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DNA Basics

• DNA (Deoxy-riboNucleic Acid): 
complex organic molecule that 
encodes sequences of proteins

• All living things have DNA

• Bundled into chromosomes

• Humans generally have 23 pairs 
of chromosomes (46 in all)



Sex chromosomes and Autosomes

• One pair out of the 23 pair are 
called sex chromosomes

• Sex chromosomes define male 
and female characteristics

• Males: X from mother, Y from 
father (XY)

• Females: X from mother, X from 
father (XX)

• Remaining 22 pair: autosomes



Types of DNA tests

• Y-DNA

• Autosomal DNA

• Mitochondrial DNA (mtDNA)



Y-DNA

• Studies Y-chromosome (male sex 
chromosome)

• Handed down from father to son 
mostly intact

• Matches ancestors from many 
generations back, and their 
descendants

• Males have the same Y-
chromosome their distant 
ancestors had



Y-DNA
Inheritance



Y-DNA: STRs and Matches

• Short Tandem Repeat (STR): Common 
Y-DNA variation

• Men with same or close number of 
STRs will match

• Genetic Distance (GD): Number of 
STR differences (steps) between men

Each column a number of STR repeats



STR Results
Genetic 
Distance

• Shows list of men with closest Genetic 
Distance, with their Earliest Known 
Paternal Ancestor

• Genetic Distance – used to make 
statistical prediction of Time to Most 
Recent Common Ancestor (TMRCA)

# of STRs 
Tested





Y-DNA: SNPs and Haplogroups

• Single Nucleotide Polymorphism 
(SNP): Much rarer variation

• Men with same SNPs grouped into 
haplogroups

• Used to study whole population 
groups, human migrations, as well 
as families

• More definite matching





Y-DNA: Genealogical Applications (1)

• Matching other men means a shared common paternal ancestor

• Locate potential ancestors when paper trail is cold

Peter B.
Richardson

b. ca. 1790 N.C.
Haplogroup
R-FT266317 

Isham
Richardson

b. ca. 1793 N.C.
Haplogroup
R-FT266317

Genetic
Distance 3

???
Richardson

Shared Common Ancestor
Estimated b. about 1750



Y-DNA: Genealogical Applications (2)

• Not matching other men means you do not share a common paternal 
ancestor

• Prove or disprove hypotheses

John T. Parker
b. 1808 Tenn.
Haplogroup
R-FTC74761 

John M. Parker
b. 1772 N.C.
Haplogroup
I-BY53535

Genetic
Distance 70

NOT a match

Various Park(e), 
Parks matches
Haplogroup

R-Z301

Roger Parke
b. 1648 England

Genetic Distance < 10

No common paternal ancestor for thousands of years



Y-DNA: Case Study

Zachariah Dutton
b. 1750 Md.

William Dutton
b. 1777 Md.

Edmond Dutton
b. 1793 Md.

Alex. Dutton
b. 1787 Md.

All match – confirms paper trail

Haplogroup E-L17

George W. Dutton
b. 1828 Md.

Notley T. Dutton
b. 1815 Md.

Matthew Dutton
b. 1692 Md.

Haplogroup R-DF98

Match each other, don’t match Zachariah

Pennsylvania
Dutton

descendants

Haplogroup R-DF98

John Dutton
b. 1647 England

Common 
ancestor

Cheshire, England
est. b. ca. 1300

George
Thomas

b. 1714 Md.



Y-DNA: Ordering a Test

• Only major genealogy DNA provider offering Y-DNA testing is
Family Tree DNA (https://www.familytreedna.com)

• Only genetic males can test

• Three levels offered:
• Y-37: 37 STRs, basic testing

• Y-111: 111 STRs, better testing

• Big Y-700: 700+ STRs, 500k+ SNPs

• Can upgrade after initial test

https://www.familytreedna.com/


Group Projects

• Family Tree DNA offers many group projects for surnames, ethnicities, 
localities, haplogroups

• Allows experts to help with your Y-DNA

• Allows you to see how your STRs match



Mitochondrial DNA 
(mtDNA)

• DNA contained within mitochondria of cells rather 
than nucleus

• Passed from mother to child – follows maternal line

• Both men and women can test

• Used in forensics

• Has mutations and haplogroups similar to Y-DNA



Mitochondial 
DNA 
Inheritance



Mitochondrial DNA

• Like Y-DNA, can chart human migration patterns

• Has Haplogroups, Genetic Distance



mtDNA: Genealogical Applications
• Difficult to use because of poor documentation of maternal lines

• Can verify or identify maternal line

Female line
descendant

Matilda Dutton
md. Elijah Bass
b. 1807 N.C.

Judith Parrish
md. Zach. Dutton
b. 1760 N.C.

Agnes Hicks
md. Briscoe Parrish
b. 1720 Va.

Susannah Parrish
md. John Bristow
b. 1752 N.C.

Polly Bristow
md. Webster
b. 1779 S.C.

Female line
descendant

mtDNA
Haplogroup

H1u



mtDNA: Ordering a Test

• Only major genealogy DNA provider offering mtDNA testing is
Family Tree DNA (https://www.familytreedna.com)

• One test currently being offered

• Can be packaged with other tests

https://www.familytreedna.com/


Autosomal 
DNA

• Compares DNA segments 
on 22 autosomes (non-sex 
chromosomes) against 
other testers

• Most common 
genealogical DNA test 
today (Ancestry, 
23AndMe, MyHeritage, 
Family Tree DNA)

• Gives ethnicity estimate



Autosomal DNA: 
Ethnicity Estimate

• Subjective, not precise or genealogically 
useful; different at each site

Family Tree DNA
Family Finder

AncestryDNA

23AndMe



Autosomal DNA: 
Matching

• List of DNA matches – cousins who share one or 
more common ancestors

• Shared centiMorgans (cM) or percentage

• Number of shared segments



Autosomal DNA – 
Genealogical Applications

• Discovering unknown ancestors –

• Finding people you share DNA with, with 
ancestors they have documented but you 
haven’t

• Projecting unknown common ancestry from 
matches

• Proving ancestral hypotheses



How am I related to a match?
• Identifying a match by the shared centiMorgans (cM)

centiMorgans
(strength of match)

Estimated relationship

Calculated common ancestor, 
based on comparing family trees

• Can use Shared cM table & tool

Statistical probabilities
of different relationships



Using Shared Matches: Basic Example

• My Unknown Match, Tom
• Matches in common:

• Me

• Cousin Richard

• Means common ancestors will 
be on maternal side of family

Grandma
Kate

Grandpa
Bill

Mama
Sarah

Papa
John

Dad
(Bob)

Aunt
Wanda

Mom
(Sue)

Uncle
Rick

MeCousin
Ted

Cousin
Richard

Tom

???



Using Shared Matches

• Using two or more in-common-
with (ICW) matches to identify 
what family line a match is 
likely on

Custom color coding to group by known ancestor



https://dnapainter.com/tools/sharedcmv4



William Jefferson 
Bullard
b. 1790

William Riley 
Bullard
b. 1819

Charlotte Elizabeth 
Bullard Elam

b. 1849

James Edgar
Elam

b. 1884

Lottie Frances
Elam Mabry

b. 1914

Lynnda Mabry
150 cM

Martha Victoria 
Bullard Moorman

b. 1855

Early Norris 
Moorman

b. 1878

Mary Gertrude 
Moorman Perricone

b. 1916

“J.P.” (Perricone)
127 cM

James Marion 
Bullard
b. 1851

Thomas Erastus 
Bullard
b. 1881

Carl O.Z. 
Bullard
b. 1910

Oswald Bullard
120 cM

Maria Saunders
94 cM

https://www.ancestry.com/discoveryui-matches/compare/B2C08725-CDA9-4BF7-9EE9-43950D5C2720/with/0E4BEF5C-4205-4068-9E77-7E4D2116CE13
https://www.ancestry.com/discoveryui-matches/compare/B2C08725-CDA9-4BF7-9EE9-43950D5C2720/with/1C65CB26-4517-42D6-8754-5F253C6D846E
https://www.ancestry.com/discoveryui-matches/compare/B2C08725-CDA9-4BF7-9EE9-43950D5C2720/with/A90C17D2-F13A-41D2-82E0-72317246017A
https://www.ancestry.com/discoveryui-matches/compare/B2C08725-CDA9-4BF7-9EE9-43950D5C2720/with/54F22E9D-81A5-4537-A542-756EE61B9F7B


Sarah Ruth
Cook Richardson

b. 1928

Joseph Eli
Cook

b. 1876

Sarah Ann
Bullard-Bazzell

b. 1842

Hannah
Oates

b. 1820

William Riley 
Bullard
b. 1819

William Jefferson 
Bullard
b. 1790

Charlotte Elizabeth 
Bullard Elam

b. 1849

James Edgar
Elam

b. 1884

Lottie Frances
Elam Mabry

b. 1914

Lynnda Mabry
150 cM

Discovering the True Father of Sarah Ann (Bullard) Cook

Half-
Siblings

The range for Half-2C1R 
is 0–341 cM (average 
73 cM).
This is probable.
17% likelihood
(vs. other excluded 
possibilities

Half-1C

Half-2C

Half-
2C1R

https://www.ancestry.com/discoveryui-matches/compare/B2C08725-CDA9-4BF7-9EE9-43950D5C2720/with/0E4BEF5C-4205-4068-9E77-7E4D2116CE13


Chromosome 
Browser

• Graphs what segments of DNA a match shares

• If two or more people share the same segment of 
DNA, they likely share the same common 
ancestor



Autosomal DNA: Ordering a Test

Testing 
Company

AncestryDNA 23AndMe Family Tree DNA
Family Finder

MyHeritage

Pros Largest database = 
most people to match 
with; good family tree 
tools

Health information Chromosome browser, 
group projects

Chromosome 
browser, good family 
tree and tools

Cons No chromosome 
browser

No tools for family tree 
sharing or matching

Slow and clunky site; 
smaller autosomal 
database

Make you pay for 
everything

Cost $99 $119 (ancestry only)
$229 (health+ancestry)

$79 $89

My recommendation:
• Test with more than one
• If you only do one, do Ancestry and upload to different sites
• If you do Y-DNA or mtDNA with FTDNA, add their autosomal also



Autosomal tips

• DO post your family tree

• DO test your oldest family members

• DO test as many family members as possible

• DO test with, or upload to, as many sites as 
possible

• DO check your messages regularly



Uploading DNA to Other Sites

Company GEDmatch AncestryDNA 23AndMe Family Tree DNA MyHeritage

Allows 
downloads

(does not test)

Allows 
uploads

no no

• Allows matching with other sites’ database
• I highly recommend GEDmatch (https://www.gedmatch.com) as a site for advanced DNA tools 

(chromosome browser, etc.) and matching with tests from many different sites.

https://www.gedmatch.com/


Advanced Topics

• Chromosome painting and mapping

• Phasing and reverse phasing

• Clustering
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