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Sick individuals and sick populations Rose 1985
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Mendelian Genetics
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Co-dominance
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East 1915: Inheritance of Corolla Length in
Nicotiana longiflora




Neo-Darwinist Reconciliation

XV.—The Correlation between Relatives on the Supposition of Mendelian Inherit-
ance. " By R. A. Fisher, B.A.  Communicated by Professor J. Arraur
Tromson. (With Four Figures in Text.)

(MS, received June 15, 1918, Read July 8, 1918, Issued separately October 1, 1918.)
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Several attempts have already been made to interpret the well-established
results of biometry in accordance with the Mendelian scheme of inheritance. [t
is here attempted to ascertain the biometrical properties of a population of a more
general type than has hitherto been examined, inheritance in which follows this

Ronald Fisher (1918)
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Infinite Outcomes
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_iability threshold model
Pearson and Lee (1901)
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Genotype with an additive effect
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Additive model

Manuel Ferreira



Source of variation
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Genotype with an additive and dominance
effects d>o0
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How much mean and variance?

1. Defining the Mean (X) =y xf(x,)
e.g. cholesterol levels in the population J
Genotypes AA Aa aa
Effect, x a d -a
Frequencies, p? 2pq q°
f(x)

Mean (X) = a(p?) +d(2pqg) -a(g?)  =alp-g) +2pqd



How much mean and variance?

2. Contribution of the QTL to the Variance (X)

Genotypes AA Aa
Effect, x a d
Frequencies, p* 2pq
f(x)

Var (X)

= Van

Var = Z(xi _:u)zf(xi)

i

= (0-m)?p? + (d-m)?2pqg + (-0-m)?qg?

Heritabillity of X af this locus =V / V 16t



How much mean and variance?

Var (X) = (a-m)?p? + (d-m)22pq + (-a-m)?q?

m = a(p-q) + 2pqd 2pg[o+(g-p)d]?  + (2pqd)?

AQTL Darn

Additive effects: the main effects of individual alleles

Dominance effects: represent the deviation from additive effects




Twin and family studies — probability o

having schizophrenia conditional on relative
|
General population 15 . 12.5% yrd degree relatives
First Cougints % D:ﬁi:m[d-:pﬂ refatives
Unclesjhunts [ 2% B 0% 15t degree relatives Near continuous fall off of risk —
Neghewes nieces [ 4% B oo proportional to amount of shared
| genome
Grandchildren
Half siblings
Parents
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Children
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ldentical Twing

Gottesman 2001 Genes and More



What about the genome?




DNA

= Structure
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose MNucleic Acid
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in which the two chaing ame hold togecher the
pusing and pyrimidine bases, The planes of the bases
wre parpenedioular to the fibee axis, They e joined
togothar jn paim, & single base from ona chain balng
hypdrogen-bonded co o single base from the other
chain, a0 that the twa lie side by side with identiesl
a-ppeordinndis. (s of the pair must be & purines amd
the other & pyrimidine for bonding 1o oseur,  Tha
Iiydragen. bands are pade as follows | purine pesition
1 ta pyrimidine position 1; purine poeition & to
Pyrimidine position 6.

IF it s Asmimed that the bases only oceur in the
stracture i tha most plasEibls tAuwtomeric forma
{that ia, with the keto rather than the enol eon-
figuraiions) it @ found thet only spevifie paine of
bases can bond together. Thesa paim aro ; adenins
(pusiag) with thymine ipyrimidme). and  gonnine
[purine) with oytosine (prrimidins),

T other wirila, if an adenine forms oo member of
& pair, on either chain, then on tless smEmptions
tha other mamber mus be thymine ; similarly for
gunnine ad oytosine. The sequanss of boses on o
singly chain doss not appesr fo bo restricted in any
way, However, if only spovific pairs of bassa enn be
forriwl, it followe that il the sequenos of basss on
ann chain is given, then the ssquanss an the other
shain i sutdmatieslly detormined.

Té hna been found experimantally®™ thai ihe ratio
ol the am 2 of aclesunes to thymines, snd the ratic
af guanine to oytosine, see slways very close b unity
far dooxyribose mlese acid,

It iz probably impossible to buld thie structare
witli A rilkse sugar in place of the deoxyriboss, &8
tho extra cxygon atom would maks too o von
der Waals contast,

The previousy pablished X-my detat? an decsy-
ribose nusksio acid are ineafflcient for & rigorous teat
af our strsture. So for na we onn tell, it ia roaghly
eompitible with the sxperimental date, but it most
T reganded as unpeoved untll it has een cheeloed
aggainal mte pxAt el Home of thess sre given
i the following communications, Wo wore 1m0t swas
af the dotnis of the reults presented there when we
devised onr stroctars, which wata mainly though not
antirely on published experimental dsts and stereo-
ahamical nrguments.

Tt his mot eschped oor notive that the specifio
airing wo have postulated inumedintaly auggesta o

mibls iny merhanism for the in material.
Pu?ull dmﬁl“;f‘ the structarg, |)\¢I@|,:|?|‘u the comn-
ditivne geswmeil in building it, together with o se
of go-ordinstes F ha otoms, will be pubdiahed
alsewhmre,

We are much indabted to T, Toery Thamobue for
oomstant, advice and oritiism, cspecsslly on inter-
atamie distanees, We have aleo been stimulated by
& knowlsdge of the genersl nature of the unpublisked
expesimenial mosults and idess of D, M, H F.
Wilking, Dr. R, E. Franklin sand their co-workers s

1953 Watson & Crick

base pairs

nucleot
sugar-phosphate
backbone

(®) phosphate g SR nitrogen-
containing

sugar [T =illE bases

) 2007 Encyclopadia Eritannica, Inc.

Bases: A,C, G, T



DNA

= Sequence
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« 10 years
« USD $3 billion
« Sequence DNA of one single person

~ 3,000,000,000 nucleofides



DNA

= Organization

* 23 pairs of chromosomes

* “pairs”: one copy from father, one mother

» ~20,000 genes

DNA
molecule

Gene 2 0

( Gene 1 "v"\"{};{j“"

/L\fj Gene 3

DNA strand 3’ &
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DNA

= Variation

namr C

THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE
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Pilot studies prepare the way for populatlon -scale gene sequencing PAGEs 1050 1061
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2010

« Sequenced DNA of >1,000
individuals

« 5 years

 Less than $5,000 per individual

~3,000, 000,000 bases
~30,000,000 different
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Contribute to making us different:

how we look
behave,
diseases,
efc



DNA

30,000,000 nucleotides where the base can differ between people

« Single Nucleotide Polymorphism, SNP
DNA sequence Genotype

Chrom. SNP 1 SNP?2

Person | Mat GTAACTTGGGATCTAGACCAGATAGAT AA GG

Pat GTAACTTGGGATCTAGACCAGATAGAT

Mat GTAACTTGGGATCTAGACCAGATAGAT
Person 2 AC GG

Pat  GTAACTTGGGATCTCGACCAGATAGAT

Mat GTAACTTGGGATCTCGACCAGATAGAT
Person 3 CC GT

Pat GTAACT TGGGATCT?GAC CATATAGAT

| |
SNP 1 SNP 2

* Mutation that arose at some point in evolution
» Typically, each SNP has two alleles (bases)

« Each SNP is eventuadlly given an “rs” numberrs21462]1



Other kinds of variation

Deletion Novel sequence insertion Mobile-element insertion
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Tandem duplication Interspersed duplication
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Inversion Translocation
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Published: 01 March 2011
Genome structural variation discovery and genotyping
Can Alkan, Bradley P. Coe & Evan E. Eichler &

Nature Reviews Genetics 12, 363-376 (2011) | Cite this article
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Distribution of allele frequencies

Vou. 23, 1937 GENETICS: S. WRIGHT 307

THE DISTRIBUTION OF GENE FREQUENCIES IN POPULATIONS
By SEwALL WRIGHT

DePARTMENT OF ZoOLoGy, UNIVERSITY OF CHICAGO

Read before the Academy, Apnil 26, 1937

CaprTIONS FOR FIGURES ON OPPOSITE PAGE

Figures 1 to 3. Some of the forms taken by the distribution of gene frequencies in

the case of no dominance. (¢(g) = Ce'¥*g*¥-1(1 — ¢)*¥“~1). Mutation rates are

1 10
e assumed constant and equal (¢« = v). Effective size of population is N = 20; E’
- v
_Fi g . l 100

and Z{-)_ in figures 1, 2 and 3, respectively. In each case the solid line represents the
v




Surveys of variation

gnomAD browser gnomADv21.1  ~ Search About Team News Changelog Downloads Policies Publications Feedback Help

gnomAD
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« Download gnomAD data
« Read gnomAD publications
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2020 The Genome Aggregation Database (gnomAD) has aggregated 15,708 whole
genomes and 125,748 exomes



Ways to assay genetic variation

Arrays Exomes Genomes

Upside Hits + epi Gene identification Comprehensive capture
Downside Hit interpretation Limited Scope Cost (small N)



Other interesting things about our genome

Organization of Eukaryotic Chromosomes

DNA double
helix

The genome is dynamic

DNA is chemically modified

-e.g. methylation

It acquires somatic mutations
-particularly in response to mutagens




Example of epigenetic assay — ATAC-Seqg

Open Chromatin -> genes in the region might be expressed

Dynamic process in the cell — changes in response to stimulus



Finding and quantifying the
impact of genetic variation on
traits



Linkage analysis — fruit flies and simple traits

A\




Building linkage maps
Classic BRCAZ2 Pedigree Collect families

Genotype ‘microsatellites’ - variable length polymorphisms
%) | §
Breast, dx 45 Ovarian, dx 58

Trace the inherited chunks of chromosomes
Prostate, dx 55
@ O L
Pancreatic, dx 55

@/ Find identity-by-descent
o[
/ Breast, dx 52

https://www.ncbi.nlm.nih.gov/books/NBK65767/figure/CDR0O000062855 2586/



Linkage found the gene for many single gene
disorders

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

Disease Type of Inheritance Gene Responsible

Phenylketonuria (PK A al recessiye Phenyvlalanine ase (PAHN

Cystic fibrosis

. . . CA example
—— However, linkage basically did not work for most complex A=

Albinism, oculocuts traits with a handful of counterexamples including:
e APOE for Alzheimer’s Disease

S — BRCA for breast cancer

fominant, yee & NOD2 in Crohn’s Disease

Neurofibromatosis, t

Polycystic kidney disease A Polycystic Kidney disease
polycystic kidney disease 2 (PKDZ2),
respectively

Hemophilia A X-linked recessive Coagulation factor VIII (F8)

Muscular dystrophy, Duchenne X-linked recessive Dystrophin (DMD)

type

Hypophosphatemic rickets, X- X-linked dominant Phosphate-regulating endopeptidase
linked dominant homologue, X-linked (PHEX)

Rett's syndrome X-linked dominant Methyl-CpG-binding protein 2 (MECP2)
Spermatogenic failure, Y-linked Ubiquitin-specific peptidase 9Y, Y-linked

nonobstructive, Y-linked (USPYY)



Common variant discovery in schizophrenia

PGC schizophrenia working group

42

39 H

36 .

33
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20 Stephan Ripke Mick O’'Donovan Pat Sullivan
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Schizophrenia exome meta-analysis
(SCHEMA) data and definitions

TJ Singh

Stage 1 Stage 2
Case-control discovery De novo mutations 03

gchitzolphrenia EAS
entro 1,730 cases
. . 1,607 + 6,806 controls A
AFR
0.2 AMR

@
@
@ EAS AMR SAS
0.1 = ggg 1,388 cases — 110 cases ol
. 3,146 + 12,008 controls R 153 confrols ™, %

PC2

24248 97,322 3,402 0.0 ASJ .
cases controls probands ' e BEOcases . "
Genes with e . .. 2,415+ 548 controls
P <0001 . AFR LT "lv'!._ﬂ" * & - .
+ 0.1 Y.
Class | Class Il > 2372 cases EST PO 2ig _

PTVs + Missense . , 1935+420 controls 261 cases— ik
Missense {MPC 2. 3) Pnlssan“r_ata hetstt_usmgt 02 2,281 contrals gy e S
(MPC > 3) gene specific mutation rates 1.367 cases — EUR . 3 ;

8,639 + 3,542 controls 16,151 cases
18,277 tests 4,536 tests 03 30,261 + 23,561 controls
Permutation-based Exact Test 0.4 0.3 0.2 -0.1 0.0 0.1 0.2
PC1

Article

Rare coding variants in tengenes confer
substantial risk for schizophrenia

Nature, 2022



Known genetic architecture of schizophrenia

100 %29 del

XPO7 22qg11.21 del
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Polygenes!

Many small genetic effects Can we develop a little further?

We can assume a distribution of
SNP effects and now generate
estimates of heritability

REPORT

GCTA: A Tool for Genome-wide Complex Trait Analysis
Jian Yang,'* §. Hong Lee,! Michael E. Goddard,?* and Peter M. Visscher!

LD Score regression distinguishes confounding from
polygenicity in genome-wide association studies

Brendan K Bulik-Sullivan'~3, Po-Ru Loh!*, Hilary K Finucane*>, Stephan Ripke*?, Jian Yang®,
Schizophrenia Working Group of the Psychiatric Genomics Consortium’, Nick Patterson!, Mark ] Daly!-3,
Alkes L Price!*® & Benjamin M Neale! 3



The rise of the polygenic score

Non-patients Patients Polygenic risk score: risk prediction of
an individual's phenotype from DNA

Healthy Disease

Higher risk:
more genetic
risk variants
—_—

Lower risk:
Fewer genetic
risk variants
—

1% 10% 90%  99%
: Overall . ,
Lowest percentiles genetic risk Highest percentiles




The rise of the polygenic score

Non-patients Patients Polygenic risk score: risk prediction of
5 -o o an individual's phenotype from DNA

":Oﬂ% 2@ K

‘|Research: deep phenotyping

}| Clinical trials: high-risk identification

§§ Routine clinical use? preventative medicine
Qfmbryo selection???

"\ / Y rSk variants

X If

ﬂ{é‘
-

[iC
risk variants
—_—

1%  10% 90% 99%
Overall

Lowest percentiles genetic risk

Highest percentiles




Some questions that you might learn how to
answer over the course

Can we quantify the impact
genetic variation has on trait
variation?

How do we analyze Is it possible to estimate
unrelated individuals? individual genetic risk?

What genes and variants How do we analyze family Can we find causal

matter? data? relationships using genetics?

How do we protect against
artifacts and confounds in
genetic analysis?

What do associated variants How do we analyze rare
do biologically? genetic variation?
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