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ABSTRACT 

Genome-wide association studies using SNP genotype data have had limited success in the 

identification of variants associated with major depressive disorder (MDD). Haplotype data provide 

an alternative method for detecting associations between variants in weak linkage disequilibrium with 

genotyped variants and a given trait of interest. A genome-wide haplotype association study for MDD 

was undertaken utilising a family-based population cohort, Generation Scotland: Scottish Family 

Health Study, as a discovery sample with a population-based cohort, UK Biobank, used as a 

replication sample. Fine mapping of haplotype boundaries was used to account for overlapping 

haplotypes tagging causal variants. Within the discovery cohort, two haplotypes exceeded genome-

wide significance (P<5 x 10-8) for an association for MDD. One of these haplotypes was located in 

6q21, in a region which has been previously associated with bipolar disorder, a psychiatric disorder 

that is phenotypically and genetically correlated with MDD. The detection of associated haplotypes 

potentially allows the causal stratification of MDD into biologically informative aetiological subtypes. 
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INTRODUCTION 

Major depressive disorder (MDD) is a complex and clinically heterogeneous condition with core 

symptoms of low mood and/or anhedonia over a period of two weeks. MDD is frequently comorbid 

with other clinical conditions, such as cardiovascular disease,1 cancer2 and inflammatory diseases.3 

This complexity and comorbidity suggests heterogeneity of aetiology and may explain why there has 

been limited success in identifying causal genetic variants,4-6 despite heritability estimates ranging 

from 28% to 37%.7, 8 Single nucleotide polymorphism (SNP) based analyses are unlikely to fully 

capture the variation in surrounding regions, especially untyped lower-frequency variants and those 

that are in weak linkage disequilibrium (LD) with the common SNPs on many genotyping arrays. 

Haplotype-based analysis may help improve the detection of causal genetic variants as, unlike single 

SNP-based analysis, it is possible to assign both the strand and parent of origin of sequence variants 

and combine information from multiple SNPs to identify rarer causal variants. A number of studies9-11 

have identified haplotypes associated with MDD, albeit by focussing on particular regions of interest. 

In the current study, a family and population-based cohort Generation Scotland: Scottish Family 

Health Study (GS:SFHS) was utilised to ascertain genome-wide haplotypes in closely and distantly 

related individuals.12 A haplotype-based association analysis was conducted using MDD as a 

phenotype, followed by additional fine-mapping of haplotype boundaries and a replication study 

performed using the UK Biobank cohort.13 

MATERIALS AND METHOD 

Discovery cohort 

The discovery phase of the study used the family and population-based Generation Scotland: Scottish 

Family Health Study (GS:SFHS) cohort,12 consisting of 23 960 individuals of which 20 195 were 

genotyped using the Illumina OmniExpress BeadChip (706 786 SNPs). Quality control procedures 

were applied, removing individuals with a genotype call rate < 98% and those SNPs with a call rate < 

98%, a minor allele frequency (MAF) < 0.01 or those deviating from Hardy-Weinberg equilibrium 

(P<10-6). 
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Following quality control there were 19 994 GS:SFHS individuals (11 774 females and 8 220 males) 

genotyped for 561 125 autosomal SNPs. These individuals ranged from 18-99 years of age with an 

average age of 47.4 years and a standard deviation of 15.0 years. Within the cohort were 4 933 

families containing at least two related individuals, including 1 799 families with two members, 1 216 

families with three members and 829 families with four members with the largest family containing 

31 individuals. There were 1 789 individuals with no other family members in this dataset. 

Genotype phasing and haplotype formation 

Phasing of the genotype data was conducting using SHAPEIT v2.r837.14 The relatedness within 

GS:SFHS made it suitable for the application of the duoHMM method, which combined the results of 

a MCMC algorithm with pedigree information to improve phasing accuracy.15 A 5Mb window size 

was used (rather than the default of 2Mb) as this has been shown to be advantageous when larger 

amounts of identity by descent (IBD) sharing are present.14 The number of conditioning states per 

SNP was increased from the default of 100 states to 200 states to improve phasing accuracy, with the 

default effective population size of 15 000 used. HapMap phase II b3716 was used to calculate the 

recombination rates between SNPs during phasing and for the subsequent partitioning of phased data 

into haplotypes. 

Window sizes of 1cM, 0.5cM and 0.25cM were used to determine the SNPs included within each 

haplotype.17 A sliding window was used, sliding the window along a quarter of the respective window 

size. This produced a total of 97 333 windows with a mean number of SNPs per window of 157, 79 

and 34 for the 1cM, 0.5cM and 0.25cM windows, respectively. The haplotype positions reported 

subsequently are given in base pair (bp) position (using GRCh37) and correspond to the outermost 

SNPs located within each haplotype. Quality control procedures were applied to the haplotypes in 

each window, with those haplotypes containing less than 5 SNPs, with a haplotype frequency < 0.005 

or deviating from Hardy-Weinberg equilibrium (P<10-6) removed. Following quality control there 

were 2 618 094 haplotypes for further analysis.  
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To estimate the correction required for multiple testing, the clump command within Plink v1.9018 was 

used to determine the number of independently segregating haplotypes. An LD threshold of 0.4 was 

used to classify a haplotype as independent and at this threshold there were 1 070 216 independently 

segregating haplotypes in the discovery cohort. Therefore, when assessing all 2.6 million haplotypes a 

Bonferroni correction required P<5 x 10-8 for genome-wide significance which is in alignment with 

the conventional level for significance used for sequence and SNP-based genome-wide association 

studies.19 Therefore in this study, and for future genome-wide haplotype-based analyses using cohorts 

similar to GS:SFHS, then the conventional P-value for significance can be applied. 

Phenotype ascertainment and patient linkage 

In the discovery cohort, a diagnosis of MDD was made using initial screening questions and the 

Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders (SCID).20 

The SCID is an internationally validated approach to identifying episodes of depression and was 

conducted by clinical nurses trained in its administration. Further details regarding this diagnostic 

assessment are described previously.21 In this study, MDD was defined by at least one instance of a 

major depressive episode which initially identified 2 659 cases, 17 237 controls and 98 missing 

(phenotype unknown) individuals. 

In addition, the psychiatric history of cases and controls was examined using record linkage to the 

Scottish Morbidity Record.22 Within the control group, 1 072 participants were found to have attended 

at least one psychiatry outpatient clinic and were excluded from the study. In addition, 47 of the MDD 

cases were found have additional diagnoses of either bipolar disorder or schizophrenia in psychiatric 

inpatient records and were also excluded from the study. These participants had given prior consent 

for anonymised record linkage to routine administrative clinical data. Individuals who were identified 

as population outliers through principal component analyses of their genotypes were also removed.23  

In total there were 2 605 MDD cases and 16 168 controls following the removal of individuals based 

on patient records and population stratification, equating to a prevalence of 13.9% for MDD in this 

sample. 
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Statistical approach 

A mixed linear model was used to conduct an association analysis using GCTA v1.25.0:24 

  vZuZXy 21  

where y was the vector of binary observations for MDD.   was the matrix of fixed effects, including 

haplotype, sex, age and age2. u  was fitted as a random effect taking into account the genomic 

relationships (MVN (0,
2

uG ), whereG was a genomic relationship matrix25).v was a random effect 

fitting a second genomic relationship matrix tG (MVN (0,
2

vtG  ) which modelled only the more 

closely related individuals.26
tG was equal toG except that off-diagonal elements < 0.05 were set to 

0. X , 1Z and 2Z were the corresponding incidence matrices.  was the vector of residual effects and 

was assumed to be normally distributed, MVN (0,I
2

 ). 

The inclusion of the second genomic relationship matrix, tG , was deemed desirable as the fitting of 

the single matrixG alone resulted in significant population stratification (intercept = 1.029 ± 0.003, 

λGC = 1.026) following examination with LD score regression.27 The fitting of both genomic 

relationship matrices simultaneously produced no evidence of bias due to population stratification 

(intercept = 1.002 ± 0.003, λGC = 1.005). 

Fine mapping 

The method described above examines the effect of each haplotype against all other haplotypes in that 

window. To investigate whether there were causal variants located within directly overlapping 

haplotypes of the same window size, fine mapping of haplotype boundaries was used. Where there 

were directly overlapping haplotypes, each with P<10-3 and with an effect in the same direction, i.e. 

both causal or both preventative, then any shared consecutive regions formed a new haplotype that 

was assessed using the mixed model described previously. This new haplotype was assessed using all 
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individuals and was required to be at least 5 SNPs in length. A total of 47 new haplotypes were 

assessed from within 26 pairs of directly overlapping haplotypes. 

Replication cohort 

UK Biobank28 (provided as part of project #4844) was used as a replication cohort for the haplotypes 

in GS:SFHS with P<10-6. The UK Biobank data consisted of 152 249 individuals with genomic data 

for 72 355 667 imputed variants.29 The SNPs genotyped in GS:SFHS were extracted from the UK 

Biobank data, identifying 557 813 variants in common between the two datasets. Using the variants in 

common, phasing was conducted on a 50Mb window centred on the region containing the haplotype 

of interest using all individuals in UK Biobank. The same parameters for SHAPEIT v2.r837 were 

used for phasing as that described previously for GS:SFHS, except that duoHMM was not used and 

the default window size of 2Mb was applied, due to the expectation of lower IBD sharing in the UK 

Biobank cohort. 

To produce an unrelated dataset suitable for replication, firstly those individuals listed as non-white 

British were removed. Secondly, participants in GS:SFHS and their relatives (up to and including 3rd 

degree relatives) were removed from within UK Biobank. Finally, up to and including 3rd degree 

relatives of the remaining UK Biobank participants were removed to create an unrelated dataset. The 

relatives to be removed were identified by a kinship coefficient ≥ 0.0442 with another participant in 

UK Biobank using the KING toolset,30 leaving a total of 112 024 individuals. The phenotype in the 

replication dataset was based on a less restrictive self-diagnosed touchscreen assessment with case 

status defined as either ‘probable single lifetime episode of major depression’ or ‘probable recurrent 

major depression (moderate and severe)’ and with control status defined as ‘no mood disorder’.13 In 

total there were 8 003 cases, 15 540 controls and 88 481 with missing records, equating to a trait 

prevalence of 34.0% in this sample. 

A logistic association analysis was implemented in Plink v1.9018 assessing the haplotypes in UK 

Biobank which were identified in the discovery cohort with P<10-6: 
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   Xy  

where y was the vector of binary observations for MDD.   was the matrix of fixed effects, including 

haplotype, sex, age, age2, the first 8 genetic principal components, genotyping array, genotyping batch 

and recruitment centre. X was the corresponding incidence matrices and  was the vector of residual 

effects and was assumed to be normally distributed, MVN (0, I
2

 ). Replication success was judged 

on the statistical significance of each haplotype and a meta-analysis conducted using the R package 

meta31 with the default methods used for the cohort pooling. 

RESULTS 

An association analysis for MDD was conducted using 2 618 094 haplotypes and 47 fine mapped 

haplotypes within the discovery cohort, GS:SFHS. A genome-wide Manhattan plot of –log10 P-values 

for these haplotypes is provided in Figure 1 with a q-q plot provided in Supplementary Figure 1. 

Within the discovery cohort, 13 haplotypes had P<10-6 with replication sought for these haplotypes 

using UK Biobank. Summary statistics from both cohorts regarding these 13 haplotypes are provided 

in Table 1. There was no evidence for an association with MDD for any of these haplotypes in the 

replication cohort. Table 2 shows the protein coding genes which overlap these 13 haplotypes with the 

SNPs and alleles that constitute these haplotypes provided in Supplementary Table 1. 

Within the discovery cohort, two haplotypes exceeded genome-wide significance (P<5 x 10-8) for an 

association with MDD, one located on chromosome 6 and the other located on chromosome 10. 

On chromosome 6, two directly overlapping 0.5cM haplotypes consisting of 28 SNPs were identified 

between 108 335 345 and 108 454 437 bp (rs7749081 - rs212829). These two haplotypes had P-

values of 3.24 x 10-5 and 5.57 x 10-5, respectively and differed at a single SNP (rs7749081). Exclusion 

of this single SNP defined a new 27 SNP haplotype that had a genome-wide significant association 

with MDD (P=7.06 x 10-9). A Manhattan plot of the region surrounding the genome-wide significant 

haplotype on chromosome 6 is provided in Figure 2. This haplotype had an odds ratio (OR) of 1.87 

(95% confidence interval (CI): 1.53 – 2.29) in the discovery dataset and an OR of 1.09 (95% CI: 0.95 

.CC-BY-NC-ND 4.0 International licenseavailable under a
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (which wasthis version posted August 22, 2016. ; https://doi.org/10.1101/068643doi: bioRxiv preprint 

https://doi.org/10.1101/068643
http://creativecommons.org/licenses/by-nc-nd/4.0/


9 

 

– 1.25) in the replication dataset. The disease prevalence in the discovery dataset was 22.7% amongst 

carriers compared to 13.6% prevalence amongst non-carriers. Calculating the effect size at the 

population level,32 the estimate of the contribution of this haplotype to the total genetic variance was 

2.32 x 10-4. None of the SNPs within this haplotype were individually associated with MDD in either 

cohort (P≥0.05). 

A genome-wide significant haplotype (P=8.50 x 10-9) was identified on chromosome 10 using a 

0.5cM window. A Manhattan plot of the region surrounding this haplotype is provided in Figure 3. 

This haplotype had an OR of 2.35 (95% CI: 1.76 - 3.14) in the discovery cohort, which was the 

highest OR observed in this study and a disease prevalence of 27.2% amongst carriers of this 

haplotype, compared to a prevalence of 13.7% amongst non-carriers. The replication cohort had an 

OR of 1.13 (95% CI: 0.79 - 1.63) for the haplotype on chromosome 10. The estimate of the 

contribution of this haplotype to the total genetic variance was 2.29 x 10-4. Association analysis of the 

92 SNPs on this haplotype revealed that one SNP in GS:SFHS (rs17133585) and two SNPs in UK 

Biobank (rs12413638 and rs10904290) were nominally significant (P<0.05), although none had 

P<0.001. 

The SuRFR R package was used to integrate functional annotation and prior biological knowledge to 

prioritise potentially functional variants from within the associated regions.33 The variant, rs313455 

located within the haplotype on chromosome 10, was highlighted by SuRFR as a well conserved and 

interesting regulatory candidate, being located in a DNase HS region, and overlapping a binding site 

for the brain-expressed transcription factor FOS, although the variant itself was not significantly 

associated with MDD (P≥0.05). 

All 13 of the haplotypes with a P-value for association < 10-6 in the GS:SFHS discovery cohort were 

risk factors for MDD (OR > 1), see Supplementary Table 2. Within the replication cohort, 9 out of 

these 13 haplotypes were shown to be risk factors, however none of the 95% confidence intervals for 

the replication ORs overlapped the 95% confidence intervals of the discovery GS:SFHS cohort. All 

13 haplotypes providing evidence of significant heterogeneity (P<0.05, I-squared34 ≥ 88.2%) between 
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the two datasets. Meta-analysis of UK Biobank and GS:SFHS, gave no evidence for association of 

these haplotypes with MDD. 

DISCUSSION 

Haplotype-based analyses are capable of tagging variants due to the LD between the untyped variants 

and the multiple flanking genotyped variants which make up the inherited haplotype. This approach 

should provide greater power when there is comparatively higher IBD sharing. The cohort used in the 

discovery phase of the analysis was recruited as a population and family-based dataset and therefore 

should have greater power for detecting haplotypes associated with MDD compared to an unrelated 

dataset, which may partly explain why replication was unsuccessful. Thirteen haplotypes were 

identified in the discovery cohort with P<10-6 of which two reached genome-wide significance (P<5 x 

10-8), although none of these were significant in the replication cohort. 

The prevalence of MDD observed in the discovery cohort (13.7%) was comparable to that reported 

for structured clinical diagnosis of MDD in other high income counties (14.6%).35 However in the 

replication cohort, the trait prevalence was notably higher (34.0%), most likely due to the differing 

methods of phenotypic ascertainment. This difference potentially limits the power of the replication 

cohort to validate the findings from the discovery cohort. A complementary approach to replication is 

to identify gene coding regions within haplotypes that provided a biologically informative explanation 

for an association with MDD. 

The genome-wide significant haplotype on chromosome 6 overlaps with the Osteopetrosis Associated 

Transmembrane Protein 1 (OSTM1) coding gene. OSTM1 is associated with neurodegeneration36, 37 

and melanocyte function,38 with alpha-melanocyte stimulating hormone known to be associated with 

depression.39-41 This haplotype lies within the 6q21 region which has been associated with bipolar 

disorder,42-45 which shares similar symptoms with MDD and which has a correlated liability of 0.64 

with MDD.46 This potentially suggests either a pleiotropic effect or clinical heterogeneity, whereby 

patients may be misdiagnosed, i.e. patients may have MDD and transition to bipolar disorder in the 

future or are sub-threshold for bipolar disorder and instead given a diagnosis of MDD. 
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The haplotype identified on chromosome 7 was within 10kb of the variant rs10260531 which had 

moderate association (P=3.21 x 10-5) with MDD in a large mega-analysis.4 Both the variant and the 

haplotype are located within the Thromboxane A synthase 1 (TBXAS1) gene which is involved in 

platelet aggregation and maintaining haemostasis47, 48 and is a mediator in cardiovascular disease.49 

Multiple studies have demonstrated comorbidity between cardiovascular disease and MDD50, 51 and 

this region certainly warrants further investigation. 

The two haplotypes on chromosome 8 with P<10-6 both overlapped with the Interleukin 7 (IL7) 

protein coding region. IL7 is involved in maintaining T cell homeostasis52 and proliferation,53 which 

in turn contributes to the immune response to pathogens. It has been proposed that impaired T cell 

function may be a factor in the development of MDD,54 with depressed subjects found to have 

elevated55 or depressed levels56 of IL7 serum. There is conjecture as to whether MDD causes 

inflammation or represents a reaction to an increased inflammatory response,57, 58 but it is most likely 

to be a bidirectional relationship.56 In the present study, an association between a region containing 

the IL7 gene and MDD suggests that, at least for a subset of cases, it was immunocompromised 

individuals which developed MDD, rather than MDD causing an altered immune response. 

The haplotype on chromosome 12 located between 48 159 721 – 48 263 828 bp overlapped with four 

gene coding regions. One of these encodes the vitamin D receptor (VDR) for which there is a 

suggestive association with MDD,59-61 however this association appears to be population dependant.62 

The discovery cohort was based in Scotland which is at a latitude of approximately 55° to 60°N and is 

a country known for its rather cloudy and inclement climate. Studies have demonstrated that vitamin 

D deficiencies are highly prevalent in Scotland63, 64 and therefore this cohort may be suitable for 

further studies examining the relationships between the VDR coding region, vitamin D levels and 

MDD. 

Two Dutch studies65, 66 have identified a variant (rs8023445) on chromosome 15 located within the 

SRC (Src homology 2 domain containing) family, member 4 (SHC4) gene coding region with a 

moderate degree of association with MDD (P=1.64 x 10-5 and P=9 x 10-6, respectively). A variant 
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(rs10519201) within the SHC4 coding region was also found to have an association with Obsessive-

Compulsive Personality Disorder in a UK-based study (P=6.16 x 10-6).67 SHC4 is expressed in 

neurons68 and regulates BDNF-induced MAPK activation69 which has been shown to be a key factor 

in MDD pathophysiology.70 The SHC4 region overlaps with the haplotype on chromosome 15 

identified in the discovery cohort (49 206 902 – 49 260 601 bp position with P=9.21 x 10-8) and 

therefore further research should be undertaken examining the association between the SHC4 region 

and psychiatric disorders. 

As haplotype windows increase in size the individual haplotypes become rarer within the population 

and consequently have lower power to detect an association as they are carried by fewer individuals.71 

This was apparent here from comparatively fewer 1cM haplotypes remaining after restricting the 

haplotype frequency to > 0.005 and with no 1cM haplotypes having P<10-6. As different sizes of 

haplotypes across a region are likely to tag different untyped variants, it was potentially beneficial to 

analyse multiple window sizes. Two-point non-parametric linkage analysis was conducted on the best 

13 haplotypes, coding the haplotypes as a single marker, using Merlin v1.1.2.72 No evidence was 

found significant linkage with MDD in GS:SFHS, suggesting that the associated haplotypes were not 

segregating within multiple large families. This was unsurprising due to the window sizes used to 

define the haplotype blocks in this study. 

Conclusions and future research 

The study identified two haplotypes within the discovery that exceeded genome-wide significance for 

an association with a clinically diagnosed MDD phenotype. The haplotype on chromosome 6 was 

identified by applying a fine mapping technique that amended the haplotype boundaries and 

strengthened the signal detected. This haplotype was located on 6q21 which has been shown in 

previous studies to be related to other psychiatric disorders. Additional work could seek to replicate 

the findings in additional cohorts, as well as a wider analysis of all haplotypes in the regions identified 

within replication cohorts. An additive model was used to analyse the haplotypes and alternative 

approaches could implement a dominant model or an analysis of diplotypes (haplotype pairs) for an 
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association with MDD. There were a number of haplotypes approaching genome-wide significance 

located within gene coding regions associated with diseases that share a comorbidity with MDD and 

therefore these regions warrant further investigation. The total genetic variance explained by the 

haplotypes identified was small, however these haplotypes potentially represent biologically 

informative aetiological subtypes for MDD and merit additional analysis using alternative biological 

approaches or next generation sequencing. 
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Figure 1. Manhattan plot representing the –log10 P-values for an association between each assessed 

haplotype in the Generation Scotland: Scottish Family Health Study cohort and Major Depressive 

Disorder 
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Figure 2. Manhattan plot representing the –log10 P-values for an association between haplotypes in 

the Generation Scotland: Scottish Family Health Study cohort and Major Depressive Disorder within 

the 107.4 – 107.6 Mb region on chromosome 6. The start and end position (using build GRCh37) of 

haplotypes represent the outermost SNP positions within the windows examined. The warmth of 

colour represents the r2 with the genome-wide significant haplotype located between 108 338 267 and 

108 454 437 bp. 
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Figure 3. Manhattan plot representing the –log10 P-values for an association between haplotypes in 

the Generation Scotland: Scottish Family Health Study cohort and Major Depressive Disorder within 

the 3.6 – 5.8 Mb region on chromosome 10. The start and end position (using build GRCh37) of 

haplotypes represent the outermost SNP positions within the windows examined. The warmth of 

colour represents the r2 with the genome-wide significant haplotype located between 4 588 261 and 4 

822 210 bp. 
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Table 1. The genetic association between Major Depressive Disorder and 13 haplotypes in the 

Generation Scotland: Scottish Family Health Study (GS:SFHS) discovery cohort (where P<10-6) and 

a replication dataset (UK Biobank). Base pair (bp) positions are based on build GRCh37. Bold values 

indicate genome-wide statistical significance (P<5 x 10-8) was achieved in the GS:SFHS cohort. * 

indicates haplotype boundaries defined by the fine mapping approach. { indicates linkage 

disequilibrium (r2) > 0.5 between haplotypes in the GS:SFHS cohort. Haplotype frequencies were 

calculated using unrelated individuals and excluding UK Biobank participants recruited in Glasgow or 

Edinburgh 

 Haplotype  GS:SFHS  UK Biobank 

 Chr. Position (bp) RSID range 
Window 
Size (cM) 

SNPs in 
window 

 
Haplotype 
Frequency 

P  
Haplotype 
Frequency 

P 

 5 13611631 - 13737444 rs408619 – rs17263496 0.25 24  0.0045 1.24 x 10-7  0.0036 6.98 x 10-1 

{ 
6 * 108338267 - 108454437 rs17069173 – rs218289 0.34 27  0.0152 7.06 x 10-9  0.0198 1.88 x 10-1 

6 108407662 - 108454437 rs2001144 – rs218289 0.25 12  0.0193 8.17 x 10-8  0.0241 7.70 x 10-2 

 7 139682412 - 139708901 rs8192846 – rs12703488 0.25 27  0.0066 4.37 x 10-7  0.0070 3.79 x 10-1 

{ 
8 79700362 - 80387861 rs11990466 – rs11777412 0.5 125  0.0076 9.02 x 10-7  0.0080 7.21 x 10-1 

8 79759499 - 80156474 rs2010128 – rs1227634 0.25 68  0.0147 7.90 x 10-8  0.0158 5.69 x 10-1 

 10 4588261 - 4822210 rs11814411 – rs7082636 0.5 92  0.0064 8.50 x 10-9  0.0027 3.44 x 10-1 

 11 * 2260854 - 2437425 rs11021859 – rs2301698 0.41 42  0.0196 2.86 x 10-7  0.0188 8.51 x 10-1 

 12 48159721 - 48263828 rs7135791 – rs2189480 0.25 26  0.0078 4.78 x 10-7  0.0089 9.26 x 10-1 

 12 116904503 - 117062860 rs16946695 – rs10850685 0.25 45  0.0057 9.90 x 10-7  0.0046 8.96 x 10-1 

 15 49206902 - 49260601 rs934741 – rs4474633 0.25 28  0.0082 9.21 x 10-8  0.0080 3.93 x 10-1 

{ 
15 93806477 - 93851224 rs13313429 – rs13329166 0.5 24  0.0224 4.47 x 10-7  0.0204 3.18 x 10-1 

15 93821340 - 93845622 rs4777809 – rs10083565 0.25 14  0.0265 8.67 x 10-7  0.0241 1.96 x 10-1 
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Table 2. Protein coding genes located overlapping with the 13 haplotypes with P<10-6 in the 

Generation Scotland: Scottish Family Health Study (GS:SFHS) discovery cohort. Base pair (bp) 

positions are based on build GRCh37 with protein coding regions obtained from Ensembl, 

GRCh37.p13. { indicates a linkage disequilibrium (r2) > 0.5 between haplotypes in the GS:SFHS 

cohort 

 Chr. Position (bp) Protein coding genes 

 5 13611631 - 13737444 DNAH5 

{ 
6 108338267 - 108454437 OSTM1 

6 108407662 - 108454437 OSTM1 

 7 139682412 - 139708901 TBXAS1 

{ 
8 79700362 - 80387861 IL7 

8 79759499 - 80156474 IL7 

 10 4588261 - 4822210  

 11 2260854 - 2437425 ASCL2, CLorf21, TSPAN32, CD81, TSSC4, TRPM5 

 12 48159721 - 48263828 SLC48A1, RAPGEF3, HDAC7, VDR 

 12 116904503 - 117062860 MAP1LC3B2 

 15 49206902 - 49260601 SHC4 

{ 
15 93806477 - 93851224  

15 93821340 - 93845622  
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