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ABSTRACT

Nightmares are vivid, extended and extremely dysphoric dreams that awaken the dreamer. Twin
studies indicate that nightmare frequency has a heritability between 36 and 51% providing
evidence for genetic factors underlying predisposition to nightmares. Furthermore, while cross-
sectional epidemiological findings suggest that heavy alcohol usage, traumatic experiences and
psychiatric diseases associate with nightmares, the causal relationships between these conditions
and nightmares have remained unknown. To examine the biological mechanisms behind
nightmares, we performed a genome-wide association study in 28,596 individuals from Finland
and the United States. We identified individual genetic variants that predispose to nightmares
near MYOF (rs701873, p=2.18e-8) and PTPRJ (rs11039471,p=3.7e-8), a gene previously
associated with sleep duration. We found a strong genetic correlation between the frequency of
nightmares and traits related to personality and psychiatric disorders; neuroticism (rg=0.59,
p=8e-7), post-traumatic stress disorder (PTSD) (rg=0.58, p=0.004) as well as major depressive
disorder (rg=0.68, p=7e-4), and sleep traits; and daytime sleepiness (rg=0.62, p=1e-6) and
insomnia (rg=0.50, p=1.87e-5). Analysis of directionality using mendelian randomization
showed a significant effect from feelings of fed-up (p=0.001), nervous (p=0.004) and
miserableness (p=0.0045) to nightmares with no evidence of pleiotropy and no evidence of
nightmares predisposing to psychiatric or psychological problems. Our findings suggest that
nightmares are caused by unique genetic risk factors, and here we identify the first individual
genetic associations. In addition, a substantial effect on nightmares is conveyed through
underlying psychological and sleep problems, with psychological problems being causal for
nightmares.
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INTRODUCTION

Nightmares are vivid, extended and extremely dysphoric dreams that usually include themes
involving threats to survival, security, physical integrity or self-esteem, and cause the dreamer to
wake up (American Academy of Sleep Medicine). While sporadic nightmares and bad dreams are
common and generally harmless, a subset of nightmares reflects underlying pathology. Indeed,
while almost everyone experiences sporadic nightmares, experiencing regular nightmares is
relatively rare, with less than 5% of the overall population and with higher prevalence in females

compared to males, as well as a higher prevalence of nightmares in childhood compared to
adulthood '-3.

While the risk factors behind nightmares are not well understood, nightmares can be caused by
negative experiences and fear such as traumatic events, as seen in war veterans with PTSD 2. We
have previously studied the epidemiological correlates of nightmares extensively. These and other
epidemiological studies have shown that both sleep problems and severe sleep disorders, such as
insomnia and narcolepsy, are associated with nightmares, there being a strong association with
insomnia, fatigue and sleep terrors #7. Furthermore, we have previously shown a familial
aggregation between nightmares and psychiatric disorders . Similarly, we and others have
previously shown that nightmares correlate with sleep and psychiatric traits, alcoholism, insomnia
and overall pain, including headache %>, However, the biological basis behind nightmares or the
causality between nightmares and comorbid traits are not known.

Interindividual genetic differences account for 36 to 51% of the variance in liability to nightmares
in the population 3. Genetics offers an opportunity to identify new predisposing loci, understand
whether underlying biological mechanisms are shared with psychiatric or other traits, and identify
which associated factors contribute causally to frequent nightmares. Indeed, all earlier studies
sketch a pathway where nightmares overlap with psychiatric and sleep traits. However, whether
they are a cause or consequence of nightmares has remained inconclusive; potentially other
confounders including shared genetic factors may account for the observed association.

Previously, in a longitudinal study of war veterans with PTSD it was seen that both insomnia and
nightmares had a strong association with PTSD but insomnia did not resolve by itself whereas
nightmare symptoms got milder. This suggests a stronger independent component from insomnia
for PTSD symptoms than nightmares '°. Furthermore, nightmares tend to remain unreported in the
clinical setting. Similarly, we also know that people underestimate the frequency of nightmares in
retrospective analysis versus daily logs !'. Consequently, the overall clinical relevance of
nightmares has probably been underestimated despite their known epidemiological association
with sleep disorders, psychiatric disorders, and suicide 2.

In this study our goal was to examine the underlying biological and epidemiological mechanisms
that affect the frequency of nightmares. We aimed to understand the putative causal links between
nightmares, sleep traits and psychiatric traits. Given that nightmares are heritable, we used a
genome-wide association study design (GWAS) in three cohorts with self-reported frequency of
nightmares to elucidate underlying biology, shared mechanisms and links with psychiatric
diseases.
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METHODS

Study populations

28,596 individuals participated in this study from Finrisk (N=21,223), Finnish Twin Cohort Study
(N=5,556) and Genes for Good (N=1,797). The individuals contributed genetic and questionnaire
data and provided a written informed consent for research.

FINRISK (n=21,223): This cohort comprises health surveys, collected every five years, from
cross-sectional random population samples of Finnish adults. The data is collected in forms of
health questionnaires and a formal health examination at a local health care center. In the Finrisk
dataset, nightmares were assessed with a question “During the past 30 days have you had
nightmares?”. The response options were “often”, “sometimes” and “never.” Other measures,
including age, gender and the survey year that the subject took part in (Finrisk surveys 1997, 2002
or 2007) as well as alcohol use, were assessed. Alcohol intake was measured using a question on
frequency of alcohol intoxication. Nightmares were used as a linear trait from 1 to 3 with 1 being
no nightmares and 3 frequent nightmares. Genotyping and genome-wide imputation was done as
part of the Finrisk data analysis using Sequencing Initiative Suomi (SISu) project data as reference.
Genome-wide association analysis was conducted using SNPtest with option score in the SNPtest
package '°. Analyses were adjusted for relevant covariates comprising age, gender and identity by
descent calculated genetic correlation matrix with top 10 principal components, the survey year,
and genotyping chip. In addition, individuals that were intoxicated once or more often per month
were removed in the secondary analysis, as frequent heavy use of alcohol has been previously
found to increase risk for frequent nightmares *.

Finnish Twin Cohort (n=5,556): The study cohort consists of same-sexed twin pairs born before
1958, who participated in two questionnaire surveys in 1975 and 1981. In 1990, twins who had
participated in either previous survey and who were born between 1930 and 1957 were invited to
participate in a questionnaire survey 4. The 1990 survey included a broad set of items on frequency
of parasomnias in childhood and adulthood, as reported earlier *!°. In the Finnish Twin Cohort,
two questions assessed the frequency of nightmares in childhood and adulthood, respectively 7. In
the analysis, we used the data on nightmares as adults. For adults, the question was “How often
have the following nighttime symptoms been present in adulthood Alternatives were *weekly’,
about once a month, less often, never and cannot say. Those with weekly nightmares were defined
as cases and those with nightmares never, rarely or monthly as controls. Heavy drinking occasions
were defined as consuming ‘at least once a month and on a single occasion’, more than five beers,
a bottle of wine or a half-bottle of spirits (or a similar amount), to correspond to five standard
drinks or >60 g of pure alcohol on a single occasion !¢, For Finnish Twin Cohort we used
Haplotype Reference Consortium release 1.1 reference panel !7 for genotype imputation using
protocol provided by University of Michigan Imputation Server '®. For Finnish Twin Cohort:
Primary analyses, analyses were conducted using RVTESTS ! with linear mixed model regression
using score test for testing association. The sample relatedness and population stratification has
been taken into account in genetic relatedness matrix used as a random effect of the model.

Genes for Good (n=1,797): Genes for Good is an online genetics study conducted through a
Facebook web app. Participants self-report health and behavioral data through online surveys and
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submit a saliva sample in the mail for genotyping. The sample includes participants over 18 years
of age from all 50 U.S. states. Altogether, 1797 individuals in Genes for Good participated in the
study. In Genes for Good the frequency of nightmares were assessed with a question: “During the
last 30 days, how often have you had nightmares? Nightmares are dreams that evoke so strong
negative feelings that they wake you up.” Answering options were: “1. Almost every morning, 2.
Several times a week, 3. Once a week, 4. Two or three times a month, 5. Once a month, 6. I did
not have nightmares that woke me up during the last month”. Phenotypes were harmonized similar
to Finnish Twin cohort: Those with nightmares at least once a week were defined as cases and
those with nightmares never, rarely or less than weekly as controls. Analysis was computed as or
logistic mixed model regression with SAIGE 2°, adjusting for age, sex and principal components.
In the secondary analysis, as information was not available on how much alcohol individuals
consumed at one occasion, use of alcohol was adjusted instead as many drinks people have had
during the last 30 days.

Meta-analysis: Fixed effect meta-analysis was used to combine effects across cohorts using
META 2! and compared to those using METAL with sample size weighted analysis 2.

Biological consequences of genetic variants: Downstream analyses of gene level overlap with
other traits and pathway analyses were calculated using MAGMA with variants under p-value
threshold 1e-5 as implemented in FUMA, and single Cell Type enrichments were calculated with
all available cell types in Mouse Cell Atlas using MAGMA as implemented in FUMA.
http://fuma.ctglab.nl/ 2.

Genetic correlation: In order to estimate the genetic correlation between two traits, we used LD
score regression, which considers linkage disequilibrium (LD) (e.g. correlation due to close
proximity at the DNA chain) between genetic variants. Similarly, trait heritability explained by
common variants and tissue specific partitioned heritability were estimated using LD score
regression 24, P-values were Bonferroni corrected.

Mendelian Randomization: Mendelian Randomization was computed between nightmares and
those traits that showed significant genetic correlation with nightmares. Analysis was performed
using MRCIEU/TwoSampleMR package in R 3.5.0. We calculated inverse variance weighted and
MR-Egger models to estimate effect sizes. For those associations with significant effect we
estimated pleiotropy as implemented in the MRinstruments R package. For nightmares with only
two significant genome-wide SNPs a lower threshold of le-5 was used to extract exposure
instruments clumping individual lead variants per locus together in order to adjust for LD.
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RESULTS
Meta-analysis of GWAS of nightmares identifies genetic loci at PTPRJ and MYOF

We have earlier studied the epidemiological correlates of nightmares extensively in the cohorts
examined here>*7#, In the current study, we explored whether there were independent genetic risk
factors for frequency of nightmares. Overall SNP based heritability was relatively modest
[SNPh?=0.05 se=0.017]. In primary meta-analysis of GWAS in 28,596 subjects, we identified a
significant association with nightmares for a locus intronic to PTPRJ (rs11039471, p=3.7¢-8)
(Figure 1, Supplementary Figure 1-2, Supplementary Table 1). Previously, an independent
signal at the same locus, not driven by the same lead variants, associated with total sleep duration,
short sleep duration and glycemic traits 2> suggesting a broader pleiotropic role for the PTPRJ
locus in regulating sleep and symptoms of disturbed sleep such as nightmares.

Previous studies and our observations above show that heavy use of alcohol correlates with
nightmares *?’. Therefore, we explored the genetic determinants after removing individuals that
were intoxicated at least once per month as a secondary analysis. This analysis identified an
additional signal intronic to MYOF (rs701873, p=2.18e-8, Figure 1B ) with two additional GWAS
significant SNPs (rs701874 and rs788094) in tight LD. Multiethnic analysis with Genes for Good
strengthened this association (p=1.2e-8, Supplementary Table 1). Furthermore, gene-based test
supported association of MYOF (Figure 1C). The associating variants are intronic to MYOF - a
gene normally expressed in microglia in the brain as well as in high levels in the bladder.

Tissue enrichment analyses implicates brain and neuronal tissues in nightmares

To explore downstream biological mechanisms we computed tissue enrichment for closest genes
to 29 lead variants with p-value <le-5 using GTEx data. This analysis showed a global enrichment
of genetic loci active in the brain likely reflecting the associations with sleep, mood and alcohol
consumption as well as direct effects on nightmares themselves (Figure 2). Furthermore, we saw
association with genes expressed in the bladder (Supplementary Figure 2) suggesting a separate
role for mechanisms involving sleep interruption and potentially, getting up during the night to use
the restroom. Similarly, single cell enrichment identified both brain cell types: Astrocytes (p-value
= 6e-3) as well as Bladder cells enriched with nightmares (p=5e-4) (Supplementary Table 2-3).

Nightmares overlap with neuroticism and psychiatric disorders at gene level

To explore whether the same genes contribute to nightmares and psychiatric traits, we examined
the genetic loci (n=29 loci) that associated with frequency of nightmares with p<le-5. Variants
within these most significant loci overlapped significantly with genes at loci that are significant
for other psychiatric traits or personality traits related to such problems (Figure 2, Supplementary
table 4). Most notably, these traits include neuroticism (p corrected= 3.53e-18 with SLC39A413,
PSMC3, CELFI, NDUFS3, PTPMTI, KBTBD4, KBTBD4, FAMI180B, CIQTNF4, MTCH?2,
AGBL2, FNBP4, RBFOXI), PTSD (p adj=2.42e-3, with CSDMI and ADCYS), and major
depressive disorder (p corrected < 0.05 ESRRG, PDCDS5, ANKRD27 and RGSYBP).
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Nightmares show genome-wide genetic correlation with sleep and psychiatric traits

We first examined the genetic correlation between PTSD?® and frequency of nightmares. We
discovered a significant correlation (rg=0.58 p=0.004) evidencing for shared genetic vulnerability
between frequent nightmares and PTSD. To assess whether previously suggested association
between nightmares and psychiatric traits is mediated by genetic factors we computed genetic
correlation between the GWAS of nightmares and publicly available summary results of GWAS
for psychiatric disorders. We saw a strong genetic correlation of nightmares with major depression
(rg=0.68, p=0.0007) and symptoms of depression (rg=0.58, p=0.0001), and an inverse association
with subjective well-being (rg=-0.62, p=3e-5) (Table 1). Interestingly, pointwise association was
also seen with schizophrenia (rg=0.25, p=0.015, p corrected = ns.) but not with bipolar disorder
(rg=0.027, p=0.83). The correlation with schizophrenia did not sustain correction for multiple
testing (Supplementary Table 5).

In order to examine a broader set of human traits to find potentially stronger and novel correlates
for nightmares, we then examined the genetic correlation of nightmares with 515 traits measured
in UK Biobank, including sleep and psychiatric traits as well as additional autoimmune, lipid,
cardiometabolic and anthropometric traits. The results were similar to the previously observed
phenotypic association with sleep and psychiatric disorders with the strongest associations seen
for psychiatric traits neuroticism and nervous feelings, frequency of tenseness, overall health
rating, mood swings, sensitivity and lack of enthusiasm (p<le-4 and rg>0.5 for all traits). In
addition, there was a significant correlation with sleep traits: frequency of tiredness and symptoms
of insomnia (p<le-4 and rg>0.5 for all traits), Table 1 and Supplementary Table 6). Finally, we
found a strong association with different pain phenotypes, most notably back pain (rg=0.52, p=4e-
5) and stomach and abdominal pain (rg=0.65,p=4e-5).

Mendelian Randomization suggests that miserableness, nervous feelings are causal for
nightmares.

To explore causality between nightmares and psychiatric traits, we performed Mendelian
Randomization with focus on phenotypes showing significant genetic correlation with the
frequency of nightmares. Overall, psychiatric traits were also predictors for higher frequency of
nightmares (feelings of fed up p=0.44 p=0.001; nervous feelings f=0.51, p=0.004 and
miserableness f=0.53 p=0.0045) indicating that these traits contribute to nightmare frequency
(Supplementary Table 7). No evidence of association or trend was seen that nightmares would be
causal for any of the psychiatric traits (p=ns.).
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DISCUSSION

In this study we show that nightmares associate strongly with psychiatric and sleep traits at the
genetic level. In addition, we show that psychiatric traits, notably those related to miserableness
and nervous feelings can be causal for nightmares, while nightmares as such are not causal for the
psychiatric traits. Furthermore, nightmares have a measurable genetic component and the genetic
loci overlap with psychiatric and sleep complaints. In addition, individual genome-wide significant
associations were discovered with PTPRJ and MYOF. Together with genetic correlations these
findings strongly support the epidemiological findings that nightmares are an integral part of
psychiatric traits and can even be caused by psychological problems.

An increased frequency of nightmares is seen among patients with psychiatric disorders 8. In the
present study we found strong genetic correlations between nightmares and overall subjective
well-being, mood disorders (major depression) and personality characteristics (neuroticism).
Further, we identified genetic correlation between nightmares and sleep complaints; insomnia and
excessive daytime sleepiness. This is in line with epidemiological findings that nightmares
correlate with sleep and psychiatric traits >*32°, However, our findings suggest a novel mechanism
where traits related to mood such as miserablesness and anxiety through nervous feelings are
causal for nightmares. Notably, the current genetic correlations are computed in non-overlapping
samples (Finnish population vs. UK Biobank) and therefore do not have shared individuals. Thus,
the genetic correlation is not induced by overlapping phenotypic representation in the same
individuals that would be part of the discovery sample.

One possible explanation for the co-occurrence of nightmares and psychiatric traits is the overlap
between sleep complaints and nightmares, seen also in the present study. Nightmares occur usually
during Rapid Eye Movement (REM) sleep, while instability of REM sleep accompanied by slower
resolving of emotional distress has been found to be of key importance in the pathophysiology of
primary insomnia 3°. This could be one potential explanation for genetic and phenotypic
correlations with nightmares. Our finding of shared genetic risk between nightmares and
symptoms of insomnia would support this hypothesis.

We identified a novel individual risk variant for nightmares intronic for gene encoding PTPRJ.
This locus has been previously associated with sleep duration and short sleep suggesting a possible
larger effect of variation at the PTPRJ locus on sleep and nightmares. PTPRJ is a pleiotropic
tyrosine phosphatase, previously implicated in regulation of angiogenesis, amount of platelets,
cancer, blood glucose levels but also sleep duration and axonal growth?-1-34, In addition, two
intronic variants for MYOF, the gene coding for myoferlin, associate with nightmares. The causal
biological mechanisms for these variants remain still unknown and are potentially partially
mediated through correlating psychiatric and sleep associations. Furthermore, the variants that we
discovered in this study have remarkably different allele frequencies across populations making it
challenging to assess causality and replication over multiethnic populations that will be affected
by difference in exposures, population structure, selection or drift. Indeed, we will need larger
samples with information on nightmares to replicate the findings related these genes, and to
identify the causal variants, genes and causal mechanisms behind these genetic associations.
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A subset of our findings may reflect that some individuals have a higher opportunity to recall
dreams. For example, a higher nightmare recall frequency could be explained by higher number
of awakenings during the night. Although the definition of a nightmare includes the awakening
criterion, i.e., it is assumed that the dysphoric dream wakes up the dreamer, most individuals
interpret nightmares simply as highly negative dreams and disregard the criterion for waking up.
Also, in questionnaires, nightmares and the awakening criterion are seldom clearly defined for the
participant. A higher dream and nightmare recall frequency could be explained by higher number
of awakenings during the night, as this gives a greater opportunity to remember a dream on
awakening, including nightmares. Some of our observations support this reasoning. Accordingly,
we saw increased nightmares in individuals reporting night-time awakenings. On one hand, there
was no genetic correlation with the number of sleep episodes. On the other hand, the strongest
associating tissue enrichment in addition to brain was bladder suggesting that some individuals
may need to get up during the night to use the bathroom, which also gives them an additional
opportunity to recall dreams and nightmares.

Our study is unique as there are no other large samples available with phenotyping for nightmares,
and is the first to examine genetic determinants of nightmares. Given the strong correlations with
psychiatric and psychological traits it would be essential to grow awareness of nightmares
affecting health and disease, systematically collect information about nightmares especially in
clinical samples and implement these questions in larger cohorts. Our findings indicate a
possibility that patients with psychiatric disorders may benefit if their nightmares are managed as
part of the treatment strategy by using evidence-based interventions such as imagery rehearsal
therapy™.

To summarize, these findings show two possible mechanisms for association of the genetic risk
for nightmare with sleep traits (notably insomnia), either a direct mechanism that is tied to sleep
problems and the negativity of a dream, or a modulatory effect that associates with the frequency
that the dream is remembered. These data show that we need to implement questions for dream
recall, nightmare frequency and distress, and night time habits also for large population samples
in order to understand the connection between dreaming and nightmares in detail.

URLSs and data availability
The summary statistics for these associations will be available at Sleep disorder knowledge portal
http://sleepdisordergenetics.org/.
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TABLES

Table 1. Genetic correlation between nightmares and strongest correlates from psychiatric and
sleep disorders

Table 2. Individual GWAS hits associating with the frequency of nightmares
FIGURE LEGENDS

Figure 1. Single point association with nightmares. The genetic association with A) nightmare
frequency in model adjusted for age, gender, population stratification and batch effects or B)
nightmare frequency in model adjusted for age, gender, population stratification and batch
effects excluding individuals who get intoxicated at least once per month shows significant
association with MYOF locus. C) Gene based test for nightmare frequency shows significant
association with MYOF locus. D) Regional association of MYOF locus and E) zoomed in
association with MYOF locus show that E) the region is ubiquitously transcribed except for brain
tissues (marked green on Y-axis).

Figure 2. Expression of nightmare target regions and overlap with previously explored traits. A)
Expression of genes in loci with p<le-5 using GTEx v6. Brain tissues are highlighted and
enriched for expression. B) Overlap of nightmare loci with p<le-5 (n=29 loci) with variants in
same genes from previous association studies.
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Table 1. Genetic correlation from GWAS of Frequency of nightmares.

Genetic Standard deviation P-value
Trait correlation for Genetic P-value  Bonferroni
(rg) correlation (se) corrected
PSYChOl(‘i)gical Depressive symptoms 0.6227 0.1696  0.0002 0.0066
psyjﬁiatric Major depressive disorder 0.7141 02264  0.0016 0.0368
traits Subjective well being -0.6743 0.1676  5.75E-05 0.0013
Neuroticism score 0.5891 0.1197  8.67E-07 0.0004
Frequency of tiredness /
lethargy in last 2 weeks 0.6203 0.1279  1.25E-06 0.0006
Overall health rating 0.5368 0.1142  2.58E-06 0.0013
Frequency of tenseness /
restlessness in last 2 weeks 0.6047 0.1305  3.60E-06 0.0019
Mood swings 0.5748 0.1259  5.02E-06 0.0026
Sensitivity /
hurt feelings 0.5064 0.112  6.20E-06 0.0032
Tense /
highly strung 0.5138 0.1151  8.03E-06 0.0041
Miserableness 0.5471 0.1243  1.07E-05 0.0055
Frequency of unenthusiasm /
UK Biobank disinterest in last 2 weeks 0.6163 0.1405  1.15E-05 0.0059
traits Nervous feelings 0.5031 0.115  1.22E-05 0.0063
Frequency of depressed
mood in last 2 weeks 0.5424 0.1254  1.52E-05 0.0079
Suffer from nerves 0.5754 0.1344  1.87E-05 0.0096
Sleeplessness / insomnia 0.5061 0.1183  1.87E-05 0.0096
Pain type(s) experienced
in last month: Back pain 0.5184 0.1256  3.65E-05 0.0188
Seen a psychiatrist for nerves
anxiety tension or depression 0.5213 0.1271  4.10E-05 0.0211
Pain type(s) experienced in last
month:
Stomach or abdominal pain 0.6155 0.1507  4.44E-05 0.0228
Other eye problems 0.8435 0.2081  5.04E-05 0.0260
Financial situation satisfaction 0.7229 0.1801  5.95E-05 0.0307
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Table 2. Single nucleotide polymorphisms associating with the frequency of nightmares across cohorts.

Finnish cohorts Multiethnic
Minor Allele
Gene, Ref Effect frequency

MarkerName Chr bp allele Allele Effect StdErr p-value Effect StdErr p-value
Age, sex and PC adjusted
PTPRJ, 1511039471 11 47975794 C G 0.161 0.0413 0.0075 3.71E-08 0.0407 0.0075 5.37E-08
Age, sex, alcohol and PC adjusted
PTPRJ, 1511039471 11 47975794 C G 0.161 0.0407 0.0079  2.65E-07  -0.0403 0.0079  3.28E-07
MYOF, rs701873 10 95190568 C T 0.3864 0.0331 0.0059  2.15E-08 0.0336 0.0059 1.24E-08

Chromosome (chr) and Base pair (bp) positions in hgl9. P-value calculated with standard error (StdErr), Effect. Fixed effects meta-

analysis.


https://doi.org/10.1101/836452
http://creativecommons.org/licenses/by/4.0/

Figure 1.

.
H
6 : ’ : . N
. 1000 SNPy I
L ] 2
i 1
y 7 . 09
= . 08
F o %7 ° o7
S 2 s .b“.. 05
g 7 X 03
N o 44 . 02
e 0.1
o 8-
o
T o
14
0 U 1
94,800,000 95,000,000 95,200,000 96,400,000 95,600,000 95,800,000
Chromosome 10
B E ®Top lead SNP @®Lead SNPs eIndependent significant SNPs
:
1000G SNPs I
. 2
8 e © .(1.'9
7 08
y : ‘
g 5 & ¢ ..O ®e o 0 83
s [ 4 o ° eee %0 o P ° y
3 24 g o o0 )
R 0% o oper @ Top lead SNP
. e o @ Lead SNPs
29 e % & ¢ o0 @ Independent significant SNPs
1 L] L PP
.o - * .
04
i N . -quF N , w— Mapped genes
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19202122 — m“""”m PW:;""'W gene
Chromosome = Non-mapped non-coding genes
C F r T T T
-
73
6 MYOF
5 2 - T
. " % e Wk
3 € — E""G
o - NF/Rpts
© - -
d E b
=] e E;AM
=1 = nhBiv
g o ReprPeWK
- Quies
_—
95,180,000 95,220,000 95,240,000

15 16 17 18 19202122

7 8 14

Chromosome

Chromosome 10


https://doi.org/10.1101/836452
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/836452; this version posted November 9, 2019. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available
under aCC-BY 4.0 International license.

Figure 2.

5.67

TBC1D10A
ANKRD42 || |
GATSL3 [ e
I || | O . I
- o w n o <+ X o v w T U T > n o X o > T cw v X o x u T ° w v o o
ogg S 3 e N Y Q sl og c haﬁﬂ%wu‘— 5 T £ 935 2308 :g:x:m [
o £ = E 23 < £ a s Y9o@zm CS8cgaE®® =11 S o 8250 20 @ 9387
o T T G ES SS@mS 10 SaTEp 2E2E392s5€e5§ £C3S F o TR~ e 0w o 3.
FTEE 25288878 %8 L0 O35350 58 5232 138885 05eEs5ay
WV2gLeomS 2o xY 02 FKoa-! £o2 5086 xpmn32 S8 &8 ek Jdgeg 1283
tELssSs8E_i_lgces & a>® T 558>08C0% 23 8 & ° > F 5 >7183
253558230 EsS¢E Y25 e=gf 222 533 89§ &g f£2Es330
I S 2 Scooa o > 3 =9 ! 2 2 0 = oz =3 >
BL 08>S 88858 13 283 gcfs g<< oS85y Tx = SEZE8S3
55 2SS T 8 e 5 s 28 < gogy¥ £ Og8g w72 > Aok oy
TE8ALESTEEE 5¢ 2% 53¢ < 52§ 3 F2gs888
o IS 9 %3 2 £ (K = c o g (v} S o 1y ax
[ © = g5 @ 25 W« T @ k= b4 E T iagw xua
§ Zgo Sze2 ¢ 5 E ] g 8 SYeET 40
O a o g O 20T =2 o] 4 2 s 829 'S5
aY 35 ® =2 b=} 4
U 1o L S s T £ ] a o =37
£ ! £ £66 @5 L 8 ES [
: s G R § 2 5 T g
@ @3 e [ £ 3 z 0
S < | > -
=l o s £
=z £ T 5 2
'8 © S
§a 2
o
Proportion of overlapping N .
genes in gene sets Enrichment P-value overlapping genes
B Neuroticism

Intraocular pressure -

Insulin resistance/response -

Pulmonary function decline -{

Post-traumatic stress disorder -|

Major depressive disorder -

Tonsillectomy —

Coronary artery aneurysm in Kawasaki disease -

Body mass index in physically active individuals -

Myopia -{

Body mass index (joint analysis main effects and physical activity interaction) -{
Body mass index -

Response to methotrexate in juvenile idiopathic arthritis -
BMI in non-smokers -

Diastolic blood pressure -

Photic sneeze reflex -

Hip circumference -

BMI (adjusted for smoking behaviour) -

Body mass index (joint analysis main effects and smoking interaction) {
Obesity-related traits -{

Immature fraction of reticulocytes -

Post bronchodilator FEV1 -

Reticulocyte count -

T
~ o0 Ny @
SIS £¢ S & $&8 5
SO0V X o‘f,,?@’é‘$E$§/E’(§’§’IP$$$§§$§§$§f§5§@50§§
Proportion -log10 adjusted P-value§ U 4{5@(50 TYLY o « ‘1$“¢ N Y h?“’
&5 z


https://doi.org/10.1101/836452
http://creativecommons.org/licenses/by/4.0/

Supplementary Figure 1. LocusZoom plot of PTPRJ locus and overlay with ENCODE 15 state model in Brain tissues.
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Supplementary Figure 2. Enrichment of genes in tissues based on GTEx v6 expression.
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