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Experimental Data Subgroup 

• Goal:  evaluate methods by which investigators 
can query whether candidate variants have a 
biological effect 

 
 

Genetic finding ? Demonstration 
of causality 



• GWAS peak  causal variant(s) 
 

• Clinical genetics  Functional consequences of variants 
of unknown significance 
 

• “Functionalizing” poorly characterized genes of interest, 
i.e. developing functional assays 
 
 

Motivation for Functional Analysis 

Need generic, accessible, high-throughput methods and 
resources to facilitate the functional analysis of both 
coding and regulatory variation 



Challenges 
• Spectrum of experimental methods exist  
• How to select the most appropriate method? 

– Type of variant 
– Context 
– Access to samples, reagents, and techniques 
– Throughput, time, and cost 
– Weight of evidence 

• Caution required in interpretation—for both 
negative and positive results 
 



Selected Experimental Methods 

Techniques Variant class Experiment type High-throughput? Evidence 

mouse or zebrafish knockin Any in vivo no strong 

genome editing Any in vivo, in vitro yes strong 

mouse or zebrafish knockout LoF allele in vivo no strong 

cell culture shRNA knockdown LoF allele in vitro yes suggestive 

cDNA complementation LoF allele in vitro no suggestive 

splicing assay Splicing 
ex vivo, in vitro, in 
vivo yes strong 

protein-specific biochemical or 
cellular assays 

Protein-altering 
alleles in vitro no suggestive 

correlation with expression Regulatory 
ex vivo, in vitro, in 
vivo yes suggestive 

reporter construct Regulatory in vitro yes suggestive 



Regulatory variants 



Functional regulatory variation:   
Levels of evidence framework 

Level 1: in vivo evidence from in situ models 
 1a In situ / whole locus model of strongly genetically implicated variant that 
 precisely recapitulates the phenotype at the organismal level 

 1b In situ genome modification  (e.g., genome editing / knock-in/out) 

 1c Whole-locus transgenic lines (e.g., YAC, BAC; single copy)  

 1d In situ measurement of gain/loss of regulatory protein binding directly 
 coupled to in vivo gene product phenotype 
 1e In situ gain/loss of regulatory protein not coupled to gene product 
 
Level 2: Evidence from artificial/condensed construct models 
 2a Standard transgenic animal 
 2b Stable transfection (integrated into genome) 
 2c Transient transfection (ex-genomic) 

Level 3: Non-cellular assays  (e.g., gel shifts) 

 
 



Example:    Level 1a 
Hereditary Persistence of Fetal Hemoglobin (HPFH) 
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A single point mutation in a 273kb single copy YAC,  
functionally profiled across development 



Example:    Level 1d 
Alpha thalassemia 



Example 2: 
Mouse Knock-ins 

Mouse Site-Specific Integration  



Examples 
 
CAG Repeat Expansions Introduced into:  
 

1) Huntingtin gene- Short Repeat: Nuclear Inclusion Body Formation in Striatal Neurons 
 
 Wheeler et al. (2000) Long glutamine tracts cause nuclear localization of a novel form of huntingtin in medium spiny striatal 
 neurons in HdhQ92 and HdhQ111 knock-in mice. Hum. Mol. Genet. 9, 503–513. 
 

2) Huntingtin gene- Long Repeat: Neurological Abnormalities 
 
 Lin et al. (2001) Neurological abnormalities in a knock-in mouse model of Huntington’s disease.  Hum. Mol. Genet. 10, 137–144. 

 
3) Spinocerebellar Ataxia Type 1 Gene-  Motor Coordination Defects 
 
 Lorenzetti D., Watase K., Xu B., et al. (2000) Repeat instability and motor incoordination in mice with a targeted expanded  CAG 
 repeat in the Sca1 locus. Hum. Mol. Genet. 9, 779–785. 

KNOCK-IN MOUSE STUDIES: Introduce Human Mutation into Mouse Gene 

Point Mutation Introduced into:  
 
1) Presenilin-1 Gene- Single Amino Acid Change Causes Hippocampus Neuron Sensitivities 
 
 Guo Q., Fu W., Sopher B. L., et al. (1999) Increased vulnerability of hippocampal neurons to excitotoxic necrosis in presenilin-1 
mutant knock-in mice. Nat. Med. 5, 101–106. 



Reproducible Association between Human APOA5 
Common Variation and Plasma Triglyceride Levels  

Do these Haplotypes Affect APOA5  
Gene Product Levels In Vivo? 

Pennacchio et al, 2001 Science 

APOA5 Haplotype 1  

APOA5 Haplotype 2 

APOA5 Haplotype 3  

80% 

 9% 

 7% 

Frequency TG Effect 

25% 

25% 

    APOA5 

0kb 50kb 
APOA5 TG APOA5 TG 

TRANSGENICS KNOCKOUTS 

Mouse Site-Specific Integration: 



Generation of Site-Specific Single-
Integrant Haplotype Transgenes 

Compare APOA5: 
mRNA Levels in Liver 

Protein Levels in Plasma 

Common Noncoding, 5UTR (Kozak) S19W (putative signal peptide) 
(sole change)  (7 change)  

APOA5 HAP1 APOA5 HAP2 APOA5 HAP3 

Precise docking at HPRT 



Generation of Site-Specific Single-
Integrant Haplotype Transgenes 

APOA5 HAP1 APOA5 HAP2 APOA5 HAP3 

APOA5 HAP1 APOA5 HAP2 APOA5 HAP3 

Liver 
mRNA Liver 

mRNA 
Liver 

mRNA Plasma 
Protein 

Plasma 
Protein 

Plasma 
Protein 

Common Noncoding, 5UTR (Kozak) S19W (putative signal peptide) 
(sole change)  (7 change)  

70% Decrease 

Ahituv et al.  2007. In Vivo Characterization of Human APOA5 Haplotypes.  Genomics, 90(6):674-9.  

S19W is likely responsible for TG Association 



Example 3:  



Visel et al. Nature 2010  

9p21 common risk variant: 

increases CAD risk by 30% 

>20% of population homozygous 
(2007, J Cohen and K Stefansson Labs) 

 

9p21 and Coronary Artery Disease 
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70kb non-coding         
region knocked out in mice   
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regulatory 
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Increased Aortic Smooth 
Muscle Cell proliferation 



In Vitro Studies: Empowered by ENCODE 

9p21 DNA variants associated with Coronary Artery Disease impair IFNγ signaling response  
Kelly Frazer et al. Nature 2011 

One Third of Variants found in this Element 
Several Effect Putative STAT1 Binding Site 

This Element: 
1) binds STAT1 in vitro 
2) binding lowers CDNK2B RNA in vitro 
3) STAT1 occupancy is less in Risk CAD LCL 



Future of Experimental Data 

• 1000+ GWAS peaks  causal variant(s) 
 

• Clinical genetics  Functional consequences of 
variants of unknown significance 
 

• Facilitating genetics  biology 
 

• High-throughput or massively parallel methods for 
assessing the functional consequences of observed 
and potential variation 
 



Functional assessment of observed regulatory 
variation in situ allelic occupancy 



Conservation is an imperfect 
guide to regulatory function 

ENCODE 



Activity Profile 

PCR and 
sequencing of 

transcribed tags 

Complex library of 
tagged enhancer 

haplotypes 

Tail vein injection 

RNA from liver 

Massively parallel functional assessment of 
potential regulatory variants 



ALDOB  
enhancer 

• All possible mutations assayed in one experiment 
• Distribution of effect sizes for regulatory 

mutations (i.e. establishing null distribution) 

90% of  
all variants 

Patwardhan et al. Nature Biotechnology (2012) 



Key points 
• Experimental data can be very useful! 

– Identifying causal gene / variant(s) 

– Variants of (unknown  known) significance  

– Genetics  biological understanding 

• Subjective exercise: no experiment is perfect 
– Demonstrating experimental effect ≠ causation 

– Failure to show effect ≠ non-causation 

– Multiple lines of evidence better 

• Need for more high-throughput approaches 



Discussion Questions 
1. Feedback on accuracy, completeness and 

organization of experimental methods table? 
 

2. Feedback on proposed levels of evidence? 
 
1. How should experimental data be weighted relative 

to genetic analysis?  
 

2. How should editors and reviewers be guided to 
think about experimental data in the context of 
manuscripts? 
 

      
      

        
      



Selected Experimental Methods 

Techniques Variant class Experiment type High-throughput? Evidence 

mouse or zebrafish knockin Any in vivo no strong 

genome editing Any in vivo, in vitro yes strong 

mouse or zebrafish knockout LoF allele in vivo no strong 

cell culture shRNA knockdown LoF allele in vitro yes suggestive 

cDNA complementation LoF allele in vitro no suggestive 

splicing assay Splicing 
ex vivo, in vitro, in 
vivo yes strong 

protein-specific biochemical or 
cellular assays 

Protein-altering 
alleles in vitro no suggestive 

correlation with expression Regulatory 
ex vivo, in vitro, in 
vivo yes suggestive 

reporter construct Regulatory in vitro yes suggestive 



Functional regulatory variation:   
Levels of evidence framework 

Level 1: in vivo evidence from in situ models 
 1a In situ / whole locus model of strongly genetically implicated variant that 
 precisely recapitulates the phenotype at the organismal level 

 1b In situ genome modification  (e.g., genome editing / knock-in/out) 

 1c Whole-locus transgenic lines (e.g., YAC, BAC; single copy)  

 1d In situ measurement of gain/loss of regulatory protein binding directly 
 coupled to in vivo gene product phenotype 
 1e In situ gain/loss of regulatory protein not coupled to gene product 
 
Level 2: Evidence from artificial/condensed construct models 
 2a Standard transgenic animal 
 2b Stable transfection (integrated into genome) 
 2c Transient transfection (ex-genomic) 

Level 3: Non-cellular assays  (e.g., gel shifts) 
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