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What is common among them?
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..Schizophrenia affecting one of the close
relatives



The invisible plague

Steady rise

of prevalence

of neurodevelopmental
disorders during

the last 260

years

Autism
Bipolar disorder
Schizophrenia
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Hypertimic,
autoimmune Addison’s disease,
steroid-induced bipolar disorder




Depression




Bipolar




Depression/bipolar




Depression




Bipolar disorder

Hounted by a “black dog”
of depression
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UNCOVERING THEYUSESER S BETWEEN
LEADERSHIP AND NEENTAL ILLNESS
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Book’s main thesis:

“Insanity” was strength of
great leaders, rather than
weakness, directly
contributing to their
SUCCesS



Genetics?






(OBESITY TRENDS in the USA
Source: CDC)
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Obesity Trends* Among U.S. Adults
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Obesity Trends* Among U.S. Adults
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Obesity Trends* Among U.S. Adults
BRFSS, 1991
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BRFSS, 2004
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Obesity Trends* Among U.S. Adults
BRFSS, 2009

(*BMI =30, or ~ 30 Ibs. overweight for 5’ 4” person)
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Changes happen too fast!

(Same story, for example, with autism and
diabetes...)

Should consider environment!



Environment?



Nature vs. Nurture

Genes or environment?






Environment
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Data: pedigrees + genetic variation +
phenotypes (disease or healthy)



Genetic-linkage Mapping of
Complex Hereditary
Disorders to a Whole-
genome Molecular-
Interaction Network
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Methods

Genetic-linkage mapping of complex hereditary
disorders to a whole-genome molecular-interaction

network

lvan lossifov,' Tian Zheng,? Miron Baron,® T. Conrad Gilliam,*
and Andrey Rzhetsky*>¢

18:1150-1162 ©2008 by Cold Spring Harbor Laboratory Press; ISSN 1088-9051/08; www.genome.org
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One-chromosome example
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Combinations of genes:
108 -- 2 genes

10%% -- 3 genes
10%® -- 4 genes

1037 -- 10 genes



Now, we have 23 chromosomes in

two copies,
~25,000 genes
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Then we realized
that the clusters
o should be
allowed to have
arbitrary

6 topology




LOD score
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BIPOLAR DISORDER
SCHIZOPHRENIA

AUTISM
“Our” predictions indeed form &verlapping networks!

Disorders

N

Gene-specific p-values







Completely different type of data
(the same problem)



Current age:
15

Ethnicity:

Hispanic Female
Unspecified viral
Infection at age 6

Data: ICD9 codes in Columbia
University clinical database



Data

Z=1.5 1 106 patient records
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Probing genetic overlap among complex
human phenotypes

fundray Rzhetsky®*¥, David Wajngurt®, Nasun Park®, and Tian Zhengd
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Assumptions

1. If the same environmental effect triggers two (or more)
different maladies, it typically does so through molecular
mechanisms that are common between these two maladies.

In other words: common environmental triggers of two
phenotypes can be neglected.

Although this assumption is likely to be violated for some pairs .
of disorders, it is a reasonable starting point for the model.

2. For each phenotype pair (D, and D,), the whole human
genome can be divided into four disjoint sets of nucleotide
sites.

3. We assume a spectrum of hypothetical mechanisms that
connect genetic variation within the four sets of nucleotide
sites to the disease phenotype (genetic penetrance).



‘all models are wrong,



4 sets of genomic sites
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Model outline...

Number of
genetic
polymorphisms
Phenotype at

ki (D1) the end of life | Phenotype before
— — orataget|
K12 (D4 and/or D-) 4E T2,k/01:k/02: shanofpeat e
K (D 2y W15 182 end of life
2 ( 2) and Kq»
N\ - J \ - J\ > /
Poisson Step functions Ermpirical ¢
distributions with mplrﬁa a%e-o i
with sarameters onset functions

E(ki)=p1, 7 andz (no parameters)
E(k12)=p12, and
E(k2)=p2.



Bipolar disorder
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Number of patients

.9

. 2,122

16,979
57,305

135,833
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This genetic overlap was only a
hypothesis in 2007

Now it is confirmed experimentally
in multiple independent studies



Some horn-blowing...
Technology

FUBLISHED BY MIT

@N EWS/Tech nology

Mapping Complex Diseases

A computer model of epidemiclogical data from 1.5 million people illuminates the genetic
origins of many common diseases.

By KATHERINE BOURZAC
July 9, 2007

Researchers at Columbia University have mapped the overlap between 161 different diseases by
studying epidemiological data from 1.5 million patients. Among their findings is a strong overlap
between schizophrenia, bipolar disorder, and autism, suggesting that these three diseases may be
caused by a shared group of genes. The researchers hope others will use their map to further
investigate the genetic bases of the diseases they studied--genetics that in most cases are poorly
understood.

Certain diseases caused by single genetic
mutations are correlated with other
conditions in well-known ways, says Andrey
Rzhetsky, the leader of the mapping project,
who is now a professor of genetic medicine
at the University of Chicago. For example,
the same mutation in the gene for
hemoglobin, the protein that carries oxygen
in the blood, causes sickle-cell anemia but
protects against malaria. Unlike sickle-cell
anemia, however, most diseases aren't

The maps reveal connections between migraine and other caused by a single mutation. The genetic

z;iﬁiis;::f;z:;"fmms' factors underlying most common diseases,

such as diabetes, addiction, and heart

disease, are complex and poorly understood. But Rzhetsky found connections between genetically
complex diseases, too.

UROLOGY TODAY - .

Neurology Today:

7 August 2007 - Volume 7 - Issue 15 - pp 1,14-15
doi: 10.1097/01.NT.0000286902.40154.71

Article

NEUROLOGY.

A New Model for Mining Data on Shared Phenotypes for Autism,

Schizophrenia, and Bipolar lliness

Talan, Jamie

Back to Top | Article Outline

ARTICLE IN BRIEF

v Biostatisticians used a complex mathematical formula to
chart associations ameng disparate diseases, including
autism, bipolar disorder, and schizophrenia.

Scientists have mined information frem 1.5 million medical
charts in an attempt to find shared genotypes that could
explain groups of illnesses that either track together or put
people at higher risk for multiple neurological and psychiatric
problems, including autism, schizophrenia, migraine, and
bipolar iliness.

Andrey Rzhetsky, PhD, professor of medicine and human
genetics at the University of Chicago, got the idea for this
mathematical model while at Columbia University Medical
Center. An expert biostatistician, he had to 1.5 millien
patient records from the medical center over a 20-year
period.

Figure. A mathematic...
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David Charbonneau’s
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Gram-negative

‘* Type 1 diabetes

w3 Schizophrenia

®  Bipolar disorder a

SIX DEGREES OF AUTISM Connecting complex diseases

Researchers at Columbia
University gathered clinical data from
1.5 million patients with 161 different
diseases and put the findings
togather 1o explors commanaities.
Than they creatod @ mag {abowe)
that focuses on the connections
Bmong sehizophrenia, bipciar
disarder, and autism {in yellow)—
Ewoe complex neurodevelcpmental
diseases with poory understood
genetic companents. Each bubble
represants 8 distinct dissase o
disorder that is linked with one or
more of these thrse diseases, and
the size of each bubble represents
the number of patients with the.
«condition (from § to 135,83%). Red
inos fink diseases that frequently
appear together, and purple lines.
fink those that ae lsast likely to
occur togather.

Alzheimer's

®

Tuberculosis |

——

Psychiatrists have long suspected
that schizophrenia, bipolar disorder,
and sutism have similar genetic
underpinnings, but this map s the
first to demanstrate just how much
common ground the thiee diseases
share. The resuits suggest that
genetic variations could predispose
a persan o all three disorders.

Mot of tha comelations on the

map are pasitive, hinting that the
same genetic mutations can cause
more than ane disarder. But same
diseasss wer found to compate
with one another. Woman with breast
Gances, for axample, were not fikely
1o have schizophwenia or bipolar
disorder, and vice versa. Andrey
Rzhetsky, who led the group that

Some horn-blowing...

Vitamin deficiency

o @ ®

a ]

Type 2 diabates

-

. Ceredral palsy

‘vumm; disease

®

Autism

Fragile X syndrome

created the map, says this makes
sans0. Schizopheenia and bipolas
disorder involve abnomal cel death
[P ——
Imvoives abnommal cell growth.
Judging from the amount of overiap
wiith infectious diseases like
tuberculosis and AIDS, the samo
nes that dictate susceptibiiity
to infection could aiso influence
susceptibiity ta the big thies
neurclogical disordars. Altsrmativaly,
schizophvenia, bipolar disorder, and
autism could be collateral damage
fram an infecting pathogen.
Some of the bubbles on this map
rapresent autoimmune disorders
ke rheurnatoid arthiitis. With thosa,

tha immune system identifies the
body’s own cells as foreign and
aunches an attack, Rrhatsky
speculates that in some cases, th
threa neurodevelopmantal diseas
could be collateral damage from
biclogical muting of the neurons.

Aicoholism reguiary occurmed wit
Bboth schizoph ia and bipolar
disgecier. But “aicohoksm also tgh
comelates with other pychiatric
traits” like depression, Fizhatsky
says. Do the iinesses and alcoho
dapendency stem from the same
genes, or is ona diseass caused
by the other? Rzhatsky hopes the
g =which razes such quastior
will insspire future resasrch and
eventually answars.

Jocelyn Ric
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Thank you!




