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Capsule Summary: We identified a strong association between peanut allergy and the MALT1
locus in LEAP participants in the peanut avoidance group with 58.6% of carriers developing
peanut alergy at 60 months as compared to 12.7% of non-carriers.

Key words: Peanut alergy, MALT1, GWAS, food allergy, immunogenetics, early allergen
exposure, IgE
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To the Editor:

The Learning Early about Peanut Allergy (LEAP) tria (1, 2) motivated a changein
pediatric guidelines for the early introduction of dietary peanut as an effective strategy for the
prevention of peanut alergy. LEAP participants were presumed to be at increased risk for peanut
alergy(3), and dietary introduction of peanut protein beginning in the first four to eleven months
of life significantly decreased the frequency of peanut allergy later in childhood and modulated
the immune response to peanutsin this at-risk group (1). To identify the genetic determinants of
peanut allergy in the LEAP participants, whole genome sequencing (WGS) was performed
(Supplementary I nformation Sections 1-2, Table S1). Following published standards for WGS
data (4) (Supplementary Information Sections 3-4), there were 542 per protocol LEAP
participants available for genome-wide genetic association tests, including 49 with peanut
alergy, which was defined as a positive result on a double-blind placebo-controlled oral food
challenge at 60 months of age (Supplementary Information Section 1). The de-convolution of
genetic ancestry aligns well with self-reported race/ethnicity (Supplementary I nformation
Section 5, Fig S1). Given the high success of early introduction of dietary peanut in the LEAP
trial, 48 peanut allergy participants were from the peanut avoidance arm and only one from the
consumption arm (Table S1). Therefore, genome-wide association was assessed for peanut
alergy in the 275 participants from the avoidance arm (N=48 peanut allergic/N=227 non peanut
allergic) on atotal of 4,444,069 single nucleotide variants (SNV's, Fig 1, Supplementary
Information Section 6, Fig S2) in adiscovery analysis. Subsequent follow up of the peak
genetic signal(s) was extended to include the participants from the consumption arm (N=267)
with immunological quantitative traits of importance (Fig 2) to facilitate the examination of the

identified genetic loci in the context of the intervention.

The peak association for peanut allergy in the avoidance group was observed on
chromosome 18 (Fig 1A) mapping to the mucosa-associated |ymphoid tissue lymphoma
translocation (MALT1) gene (Fig 1C, Table S2). Theregion (Chr18:56337602..56456191)
includes strong regulatory signatures for MALT1 expression as well as the expression of the
intergenic non-coding RNA (lincRNA), RP11-108P20.1 in the Genotype-Tissue Expression
(GTEX) data (Figs S3, S4). However, the specific set of SNVswith p-value <10” for peanut
alergy only have eQTL signatures for MALT1 (Table S3). The peak associated SNV was

Downloaded for Anonymous User (n/a) at University of Washington - Seattle - WSC from ClinicalKey.com by Elsevier on March 04, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



80
81

82
83

85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

rs57265082 with an estimated Odds Ratio (OR) of 10.99, minor alele frequency (MAF) of 5.6%,
and p = 6.49x10°®. Gene-based analysis was performed across rare exonic SNV's (MAF <5%)

using SKAT (Tables $4 and S5). There was nomina association with either al rare exonic SNVs
(p=0.0830) or al rare damaging exonic SNVs (p = 0.0828); however, with the inclusion of the
peak WGS variant, rs57265082, the gene-based evidence was very strong (p = 1.89x10°).
Conditioning on the peak SNV, rs57265082, shows that the observed common variant signal isa
single genetic locus within the region (Fig S5). There are overall strong differencesin the
clinical profiles of the MALT1 risk alele carriers compared to non-carriers within the peanut
avoidance participants (Table S6). MALT1 is not associated with baseline selection criteria of
egg dlergy or eczema (p = 0.3241, and p=0.1626 respectively in the avoidance group), and the
association between peanut allergy and MALT1 is independent of these baseline selections
(Table S7). We observe no association between the key filaggrin variant, R501X, documented to
play arole in eczema and peanut allergy (p=0.4014 and MAF of 3.6% in the avoidance group),

but recognize that our sample size of N=275 may be underpowered for this.

We observe aweaker association with rs57265082 to sensitization (at 60 months,
sensitization is defined as those with peanut-specific IgE > 0.1 kU/liter) in the peanut avoidance
group (OR = 4.55, p = 0.0011). Additionally, the MALT1 locus remains significantly associated
with peanut allergy (p = 0.0003), even within the subset of sensitized participants in the peanut
avoidance group (Fig 2A), supporting its role as a genetic risk factor for alergy and not only
sensitization. With the inclusion of the LEAP participants from the consumption arm (N=267),
MALT1 was found to be significantly associated with an IgE response to multiple specific peanut
alergenic protein components Arahl, Arah2, and Arah3 at 60 months (p = 1.11x10°, Fig 2B,
Supplementary Section 7) in the full set of LEAP participants adjusting for intervention.

When examining specific IgE to peanut, as well as the three mgjor alergenic components
of peanut, we observe a progressive divergence in the upper end of the IgE distributionsin
MALT1 carriers (Fig 2C) with two key observations to note. First, the intervention with peanut
exposure effectivel y reduced peanut-specific IgE irrespective of carrier status (truncated
distributionsin Fig 2C, bottom panel). Second, within the avoidance group, the levels of peanut-
specific IgE between the carriers and non-carriers is markedly different; rs57265082 carriers
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within the peanut avoidance group had the highest peanut-specific IgE levels as compared to
non-carriers (Fig 2C, upper panel). The mean titers of peanut-specific IgE were significantly
different between carriers vs non-carriers and by treatment group (interaction p = 1.86x107),
even after adjusting for the baseline differences in peanut-specific IgE (Fig S6A). Importantly,
this effect of MALTL1 on peanut-specific IgE in the peanut avoidance group is independent of

total IgE (Fig S6B, p=2.03x10° for peanut-specific IgE and p=0.366 for tota IgE). Finally, the
additional value of knowing rs57265082 carrier status in predicting an individual’ s likelihood of
allergy was evaluated, and rs57265082 was found to be an independent predictor of alergy in the
avoidance group (Fig S7).

In thisfirst report of the genetics of peanut allergy within the LEAP study, akey
biological candidate, the MALT1 gene, isimplicated as an independent risk factor for peanut
alergy in the context of peanut avoidance. These associations are irrespective of sensitization
status (in Fig S7, sensitization at baseline is defined by skin prick positivity, and in Fig 2A,
sensitization at 60 months sensitization is defined as peanut-specific IgE > 0.1 kU/liter),
supporting a relationship with progression to symptomatic allergy after peanut sensitization, a
disease pattern that isinhibited by early and continuous consumption of peanuts. MALT1
encodes a paracaspase that functions as a critical part of the CARMA1-BCL10-MALT1 (CBM)
complex, causing NF-KappaB activation in B and T cellsin response to an antigen binding to the
B or T cell receptor(5). InT cells, thisforms part of the signaling cascade leadingto T cell
activation(6) and involves the two MALT1 isoforms, MALT1A and MALT1B(7). Given that our
top SNVsaffect MALT1 expression, it is possible that these variants may predispose an
individual to greater allergic disease by atering MALT1 expression or affecting the ratio of
MALT1A to MALTIB, thusincreasing Th2 differentiation after antigen presentation. Additional
genes encoding other members of the CBM complex do not show evidence for association within

our discovery data (Fig S8).

MALT1 has not been implicated in prior genetic studies, and we are also unable to
replicate prior published associations (Table S8) (8, 9). It isimportant to note that the prior
studies compare non-allergic controls to peanut-al lergic subjects (8, 9), and the genetic

associations identified in these likely represent risk of allergic sensitization and not specifically
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peanut alergy. In contrast, the LEAP study included only participants who were at high risk for
peanut allergy, many of whom were sensitized at baseline, and this unique ascertainment of the
LEAP study facilitates our ability to test specifically for the risk of peanut allergy. Y et another
singular advantage of the LEAP study is that we are able to interrogate the avoidance group
(high incidence of peanut alergy) and contrast this to the consumption group (low incidence of
peanut allergy) using quantitative immunological markers to identify the genetic determinants of
peanut allergy that are relevant in the absence of peanut exposure. This homogeneity of exposure
(i.e. avoidance) and ascertainment (i.e. baseline risk factors) within LEAP account for the ability
to detect a strong association with MALT1 despite the limited sample size of N=275in the
discovery analysis; in fact the p-value of 6.49x10°® for the single variant testsis near the
Bonferroni threshold for GWAS significance (5x10°®), and our gene-based analysis resultsin ap
= 1.89x10™™. Targeted genotyping of rs57265082 on additional LEAP participants, including the
non per protocol participants, does not change the results from the discovery sample
(Supplementary Section 8, Table S9). Furthermore, of the seven participants within the
consumption arm that had peanut allergy at baseline, three were MALT1 carriers (unadjusted OR
for peanut allergy at baselinein the LEAP consumption group = 5.3, p = 0.0188 using a Pearson
chi-square test). However, the lack of a suitable population to use as areplication group is a
major limitation of this study, and additional replication will be important to follow up on these

associ ations observed within LEAP.

One striking observation is the differing effect of MALTL carrier status on peanut-specific
|gE patterns between the two intervention arms in LEAP. The introduction of dietary peanut as a
strategy for the prevention of peanut allergy is equally effective within carriers and non-carriers.
However, our results indicate that within the LEAP participants, MALT1 carriers from the peanut
avoidance group have the highest risk for peanut allergy (58.6% of carriers of the MALT1 variant
in the avoidance group go on to get peanut allergy in contrast to only 12.7% of the non-carriers,
Table S6). Coupled with the observations that 1) the acquisition of additional peanut antigen
target specificitiesin the IgE response is markedly increased in the MALT1 carriers and 2) this
peanut-specific IgE response is independent of total IgE, our findings support a genotype-
phenotype relationship that implicates the MALT1 pathway in the allergic immune pathogenesis
of peanut allergy.
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Figure 1: Genome-wide association with peanut allergy at 60 monthsin N=275 LEAP
participants in the peanut avoidance group. Panel A isthe genome-wide Manhattan plot for
N=4,444,069 SNVswith MAF > 2%, missingness < 5%, and Hardy-Weinberg Equilibrium p >
10°. Panel B is the quantile-quantile plot of the same data as Panel A. Panel C shows the peak

association region on chromosome 18.

Figure 2: Panel A shows the proportion of alergic and non-alergic LEAP participants at 60
months of age by treatment group and MALT1 carrier statusin all LEAP participants (left) and
the sensitized group (right, defined as those with peanut-specific IgE > 0.1 kU/liter at 60
months). Panel B shows the IgE response to Arahl, Arah2, and Arah3 over the course of the
LEAP study in al participants (N=542). Ara h status was imputed to O for all participants with
peanut-specific IgE <0.1. Panel C isthe proportion density plots showing the relative
distribution of peanut-specific IgE and IgE to Arahl, Arah2, and Arah3 between the MALT1
Carrier and Non-carrier groups at 60 months of age. The horizontal reference line at 12%
indicates the proportion of the population with at least one MALT1 risk alele, which illustrates a
null distribution with equal proportions of individuals at al titer levels between the carriers and
non-carriers. Ara h status was imputed to -2 (log10) for all participants with peanut-specific IgE
<0.1 kU/liter. For all panels, imputed genotypes were used for 7 individuals missing allele calls
at rs57265082, and Non-carriers were defined as having at |east one copy of the T allele (due to
the low MAF).
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Table S1: Clinical characteristics of the LEAP participants with WGS data.

All Subjects  Avoidance Group  Consumption Group
N 542 275 267
Agein months at baseline, mean (SD) 7.80 (1.74) 7.89 (1.71) 7.72 (1.78)
N with female sex (%) 226 (42) 100 (36) 126 (47)
N with egg allergy at basdine (%) 345 (65) 179 (65) 166 (62)
N with eczema baseline (%) 480 (89) 241 (88) 239 (90)
SCORAD at baseline, mean (SD) 33.89 (18.79) 34.34(19.31) 33.42 (18.26)
N with positive skin prick test to peanut at baseline (%) 83 (15) 50 (18) 33(12)
L og peanut-specific 1gG4 at 30 months, mean (SD) 2.57 (0.75) 2.12 (0.45) 3.04(0.71)
L og peanut-specific 1gG4 at 60 months, mean (SD) 2.60 (0.69) 2.28 (0.56) 2.923 (0.66)
N with peanut-specific IgG4 at 60 months >70 (%) 371 (68) 145 (53) 226 (85)
L og peanut-specific IgE at 60 months, mean (SD) -0.91 (1.02) -0.88(1.13) -0.94 (0.90)
L og peanut-specific 1gG4:1 gE ratio at 60 months, mean (SD) 3.13(0.98) 2.79(1.02) 3.48 (0.80)
L og Eosinophilia at 60 months, mean (SD) -0.44 (0.37) -0.41 (0.36) -0.47 (0.38)
SCORAD at 60 months, mean (SD) 7.02 (10.78) 7.82 (11.63) 6.19 (9.79)
N with positive skin prick test to peanut at 60 months (%) 117 (22) 76 (28) 41 (15)
N Peanut Allergic at 60 months (%) 49 (9) 48 (17) 1(0.4)
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Table S2: Overview of 35 SNV swith p<10E-05 for association with peanut alergy in the N=275 peanut avoidance LEAP participants. * Alternate allele
frequency (AAF) is provided as the additive model is coded for 0/1/2 copies of the aternate alee. ** Permutation p-value is based on 10 million permutations

using joint permutation of allergy status and model covariates.

SNV Annotation

SNV Position Function Gene (Ieft,right) GTExX eQTL Referegﬁ?e’@temate OR  SE  P-value Pgr_\r/”;‘;aetjf” AAF*
(80151145  chrl:17717066 intronic PADI6 EIFLAXPL TIC 61630 03890 291E-06 290E06 8%
(145726195 chr1:17771192  intergenic RCC2,ARHGEF10L o 96260 05047 7.22E-06 5.70E-06 4%
(ST2777284  chr2:8126454  intergenic  LINC00298,LINC00299 T 108121 05349 B55E-06 8.60E-06 3%
(512643843 chr:154178697  UTRS TRIM2 TRIM2 AG 38705 03061 9.82E-06 3.00E06  34%
(574326323 Chr5:141470422  intergenic GNPDAL,NDFIPL T 60359 03952 5AOE-06 240E06 7%
(s11243375 chr9:134238611  intergenic PLPP7,PRRC2B TIC 120176 05253 221E-06 7.00E-07 4%
(s73156540 chrl3:23254040  intergenic  LINCO0540,BASP1PL CIA 50656 03500 356E-06 240E-06  10%
(73156541 chrl3:23254052  intergenic  LINCO0540,BASP1PL AlG 49743 03489 A426E-06 320E-06  10%
(2506073  chr16:73994048  intergenic  LINCO1568,L OC101928035 GIT 37257 02975 O79E-06 3.70E06  31%
(4040418 chr18:56337602  UTRS3 LOC101927322 MALT1 TIC 88243 04600 221E-06 160E-06 5%
(4040419 chri8:56340438  intronic MALT1 MALT1 GIC 90487 04788 421E-06 280E-06 4%
(79002421  chrl8:56379546  intronic MALT1 MALT1 G/IA 50116 03375 180E-06 O9.00E-07  12%
(77714205 chr18:56387301  intronic MALT1 MALT1 TIG 87742 04486 129E-06 130E-06 5%
(140235750 chr18:56388568  intronic MALT1 MALT1 TIC 94843 04425 370E-07 500E-07 5%
(77767290  chrl8:56388996 intronic MALT1 MALT1 GIA 121475 04747 144E-07 1O00E-07 4%
15143282859 chr18:56394683  intronic MALT1 MALT1 AlG 56584 0391 O31E-06 7.90E-06 9%
(75022589  chrl8:56396837 intronic MALT1 MALT1 TIC 100751 04695 B66E-07 7.00E-07 4%
(77267911  chrl8:56407555  intronic MALT1 MALT1 AG 94843 04425 370E-07 500E-07 5%
(4040749 chri8:56413217  intronic MALT1 MALT1 GIT 51256 03615 6.16E-06 4.20E-06  11%
(4040750  chri8:56419779  intergenic MALT1,ZNF532 MALT1 G/IA 65355 04150 6.37E-06 7.50E-06 7%
(76653504  chrl8:56421922  intergenic MALT1,ZNF532 MALT1 /G 100982 04698 858E-07 7.00E-07 4%
(8093073  chri8:56425466  intergenic MALT1,ZNF532 o 75888 04280 230E-06 220E06 6%
(5141101728 chr18:56426592  intergenic MALT1,ZNF532 MALT1 GIT 95720 04510 550E-07 6.00E-07 6%
(5144838979 chrl8:56426622  intergenic MALT1,ZNF532 MALT1 GIA 78716 04573 6.42E-06 840E-06 5%
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SNV Annotation

SV Position Function Gene (l€ft,right) GTEx eQTL Referer;ﬁzlélternate OR SE P-value Pgr_\r?;;it:gn AAF*
rs8095265  chr18:56428866 intergenic MALT1,ZNF532 MALT1 T/IC 5.1686 0.3337 8.56E-07  4.00E-07 13%
rs76767530 chrl8:56430356 intergenic MALT1,ZNF532 MALT1 G/IA 9.4119 04935 554E-06  4.80E-06 5%
rs116985291 chr18:56431371 intergenic MALT1,ZNF532 MALT1 (oh) 10.6175 0.4636 3.48E-07  4.00E-07 4%
rs955405  chrl8:56439552 intergenic MALT1,ZNF532 MALT1 (oh) 9.2614 0.4663 1.81E-06  1.70E-06 4%
rs59853704  chrl8:56450773 intergenic MALT1,ZNF532 MALT1 A/C 6.5751 0.4173 6.40E-06  8.20E-06 6%
rs4940751  chr18:56451388 intergenic MALT1,ZNF532 MALT1 (oh) 7.4946 0.4460 6.29E-06  5.40E-06 5%
rs73959507 chrl8:56451862 intergenic MALT1,ZNF532 MALT1 G/IA 104314 0.4767 8.69E-07  9.00E-07 4%
rs4940752  chr18:56454092 intergenic MALT1,ZNF532 MALT1 G/IA 10.8576 0.5113 3.09E-06  2.30E-06 3%
rs57265082 chrl8:56455080 intergenic MALT1,ZNF532 GIT 10.9881 0.4435 6.49E-08  1.00E-07 6%
rs8096360  chr18:56456191 intergenic MALT1,ZNF532 GIC 6.3083 0.4061 5.76E-06  6.90E-06 7%
rs6031719  chr20:43303010 intergenic  LINC01260,KCNK15-AS1 44@51212.3; TIC 3.8179 0.2973 6.60E-06  1.90E-06 43%

ADA; WISP2
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Table S3: GTEX v7 was mined to identify all cis eQTLs mapping to Chr18:56200000..56700000. All eQTLs mapping to SNPs with p-vaue <107
for peanut allergy are listed in this table, and these specific SNPs only show an eQTL signature for MALTL.

SNV Annotation

L EAP Peanut Allergy in Avoidance

GTEx v7 Results

Group
SNV _ . Reference/ Gene
Function  Gene(left,right)  Alter n::}te OR SE P-value AAF* P-Value Tissue Symbol
allee

rs4940418 UTR3 LOC101927322 T/IC 8.8243 046  2.21E-06 5% 2.70E-07 Cells - Transformed fibroblasts MALT1
2.40E-05 Skin - Sun Exposed (Lower leg) MALT1
rs4940419 intronic MALT1 G/C 0.0487 0.4788 4.21E-06 4% 1.80E-07 Cells - Transformed fibroblasts MALT1
1.60E-05 Skin - Sun Exposed (Lower leg) MALT1
rs79002421 intronic MALT1 G/A 5.0116 0.3375 1.80E-06 12% 8.60E-09 Muscle - Skeletal MALT1
rs77714205 intronic MALT1 T/G 8.7742 0.4486 1.29E-06 5% 1.60E-07 Cells - Transformed fibroblasts MALT1
1.60E-05 Skin - Sun Exposed (Lower leg) MALT1
rs140235750 intronic MALT1 T/IC 9.4843 0.4425 3.70E-07 5% 1.60E-07 Cells - Transformed fibroblasts MALT1
1.60E-05 Skin - Sun Exposed (Lower leg) MALT1
rs77767290 intronic MALT1 G/IA 12.1475 0.4747 1.44E-07 4% 1.80E-07 Cells - Transformed fibroblasts MALT1
1.60E-05 Skin - Sun Exposed (Lower leg) MALT1
rs143282859 intronic MALT1 AlG 5.6584 0.391 9.31E-06 9% 1.90E-06 Skin - Sun Exposed (Lower leg) MALT1
rs75022589 intronic MALT1 T/IC 10.0751 0.4695 8.66E-07 4% 1.80E-07 Cells - Transformed fibroblasts MALT1
1.70E-05 Skin - Sun Exposed (Lower leg) MALT1
rs77267911 intronic MALT1 AIG 9.4843 0.4425 3.70E-07 5% 1.60E-07 Cells - Transformed fibroblasts MALT1
3.00E-05 Skin - Sun Exposed (Lower leg) MALT1
rs4940749 intronic MALT1 GIT 51256 0.3615 6.16E-06 11% 7.50E-08 Muscle - Skeletal MALT1
rs4940750 intergenic  MALT1,ZNF532 G/A 6.5355 0.4159 6.37E-06 7% 1.40E-06 Cells - Transformed fibroblasts MALT1
1.50E-05 Muscle - Skeletal MALT1
1.10E-06 Skin - Sun Exposed (Lower leg) MALT1
rs76653504 intergenic  MALT1,ZNF532 T/G 10.0982 0.4698 8.58E-07 4% 1.80E-07 Cells - Transformed fibroblasts MALT1
1.60E-05 Skin - Sun Exposed (Lower leg) MALT1

rs8093073 intergenic  MALT1,ZNF532 CIT 7.5888 0.4289 2.30E-06 6% - - -
rsl41101728 intergenic MALTL1,ZNF532 GIT 9.572 0.451  5.50E-07 6% 1.30E-06 Cells - Transformed fibroblasts MALT1
1.10E-05 Muscle - Skeletal MALT1
1.20E-06 Skin - Sun Exposed (Lower leg) MALT1
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SNV Annotation

L EAP Peanut Allergy in Avoidance

GTEx v7 Results

Group
SNV ' . Reference/ Gene
Function  Gene(left,right)  Alternate OR SE P-value AAF* P-Value Tissue Symbol
allele*

rsl44838979 intergenic MALT1,ZNF532 G/A 78716 0.4573 6.42E-06 5% 1.10E-06 Cells - Transformed fibroblasts MALT1
1.10E-05 Muscle - Skeletal MALT1
1.30E-06 Skin - Sun Exposed (Lower leg) MALT1
rs8095265 intergenic  MALT1,ZNF532 T/C 51686 0.3337 8.56E-07 13% 3.30E-08 Muscle - Skeletal MALT1
rs76767530  intergenic  MALT1,ZNF532 G/A 94119 0.4935 5.54E-06 5% 6.00E-06 Cells - Transformed fibroblasts MALT1
5.30E-06 Muscle - Skeletal MALT1
2.50E-05 Skin - Sun Exposed (Lower leg) MALT1
rs116985291 intergenic MALT1,ZNF532 CcIT 10.6175 0.4636 3.48E-07 4% 2.50E-07 Cells - Transformed fibroblasts MALT1
rs955405 intergenic  MALT1,ZNF532 CcIT 9.2614 0.4663 1.81E-06 4% 8.40E-07 Cells - Transformed fibroblasts MALT1
rs59853704 intergenic  MALT1,ZNF532 A/C 6.5751 0.4173 6.40E-06 6% 3.30E-06 Cells - Transformed fibroblasts MALT1
rs4940751 intergenic  MALT1,ZNF532 CIT 7.4946 0446  6.29E-06 5% 7.30E-06 Cells - Transformed fibroblasts MALT1
rs73959507 intergenic  MALT1,ZNF532 G/A 10.4314 0.4767 8.69E-07 4% 3.60E-06 Cells - Transformed fibroblasts MALT1
rs4940752 intergenic  MALT1,ZNF532 G/A 10.8576 0.5113 3.09E-06 3% 1.30E-05 Cells - Transformed fibroblasts MALT1

rs57265082  intergenic  MALT1,ZNF532 GIT 10.9881 0.4435 6.49E-08 6% - - -

rs8096360 intergenic  MALT1,ZNF532 G/IC 6.3083 0.4061 5.76E-06 7% - - -
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Table $4: Landscape of variation identified through WGS in N=542 LEAP participants (chr18:56338653-

56418303).

N MAF < 1%* MAF 1-5%  MAF >5%
Totd variants 842 591 76 175
Known 678 428 76 174
Novel 164 163 0 1
3'UTR 27 17 2 6
3'UTR - known 20 12 2 6
3'UTR - novel 5 0 0
5'UTR & Regulatory region 7 1 1
5'UTR & Regulatory region - known 5 1 1
5'UTR & Regulatory region - novel 2 0 0
Downstream gene variant 12 8 0 4
Downstream gene variant - known 10 6 0 4
Downstream gene variant - novel 2 2 0 0
Intronic 704 494 63 147
Intronic - known 566 357 63 146
Intronic - novel 138 137 0 1
Intronic & Regulatory region 82 56 9 17
Intronic & Regulatory region - known 67 41 9 17
Intronic & Regulatory region - novel 15 15 0 0
Missense 5 5 0 0
Missense - known 4 4 0 0
Missense - novel 1 1 0 0
Missense & Regulatory region 1 1 0 0
Missense & Regulatory region - known 0 0 0 0
Missense & Regulatory region - novel 1 1 0 0
Missense & Splice 1 0 1 0
Missense & Splice - known 1 0 1 0
Missense & Splice - novel 0 0 0 0
Intron & Splice 1 1 0 0
Intron & Splice - known 1 1 0 0
Intron & Splice - novel 0 0 0 0
Synonymous 2 2 0 0
Synonymous - known 2 2 0 0
Synonymous - novel 0 0 0 0

*Removed 84 variants monophoric in N=542, 32 known and 52 novel
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Table S5: SKAT results for association between rare coding variants in MALT1 with peanut alergy in the

peanut avoidance group.

N
Variants Average Minimum Maximum
in test MAF MAF MAF P-valueLiu

Exonic SNVsin MALT1 including peak variant

rs57265082 8 0.0125 0.0018 0.0531 1.89E-10
Exonic SNVsin MALT1 without peak 7 0.0068 0.0018 0.0364 0.0829
Damaging exonic variantsin MALT1 including peak 6 0.0161 0.0018 0.0531 1.89E-10
Damaging exonic variantsin MALT1 without peak 5 0.0087 0.0018 0.0364 0.0828

Table S6: Clinical characteristicsby MALTL1 carrier status in the peanut avoidance group (Note: N=273 with

genotype).

MALTL1 Carrier MALT1 Non-carrier P-value
N 244 -
N with Peanut Allergy (%) 17 (59) 31 (13) 4.034E-09
N with SPT wheal size at 60 months >0 (%) 20 (69) 56 (23) 5.51E-07
N with Peanut-Specific IgE at 60 months >0.1 (%) 21 (72) 96 (39) 0.0023
Log 10 Peanut-Specific IgE at 60 months quantitative, mean (SD) 0.13(0.27) -1.01 (0.06) 0.0003
Log 10 Peanut-Specific IgG4 at 30 months quantitative, mean (SD) 2.38(-0.11) 2.08 (-0.03) 0.0129
N with Peanut-Specific IgG4 at 60 months >70 (%) 24 (83) 120 (49) 0.0024
Log 10 Peanut-Specific 1gG4 at 60 months quantitative, mean (SD) 2.69 (0.13) 2.23(0.03) 0.0019
Log 10 Peanut-Specific IgG4:1gE ratio at 60 months quantitative,
mean (SD) 2.18(0.20) 2.86 (0.06) 0.0032
Log 10 Eosinophiliaat 60 months, mean (SD) -0.39 (0.07) -0.41 (0.02) 0.7490
SCORAD at 60 months, mean (SD) 9.20 (2.46) 7.72 (0.73) 0.5660

Table S7: Testsfor association for all SNV s with suggestive evidence for peanut alergy in the peanut
avoidance group to evaluate if [A] these associations with peanut alergy are independent of baseline risk
factors, and [B] these SNVs are directly associated with baseline risk factors themselves. Tests for association
for all SNV swith suggestive evidence for peanut allergy in the peanut avoidance group to evaluate if [A] these
associations with peanut allergy are independent of baseline risk factors, and [B] these SNVs are directly

associ ated with basealine risk factors themsdves.

[A] Peanut Allergy Independent of basdline
risk factors [B] Not amarker of basdline Egg Allergy or Eczema
> >0 8w >0 3D
53 58 28 5825 ® ® < c
o= sc8cso | 5882 | 358 .2 ® <S8 @SS
= o = -—.gc =8 2 == C”QJ%D- Sovsao s e g c Lo
<33 <%2N§ <%%§,§ T3 3 TEES géng gggg
220 | 233ug | 2x3J9 | 1Bso | LBgo | HEso | HEEO
— o T (@] @}
rs57265082 6.49E-08 1.76E-07 3.27E-08 0.32407 0.28032 0.16255 0.01020
rs77767290 1.44E-07 3.73E-07 9.42E-08 0.69109 0.94061 0.23274 0.03065
rs116985291 | 3.48E-07 9.32E-07 2.50E-07 0.74142 0.86799 0.21408 0.07263
rs140235750 | 3.70E-07 1.07E-06 3.36E-07 0.96469 0.96034 0.17942 0.04722
rs77267911 | 3.70E-07 1.07E-06 3.36E-07 0.96469 0.84039 0.17942 0.05623
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[A] Peanut Allergy Independent of basdine

risk factors [B] Not amarker of baseline Egg Allergy or Eczema
P — -

g%a g%ggm g%ggg %'580_ %Eéq ‘3.580_ EEEQ_

Sz | I2T6s <SS9} sE83 | 223 %E@g g%%g

55| 52588 | 2:83  29%6 | 2380 | Jiic | @go

c%'g §E§§ §EEE§‘&5’ LICJD_Q< L?-Q8 W o < LIJ_Q8
rs141101728 | 5.50E-07 9.61E-07 3.07E-07 0.35267 0.37058 0.36815 0.21584
rs8095265 8.56E-07 1.88E-06 4.59E-07 0.64571 0.78020 0.34276 0.31390
rs76653504 | 8.58E-07 2.17E-06 5.55E-07 0.67175 0.97197 0.22000 0.04653
rs75022589 | 8.66E-07 2.17E-06 7.50E-07 0.98817 0.97197 0.22297 0.04653
rs73959507 | 8.69E-07 2.19E-06 4.52E-07 0.47032 0.52608 0.23063 0.32688
rs2499652 1.21E-06 1.64E-06 1.54E-06 0.73496 0.53902 0.42142 0.20933
rs77714205 | 1.29E-06 3.43E-06 1.04E-06 0.90426 0.96034 0.18807 0.04722
rs79002421 | 1.80E-06 3.56E-06 1.04E-06 0.83289 0.69658 0.31008 0.02736
rs955405 1.81E-06 4.75E-06 1.09E-06 0.57923 0.74492 0.20457 0.69949
rs4940418 2.21E-06 3.88E-06 1.54E-06 0.78264 0.84064 0.49458 0.05715
rs11243375 | 2.21E-06 5.11E-06 2.47E-06 0.69159 0.65427 0.99660 0.80626
rs8093073 2.30E-06 3.56E-06 2.49E-06 0.96589 0.49776 0.45990 0.14067
rs80151145 | 2.91E-06 2.79E-06 2.85E-06 0.91413 0.99155 0.66963 0.21917
rs4940752 3.09E-06 6.35E-06 1.52E-06 0.40129 0.11880 0.32990 0.63587
rs73156540 | 3.56E-06 5.26E-06 1.93E-06 0.36000 0.09860 0.41417 0.29150
rs4940419 4.21E-06 8.87E-06 3.09E-06 0.90029 0.97197 0.25824 0.04653
rs73156541 | 4.26E-06 5.82E-06 3.28E-06 0.68992 0.05191 0.53889 0.25213
rs74326323 | 5.40E-06 1.17E-05 2.52E-06 0.54248 0.72785 0.15914 0.99692
rs76767530 | 5.54E-06 6.31E-06 7.54E-06 0.60513 0.80676 0.72272 0.51885
rs8096360 5.76E-06 1.07E-05 1.59E-06 0.14738 0.21190 0.22959 0.18942
rs6686904 6.02E-06 6.56E-06 6.75E-06 0.92912 0.61523 0.95389 0.16580
rs4940749 6.16E-06 1.03E-05 2.29E-06 0.35523 0.51141 0.43560 0.10013
rs4940751 6.29E-06 1.48E-05 3.93E-06 0.74184 0.35705 0.17322 0.65691
rs4940750 6.37E-06 1.15E-05 5.41E-06 0.90044 0.79101 0.27762 0.04061
rs59853704 | 6.40E-06 8.34E-06 4.94E-06 0.91194 0.96825 0.50245 0.72532
rs144838979 | 6.42E-06 1.06E-05 4.15E-06 0.45705 0.14416 0.32917 0.07405
rs6031719 6.60E-06 8.69E-06 5.77E-06 0.72423 0.61296 0.54460 0.33014
rs145726195 | 7.22E-06 1.25E-05 2.59E-05 0.10477 0.88954 0.29312 0.18718
rs4240808 8.38E-06 1.24E-05 5.36E-06 0.97484 0.02081 0.23468 0.48312
rs72777284 | 8.55E-06 7.88E-06 1.52E-05 0.50950 0.44998 0.72426 0.99758
rs143282859 | 9.31E-06 1.56E-05 4.40E-06 0.56400 0.51060 0.37024 0.10603
rs9391248 9.53E-06 1.17E-05 1.29E-05 0.3119%4 0.50803 0.92843 0.40557
rs2526073 9.79E-06 1.80E-05 7.37E-06 0.89649 0.57255 0.08201 0.01493
rs12643843 | 9.82E-06 1.18E-05 5.59E-06 0.60620 0.79375 0.80134 0.38702

Downloaded for Anonymous User (n/a) at University of Washington - Seattle - WSC from ClinicalKey.com by Elsevier on March 04, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.




"panEsal sIYBU ||V "ou| BINes[T '6T0Z® B LAdoD "uoissiwiad Inoyim sasn Jayio oN “Ajuo asn feuos.ad JoH
"6T0Z ‘70 Yo\ U0 B1Ass |3 Aq W0D" A8 [eO1U1[D W01 DSM -3 11sS - uoiBuIuse Jo AIsBAIUN e (g/u) Jesn snowAuouy Joy papeojumod

57

Table S8. Association of top variants from Asal et. a in LEAP peanut avoidance group (N=275) and LEAP all participants (N=542).

LEAP Avoidance Group® LEAP Al
g SNP Chr MAF OR P value® Gene/nearest gene MAF OR P - value MAF OR P - value
| rsl15218289 2 002 018  1.80x10° (298 kb)DLX 2 | (26 kb)I TGA6 0.02 0530 5.75E-01 002 053 573E-01
é rs72827854 17 009 216  2.60x10’ SKAP1 0.09  0.490 1.60E-01 0.09 047  1.36E-01
g rs144897250 11 0.02 6.2 2.90x10°” (5 kb)MMP12 | (63 kb)MMP13
S| rs7475217 10 038 164  3.58x10’ CTNNA3 026 0710 3.31E-01 027 077  4.48E-01
% rs744597 4 040 061  3.98x10’ ARHGAP24 035 0810 4.14E-01 035 083  4.54E-01
g rs523865 20 023 057  4.42x107 ANGPT4 025 1290 3.88E-01 024 129  3.88E-01
= (30 kb)C110rf30 |(43
< | rs7936434 11 049 158  517x107 kb)LOC101928813 033 2110 6.14E-02 034 185  1.09E-01
.; rs78048444 7 002 022  5.44x107 (65 kb)CHCHD3 |(106 kb)EXOC4 0.02 23890 1.68E-01 0.03 261  1.84E-01
< | rs56151068 17 010 206  9.58x10’ SKAP1; LOC101927148 0.09  0.480 1.58E-01 0.09 047  134E-01
rs139462954 17 009 206  1.23x10° LOC101927166

rs1063347 6 3.67x10% HLA-DQB1

rs3134975 6 7.01x10%  (18kb)HLA-DQB1|(57kb)HLA-DQA2

rs1049213 6 2.30x10% HLA-DQB1
; rs9275596 6 1.15x10%  (47kb)HLA-DQB1|(28kb)HLA-DQA2 | 0.34  1.550 8.37E-02 0.32 16  3.95E-02
§ rs3134976 6 6.86x10%"  (18kb)HLA-DQB1|(57kb)HLA-DQA2 | 0.21  1.570 1.23E-01 019 1.64  579E-02
;;’ rs2858305 6 2.25x10™®  (36kb)HLA-DQB1|(39kb)HLA-DQA2 | 0.38  1.550 7.75E-02 035 1.65  2.80E-02
§ rs2858309 6 2.26x10™  (34kb)HLA-DQB1|(40kb)HLA-DQA2 | 0.38  1.550 7.75E-02 035 164  292E-02
% rs2856717 6 2.43x10™  (36kb)HLA-DQB1|(39kb)HLA-DQA2 | 0.38  1.550 7.75E-02 035 1.65  2.80E-02
; rs2858320 6 2.48x10™  (27kb)HLA-DQB1|(48kb)HLA-DQA2
© rs7192 6 1.94x10™® HLA-DRA 036 1550 5.23E-02 035 152  520E-02
2 rs9275227 6 1.43x10™  (26kb)HLA-DQB1|(49kb)HLA-DQA2

rs2858332 6 2.63x10™  (47kb)HLA-DQB1|(28kb)HLA-DQA2 | 0.49  1.660 4.40E-02 046 178  1.19E-02

rs3129890 6 9.73x10° (1kb)HLA-DRA|(71kb)HLA-DRB5 025  1.270 3.26E-01 026 119  4.60E-01

rs154975 6 8.21x10°  (29kb)LOC100294145|(2kb)HLA-DMB | 0.36  1.290 2.81E-01 037 117  4.68E-01

@ WGS datafor variants not in the HLA region and Omni 2.5 chip datafor variantsin the HLA region, asthe HLA region was not well called by traditional sequence variant

calling algorithms ® Meta-analysis p-value reported for HLA variants “treatment included as covariate in model to adjustment for treatment.
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Table S9. Comparison of per protocol and intention to treat (ITT) individuals for association of MALT1 top variant rs57265082 with peanut allergy

in the peanut avoidance group. * WGS genotype data, ** WGS and MGB Pleiades assay genotype data.

Peanut Avoidance
N N with peanut allergy
Original per protocol group adjusted for PCs 1-5, age, and sex 273 48
Original per protocol group adjusted for age and sex only 273 48
All per protocol individuas adjusted for age and sex only 280** 51
All'ITT individuals adjusted for age and sex only 299* * 54

OR
10.99
9.65

9.64
8.15

P - value
6.49E-08
9.40E-08

9.04E-08
1.28E-07

Table S10. rs57265082 genotypes by peanut alergy status and intervention group

Peanut Avoidance = N=275 Peanut Consumption N=267
Non-allergic Non-allergic
Allergic N=48 N=227 Allergic N=1 N=266
. GG 31 213 1 233
®
2 GT 17 14 0 30
g
=}
Q.
1S TT 0 0 0 3
missing 0 0 0 0
- GG 31 213 1 233
®
a
B GT 17 12 0 25
o
>
B
o
o TT 0 0 0 3
missing 0 2 0 5
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Material and Methods
1. Genomic Resear ch on the L ear ning Early about Peanut Allergy (LEAP) study

The LEAP study, described in detail previously (1), was a randomized trial examining the
effect of early peanut exposure on infants at high risk for peanut allergy. The study (1) found that
early exposure to peanuts greatly decreased the likelihood of peanut alergy among both skin
prick test negative and skin prick test positive participants. Among the skin prick test negative
participants in the intention-to-treat population, 13.7% of the peanut avoidance group was
alergic to peanuts at 60 months of age compared to 1.9% of the peanut consumption group. This
finding was mirrored in the skin prick test positive intention-to-treat population, where 35.3% of
the peanut avoidance group was allergic to peanuts at 60 months of age compared to 10.6% of
the peanut consumption group.

All participants that completed the LEAP study, followed the protocol to avoid or
consume peanuts according to their randomization assignment, and consented to genetic studies
were included in our sample for thiswork (N=556). The final sample set, following quality
control as defined in Supplementary Section 3-4 below was N=542, as described in
Supplementary Table S1. Cases were defined as participants with a positive ora food challenge
(OFC) to peanuts at 60 months of age. The OFC was a double-blind placebo-controlled
challenge consisting of a single 5g dose of peanut protein for participants who were not
suspected to be alergic on the basis of skin prick test values and other clinical characteristics and
atotal of 9.4 g of peanut protein in increasing increments for the participantsin LEAP that were
suspected to be dlergic. In participants where the OFC was unavailable or the results were
inconclusive, alergy was determined using clinical factors including history of peanut specific

exposure, peanut-specific IgE levels, and skin prick test values(1).
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2. Informed consent

The LEAP (1, 2) study was approved by the institutional review board at the National
Research Ethics Service Committee London—Fulham. In addition, informed written consent was
obtained from the parent or guardian of al participants.

3. Whole genome sequencing

Whol e genome sequencing to a depth of 30X was performed using the HiSeq X System,
using HiSeq X HD SBS Kit reagents. Illumina HiSeq Control Software (HCS), and Rea-Time
Anaysis (RTA) was used with the HiSeq X sequencers for real-time image anaysis and base
calling. Assembly of each individual genome was performed using the Isaac aligner (3). The
Starling small variant caller (formerly called the Isaac Variant Caller (3)) was used to call both
SNVsand small indels to yield a genome variant file (gV CF) that includes variants along with
quality metrics. As described previously (4, 5), multi-sample VCF files for each chromosome
were generated from single-sample V CF files (removing indels) provided by Illumina. As shown
in previous work(5), single-sample and multi-sample calling have a similar accuracy for these
I1lumina whole genome sequence calls. Asis standard practice(4), we filtered variants with GQX
<30 and DP < 7 and regions of segmental duplication. Single-nucleotide variant (SNV)
annotation was performed using the ANNOV AR package (6).

Seven of our 542 participants did not have a genotype available for rs57265082. In order
to include these individuals in our follow-up analyses, we used the Michigan Imputation server
(7) with the 1000 Genomes Project Phase 3 database as the reference panel and Eagle v.2.3 for
phasing to impute missing genotypes for these individuals. Quality of the imputation was high
for this region, with an overall imputation r’=0.98 for rs57265082 (Supplementary Table S10).

4. Sample based quality control
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All samples with sequencing were also genotyped on the Illumina Omni 2.5 Array as
described previously *>°. On the basis of concordance between the sequence and array genotype
calls, weremoved 11 of the 556 samples from the dataset for poor quality DNA. We removed 1
additional sample for discrepancy between self-reported and genetic sex. Identity by descent
(IBD) was run on a set of linkage disequilibrium (LD) pruned SNVsusing PLINK 1.9 (8); 2
samples were sequenced as identical (Z2>0.97) but not confirmed to be monozygotic twins and
were both removed from the analysis subset. The final sample size passing quality control used
for analysis was N=542.

5. Ancestry de-convolution of the LEAP study participants

We implemented protocols similar to those established for the 1000 Genomes Project
(TGP) reference populationsin previous work (4) including the same set of 2179 TGP
individuals and a set of 218,340 LD pruned SNV's. We used the smartpca program, a part of the
EIGENSOFT package (9), to perform Principal Components Analysis (PCA) (Supplementary
Figure S1B). The final association models included the first five principal components for
ancestry based on the scree plot shown in Supplementary Figure S1C.

6. Testsfor association

For the primary outcome, we tested the hypothesis that peanut allergy among the peanut
avoidance group participants was associated with SNV genotype under an additive model
including 5 PCs, age in months at entrance into the LEAP study, and sex. Similar analyses were
doneto test for the association between SNV genotype and alergy adjusted for baseline risk
factors, with baseline risk factors themselves, sensitization at 60 months, and for association with
the filaggrin variant R501X (Supplementary Table S7). Analyses were run using PLINK 1.9

and PSEQ, a part of the PLINK/SEQ package ((8), https://atgu.mgh.harvard.edu/plinkseq/) .
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Only biallelic SNV s were evaluated for association. Several QC filters were investigated
including overall minor alele frequency (MAF), overall variant missingness, differential variant
missingness between cases and controls for the final outcome of peanut allergy at 60 months of
age, Hardy-Weinberg Equilibrium (HWE) among all participants, HWE among cases (that is
those participants who were allergic to peanuts at 60 months of age), and HWE among controls
(those not allergic to peanut at 60 months). To address issues of small sample size we performed
adetailed review of results by MAF. QQ plotsfor all SNVsanalyzed are presented in
Supplementary Figure S2 by categories of MAF (lessthan 1, 1-2, 2-5, and greater than or equal
to 5). We observed based on the QQ plots that our tests for association do not viol ate expected
distributions for all SNV swith an MAF range greater than or equal to 2%. Therefore, the final
variant list included only variants with overall MAF greater than or equal to 2%, less than 5%
overall missingness, and overall HWE greater than or equal to 10 °, which yields a total of
4,444,069 variants. Additionally, for all variants with p<10E-05, we derived permutation p-
values, based on 10 million permutations, and added these permutation p-valuesto
Supplementary Table S2. We jointly permuted the outcome and the covariates, thereby also
preserving the SNV linkage disequilibrium. These empirical permuted p-values generally werein
agreement with the p-values derived from the z-statistic in logistic regression model. Both types
of p-values reflected the fact that obtaining atest statistic at least as extreme asin the observed
data by random chanceisvery unlikely.
6b. Exploring association results

After observing the association results, we explored the question of whether any of the
variants with suggestive evidence for association with peanut allergy in the peanut avoidance

group (Supplementary Table S2) were associated with either baseline risk factors or egg alergy
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and eczema at baseline. We found that adjustment for either egg allergy at baseline or eczema at
baseline did not meaningfully change the association between our top variants and peanut allergy
in the peanut avoidance group (Supplementary Table S7). Additionally, we did not see a
significant association between our top variants and egg allergy or eczemain either the peanut
avoidance or consumption groups, suggesting that the association we see between MALT1 and
peanut alergy is not amarker for these baseline traits.

7. Analysisof quantitative correlates of peanut allergy with MALT1 carrier status

To test the association of MALTL carrier status at rs57265082 and component spreading
of the IgE response to the specific peanut protein components Arahl, Arah2, and Arah3 at 60
months, we used the Cochran-Mantel-Haenszel chi-sgquare test. This test |ooks at the association
between component spreading and MALT1 across (or controlling for) the treatment assignment
using both groups. Using a multivariate ordinal logistic regression model, there is a significant
interaction effect between MALT1 carrier status and the randomized intervention when regressed
on component spreading at 60 months to Arahl, Arah2, and Arah3 (p-value = 0.0053). Arah
status was imputed to O for al participants with peanut-specific IgE <0.1.

To evaluate the predictive value of MALTL carrier status for peanut allergy in the LEAP
avoidance Group (N=275), we used a multivariate logistic regression model including MALT1
rs57265082 genotype, SCORAD, peanut SPT, and egg allergy at baseline compared to the model
omitting MALT1 as a predictor, and the AUC of each model was compared using alikelihood
ratio chi-sgquare test.

In al cases MALTL1 carrier status was modeled under the dominant model, comparing
those with the GG genotype (Non-carriers) to those carrying at least one T alele (Carriers with

genotype TG or TT). Because of the small number of TT genotypes, other models were not
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appropriate (Supplementary Table S10). Additionally, for al analyses including the
guantitative correlates of peanut alergy, the imputed version of rs57265082 was used to include
7 participants with genotype missing.
8. Inclusion of intention-to-treat (ITT) participants

We repeated the analysis of the association of peanut alergy with our top SNV,
rs57265082, with the addition of the non per protocol ITT participants from the LEAP study.
These non per protocol participants were not included in the original per protocol group, because
they deviated from the protocol of their assigned group (peanut avoidance or peanut
consumption). This was done to show that our results were not sensitive to their exclusion from
the discovery data.

Al ITT participants without WGS were genotyped for MALT1 variant rs57265082 using
the MGB Pleiades assay (ELITech Group). The assay was validated using 4 CEPH DNAS, 2
with GG genotype and 2 with GT genotype. As no CEPH DNAswith TT genotype were
available, an additional validation was run with 88 healthy control individuals with genotypes as
follows: 73 GG, 14 GT, and 1 TT. In addition, each genotyping plate contained 2 wells each of
GT and TT DNA used as areference for genotype calling. Finally, genotypes were confirmed by
Sanger sequencing using the SimpleSeq dye termination kit (Eurofins), and sequences traces
were manually read to confirm GT and TT genotypes.

A similar association was seen for peanut alergy with the MALT1 variant rs57265082 in
the total peanut avoidance group consisting of both the per protocol and ITT participants

(N=299; p=1.28x10") (Supplementary Table S9).
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Supplementary Figure S1: Panel A shows the proportion of LEAP participants (N=556) with
WGS by self-reported race/ethnicity. Panel B shows the principal components analysis of the
N=556 LEAP sequenced participants comparing the self-reported race/ethnicity to 1000
Genomes participants, and panel C isthe scree plot of eigenvalues for the first ten principal

components of ancestry for al N=542 LEAP participants used in anaysis.

Supplementary Figure S2: Quantile-quantile plots of the genome-wide tests for association on
al variants stratified by minor alele frequency (MAF). Tests for association were performed
under the additive model including age, sex and thefirst 5 principal components to adjust for

population stratification.

Supplementary Figure S3: GTEx v7 (10) was mined to identify all ciseQTLs mapping to
Chr18:56200000..56700000. A total of 9 protein coding gene transcripts and 5 long non-coding
RNAs were identified with at |east one cis-eQTL within the region. The red box indicates the
region of peak association to peanut allergy (the region with SNV's having p<107). The region
includes strong eQTL signatures for MALT1 and the long intergenic non-coding RNA (lincRNA)
RP11-108P20.1. A detailed overview of these eQTLsfor MALT1 and RP11-108P20.1 arein Fig

SA.

Supplementary Figure $4: GTEx v7 (10) was mined to identify all ciseQTLs mapping to
Chr18:56200000..56700000. There are two transcripts with strong eQTLs within the region of
peak association Chr18:56337602..56456191.: the protein coding MALT1 and lincRNA RP11-

108P20.1. The region shows eQTLs to both transcripts across a total of 25 tissue types within

Downloaded for Anonymous User (n/a) at University of Washington - Seattle - WSC from ClinicalKey.com by Elsevier on March 04, 2019.
For personal use only. No other uses without permission. Copyright ©2019. Elsevier Inc. All rights reserved.



216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

GTEXx. The specific set of SNVswith p<10™ for peanut allergy (marked with vertical black lines,
red line = rs57265082) only show eQTL signaturesto MALTL (see Table S3) in transformed

fibroblasts, skeletal muscle, and sun exposed skin (lower leg), and not to RP11-108P20.1.

Supplementary Figure S5: Association in the MALT1 region with peanut allergy at 60 months
in N=275 LEAP participants in the peanut avoidance group. Panel A shows the locus zoom plot
of the peak association on chromosome 18 in the MALT1 gene region from Fig 1C, zoomed in to
the region of LD with the top variant rs57265082. Panel B is the same region but with p-values
for association conditioned on rs57265082, showing aloss of association in that region after

conditioning on the top variant.

Supplementary Figure S6: Panel A isthe distribution of peanut-specific IgE and the three
major allergenic components of peanut (Arahl, Arah2, and Arah3) by the randomized
assignment and presence or absence of the MALT1 risk alele; 95% confidence intervals are
calculated using bootstrap sampling, independently at each assessment. Panel B shows the
association between peanut-specific IgE, total 1gE, and MALT1 carrier status in a contour scatter
plot. In amultivariate logistic regression model associating MALTL carrier status with peanut-
specific and total IgE, only peanut-specific IgE is significantly associated with MALT1 carrier

status (p = 2.03x10™ for peanut-specific IgE and p = 0.3661 for total IgE).

Supplementary Figure S7: Predictive value of MALTL carrier status for peanut alergy in
LEAP avoidance group (N=275). Using a multivariate logistic regression model, MALT1 isa

significant predictor of peanut alergy independent of SCORAD, peanut SPT, and egg dlergy at
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baseline (p=4.7*10""). This multivariate model was repeated after omitting MALT1 as a
predictor, and the AUC of each model was compared using alikelihood ratio chi-square test.
The logistic regression model controlling for the baseline covariates in addition to MALT1 was
significantly more predictive of peanut allergy than the multivariate model without MALT1

(p=0.027).

Supplementary Figure S8: Locus zoom plots of MALT1 pathway genes (green dotted lineisa

Bonferroni threshold of p ~ 2x107%).
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