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BYU Campus Education Week 2008

We Live in the “Genomics Age”

• A genome is the complete DNA sequence 
(instruction book) for an organism

• 1953 – DNA structure described by Watson & Crick

• 1995 – first genome of a living organism 
• June 26, 2000 – announcement of human genome 

draft sequence
• April 25, 2003 – completion of the human genome 

reference sequence
• August 2008 – more than 350 genomes

completed including 4+ humans so far 

Other organisms completed (dog, rice, duck-billed platypus, etc.)
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What is Fueling Growth in Genomics?

• New DNA sequencing technologies
• More powerful computers
• Globalization of science
• Interest of the public in ancestry testing
• Value to medical research
• Passage of GINA 

– Genetic Information Nondiscrimination Act
– Signed by President Bush May 21, 2008  

The Human Genome Project

• Officially launched in 1990 as a 15 year, $3 billion 
project – primarily U.S. but with some 
international assistance from UK, Japan, and 
China – involved efforts of >2,000 scientists

• Produced a reference sequence – to which all 
future human genomes can be compared

• Fueled technology development that has 
produced a dramatic increase in the amount of 
genetic information over the past decade
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Associated Press

Ceremonial Culmination of 
the Human Genome Project 

President Clinton: “Today, we are learning 
the language in which God created life…”

June 26, 2000 - a "day for the ages" 

J. Craig Venter
(led private effort)

Francis S. Collins
(led public effort)

President 
Bill Clinton

Books These Three Men Have Written
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More during Friday’s
Science and Religion talk

More during Friday’s
Science and Religion talk

More during Thursday’s
Forensic DNA talk
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USA Today Top 25 (Sept 2007) 
Most Influential People in the Last 25 Years

• 1 – Bill Gates
• 2 – Ronald Reagan
• 3 – Oprah Winfrey
• 4 & 5 – Francis Collins and Craig Venter

• 21&22 – Bill and Hillary Clinton

• 25 – Homer Simpson

http://www.usatoday.com/news/top25-influential.htm
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The Human DNA Genome within a Cell

Nuclear DNA
(3.2 billion bp)

Mitochondria = the power 
houses for the cell
(hundreds per cell)

Mitochondrial DNA
(16,569 bp)

The Nucleus = control 
center for the cell

(one per cell)

Inherited from only 
your mother Inherited from both 

your mother and your father
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Autosomes – 22 pairs – 2 copies per cell

Cell Nucleus – 3 billion bp

Sex Chromosomes (XX or XY)

mitochondria – in cell cytoplasm
100s of mtDNA copies per cell 

Father’s Sperm Mother’s Egg

Child’s Cell

Father’s 
Sperm

Mother’s 
Egg

Father contributes: 22 autosomes (1 of each pair), X or Y
Mother contributes: 22 autosomes (1 of each pair), X and mtDNA

Genetic Inheritance

Nuclear 
DNA

Mitochondrial 
DNA

Current scientific thinking:
•~99.9% of 6 billion letters (2 x 3 billion bp) 
are the same between people
•This 0.1% is still ~6 million differences
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Genetic Markers Examined 
with Ancestry Testing

Y chromosome
– Passed from father to son without change (unless a 

mutation occurs)
– Two types of genetic markers are typically examined:

• Y-STRs (short tandem repeats) – provides finer detail
• Y-SNPs (single nucleotide polymorphisms) – big picture view

mtDNA
– Passed from mother to offspring without change (unless 

a mutation occurs)
– Typically a section of the 16,569 bp mtDNA is sequenced – a 

haplogroup is assigned by presence of specific DNA mutations

Four-Generation Genealogical Pedigree

9
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13

14
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4
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3

1
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Individual

Parents

Grandparents

Great-grandparents
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A Genetic Pedigree is typically shown 
Vertically rather than Horizontally

9 10 11 12 13 14 15

4 5 6 7

2 3

1

8

male

female

parents

offspring

deceased

LEGEND

A Four-Generation Pedigree

1

2

3

4

Autosomal DNA
1/8 from Great-grandparents

male

female

parents

offspring

deceased

LEGEND
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Lineage Markers: 
Y-Chromosome

Y chromosome
passed along 

paternal lineage

Autosomal DNA
1/8 from Great-grandparents

Lineage Markers: 
Y-Chromosome and Mitochondrial DNA 

Y chromosome
passed along 

paternal lineage

Autosomal DNA
1/8 from Great-grandparents

mtDNA genome
passed along 

maternal lineage
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So to Review…

Y-chromosome testing could have helped 
Luke Skywalker to confirm this information 

Luke, 
I am your 
father…

Categories of Ancestry Testing

• Deep Ancestry (“Genetic Geography”)
– Looking for relationships from >1000 years ago
– Offers a big picture view of our past
– Involves testing with lower resolution genetic markers 

(e.g., Y-SNPs) to determine Haplogroups

• Genetic Genealogy
– Looking for relationships from <1000 years ago
– Tries to provide a link between related people
– Involves testing with higher resolution genetic 

markers (e.g., Y-STRs) to determine Haplotypes

Group comparisons

Individual comparisons
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Building

Continent

2000 mi scale

50 ft scale
(~200,000x)

A Comparison with Maps 
(to Illustrate Scales and Resolution of Detail)

Country State Region

County City Campus

http://maps.google.com/

Deep Ancestry (markers with lower mutation rates – Y-SNPs - Haplogroups)

Genetic Genealogy (markers with higher mutation rates – Y-STRs - Haplotypes)
Individual

Methods for Studying Deep Ancestry
(Human Migrations Throughout Time)

• Examination of living individuals 
– Sampling from aboriginal (native) peoples, where possible

– Making assumptions regarding the past associations 
of population groups

• Analysis of ancient DNA
– Recovering DNA from fossil remains, which 

unfortunately are few and far between
– Provides a peek into the past (for a single individual)
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• The Genographic Project, launched in April 
2005, is a five-year genetic anthropology study 
that aims to map historical human migration
patterns by collecting and analyzing DNA
samples from hundreds of thousands of people 
from around the world. 

http://en.wikipedia.org/wiki/The_Genographic_Project

Recent Summary of Deep Ancestry Work
July 2008 Scientific American, pp. 56-63

https://www.sciamdigital.com

Using DNA to Study Human Migration Patterns Throughout History
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Current Scientific Thinking on Human Migrations 
Based on Y-chromosome Testing

Scientific American, July 2008, p. 59

Human Migration Model
Based on Mitochondrial DNA Testing
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A Comparison of Modern Populations Leads to 
Assumptions Regarding Ancestral Sources

Population 1 Population 2≈

Assume same 
ancestral source

Population 1 Population 2≠

Assume different 
ancestral sources

May only be testing a handful of individuals to represent a “population”

Do you have “pure” descendants?

• Recent admixture or aberrant paternity can limit 
the effectiveness of a particular test

• Admixture: Tiger Woods who has a mixed 
heritage (his father is African American, his 
mother is Asian) will exhibit different Y-
chromosome and mtDNA results

• Aberrant Paternity: ~25-30% of tested African 
Americans today have a Caucasian Y-
chromosome (likely due to plantation owners 
spreading their genes among their slaves)
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Mixed Ancestry Example – Tiger Woods

Earl Woods: African American (50 percent), Chinese (25 percent) and Native American
(25 percent) ancestry. 
Kultida Woods: originally from Thailand is Thai (50 percent), Chinese (25 percent), and 
Dutch (25 percent) ancestry. 
Tiger Woods: one-quarter Chinese, one-quarter Thai, one-quarter African American, 
one-eighth Native American, and one-eighth Dutch. He refers to his ethnic make-up as 
“Cablinasian” (Caucasian, Black, (American) Indian, and Asian). 

http://noezbuckets.files.wordpress.com/2007/08/tiger-woods.jpg

http://assets.espn.go.com/photo/2006/0503/pga_g_earl1998_275.jpg http://nonstriker.files.wordpress.com/2007/06/tiger-woods-baby-10.jpg

Problems with Deep Ancestry

• Sweeping conclusions are often based on 
results from only a few samples – can be difficult 
to obtain representative samples for a population

• The Genographic Project is trying to gather more 
than 100,000 samples from groups around the 
world (resistance from Native American groups & others)

• There is a great deal of extrapolation beyond 
the data actually collected and available
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Assumptions in Deep Ancestry Testing

• Current populations fully represent past peoples
– “Pure” descendants with little-to-no admixture or aberrant paternity

• Mutation rate is constant and only in one direction 
– no recurring/back mutations
– # differences between studied groups is meaningful
– Often mutation rates vary between regions of DNA examined

• Definition of a generation is ~20-25 years

• Time to a calibration point defined from the fossil record 
– typically ~5 million years from human-chimp split in evolution

David Goldstein – A Leading Population Geneticist
(University College London, now at Duke Genome Institute)

“Given that it is necessary to incorporate 
information from other disciplines, and that it is 
not currently possible to develop fully 
realistic and general inferential models, there 
remains an important place for storytelling in 
the study of human genetic history. By 
storytelling we mean, essentially, the 
construction of a reasonable historical scenario 
that might explain currently observed patterns of 
variation. But it is very clear that some stories 
are considerably more fanciful than others.”

Goldstein, D.B. and Chikhi, L. “Human migrations and population structure: what we know and why it matters”
Annual Review of Genomics and Human Genetics 3:129-152 (2002); quotation from p. 143 
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Value and Challenge of 
Ancient DNA Samples

• Can sometimes yield useful results and help 
answer questions about the past since the 
sample is from the past

• Unfortunately, ancient samples can easily be 
contaminated by modern DNA (through the 
excavating team, museum curators, and the 
DNA scientists themselves)

Bones or Mummified Remains 
Can Yield Ancient DNA for Study
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Must be careful to not contaminate 
samples with modern DNA
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We share how much DNA with those 
guys in the Geico commercials?
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A Question You May Be Asking Yourself…

One of the Very First Native American DNA Studies
Published by Doug Wallace’s Group at Emory University in 1990

These four maternal lineages (groups) were 
designated “Haplogroups” A, B, C, and D.

American Journal of Human Genetics (1990)
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Torroni, A. (2000) “Mitochondrial DNA and the origins of Native Americans” in America Past, America Present: Genes and 
Languages in the Americas and Beyond, ed. Colin Renfrew, McDonald Institute for Archaeological Research, p. 82

Primary mtDNA Haplogroups in Native Americans

Haplogroup X

Haplogroup

Individual Samples (Haplotypes)

The structure of these “trees”
(branch points, number of branches, 
etc.) can change over time as more 
samples are tested and new genetic 
markers are utilized

All samples in the 
group have the same 
defining characteristic

mtDNA Haplogroups
• Defined by a nucleotide change at 

a specific position in the mtDNA of 
an individual

• Someone that is Haplogroup A
– 16230
– 10810
– 3594
– 10873
– 663

• Someone that is Haplogroup X
– 16230
– 10810
– 3594
– 10873
– 14470

Jobling, Hurles, Tyler-Smith (2004) Human Evolutionary Genetics, Box 8.5, p. 253
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Ancient Human DNA in Fossil Feces
• Article published in the 

journal Science in April 
2008

• From excavations in some 
Oregon cases, human 
DNA has been recovered 
from fossil feces that date 
to ~14,000 years ago

• First Americans may have 
come from Asia by boat 
along the Alaskan coastline 
since ice sheets (Ice Age 
glaciers) blocked overland 
routes prior to ~13,000 
years ago

http://www.sciencemag.org/cgi/reprint/320/5872/37.pdf

John Relethford

“Although working in 
such a young and 
developing field is 
exciting, it is also 
frightening because 
the knowledge base 
changes so rapidly.”
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Genetics and the Search for Modern 
Human Origins (2001), p. 205



Genetic Genealogy August 20, 2008

BYU Campus Education Week 2008
Uses and Abuses of Modern DNA Science 20

John Relethford
“We must be careful not to 
make too many inferences 
about earlier populations 
based on the genetic 
composition of living 
populations. Populations 
change over time, and the 
more time that elapses, 
the greater the difficulty of 
using living samples as 
proxies for earlier ones.”ht
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Reflections on Our Past (2003), p. 143

Genetic 
Genealogy
Tracing your roots 

with DNA
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Differences in DNA Studies
• Deep Ancestry – analysis of population groups to try and 

get a big picture view of human history (involves lots of 
assumptions)

• Genetic Genealogy – comparing individuals living today 
to see if they are genetically similar and thus may have a 
common ancestor (may not enable all desired links)

• Forensic/Paternity DNA Testing – directly matching 
results from evidence to suspect or first-degree biological 
relatives (e.g., parents or children)

All three approaches may use the same genetic markers 
(e.g., mtDNA or Y-STRs) but use different reference samples 
and provide different levels of confidence in the results

Perhaps the Real Reason Some Genetic 
Genealogy Is Performed…
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Some of the Genetic Genealogy Companies

This is a very rapidly growing field with a lot 
of interest from the general public…

http://www.oxfordancestors.com

http://www.familytreedna.com

http://www.relativegenetics.com

http://www.sorensongenomics.com

http://www.dnaheritage.com

http://www.ethnoancestry.com
http://www.geogene.com

http://www.dna-fingerprint.com

http://dna.ancestry.com

What is involved in a DNA ancestry test?

• You pay a company money
• You supply a sample of your DNA (through 

swabbing the inside of your mouth to collect 
cheek cells)

• You wait for several weeks for the company 
to send you results from their test(s)

• You try and understand the results of 
their test(s)

• You search the company’s database of DNA 
results hoping to find a relative

• You try and recruit potential distant relatives 
to contribute their DNA so that your efforts 
will be meaningful

• Then you set up a website with your results 
and blog about your success or failure!
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Ancestry DNA Tests (Using Lineage Markers)

Y-Chromosome Tests, which examine 
genetic traits passed on from father to 
son, provide only a partial picture of the 
past paternal lineage

Mitochondrial DNA (mtDNA) Tests, 
which examine genetic traits passed 
on from mother to children, provide 
only a partial picture of the past 
maternal lineage

Someone living today

= male

= female

The genetic signatures of many 
ancestors (and people alive years ago 

without living descendants) are never seen
when testing modern DNA samples

Ancestor 1

Ancestor 2

Ancestor 3

International Society of Genetic Genealogy
http://www.isogg.org

http://www.isogg.org/ydnachart.htm

An excellent resource for further 
information on genetic genealogy 

including cost comparisons between 
the various DNA testing companies
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One of the Master Story Tellers…
Bryan Sykes
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Science Policy Forum - Oct. 19, 2007
Science (2007) 318: 399-400

“These tests should not be seen as determining the race or 
ethnicity of a test-taker. They cannot pinpoint the place of origin 
or social affiliation of even one ancestor with exact certainty.”
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Ancestry DNA Testing
Butler Y-Chromosome DNA

My Y-chromosome DNA profile

By itself, it has little value…

But with genealogical information and other samples as references,
connections between related people can be made!
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Each line represents a 
person living today who 
has traced their ancestry 

back to a specific 
paternal-line ancestor

http://www.the-butlers.com/butlerdna/

Size Matters with Genetic Genealogy 
DNA Databases

The more individuals 
that have been tested 
and can be searched, 
the greater the chance 
to match a relative. 

http://www.familytreedna.com/
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75 matches
8 of top 10 

are “Butler”

http://www.ysearch.org/

Thomas Jefferson II

Field Jefferson Peter Jefferson

President 
Thomas Jefferson

Eston Hemings Thomas Woodson

Different Y Haplotype

Same Y 
Haplotype

Jefferson 
Y Haplotype

Jefferson 
Y Haplotype

?

Figure 9.10, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press

Historical Investigation of Jefferson-Hemings DNA

SOURCE: Foster et al. (1998) “Jefferson 
fathered slave’s last child.” Nature 396:27-28

What if 
false 

paternity 
later?
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Does DNA Prove that Jefferson 
Fathered His Slave’s Children?

• Other male Jeffersons 
could be the father 
(known to be 25 male 
Jeffersons living in 
Central Virginia then)

• Thomas Jefferson’s 
younger brother 
Randolph was friendly 
with the slaves
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Lessons from Jefferson-Hemings Case

• Tests cannot be fully conclusive although 
interesting possibilities were shown
– False positive – other male Jeffersons could be the 

father (25 male Jeffersons lived in the area)
– False negative – a single instance of non-paternity 

could break the lineage (e.g., Thomas Woodson?)

• Similar to DNA and Book of Mormon controversy 
in that the press and public extrapolate beyond 
what is scientifically possible or appropriate to 
state as valid conclusions
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Thank you for your attention!
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