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Definitions: Genes, Locl and Alleles

A gene cedes for a pretein. Preteins due
EVeryining.

A gene positien on' a chremoseme! s, called
a |ocus.

The alternate forms: off the: gene at a Iocus
are called alleles.




Definitions, continued:

A causative lecus for a trait IS a locus with
DINA SegUERCE: Variation between
IRdIviduals; that contributes Lo Varaton In
the trait between: them.

A guantitatve trait lecus; (QTL) s a
causative lecus for a quantitative trait

(e.g. height, Q).




Definitions: Genetic Linkage

Genes on the same: chreomoseme tend to
pe Inherted tegether. TFhis s called
inkage.

fhe cleser together two genes lie, the
mere often they: are Inneried tegether:.




Genetic Markers

Algenetic markeris a knoewn and detectanle: variation
N a gene or ether stretchl off DNA.

e presence ofi a marker can be detected 1n an

Individual erganism’s geneme: andiits Inhertance can he
fellewed.

A marker that 1s linked te' a lecus alffiecting a traitwill
appear mere ofiten i Inadividuals with that: trait.




Gene Mapping

Goal off gene mapping IS terlocate genetic
|0CI that are responsikhle fier Varauen in
traits of Interest (e.g. occurrence: of
disease; intelligence).

Based on Searching for cornrelations
PEtWEEen markers and tralt of Interest.



Gene Viapping SUCCESSES

Menaelian tralts have Inkertance patterns
consistent:withra single causative: Iocus.

IHUndreds of genes affecting knewn

Menadelian traits (e-g. Cystic filbresIs;,
Preast cancen) N lmans Rave Been
mapped.

Seme cases have' led to new: treatments
and/or screening methoeds;




Gene Viapping Ealltres

n Complex traits dor noet fiellew: simplerene-
locus Viendelian; expectations.

s AsSUmed tor e caused by mutatiens at
muluple 1eel.

n Examples include many: cemmon
diseases: astiima;, bipoelar diserder,
diabetes, prostate cancer, ete.



Mapping of complex disease genes
— |ittie: Sticeess

Altmuller era/, 2001 Reviewed 104 full
geneme: scans ofi 31 complex diseases.

- 67% did not shoew: significant linkage
10, any: marker.

- Of the significant linkages, Very: few
RaVve Peen repreduced.



Low pewer: fior mapping; complex
trait loci

POWEN: 1o detect genes decreases as; the
AUMBEr of locl afifecting the: trait
INCIEases.

By definition), compléex diseases should e
Rarder termap.

\We denft kinew: hew many: genes: underie
complex diseases) Se den't kKnew Whether
10 be surprised by lack ofi SUCCESS.



he centrall proplem: off Atman
disease genetics Is to selving this
dilemma.



New: Buzzword:

Geneticall GeEnomics: the combinatien of
melecular marker data and genoeme-wide
expression data torelucidate the: genetics
Ol complex traits




Expression QTLs (eQTLS)

Gene expression levels can e treated as
guantitative traits and thelr guantitative
trait locl (Q@ILSs) mapped.

Iranscrpt: gene Whese expression level
IS 9elng measured.

AnleQIL fierr that transcript refers te a
genetic lecus with DNA seguence
Variation causing variation in: the
expression level.




Expression QTLs (eQTLS)

he eQiIL could e at the: tiranscript 1ocus
itSelf; or elsewhere in the geneme.

BY: combIRINg microarays and marker;
data;, eQilLs can e simultaneously.
generated for theusands of gene
expression levels



Recent eQliL suiveys

NUmerous; recent: eQiilL suveys have
fiound that expression: levels firequently;
exnipitintermediate ternigh hertanilities.

E.Q. Schadt er a2/ 2003 feunad 43839 eQILS
ever 3701 genes with'log-ei-edd
scores>4.3 and 11,021 genes with eQiL
LOD scores=s.0



Recent eQliL suiveys

Fhus; 1S relauvely: easy: tor map @ILs for
many: expression; levels:



Will'eQTLs e useful for dissecting
complex physielogicall traits (e.q.
disease)?

Presumanly/, disease: causative locllare

alsor e@ s fior Some: gene: expression
levels.

W task must beraccomplished:
1. Shew that transcript Is related 1o disease.

2 Map eQilL for transcript. Then this eQTi
should be causative locus for disease.



Causative Exp. Disease EXp. EXP.
Loci HEY. Events Lev. Lev.




Model for Gene Expression

Assume
[ disease causative: locl.
Viexpressiontlevels (X ... X)) testea.

EAch expression Ievel X dependsion
Sseme sUPSet effthe L causative: |ecl
(often empiy).

/f = Indicator variable for disease status.



VIOOEl 1or GeEne EXpression

p(X [T =1)= P(T =1| X )P(X)

P(T =1)

> P(T =1|G)P(X |G)P(G)

G
K

K = Disease prevalence



Expression Levels

ASsUme: expression levelsiare normally,
distributed: on; seme scale (e.q. leg scale).

Mean and varance determined oy
genoetype at 0Re or more of the: L
causative |ecl.

Expression: level distrbution: Is then a
mixture oinermall distributiens wWith
Welghts determined By genotype
distribution conditioned on disease status.



Viltiplicative: IViodel
P(T=1|G)=P(T,=1|G,)P(T, =1|G,)...P(T, =1|G, )

D P(X 10,08 (9. (9, )0 (9. )P(9,)P(g ). P(g)
P(X |T =1)= St

K,K,..K,
P(X|T =0)=
> P(X10,,9,.-9.)(1-Uy (G,) U, (G,)--u. (G, ) Kooy K ) P(8,)--P(9,)

01:92---0¢

1-K

Where K; =Y P(T, =1|G;)P(G,)and u,(G,)=P(T, =1|G,)



Ift c=1 (expression contrelledl by one locus)
andl Hardy-\Weinberg Equilionum (alleles independent):

Where p, is the allele frequency

D=disease allele and a=“normal” allele

Is normal pdf



Additive lViodel

P(T=1|G)=P(T,=1|G,)+P(T,=1|G,)+...+ P(T, =1|G,)

Z P(X |Gl)(ul(Gl)+ Kz +"'KL)P(Gl)
P(XT =) £

K

Z P(X |Gl)(1_ul(G1)— K= K;... - KL)P(Gl)
P(X|T=0)=">

1-K



Expression Level Mean

Expression levelimean assumed te) have either
multiplicative erf additive dependence; on
GEnotype:



Power Calculations

Wo groups: disease affected and
Unaffected.

i-test fior group: difference conducted: for
Each gene.

Calculate power tor detect differential
expression.

Interested in relationshnip PetWeen PeWer
and genetic model.



T
1000

sample size sample size




Causative

Loci

EXp.
Lev.

Disease

Events

EXp.

Lev.




Additive Model

sample size




Detecting expression level
differences: Conclusions

PoOWEr: tor detect expression: level
diffierences; IS pPoer for a multiplicatve
moedel withr =1, Ut reasenable fier c=2-5.

POWEr 10, detect expression level
differences; IS Very: peor: fier an additive

model.



Power: fer Viapping eQlils

POWer for mappingl @IiLs inrnattal
popLlations; detererates quickiy as the
AUMBEN: 6ff @IILS Increases: POWEer pPoeK even
for c=2.



Conclusions — Naturall Pepulations

PoOWEr: tor detect expression: level
diffierences; extremely poor: It disease
prekability Is additive:

Eer multiplicative modelf there 1S ne valte
off ¢ (numieer ofi contrelling lecl) Where
POWEN IS' geod for detecting hothi linkage
and expression’level differences.



Many: Unknowns

Pistrpution off relatienshipss BetwWeen
expression level and causative: lecr.

Deminance: relatiensnips.
EGIim of gene interactions.
Allele freguencies.



Much Poetentiall Eor limproved! Pewer

Fhere st muchrinfermation in: the jolnt
PEenavior of expression levels.

Better experimentall designs are possible
(e.9. utilize family’ structure).



How' can we Use joint expression
Infiermation?

Schadt et all 2008s:

Crossed twor moUSe stralns: one. susceptinle: to
dialketes and weight gain enr high fat diet and
the other not.

111 effspring freniy Cross Were put en high fat
diet fier 4' montnis.

LiVer tissUe firom) eachiwas) profiled using
MICroarrays.

Genotypestfior several hundred mankers Were
ehtained for each mouse.
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From Schadt et a/., 2003 Genetics of gene
expression surveyed in maize, mouse and man.
Nature 422: 297-302.



Results:

Micrearay: data splits nigh ERNV data 1nte
We groups.

GEene mapping comparng separate highn:
ERM groups terlew-ERN produced
significant linkage for a eResity. Iocus.

Gene mapping companng combined hRigh:
ERM groups ter lew-ERN groups do not find
significant linkage.



Genetic Heterogeneity,

Affected Individuals
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Major variation in which disease mutations
are carried by affected individuals
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Goal: A method for identifying the
genetic heteregenelty using
gEnemewide expression data

Gene mapping poewer could he: dramatically
Impreved: i this heteregeneity. could lve
AccoUntead fio)



Propesed EM Algorithm Based
Methoed:

Datas
N, affectediand AV, unalfected individuals.
Microaray. fier eachiindiviaual
[Disease statls fier each individual



Transcript

Sample Disease

Indiv.
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Unobserved Variables

z=contrelling Iecus fior transcrpt /; /=1 to V/

V/=0enotype onicontrelling 1ocus; /in
Inaividual Az

Contrellinglleci 1 te £ are the disease 106l

Controllingflocl £L+1 to: £+¢ are “nullfloct™
that do not affect disease.



More specific goal:

Cluster sample individuals: By thelr
values of 7, (that'is, their
genoetype on the disease Iogcl. ).



g N S il —— L T —



P(Xij 1Z,,Vy, ,é) = Expression level distn. for gene j
In Indiv. |
P(Y, IV,.0)=Disease probability for indiv. k

Kk
P(Z.,V |8)=Controlling locus and genotype probs.



Parameter Estimates:

Expression levellmean foer transcript
aWwithrcontrelling Iocls; genetype L:



Expression levell variance for
transcrpt awith contrelling lecus
genetype L:



Prebability: that the expression of
gene / has; controllingl lecus: g)



Prebability that controlling locus s
as genetype 7



DISease pPenetrance: parameters

Fhergenoetype specific rsk parameters: are
found BY RUMENRcal maximization.



ASSIgNING GENOLYPES:

P(Y, v =k)P(W, v, =k)
P11,

P(vijzkwi,vvij)z

—

W, = vector containing the values of expression levels
In Individual 1 that are controlled by locus j.



Iranscriptss assignedl to same controlling
IOCUS 1T thEllr expression IS correlated 1n a
Way: that: IS censistent With genetic: medel:

Sample individuals assigned tersame
genoetyper at controlling) lecus; IiF controllied
expression levelsiare similar.



How well will 1t woerk?

Potentially: much Infermation: aneu
genetype availanle in expression levels.

On the ether hand:
IHIghly: assumption laden.
Many: paliameters to estimate.

High=level transcrpts may: evemnvihelm
analysis.



Causative

Loci

EXp.
Lev.

Disease

Events

EXp.

Lev.




Mapping Pewer - multiplicative

0.4

heritability

T
0.6

heritability




	Expression QTLs and Mapping of Complex Trait Loci
	Definitions: Genes, Loci and Alleles
	Definitions, continued:
	Definitions: Genetic Linkage
	Genetic Markers
	Gene Mapping
	Gene Mapping Successes
	Gene Mapping Failures
	Mapping of complex disease genes – little success
	Low power for mapping complex trait loci
	The central problem of human disease genetics is to solving this dilemma. 
	New Buzzword:
	Expression QTLs (eQTLs)
	Expression QTLs (eQTLs)
	Recent eQTL surveys
	Recent eQTL surveys
	Will eQTLs be useful for dissecting complex physiological traits (e.g. disease)? 
	Model for Gene Expression
	Model for Gene Expression
	Expression Levels
	Multiplicative Model
	If c=1 (expression controlled by one locus) �and Hardy-Weinberg Equilibrium (alleles independent):�
	Additive Model
	Expression Level Mean
	Power Calculations
	Detecting expression level differences: Conclusions
	Power for Mapping eQTLs
	Conclusions – Natural Populations
	Many Unknowns
	Much Potential For Improved Power
	How can we use joint expression information?
	Results:
	Genetic Heterogeneity
	Goal: A method for identifying the genetic heterogeneity using genomewide expression data 
	Proposed EM Algorithm Based Method:
	Unobserved Variables
	More specific goal:
	Parameter Estimates:��Expression level mean for transcript a with controlling locus genotype b:
	Expression level variance for transcript a with controlling locus genotype b:
	Probability that the expression of gene r has controlling locus q) 
	Probability that controlling locus s has genotype t 
	Disease penetrance parameters
	Assigning Genotypes:
	How well will it work?
	Mapping Power - multiplicative

