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Genetics and Genomics
Wilhelm Johannsen coined the term “gene” in 1909

Thomas Morgan publishes “The Mechanism of

Mendelian Heredity” in 1915 explaining that genes
exist on chromosomes and are the basic units of
Inheritance

Hans Winkler proposes in 1920 the term “genome” to
describe all the genes of an organism

James Watson, Francis Crick and Rosalind Franklin
discover the double helix structure of DNA in 1953

Marshall Nirenberg deciphers the genetic code in 1966

Genentech produces first drug in 1978 made through
recombinant DNA technology: Insulin




Genetics and Genomics

DNA fingerprinting for forensics and paternity testing
developed in 1984

First DNA microarray and scanner introduced in 1989

Human genome is sequenced and the final version
published in 2003

~6,000,000,000 bases

~20,000 genes
~99% of the genome Is the same for all humans

Goal: Genome-wide database to determine patterns
of common human sequence variations

Aim: What variations are the disease-causing genes?




The Good Old Days

The old central dogma of biology was that the
flow of genetic information was from DNA to RNA

to protein

Today, that Is basically true.... But its about as
simplified as explaining all of pulmonology by saying
air goes in and out and blood goes round and round

We now know that a single gene can account for
many gene products depending on the environment
where gene expression occurs




Examples of Mendelian Diseases
(Single Gene)

Autosomal Dominant
Familial hypercholesterolemia 1/500
Polycystic kidney disease 1/1,250
Hereditary spherocytosis 1/5,000
Marfan’s syndrome 1/4,000
Huntington’s disease 1/15,000

Autosomal Recessive
Sickle cell anemia 1/625 (African Amer)
Cystic fibrosis 1/2,000
Tay-Sachs disease 1/3,000
Phenylketonuria 1/12,000
Mucopolysaccharidoses 1/25,000
Glycogen storage disease 1/50,000
Galactosemia 1/57,000

X-linked

Duchenne muscular dystrophy 1/7,000
Hemophilia 1/10,000




Examples of Complex Diseases

Asthma

Autoimmune diseases
Cancers

Diabetes

Heart disease
Hypertension
nflammatory bowel disease
Mental retardation
Mood disorders
Obesity

Refractory error
Infertility




Genetics and Genomics

“Mendelian disorders” are the easiest to analyze and
are best understood because they are due to ~1 gene

However most diseases are complex meaning that
many genes only contribute to the risk of the disease

This has led to the concept of “susceptibility alleles”

where the inheritance of a genetic variant does not
guarantee that the disease will occur

“Common disease, common variant hypothesis”

The genetic influence on complex diseases are

due to common variants present in more than 5% of
the population. Variants can be thought of as

“risk factors” for disease




Gene Expression

There are genes inside of genes

The same gene can encode multiple proteins
Active genes occur on both DNA strands
Proteins regulate gene expression

RNA regulates gene expression

RNA processing yields multiple RNAs

Small RNA and siRNA regulate mRNAs

Posttranslational modification of proteins yields diverse
products

Changing the rate of protein synthesis from the

rlbosome yields proteins with the same amino acid
seguence but different 3-D structure and function!




Cumulative Pace of Disease Gene
Discovery 1981-2005
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Source: Online Mendelian Inheritance in Man
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Key for Genomewide Association Studies of Diseases
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Genomics Weekly Update
Google “genomics and disease prevention”
Select www.cdc.gov/genomics/

Pharmacogenomics

Birth defects

Blood Disorders

Cancer

Diabetes

Cardiovascular disease
Environment & Occupational Health
Ethical Legal and Social Issues
Mental health

Genetic Testing

Infectious Disease

Neurologic conditions

Newborn screening

Aging

Autoimmune disease

Chronic disease




Is Obesity Genetic?




Obesity Trends (BMI >30), U.S. Adults
BRFSS, 1990, 2000, 2010
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eOverweight in the
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The Rate of Increase in Obesity

Genetics does not change at a rate to explain the
rapid increase in overweight and obesity. Therefore
environment must play a major role

The question becomes to what extent does genetics

“set the stage” for overweight and obesity to be
expressed?

Data from the Pima Indian population illustrates the
magnitude of the role played by environment




Environmental Influences
Same People, Same Genes, Different Address

USA Pima Mexico Pima

BMI! 33.4 25

Urban Diet? 50% Fat Calories

Native Diet? 15% Fat Calories

lRavussin E et al. Diabetes Care 1994;17(9):1067-1074
2Pratley RE. Proc Nutr Soc 1998;57:175-81




Finding Obesity Genes

Clearly environment influences obesity, but remember
the question is how does genetics predispose an
iIndividual to become overweight or obese

f we look at families, there appears to be a strong
nistory of obesity; perhaps 40 to >70% concordance

Hypothesis: Obesity Is genetic

Question: “True-True cause and effect?”
VEISuUs
“True-True but unrelated?”
Example: People who develop cancer
wear shoes therefore, shoes
cause cancer




ST
= CH
R CH

DE1764
DisRy
DiseT
DisRy
G
D458
D515
DeadR
D6a4d
s 100
e
751804
s
Dipa2

Chramasama
10 mgn

D200
D112
D125t (R
D251 06
1280

DIRm
D135t T
DiaE
D1351 40
13557
D54
DA
AR
D5t
D=1

Obesity Genes: Many or Few?

3023
T
e
a1
321
HhY
61
HhY
5D
&l
&5
181
@13
fgal
i3
23
i1
1iy25.

10963
1123
113243
15211
132133
15421
12
1142
(R
1Hi21d
1132
1%
A3
At
Ayt
w2
Ata2

B Whie bmiins (149 sublect)

1,244 White Eumpean-odgin shing pais

50 Caucasian famiies (750 subjucs) 142
&1 Caucasian bamilins {4 247 subjcts) 134
1,065 pairs (White, Back, Moxtan Amedean, and Asiar) 345 [Black)
87 Caucasian aniins 2 209 subjocts) 13
128 MdcarrAmerican famiies (343 abjocks) [
1,085 s (Winla, Black Manan Aadean)

128 dcarrAmerican i (345 abjock)

7 W i (994 subjecs)

T U b (994 subjecks)

7 Wh arniieg; (994 subjecs)

27 Mascanhmadcan bniles 26 subject)

27 Mamcan-Amadean Gnilos 261 subjec)

162 Mdcan bmilivs (760 subjucts)

&1 Anedcan bamilss (3,027 subjects)

10 Medcan-Armadcan bmilins (270 subiacs)

18 Duich tamiiee (198 sbjoct)

279 Wita lamies (1,840 non-Hishanis subiucis)
162 Mdcan bmilivs (780 subjucts)

24 Piria lndian and Aarican barilie {17608 pos)
65 Whie kmilins (349 subjoc)

B Whie bmiins (149 sublect)

280 Eurcpen-hmaritan Bl (1297 subjocts)
203 Mustrafan Tamilies (2080 subjpess)

&)1 Amedean bamilivs (3,027 subjects)

500 Fimih niles

50 Fimish kmilns

1,124 Aenaxican famiies (1380 subjpet)

109 French Caucasian [amilas {447 subjocts)

@ American lamies (517 subjecks, 420 pairs)
9 henorican B (513 subjecks, 423 pairg)
103 Utah bamiline {1 711 sbjiciz)

R American lamibes (517 subjcks, 420 pars)

9 henorican B (513 subjecks, 423 pairg)

APDAT
APDAZ
APDIAS
APDB
APDD
APDE
CBFAZTT
FOACZ
ENELT
NS
LOLA
LiFC
LIFE
]
LPL

FLN

e 8
PRAAA
PRARD
PRAALE
SCARET
SOREST
SREHFT

ACPT
AL
ADRAZE
ADRBS
ADRBS
ATPAS
CAPN T

Yang et al. Epidemiol Rev 2007;29:49-61

Do mecapior D4
Gl precurson
3 pro@én-couted neonpior 24
5 riycmonyerpaming mcapior 18
5 oy msapior 24,
5 Frpdmongmgptaming mcaptor 20
Fesuln-degading enzyma
Wil anoonetin 3 Moo
Wil anoonetin 4 Moo
Miplanoonein 5 Moepior
Maiiric popdics reoapior
e
Maumpariice ¥ Fecopior Y2
Hucncaicod monptor
Frocpiomaianocarin
Fepdda YY
Ty Frycrosyase
Uitk 5
Mhaparice Y recepior Y2
Adpoaganags
AdiporecTn
Adiporetrin
Adiposs mos? abundant gane Tansaipt 1
Apolipopmiain A
Mpoiipopmiain A
Apclipopeniadn AN
Mpolipopemiain B
Mpolipopmiain D
Mpoiipopemiain £
Comvbirding *acta, rurt domaln, @ suburt 2
Fodrmad Do C2
Guanind Fechaodcs bindng pmosin, B polypepdd 3
Fesuln-nducnd Qo 2
Low «dansSy lpopradadn reonpior
Upase, FapRic
Upasn, Formons sens e
Lasmin AT
Upopmosn Ipass
SAHT family mahr, 2oy CoMnzEmD A SyTTetase
riasy adds
Farlipin
Faracoronass 1
Pl aoemen preoiforaive adiwaioed recoptor, o
Frradscme prolfordon-adivated moapton, 5
Prrardscme proiforon-adivated moepion, ¥
S, P son 25 S0 Rted Fomoing
SCavengar moaptor dass B, member 1
Sortin and SH3 | domain containing 1
Shami regulatory ainmeant bindng FanscApion acTe 1
Enangy halen ang haor
Mcid presphatase 1
Adonosire daaminas
Adraraegic, o8 —, moapior
Mdrarasge, B2-, moaptor
Adranengic, B3, mcaptor
ATFasa, | Ma*#* rangporing, « 2 |+) polypepida

HEPATHE
FPPARGCTA

FTPNT
Tue
ey
LCPE
LCP3

ABCCE
BTC
GoER
oE
I&FE
s
RsT
R=2
LEF
LEFA
PTFRF
RETN
TBCTDT
TCF

ILs

IL5H

L

LTA
SERPINET
ThF

AR
COHAR
CRHAT
CYPTIEE

CYPIGAT

E&FT
E&RT
EHRHA
A4
MADE
MEDTS

NRDES
NCOAS
PR
SLCMF
S 4
ey

ACE
AGT
HEDTTET

Haal shock M L0000 prohin 12
Famoris o Pl R0 -2 aied Meonpior
cociraior 1@
Frodpin Symoang phosphatass, Monmeeoor Hee 1
Tubby, mousa, homadog of
Urcouplng protedn 1
Urcoupldng paoein 2
Urcoupling piain 3
Lagin<naiin signaing pathway
ATP | -binding cassata, subdamily C, mambsr 2
BatacoiLiin
G0N M aptor
ruln-cegRding enEyTe
rulreilon grwa fcior 2
reuln
rsulin mcaptor subsraba 1
rsulin mecaptor subsrabn 2
Lapdn
Lapdn mcapha
Fmdpin fymang phosphaiass, mooptr e F
Rasisin
TBC 1 domain famnily, maenbar 1
Taracdpion facior 1, hapadc LRE1, hopalc nudoar
factor | HMNFT), albumin prooimal fackor
Inflammatary gefokings
roaraukn
riaraukn 5 MaDpaoT
riareun 10
Lympihotoin apha | THF supecamily, mamber 1)
Saring pmisinass inhbitor, cide £ momber 1
T rese mes, faator
Homana signaling pathway
Andmsgen Fecepaor
Crolaoystosinin A necspior
Caric oty einasineg Formeone meoaptor 1
Cytodrroma P45, family 11, subfamily B
[=o om ==
Crytodrromn F4E0, tamily 19, subdamily &
Podypapdca 1
TN moeptT 1
TN ECapT 2
Gmwh hormone minasing Farmans moepion
Mebicarsoeriren Codclan A
Monoaming coddass B
Shacliany of FMA polyrmerass || Sanscdpion,
subaunk 12
Mechaar moopion subiamily 0, grmup B, mambar 2
MACheRr MmCepior Comavatr 3
FORC0eS SN P 0T
Sanum/gucoc ricoin-reguinied Knasa
Eolum casvior fasmlly &, mambar 3
Eolum carvior faemly &, mambar 14
Vizamin D mcapton
Raninangifansn patfsay
Angiderain | Coaring erayIme
Ao roogan
Hydmoryssemid |11-beta) defydmganass 1

ES
Es:

= Flease mior o Rankingn of o

(=) b & mom comprahansiie SUTma



So, Where Do We Start Looking for
Obesity Genes?

“Candidate gene studies”

Genes for which there is evidence of regulation of
energy balance in animal studies are tested for an

association with obesity in the human population

“Genome-wide linkage studies”

Related individuals are tested for the presence or
absence of a chromosomal region to determine If that
region segregates with obesity

“Genome-wide association studies”

No prior assumptions about relatedness. The whole
genome is analyzed to find associations with disease




Finding Genes: Genetic Mapping

Cytogenic maps (banding Patterns) are the lowest

resolution

Acute myelogenous leukemia  Bcr/abl rearrangement (FISH)




How Do We Find Genetic Variants or
“Susceptibility Genes” for Disease?

Genetic maps are constructed using various “marker”
technigues and then trying to arrange everything in
the correct order

Linkage analysis

RFLPs

ANRIRE

Microsatellite polymorphisms
SNPs




Finding Susceptibility Genes
Where to begin?

How about Linkage Analysis

1. Genes for a trait or disease are on chromosomes

2. If two genes are on the same chromosome, they
should be inherited together (linked) unless
Cross-over occurs during meiosis

3. The farther apart 2 genes are from each other, the
greater the chance that the genes will become
separated: Partial linkage or no linkage. The
closer the genes the less likely they will separate

4. Linkage maps for the markers of traits or diseases
tell us where the markers are in relation to each
other on the chromosome...(but we still don’t know

exactly where or what the gene is)




Genetic Mapping
How can we think about genes and maps?

Linkage
Think of the genome map as being like a map of

the USA showing only the interstate highways
(Bet you can find Texas, but you can'’t get to Hico)

)
|

[

Seattle. |

;Jl.c: A

Genetic maps give an estimate
of the distance between places
but no detalls.

Likewise, genetic maps guide
us to where a gene might be




How Do We Find Disease Susceptibility Genes?

Other ways to do genetic mapping
Restriction fragment length polymorphisms (RFLPS)

There are bacterial enzymes that break DNA
whenever a certain nucleotide sequence Is
present. (In our road analogy, the enzyme chops
the road every time a double line starts or a turn
lane occurs, etc.)

If the same RFLP occurs only in people with a

certain trait or disease, then that RFLP is a
marker for that trait or disease....(but now we
don’t know where we are unless the RFLPs can
be arranged in the right order and we still don’t
know exactly where or what the gene is)




How Do We Find Disease Susceptibility Genes?

These strategies are similar to that for RFLPs

VNTRs: Variable Number Tandem Repeats are
polymorphisms in non-coding regions of DNA. For
each VNTR, it is the number of times a sequence Is
repeated

Microsatellite polymorphisms are repetitions of a

very small number of base pairs. The number of
repeats varies between different people




Genomewide Association Studies for
Assessment of Risk of Disease

A single nucleotide polymorphism (SNP) say snip
Is a point mutation of 1 nucleotide substitution in DNA
"hey almost always occurs in non-coding region

ney are scattered through out the genome
ney do not cause disease, just associated with it

SNPs are very common in human DNA: The 0.8% of

the genome or 2,400,000 bases that vary in each
person or 10,000,000 bases in the whole population

Hypothesis: By studying sequences of DNA that

contain SNPs associated with a disease trait, relevant
genes associated with a disease may be found




Genetic Mapping

These RFLP, VNTR, SNP maps, like street maps, are
more detailed and get us closer to

a gene’s location...

Close, but no cigar

We
W
W
W
W

still don’t know:

nich house?
No IS In the house?

nich room?

nat were they doing?

What are they doing?




Strong
MCA4
PCS
BDN

Candidate Gene Studies

associations between obesity and
R (melanocortin 4 receptor)
K1 (prohormone convertase)

~ (brain-derived neurotrophic factor)

ADRB3 (beta-adrenergic receptor 3)




Candidate Gene Studies

MC4R (melanocortin 4 receptor)

Expressed in the CNS and plays a key role regulating
food intake and energy homeostasis

A rare mutation in MC4R rendering it nonfunctional
causes monogenetic severe early-onset obesity

However, the common variants of MC4R (V103l and
1251L), which map as MC4R have no significant
association with obesity traits

Frequency of 103l allele is 3% in the population

Frequency of 1251L is 2% In the population and

IS protective against obesity if 251L allele is
present




Candidate Gene Studies

PCSK1 (prohormone convertase)

This enzyme converts prohormones to hormones
Involved with energy metabolism

Rare mutations resulting in PCSK1 enzyme deficiency
result in extreme childhood obesity

As a candidate gene, 9 variants of PCSK1 were found
INn obese persons. 2 were consistently associated with
adult obesity (N221D and Q665E-S690T)

~requency of the alleles was ~4-7%

Each allele increased the risk of obesity only 1.3x




Candidate Gene Studies

BDNF (brain-derived neurotrophic factor)

In animals, BDNF has been studied for its effects on
the stress response, survival, eating habits, body
weight and hyperactivity

Mutations in BDNF cause hyperphagia and obesity

Variants of BDNF (Val66Met —-met66met) show a

lower BMI of ~-0.75) suggesting that the presence of
Val66-Met increases the risk of obesity




Candidate Gene Studies

ADRB3 (beta-adrenergic receptor 3)

This gene was one of the first to be implicated with
obesity. ADRB3 is involved with regulation of
lipopolysis and thermogenesis

Recent analysis of a large population (>27,000)

found no association between obesity and ADRB3
variants
The story continues, but the bottom line is that of the

127 candidate genes reported on the Human Obesity
Gene Map, only 5 variants of 4 candidate genes are
strongly associated with obesity.

Further, strongly association # stronq effect on obesity




Genome-Wide Linkage Studies

The analysis Is based on about 600 polymorphic
markers across the genome. The resolution Is poor
because the markers are separated by about 10-cM

If an association is found, then genotyping is needed to
narrow down where the gene might be

253 loci have been implicated in obesity based on this
mapping

Of the 253 loci, only 15 have been replicated in
additional analyses

The strategy does not appear to be effective




Genome-Wide Assoclation Studies for

Assessment of Risk of Disease

Theory:
“Discovery 1”

Analyze people with and without a disease and see
If those with the disease have a common SNP

If yes, then that SNP Is associated with a gene

Involved with the disease

“Rep
Re

“Rep

ication”
peat the analysis if another SNP can be found

ication 2”

Continue, If possible to narrow down where the
gene might be




Genome-Wide Association Studies

An association between a SNP and a disease exists If
the p-value of the overall association is “<5 X 10-®

Briefly, this p-value means that the odds that a SNP
IS assoclated with the disease i1s ~95%

Again, note that a strong or weak association has

nothing to do with whether that genetic segment has
a strong or weak effect on the disease. It simply
means that the genetic segment is usually associated
with the disease




Large Scale Genome-Wide Association Studies
FTO Gene

FTO (fat mass and obesity associated gene) was the
first incontrovertible obesity gene reported in 2007

Replication of the data (~39,000 people) validated FTO

as an obesity susceptibility locus and a 3" study
reached the same conclusion

FTO maps 188 kb downstream from MC4R
(remember the melanocortin 4 receptor?)

FTO codes for alpha-ketoglutarate-dependent dioxygenase

It Is up-regulated in the hypothalamus during starvation
and increases food intake

History: FTO was originally identified as a gene for type 2 diabetes. After
adjusting for BMI, zero association was found for T2D




Large Scale Genome-Wide Association Studies

Genomic Investigation of Anthropometric Traits (GIANT)
International consortium combining genomic data

from the USA and Europe to achieve large enough
sample sizes to power detailed genetic analyses

Of 10 loci thought to be associated with obesity, only
2 proved to be incontrovertible (FTO and MC4R variant)

Subsequent analysis of ~ 60,000 people revealed 8
solid obesity loci




Large Scale Genome-Wide Association Studies

FTO (fat mass & obesity associated protein)
SH2B1 (SH2B adaptor protein)

MTCH2 (mitochondrial carrier homologue 2)

NPC1 (Neimann-Pick disease, type 1)

near MAF (musculoaponeurotic flborosarcoma oncogene)
near PTER (phosphotriesterase related gene)

near MC4R (melanocortin receptor 4)

near NEGR1 (neuronal growth factor)

near TMEM18 (transmembrane protein 18)

near KCTD15 ( K+ channel tetramerization domain)
near GNPDA2 (glucosamine-6-Phos deaminase 2)

4 |ocl between

SEC16B & DGKD  (SEC16B homologue &
diacylglycerol kinase)

BCDIN3D & FAIM2 (Brain-derived neurotrophic factor &
Fas apoptotic inhibitory molecule 2)




Genome-Wide Association Analyses for Obesity

The high-density multistage genome-wide association
analyses have thus discovered 15 loci consistently
associated with obesity

The approximate location of each loci is known

Note, however, that the exact identity of the obesity
susceptibility variants at each loci remains unknown!

Do the susceptiblility loci explain why obesity occurs?
Each loci contributes to obesity (effects are additive)
Each loci contributes about 0.85 to 2.1 Kg weight

OR
The odds ratio for obesity increases about 1.25 for
each loci present




1.6
R
2 15 F
U
L
S 14
= L o
2
0
g 137 0
. ¢ 8
i~

! o
I 1.2 o 2
S i O 5
0 il ® a4 0 70
0 0
‘. *oA
L,D l l l l l J
0% 10% 20% 30% 40% 50%  60% 70% 80% 90%  100%
Allele frequency of obesity risk allele (%)

Frayling et al 2007, Loos et al (2008), Willer et al (2009), Thorleifsson (2009), Meyer

)




Genome-Wide Association Analyses for Obesity

The effects of the obesity susceptibility loci are additive
but this does not explain obesity
How many people carry the obesity loci and which
obesity loci?
What is the effect of these loci in a population?

EPIC-Norfolk cohort study
20,000 people were genotyped

The average weight of people with 13 obesity

susceptibility loci (2% of the population) was only

about 4 Kg more than those with <3 obesity loci
OR

The obesity loci explained only ~1% of the

variance in BMI of the Norfolk population




Genes and Lifestyle

Another approach to asking about the effect of obesity
susceptibility genes on the problem of obesity is to
study the effect of those genes in people with different
life styles

Recent work demonstrates that the effect of FTO differs
depending on energy expenditure

Specifically, the effect of FTO on BMI Is greater in those

who are sedentary and its effects are minimal in those
people who are active
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