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Supplementary Table 1 - Population Demographic variables between samples

	Trait
	Discovery (mean(sd))
	Replication (mean(sd))
	Percent Difference (%)

	Number Male
	28311
	28452
	0.50

	Number Female
	25706
	25566
	-0.54

	Age
	56.91(7.1)
	56.93(7.9)
	0.04

	Height
	168.85(9.2)
	168.82(9.2)
	-0.02

	Weight
	78.68(16.0)
	78.68(16.1)
	-0.007

	BMI
	27.52(4.8)
	27.52(4.8)
	0.02



108,035 British European individuals were distributed into discovery and replication datasets. The above table shows the distribution of certain demographic characteristics between the two datasets. Overall, there is only a small difference in the demographics between the datasets. 


Supplementary Table 2 - All traits with exclusions and covariates

	Trait
	Description
	Type*
	Total sample size
	Exclusions†
	Covariates‡

	id
	id
	-
	108035
	NA
	NA

	basalmetabolicrate
	Basal metabolic rate
	other
	106199
	NA
	sex,age,age2,centre

	diastolicpressure
	Diastolic blood pressure automated reading
	other
	101483
	NA
	sex,age,age2,centre,bp

	FVCbest
	Forced vital capacity (FVC) Best measure
	morph
	84677
	inhaler,smoked,spiro,caffeine
	sex,age,age2,centre

	neuroticism
	Neuroticism score
	other
	88144
	NA
	sex,age,age2,centre

	PEF
	Peak expiratory flow (PEF)
	morph
	96661
	inhaler,smoked,spiro,caffeine
	sex,age,age2,centre

	pulserateauto
	Pulse rate automated reading
	other
	101483
	NA
	sex,age,age2,centre,bp

	reactiontime
	Mean time to correctly identify matches
	other
	107409
	NA
	sex,age,age2,centre

	systolicpressure
	Systolic blood pressure automated reading
	other
	101483
	NA
	sex,age,age2,centre,bp

	BMI
	Body mass index (BMI)
	morph
	107738
	NA
	sex,age,age2,centre

	bodyfat
	Body fat percentage
	morph
	106132
	NA
	sex,age,age2,centre

	gripleft
	Hand grip strength (left)
	morph
	107591
	NA
	sex,age,age2,centre

	gripright
	Hand grip strength (right)
	morph
	107599
	NA
	sex,age,age2,centre

	heelbonedensitytscore
	Heel bone mineral density (BMD) T-score automated
	other
	62428
	NA
	sex,age,age2,centre

	height
	Standing height
	Morph
	107857
	NA
	sex,age,age2,centre

	hipcircum
	Hip circumference
	Morph
	107877
	NA
	sex,age,age2,centre

	waistcircum
	Waist circumference
	Morph
	107883
	NA
	sex,age,age2,centre

	weight
	Weight
	Morph
	107771
	NA
	sex,age,age2,centre

	age
	Age when attended assessment centre
	Covar
	108035
	-
	-

	age2
	NA
	Covar
	108035
	-
	-

	bp
	Prescribed blood pressure medication
	Covar
	108035
	-
	-

	caffeine
	Caffeine drink within last hour
	Covar
	101594
	-
	-

	centre
	Testing centre
	Covar
	108035
	-
	-

	inhaler
	Used an inhaler in the last hour
	Covar
	101594
	-
	-

	PC1
	Principal Component
	Covar
	108035
	-
	-

	PC10
	Principal Component
	Covar
	108035
	-
	-

	PC11
	Principal Component
	Covar
	108035
	-
	-

	PC12
	Principal Component
	Covar
	108035
	-
	-

	PC13
	Principal Component
	Covar
	108035
	-
	-

	PC14
	Principal Component
	Covar
	108035
	-
	-

	PC15
	Principal Component
	Covar
	108035
	-
	-

	PC2
	Principal Component
	Covar
	108035
	-
	-

	PC3
	Principal Component
	Covar
	108035
	-
	-

	PC4
	Principal Component
	Covar
	108035
	-
	-

	PC5
	Principal Component
	Covar
	108035
	-
	-

	PC6
	Principal Component
	Covar
	108035
	-
	-

	PC7
	Principal Component
	Covar
	108035
	-
	-

	PC8
	Principal Component
	Covar
	108035
	-
	-

	PC9
	Principal Component
	Covar
	108035
	-
	-

	sex
	Sex
	Covar
	108035
	-
	-

	smoked
	Smoked a cigarette or pipe in last hour
	Covar
	12328
	-
	-

	spiro
	Contraindications for spirometry
	Covar
	107965
	-
	-




*=types can be morphological (morph), non-morphological (other) or a covariate (covar)

†=exclusions are based on using an inhaler in the previous hour (inhaler), smoking in the previous hour (smoked), caffeine drunk in the previous hour (caffeine), and having a contraindication for spirometry (spiro)

‡=covariate column does not show principal components 1-15, which were used in addition to those listed

The above table shows the selected traits, as well as the covariates used in the study.
Supplementary Text 1 - Derivation of re
Within each dataset there is  and .

Since:





And thus:




Supplementary Figure 1 - Comparison plots of between-dataset rg and re
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Plots of genetic correlation versus environmental correlation for the between-dataset comparison. 108,035 British European individuals were evenly distributed into discovery and replication datasets. Genetic and phenotypic correlations were calculated within group for 17 traits. Environmental correlations were calculated using the formula , as derived in the supplementary text.  A. Genetic correlations from discovery dataset, environmental correlations from replication dataset. B. Genetic correlations from replication dataset, environmental correlations from discovery dataset.



[bookmark: __DdeLink__11235_3685145263]Supplementary Table 3 - Summary statistics of linear regression between rg and re for between-dataset and within-dataset comparisons.
The following tables contain the summary statistics of least squares linear regression of environmental correlations and between-dataset genetic correlations for all traits (combined), morphological traits, and non-morphological traits. Table headings indicate which correlations are being compared between the groups. Environmental correlation was calculated using the formula , as derived in the supplementary text. 
	
	Discovery genetic
Replication environmental
	
	Discovery environmental
Replication genetic

	
	r
	Slope
	Intercept
	Avg Dabs‡
	
	r
	Slope
	Intercept
	Avg Dabs‡

	Morphological
	0.95*(0.03)
	1.08
	0.02
	0.11(0.04)
	
	0.96*(0.03)
	1.03
	0.05
	0.10(0.04)

	Non-Morphological
	0.91*(0.07)
	0.89
	-0.01
	0.06(0.07)
	
	0.90*(0.07)
	0.86
	0.00
	0.06(0.06)

	Between-trait
	0.95*(0.04)
	1.06
	-0.01
	0.06(0.05)
	
	0.94*(0.04)
	1.08
	-0.03
	0.06(0.05)

	Combined
	0.95*(0.02)
	1.08†
	0.00
	0.08(0.05)
	
	0.95*(0.02)
	1.07†
	0.00
	0.08(0.05)




	
	Discovery
	
	Replication

	
	r
	Slope
	Intercept
	Avg Dabs‡
	
	r
	Slope
	Intercept
	Avg Dabs‡

	Morphological
	0.95*(0.03)
	1.08
	0.02
	0.11(0.04)
	
	0.95*(0.03)
	1.02
	0.05
	0.10(0.04)

	Non-Morphological
	0.89*(0.07)
	0.87
	-0.01
	0.07(0.07)
	
	0.90*(0.07)
	0.86
	0.00
	0.06(0.06)

	Between-trait
	0.94*(0.04)
	1.05
	-0.01
	0.06(0.05)
	
	0.94*(0.04)
	1.08
	-0.03
	0.06(0.05)

	Combined
	0.95*(0.02)
	1.08†
	0.00
	0.08(0.05)
	
	0.95*(0.02)
	1.06
	0.00
	0.08(0.05)



*=significant at p<0.003125 (Bonferroni multiple testing correction)
†=significant difference from unity line (p<0.003125) 
‡=average of absolute disparity


Supplementary Table 4 - Summary of results from matrix comparison methods.
The comparison methods were implemented as supplied by Roff, 2012 ( doi: 10.5061/dryad.kb27f3t1), adapted to compare off-diagonal of the matrices. The null hypothesis for each test is similarity between the matrices.

	Random Skewers
	Discovery genetic
Replication phenotypic
	Discovery phenotypic
Replication genetic

	
	r
	p
	r
	p

	Morphological
	0.98
	1
	0.98
	1

	Non-Morphological
	0.99
	1
	0.99
	1

	Combined
	0.98
	1
	0.98
	1

	
	
	
	
	

	T-Method
	Discovery genetic
Replication phenotypic
	Discovery phenotypic
Replication genetic

	
	T
	p
	T
	p

	Morphological
	4.04
	1
	3.69
	1

	Non-Morphological
	1.12
	1
	1.15
	1

	Combined
	8.85
	1
	8.8
	1

	
	
	
	
	

	T2-Method
	Discovery genetic
Replication phenotypic
	Discovery phenotypic
Replication genetic

	
	T2
	p
	T2
	p

	Morphological
	0.53
	1
	0.49
	1

	Non-Morphological
	0.09
	1
	0.09
	1

	Combined
	0.93
	1
	0.97
	1

	
	
	
	
	

	Modified Mantel Test
	Discovery genetic
Replication phenotypic
	Discovery phenotypic
Replication genetic

	
	r
	p
	r
	p

	Morphological
	0.94
	1
	0.96
	1

	Non-Morphological
	0.98
	1
	0.98
	1

	Combined
	0.97
	1
	0.96
	1




Supplementary Figure 2 - Various plots
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A. Plots of standard error of correlation (y-axis) versus the geometric mean heritability of the pair of traits (x-axis) for discovery (left) and replication (right) datasets. B. Plots of standard error of correlation (y-axis) versus the mean sample size of the pair of traits (x-axis) for discovery (left) and replication (right) datasets. C. Plots of difference between correlations (rg-rp, y-axis) versus the geometric mean heritability of the pair of traits (x-axis) for discovery (left) and replication (right) datasets. D. Plots of difference between correlations (rg-rp, y-axis) versus the mean sample size of the pair of traits (x-axis) for discovery (left) and replication (right) datasets. 

Supplementary Figure 3 - Comparison plots of between-dataset rg and rp without adjusting for covariates
In the main paper, the genetic correlations were calculated while adjusting for all listed covariates (Supplementary Table 2), in addition to the 15 genetically derived principal components. The phenotypic correlations did not use the 15 PCs, in order to simulate a scenario where no genetic material is available. The analysis was also run where the phenotypic correlations were calculated without covariates altogether. This figure shows the between-dataset comparison with rg, similar to Figure 3 presented in the main paper. 
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Plots of genetic correlation versus environmental correlation for the between-dataset comparison. 108,035 British European individuals were evenly distributed into discovery and replication datasets. Genetic and phenotypic correlations were calculated within group for 17 traits. Environmental correlations were calculated using the formula , as derived in the supplementary text.  A. Genetic correlations from discovery dataset, environmental correlations from replication dataset. B. Genetic correlations from replication dataset, environmental correlations from discovery dataset.


Supplementary Table 5 - Summary statistics of linear regression (comparison of rp and rg without covariates)
The analysis presented here was run where the phenotypic correlations were calculated without covariates. This figure shows the summary statistics of the linear regression in the between-dataset comparison with rg, similar to Tables 2 and 3 presented in the main paper.

	
	Discovery genetic
Replication environmental
	
	Discovery environmental
Replication genetic

	
	r
	Slope
	Intercept
	Avg Dabs‡
	
	r
	Slope
	Intercept
	Avg Dabs‡

	Morphological
	0.81*(0.06)
	0.82
	0.04
	0.20(0.04)
	
	0.83*(0.06)
	0.8†
	0.06
	0.19(0.04)

	Non-Morphological
	0.9*(0.07)
	0.82
	0
	0.07(0.07)
	
	0.92*(0.06)
	0.82†
	0.01
	0.06(0.06)

	Between-trait
	0.75*(0.08)
	0.71†
	0.02
	0.12(0.05)
	
	0.81*(0.07)
	0.78†
	-0.01
	0.11(0.05)

	Combined
	0.82*(0.03)
	0.81†
	0.02
	0.14(0.05)
	
	0.85*(0.03)
	0.82†
	0.01
	0.13(0.05)




	
	Discovery
	
	Replication

	
	r
	Slope
	Intercept
	Avg Dabs‡
	
	r
	Slope
	Intercept
	Avg Dabs‡

	Morphological
	0.81*(0.06)
	0.82
	0.04
	0.20(0.04)
	
	0.83*(0.06)
	0.8†
	0.06
	0.19(0.04)

	Non-Morphological
	0.9*(0.07)
	0.82
	0
	0.07(0.07)
	
	0.92*(0.06)
	0.83†
	0.01
	0.05(0.06)

	Between-trait
	0.75*(0.08)
	0.7†
	0.02
	0.12(0.05)
	
	0.82*(0.07)
	0.78†
	-0.01
	0.11(0.05)

	Combined
	0.82*(0.03)
	0.8†
	0.02
	0.14(0.05)
	
	0.85*(0.03)
	0.83†
	0.01
	0.13(0.05)



*=significant at p<0.0083 (Bonferroni multiple testing correction)
†=significant difference from unity line (p<0.00625) 
‡=average of absolute disparity






Supplementary Table 6 - Heritability estimates with standard errors

108,035 British European individuals were evenly distributed into discovery and replication datasets. A GWAS study was performed and LD-scores calculated. These were used to perform an LD-score regression using the software LDSC. The estimated heritability and standard error for the estimates are shown below.  

	Trait
	Discovery Heritability
	Replication Heritability

	basalmetabolicrate
	0.12(0.01)
	0.15(0.01)

	BMI
	0.25(0.01)
	0.24(0.01)

	bodyfat
	0.24(0.01)
	0.22(0.01)

	diastolicpressure
	0.15(0.01)
	0.14(0.01)

	FVCbest
	0.27(0.02)
	0.23(0.01)

	gripleft
	0.12(0.01)
	0.12(0.00)

	gripright
	0.11(0.01)
	0.11(0.01)

	heelbonedensitytscore
	0.31(0.04)
	0.33(0.03)

	height
	0.47(0.03)
	0.51(0.03)

	hipcircum
	0.21(0.01)
	0.22(0.01)

	neuroticism
	0.11(0.02)
	0.15(0.01)

	PEF
	0.18(0.01)
	0.18(0.02)

	pulserateauto
	0.17(0.01)
	0.14(0.01)

	reactiontime
	0.07(0.01)
	0.09(0.00)

	systolicpressure
	0.14(0.01)
	0.12(0.01)

	waistcircum
	0.20(0.01)
	0.20(0.01)

	weight
	0.27(0.01)
	0.27(0.01)












Supplementary Tables 7-14 - Genetic and phenotypic correlation matrices

The genetic and phenotypic correlation matrices used in this study, as well as their corresponding standard errors, are provided in the supplementary material spreadsheet. 
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