Supplementary Methods

Identifying a significance threshold using permutation testing
To identify a reasonable GWAS P-value threshold, we performed GWAS of 20 randomly permuted
versions of our chronotype phenotype. The permuted phenotypes were created by randomly
shuffling the raw chronotype values amongst the 451,454 white European participants with genetic
data and then adjusting for age, gender and study centre (categorical), as with the original
phenotype. We performed GWAS using BOLT-LMM, adjusting for “release” (see GWAS in the
Methods section). From these 20 GWAS, a total of six variants reached genome-wide significance.
The table below gives the lowest P and corresponding -log10(P) per permutation.
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Pmin
4.80E-09
1.40E-07
8.10E-07
4.70E-08
1.50E-07
1.60E-08
5.50E-08
6.90E-07
2.00E-07
5.80E-08
2.10E-07
5.30E-08
7.30E-08
2.50E-08
4.50E-07
2.00E-07
3.20E-07
2.50E-08
1.60E-06
4.20E-07

-log10(Pmin)
8.318758763
6.853871964
6.091514981
7.327902142
6.823908741
7.795880017
7.259637311
6.161150909
6.698970004
7.236572006
6.677780705
7.27572413
7.13667714
7.602059991
6.346787486
6.698970004
6.494850022
7.602059991
5.795880017
6.37675071

To identify a suitable threshold to ensure our type I error rate (alpha) remains at 0.05 (as assumed
by the threshold of 5x10-8 for a million independent tests), we can take an average using either the
median or mean of the -log10(Pmin). We then transform this average back to a P-value, and multiply
the result by our alpha of 0.05, using the result as a significance threshold for our GWAS. Taking the
median gives median(-log10(Pmin)) = 6.84. Converting this to a P-value gives 1.45x10-7 and multiplying
by an alpha of 0.05 gives a P-value threshold of 7x10-9. Using the mean instead gives
mean(log10(Pmin)) = 6.93, giving a P-value of 1.2x10-7 and so a threshold of 6x10-9.

Sensitivity analysis details
Shift or night shift work
Shift and night shift work were assessed using two questionnaire variables recorded at baseline. If
individuals had answered anything other than “Never/rarely” for either field 826 (“Job involves shift
work”) or field 3426 (“Job involves night shift work”), they were considered to be shift or night shift
workers at baseline and were excluded.
Self-report mental health and sleep disorders
Individuals were excluded if they answered yes to field 2090 (“Seen doctor (GP) for nerves, anxiety,
tension or depression”) at baseline or had reported “depression”, “schizophrenia”, “mania/bipolar
disorder/manic depression”, “sleep apnoea” or “insomnia” at the baseline verbal interview. This
data is stored in field 20002 (“Non-cancer illness code, self-reported”).
Hospital episode statistics (HES) mental health and sleep disorder diagnoses
We excluded individuals if they had any one of the following diagnoses codes (and corresponding
subclassifications) in fields 41202 (primary diagnoses) or 41204 (secondary diagnoses):
•
•
•
•
•
•

Major depressive disorder (MDD) – ICD10 codes F32 and F33
Schizophrenia – F20 to F29
Bipolar disorder – F30 and F31
Anxiety disorders – F40 to F43
Mood disorders – F30 to F39
Sleep disorders – F51 (nonorganic) and G47

Relevant self-report medications
Individuals were excluded if they reported any of the following medications at baseline (field 20003):
Sleep medications: oxazepam, meprobamate, medazepam, bromazepam, lorazepam, clobazam,
chlormezanone, temazepam, nitrazepam, lormetazepam, diazepam, zopiclone, triclofos,
methyprylone, prazepam, triazolam, ketazolam, dichloralphenazone, clomethiazole, zaleplon,
butobarbital, diphenhydramine product, nytol, sonata
Antidepressants: amitriptyline, citalopram, fluoxetine, sertraline, venlafaxine, dosulepin, paroxetine,
mirtazapine, escitalopram, trazodone, prozac, seroxat, cipralex, duloxetine, lofepramine,
clomipramine, nortriptyline, imipramine, dothiepin, cipramil, amitriptyline, prothiaden,
trimipramine, lustral, reboxetine, zispin, cymbalta, anafranil, doxepin, moclobemide, phenelzine,
fluvoxamine, yentreve, triptafen, surmontil, tranylcypromine, allegron, edronax, molipaxin,
mianserin, nardil, faverin, nefazodone, amitriptyline+chlordiazepoxide, isocarboxazid, manerix,
maoi, sinequan, tranylcypromine+trifluoperazine, ludiomil, norval, tryptizol, fluphenazine
hydrochloride+nortriptyline.
Antipsychotics: prochlorperazine, olanzapine, quetiapine, risperidone, chlorpromazine,
trifluoperazine, amisulpride, sulpiride, seroquel, haloperidol, aripiprazole, stelazine, depixol,
flupentixol, clozapine, promazine, risperdal, modecate, fluanxol, flupenthixol, zyprexa,
zuclopenthixol, clopixol, largactil, abilify, fluphenazine, haldol, serenace, clozaril, cpz, perphenazine,

levomepromazine, pericyazine, dolmatil, fentazin, fluphenazine, benperidol, pimozide, zaponex,
denzapine, neulactil, thioridazine, dozic, fluspirilene, panadeine, sertindole.
Anxiolytics: zopiclone, diazepam, temazepam, zolpidem, nitrazepam, lorazepam, hydroxyzine,
zimovane, phenergan, promethazine, buspirone, atarax, oxazepam, loprazolam, chlordiazepoxide,
lormetazepam, ucerax, stilnoct, diazepam, buspar, alprazolam, librium, xanax, meprate, dalmane,
clomethiazole, meprobamate, welldorm, amitriptyline+chlordiazepoxide, flurazepam, heminevrin,
medazepam, neulactil, sinequan, almazine, atensine, carisoma, chloractil, chloral,
dichloralphenazone, dormonoct, methyprylone, mogadon, rohypnol, tryptizol.

Supplementary Figures

Supplementary Figure 1. Scatter plot of UK Biobank chronotype GWAS effect sizes for all 341
lead variants present in UK Biobank, against their effect sizes in the UK Biobank chronotype
sensitivity GWAS. The dashed line indicates identical effect in both analyses.
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Supplementary Figure 2. FUMA regional plots identifying LD patterns between chronotypeassociated variants at the a) RGS16, b) PER2/TRAF3IP1, c) PER3, d) PIGK/AK5, e) INADL, f)
HCRTR2, g) HTR6, h) PER1, i) CRY1 and j) ARNTL loci. LD r2 of each variant with the lead is
indicated by the colour of the points, with mapped genes highlighted beneath in red.

Supplementary Figure 3. Scatter plot of Morning Person variants, identified in 23andMe, and
their effects on BMI in the UK Biobank (outcome) versus odds of being a morning person
(exposure). Lines identify the slopes of the different methods used, with P-values for the nullhypothesis of slope=0 provided in the legend.

Supplementary Figure 4. Scatter plot of Chronotype meta-analysis variants and their effects on
type 2 diabetes in the DIAGRAM GWAS65 (outcome) versus odds of being a morning person
(exposure). Lines identify the slopes of the different methods used, with P-values for the nullhypothesis of slope=0 provided in the legend.

Supplementary Figure 5. Scatter plot of Morning Person variants, identified in 23andMe, and
their effects on age at last childbirth in the UK Biobank (outcome) versus odds of being a
morning person (exposure). Lines identify the slopes of the different methods used, with P-values
for the null-hypothesis of slope=0 provided in the legend.

Supplementary Figure 6. Scatter plot of Chronotype meta-analysis variants and their effects on
schizophrenia in the PGC GWAS (outcome) versus odds of being a morning person
(exposure). Lines identify the slopes of the multiple methods tested, with P-values for the nullhypothesis of slope=0 provided in the legend.

Supplementary Figure 7. Scatter plot of Morning Person variants, identified in 23andMe, and
their effects on the odds of depression (>1 week) in the UK Biobank (outcome) versus odds of
being a morning person (exposure). Lines identify the slopes of the different methods used, with Pvalues for the null-hypothesis of slope=0 provided in the legend.

Supplementary Figure 8. Scatter plot of Morning Person variants, identified in 23andMe, and
their effects on the odds of multiple pregnancy loss in the UK Biobank (outcome) versus odds
of being a morning person (exposure). Lines identify the slopes of the different methods used, with
P-values for the null-hypothesis of slope=0 provided in the legend.

Supplementary Figure 9. Scatter plot of BMI variants discovered from Locke et al 201531, and
their effect on Chronotype in the UK Biobank alone (outcome) versus their effect on BMI
(exposure). Lines identify the slopes of the different methods used, with P-values for the nullhypothesis of slope=0 provided in the legend. UK Biobank Chronotype GWAS betas were used, as
logORs from the secondary meta-analysis were unavailable for the BMI variants.

Supplementary Figure 10. Scatter plot of type 2 diabetes variants and their effect on
Chronotype in the UK Biobank alone (outcome) versus odds of type 2 diabetes (exposure).
Lines identify the slopes of the different methods used, with P-values for the null-hypothesis of
slope=0 provided in the legend. UK Biobank Chronotype GWAS betas were used, as logORs from the
secondary meta-analysis were unavailable for the type 2 diabetes variants.

Supplementary Figure 11. Scatter plot of Insulin Secretion variants (from Dimas et al, 201466)
and their effect on Chronotype in the UK Biobank alone (outcome) versus their effect on
insulin secretion (exposure). Lines identify the slopes of the different methods used, with P-values
for the null-hypothesis of slope=0 provided in the legend. UK Biobank Chronotype GWAS betas were
used, as logORs from the secondary meta-analysis were unavailable for the insulin secretion variants.

