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Chapter 1

What is G enetic Genealogy *?

| f youbve downloaded this eBook, t hen
aware of genetic genealogy, the use of DNA to explore ancestral origins
and relationships between individuals. 1 t i s, a sothér toal o | It

the geneal ogistbés tool box. o
Although there are four types of genetic genealogy testsi autosomal
DNA tests, X-DNA tests, Y-DNA tests, and mtDNA testsi we will only

be exploring the results of Y-DNA and mtDNA testing in this eBook.

Y-DNA tests, available only to males, examine either STRs (short

tandem repeats) or SNPs (single nucleotide polymorphisms) on the Y

chromosome. For an STR test, short segments of DNA are sequenced. The number of repeats in thathort
sequencechanges over time, and these changes argpassed on from father to son. STR analysis provides a
persondés haplotype and is used to predict an individual

changes in the DNA sequence and are typically used to determineapesonds exact haplogroup.
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MtDNA tests, available to both males and females, sequence a short region of the mitochondrial genome
(although it is possible to sequence the entire mitochondrial genome). When mtDNA is tested for
genealogical purposes, a regionof the DNA is sequenced for mutations. The mtDNA sequence is then
compared to a single mtDNA sequence, the Cambridge Reference Sequence. The differences are listed as
mutations that can be compared to the thousands of other mtDNA mutation lists that are s tored in publicly -
available databases. The resuls can also be used to roughly estimate the amount of time to which individuals
share a most recent common anastor (MRCA). The results of an mtDNA test can also be used to determine a
persono6s mt DuNandhaplgype gr o

According to a 2006 report (Genetic Genealogy Goes Global7 EMBO Reports 1072-4), at least 460,000
genetic genealogy kits have been sold throughout the world. By my recent estimate, that number might be as
high as 600,000 to 700,000 and increasing by as much as 80,000 to 100,000 a year. Regardless of the exact

number, genetic genealogyis a quickly growing field.

What | SNOT Genetic Geneal og

Although geneticgeneal ogy is an i nfor mati v e, itascdtiwithiout imitatioms. any one 6
These limitations have been the focus of a great deal of media attention in recent months. Anyone who is

thinking about buying a g enetic genealogy test shoutl be aware of the following:
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1. The results of a genetic genealogy test daot include a family tree. DNA alone cannot tell a person
who their great-grandmother was, or what Italian village their great -great grandfather came from.

Genetic genealogy is anaddition to traditional genealogical research, not a replacement.

2. Although Y-DNA and mtDNA can be used to determine the relatedness of individuals, it cannot
directly determine the degree of relationship. For example, an mtDNA test might be used to finally
determine whether two women are maternally descended from one individual, as your traditional
research has suggested. However, the results will not be able to determine whether the women are

first cousins, third cousins, or fifth cousins once removed.

3. Genetic genealogy testing CANpotentially reveal information about your health. Infertility can be
revealed by DYS464 testing of the ¥chromosome, and some metabolic and other diseases can be

revealed by full mtDNA sequencing.

4. Finally, a genetic genealogy test will only reveal information about a small percentage of your
genome. As every genealogist knows, at 10 generations there are as many as024 ancestors in the
family tree. Thus, a Y-DNA test or mtDNA test only represents one individual out of 1024.
However, almost every genealogist has spent money and a great deal of time an@ffort attempting
to learn even the smallest bit of information about an individual in their family tree. DNA is
another way to add to that information.
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Even with these limitations, genetic genealogy can be an informative and exciting addition to traditi onal
research, and can sometimes be used to answer specific genealogpal mysteries. There are manyi perhaps
even hundredsi of genealogicalsuccess stories thanks tothe proper use of genetic genealogy. To read about
some of these inspiring successstor es, see the I nternational S o 8ucaedsy of

Stories <www.isoqg.org/successstories.htm>.

Chapter 2
How Do | Inte rpret My Y -DNA Results?

. The following is provided to anyone who might be unfamiliar with

0»‘
\

genetic genealogy. Note that it is composed of my suggestions and
are not necessarily the same suggestions that someone else would
make. Additionally, if you are undergoing genetic genealogy testing

to answer a specific question (such as, is my surname really XYZ),
your analysis will differ from the one | have provided (see question

#3 under ASTR Testing, 0 bel ow)

Ge


http://www.isogg.org/successstories.htm
http://www.isogg.org/successstories.htm
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A. STR Testing

For the purposes of this section,| et 6 s as s ume otdéreata 1manker BTR vest without SNP
testing, since this is the most common type of Y-DNA testing. The results are usually given as a series of
markers and the results, or alleles, as in the following example:

Table 1. Sample Y -DNA STR Results

DYS# 393 | 390 [ 19 | 391 |385a|385b| 426 | 388 | 439 |389-1] 392 [389-2
Alleles 13 | 24 14 | 10 11 | 14 | 12 | 12 | 12 13 | 13 | 29

W hat does this string of numbers mean? At each of these locations on the ¥chromosome there is the
potential for some variation (repeats of the same DNA sequence). For exampleat DYS426, the variation
consistsof7 to 18 repeats of the DNA sequence fHGAaVONA with 1:
samples, according to SMGF). The sequence would look like this, with the 12 repeats in bold:
e TGTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTTGTT GACé
Someone with a result of 7at DYS426 would have the following sequence:

e TGTGTTGTTGTTGTTGTTGTTGTT GACeé

Together, the particular alleles revealed by testing represent your personal Haplotype. Using our sample
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haplotype, we will attempt to (1) identify the Haplogroup of this Y -DNA sample; (2) research the identified
Haplogroup; (3) find matches in publ icly available Y-DNA databases (4) attempt to find and join a surn ame

or geographical DNA project, and; (5) start our own DNA project.

1. Which Hapl ogroup Does This Y-DNA Most Closely Match  ?

Most testing companies will estimate your Haplogroup based on your STR results, and will inform you of
their estimate. We will proceed, however, as if our tesing company did not perform a Haplogroup estimate.
Additionally, even if the testing company predicted your Haplogroup based upon your results, it is always

informative to perform your own analysis.

The first step in the analysisistovisit Whi t At hey 6s Ha p kvovw.hpogicagm/hBpestSa i adréeo r
web-based program that allows the user to easily estimate their Haplogroup (but be sure to read the
Conventions pagei some testing companies report different numbers for the same alleles and it is important

to enter the correct number into the program). Choose either the basic 158Haplogroup Program, or the Beta
21-Haplogroup Program. You might want to start with the 15 to get a rough idea, and then use the 21 to
potentially obtain more information . Enter your allele values into the predictor and the probability of your

Haplogroup will be calculated in the right -hand field as you type.

Let 6s use ouramalé. |Whénewe inpatsthese mllelesxthere is a 100.0% probability that the Y-
DNA belongs to Haplogroup R1b. Dondét worry i f your re:


http://www.hprg.com/hapest5/
http://www.hprg.com/hapest5
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designation using STR results rather than SNP results is a matter of statstical probability rather than
absolute certainty. Fortunately, the results in our example match the Haplogroup predicted by the testing
company. Ifyourr es ul t s dthenpéedictethidaploghoup, you might have to conduct more reserch to

attempt to elucidate to which Haplogroup your DNA belongs.

If you are unable to predict a Haplogroup based upon STR testing, one possible avenue is to proceed with
SNP testing, which will almost certainly be able to identify your Haplogroup. We will example SNP teding in

a later section.

2. How Do | Learn More About My Y -DNA Haplogroup  ?
Now that we know that we (most likely) belong to Haplogroup R1b,we should attempt to learn as much as we
can about the Haplogroup. Here are some links that will contain informati on about most, if not all, of the

major human Y -DNA Haplogroups:

T The Il nternational Society ¥-DNA  Glaplogroup ¢ TreeGeneal o«

<www.isogg.org/tree/index.html > 7T this terrific resource contains a separate page for each

Haplogroup. Click on the Haplogroup of interest and you will find a new pagewith a fimapo of t he
Haplogroup, including subgroups. There is also a brief description of the Hap | ogr oupds r oot s,
of primary references, and a list of additional resources.

T Charl es KYYONAHapl@amuw Hescriptions & Information Links

<www.kerchner.com/haplogroups -ydna.htm> i this great resource contains a very brief



http://www.isogg.org/tree/index.html
http://www.isogg.org/tree/index.html
http://www.kerchner.com/haplogroups-ydna.htm
http://www.kerchner.com/haplogroups-ydna.htm
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description of each Haplogroup along with a list of links (if available).

1 Although Wikipedia should always be used with caution, the Human Y-chromosome DNA

Haplogroups <en.wikipedia.org/wiki/Human_Y -chromosome_DNA_haplogroup > page contains

links to in dividual pages for many of the Haplogroups and a number of subgroups.

1 If all else fails, use a search engine to find pages that might contain more information.

Mo s t Hapl ogroups have mul tiple sources of I nfsof mati on
information conflict with each other 71 the science is still developing and estimates change with every new

discovery.

3. Does Anyone Match My Y  -DNA Haplotype ?
To learn more about our haplotype, and to potentially find other people who match our hapl otype, we will
use the free public Y-DNA databases that are available. Ex ampl es of these databases ar

Ysearch <www.ysearch.org>, DNA H e rYlhasea<gqvevbdybase.org>, and the Sorenson Molecular

Geneal ogy F g-CGmadasbmedatdbase<www.smgf.org/ychromosome/search.jspx >. Since these

databases function in similar ways, we will use Ysearch as an example. Note thathere are at least twoways

to search each ofthese databases:

a. Search by Haplotype
At Ysearch.com, the wuser encounters a Welcome page.

genetic matches. 0 Then c¢click on AClIlick here to ente


http://en.wikipedia.org/wiki/Human_Y-chromosome_DNA_haplogroup
http://en.wikipedia.org/wiki/Human_Y-chromosome_DNA_haplogroup
http://en.wikipedia.org/wiki/Human_Y-chromosome_DNA_haplogroup
http://www.ysearch.org/
http://www.ysearch.org/
http://www.ybase.org/default.asp
http://www.ybase.org/
http://www.smgf.org/ychromosome/search.jspx
http://www.smgf.org/ychromosome/search.jspx
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brings us to a screen wherewe can enter our example haplotype. Enter your haplotype and leave the
other options at theirdefaul t s with the exception ofXofitBehnoarkersuser s t |
t hat Isedi ddi)sandtleAiMA R0 mum genetsiect dtihsitsantcoe 0A Q0 at t hi s

your research).

The next screen is a list of the profiles that match our haplotype exactly with at least 12 of our markers.
For our sample haplotype, we getover 650 exact matches(as of January 2008). R1b isvery common,
and as a result there are manyR1b haplotypesin these databases. There are 1660 exact matches in

Ybase, and 364 exact matches in the SMGF database. Note that some of theggofiles may overlap.

Il f you didndét get any matches wusi ng a ognoreeNotethatdi st anc
your closest matches wilmat ch by a genetic distance of A0 Oo,; t he m

the greater the amount of time to a recent common Y-DNA ancestor.

Interestingly, many of the matches in the Ysearch and Ybase datalaseshave undergone SNP testing to
show that they belong to the R1blc YDNA Haplogroup. This might suggest that our Y-DNA sample
belongs to R1blc, a sukclade of Haplogroup R1b (see the SNP section, below).

Another way to use the database to searchistoc | i ck on ACreate a nhew user. o
create a profile that you can use to easily search for matches. This profile will be searchable by other

users of Ysearch and will allow them to contact you for more information if necessary.
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b. Searc h by Surname

Searching by surname is yet another way to find potential matches in public DNA databases. This

met hod of searching can even be used before a DNA tes!1
that we havenoét ysgdndtolradterceuwr al e@DSNtA neme i s ABettingero.
| ast name ABettingero ever been tested? What were t he

To begin, go to the Ysearch database<www.ysearch.org>. At the top of the page is a buton labeled

ASear ch By o(thearesis alsh annagphabetical list of surnames, if you want to skip the search
function). CI i ck on t hat, and enter fABettingero in the firs
currently (as of January 2008) one person with the last name Bettinger in the database. Clicking on

that record reveals that this Bettinger belongs to Haplogroup R1b1.

If we already have our results, we cannow compare our haplotype with the Bettinger who is already in
the database There a number of ways to | i mit the search on

options as you become more familiar with the database.

If you are interested in maintaining a permanent presence on one of the DNA databases with your haplotype
available for searching, create a new user record. When new people go online to search for matches to their

results, they will be able to compare their haplotype to yours.


http://www.ysearch.org/
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4. Should | Join a Surname or Geographic DNA Project ?

A DNA project is a collaborative effort to answer genealogical questions using the results of DNA testing. A
surname project brings together individuals with the same (or very similar) surname , while a geographic
project gathers individuals by location rather than by family or surnam e. Other projects bring individuals

together based upon their Haplogroup designation. DNA projects are run by Administrators who are

responsible for organizing results, sharing information, and recruiting new members to the group.

DNA projects can potentially provide a number of benefits to participants, including the following:

1. Confirm or reject suggested relationships between individuals in the project;

2. ldentify previously unknown relationships between individuals in the project;

3. Confirm or reject the relationship of particular surname lines or surname variants (for example,
do the Hoisington and Hossington surnames have a common source?);
4. 1 denti fy or | earn more about the surnameds country
5. Learn more about the ancient ancestry of asurname and its variants;
6. Learn more about the migration of the surname over time;
7. Learn about the genetic origins of and contributions to a geographic region;
8. Assist in genetic genealogy research projectdor publication (scientists have used the results of

DNA projects to learn more about human history i see the JoGG <www.jogg.info> for

examples), and;

9. Join a community of exciting genetic genealogists.


http://www.jogg.info/
http://www.jogg.info/
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There are undoubtedly many more benefits to joining surname or geographical DNA projects. One benefit

that | left of the list is a financial one. The companies that offer DNA projects, such as Family Tree DNA and

DNA Heritage, offer testing discounts to members of those projects. This is often agreat motivation to join a

project, and also serves as aterrific recruitment tool. By t he way, i doyd®tudwer mayready
genetic genealogy test and | ater decided that you would

A. Howdo | FIND a DNA Project?
Finding a DNA Project that you might be interested in joining is usually very simple. Here are three placesto

begin your search:

1. World Families <www.worldfamilies.net/search/contentsearch > 7 You can use the search

box to search entire site.

2. DNA Heritage <www.dnaheritage.com/surnameprojects.asp> i The page has information

about surname projects, and the box in the sidebar allows you to search by surname.

3. Family Tree DNA <www.familytreedna.com/searchtips.html > i The search box in the

sidebarl et s you search by surname or by |l ocation or

leads you to two geographic DNA projects.

Using traditional search engines is yet a fourth way to searchf or pr oj ects, with search st
DNA Project. 6 ,aB wdll astthe imsthodsdisted abdve, be sure to search for variants of your

surname if you are unable to find an exact match.


http://worldfamilies.net/search.html
http://www.worldfamilies.net/search/contentsearch
http://www.dnaheritage.com/surnameprojects.asp
http://www.dnaheritage.com/surnameprojects.asp
http://www.familytreedna.com/searchtips.html
http://www.familytreedna.com/searchtips.html
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B. Howdo |l JOIN a DNA Pr oject?
Now that youbve di scONMAredojaeacti,nteoed&te ngrobably wonde
member. Her e6s how to join through DNA Heritage:

After finding a Project, y ou wi | | see a contact form at the bottom
Use that form, or contact <info@dnaheritage.com> DNA Heritage directly and they will forward the
message to the appropriate Administrator. For more information, see the FAQ page

<www.dnaheritage.com/fags.asp>.

Joining through Family Tree DNA:

After finding a Project, you wi || see a contact form

Usethatf orm t o join the project and order a test. | f

L

following button on your personal myFTDNA page: k&, Cl

i ck that button and yo!
search page to find an appropriate Surname, Geographic, or Haplogroyp Project. For more

information, s ee the FTDNA FAQ page <www.familytreedna.com/fag.html > or the World Families

fJoin a Projecto <www.worldfamilies.net/join >.

5. What if There is no DNA Project to Join?
The answer to this one is simple i start a new project! There is information at DNA Heritage

<www.dnaheritage.com/surnameprojects.asp>, Family Tree DNA <www.familytreedna.com/surname.aspx? >,

and World Families <www.worldfamilies.net/request > about starting a new DNA Project.



mailto:info@dnaheritage.com
http://www.dnaheritage.com/faqs.asp
http://www.dnaheritage.com/faqs.asp
https://www.familytreedna.com/faq.html
http://www.familytreedna.com/faq.html
http://worldfamilies.net/join
http://www.worldfamilies.net/join
http://www.dnaheritage.com/surnameprojects.asp
http://www.familytreedna.com/surname.aspx?
http://www.worldfamilies.net/request
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B. SNP Testing i Haplogroup Determination

Single Nucleotide Polymorphism (SNP) testing examines single nucleotides at specific locations on he Y
chromosome (compared to STR marker testing, which sequences short regions of DNA). SNP testing can be
offered before or after STR testing. Since a mutation at a single base is very rare compared to changes in
STRs, males who share a SNP usually share an ancestor who lived many gendians ago. For this reason,
SNPs have been used to identify the branches in the Ychromosome family tree and define Haplogroups. For
example, males who test positive for the SNP M207 belong to Hagogroup R. You can see a chart of some of
the most commonly tested SNPs at DNA Heritage <www.dnaheritage.com/ysnpmarkers.asp> or at ISOGG
<www.isogg.org/tree/ISOGG_YDNA_SNP_Index.html >. So why would an individual order a SNP test?

Here are a few of the major reasons:

1. To determine d eep ancestry 1 some individuals might be more interested in learning about the
Adeep ancest-DNAQratleef thah finding rclos ¥ genetic relatives. For them, the results of

SNP test will typically tell them about their ancient ancestry, and an STR test would be unnecessary.

2. To confirm an estimated Haplogroup i as we saw in previous sections, the results of an STRest
canbeusedt o predict or estimate an individual s Hapl ogro

testing can confirm the estimate or re-define the Haplogroup based upon the results.

3. To determine a subhaplogroup designation i some Haplogroups have multiple branches, called

subhaplogroups or sub-clades For example, Haplogroup R has branches such as R1b, which itself


http://www.dnaheritage.com/ysnpmarkers.asp
http://www.isogg.org/tree/ISOGG_YDNA_SNP_Index.html
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branches into groups like Rlbla and Rlblc (see theY-DNA Haplogroup Tree from ISOGG

<www.isogg.org/tree>). The results can often (but not always, depending on how many SNPs are

tested) place an individual into one of these downstream branches.

1. How Do | Interpret My SNP Test Results?

To interpret results of a SNP test (other than the Haplogroup designation, which is almost always part of the

results returned to the customer), it is helpful to have the following references: (1) the Y-DNA SNP Trees

from ISOGG <www.isogg.org/tree>, whi ch we wi | | us e uranciehttancastoe éd @he | our |
the Y-DNA SNP index <www.isogg.org/tree/ISOGG_YDNA_SNP_Index.html >, which will help us interpret

the numbers and letters that make up the results.

L ed u8e the following sample resultsas an example, which tell us that we belong to Haplogroup subclade
E3blbl. What exactly does that mean?

Table 2. Sample Y -DNA SNP Results

Your Y -DNA Belongs to Haplogroup E
Your SNP results are:  M96+ P2+ M2 - M35+ M78 - M183+ M81+ M107+ M123 - M281 -

Since the results report that our sample Y-DNA belongs to Haplogroup E, we can go directly to the
Haplogroup E Tree at ISOGG <www.isogg.org/tree/ISOGG_Hap grpEO7.html>. L et 6 s use our resc
starting with t he first SNP, M96. We tested positive for M96, meaning that we have that mutation. Looking



http://www.isogg.org/tree/
http://www.isogg.org/tree
http://www.isogg.org/tree/
http://www.isogg.org/tree/ISOGG_YDNA_SNP_Index.html
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at the chart, we see that M96 is characteristic of Haplogroup E. Thousands of years ago,members of
Haplogroup E developed characteristic SNP mutations over time to form different branches or sub-clades
such asE1l, E2, and E3. Ournext SNP, P2+, is characteristic of subclade E3. Comparing our sample SNP
results to the tree, we get something like this (and it definitely helps to diagram t he tree), keeping in mind
thatthe 0 aft er t he t estnotpartofthisasubectkadet hat we ar e

MO6+ E

P2+ E3

M2 - E3a

M35+ E3bl

M78- E3bla (not part of this sub-clade)
M183+ E3blb

M81+ E3blb

M107+ E3blbl

M123- E3blc (not part of this sub-clade)
M281- E3bld (not part of this sub-clade)

Thus, our sample Y-DNA belongs to Haplogroup E, sub-clade E3blblbecause we tested positive for the M107
SNP. The negative results also help refine ar placement by showing that we do not belong to E3a (M2-) or
E3bla (M78-), for example.

Don6t be discouraged i f your resul ts airyeucanrawaysutthend as cl e

in order to help make the results more clear. Also, smetimes SNPs will have different names or companies
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will use different SNPs to test the same thingi wi t h a | i ttl e researchlllmablettohe si t e:
figure out what each SNPmeans. And lastly, now that you know your Y-DNA Haplogroup and sub-clade, you

can use the steps outlined above to gather more information.

Chapter 3
How Do | Interpret My mt DNA Results?

MtDNA tests, which sequence a region of the mitochondrial genome, areavailable
to both males and females. Thec u s t o seguerice is compared to a standard
MtDNA genome called the Cambridge Reference Sequence (CR$)which is

available at <www.mitomap.orag/mitoseqg.html >. All the differences between the

cust omer 0andtimt ArREiAranging from none (i.e. a perfect match to the
CRS)tomanyi are returned as the customerds resul
to estimate the customerdéds mt DNA Hapl ogroup

of time to which individuals share a most recent common ancestor (MRCA).

Please not that the following is provided to anyone who might be unfamiliar with genetic genealogy. It is

composed of my suggestions ands not necessarily the same suggestions that someone else would make.


http://www.mitomap.org/mitoseq.html

