                            Figure 1.    Sample Y Test Report.

Mitochondrial DNA Tests
Both males and females have mitochondrial DNA which they inherit from their mothers.    The child’s mitochondrial DNA is identical to the mother’s for many generations.    Mutations occur occasionally which are then passed on to subsequent generations.       As a result, mitochondrial DNA can be categorized in groups (clans, haplogroups) and traced backward in time for thousands of years.     These tests cannot be used to identify mothers, but they can rule out possible mothers in different haplogroups.

A typical report from 2004 is shown in Fig. 2.    The raw data is recorded as a sequence of  DNA measurements at 400 positions. In this example, the interpretation of the data is that the author has female ancestors of the clan Tara.
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                            Figure 2.    Sample Mitochondrial Test Report.

Autosomal DNA Tests

Autosomal tests measure SNPs (Single Nucleotide Polymorphisms), from the entire genome including the 22 Autosomal chromosomes, the X and Y sex chromosomes, and the mitochondria.     Autosomal chromosomes are passed on from both parents so that every child has 50% of their DNA identical to each parent, an average of 25% from each grandparent, etc.     SNPs are samples (snips) of DNA at selected positions in the genome.     Typical tests measure up to about 1 million SNPs, which is enough so that the % of SNPs that match between 2 people is representative of the % of the entire genome that matches.     Contrary to the Y and mitochondrial tests, the autosomal tests can identify parents with complete certainty, and other close relatives out to about the 4th cousins.      For more distant relatives, the % matching by descent (IBD) cannot be distinguished from random matches (IBS) 

The quantity of raw data is very large, and can be reviewed or downloaded from the internet.       Fig. 3 shows a sample report from 2013 from the company 23andMe.
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                    Figure 3.    Sample Autosomal Test Report – Relative Finder
One of the interpretations of raw data is a listing of possible cousins with % matching DNA.    The male and female haplogroups, as identified from SNPs, are shown with blue and pink highlighting.     Family names and locations can be listed for each person to facilitate the identification of common ancestors.      A method is provided for inviting possible cousins to make a more detailed comparison.

Future Use of Test Results
It should be noted that the DNA test results can be passed onto future generations in the same way as family history files.     The raw data could be used for comparisons at any time in the future.    The interpretations of raw data will likely be continuously improved as scientist continue to review the test results from more and more people.
There is additional information about these tests at:   http://en.wikipedia.org/wiki/Genealogical_DNA_test
III.   Biochemistry of DNA
What is human DNA?    Human DNA is a recipe for making a human body.

Except for identical twins, we all have different DNA, and we all have slightly different bodies.

From a genealogical point of view, we can compare our DNA recipes to others to see how closely we are related.

There is a good description of genetics at:  http://en.wikipedia.org/wiki/Introduction_to_genetics
Every human cell has a nucleus with most of the DNA, plus several mitochondria, with a much smaller part of the DNA, as shown below in Fig. 4.
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                        Figure 4.    Nuclear and Mitochondrial DNA
Nuclear DNA is composed of 2 sets of 23 linear chains of chemicals called chromosomes.    One set is inherited from the father and the other from the mother.     Each mitochondria has 1 chain of the same DNA chemicals, except they are connected at the ends to form a circle.    Mitochondrial DNA is inherited from the mother only.

The DNA chains are more or less like a helical ladder, where the rungs of the ladder are all pairs of 4 different chemicals with initials AT, TA, CG & GC as shown below in Fig. 5.
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                         Figure 5.    Chromosomes and Base Pairs
The number of base pairs in each chromosome is given in Fig. 6.   

(The table was provided by the DNA testing company 23andMe at https://www.23andme.com/ )
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                   Figure 6.    Chromosomes, Base Pairs, Genes and SNPs
So for example, chromosome 1 consists of a chain of 249 million base pairs.    Researchers have identified 3492 segments of chromosome 1 which are genes, responsible for hereditary characteristics.    Most DNA testing does not measure all the base pairs.     It measures only at at specific locations called SNPs (“pronounced snips”)     The testing company 23andMe, measures 81,000 SNPs on chromosome 1.

If all the numbers in the table are added together, a full set of 23 chromosomes has about 3 billion base pairs and 35,000 genes.    The total number of SNPs measured by 23andMe is about 1 million, a sample size of 1 in every 3,000.

Females inherit 1 set of 22 chromosomes plus an X chromosome from their mother, and another set from their father.   Males inherit 1 set of 22 chromosomes plus an X chromosome from their mother, and another set of 22 chromosomes plus a Y chromosome from their father.    In other words, two XX chromosomes contain the recipe for making females, and an XY pair contains the recipe for making males.    
The chromosomes inherited from ancestors is shown in Fig 7.     The Y chromosomes from the direct male line is highlighted in blue, and the mitochondrial DNA from the direct female line is highlighted in yellow.     This graphically illustrates the limitations of Y and mitochondrial tests compared to the autosomal tests which include the full genome.

[image: image7.png]DNA AncestorChart | . RB===

Chromosomomes are from both
parents, except for Y and mt.

Mother

Mother
Mother

C1-22 .

= =
=

Mother

C1-22

Mother
a5 X =
Mother
C1-22

Mother

C1-22

C1-22




                                    Figure 7    DNA Ancestry Chart

It is hard to imagine how a string of letters can provide a full recipe for a human body.  To put this in perspective, think of short sequences being analogous to words, longer sequences are sentences and paragraphs, and chromosomes are chapters.   Another perspective is that this information content is similar to computer codes where everything is encoded as strings of ones and zeros.   Short sets of the ones and zeros are letters of the alphabet, letters are put together as words etc.     The full genome, including chromosomes from both parents can be represented as 1.5 gigabytes of data.  This is not really that large, compared to 500 gigabytes in a typical new laptop hard drive.  
Test Reporting – Raw Data.

Base A can only combine with T and base G can only combine with C.      Thus the DNA code can be written by specifying only one side of the pair, which are the bases attached to one side of the helical ladder.

The following Fig. 8 is a sample of the raw data reported for a Robert & Bernice Butler by 23andMe.    Both Robert and Bernice share the same 23andMe account so the results are reported together.     The first SNP listed on this page is at position 1,192,515 and is part of gene UBE2J2.     Bernice’s results show base A from one of her chromosomes and base A from the other..   Robert has the same results.   The 5th SNP on the page is at position 1,210,471, which is between genes.    Bernice’s results show base T from both of her chromosomes, and Robert’s results show base C from one chromosome and base T from the other.     It is not possible to tell which chromosome came from which parent, without comparing test results with the parents.   In the Y chromosome, the intergenic DNA is sometimes referred to as “junk” DNA.   Some of the intergenic bases have a role in controlling the expression of genes, and some have no apparent function and may just be relics of evolution.
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                    Figure 8.    Sample Autosomal Test Report – Raw Data
The raw data can be downloaded into a text file for each person.    The text file includes 2 letters for each of the 1 million SNPs.   Even with a sample size of 1 in 3000, it is an enormous amount of raw data, so how does a non-specialist extract any information from it?      

For genealogical purposes, it is first necessary to first understand something about how DNA is passed on during reproduction.

Reproduction.

Every cell in the human body, except for the egg and sperm has exactly the same DNA    Every cell except egg and sperm has the same set of chromosomes from the father, the same set of chromosomes from the mother, and mitochondrial DNA from the mother.    The fact that every cell has identical DNA explains why DNA test samples can be taken from blood, saliva, skin etc.   In contrast, the egg and sperm have only one set of chromosomes each.

When the sperm cell is formed, its one copy of chromosome 1 is formed as a combination of parts of the two copies of chromosome 1 in every other cell.     This is described as chromosomal crossover, and is explained in some detail at:      http://en.wikipedia.org/wiki/Chromosomal_crossover        The sperm cell chromosome 1 is the same length as either of the parent chromosomes.   If the father’s father’s chromosome 1 is thought of as blue, and the father’s mother’s maternal chromosome 1 is pink, then the sperm chromosome 1 is a single string made up with different lengths of blue and pink.    

When the egg cell is formed, its one copy of chromosome 1 is formed as a combination of the two copies of chromosome 1 in every other cell.     If the mother’s father’s chromosome 1 is thought of as green and the mother’s mother’s is yellow, then the egg chromosome 1 is a single string made up with various lengths of green and yellow.     

When the egg is fertilized, it has the father’s pink and blue chromosome, and the mother’s green and yellow.    The mitochondria in the fertilized egg are formed in the egg before fertilization, and are from the mother only.     The child then develops from the egg by continually doubling the cells until there are 50 trillion (million million) cells after 9 months.    All the replication is virtually flawless, and every cell has the same mix of pink, blue, green, & yellow DNA.      Any errors of replication are mutations which may be unimportant in intergenic DNA, or may result in changes in the human body which may or may not survive according to Darwin’s natural selection.    The numbers are enormous:     3 billion base pairs from the father, 3 billion base pairs from the mother in 50 trillion cells means that there are  6 * 50 * 10^21 = 3* 10^23 replications of base pairs.     It is amazing it all works, and no wonder there are occasional mutations.

% Common DNA

% Common DNA of parents and children.

Since half of each child’s DNA comes from its father and half from its mother, a test of the complete genome would show exactly 50% matching of the autosomal chromosomes.   A paternity or maternity test based on SNPs would show approximately 50% identical DNA, because the SNPs do not perfectly represent the entire genome.

% Common DNA of grandparents and children.

The single chromosome in the sperm does not have exactly 50% of its DNA from the each of the father’s parents.       If for example the sperm chromosome 1 had 60% blue and 40% pink, then the child would have 30% blue and 20% pink in its pair of chromosome 1.     If the egg had 70% of chromosome 1 green and 30% yellow then the child would have 35% green and 15% yellow in its pair of chromosome 1.    In this example, for chromosome1 , the child’s % DNA from each of the grandparents would be 30, 20, 35 & 15%.      Since there are 22 autosomal chromosomes in the genome, the average total DNA from each grandparent will average closer to 25% each.
% Common DNA of siblings.

Every sperm cell from the same father has a different mix of pink and blue.   Every egg produced from the same mother has a different mix of green and yellow.    Thus siblings have some of the same genes and some different genes from each other. 

Consider Fig. 9, showing the possible inheritance of one gene by 2 different siblings.      
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                                          Figure 9.    DNA Inheritance by Siblings
In the example, sibling 1 could inherit pink gene 1 from his (or her) father and yellow gene 1 from his (or her) mother.     Sibling 2 could inherit blue gene1 and yellow gene 1.     In this case the 2 siblings have 1 matching gene.    Regardless of which copies of gene 1 the first sibling inherits, the second sibling could have 2 copies the same (1 chance in 4), one copy the same (2 chances in 4) or no copies the same (1 chance in 4).     On the average, the second sibling would have 1 copy of gene 1 which is the same.    ( In statistical terms, this is referred to as an expected value of 1 )     Over all 35,000 genes, the two siblings would average 50% common DNA.

% Common DNA of first cousins

With every subsequent generation, for each person, the number of common genes is reduced by a factor of 2 for each.    So 2 first cousins would have 50/2/2 = 12.5% common DNA on the average.
Fig. 10 shows the average % common DNA between different relatives.     This was prepared by the International Society of Genetic Genealogists, and is on line at:     http://www.isogg.org/wiki/Autosomal_DNA_statistics
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                    Figure 10.    Average Common DNA Between Relatives
To judge kinship, for example to determine if 2 people are 3rd or 4th cousins, it is necessary to understand the possible range of common DNA.    The following table was copied from the 23andMe web site.     Third cousins have an average of 0.78% common DNA, but the number could range between 0.3% to 2%.      Fourth cousins have an average of 0.2% common, but the number could range between 0.07% and 0.5%.     Thus if the % common DNA is between 0.3% and 0.5%, the relationship could be either 3rd or 4th cousins. 
	[image: image11.png]


Relationship
	% DNA  Shared   Average
	Range

	1st Cousin
	12.50%
	7.31% - 13.8%

	1st Cousin once removed
	6.25%
	3.3% - 8.51%

	2nd Cousin
	3.13%
	2.85% - 5.04%

	2nd Cousin once removed
	1.50%
	0.57% - 2.54%

	3rd Cousin
	0.78%
	0.3%- 2.0%

	4th Cousin
	0.20%
	0.07% - 0.5%

	5th Cousin
	0.05%
	variable

	6th Cousin
	0.01%
	variable


         Figure 11.    Average Common DNA Between Relatives 

IV.    Test Reports and Interpretation
Y Chromosome Tests     

Y chromosome test reports include paternal ancestral origins, migration maps, and haplogroups.
It is also possible to compare test results with other males to determine the number of generations back to a common male ancestors.     For example, if there is a perfect match for tests with 10 markers (10 sets of STRs), there is a 90% probability that the two people being compared had a common male ancestor 56 generations previously.     This is enough to determine deep ancestry, but obviously not nearly good enough to identify the common ancestor.     However, Y tests are available for more markers.     For example if there is a perfect match for 67 markers, there is a 90% probability that the two people compared had a common male ancestor 4 generations ago.     This is close enough so that genealogists who have identified their paternal great great grandfather might find a match.     The following table from Family Tree DNA shows the possiblilities.
	Number of matching markers
	Probability that the MRCA was not more than this number of generations ago

	
	50%
	90%
	95%

	10 of 10
	16.5
	56
	72

	11 of 12
	17
	39
	47

	12 of 12
	7
	23
	29

	23 of 25
	11
	23
	27

	24 of 25
	7
	16
	20

	25 of 25
	3
	10
	13

	35 of 37
	6
	12
	14

	36 of 37
	4
	8
	10

	37 of 37
	2 to 3
	5
	7

	65 of 67
	6
	12
	14

	66 of 67
	4
	8
	9

	67 of 67
	2
	4
	6

	107 of 111
	7
	11
	13

	108 of 111
	5
	10
	11

	109 of 111
	4
	8
	9

	110 of 111
	2
	6
	7

	111 of 111
	1
	3 to 4
	5


     Figure 12. Y Test – No. of gens to most recent common ancestors.  (MRCA)

Note that these Y tests only provide information for the direct paternal line.     It provides information only about the males of the same surname, (assuming the surname indicates the biological connection.).   There is no information about other male or female ancestors.    For example, there are 1024 10th generation ancestors, but only one of these could be identified as the common ancestor with the same Y chromosome. 
These Y chromosome tests are used for one-name studies.       For example, people with the same surname Blair could compare Y tests to see which of them are genealogically connected.

Mitochondrial DNA Tests

Mitochondrial test reports include direct maternal ancestral origins, migration maps, and haplogroups.

It is also possible to compare test results to determine the number of generations back to a common female ancestor.    For example if there is a perfect match of every base pair which is typically tested, there is a 50% possibility that the two people being compared had a common mother 28 generations ago.      Even if the full mitochondria were sequenced, a perfect match would only provide a 50% probability of a match back 5 generations ago.     Following is a table from Family Tree DNA showing the possibilities.
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     Figure 13.  Mt Test – No.of gens to most recent common ancestors.  (MRCA)
Note that these mitochondrial tests only provide information for the direct maternal line.     It provides information about the mother, the mother’s mother, etc., but there is no information about other male or female ancestors.    As in the case of males, there are 1024 10th generation ancestors, but only one of these could be identified as the common ancestor with the same mitochondria.

Mitochondrial tests are mainly used in population studies, and sometimes to rule out a possible common direct maternal line.

DNA Archeology  

Both Y and Mitochondrial tests are useful for DNA archeology, which augments traditional archeology based on artifacts.

It has provided some interesting results.   For example, the majority of the males in Iceland had Viking ancestors, and the majority of the mitochondria are Celtic, either Scottish or Irish.     This proves that the Vikings took a lot of Celtic women with them when they settled in Iceland, … but of course it doesn’t say if the women went willingly !
Byran Sykes of Oxford University has written 2 books about deep ancestry.    The first was “The Seven Daughters of Eve” which states that most Europeans are descendants of one of 7 women.    He also wrote “Saxons, Vikings and Celts” which is a comparison of Y and mitochondrial DNA test results to the history of Britain and Ireland.    

Of course population studies can also be done with Autosomal DNA tests.

Autosomal DNA Tests

Whereas Y and mitochondrial tests are most useful for deep ancestry, autosomal tests are most useful for identify people with recent common ancestors.   Another important difference is that autosomal tests samples the full genome, and can identify common ancestors other than just the direct paternal or maternal lines.    This is clearly more useful for genealogists.

23andMe – Relative Finder
The testing company 23andMe has a data base with DNA SNPs for over 400,000 people.     They compare the SNPS from every test with everyone else in the data base to determine the % matching DNA and possible relatives.     For Robert Butler they identified 2 possible second or third cousins, 194 possible fourth cousins and 790 possible distant cousins.    With most of these, it would be impossible to identify common ancestors.     
Fig. 3 in section II is a sample of the listing of possible cousins.

There is a facility to contact named or unnamed relatives with 23andMe acting as an intermediary.    If the possible relatives agree to a making a comparison, then more detailed results are shown for each chromosome, as shown on Fig 14 below.
Chromosome Comparison

In this example, female M was identified as having 0.38% common DNA over 1 segment, which is somewhere between a 3rd and 4th cousin.     

After agreeing to compare results in more detail, the following chart was provided showing that the common DNA was on chromosome 10.     This type of a information is useful to determine if other people in the data base are also related to each other.       Genealogists collect “cousin clusters” of data as part of an effort to track down their common ancestors.
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Figure 14.    Sample 23andMe Test Report – Chromosome Comparison
The comparison was also presented numerically as follows.

	Comparison
	Chromosome
	Start point
	End point
	Genetic distance
	# SNPs

	Robert Ewart Butler vs. Female M
	10
	72000000
	99000000
	28.5 cM
	5503


The identical DNA is between positions 72 million and 99 million on chromosome 10, a string fo 27 million characters.    One might expect that the % shared DNA could be calculated from the ratio of 27 million to 2 sets of 3 billion = 27/6000*100 = 0.45%     However, the % shared DNA report in the possible cousin list is not exactly the length of the DNA string, but rather an adjusted value based on the probably of matching on that chromosome.     The probability of common ancestors depends not only on the length of the matching string, but also the likelihood of recombination occurring on that string.     So instead of reporting the length of the string, the length and is interpreted based on location, and reported as 28.5 cM.  The abbreviation cM is not centimeters; it is centiMorgans.     There are a total of about 3600 cM in the genome, so the % shared cM is 28.5/7200*100 =  0.38%.    The kinship parameter relative finder list should be renamed shared kinship, not shared DNA.

For the same reason that there is an average and possible variation in the common DNA, there is an average and possible variation of the cM for different relatives.    There is also an average and possible range for the number of matching segments.     The averages and ranges for different relatives are tabulated below.    This information is from the website:

http://www.isogg.org/wiki/Identical_By_Descent_segment#Ranges_of_total_centimorgans_of_IBD_segments_expected.2C_based_on_family_relationship
Ranges of total centimorgans of IBD segments expected, based on family relationship
· Parent/child: 3539-3748 centimorgans (cMs)

· 1st cousins: 548-1034 cMs

· 1st cousins once removed: 248-638 cMs

· 2nd cousins: 101-378 cMs

· 2nd cousins once removed: 43-191 cMs

· 3rd cousins: 43-ca 150 cMs

· 3rd cousins once removed: 11.5-99 cMs

· 4th and more distant cousins: 5-ca 50 cMs

Ranges of the number of shared IBD segments based on family relationship
· Parent/child: 23-29

· 1st cousins: 17-32

· 1st cousins once removed: 12-23

· 2nd cousins: 10-18

· 2nd cousins once removed: 4-12

· 3rd cousins: 2-6?

· 3rd cousins once removed: 1-4

· 4th and more distant cousins: 0-2

   Figure 15.    Ranges in cM and Number of Segments vs Kinship
The following Fig. 16 shows the results the kinship calculations.    It is not necessary to understand how this figure was determined from the recombination probabilities.     It can be used with the reported number of matching segments and cM to estimate kinship.     There is very little overlap in the coloured areas down to second cousins, so the relationship is fairly clear.    Beyond third cousins, the likely kinship is much more iffy. 

[image: image14.wmf]
Figure 16.    Kinship vs Number of Matching Chromsome Segments and cM
Additional Genealogical Results provided by 23andMe.

The testing company groups people into groups according to their SNPs.    These are called haplogroups.     These are listed with the DNA relatives table.    For example Robert Butler has a paternal haplogroup R1b1b2a1a2f*  and a maternal haplogroup T2b.    These haplogroups are highlighted with blue and pink on the DNA relatives table.  People with the same haplogroups have common ancestors and at some time came from the same part of the world.      Both of these are North European.    Separately there is a statement that he is 21.6%  British & Irish, a total of 99.7% European, 0.1% Middle East & North African, 0.2% unassigned.      Also, these numbers are reported to include 2.8% Neanderthal DNA, as compared to the average European value 2.7%.     It is not clear if this is a joke, or if it is intended to “explain everything.”

GEDmatch

In addition to the data and interpretations provided by the testing companies, GEDmatch  ( http://v2.gedmatch.com/login1.php ) is a free website which encourages users to upload their raw DNA SNP data for additional interpretation and comparison.
Figure 17 is a screen snapshot of the various types of analyses available.    

The “One-to-many’ matches provides a list of people who match an individual user.
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Figure 17.    GEDmatch Analysis Tools

Figure 18 is extracted from a ‘One-to-many’ report for Robert Ewart Butler.    The report includes more detail on each line, including the email address of the persons named.
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Figure 18.    Sample GEDmatch “One-to-Many” match
The Autosomal column Gen refers to the number of generations back to common ancestors.    The connection between Robert Butler and Deborah Thomson had previously been established as second cousins once removed.    Their common ancestors were 3 generations back for Robert, and 4 for Deborah, so the estimate of 3.9 is consistent.   The DNA doesn’t confirm the genealogy in detail but it does confirm there is a connection without any adoptions.
Robert did not know of Patricia Short before seeing the DNA comparison, but subsequent genealogy has established that they are 4th cousins, with common ancestors 5 generations back.   The estimate of 3.8 generations back instead of 5 is within the range of variability listed in Figures 11 and 15.
Figure 19 below was extracted from the ‘One-to-one’ comparison.      It shows the common DNA between the author and another cousin, male H, on chromosomes 9 & 10.     The colours graphically indicate the common DNA.    In chromosome 9, there are only random matches which are not significant.      On chromosome 10, the blue colour highlights 1 matching segment of 8.2 cM, which is just above the IBD threshold of 7 cm.
In addition to the graphical displays, GEDmatch provides the advantage of comparing DNA test results from 23andMe, Family Tree DNA, and Ancestry.com.

This broadens the number of candidates for a potential match.
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Figure 19.    Sample GEDmatch Test Report – Chromosome Comparison
V.  Comparison of Testing Companies

Y-DNA-STR  Testing Companies
Three companies are compared in the ISOGG web site, and some of the key parameters are summarized below.    

AncestryDNA no longer offers this service.    
The original tests offered by Oxford Ancestors in 2004 was for 10 markers only.     They now offer tests for 15 or 65 markers, but are not competitively priced.
Family Tree DNA is clearly the best and the least expensive.

	Y-DNA-STR Testing Comparison Chart
	Figure 20.
	

	Extracted from ISOGG web site, Oct, 2014
	
	

	http://isogg.org/wiki/Y-DNA_STR_testing_chart
	
	

	
	
	
	

	Company
	FamilyTree DNA
	Genebase
	Oxford Ancestors

	
	
	Systems
	

	No. of Markers
	12, 25,37,67,111
	20,44,67,91
	15, 65

	Cost    $US
	49 - 339
	119 – 339
	309, 853

	Surname Projects
	Yes
	?
	No

	Geographical Projects
	Yes
	?
	No

	Haplogroup Prediction
	Yes
	?
	No

	Number of people in data base
	488,000
	?
	?

	Data Base Access
	Yes
	?
	Yes 


Mt DNA Testing Companies
Three companies which provide MtDNA results in the HVR1 and HVR2 regions are compared in the ISOGG web site, and summarized below.    
AncestryDNA is listed, but no longer provides this service.
Oxford Ancestors are still using the same HVR1 sequence as in 2004.

Family Tree DNA provides the most information from the test, and is the least expensive.    Their charge to sequence the entire mitochondria is lower than Oxford ancestors charge for HVR1.
	MtDNA Testing Comparison Chart
	
	Figure 21.
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	Company
	FamilyTree DNA
	Genebase
	Oxford Ancestors

	
	
	Systems
	

	HVR1 
	16001 - 16569
	16001 - 16520
	16001 - 16400

	HVR2
	+  1 – 574
	+  1 - 400
	

	Cost    $US
	49
	119-238
	319

	Entire Mt Cost  $US
	199
	339
	No

	Haplogroup Prediction
	Yes
	?
	No?

	Number of people in data base
	over 168,000
	?
	?

	Data Base Access
	Yes
	?
	Yes 


Autosomal DNATesting Companies
Five companies are compared in the ISOGG web site.   The best 3 are shown in Figure 20.     
The National Geographic study only provides a fraction of the SNPs provided by the others, and they offer very limited facilities for finding relatives, so they have been left out of the comparison.    .
	Autosomal Testing Comparison Chart
	Figure 22.
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	Company
	23andMe
	FamilyTree DNA
	AncestryDNA

	Genealogy Functions
	Yes
	Yes
	Yes

	Health SNPs
	Yes
	Yes
	Yes

	Health Reports
	108 Canada Only
	No
	No

	Cost
	US$ 99, CDN$ 199
	US$ 99
	US$ 99

	Availability
	56 countries
	Worldwide
	USA Only

	Autosomal SNPs
	577,000
	708,000
	683,000

	Y SNPs
	2329
	0
	885

	X SNPs
	19,487
	18,091
	17,604

	Mitochondrial
	3154
	0
	0

	Number of people in data base
	over 750,000
	about 95000
	over 500,000

	Matching segments cM, SNPs
	Yes, Yes
	Yes, Yes
	No, No

	Chromosome browser
	Yes
	Yes
	No

	Biogeographical rating
	7/10
	3.5/10
	3/10


23andMe used to provide health reports to customers in the USA, but are no longer allowed to do so.    The US FDA are concerned that the results might be misused unless they are provided by a doctor.     Health reports are available in Canada.

Tests by Ancestry are only available in the USA.    The others are worldwide.   Ancestry also offers the least facilities to review the results.     23andMe measures the most SNPs, and have by far the most people in their data base.     FamilyTree DNA will upload data from 23andMe into their database.       GEDmatch can upload data from any of these 3 for comparison.

A very significant difference in these companies is that 23andMe also analyzes the SNPs to produce health risk assessments, for 108 possible health problems.   Of course, this is private information, it is not usually shared, and no examples are given in this paper.     Some genealogists prefer not to enable the health reports so they do not have to worry about any enhanced risks, and so they can honestly tell insurance companies that they are not aware of any risk that would affect coverage or premiums    

Recommendations
This author has chosen 23andMe for autosomal testing because it has the most extensive tests and data base, and because it provides health reports.

Since the automsomal tests include the X and Y chromosomes, and the mitochondria, and since they provide male and female haplogroups, there is not much to be gained from separate Y and Mitochondria tests.    If the author did decide to buy the Y and Mitochondria tests, he would chose FamilyTree DNA.
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