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THEMES

. Two Genomes in a Celll
. What is the Mitochondrial Genome and How is it

Inherited?

. What Are the Characteristics of the Human

Genome?
The Age of the Personal Genome Has Arrived!

How Many Mammalian Genomes Have Been
Sequenced and What Can We Learn From
Comparative Genomics?

How Does Genetic Variation Arise in the Human
Genome?

How to Use DNA Markers to Find Human Disease
Gene Alleles?

How to Detect DNA Sequence Variation: SNPs
and VNTRs?

What Can SNPs Be Used For?

10. Tracing Human Ancestry Using SNPs
11. Are Their Human Races?
12. Knowledge or Certainty?



Cells Have Two Genomes

AN ANIMAL CELL
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Human family

Do Nuclear & Mitochondrial
Genes Have Different
Inheritance Patterns?

Figure 1-1 Genomes 3 (© Garland Science 2007)
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The Nuclear and Mitochondrial
Genomes in Size & Shape

| Nuclear |

3.2 Mb
25,000 Genes

24 Linear Pieces

| Mitochondrial |

17 kb
30 Genes

1 Circle

Table 9.1: The human nuclear and mitochondrial genomes

Total no. of DNA molecules per cell 46 in diploid cells, but varies according to ploidy

Associated protein Several classes of histone and nonhistone protein
No. of genes ~ 30 000-35 000

Gene density ~ 1/100 kb

Repetitive DNA Over 50% of genome, see Figure 9.1

Transcription The great bulk of genes are transcribed individually

(monocistronic transcription units)

Introns Found in most genes
% of coding DNA

Codon usage See Figure 1.22

Recombination At least once for each pair of homologs at meiosis

Inheritance I Mendelian for sequences on X and autosomes;l
nY

Nuclear genome Mitochondrial genome
Size 3200 Mb 16.6 kb
No. of different DNA molecules 23 (in XX cells) or 24 (in XY cells); all linear One circular DNA molecule

Often several thousands (but variable — see
Box 9.1)

Largely free of protein
37

1/0.45 kb

Very little

Co-transcription of multiple genes from both
the heavy and the light strands (polycistronic
transcription units)

Absent

See Figure 1.22

Not evident
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The Nucleus Is A Complex Organelle With
23 Pairs of Chromosomes (Humans)
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Genetic Code of Life

The Mitochondrial Genome

Entire Genetic Code
of a Bacteria
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Mitochondria Power Human Cells and
Contain a Circular Genome
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K
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whose mutation results
in MERRF

Figure16.3 Genes in human mitochondrial DNA. The tRNA genes are indicated by the one-letter
amino acid symbols; hence tRNAY* is denoted K. The positions of these and other genes in the
mitochondrial DNA are indicated by color according to the key at the upper left. The arrows indicate
the promoters for transcription of the heavy and light strands. [Courtesy of N-G. Larsson and

D. A. Clayton. With permission, from the Annual Review of Genetics 29: 151. Copyright 1995 by
Annual Reviews, www.AnnualReviews.org.]
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Mitochondrial Genes Are Inherited:

a. Paternally
b. Maternally



The Circular Mitochondrial Genome is
Inherited Maternally
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How Are Mitochondrial Gene Defects Inherited?

A human sperm and
egg. The volume of
the egg cell is about
5000 times the
volume of the sperm
head and contributes
virtually all of the
cytoplasm to the
zygote, including the
mitochondria. [D. W.
Fawcett/Photo
Researchers, Inc.]

All

No Mitochondria
In Sperm Heads

(B)

Individuals affected
with MERRF have
abnormal mitochondria
with crystalline
inclusions.

I

III

Percent
wildtype

Percent
mutant

Generation

93 97 96 96 85 90 0 0 0

Note Maternal Inheritance:
Disease Passed From Mother to
of Her Children and Not Passed on
By Father

ngre 16.2 Inheritance of myoclonic epilepsy
with ragged-red fiber disease (MERRF) in
humans. (A) Electron micrograph of an
abnormal MERRF mitochondrion containing
paracrystalline inclusions. (B)The pedigree
shows inheritance of MERRF in one family and
the percentage of the mitochondria in each
person found to be wildtype or mutant.
[Micrograph courtesy of D. C. Wallace, from J.
M. Shoffner, M. T. Lott, A. M. S. Lezza, P. Seibel,
S. W. Ballinger, and D. C. Wallace. 1990. Cell 61:
931.]




RFLPs Can Be Used to Identify Individuals
Using Mitochondrial DNAs

(A) (B)
Mitochondrial DNA Mitochondrial DNA
pattern for individuals pattern for individuals
indicated in red indicated in blue
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Figure16.1 Maternal inheritance of human mitochondrial DNA. (A) Pattern of DNA fragments
obtained when mitochondrial DNA is digested with the restriction enzyme Haell. The DNA type at
the left includes a fragment of 8.6 kb (red). The DNA type at the right contains a cleavage site for
Haell within the 8.6-kb fragment, which results in smaller fragments of 4.5 kb and 4.1 kb (blue).
(B) Pedigree showing maternal inheritance of the DNA pattern with the 8.6-kb fragment (red
symbols). The mitochondrial DNA type is transmitted only through the mother. [After D. C.
Wallace. 1989. Trends in Genetics 5: 9.]

Note How Mitochondrial RFLP Markers Are Inherited !l




NUCLEARTRANSPLANTATION

Researchers Prevent Inheritance of
Faulty Mitochondria in Monkeys

Vol 461/17 September 2009 |doi:10.1038/nature08368 nawure

Nature 461, September 17, 2009 //_\\ RT | C |_ E S

Mitochondrial gene replacement in
primate offspring and embryonic stem
cells
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The Human Genome Was Sequenced Ten Years Ago!
The Human Genome Project
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The Human Genome Could Not Have Been Sequenced
Without The Invention of Genetic Engineering

—IEIETHIE———

HYPOTHESIS: Biologically functional recombinant
chromosomes can be made in the laboratory.

METHOD  E coli plasmids carrying a gene for resistance
to either the antibiotic kanamycin or tetracycline
are cut with a restriction enzyme.

Plasmids are not cut

Cohen & Boyer | © C;> Q0

}

Experiment That OO
) Inven.red ’ The cut plasmids !

Genetic Engineering mer™ () O O

recombinant DNA. ‘
The plasmids are ‘ —

(D %

Some E coliresistant to |  No E. coli doubly
both antibictics. resistant.

CONCLUSION: Two DNA fragments with different

genes can be joined to make a recombinant DNA
molecule, and the resulting DNA is functional.

Genes Need to Be Cloned Before They Can Be Sequenced!!lii!
The Age of Genomics is a Result of the Age of Genetic Engineering
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Classes of DNA Sequences Found in the Human Genome

Only A Small Fraction of the Human
Genome Encodes Proteins

Class Frequency (%) Description
Protein-encoding 155! Translated portions of the 25,000 genes scattered about the chromosomes
genes
Introns 24 Noncoding DNA that constitutes the great majority of each human gene
Segmental duplications 5 Regions of the genome that have been duplicated
Pseudogenes 2 Sequence that has characteristics of a gene but is not a functional gene
. : Copyright ® The McG Hill Ce ies, Inc. Permission required for rep ion or display.
(inactive genes)
Structural DNA 20 Constitutive heterochromatin, localized near centromeres and telomeres I LINEs
Simple sequence 3 Stuttering repeats of a few nucleotides such as CGG, repeated thousands of times [ SINEs
repeats I LTRs
Transposable elements 45 21%: Long interspersed elements (LINEs), which are active transposons - dead_"‘ansposons
13%: Short interspersed elements (SINEs), which are active transposons [ remaining noncoc_jlng
8%: Retrotransposons, which contain long terminal repeats (LTRs) at each end and coding DNA in
3%: DNA transposon fossils human genome
Table 20.6 Average characteristics of genes The Human Genome Has DNA Sequences Present Once
in the human genome As Well as RepeaTed Many Times
Characteristic Average
1. Miscellaneous 11.Synthase and 21.Protooncogene
2.Viral protein synthetase 22, Structural protein
Number of exons 8.8 3.Transfer or carrier 12.Oxidoreductase of muscle
T 5 protein 13.Lyase 23.Motor
Size of internal exon 145 bp 4.Transcription factor  14.Ligase 24.lon channel
. . 5.Nucleic acid enzyme 15.Isomerase 25.Immunoglobulin
Size of intron 3,365 bp 6.Signaling molecule 2= 26. Extracellular matrix
. . 7.R t 17.Molecular function 27, Cytoskeletal
Size of 5’ untranslated region 300 bp M o Ao protein
18.Transporter 28.Chaperone
; P 9.Select lat p
Size of 3’ untranslated region 770 bp o T W e 4 19. Intracellular 29, calladhéslon
Si f : : 1.34 10.Transferase transportet:
ize of coding region ,340 bp 20. Select calcium-
binding protein
Total length of gene 27,000 bp

Table 20-6

Human Genes are Large but Contain Mostly Introns




Characteristics of the Human Genome

Table 4-1 Some Vital Statistics for the Human Genome

DNA length 3.2 X 10° nucleotide pairs*
___Number of genes approximately 25,000 ‘ Duchenne
Largest gene 2.4 X 10° nucleotide pairs Muscular
Tngene size 27,000 nucleotide pairs Dysfophy
Smallest number of exons per gene 1
Largest number of exons per gene 178
Mean number of exons per gene 10.4 Smal lest Gene
Largest exon size 17,106 nucleotide pairs is 252 bP &
Mean exon size 145 nucleotide pairs Ecodes an
Number of pseudogenes** more than 20,000 Insulin-like

Percentage of DNA sequence in exons (protein Growth factor
Cﬁg.dlmm' ) 15%

Percentage of DNA in other highly conserved
sequences*** 3.5%

Percentage of DNA in high-copy repetitive elements  approximately 50%

*The sequence of 2.85 billion nucleotides is known precisely (error rate of only about
one in 100,000 nucleotides). The remaining DNA primarily consists of short highly
repeated sequences that are tandemly repeated, with repeat numbers differing from
one individual to the next.

** A pseudogene is a nucleotide sequence of DNA closely resembling that of a functional
gene, but containing numerous mutations that prevent its proper expression. Most
pseudogenes arise from the duplication of a functional gene followed by the
accumulation of damaging mutations in one copy.

*** Preserved functional regions; these include DNA encoding 5’ and 3’ UTRs
(untranslated regions), structural and functional RNAs, and conserved protein-binding
sites on the DNA.

Table 4-1 Molecular Biology of the Cell (© Garland Science 2008)



The Human Genome Contains ~25,000
Different Genes

Cell adhesion (577, 1.9%)

Miscellaneous (1318, 4.3%)

Viral protein (100, 0.3%)

Tranfer/carrier protein (203, 0.7%)
Transcription factor (1850, 6.0%)

Chaperone (159, 0.5%)

Cytoskeletal structural protein (876, 2.8%)

Extracellular matrix (437, 1.4%)

Immunoglobulin (264, 0.9%)

lon channel (406, 1.3%)

Motor (376, 1.2%)

Structural protein of muscle (296, 1.0%)
Protooncogene (902, 2.9%)

Select calcium binding protein (34, 1.0%)
Intracellular transporter (350, 1.1%)
Transporter (533, 1.7%)

Nucleic acid enzyme (2308, 7.5%)

Signaling molecule (376, 1.2%)

Receptor (1543, 5.0%)

Kinase (868, 2.8%)

Select regulatory molecule (988, 3.2%)

Transferase (610, 2.0%)

Synthase and synthetase (313, 1.0%)
Oxidoreductase (656, 2.1%)

Lyase (117, 0.4%)

Ligase (56, 0.2%)

Isomerase (163, 0.5%)

—~ GO categories
now Functions of Most

Human Genes!

Hydrolase (1227, 4.0%) Molecular function unknown (12809, 41.7%)

Panther categories

How Many Encoded Proteins? Alternative Splicing?



How Many Human Disease Genes Have Been Identified?
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There are ~25,000 Genes in The Human Genome

1. ~2,700 Genes Correlate With a Disease Phenotype
2. The Molecular Basis of 90% of These Genetic Diseases Are
Known (e.g., Sickle Cell Anemia, Hemophilia A)

Nature Education 1(1), (2008) http://www.nature.com/scitable



Examples of Human Disease Genes That Are Known

Table 1: Examples of Human Diseases, Modes of Inheritance, and Associated Genes

Disease

Phenylketonuria (PKU)

Cystic fibrosis

Sickle-cell anemia
Albinism, oculocutaneous, type Il

Huntington's disease

Myotonic dystrophy type 1

Hypercholesterolemia, autosomal
dominant, type B

Neurofibromatosis, type 1

Polycystic kidney disease 1 and 2

Hemophilia A

Muscular dystrophy, Duchenne
type

Hypophosphatemic rickets, X~
linked dominant

Rett's syndrome

Spermatogenic failure,
nonobstructive, Y-linked

Type of Inheritance

Autosomal recessive

Autosomal recessive

Autosomal recessive
Autosomal recessive

Autosomal dominant

Autosomal dominant

Autosomal dominant

Autosomal dominant

Autosomal dominant

X-linked recessive

X-linked recessive

X-linked dominant

X-linked dominant

Y-linked

GCene Responsible
Phenylalanine hydroxylase (PAH)

Cystic fibrosis conductance
transmembrane regulator (CFTR)

Beta hemoglobin (HBB)
Oculocutaneous albinism Il (OCAZ2)
Huntingtin (HTT)

Dystrophia myotonica-protein kinase
(DMPK)

Low-density lipoprotein receptor (LDLR);
apolipoprotein B (APOB)

Neurofibromin 1 (NF1)

Polycystic kidney disease 1 (PKDI) and
polycystic kidney disease 2 (PKD2),
respectively

Coagulation factor VIII (F8)

Dystrophin (DMD)

Phosphate -regulating endopeptidase
homologue, X-linked (PHEX)
Methyl-CpG-binding protein 2 (MECP2)

Ubiquitin-specific peptidase 9Y, Y-
linked (USPYY)

Genetic Tests Exist For These Disease Genes




The Human Genome Landscape
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Many Mammalian Genomes Have Been Sequenced
And More Are Being Sequenced

Human Rabbit

Mouse Rat

Dog Ground Squirrel
Cow Tree Shrew
Guinea Pig Dolphin

Sloth Chimpanzee
Armadillo Gorilla
Kangar'oo Rat Orangutan
Horse Rhesus Monkey
Cat Wallaby

+ Fifty Individual Human Genomes Including James Watson
Because of Major Breakthroughs in Sequencing Technology

2010



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

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Orangutan Gorilla Chimpanzee g Hominid

|
4, : ! | \
24 chromosomes 24 chromosomes 24 chromosomes 23 chromosomes
o= — r— Lual

Apes

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



Comparison Between Primate Genomes

15 last common ancestor

-
%)

percent nucleotide substitution
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-
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o
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0 . : 0.0
human chimpanzee gorilla orangutan

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

ANCESTOR CHROMOSOME

ancestor DNA
of human -

al |
b
chromosome 3 | ¢ inversion
plus fission
d' \f to form \\
ancestor DNA chromosome 21 2 inversions
= \I

of human 4 .
chromosome 21 fusion
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human
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human
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orangutan human




Compar'ative Geno ics Can AI eeeeeeeee
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The Ultimate Measure of Individuality
Personal Genome Sequence & Comparing
Individual Human Genomes

Genomes for ALL

Next-generation technologies that make
reading DNA fast, cheap and widely accessible
are coming in less than a decade.

Their potential to revolutionize research

and bring about the era of truly personalized medicine
means the time to start preparing is now

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




The Age of Personal Genomics Has Begun!
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HOME OUR SERVICE

About Knome

Based in Cambridge, Massachusetts, Knome works
alongside leading geneticists, clinicians and
bicinformaticians from Harvard and MIT to enable private
individuals to obtain, understand, and share their genomic
information in 2 manner that is both anonymous and
secure,

We partner with our clients to help them understand what
their genome can tell them zbout themselves. By being
amongst the first individuals in history to have their
complete genome sequenced, these individuals are
helping pioneer the emerging field of personal genomics.

E-mail: info@knome.com
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Genome of DNA Discoverer Is Deciphered

By NICHOLAS WADE

Published: June 1, 2007

The full genome of James D. Watson, who jointly discovered the
structure of DNA in 1953, has been deciphered, marking what some
scientists believe is the gateway to an impending era of personalized
genomic medicine.

LETTER S Nature April 17, 2008

The complete genome of an individual by massively
parallel DNA sequencing



February 11, 2010

Whole Genome of Ancient Human Is Decoded

Vol 46311 February 2010/ dol:10.1038/nature08835 nature

ARTICLES

Ancient human genome sequence of an
extinct Palaeo-Eskimo

Morten Rasmussen'* . Yingrui Li***, Stinus Lindgreen'-'*, Jakob Skou Pedersen®, Anders Albrechtsen’,

Ida Moltke®, Mait Metspalu®, Ene Metspalu Toomas K|V|5|Id"’ Ramneek Gupta’, Marcelo Bertalan’,

Kasper Nielsen’, M. Thomas P. Gilbert'?, Yong Wang®, Maanasa Raghavan'®, Paula F. Campos',

Hanne Munkholm Kamp'*, Andrew S. Wilson' ,Andrew Gledhill'®, Silvana Tridico' "' + Michael Bunce .

Eline D. Lorenzen Jonas Binladen', Xiaosen Guo™ ng Zhao™?, Xiuging Zhang®", Hao Zhang , Zhuo Li*” .
Minfeng Chen®*, Ludovic Orlando”, , Karsten Kristiansen”!, Mads Bak'*, NleIsTommerup Chrlshan Bendlxen”.
Tracey L. Pierre'®, B]ame Gronnow'’, Morten Meldgaard'®, Claus Andreasen ° Sardana A. Fedorova et
Ludmila P. Osipova !, Thomas F. G. ngham Christopher Bronk Ramsey'®, Thomas v. O. Hansen®” '

Finn C. Nielsen®, Michael H. Crawford™, Seren Brunak’”*, Thomas Sicheritz-Pontén‘”, Richard Villems’,

Rasmus Nielsen*®, Anders Krogh®*, Jun Wang®** & Eske Willerslev'?

We report here the genome sequence of an ancient human. Obtained from ~4,000-year-old permafrost-preserved hair, the
genome represents a male individual from the first known culture to settle in Greenland. S ed to an ge depth of
20X, we recover 79% of the diploid genome, an amount close to the practical limit of current sequencing technologies. We
identify 353,151 high-confidence single-nucleotide polymorphisms (SNPs), of which 6.8% have not been reported
prev»ously We estimate raw read contamination to be no higher than 0.8%. We use functional SNP assessment to assign
p typic ch istics of the individual that belonged to a culture whose location has yielded only trace human
r i Weu pare the high fids SNPs to those of contemporary populations to find the populations most closely
related to the individual. This provides evidence for a migration from Siberia into the New World some 5,500 years ago,
independent of that giving rise to the modern Native Americans and Inuit.

From 5,000 Year-0OIld Hairl

How Determine Phenotype?!



nature Vol 444|16 November 2006 |doi:10.1038/nature05336

A RT | C |_ E S Nature, November, 2006

Analysis of one million base pairs of
Neanderthal DNA From a 45,000 Year-Old Bone

Richard E. Green', Johannes Krause', Susan E. Ptak’, Adrian W. Briggs', Michael T. Ronan?, Jan F. Simons?, Lei Du?,
Michael Egholm?, Jonathan M. Rothberg?, Maja Paunovic’} & Svante Paibo'

What About
the Future?




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

1,000 Genomes

. Gene-sequencing projects keep getting bigger.
O"'Y Possible Tuesday, January 22, 2008
Using New By Emily Singer
Sequencing
Methods In a testament to the steady plummet in sequencing costs, today the National

Human Genome Research Institute (NHGRI) announced a massive international
collaboration to sequence the genomes of 1,000 people from around the world.

According to the NHGRI statement,

"The 1000 Genomes Project will examine the human genome at a level of
detail that no one has done before," said Richard Durbin, Ph.D., of the
Wellcome Trust Sanger Institute, who is co-chair of the consortium. "Such
a project would have been unthinkable only two years ago. Today, thanks
to amazing strides in sequencing technology, bioinformatics and
population genomics, it is now within our grasp. So we are moving
forward to build a tool that will greatly expand and further accelerate

efforts to find more of the genetic factors involved in human health and
2 Human Frly-

Genomes EVCI"Y During its two-year ' =es  Genomes Project will deliver sequence data at an
24 hl"s | average rate of abouf 8.2 billion bases per day, |the equivalent of more than two human genomes

every 24 hours. The volume of data--and the interpretation of those data--will pose a major challenge
for leading experts in the fields of bioinformatics and statistical genetics.

The 1.000 volunteers will be selected from those who participated in the HapMap project, a map of common

genetic variation (see "A New Map for Health"), and will include:

Yoruba in Ibadan, Nigeria: Japanese in Tokyo: Chinese in Beijing: Utah residents with ancestry from northern and
western Europe: Luhya in Webuye, Kenya: Maasai in Kinyawa, Kenya; Toscani in [taly: Gujarati Indians in
Houston; Chinese in metropolitan Denver; people of Mexican ancestry in Los Angeles: and people of African
ancestry in the southwestern United States.




Personal Genome Sequencing Companies

Go Login ClaimCodes | Blog  Help Car

23andMe gen:e just got ¢

store

health how it wor

Choose the DNA test that’s right for you.

-

1 =
N‘ ks e " .
P i
b2 Fill in your family tree. Take charge of your health. g;/! Choose to have it all.
Ancestry Edition, $399 Learn more Health Edition, $429 Learn more 23andMe Complete, $499

$5,000 Genomel llumina'
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Receiving a Genome Service

What Can I Learn?

. o & i 8f Getting Started
Getting a Genotyping Service ; 2l -
Getting a Genome Sequence - N
How do I get a personal genome sequencing service?
Our Process
The first personal genome sequencing service was completed at Illumina in 2009. Illumina offers DNA

sequencing directly to people like you, so that you too can access the information in your genome. By having
Find a Doctor your genome sequenced, you will join a small, select group of individuals who have also had their genomes
sequenced. We think of this as genomic exploration. Capturing the DNA sequence of your genome provides
you with access to the information in your genetic story. It includes information on genes plus the genetic
variants that make you different from someone else.

Process FAQs

To receive a personal genome sequencing service from Illumina, you must first have your doctor request it for
you. If you are interested in learning more, contac S

OCC
000

: Complete Genomics sz,

ata Release Future Applications Resources

Technology Services




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

Your

https://www.23andme.com/

What Your Gene Test Can Tell You

Average chance of
If she was breast-fed, her 1Q is getting cluster headaches

slightly higher than average

85% chance of
having brown eyes

Can taste bitterness in

broccoli and cabbage Does not have

a sweet tooth

0.5% chance of getting
esophogal cancer

14.5% chance of having
a heart attack

f 6% chance of getting
Might have an elevated risk lung cancer
of a nonfatal heart attack due

to slow caffeine metabolism

Not resistant to the
stomach-flu virus
Drinking black or green tea is known as norovirus
moderately likely to reduce her

chance of getting breast cancer

2% to 10% chance
of having endometriosis

Average odds of placenta
separating from her
uterine wall during
pregnancy

2.8% chance of developing
rheumatoid arthritis

24% chance of developing
blood clots in veins
(venous thromboembolism)

3% chance of having a
restless-leg syndrome

3%
Slightly elevated odds

The Retail
> . DNA Test
of getting gout

Invention Of the Year

And
Before Birth



The Problems With Human Genome Sequencing
Companies Are

. Reliability of Results?

. Privacy?

What To Do With Information Obtained?
. Regulatory Oversight?

. All of Above?

® 06 oo



DNA
Genetic Code of Life

Individual DNA Sequence Variability

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

—— BREAKTHROUGH OF THE-YEAR—ill
an Genetic Variation:

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow




There Are Large DNA Sequence Variations in
Human Popula’rnons

Variation in Genes
(e.g., Disease Genes)

Accounts For Only . =

a Small Amount of . BREAl&Hmusmm\? =
Human DNA Variation Bka engtlc arlau “I

FAAAAS \i

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




There Are Large DNA Sequence Variations in
Animal Populations

Vol 438|8 December 2005 nature

Nature, December 2005 N E W S & V I E W S

C.COLLINS/CORBIS

GENOMICS

The dog has its day

Hans Ellegren

Domestication and selective breeding have transformed wolves into the diversity of dogs we see today. The
sequence of the genome of one breed adds to our understanding of mammalian biology and genome evolution.

Canine DNA
The Dog Genome Has Been Sequenced!




Breeding Uses Natural DNA Sequence Variability of Genes
As Raw Material - Variability Generated by Mutations

Tomato Genetic Diversity

Mutations in a Gene That Change Its Chemical Sequence
& Slightly Alters Its Function (e.g., fruit size, color)



Alleles And Homologous Chromosomes-A Reminder

Locus (physical position) One of each pair of
of gene A in each chromosomes is maternal in
homologous chromosome origin, the other paternal.

Gene C

Q
Homologous

chromosomes
i @ @ ¢ B

Heterozygous Homozygous

Mar'ker‘ genotype Bb Qowpe cc

AJ Many differelzlt A
A, glleles can exist : Genotypes are sometimes
A;| [ anentire population written with a slash (for
A,| |of organisms, but only example, B/b and C/C) to
As| |a single allele can be distinguish the alleles in
* | |present at the locus of homologous chromosomes.
* | |the A gene in any one
* | |chromosome.

Figure 2.22 Key concepts and terms used in
modern genetics. Note that a single gene can
have any number of alleles in the population as
a whole, but no more than two alleles can be
present in any one individual.

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




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

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Two cystic fibrosis (CFTR) alleles from two healthy individuals

2000
I

4000
|

6000
I

50kb |

Exons of
cystic
fibrosis

000

gene

Pl

W

W |

Arrows indicate single nucleotide differences

SNPs or Single
Nucleotide
Polymorphisms

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

1R AW Classes of DNA Polymorphisms

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.

This is What Makes Us

Unique Individuals!

There is ~1bp Change per
700bp in Human Genomes or

Number of  Number of Loci  Rate of Method of

Class Size of Locus Alleles in Population Mutation  Use Detection

SNP Single base pair 2 100 million 10°° Linkage and PCR followed by
association ASO hybridization
mapping or primer extension

Microsatellite 30-300 bp 2-10 200,000 10?2 Linkage and PCR and gel
association electrophoresis
mapping

Multilocus 1-20 kb 2-10 30,000 103 DNA Southern blot and

minisatellite fingerprinting hybridization

Indels 1-100 bp 2 N/A <10°° Linkage and PCR and gel

(deletions and association electrophoresis

duplications) mapping

Gopyright © The McGraw-Hill Gompanies, Inc. Permission required for reproduction or display.

Single nucleotide polymorphism (SNP)

Simple sequence repeat (SSR)

...GCAAT TCCCGATT...

...GCAAGTCCCGATT...

...GCATTATATI

...GCATTATATATATATC...

IC...

~3.4 Million bp Differences
Between Individuals ~0.1%
of Genome




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

Coj © Tho M Hill Ce Inc. uired for ord
R 2 g Rz The chromosomes are identical Variation in a single base
for most of the DNA sequences. constitutes each SNP.
Chromosome V SNP SNP SNP
I 1a AACA.GCCA...TTCG.GGTC...AGTC.ACCG...
Origina
9 GGG AGT GTA _GAT CGT 1b ¥ A
DNA 1c AACA-GCCA CC CCTCACTC AcCC
sequence 1d AACA © G
A base substitution
i il AFARTAGGE T alters a single codon.
|l B ¢ 6l T qu’1 Al fTlc i a (a) L Hap'°type
Transversion: Purifle follpyrimidin idine for purine Base GGG AGT % GAT _CGT b C A A
1 1EEEEEEEEEEE substitution  One codew<hanged cTGA
AR T Ecctlalclcariccha dCGA
]

Each haplotype is made up of a
particular set of alleles at each SNP.

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

TABLE 9.1 Five Classes of DNA Polymorphism

Rate of Mutation Number per
per Locus Frequency in Human Genome
Class Cause per Gamete Genome (on average)
Single base Mutagens or 1078-1077 1/700 bp 3 million
replication errors
Microsatellite V'\fsTsRR Slippage during 1073 1/30,000 bp 100,000
S replication
Minisatellite Unequal crossovers 0% Unknown; Fewer than 100 families
discovered by known, yielding 1000
chance copies in all
Deletions Mutagens; unequal Extremely rare Very low 0 - afew
crossovers
Duplications Mutagens; unequal Extremely rare Very low 0 - afew
crossovers
Other insertions Transposable elements Extremely rare Very low 0 - afew

(excluding those resulting
from micro- or minisatellite
recombination)

Complex haplotype
(any locus of 5 kb or more)

Any of the above

Combination of

the above

Not applicable

Not applicable

Only a Few Affect Gene Function & Lead

to a Visible Mutation!




Identifying DNA Variations Between
Individuals Has Many Uses

Epidemiology and Food Safety Science

. Human Population History and Origins™
Improvement of Domesticated Plants and Animals
History of Animal & Plant Domestication

DNA Polymorphisms as Ecological Indicators

. Evolutionary Genetics

. Forensics*™

Wildlife Identifications (Poachers)

Breeding

10 Paternity, Clone Identification, Individual Identification*
11.Marking and Identifying Disease Genes™
12.Marking Drug Efficacy Genes (Pharmacogenomics)*

0 ®NO U WN -



Identifying SNPs in the Human Genome

BREAKTHROUGH OF THE YEAR

Human Genetic |

Variation

Equipped with faster, cheaper technologies for sequencing
DNA and assessing variation in genomes on scales ranging
from one to millions of bases, researchers are finding out
how truly different we are from one another

THE UNVEILING OF THE HUMAN GENOME ALMOST 7 YEARS-AGO
cast the first faint light on our complete genetic makeup. Since then, each
new genome sequenced and each new individual studied has illuminated
our genomic landscape in ever more detail. In 2007, researchers came to
appreciate the extent to which our genomes differ from person to person
and the implications of this variation for deciphering the genetics of com-
plex diseases and personal traits.

Less than a year ago, the big news was triangulating variation
between us and our primate cousins to get a better handle on genetic
changes along the evolutionary tree that led to humans. Now, we have
moved from asking what in our DNA makes us human to striving to
know what in my DNA makes me me.

Identify From Sequencing
the Genome Regions (and
soon Genomes) of

‘ Remember: Most SNPs
Are Not in Gene Coding

AN — 72 Regions

@0 (ee0e>

Inversion Insertion
6> (@ 0 eeee> 8 —
Deletion Copy number variation

What makes us unique. Changes in
the number and order of genes (A-D)

add variety to the human genome. Reference /\ R | | C |_ E S

A second generation human haplotype
map of over 3.1 million SNPs

The International HapMap Consortium*

We describe the Phase Il HapMap, which characterizes over 3.1 million human single nucleotide polymorphisms (SNPs)
genotyped in 270 individuals from four geographically diverse populations and includes 25-35% of common SNP variation in
the populations surveyed. The map is estimated to capture untyped common variation with an average maximum r? of
between 0.9 and 0.96 depending on population. We demonstrate that the current generation of commercial genome-wide

Ind ividuals Frlom D iffe rle n1' genotyping products captures common Phase Il SNPs with an average maximum r? of up to 0.8 in African and up to 0.95 in

Groups

non-African populations, and that potential gains in power in association studies can be obtained through imputation. These
data also reveal novel aspects of the structure of linkage disequilibrium. We show that 10-30% of pairs of individuals within
a population share at least one region of extended genetic identity arising from recent ancestry and that up to 1% of all
common variants are untaggable, primarily because they lie within recombination hotspots. We show that recombination
rates vary systematically around genes and between genes of different function. Finally, we demonstrate increased
differentiation at non-synonymous, compared to synonymous, SNPs, resulting from systematic differences in the strength or
efficacy of natural selection between populations.



SNPs Become Personal!

It's All About Me

Along with the flood of discoveries in human genetics, 2007 saw the birth
of a newindustry: personal genomics. Depending on your budget, you can
either buy a rough scan of your genome or have the whole thing
sequenced. The companies say the information will help customers learn
about themselves and improve their health. But researchers worry that
these services open up a Pandora’s box of ethical issues.

At $300,000 to $1 million per genome, sequencing all 3 billion base
pairs is still too costly for all but a few. Although dozens more personal
genomes will probably be sequenced in the coming year, most will be
done by public and private research organizations—including the insti-
tute run by genome maverick ). Craig Venter, whose personal genome was
one of three completed in 2007 in the United States and China. In a lower-
budget effort, Harvard’s George Church this month will deliver initial DNA
sequences for the protein-coding sections (1% of the genome) to the first
10 volunteers for his Personal Genome Project. Meanwhile, a new com-
pany called Knome is offering full-genome sequencing to 20 customers
willing to pay $350,000.

Aglimpse of one’s genome is already within the reach of ordinary peo-
ple, thanks to several companies. They include 23andMe, which has
financing from Google and may let users link to others with shared traits;
Navigenics, which will screen for about 20 medical conditions; and
deCODE Genetics in Iceland, a pioneer in disease gene hunting. For
$1000 to $2500, these companies will have consumers send in a saliva
sample or cheek swab, then use “SNP chips” to scan their DNA for as many
as 1 million markers. The companies will then match the results with the
latest publications on traits, common diseases, and ancestry.

Although many customers may view this exercise as a way to learn
fun facts about themselves—recreational genomics, some call it—
bioethicists are wary. Most
common disease markers iden-
tified so far raise risks only
slightly, but they could cause
needless worry. At the same
time, some people may be ter-
rified to learn they have a rela-
tively high risk for an incurable
disease such as Alzheimer's.

The rush toward personal
genome sequences also sharp-
ens long-held worries about
discrimination. A bill to prevent
insurers and employers from
misusing genetic data is stalled
in Congress. Complicating matters, your genetic information exposes your
relatives’ DNA, too.

The most profound implications of having one’s genome analyzed
may not be what it reveals now—which isn't much—but what it may show
later on. Perhaps to sidestep such questions, some companies will limit
which markers to disclose. Others, however, will hand customers their
entire genetic identity, along with all the secrets it may hold.

=JOCELYN KAISER

Pandora’s box? This cheek-swab kit
could reveal your intimate secrets.

What Your Gene Test Can Tell You

Average chance of
If she was breast-fed, her 1Q is getting cluster headaches

slightly higher than average

85% chance of
having brown eyes

Can taste bitterness in

broccoli and cabbage Does not have

a sweet tooth

0.5% chance of getting
esophogal cancer

14.5% chance of having
a heart attack

f 6% chance of getting
Might have an elevated risk lung cancer
of a nonfatal heart attack due

to slow caffeine metabolism

Not resistant to the
stomach-flu virus
Drinking black or green tea is known as norovirus
moderately likely to reduce her

chance of getting breast cancer

2% to 10% chance
of having endometriosis

Average odds of placenta
separating from her
uterine wall during
pregnancy

2.8% chance of developing
rheumatoid arthritis

24% chance of developing
blood clots in veins
(venous thromboembolism)

3% chance of having a
restless-leg syndrome

292
Slightly elevated odds

- . %
= on _
: The Retail
> . DNA Test
of getting gout

Invention Of the Year




2007: 23andMe introduces the first Personal Genome Service.
Unlock the secrets of your own DNA. Today.

175.000 years ago: The mother of all present-day humans is born in Africa

1953: Watson and Crick uncover the double-helix structure of DNA,

login claimcodes Dblog we're hiring! help

23andMe genetics just got personal. search 23andie :

how it works genetics 10 store about us

See your genes in a whole new light. ,Puild your order

TIME Magazine's 2008 Invention of the Year, now $399. Welcome to the 23andMe Store. Please enter the full name of each person for whom you
are ordering below. The saliva collection kits will arrive individually labeled with the names
you enter.

Multi-Pack Special: Buy 2 or more kits per order and save $50 per kit. Offer expires

\ > 3
! February 28, 2009.
J a g Order Form
i °

Item First Name Last Name Price

23andMe Service v2 Bob Goldberg $399.00 Remove

( Add a it to Your Order )

. Order Summa
How it works 2

Try a demo
Kits in Order: 1 kit
Subtotal: $399.00 USD

Shipping Country: [ ynited States

Multi-Pack Saact

Buy US $399
Shipping State: | -

What Are the Problems With This Service — “woreie s,
and Approach to Personal Genomics?




DNA Chips Can Detect SNP Genotypes
(Or Haplotypes) Across An Individuals Genome

Reference
ACGTTATATAGAAGCICATGCTATAG

=0

ACGTTATATAGAAGQTATGCTATAG

=0

MUV TAEBIEENN
IR EIRErFRT S (SR A SN »
§ L2 4 HEmLLAEN
1T

© David Kawai

This Can Then Be Correlated With Diseases &/or
Geographical Associations




Whole Genome SNP Chips

Associate SNP With Trait
From Population Studies
(With Trait vs.Without

Trait Populations)

Research and
record family
history

|

Provide cell
sample

|

Sample DNA isolated and applied
to personalized DNA microarrays

Results calculated, /

communicated
to patient
Susan’s Genetic Profile Lisa’s Genetic Profile

Trait Risk Trait Risk
Addictive : Greater than Cystic fibrosis  :100%
behavior general population diagnosis
Lung cancer : Greater than Type Il diabetes:Less than

general population mellitus general population
Colon cancer: Less than Cardiovascular :Greater than

general population disease general population
Alzheimer's : Less than
disease general population

Copyright © 2009 Pearson Education, Inc.




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

OCA2

From SNPedia

OCA2, the oculocutaneous albinism gene (also known as the human P protein gene, or,
DN10), is a gene associated with albinism and certain pigmentation effects in general such
as eye color, skin color, and hair color.

A large (>3.,000 individuals) study of Caucasians indicates that the following OCA2
variants, all located in the first intron of the gene, are preferentially linked to blue eye color
inheritance; together, they form haplotypes that (in some cases at least) predict eye color
with greater than 50:50 odds. [PMID 17236130; OMIM 203200.0013
(http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=203200&
a=203200_AllelicVariant0013) |

= 157495174
= 156497268
= 511855019

The haplotypes are defined in order as listed above for these 3 SNPs, so, for example, the
TGT haplotype refers to rs745174(T)-rs6497268(G)-rs11855019(T). The correspondence
between diplotypes (the two haplotypes in one individual) and the % of individuals with
blue/gray. green/hazel/ and brown eye color , respectively, was reported as follows for the
most common diplotypes[PMID 17236130]:

= TGT/TGT: 62.5,28.0,9.5
= TGT/TTC: 47.1,20.3,32.6
= TGT/CGT: 28.6,14.3,57.1
= TGT/TGC:27.9,22.1,50.0
= TGC/TTC:25.0,8.3,66.7
= TTT/TGC:20.7,31.0,48.3
= TGT/TTT: 17.6,38.5,44.0
= TGT/CTC:7.9,23.3,68.8

The haplotypes shown in bold italics represent the ones reported by the authors of this
study to be most associated with brown eye color. Furthermore, the haplotypes shown
above are as published, and the associated SNPs - which have since changed # as well - are
not in the orientation shown in dbSNP.

More recently, a study of a large Danish family led to associations with 2 SNPs in a
different region of OCAZ2 as linked to blue or brown eye color:

= 512913832
= 51129038

Earlier studies found different regions of the OCA2 gene to also be predictive of eye color;

= OCA2 SNP rs1800401 helps predict brown eye color. [PMID 12163334, PMID

isa gene

is mentioned by

wikipedia OCA2 (http://en.wikipedia.org/wiki/OCA2)
OCAZ2 (http://www.google com/search?hl=en&
q=0CA2)

OCAZ2 (http://www.gopubmed.org
/search?q=0CA2)

OCAZ2 (https://www.23andme.com/you/explorer
/gene/?gene_name=0CA2)

GeneRIF 4948 (http://www.ncbi.nlm.nih.gov/sites
‘entrez?Db=gene&Cmd=ShowDetailView&
[TermToSearch=4948 &ordinalpos=1&

google
gopubmed

23andMe

dbSNP 4948 (http://www.ncbi.nlm.nih.gov
SNP/snp_ref.cgi?locusld=4948&chooseRs=all)

PubMed 4948 (http://www.ncbi.nlm.nih.gov/sites
‘entrez?db=gene&cmd=Link&LinkName=gene_pubmed&
from_uid=4948)

HugeNav 4948 (http://hugenavigatornet/HuGENavigator
YhuGEPedia.do?firstQuery=0CA2 }&genelD=4948&
typeSubmit=GO&check=y&typeOption=gene&which=2&
pubOrderType=pubD)

X

b4 Chromosome position

Rs1129038 26030454
Rs11631797 26,175.874
Rs12593929 26032853
Rs1800401  25933.648
Rs1800407 25903913
Rs2238289  26.126.810
Rs2240203  26.167.797
Rs28934272 25903.842
Rs3935591  26.047.607
Rs3940272  26,142318
Rs4778241 26012308
Rs7170852  26,101.581
Rs7183877  26,039.328
Rs7495174  26017.833
Rs8028689  26.162.483
Rs916977 26,186,959

litool=EntrezSystem2.PEntrez.Gene Gene_ResultsPanel Gene_[R

15889046; OMIM 203200.0011 (http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=203200&a=203200_AllelicVariant0011) |

= OCA2 SNP rs1800407 may be associated with green/hazel eye color in some populations, but not others. [PMID 12163334, PMID 15889046;

OMIM 203200.0012 (http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=203200&a=203200_Allelic Variant0012) ]

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

Human Eye Color
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ARTICLES

Genome-wide association study of 14,000
cases of seven common diseases and
3,000 shared controls

The Wellcome Trust Case Control Consortium*

There is increasing evidence that genome-wide association (GWA) studies represent a powerful approach to the
identification of genes involved in common human diseases. We describe a joint GWA study (using the Affymetrix GeneChip
500K Mapping Array Set) undertaken in the British population, which has examined ~2,000 individuals for each of 7 major
diseases and a shared set of ~3,000 controls. Case-control comparisons identified 24 independent association signals at
P <5x10 ":1in bipolar disorder, 1in coronary artery disease, 9 in Crohn's disease, 3 in rheumatoid arthritis, 7 in type 1
diabetes and 3 in type 2 diabetes. On the basis of prior findings and replication studies thus-far completed, almost all of these
signals reflect genuine susceptibility effects. We observed association at many previously identified loci, and found
compelling evidence that some loci confer risk for more than one of the diseases studied. Across all diseases, we identified a
large number of further signals (including 58 loci with single-point P values between 10 ° and 5 X 10 7) likely to yield
additional susceptibility loci. The importance of appropriately large samples was confirmed by the modest effect sizes
observed at most loci identified. This study thus represents a thorough validation of the GWA approach. It has also
demonstrated that careful use of a shared control group represents a safe and effective approach to GWA analyses of
multiple disease phenotypes; has generated a genome-wide genotype database for future studies of common diseases in the
British population; and shown that, provided individuals with non-European ancestry are excluded, the extent of population
stratification in the British population is generally modest. Our findings offer new avenues for exploring the pathophysiology
of these important disorders. We anticipate that our data, results and software, which will be widely available to other
investigators, will provide a powerful resource for human genetics research.

Population Association Studies




Correlating SNPs With Specific Diseases
Using SNP Chips & Association Studies
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SNPs May Be Near Or In Relevant Genes




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

I |||'| |l genome.gov
M National Human Genome Research Institute

National Institutes of Health
Home | About NHGRI | Newsroom | Staff

Research = Health Policz ¢ Educational 7 Careers
& Ethics Resources & Training

Home » About NHGRI » About the Office of the Director » Office of Population Genomics > A Catalog of Published Genome-Wide Association Studies

A Catalog of Published Genome-Wide Association Studies

Correlate SNPs With Specific Traits

And Used By Personal Gene Testing Companies Such as
23andMe®



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

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

New model for prostate cancer based on 5 SNPs

rs1815739 sprinters vs endurance athletes

rs4420638 and rs429358 can raise the risk of Alzheimer's disease by more than 10x
rs6152 can prevent baldness

rs9939609 triggers obesity

rs662799 prevents weight gain from high fat diets

rs7495174 green eye color

rs7903146 in 3% of the population greatly increases the risk of type-2 diabetes
rs12255372 linked to type-2 diabetes and breast cancer

rs2395029 asymptomatic HIV viral load set point

rs324650 influences intelligence and alcohol dependence

rs1799971 makes alcohol cravings stronger

rs17822931 determines earwax

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

Group Differences? Discrimination?




Using SNPs or DNA Sequence Variation As
Markers For Disease Genes

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




Problem: Different Companies-Different Predictions!

TABLE 1: PREDICTIONS FOR DISEASE RELATIVE
RISKS FOR FIVE INDIVIDUALS

l Type 2 diabetes

T increased risk (RR >1.05), 'lr decreased risk (relative risk (RR) < 0.95), = average risk (0.95
<RR £1.05). First prediction is from 23andMe; second prediction is from Navigenics.
Different predictions are highlighted in beige.




DNA Tests Available For Most Known Disease Genes

Table 11.1 GENETIC DISEASE TESTING

Genetic Disease Condition Genetic Basis for Disease and Symptoms

Cancers (brain tumors; urinary bladder, prostate, A variety of different mutant genes can serve as markers for
ovarian, breast, brain, lung, and colorectal cancers) genetic testing.

Cystic fibrosis Large number of mutations in the CFTR (cystic fibrosis

transmembrane conductance regulator) gene on chromosome
7. Causes lung infections and problems with pancreatic, digestive,
and pulmonary functions.

Duchenne muscular dystrophy Defective gene (dystrophin) on the X chromosome causes muscle
weakness and muscle degeneration.

Familial hypercholesterolemia Mutant gene on chromosome 19 causes extremely high levels of
blood cholesterol.

Hemophilia Defective gene on the X chromosome makes it difficult for
blood to clot when bleeding.

Huntington disease Mutation in gene on chromosome 4 causes neurodegenerative
disease in adults.

Phenylketonuria (PKU) Mutation in gene required for converting the amino acid
phenylalanine into the amino acid tyrosine. Causes severe
neurological damage, including mental retardation.

Severe combined immunodeficiency (SCID) Immune system disorder caused by mutation of the adenosine
deaminase gene.

Sickle-cell disease Mutation in B-globin gene on chromosome 11 affects hemoglobin
structure and shape of red blood cells, which disrupts oxygen
transport in blood and causes joint pain.

Tay-Sachs disease Rare mutation of a gene on chromosome 5 causes certain types
of lipids to accumulate in the brain. Causes paralysis, blindness,
retardation, and respiratory infections.




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

Locus of a “disease gene”
(a genetic risk factor), D

DNA markers that are too far from the -
disease gene in the chromosome (or are in a
different chromosome) are not linked to the
disease gene. They do not tend to be
inherited with the disease gene in pedigrees.

DNA markers that are close enough
to a disease gene tend to be inherited
together (genetically linked) with the
disease gene. y :

7

DNA polymorphisms
(genetic markers) along
the chromosomes

The closer a marker is to the disease gene,
the closer the linkage and the more
likely it is that they will be inherited together.

Figure2.29 Concepts in genetic localization of genetic risk factors for disease. Polymorphic DNA
markers (indicated by the vertical lines) that are close to a genetic risk factor (D) in the chromosome
tend to be inherited together with the disease itself. The genomic location of the risk factor is deter-
mined by examining the known genomic locations of the DNA polymorphisms that are linked with it.

Markers For Wrinkled Peas

(A) SBEI gene
(wildtype round, W) Genotype ww Ww ww
EcoRl EcoRlI Seed
e B D oNa phenotype

Site of hybridization

with probe DNA DNA Molecular

phenotype
(B) SBEI gene with insertion
(mutant wrinkled, w)
EcoRl EcoRl
/

Transposable element DNA

insertion into SBEI gene

Figure3.2 (A) W (round) is an allele of a gene that specifies the amino acid sequence of starch
branching enzyme I (SBEI). (B) w (wrinkled) is an allele that encodes an inactive form of the
enzyme because its DNA sequence is interrupted by the insertion of a transposable element. (C) At
the level of the morphological phenotype, W is dominant to w: Genotype WW and Ww have round
seeds, whereas genotype ww has wrinkled seeds. The molecular difference between the alleles can
be detected as a restriction fragment length polymorphism (RFLP) using the enzyme EcoRI and a
probe that hybridizes at the site shown. At the molecular level, the alleles are codominant: DNA
from each genotype yields a different molecular phenotype—a single band differing in size for
homozygous WW and ww, and both bands for heterozygous Ww.

i

Useful for DNA
Testing & Genetic
Diagnosis!

eed Shape

Also Useful in
Breeding and
Obtaining Markers
For Specific
Traits!



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

RESEARCH METHOD

Detected By
Blots
Or PCR

Aatee 2 allele

Los; of Restr'ic.:‘rion Site

— in a Allele (in gene)
N

— -—— Long fragment
— L J \
-—— e==s —> Short fragments
Type 1 Type 2
homozygote homozygote  Heterozygote
(AA) (@a) (Aa)
Aa Aa
1 2
3 4 5 6 7 8 9
aa Aa Aa AA Aa aa Aa
1 2 3 4 5 6 7 8 9
L J — L] f=——=} L] -_— L____J L____J
— — L] L J —— -_— L]
- — [ ____J L] — - —

SNP
Leads
to
RFLPII




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



How to Detect
DNA Variation in
Individuals?

Do Not Need SNPs in Coding

Sequences-Can Be Anywhere in
Genomel

Need Cloned Probes and/or DNA
Sequences to Detect

Now Done By Sequencing or Chips on a
Genome-Wide Basis

Use PCR/RFLPs For “Simple”
Situations (Paternity, Forensics,
Disease Gene in Family)



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

Variation
(a) 0 100 200 300
bp C
onserved
EcoRl site 3 5;/ S
. . , P imer equence 2

Identify by PCR Using e 1 EEEFAEEE HEEEEE
Primers For Surrounding s , —
5 3 I I 3 5
Conserved Sequences P | B

Ajfle 2 - L A H B

X}

AlIG I.,\_. =
TLIC AllGI L

s Site destroyed
5/ 3’ by substitution
/ 1. PCR
(b)

Conserved o .
Sequence 1  Ajele2 bp 2. Restriction Digest

after digestion {350 | e -

with EcoRl:

one piece 300 |- 3 . Gel

250 |-

Allele 1 200 — - -

after digestion

with EcoRl: 150 - - =

two pieces

f
Genotypes I T Heterozygote

Homozygote for allele 1
Homozygote for allele 2

Figure 9.7 Restriction site polymorphisms can be detected
most efficiently with PCR-based protocols. (a) PCR amplification



Recall: VNTRs, STRs, SSRs Can Be Assayed Using PCR

Because VNTRs
Vary By Length in
Individuals

Used to
Identify
Individuals

Copyright © The M il C inc. required for deplay.

(a) Determine sequences flanking microsatellites.
Allele 1

é [calcalcalcalcalcalcalcalcalcalcalcalcalcalcal é

Left primer

Allele 2 Right primer

(b) Amplify alleles by PCR.

15 Copies
19 Copies

eft prier eft primgr
5'==3a3')Allele 1 5'e==33") Allele2
Z. Ve 2. /. N\

3 [—] sn e 3- [ 5.
Right Right
i it
EEe—— = —|
E — = =
=S —— = =

(c) Analyze PCR products by gel electrophoresis and staining.
1 2

(d) Example of population with three alleles
Allele 1

(_Jealcalcalcafcalcalcafcalcalcalcalcalcalcaleal ]

Allele 2

Allele 3

Six diploid genotypes are present in this population.

11 22 3/3 12 13 283

Allele

;) — -— —
2 —-— — —

1 |o— -— —

\ Use
Conserved
Neighbor
Sequences
For PCR

Primers

Note: Size
Difference on Gel

e.g., DIS80 VNTR
Class DNA Fingerprinting



STRs Used to Verify Remains of Russian Royal Family

DNA DNA
Mother’s ;. ", Father’s

.

chromosome " chromosome

~
~
~
.
e
-

Number of repeats % P

STR-1 15,16 15,16
STR-2 88 7,10 '
STR-3 385 77 ¢ ¢
STR-4 12,13 12,12 S

STR-5 32,36 11,32

Tsarina Alexandra O——D Tsar Nicholas Il —

= c

STR-1 15,16 15,16 15,16 I i
STR2 8,10 7,8 8,10 p—
STR-3 9,f B Bl
STR-4 12,13 12,13 12,13
STR-5 11,32 11,3

[
N
w -
(o))
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Mystery Solved: The Identification of the ~ Sowess

Genomic identification in the historical case Two Missing Romanov Children Using  «ousme s
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Identifying Victims of 9/11 by DNA
Fingerprinting

2 /e';x/t]# 300 Pounds of Unidentified
/ ,,.3!‘.‘3

P e Remains Left
i Identified 1126 of 2756
?‘: e Rl i‘l“lll_", ‘ 9/11 Victims

:'."' ‘7”" ) :'Ij L ~'\ &

1’9\ Terrorists

Figure 19-31
Genetics: A Conceptual Approach, Third Edition
© 2009 W.H. Freeman and Company Newsweek' January 1 2 ’ 2009



Introduction

Whole Genome SNP Chips & Personal DNA
Sequencing Can Trace Our Ancestry

Privacy Policy

D w \ D e Merchant Information
N ¥ g e O s
~ P . i - ” R\ ¢

TRIBES

Populations " Sample Results [ Feedback | News & Updates

[from maternal and paternal, lineal
and non-lineal ancestors.

® Most comprehensive test available:
896 world populations and
36 unique Genetic World Regions.

® Personalize and customize your
analysis with Add-Ons any time.

@ Our Premium Kit test now includes
21 powerful STR marker systems.

Most Haplotypes Found In All Human Populations-Some
May Be Unique To A Population &/or be Represented At
Higher Frequency In A Population (5% of Variation)




Tracing Human Populations Using DNA Polymorphisms

[METHODS)|

GENETIC PROSPECTING

Digging through DNA to find the orgins
of the first modem humans began 20 years MITOCHONDRIAL DNA Y CHROMOSOME WHOLE GENOME
ago through nspection of genetic mater!-
d In the call’s mitochondria and later in
the Y chromosome. Today iwestigations

e 2o
I A LA
A"

contained In the call nucleus to

-~
can scan sactions of the whole genome — : M L It

compare differences, or

inl
';;""““P:’f':':“'r : L TCCGAGTCGGTACA

nuclectides, the “let- L L TCCGAGTCGGTACA

ters” of the DNA
aphabet.




Oldest Populations Contain the Most Diversity

Analysis of human mtDNA led to the
Mitochondrial Eve Hypothesis

In the 1880s, Allan Wilson pioneered the use of mtDNA
to study human evolution.

In two papers published in 1987 and 1991, he and his
colleagues at Cal proposed that we all come from a
population of humans that lived in Africa
approximately 200,000 years ago.

Detected By Using
Specific Markers or SNPS

Mutation B from A;
now have individuals with both A and B DNAs in population.

Here’s the logic behind the hypothesis.

Geographic region
DNAmoloeula\@/

Start with A.

Additional mutations generate diversity;
now have individuals with both A, B, C and D DNAs.

Newest
’ Population
Lots of
“Old” 2 JOldest
Variants opulation

Old Variants Trace Ancient
Lineage. New Variants Mark
New Populations SPECIFICALLY

original population more diverse (A, B, C, D, F, G, H, I) than
newer population (C, E).

Time

Subset
of
“Old”
Variants
+
New
Variants




Most Genetic Diversity Originated in the
Founder Populations to Modern Humans!

Diverse From the Start

The diversity of genetic markers is greatest in Africa (multicolored dots in map), indicating it was the
earliest home of modern humans. Only a handful of people, carrying a few of the markers, walked
out of Africa (center) and, over tens of thousands of years, seeded other lands (right). “The genetic
makeup of the rest of the world is a subset of what'’s in Africa,—sa ale geneticist Kenneth Kidd.
3. Subset of

« o Original Variability +
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Origins of Human Populations From

1. African Cradle

Most pal h logists and g icists agree
that modern humans arose some 200,000 years
ago in Africa.The earliest modern human fossils
were found in Omo Kibish, Ethiopia. Sites in Israel
hold the earliest evidence of modern humans
outside Africa, but that group went no farther,
dying out about 90,000 years ago.

2, 0ut of Africa

Genetic data show that a small group of modern
humans left Africa for good 70,000 to 50,000
years ago and eventually replaced all earlier
types of humans, such as Neandertals. All
non-Africans are the descendants of these
travelers, who may have migrated around the top

of the Red Sea or across its narrow southern opening.

3.The First Australians

Discoveries at two ancient sites—artifacts from
Malakunanja and fossils from Lake Mungo—
indicated that modern humans followed a coastal
route along southern Asia and reached Australia
nearly 50,000 years ago. Their descendants,
Australian Aborigines, remained genetically
isolated on that island continent until recently.

DNA Sequence Comparisons

I Minategawa
18.000 years age

100, - ¢
years ago v v

A damm'&:i‘E‘VB

Human Migration

Foud 40,000
Migration date W9 Generalired route
B site years ago y
Lake Mungo
SOUPCIS. BSan ANTON MW YORK LAPVLALITY AUSOM BACORS, CECRCE WALHNGTON APLASATE. PR n yoars age
1ORSTUA UNVLASITY OF CAMBOGA. JANRS ¥ O CONMELL UNPERSITY O UTAX. STUM OV ARA

10D UAERSTY SPNCER WELLS NATISRAL GRGGAAPC $OCE T, GHA RAR YOREP. RARIARD UNVERSITY v/
Nou wars

© 2006 National Geographic Soclety. All rights reserved.

4, Early Europeans

P pologists long thought that the peopling

of Europe followed a route from North Afru:a through

the Levant. But genetic data show that the DNA of today's
western E i bles that of people in India.

It's possible that an inland migration from Asia seeded
Europe between 40,000 and 30,000 years ago.

5.Populating Asia

Around 40,000 years ago, humans pushed into Central
Asia and arrived on the grassy steppes north of the
Himalaya. At the same time, they traveled through
Southeast Asia and China, eventually reaching Japan
and Siberia. Genetic clues indicate that humans in
northern Asia eventually migrated to the Americas.

6.Into the New World

Exactly when the first people arrived in the Americas is
still hotly debated. G idence suggests it was
between 20,000 and 15,000 years ago, when sea levels
were low and land connected Siberia to Alaska. Ice
sheets would have covered the interior of North America,
forcing the new arrivals to travel down the west coast




Human Population Relationships Using Whole-Genome

LOOKING FAR AND WIDE

High-powered genetic sequencing and
computational techniques developed

for the Human Genome Project and In

Its aftermath have fumished a wealth

of data that lets researchers compare

genomes drawn from distinct popula-

tiors around the globe.

The diversity of DNA—

variation of nudectides within bl md
DNA called haplotypes—deareases with
distance from Addis Absba, Ethiopia, a
pattern that corresponds to the chronel-
ogy of human migrations.

mgu .

Geographic Region

® Ocsanla

® Amaricas

® EastAsla

® Contral and South Asks
® Ewope

® Middle East

® Afica

Whele-gen
bymm

A genomic map of the world, crafted by researchers at the University of Michigan at Ann Arbog
shows that genetic diversity decreases outside of Africa. Each colored tile representsa commen
haplotype. Africa h re tiles than found cn other continents and ones that correspond to
haplotypes found e eke.

Most Genetic
Diversity
In African
Populations

Comparisons



Summary
M1t-DNA, Y-Chromosome, and Whole-Genome
Comparisons All Trace Human Origins Back to
Africa 100,000-200,000 Years Ago




HUMAN DIVERSITY

Scientific American Library
1982 ISBN 07167-14698

RICHARD LEWONTIN




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”llll

Proportion of genetic diversity accounted Proportion
for within and between populations and Within Races
races Total between
Gene Hepecies Within Populations Populations Between Races
Hp 994 .893 .051 .056
Ag 994 834 — —
Lp 639 939 — —
. Xm 869 997 — —
More Genetic Ap 989 927 062 o11
. . . . 6PGD 327 875 .058 .067
Dwersﬁ'y Within Any PGM 758 942 033 025
. Ak .184 .848 .021 131
POPU'GTIOH Than Kidd 977 741 211 048
Bet Polulati Duffy 938 636 105 259
ee i Lewis 994 966 032 002
etw n oluiations Kell 189 901 .073 .026
Lutheran 153 .694 214 .092
P 1.000 949 .029 .022
MNS 1.746 911 .041 .048
Rh 1.900 .674 .073 253
ABO 1.241 .907 .063 .030
Mean .854 .083 .063
Source: R. C. Lewontin,W’ ; ,utionary Change (Columle' ialiaee?

1974).

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 racesl!!
Mostly Geographic. Note: THERE ARE GROUP DIFFERENCES!



Within Population Differences Account For 95%
of Human Genetic Variation

Genetic Structure
of Human Populations

Noah A. Rosenberg,’* Jonathan K. Pritchard,? James L. Weber,?
Howard M. Cann,* Kenneth K. Kidd,® Lev A. Zhivotovsky,®
Marcus W. Feldman”

We studied human population structure using genotypes at 377 autosomal
microsatellite loci in 1056 individuals from 52 populations. Within-population
differences among individuals account for 93 to 95% of genetic variation;
differences among major groups constitute only 3 to 5%. Nevertheless, without
using prior information about the origins of individuals, we identified six main
genetic clusters, five of which correspond to major geographic regions, and
subclusters that often correspond to individual populations. General agreement
of genetic and predefined populations suggests that self-reported ancestry can
facilitate assessments of epidemiological risks but does not obviate the need
to use genetic information in genetic association studies.

Table 1. Analysis of molecular variance (AMOVA). Eurasia, which encompasses Europe, the Middle East,
and Central/South Asia, is treated as one region in the five-region AMOVA but is subdivided in the
seven-region design. The World-B97 sample mimics a previous study (6).

Variance components and 95% confidence intervals (%)

Number  Number

Sample of of Among
regions populations  Within populations populations
within regions

Among
regions

World 1 52 94.6 (94.3,94.8) 5.4(5.2,5.7)
World 5 52 ST TILT TS, ST LD 43(4.0,4.7)
World 7 52 94.1(93.8,94.3) 2.4(23,2.5) 36(3.3,3.9)
World-B97 5 14 89.8 (89.3,90.2) 5.0 (4.8,5.3) 5.2(4.7,5.7)
Africa 1 6 96.9 (96.7,97.1) 3.1(2.9,3.3)
Eurasia 1 21 98.5(98.4, 98.6) 1.5(1.4,1.6)
Eurasia 3 21 98.3 (98.2,98.4) 1.2(1.1,1.3) 0.5 (0.4,0.6)
Europe 1 8 99.3(99.1,99.4) 0.7 (0.6,0.9)
Middle East 1 4 98.7 (98.6, 98.8) 13(12,1.4)
Central/South Asia 1 9 986 (98.5,98.8) 1.4 (1.2,1.5)
East Asia 1 18 98.7 (98.6, 98.9) 13(1.1,1.4)
Oceania 1 2 93.6(92.8,94.3) 6.4(5.7,7.2)
America 1 5 884 (87.7,89.0)  11.6(11.0,12.3)
SCIENCE VOL 298 20 DECEMBER 2002 2381

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!




Recent Sequencing of Two African Genomes
Reveals Remarkable Genetic Diversity

B Tuu speaker [ Arid climate

M Ju/hoansi (] Desert

B 'Kung (Etosha) = = Khoisan language

[ Xhosa/Tswana [0 Niger-Congo language

Identifier  Name Location of origin  Linguistic group Y chromosome
KB1 IGubi Southern Kalahari  Tuu-speaker B2b

NB1 G/aq'o  Northern Kalahari  Juu (Ju/'hoansi) A3bi1

TK1 D#kgao  Northern Kalahari  Juu (Ju/"hoansi) A2

MD8 IA] Northern Kalahari  Juu (!Kung) E1b1b1

ABT Tutu South Africa Bantu (Xhosa/Tswana) E1blaBa*

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

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. F 3 &°

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

[85% + (15%-7%) 1= 94%

Variation That
Occurs in

Ancestral
85% Within Population genetic variability Population

8% Between Populations of Same “Race”

7% Between “Race” Genetic Variability

4. .. Human Highly Heterozygous or Hybrids- & If
Above Not True- Most of Us Would Not Be Here-
Need Genetic Variation to Survivel



So What is a “Race”?

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.

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!

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

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

Genes affecting physical features not representation of genes
across genome-

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

A Better Term is POPULATIONS!



Knowledge or Certainty: The Ascent of Man Series

Jacob Bronowski, 1973







