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Gee whiz, GWAS! 

Common variants for common conditions (exerting small effects) 
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LOD 

1. Name of the Polish airlines 

 

2. Based on likelihood of association 

 

3. Based on natural logarithms 

 

4. Represents the likelihood of linkage  

     between two genetic traits 

 

5.  Inversely related to sample size 



LOD score, or logarithm of odds score, is a statistical test used in genetic linkage analysis. 

The LOD score compares the probability of obtaining the test data if the two loci are linked to 

the probability of obtaining the test data if the two loci are not linked.  

 

Six steps to LOD score: 

 

Establish a pedigree for two loci of interest. The more data you gather, the better. 

 

Position of my 

microsatellite and 

my gene causing the 

disease 



Determine the number of recombinant and number of non-recombinants.  

 

Calculate the probability of obtaining the results assuming the two loci are linked.  

 

Calculate the probability of obtaining the results assuming the two loci are not linked.  

 

Divide the probability of obtaining the results assuming the two loci are linked (from 

Step 3 above), by the probability of obtaining the results assuming the two loci are not 

linked (from Step 4 above).  

 

Take the base 10 logarithm of the ratio obtained above (Step 5).  



In genetic epidemiology, a genome-wide association study (GWAS), is an examination of 

many common genetic variants in different individuals to see if any variant is associated with a 

trait. GWAS typically focus on associations between single-nucleotide polymorphisms (SNPs) 

and traits like major diseases. 

The studies compare the DNA variants of two groups: people with the disease (cases) and 

similar people without (controls). Analyzed (with automated arrays) are single-nucleotide 

polymorphisms (SNPs) that occur about every 1000 bp.  If variants (one allele) are more 

frequent in people with the disease, the SNPs are said to be "associated" with the disease. 

The associated SNPs are then considered to mark a region of the human genome which 

influences the risk of disease. GWAS is “linkage”, namely where is it?” – not causal, namely 

“what is it?” 

 

Chromosome 19 looks hot; however, so do chromosomes 12 and 6. How about all the 

“grey area”? 



In genetic recombination 

 

1. The breakage and rejoining of DNA 

strands forms new DNA molecules 

 

2. Is catalyzed by enzymes called 

recombinases 

 

3. Occurs in the first meiotic division 

 

4. Is a major engine of genetic variation 

 

5. All above are true 



Data Case Control 

aa r0 = 100 s0 = 130 n0 

aA r1 = 400 s1 = 390 n1 

AA r2 = 500 s2 = 480 n2 

R S N 

We want to test whether Case/Control status is 

associated with disease i.e. is there a difference 

in the distribution of genotypes between Cases 

and Controls. 

Thus, we can write our null and alternative hypotheses in 

terms of the conditional probabilities of genotype given 

case/control status, parameterized by p = fp0; p1; p2g and 

q = fq0; q1; q2g 

Case Control 

aa p0 q0 

aA p1 q1 

AA p2 q2 

In terms of these probabilities, we can write H0 : p = q vs H1 : p 6= q 

The likelihood is multinomial 

L(p; q) = pr0 

0 pr1 

1 pr2 

2 qs0 

0 qs1 

1 qs2 

2 

Under H0 the MLE's of p and q are both v = fn0=N; n1=N; n2=Ng 

Under H1 the MLE's are  ̂q = fs0=S; s1=S; s2=Sg and  ̂p = fr0=R; r1=R; r2=Rg 

Multinomial Likelihood 



The basophilic inclusion body in this neutrophil is a 

1. Döhle body 

 

2. Toxic granulation 

 

3. Basophilic stippling 

 

4. Howel Jolly body 

 

5. Pelger Huët anomaly 

 



A genotype-phenotype cohort study showed that patients with an MYH9 mutation in the motor 

head domain of myosin IIA have severe macrothrombocytopenia and are at a high risk for the 

development of glomerulonephritis and deafness. Among these, Arg702 mutations are 

associated with the most severe phenotype. In-vitro studies on cultured megakaryocytes 

elucidated that myosin IIA inhibits proplatelet formation. The loss of myosin IIA function owing to 

MYH9 mutations promotes proplatelet formation and may trigger precocious and premature 

platelet release, resulting in macrothrombocytopenia. Giant platelets only residually express 

mutant myosin IIA that has a loss of function and cannot participate in the reorganization of 

cytoskeletal contractile structures. Renal histopathological and immunochemical studies have 

suggested that glomerulonephritis in MYH9 disorders is caused by podocyte malfunction owing 

to defects in the myosin IIA structure and MYH9 expression. 

May-Hegglin 

Fechtner Syndrome 

and much more 

Elitok et al. 

Clin Kidney J 2010 



As end-stage renal disease (ESRD) has a four times higher incidence in African Americans 

compared to European Americans, we hypothesized that susceptibility alleles for ESRD have a 

higher frequency in the West African than the European gene pool. We carried out a genome-

wide admixture scan in 1,372 ESRD cases and 806 controls and found a highly significant 

association between excess African ancestry and nondiabetic ESRD (lod score = 5.70) but not 

diabetic ESRD (lod = 0.47) on chromosome 22q12. Each copy of the European ancestral allele 

conferred a relative risk of 0.50 (95% CI = 0.39–0.63) compared to African ancestry. Multiple 

common SNPs (allele frequencies ranging from 0.2 to 0.6) in the gene encoding nonmuscle 

myosin heavy chain type II isoform A (MYH9) were associated with two to four times greater risk 

of nondiabetic ESRD and accounted for a large proportion of the excess risk of ESRD observed 

in African compared to European Americans. 

 

A total of 1,372 ESRD cases and 806 controls without the presence of either an elevated serum 

creatinine concentration or albuminuria at recruitment were included in the initial scan using 

1,354 markers. The mean age of ESRD cases and non-ESRD controls was 53 (s.d. = 13) and 46 

(s.d. = 12) years, respectively. Fifty-three percent of cases were male, compared to 39% of 

controls. 



In summary, these findings suggest a previously 

unknown MYH9 pathway for kidney disease 

progression with major potential implications. 

Experiments should identify the causal variants, 

elucidate the pathophysiologic mechanisms, and 

evaluate strategies to influence this pathway that 

may decrease risk of progression to ESRD 

among African Americans. 



The KO of Myh9 is lethal – so how about a selective KO? 

It’s gone but so what? 

Not replaced by Myh10 

Podocyte-specific 

KO mice are 

predisposed to 

doxorubicin 

hydrochloride-

induced 

nephropathy. 

At least – they 

get disease 

Johnstone et al. Mol Cell Biol 2011 



African Trypanosomiasis 

 

1.Called “Chagas disease” in South America 

 

2.The vector is the assassin bug 

 

3.APOB has anti-Trypanosome properties 

 

4.Vector is the tsetse fly 



African Americans have higher rates of kidney disease than European Americans. Here, we 

show that, in African Americans, focal segmental glomerulosclerosis (FSGS) and 

hypertension-attributed end-stage kidney disease (H-ESKD) are associated with two 

independent sequence variants in the APOL1 gene on chromosome 22 {FSGS odds ratio = 

10.5 [95% confidence interval (CI) 6.0 to 18.4]; H-ESKD odds ratio = 7.3 (95% CI 5.6 to 

9.5)}. The two APOL1 variants are common in African chromosomes but absent from 

European chromosomes, and both reside within haplotypes that harbor signatures of 

positive selection. ApoL1 (apolipoprotein L-1) is a serum factor that lyses trypanosomes. In 

vitro assays revealed that only the kidney disease–associated ApoL1 variants lysed 

Trypanosoma brucei rhodesiense. We speculate that evolution of a critical survival factor in 

Africa may have contributed to the high rates of renal disease in African Americans.  

Science 2010 



The longer patterns of linkage disequilibrium (LD) associated with variants undergoing selection 

suggest that a positively selected risk variant could be in a larger interval containing the APOL 

genes rather than be confined to MYH9. Because the risk allele(s) are likely to be common in 

people with African ancestry, we reasoned that such alleles would be present in the data from the 

African individuals whose DNA was sequenced in the 1000 Genomes Project 

(www.1000genomes.org). We therefore used this newly available sequence data to identify 

polymorphisms within this expanded risk interval.  

Association analysis in FSGS cohorts with logistic regression for alleles G1 and G2. (A) Results 

of association between 205 idiopathic biopsy-proven African-American FSGS cases and 180 

African-American controls using Fisher’s exact test. On the x axis and y axis, genomic position 

and –log10 of the P values are shown. Also highlighted are SNPs rs4821481 and rs3752462, 

whose combined risk alleles define the E-1 haplotype (5). (B) SNP associations after conditioning 

on allele G1 using logistic regression. 



G1 was present in about 40% of Yoruba (from Nigeria in West 

Africa) chromosomes but not in any chromosomes from 

European, Japanese, or Chinese individuals. Similarly, G2 

was detected in sequence data from three Yoruba participants 

but not in the other three ancestral groups. This distribution 

data raised the possibility that these variants were selected 

for in Africa but not outside of Africa. The high frequency of 

the disease-associated variants in Yoruba and African 

Americans suggests that these variants may confer selective 

advantage in Africa.  

A. Natural selection 

analysis for the Yoruba 

population. (A) Extended 

haplotype homozygosity 

(EHH) values for the three 

APOL1 alleles [G1, G2, and 

wild type (WT)].  

B. Distribution of iHS values in Yoruba, highlighting the iHS value for the SNPs defining G1 

(iHS = –2.45). The iHS scores are distributed as a standard normal random variable. Therefore 

values for which |iHS| > 2 are considered suggestive of selection. 



ApoL1 is the trypanolytic factor of 

human serum that confers 

resistance to the Trypanosoma 

brucei brucei (T. b. brucei) 

parasite. T. b. rhodesiense can 

infect humans because of a serum 

resistance–associated protein 

(SRA) that interacts with the C-

terminal helix of ApoL1 and 

inhibits its antitrypanosomal 

activity. 

We conducted an analysis of the 

in vitro lytic potential of 75 human 

plasma samples with different 

combinations of G1 and G2 

genotypes on T. b. brucei, T. b. 

rhodesiense, and T. b. 

gambiense. All 75 plasma 

samples efficiently lysed T. b. 

brucei, but none of them lysed T. 

b. gambiense. Of the 75 samples, 

46 lysed SRA-positive T. b. 

rhodesiense clones, which are 

typically resistant to lysis by 

human serum, and all 46 

originated from individuals 

harboring at least one G1 or G2 

allele  

The APOL1 risk alleles for renal disease occur in 

more than 30% of African-American 

chromosomes. Given their high frequency and 

their strong effect on disease risk, unraveling the 

molecular mechanisms by which they contribute 

to renal injury will be of great importance in 

understanding and potentially preventing renal 

disease in individuals of recent African ancestry.  



Bottom line of this stuff is 

  

1.Two genetic variants alter ApoL1 and account for increased 

risk in AA 

 

2.The variants arose recently (3000-6000 years in Africa and 

were selected 

 

3.Variants confer increased risk for HBP-mediated renal 

disease but also for HIV nephropathy and other conditions 

 

4.(Trypanosoma rhodensia-brucei is an East African 

phenomenon; not a West African problem) 

 

5.With “teeth grinding”, we accept all of the above 



Blood pressure is a heritable trait influenced by several biological pathways and responsive to 

environmental stimuli. Over one billion people worldwide have hypertension (≥140 mm Hg systolic 

blood pressure or ≥90 mm Hg diastolic blood pressure)2. Even small increments in blood pressure 

are associated with an increased risk of cardiovascular events3. This genome-wide association 

study of systolic and diastolic blood pressure, which used a multi-stage design in 200,000 

individuals of European descent, identified sixteen novel loci: six of these loci contain genes 

previously known or suspected to regulate blood pressure (GUCY1A3–GUCY1B3, NPR3–C5orf23, 

ADM, FURIN–FES, GOSR2, GNAS–EDN3); the other ten provide new clues to blood pressure 

physiology. A genetic risk score based on 29 genome-wide significant variants was associated with 

hypertension, left ventricular wall thickness, stroke and coronary artery disease, but not kidney 

disease or kidney function. We also observed associations with blood pressure in East Asian, South 

Asian and African ancestry individuals. Our findings provide new insights into the genetics and 

biology of blood pressure, and suggest potential novel therapeutic pathways for cardiovascular 

disease prevention. 

Primary analyses evaluated associations between 2.5 million genotyped or imputed single 

nucleotide polymorphisms (SNPs) and SBP and DBP in 69,395 individuals of European ancestry 

from 29 studies  



Furin 

 

1. Codes for a subtilisin-like proprotein convertase 

 

2. Is a calcium-dependent serine endoprotease 

 

3. Upstream to an oncogene known as FES 

 

4. All of the above 

 

5. None of the above 



Wow!! 



ULK4 is 

 

1. Some sort of a German joke 

 

2. Also shows up in another GWAS as  

      influencing pulse-wave velocity 

 

3.   A common variation influences leukemia risk 

 

4.   Encodes the unc-51-like phosphatase 



Most of the 28 blood pressure loci harbour multiple genes and although substantial research is 

required to identify the specific genes and variants responsible for these associations, several 

loci contain highly plausible biological candidates.  

 

The NPPA and NPPB genes at the MTHFR–NPPB locus encode precursors for atrial- and B-

type natriuretic peptides (ANP, BNP), and previous work has identified SNPs—modestly 

correlated with our index SNP at this locus—which are associated with plasma ANP, BNP and 

blood pressure16. We found the index SNP at this locus was associated with opposite effects on 

blood pressure and on ANP/BNP levels, consistent with a model in which the variants act 

through increased ANP/BNP production to lower blood pressure. 

 

We have shown that 29 independent genetic variants influence blood pressure in people of 

European ancestry. The variants reside in 28 loci, 16 of which were novel, and we confirmed 

association of several of them in individuals of non-European ancestry. A risk score derived from 

the 29 variants was significantly associated with blood-pressure-related organ damage and 

clinical cardiovascular disease, but not kidney disease.  

The GWAS investigators concluded as follows: 



Common variants with small effects are best detected by 

1. Homozygosity mapping 

 

2. Inspecting the HapMap data base 

 

3. GWAS kinds of approaches 

 

4. Combing Mendelian traits 

 

5. Doing non-genetic research since  

      the yields of GWAS are small 



If the author list is longer than the abstract, then you  

know it is GWAS! 



Genetically Distinct Subsets within ANCA-Associated Vasculitis 

Antineutrophil cytoplasmic antibody (ANCA)–associated vasculitis is a severe condition 

encompassing two major syndromes: granulomatosis with polyangiitis (formerly known as 

Wegener's granulomatosis) and microscopic polyangiitis. Its cause is unknown, and there is 

debate about whether it is a single disease entity and what role ANCA plays in its 

pathogenesis. We investigated its genetic basis. A genomewide association study was 

performed in a discovery cohort of 1233 U.K. patients with ANCA-associated vasculitis and 

5884 controls and was replicated in 1454 Northern European case patients and 1666 

controls. Quality control, population stratification, and statistical analyses were performed 

according to standard criteria. 

The discovery cohort was from the United Kingdom, with control data from the Wellcome 

Trust Case Control Consortium (WTCCC). The replication cohort and controls were from 

Northern Europe. Case patients had a clinical diagnosis of either granulomatosis with 

polyangiitis or microscopic polyangiitis according to the European Medicines Agency 

algorithm.  

This study confirms that the pathogenesis of ANCA-associated vasculitis has a genetic component, shows 

genetic distinctions between granulomatosis with polyangiitis and microscopic polyangiitis that are associated 

with ANCA specificity, and suggests that the response against the autoantigen proteinase 3 is a central 

pathogenic feature of proteinase 3 ANCA–associated vasculitis. These data provide preliminary support for 

the concept that proteinase 3 ANCA–associated vasculitis and myeloperoxidase ANCA–associated vasculitis 

are distinct autoimmune syndromes. 



A Venn diagram shows the overlap 

between clinical diagnosis (granulomatosis 

with polyangiitis [GPA] or microscopic 

polyangiitis [MPA]) and ANCA specificity 

(proteinase 3 [PR3] or myeloperoxidase 

[MPO]) in the combined cohort (Panel A). 

Also shown are the −log10 P values for the 

association of SNPs at the MHC locus in 

all case patients with ANCA-associated 

vasculitis (AAV) (Panel B), case patients 

with PR3 ANCA only (Panel C), and case 

patients with MPO ANCA only (Panel D). 

The gray vertical line (Panels B, C, and D) 

indicates the genomic location of the most 

associated SNP. The arrow (Panel D) 

indicates the position of rs5000634 (HLA-

DQ). The genomic architecture of the MHC 

locus (Panel E) shows the recombination 

rates along the sequence, as well. 



Genome-wide association studies 

 

1.Compare DNA variants within a single group of subjects 

 

2.Can identify genes responsible for traits 

 

3.Are generally candidate-gene driven 

 

4.Was first found useful in identifying diabetes genes 

 

5.Since a LOD score is calculated, GWAS is rather a  

     form of linkage (“Where is it” - rather than, “What it is”) 


