This documentation begins on October 26, 2018. We decided to move forward with the 4 categories of asthma and atopy for the main analyses because the overall asthma results seem to be driven by the atopy/asthma and not the nonatopic/asthma group.


Univariate analyses with atopy/asthma and DNA methylation identified the following variables are significantly associated with either atopy/asthma or methylation:
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(Details for the Asthma_Atopy4 are available in excel spreadsheet “Asthma_Atopy_Covariate_Associations” in sheet “Asthma_Atopy4_uni”)

EWAS will adjust for age, gender, state, season, bmi (continuous), packyears, smoking, and 4 measured/estimated cell types

Summary of EWAS results
	
	
	Did not adjust for season
	Adjusted for season
	Adj for state, season

	
	N 
	# Bonf Sig CpGs
	FDR Sig
	Lambda
	# Bonf Sig CpGs
	FDR Sig
	Lambda
	# Bonf Sig CpGs
	FDR Sig
	Lambda
	

	Nonatopic/
Nonasthmatic
	1157
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	

	Atopic/
Nonasthmatic
	185 
	0
	0
	1.01
	0
	0
	1.01
	0
	0
	0.99
	

	Nonatopic/
Asthmatic
	673
	4
	691
	1.13
	4
	315
	1.14
	4
	342
	1.14
	Adj season – 4/4 same
No season – 3/4 same

	Atopic/
Asthmatic
	271
	152
	1104
	1.01
	164
	1155
	1.01
	158
	1086
	0.98
	


All models adjusted for gender, smoking, bmi, packyears, age, and 4 cell types
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The 4 Bonferroni significant CpGs from the nonastopic/asthmatic model do not overlap with any of the 158 Bonferroni significant CpGs from the atopic/asthmatic model
[image: ]
46/342 – FDR significant CpGs from NA model are Bonferroni significant in AA model
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Summary of Beta Coefficients from 1,341 CpGs that were at least FDR significant after adjusting for season and state
	
	Beta Coefficients

	
	Atopy = No
Asthma = Yes
	Atopy = Yes
Asthma = Yes

	Min
	-132.1
	-206.9

	1st Qu
	-11.5
	-23.96

	Median
	-7.09
	-14.82

	Mean
	-8.82
	-17.34

	3rd Qu
	-4.28
	-8.48

	Max
	32.6
	68.66























Mi Kyeong suggested I look at season dichotomized. Since differences across the 4 season is driven by fall, it made sense to dichotomized season to fall or not fall.
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	All – adj season
	All – adj fall
	Restrict to Priority #1 – adj fall
	All -adj fall, atopy cutoff 0.35

	
	N 
	# Bonf Sig CpGs
	FDR Sig
	Lambda
	# Bonf Sig CpGs
	FDR Sig
	Lambda
	N
	# Bonf Sig CpGs
	FDR Sig
	Lambda
	N
	# Bonf Sig CpGs
	FDR Sig
	Lambda

	Nonatopic/
Nonasthmatic
	1157
	Ref
	Ref
	Ref
	Ref
	Ref
	Ref
	1157
	Ref
	Ref
	Ref
	814
	Ref
	Ref
	Ref

	Atopic/
Nonasthmatic
	185 
	0
	0
	0.99
	0
	0
	0.97
	--
	--
	--
	--
	528
	0
	0
	0.91

	[bookmark: _Hlk530141880]Nonatopic/
Asthmatic
	673
	4
	342
	1.14
	5
	524
	1.14
	451
	1
	3
	1.17
	483
	0
	9
	1.15

	Atopic/
Asthmatic
	271
	158
	1086
	0.98
	160
	1086
	0.98
	214
	90
	909
	1.09
	461
	109
	847
	1.07




All models adjusted for gender, smoking, bmi, packyears, age, state, season, and 4 cell types


1 of the 1,506 FDR significant CpGs were part of the 977 CpG sites that Illumina had excluded due to changes in manufacturing processes. cg15284593 was FDR significant among AA
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Reran analyses for the 1,506 Bonferroni or FDR significant CpGs to test for interaction between CpG x gender
	
	Nonatopic, No Asthma
	Nonatopic Asthma
	Atopic Asthma

	N Male
	625
	300
	138

	N Female
	532
	373
	133

	
	Bonferroni
	FDR
	Bonferroni
	FDR
	Bonferroni
	FDR

	# sig CpG 
	ref
	ref
	5
	524
	160
	1,086

	# P interaction < Bonf1
	ref
	ref
	0
	0
	0
	0

	# P interaction < FDR2
	ref
	ref
	0
	0
	0
	0

	# P interaction < 0.05
	ref
	ref
	0
	0
	0
	0


1Based on the number of significant CpGs
2 FDR p < 0.05


Used McCartney et al. 2016. Genomics Data. (n=42,558) to check if any FDR significant CpG probes are potentially cross-reactive probes or polymorphic.

29 (1.9%) CpGs are cross-reactive

581 (38.6%) CpGs are potentially polymorphic (distribution below)
	# of SNPs the CpG probe is polymorphic with
	Count

	1
	485

	2
	95

	3
	1




Of the 29 cross-reactive CpGs and 581 polymorphic CpGs, 13 CpGs are both cross-reactive and potentially polymorphic (distribution below)
	# of SNPs the CpG probe is polymorphic with
	Count

	1
	10

	2
	3



No atopy, Asthma
242/529 (45.7%) FDR significant CpGs are polymorphic

Atopy, Asthma
492/1,246 (39.5%) FDR significant CpGs are polymorphic





	[bookmark: _Hlk530570126]
	McCartney – 2016
	Pidsley – 2016
	Zhou - 2017

	PMID
	27330998
	27717381
	27924034

	Method
	Based on Chen 2014
(23314698)
	Based on Chen 2014 (23314698)
	BISCUIT aligner

	# Cross Reactive Probes
	42,558
	43,254

	63,483


	# Cross Reactive Probes, restricted to “cg”
	42,558
	42,917
	63,098

	# FDR sig CpG on list
	29 (1.9%)
	29 (1.9%)
	57 (3.8%)

	
	
	
	


Table of potentially cross-reactive probes on the EPIC array by paper
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Checked density plot of 1,056 CpGs visually – all unimodal 

Create boxplots to compare the distribution of the methylation values by case/noncase status





FDR NA – potentially problematic:
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[image: ]
[image: ]
[bookmark: _Hlk529462133]
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FDR Atopic Asthma
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I removed all the potential outliers and re-ran logistic regression for the 22 CpGs from above. The results after removing the potential outliers were very similar to the results including the potential outliers. Thus, no potential outliers were removed.




Sarah’s paper:
Table E5 – 102 CpGs identified in both PACE and ALHS	Comment by Hoang, Thanh (NIH/NIEHS) [F]: # fDR by atopy/asthma status
	27 CpGs – Bonferroni significant in atopic asthma
	1 CpG – Bonferroni significant in nonatopic asthma

Sarah identified 196 genes from the literature that are associated with asthma. The FDR significant CpGs were annotated to genes. 13 CpGs were annotated to 7 genes that were previously identified in the literature. 

UCSC Annotation
	Gene
	Annotation
	Frequency
	Comments

	CUX1
	UCSC
	1
	

	IKZF4
	UCSC & Homer
	1
	

	IL1RL1
	UCSC & Homer
	1
	

	IL4
	UCSC & Homer
	2
	1 BonferroniSig_AA

	PDE4D
	UCSC & Homer
	1
	

	ZFPM1
	UCSC
	3
	2 BonferroniSig_AA

	AHR
	Homer
	1
	

	LIF
	Homer
	2
	1 BonferroniSig_AA




Look up Xu’s 14 CpGs in ALHS:
	CpGs from Xu et al.
	Sig in NA
	Sig in AA
	FDR sig in PACE

	cg01445399
	Not Sig
	Not Sig
	

	cg01770400
	Not Sig
	Not Sig
	

	cg16592897
	Not Sig
	Not Sig
	

	cg19764973
	Not Sig
	Not Sig
	

	cg11456013
	Not analyzed in ALHS
	Not analyzed in ALHS
	

	cg08085199
	Not Sig
	Bonferroni Sig
	

	cg01901579
	Not Sig
	Bonferroni Sig
	FDR Sig

	cg06483820
	Not Sig
	Bonferroni Sig
	

	cg15344640
	Not Sig
	FDR Sig
	

	cg13628444
	Not Sig
	FDR Sig
	FDR Sig

	cg10142874
	Not Sig
	FDR Sig
	FDR Sig

	cg14011077
	Not Sig
	FDR Sig
	FDR Sig

	cg13835688
	Not Sig
	FDR Sig
	FDR Sig

	cg03131767
	Not Sig
	FDR Sig
	FDR Sig


6 FDR significant in AA but not FDR significant in NA
3 Bonf sig in AA, not significant in NA 
4 not FDR significant in NA or AA
1 not analyzed in our study

None of the 14 CpGs are annotated to any of the 7 previously reported asthma genes




[bookmark: _Hlk534622993]Compare Asthma/Atopy Results by Different Atopy Cutoffs (0.70, 0.35)

	
	
	All – adj fall, atopy cutoff = 0.70
	All -adj fall, atopy cutoff = 0.35

	
	N 
	# Bonf Sig CpGs
	FDR Sig
	Lambda
	N
	# Bonf Sig CpGs
	FDR Sig
	Lambda

	Nonatopic/
Nonasthmatic
	1157
	Ref
	Ref
	Ref
	814
	Ref
	Ref
	Ref

	Atopic/
Nonasthmatic
	185 
	0
	0
	0.97
	528
	0
	0
	0.91

	Nonatopic/
Asthmatic
	673
	5
	524
	1.14
	483
	0
	9
	1.15

	Atopic/
Asthmatic
	271
	160
	1086
	0.98
	461
	109
	847
	1.07


All models adjusted for gender, smoking, bmi, packyears, age, state, fall (yes/no), and 4 cell types




Non-atopic Asthma (Restricted to CpGs that are FDR significant at either atopy cutoff)
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Atopic Asthma (Restricted to CpGs that are FDR significant at either atopy cutoff)
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Functional enrichment (based on Illumina’s manifest) for FDR significant CpGs identified among asthmatics without atopy and asthmatics with atopy. This includes the cross-reactive probes in the background (# CpGs=817,235).
[image: ]

Functional enrichment (based on Illumina’s manifest) for FDR significant CpGs identified among asthmatics without atopy and asthmatics with atopy. This excludes the cross-reactive probes in the background (# CpGs=776,588). NA and AA results similar to above. Results available in “NA_AA_Enrichment_Results_Combined.xlsx”.


December 18, 2018
Thanh discovered that Mi Kyeong used Rv3.4.0 for the quality control of DNA methylation. Thanh had been using Rv3.3.2 for the analyses. Thanh reran the analyses using Rv3.4.0. The results were the same (the output using Rv3.3.2 provides more decimal places than the results from Rv3.4.0). 

Enrichment/Depletion Analyses – remove cross reactive probes from background
Details in “Summary_Enrichment_Analyses.xlsx”
See “Potential functional enrichment analyses based on Zhou et al.docx” for information about Zhou’s annotations.

January 30, 2019 – GRS, calculated from beta coefficients (n=2,886 – excludes 2 without smoking info)
	Risk Score Model
	Asthma (yes/no)
	Asthma without atopy
	Asthma with atopy

	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P 

	R2 = 0.5, P=5x10-8
	1.1245
(1.0631, 1.1898)
	4.41 x 10-5
	1.0932
(1.0253, 1.1660)
	0.00658
	1.2978
(1.1838, 1.4250)
	3.51 x 10-8



Distribution of genetic risk score by asthma status
	
	Min
	1st Qu
	Median
	Mean
	3rd Qu
	Max

	No Asthma
(n=1,342)
	3.230
	7.905
	8.975
	8.943
	9.963
	13.508

	Asthma
(n=944)
	4.168
	8.190
	9.171
	9.203
	10.293
	14.437



EWAS with genetic risk score (not controlling for other covariates, univariate) (544 bonferroni significant CpGs, 4,653 FDR significant)
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Distribution of SNPs in Risk Score and Bonferroni significant CpGs by chromosome
	Chr
	# SNPs in Risk Score (n=98)
	# Bonferroni Sig CpGs (n=544)

	1
	0
	1

	2
	8
	6 (1.1%)

	3
	0
	2

	4
	0
	3

	5
	17 (17.3%)
	1

	6
	35 (35.7%)
	466 (85.7%)

	7
	0
	1

	8
	1
	1

	9
	8
	1

	10
	2
	1

	11
	1
	1

	12
	2
	5 (1.0%)

	13
	0
	0

	14
	0
	3

	15
	3
	2

	16
	2
	0

	17
	19 (19.4%)
	47 (8.6%)

	18
	0
	1

	19
	0
	2

	20
	0
	0

	21
	0
	1

	22
	0
	0



EWAS of GRS, adjusting for 4 cell types age, gender, packyears, smoking, BMI, fall, and state (looks similar to EWAS of GRS without adjustments) 
[image: ]

EWAS with different GRS models
	
	# Bonf Sig CpGs
	# FDR Sig CpGs
	Lambda

	GRS
	544
	4,653
	1.68

	GRS, adj 4 cell types, age, gender
	562
	3,130
	1.34

	GRS, adj 4 cell types, age, gender, packyears, smoking, bmi, fall, state
	566
	3,055
	1.39


N=2,286 


Compare Asthma/Atopy EWAS Results with and without adjustment for GRS
	
	Did not adj for GRS
	Adj for GRS

	
	N 
	# Bonf Sig CpGs
	FDR Sig
	Lambda
	N
	# Bonf Sig CpGs
	FDR Sig
	Lambda

	Nonatopic/
Nonasthmatic
	1157
	Ref
	Ref
	Ref
	1157
	Ref
	Ref
	Ref

	Atopic/
Nonasthmatic
	185 
	0
	0
	0.97
	185 
	0
	0
	0.99

	Nonatopic/
Asthmatic
	673
	5
	524
	1.14
	673
	3
	66
	1.14

	Atopic/
Asthmatic
	271
	160
	1086
	0.98
	271
	132
	954
	0.96


All models adjusted for gender, smoking, bmi, packyears, age, state, fall (yes/no), and 4 cell types














Atopy, no Asthma
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Asthma without Atopy
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Asthma with Atopy
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***below image: FDR Significant, not Bonferroni***
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Non-atopic asthma: 458 CpGs that were FDR significant in the model without the asthma GRS became non-significant after adjusting for asthma GRS

Distribution of the CpGs by chromosome
	Chromosome
	# CpGs FDR without GRS adj (n=524)
	# CpGs not FDR significant after adj GRS (%) (n=458)
	# FDR sig CpGs after adj GRS (n=66)

	1
	61 (11.6)
	53 (11.6)
	8 (12.1)

	2
	40 (7.6)
	35 (7.6)
	5 (7.6)

	3
	34 (6.5)
	28 (6.1)
	6 (9.1)

	4
	12 (2.3)
	9 (2.0)
	3 (4.5)

	5
	17 (3.2)
	15 (3.3)
	2 (3.0)

	6
	31 (5.9)
	28 (6.1)
	3 (4.5)

	7
	25 (4.8)
	21 (4.6)
	4 (6.1)

	8
	7 (1.3)
	6 (1.3)
	1 (1.5)

	9
	14 (2.7)
	13 (2.8)
	1 (1.5)

	10
	22 (1.9)
	19 (4.1)
	3 (4.5)

	11
	39 (7.4)
	36 (7.9)
	3 (4.5)

	12
	36 (6.9)
	34 (7.4)
	2 (3.0)

	13
	13 (2.5)
	9 (2.0)
	4 (6.1)

	14
	17 (3.2)
	14 (3.1)
	3 (4.5)

	15
	19 (3.6)
	13 (2.8)
	6 (9.1)

	16
	36 (6.9)
	32 (7.0)
	4 (6.1)

	17
	42 (8.0)
	37 (8.1)
	5 (7.6)

	18
	10 (1.9)
	9 (2.0)
	1 (1.5)

	19
	15 (2.9)
	14 (3.1)
	1 (1.5)

	20
	18 (3.4)
	18 (3.9)
	0 (0.0)

	21
	6 (1.1)
	5 (1.1)
	1 (1.5)

	22
	10 (1.9)
	10 (2.2)
	0 (0.0)


Red means the frequency difference is at least 3%










Compare the overlap of FDR significant CpGs in univariate GRS EWAS and asthma EWAS (with and without GRS)
Non-atopic Asthma
Did not adjust for GRS
[image: ]

Adjusted for GRS
[image: ]


Atopic Asthma 
Did not adjust for GRS
[image: ]

Adjusted for GRS
[image: ]
The 17 CpGs that overlap are all part of the 32 that overlap in the previous venn diagram


Compare the overlap of FDR significant CpGs in GRS EWAS (6 & 12 covariates) and asthma EWAS (with and without GRS) – these include potentially cross-reactive probes
Non-atopic Asthma
[image: ]
Atopic Asthma
[image: ]
Only ~2% of FDR significant CpGs from asthma EWAS overlap with GRS EWAS in both atopic and non-atopic models
<1% of FDR significant CpGs from GRS EWAS overlap with asthma EWAS



Re-run EWAS, using Houseman estimated cell types instead of 4 measured + estimated cell types


	 
	Original model (Atopy ≥0.70)1
	 
	Adj using 7 est cell types2

	 
	 N    
	# Bonf Sig CpGs
	# FDR Sig CpGs
	Lambda
	 
	 N    
	# Bonf Sig CpGs
	# FDR Sig CpGs
	Lambda

	Non-atopic & Non-asthmatic
	1157
	Ref
	Ref
	Ref
	 
	1157
	Ref
	Ref
	Ref

	Atopic & Non-asthmatic
	185
	0
	0
	0.97
	 
	185
	0
	0
	1.12

	Non-atopic & Asthmatic
	673
	5
	524
	1.14
	 
	673
	379
	2243
	1.66

	Atopic & Asthmatic
	271
	160
	1,086
	1.07
	 
	271
	105
	2947
	1.21

	1Adjusted for gender, smoking, BMI, packyears, age, state, fall, and 4 cell types
	 
	 
	 
	 
	 

	2Adjusted for gender, smoking, BMI, packyears, age, state, fall, and 7 estimated cell types
	 
	 
	 
	 



Overall, more significant CpG sites observed using the Houseman cell types than measured cell types. 

Non-atopic asthma
[image: ]

Beta coefficients from logistic regressions are similar across the 2 different models (4 meas+est cell types vs 7 est cell types) across all CpG sites (R2=0.86-0.97) and when restricted to FDR significant CpG sites based on both models (R2=0.91-0.97).

Log p-value are moderately similar across the 2 different models (4 meas+est cell types vs 7 est cell types) across all CpG sites (R2=0.59-0.69) and poorly correlated when restricted to FDR significant CpG sites based on both models (R2=0.19-0.29).


All CpG sites
[image: ]
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3,110 FDR significant CpG sites across both models
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[image: ]

Atopic asthma
[image: ]

Beta coefficients from logistic regressions are similar across the 2 different models (4 meas+est cell types vs 7 est cell types) across all CpG sites (R2=0.92-0.97) and when restricted to FDR significant CpG sites based on both models (R2=0.97-0.99).

Log p-value are similar across the 2 different models (4 meas+est cell types vs 7 est cell types) across all CpG sites (R2=0.79-0.89) and when restricted to FDR significant CpG sites based on both models (R2=0.78-0.87).


All CpG sites
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2,253 FDR significant CpG sites across both models
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	Original model (Atopy ≥0.70)1
	 
	Restricting to 621956 CpGs2

	 
	 N    
	# Bonf Sig CpGs
	# FDR Sig CpGs
	Lambda
	 
	 N    
	# Bonf Sig CpGs
	# FDR Sig CpGs
	Lambda

	Non-atopic & Non-asthmatic
	1157
	Ref
	Ref
	Ref
	 
	1157
	Ref
	Ref
	Ref

	Atopic & Non-asthmatic
	185
	0
	0
	0.97
	 
	185
	0
	0
	0.97

	Non-atopic & Asthmatic
	673
	5
	524
	1.14
	 
	673
	6
	1,068
	1.16

	Atopic & Asthmatic
	271
	160
	1,086
	1.07
	 
	271
	166
	1,200
	0.97

	1Adjusted for gender, smoking, BMI, packyears, age, state, fall, and 4 cell types
	 
	 
	 
	 
	 

	2Removed CpG sites where the difference between the 5th and 95th percentile is <0.02. 
	 
	 
	 
	 






June 13, 2019
Mi Kyeong informed Thanh about the new PCs. Thanh checked the 10 PCs with state, gender, and asthma. State was significantly (p<0.05) associated with 9/10 PCs. Gender was associated with 1 PC. Asthma was not associated with any PCs. Thanh reran EWAS, replacing the 10 PCs for state and 10 PCs + state.

Thanh reran EWAS for the following models:
1) Adjust for BMI, packyears, age, fall, 4 cell types, and 10 PCs (did not adjust for gender or state)
2) Adjust for gender, BMI, packyears, age, fall, 4 cell types, and 10 PCs (did not adjust for state)
3) [image: ]Adjust for gender, BMI, packyears, age, state, fall, 4 cell types, and 10 PCs (original model + 10 PCs)

 
Comparing the FDR significant CpGs identified from the original model and model #2 (10 PCs and no state), below are venn diagrams showing the overlap for non-atopic and atopic asthma. 

[image: ]
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Because the PCs were not associated with asthma, I decided not to include the PCs and keep the original model.




REPLICATION LOOK-UP

Run EWAS for the following models in case studies cannot stratify by atopy status:
· Adult Asthma, adjusting for atopy
· Adult Atopy (0.70 cutoff), adjusting for asthma (yes/no)

Adult atopy - 0 CpGs were FDR significant
Adult asthma - 1,223 CpGs were FDR significant

Thus, only the Asthma, NA, and AA models were compared

[image: ]






There was a total of 2,013 unique FDR significant CpGs across the 3 models. 
Distribution based on nominal p-value of these 2,013 CpGs
	
	Nominal P < 0.05
	Nominal P > 0.05

	Asthma
	1,976 (98.2%)
	37 (1.8%)

	AA
	1,683 (83.6%)
	330 (16.4%)

	NA
	1,846 (92.7%)
	167 (8.3%)



5 CpGs had different direction of association across the 3 models. The breakdown of the 5 CpGs are:
· 4 CpGs 
· AA: p-value > 0.05 and beta coefficients were in positive direction 
· P-value range: 0.64-0.99
· Asthma and NA: p-value <0.001 and beta coefficients were in the inverse direction
· 1 CpG
· AA: p-value <0.0001 and had inverse beta coefficients
· Asthma: p-value = 0.87 and inverse beta coefficient
· NA: p-value = 0.56 and positive beta coefficient

2,008 CpGs had the same direction of association for all 3 models. Restricting to the CpGs that were not nominally significant in a model, the distribution of the p-value in the other 2 models are provided:
	
	Nominal P > 0.05
	Asthma
	AA
	NA

	Asthma
	36

[IQR: 0.06 – 0.13]
	---
	36 p-values <0.05 
[range: 5.72E-5 to 5.96E-07]

	36 p-values > 0.05 
[range: 0.082 to 0.952]

	AA
	326

[IQR: 0.08 – 0.22]
	326 p-values <0.05 
[range: 0.007 to 8.33E-7]

	---
	326 p-values <0.05 [range: 0.001 to 3.73E-8]


	NA
	166

[IQR: 0.07 – 0.27]
	130 p-values <0.05 
[range: 0.048 to 6.8E-4]

36 p-values > 0.05 
[range: 0.0501 to 0.60]
	166 p-values < 0.05 
[range: 6.5E-5 to 1.47E-9]

	---



· Asthma model: 36 CpGs had nominal p-value > 0.05
· [image: Histogram for P_NA]NA: 36 CpGs p-value > 0.05 in NA [range: 0.082 to 0.952] 

· AA: 36 CpGs <0.05 [range: 5.72E-5 to 5.96E-07]
[image: Histogram for P_AA]

· AA model: 326 CpGs nominal p-value >0.05
· [image: Histogram for P_Asthma]Asthma: 326 CpGs p-value <0.05 [range: 0.007 to 8.33E-7]

· NA:  326 CpGs p-value <0.05 [range: 0.001 to 3.73E-8]



[image: Histogram for P_NA]
· NA model: 166 CpGs nominal p-value > 0.05
· Asthma
· 130 CpGs nominal p-value <0.05 [ range: 0.048 to 6.8E-4]
· 36 CpGs nominal p-value > 0.05 [ range: 0.0501 to 0.60][image: Histogram for P_Asthma]

· AA: 166 CpGs p-value < 0.05 [range: 6.5E-5 to 1.47E-9]

[image: Histogram for P_AA]


[image: ]

Of the FDR significant CpGs in the ALHS Asthma EWAS (includes cross-reactive probes), Jianping pulled Sarah’s results from older kids. Of the 1,506 CpGs, only 486 CpGs were available in Sarah’s paper.
	Compare to Sarah’s results
	FDR_NA<0.05
(524 CpGs)
	FDR_AA<0.05
(1,086 CpGs)
	FDR_Asthma<0.05
(1,223 CpGs)
	

	Number of CpGs <0.05 in ALHS EWAS that 
were identified in Sarah’s paper 
	174
	357
	
	

	Same Direction
	148 (85.1%)
	352 (98.6%)
	
	

	Opposite Direction
	26 (14.9%)
	5 (1.4%)
	
	

	
	
	
	
	

	FDR significant in older kids
	21 (12.1%)
	102 (28.6%)
	
	

	Nominal p (p<0.05) in older kids
	69 (39.7%)
	297 (83.2%)
	
	

	Same Direction
	69 (100%)
	296 (99.7%)
	
	

	Opposite Direction
	0 (0%)
	1 (0.3%)
	
	



Number of FDR significant CpGs by including or excluding cross-reactive probes and type of array
	
	Cross-reactive probes included
	Cross-reactive probes excluded

	
	EPIC
	450K
	EPIC
	450K

	NA
	524
	175
	509
	169

	AA
	1,086
	359
	1,070
	349

	Unique1
	1,506
	489
	1,477
	474

	
	
	
	
	

	Asthma
	1,223
	378
	1,196
	368

	Unique2
	2,013
	637
	1,970
	618


1CpG is significant in either NA or AA model (removes overlap from summing NA and AA rows)
2CpG is significant in either NA, AA, or Asthma model (removes overlap from summing NA, AA, and Asthma rows)
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Peng et al. 2019 [PMID: 30876376] identified 705 CpG sites (FDR p < 0.05) associated with atopic sensitization in mid-childhood. 653/705 CpG sites overlapped in the ALHS analyses. We pulled the results from the ALHS atopy vs no atopy and no asthma analysis. 85/653 CpG sites had a nominal p-value < 0.05. 78/85 CpGs had a negative beta coefficient in both Peng et al. and ALHS. 0/85 CpGs were in the positive direction in both Peng et al. and ALHS.



Based on the 653 overlapping CpG sites in Peng et al. and ALHS
	
	# CpG sites

	Negative beta coefficient in both Peng and ALHS
	437

	Positive beta coefficient in both Peng and ALHS
	57

	Negative beta coefficient in Peng and positive beta coefficient in ALHS
	69

	Positive beta coefficient in Peng and negative beta coefficient in ALHS
	90





Distribution of inhaled steroid use by asthma/atopy status:
[image: ]
Difference in inhaled steroid use is not different among non-atopic asthmatics and atopic asthmatics (chi-sq p=0.35)
















Distribution of last used medication for asthma by asthma/atopy status:
[image: ]
More non-atopic cases used medication for asthma in the last 24 hours than atopic cases. This trend did not differ when stratified by gender or season.




Pathway analysis:
For the 1477 CpG sites, the distribution of the distance to the nearest TSS is:

summary(results$Distance_to_TSS)
   Min.   1st Qu.  Median    Mean    3rd Qu.    Max.    NA's
-473049   -4800    2926       9533   23339     649168    1







October 22, 2019
Compare LH_CURRENT_FARM_v3 to LH_FARMWORK_curr
[image: ]

LH_CURRENT_FARM_v3 does not take into account pesticide use. If reported using pesticide, then considered as currently doing farm (LH_FARMWORK_curr).

I examined the distribution of LH_CURRENT_FARM_v3 and LH_FARMWORK_curr by atopy (≥0.70) and the combined asthma/atopy variable. Distribution was similar across atopy status and the 4-level asthma/atopy variable for both farm work variables (chi-square p-value > 0.05). Stratifying by gender, distribution also did not differ.

I decided to use the LH_FARMWORK_curr variable to include those who used pesticide.


Distribution of current farming exposure by combined asthma/atopy variable
[image: ]

[image: ]


Males
[image: ]

[image: ]



Females
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Re-run EWAS adjusting for current farming exposures (LH_FarmWork_curr)
Results were similar.

Non-atopic asthma 
Venn Diagram comparing the overlapping FDR significant CpGs
[image: ]

[bookmark: _GoBack]Scatterplot of -log10p of FDR significant CpGs identified in either non-atopic asthma models (# of Bonferroni significant listed, Rp = pearson correlation, Pp = pearson p-value, Rs = spearman correlation, Ps = spearman p-value, red line is the Bonferroni threshold (6.11E-08))
[image: ]

Scatterplot of beta coefficients of FDR significant CpGs from either non-atopic asthma model
[image: ]

Atopic asthma 
[image: ]


Scatterplot of -log10p of FDR significant CpGs from either atopic asthma model
[image: ]
Scatterplot of beta coefficients of FDR significant CpGs from either atopic asthma model[image: ]
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covariate

Asthma Asthma_Atopy4 (Wald p) DNAm (# Bonferroni Sig)

Measured Cell Types - imputed Houseman estimates were filled in for those missing measured estimates

Monocyte 0.7742 0.5016 124,971

Neutrophil 0.113 0.3612 462,788

Lymphocyte 0.0038 0.0241 501,935

Eosinophil <.0001 <.0001 8,211

Granulocyte 0.0035 0.0277 479,343

Houseman Cell Types

Mono 0.6458 0.3528 75,028

CD4T* 0.3343 0.7511 168,120

NK* 0.0594 0.2744 482,595

Neu 0.0007 0.0063 560,024

Bcell* 0.0027 0.0266 312,641

Eos 0.0032 0.0171 6,773

CD8T* 0.0033 0.0129 600,705

Granu 0.0003 0.0029 561,052

BMI

bmi (continuous) <.0001 <.0001 156

bmi_cat2 1 vs 0.8503 82

bmi_cat2 3 vs 0.1163

bmi_cat2 4 vs <.0001

Smoking

packyears <.0001 <.0001 2,964

smok123 2 vs 0.333

smok123 3 vs 0.0062

Other covariates

age 0.0163 0.0007 168,286

state 1 vs 0# 0.5579 0.0026 123

gender 1 vs 0^ <.0001 0.0001 428,266

Season

season 4 categories (summer v spring) 1

season 4 categories (fall v spring) 1

season 4 categories (winter v spring) 6

spring vs not spring 0.18 15

summer vs not summer 0.84 1

fall vs not fall 0.0002 1

winter vs not winter 0.1 4

^M vs F

#NC v IA

**Smok123 is significant among current smokers and people with no atopy, yes asthma

0.0048

0.0832**

Associations

435

0.0045
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Function sample_success_nsample_nsample_pct_successpop_success_npop_total pop_pct_successpval* sample_success_n sample_n sample_pct_successpop_success_n pop_totalpop_pct_successpval*

Island 17 509 3.339882122 155559 817235 19.03479415 1.58E-27 24 1070 2.242990654 155559 817235 19.03479415 3.66E-66

N_Shelf (upstream) 25 509 4.911591356 30359 817235 3.714843344 0.901474 49 1070 4.579439252 30359 817235 3.714843344 0.91831

N_Shore 39 509 7.662082515 79589 817235 9.738814417 0.044999 73 1070 6.822429907 79589 817235 9.738814417 0.000304

OpenSea 386 509 75.83497053 455696 817235 55.76070531 1 815 1070 76.1682243 455696 817235 55.76070531 1

S_Shelf (downstream) 18 509 3.536345776 28112 817235 3.43989183 0.514268 46 1070 4.299065421 28112 817235 3.43989183 0.924177

S_Shore 24 509 4.715127701 67920 817235 8.31095095 0.000576 63 1070 5.887850467 67920 817235 8.31095095 0.001092

Phantom4_Enhancers 3 509 0.589390963 33759 817235 4.130880347 1.24E-07 7 1070 0.654205607 33759 817235 4.130880347 3.67E-13

Phantom5_Enhancers 77 509 15.12770138 26279 817235 3.21559894 1 68 1070 6.355140187 26279 817235 3.21559894 1

X450k_Enhancer 114 509 22.39685658 124128 817235 15.18877679 0.999989 192 1070 17.94392523 124128 817235 15.18877679 0.992319

HMM_Island (Hidden Markov Model Islands) 31 509 6.090373281 251929 817235 30.82699591 2.77E-44 81 1070 7.570093458 251929 817235 30.82699591 6.93E-78

DNase_Hypersensitivity_NAME 362 509 71.11984283 477050 817235 58.37366241 1 620 1070 57.94392523 477050 817235 58.37366241 0.375274

OpenChromatin_NAME 56 509 11.00196464 112495 817235 13.76531842 0.027538 145 1070 13.55140187 112495 817235 13.76531842 0.406122

TFBS_NAME (transcription factor binding site region) 78 509 15.32416503 125588 817235 15.36742797 0.470336 221 1070 20.65420561 125588 817235 15.36742797 0.999998

CDMR (Cancer-specific DMR) 0 509 0 6679 817235 0.817267983 0 1 1070 0.093457944 6679 817235 0.817267983 0.000153

DMR (Differentially Methylated Region) 0 509 0 18105 817235 2.21539704 0 0 1070 0 18105 817235 2.21539704 0

RDMR ( Reprogramming-specific DMR) 8 509 1.571709234 12621 817235 1.544353827 0.471571 4 1070 0.373831776 12621 817235 1.544353827 5.49E-05

Gene_Associated 5 509 0.982318271 1976 817235 0.241790917 0.991543 6 1070 0.560747664 1976 817235 0.241790917 0.952228

Gene_Associated_Cell_type_specific 4 509 0.785854617 2708 817235 0.331361236 0.909184 8 1070 0.747663551 2708 817235 0.331361236 0.971786

NonGene_Associated 0 509 0 1517 817235 0.185625922 0 0 1070 0 1517 817235 0.185625922 0

NonGene_Associated_Cell_type_specific 0 509 0 281 817235 0.034384235 0 0 1070 0 281 817235 0.034384235 0

Promoter_Associated 19 509 3.73280943 104628 817235 12.80268222 4.14E-13 15 1070 1.401869159 104628 817235 12.80268222 1.29E-44

Promoter_Associated_Cell_type_specific 1 509 0.196463654 7076 817235 0.865846421 0.011942 3 1070 0.280373832 7076 817235 0.865846421 0.004891

Unclassified 27 509 5.304518664 40715 817235 4.982043109 0.603111 25 1070 2.336448598 40715 817235 4.982043109 3.61E-06

Unclassified_Cell_type_specific 31 509 6.090373281 48583 817235 5.944801679 0.528976 44 1070 4.112149533 48583 817235 5.944801679 0.003162

*hypergeometric test

AA NA
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covariate

Asthma_Atopy4 (Wald p) DNAm (# Bonferroni Sig)

Measured Cell Types - imputed Houseman estimates were filled in for those missing measured estimates

Monocyte 0.5016 124,971

Neutrophil 0.3612 462,788

Lymphocyte 0.0241 501,935

Eosinophil <.0001 8,211

Granulocyte 0.0277 479,343

Houseman Cell Types

Mono 0.3528 75,028

CD4T* 0.7511 168,120

NK* 0.2744 482,595

Neu 0.0063 560,024

Bcell* 0.0266 312,641

Eos 0.0171 6,773

CD8T* 0.0129 600,705

Granu 0.0029 561,052

BMI

bmi (continuous) <.0001 156

bmi_cat2 1 vs 82

bmi_cat2 3 vs

bmi_cat2 4 vs

Smoking

packyears <.0001 2,964

smok123 2 vs

smok123 3 vs

Other covariates

age 0.0007 168,286

state 1 vs 0# 0.0026 123

gender 1 vs 0^ 0.0001 428,266

season (summer v spring) 1

season (fall v spring) 1

season (winter v spring) 6

*Type of lymphocyte

^M vs F

#NC v IA

**Smok123 is significant among current smokers in Fall

0.0048

0.0832**

Associations

435
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 N    # Bonf Sig CpGs# FDR Sig CpGs Lambda  N    # Bonf Sig CpGs# FDR Sig CpGsLambda  N    # Bonf Sig CpGs# FDR Sig CpGsLambda  N    # Bonf Sig CpGs# FDR Sig CpGsLambda

Non-atopic & Non-asthmatic 1157 Ref Ref Ref 1157 Ref Ref Ref 1157 Ref Ref Ref 1157 Ref Ref Ref

Atopic & Non-asthmatic 185 0 0 0.97 185 0 0 0.98 185 0 0 1.06 185 0 0 1.05

Non-atopic & Asthmatic 673 5 524 1.14 673 6 1,832 1.39 673 5 367 1.15 673 5 387 1.15

Atopic & Asthmatic 271 160 1,086 1.07 271 166 1,151 1.02 271 163 1,104 1.01 271 157 1,066 0.99

1

Adjusted for gender, smoking, BMI, packyears, age, state, fall, and 4 cell types

Original model (Atopy ≥0.70)

1

original model + 10 PCs (no state, no gender) original model + 10 PCs (no state) original model + 10 PCs
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