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Finding Genetic Variants 
Influencing a Quantitative Trait 

…
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Phenotype Genotype Association 

Is there a relationship between genotype and phenotype? 



Millions of SNPs 

Position along genome 

An unbiased search to find where in the genome a 
common variant is associated with a trait. 

-lo
g 1

0(
P

-v
al

ue
) 

C/C A/C A/A 

In
tra

cr
an

ia
l V

ol
um

e 

One SNP 

Genome-wide association study 



The Powerlessness of the 
Individual Researcher 

When looking at genetic variants, 
there are (unfortunately!) small effects 
and many tests conducted.  This 
means you need huge sample sizes 
to significantly detect variants. 

E. Nigma 

However, both imaging and 
genotyping are extraordinarily 
expensive (compared to disease 
diagnosis and family history), so a 
consortium is needed.  
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Options for how to run a consortium 

Mega-analysis Meta-analysis 

Collaborate 

- Collaboration is necessary for 
significant results, but sharing data 
is difficult because of IRB and 
ownership issues. 
 
- ENIGMA is a data free results 
filled network, we get uploads of 
statistical results – no raw data 

- Raw phenotype and genotype 
data are uploaded for each subject 
to a central server 



Advantages of each 

Mega-analysis Meta-analysis 

Collaborate 

-  (We think) more groups are 
willing to share results than data 

-  Distributed approach 

-  Ability to check every part of the 
analysis 

-  Moves as fast as you make it 
(no waiting) 

-  Greater analysis possibilities 
(polygenic score, structural 
equation modeling, stepwise 
regression)  



http://enigma.loni.ucla.edu 

Replication through collaboration 

> 200 scientist members from 12 countries all over the world! 
Imaging Segmentation, Imputation, and Association protocols provided at our website. 



Project Description 



Imputation Protocols 

Allows for chips with different SNP coverage to be compared 



Association Protocols 

Millions of SNPs 

Position along genome 

An unbiased search to find where in the genome a 
common variant is associated with a trait. 
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Project Description 
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ENIGMA Upload Page 

Goal is to get as much information at the beginning as you possibly can 



ENIGMA Automated Submission 
System 
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Filtering by Quality of Imputation 
•  RSQR_HAT: Estimates the squared correlation 

between imputed and true genotypes. 
•  Typically, a cut-off of 0.30 will flag most of the 

poorly imputed SNPs but only a small number 
(<1%) of well imputed SNPs 

 
The true genotype is generally unknown so how do you  
get this?  
Take the ratio of the empirically observed variance of 
the allele dosage (from imputed results) to the expected 
binomial variance of HWE calculated by allele 
frequency from HapMap 

(Li et al., 2009) 



How to filter based on imputation 
quality using mach2qtl output 

% awk '{if (NR>32 && $5>=0.3) print 
$1,$2,$3,$4,$5,$6,$7,$8,$9,$10}’ chr3-mach2qtl.out > chr3-
rsqrfilt.out 



Filter by low Minor Allele Frequency 
(MAF) 

P=0.0085 

Associations with low MAF can be driven by outliers in the data.  It is 
common to exclude SNPs with MAF < 0.01. 
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Genotype (number of minor alleles) 



How to filter based on frequency 
using mach2qtl output 

awk '{if (NR>32 && ($4 >= 0.01 &&  $4 <= 0.99) ) print 
$1,$2,$3,$4,$5,$6,$7,$8,$9,$10}’ chr3-mach2qtl.out > chr3-
freqfilt.out 



Filtering P-values 
P-value = NA  
P-value = -1 

1 0.01 1 0 0
1 0.99 1 0 0
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Implicit  
Intercept 

Genotype 
Dosage 

Scanner 1 

Scanner 2 

Scanner 3 Scanner 1 

Scanner 2 
Genotype 
Dosage 

Implicit  
Intercept 

Incorrect: Perfect collinearity with 
intercept 

Correct: Remove one dummy covariate 
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What is the Effect Allele? 

P=0.0085 
β=0.7427 
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Genotype 
Effect Allele: C 

A/A A/C C/C 

P=0.0085 
β= -0.7427 
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Genotype 
Effect Allele: A 

C/C A/C A/A 

The effect allele is crucial in meta-analysis. Depending on how the association is 
coded, you can get the same P-value, but different direction of effect in meta-analysis. 



Assignment of Effect Allele 

Program Effect Allele 
mach2qtl A2 
Plink A1 
Merlin-Offline A1 
ProbABEL A1 
snptest allele_B 
Quicktest alleleB 
Solar A1 

Effect allele varies by association and imputation program.  It is not 
always an easy or readily apparent thing to figure out either so you 

have to delve into the manuals! 



Frequency Allele 

Effect allele is not the same as the frequency allele in mach2qtl 
A simple 1-FREQ1 gives you the frequency of the effect allele 



Assignment of Frequency Allele 
Program Effect Allele Frequency 

Allele 
mach2qtl A2 A1 
Plink A1 A1 
Merlin-
Offline 

A1 A1 

ProbABEL A1 A1 
snptest allele_B Genotype 

counts given 
Quicktest alleleB Genotype 

counts given 
Solar A1 A1 

Frequency allele varies by association and imputation program.  It is not 
always an easy or readily apparent thing to figure out either so you 

have to delve into the manuals! 



Correct scale for beta / SE 

P=0.0085 
β=0.7427 
SE=0.2742 
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 P=0.0085 

β=742.7 
SE=274.2 

Genotype 
A/A A/C C/C 

Genotype 

Units will affect beta values and standard errors in regression so need to be very 
careful to know what units analyses were run in.  You can use simple scaling 

factors if you know the conversion: 
βmm=βcm*1000 

SEmm=SEcm*1000 



When Scaling Goes Wrong 

•  Forest Plots can show 
you something is off 
in units relative to 
other groups  

 
 
•  Assuming similar 

effect sizes and 
standard errors 
between groups 
which should be a 
safe assumption 



A side note on family based 
samples 

You can use this Beta/SE trick in your favor in this case! 

Calculation of association statistics in family based 
samples is generally done through a minimization 

algorithm (see SOLAR or merlin-offline) which generally 
fails with large phenotype values. 

Divide the phenotype values by a constant prior to 
association, then multiply the Beta/SE values by the 

constant after association so meta-analysis is in the same 
scale. 



HapMap3 Specific Troubles 

SNPs with prefix of AFFX have no white space between alleles and AFFX in 
mach2qtl (messes up parsing) 

sed ‘s/A,/ A,/g; s/C,/ C,/g; s/T,/ T,/g; s/G,/ G,/g’ chr3-
mach2qtl.out > chr3-AFFXfix.out 
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Frequency Differences Histograms 
Relative to CEU 

Histograms centered around zero with little variance imply that imputation and 
genotyping were done well (not different from the reference HapMap sample).  

Also will tell you if frequency is assigned to the correct allele! 
 

Here you can see that all samples are centered around zero which is evidence 
of good imputation and genotyping. Samples of different ancestry (GOBS) have 

greater variance. 



When Frequency Difference Plots 
go Wrong 

Generally indicative of poor imputation or poor genotyping 



Right Hippocampus Phenotype 

Histograms are a great way to visualize your data and a way to identify poorly 
segmented outliers. 



L/R Hippocampus Ratio 

Neurologically normal adults (Weis et al., 1989; Watson et al., 1992; Jack et al., 2000) and 
children (Giedd et al., 1996; Pfluger et al., 1999; Utsunomiya et al., 1999) have significantly larger 

right hippocampi.  Therefore the mean L/R ratio should generally be less than 1.  



Slice by Slice QC of Hippocampal 
Segmentations in Sagittal View 

Good Segmentation 



Common Errors: Missing Large 
Lateral Sections of Hippocampus 



Common Errors: Missing Anterior 
Portions of Hippocampus 



Common Errors: Extension into 
amygdala 



Less Common Error: Segmentation 
Completely Off 



Subjects with Well Delineated but 
Small Hippocampi 



Subjects with Good but Big 
Hippocampi 



Subject with good segmentations 
large L/R Ratio 

L/R	  Ra&o	  =	  1.525996	  



eTIV errors from poor 
registration 

Poor registration gives poor estimates of the scaling used to determine 
estimated total intracranial volume 



Individual	  Site	  QQ	  Plots	  



When QQ Plots Go Wrong 

Can show evidence of unaccounted for population stratification, cryptic 
relatedness, or just that your data does not follow expected distributions  



When QQ Plots Go Really Well 
N>100,000 subjects 

The observed distribution only deviates from the expected at low P-values.  Would not 
expect something like this without huge effect sizes or huge sample sizes. 

(Teslovich et al., 2010) 



Individual Site Manhattans 



When Manhattan Plots Go Wrong 

Can be evidence that imputation failed on one chromosome or that somebody 
just typed something incorrectly when running association 



Population Stratification 

Lambda should be 
near 1 

Instead of a few hits, 
most everything is  

P < 1e-5 



Other Interesting Data 

Something was run incorrectly 



MDS Plots 

Can show you which HapMap population best describes your sample 
 

Good for finding and removing ancestry outliers 
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Fixed Effects MA Description 

P-value based meta-analysis 
(Weighted sum of Z-scores) 

the units of the beta coefficients and standard errors need not be the same 
across studies 

Fixed effects assume that the genetic effects are the same across the 
combined investigations and all differences are due to chance 



Fixed Effects MA Description 

pooled inverse variance weighted 

the units of the beta coefficients and standard errors must be the same 
across studies 



How to run METAL: Stage 1 

Make sure all data are in the same format as white space delimited text files.  Pay 
special attention to making sure effect_allele is correct! 

/home/enigma/site1.tbl 

http://genome.sph.umich.edu/wiki/METAL_Documentation 



How to run METAL: Stage 2 

/home/enigma/allsites.metal 

Minimum sample size needed to 
calculate meta-analysis 



How to run METAL: Stage 2 

/home/enigma/allsites.metal 

Can specify P-value based meta-
analysis or inverse standard error 
weighted meta-analysis here 



How to run METAL: Stage 2 

/home/enigma/allsites.metal 

Adjust the test statistics at the individual 
site level using the lambda factor 



How to run METAL: Stage 2 

/home/enigma/allsites.metal 
metal /home/enigma/allsites.metal > /home/enigma/

allsites.metal.log  

Specify the files to process 



The Final Product 

Each SNP P-value is the combined evidence from all contributing studies 



Visualization of Results 

http://enigma.loni.ucla.edu/enigma-vis/ 



For More Information 



Conclusions 

•  Consortia are important because effect 
sizes are small 

•  However, the more data you combine with 
different groups the more quality 
checking and filtering matters 

•  Clear demonstration of Murphy’s Law 
•  Did I mention quality checking? 



Project Name Summary Stage 

ENIGMA2 Volumetric Analysis of 
Subcortical Structures 

N~16,000 subjects with 
uploaded data (and results!) 
See Poster 1263 (Hibar) 

ENIGMA-DTI Diffusion Imaging 
Measures 

Phenotype harmonization + 
heritability published, beginning 
genetics 
See Talk 1284 (Jahanshad) 

ENIGMA-PGC Collaboration with 
Psychiatric GWAS 
Consortium 

Negative findings, waiting 
for ENIGMA2 and 
PGC2… 

Interested in joining? Sign up here: http://enigma.loni.ucla.edu/members/join/ 

Projects of the ENIGMA Consortium 

ENIGMA-Disorders Volumetric meta-
analysis in psychiatric 
disease 

See some posters for 
schizophrenia and bipolar here at 
OHBM! 
See Poster 3211 (Turner) 

… 



Hippocampus Putamen 

ENIGMA2 Discovery Results 
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