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Sick individuals and sick populations Rose 1985
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Mendelian Genetics
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RATE OF REGRESSION IN HEREDITARY STATURE.
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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, Tssued separately Oectober 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

d=0
- a d +a
+a +a
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m=20
aa Aa AA

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 _ﬂ)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 of
having schizophrenia conditional on relative

General pepulation 1% . 12.5% yed degree relatives
First Cougirts 2% [j F ¥, :rbdi-:l-:;g;ml: relatives
UnclesyAunts [ 2% Bl 5o 15t degree relstives Near continuous fall off of risk —

4% B oo proportional to amount of shared
genome

Nephews [Nistes
Crandchildren
Half siblings
Parents

Siblings

Children
Fraternal bwing

ldentical Twins

Gottesman 2001 Genes and More



What about the genome?




DNA

= Structure
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish o suggeat s stractues for the sle

of deoxyribose nucleie acid (DON.AL), This
slruciur has novel festares which are of considerable
anlogieal interese,
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wonld bkl tha strseiune together, capecially oa the
negatively ch phntes neor the sxis will
rapel each other. (3] Some of the van der Wials
distancss a) to be too small

Ancitber the-ehain strostare e also Beon -
gmszed by Fraser (in the press). Tn his molel the
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this reascn we shall ot eoommant
on it
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hawe made the usual chemical
emipmplions, namely, 1hat whih
chuin consists of phosphote di-
ealer grings joining §-o-dooy-
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linkages,  The ewoe choins (bt
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dyad perpendicular ta the Bl
axis, Both chains follow right-
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Wi of the sugnr and the wtoms

Kl Ay Tibadlse
fwo Phophate skt penr it in slees Ao Furberg's
it ot e i e stendord configuration’, the
barbditing 1 a5 gugnr boing roughly perpandi-
Vo vesths . ioge waje #ular o the sttackod bass, Thers

NATURE 787

is & rosidus on esch chain every 340 AL in the sdiee-
tion. We have sasunsed an angle of 30° betwoeen
asdjacent Tosidiea in Lwe same ohain, so thet the
atFsiliane ropests after 10 residues on sach ohain, dhat
is, after 14 A, The distancs of & phosphorus stom
framn thie b axin is 104, As the phosphinde see on
the outside, cations have sasy acows ta them,

T atrueture is an open one, and ita water santont
is rothor high. AL lower whter comtents we woubd
expect the basss 1o tilt so that the atrusture ookl

O TR TR

The povel feature of the stresture & il manner
in which the two elhaing st hold together the
pusing anid pyrimidine bases. The planes of the bases
wre porpendioular to the fibee axis, They are joined
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It iz probably impossibls to buid this structare
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2 2007 Encyclopsedia Britannica, Inc.

Bases: A,C, G, T



DNA

= Sequence

15 February 2001 l
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Sequience creafes ey
opportunities’ s

sugar-phosphate
backbone

(® phosphate [ g nitrogen-
containing
sugar EC =lllE bases

« 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*'\"{jﬂji“"

/L\f) Gene 3

DNA strand 3’ &
(template)

_ TRANSLATION | ; |

Y
‘ ; |. T E =
Protein @ Phe/ {GF@ fQ\

Amino acid




DNA

= Variation

namr C

THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

AHI]IIANI]I}EM[S

Pilot studies prepare the way for populatlon -scale gene sequencing PAGEs 1050 &1061

?!',‘“”"E-““"" HATURE
BEYOND THE PHOSPHATE THE RECURRING Vol 467, No. 73
COURT CASE DOWN THE AGES UNIVERSE

Implications for the law, Key nutrient plentiful after i ';m lin on Roger
industry and ethics ‘snowball’ Earth Hm nd idea
PAGE1031 PAGES 1052 & 1088 M 1034

2010

« Sequenced DNA of >1,000
individuals

« 5 years

 Less than $5,000 per individual

~3,000, 000,000 bases
~30,000,000 different

|

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 CA?ATAGAT

| |
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

Ref. — - : —»  Ref, ——>  Ref. : —

! .'._'.l s ' .'- .'. .'. b -'.
Mobile

element
Tandem duplication Interspersed duplication
Ref. e e Ref, — =
) 1 i ] " E "

Inversion Translocation
Ref, pe—e »  Ref, , >

' - f— nature reviews genetics

= :* il R f h Explore content v About the journal v Publish withus v Subscribe

— i — er.

nature > nature reviews genetics > review articles > article

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

35k Accesses | 929 Citations | 45 Altmetric | Metrics




Surveys of variation

gnomAD browser gnomAD V211 ~  Search About Team News Changelog Downloads Policies Publications Feedback Help

gnomaAD
abdd A

Genome Aggregation Database

gnomADv2.1.1  ~  Search by gene, region, or variant
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« Find co-occurrence of two variants
« 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

DNA wrapped
aroun d histone

Nucleosomes
coiled into a
chromatin
fiber

Further
condensation
of chromatin

Duplicated
chromosome

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-Seg

M D M e = P M N

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

Wild type
AA

i

-

h/t Wikipedia entry on genetic linkage



Building linkage maps

Collect families
%] | :
Breast, dx 45 Ovarian, dx 58

Genotype ‘microsatellites’ - variable length polymorphisms
Prostate, dx 55
@ O L
Pancreatic, dx 53

@/ Trace the inherited chunks of chromosomes

Classic BRCAZ2 Pedigree Basic approach
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
Cystic fibrosis h as BRCA example
wasrsmmean  However, linkage basically did not work for most complex traits with (ElgeRIREIgIIITES
Albinism, oculocuta a handful of counterexamples including:

Huntington's disease APOE for Alzheimer’s Disease

Myotonic dystrophy { BRCA for breast cancer

NODZ in Crohn’s Disease

Hypercholesterolemi
dominant, type B

Neurofibromatosis, t

Polycystic kidney disease 1 and 2 Autosomal dominant Polycystic kidney disease 1 (PKDI) and
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 (USPIY)



Common variant discovery in schizophrenia

PGC schizophrenia working group

-log10 (p)

PGC-SCZ charr:
Mick O’Donovan Pat Sullivan

PGC Lead PI:

69,369 with schizophrenia
236,642 without Dx

270 loci

39 - H
36 — u
33 -
o Analysis lead:
Stephan Ripke
27
24 — g ?
a1 °
21 - !
f s H n
: - | .
o0 .g ﬁ ﬁ ‘:,: @ (I:
. ® ?5} . ":I ,
s ’-5 "’* T log
I l ’! fﬁ g*l' |
= 1:‘ I
[ [ I | I | I I [ | I T T T Tl
- o & - i @ O B - -
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Schizophrenia exome meta-analysis
(SCHEMA) data and definitions

TJ Singh

Stage 1 Stage 2
Case-control discovery De novo mutations 0.3

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

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

PC2

24,248 97,322 3,402 0.0 ASJ :
cases controls probands ) i B69 cases - * "
Genes with e~ c. . 2,415+ 548 controls
P<0.001 . AFR LT, JI';:_M‘. = - .
+ 0.1 TN .

Class | Class Il > 2372 cases EST Fe2icr :

PTVs + Missense . . 1935+ 420 controls 261 cases— oY
Missense  (MPC2-3) POBSa w et g 02 SN wopeE e Sl
(MPC oy 3} gene specimc mutation rates 1,367 cases - EUR = .

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 03 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 22q911.21 del .
50 o @® Common variants
@
CuUL1 @® Copy Number variants
GRIN2A @ Rare coding variants

L4 16p1;.2, distal del

20 e O
GRIA3 SETD1.A 15:]13.3 del

(@] ([ )
= p7a11.23.dup 1463 (NRXN1) del
e RB1CCH
3 SP4 ® 16p11.2, proximal dup
o °
© CACNA1G
5 ¢ °
TRIO  1921.1 del/dup
HERC1
2
SLC39A8/C4 LRRC37A2
1 THAPB-L_® o+ = %w. N.Ff...l.....S wscb2
I
e e e IRF3
ACTR1B/ PPP1R26 CUL9
1e-05 0.0001 0.001 0.01 0.05 0.1 0.2 05

Minor allele frequency in the general population



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!'~>



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
4—

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

i
'

&5

D@

2 e o an individual's phenotype from DNA

2

Research: deep phenotyping

Clinical trials: high-risk identification
Routine clinical use? preventative medicine
Embryo selection??? &

/ Y riSk variants
4—

ic
risk variants
—_—)

X If

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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