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Background: Deleterious variation in the epidermal
differentiation complex (EDC) on chromosome 1 is a well-
known genetic determinant of atopic dermatitis (AD) and has
been associated with risk of peanut allergy (PA) in population-
based studies.
Objective: Our aim was to determine the effect of genetic
variation in the EDC on AD trajectory and risk of PA in early
life.
Methods: Genome sequencing was used to measure genetic
variation in the EDC in the Learning Early about Peanut
Allergy (LEAP) study participants. Association tests were done
to identify gene- and variant-level predicted deleterious
variation associated with AD severity by using the Scoring
Atopic Dermatitis (SCORAD) tool (n 5 559) at baseline and
each follow-up visit, as well as PA and food allergy in peanut
avoiders (n 5 275). Predicted deleterious variants included
missense variants that were frameshift insertions, frameshift
deletions, stop-gain mutations, or stop-loss mutations.
Associations between variant load, SCORAD score, and PAwere
tested by using linear and generalized linear regression models.
Results: The genes FLG, FLG2, HRNR, and TCHH1 harbored
the most predicted deleterious variation (30, 6, 3, and 1 variant,
respectively). FLG variants were associated with SCORAD
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score at all time points; 4 variants (R1798X, R501X, S126X, and
S761fs) drove the association with SCORAD score at each time
point, and higher variant load was associated with greater AD
severity over time. There was an association between these
variants and PA, which remained significant independent of
baseline AD severity (odds ratio 5 2.63 [95% CI 5 1.11-6.01]
[P 5 .02]).
Conclusions: Variation in FLG predicted to be deleterious is
associated with AD severity at baseline and longitudinally and
has an association with PA independent of baseline severity. (J
Allergy Clin Immunol 2023;151:1137-42.)
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INTRODUCTION
The filaggrin gene (FLG) is a well-described genetic determi-

nant of atopic dermatitis (AD),1 and deleterious variants in FLG
have been associated with early-onset severe disease.2-4 FLG is
located within the epidermal differentiation complex (EDC) on
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chromosome 1, a cluster of genes critical for skin barrier function,
and variants in this region outside of those in FLG have also been
implicated in AD.5,6 To our knowledge, no studies have examined
the association of genetic variants across the EDC with the trajec-
tory of AD over the first 5 years of life.

Deleterious variants in FLG have also been associated with
peanut allergy (PA)7-10; however, there are gaps in our under-
standing of this relationship, particularly as to whether genetic
risk is conferred in the absence of clinically apparent skin barrier
dysfunction. A recent review examined prior work in detail,11 and
the association ofFLGwith food allergy in consideration of AD is
unclear. Some studies demonstrate an association with food al-
lergy independent of AD and/or AD severity,7,11 whereas others
do not find an independent association between the FLG variants
and food allergy.11-13 Therefore, a better understanding of the role
of FLG in the first few years of life during the time of allergy
development and a longitudinal evaluation of AD severity in
this time frame are needed to clarify this relationship between ge-
netics, AD, and food allergy.

The Learning Early about Peanut Allergy (LEAP) study
enrolled infants aged 4 to 11 months with egg allergy and/or
severe AD.14 Participants were randomized to either peanut con-
sumption or avoidance, and consumption proved to be highly pro-
tective against the development of PA.Whole genome sequencing
(WGS) was previously performed on the LEAP study partici-
pants.15 In this population enriched for AD, followed longitudi-
nally over the first several years of life, and with challenge
proven peanut allergic status, we have the unique opportunity to
interrogate the relationship between genetic determinants of
AD, AD severity, and PA. Here, we report the genetic predictors
of AD in the LEAP study participants and their relationship with
AD severity and the development of PA.
RESULTS AND DISCUSSION
The landscape of exonic single-nucleotide variants and small

frameshift insertion and deletions (INDELs) in the EDC in LEAP
study participants is shown in Fig 1,A. The 4 genes with the great-
est number of exonic variants are FLG, FLG2, HRNR, and
TCHH1, and these are also the genes with the highest numbers
of predicted deleterious variants (30, 6, 3, and 1 variant, respec-
tively). The carrier rate and minor allele frequency of these pre-
dicted deleterious variants are presented in Table E1 (available
in the Online Repository at www.jacionline.org). The frequencies
of the predicted deleterious variants are in general higher in the
LEAP study than reported in the Exome Aggregation Consortium
(ExAC) database (Fig 1, B and C); given the LEAP study
inclusion criteria of severe AD and the known importance of
the EDC (and specifically FLG), this pattern is anticipated. The
majority of the LEAP study participants (74%) were of European
ancestry by self-report and genetic ancestry.15

Gene-based association tests were performed to identify
predicted deleterious variants associated with AD severity by
using the Scoring Atopic Dermatitis (SCORAD) tool at each
study time point in both the peanut consumers and peanut
avoiders (n 5 559) for the 4 genes FLG, FLG2, HRNR, and
TCHH1 individually and in a combined test across all 4 genes
(Fig 2). We found that predicted deleterious variants in the
EDC were significantly associated with higher SCORAD scores
across all time points (P < .001) and that this association was
driven by variation in FLG gene. A gene-based test including
30 FLG variants was associated with SCORAD score at all time
points and with the SCORAD intercept (ie, the starting point of
someone’s AD severity at baseline) (Fig 2). No association was
seen with the slope (ie, the general trajectory over the course
[P 5 .29]). To identify SCORAD score–driving variants in FLG
at each study time point, we performed leave-1-out analysis and
identified multiple FLG variants as driving the gene-based signal
(Fig 3, A). Leave-1-out analysis for SCORAD intercept also re-
vealed an association between theFLG variants and the SCORAD
intercept (P 5 2.58e–04) (Fig 3, B), thus implicating an associa-
tion that begins within the first year of life. Further, to estimate the
effect of FLG-predicted deleterious variants on SCORAD score,
we performed single-variant association tests between FLG vari-
ants and SCORAD score at 30 months (Fig 3, A) and SCORAD
intercept (Fig 3, B). For both SCORAD score at 30 months and
SCORAD intercept, the variants that had the largest contributions
to the gene-based signal (for SCORAD score at 30 months,
R1798X, R501X, S126X, and S761fs; for SCORAD intercept,
R2477X, R1798X, R501X, and S126X) also had significant asso-
ciation and effect sizes at the variant level.

Four FLG variants, namely, R1798X, R501X, S126X, and
S761fs, were found to drive gene-based significance at all time
points and for the intercept (Fig 3,C). These 4 variants are located
in exon 3, the region of the gene comprising 10 to 12 tandem re-
peats of what becomes the FLG peptide (Fig 416,17). R501X,
S761fs, and R1798X, have previously been implicated in early
onset of severe disease.4 To our knowledge, this the first report
of S126X. An association between variant load across these 4 var-
iants and SCORAD score was tested by using a linear regression
model. We found that 461 individuals had no deleterious alleles,
90 had 1 deleterious allele from any of the 4 variants, and 8 had 2;
no individuals carried more than 2 deleterious alleles. Those with
2 variants had the highest SCORAD score at baseline, and
although all study participants were noted to have an improve-
ment in SCORAD score over the time line of the trial, those
with 2 variant alleles maintained the highest severity across all
time points (Fig 5).

Similar gene-based association tests using all predicted
deleterious variants with PA) in the peanut avoiders (n 5 275)
did not yield statistically significant associations (Fig 2). Howev-
er, when we performed the gene-based test limited to only the 4
SCORAD score–driving variants in FLG (R1798X, R501X,
S126X, and S761fs), we found a significant association with PA
(P5 .02). To calculate an odds ratio (OR) for PA risk from these
4 variants, we performed logistic regression modeling for PAwith

http://www.jacionline.org
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FIG 1. EDC region exonic variations and their frequencies in the LEAP study participants. A, Exonic varia-

tions in the EDC genes in the LEAP study participants. Genes are ordered on the total number of exonic var-

iants observed, and bars show the representation of each class of variation. B, Frequencies of EDC

deleterious variants in the LEAP study participants (green) and Exome Aggregation Consortium (ExAC)

database (orange). C, FLG deleterious variant frequencies in the LEAP study participants (green) and

ExAC database (orange).
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FIG 2. Association of deleterious variants in the EDC region with SCORAD score and PA. For SCORAD score,

association was tested at all visits (at baseline and 12, 30, and 60 months of age) during the trial, and with

SCORAD intercept (starting point of AD severity) in the full group of participants (n 5 559). For PA, the as-

sociation was tested in the participants of the peanut avoidance group (n5 275) at 60 months. A, Graphical

illustration of the P values presented in (B). The P values for SCORAD score at all visits are illustrated as

points, for SCORAD intercept as triangles, and for PA at 60 months as squares. V0, Baseline visit; V12,

12-month visit; V30, 30-month visit; V60, 60-month visit.
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carrier status defined as the presence of any of the 4 variants; we
found an association with PA (OR 5 3.13 [95% CI 5 1.36-7.03]
[P 5 .006]). This association decreased but remained significant
with adjustment for SCORAD score at baseline (OR 5 2.63
[95% CI5 1.11-6.01] [P5 .02]). Similar to the findings by other
groups, our findings do not indicate a residual effect of FLG on
risk of PA development after adjustment for AD and/or AD
severity at baseline entry into the study.7-9,11

There are several limitations to consider. First, the analysis was
performed on variation in the EDC and did not consider variation
outside this region. Second, there are genetic loci associated with
AD outside the EDC, including variation in genes encoding for
IL-4, IL-4 receptor, and IL-13 or others that could be considered
in future analyses.18 A third limitation is that the present work
does not address environmental factors that may have contributed
to the development and severity of AD and is instead limited to
genetic analyses. Here, we are using genome sequencing at the
standard depth of 303, and although we have previously shown
the value of using WGS at this depth to study the EDC,19 we
recognize that we may have missed some EDC variants given
the complexity of sequencing this region.20 Another important
limitation to consider is that it is difficult to tease apart the inde-
pendent effects of the driving variants versus AD without these
driving variants, as the population was selected for severe AD.
An additional limitation is that although the variants are predicted
to be deleterious, functional studies are needed to understand the
impact on the skin barrier.

To our knowledge, this is the first report utilizing WGS to
understand genetic risk on the trajectory of AD over the first
several years of life. We found that participants carrying
deleterious variation in the EDC, specifically FLG, had higher
SCORAD scores across the first 5 years of life. The slope of
improvement in AD severity over time, however, was similar in
those with and without deleterious variants. This is also the first
report utilizing WGS and well-characterized AD over the first 5
years of life to understand the relationship between FLG and
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FIG 3. Deleterious variants in FLG driving association with SCORAD score. A and B, SCORAD score at 30

months (A), and SCORAD intercept (B) for each subject derived from a model of SCORAD score over

time. Left panel shows the gene-based association results, with the horizontal dashed line showing the P

value when all variants are included. Each orange dot represents the new gene-based P value when a single

variant (denoted by the x-axis label) is left out. The blue bars represent the minor allele frequency (noted on

the y-axis on the right). Every instance in which the orange dot falls under the horizontal line implicates a

variant as a driving variant. Right panel shows the single-variant association results, with the horizontal

dashed line showing that there is no linear relationship (b5 0) between the response and the predictor vari-

ables. Each pink dot represents the effect size (b) for the variants and the pink lines show the 95% CIs. The

variants showing significant association (P < .05) are highlighted. C, The red box flag variants identified to

be a driving variant for the FLG gene-based association test for SCORAD score at each visit and SCORAD

intercept. Four variants (green box) were consistently score-driving for each time point and SCORAD inter-

cept. V30, 30-Month visit.

FIG 4. Lollipop plot of 4 deleterious variants driving association with SCORAD score at every study time

point and for the model intercept. Figure developed using the cBio Cancer Genomics portal.16,17
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PA. The data suggest that there may be an association between
FLG and PA independent of baseline AD severity. Identifying in-
dividuals with deleterious variation in FLG early may be impor-
tant for mitigating PA risk through early oral introduction.
Furthermore, future research is needed to understand the environ-
mental factors that may contribute to AD development and
severity, as well as the interplay of these environmental factors
with underlying genetic risk. Whether the risk of food allergy in
carriers of FLG variants may be reduced through early interven-
tion and improvement of AD control remains unknown.
We thank Drs Daniel Rotrosen and Alkis Togias from the National Institute

of Allergy and Infectious Diseases for their thoughtful review of the

manuscript. We are grateful to all of the LEAP study participants who took

part in the study.
Clinical implications: Variation predicted to be deleterious in
EDC is associated with AD severity during the first 5 years of
life. Deleterious variation in FLG is independently associated
with PA.



FIG 5. SCORAD score over time for LEAP study participants with 0, 1, or 2

driving variants. The unadjusted mean trajectory of the SCORAD score is

shown by using a smoothed cubic spline with bootstrapped 95% CIs

stratified by the number of driving variants. No study subjects were found

to have more than 2 driving variants across the final 4 selected.
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METHODS

Study participants and phenotype definitions
The detailed study design of the LEAP clinical trial was published

previously.E1 Briefly, participants were enrolled in the LEAP trial if they

had egg allergy, severe AD, or both, and after enrolment they were randomly

assigned to a dietary peanut avoidance or peanut consumption group.E1 The

data set for this genetics study includes a total of 559 participants from the

LEAP trial who consented for genetics studies. Of these 559 LEAP study sub-

jects, 542 completed the trial in accordance with their assigned group of pea-

nut avoidance (n 5 275) or peanut consumption (n 5 267). The baseline

characteristics of the LEAP study per-protocol participants were not different

between the intervention groups.E2

In this study we focused on 2 phenotypes: AD severity and PA. AD severity

was defined by SCORAD score by a clinician at the time of screening and at all

study visits (when the participants were 12, 30, and 60 months of age), and PA

was ascertained with a positive oral food challenge to peanuts at 60 months of

age.

WGS and quality control
WGS to a depth of 303 coverage was performed by using Illumina HiSeq

X sequencer and HiSeq X HD SBSKit reagents. Illumina HiSeq Control Soft-

ware and Real-TimeAnalysis were used with the HiSeq X sequencers for real-

time image analysis and base calling. Assembly of each individual genome

was performed by using the Isaac aligner.E3 The DRAGEN Germline Small

Variant Caller was used to call both single-nucleotide variants (SNVs) and

small insertions and deletions (INDELs), and to yield a genome variant file

that includes variants along with quality metrics. We filtered the variants

with GQX less than 30, DP less than 7, SNP hard quality less than 10.41,

low-depth DP not exceeding 1, and ploidy conflict; variants not meeting

thresholds for median base quality of alternate reads and likelihood. The anal-

ysis includes only biallelic SNVs and short INDELs.

Ancestry deconvolution of LEAP genetics study

participants
We used PC-AiR to perform a principal components analysis (PCA) on the

WGS data for detection of population structure.E4 Unlike standard PCA, PC-

AiR accounts for relatedness in the sample to provide accurate ancestry infer-

ence that is not confounded by family structure. The gene-based association

tests include the first 8 principal components (PCs) for ancestry.

Gene variant annotation
Variant annotation was performed by using ANNOVARE5; we were able to

annotate a total of 5171 variantsmapping to 61 genes in the EDC region (Fig 1,

A). Annotated variants can be classified into 2 categories: exonic including

frameshift deletion, frameshift insertion, nonframeshift deletion, nonframe-

shift insertion, nonsynonymous SNV, synonymous SNV, stop-gain, stop-

loss, and noncoding. For our association analysis we focused on a set of dele-

terious variants that included only missense variants having exonic functional

annotations of either frameshift insertion, frameshift deletion, stop-gainmuta-

tion, or stop-loss mutation. The predictions about the effect of these variants

on protein structure and function and the information about the relationship

of these variations and human health are shown in Table E1. We did not pre-

filter variants on the basis of their allele frequency within LEAP or on their

comparative allele frequency to public catalogs such as ExAC; this was to

allow for both protective and risk effects (eg, filtering to only those variants

that were higher in LEAP would have limited our findings to presumed risk

alleles) and to allow for common and rare variants to be included in the

gene-based tests described in the following sections.

Gene-based tests for association
Gene-based tests were performed by using the SKAT-O (SNP-set

[Sequence] Kernel Association Test, Optimal) test from the R package

SKAT.E6 The Bonferroni multiple-comparison correction threshold of a

P value less than .01 (P < .05/5, where 5 is the number of specific genes tests)

was used to account for multiple testing. Tests for SCORAD score were

performed in the full group of participants (N5 559) by using SCORAD score

at each visit. In addition to SCORAD score at each visit, we also used ‘‘slope’’

and ‘‘intercept’’ for each subject’s AD trajectory over the course of LEAP trial

to fully model the longitudinal nature of the measured phenotype. Here, the

intercept represents the starting point of someone’s AD severity at baseline

and the slope represents the general trajectory over the course. The tests for

PA were performed in the avoidance group participants (n 5 275). Age at

baseline, sex, and 8 genetic PCs were included as covariates in all of these

association test models.

We sought to determine which deleterious variants from the gene-based

tests were driving the association by signal using a leave-1-out approach. This

was accomplished by repeated gene-based tests using SKAT-O, each time

leaving out a single variant and iterating over all variants. If a variant has a

large contribution to the gene-based association signal, then a weakened

association is represented as "dips" in the plots below the gene-based P value.

Regression models
Given that the gene-based test does not output ORs, we tested the

association between SCORAD score–driving variants and PA by using

logistic regression modeling. We ran 2 regression models for PA: the first

without adjustment for SCORAD score at baseline, and the second with

adjustment for SCORAD scored at baseline. In both models, PAwas included

as a binary outcome, and age at baseline, sex, and 8 PCs were included as

covariates.
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TABLE E1. Predicted deleterious variants of the genes FLG, FLG2, HRNR, and TCHH

Annotation Carrier rate and frequency Functional prediction Clinical information

Variant rsID

Exonic

function

Carrier rate

(LEAP)

MAF

(LEAP)

Freq

(ExAC

All) SIFT CADD GERP Allele ID

Condition/

disorder

Disorder

database

identifier

Review

status

Clinical

significance

FLG
p.S3316X rs149484917 Stop-gain 0.36% 0.18% 0.06% D 49 –1.03 263963 Ichthyosis

vulgaris/not
provided

MONDO:MONDO:
0024304,
MedGen:C0079584,
OMIM:
146700/MedGen:
CN517202

Criteria
provided,
multiple
submitters,
no conflicts

Pathogenic/
likely
pathogenic

p.S3247X rs150597413 Stop-gain 1.97% 0.99% 0.14% T 48 –1.39 65592 AD/ichthyosis
vulgaris/not
provided

MONDO:MONDO:
0011596,
MedGen:C1853965,
OMIM:
605803/MONDO:
MONDO:
0024304,MedGen:
C0079584,OMIM:
146700/MedGen:
CN517202

Criteria provided,
multiple
submitters,
no conflicts

Pathogenic/likely
pathogenic

p.S2706X rs542799026 Stop-gain 0.18% 0.09% 0.03% T 47 0.75 536220 Not provided MedGen:CN517202 Criteria
provided,
single
submitter

Pathogenic

p.W2563X rs767179116 Stop-gain 0.18% 0.09% 0.00% T 45 –2.38 — — — — —
p.E2555X rs760728737 Stop-gain 0.18% 0.09% 0.00% T 44 –2.54 — — — — —
p.R2447X rs138726443 Stop-gain 0.73% 0.37% 0.30% T 45 –3.61 65594 AD/ichthyosis

vulgaris/not
provided

MONDO:MONDO:
0011596,
MedGen:C1853965,
OMIM:
605803/MONDO:
MONDO:
0024304,MedGen:
C0079584,
OMIM:146700/
MedGen:
CN517202

Criteria
provided,
multiple
submitters,
no conflicts

Pathogenic

p.S2344X rs372754256 Stop-gain 0.18% 0.09% 0.07% D 45 0.85 511173 Inborn genetic
diseases/not
provided

MeSH:D030342,
MedGen:
C0950123/MedGen:
CN517202

Criteria
provided,
multiple
submitters,
no conflicts

Pathogenic

p.Y2092X — Stop-gain 0.18% 0.09% — T 43 –2.46 611488 Not provided MedGen:CN517202 Criteria
provided,
single
submitter

Pathogenic

p.S2080X rs147145234 Stop-gain 0.18% 0.09% 0.01% T 43 –1.35 226865 Inborn genetic
diseases/not
provided

MeSH:D030342,
MedGen:C0950123/
MedGen:CN517202

Criteria provided,
multiple
submitters,
no conflicts

Pathogenic

p.W1947X rs560912365 Stop-gain 0.18% 0.09% 0.04% T 40 –2.44 — — — — —
p.S1906X rs141784184 Stop-gain 0.56% 0.28% 0.28% T 41 –0.71 227200 Ichthyosis vulgaris MONDO:MONDO:

0024304,
MedGen:C0079584,
OMIM:146700

Criteria provided,
single submitter

Likely pathogenic

p.R1798X rs149105551 Stop-gain 0.18% 0.09% 0.01% T 41 –3.74 404915 Not provided MedGen:CN517202 Criteria provided,
single submitter

Pathogenic

p.S1302X rs754812742 Stop-gain 0.18% 0.09% 0.01% T 38 1.62 227201 Ichthyosis vulgaris/
not provided

MONDO:MONDO:
0024304,
MedGen:
C0079584,OMIM:
146700/MedGen:
CN517202

Criteria provided,
multiple
submitters,
no conflicts

Pathogenic

p.R1140X rs141375260 Stop-gain 0.36% 0.18% 0.02% T 40 –3.86 611490 Not provided MedGen:CN517202 Criteria provided,
single submitter

Pathogenic

p.S1020X rs200360684 Stop-gain 0.18% 0.09% 0.01% T 37 0.58 611492 Not provided MedGen:CN517202 Criteria provided,
single submitter

Pathogenic

p.R826X rs115746363 Stop-gain 0.36% 0.18% 0.07% T 27.3 –3.38 259630 FLG-related
disorders/AD/
ichthyosis vulgaris/
not provided

MONDO:MONDO:
0011596,MedGen:
C1853965,OMIM:
605803/MONDO:
MONDO:
0024304,MedGen:
C0079584,OMIM:
146700/MedGen:
CN517202

Criteria provided,
conflicting
interpretations

Conflicting
interpretations of
pathogenicity

(Continued)
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TABLE E1. (Continued)

Annotation Carrier rate and frequency Functional prediction Clinical information

Variant rsID

Exonic

function

Carrier rate

(LEAP)

MAF

(LEAP)

Freq

(ExAC

All) SIFT CADD GERP Allele ID

Condition/

disorder

Disorder

database

identifier

Review

status

Clinical

significance

p.R501X rs61816761 Stop-gain 10.13% 5.43% 0.87% T 28.5 –4.14 31358 FLG-related
disorders/eczema/
AD/ichthyosis
vulgaris/susceptibility
to AD/not provided

Human Phenotype
Ontology:HP:
0000964,Human
Phenotype
Ontology:HP:
0001481,MedGen:
C0013595/
Human Phenotype
Ontology:HP:
0001047,
Human Phenotype
Ontology:HP:
0007533,Human
Phenotype
Ontology:HP:
0007564,MedGen:
C0011615,
OMIM:603165,
OMIM:
PS603165/MONDO:
MONDO:0011596,
MedGen:C1853965,
OMIM:605803/
MONDO:MONDO:
0024304,
MedGen:C0079584,
OMIM:
146700/MedGen:
C2675432/
MedGen:CN517202

Criteria provided,
multiple
submitters,
no conflicts

Pathogenic/likely
pathogenic

p.Q355X rs142991475 Stop-gain 0.18% 0.09% 0.00% T 18.73 –0.48 263942 Not provided MedGen:CN517202 Criteria provided,
single submitter

Pathogenic

p.S126X rs1405588197 Stop-gain 0.18% 0.09% — T 12.88 –2.14 — — — — .
p.E32X rs114733570 Stop-gain 0.72% 0.36% 0.02% D 31 2.43 263950 FLG-related

disorders/
ichthyosis
vulgaris/not
provided

MONDO:MONDO:
0024304,MedGen:
C0079584,
OMIM:146700/
MedGen:
CN517202

Criteria provided,
multiple
submitters,
no conflicts

Pathogenic/likely
pathogenic

p.R3272fs rs769826402 Frameshift deletion 0.18% 0.09% 0.00% — — –0.16 805161 Not provided MedGen:CN517202 Criteria
provided, single
submitter

Pathogenic

p.Q2423fs rs760831749 Frameshift deletion 0.18% 0.09% 0.01% — — –0.33 259627 Not provided MedGen:CN517202 Criteria
provided, single
submitter

Pathogenic

p.R1933fs rs753115579 Frameshift deletion 0.36% 0.18% 0.00% — — –2.70 — — — — —
p.S1398fs rs757562290 Frameshift deletion 0.18% 0.09% 0.00% — — 1.71 — — — — —
p.Q1142fs rs542661380 Frameshift deletion 0.18% 0.09% 0.01% — — 0.01 — — — — —
p.S1107fs rs200519781 Frameshift deletion 0.18% 0.09% 0.07% — — –3.43 404918 Ichthyosis vulgaris/

susceptibility
to AD//not
provided

MONDO:MONDO:
0024304,MedGen:
C0079584,OMIM:
146700/MedGen:
C2675432/
MedGen:CN517202

Criteria
provided, single
submitter

Pathogenic

p.S761fs rs558269137 Frameshift deletion 8.63% 4.68% 1.34% — — 0.56 31359 FLG-related
disorder/eczema/
AD/ichthyosis
vulgaris/
susceptibility
to AD/not
provided

Human Phenotype
Ontology:HP:
0000964, Human
Phenotype Otology:
HP:0001481,
MedGen:C0013595/
MONDO:MONDO:
0011596, MedGen:
C1853965, OMIM:
605803/MONDO:
MONDO:
0024304,MedGen:
C0079584, OMIM:
146700/MedGen:
C2675432/MedGen:
CN517202

Criteria provided,
conflicting
interpretations

Conflicting
interpretations of
pathogenicity

p.S622fs — Frameshift
deletion

0.18% 0.09% — — — — — — — — —

p.H339fs — Frameshift
deletion

0.18% 0.09% — — — — — — — — —

(Continued)
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TABLE E1. (Continued)

Annotation Carrier rate and frequency Functional prediction Clinical information

Variant rsID

Exonic

function

Carrier rate

(LEAP)

MAF

(LEAP)

Freq

(ExAC

All) SIFT CADD GERP Allele ID

Condition/

disorder

Disorder

database

identifier

Review

status

Clinical

significance

p.S832fs rs564976220 Frameshift
insertion

0.18% 0.09% 0.02% — — 1.91 — — — — —

FLG2
p.S2377X rs12568784 Stop-gain 31.90% 18.10% 23.23% T 45 –4.50 — — — — —
p.Q165X . Stop-gain 0.18% 0.09% — T 18.37 — — — — — —
p.X2392S rs150529054 Stop-loss 0.36% 0.18% 0.06% — 2.88 –2.66 — — — — —
p.H1522fs rs528795062 Frameshift

deletion
0.18% 0.09% 0.06% — — –1.17 — — — — —

p.Q1034fs rs556285121 Frameshift
deletion

0.18% 0.09% 0.06% — — 0.97 — — — — —

p.T1314fs rs567184084 FRameshift
insertion

0.36% 0.18% 0.10% — — –0.55 — — — — —

HRNR
p.G2822X rs151033591 Stop-gain 0.18% 0.09% 0.08% T 47 0.43 — — — — —
p.Q1078X rs141950802 Stop-gain 1.08% 0.54% 0.36% T 37 1.06 — — — — —
p.G881fs rs762305427 Frameshift

deletion
0.54% 0.27% 0.40% — — 1.32 — — — — —

TCHH
p.M1fs rs141946179 Frameshift

deletion
0.54% 0.27% 0.29% — — 2.18 718224 Not provided MedGen:CN517202 Criteria provided,

single submitter
Likely benign

SIFT predicts whether an amino acid substitution is likely to affect protein function based on sequence homology and the physiochemical similarity between the alternate amino acids. CADD scores the predicted deleteriousness of SNVs

and insertion/deletions by integrating multiple annotations including conservation and functional information into 1 metric. Phred-style CADD raw scores are displayed, with scores higher than 30 indicating "likely deleterious" and

scores below indicating "likely benign." GERP identifies constrained loci in multiple sequence alignments by comparing the level of substitution observed with that expected if there was no functional constraint. Positive scores represent

highly conserved positions, whereas negative scores represent highly variable positions. Allele ID is the identifier for each individual variant, which may be interpreted as a single variant or as part of a haplotype or genotype. Condition

provides the condition(s) for which the variant has been interpreted. Disorder database identifier is the database identifier for the disorder or condition for which the variant has been interpreted. Review status consists of ClinVar reports

for the level of review supporting the assertion of clinical significance for the variation as review status. The prediction of deleteriousness by SIFT equal to D or CADD greater than 30 or GERP greater than 0 are bolded.

CADD, Combined annotation-dependent depletion; D, deleterious; ExAC, Exome Aggregation Consortium; Freq, frequency; GERP, Genomic Evolutionary Rate Pro; ID, identifier;MAF, minor allele frequency; OMIM, Online Mendelian

Inheritance in Man; rsID, reference single-nucleotide polymorphism identifier; SIFT, scale-invariant feature transform; T, tolerated.
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