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Introduction 
•  Part I: Review genetic  analyses of variance:  

–  Identity by Association (GWAS) analyses 
–  Identity by Descent (Linkage) analyses  

•  Part II: Rational for Multivariate Analyses 
–  Biological importance  
–  Improving the power of genetic discovery 
–  Controlling for gene by environment interaction  
–  Searching for endophenotypes 

•  Part III: Genetics of cerebral atrophy and 
hypertension  
–  Multivariate analyses of imaging-based traits 

•  Gene localization 
•  Gene identification  

•  Recommendation for getting started 



Part I: Variance Decomposition 

Its phenotypic variance  
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Genetically informative trait P 



Definition of Heritability  

Heritability (h2): the proportion of the 
phenotypic variance in a trait that is 
attributable to the additive effects of genes 
vs. total variance 
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Heritability: the GLM model 

p =	
µ	
+	
Σ	
β	
i x i +	
 Gj +	
c +	
e 

µ	
   Baseline mean 

β	
   Regression coefficient for 
x   fixed factors (covariates) 
Gj  Genetic factors (G1-G5) 
c   Shared environmental effects 
e   Random environmental effects 

Σ	


h2 = G1 + G2 + G3 + G4 + G5  
    Total variance- (Age + Sex) 

Variance in trait P 



Testing for identity by association:  GWAS 

Does the variance in G4 (A39T) 
prothrombin mutation explains 
variability in the Prothrombin 
activity level? 
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A39T	
 Total – (Age + Sex) 

Calculating variance explained by genetic differences 
by “Identity” on specific allelic markers  



GWAS: Prothrombin activity levels by A39T 

mutation 



Linkage analysis: Familial ties as a 
genotype 

 Kinship coefficient  2φ 
Self    1 
 MZ twin pair  1   
 Parent-offspring  1/2 
 Siblings   1/2 
 Grandparent-grandchild  1/4 
 Half-siblings 1/4   
 1st cousins  1/8   
 2nd cousins  1/32   
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Where Ф is the matrix 
of Kinship coefficients  

Genotype: “Descent-Distance” from a common 
ancestral source   
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Quantification of Descent Distance:  

•  Add an extra term to the model 
πij = likelihood for individuals i and j to inherit 
alleles from the same ancestral source  
•  Calculated based on variety of genetic markers  

•  SNP markers  
•  Microsatellite markers 
•  Sequence repeats  
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Where Π is the matrix of π ij coefficient 
Good description: http://www.nature.com/scitable/topicpage/quantitative-
trait-locus-qtl-analysis-53904 



To Summarize: GWAS vs. Linkage 
•  Both ask the same question: Gene-Trait association   
•  GWAS: What is the proportion of alleles shared by subjects with 
identical traits  

•  Identity by association (IBA) 
•  Do subjects with identical alleles share the same trait 
•  Is having the same trait (disorder) consistent with having 

the same allelic frequency?  
•  Linkage: What is proportion of alleles, that came from a 
common ancestral source, are shared by subjects with identical 
traits 

•  Identity by descent (IBD) 
•  Do subject that inherited the alleles also inherit the trait 
•  Is having the same trait (disorder) consistent with inheriting 

alleles from the same ancestral source 



Linkage Analysis needs large families 
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Allelic Identity by descent 
is established   

Cannot establish allelic 
Identity by descent   

Rare alleles  Common alleles  

Grandpa Grandma Grandpa Grandma 



Part II: Rational for Multivariate Analyses 

Humans have only 20K genes. 

Genes code for proteins that may have diverse functions 
Deletion of MBP gene: lack of myelin and  compromised 

immune system 
Traits can share genetic variability: Pleiotropy  



Rational for Multivariate Analyses: 
Biomarker to Endophenotypes 

Biomarker:  
• Heritable 
 

• Independent of clinical state 
 

• Co-segregate with illness within the family 
 

• Found in some unaffected relatives 

Endophenotype 

Gould & Gottesman, 2006; Gottesman & Gould, 2003 



3 Billion base pairs in human genome -> 20K 
“genes”  (chunks that code for proteins) 

~500K -2M Proteins: building blocks of cells, 
enzymes, and more (esp. if expressed in brain) 

Groups of cells aggregate to form systems, metabolic 
and signaling pathways 

Cellular systems organize to form complex systems 
and neural networks in the brain 

Neural system activity underlies various brain 
functions: perception, cognition, emotion… 

Patient self report and clinician judgment of behavioral 
problems are called “symptoms” 

Clusters of symptoms  that co-occur are called 
“syndromes” (e.g., schizophrenia) 

Bilder et al, Neuroscience, 2009 
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Advantage for Endophenotypes: testing of Multi-Level 
Mechanistic Hypotheses 



Biomarker vs. Endophenotypic Strategies for Gene 
Discovery: DISC1 
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Bilder et al, Neuroscience, 2009 

DISC1 



Rational for multivariate analyses 
•  Increased power of genetic discovery  

•  For pleiotropic traits  
•  Reduced genotype-by-environment interactions 

•  Genotype by environment (fixed-factor) interaction may rob 
power in univariate analyses  
•  Genotype-by-age is a common example 

•  Reduce heritability of neuropsychological traits with 
age  

•  Multivariate analyses can recover this power  

Disadvantages 
•  Need larger sample than for univariate studies  
•  Best used in family/twin studies  

•  Shared genetic variance can be measured  



Example of multivariate analysis: 
Endophenotype Ranking Value (ERV)* 

ERV takes value between 0 and 1.0 
 ERVie = | √hi

2 √he
2ρg| 

h (i/e) – heritability of a clinical measure and a trait 
and ρg their shared genetic variance  
 
Example: Hypertension (BP as a clinical measure) 
Imaging traits with high ERV (>0.3) for BP 

–  T2-Weighted FLAIR volume 
–  Cortical GM thickness  
–  DTI-FA  

*Glahn et al., 2012 

Promising Endophenotypes 
For BP-related brain atrophy 



Genetic correlation:  ρG 

•  Calculation of the shared genetic variance  
–  Correlation analysis between genetic portions of variability 

•  Use genetic correlation (ρG) 

•  Pearson’s r decomposed into ρG and ρE  
•  ρG is the proportion of variability due to shared genetic effects  

•  Calculate degree of shared genetic variance: ρG  
•  Significant genetic correlation = shared genetic 

variance 



Power Gain for high ERV: Multivariate Gene 
Search Analyses: GWAS or QT:  

ERV 

Multivariate QTL 

Univariate 
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Multivariate GWAS 



Part III: Study of cerebral 
atrophy and hypertension 

•  Hypertension is common familial disorder 
– Present in 30-50% of population 
– Contributes to N1 and N3 causes of death 
– Associated with  

•  Brain atrophy 
•  Cognitive decline  
•  Dementia 

•  Use multivariate analyses to localize 
chromosomal regions/genes that harbor 
risk factors specific to brain atrophy 



GOBS study 

•  Genetics of Brain Structure and Function 
–  PI: David Glahn and John Blangero 
–  A progeny of San Antonio Heart Foundation Study 
–  Multi-family, three generational pedigree  

•  Subjects  
–  1000 individuals with imaging data 
–  SA area Hispanics, average family size ~ 11 individuals 
–   Probands, ages 30-60 and their relatives 
–  Fourth recall  
–  Longitudinal BP measurements  



GOBS: Available Genotypes 
•  Family information  

–  Kinship matrix 
•  Single-nucleotide polymorphism 

–  Single nucleotide in a polymorphic DNA region   
–  Discussed in details  

•  Quantitative trait locus markers  
–  Stretches of identifiable DNA 10-100kbp  
–  Chromosomal markers 

•  Linked to genes during recombination via proximity  
•  Tracking DNA inherited from each parents 
•  10-100 markers per chromosome  

•  Transcript data  
–  mRNA  measured from leukocytes  



Three Traits with significant ERVs 
GM thickness DTI-FA FLAIR volume 



Starting multivariate analysis  
•  Perform univariate analyses 

– Demonstrate significant trait heritability 
– Perform univariate gene localization analyses 

•  Establish ERV among traits  
– Degree of shared genetic variance * heritability 
– Higher ERV = better power multiv. analysis 

•  Localize genes using multivariate Linkage 
– Down to DNA regions of 1-10Mbp 

•  Identify genes using  polymorphisms and 
transcripts 
– Down to DNA regions of 500K-1Mbp  



Summary of univariate analyses  

•  The univariate genetic analysis  
– Demonstrated high fraction of variability is 

explained by additive genetic factors (50-80%) 
– Underpowered to localize chromosomal regions  

•  The traits are controlled by polygenic  
•  Significant genotype-by-age interactions  

– Suggestive regions look promising 
•  Diverse phenotypes identified the same region 
•  This region is well known in literature  



Review of univariate linkage: a 
suggestive QTL on 1q24 

FLAIR volume 

Suggestive QTL 
(LOD=2.1) at 1q24 

Kochunov 2010, stroke  

Systolic BP 

Suggestive QTL 
(LOD=2.34) at 1q24 

Rutherford 2007, AJHG  

Mean BP 

Significant QTL (LOD=4.1) 
at 1q24 

Chang 2007, AJHG  

200 



Harnessing the power of 
Multivariate Analyses 

•  Chose traits with significant ERV  
– Traits are heritable  
– Share significant portion of genetic variability 

•  Perform 
– Multivariate localization (Linkage) 

•  Co-inheritance of genetic regions vs. shared genetic 
variability  

– Multivariate identification (GWAS or transcript) 
•  Identify genes using polymorphisms or expression 

differences  



Using multivariate linkage to localize chromosomal regions 



Significant QTL at 1q24:  
5Mbp/12 genes 

• Selectin genes (SELP, SELL, and SELE)  
• Code for selectin proteins are endothelial cell adhesion factors  
• Glycoproteins produced by endothelial cells 
•  Activated in response to vascular injury 
•  Bind leucocytes  
•  Important in formation of atherosclerotic lesions  

• Coagulation factor V gene (F5) 
•  Codes for proaccelerin protein 
•  Leiden mutation leads to increased risks of clot formation 

• Hypercoagulability disorder in eurasians (5-10%) 
• Sodium/potassium-transporting ATPase ATP1B1  

• Codes for protein involved in regulation of salt osmosis.  
 
Kochunov, et al., Stroke 2011.  



Genes identification using expression level 
analyses  

•  Gene expression measurements  
•  Measure expressed  mRNA in leukocytes 
•  High-throughput sequencing of transcriptom 
•  mRNA amount is an indirect measurement of 

protein abundance       
•  Correlation with gene-expression 

measurement  
•  Can be use to identify gene acting on the traits 
•  Variability in expression rate  

• Predicts the variability in trait 
• Demonstrated to work in both agricultural and mammal genetics  



Multivariate Genetic Correlation Brain-BP 
measurements vs. mRNA 
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Culprit: P-Selectin gene 
•  A cellular adhesion protein 
•  Expressed in cells that make up blood vessels  
•  Responsible for modulation of inflammation/cell 
repair  
•   Starts the inflammation process by recruiting 
leucocytes  
•  Elevated in hypertension  
•  Plays role is formation of atherosclerotic lesions 
formations  
•  Elevation is a risk factor for stroke/SVI 
• A polymorphic gene with some polymorphisms 
linked to dementia/Alz.  
 

Kochunov et al., Frontiers of Genetics, 2012 



How to get started? 
•  SOLAR-Eclipse  
•  A universal tool for performing imaging genetic 

research  
•  Related/Unrelated population samples: Mega/Meta-

genetic analysis  
•  Heritability/Genetic correlation/Linkage/GWAS  
•  FDR/RGF/Permutation multiple comparisons correction 
•  Imaging Pipeline integration: LONI and others 

– http://www.nitrc.org/projects/se_linux/ 
– See two talks on Tuesday #1285, 11:15-11:45 (O-

T3) 
 



SOLAR workshop at Imaging 
Genetics Conference 

•  January 20-21 2013 
•  Basic genetics  
•  Examples of quantitative  imaging genetic 

analyses 
•  http://www.imaginggenetics.uci.edu/ 
•  Beckman Center, Irvine California 
•  Access to all past lectures  

–  http://www.imaginggenetics.uci.edu/archive.asp 



Conclusions  
•  Multivariate analyses can greatly improve the 

power of genetic discovery 
•  Choice of traits for multivariate analysis can be 

stratified using ERV methods  
–  High ERV means higher genetic variance shared by 

traits  
–  Doesn’t ensure significant localization  

•  Diversity of traits is important 
–  Choice of traits from different functional categories 

can help overcome power loss to genotype-by-age 
interactions 
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