International Statistical
Genetics Workshop

Benjamin Neale, PhD
June 2021

Content warning: eugenics



Virtual format!



Few words on the curriculum



%30
- 0----=0 Kenyon nomads

L
F " ® ® London civil servants

20

| I b'---m

|
60 80 100 120 140 160 180 200
SYSTOLIC B.P.{mm.Hg)

Figure 2 Distributions of systolic blood pressure in middle-aged men in two
p{}pulati{}mzj

International Journal of Epidemiology Vol. 14, No. 1
© International Epidemiological Association 1385 Printed in Great Britain

Sick Individuals and Sick Populations
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Introduction to genetics



Mendelian Genetics
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East 1916: Inheritance of Corolla Length in
Nicotiana longiflora

As various writers have pointed out, all Mendelizing characters prob-
ably are dtie to the interaction of several genes, and presumably every
gene may exhibit several somatic effects, yet no one doubts that the
Mendelian notation describes the inheritance of such things as color
accurately and concisely. It is strange, therefore, that some geneticists
still refuse to believe that the inheritance of size characters can be de-
scribed in the same way, without further assumptions.



Neo-Darwinist Reconciliation

XV.—The Correlation between Relatives on the Supposition of Mendelian Inherit-
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1 THE
DESIGN OF

EXPERIMENTS

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 picture from 1913
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I Liability threshold model. Pearson and Lee (1900)
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https://royalsocietypublishing.org/doi/pdf/10.1098/rsta.1900.0024

Genotype with an additive effect
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+a +a
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Additive model

Manuel Ferreira
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Genotype with an additive and dominance
effects d>o0
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Means, variances, covariances

1. Mean (X)

R

X 5
(X)) == a

Trait



Means, variances, covariances

2. Variance (X)

Trait



Means, variances, covariances

3. Covariance (X,Y)

Z(Xi — Hy )(yi — Hy )

Cov(X,Y)=- 1
n_




How much mean and variance?

1. Contribution of the QTL to the Mean (X) = %f(x)
e.g. cholesterollevelsin the population i
Genotypes AA Aa aa
Effect, x a d -a
Frequencies, p 2pq q’
f(x)

Mean (X) = a(p?)+d(2pg) -a(g?)  =alp-q) + 2pqgd



How much mean and variance?

2. Contribution of the QTL to the Variance (X)  Var=>) (x —u) f(x)

Genotypes AA Aa aa
Effect, x a d -a
Frequencies, p? 2pq q?
f(x)
Var (X) = (a-m)2p?+ (d-m)?22pqg + (-a-m) 2572
= Van

Heritability of X at thislocus = Vg / V 101ql



How much mean and variance?

var (X) = (a-m)2p? + (d-m)?2pg + (-a-m) 27

20g[a+(g-p)d]?  + (2pqgd)?

m =a(p-q) + 2pqd

+

VAQTL VDQTL

Additive effects: the main effects of individual alleles

Dominance effects:represent the deviation from additive effects




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
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LD Score regression distinguishes confounding from
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Many many further considerations!
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Several attempts have already been made to interpret the well-established

results of biomefry 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



What about the genome?
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ve cste April 25, 1953 NATURE .

equipment, snd 0 Dr. G, E. R, Deacon and the
captain and alficers of B.R.5. Discovery 1T for thir
parl in making the observtions,
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish io auggest a structure for the st
of deoxyribose nuclede acid (DUN.AL),  This
atructure has novel featars: which sre of considerable
binlagieal intereat.
A atoeeture for nocleis scil has slroady been
meel by Pauling and Corey?. They kindly made
manuseript avoilable 10 s i sdvenes of
publisation.  Their model consists of three inter
twinad chaing, with tha phoaplsies near tha fbre
axis, sl the beses on the outside. Tn our opinlan,
this structam ja unendlisfotary for two ressons
i} We believe thot the mederial which gives the
Xopay digiana i e alt, nat the free dosd, Without
the avidic hydrogen atoms it is not olear whot foross
would bkl (ha strsetune topether, mapecially sa the
negatively charged phosphates near the nxis wil
vopel el otber. (21 Sore of the van dor Wil

distannss 8] 1o be ton e
Another throschain strooture has also beon sug-
gusted by Fraser {in the press). Tn his model the

phesphates are on the ontside and the bases on the
iraide, Hnked together by hydrogen bonds. This
atructure &5 described s rthor ill-defined, and for
this reason we shall not eommant.

o it.
We

o to put dorward s
ruliially difforent strisctane for
the st of deoxyribose nuebsio
id,  This strastirs bks two
helicol chains each coied roand
thie s axis (see disgram). We
hawe mnde the usual eheonden!
#esumptions, naroely, that un:_h
i

ehain pomsista of

DNA

v

is & roealdue on ssch shain every 34 Al in the sdime-

. We have sssumed an angle of 30° betwoon
adjacent msidies in e sime chain, so that the
struolune ropests after 10 residuea on sach chain, that
s, adfter 4 A, The distance of 8 phoaphorus stom
fram. the Gl axin js 10 A, As the phosphsdes sre cn
the outside, sations have sagy acous to them,

The strueture is an open one. and ita waser contoat
is rathor high. At lowee water condents we would
expeat tha bases o tilt so thas the strueturs coubl
| ————

The novel feature of the strsstue & e naanee
i which the two chaing are held togesher the
pusinn anl pyrimidine basss, The planes of Uha bass
ure porpendivular to the fibve axis, They are joined
tigathak if pairs, & single bass from ans chnin baing
Tyrdrogencbonded to o single base from the other
cliain, 80 thit the two lie sids by sida with idontiosl
zeppeordinates. O of the pair must be s parine sod
the othor & pyrimidine for bonding te osour, Tha
hydragen bords ars rads as Follows | purine peaition
1 to pyrimidine position 1 purine position 8 fo
pyrimiding poaltion 5.

If it s nssmmed that the boses only ocenr in thae
structure m the most plassible tautomeric forma
ithat s, with the keto rather than the enol eon-
flgurations) it i found thet caly speoific paine of
‘beases can bomed together. Thesa poim ar: adenis
{pusing) with thymine (pyrimidine), and gasnine
purinel with oyteaine (prrinidin),

T ether words, if an adenine forms ono member of
& pair, on either chain, then on these aesumptions
the other member mas be thymine ) similarly for

ine. ad cytosine. The sequenss of bases on o
single chain does not appear 00 ba resericted im any
way. However, if only spocifie pair of basa oun, b
foresad, it followa that if the squence of basss on
ann ohain is given, then the ssquence an the other
whiin i= subiematialy detarmined,

Tt hna been found experimentally™ that i ratio
of the amounis of adenine to thymine, snd the ratio
of guanine to oytosine, ase always very eligs Lo Wity
for dosxyriboss mucles acid,

It iz probably impoasible to bulld this structure
with & ribeose geger in place of the deoxyriboss, &8
tha extrn axygen atom would malcs ton o von
eler Waals contact,

The proviously published X-my datat® on deoxy-
Tibose muobsin acid wre insafflelent for & rigorous. test
af our strssture. So far 0s wa ean tell, it i roaghly

s with the i ] dats, but it misst

e grougs joining S-n-deoxy
ribofuraacse maducs with 3,
linkages,  The twoe chaing (Lt
nat their bases) soe relsted by a
dyad parpendiolar to the Gl
axis, Both chains follow right-
handed  boligea, bul owing ta
the dyad the sequences of the
atome in the two shains iR
in opposice  directions. h
chain  Isassly  mesambles  Fur-
- berrs® modsl No. 1@ that is,
o ihe bosa arg on the insde of
- the helix and 1he phosphates on
Tps Fane % pardy  yhe autside,  The conligaration
el symvolize the  of the suger and the ntoms
T Phephse e genr 6 8 clies A0 Furbeegs
comta'rots e paits i “stendard configuration’, the
bassbodling i shelis  gugae boing roughly  Derpendi-
e e iteracty el 40 tho atisched bass, There

T regarded s unpeaved until it has teen ehecked
il ke oxAct meelts, Home of these sre giver
i the following communioations. We wars b Gwess
af e dotaila of tho fesulls prasented there whea we
ised our stroctare, which rata mainly though not
antirely on published experimental dats and stereo-
chemicnl nrgumonts.

Tt his mot eechpod our nodice that the specifie
alring we have poatulated immedintely ssgEests o

saibe iy mechanism for the i materinal.
W’\l!l dﬁﬁ.'ﬁr the stroptars, IleL:‘?u the som-
ahitivns sl in building it, together with o set
of ocrdinates for the otoms, will by published
wilsewhmre,

We nre wuch indebted to Dr. Jerry Donobue for
oonstant advice and eriticism, especially on inter-
anamie dstances, We hava aleo Teen stimubsted by
= knowlodge of the general rusture of the unpublisked
experimentsl Tosalts and Wleas of D, M, H. F.
Wilking, Dr. . E. Franklin and their co-workers a5

1953 watson & Crick

base pairs

m base pairs

&

=

nucieotide

sugar-phosphate
backbone -

g’

(® phosphate [ S nitrogen-
containing
sugar BT =il bases
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Bases:A,C, G, T



* 23 pairs of chromosomes

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

* ~20,000 genes

DNA
molgcule

Gene 2 =}

( Gene 1 ‘9\)"7\:% “

/‘Ly/ Gene 3
DNA strand 3’ 5
(template) ANCHCRABARARCHNCRGRARNGHET

]
mRNA 5 —————— %
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Twenty years of technological progress

Characterizing common variation
2003 - 2007

%ﬂv oSy
e
pE=SESoass .:,-55—%}}

= //ﬁilllom of features possible
> on each GeneChip® array

Sequience creates det
gpportunities’
X

Next generation sequencing
20009 - present

: - DNA probes in one corner
of an Affymetrix array

Mappingthe human genome Genome-wide association (GWAS)
2001 2005 - present



Technologies

Arrays Exomes Genomes

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



Single Nucleotide Polymorphisms (SNPs)

DNA sequence Genotype
Chrom. SNP 1 SNP?2
Person | Mat GTAACTTGGGATCTAGACCAGATAGAT AR GG

Pat  GTAACTTGGGATCTAGACCAGATAGAT

Mat GTAACTTGGGATCTAGACCAGATAGAT
Person 2 AC GG

Pat  GTAACTTGGGATCTCGACCAGATAGAT

Mat GTAACTTGGGATCTCGACCAGATAGAT
Person 3 cCC GT

Pat GTAACTTGGGATC TgGAC CATATAGAT

| |
SNP 1 SNP 2

* Mutation that arose at some point in demographic
history
« Typically, each SNP has two alleles (bases)

 Each SNP is eventudlly given an “rs" numberrs214621



Structural variation

Deletion Inversion
. e 0Z2ESEEEREEN 00
Insertion —1
Duplication
| Copy number
s variation e
— _A - — - . - —

_'—._

https://www.ebi.ac.uk/training/online/courses/human-genetic-variation-introduction/what-is-genetic-variation/types-of-genetic-variation/



Definitions

A4 / >

SNPs trait variant chromosome

Affection  Trait,...Trait,

haplotypes o
\Q—O—O—O—O— A 10.3 75.66
O0—0—C0O—0 00—
genotypes
el o e e A 9.9  -99
alleles \O O—@—O—0O
T O0—e—e—0O0-0— U 15.8  101.22

Lon Cardon



Allelic Association

SNPs trait variant chromosome

N \ /

Genetic variation
yields phenotypic variation

More copies of ‘B’ allele More copies of ‘b’ allele

O O
@ O.. o OO.

Lon Cardon



Simplest Regression Model of Association

Yi=a+pX;+e
where
Y, = trait value for individual i
X;= 1 1fallele individual 1 has allele ‘A’
0 otherwise

1.e., test of mean differences between ‘A’ and ‘not-A’ individuals

*
.
1)
*
T T T T T
X

Lon Cardon



