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Last Lecture 

1.  Two Genomes in a Cell! 
2.  What is the Mitochondrial Genome and How is it 

Inherited? 
3.  How Can Mitochondrial Genome Markers Be used 

To Trace Our Ancestry Back to Eve? 
4.  What Are the Characteristics of the Human 

Genome? 
5.  The Human Genome Project 
6.  How Has DNA Sequencing Output and Costs 

Changed Since the Start of the Human Genome 
Project? 

7.  High Throughput DNA Sequencing & Genome 
Annotation 



Nature, February 10, 2011 

1014 kbp 



A New Comparative Genomics Field 
Has Emerged Allowing the 

Comparison of Entire Genomes! 





Learning About 
“Life” By Peering 

Into Whole 
Genomes 



Many Mammalian Genomes Have Been Sequenced 
And More Are Being Sequenced 

Human 
Mouse 
Dog 
Cow 
Guinea Pig 
Sloth 
Armadillo 
Kangaroo Rat 
Horse 
Cat 

Rabbit  
Rat 
Ground Squirrel 
Tree Shrew 
Dolphin 
Chimpanzee 
Gorilla 
Orangutan 
Rhesus Monkey 
Wallaby 

2011 

+ 1,000 Individual Human Genomes Including James Watson 
Because of Major Breakthroughs in Sequencing Technology 



Comparison of Mammalian Genomes Attempts To 
Determine “What Makes a Man, a Man and a Mouse a Mouse” 

There is <1% Difference Between Human & Chimpanzee DNAs! 



Comparison Between Primate Genomes  

Note the Small Sequence Differences in These Genomes- 
What Makes a “Human a Human?” 



Comparative Genomics Can Uncover the Origin of 
Human Chromosomes and Relationship to Other 

Mammalian Chromosomes 



What Makes a Mouse a Mouse and a “Man a Man” 

Note all of the Mouse Sequences in Human Chromosomes! 



Comparative Genomics Can Align Related 
Genes in Two Different Genomes 

Note “Synteny,” or Alignment, of Related Genes 
Between Human and Mouse Chromosome Regions 
What Does This Say About Genome Evolution? 



The Personalized Genome 

Ultimately-You Are What Is In Your Genome 



The Ultimate Measure of Individuality 
Personal Genome Sequence & Comparing 

Individual Human Genomes 

Find DNA Variability in 
All Genes & Associate 
with Specific Traits! 



The Age of Personal Genomics Has Begun!  

Problems? $50,000-Soon Down to $1,000 



Personal Genome Sequencing Companies 

$1,000 Genome? 



What Are the Problems With This Service 
and Approach to Personal Genomics? 



Time Magazine 2008 - Invention of the Year 
Your Personal Genome - 23andMe® 

https://www.23andme.com/ 

And  
Before Birth!!! 



The Complete Genome of Individuals Can Now Be Decoded 
and Sequenced Very Inexpensively ($10,000)!! 

The Era of Personalized Genomes is Here! 



Nature, August 20, 2009, 460, 1011-1016 



Sequencing DNA From the 
Blood of a Pregnant Woman 
Allows the Complete Genome 
Of the Fetus to Be Decoded! 
~10% of DNA in Maternal Plasma is From the Fetus 

Science Translational Medicine, December 8, 2010 (61,1-12) 

A New Era in DNA Testing!! 



From 5,000 Year-Old Hair! 

How Determine Phenotype?! 



From a 45,000 Year-Old Bone 

Science, May 7, 2010 (328, 710-722) 

Wilma 
Female 
Red Hair 
Pale Skin 
Freckles 

How Know What Wilma Looked Like? 



Nature, December 30, 2010 (468,1053-1060) 

DNA Sequence 
From 40,000 Year 
Old Fossil DNA!! 



Nature, March 4, 2010, 464, 59-65 



The 1,000 Genomes Project Will Provide 
Novel Insight in Human Genomes, Ancestry, 

& Disease Genes  

Only Possible 
Using New  
Sequencing 
Methods 

2 Human 
Genomes Every 

24 hrs ! 



Nature, October 10, 2010 

•  Sequenced Genomes of ~900 individuals 
•  From Seven Different Global Populations 
•  Found 250-300 Loss-Of-Function Mutations (KOs) Per Person 
•  10-8 bp Mutations per Generation (30 per Genome) 
•  15,000,000 SNPs 



Genome-Wide Testing Can Lead to “Surprises” 

The Lancet, February 12, 2011 
377, 555-556 



Genetic Screening Issues 
•  Why Screen For Genes? 

•  When is a Test Accurate Enough? 
•  Mandatory or Voluntary Screening? 

•  Who Should Be Tested? 
•  Employer & Insurance Company Testing? 

•  Testing for Genetic Diseases With No Cures? 
•  How Ensure Privacy & Confidentiality? 

•  Obligations to Inform Others (Sibling) of 
Genetic Disorder? 

•  How Ensure Privacy & Confidentiality? 

•  Protection From Genotype Discrimination? 

•  Genetic Databases? 



Laws That Affect DNA Testing 

•  Constitution-Article I Section 8.8 
Promote the General Welfare 

•  4th Amendment-Searches & Seizures 

•  Amendment X-Powers Reserved to States 

•  Federal Criminal Statutes 

•  State Tort & Criminal Statutes 

•  State Constitutions 



National Genetic Privacy Law 



California Genetic Laws 

•  Newborn Genetic Screening 
•  Genetic Non Discrimination in Insurance 
•  Human Cloning Laws 
•  Genetic Employment Laws 
•  Genetic Counselor Licensing Laws 
•  Embryonic and Fetal Research Laws 
•  Embryo and Gamete Disposition Laws 



California Genetic Privacy Laws 



Cystic Fibrosis 
Metabolic Disorders 

Blood Disorders 

~80 Total 



There Are Large DNA Sequence Variations in 
Human Populations 

DNA Sequence Variation Makes us Individuals!  Genetic 
Variability-Allelic Differences 

Variation in Genes 
(e.g., Disease Genes) 
Accounts For Only  
a Small Amount of 

Human DNA Variation 



Identifying SNPs in the Human Genome 

Remember: Most SNPs 
Are Not in Gene Coding 

Regions 

Identify From Sequencing 
the Genome Regions (and 

soon Genomes) of 
Individuals From Different 

Groups 



20,000,000 SNPs and Growing! 



Nature, October 10, 2010 

•  Sequenced Genomes of ~900 individuals 
•  From Seven Different Global Populations 
•  Found 250-300 Loss-Of-Function Mutations (KOs) Per Person 
•  10-8 bp Mutations per Generation (30 per Genome) 
•  15,000,000 SNPs 



Alleles And Homologous Chromosomes-A Reminder 

Individuals May Contain Two Different Alleles at any DNA Location 

There can be an Infinite # of Alleles for any 
Gene (or DNA sequence in a Population 

Marker 



This is What Makes Us 
Unique Individuals! 

Most DNA Variations Between Individuals Occur Because of 
Base-Pair Changes in Non-Coding Regions of the Genome 

To Be on the safe side, suppose you assume that only 80% 
(0.8) of the 3 billion base pairs in the genome are noncoding, 
and on average only 1 base pair in 700 is polymorphic. With 
these assumptions, you can determine the frequency of 
polymorphism within a single individual by multiplying 3 
billion by 0.8 and then multiplying that amount by 1/700: 

(3x109) x 0.8 = 2.4 x 109, (2.4 x 109) x 1/700 = 3.4 million. 

The result of 3.4 million is astonishing: It means that there 
are millions of differences between any two haploid sets of 
human chromosomes. Combined with differences in coding 
and regulatory sequences (which occur much less 
frequently), the millions of polymorphisms at anonymous 
loci contribute to an enormous pool of potential DNA 
markers.  

There is ~1bp Change per 
700bp in Human Genomes or 
~3.4 Million bp Differences 
Between Individuals ~0.1% 

of Genome 

SNPs or Single 
Nucleotide 

Polymorphisms 



How Do SNPs Arise in the Human 
Genome During DNA Replication? 

Most SNPs are Single Nucleotide 
Changes that Have No Effect on the 
Phenotype or Gene Function! They Are 
Outside Coding Sequence of Genes -- 

Between Genes or in Introns 

Different “Forms” of the Same SNP = Allele! 

   
   



DNA Sequence Changes in the 
Genome Are Rare 

 Only a Few Affect Gene Function & Lead 
to a Visible Mutation! 

SNP 
VNTR  
or SSR 



Categories of Human DNA Variants From Genome Sequencing 



Copy Number Variants Also 
Occur in the Human Genome and 
Can Vary From Individual to 

Individual 

And Can Be Correlated With 
Diseases (Cause or Effect?) 



Comparison of SNPs in Watson’s and Ventner’s Genomes 

YH= Anonymous Chinese Man 



Nature, August 20, 2009, 460, 1011-1016 



Using SNPs or DNA Sequence Variation As 
Markers For Disease Genes 

Remember: Only a Small Fraction of Human Genes 
Are Known To Cause Diseases 



DNA Tests Available For Many Known Disease Genes 



Useful for DNA 
Testing & Genetic 

Diagnosis! 

DNA 

DNA 

Seed Shape 

Markers For Wrinkled Peas 

RFLPs or DNA Markers (SNPs) Can Be Used to 
Follow/ Identify Gene Alleles if Linked 

Also Useful in 
Breeding and 

Obtaining Markers 
For Specific 

Traits!  



Using RFLPs + Markers to Identify  
the Sickle Cell Allele (Single Gene Test) 

Detected By  
Blots 

Or PCR 
SNP 
Leads 

to 
RFLP!!! 

Loss of Restriction Site 
in a Allele (in gene) 



Recall:  PCR Can Be Used to Identify 
SNP-Generated RFLPs and DNA 

Variation 

1. PCR 

2. Restriction Digest 

3. Gel  

Identify by PCR Using 
Primers For Surrounding 
Conserved Sequences 

Conserved 
Sequence 2 

Conserved 
Sequence 1 



Sickle Cell Anemia & Cystic Fibrosis Are  
Examples of Founder Mutations 

HbS 



Seventy Percent of All Cystic Fibrosis Alleles Are Due to One 
Deletion Because of Founder Effect 



Factor VIII Mutations Occur Throughout the 
Gene and are Family Specific 

Need To Screen Across the Gene for Markers -- Family Specific 

[Haemophilia  11, 481-491 (2005)]!



DNA Testing Should Be Carried Out On Every 
Individual Born in the US:   

a.  Yes 
b.  No 



DNA Testing Results Should Be Made Widely 
Available? 

a.  Yes 
b.  No 



SNPs in Human P Protein 
(OCA2)  Gene Lead To  
Different Eye Colors 
(Physical & Molecular 

Markers) 

Human Eye Color 

SNPs Can Be Associated/Linked With Specific Traits 
& Used By Genetic Testing Companies 



 Using Large Populations SNPs Can Be Used 
As Markers For Specific Genes/ Traits 

How Will You Use the Information? 
How Good Are The Correlations? 
What To Do With The Information? 
Privacy Issues? 
Group Differences?  Discrimination? 

Caution 

(http://www.snpedia.com/) 



Constructing Portraits From DNA  



Nature, August 20, 2009, 460, 1011-1016 



Using SNPs and Population Association Studies  
to Find Disease Markers and Genes 

Not Pedigree 
Or Family Studies 

Large Population 
Studies 



Correlating SNPs With Specific Diseases 
Using SNP Chips & Association Studies  

SNPs May Be Near Or In Relevant Genes 

SNP 

Note: Probability 





All Published Genome-Wide Association Studies Are Listed  
on the National Human Genome Research Institute Website 

Correlate SNPs With Specific Traits 
And Used By Personal Gene Testing Companies Such as 

23andMe® 



SNPs Become Personal! 



The Problems With Human Genome Testing 
Companies Are 

a.  Reliability of Results? 
b.  Privacy? 
c.  What To Do With Information Obtained? 
d.  Regulatory Oversight? 
e.  All of Above? 



Using SNPs or DNA 

Problem: Different Companies-Different Predictions! 



Identifying DNA Variations Between 
Individuals Has Other Uses 

1.  Marking and Identifying Disease Genes 
2.  Paternity, Individual Identification, Forensics 
3.  Human Population History and Origins 



STRs (VNTRs) Used to Verify Remains of  
Russian Royal Family 

PNAS, March, 2009 PLOS, 
March, 
2009 



Using Y Chromosome SNPs and RFLPs To Determine That 
Thomas Jefferson and Sally Hemmings Had Children 



Tracing Human Populations Using SNPs and DNA Polymorphisms 

Adam & Eve 



Human Population Relationships Using Whole-Genome Comparisons 

Most Genetic 
Diversity 

In African 
Populations 



Scientific American Library 
1982 ISBN 07167-14698 



Human Races Have a Genetic Basis: 

a.  Yes 
b.  No 



There is More Genetic Diversity Within Populations than Between 
Populations!! So Much for the Concept of  Racial “Purity”!!!! 

1. 85% of Human Genetic Variations Occurs within Populations & Between 
Individuals in that Populations! 

2. Remaining 15% of Human Genetic Variation Split Between Different 
Populations of Same “race” (8%) & Between Different “races” (6%) 

3. Only 6% of Human Genetic Variation are to Differences between races!!! 
Mostly Geographic.  Note:  THERE ARE GROUP DIFFERENCES!   

More Genetic 
Diversity Within Any 

Population Than 
Between Polulations 



Within Population Differences Account For 95%  
of Human Genetic Variation 

But - There Are Differences! But…They Fall Into Geographical 
Groups -- Groups Divided Originally by Geographic 
Barriers (Ocean, Desert, Mountains). The 5% Difference 
Allows Us to Mark and Trace Ancestry! 



SC Schuster et al. Nature 463, 943-947 (2010) 

Recent Sequencing of Two African Genomes  
Reveals Remarkable Genetic Diversity 

Each Genome Contains One Million SNPs Not Found in Any Other Genome  



Conclusions 

1.  If 85% of Human Genetic Variation Occurs Between Different People Within 
Any Given Population (localized)  

2.  If only 7% of Human Genetic Variation Occurs Between “Races” (novel alleles 
specific to “races”) e.g. FyB 

ES 

3.  Then Losing all “Races” Except One Retains 94% of all Human Genetic 
Variation!  

   [85% + (15%-7%) ]= 94% 

4.  ∴ Human Highly Heterozygous or Hybrids- & If 
Above Not True- Most of Us Would Not Be Here- 

Need Genetic Variation to Survive! 

85% Within Population genetic variability 

8% Between Populations of Same “Race” 

7% Between “Race” Genetic Variability 

Variation That 
Occurs in 
Ancestral 
Population 



So What is a “Race”? 

1.  Primarily a sociological concept- but could be a localized or 
inbred population that has a higher frequency of alleles at a 
very small number of loci. Affects few physical features. 

2.  High frequency alleles in one “race” are present at lower 
frequencies in other “races”. All humans have same genes- 
differ in form mostly within populations! 

3.  Heterozygosity (variation) high in human populations- all 
populations. None homozygous at all loci! 

4.  No such thing as a “pure” race - would have little variation 

5.  Genes affecting physical features not representation of genes 
across genome-” selected” traits 

Geographical Ancestry is relevant-many “racial” groups now have 
multiple ancestries because of admixture and migration 

A Better Term is POPULATIONS! 



Knowledge or Certainty:  From The Ascent of Man Series 

Jacob Bronowski 

Knowledge or Certainty:  The Ascent of Man Series 

Jacob Bronowski, 1973 
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Knowledge or Certainty:  The Ascent of Man Series 

Jacob Bronowski, 1973 


