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Human Cells Have Two Genomes......... ..
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The Nuclear and Mitochondrial Genomes Differ
in Size & Shape

Characteristic Nuclear Genome Mitochondrial Genome

Size 3.3x10°% bp 16,500 bp

DNA Molecules Per Cell | 23 in Haploid Cells Several Thousand Per
46 in Diploid Cells Cell

Number of Genes 25,000 37

Gene Density 1 per 40,000 bp 1 per 450 bp
Presence of Introns In Most Genes Absent

% Coding DNA 3% 93%

Codon Usage Universal Code AUA - Methionine
UGA - Tyrosine
AGG - Stop

Mode of Inheritance Mendelian Maternal

Repetitive Sequences 50% Almost None
(e.g., VNTR)

Mitochondria Power Human Cells and
Contain a Circular Genome
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Figure 163 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.]




MITOCHONDRIAL Mitochondrial DNA Diseases

DISEASE

od s:?:GNYD:T:?N' Defects in Energy Production (ATP)
Affect 1/4000 People

Nervous system Eyes
Seizures, tremors, o v Drooping eyelids
developmental delays, (ptosis), inability to
deafness, dementia, move eyes from
stroke before age 40, side to side (external
poor balance, problems ophthalmoplegia).
with peripheral nerves blindness (retinitis

RAC Heart
Skeletal Muscle
Muscle weak-
ness, exercise
intolerance, cramps

Cardiomyopathy
(heart failure,
conduction block)

Liver
Liver failure
uncommon except in
babies with
nmitochondrial DNA
depletion

Digestive tract
Acid refiux, vomiting,
chronic diarrhea,

intestinal
obstruction

Kidneys

Fanconi syndrome (loss Pancreas

of essential metabolites Diabetes

in urine)

Treatment
At this time, there are no cures for these disorders.

The Circular Mitochondrial Genome is
Inherited Maternally

Aminuglyvn
induced deafness opathy
. . MELAS MELAS / Respiratory deficiency
ne in Five EL /.

Sl e Disease Genes

3

People Have Cortlryopaty v ~
Mutations in Ny w L Present on the
One r:;:s t wos \\ Dystonia . .
Mitochondrial wi:me;,w:’:/ é«m —— — weus Mitochondrial
Genome But Genome

Br:orea 4 w Typical

They Do Not — é“'cv daoion Y -
Have Disease &m _ ar Many Affect Muscles
s, Lelghfs Syndrome oy Lo Because Mitochondria

Sympfoms. cox i wo3 ® LHON/
Why? e N/T <2 Produce Energy Needed

b Rl T For Muscle Activity
nuria\ g mrewyors

MERRF "szf Myn\gh]hi

Provide a FBSN

: Diseases:
Hypothesis
MERRF Myoclonic epilepsy and ragged red fiber disease MMC  Maternally inherited myopathy and cardiomyopathy
Fof' fhe LHON  Leber hereditary optic neuropathy PEO Progressive external opthalmoplegia
NARP  Neurogenic muscle weakness, ataxia, and retinitis pigmentosum KSS Kearns-Sayre syndrome
Var,'afion MELAS Mitochondrial encephalomyopathy, lactic acidosis, and strokelike symptoms MILS ~ Maternally inherited Leigh syndrome

in Diseasel D—l—. Note:
Symptoms Passed on From

@—D L o ‘ 0 Mother to All

! *TO @'O Children
e e IR R R s

Figure 3-25
Introduction to Genetic Analysis, Ninth Edition
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Can Gene Therapy Be Used to “"Cure” Mitochondrial Gene Defects?

NUCLEARTRANSPLANTATION Nature 2009
Researchers Prevent Inheritance of
Faulty Mitochondria in Monkeys

Mitochondrial replacement in human oocytes newre 2016
carrying pathogenic mitochondrial DNA mutations

MIl oocyte MitoTracker red MIl spindle

Mito and Tracker

Metaphase |l spindle
SeV fusion

Mitochondrial Pronuclear Replacement Therapy

Fertilize First -Then Remove Pronuclei

1. Patient’s egg with
abnormal mitochondria
fertilised with partner’s
sperm

2. Patients’ zygote with

3. Patients’ pronuclei removed
abnormal mitochondria B

from zygote and transferred to
enucleated egg which has
normal mitochondria

% 4. Cleaving embryo with
normal mitochondria and

AN maternal and paternal
genome can be transferred
to the uterus

f
5%
EELY
Donated egg fertilised Zygote Zygote enucleated Zygote reconstructed
Normal mitochondria Normal mitochondria Normal mitochondria Normal mitochondria

Note: The Zygote Contains THREE Genomes --
One from Mother, One From Father, and One From Donor Mitochondria
Ethical Issues?




Egg Spindle Replacement Therapy e
An Alternative Approach DNA-swap technology almost ready for fertility clinic

Mitochondrial transfer could reduce the risk of childhood disease.

Gene therapy to prevent diseases Fertilize |
passed from mother to child Lasfr

More than 300 genctic discases can be passed from mother
to child because of mutated genes. Rescarchers at Oregon
Health & Science University have developed a form of

David Cyranoski

24 October 2012

gene therapy to prevent these discases.

Geneticists Breach Ethical Taboo By Changing

The Reitochoncia Genes Across Generations

re the tions of a cell,

with the energy to function. A mother’s egg cell contains
thousands of mitochondria, each containing its own DNA.
If defective, the DNA In these cells can pass diseases from
mother to child. Here’s how
researchers hope to
use gene therapy
to prevent these
diseases:

NATURE NEWS BLOG

Bioethics board backs embryo alteration for mitochondrial
disease

(1] Removing mother’s nucleus
The cell nudeus holds chromosomes,
which contain more than 99 percent of
aperson's DNA. The nudeus is removed
from the mother’s egg cell.

Mitochondria cells

Mother's 699

11 Jun 2012 | 23:01 BST | Posted by Ewen Callaway | Category: Biology & Biotechnology, Health and medicine

(2] Removing nucleus
from the donor’s egg
The nudleus Is also
removed from an egg cell
provided by a donor

(3] Inserting mother’s nucleus in
donor’s egg

The nudleus removed from the mother’s egg cell is
inserted into the donor egg cell. Thus, the donor's
normal mitochondria replaces the mother's
defective mitochondria containing mutated DNA.

Donor’s egg

O Fertilizing the egg

A sperm cell is injected to fertilize the egg. The cell is
then re-implanted into the mother and develops
into a healthy baby,

Donor's egg

Egg fertized

Two Methods of Mitochondrial

DNA

Genetic Code of Life Rep|acemen1' Ther'apy

Spindle Transfer Pronuclear Transfer
(A) Spindle transfer (B) Pronuclear transfer
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Ethics of mitochondrial gene
replacement: from bench to bedside

The prospect of using mitochondrial gene replacement to conceive children free of
mitochondrial disease highlights the need for a sound ethical framework for reproductive
genetic technology, say Annelien Bredenoord and Peter Braude

®* How to Test Whether I+ Works? (mt+ bNA Markers)
* Testing on Live Human Embryos

* When To Test Its Effectiveness

*Safety & Long-Term Potential Problems
*|Nuclear-Mitochondrial Genome Incompatibility?
* Heteroplasmy?

* Approved Research Protocols

® TRB (Institutional Review Board) Oversight

* Informed Consent of Parents

[ British Medical Journal, January 8, 2011,342, 87-89 |

Novel techniques for the
prevention of mitochondrial

DNA disorders: [gouncirs
July, 2013 an ethical review [BIOETHICS

We conclude

Due to the health and social benefits to individuals and families of living free from mitochondrial
disorders, and where potential parents express a preference to have genetically-related children,
on balance we believe that if these novel techniques are adequately proven to be
acceptably safe and effective as treatments, it would be ethical for families to use them, if
they wish to do so and have been offered an appropriate level of information and support.

Given the above and subject to the appropriate oversight, we believe that as a research
objective it is ethical to gather further information about pronuclear transfer and maternal
spindle transfer in order that they can be considered for treatment use.




UK Becomes First Country to Approve ‘Three-
Parent Babies’

By Carl Engelking | February 3, 2015 1:58 pm

Scientists cheer vote to allow three-person embryos

British decision could be a watershed to approving mitochondrial replacement technique in other
countries.

World hails UK vote on three-person embryos

British approval for pioneering fertility technique leads other nations to consider rule changes.

What About The United States?
Recommendations to the FDA

DNA
Genetic Code of Life

National Academy of Sciences 2016

Mitochondrial Replacement Techniques
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Finding an ethical path forward for mitochondrial
replacement NRC Report Summary - Science, February 3, 2016

DNA
Genetic Code of Life . .
Anne B. Claiborne*+t, Rebecca A. English'*, Jeffrey P. Kahn?*}

It is Ethically Permissible to Initiate Clinical

Investigations of Mt Replacement Therapy in

Entire Genetic Code Humans So Long as Significant Conditions and
Restrictions Are in Place

1. Initial Restriction to Transfer to Male Embryos

2. No Transfer to Females Until Robust Evidence is

DNA Fingerprinting Obtained of the Safety & Efficacy of Technique By

— Following Children Long Term

3. Public Discussion Should Be Held to Determine If Ever
Female Transfer Should Be Permitted as This Results in a
Heritable Genetic Modification

el Asdaeelll| 4. Limit Clinical Investigations fo Women Who Are At Risk
of Transmitting a Serious Mt Disease

5. Primary Concern in Assessing the Benefits & Risks in

Clinical Investigation is Minimizaiton of Risk of Harm to
the Resulting Child

Plants of Tomorrow

DNA \
Genetic Code of Life

Dickey-Wiker Amendment-1995

Entire Genetic Code

of a Bacteria Federal Funds Cannot Be Used To:

* Create Human Embryos For Research Purposes

* Fund Research in Which a Human Embryo Will Be
T Destroyed, Discarded, or Knowingly Subjected to
— Risk or Injury of Death

2017 Congressional Budget (Expires 9/30/17)

Cloning: Ethical Issues
and Future Consequences

* FDA Cannot Spend Any Money to Review
Applications For Clinical Trials That Involve Human
Embryos With Heritable Genetic Modifications (z.:.

Male Mt Replacement Not Inherited & Egg Spindle Transfer Doesn’t Destroy Embryo)

Plants of Tomorrow
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Consolidated Appropriations Act of 2017 - Rider

(4). Finally, the rider appears to preclude
the prevention of mitochondrial DNA dis-
eases by mitochondrial replacement due to
attendant “heritable genetic modification”
(1, 5). The FDA could have sidestepped the
“heritable genetic modification” constraint
on mitochondrial replacement by accept-
ing the “male-only” embryo transfer rec-
ommendation of the Institute of Medicine
(5). However, the FDA has resolved to forgo
consideration of mitochondrial replace-
ment during this fiscal year (13).

Birth of Baby With Three Parents’ DNA
Marks Success for Banned Technique

By GINA KOLATA SEPT. 27, 2016

Controversial 3-parent baby technique produces a
oy

First 'three person baby' born using new method

Genetic Details of Controversial "3-Parent Baby" Revealed

The child's parents have decided to forgo long-term monitoring by researchers

Article Zhang et al., Reproductive Biomedicine, 2017

Live birth derived from oocyte spindle transfer to
prevent mitochondrial disease




So Much For the Restrictions!
DNA

Genetic Code of Life

First 'three person baby' born using new method

By Michelle Roberts

Health editor, BBC News online
© 8 hours ago Health 'C
1 5 1 A 4 . :
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NEW HOPE FERTILITY CENTRE

Dr John Zhang holding the baby boy who was conceived thanks to the new technique that incorporates DNA from
three people

DNA

e | UK doctors select first women to have ‘three-person

° babies’ February 2, 2018

Two women carrying mutations that cause rare genetic disease to undergo radical therapy
Entire Genetic Code

of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorro




Family With History of Leigh Syndrome Underwent
X Mitochondrial Replacement Therapy and
ONA Gave Birth to a Normal Boy

Genetic Code of Life

Entire Genetic Code
of a Bacteria

Kgaoer s e Ll

Jordanian Couple - New York IVF Clinic - Procedure in Mexico -
Birth in Mexico (Spindle Transfer - No Embryos Destroyed)

Leigh syndrome
DNA Fingerprinting = A severe neurological disorder, affecting at least one in 40,000 new-born babies.
= Usually becomes apparent during the first year of a child's life.

= First signs include vomiting, diarrhoea and difficulty with swallowing.

= Causes the progressive loss of movement, and deterioration of mental functions.

= Symptoms are linked to the development of patches of damaged tissue which develop in the

Cloning: Ethical Issues brain.

and Future Consequences

= Children with the condition usually die within two to three years, usually because of respiratory
failure.

= Mutations in 75 different genes have been linked to the condition.

= Most of those mutations occur in DNA from the nucleus, but in about one in five cases the

culprit is found in mitochondrial DNA.

Plants of Tomorrow

Tracing Human Populations Using Mitochondrial
DNA Polymorphisms (SNPs) - Back to Eve!

[METHODS]

GENETIC PROSPECTING

Digging through DNA to find the origins

of the first modem humans began 20 years MITOCHONDRIAL DNA
ago through nspection of genetic mater!-
d In the cell’s mitochondria and later in
the Y chromosome. Today investigations
can scan sections of the whole genome
contained in the cell nuckus to
compare differences, or
polymorphiss, inlarge
numbers of Individual
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Mitochondrial DNA SNPs in Human Populations

What is an ancestral marker?

mtDNA is a circular chain consisting of 16,569 pairs of nucleotides. Let’'s unwind the DNA double helix and
take a closer look at its genetic code.

DNA consists of two chains of nucleotides, designated A, C, T, and G. “A” is always linked to “T”, and
“C" is always linked to “G"” on the opposite chain. In this diagram, we will take a closer look at a short
segment of mtDNA, namely locations 1 to 45. The unique combination of nucleotides in the chain is called
a “genetic code” and holds genetic information.

DNA Sequence
(locations 1 to 45 of the mtDNA)

Location 1 Location 45

éATCACA??TCTATC/I\CCCTATTAACCACTCQC???A? TCC*

CTAéTéch/lé/lTAéTéééhﬂﬂééT&&éTécccrc AééT

Ancestral markers are “mutations”, little changes or “hiccups” that occur in the genetic code of the mtDNA.
There are many types of mutations, but the type of mutation most commonly found in mtDNA is called a
“SNP" (single nucleotide polymorphism). A SNP mutation occurs when a single nucleoctide is replaced with
a different nucleotide. For example, in this diagram, the “T" at location 40 is replaced by a “G”.

DNA Sequence
(locations 1 to 45 of the mtDNA)

Location 1 Location 45

%ATC%C/}(E TCTQTC%CCCT/}TT%CCQCTC/‘C %(i TCC{
G UYH R HROTO N OTI L) g TAae e

Becomes a MARKER!

SNP mutation at Location 40

This mutation is documented as follows:
e Location: 40

« Nucleotide Change: T>g (also indicated as T40G)

How Trace Ancestry Using Mitochondrial DNA SNPs
Oldest Populations Contain the Most Diversity

Analysis of human miDNA led to the Here’s the logic behind the hypothesis.

Mitochondrial Eve Hypothesis

Geographic region T'

In the 1980, Allan Wilson pioneered the use of mIDNA DNA molecule — ime
10 study human evolution.

In two papers published in 1987 and 1991, he and his

colleagues at Cal proposed that we ail come from a

population of humans that lived In Africa

approximately 200,000 years ago.

Start with A.
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Specific Markers
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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 (nght) “The genetic
makeup of the rest of the world is a subset of what's in Afr, idd.
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Tracing Human Populations Using Mitochondrial
DNA Polymorphisms (SNPs) - Back to Eve!

[METHODS]
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Note: Gene is Inherited in a Mendelian Pattern

The Nucleus Is A Complex Organelle With
23 Pairs of Chromosomes (Human

, Comnsnio R S— dagly.
4
Outer membrane & % 2 =3
Inner membrane p m:‘r 2 . & _.‘3‘5 - _;5
A S AV L N 4 ¥%
§ s Bt L AN
P ! ¢ b ; % ¥
R T 2 3 4 5
% & re & ] as 8% &
lamina —%. S y—s5am e 84— 5% R-em
Nuclear : E : ‘. ‘o\ % y i .' ,‘ L * %{
envelope 8 . g s A 3 - ¢ »
6 7 8 9 10 11 12
. o 2_»
—y ey e we—f¢—
» '. ] 1 PO s 'S )
o - - - T
Packing Problem? 'F ¥
Inside nucleus 13 14 15 16 17 18
Nuclear—, &
basket LR 33 par—ar —¢ 8

19 20 21 22 X W2

©R. Hutchings/Photo Researchers Inc.
B)

Nuclear
. | envelope

Cytoplasmic
filament
Inside cell

RNA & Protein
Transport

1mm

“~Note: Chromosome Sizes & Bands = Markers

LIFE 8e, Figure 4.8 (Part 2)




The Human Genome Was Sequenced Seventeen Years Ago!

The Human Genome Project
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Marks New Medic:
Era, Risks and All

By NICHOLAS WADE
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rival groups of schentists suid |
that they had deciphered the M
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Public & Private Effort Using Different Strategies - A Race!

3 Billion Dollars & Took 15 Years

The Human Genome

Chromosome Including Sequenced Gaps
gaps
1 247,249,719 224,999,719 22,250,000
2 242,951,149 237,712,649 5,238,500
3 199,501,827 194,704,827 4,797,000
4 191,273,063 187,297,063 3,976,000
5 180,857,866 177,702,766 3,155,100
Large 6 170,899,992 167,273,992 3,626,000
7 158,821,424 154,952,424 3,869,000
8 146,274,826 142,612,826 3,662,000
9 140,273,252 120,143,252 20,130,000
10 135,374,737 131,624,737 3,750,000
11 134,452,384 131,130,853 3,321,531
12 132,349,534 130,303,534 2,046,000
13 114,142,980 95,559,980 18,583,000
14 106,368,585 88,290,585 18,078,000
Small 15 100,338,915 81,341,915 18,997,000
16 88,827,254 78,884,754 9,942,500
18 76,117,153 74,656,155 1,460,998
19 63,811,651 55,785,651 8,026,000
20 62,435,964 59,505,253 2,930,711
21 46,944,323 34,171,998 12,772,325
22 49,691,432 34,851,332 14,840,100
X 154,913,754 151,058,754 3,855,000
Y 57,772,954 25,652,954 32,120,000
M 16,571 16,571 0
Total genome  3,080,436,051 2,858,034,764 222,401,287




The Human Genome Landscape

7> Chromosome

Single-copy gene with intron
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\Tandem Repeats (VNTR)

| Tandem Repeats or VNTRs are Useful for DNA Fingerprinting Studies! |

e.g., DIS80 Locus For Class DNA Fingerprint on
Chromosome 4 Core = 16bp

Only A Small Fraction of the
Human Genome Encodes Proteins

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

Classes of DNA Sequences Found in the Human Genome

Class

(A

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

(inactive genes)

Structural DNA 20 Constitutive heterochromatin, localized near centromeres and telomeres

Simple sequence 3 Stuttering repeats of a few nucleotides such as CGG, repeated thousands of times
repeats

‘Transposable elements 45 21%: Long interspersed elements (LINEs), which are active transposons

13%: Short interspersed elements (SINEs), which are active transposons
8%: Retrotransposons, which contain long terminal repeats (LTRs) at each end
3%: DNA transposon fossils

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

[ LINEs

[ SINEs

I LTRs

[ dead transposons

[ remaining noncoding
and coding DNA in
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. Mi: 1. hase and 21.Protooncogene
2.Viral protein synthetase 22, Structural protein
Number of exons 8.8 3.Transfer or carrier  12-Oxidoreductase of muscle
& ® protein 13.Lyase 23.Motor
Size of internal exon 145 bp 4.Transcription factor  14.Ligase 24.1on channel
. " 5.Nucleic acid enzyme  15.Isomerase 25.Immunoglobulin
Size of intron 3,365 bp 6.Signaling molecule 26. llular matrix
= = . 17. function) 27.¢; keletal
Size of 5' untranslated region 300 bp e unknown structural protein
. . 18.Transporter 28.Chaperone
Size of 3’ untranslated region 770 bp 9:5clectregulatory 19, ntacelular 29 Cell adhesion
- o - ransporter
Size of coding region 1,340 bp 10:Transterase 20. Select calcium-
binding protein
Total length of gene 27,000 bp I

Human Genes are Large but Contain Mostly Introns




Use Bioinformatics To

The Human Genome Contains
~25,000 Different Genes

Cell adhesion (577, 1.9%)

Iden‘l'lfy Gene Functions Miscellaneous (1318, 4.3%) | Chaperone (159, 0.5%)

Nucleic acid enzyme (2308, 7.5%)

Signaling molecule (376, 1.2%)

Select regulatory molecule (988, 3.2%)

Synthase and synthetase (313, 1.0%)

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%)

Viral protein (100, 0.3%) “

Tranfer/carrier protein (203, 0.7%) "\ \
\

Transcription factor (1850, 6.0%) \ |

Ny,
O/e /o

Receptor (1543, 5.0%) —_

Kinase (868, 2.8%) —

S-\g“a\ transducﬁo "

e
Q/‘\d«\

Transferase (610, 2.0%)-

N

- —~ GO categories

Oxidoreductase (656, 2.1%)
Lyase (117, 0.4%)

Ligase (56,0.2%) /
Isomerase (163, 0.5%) / Do Not Know
Hydrolase (1227, 4.0%) l:wolecular function unknown (12809, 41.7%) FUanlons Of
Most Human
Panther categories 6 enes. /

How Many Human Disease Genes Have Been Identified?

OMIM 17} Jekae My NCBI
; ; i i B Hopkins Sign In] [Register
Online Mendelian Inheritance in Man S University

PubMed Nucleotide Protein Genome Structure PMC OMIM

Search [ omim

Entrez

OMIM

Search OMIM
Search Gene Map
Search Morbid Map

Help
OMIM Help
How to Link

FAQ

£) for

( Limits ( Preview/Index T History ( Clipboard T Details ]

« Enter one or more search terms.

o Use Limits to restrict your search by search field, chromosome, and other criteria.
o Use Index to browse terms found in OMIM records.

« Use History to retrieve records from previous searches, or to combine searches.

OMIM® - Online Mendelian Inheritance in
Man®

Welcome to OMIM®, Online Mendelian Inheritance in Man®. OMIM is a comprehensive, authoritative, and timely compendium of human genes
and genetic phenotypes. The full-text, referenced overviews in OMIM contain information on all known mendelian disorders and over 12,000
genes. OMIM focuses on the relationship between phenotype and genotype. It is updated daily, and the entries contain copious links to other
genetics resources.

There are ~25,000 Genes in The Human Genome

1. 4,994 Genes Correlate With a Disease Phenotype (318 on X & 4
on Y). The Molecular Basis of These Genetic Diseases Are
Known (e.g., Sickle Cell Anemia, Hemophilia A).

2. 1,605 Genes Correlate With a Disease Phenotype (124 on X & 5
on Y), But The Molecular Basis of These Genetic Diseases Are
Not Known.

OMIM 5/15/17 http://omim.org/statistics/entry




What's a GMO? Using Genetic
Engineering to Cure Genetic Diseases

A Genetically Engineered Person
With a Gene That They Weren't
Born With That “"Cures” a Lethal
Genetic Disease?

A Genetically Engineered Baby
With a Gene That They Weren't
Born With That "Cures” a Lethal

Genetic Disease?

A Human Embryo With a
Defective Blood Disease Gene
That Was “"Edited” and
Engineered to Be Normal?

Adding and Editing Genes To Correct Human
\ Genetic Disorders
Genetic Code of Life Somatic Cell Gene Therapy

Entire Genetic Code
of a Bacteria

DNA Fingerprinting
Germline Gene Therapy + Gene Enhancement

Editing humanity

The prospect of genetic enhancement

Alzheimers;

ﬂjj]/’@ how risk q

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow
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Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

DNA
Genetic Code of Life

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

"Improving” Humans
with Customized Genes
Sparks Debate among
Scientists

National /Academy of Sciences
December 1-3, 2015

IN DEPTH

ethicists, and others debated
human gene editing at the
Washington, D.C., summit.

Scientists Seek Moratorium on Edits to
Human Genome That Could Be Inherited

Gene Editing Summit Recommendations

Basic & Preclinical Research is Needed & Should
Proceed. If in the Process Germline Cells or Early
Embryos Are Edited, They Should Not Be Used To
Establish Pregnancy

Clinical Use - Somatic - Gene Editing of Somatic
Cells Can Proceed Under Existing Regulations &
Guidelines (e.g., Blood cells, Cancer Cells)

Clinical Use - Germline - At Present the Safety
Issues and Societal Consensus on Permanently Editing
the Human Genome Have Not Been Resolved For Any
Clinical Use. However, If They Are Resolved in The
Future, This Issue Should Be Revisited. But the
Most Compelling Cases For Germline Editing Are
Limited.

There is a Need For Ongoing International Forum &
Consensus - Affects All of Humanity

http://www8.nationalacademies.org/onpinews/newsitem.aspx?RecordID=12032015a




USing AnCien'r DNA 1'0 Svante Paidbo
Unravel Our Human &

Her'i"'age Neanderthal
Man
In Search of
q > -> m— PCR Lost Genomes
n vitro ampl of Nature, 2010
Anclent of genomic specific DNA fragments
ﬂuuﬂbono DNA l
IO
acer =
S Purification / cloning of
i amplification products
- - '\ ‘
- =
d Automated DNA =
‘with known microbial sequencing
DNA sequences (ABI 373A)
(GenBank, EMBL database)

DNA from cave soil reveals
ancient human occupants

Technique may help open a new era in paleoanthropology

» =1 D
‘k = 'Y -1 AR

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

A Draft Sequence of the
Neandertal Genome From a 45,000 Year-Old Bone

Wilma

Female =
Red Hair &
Pale Skin
Freckles

Reconstruction by Kennis & Kennis/ Photograph by Joe McNally

Forthe first time, a Neanderthal female peers from the past in a reconstruction informed by both fossil anatomy and ancient DNA. At least some
of herkind canied a gene for red hair and pale skin.




Science, October 12, 2012 (338,222-226)

ANCIENT DNA

A Crystal-Clear View
Of an Extinct Girl's Genome

COMPLETE DNA Had 23 Chromosomes
Sequence From Like “Us" and Split
40,090 Year Q'd From Human Line
Fossil DNA With Between 150k and
Accuracy of 700k Years Ago
sequenCIng Our. Own Slice of life. This replica of a tiny finger bone from
Genome" Denisova Cave (right) yielded an entire genome.

New DNA Analysis Shows Ancient Humans Interbred with
Denisovans

A new high-coverage DNA sequencing method reconstructs the full genome of Denisovans--relatives to both Neandertals and humans--from genetic
fragments in a single finger bone

Nature, January 2, 2014 (505, 43-49)

The complete genome sequence of a
Neanderthal from the Altai Mountains

130,000 Year-0Old Neanderthal

Toe Fossil Provides Complete Neanderthal Genome

"L Lr;k |

fersols S T

) ‘:ija, Mezmaiskaya
i %\; — R s




Tracing the peopling of the

world through genomics

We
Are
Derived
From One
Ancestral
Population!!

Nature,
January,
2017

tuft of hair « Large population genomic or genome-wide
studies of Bronze Age Europeans®3%
and Asians®

« Large genomic studies of ancient and
modern Native Americans, Paleo-Eskimo
peaple and the Inuit’3®

+ 12.6-kyr-old Clovis
individual sequenced?!
« 23-kyr-old Mal'ta individual
sequenced”?
+45-kyr-old Ustlshim individual| | * Large population genomic
« First ancient human genome® from Siberia sequenced’ studies o a
« Draft first Neanderthal genome® * 36-38-kyr-old Upper Australians’
« Draft first Denisovan genome® « Neolithic Europeans Paleolithic European « Large genomic study of
+ 1000 Genomes Project phase 1 data sequenced®® genome’® palaeolithic Europeans®
2008 2 201 2012 3 2014 15 2016
First Al I Australian + 37-42-kyr-old European individual with
sequenced from 90-year-old recent Neanderthal introgression sequenced®
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Entire Genetic Code
of a Bacteria

DNA Fingerprinting

J

Cloning: Ethical Issues
and Future Consequences

,

Plants of Tomorrow

HUMAN EVOLUTION

Humanity's long, lonely road

Oldest ancient nuclear DNA suggests humans and

Neandertals parted ways early

|Deeper branches

Putting the Sima fossils on the
Neandertal lineage implies an
earlier split between modern and
some archaic humans.

Modern
humans

Neandertals Denisovans

Sima fossils
300,000-400,000

500,000

700,000 years ago
!

Homo erectus

Creating
a Map
of
Human
History!

Hl DDEN HER'TAGE The study of ancient DNA is revealing connections between archaic
humans — and the traces they left behind in modern genomes.
o . i ? | | € ¥
e | 3

> e | | gl




The Shaping of Modern Human
Immune Systems by Multiregional

Admixture with Archaic Humans
www.sciencemag.org SCIENCE VOL 334 7 OCTOBER 2011

Comparing sl '
130,000 Year- : i X
1% Vg

Fossil Genomes gy o

to Our Genome

Reveals Ancient
“"Matings”
Between

Different Human
Ancestor
Lineagesl!

Y.
\ 4
&8 ~ 50,000 years ago S g

a3
= Denisova Cave 4 ‘

8l No Denisovan S8
admixture -

2-4% of

Human

Genome
Consists of
Neanderthal
Sequences!

—
Denisovan
admixture

Nature Reviews | Genetics

September, 2011

The genomic landscape of Neanderthal ancestry in
present-day humans Nature, January 29, 2014

Neandertal genes linked to modern diseases

'The phenotypic Iegacy of
admixture between modern
humans and Neandertals

Genomic Signatures of Selective Pressures
and Introgression from Archaic Hominins
at Human Innate Immunity Genes

ge of Neanderthal ancestry

This lab estil your g
Got Neanderthal DNA?

An estimated 2.6% of your DNA is from Neanderthals.

Bob Goldberg (you) * 2o
Average European
Averag P * 27%
MODERN HUMANS NEANDERTHALS
Higher brow [, 141 Heavy eyebrow ridge
Narrower shoulders Long, low, bigger skull
sightlyaller )\ (4| Prominent nose with developed nasal
Ve \ J )3\ chambers for cold-air protection
4% { 2

Neandertals’ hidden legacy

Inmany people today, genes inherited from Neandertals affect systems all over the
body, raising the risk of certain diseases. But some Neandertal genes have benefi-
cial effects, for example boosting the immune system.

Brain
Depression;
addiction to

tobacco

Lymph nodes —————————° F
immune boost

Heart/Blood

Hypercoagulation

Stomach
Malnutrition

Skin Kidneys
Precancerous an_d urethra
skin lesions Urinary tract
disorders




HUMAN DIVERSITY

DNA
Genetic Code of Life

Scientific American Library
RICHARD LEWONTIN 1982 ISBN 07167-14698

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Cloning: Ethical Issues
and Future Consequences

Plants of Tomorrow

Using DNA Variations (SNPs) Between
Individuals (Living & Dead) Has Many Uses

1. Marking and Identifying Disease Genes

2. Paternity, Individual Identification, Forensics

3. Human Population History and Origins

4. Identifying Neanderthal Alleles in Modern
Human Populations

BREAKTHROUGH OF THE YEAR

Human Genetic /
Variation }

Equipped with faster, cheaper for
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




0/ Genetic Diversity Refers to Allelic Variations
Within a Population

DNA
Genetic Code of Life DNA mOIGCU/e

/”\I—ocu—s’-——__—

Entire Genetic Code
of a Bacteria

Alleles SNPs
Version 1 & ; G ' at a
’ Given
. Locus
Version 2 Are
DNA Fingerprinting
Alleles!
Version 3 L‘.]EE]Q]EUE@L&]
Cloning: Ethical Issues VerSIOn 4 - : c G ‘
and Future Consequences A
SNP
R Individuals Can Contain Only Two Alleles at a
T T Given Locus, But Populations Can Contain Many!!

The 1,000 Genomes Project Has Provided Novel Insight
in Human Genomes, Ancestry, & Disease Genes & is
Now the 100,000 Genome Projectlill

*The 1000 Genomes Pro;ect ZOWE

Research News &C_ ent |

The 100,000 Genomes Project

You can read all about the 100,000 Genomes Project in the different sections below or download all of
this information in our full narrative here: Narrative - Genomics England and the 100,000 Genomes
Project.




ARTICLE

Nature, October 28, 2010 doi:10.1038/nature09534

DNA
Genetic Code of Life

A map of human genome variation from
population-scale sequencing

The 1000 Genomes Project Consortium*
— —

Entire Genetic Code
of a Bacteria

The 1000 Genomes Project aims to provide a deep characterization of human genome sequence variation as a foundation
for investigating the relationship between genotype and phenotype. Here we present results of the pilot phase of the
project, designed to develop and compare different strategies for genome-wide sequencing with high-throughput
platforms. We undertook three projects: low-coverage whole-genome sequencing of 179 individuals from four
populations; high-coverage sequencing of two mother-father-child trios; and exon-targeted sequencing of 697
individuals from seven populations. We describe the location, allele frequency and local haplotype structure of
approximately 15 million single nucleotide polymorphisms, 1 million short insertions and deletions, and 20,000
structural variants, most of which were previously undescribed. We show that, because we have catalogued the vast
majority of common variation, over 95% of the currently accessible variants found in any individual are present in this
data set. On average, each person is found to carry approximately 250 to 300 loss-of-function variants in annotated
genes and 50 to 100 variants previously implicated in inherited disorders. We demonstrate how these results can be used
to inform association and functional studies. From the two trios, we directly estimate the rate of de novo germline base
substitution mutations to be approximately 10 8 per base pair per generation. We explore the data with regard to
signatures of natural selection, and identify a marked reduction of genetic variation in the neighbourhood of genes,
due to selection at linked sites. These methods and public data will support the next phase of human genetic research.

DNA Fingerprinting

Cloning: Ethical Tasues ® Sequenced Genomes of ~900 individuals

and Future Consequences * From Seven Different Global Populations

® Identified 15,000,000 SNPs (Allelic Markers)

® 50-100 Variants in Disease Genes Per Person

10-8 Mutations Per bp Per Generation (~30 per Genome)
3,000,000 Unique SNPs Per Person

750,000 Unique Indels Per Person

Nature, October, 2015

6,,,,,,- '2 of Life An integrated map of structural variation
in 2,504 human genomes

The 1000 Genomes Project set out to provide a comprehensive description of common human genetic variation by
applying whole-genome sequencing to a diverse set of individuals from multiple populations. Here we report
completion of the project, having reconstructed the genomes of 2,504 individuals from 26 populations using a combina-

tion of low-coverage whole-genome sequencing, deep exome i and dense mi ray genotyping. We

. . characterized a broad spectrum of genetic variation, in total over 88 million variants (84.7 million single nucleotide
Entire Genetic Code polymorphisms (SNPs), 3.6 million short insertions/deletions (indels), and 60,000 structural variants), all phased
of a Bacteria onto high-quality haplotypes. This resource includes >99% of SNP variants with a frequency of >1% for a variety of

ancestries. We describe the distribution of genetic variation across the global sample, and discuss the implications for
common disease studies.

A global reference for human
Sl | genetic variation

Structural variants are implicated in numerous diseases and make up the majority of varying nucleotides among human
genomes. Here we describe an integrated set of eight structural variant classes comprising both balanced and unbalanced
variants, which we constructed using short-read DNA sequencing data and statistically phased onto haplotype blocks
in 26 human populations. Analysing this set, we identify numerous gene-intersecting structural variants exhibiting
population stratification and describe naturally occurring homozygous gene knockouts that suggest the dispensability
of a variety of human genes. We demonstrate that structural variants are enriched on haplotypes identified by
genome-wide association studies and exhibit enrichment for expression quantitative trait loci. Additionally, we
uncover appreciable levels of structural variant complexity at different scales, including genic loci subject to clusters

Cloning: Ethical Issues
and Future Consequences of repeated rearr and lex structural variants with multiple breakpoints likely to have formed through

individual mutational events. Our catalogue will enhance future studies into structural variant demography, functional
impact and disease association.




Most DNA Variations Between Individuals Occur Because of

Base-Pair Changes in Non-Cod

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

Two cystic fibrosis (CFTR) alleles from two healthy individuals

1 el e = Exons of
!
3 — - 1 ]| | == A
50 kb gene
bp 0 2000 4000 6000 000

I I I SNPs or Single
I I I I i Nucleotide
| I I | Polymorphisms

Arrows indicate single nucleotide differences

Types of DNA Polymorphisms

ing 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.

1.1 R AW Classes of DNA Polymorphisms

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 2-10 200,000 102 Linkage and PCR and gel
association electrophoresis
mapping

Multilocus 1-20kb 2-10 30,000 1073 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

~3.4 Million bp Differences

Copyrgn©

Single nucleotide polymorphism (SNP)

e, oraspiay.

...GCAAT TCCCGATT...
...GCAAGTCCCGATT...

Simple sequence repeat (SSR) ...GCATTATATATATATC...

...GCATTATATI IC...

Between Individuals ~0.1%
of Genome

Comparison of Watson's a
Indicates That Individua

nd Ventner’s Genomes
Is Have Unique SNPs!

VTG & The NICaraw T COMPames, e, EEMISSon [qUNEg o TeProaUCTon Of CropIay.
(a)
Allele Genome Single-Strand Notation Genotype Notation
@ YH 1| ASCTCIGAIAC | AGCTCTGATAC HomozygousT| TT
AGCTCCGATAC Heterozygous T| TC
978,370 2 | TCGAGGCTATG | AGCTCCGATAC Homozygous C | CC
(c)
435,493 509,175 —
Human 1 TTGACGTATAAATGATCTTTATAT|TTTCAGAAGTC These Ar-e
TRICT] Human2  TTGACGTATAAATGATCTTTATAT|C[TTCAGAAGTC A" I |
o Chimp TTGACA[TATAAATGATCTTTATAT|CTTCAGAAGTC eles:
924,333 1,096,873 =
564,716
d
( ) 116 ‘/‘\UK 116,800 K 116,850 K 116,300 K 116,950 K niM HrATI“UK
wonllf] |l \ (1] [l R N A Y R
Venter Watson ] ] | 11 /1 N O L ([
JAE 00RO AR O ORI o b 1101
L S S R S —
CFTR / NM 000452 3: mANA-cystic fross ransmeba « requiator AT
[ 1 T 51 Tt n
Coding 210 LT | TP 000453 3t frosi o )

YH= Anonymous Chinese Man
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Personal Genome Service™
Get to know your DNA. All it takes is a little bit of spit.

Here's what you do:

1. Order a kit from our online

store.

2. Register your kit, spit into the
tube, and send it to the lab.

3. Our CLIA-certified lab analyzes
your DNAin 6-8 weeks.

\We\come to You.

4. Log in and start exploring your
genome

<> ancestry
»

Discover your far history

SNPs Used
to Trace
Ancestry &
Individuality

SNPs That
Have High
Frequencies
in Specific
Populations

Bob Goldberg

100%
96.2%
06%

0.1%
00%
00%
00%
01%

0.0%
0.0%
0.0%
0.0%
0.0%
3.0%

0.0%
0.0%
00%
0.0%

European
Ashkenazi
Easter European
Northern European
Finnish
British & Irish
Scandinavian
French & German
Broadly Northern European
Southern European
Sardinian
Htalian
berian
Balkan
Broadly Southern European
Broadly European

Michele Evans

Middle Eastern & North African
Middle Eastern
North African
Broadly Middle Eastern & North Afric...

‘ocean-crossing sfips and aiplanes came on the scene.

99.9%  European
Northern European

18.1% Scandinavian
6.9% British & Irish
27% French & German
01% Finnish

213% Broadly Northern European

479%  Ashkenazi
Southern European
02% Broadly Southern European
01%  Eastern European
25%  Broadly European

0.1%  East Asian & Native American

East Asian
0.1% Japanese
01%  Native American

100%  Michele Evans

show all populations.




Nuclear DNA SNPS Can Be Used To Trace

Human Populations & Origins

Senetic Co of Life (Concept Same as For Mt DNA)

Entire Genetic Code
of a Bacteria

DNA Fingerprinting

Digging through DNA to find the origins

of the first modem humans began 20 years MITOCHONDRIAL DNA Y CHROMOSOME WHOLE GENOME
290 through inspection of genetic mates!-

al In the cell’s mitochondria and later n

the Y chromosome. Today investigations
can scan sections of thawhole genome

contained In the cell nucleus to
compare differences, or
polymorphisms, inlarge
numbers of Indvicual | Three
nuclectides, the "let- Different
ters” of the DNA TGAGTCGGTACAR Alleles
aphabet. in

P Population

40.000 years age

TASTASIA Trace

0 T Migrations
Cloning: Ethical Issues oo N\ e Using SNP
and Future Consequences \\ J Analysis in
) Distinct
Populations 150002600 yur g0
/7

Adam & Eve

Plants of Tomorrow

[WHOLE-GENOME RESULTS |

LOOKING FAR AND WIDE All of Humani‘l'y is

S £ Related & Has the
SAME Origin!

genomes drawn from distinct popula-
tions around the globe.

Begin your ancestral
journey today.

We Originated
in Afr'lca

The diversity of DNA—messured os the
variation of nudectides within blocks of
DNA called haplotypes—deareases with
distance fron Addis Absba, Ethiopia, o
pattem that corresponds to the chronal-
gy of uman nigrations.

Goographic Region
® Ocsanla

Genetic

® Afia

‘.""—' Diversity
- In African
Populations

Whole-genome anaysis conducted
by rescarchers at Starford
Uriversity and elsewhere revealed
many of the populaticns that
form the beanches of o
genetic tree beginringin

Africa and expanding out to

the restofthe world:

Common ancestor

“DNA Testing, the hottest tool in genealogy,
is helping more people open doors to their

Agenomic map of the world, crafted by researchers at the University of Michigan at Ann Arbo,
shows that genetic diversity decreases outside of Africa. Each colered tile representsa commen
haplotype. Africa has more tiles than found on other continents and ones that correspond to
hapletypes found nowhere eke.
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)
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- The Wall Street Journal
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Finally..Human Genome Diversity &
The Concept of "Race”

AMERICAN _©

(..i

Saence
Has the Answer:

wy
DOES RACE EXIST?

Genetic Results
May Surprise

. You
vy
The Day -

the Earth Burned

Reasons to
Return to the Moon

The Cell Blology of Skin Color

The Genetics of Skin Color (Four Major Locil)

'
®
*
. v /
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Loci associated with skin pigmentation identified in
African populations Science, December, 2017




There is More Genetic (Allelic) Diversity Within Populations
Than Between Populations!! So Much for the
Concept of Racial “Purity”llll

Er;)pomon of genetic diversity accounted Proportion
for within and between populations and Within Races
races Total between
Gene Hipecies 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 o011
. A . 6PGD 327 875 058 067
D|vers|1'y Within Any PGM 758 942 033 025
. Ak 184 .848 .021 131
Popu|q1'|on Than Kidd 977 741 211 048
Bet P lati Duffy 938 636 105 259
etween Populations Lewis 994 966 032 002
w pu 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™Swsdiicasisadd®Pl tionary Change (Colum b Moikaiaibmses®®
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 races!!! Mosﬂr
Geographic. Note: THERE ARE GROUP DIFFERENCES! Most likely as a result
of geo raEhical isolation and adaptive significance in that population (e.g., skin
color, UVB intensity, and Vitamin D production)

Within Population Differences Account For
95% of Human Genetic Variation

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 fi gion AMOVA but is ivi in the
Geneth Structu re seven-region design. The World-B97 sample mimics a previous study (6).
.
of H uman PoPulat'ons Variance components and 95% confidence intervals (%)
Number  Number
1% . 2 3 Sample of of Among
Noah A. Rosenberg,‘ Jonathan K. .Pnt;:hard, Jan?es L Webser, regions populations  Within populations populations Among
Howard M. Cann,* Kenneth K. Kidd,® Lev A. Zhivotovsky, within regions regions
Marcus W. Feldman”
World 1 52 | 946 (943,948 5.4(52,5.7)
We studied human population structure using genotypes at 377 autosomal World 5 52 321929, 935, "S(2E, 28] 43(4.0,4.7)
microsatellite loci in 1056 individuals from 52 populations. Within-population xm:g 897 ; ?i z;'; (Zg‘g' :3‘2 Eg (i; ?? zg (z;' 2‘3)
differences among individuals account for 93 to 95% of genetic variation; Af(r)i;a- 1 6 96.9 596.7' 971 31 §2‘9r 3‘3§ 2(47.57)
differen;es among rr!ajor groups consﬁtu!e oply ‘3 to 5%. Ne\{erthglgss. vyithogt Eurasia 1 21 985 (98:4: 98.6 15 (1:4: 1‘6)
using prior information about the origins of individuals, we identified six main Eurasia 3 21 983 (98.2,98.4) 1.2(1.1,13) 0.5(0.4,0.6)
genetic clusters, five of which correspond to major geographic regions, and Europe 1 8 99.3(99.1,99.4) 0.7 (0.6,0.9)
subclusters that often correspond to individual populations. General agreement Middle East 1 4 98.7 (98.6,98.8 13(1.2,1.4)
of genetic and predefined populations suggests that self-reported ancestry can Central/South Asia 1 9 98.6 (98.5, 98.8) 14(1.2,1.5)
facilitate assessments of epidemiological risks but does not obviate the need an“ Asia 1 1‘; gg-; gggr :i-‘-; ;-z 8; ;‘g
ie i 1 P 1 iati i ceania . .8, % X 7,
to use genetic information in genetic association studies. America 1 5 88.4(87.7,89.0 116 (1.0, 12.3)

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!




Major 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”)

3. Then Losing all “Races” Except One Retains 93% of all Human
Genetic Variation!

[85% + (15%-7%) 1= 93%

85% Within Population genetic variability Variation That

8% Between Populations of Same “Race” Occurs in
Ancestral

7% Between “Race” Genetic Variability Population

4. .. Humans Are 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”?

\,

ONA 1. Primarily a sociological concept- but could be a
Genetic Code of Life localized or “inbred population” that has a higher
frequency of adlleles 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
Entire Genetic Code . . . .

of a Bacteria same genes- differ in form mostly within populations!

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

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

5. Genes affecting physical features not representative

of genes across genome — “selected” traits with
: adaptive significance (e.q., vitamin D synthesis,
Cloning: Ethical Tssues sexual selection, pathogen susceptibility, etc.)

and Future Consequences

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

Plants of Tomorro
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