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Abstract

IMPORTANCE Newborn genome sequencing (NBSeq) can detect infants at risk for treatable
disorders currently undetected by conventional newborn screening. Despite broad stakeholder
support for NBSeq, the perspectives of rare disease experts regarding which diseases should be
screened have not been ascertained.

OBJECTIVE To query rare disease experts about their perspectives on NBSeq and which gene-
disease pairs they consider appropriate to evaluate in apparently healthy newborns.

DESIGN, SETTING, AND PARTICIPANTS This survey study, designed between November 2, 2021,

and February 11, 2022, assessed experts' perspectives on 6 statements related to NBSeq. Experts
were also asked to indicate whether they would recommend including each of 649 gene-disease
pairs associated with potentially treatable conditions in NBSeq. The survey was administered
between February 11 and September 23, 2022, to 386 experts, including all 144 directors of

Key Points

Question Do rare disease experts
endorse genome sequencing of
newborns to screen for treatable genetic
diseases, and do they agree on which
genes to include?

Findings In this survey study of 238
rare disease experts, 87.9% agreed that
genomic sequencing for monogenic
treatable conditions should be available
to all newborns. A total of 42 gene-
disease pairs were endorsed by more
than 80% of the experts.

Meaning In this study, rare disease

accredited medical and laboratory genetics training programs in the US. e R L ek ke e

newborns with genome sequencing,

EXPOSURES Expert perspectives on newborn screening using genome sequencing. e ey St

MAIN OUTCOMES AND MEASURES The proportion of experts indicating agreement or disagree-
ment with each survey statement and those who selected inclusion of each gene-disease pair were

on a limited number of specific gene-
disease pairs for prioritization.

tabulated. Exploratory analyses of responses by gender and age were conducted using t and x? tests.

. + Supplemental content
RESULTS Of 386 experts invited, 238 (61.7%) responded (mean [SD] age, 52.6 [12.8] years [range
27-93 years]; 126 [52.9%] women and 112 [471%] men). Among the experts who responded, 161
(87.9%) agreed that NBSeq for monogenic treatable disorders should be made available to all
newborns; 107 (58.5%) agreed that NBSeq should include genes associated with treatable disorders,
even if those conditions were low penetrance; 68 (37.2%) agreed that actionable adult-onset
conditions should be sequenced in newborns to facilitate cascade testing in parents, and 51(27.9%)
agreed that NBSeq should include screening for conditions with no established therapies or
management guidelines. The following 25 genes were recommended by 85% or more of the experts:
OTC, G6PC, SLC37A4, CYPIIBI, ARSB, F8, F9, SLC2A1, CYPI7A1, RBI1, IDS, GUSB, DMD, GLUD1, CYPTIAI,
GALNS, CPS1, PLPBP, ALDH7AT, SLC26A3, SLC25A15, SMPD1, GATM, SLC7A7, and NAGS. Including
these, 42 gene-disease pairs were endorsed by at least 80% of experts, and 432 genes were
endorsed by at least 50% of experts.

Author affiliations and article information are
listed at the end of this article.

CONCLUSIONS AND RELEVANCE In this survey study, rare disease experts broadly supported
NBSeq for treatable conditions and demonstrated substantial concordance regarding the inclusion
of a specific subset of genes in NBSeq.

JAMA Network Open. 2023;6(5):€2312231. doi:10.1001/jamanetworkopen.2023.12231

ﬁ Open Access. This is an open access article distributed under the terms of the CC-BY License.

JAMA Network Open. 2023;6(5):€2312231. doi:10.1001/jamanetworkopen.2023.12231 May 8,2023 115

Downloaded From: https://jamanetwor k.com/ on 06/05/2023


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.12231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.12231
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.12231&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.12231

JAMA Network Open | Pediatrics Perspectives of Rare Disease Experts on Newborn Genome Sequencing

Introduction

Newborn screening is a successful, state-mandated public health program that primarily uses mass
spectrometry to identify and direct the initial treatment of infants at risk for rare, childhood-onset
disorders that are amenable to early treatment."? As sequencing technologies have advanced and
their costs have dropped in recent decades, interest in expanding newborn screening through
newborn genome sequencing (NBSeq) has grown.>® Many states use genetic testing as part of
newborn screening for conditions without biochemical markers, such as spinal muscular atrophy, or
as a second-tier test for infants with abnormal biochemical laboratory results.®'> Newborn genome
sequencing has the potential to simultaneously evaluate risk for thousands of genetic disorders not
amenable to current laboratory assays. Lack of data regarding downstream medical, psychosocial,
and economic effects of NBSeq, however, has contributed to concerns regarding its feasibility, cost,
clinical utility, and associations with patient autonomy, privacy, and distress.®83-2!

Studies have indicated that a high proportion of individuals, particularly parents, are interested

2225 including through

in expanding the number of disorders included in newborn screening,
NBSeq.263° Surveys of pediatricians®' and genetic counselors>2 have revealed more nuanced
perspectives but still largely positive attitudes toward NBSeq. Discussions among laboratory
directors, patient advocates, and pharmaceutical companies have suggested that systemic changes
would be required to integrate genomic sequencing into newborn screening.33* To date, however,
the opinions of medical geneticists and other rare disease experts, who likely would be responsible
for implementing NBSeq and managing the care of children with positive findings, have not been
systematically elicited.

Diverse approaches have been used to nominate gene and disease candidates for NBSegq. In
2017, the BabySeq Project team evaluated 1514 gene-disease pairs and deemed 954 to be well
established, childhood onset, and highly penetrant.3® In 2019, the North Carolina Newborn Exome
Sequencing for Universal Screening study classified 466 gene-disease pairs as having plausible early
intervention and benefit.3® The Rx-Genes database, which became publicly available in 2021,
delineated 633 genes associated with treatable disorders.3” In the context of indication-based
diagnosis, but relevant to NBSeq, Owen et al*® described a system in which 5 clinical and biochemical
geneticists curated interventions for 358 genes. Concurrently, several commercial laboratories have
launched expanded newborn screening panels ranging from 109 to 275 genes without clear
explanation of their rationale.3° This study aimed to assess the perspectives of medical geneticists
and other rare disease experts on key questions about NBSeq and to measure concordance regarding
specific gene-disease pair candidates for NBSeq.

Methods

Survey Design

This survey study was developed to assess the perspectives of rare disease experts on NBSeq, which
included (1) 6 questions regarding characteristics of potential disorders for NBSeq, (2) a list of
potential gene-disease pairs for NBSeq, and (3) demographic characteristics of respondents. The
survey was designed between November 2, 2021, and February 11, 2022, and administered between
February 11,2022, and September 23, 2022. A preliminary version of the survey was developed by a
subset of the investigators (N.B.G., S.M.A., N.S., SW., S.B., and R.C.G.). A pilot survey was conducted
with 8 medical geneticists for comprehension and revised to reflect their recommendations. The
study was approved by the Mass General Brigham institutional review board. A recruitment email
that contained the necessary components of consent was used in lieu of a formal informed consent
process. Experts who completed the survey were offered a $50 gift card. The study followed the
American Association for Public Opinion Research (AAPOR) reporting guideline*® (eTable 1in
Supplement 1).
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Survey Content

Six questions with responses measured on a 5-point Likert scale were used to elicit experts’
perspectives on NBSeq (eAppendix in Supplement 1). A list of gene-disease pairs was designed using
data from multiple sources (eFigure in Supplement 1), including Rx-Genes®’; Treatable ID*'#2; and
gene lists from publications describing commercial offerings of expanded genetic panels for
childhood disorders,>® genetic disorders treatable by hematopoietic stem cell transplant,** and a
model for screening childhood cancer predisposition syndromes.** From this aggregated list of 743
gene-disease pairs, we removed 92 pairs either associated with a core condition or designated as a
secondary condition (ie, disorders that share biomarkers with core conditions and may be
incidentally ascertained by newborn screening) on the US Department of Health and Human Services
Recommended Uniform Screening Panel (RUSP).*> The remaining list of 651 genes was included in
the final survey (eTable 2 in Supplement 1).

Gene-disease pairs were sorted into the following clinical areas: cardiovascular (17 genes),
endocrinology (95 genes), gastroenterology (14 genes), hematology (90 genes), immunology (167
genes), metabolic (137 genes), nephrology (24 genes), neurology (83 genes), oncology (18 genes),
ophthalmology (4 genes), and pulmonology (2 genes). For each gene, experts were asked whether
they would recommend that pathogenic and likely pathogenic variants be screened in newborns.
Experts were invited to assess all genes or to select the clinical area with which they were most
familiar. They indicated their responses using radio buttons labeled yes, no, or unsure. Two genes
(SLC19A3 and SLC35CT) were paired on the survey with the incorrect disease and were subsequently
deleted from analyses.

Experts were asked for their age, gender (female, male, nonbinary, or other), race, ethnicity,
state of residence, years in practice, primary practice setting, and the patient population they serve.
Options for race (American Indian or Alaska Native, Asian, Black or African American, Native Hawaiian
or Pacific Islander, White, or other) and ethnicity (Hispanic, Latino, or Spanish origin) were self-
selected from a list*® and included to investigate whether respondents were representative of the
field of medical geneticists. Missing demographic information on nonresponding experts, specifically
age and gender, was supplemented from publicly available resources.

Enrollment of Rare Disease Experts

From February 11, 2022, through September 23, 2022, 386 experts were invited to participate. All
142 program directors of genetics and genomics programs accredited by the Accreditation Council
for Graduate Medical Education were invited. Included in this group were directors of programs in
molecular genetic pathology (n = 37), medical genetics and genomics (MGG) (n = 40), medical
biochemical genetics (n = 7), clinical biochemical genetics (n = 11), internal medicine and MGG

(n = 4), maternal fetal medicine and MGG (n = 7), laboratory genetics and genomics (n = 20),
reproductive endocrinology and MGG (n = 3), and global molecular biology/genetics programs
(n=13).

Thirteen clinical champions, a group of individuals with expertise in each clinical area as
demonstrated by recent scholarship and involvement in the care of patients with rare disease, were
asked to complete the survey. This group included experts in pediatric cardiovascular disease (A.R.),
endocrinology (I.H.), gastroenterology (J.R.T.), hematology (V.G.S.), immunology (0.D.), metabolism
(R.G.), nephrology (WT.), neurology (M.W.), oncology (J.K.), ophthalmology (J.C., E.P.,and JW.), and
pulmonology (A.M.H.). They then provided the names of a total of 81 content area experts in their
fields to participate in the survey. These content area experts were selected at the discretion of the
clinical champions but broadly represented rare disease experts who were clinically active; had done
scholarly and/or advocacy work related to newborn screening; and represented demographic,
geographic, and gender diversity. An additional 150 individuals, including 138 clinicians and
academicians and 12 employees of pharmaceutical companies, were identified as experts by the
investigators based on their knowledge of an area of pediatric genetic disease and were invited to
participate.
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We emailed each prospective respondent a maximum of 7 times over the data collection period.
Two weeks before closing the survey, a study team member called each individual who had not yet
responded to the survey.

Statistical Analysis

To explore whether there were patterns in the 649 gene-disease pairs selected, we created a table
recording the inheritance pattern, prevalence, age of onset, disease symptoms, orthogonal tests
(nonmolecular tests that can be used to confirm a diagnosis), intervention, age of intervention
implementation, and specialist leading the intervention for each (eTable 3 in Supplement 1). The
table, which was not shared with survey invitees, was reviewed and finalized by each of the 13 clinical
champions.

Descriptive statistics, including means with SDs and counts with percentages, were reported for
basic demographic characteristics. The age and gender distribution of respondents were compared
with nonrespondents using a t test and X test, respectively. The Likert scale responses to
perspectives on NBSeq were dichotomized into agree (combining agree and somewhat agree) vs do
not agree (combining all other responses). Multivariable logistic regression analyses were conducted
to examine agreement with each perspective by age (reported per 10-year increase) and sex (female
vs male), as well as by participant type (program director vs all other experts), reporting adjusted
odds ratios (ORs) and 95% Cls. Responses regarding experts’ recommendation for each genetic
disorder were tabulated, and rates of concordance were calculated and expressed as percentages. All
statistical tests were 2-sided, with P < .05 considered statistically significant. Data were analyzed
using SAS Studio, version 3.7 statistical software (SAS Institute Inc).

Results

Respondent Characteristics

Of 386 experts to whom the survey was sent, 238 (61.7%) responded (eTable 4 in Supplement 1).
Respondents included 64 of 142 (45.1%) program directors, all 13 (100%) clinical champions, 50 of 81
(61.7%) content area experts, and 111 of 150 (74.0%) additional rare disease experts. There were no
statistically significant differences between respondents and nonrespondents in age (mean [SD],
52.6 [12.8] vs 54.8 [9.5] years, respectively; P = .07) or gender (126 [52.9%] women and 112 [47.1%]
men vs 65 [43.9%] women and 83 [56.1%] men, respectively; P = .09). Respondents’ race was self-
reported as Asian (26 [10.9%]), Native Hawaiian or Pacific Islander (2 [0.8%]), White (141 [59.2%]).
multiracial (4 [1.7%]), other (5 [2.1%]), and unknown (60 [25.2%]). Respondent ethnicity was self-
reported as Hispanic (7 [2.9%]), non-Hispanic (169 [71.0%]), and unknown (62 [26.1%]).

Perspectives on NBSeq

Figure 1summarizes the experts’ perspectives regarding the types of disorders that should be
included on NBSeq. Younger experts were significantly more likely to agree that genomic sequencing
for treatable genetic conditions that are not currently on the RUSP should be made available for all
newborns (OR, 0.67 per 10-year increase in age; 95% Cl, 0.48-0.95; P = .02). Agreement with all
other questions did not significantly differ by age or gender. Program directors had lower
percentages of agreement with most of the questions compared with all other experts. However,
after adjusting for age and gender, the only statistically significant finding was that program directors
were less likely to agree with the statement that "genomic sequencing in newborns should include
childhood-onset conditions like developmental delay for which there are no established targeted
therapies or expert management guidelines for surveillance” compared with other experts (OR, 0.36;
95% Cl, 0.15-0.89; P = .03).
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Free-Text Responses

Experts were invited to offer text responses throughout the survey, including suggestions for
additional genes to be included in NBSeq (eTable 5 in Supplement 1) and to provide unstructured
responses to the survey (Table 1). Several themes emerged in the text responses, including concern
about the low prevalence of some of the disorders included in the survey; an emphasis on prioritizing
treatable disorders; and mixed reactions to disorders that range in their age of onset, including those
with attenuated adolescent or adult-onset forms.

Expert Concordance for Gene-Disease Associations

Among the experts who responded, 161(87.9%) agreed that NBSeq for monogenic treatable
disorders should be made available to all newborns, 107 (58.5%) agreed that NBSeq should include
genes associated with treatable disorders even if those conditions were low penetrance, 68 (37.2%)
agreed that actionable adult-onset conditions should be sequenced in newborns to facilitate cascade

Figure 1. Experts’ Perspectives on the Scope of Disorders Included in Newborn Genome Sequencing

I Agree [ ] Somewhat agree [ ] Neither disagree nor agree [] Somewhat disagree [I] Disagree

Statements

Genomic sequencing for treatable genetic conditions that
are not currently on the Recommended Uniform Screening
Panel should be made available for all newborns

Genomic sequencing in newborns should include genes
associated with conditions that are not treatable but have
established guidelines for management or surveillance

Genomic sequencing of newborns should include genes
that are associated with conditions that are treatable,
even if these conditions have very low penetrance

Some genes for actionable adult-onset conditions should
be sequenced in newborns in order to facilitate cascade
testing in parents, who might be affected

Genomic sequencing for treatable genetic conditions
should only be offered for disorders that can be confirmed
through nonmolecular (eg, biochemical or imaging) studies

Genomic sequencing in newborns should include
childhood-onset conditions like developmental delay for
which there are no established targeted therapies

or expert management guidelines for surveillance

Experts were asked to indicate whether they agreed
with 6 statements regarding the types of disorders
70 80 90 100 that should be included in newborn genome

Experts, % sequencing.
Table 1. Themes From Free-Text Responses
Theme Quotations
Emphasis on efficacy of treatments “I think any diagnosis that can impact management is worth screening for.”

“Probably obvious, but would select only treatable conditions-though this is likely to change as gene therapies advance.”

“I don't think that we should be doing screening for conditions with dubious treatment....It causes anxiety and fundamentally
changes relationships.”

“In principle, there is no reason to screen for any disorder that has no effective treatment....Once an effective treatment becomes
available and especially if treatment prior to symptoms is important to prevent irreversible damage, then screen.”

Concern about low prevalence of disorders “Many [o]f these are super rare.”

“I have put yes for many of these genes...that would benefit hugely from early identification and therefore treatment; however,
their incidence is so low that universal screening would not likely be cost-effective.”

“Others too uncommon should be in diagnostic panels.”

Mixed reactions to disorders with “I don’t think that you need to know [about some of these disorders] in the newborn period, and | don’t think that newborn
noninfantile age of onset screening should be used for identifying disease in parents.”

“Newborn sequencing should focus on newborn diseases. For diseases with later manifestations, screening at age-appropriate times
is more reasonable.”

“For these, I'd be less concerned [with early identification through newborn screening] because of ages of onset and lack of
presymptomatic opportunities to intervene.”

“Despite some of these disorders being of later onset, | fully support early detection and appropriate intervention.”
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testing in parents, and 51 (27.9%) agreed that NBSeq should include screening for conditions with no
established therapies or management guidelines. Among the 649 gene-disease pairs presented in
the survey, each was endorsed by at least 11.8% of experts. Overall, 25 gene-disease pairs (OTC-
ornithine transcarbamylase deficiency [OCT]; G6PC-glycogen storage disease la; SLC37A4-glycogen
storage disease Ib; CYP11BI1-congenital adrenal hyperplasia due to 11-3-hydroxylase deficiency; ARSB-
mucopolysaccharidosis type VI; F8-hemophilia A; F9-hemophilia B; SLC2AT-GLUT1 deficiency
syndrome 1; CYP17A1-17-a-hydroxylase/17,20-lyase deficiency; RBI-retinoblastoma [hereditary];
IDS-mucopolysaccharidosis II; GUSB-mucopolysaccharidosis type VII; DMD-Duchenne muscular
dystrophy and other dystrophinopathies; GLUDI-hyperinsulinism-hyperammonemia syndrome;
CYPI11AT-adrenal insufficiency, congenital, with 46XY sex reversal, partial or complete; GALNS-
mucopolysaccharidosis IVA; CPSI1-carbamoyl phosphate synthetase | deficiency; PLPBP-vitamin
B6-dependent epilepsy; ALDH7AI-pyridoxine-dependent epilepsy; SLC26A3-congenital secretory
chloride diarrhea; SLC25A15-hyperornithinemia-hyperammonemia-homocitrullinuria syndrome;
SMPD1-Niemann-Pick disease, type A and type B; GATM-cerebral creatine deficiency syndrome 3;
SLC7A7-lysinuric protein intolerance; and NAGS-N-acetylglutamate synthase deficiency) were
endorsed by 85% or more of the experts (Table 2). The first of these 8 gene-disease pairs were
endorsed by at least 90% of experts (Figure 2). Among 42 gene-disease pairs with 80% or higher
concordance, 25 (60%) were metabolic disorders, 5 (12%) were endocrinologic disorders, 3 (7%)
were neurologic disorders, 3 (7%) were hematologic disorders, 2 (5%) were gastroenterologic
disorders, 2 (5%) were hereditary cancer predisposition syndromes, 1(2%) was a renal disorder, and
1(2%) was an immunologic disorder. A total of 432 genes were endorsed by 50% or more experts.

Because each clinical area included a different number of genes, we also tabulated the
percentage of gene-disease pairs per area endorsed by experts. The highest percentage of genes that
reached 80% or higher concordance were related to metabolic disorders (25 of 135 [18.5%]).
Additionally, genes related to gastroenterology (2 of 14 [14.3%]), hereditary cancer syndromes (2 of
18 [111%]), endocrinology (5 of 95 [5.3%]), nephrology (1 of 24 [4.2%)]), neurology (3 of 83 [3.6%]).
hematology (3 of 90 [3.3%]), and immunology (1 of 167 [0.6%]) reached 80% or higher
concordance. The gene-disease pair with the highest concordance was OTC, which is associated with
OTC deficiency (62 of 63 [98.4%]). None of the cardiovascular, ophthalmology, or pulmonology
genes reached 80% or higher concordance.

Discussion

Newborn genome sequencing presents an opportunity to expand the reach of newborn screening by
identifying more infants at risk for treatable genetic disorders, with the goal of improving childhood
health and mortality. Here we present, to our knowledge, the first survey of rare disease experts on
NBSeq, the results of which suggest that rare disease experts support the implementation of NBSeq
with substantial agreement regarding which gene-disease pairs should be screened. In particular, we
identified 25 gene-disease pairs with 85% or higher concordance that span several clinical areas and
may be strong candidates for future inclusion in clinical and research NBSeq programs.

Many of the gene-disease pairs with high concordance are clinically similar to disorders
currently included on the RUSP, but our results highlight the role of NBSeq as an adjunct screening
modality. Concordance was highest among metabolic and endocrinologic disorders, clinical areas
that are already well represented in current newborn screening. In particular, OTC deficiency, a
condition with high morbidity and mortality in male infants, was recommended for inclusion in
NBSeq by nearly all experts who evaluated it. Although some state programs currently screen for
OTC deficiency using a glutamate/citrulline ratio, such biochemical measurements are sensitive to

sample handling and may result in both false-positive and false-negative results,*#®

whereas NBSeq
may more accurately identify children at risk for disease. Experts demonstrated high concordance
regarding the inclusion of other treatable, infant-onset metabolic conditions that have no stable or

pathognomonic biochemical screening biomarker and that could easily be assayed on a population
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level, such as glycogen storage diseases, types la and Ib; hyperinsulinism-hyperammonemia
syndrome; and hereditary fructose intolerance. Additionally, 2 additional forms of congenital adrenal
hyperplasia that are not ascertained by current newborn screening were highly endorsed. Our
findings suggest that NBSeq could be used as a tool to further the long-standing goals of newborn
screening by identifying infants at risk for additional severe, treatable, childhood-onset disorders in
clinical areas that have already been deemed appropriate for screening but are not amenable to
detection by current methodologies.

Experts also showed high concordance regarding the inclusion of disorders with newly
developed and emerging pharmacologic therapies, such as Niemann-Pick disease, types A and B, for
which enzyme replacement therapy (olipudase alfa) became clinically available in March 2022,49-5!
and Duchenne muscular dystrophy, for which several exon-skipping therapies have emerged in
addition to standard steroid therapy>>>* and for which trials of gene therapy are ongoing.>*>*
Whereas current newborn screening programs often require the use of new biochemical methods to
identify additional disorders, NBSeq provides a resource that can be repeatedly queried as
treatments or clinical trials become available.

Our findings suggest that experts also support the inclusion of gene-disease pairs in clinical
areas that have not previously been included in screening, such as childhood-onset cancer
predisposition conditions and bleeding disorders. For example, RB1, which is associated with
hereditary retinoblastoma, was endorsed for screening by 50 of 56 experts (89.3%). Early detection
of retinoblastoma improves outcomes, affects ocular salvage, and leads to enhanced preservation
of vision.>® Hemophilia A and B, which lead to symptoms ranging from severe intracranial bleeding in
infancy to mild bleeding episodes in the setting of surgery or trauma, were also highly endorsed by
experts. It has been previously suggested that screening F8 variants may be of limited value because
results would not be available until after the first 7 days of life, the period of greatest risk for
intracranial hemorrhage. However, the turnaround time for diagnostic genomic testing has
significantly shortened in some settings, often within 1to 2 days, signaling that the technical
capabilities for rapid turnaround times are not far off.>”¢° Furthermore, ascertainment of individuals

Figure 2. Distribution of Expert Concordance for the Inclusion of Gene-Disease Pairs in Newborn
Genome Sequencing
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at risk for hemophilia may improve surveillance and management of future bleeding episodes in less
severe forms of disease. Our survey findings highlight a growing shift away from the historical goals
of newborn screening and toward a more expansive view of the uses of genomic information to
include not only conditions that require imminent treatment but possibly also those that may prompt
changes in long-term risk ascertainment and outcomes.®"62

Ethical, legal, and social implications scholars have highlighted concerns in applying NBSeq to
apparently healthy infants, including the uncertainties of variant interpretation, variable expressivity
of disease phenotypes, and our nascent knowledge of genomics.'*2°6364 Qur results suggest that
rare disease experts are largely supportive of NBSeq as a means for detecting additional disorders in
newborns. Of note, younger experts were significantly more likely than older experts to agree with
the statement that NBSeq should be integrated into newborn screening, suggesting that clinical
experts who trained more recently are more open to the use of molecular screening tools in
apparently healthy newborns.

Limitations

This study has several limitations. The experts were primarily US based and not necessarily
representative of the rare disease field. There were at least 2 types of selection bias: experts invited
by the research team may be biased in favor of promoting NBSeq, and those invited may have been
more likely to respond to the survey if they were in favor of NBSeq. Nonresponder bias was not
quantified. The experts did not interact or participate in a process that would constitute formal
consensus building. Some experts may not have been familiar with diagnostic or therapeutic
developments for all gene-disease pairs that they responded to, leading them to indicate responses
of "unsure,” thereby lowering rates of concordance. Survey respondents were not asked about
practical considerations that would be necessary to actually implement NBSegq, such as cost,
consent, and the relative scarcity of medical geneticists and other rare disease experts.®>® For
infants with positive results on NBSeq, standard operating procedures would need to be developed
to facilitate appropriate care coordination between general pediatricians and specialists. Future
studies will be needed to determine whether NBSeq is cost-effective and positively contributes to
short- and long-term outcomes.

Conclusions

Our findings in this survey study suggest that rare disease experts support expanding the number of
genetic disorders included in newborn screening through NBSeq. The greatest degree of consensus
occurred within clinical areas that are already included on the RUSP, such as metabolic and endocrine
disorders, for which experts support using NBSeq to screen for disorders that lack other accurate or
efficient biomarkers. Our findings also indicate a growing awareness that other types of disorders
could be screened with NBSeq in healthy newborns to facilitate early diagnosis and surveillance. The
genes with the highest concordance in this study may be used in future genome-first studies to
screen research participants or other apparently healthy individuals. Over time, the gene list may
need to be revisited due to the increasing number of therapies available for genetic conditions.
Eventually, with appropriate infrastructure, NBSeq may be an efficient modality to keep pace with
the growing number of emerging pharmacologic and gene-based therapies for rare disorders by
identifying infants who would benefit from presymptomatic and early treatments.
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eTable 1. Response Rates Computed According to AAPOR Standard Definitions

Returned questionnaire: N |Unknown eligibility, "non-interview" N
Complete 181 |Nothing known about respondent or address 0
Partial or break-off with sufficient
information 57 No invitation sent 0
Eligible, "Non-Interview" N Nothing ever returned 0
Refusal 0 Invitation returned undelivered 21
Explicit refusal 0 |Invitation returned with forwarding information 0

Other
Implicit refusal 0 *unable to access survey 1
Logged on to survey, did not
complete any items 0 Returned from a unsampled email address 0
Read receipt confirmation, refusal 0 Not Eligible, Returned N
Break-off or partial with insufficient
information 0 Selected respondent screened out of sample

*reported unable to take the survey due to lack of 12
Non-Contact 148 familiarity with subject matter
Respondent was unavailable
during field period 0
Completed guestionnaire, but not
returned during field period 0 Quota filled 0
Other 0 Duplicate listing 2
Language barrier 0 Other 0
Total Return Questionnaire 238
Total Eligible 386 Total Unknown Eligibility + Not Eligible 36
Response Rate 61.66%
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eAppendix.Complete PDF of survey
‘kEDCE]p’IJ Treatable Newborn Gene List Survey

Treatable Newborn Gene List Survey

Many clinicians and researchers in our field are exploring the notion of expanded newborn screening, i.e. the addition of
genomic sequencing to identify treatable conditions that are not currently included on the Recommended Uniform
Screening Panel (RUSP). Regardless of logistical or cost hurdles, which could be significant, we are interested in which
genes experts like you think might be medically appropriate to evaluate and return in healthy newborns.

Instructions:
Part 1: Individual Genes (10-20 minutes, depending upon how many genes you elect to evaluate)

The first section of this survey includes 651 unique genes to select from that are classified by system (e.g. immunology,
metabolism, etc.). Genes associated with conditions already listed on the RUSP are excluded. The genes you will be evaluating are
all associated with conditions that at least some experts consider treatable. With each gene, we ask that you independently
evaluate whether you think that this gene should be screened for in newborns, using any criteria you personally think is of
importance.

As this is screening and not diagnostic testing, please assume that only well-established pathogenic variants would be "agged for
follow-up. When evaluating each gene, you might consider factors such as whether a diagnostic non-molecular test is available, a
clinically available treatment could improve outcomes or slow progression, and if infancy is the appropriate time to screen for this
condition. Please do as many sections as you can and even if you need to answer "unsure” please try to complete all of the genes
within one section.

Part 2: Exploratory Questions (5 minutes)

The second section of this survey includes questions about your opinions on inclusion criteria for newborn sequencing.
Part 3: Demographics (3 minutes)

The final section will collect demographic information on you.

In order to go back to the instruction menu, click "previous page." If you need to leave your computer before you are finished with the
survey, please hit "Save & Return Later" at the bottom of the page. You will be given a unique code to enter when you return to finish the
survey. If you exit the survey without hitting "Save & Return Later," you will have to start the survey again from the beginning. Thank you

very much for your time.

Part 1: Individual Genes

Please check the box of each system of genes you would like to evaluate.

All systems (651 genes)

Cardiovascular (17 genes)

Endocrinology (95 genes)

Gastroenterology (14 genes)

Hematology (90 genes)

Immunology (167 genes)

Metabolism (137 genes)

Nephrology (24 genes)

Neurology (83 genes)

Oncology (18 genes)
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Ophthalmology (4 genes)

Pulmonology (2 genes)

Cardiovascular (17 genes)
Would you recommend screening for the following genes in newborns?

(Please scroll to the bottom of this page to leave any comments, questions or concerns)

APOA5
Apolipoprotein A-V deficiency

APOC2
Apolipoprotein C-ll (apoC-Il)
deficiency

APOE
Apolipoprotein (apo) E

DBH
Orthostatic hypotension 1

CYB561
Orthostatic hypotension 2

ENPP1
Generalized arterial calcification
of infancy 1

ABCC6
Generalized arterial calcification
of infancy 2

LDLR
Familial hypercholesterolemia 1

APOB
Hypobetalipoproteinemia/Familial
hypercholesterolemia 2

PCSK9
Familial hypercholesterolemia 3

LDLRAP1
Familial hypercholesterolemia 4

LMF1
Lipase maturation factor 1 (LMF1)
deficiency

LMNA
Hutchinson-Gilford progeria
syndrome

LPL
Lipoprotein lipase deficiency

SMAD4
Myhre syndrome

TAZ
Barth Syndrome

© 2023 Gold NB et al. JAMA Network Open.
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TTR
Transthyretin associated
hereditary amyloidosis

Are there any genes we didn't include here that you think

should be screened for in healthy newborns?

Other Comments?

Endocrinology. (95 genes)

Would you recommend screening for the following genes in newborns?

(Please scroll to the bottom of this page to leave any comments, questions or concerns)

PDX1
Maturity-onset diabetes of the
young, type 4

NEUROD1
Maturity-onset diabetes of the
young, type 6

KLF11
Maturity-onset diabetes of the
young, type 7

CEL
Maturity-onset diabetes of the
young, type 8

PAX4
Maturity-onset diabetes of the
young, type 9

INS
Maturity-onset diabetes of the
young, type 10

APPL1
Maturity-onset diabetes of the
young, type 14

GATA4
GATA4 associated diabetes

HNF1B
Renal cysts and diabetes syndrome

SLC19A2

Thiamine-responsive megaloblastic
anemia syndrome with diabetes
mellitus and sensorineural
deafness

MNX1
MNX1 associated neonatal
diabetes mellitus

NEUROG3
NEUROG3 associated neonatal
diabetes mellitus

© 2023 Gold NB et al. JAMA Network Open.
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NKX2-2
NKX2-2 associated neonatal
diabetes mellitus

ABCC8

Familial hyperinsulinemic
hypoglycemia-1; ABCC8 associated
permanent neonatal diabetes
mellitus

KCNJ11

Familial hyperinsulinemic
hypoglycemia-2; KCNJ11 associated
permanent neonatal diabetes
mellitus

GCK
Familial hyperinsulinemic
hypoglycemia 3

SLC16A1
Familial hyperinsulinemic
hypoglycemia 7

AKT2
Hypoinsulinemic hypoglycemia

FOXA2
FOXAZ2 associated hyperinsulinism

HK1
HK1 associated hyperinsulinism

HNF1A
HNF1A associated hyperinsulinism

HNF4A
HNF4A associated hyperinsulinism

UCP2
UCP2 associated hyperinsulinism

EIF2AK3
Wolcott-Rallison syndrome

RFX6
Mitchell-Riley syndrome

GATA6
Pancreatic agenesis and congenital
heart defects

PTF1A
Pancreatic agenesis 2

AQP2
Nephrogenic diabetes insipidus

AVPR2
X-linked nephrogenic diabetes
insipidus

AVP
Neurohypophyseal diabetes
insipidus

AGPAT2
Congenital generalized
lipodystrophy type 1
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BSCL2
Congenital generalized
lipodystrophy type 2

CAV1
Congenital generalized
lipodystrophy type 3

CAVIN1
Congenital generalized
lipodystrophy type 4

ABCC9
ABCC9 associated hypertrichotic
osteochondrodysplasia

KCNJ8
KCNJ8 associated hypertrichotic
osteochondrodysplasia

CA2
Osteopetrosis with renal tubular
acidosis

TCIRG1
Osteopetrosis type 1

TNFRSF11A
Osteopetrosis type 7

SNX10
Osteopetrosis type 8

FAM111A
Kenny-Ca#ey syndrome, type 2

CYP11B2
Aldosterone synthase deficiency

CACNA1D

Primary aldosteronism with

seizures and neurologic
abnormalities

CLCN2
Familial hyperaldosteronism, Type
Il

KCNJ5
Familial hyperaldosteronism, Type
1

CACNA1H
Familial hyperaldosteronism, Type
v

WNK4
Pseudohypoaldosteronism, type IIB

WNK1
Pseudohypoaldosteronism, type IIC

KLHL3
Pseudohypoaldosteronism, type
11D

CuL3
Pseudohypoaldosteronism, type IIE
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NR3C2
NR3C2 associated
pseudohypoaldosteronism, type |

SCNN1A
SCNNI1A associated
pseudohypoaldosteronism, type |

SCNN1B
SCNN1B associated
pseudohypoaldosteronism, type |

SCNN1G
SCNN1G associated
pseudohypoaldosteronism, type |

CYP11A1
Adrenal insuSsciency, congenital,
with 46XY sex reversal, partial or
complete

POMC
Obesity, adrenal insusciency, and
red hair due to POMC deficiency

CYP17A1
17-alpha-hydroxylase/17,20-lyase
deficiency

CYP11B1
Congenital adrenal hyperplasia due
to 11-beta-hydroxylase deficiency

HSD3B2

Adrenal hyperplasia, congenital,
due to 3-beta-hydroxysteroid
dehydrogenase 2 deficiency

STAR
Lipoid adrenal hyperplasia

NR5A1
NR5A1 associated adrenocortical
insu$ciency

SAMD9
MIRAGE syndrome

MC2R
Glucocorticoid deficiency due to
ACTH unresponsiveness

MRAP
Glucocorticoid deficiency 2

NNT

Glucocorticoid deficiency 4, with or
without mineralocorticoid
deficiency

HSD11B2
Apparent mineralocorticoid excess

TBX19
Adrenocorticotropic hormone
deficiency

CYP27B1
Vitamin D-dependent rickets, type
1A
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CYP2R1
Vitamin D-dependent rickets, type
1B

VDR
Vitamin D-dependent rickets, type
2A

PHEX
X-linked dominant
hypophosphatemic rickets

SLC34A3
Hypophosphatemic rickets with
hypercalciuria

ALPL
Hypophosphatasia

GH1
Isolated growth hormone
deficiency type 1A, type 1B, type 2

GHRHR
Isolated growth hormone
deficiency type 4

RNPC3
RNPC3 associated growth hormone
deficiency

GHR
Growth hormone receptor
deficiency

IGF1
Insulin-like growth factor |
deficiency

GPR101
Growth hormone-secreting
pituitary adenoma 2

IGFALS
Acid-labile subunit deficiency

PAPPA2
PAPPA2 associated short stature

POU1F1
Combined pituitary hormone
deficiency 1

PROP1
Combined pituitary hormone
deficiency 2

LHX3
Combined pituitary hormone
deficiency 3

LHX4
Combined pituitary hormone
deficiency 4

HESX1
Combined pituitary hormone
deficiency 5
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LEP
Leptin deficiency

LEPR
Leptin receptor deficiency

GNAS
GNAS associated
Pseudohypoparathyroidism

FOXE1
Bamforth-Lazarus syndrome

SOX3
X-linked panhypopituitarism

WFS1
Wolfram syndrome 1

AAAS
Achalasia-addisonianism-alacrimia
syndrome

AIRE

Autoimmune polyendocrinopathy
syndrome, type I, with or without
reversible metaphyseal dysplasia

PCSK1
Obesity with impaired prohormone
processing

Are there any genes we didn't include here that you think
should be screened for in healthy newborns?

Other Comments?

Gastroenterology (14 genes)
Would you recommend screening for the following genes in newborns?

(Please scroll to the bottom of this page to leave any comments, questions or concerns)

Yes No
HSD3B7
Congenital bile acid synthesis
defect type 1

AKR1D1
Congenital bile acid synthesis
defect type 2

CYP7B1
Congenital bile acid synthesis
defect type 3

LARS1
LARS1 associated Infantile liver
failure syndrome 1

TRMU
Transient infantile liver failure
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MTTP
Abetalipoproteinemia

IL1I0RA
In%ammatory bowel disease 25

IL10RB
In%ammatory bowel disease 28

IL12RB1
In%ammatory bowel disease 25,
early onset, autosomal recessive

SLC26A3
Congenital secretory chloride
diarrhea

SLC9A3
Congenital secretory sodium
diarrhea

DGAT1
Diarrhea 7, protein-losing
enteropathy type

GPIHBP1
Glycosylphosphatidylinositol-
anchored high-density lipoprotein-
binding protein 1 (GPIHBP1)
deficiency

SAR1B
Chylomicron retention disease

Are there any genes we didn't include here that you think

should be screened for in healthy newborns?

Other Comments?

Hematology. (90 genes)

Would you recommend screening for the following genes in newborns?

(Please scroll to the bottom of this page to leave any comments, questions or concerns)

ALAS2
X-linked erythropoietic
protoporphyria

UROD
Porphyria cutanea tarda

ALAD
Aminolevulinic acid dehydratase
deficiency porphyria

CPOX
Coproporphyria

FECH
Erythropoietic protoporphyria 1
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HMBS
Acute intermittent porphyria

PPOX
Variegate porphyria

DNAJC21
Bone marrow failure syndrome 3

MYSM1
Bone marrow failure syndrome 4

GATAl
GATA1 associated X-Linked
Cytopenia

SAMDIL
Ataxia-pancytopenia syndrome

LYST
Chediak-Higashi Syndrome

SBDS
Shwachman-Diamond syndrome

EFL1
Shwachman-Diamond syndrome 2

SRP54
SRP54 associated Shwachman-
Diamond syndrome

FANCA
Fanconi anemia, complementation
group A

FANCB
Fanconi anemia, complementation
group B

FANCC
Fanconi anemia, complementation
group C

BRCA2
Fanconi anemia, complementation
group D1

FANCD2
Fanconi anemia, complementation
group D2

FANCE
Fanconi anemia, complementation
group E

FANCF
Fanconi anemia, complementation
group F

FANCG
Fanconi anemia, complementation
group G

FANCI
Fanconi anemia, complementation
group |
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BRIP1
Fanconi anemia, complementation
group J

FANCL
Fanconi anemia, complementation
group L

PALB2
Fanconi anemia, complementation
group N

RAD51C
Fanconi amenia, complementation
group O

SLX4
Fanconi anemia, complementation
group P

ERCC4
Fanconi anemia, complementation
group Q

BRCA1
Fanconi anemia, complementation
group S

UBE2T
Fanconi anemia, complementation
group T

MAD2L2
Fanconi anemia, complementation
group V

RFWD3
Fanconi anemia, complementation
group W

RPS19
Diamond-Blackfan anemia 1

RPS24
Diamond-Blackfan anemia 3

RPS17
Diamond-Blackfan anemia 4

RPL35A
Diamond-Blackfan anemia 5

RPL5
Diamond-Blackfan anemia 6

RPL11
Diamond-Blackfan anemia 7

RPS7
Diamond-Blackfan anemia 8

RPS10
Diamond-Blackfan anemia 9

RPS26
Diamond-Blackfan anemia 10
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RPL26
Diamond-Blackfan anemia 11

RPL15
Diamond-Blackfan anemia 12

RPS29
Diamond-Blackfan anemia 13

TSR2
Diamond-Blackfan anemia 14 with
mandibulofacial dysostosis

RPS28
Diamond Blackfan anemia 15 with
mandibulofacial dysostosis

RPL27
Diamond-Blackfan anemia 16

RPS27
Diamond-Blackfan anemia 17

RPL18
Diamond-Blackfan anemia 18

RPL35
Diamond-Blackfan anemia 19

RPS15A
Diamond-Blackfan anemia 20

RPL31
RPL31 associated Diamond-
Blackfan anemia

G6PD
Hemolytic anemia due to G6PD
deficiency

SLC19A1
Folate dependent megaloblastic
anemia

SLC46A1
Hereditary folate malabsorption

TF
Atransferrinemia

SLC25A38
Pyridoxine-refractory sideroblastic
anemia 2

NBN
Nijmegen breakage syndrome

CBLIF
Intrinsic factor deficiency

RTEL1
Dyskeratosis congenita

TERC
Dyskeratosis congenita, autosomal
dominant 1

TINF2
Dyskeratosis congenita, autosomal
dominant 3
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DKC1
Dyskeratosis congenita, X-linked

ELANE
ELANE associated neutropenia 1

VPS45
Severe congenital neutropenia 5

F8
Hemophilia A

F9
Hemophilia B

F13A1
Factor XIIIA deficiency

F13B
Factor XIIIB deficiency

GGCX
Combined deficiency of vitamin K-
dependent clotting factors 1

VKORC1
Combined deficiency of vitamin K-
dependent clotting factors 2

FGA
FGA associated afibrinogenemia

FGB
FGB associate afibrinogenemia

FGG
FGG associated afibrinogenemia

HOXA11

Radioulnar synostosis with

amegakaryocytic
thrombocytopenia 1

MECOM

Radioulnar synostosis with
amegakaryocytic
thrombocytopenia 2

MPL
Congenital amegakaryocytic
thrombocytopenia

WDR1
Periodic fever, immunodeficiency,
and thrombocytopenia syndrome

ADAMTS13
Familial thrombotic
thrombocytopenic purpura

AP3B1
Hermansky-Pudlak syndrome 2

HFE
Hemochromatosis type 1

HJV
Hemochromatosis, type 2A
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HAMP
Hemochromatosis, type 2B

TFR2
Hemochromatosis, type 3

SLC40A1
Hemochromatosis, type 4

HBA1
Alpha-thalassemia

HBA2
Alpha-thalassemia

PIK3CA
PIK3CA related overgrowth
spectrum

Are there any genes we didn't include here that you think
should be screened for in healthy newborns?

Other Comments?

Immunology (167 genes)
Would you recommend screening for the following genes in newborns?

(Please scroll to the bottom of this page to leave any comments, questions or concerns)

Yes No

CORO1A
Immunodeficiency 8

ORAIL
Immunodeficiency 9

STIM1
Immunodeficiency 10

MALT1
Immunodeficiency 12

PIK3CD
Immunodeficiency 14

IKBKB
Immunodeficiency 15, 15B

CD3E
Immunodeficiency 18

CD3D
Immunodeficiency 19

GATA2
Immunodeficiency 21

LCK
Immunodeficiency 22

PGM3
Immunodeficiency 23
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CTPS1
Immunodeficiency 24

CD247
Immunodeficiency 25

PRKDC
Immunodeficiency 26

IFNGR2
Immunodeficiency 27A

IFNGR1
Immunodeficiency 27B

IL17RA
Immunodeficiency 30

STAT1
Immunodeficiency 31B

IRF8
Immunodeficiency 32B

TYK2
Immunodeficiency 35

IL2RA

Immunodeficiency 41 with

lymphoproliferation and
autoimmunity

ZAP70
Immunodeficiency 48

RELB
Immunodeficiency 53

MCM4
Immunodeficiency 54

IL21R
Immunodeficiency 56

IL2RB

Immunodeficiency 63 with
lymphoproliferation and
autoimmunity

RASGRP1
Immunodeficiency 64

CD40LG
X-linked immunodeficiency
with hyper-IgM type 1

AICDA
Immunodeficiency with hyper-
IgM, type 2

CD40
Immunodeficiency with hyper-
IgM, type 3

UNG
Immunodeficiency with hyper
IgM, type 5
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DNMT3B
Immunodeficiency-centromeric
instability-facial anomalies
syndrome 1

ZBTB24
Immunodeficiency-centromeric
instability-facial anomalies
syndrome 2

CDCA7
Immunodeficiency-centromeric
instability-facial anomalies
syndrome 3

HELLS
Immunodeficiency-centromeric
instability-facial anomalies
syndrome 4

DCLRE1C

Omenn syndrome/Severe
combined immunodeficiency,
Athabascan type

FOXN1

T-cell immunodeficiency with
congenital alopecia and nail
dystrophy

LAMTOR2
MAPBP-interacting protein
associated immunodeficiency

LIG1
LIG1 associated immunodeficiency

MAGT1

X-linked Immunodeficiency with
magnesium defect, Epstein-Barr
virus infection and neoplasia

MAP3K14
MAP3K 14 associated
immunodeficiency

MTHFD1

Combined immunodeficiency and
megaloblastic anemia with or
without hyperhomocysteinemia

NFE2L2

NRF2 superactivity
(immunodeficiency, developmental
delay, and hypohomocysteinemia)

NFKBIA
Ectodermal dysplasia and
immunodeficiency 2

RAG2

RAG2 associated T cell-negative, B
cell-negative, severe combined
immunodeficiency

SP110
Hepatic venoocclusive disease with
immunodeficiency
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STATSB
Growth hormone insensitivity with
immunodeficiency

STK4

STK4 associated T-cell
immunodeficiency, recurrent
infections, autoimmunity, and
cardiac malformations

TRNT1

Sideroblastic anemia with B-cell
immunodeTficiency, periodic fevers,
and developmental delay

TTC7A
Gastrointestinal defects and
immunodeficiency syndrome

CARD11

B-cell expansion with NKFB and T-
cell anergy/Immunodeficiency 11B
with atopic dermatitis

CUBN
Imerslund-Grasbeck syndrome 1

AMN
Imerslund-Grasbeck syndrome 2

IGHM
Agammaglobulinemia 1

IGLL1
Agammaglobulinemia 2

CD79A
Agammaglobulinemia 3

BLNK
Agammaglobulinemia 4

CD79B
Agammaglobulinemia 6

PIK3R1
Agammaglobulinemia 7

TCF3
Agammaglobulinemia 8

BTK
X-linked agammaglobulinemia

C1QA
C1QA associated C1q deficiency

C10B
C1QB associated C1q deficiency

Cc1QC
C1QC associated C1q deficiency

c2
C2deficiency

C3
C3deficiency
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C5
C5deficiency

C6
C6 deficiency

Cc7
C7 deficiency

C8A
C8deficiency, typel

C8B
C8deficiency, type ll

Cc9
C9deficiency

ICOS
Common variable immune
deficiency 1

TNFRSF13B
Common variable immune
deficiency 2

CD19
Common variable immune
deficiency 3

TNFRSF13C
Common variable immune
deficiency 4

MS4A1
Common variable immune
deficiency 5

CD81
Common variable immune
deficiency 6

CR2
Common variable immune
deficiency 7

LRBA
Common variable immune
deficiency 8

NFKB2
Common variable immune
deficiency 10

IL21
Common variable immune
deficiency 11

NFKB1
Common variable immune
deficiency 12

IKZF1

Common variable immune
deficiency 13
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IRF2BP2
Common variable immune
deficiency 14

ITK
Lymphoproliferative syndrome 1

CD27
Lymphoproliferative syndrome 2

CD70
Lymphoproliferative syndrome 3

PRKCD
Autoimmune lymphoproliferative
syndrome, type Il

CTLA4
Autoimmune lymphoproliferative
syndrome, type V

SH2D1A
X-linked lymphoproliferative
syndrome 1

XIAP
X-linked lymphoproliferative
syndrome 2

CFHR1

CFHR1 associated susceptibility to

atypical hemolytic uremic
syndrome

CD46
Susceptibility to atypical hemolytic
uremic syndrome 2

THBD
Susceptibility to atypical hemolytic
uremic syndrome 6

CFB
Complement factor B deficiency

CFD
Complement factor D deficiency

CFH
Complement factor H deficiency

CFl
Complement factor | deficiency

CIITA
Bare lymphocyte syndrome, type I,
complementation group A

RFX5

Bare lymphocyte syndrome, type I,

complementation group C and
group E

RFXAP
Bare lymphocyte syndrome, type I,
complementation group D

COL7A1
Epidermolysis bullosa
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KRT14
Epidermolysis bullosa

KRT5
Epidermolysis bullosa

GFI1
Severe congenital neutropenia 2

HAX1
Severe congenital neutropenia 3

G6PC3
Severe congenital neutropenia 4

JAGN1
Severe congenital neutropenia 6

CSF3R
Severe congenital neutropenia 7

CYBA
CYBA associated chronic
granulomatous disease

CYBB
X-linked chronic granulomatous
disease

CYBC1
CYBC1 associated chronic
granulomatous disease

NCF1
NCF1 associated chronic
granulomatous disease

NCF2
NCF2 associated chronic
granulomatous disease

NCF4
NCF4 associated chronic
granulomatous disease

DOCK2
DOCK2 defeciency

DOCK8
DOCKS8 deficiency

ITGB2
Leukocyte adhesion deficiency,
typel

FERMT3
Leukocyte adhesion deficiency,
type lll

IL10
Interleukin-10 deficiency

ILIRN
Interleukin 1 receptor antagonist
deficiency

NLRC4
NLRC4 associated familial cold
in%ammatory syndrome
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NLRP12
Familial cold autoin%ammatory
syndrome 2

PRF1
Familial hemophagocytic
lymphohistiocytosis 2

UNC13D
Familial hemophagocytic
lymphohistiocytosis 3

STX11
Familial hemophagocytic
lymphohistiocytosis 4

STXBP2
Familial hemophagocytic
lymphohistiocytosis 5

MVK
Hyper-lgD syndrome / mevalonate
kinase deficiciency

STAT3
Hyper-IgE recurrent infection
syndrome

PSTPIP1
PSTPIP1 associated in%ammatory
disease

RAB27A
Griscelli syndrome, type 2

RFXANK
MHC class Il deficiency,
complementation group B

RMRP
Cartilage-hair hypoplasia

SMARCD2
Specific granule deficiency 2

TNFAIP3
TNFAIP3 associated
autoin%ammatory syndrome

TNFRSF1A
Tumor necrosis factor receptor
associated periodic syndrome

USP18
Pseudo-TORCH syndrome 2

WAS
WAS associated disorder

WIPF1
Wiskott-Aldrich syndrome 2

ADA2

Vasculitis, autoin%ammation,
immunodeficiency, and
hematologic defects syndrome
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AK2
Reticular dysgenesis

ACP5
Spondyloenchondrodysplasia with
ACP5 immune dysregulation

ARPC1B

Platelet abnormalities with
eosinophilia and immune-
mediated in%ammatory disease

CINH
Hereditary angioedema

CARD14
Pityriasis rubra pilaris

CARD9
Candidiasis, familial

CDKN1C
IMAGE syndrome

CFP
X-linked properdin deficiency

CXCR4
WHIM syndrome

FOXP3

X-linked immunodysregulation,
polyendocrinopathy, and
enteropathy

IL36RN
Pustular psoriasis 14

IRAK4
IRAK4 deficiency

KDSR
Erythrokeratodermia variabilis et
progressiva4

LIG4
LIG4 syndrome

LPIN2
Majeed syndrome

MARS1
MARS1 associated interstitial lung
and liver disease

MEFV
Familial Mediterranean fever

MYD88
MYD88 deficiency

NIPAL4
Ichthyosis, congenital, autosomal
recessive 6

NLRP3
Cryopyrin associated periodic fever
syndrome
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NOD2
Blau syndrome

OTULIN
OTULIN deficiency

PARN
Dyskeratosis congenita, autosomal
recessive 6

PAX1
Otofaciocervical syndrome 2

PLCG2

Autoin%ammation and PLCG2
associated antibody deficiency and
immune dysregulation (APLAID)

PNP
Purine nucleoside phosphorylase
deficiency

Are there any genes we didn't include here that you think
should be screened for in healthy newborns?

Other Comments?

Metabolism (137 genes)
Would you recommend screening for the following genes in newborns?

(Please scroll to the bottom of this page to leave any comments, questions or concerns)

Yes No

ABCG5
Sitosterolemia 1

ABCG8
Sitosterolemia 2

G6PC
Glycogen storage disease la

SLC37A4
Glycogen storage disease Ib

AGL
Glycogen storage disease llI

PHKA2
Glycogen storage disease, type IXa

PHKB
Glycogen storage disease, type IXb

PHKG2
Glycogen storage disease, type IXc

PHKA1
Glycogen storage disease, type IXd

PYGL
Glycogen storage disease VI
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IDS
Mucopolysaccharidosis I

SGSH
Mucopolysaccharidosis type IlIA
(Sanfilippo A)

NAGLU
Mucopolysaccharidosis type IlIB

HGSNAT
Mucopolysaccharidosis type llIC
(Sanfilippo C)

GALNS
Mucopolysaccharidosis IVA

ARSB
Mucopolysaccharidosis type VI

GUSB
Mucopolysaccharidosis type VI

GNPTA
I-Cell Disease

GALC
Krabbe disease

SMPD1
Niemann-Pick disease, type A and
type B

NPC1
Niemann-Pick disease, type C,
NPC1

NPC2
Niemann-Pick disease, type C,
NPC2

HEXA
Tay-Sachs disease

HEXB
Sandho# disease, infantile,
juvenile, and adult forms

FUCA1
Fucosidosis

GBA
Gaucher disease, type |

GLA
Fabry disease

PPT1
Ceroid lipofuscinosis, neuronal, 1

TPP1
Neuronal ceroid lipofuscinosis 2

MFSD8
Ceroid lipofuscinosis, neuronal, 7

COoQ2
Primary coenzyme Q10 deficiency 1
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PDSS1
Primary coenzyme Q10 deficiency 2

PDSS2
Primary coenzyme Q10 deficiency 3

COQ8A
Primary coenzyme Q10 deficiency 4

COQ9
Primary coenzyme Q10 deficiency 5

COQ6
Primary coenzyme Q10 deficiency 6

COoQ4
Primary coenzyme Q10 deficiency 7

COoQ7
Primary coenzyme Q10 deficiency 8

COQ5
Coenzyme Q5 methyltransferase
deficiency

MT-CO1

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

MT-CO3

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

MT-CPO2

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

MT-ND1

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

MT-ND4

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

MT-ND5

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

MT-ND6

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

MT-TF

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

© 2023 Gold NB et al. JAMA Network Open.



MT-TH

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

MT-TL1

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

MT-TQ

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

MT-TS1

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

MT-TS2

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

MT-TW

MELAS (Myopathy,
Encephalopathy, Lactic Acidosis,
and Stroke-like episodes)

ACAD9
Mitochondrial complex |
deficiency nuclear type 20

ACAT1
Mitochondrial acetoacetyl-CoA
thiolase deficiency

ECHS1
Mitochondrial short-chain enoyl-
CoA hydratase-1 deficiency

ETHE1
Mitochondrial sulfur dioxygenase
deficiency

TK2
Thymidine kinase deficiency

DLAT
Pyruvate dehydrogenase
deficiency

PDHA1
Pyruvate dehydrogenase
deficiency

PDHB
Pyruvate dehydrogenase
deficiency

PDHX
Pyruvate dehydrogenase
deficiency

PDP1
Pyruvate dehydrogenase
phosphatase deficiency
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PKLR
Pyruvate kinase deficiency

TRPM6
TRPM6 associated
hypomagnesemia

FXYD2
Hypomagnesemia, type 2

MPI
Congenital disorder of
glycosylation, type Ib

PGM1
Congenital disorder of
glycosylation, type It

SLC35A2
Congenital disorder of
glycosylation, type lim

SLC39A8
Congenital disorder of
glycosylation, type lin

TMEM165
Congenital disorder of
glycosylation, type llk

PIGA
PIGA-CDG

PIGM
PIGM-CDG

PIGO
PIGO-CDG

AMT
Glycine encephalopathy due to
aminomethyltransferase (AMT)

OAT
Ornithine aminotransferase
deficiency

oTC
Ornithine transcarbamylase
deficiency

GLUD1
Hyperinsulinism-hyperammonemia
syndrome

UMPS
Orotic aciduria

SLC19A3

Hyperornithinemia-

hyperammonemia-
homocitrullinuria syndrome

SLC25A15

Hyperornithinemia-

hyperammonemia-
homocitrullinuria syndrome
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SLC25A19
Thiamine metabolism dysfunction
syndrome 4

TPK1
Thiamine metabolism dysfunction
syndrome 5

SLC2A1
GLUT1 deficiency syndrome 1

SLC35C1
GLUT1 deficiency syndrome 1

SLC6A8
Creatine transporter deficiency

GAMT
Cerebral creatine deficiency
syndrome 2

GATM
Cerebral creatine deficiency
syndrome 3

ALDH5A1
Succinic semialdehyde
dehydrogenase deficiency

SLC30A10
Hypermagnesemia with dystonia 1

SLC39A14
Hypermagnesemia with dystonia 2

ALDOB
Hereditary fructose intolerance

FBP1
Fructose-1,6-bisphosphatase
deficiency

GALM
Galactose mutarotase deficiency

SLC5A1
Glucose-galactose malabsorption

HIBCH
3-hydroxyisobutryl-CoA hydrolase
deficiency

HMGCS2
3-hydroxy-3-methylglutaryl-CoA
synthase deficiency

MTHFR
Methylenetetrahydrofolate
reductase deficiency

MTHFS
5,10-Methenyltetrahydrofolate
synthetase deficiency
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DDC

Aromatic amino acid
decarboxylase
deficiency

GLDC
Glycine decarboxylase (GLDC)
deficiency

PHGDH
Phosphoglycerate dehydrogenase
deficiency

MLYCD
Malonyl-CoA decarboxylase
deficiency

SLC30A2
Transient neonatal zinc deficiency

SLC39A4
Acrodermatitis enteropathica

SLC7A7
Lysinuric protein intolerance

SORD
Sorbitol dehydrogenase deficiency
with peripheral neuropathy

TCN2
Transcobalamin Il deficiency

AGA
Aspartylglucosaminidase
deficiency

AGXT
Primary hyperoxaluria type |

ALDH4A1
Hyperprolinemia, type I

APRT

Adenine
phosphoribosyltransferase
deficiency

ATP7A
Menkes disease

CcP
Aceruloplasminemia

ATP7B
Wilson disease

BCKDK
Branched-chain ketoacid
dehydrogenase kinase deficiency

CABA
Carbonic anhydrase VA deficiency

CPS1
Carbamoyl phosphate synthetase |
deficiency

CYP27A1
Cerebrotendinous xanthomatosis
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DHCR7
7-dehydrocholesterol reductase
deficiency

DHFR
Dihydrofolate reductase deficiency

DLD
Dihydrolipoamide dehydrogenase
deficiency

GLUL
Glutamine synthetase deficiency

GOT2
Glutamic-oxaloacetic transaminase
2 deficiency

IARS1
Isoleucyl-tRNA synthetase
deficiency

LIPA
Lysosomal acid lipase deficiency

MAN2B1
Alpha-mannosidosis

MOCsS1
Molybdenum cofactor deficiency A

NAGS
N-acetylglutamate synthase
deficiency

NAXE
NAD(P)HX epimerase deficiency

OXCT1
Succinyl-CoA:3-ketoacid CoA
transferase (SCOT) deficiency

PNPO
Pyridoxamine 5-prime-phosphate
oxidase deficiency

POR
Cytochrome P450 oxidoreductase
deficiency

PSAT1
Phosphoserine aminotransferase
deficiency

PSPH
Phosphoserine phosphatase
deficiency

Sl
Congenital sucrase-isomaltase
deficiency

AP1S1
MEDNIK syndrome

Are there any genes we didn't include here that you think
should be screened for in healthy newborns?
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Other Comments?

Nephrology (24 genes)

Would you recommend screening for the following genes in newborns?

(Please scroll to the bottom of this page to leave any comments, questions or concerns)

Yes No Unsure
ATP6VOA4
ATP6VOA4 associated distal renal
tubular acidosis

ATP6V1B1
ATP6V1B1 associated distal renal
tubular acidosis

FOXI1
FOXI1 associated distal renal
tubular acidosis

SLC4A1
SLC4A1 associated distal renal
tubular acidosis

WDR72
WDR72 associated distal renal
tubular acidosis

SLC4A4
SLC4A4 associated proximal renal
tubular acidosis

SLC12A1
Bartter syndrome, type 1

KCNJ1
Bartter syndrome, type 2

CLCNKB
Bartter syndrome, type 3

BSND
Bartter syndrome, type 4a

MAGED2
Bartter syndrome, type 5

COL4A4
Alport syndrome 2

COL4A3
Alport syndrome 3

COL4A5
X-linked Alport syndrome 1

COoQ8B
Nephrotic syndrome, type 9
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SGPL1
Nephrotic syndrome, type 14

GRHPR
Primary hyperoxaluria type Il

HOGA1
Primary hyperoxaluria type Il

PKD1
Polycystic kidney disease 1

PKD2
Polycystic kidney disease 2

PMM2
Polycystic kidney disease with
hyperinsulinemic hypoglycemia

SLC12A3
Gitelman syndrome

CA12
Isolated hyperchlorhidrosis

CTNS
Cystinosis

Are there any genes we didn't include here that you think
should be screened for in healthy newborns?

Other Comments?

Neurology. (83 genes)
Would you recommend screening for the following genes in newborns?

(Please scroll to the bottom of this page to leave any comments, questions or concerns)

TREX1
Aicardi-Goutieres syndrome 1

RNASEH2B
Aicardi-Goutieres syndrome 2

RNASEH2C
Aicardi-Goutieres syndrome 3

RNASEH2A
Aicardi-Goutieres syndrome 4

SAMHD1
Aicardi-Goutieres syndrome 5

ADAR
Aicardi-Goutieres syndrome 6

IFIH1
Aicardi-Goutieres syndrome 7

LSM11
Aicardi-Goutieres syndrome 8
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RNU7-1
Aicardi-Goutieres syndrome 9

CHRNA1
Congenital myasthenic syndrome 1

CHRNB1
Congenital myasthenic syndrome 2

CHRND
Congenital myasthenic syndrome 3

CHRNE
Congenital myasthenic syndrome 4

COLQ
Congenital myasthenic syndrome 5

CHAT
Congenital myasthenic syndrome 6

SYT2
Congenital myasthenic syndrome 7

AGRN
Congenital myasthenic syndrome 8

MUSK
Congenital myasthenic syndrome 9

DOK7
Congenital myasthenic syndrome
10

RAPSN
Congenital myasthenic syndrome
11

GFPT1
Congenital myasthenic syndrome
12

DPAGT1
Congenital myasthenic syndrome
13

ALG2
Congenital myasthenic syndrome
14

ALG14
Congenital myasthenic syndrome
15

SCN4A
Congenital myasthenic syndrome
16

LRP4
Congenital myasthenic syndrome
17

SNAP25
Congenital myasthenic syndrome
18

COL13A1
Congenital myasthenic syndrome
19
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SLC5A7
Congenital myasthenic syndrome
20

SLC18A3
Congenital myasthenic syndrome
21

PREPL
Congenital myasthenic syndrome
22

SLC25A1
Congenital myasthenic syndrome
23

MYOO9A
Congenital myasthenic syndrome
24

ALDH7A1
Pyridoxine-dependent epilepsy

PLPBP
Vitamin B6-dependent epilepsy

SCARB2
Progressive myoclonic epilepsy 4

SCN3A
Familial focal epilepsy with
variable foci 4

KCNA1
Episodic ataxia/myokymia
syndrome

CACNA1A
Episodic ataxia, type 2

SLC1A3
Episodic ataxia, type 6

ATM
Ataxia-telangiectasia

TTPA
Ataxia with vitamin E deficiency

SCN1A
Early infantile epileptic
encephalopathy 6

KCNQ2
Early infantile epileptic
encephalopathy 7

SCN2A
Early infantile epileptic
encephalopathy 11

SCNB8A
Early infantile epileptic
encephalopathy 13

KCNT1

Early infantile epileptic
encephalopathy 14
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SLC13A5
Early infantile epileptic
encephalopathy 25

CAD
Early infantile epileptic
encephalopathy 50

GLRA1
Hyperekplexia 1

GLRB
Hyperekplexia 2

SLC6A5
Hyperekplexia 3

GRIN1
lonotropic glutamate receptor
NMDA type subunit 1 dysregulation

GRIN2A

lonotropic glutamate receptor
NMDA type subunit 2A
dysregulation

GRIN2B

lonotropic glutamate receptor
NMDA type subunit 2B
dysregulation

GRIN2D

lonotropic glutamate receptor
NMDA type subunit 2D
superactivity

SLC25A12
Mitochondrial aspartate-glutamate
carrier isoform 1 deficiency (aralar
deficiency)

SLC18A2
Infantile parkinsonism-dystonia 2

SLC52A3
Brown-Vialetto-Van Laere
syndrome 1

SLC52A2
Brown-Vialetto-Van Laere
syndrome 2

SPR
Dopa-responsive dystonia due to
sepiapterin reductase deficiency

TH
Dopa-responsive dystoniadue to
tyrosine hydroxylase deficiency

TMLHE
Epsilon-N-trimethyllysine
hydroxylase deficiency

SPTLC1
Hereditary sensory neuropathy
type IA
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SPTLC2
Hereditary sensory neuropathy
type IC

FLAD1

Lipid storage myopathy due to
%avin adenine dinucleotide
synthetase deficiency

GNE
GNE myopathy

TSC1
Tuberous sclerosis 1

TSC2
Tuberous sclerosis 2

ARSA
Metachromatic leukodystrophy

CACNA1S
Hypokalemic periodic paralysis
type 1

CHD7
CHARGE syndrome

CLCN1
Myotonia congenita

CLCN7
Osteopetrosis type 4

DMD
Duchenne muscular dystrophy and
other dystrophinopathies

FARSB

Autosomal recessive aminoacy!
transfer RNA (tRNA) synthetase
(ARS) deficiencies

FOLR1
Cerebral folate transport
deficiency

NF1
Neurofibromatosis type 1

PDGFRB
PDGFRB activating spectrum
disorder

PRPS1
Arts syndrome

PRRT2
Episodic kinesigenic dyskinesia 1

SLC5A6
Infantile-onset, biotin-responsive
neurodegeneration

SARS1

SARS1 associated
neurodevelopmental disorder with
microcephaly, ataxia, and seizures
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Are there any genes we didn't include here that you think

should be screened for in healthy newborns?

Other Comments?

Would you recommend screening for the following genes in newborns?

(Please scroll to the bottom of this page to leave any comments, questions or concerns)

MSH2
Hereditary nonpolyposis colorectal
cancer 1

MLH1
Hereditary nonpolyposis colorectal
cancer 2

PMS2
Hereditary nonpolyposis colorectal
cancer 4

MSH6
Hereditary nonpolyposis colorectal
cancer 5

EPCAM
Hereditary nonpolyposis colorectal
cancer 8

APC
Familial adenomatous polyposis
1/Hepatoblastoma

MUTYH
Familial adenomatous polyposis 2

BMPR1A
BMPR1A associated juvenile
polyposis syndrome

ALK
Neuroblastoma

PHOX2B
Neuroblastoma

DICER1
Pleuropulmonary blastoma

PTCH1
Medulloblastoma

SUFU
Medulloblastoma

RET
Multiple endocrine neoplasia
II/Medullary thyroid carcinoma
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Yes

Unsure



TP53
Adrenocortical carcinoma

RB1
Retinoblastoma (hereditary)

SMARCB1
Rhabdoid tumors

WT1
Wilms tumor

Are there any genes we didn't include here that you think
should be screened for in healthy newborns?

Other Comments?

Ophthalmology. (4 genes)

Would you recommend screening for the following genes in newborns?

(Please scroll to the bottom of this page to leave any comments, questions or concerns)

PLG
Plasminogen deficiency, type |

RPEG5

RPEG65 associated Leber congenital
amaurosis, early-onset severe
retinal dystrophy

SLC6A6
Taurine transporter deficiency

VAMP1
Congenital myasthenic syndrome

25

Are there any genes we didn't include here that you think
should be screened for in healthy newborns?

Other Comments?

Pulmonology_(2 genes)
Would you recommend screening for the following genes in newborns?
(Please scroll to the bottom of this page to leave any comments, questions or concerns)

Yes No

SERPINA1
Alpha-1-antitrypsin deficiency

SFTPC
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Pulmonary surfactant metabolism
dysfunction 2

Are there any genes that you would add to a newborn
sequencing panel for pulmonology that we didn't include here?

Other Comments?

Part 2: Exploratory Questions

Please indicate your level of agreement with the following statements.

Somewhat Neither disagree
Disagree disagree nor agree Somewhat agree Agree
Genomic sequencing for treatable
genetic conditions that are not
currently on the Recommended
Uniform Screening Panel should be
made available for all newborns.

Some genes for actionable adult-
onset conditions should be
sequenced in newborns in order to
facilitate cascade testing in
parents, who might be a#ected.

Genomic sequencing of newborns
should include genes that are
associated with conditions that are
treatable, even if these conditions
have very low penetrance.

Genomic sequencing for treatable
genetic conditions should only be
ot#tered for disorders that can be
confirmed through non-molecular
(e.g. biochemical or imaging)
studies.

Genomic sequencing in newborns
should include genes associated
with conditions that are not
treatable, but have established
guidelines for management or
surveillance.

Genomic sequencing in newborns
should include childhood onset
conditions like developmental
delay for which there are no
established targeted therapies or
expert management guidelines for
surveillance.
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Comments?

Part 3: Demographics

Lastly, we would like to ask some basic questions about you.

What is your age?

What gender do you identify as?

Are you of Hispanic, Latino, or Spanish origin?

What is your race? (Please check all that apply.)

In which state do you currently reside?
How many years have you been in practice?

Are you currently involved in newborn screening?

What type of practice setting do you work in? (Please check all that
apply.)

What type of patients do you see? (Please check all that apply.)
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Female
Male
Non-binary
Other

Yes
No

American Indian or Alaska Native
Asian

Black or African American

Native Hawaiian or Pacific Islander
White

Other

<>

Yes
No

Academic hospital
Community hospital

Clinical laboratory

Newborn screening laboratory
Commercial laboratory

Other

General Genetics

Metabolism

Cardiac Genetics

Cancer Genetics

Prenatal Genetics

Neurogenetics

Specialized clinic for a single genetic condition
Other type of clinic



eFigure. Methods and results of survey

Treatable Commercial Pediatric cancer
RX Genes Treatable ID by HSCT panels predisposition
681 genes 137 genes 127 genes 74 genes 11 genes

Duplicate genes deleted (287)

92 RUSP primary
and secondary
conditions deleted

(17 genes) (167 genes) (83 genes)
(95 genes) (18 genes)

(14 genes) (137 genes)* (4 genes)

(90 genes) (24 genes) (2 genes)

*Two IMD gene-disease pairs were incorrectly annotated and were deleted from the list of genes.

386 experts invited

238 respondents (61.7 %)

52.9% ’ Median age 51 years
female Age range 27-93 years

8. I EEZE I
\‘”‘T.,i?.‘,’,’::.’,‘;‘" G6PC CYP11B1 SLC2A1
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eTable 2. All Genes Included in Survey, in Order of Concordance

Clinical Category Gene-disease pairs Yes (% No (% Unsure n Yes (n No (n Unsure
(%) (n)
. OoTC
Metabolism s . 98.4% 1.6% 0.0% 62 61 1 0
Ornithine transcarbamylase deficiency
Metabolism G6PC 934% | 49% | 16% | 61 | 57 3 1
Glycogen storage disease la
Metabolism SLC37A4 933% | 67% | 00% | 60 | 56 4 0
Glycogen storage disease Ib
CYP11B1
Endocrinology Congenital adrenal hyperplasia due to 11- 92.1% 5.3% 2.6% 38 35 2 1
beta-hydroxylase deficiency
Metabolism ARSB 91.5% | 5.1% | 34% | 59 | 54 3 2
Mucopolysaccharidosis type VI
Hematology Hemgshi"a A 90.2% | 98% | 00% | 41 | 37 4 0
Hematology Hemcl):shilia B 90.2% 9.8% 0.0% 41 37 4 0
. SLC2A1 0 0 0
Metabolism GLUT1 deficiency syndrome 1 90.2% 4.9% 4.9% 61 55 3 3
CYP17A1
Endocrinology 17-alpha-hydroxylase/17,20-lyase 89.5% 5.3% 5.3% 38 34 2 2
deficiency
Oncolo RB1 89.3% 8.9% 1.8% 56 50 5 1
ay Retinoblastoma (hereditary) 270 >0 O70
Metabolism DS 88.7% | 81% | 32% | 62 | 55 5 2
Mucopolysaccharidosis Il
. GUSB
Metabolism o 88.5% 6.6% 4.9% 61 54 4 3
Mucopolysaccharidosis type VI
DMD o . .
Neurology Duchenne muscular dystrophy and other 88.0% 4.0% 8.0% 50 44 2 4
GLUD1
Metabolism Hyperinsulinism-hyperammonemia 87.1% 6.5% 6.5% 62 54 4 4
syndrome
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uUnsure Unsure

Clinical Category Gene-disease pairs Yes (%) | No (%) (%) n Yes (n) No (n) )
CYP11A1
Endocrinology Adrenal insufficiency, congenital, with 86.8% 2.6% 10.5% 38 33 1 4
46XY sex reversal, partial or complete
. GALNS
Metabolism Mucopolysaccharidosis IVA 86.7% 10.0% 3.3% 60 52 6 2
. CPS1
Metabolism Carbamoyl phosphate synthetase | 86.4% 8.5% 5.1% 59 51 5 3
Neurology Vitamin B6-dP<|a_|<|)DeBnF:jent epilepsy 86.0% 6.0% 8.0% 50 43 3 4
Neurology Pyri doxine'b-‘(lj_gpgzg\;nt epilepsy 85.7% 8.2% 6.1% 49 42 4 3
SLC26A3
CEBIERTEEI) Congenital secretory chloride diarrhea S Sk R € e : Z
SLC25A15
Metabolism Hyperornithinemia-hyperammonemia- 85.2% 6.6% 8.2% 61 52 4 5
homocitrullinuria syndrome
. SMPD1 0 0 0
Metabolism Niemann-Pick disease, type A and type B 85.0% 10.0% 5.0% 60 51 6 3
. GATM
Metabolism . . 85.0% 10.0% 5.0% 60 51 6 3
Cerebral creatine deficiency syndrome 3
Metabolism _Skerar 85.0% | 83% | 67% | 60 | 51 5 4
Lysinuric protein intolerance
. NAGS
Metabolism - 85.0% 8.3% 6.7% 60 51 5 4
N-acetylglutamate synthase deficiency
Metabolism — St’;g;e I 84.7% | 102% | 51% | 59 | 50 6 3
HSD3B2
Endocrinology Adrenal hyperpla3|a_, congenital, due to 3- 84.2% 79% 79% 38 32 3 3
beta-hydroxysteroid dehydrogenase 2
deficiency
Metabolism ATPTA 84.1% | 63% | 95% | 63 | 53 4 6

Menkes disease
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Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Metabolism _ ALDOB. 83.9% | 97% | 65% | 62 | 52 6 4
Hereditary fructose intolerance
Metabolism Creatine tre?rll_scé)?)pr\tir deficiency 83.6% 11.5% 4.9% 61 51 7 3
. GAMT
Metabolism . - 83.6% 11.5% 4.9% 61 51 7 3
Cerebral creatine deficiency syndrome 2
Metabolism Gauchergilzéase type | 83.3% 8.3% 8.3% 60 50 5 5
Metabolism Fabrglscl_lgease 83.3% 8.3% 8.3% 60 50 5 5
. PYGL
Metabolism Glycogen storage disease VI 82.5% 10.5% 7.0% 57 47 6 4
ABCCS8
. Familial hyperinsulinemic hypoglycemia-1; 0 0 0
Sile e e ABCCS8 associated permanent neonatal 81.0% 9.5% 9.5% 42 34 4 4
diabetes mellitus
BTK 0 0 0
Immunology X-linked agammaglobulinemia 80.6% 9.7% 9.7% 31 25 3 3
Metabolism W”SA(;-;P d7isBease 80.6% 11.3% 8.1% 62 50 7 5
RET
Oncology Multiple endocrine neoplasia Il/Medullary | 80.4% 8.9% 10.7% 56 45 5 6
thyroid carcinoma
Gastroenterology Congenital sec?étg?fgo dium diarrhea 80.0% 14.3% 5.7% 35 28 5 2
G6PD 0 0 0
AR Hemolytic anemia due to G6PD deficiency S e T 2 = 2 s
Metabolism Lysosomal acli_(IjF;;gase deficiency 80.0% 6.7% 13.3% 60 48 4 8
Nephrology C;:s-[il::isis 80.0% 13.3% 6.7% 30 24 4 2
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Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Metabolism FBPL 79.7% 13.6% 6.8% 59 47 8 4
Fructose-1,6-bisphosphatase deficiency 70 270 O70
DGAT1
Gastroenterology Diarrhea 7, protein-losing enteropathy 79.4% 8.8% 11.8% 34 27 3 4
type
POMC
Endocrinology Obesity, adrenal insufficiency, and red hair | 78.9% 13.2% 7.9% 38 30 5 3
due to POMC deficiency
MC2R
Endocrinology Glucocorticoid deficiency due to ACTH 78.9% 10.5% 10.5% 38 30 4 4
unresponsiveness
BCKDK
Metabolism Branched-chain ketoacid dehydrogenase 78.9% 12.3% 8.8% 57 45 7 5
kinase deficiency
Metabolism PHKA2 783% | 133% | 83% | 60 | 47 8 5
Glycogen storage disease, type IXa
MPI
Metabolism Congenital disorder of glycosylation, type | 78.0% | 11.9% | 10.2% 59 46 7 6
Ib
: TAZ
Cardiovascular Barth Syndrome 77.8% 12.7% 9.5% 63 49 8 6
. PHKB
Metabolism : 76.3% 13.6% 10.2% 59 45 8 6
Glycogen storage disease, type IXb
. PHKA1
Metabolism . 76.3% 13.6% 10.2% 59 45 8 6
Glycogen storage disease, type IXd
KCNJ11
. Familial hyperinsulinemic hypoglycemia-2; 0 0 0
SeaNiEgy KCNJ11 associated permanent neonatal 76.2% 9.5% 14.3% 42 32 4 0
diabetes mellitus
WT1
Oncology Wilms tumor 75.9% 18.5% 5.6% 54 41 10 3
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Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
Metabolism PHKG2 75.9% | 13.8% | 103% | 58 | 44 8 6
Glycogen storage disease, type IXc
Metabolism Molyb denumNcI:Co)fgci(l)r deficiency A 74.6% 13.6% 11.9% 59 44 8 7
CD40LG
Immunology X-linked immunodeficiency with hyper- 74.2% 9.7% 16.1% 31 23 3 5
IgM type 1
CYBA
Immunology CYBA associated chronic granulomatous 74.2% 12.9% 12.9% 31 23 4 4
disease
Immunology . orEe . 742% | 12.9% | 12.9% | 31 | 23 4 4
X-linked chronic granulomatous disease
CYBC1
Immunology CYBC1 associated chronic granulomatous 74.2% 12.9% 12.9% 31 23 4 4
disease
SLC5A6
Neurology Infantile-onset, biotin-responsive 74.0% 6.0% 20.0% 50 37 3 10
neurodegeneration
PHEX
Endocrinology X-linked dominant hypophosphatemic 73.7% | 13.2% | 13.2% 38 28 5 5
rickets
GH1
Endocrinology Isolated growth hormone deficiency type | 73.7% | 18.4% 7.9% 38 28 7 3
1A, type 1B, type 2
GHRHR
Endocrinology Isolated growth hormone deficiency type | 73.7% | 18.4% 7.9% 38 28 7 3
4
OXCT1
Metabolism Succinyl-CoA:3-ketoacid CoA transferase 73.7% 12.3% 14.0% 57 42 7 8
(SCOT) deficiency
. STAR
Endocrinology 73.0% 10.8% 16.2% 37 27 4 6

Lipoid adrenal hyperplasia
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Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Hematology Factor )l(:lﬁipt\j%aﬁciency 73.0% 18.9% 8.1% 37 27 7 3
Hematology Factor XllzlllB3geficiency 73.0% 18.9% 8.1% 37 27 7 3
Metabolism it - 72.9% 15.3% 11.9% 59 43 9 7

Pyruvate dehydrogenase deficiency
Metabolism PDHB . 72.9% | 16.9% | 102% | 59 | 43 10 6
Pyruvate dehydrogenase deficiency
Metabolism Transcobal-;gli\rlwzll deficiency 72.1% 8.2% 19.7% 61 44 5 12
TTC7A
Immunology Gastrointestinal defects and 71.9% 12.5% 15.6% 32 23 4 5
immunodeficiency syndrome
Metabolism o . O - 71.7% 11.7% 16.7% 60 43 7 10
Ornithine aminotransferase deficiency
DDC
Metabolism Aromatic amino acid decarboxylase 71.7% 11.7% 16.7% 60 43 7 10
Endocrinology Vitamin D- dep%ﬁggstlrickets type 1B 71.1% 18.4% 10.5% 38 27 7 4
SLC34A3
Endocrinology Hypophosphatemic rickets with 71.1% | 18.4% | 10.5% 38 27 7 4
hypercalciuria
. ALPL
Endocrinology Hypophosphatasia 71.1% 13.2% 15.8% 38 27 5 6
Immunology |mmuniﬁ§ﬁ7c?ency 48 71.0% | 65% | 226% | 31 | 22 2 7
DCLRE1C
Immunology Omenn syndrome/Severe combined 71.0% 6.5% 22.6% 31 22 2 7
immunodeficiency, Athabascan type
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Clinical Category

Gene-disease pairs

Yes (%)

No (%)

uUnsure
(%)

Yes (n)

No (n)

Unsure

(n)

Immunology

RAG2
RAG2 associated T cell-negative, B cell-
negative, severe combined
immunodeficiency

71.0%

6.5%

22.6%

31

22

Immunology

NCF1
NCF1 associated chronic granulomatous
disease

71.0%

12.9%

16.1%

31

22

Immunology

NCF4
NCF4 associated chronic granulomatous
disease

71.0%

12.9%

16.1%

31

22

Immunology

WIPF1
Wiskott-Aldrich syndrome 2

71.0%

16.1%

12.9%

31

22

Neurology

FOLR1
Cerebral folate transport deficiency

70.8%

6.3%

22.9%

48

34

11

Hematology

SBDS
Shwachman-Diamond syndrome

70.7%

14.6%

14.6%

41

29

Immunology

MAGT1
X-linked Immunodeficiency with
magnesium defect, Epstein-Barr virus
infection and neoplasia

70.0%

10.0%

20.0%

30

21

Immunology

NCF2
NCF2 associated chronic granulomatous
disease

70.0%

13.3%

16.7%

30

21

Metabolism

NAGLU
Mucopolysaccharidosis type IlIB

70.0%

20.0%

10.0%

60

42

12

Nephrology

COL4AS5
X-linked Alport syndrome 1

70.0%

20.0%

10.0%

30

21

Neurology

SPR
Dopa-responsive dystonia due to
sepiapterin reductase deficiency

70.0%

10.0%

20.0%

50

35

10
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Bartter syndrome, type 1

Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
TH
Neurology Dopa-responsive dystonia due to tyrosine | 70.0% 12.0% | 18.0% 50 35 6 9
hydroxylase deficiency
Cardiovascular R | 60.8% | 254% | 48% | 63 | 44 16 3
Familial hypercholesterolemia 1
Metabolism PDHX » 69.5% | 16.9% | 13.6% | 59 | 41 10 8
Pyruvate dehydrogenase deficiency
. GHR 0 0 0
Endocrinology Growth hormone recepior deficiency 69.2% 20.5% | 10.3% 39 27 8 4
LYST o o o
Hematology Chediak-Higashi Syndrome 69.2% 15.4% | 15.4% 39 27 6 6
EFL1 o o o
Hematology Shwachman-Diamond syndrome 2 69.2% 15.4% | 15.4% 39 27 6 6
RPS19 o o o
Hematology Diamond-Blackfan anemia 1 69.2% 17.9% 12.8% 39 27 7 5
RPL5 . . .
Hematology Diamond-Blackfan anemia 6 69.2% 17.9% 12.8% 39 27 7 5
Hematolo RPL11 69.2% 17.9% 12.8% 39 27 7 5
9y Diamond-Blackfan anemia 7 e 70 o7
Oncology Pes 69.1% | 236% | 73% | 55 | 38 13 4
Adrenocortical carcinoma
SLC19A2
Endocrinology Thiamine-responsive megaloblastic |\ gq 00 | 16705 | 14.3% | 42 29 7 6
anemia syndrome with diabetes mellitus
and sensorineural deafness
Metabolism NS 69.0% 22.4% 8.6% 58 40 13 5
Niemann-Pick disease, type C, NPC1 ' =70 '
. NPC2 o o o
Metabolism Niemann-Pick disease, type C, NPC2 69.0% 22.4% 8.6% 58 40 13 5
Nephrology oL 69.0% | 20.7% | 103% | 29 | 20 6 3
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Pyruvate dehydrogenase deficiency

Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Nephrology Bartter sSrcl:d[\:g:ne type 2 69.0% 20.7% | 10.3% 29 20 6 3
Nephrology Ba rtterl\s/lﬁgrlf)aze type 5 69.0% 20.7% | 10.3% 29 20 6 3

APOB
Cardiovascular Hypobetalipoproteinemia/Familial 68.8% 26.6% 4.7% 64 44 17 3
hypercholesterolemia 2
. CYP27B1 0 0 0
Endocrinology Vitamin D-dependent rickets, type IA 68.4% 21.1% | 10.5% 38 26 8 4
. VDR 0 0 0
Endocrinology Vitamin D-dependent rickets, type 2A 68.4% 21.1% | 10.5% 38 26 8 4
RPS24 0 0 0
Hematology Diamond-Blackfan anemia 3 68.4% 18.4% | 13.2% 38 26 7 5
Hematology . RPELY . 68.4% | 184% | 132% | 38 | 26 7 5
Diamond-Blackfan anemia 4 ' ' '
RPL35A 0 0 0
Hematology Diamond-Blackfan anemia 5 68.4% 18.4% | 13.2% 38 26 7 5
ADAMTS13
Hematology Familial thrombotic thrombocytopenic 68.4% 10.5% | 21.1% 38 26 4 8
purpura
) SGSH o . o
Metabolism Mucopolysaccharidosis type 1A 68.3% 20.0% | 11.7% 60 41 12 7
. C0Q2
Metabolism , - 68.3% 10.0% | 21.7% 60 41 6 13
Primary coenzyme Q10 deficiency 1
Nephrology Barter SCyLr%';'OKrEe wpe 3 67.9% | 21.4% | 107% | 28 | 19 6 3
Nephrology Sartier Syﬁgr'\é?ne ype 4a 67.9% | 21.4% | 107% | 28 | 19 6 3
Metabolism S 67.8% 20.3% | 11.9% 59 40 12 7
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Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
PNPO
Metabolism Pyridoxamine 5-prime-phosphate oxidase 67.8% 8.5% 23.7% 59 40 5 14
deficiency
Cardiovascular . : l.'PL - 67.7% 21.0% 11.3% 62 42 13 7
Lipoprotein lipase deficiency
Immunology | bR » 67.7% | 16.1% | 161% | 31 | 21 5 5
Common variable immune deficiency 8
STAT3
Immunology . . 67.7% 16.1% 16.1% 31 21 5 5
Hyper-IgE recurrent infection syndrome
Immunology VS 67.7% | 97% | 226% | 31 | 21 3 7
WAS associated disorder
RPE65
Ophthalmology RPE6S associated Leber congenital | o0 qor | ggos | 23506 | 34 | 23 3 8
amaurosis, early-onset severe retinal
dystrophy
Hematology YEets . 67.6% | 135% | 189% | 37 | 25 5 7
Severe congenital neutropenia 5
AIRE
Endocrinology AUEITITUTE [PelEneee e i 67.5% | 20.0% | 125% | 40 | 27 8 5
syndrome, type I, with or without
reversible metaphyseal dysplasia
FANCA
Hematology Fanconi anemia, complementation group | 67.5% 15.0% 17.5% 40 27 6 7
A
. COQ6
Metabolism , - 67.2% 10.3% 22.4% 58 39 6 13
Primary coenzyme Q10 deficiency 6
SLC25A19
Metabolism Thiamine metabolism dysfunction 67.2% | 10.3% | 22.4% 58 39 6 13
syndrome 4
TPK1
Metabolism Thiamine metabolism dysfunction 67.2% | 10.3% | 22.4% 58 39 6 13
syndrome 5
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
. GCK
Endocrinology . LT . 66.7% 14.3% | 19.0% 42 28 6 8
Familial hyperinsulinemic hypoglycemia 3
SRP54
Hematology SRP54 associated Shwachman-Diamond 66.7% 15.4% 17.9% 39 26 6 7
syndrome
FANCB
Hematology Fanconi anemia, complementation group | 66.7% 154% | 17.9% 39 26 6 7
B
BRCA2
Hematology Fanconi anemia, complementation group | 66.7% 20.5% | 12.8% 39 26 8 5
D1
RPL31
Hematology RPL31 associated Diamond-Blackfan 66.7% 16.7% | 16.7% 36 24 6 6
anemia
Hematology AIphaTr?Qalssemia 66.7% 10.3% | 23.1% 39 26 4 9
. PDSS2
Metabolism : - 66.1% 11.9% | 22.0% 59 39 7 13
Primary coenzyme Q10 deficiency 3
Metabolism | COQ8A 66.1% | 11.9% | 22.0% | 59 | 39 7 13
Primary coenzyme Q10 deficiency 4
Metabolism | coQs 66.1% | 11.9% | 22.0% | 59 | 39 7 13
Primary coenzyme Q10 deficiency 7
HMGCS2
Metabolism 3-hydroxy-3-methylglutaryl-CoA synthase 66.1% 13.6% | 20.3% 59 39 8 12
deficiency
APC
Oncology Familial adenomatous polyposis 66.1% 23.2% | 10.7% 56 37 13 6
1/Hepatoblastoma
NR5A1
Endocrinology NR5A1 associated adrenocortical 65.8% 15.8% | 18.4% 38 25 6 7
insufficiency

© 2023 Gold NB et al. JAMA Network Open.




Diamond-Blackfan anemia 12

Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
. MRAP
Endocrinology Glucocorticoid deficiency 2 65.8% 13.2% | 21.1% 38 25 5 8
NNT
Endocrinology Glucocorticoid deficiency 4, with or 65.8% 13.2% | 21.1% 38 25 5 8
without mineralocorticoid deficiency
Endocrinology e » 65.8% | 10.5% | 23.7% | 38 | 25 4 9
Adrenocorticotropic hormone deficiency ' ' '
. IGF1 0 0 0
SME(CETeLe) Insulin-like growth factor | deficiency 65.8% 18.4% | 15.8% 38 25 ! 6
. POU1F1 0 0 0
Endocrinology Combined pituitary hormone deficiency 1 65.8% 21.1% | 13.2% 38 25 8 5
. PROP1 0 0 0
Endocrinology Combined pituitary hormone deficiency 2 65.8% 18.4% | 15.8% 38 25 7 6
. LHX3 0 0 0
Endocrinology Combined pituitary hormone deficiency 3 65.8% 18.4% | 15.8% 38 25 7 6
. LHX4 0 0 0
Endocrinology Combined pititary hormone deficiency 4 65.8% 18.4% | 15.8% 38 25 7 6
. HESX1 0 0 0
Endocrinology Combined pituitary hormone deficiency 5 65.8% 18.4% | 15.8% 38 25 7 6
Endocrinology Wolframvzfnl s 65.8% | 21.1% | 132% | 38 | 25 8 5
Hematology Siamon d-BIF;IZEf; g 65.8% | 184% | 158% | 38 | 25 7 6
RPS10
Hematology Diamond-Blackfan anemia 9 65.8% 18.4% | 15.8% 38 25 7 6
RPS26
Hematology Diamond-Blackfan anemia 10 65.8% 18.4% | 15.8% 38 25 7 6
RPL26
Hematology Diamond-Blackfan anemia 11 65.8% 18.4% | 15.8% 38 25 7 6
RPL15
Hematology 65.8% 18.4% | 15.8% 38 25 7 6
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Primary hyperoxaluria type I

Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Hematology Diamon d-BEEEfi?\ anemia 13 65.8% 18.4% | 15.8% 38 25 7 6
Hematology . N 65.8% | 184% | 158% | 38 | 25 7 6

Diamond-Blackfan anemia 16
Hematology . Reezy 65.8% | 184% | 158% | 38 | 25 7 6
Diamond-Blackfan anemia 17
Hematology . Pl 65.8% | 184% | 158% | 38 | 25 7 6
Diamond-Blackfan anemia 18
Hematology . e 65.8% | 184% | 158% | 38 | 25 7 6
Diamond-Blackfan anemia 19
Hematology Diamon d-BFTaPcSk%:r?anemia 20 65.8% 18.4% | 15.8% 38 25 7 6
HBA2
Hematology Alpha-thalassemia 65.8% 10.5% | 23.7% 38 25 4 9
. PCSK9
Cardiovascular . : 65.6% 29.7% 4.7% 64 42 19 3
Familial hypercholesterolemia 3
Metabolism | ool 65.5% | 12.1% | 22.4% | 58 | 38 7 13
Primary coenzyme Q10 deficiency 8
ATP6VO0A4
Nephrology ATP6V0A4 associated distal renal tubular 65.5% 13.8% | 20.7% 29 19 4 6
acidosis
ATP6V1B1
Nephrology ATP6V1B1 associated distal renal tubular 65.5% 13.8% | 20.7% 29 19 4 6
acidosis
SLC4A1
Nephrology SLC4A1 associated distal renal tubular 65.5% 13.8% | 20.7% 29 19 4 6
acidosis
Nephrology Nephroticcscy)r?dfigme, type 9 65.5% 17.2% | 17.2% 29 19 5 5
Nephrology SRR 65.5% 17.2% | 17.2% 29 19 5 5
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alopecia and nail dystrophy

Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Nephrology . AUEA 655% | 17.2% | 17.2% | 29 19 5 5
Primary hyperoxaluria type I
Nephrology | el 65.5% | 24.1% | 103% | 29 | 19 7 3
Gitelman syndrome
Neurology o TTP.A - 65.3% 10.2% | 24.5% 49 32 5 12
Ataxia with vitamin E deficiency
; AVP
Endocrinology Neurohypophyseal diabetes insipidus 65.0% 20.0% | 15.0% 40 26 8 6
FANCC
Hematology Fanconi anemia, complementation group | 65.0% 17.5% | 17.5% 40 26 7 7
C
TERC
Hematology Dyskeratosis congenita, autosomal 65.0% 15.0% | 20.0% 40 26 6 8
dominant 1
Hematology e, 65.0% | 15.0% | 200% | 40 | 26 6 8
Dyskeratosis congenita, X-linked
Hematology GATAL associatcgﬁ-gfl_linke d Cytopenia 64.9% 16.2% | 18.9% 37 24 6 7
TSR2
Hematology Diamond-Blackfan anemia 14 with 64.9% 18.9% | 16.2% 37 24 7 6
mandibulofacial dysostosis
RPS28
Hematology Diamond Blackfan anemia 15 with 64.9% 18.9% | 16.2% 37 24 7 6
mandibulofacial dysostosis
Cardiovascular . e . 64.5% 27.4% 8.1% 62 40 17 5
Familial hypercholesterolemia 4
Immunology _ AICDA 64.5% | 16.1% | 19.4% | 31 | 20 5 6
Immunodeficiency with hyper-IgM, type 2
FOXN1
Immunology T-cell immunodeficiency with congenital 64.5% 12.9% | 22.6% 31 20 4 7
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Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Immunology Agamm;:gtl)gt?lfl}nemia 3 64.5% 9.7% 25.8% 31 20 3 8
Immunology Agammazll_ol\tl)ﬁlinemia 4 64.5% 9.7% 25.8% 31 20 3 8
Immunology Agamm;:gl:l)c)?t?u?inemia 6 64.5% 9.7% 25.8% 31 20 3 8
Immunology . N'.:KBl - 64.5% | 22.6% 12.9% 31 20 7 4

Common variable immune deficiency 12 ' ' '
IKZF1 0 0 0
JAAITAILITE Oy Common variable immune deficiency 13 S Lt S e el 2 2
ADA2
Immunology Ve, LI EGImELE, 64.5% | 12.9% | 22.6% | 31 20 4 7
immunodeficiency, and hematologic
defects syndrome
Immunology Reticulaﬁ'ﬁisgenesis 645% | 9.7% | 258% | 31 | 20 3 8
FOXP3
Immunology X-linked immunodysregulation, 64.5% 12.9% | 22.6% 31 20 4 7
polyendocrinopathy, and enteropathy
Metabolism N coenzsraisélo deficency 2 | 644% | 119% | 237% | 50 | 38 7 14
Metabolism Primary coenz;:n?eQ(glo deficiency 5 64.4% 11.9% 23.7% 59 38 7 14
Metabolism Thymidine k-irnKaZse deficiency 64.4% 15.3% | 20.3% 59 38 9 12
PGM1
Metabolism Congenital disorder of glycosylation, type | 64.4% | 20.3% | 15.3% | 59 38 12 9
It
Metabolism Corebrotent o e 64.4% | 153% | 203% | 59 | 38 9 12
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
FANCD2
Hematology Fanconi anemia, complementation group | 64.1% 17.9% | 17.9% 39 25 7 7
D2
FANCE
Hematology Fanconi anemia, complementation group | 64.1% 17.9% | 17.9% | 39 25 7 7
E
FANCF
Hematology Fanconi anemia, complementation group | 64.1% 17.9% | 17.9% 39 25 7 7
F
FANCG
Hematology Fanconi anemia, complementation group | 64.1% 17.9% | 17.9% 39 25 7 7
G
FANCI
Hematology . . . 64.1% 17.9% | 17.9% 39 25 7 7
Fanconi anemia, complementation group |
PALB2
Hematology Fanconi anemia, complementation group | 64.1% 20.5% | 15.4% 39 25 8 6
N
TINF2
Hematology Dyskeratosis congenita, autosomal 64.1% 15.4% | 20.5% 39 25 6 8
dominant 3
ELANE
0 0 0
Hematology ELANE associated neutropenia 1 64.1% 17.9% | 17.9% 39 25 7 7
HGSNAT
Metabolism Mucopolysaccharidosis type [lIC 63.9% 23.0% | 13.1% 61 39 14 8
(Sanfilippo C)
: HEXA
Metabolism : 63.3% 26.7% | 10.0% 60 38 16 6
Tay-Sachs disease
Hematology Sl 63.2% | 15.8% | 21.1% | 38 | 24 6 8
Ataxia-pancytopenia syndrome
Hematology e . 6320 | 21.1% | 158% | 38 | 24 8 6
Fanconi anemia, complementation group J
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thrombocytopenia syndrome

Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Hematology oL 6320 | 184% | 18.4% | 38 | 24 7 7
Fanconi anemia, complementation group L
Metabolism MLYCD » 63.2% | 14.0% | 228% | 57 | 36 8 13
Malonyl-CoA decarboxylase deficiency
DLD
Metabolism Dihydrolipoamide dehydrogenase 63.2% 12.3% | 24.6% 57 36 7 14
deficiency
NEUROG3
Endocrinology NEUROGS3 associated neonatal diabetes 62.8% 18.6% 18.6% 43 27 8 8
mellitus
NKX2-2
Endocrinology NKX2-2 associated neonatal diabetes 62.8% 18.6% | 18.6% 43 27 8 8
mellitus
Endocrinology woke 625% | 225% | 150% | 40 | 25 9 6
Nephrogenic diabetes insipidus
BRCAL
Hematology Fanconi anemia, complementation group | 62.5% 22.5% | 15.0% 40 25 9 6
S
Endocrinology MIRAE@Z'%%rome 62.2% | 135% | 243% | 37 | 23 5 9
GNAS
Endocrinology GNAS associated 62.2% 24.3% | 13.5% 37 23 9 5
Pseudohypoparathyroidism
SLC46A1
Hematology Hereditary folate malabsorption 62.2% 16.2% | 21.6% 37 23 6 8
VKORC1
Hematology Combined deficiency of vitamin K- 62.2% 18.9% | 18.9% 37 23 7 7
dependent clotting factors 2
WDR1
Hematology Periodic fever, immunodeficiency, and 62.2% 18.9% | 18.9% 37 23 7 7
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Common variable immune deficiency 3

Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
STATSB
Immunology Growth hormone insensitivity with 62.1% 17.2% 20.7% 29 18 5 6
immunodeficiency
Metabolism TRl 62.1% | 19.0% | 19.0% | 58 | 36 11 11
Neuronal ceroid lipofuscinosis 2
WDR72
Nephrology WDR72 associated distal renal tubular 62.1% 17.2% 20.7% 29 18 5 6
acidosis
Metabolism CASA 61.8% 10.9% 27.3% 55 34 6 15
Carbonic anhydrase VA deficiency o7 >0 270
Metabolism MANZBL 61.7% | 21.7% | 16.7% | 60 | 37 13 10
Alpha-mannosidosis
RAD51C
Hematology Fanconi amenia, complementation group | 61.5% | 20.5% 17.9% 39 24 8 7
O
Metabolism , AU , 61.4% 17.5% | 21.1% 57 35 10 12
Primary hyperoxaluria type |
. DHFR 0 0 0
Metabolism Dihydrofolate reductase deficiency 61.4% 12.3% 26.3% 57 35 7 15
NFKBIA
Immunology Ectodermal dysplasia and 61.3% | 16.1% | 22.6% 31 19 5 7
immunodeficiency 2
CARD11
Immunology B-cell expansion with NKFB and T-cell |4 20, | 19405 | 19.4% | 31 | 19 6 6
anergy/Immunodeficiency 11B with atopic
dermatitis
IGHM
Immunology . : 61.3% 9.7% 29.0% 31 19 3 9
Agammaglobulinemia 1
IGLL1
Immunology L 61.3% 9.7% 29.0% 31 19 3 9
Agammaglobulinemia 2
CD19
Immunology 61.3% 19.4% 19.4% 31 19 6 6
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Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re

NFKB2 0 0 0

il vl(e) Common variable immune deficiency 10 61.3% | 22.6% 16.1% 31 19 ! >

IL21 0 0 0

ey Common variable immune deficiency 11 el el Lk <L = & .
CTLA4

Immunology Autoimmune lymphoproliferative 61.3% 12.9% | 25.8% 31 19 4 8

syndrome, type V
Immunolo XIAP 61.3% 12.9% 25.8% 31 19 4 8
9y X-linked lymphoproliferative syndrome 2 o7 =70 O

Immunology Severe congC;?]::t);ieutropenia 4 61.3% 16.1% 22.6% 31 19 5 7
CSF3R

Immunology Severe congenital neutropenia 7 61.3% | 16.1% | 22.6% 31 19 5 7

Immunology Docﬁfgeﬁii - 61.3% | 9.7% | 290% | 31 | 19 3 9

UNC13D
Immunology Familial hemophagocytic 61.3% 12.9% | 25.8% 31 19 4 8
lymphohistiocytosis 3

STX11

Immunology Familial hemophagocytic 61.3% | 12.9% | 25.8% 31 19 4 8

lymphohistiocytosis 4

RMRP

Immunology Cartilage-hair hypoplasia 61.3% 16.1% 22.6% 31 19 5 7

Immunology LIG4 I;Iyadcrjrome 61.3% 6.5% 32.3% 31 19 2 10

PNP
Immunology Purine nucleoside phosphorylase 61.3% | 12.9% | 25.8% 31 19 4 8
deficiency

GGCX

Hematology Combined deficiency of vitamin K- 61.1% 16.7% 22.2% 36 22 6 8

dependent clotting factors 1
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Metabolism SLCSAL | 61.0% | 11.9% | 27.1% | 59 | 36 7 16
Glucose-galactose malabsorption
SLC4A4
Nephrology SLC4A4 associated proximal renal tubular 60.7% 21.4% 17.9% 28 17 6 5
acidosis
Metabolism GNPTA 60.7% | 32.8% | 6.6% | 61 | 37 20 4
[-Cell Disease
. GALC
Metabolism : 60.7% 29.5% 9.8% 61 37 18 6
Krabbe disease
Endocrinology ASRLIEE 60.5% | 15.8% | 23.7% | 38 | 23 6 9
Apparent mineralocorticoid excess
RNPC3
Endocrinology RNPC3 associated growth hormone 60.5% 23.7% | 15.8% 38 23 9 6
deficiency
Endocrinology A 60.5% | 23.7% | 158% | 38 | 23 9 6
Leptin deficiency
Endocrinology . IR - 60.5% 23.7% | 15.8% 38 23 9 6
Leptin receptor deficiency
SLX4
Hematology Fanconi anemia, complementation group | 60.5% 18.4% | 21.1% 38 23 7 8
P
ERCC4
Hematology Fanconi anemia, complementation group | 60.5% 18.4% | 21.1% 38 23 7 8
Q
UBE2T
Hematology Fanconi anemia, complementation group | 60.5% 18.4% | 21.1% | 38 23 7 8
T
MAD2L2
Hematology Fanconi anemia, complementation group | 60.5% 18.4% | 21.1% 38 23 7 8
Vv
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neurologic abnormalities

Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
RFWD3
Hematology Fanconi anemia, complementation group | 60.5% 18.4% | 21.1% 38 23 7 8
w
Hematology ML 60.5% | 15.8% | 23.7% | 38 | 23 6 9
Dyskeratosis congenita
MNX1
Endocrinology MNX1 associated neonatal diabetes 60.5% 16.3% | 23.3% 43 26 7 10
mellitus
Endocrinology linked nephrogA;TcRc?iabetes insipidus 60.0% 22.5% | 17.5% 40 24 9 7
SP110
Immunology Hepatic venoocclusive disease with 60.0% 13.3% | 26.7% 30 18 4 8
immunodeficiency
Immunology esz 60.0% | 10.0% | 300% | 30 | 18 3 9
Leukocyte adhesion deficiency, type |
STXBP2
Immunology Familial hemophagocytic 60.0% 13.3% | 26.7% 30 18 4 8
lymphohistiocytosis 5
PMM2
Nephrology Polycystic kidney disease with 60.0% 20.0% | 20.0% 30 18 6 6
hyperinsulinemic hypoglycemia
Neurology AR 60.0% | 22.0% | 180% | 50 | 30 11 9
Metachromatic leukodystrophy
SLC19A1
AR Folate dependent megaloblastic anemia SR LES || o & e [ .
Immunology Immunode|1ti<(l:3i(la<rl130y 15 158 59.4% 12.5% | 28.1% 32 19 4 9
Endocrinology Al dosterongl(;nltrll:sze deficiency 59.0% 12.8% | 28.2% 39 23 5 11
CACNA1D
Endocrinology Primary aldosteronism with seizures and 59.0% 15.4% | 25.6% 39 23 6 10
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Immunodeficiency with hyper-IgM, type 3

Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
Oncology Neurﬁlt_)llfastoma 58.8% | 23.5% 17.6% 51 30 12 9
STK4
Immunology STK4ass<J_C|ated_T-celllmmunodef_lmency, 58.6% | 10.3% 31.0% 29 17 3 9
recurrent infections, autoimmunity, and
cardiac malformations
FOXI1
Nephrology FOXI1 associated distal renal tubular 58.6% | 20.7% 20.7% 29 17 6 6
acidosis
Nephrology AIpo?t(;;ﬁQrimez 58.6% | 31.0% 10.3% 29 17 9 3
Nephrology Alpo(r:t(;;;:cpl‘rimes 58.6% | 31.0% 10.3% 29 17 9 3
HSD3B7
Gastroenterology | Congenital bile acid synthesis defecttype | 58.3% | 13.9% 27.8% 36 21 5 10
1
AKR1D1
Gastroenterology | Congenital bile acid synthesis defect type | 58.3% | 13.9% 27.8% 36 21 5 10
2
TRMU
Gastroenterology S - . 58.3% | 11.1% 30.6% 36 21 4 11
Transient infantile liver failure
Metabolism OrotiJ(I:\A;:?duria 58.3% | 25.0% 16.7% 60 35 15 10
ENPP1
Cardiovascular | Generalized arterial calcification of infancy | 58.1% | 17.7% 24.2% 62 36 11 15
1
Immunology SRl 58.1% | 12.9% | 29.0% | 31 | 18 4 9
Immunodeficiency 21
Immunology PRADE 58.1% | 97% | 323% | 31 | 18 3 10
Immunodeficiency 26
CD40
Immunology 58.1% | 12.9% 29.0% 31 18 4 9
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Tuberous sclerosis 1

Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Immunology Agamngro%iﬁnemia 7 58.1% 12.9% 29.0% 31 18 4 9
Immunology Agamma-glj-lccilt:)lsjlinemia 8 58.1% 9.7% 32.3% 31 18 3 10
Immunology : IC.OS - 58.1% | 29.0% | 12.9% 31 18 9 4

Common variable immune deficiency 1
IRF2BP2 0 0 0
IR )y Common variable immune deficiency 14 R Azt L e = g 4
SH2D1A 0 0 0
IR Oy X-linked lymphoproliferative syndrome 1 R ke Al e = 4 2
Immunology Sl | 58.1% | 16.1% | 258% | 31 | 18 5 8
Severe congenital neutropenia 2
Immunology Al . 58.1% | 12.9% | 29.0% | 31 18 4 9
Severe congenital neutropenia 3
Immunology AN . 58.1% | 16.1% | 258% | 31 | 18 5 8
Severe congenital neutropenia 6
Immunology Doc:KDzO d(-:f<e2ciency 58.1% | 9.7% | 323% | 31 | 18 3 10
FERMT3 0 0 0
A L)y Leukocyte adhesion deficiency, type I SR Lk el € = 4 S
PRF1
Immunology Familial hemophagocytic 58.1% | 16.1% | 25.8% 31 18 5 8
lymphohistiocytosis 2
MVK
Immunology Hyper-lgD syndrome / mevalonate kinase | 58.1% | 22.6% | 19.4% 31 18 7 6
deficiciency
C1INH
Immunology Hereditary angioedema 58.1% 22.6% 19.4% 31 18 7 6
Neurology Ataxia_tg;':’éiectasia 58.0% | 22.0% | 200% | 50 | 29 11 10
TSC1
Neurology 58.0% 28.0% 14.0% 50 29 14 7
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
TSC2
Neurology . 58.0% 28.0% | 14.0% 50 29 14 7
Tuberous sclerosis 2
Endocrinology . oy 57.9% | 18.4% | 237% | 38 | 22 7 9
X-linked panhypopituitarism
Hematology DNAJCZl 57.9% 18.4% | 23.7% 38 22 7 9
Bone marrow failure syndrome 3
Hematology MYS.Ml 57.9% 18.4% | 23.7% 38 22 7 9
Bone marrow failure syndrome 4
MPL
Hematology Congenital amegakaryocytic 57.9% 21.1% | 21.1% 38 22 8 8
thrombocytopenia
COQ5
Metabolism Coenzyme Q5 methyltransferase 57.9% 14.0% | 28.1% 57 33 8 16
deficiency
PDP1
Metabolism Pyruvate dehydrogenase phosphatase 57.9% 19.3% | 22.8% 57 33 11 13
deficiency
Oncology aloha: 57.7% | 231% | 192% | 52 | 30 12 10
Neuroblastoma
ACAD9
Metabolism Mitochondrial complex | deficiency 57.6% 28.8% | 13.6% 59 34 17 8
nuclear type 20
ALDH5A1
Metabolism Succinic semialdehyde dehydrogenase 57.6% 20.3% | 22.0% 59 34 12 13
deficiency
HEXB
Metabolism Sandhoff disease, infantile, juvenile, and 57.4% 27.9% | 14.8% 61 35 17 9
adult forms
. DHCR7
HgElgellE 7-dehydrocholesterol reductase deficiency R A || b el &= 14 12
CHRNA1
Neurology Congenital myasthenic syndrome 1 57.1% 24.5% | 18.4% 49 28 12 9
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Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
ACAT1
Metabolism Mitochondrial acetoacetyl-CoA thiolase 56.9% | 25.9% 17.2% 58 33 15 10
deficiency
AMT
Metabolism Glycine encephalopathy due to 56.9% | 25.9% 17.2% | 58 33 15 10
aminomethyltransferase (AMT)
Metabolism SL.(T\ el . 56.9% | 19.0% 24.1% 58 33 11 14
Acrodermatitis enteropathica
Metabolism , .SI - 56.9% | 13.8% 29.3% 58 33 8 17
Congenital sucrase-isomaltase deficiency
Hematology ) NBN 56.8% | 13.5% | 297% | 37 | 21 5 11
Nijmegen breakage syndrome
GATAG6
Endocrinology Pancreatic agenesis and congenital heart 56.4% | 20.5% 23.1% 39 22 8 9
defects
Endocrinology TCIRG1 56.4% | 205% | 23.1% | 39 | 22 8 9
Osteopetrosis type 1
PCSK1
Endocrinology Obesity with impaired prohormone 56.4% | 25.6% 17.9% 39 22 10 7
processing
IL2RA
Immunology Immunodeficiency 41 with 56.3% 6.3% 37.5% 32 18 2 12
lymphoproliferation and autoimmunity
Neurology Congenital m;?:s?ri:i: syndrome 13 56.3% | 20.8% 22.9% 48 27 10 11
SFTPC
Pulmonology Pulmonary surfactant metabolism 56.3% | 15.6% 28.1% 32 18 5 9
dysfunction 2
ABCC6
Cardiovascular | Generalized arterial calcification of infancy | 55.6% | 19.0% 25.4% 63 35 12 16
2
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
CYP7B1
Gastroenterology | Congenital bile acid synthesis defect type 55.6% 16.7% | 27.8% 36 20 6 10
3

Metabolism Acerulopc):IZsminemia 55.4% 14.3% | 30.4% 56 31 8 17

Metabolism Pyruvate kli:)nlgjsz deficiency 55.2% 24.1% | 20.7% 58 32 14 12
COLQ 0 0 0

Neurology Congenital myasthenic syndrome 5 55.1% 22.4% | 22.4% 49 27 11 11

Neurology Congenital my;::t'hAe-zrnic syndrome 6 55.1% 22.4% | 22.4% 49 27 11 11

Neurology Congenital myggtlr?e’z\lnic syndrome 8 55.1% 22.4% | 22.4% 49 27 11 11
DOK?7 0 0 0

Neurology Congenital myasthenic syndrome 10 55.1% 22.4% | 22.4% 49 27 11 11
ALG2 0 0 0

Neurology Congenital myasthenic syndrome 14 55.1% 22.4% | 22.4% 49 27 11 11
SCN4A 0 0 0

Neurology Congenital myasthenic syndrome 16 55.1% 22.4% | 22.4% 49 27 11 11
SLC5A7 0 0 0

Neurology Congenital myasthenic syndrome 20 55.1% 22.4% | 22.4% 49 27 11 11
PREPL 0 0 0

Neurology Congenital myasthenic syndrome 22 55.1% 22.4% | 22.4% 49 27 11 11

Neurology a— m?:;ﬁgﬁi androme 23| 551% | 224% | 224% | 49 | 27 11 11

Neurology Congenital myl\:;%i'ia(\: syndrome 24 55.1% 22.4% | 22.4% 49 27 11 11
. HNF1A 0 0 0

Endocrinology HNF1A associated hyperinsulinism 55.0% 17.5% | 27.5% 40 22 7 11
. HNF4A 0 0 0

Endocrinology HNF2A associated hyperinsulinism 55.0% 17.5% | 27.5% 40 22 7 11
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Rhabdoid tumors

Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Immunology Immunltg:(;\le?g;ncy 278 54.8% 9.7% 35.5% 31 17 3 11
Immunology ImmunoSd-(I::-':-cl:-itncy 31B 54.8% 16.1% 29.0% 31 17 5 9

LIG1 0 0 0
IR )y LIG1 associated immunodeficiency e S S e 17 s 1
Immunology : CI.D81 - 54.8% | 29.0% | 16.1% 31 17 9 5
Common variable immune deficiency 6
CITA
Immunology Bare lymphocyte syndrome, type Il 54.8% 6.5% 38.7% 31 17 2 12
complementation group A
RFX5
Immunology Bare lymphocyte syndrome, type II, 54.8% 6.5% 38.7% 31 17 2 12
complementation group C and group E
RFXAP
Immunology Bare lymphocyte syndrome, type Il 54.8% 6.5% 38.7% 31 17 2 12
complementation group D
Immunology can dié:iaAsFiiDﬁami”al 54.8% | 22.6% | 22.6% | 31 | 17 7 7
Nephrolo PKD1 54.8% | 32.3% | 12.9% | 31 | 17 10 4
P 9y Polycystic kidney disease 1 o7 270 >0
PKD2 0 0 0
Nephrology Polycystic kidney disease 2 54.8% 32.3% 12.9% 31 17 10 4
Endocrinolo HNFB 54.8% 26.2% 19.0% 42 23 11 8
9y Renal cysts and diabetes syndrome o7 a7 =70
Cardiovascular | LMNA -~ 54.7% | 32.8% | 125% | 64 | 35 21 8
Hutchinson-Gilford progeria syndrome
DICER1
Oncology 545% | 25.5% | 20.0% 55 30 14 11
Pleuropulmonary blastoma
Oncology SMARCBL 545% | 29.1% | 16.4% 55 30 16 9

© 2023 Gold NB et al. JAMA Network Open.




Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
Pulmonology AIpha-l-:nEtiIthl;:Jli'iA;ll deficiency 54.5% 24.2% | 21.2% 33 18 8 7
HOXA11
Hematology Radioulnar synostosis with 54.1% 21.6% | 24.3% 37 20 8 9
amegakaryocytic thrombocytopenia 1
MECOM
Hematology Radioulnar synostosis with 54.1% 21.6% | 24.3% 37 20 8 9
amegakaryocytic thrombocytopenia 2
Hematology Hermansky-éiglit syndrome 2 54.1% 16.2% | 29.7% 37 20 6 11
. CA2 0 0 0
ST Osteopetrosis with renal tubular acidosis 53.8% 20.5% | 25.6% 39 21 8 10
Endocrinology OstgoNpFeFfriZilgpe , 53.8% | 231% | 231% | 39 | 21 9 9
SUFU
Oncology Medulloblastoma 53.8% 26.9% | 19.2% 52 28 14 10
Endocrinology . Siellisnd . 53.7% | 22.0% | 24.4% | 41 | 22 9 10
Familial hyperinsulinemic hypoglycemia 7
IFNGR2
Immunology Immunodeficiency 27A 53.3% 10.0% | 36.7% 30 16 3 11
UNG 0 0 0
Immunology Immunodeficiency with hyper IgM, type 5 53.3% 16.7% | 30.0% 30 16 5 9
Immunology s . 53.3% | 30.0% | 167% | 30 | 16 9 5
Common variable immune deficiency 5
Immunology Immliw?)ggigizncy 8 53.1% 12.5% | 34.4% 32 17 4 11
Immunology Immurllaolggﬁccincy 14 53.1% 12.5% | 34.4% 32 17 4 11
Neurology R— mcygstwfnt — 53.1% | 245% | 224% | 49 | 26 12 11
Neurology SN 53.1% | 245% | 224% | 49 | 26 12 11

Congenital myasthenic syndrome 3
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Neurology Congenital m)?aZtRh’:elEic syndrome 4 53.1% 245% | 22.4% 49 26 12 11
Neurology Congenital myaSsIr-Il-eznic syndrome 7 53.1% 245% | 22.4% 49 26 12 11
Neurology Congenital myl\ggtﬁgnic syndrome 9 53.1% 245% | 22.4% 49 26 12 11

RAPSN 0 0 0
Neurology Congenital myasthenic syndrome 11 53.1% 245% | 22.4% 49 26 12 11
Neurology Congenital mygsl,:tﬁ;arr%ic syndrome 12 53.1% 24.5% | 22.4% 49 26 12 11
ALG14 0 0 0
Neurology Congenital myasthenic syndrome 15 53.1% 24.5% | 22.4% 49 26 12 11
Neurology na— myaLsiahF;‘:ﬂC androme 17 | 53:1% | 245% | 224% | 49 | 26 12 11
Neurology na—— mi;\'sfhﬁ?c gndrome 18| 531% | 245% | 224% | 49 | 26 12 11
Neurology na— m(;gs';ﬁ;ﬁg sndrome 19 | 53:1% | 245% | 224% | 49 | 26 12 11
Neurology Congenital m?/:(s:tﬁgﬁf: syndrome 21 53.1% 24.5% | 22.4% 49 26 12 11
Oncology Me dLFjl-Irng;stoma 52.8% 26.4% | 20.8% 53 28 14 11
MTTP
Gastroenterology Abetalipoproteinemia 52.8% 22.2% | 25.0% 36 19 8 9
. CLCN2 0 0 0
Endocrinology Familial hyperaldosteronism, Type I 52.6% 23.7% | 23.7% 38 20 9 9
. KCNJ5 0 0 0
Endocrinology Familial hyperaldosteronism, Type Il 52.6% 23.7% | 23.7% 38 20 9 9
AAAS
Endocrinology Achalasia-addisonianism-alacrimia 52.6% 15.8% | 31.6% 38 20 6 12
syndrome
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Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
SLC35A2
Metabolism Congenital disorder of glycosylation, type | 52.6% | 22.8% 24.6% 57 30 13 14
lIm
Metabolism GLDC 52.6% 26.3% 21.1% 57 30 15 12
Glycine decarboxylase (GLDC) deficiency 270 270 =70
Metabolism o PRIl 52.5% | 23.7% | 237% | 59 | 31 14 14
Ceroid lipofuscinosis, neuronal, 1
. HK1 0 0 0
Endocrinology HK1 associated hyperinsulinism 52.5% | 22.5% 25.0% 40 21 9 10
Hematolo i 52.5% 12.5% 35.0% 40 21 5 14
9y X-linked erythropoietic protoporphyria =70 =70 =70
MTHFR
Metabolism Methylenetetrahydrofolate reductase 52.5% | 32.8% 14.8% 61 32 20 9
deficiency
FLAD1
Neurology Lipid storage myopathy due toflavin | 55 104 | 14605 | 333% | 48 | 25 7 16
adenine dinucleotide synthetase
deficiency
SLC52A3 0 0 0
Neurology Brown-Vialetto-Van Laere syndrome 1 52.0% | 20.0% 28.0% 50 26 10 14
SLC52A2 0 0 0
Neurology Brown-Vialetto-Van Laere syndrome 2 52.0% | 20.0% 28.0% 50 26 10 14
Neurology : CACN'.MS . 52.0% | 24.0% 24.0% 50 26 12 12
Hypokalemic periodic paralysis type 1
SLC39A8
Metabolism Congenital disorder of glycosylation, type | 51.7% | 20.7% 27.6% 58 30 12 16
lIn
MTHFS
Metabolism 5,10-Methenyltetrahydrofolate synthetase | 51.7% | 24.1% 24.1% 58 30 14 14
deficiency
CD3D
Immunology Immunodeficiency 19 51.6% 9.7% 38.7% 31 16 3 12
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
IL2RB
Immunology Immunodeficiency 63 with 51.6% 12.9% | 35.5% 31 16 4 11
lymphoproliferation and autoimmunity
Immunology URFREAEE 51.6% | 355% | 12.9% | 31 | 16 11 4
Common variable immune deficiency 4
Immunology e » 51.6% | 29.0% | 19.4% | 31 16 9 6
Common variable immune deficiency 7
Immunology Lymphoprolifeg';ve syndrome 1 51.6% 19.4% | 29.0% 31 16 6 9
Immunology Lymphoprolifggﬁ\Ze syndrome 2 51.6% 19.4% | 29.0% 31 16 6 9
Immunology Lymphoprolifgg;\?e S 516% | 19.4% | 290% | 31 | 16 6 9
Immunology Grisce”iF;?anerﬁe - 51.6% | 19.4% | 290% | 31 | 16 6 9
RFXANK
Immunology MHC class Il deficiency, complementation | 51.6% 12.9% | 35.5% 31 16 4 11
group B
Immunology WHIIC\:/IXsillr?]?jrome 51.6% 12.9% | 35.5% 31 16 4 11
CBLIF
Hematology Intrinsic factor deficiency 51.4% 20.0% | 28.6% 35 18 7 10
. PTF1A
Endocrinology Pancreatic agenesis 2 51.3% 20.5% | 28.2% 39 20 8 11
Endocrinology Osteoé?r)éiig type 8 51.3% 25.6% | 23.1% 39 20 10 9
Endocrinology oD assoc;toeﬁipermsu"nism 51206 | 22.0% | 268% | 41 | 21 9 11
. GALM
Metabolism Galactose mutarotase deficiency 50.9% 14.0% | 35.1% 57 29 8 20
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facial anomalies syndrome 1

Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
MT-TL1
Metabolism MELAS (Myopathy, Encephalopathy, Lactic | 50.8% | 37.3% 11.9% 59 30 22 7
Acidosis, and Stroke-like episodes)
ECHS1
Metabolism Mitochondrial short-chain enoyl-CoA 50.8% | 28.8% | 20.3% | 59 30 17 12
hydratase-1 deficiency
. GATA4 0 0 0
Endocrinology GATA4 associated diabetes 50.0% 28.6% 21.4% 42 21 12 9
. CACNA1H 0 0 0
Endocrinology Familial hyperaldosteronism, Type IV 50.0% 26.3% 23.7% 38 19 10 9
LARS1
Gastroenterology LARS1 associated Infantile liver failure 50.0% 13.9% | 36.1% 36 18 5 13
syndrome 1
Hematolo FECH 50.0% | 15.0% | 35.0% 40 20 6 14
9y Erythropoietic protoporphyria 1 ' ' '
FGA 0 0 0
Hematology FGA associated afibrinogenemia 50.0% | 19.4% | 30.6% 36 18 7 11
FGB 0 0 0
Hematology FGB associate afibrinogenemia 50.0% 19.4% 30.6% 36 18 7 11
FGG 0 0 0
Hematology FGG associated afibrinogenemia 50.0% 19.4% 30.6% 36 18 7 11
PIK3CA 0 0 0
Hematology PIK3CA related overgrowth spectrum 50.0% 31.6% 18.4% 38 19 12 7
CD3E 0 0 0
Immunology Immunodeficiency 18 50.0% 9.4% 40.6% 32 16 3 13
Immunology O 50.0% | 67% | 433% | 30 | 15 2 13
Immunodeficiency 25
DNMT3B
Immunology Immunodeficiency-centromeric instability- | 50.0% 13.3% 36.7% 30 15 4 11
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
TRNT1
Immunology B 50.0% | 16.7% | 333% | 30 | 15 5 10
immunodeficiency, periodic fevers, and
developmental delay
Metabolism FchL(J)Cs:G%)sis 50.0% 33.3% | 16.7% 60 30 20 10
TMEM165
Metabolism Congenital disorder of glycosylation, type | 50.0% 22.4% | 27.6% 58 29 13 16
Ik
Metabolism SLCS0AL0 | 50.0% | 17.2% | 32.8% | 58 | 29 10 19
Hypermagnesemia with dystonia 1
Metabolism SLC39A14 | 50.0% | 19.0% | 31.0% | 58 | 29 11 18
Hypermagnesemia with dystonia 2
APRT
Metabolism Adenine phosphoribosyltransferase 50.0% 14.3% | 35.7% 56 28 8 20
deficiency
; GLUL
Metabolism : - 50.0% 20.7% | 29.3% 58 29 12 17
Glutamine synthetase deficiency
SGPL1 0 0 0
Nephrology Nephrotic syndrome, type 14 50.0% 28.6% | 21.4% 28 14 8 6
HIBCH
Metabolism 3-hydroxyisobutryl-CoA hydrolase 49.1% 24.6% | 26.3% 57 28 14 15
deficiency
PHGDH
Metabolism Phosphoglycerate dehydrogenase 49.1% 21.1% | 29.8% | 57 28 12 17
deficiency
KCNQ2 0 0 0
NI Early infantile epileptic encephalopathy 7 sl AT | B & 24 14 1
Endocrinology Hypoinsulineﬁqliiriypoglycemia 48.8% 24.4% | 26.8% 41 20 10 11
. UCP2 0 0 0
Endocrinology UCP2 associated hyperinsulinism 48.7% 23.1% | 28.2% 39 19 9 11

© 2023 Gold NB et al. JAMA Network Open.




MAP3K14 associated immunodeficiency

Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
AGPAT2
Endocrinology Congenital generalized lipodystrophy type | 48.7% 28.2% | 23.1% 39 19 11 9
1
BSCL2
Endocrinology Congenital generalized lipodystrophy type | 48.7% 25.6% | 25.6% | 39 19 10 10
2
Hematology .UROD 48.7% 17.9% 33.3% 39 19 7 13
Porphyria cutanea tarda
Hematology Al . 48.7% | 17.9% | 333% | 39 | 19 7 13
Acute intermittent porphyria
SCNN1B
Endocrinology SCNN1B associated 48.6% 21.6% | 29.7% 37 18 8 11
pseudohypoaldosteronism, type |
Immunology Immunolc_lce::ﬁciency 22 48.4% 12.9% 38.7% 31 15 4 12
PGM3
Immunology . 48.4% 12.9% 38.7% 31 15 4 12
Immunodeficiency 23
Immunology U2 48.4% | 22.6% | 290% | 31 | 15 7 9
Immunodeficiency 35
Immunology NS 48.4% | 12.9% | 38.7% | 31 15 4 12
Immunodeficiency 53
ZBTB24
Immunology Immunodeficiency-centromeric instability- | 48.4% 16.1% | 35.5% 31 15 5 11
facial anomalies syndrome 2
LAMTOR2
Immunology MAPBP-interacting protein associated 48.4% 22.6% | 29.0% | 31 15 7 9
immunodeficiency
Immunology A EEINT 48.4% 16.1% | 35.5% 31 15 5 11
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
MTHFD1
Immunology Cenlelitse| ImmNeuaEEnsy el 48.4% | 12.9% | 38.7% | 31 15 4 12
megaloblastic anemia with or without
hyperhomocysteinemia
Immunology _TNFR_SF138 - 48.4% 38.7% | 12.9% 31 15 12 4
Common variable immune deficiency 2
PRKCD
Immunology Autoimmune lymphoproliferative 48.4% 25.8% | 25.8% 31 15 8 8
syndrome, type Il
Immunology Epiderrrlftl)ql;l/-slig bullosa 48.4% 29.0% | 22.6% 31 15 9 7
KRT5
Immunology Epidermolysis bullosa 48.4% 29.0% | 22.6% 31 15 9 7
Immunology Interleukirllljc()) P 48.4% | 16.1% | 355% | 31 | 15 5 11
NLRC4
Immunology NLRC4 associated familial cold 48.4% 19.4% | 32.3% 31 15 6 10
inflammatory syndrome
IRAK4
Immunology IRAKA deficiency 48.4% 12.9% | 38.7% 31 15 4 12
Immunology MYDlgﬂg(?eiiiency 48.4% 22.6% | 29.0% 31 15 7 9
PAX1
Immunology Otofaciocervical syndrome 2 48.4% 19.4% | 32.3% il 15 6 10
NFE2L2
Immunology MR di‘i/peﬁgasz]vgztgﬁ“é“e‘gdzgﬂe”Cy’ 483% | 207% | 31.0% | 29 | 14 6 9
hypohomocysteinemia)
AMN
Immunology Imerslund-Grasbeck syndrome 2 48.3% 13.8% | 37.9% 29 14 4 11
. MFSD8
Metabolism Ceroid lipofuscinosis, neuronal, 7 48.3% 25.9% | 25.9% 58 28 15 15

© 2023 Gold NB et al. JAMA Network Open.




Clinical Category

Gene-disease pairs

Yes (%)

No (%)

uUnsure
(%)

Yes (n)

No (n)

Unsure

(n)

Metabolism

ETHE1
Mitochondrial sulfur dioxygenase
deficiency

48.3%

25.9%

25.9%

58

28

15

15

Metabolism

TRPM6
TRPM6 associated hypomagnesemia

48.3%

15.5%

36.2%

58

28

21

Metabolism

PIGA
PIGA-CDG

48.3%

32.8%

19.0%

58

28

19

11

Metabolism

PIGM
PIGM-CDG

48.3%

32.8%

19.0%

58

28

19

11

Neurology

SCN1A
Early infantile epileptic encephalopathy 6

47.9%

31.3%

20.8%

48

23

15

10

Metabolism

MT-ND1
MELAS (Myopathy, Encephalopathy, Lactic
Acidosis, and Stroke-like episodes)

47.5%

40.7%

11.9%

59

28

24

Metabolism

MT-ND4
MELAS (Myopathy, Encephalopathy, Lactic
Acidosis, and Stroke-like episodes)

47.5%

40.7%

11.9%

59

28

24

Metabolism

MT-ND5
MELAS (Myopathy, Encephalopathy, Lactic
Acidosis, and Stroke-like episodes)

47.5%

40.7%

11.9%

59

28

24

Metabolism

MT-ND6
MELAS (Myopathy, Encephalopathy, Lactic
Acidosis, and Stroke-like episodes)

47.5%

40.7%

11.9%

59

28

24

Metabolism

MT-TF
MELAS (Myopathy, Encephalopathy, Lactic
Acidosis, and Stroke-like episodes)

47.5%

40.7%

11.9%

59

28

24

Metabolism

MT-TH
MELAS (Myopathy, Encephalopathy, Lactic
Acidosis, and Stroke-like episodes)

47.5%

40.7%

11.9%

59

28

24

Metabolism

MT-TQ
MELAS (Myopathy, Encephalopathy, Lactic
Acidosis, and Stroke-like episodes)

47.5%

40.7%

11.9%

59

28

24

© 2023 Gold NB et al. JAMA Network Open.




Clinical Category

Gene-disease pairs

Yes (%)

No (%)

uUnsure
(%)

Yes (n)

No (n)

Unsure

(n)

Metabolism

MT-TS1

MELAS (Myopathy, Encephalopathy, Lactic

Acidosis, and Stroke-like episodes)

47.5%

40.7%

11.9%

59

28

24

Metabolism

MT-TS2

MELAS (Myopathy, Encephalopathy, Lactic

Acidosis, and Stroke-like episodes)

47.5%

40.7%

11.9%

59

28

24

Metabolism

MT-TW

MELAS (Myopathy, Encephalopathy, Lactic

Acidosis, and Stroke-like episodes)

47.5%

40.7%

11.9%

59

28

24

Endocrinology

WNK4
Pseudohypoaldosteronism, type 1IB

47.4%

23.7%

28.9%

38

18

11

Endocrinology

WNK1
Pseudohypoaldosteronism, type IIC

47.4%

23.7%

28.9%

38

18

11

Endocrinology

KLHL3
Pseudohypoaldosteronism, type 1ID

47.4%

23.7%

28.9%

38

18

11

Endocrinology

CuL3
Pseudohypoaldosteronism, type IIE

47.4%

23.7%

28.9%

38

18

11

Endocrinology

NR3C2
NR3C2 associated
pseudohypoaldosteronism, type |

47.4%

23.7%

28.9%

38

18

11

Endocrinology

SCNN1A
SCNN1A associated
pseudohypoaldosteronism, type |

47.4%

23.7%

28.9%

38

18

11

Endocrinology

SCNN1G
SCNN1G associated
pseudohypoaldosteronism, type |

47.4%

23.7%

28.9%

38

18

11

Endocrinology

GPR101
Growth hormone-secreting pituitary
adenoma 2

47.4%

26.3%

26.3%

38

18

10

10

Metabolism

FXYD2
Hypomagnesemia, type 2

47.4%

19.3%

33.3%

57

27

11

19
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Clinical Category

Gene-disease pairs

Yes (%)

No (%)

uUnsure
(%)

Yes (n)

No (n)

Unsure

(n)

Metabolism

SORD
Sorbitol dehydrogenase deficiency with
peripheral neuropathy

47.4%

19.3%

33.3%

57

27

11

19

Hematology

SLC25A38
Pyridoxine-refractory sideroblastic anemia
2

47.2%

22.2%

30.6%

36

17

11

Neurology

SCNSA
Early infantile epileptic encephalopathy 13

46.9%

30.6%

22.4%

49

23

15

11

Neurology

KCNT1
Early infantile epileptic encephalopathy 14

46.9%

30.6%

22.4%

49

23

15

11

Immunology

STIM1
Immunodeficiency 10

46.9%

12.5%

40.6%

32

15

13

Immunology

RASGRP1
Immunodeficiency 64

46.7%

16.7%

36.7%

30

14

11

Metabolism

MT-CO3
MELAS (Myopathy, Encephalopathy, Lactic
Acidosis, and Stroke-like episodes)

46.6%

39.7%

13.8%

58

27

23

Metabolism

GOT2
Glutamic-oxaloacetic transaminase 2
deficiency

46.4%

17.9%

35.7%

56

26

10

20

Endocrinology

CAV1
Congenital generalized lipodystrophy type
3

46.2%

25.6%

28.2%

39

18

10

11

Hematology

ALAD
Aminolevulinic acid dehydratase
deficiency porphyria

46.2%

12.8%

41.0%

39

18

16

Hematology

CPOX
Coproporphyria

46.2%

17.9%

35.9%

39

18

14

Hematology

PPOX
Variegate porphyria

45.9%

18.9%

35.1%

37

17

13
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Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
MT-CO1
Metabolism MELAS (Myopathy, Encephalopathy, Lactic | 45.8% | 40.7% 13.6% 59 27 24 8
Acidosis, and Stroke-like episodes)
MT-CPO2
Metabolism MELAS (Myopathy, Encephalopathy, Lactic | 45.8% | 40.7% 13.6% | 59 27 24 8
Acidosis, and Stroke-like episodes)
Metabolism PlgggDG 45.6% 35.1% 19.3% 57 26 20 11
Metabolism _ stesoAz 45.6% | 22.8% | 31.6% | 57 | 26 13 18
Transient neonatal zinc deficiency
Metabolism Hyper St:i)n':';ﬁ; wpe | 45.6% | 246% | 29.8% | 57 | 26 14 17
POR
Metabolism Cytochrome P450 oxidoreductase 45.6% | 26.3% 28.1% 57 26 15 16
deficiency
Immunology Immun(c:)gepﬁscliency o 45.2% 9.7% 45.2% 31 14 3 14
Immunology Immuno&sﬁFgency o 452% | 16.1% | 38.7% | 31 | 14 5 12
Immunology Immun(I)LdZe?if:ziency e 452% | 16.1% | 38.7% | 31 | 14 5 12
Immunolo CUBN 452% | 16.1% | 38.7% | 31 | 14 5 12
9y Imerslund-Grasbeck syndrome 1 a7 =70 70
CFHR1
Immunology CFHR1 associated susceptibility to atypical | 45.2% | 22.6% 32.3% 31 14 7 10
hemolytic uremic syndrome
Immunology |, GOl 452% | 29.0% | 258% | 31 | 14 9 8
Epidermolysis bullosa
NLRP12
Immunology Familial cold autoinflammatory syndrome | 45.2% | 22.6% 32.3% 31 14 7 10
2
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
PSTPIP1 0 0 0
I veliet PSTPIP1 associated inflammatory disease 45.2% 25.8% | 29.0% 31 14 8 o
Immunology Specific zgﬁtﬁggezﬁciency 9 45.2% 16.1% | 38.7% 31 14 5 12
TNFRSF1A
Immunology Tumor necrosis factor receptor associated 45.2% 22.6% 32.3% 31 14 7 10
periodic syndrome
ARPC1B
Immunology Zﬁ‘;ﬁ'ﬂggg‘gﬂﬂg‘i‘;ﬁeﬁ'ﬁz f‘la;’rsn'rr‘:gc‘)':';‘ 452% | 226% | 323% | 31 | 14 7 10
disease
Immunology il Mé\fj';eFr\:anean ver 452% | 29.0% | 25.8% | 31 | 14 9 8
PARN
Immunology Dyskeratosis congenita, autosomal 45.2% 29.0% | 25.8% 31 14 9 8
recessive 6
SCN2A 0 0 0
NELTEI Early infantile epileptic encephalopathy 11 Sk SR | A e 22 = 1
SLC13A5 0 0 0
NELTI Early infantile epileptic encephalopathy 25 S AR | AT e 22 14 =
Nephrology colated h}%Aeihlorhi rosic 448% | 207% | 345% | 29 | 13 6 10
CAVIN1
Endocrinology Congenital generalized lipodystrophy type | 44.7% 26.3% | 28.9% 38 17 10 11
4
Endocrinology PAPPA? ass('JAciF;?:(\jzshort stature 44.7% 23.7% | 31.6% 38 17 9 12
E . FOXE1
ndocrinology Bamforth-Lazarus syndrome 44.7% 23.7% | 31.6% 38 17 9 12
Hematology TF 44.4% 25.0% | 30.6% 36 16 9 11

Atransferrinemia
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
PDX1
Endocrinology Maturity-onset diabetes of the young, 44.2% 37.2% | 18.6% 43 19 16 8
type 4
Neurology W 44.0% | 40.0% | 16.0% | 50 | 22 20 8
Neurofibromatosis type 1
PSAT1
Metabolism Phosphoserine aminotransferase 43.9% 15.8% | 40.4% 57 25 9 23
deficiency
Immunology ORAI.l. 43.8% 12.5% | 43.8% 32 14 4 14
Immunodeficiency 9
Immunology iy 43.8% | 21.9% | 344% | 32 | 14 7 11
Immunodeficiency 12
CLCN1
Neurology : . 43.8% 35.4% | 20.8% 48 21 17 10
Myotonia congenita
. RFX6
Endocrinology Mitchell-Riley syndrome 43.6% 23.1% | 33.3% 39 17 9 13
Endocrinology Kenny-CaIf:fsys%éﬁ)me, type 2 43.6% 23.1% | 33.3% 39 17 9 13
MCM4
Immunology - 43.3% 20.0% | 36.7% 30 13 6 11
Immunodeficiency 54
CDCA7
Immunology Immunodeficiency-centromeric instability- | 43.3% 13.3% | 43.3% 30 13 4 13
facial anomalies syndrome 3
HELLS
Immunology Immunodeficiency-centromeric instability- | 43.3% 16.7% | 40.0% 30 13 5 12
facial anomalies syndrome 4
Metabolism IARSL g 431% | 20.7% | 36.2% | 58 | 25 12 21
Isoleucyl-tRNA synthetase deficiency
NEUROD1
Endocrinology Maturity-onset diabetes of the young, 42.9% 40.5% | 16.7% 42 18 17 7
type 6

© 2023 Gold NB et al. JAMA Network Open.




Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Neurolo CAD 42.9% 32.7% | 24.5% 49 21 16 12
oy Early infantile epileptic encephalopathy 50 =70 7 D70
: SMADA4
Cardiovascular Myhre syndrome 42.6% 39.3% | 18.0% 61 26 24 11
TTR
Cardiovascular Transthyretin associated hereditary 42.6% 36.1% | 21.3% 61 26 22 13
amyloidosis
Neurology Osteop():eliﬁgi; type 4 42.6% 34.0% | 23.4% 47 20 16 11
. PSPH
Metabolism : - 42.1% 15.8% | 42.1% 57 24 9 24
Phosphoserine phosphatase deficiency
RNASEH2A 0 0 0
Neurology Aicardi-Goutieres syndrome 4 42.0% 32.0% | 26.0% 50 21 16 13
ILL17RA
Immunology Immunodeficiency 30 41.9% 25.8% | 32.3% 31 13 8 10
Immunology Cs de(;i:iency 41.9% 22.6% | 35.5% 31 13 7 11
Immunology Pseudo-Tgsg&iyndrome 5 41.9% 19.4% | 38.7% 31 13 6 12
ACP5
Immunology Spondyloenchondrodysplasia with ACP5 41.9% 22.6% | 355% | 31 13 7 11
immune dysregulation
Immunology o CARPIES 41.9% | 258% | 323% | 31 | 13 8 10
Pityriasis rubra pilaris
LPIN2
Immunology Majeed syndrome 41.9% 16.1% | 41.9% 31 13 5 13
NLRP3
Immunology Cryopyrin associated periodic fever 41.9% 32.3% | 25.8% 31 13 10 8
syndrome
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
PLCG2
Immunology Au:ﬂ:?&ﬁ&?ﬁ;ﬁ;ﬁ%r?nsrflzi:zm 41.9% | 258% | 323% | 31 | 13 8 10
dysregulation (APLAID)
INS
Endocrinology Maturity-onset diabetes of the young, 41.9% 41.9% | 16.3% 43 18 18 7
type 10
BMPR1A
Oncology BMPR1A associated juvenile polyposis 41.5% 37.7% | 20.8% 53 22 20 11
syndrome
Ophthalmology na— m;;ét'\r’]'fnlic androme 25| 412% | 118% | 47.1% | 34 | 14 4 16
ABCC9
Endocrinology ABCC9 associated hypertrichotic 41.0% 23.1% | 35.9% 39 16 9 14
osteochondrodysplasia
KCNJ8
Endocrinology KCNJ8 associated hypertrichotic 41.0% 23.1% | 359% | 39 16 9 14
osteochondrodysplasia
LSM11
Neurology Aicardi-Goutieres syndrome 8 40.8% 34.7% 24.5% 49 20 17 12
HAMP
Hematology Hemochromatosis, type 2B 40.5% 24.3% | 35.1% 37 15 9 13
Metabolism AGA » 40.4% | 26.3% | 333% | 57 | 23 15 19
Aspartylglucosaminidase deficiency
Gastroenterology |nf|ammator|th%$v§| fsonce 25 40.0% | 22.9% | 37.1% | 35 | 14 8 13
ILLORB
Gastroenterology Inflammatory bowel disease 28 40.0% 22.9% | 37.1% 35 14 8 13
GPIHBP1
Gastroenterology | GYcosylphosphatidylinositol-anchored 1 4 5o, | 14 396 | 45705 | 35 14 5 16

high-density lipoprotein-binding protein 1
(GPIHBP1) deficiency
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
Immunology M A(ca:ED I;;lr%grome 40.0% 13.3% | 46.7% 30 12 4 14
MARS1
Immunology MARS1 associated interstitial lung and 40.0% 23.3% | 36.7% 30 12 7 11
liver disease
TREX1 0 0 0
Neurology Aicardi-Goutieres syndrome 1 40.0% 34.0% | 26.0% 50 20 17 13
RNASEH2B 0 0 0
Neurology Aicardi-Goutieres syndrome 2 40.0% 34.0% | 26.0% 50 20 17 13
RNASEH2C 0 0 0
Neurology Aicardi-Goutieres syndrome 3 40.0% 34.0% | 26.0% 50 20 17 13
Neurolo ADAR 40.0% 34.0% 26.0% 50 20 17 13
oy Aicardi-Goutieres syndrome 6 =70 =7 =70
IFIH1 0 0 0
Neurology Aicardi-Goutieres syndrome 7 40.0% 34.0% | 26.0% 50 20 17 13
Neurolo RNU7-1 40.0% | 34.0% | 26.0% | 50 20 17 13
oy Aicardi-Goutieres syndrome 9 =70 =7 =70
Endocrinolo IGFALS 39.5% 26.3% | 34.2% 38 15 10 13
ay Acid-labile subunit deficiency 270 070 70
SAMHD1 0 0 0
Neurology Aicardi-Goutieres syndrome 5 38.8% 34.7% | 26.5% 49 19 17 13
Immunology 3 declzi:)::iency 38.7% 25.8% | 35.5% 31 12 8 11
ILIRN
Immunology Interleukin 1 receptor antagonist 38.7% 25.8% | 35.5% 31 12 8 11
deficiency
TNFAIP3
Immunology TNFAIP3 associated autoinflammatory 38.7% 22.6% | 38.7% 31 12 7 12
syndrome
Immunolo i 38.7% 19.4% | 41.9% 31 12 6 13
9y X-linked properdin deficiency 70 =70 =70

© 2023 Gold NB et al. JAMA Network Open.




Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
NIPAL4
Immunology Ichthyosis, congenital, autosomal 38.7% 29.0% | 32.3% 31 12 9 10
recessive 6
GLRB
Neurology Hyperekplexia 2 38.0% 30.0% | 32.0% 50 19 15 16
Hematology HemochromHz:t\(;sis type 2A 37.8% 24.3% | 37.8% 37 14 9 14
Neurology CH ARCE:EHs[yn drome 37.5% 43.8% | 18.8% 48 18 21 9
SAR1B
Gastroenterology . . , 37.1% 14.3% | 48.6% 35 13 5 17
Chylomicron retention disease
Endocrinology Wolcott-géﬁéﬁr}f?)syn drome 36.8% 23.7% | 39.5% 38 14 9 15
Neurology oSG 36.7% | 32.7% | 306% | 49 | 18 16 15
Progressive myoclonic epilepsy 4
SLC25A12
Neurology Mitochondrial aspartate-glutamate carrier | 36.7% 30.6% | 32.7% 49 18 15 16
isoform 1 deficiency (aralar deficiency)
Immunology BlauNsCy)rE) d2rome 36.7% 33.3% | 30.0% 30 11 10 9
Immunology OTUEI)I-\II- l(jclrz-lf:\cl;iency 36.7% 30.0% | 33.3% 30 11 9 10
N I FARSE 36.2% 25.5% | 38.3% 47 17 12 18
eurology Autosomal recessive aminoacyl! transfer o0 970 270
Neurology | CPENAR 36.0% | 30.0% | 340% | 50 | 18 15 17
Episodic ataxia, type 2
Neurology Hypgrlc_aislgxia 1 36.0% 32.0% | 32.0% 50 18 16 16
PAX4
Endocrinology Maturity-onset diabetes of the young, 35.7% 47.6% | 16.7% 42 15 20 7
type 9
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Metabolism NAXE 35.7% 21.4% | 42.9% 56 20 12 24
NAD(P)HX epimerase deficiency 70 i =70
C1QA 0 0 0
Immunology C10A associated C1q deficiency 35.5% 29.0% | 35.5% 31 11 9 11
C1QC 0 0 0
Immunology C1QC associated C1q deficiency 35.5% 29.0% | 35.5% 31 11 9 11
Immunology 2 decf:iiiency 35.5% 29.0% | 35.5% 31 11 9 11
Immunology C6 de(;:i?:iency 35.5% 29.0% | 35.5% 31 11 9 11
Immunology 7 decli;:iency 35.5% 29.0% | 35.5% 31 11 9 11
Immunology cs deﬁgsrﬁy wpe | 355% | 29.0% | 355% | 31 | 11 9 11
Immunology ca deﬁcﬁﬁy ype 355% | 29.0% | 355% | 31 | 11 9 11
Immunology c9 declii?:iency 35.5% 25.8% | 38.7% 31 11 8 12
CD46
Immunology Susceptibility to atypical hemolytic uremic | 35.5% 29.0% | 35.5% 31 11 9 11
syndrome 2
THBD
Immunology Susceptibility to atypical hemolytic uremic | 35.5% 29.0% | 35.5% 31 11 9 11
syndrome 6
Immunolo L 35.5% 29.0% | 35.5% 31 11 9 11
9y Complement factor B deficiency 70 =70 70
CFD 0 0 0
Immunology Complement factor D deficiency 35.5% 29.0% | 35.5% 31 11 9 11
CFH 0 0 0
Immunology Complement factor H deficiency 35.5% 29.0% | 35.5% 31 11 9 11
CFI 0 0 0
Immunology Complement factor | deficiency 35.5% 29.0% | 35.5% 31 11 9 11
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C1QB associated C1q deficiency

Clinical Category Gene-disease pairs Yes (%) | No (%) Un(g/:)re n Yes (n) No (n) Un(snt;re
Ophthalmology Taurine trasnlé(p:)gﬁgr deficiency 35.3% 5.9% 58.8% 34 12 2 20
Metabolism _ ABCGS. 35.1% | 26.3% | 38.6% | 57 | 20 15 22
Sitosterolemia 1
Metabolism : ABCGS. 35.1% | 26.3% 38.6% 57 20 15 22
Sitosterolemia 2
KLF11
Endocrinology Maturity-onset diabetes of the young, 34.9% | 48.8% 16.3% 43 15 21 7
type 7
CEL
Endocrinology Maturity-onset diabetes of the young, 34.9% | 46.5% 18.6% 43 15 20 8
type 8
Neurology SiCeins 34.7% | 32.7% | 327% | 49 | 17 16 16
Hyperekplexia 3
GRIN1
Neurology lonotropic glutamate receptor NMDA type | 34.7% | 36.7% 28.6% 49 17 18 14
subunit 1 dysregulation
GRIN2D
Neurology lonotropic glutamate receptor NMDA type | 34.7% | 36.7% 28.6% 49 17 18 14
subunit 2D superactivity
SARS1
Neurology SARS1 associated neurodevelopmental | ) 700 | 54 505 | 40.8% | 49 17 12 20
disorder with microcephaly, ataxia, and
seizures
Oncology o by . 345% | 49.1% | 164% | 55 | 19 27 9
Familial adenomatous polyposis 2
APPL1
Endocrinology Maturity-onset diabetes of the young, 33.3% | 45.2% 21.4% 42 14 19 9
type 14
C1QB
Immunology 33.3% | 30.0% 36.7% 30 10 9 11
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Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
KDSR
Immunology Erythrokeratodermia variabilis et 33.3% 23.3% | 43.3% 30 10 7 13
progressiva 4
. AP1S1
Metabolism MEDNIK syndrome 32.7% 23.6% | 43.6% 55 18 13 24
SCN3A 0 0 0
NSLITellely Familial focal epilepsy with variable foci 4 82.7% 36.7% | 30.6% 49 16 18 15
GRIN2A
Neurology lonotropic glutamate receptor NMDA type | 32.7% 36.7% | 30.6% 49 16 18 15
subunit 2A dysregulation
GRIN2B
Neurology lonotropic glutamate receptor NMDA type | 32.7% 36.7% | 30.6% 49 16 18 15
subunit 2B dysregulation
TMLHE
Neurology Epsilon-N-trimethyllysine hydroxylase 32.7% 30.6% | 36.7% 49 16 15 18
deficiency
TFR2
Hematology : 32.4% 27.0% | 40.5% 37 12 10 15
Hemochromatosis, type 3
Hematology SLC4OA.1 32.4% 27.0% | 40.5% 37 12 10 15
Hemochromatosis, type 4
Immunology LEARN 323% | 258% | 41.9% | 31 | 10 8 13
Pustular psoriasis 14
Neurology  olcdie 32.0% | 32.0% | 360% | 50 | 16 16 18
Episodic ataxia, type 6
Neurolo PRRT2 32.0% | 30.0% | 380% | 50 | 16 15 19
oy Episodic kinesigenic dyskinesia 1 =70 e =70
PDGFRB 0 0 0
NI PDGFRB activating spectrum disorder Sl Sk S & 15 15 =
Neurology Artspgisdiome 30.6% | 30.6% | 388% | 49 | 15 15 19
Hematology uAs 30.0% | 30.0% | 400% | 40 | 12 12 16
Hemochromatosis type 1
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Apolipoprotein (apo) E

Clinical Category Gene-disease pairs Yes (%) No (%) Un(g/:)re n Yes (n) No (n) Un(snl;re
KCNA1 0 0 0
Neurology Episodic ataxia/myokymia syndrome 30.0% 34.0% | 36.0% 50 15 17 18
Ophthalmology e 29.4% | 17.6% | 52.9% | 34 | 10 6 18
Plasminogen deficiency, type |
Neurology : SI.‘C18.A2 , 29.2% 31.3% | 39.6% 48 14 15 19
Infantile parkinsonism-dystonia 2
MSH2
Oncology Hereditary nonpolyposis colorectal cancer | 27.8% 50.0% | 22.2% 54 15 27 12
1
MLH1
Oncology Hereditary nonpolyposis colorectal cancer | 27.8% 50.0% | 22.2% 54 15 27 12
2
PMS2
Oncology Hereditary nonpolyposis colorectal cancer | 27.8% 50.0% | 22.2% 54 15 27 12
4
MSH6
Oncology Hereditary nonpolyposis colorectal cancer | 27.8% 50.0% | 22.2% 54 15 27 12
5
Cardiovascular | _AROC2 g 26.2% | 41.0% | 32.8% | 61 | 16 25 20
Apolipoprotein C-II (apoC-Il) deficiency
IL12RB1
Gastroenterology Inflammatory bowel disease 25, early 25.7% 28.6% | 45.7% 35 9 10 16
onset, autosomal recessive
Neurology GNE Swsgpathy 25.0% 39.6% | 35.4% 48 12 19 17
Cardiovascular _ APOAS 24.6% | 42.6% | 328% | 61 | 15 26 20
Apolipoprotein A-V deficiency
LMF1
Cardiovascular Lipase maturation factor 1 (LMF1) 24.6% 34.4% | 41.0% 61 15 21 25
deficiency
: APOE
Cardiovascular 21.3% 59.0% | 19.7% 61 13 36 12
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Unsure

Unsure

Clinical Category Gene-disease pairs Yes (%) | No (%) (%) n Yes (n) No (n) )
EPCAM
Oncology Hereditary nonpolyposis colorectal cancer | 20.8% 52.8% | 26.4% 53 11 28 14
8

SPTLC1 0 0 0
NSLITellely Hereditary sensory neuropathy type 1A 18.4% 36.7% | 44.9% 49 9 18 22

SPTLC2 o 0 o
NEtIrel(el) Hereditary sensory neuropathy type IC 18.4% 36.7% | 44.9% 49 9 18 22

: DBH 0 0 0
Cardiovascular Orthostatic hypotension 1 17.5% 49.2% | 33.3% 63 11 31 21
Cardiovascular CYBS61 17.5% 49.2% | 33.3% 63 11 31 21

Orthostatic hypotension 2

Excluded gene-disease pairs because of incorrect annotation in survey:

Clinical Category

Gene-disease pairs

Immunology

SLC19A3
Thiamine metabolism dysfunction
syndrome 2

Immunology

SLC35C1
Congenital disorder of glycosylation type
llc (CDG2C)
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eTable 3. Description of Characteristics of Genes Included in Survey

Cardiovascular (17 genes)

Inheritance | On RUSP? (YIN) | Prevalence- disease | Age of Onset Disease symptoms Orthogonal [ Ifyes, test Category of Ageof MD leading Comments | Linktorefl | Linktoref2 | Linktoref3
frequency per test? (YIN) test expected to be | Considered (Free
100,000 abnormalin Text) Implementation
(Rx genes, if listed) infancy?
APOAS Apolipoprotein A-V deficiency cardiovascular | AR N 055 Childhood Severe hypertriglyceridemia, triglycerides restriction of total | diet childhood pediatric
episodes of abdominal pain, dietary fat cardiology,
recurrent acute pancreatitis, nutrition
eruptive cutaneous xanthomata,
hepatosplenomegaly
APOC2 Apolipoprotein C-1I (apoC-1l) deficiency cardiovascular | AR N 055|Childhood or | Severe chylomicronemia triglycerides restriction of total | diet childhood pediatric hitps:/ipubmed
adolescence dietary fat, medication cardiology, ncbinim.nih,
volanesorsen nutrition ov/31390500/
APOE (apo) E (familial type AD N Adulthood Cutaneous xanthomas, coronary LDL, IDL -range exercise and diet, | diet pediatric hitps:/www-
) artery disease, peripheral artery AUC/LDL-range statins, ezetimbe | medication cardiology nchinim.nin ncbi-nim-nih-
disease AUC ratio of > 0.5 ov/30731287/  [gov.ez
hulharvard
edu/books/NBK
567738/
DBH Orthostatic hypotension cardiovascular | AR N Neonatal Vomiting, dehydration, Plasma droxidopa medication infancy pediatric
hypotension, hypothermia, norepinephrine, cardiology
hypoglycemia requiring repeated epinephrine,
hospitalization, reduced exercise dopamine
capacity, profound orthostatic
hypotension, ptosis of the eyelids,
nasal congestion
CYBS61 Orthostatic hypotension 2 cardiovascular | AR N Infancy or early | Severe symptomatic orthostatic Plasma droxidopa medication infancy pediatric
childhood hypotension without norepinephrine, cardiology
compensatory tachycardia, epinephrine,
impaired renal function, mild dopemine
anemia, episodic hypoglycemia
ENPPL Generalized arterial calcification of infancy 1 cardiovascular | AR N 05| Infancy Widespread arterial calcification CT scan bisphosphonates, | medication infancy pediatric
andior narrowing of large and calciriol, cardiology
medium-sized vessels, phosphate
cardiovascular findings including supplements
heart failure, respiratory distress,
edema, cyanosis, hypertension
(andlor cardiomegaly), skin and
retinal manifestations of
pseudoxanthoma elasticum,
periarticular calcifications,
development of rickets after
infancy, cervical spine fusion,
hearing loss
ABCCS Generalized arterial calcification of infancy 2 cardiovascular | AR N Infancy Widespread arterial calcification CT scan bisphosphonates | medication infancy pediatric
and/or narrowing of large and (itremains unclear cardiology
medium-sized vessels, whether
cardiovascular findings (including
heartfailure, respiratory distress, (etidronate in
edema, cyanosis, hypertension, particular) are
and/or cardiomegaly), skin and P esociated with
retinal manifestations of improved survival,
pseudoxanthoma elasticum,
periarticular calcifications, calcitriol,
development of rickets after phosphate
infancy, cervical spine fusion, supplements
hearing loss
LDLR Familial hypercholesterolemia 1 cardiovascular | AD, AR N 416.5| Chidhood Elevated LDL, plaque deposition [ diet and exercise, | diet childhood pediatric
in the coronary arteries and statins (8 years) | medication cardiology,
proximal aorta at an early age nutrition
APOB 2 AD, AR N 416.5| Childhood Elevated LDL, plaque deposition [ diet and exercise, | diet childhood pediatric
in the coronary arteries and statins (8 years) | medication cardiology,
proximal aorta at an early age nutition
PCSK9 Familial hypercholesterolemia 3 cardiovascular | AD N 416.5] Childhood Elevated LDL, plaque deposition DL diet and exercise, | det childhood pediatric
in the coronary arteries and statins (8 years) | medication cardiology,
proximal aorta at an early age nutrition
LDLRAPL Familial hypercholesterolemia 4 cardiovascular | AR N Childhood Elevated LDL, plaque deposition oL diet and exercise, | diet childhood pediatric
in the coronary arteries and statins (8 years) | medication cardiology,
proximal aorta at an early age nutition
LMF1 Lipase maturation factor 1 (LMF1) deficiency (familial cardiovascular | AR N 055|Late adulthood | Pancreatitis triglyeride level dietary fat diet childhood pediatric -
chylomicronemia syndrome) restiction, medication cardiology, ncbinim.nih ncbi-nim-nih-
volanesorsen nutition 00/ |aov.ezp-prod1
(mostapproved huLharvard
therapies. edu/35246399/
for
hypertriglyceridemi
have very limited
efficacy in FCS)
LMNA Hutchinson-Gilford progeria syndrome cardiovascular | AD N 0.015] Infancy Growth deficiency, characteristic lonafarnib medication childhood pediatric
face, hair, nails, sclerodermatous cardiology
skin changes, joint dislocations,
hearing loss, severe
atherosclerosis
LPL Lipoprotein lipase deficiency cardiovascular | AR N triglyeride level, dietary fat childhood pediatric hitps:/ipubmed. | hitps://pubmed. | itps:/ipubmed
lipemia retinalis, pancreatitis, lipoprotein enzyme restriction, medication cardiology nebi.nim.nih. ‘ncbi.nim.nih. ncbi.nim.nih.
hypertriglyceridemia level volanesorsen 1390500 472350 1485
SMAD4 Myhre syndrome cardiovascular | AD N 3.625| Childhood Structural heart disease, losartan medication childhood pediatric hitps:/fpubmed
restrictive cardiology ncbinim.nih
cardiomyopathy, hypertension, /0V/33369056/
airway stenosis, pyloric stenosis,
thickened skin, intellectual
disability, characteristic facial
features
TAFAZZIN Barth Syndrome cardiovascular | XLR N c monolysocard- elamipretide, medication infancy, pediatric hitps:/ipubmed
skeletal myopathy, growth delay, iolipinicardio- cornstarch, GCSF, childhood cardiology, ncbinim.nih
characteristic facial features lipin(MLCL:L4-CL) cardiac transplant pediatric ov/33077895/
ratio testing, urine hematology
organic acids
TIR Transthyretin associated hereditary amyloidosis cardiovascular | AD N 1[Adutthood Progressive neuropathy, radionucleotide Patisiran, Tegsedi, | medication adulthood adult cardiology
cardiomyopathy, nephropathy, Tafamidis, NTLA-
vitreous opacities, CNS 2001
amyloidosis
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Endocrinology (95 genes)

Inheritance | OnRUSP? | Prevalence - disease ‘Age of Onset Disease symptoms Orthogonal If yes, orthogonal test | Is orthogonal Intervention | Category of ‘Age of MDleading | Comments Linktoref Linktorer2 Link toref 3
[\ frequency per test? (YIN) test expected to | Considered (Free
100,000 be abnormalin Text) Implementation
(Rx genes, if listed) infancy?
DXL Maturity-onset diabetes of the young, type 4 endocrinology | AD N . young Fecal elastase and N Oral antidiabetic | medication ‘Adolescence Endocrinologist hitps 1/ bi.nlm.nih bin
adulthood anomalies, pancreatic pancreatic enzymes drugs (OADS), h
dysqenesis, exacrine (pancreatic amylase and insulin
dysfunction lipase) . imaging usin
abdominal urasonography,
computed
NEURODL diabetes of the young. ype 6 endocrinology | AD. AR N Gung Chionic Glucose tolerance test, N Oral antidiabetic | medication “Adolescence Endocinologist im.nin T
aduithood brogression of microangiopathy, hemoglobin ALC, insulin drugs (OADS), nih.qov/30793219//
level, glucose level insulin
KLF1L Maurity-onset diabetes of the young, type 7 endocrindlogy | AD N ‘Adolescence, young Pancreatic anomalies, absence of Glucose tolerance test, N Oral antidiabetic | medication ‘Adolescence Endocrinologist "Upsivwwewsncbi_nim.nih i1
aduthood islet autoimmunity hemoglobin ALC, insulin drugs (OADS), h
level, glucose level insulin
ceL Maturity-onset diabetes of the young, type 8 endocrinology | AD N Adolescence, young Pancreatic anomalies, absence of Glucose tolerance test, N Oral antidiabetic | medication ‘Adolescence Endocrinologist im.ni bini
aduthood islet autoimmunity hemoglobin ALC, insulin drugs (OADS), 6 I
level, glucose level insulin
PAXa Maturity-onset diabetes of the young, type 9 endocrinology | AD N Adolescence, young Pancreatic anomalies, absence of Glucose tolerance test, N Oral antidiabetic | medication ‘Adolescence Endocrinologist im.ni i
adulthood islet autoimmunity hemoglobin ALC, insulin drugs (OADS), h
level, glucose level insulin
NS Maturity-onset diabetes of the young, type 10 endocrinology | AD, AR N 0.87 (per 100,000) | Adolescence, young Pancreatic anomalies, absence of Glucose tolerance test, N Oral antidiabetic | medication ‘Adolescence Endocrinologist "NUpS v ncbi_nim.nih i1
dulthood islet autoimmunity hemoglobin ALC, insulin drugs (OADS), 6 I
level, glucose level insulin
APPLL Maturity-onset diabetes of the young, type 14 endocrinology | AD N Adolescence, young Pancreatic anomalies, absence of Glucose tolerance test, N Oral antidiabetic | medication ‘Adolescence Endocrinologist im.nih i
adulthood islet autoimmunity hemoglobin ALC, insulin drugs (OADS), h
level, glucose level insulin
GATA4 GATA4 associated diabetes endocrindlogy | AD N 0.87 (per 100,000) | Neonatal, childhood Endothelial cell dysfunction, Fecal elastase and Insulin, oral medication Neonatal Endocrinologist "UpSvwwewe.ncbi_nim.nih hitps/pubmed.ncb.nim
See INS per RXGenes enhanced inflammatior pancreatic enzymes pancreatic enzymes Govipmdartcles/PMC685090 | nih.qov/30809744/
atherosclerosis development (pancreatic amylase and ]
lipase) , imaging using
abdominal utrasonography,
computed tomography, or
magnetic resonance
imaging glucose tolerance
test, hemoglobin ALC,
insulin level, glucose level
HNFLE, Renal cysts and diabetes syndrome. endocrinlogy | AD N ‘Adolescence, young Kidney abnormaliies, early-onset Glucose tolerance test, Oral antidiabetic | medication “Adolescence ‘Endocrinologist hitps: /. bl
aduthood diabetes, abnormal iver function, hemoglobin ALC, insulin drugs (OADS), 3 nih.qov/30778115/
pancreatic hypoplasia, & genital level, glucose level, imaging insulin
iract malformations using abdominal
ultrasonography, computed
tomography, or magnetic
resonance imaging, uric acid
level, fecal elastase
SLC19AZ Thiamine responsive megaloblasiic anemia syndrome with | endocrinology | AR N 0.87 (per 100,000) _|Infancy, adolescence | Prompt reticulocytosis and a rise in Glucose tolerance test, 1 (hiamine), medication Childhood Endocrinologist ‘hipsiomim hitps/pubmed.ncbinim
diabetes mellitus and sensorineural deafness See INS per RXGenes hemolobin concentration, latent hemoglobin ALC, insulin insulin orglentry/249270 nihqov/671156/
diabetes mellitus, sensorineural level, glucose levels,
deafness complete blood count with
MGV, B12 and folate levels,
hearing test
MNXL MNXI1 associated neonatal diabetes mellius endocrinology | AD N 0.87 (per 100,000) |Neonatal Promotion of cancer, cenvical cancer Glucose tolerance test, nsulin medication Childhood Endocrinologist itps/pubmed.nchi.nim.nih
See INS per RXGenes hemoglobin ALC, insulin ovI32850410/
level, glucose leve
NEUROG3 NEUROGS associated neonatal diabetes melitus. endocrinlogy | AR N 0.87 (per 100,000) | Neonatal Infancy, ‘Abnormaliies of the intrahepatic Glucose tolerance test, nsulin medication Childhood Endocrinologist bi.nim.oih i1
See INS per RxGenes [childhood bilary tract, thyroid gland hemoglobin ALC, insulin h
central nervous system level, glucose level
NKX2-2 NKX2-2 associated neonatal diabetes melitus endocrinology | AR N 0.87 (per 100,000 [Neonatal, infancy Severe NDM associated with very low Glucose tolerance test, nsulin medication Childhood Endocrinologist hitpsipubmed.nchi.nim.nih
See INS per RXGenes birth weight, childhood obesity, and hemoglobin ALC, insulin gov/52818257/
developmental delay, associated with level, glucose level
paradoxical ghrelin
secretion
ABCCB Familial hyperinsulinemic hypoglycemia-1; ABCCS endocrinlogy | AD, AR N 2.4 ( (per 100000) | Infancy Presence of low plasma glucose Glucose, insulin, free fatty Diazoxide, medication Infancy Endocrinologist [T binh
associated permanent neonatal diabetes melitus See GLUDL per levels, severe and persistent acidlevels somatostatin 2564507 h
RXGenes, hypodlycaemia in neonates and analogs, nifedipine, search=abcc8&highlight=abe
chidren, glucagon, IGF-1, cBiiphenotypeMap
ketone body formation
growth hormone,
pancreatic resection,
mTOR nhibitors,
GLP-1 receptor
antagonists,
sirolimus
KCNI1L Familial hyperinsulinemic hypoglycemia-2; KCNJ1L endocrinogy | AD N 2.4 (per 100,000) | Neonatal, childhood Presence of low plasma glucose Glucose, msulin, free fatty Diazoxide, medication infancy ‘Endocrinologist [ b nim. i ncbi
associated permanent neonatal diabetes mellitus See GLUD1 per levels, severe and persistent acidlevels somatostatin surgery / h
RXGenes. hypodlycaemia in neonates and analogs, nifedipine,
children, suppressed ketone body glucagon, 1GF-1,
formation glucocorticoids,
growth hormone,
pancreatic resection,
mTOR nhibitors,
GLP-1 receptor
antagonists,
sirolimus
oK Familial hyperinsulinemic hypoglycemia 3 endocrinology | AR N 2.4((per 100,000) | Neonatal childhood Presence of low plasma gluco: Glucose, insulin, free fatty Diazoxide, medication Childhood Endocrinologist s binim.nih ncbinl
See GLUD1 per levels, severe and persistent acidlevels somatostatin nin
RXGenes. hypodlycaemia in neonates and analogs, nifedipine,
children,suppressed ketone body. glucagon, 1GF-1,
formation glucocorticoids,
growth hormone,
pancreatic resection,
mTOR nhibitors,
GLP-1 receptor
antagonists,
sirolimus
SLCI6AL Familial hyperinsulinemic hypoglycemia 7 endocrinlogy | AD N 2.4 ( (per 100,000) | Neonatal, childhood Presence of low plasma glucose Glucose, nsulin, free fatty Diazoide, medication Childhood ‘Endocrinologist "itps/pubmed.ncbirim. i
See GLUD1 per levels, severe and persistent acidlevels somatostatin 0vI29280746/
RXGenes hypoglycaemia in neonates and analogs, nifedipine,
children,suppressed ketone body glucagon, IGF-1, hitpsyIpubmed.ncbi.nim.rih,
formation glucocorticoids, gov/20520447/
growth hormone,
pancreatic resection,
mTOR nhibitors,
GLP-1 receptor
antagoniss,
sirolimus
AKT2 Hypoinsulinemic hypoglycemia endocrinology | AD N Neonatal childhood Presence of low plasma glucose sirolimus medication Childhood Endocrnologist hitps/pubmed.ncbirim. i
levels, severe and persistent 90vI29280746/
hypoglycaemia in neonates and
children,suppressed ketone body
formation
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Endocrinology (95 genes)

Inheritance | OnRUSP? | Prevalence - disease ‘Age of Onset Disease symptoms Orthogonal I yes, orthogonal test | Is orthogonal Intervention | Category of ‘Age of MDleading | Comments Linktoref Linktorer2 Link toref 3
[\ frequency per test? (YIN) test expected to | Considered (Free
100,000 be abnormal in Text) Implementation
(Rx genes, if listed) infancy?
FOXA2 FOXA2 associated hyperinsulinism endocrinology [ AD 2.4 ( (per 100,000) Uncontrolled goblet cell hyperpl Y Glucose, insulin, free fatty Diazoxide, medication Childhood Endocrinologist bi.nim.nih bini
See GLUD1 per metaplasia, mucus hypersecretion, acidlevels, TSH somatostatin h
RXGenes impaired mucociliary clearance of analogs, nifedipine,
pathogens, infection of pulmonary glucagon, 1GF-1,
functions glucocorticoids,
growth hormone,
pancreatic resection,
mTOR nhibitors,
GLP-1 receptor
antagonsts,
sirolimus,
Jevotnyosne
KL K associated hyperinsulism endocrinology | AD 2.4 ( (per 100,000) [ nfancy, neonatal Birth asphyxia, small for gestational |Y Glucose, insulin, free fatty Diazoxide medication Childhood Endocrinologist "itps /pubmed.nchi.nim.nih
See GLUDL per age birthweight, infant of diabetic acid levels somatostatin surgery 0vI26008106/
RXGenes, mother Beckwith-Wiedemann, Kabuki, analogs, nifedipine,
& Turer syndromes. glucagon, IGF-1,
glucocorticoids,
growth hormone,
pancrealic resection,
mTOR nhibitors,
GLP-1 receptor
antagonss,
sirolimus
HNFIA HNF1A associated hypeinsulinism endocrinology | AD 2.4 ( (per 100,000) | Infancy, childhood Birth asphyxia, small for gestational | Y Glucose, insulin, free fatty Diazoxide, medication Childhood Endocrinologist binh
See GLUD1 per age birthweight, infant of diabetic acid levels somatostatin h
RXGenes mother Beckwith-Wiedemann, Kabuki, analogs, nifedipine, nital-hyperinsulinismy/
& Turmer syndromes. glucagon, 1GF-1,
glucocorticoids,
growth hormone,
pancreatic resection,
mTOR nhibitors,
GLP-1 receptor
antagonsts,
HNFaA HNF4A associated hyperinsulinism endocrinology | AD 2.4((per 100,000 |infancy, chidhood Birth asphyxia, smal for gestational |Y Glucose, msulin, ree fatty medication Childnood Endocrinologist
See GLUD1 per age birthweight, infant of diabetic acidlevels
RXGenes mother Beckwits Turner syndromesh-
Wiedemann, Kabuki,
growth hormone,
pancreatic resection,
mTORinhibitors,
GLP-1 receptor
antagonists,
sirolimus
Ucez UCP2 associated hyperinsulinism endocrinlogy | AD 2.4 ( (per 100,000) | Infancy, childhood Y Glucose, insulin, free fatty Diazoxide, medication Childhood Endocrinologist
See GLUD per acidlevels somatostatin
RXGenes. analogs, nifedipine,
glucagon, IGF-1,
glucocorticoids,
growth hormone,
pancreatic resection,
mTORinhibitors,
GLP-1 receptor
antagonists,
sirolimus
[EF2aks Wolcott-Rallison syndrome endocrinology | AR 0.7 (per 100,000) | Neonatal, early-onset | Neonatal/early-onset non-autoimmune | Y Glucose tolerance test, insulin, oral medication Childhood ‘Endocrinologist
See INS per RxGenes [childhood insulin -requiring diabetes associated hemoglobin ALC, insulin pancreatic enzymes,
with skeletal dysplasia and growth level, glucose level, fecal Tevothyroxine
retardation elastase, complete blood
count, TSH level
RFX6 Mitchell-Riley syndrome endocrinology | AR 0.87 (per 100,000 |Neonatal, infancy Neonatal diabetes, intestinal aresia, | Y Glucose tolerance test, Insulin medication Infancy Endocrinologist
See INS per RXGenes brogressive cholestasis hemoglobin ALC, insulin
level, glucose level
GATAG Pancrealic agenesis and congenital heart defects endocrinlogy | AD 0.87 (per 100,000) | Neonatal Triggers a junctional zone and Y Fecal elastase and Insulin, oral medication Infancy Endocrinologist hitps/vwww.ncbi_nim.nih i
See INS per RXGenes sebaceous differentiation program pancreatic enzymes 2433827 | nin
whilstimiting ipid production and cell (pancreatic amylase and o
brolferation lipase) , imaging using
abdominal ultrasonography,
computed tomography, or
magnetic resonance imaging
PTFIA Pancreatic agenesis 2 endocrinology | AR 0.87 (per 100,000) |Neonatal Neonatal diabetes and impaired food | Y Fecal elastase and insulin, oral medication Infancy Endocrinologist itp: bi_nim.nih ncbinh
See INS per RXGenes digestion due to exocrine pancreatic pancreatic enzymes pancreatic enzymes 433827 | nin
insuffciency (pancreatic amylase and o
lipase) , imaging using
abdominal ultrasonography,
computed tomography, or
magnetic resonance imaging
AQP2 Nephrogenic diabetes insipidus endocrinlogy | AD, AR 0.7 (per 100,000) | Neonatal, infancy Growih retardation, vomiting or feeding | Y Fecal elastase and Insulin, oral medication infancy Endocrinologist iy vorph chirt
See INS per RXGenes concerns, polyuria plus polydipsia, and pancreatic enzymes pancreaic enzymes biNOC_Exp. h /
dehydration, constipation, urological (pancreatic amylase and Dhp?Expert=2238Ing=EN
compiication, megacystis, trabeculated lipase) , imaging using
bladder, hydroureter, hydronephrosis, abdominal ultrasonography,
and mental retardation computed tomography, or
magnetic resonance imaging
AVPRZ Xilinked nephrogenic diabetes insipidus endocrinology | XLR 064 Infancy, early childhood | GroWin retardation, VOmiing of feeding | Serum elecrolytes, urine ‘Adequate a Childhood Endocrnologist hitpsivwww.ncbi_nim.nih hitps/pubmed.nebi.nim
concerns, polyuria plus polydipsia, and osmolality hydration, low-salt, | medication govipmdaricles/PMC628033 | nin.qow/34055061/
dehydration,_constipation, urological low-protein diet, 2
complication, megacysis, rabeculated thiazide diuretics,
bladder, hydroureter, hydronephrosis, amiloride,
and mental retardation
Ave. Neurohypophyseal diabetes insipidus endocrinology | AD 1 Y Water deprivation test and ‘Adequate Endocrinologist hitpsipubmed.ncbi.nim.nih. | hitps:/pubmed.nebi.nim
Langerhans cell histiocytosis (LCH), desmopressin (DDAVP) ial hydration, low-salt, | medication Gov/19897608/ nih.0v/22433947/
local inflammatory, autoimmune or low-protein diet,
vascular diseases, trauma resulting thiazide diuretics,
from surgery or an accident, amiloride,
sarcoidosis, metastases and midine indomethacin
cerebral and cranial malformations,
genetic defects in
vasopressin synthesis
(AGPATZ Congenital generalized ipodystrophy type 1 endocrinlogy | AR 0023 Early onset childhood to_ | nsulin resistance. Y Leptin level Metreleptin medication Endocrinologist chirl
dulth hypertriglyceridemia, hepaic steatosis h
tabol
BSCL2 Congenital generalized lipodystrophy type 2 endocrinlogy | AR 0023| Early onset childhood o | insulin resistance, Y Leptin level Metreleptin medication Endocrinologist [ Jcare- o
aduithoo hypertrglyceridemia, hepaic steatosis nih.qov/27823605/
tabol
cAvL Congenital generalized lipodystiophy type 3 endocrinlogy | AR 0023| Early onset childhood o | insulin resistance, Y Leptin level Metreleptin medication Childhood Endocrinologist [ Jcare- ncbinl
aduithood hypertriglyceridemia, hepalic steatosis nit
(metabolic lized
CAVINL Congenital generalized lipodystrophy type 4 endocrinology | AR 0023 Early onset childhood to | Insulin resistance, Leptin level Metreleptin medication Childhood Endocrinologist N cbinl
aduithood hypertrglyceridemia, hepatic steatosis nih.qov/27823605/
(metabolic
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Endocrinology (95 genes)
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Endocrinology (95 genes)

NR3C2

NR3C2 associated

type |

Inheritance

On RUSP?
(¥IN)

Prevalence - disease
frequency per

100,000
(Rx genes, if listed)

Age of Onset

Disease symploms.

Orthogonal
test? (YIN)

If yes, orthogonal test

Is orthogonal

test expected to

be abnormal in
infancy?

Intervention
Considered (Free
Text)

Category of

Age of

MD leading

Implementation

Comments

Linktoref1

Linktoref2

Link toref 3

AD

Neonatal, infancy

Overt dehydration, hyponatremia,
insufficient weight gain, resistance of
Kidney & other tissues to
mineralocorticoids, highly variable
plasma aldosterone concentrations,
suppressed plasma renin activity,
various degrees of hyperchloremia and
| metabolic acidosis

Blood pressure
measurement and sodium,
potassium, aldosterone,
reninlevels

Sodium chloride
(NacI) replacement

medication

Infancy

Endocrinologist

hitps://pubmed.nchi.nim.nih.
00v/23392007/

SCNN1A

SCNN1A associated

type |

AR

359|

Neonatal, infancy

Overt dehydration, hyponatremia,
insufficient weight gain, resistance of
Kidney & other tissues to
mineralocorticoids, highly variable
plasma aldosterone concentrations,
suppressed plasma renin activity,

various degrees of hyperchloremia and
metabolic adidosis

Blood pressure
measurement and sodium,
potassium, aldosterone,
reninlevels

Sodium chloride
(NacI) replacement

medication

Infancy

Endocrinologist

hitps://pubmed.nchi.nim.nih.
00v/23392007/

SCNN1B

SCNN1B associated

type |

AR

359|

Neonatal, infancy

Overt dehydration, hyponatremia,
insufficient weight gain, resistance of
kidney & other tissues to
mineralocorticoids, highly variable
plasma aldosterone concentrations,
suppressed plasma renin activity,

various degrees of hyperchloremia and
metabolic adidosis

Blood pressure
measurement and sodium,
potassium, aldosterone,
reninlevels

Sodium chloride
(NaCI) replacement

medication

Infancy

Endocrinologist

hitps://pubmed.nchi.nim.nih.
0/23392007/

SCNN1G

SCNN1G associated

type |

AR

3505|

Neonatal, infancy

Overt dehydration, hyponatremia,
insufficient weight gain, resistance of
kidney & other tissues to
mineralocorticoids, highly variable
plasma aldosterone concentrations,
plasma renin activity,

various degrees of hyperchloremia and
metabolic addosis

Blood pressure
measurement and sodium,
potassium, aldosterone,
reninlevels

Sodium chloride
(NacI) replacement

medication

Infancy

Endocrinologist

hups:/pubmed.nchi.nim.nih.
0/23392097/

CYP11AL

Adrenal insuficiency, congenital, with 46XY sex reversal,

partial o complete.

endocrinology

Early childhood, infancy

Adrenal insufficiency, variable
degrees of disorder of sex
development (DSD),

failure of cortisol to respond to short

synacthen test, penoscrotal

penoscrotal hypospadias,hypospadias,
raised ACTH

‘Serum cortisol, aldosterone
and adrenocorticotropic
hormone (ACTH) levels.

‘Sometimes.

Hydrocortisone,
fludrohydrocortison
e

medication

Infancy, childhood

Endocrinologist

‘hups:/Awww.nebi.nim.nih,
gov/pmc/articles/PMC349486
o

Obesity, adrenal insufficiency, and red hair due to POMC

deficiency

endocrinology

Infancy, Early onset
childhood

Adrenalinsufficiency, obesity and red

‘Serum cortisol and
adrenocorticotropic hormone
(ACTH) levels

Hydrocortisone,
setmelanotide

medication

Infancy,childhood

Endocrinologist

hips:irarediseases.info.nih,
govidiseases/10823/proopio
deficienc;

hitps://pubmed.nebi.nim,
nih.gov/21860632/

CYP17AL

17-alpha-hydroxylase/17,20-lyase deficiency

endocrinology

Infancy to adolescence

Low blood levels of estrogens,
androgens and cortisol, increase in
adrenocorticotropic hormone levels,
hypertension, hypokalemia, primary
and sexual infantiism

Blood pressure
measurement, serum
potassium, cortisol and
adrenocorticotropic hormone
(ACTH) levels

‘Sometimes.

Spironolactone,
hydrocortisone

medication

Infancy, childhood

Endocrinologist

"https/Awww.nebi.nim.nih
gov/pmc/articles/PMC535572

CYP1181

Congenital adrenal to1:
deficiency

AR

07|

Infancy, neonatal

Ambiguous external genitalia with
normal intemal reproductive organs (in
females), early development of their
secondary sexual characteristics
(precocious puberty), early growth
spurt, short stature in adulthood, high
blood pressure, excessive body hair
growth & irregular

‘Serum 11-deoxycortisol and
11-deoxycorticosterone
levels

‘Sometimes.

Hydrocortisone

medication

Infancy

Endocrinologist

hupsiirarediseases.info.nih,
gov/diseases/5658/11-beta-
hydroxylase-deficiency

HSD3B2

Adrenal hyperplasia, congenital, due to 3-beta-
hydroxysteroid dehydrogenase 2 deficiency

endocrinology

Infancy, neonatal

Severe salt-wasting to the non-salt-
wasting forms, premature pubarche,
ambigious genitalia, dehydration, poor
feeding, vomiting, infertility

‘Serum cortisol, aldosterone
and adrenocorticotropic
hormone (ACTH) levels.

B3

Hydrocortisone, 9_-
fludrohydrocortisone
. oral supplements of
sodium chloride

medication

Infancy

Endocrinologist

n

beta-hydroxystero

STAR

Lipoid adrenal hyperplasia

endocrinology

Infancy, neonatal

‘Severe adrenal failure in early infancy,
adrenal insufficiency, salt wasting,
develop female external genitalia in
both human karyotypes

‘Serum cortisol, aldosterone
and adrenocorticotropic
hormone (ACTH) levels.

3

Hydrocortisone, 9_-
fludrohydrocortisone

medication

Infancy

Endocrinologist

nebi.nim,

nin,
341519

NRSAL

NRSAL associated adrenocortical insufficiency.

endocrinology

Infancy, neonatal

Detoriation of organ development,
anomalies of adrenal or testis
development, ovarian insufficiency, 46,
XY disorders of sex development
(DSD), hypospadias, anorchia, male
factor infertility

erum LH, FSH,

testosterone, inhibin, cortisol
drenocorticotropic

hormone (ACTH) levels

‘Sometimes.

Hydrocortisone

medication

Infancy

Endocrinologist

h
305701

SAMDY

MIRAGE syndrome

endocrinology

Infancy, neonatal

Myelodysplasia, infection, restriction
of growth, adrenal hypoplasia, genital
phenotypes, and enteropathy

Hematopoietic stem
cell transplantation
(HSCT)- bone

marrow transplant

HsCT

Infancy

Endocrinologist

MC2R

Glucocorticoid deficiency due to ACTH unresponsiveness

endocrinology

Infancy, early onset
childhood

recurrent
hypoglycemia, chronic asthenia and
failure to thrive within the first 2 years
of life. Typically. they have deficient
production of cortisol and adrenal

i he nce of marked!
elevated ACTH levels, while renin and
aldosterone levels are usually normal
and responsive to activation of the

axis

‘Serum cortisol and
adrenocorticotropic hormone
(ACTH) levels

Hydrocortisone

medication

Infancy, childhood

Endocrinologist

MRAP

Glucocorticoid deficiency 2

endocrinology

Infancy, early onset
childhood

recurrent
hypoglycemia, chronic asthenia and
failure to thrive within the first 2 years
of life_Typically. they have deficient
production of cortisol and adrenal
androgens i the presence of markedly.
elevated ACTH levels, while renin and
aldosterone levels are usually normal
and responsive to activation of the
axis

‘Serum cortisol and
adrenocorticotropic hormone
(ACTH) levels

Hydrocortisone

medication

Infancy, childhood

Endocrinologist

hiipsiirarediseases.info.nih,
govidiseases/2498/familia
dlucocorticoid-deficiency

Glucocorticoid deficiency 4, with or without mineralocorticoid

deficiency

endocrinology

Infancy, early onset
childhood

Hyperpigmentation, recurrent
hypoglycemia, chronic asthenia and
failure to thrive within the first 2 years
of life. Typically, they have deficient
production of cortisol and adrenal
androgens in the presence of markedy
elevated ACTH levels, while renin and
aldosterone levels are usually normal
and responsive to activation of the
axis

Serum cortisol and
adrenocorticotropic hormone
(ACTH) levels

Hydrocortisone

medication

Infancy, childhood

Endocrinologist

hips irarediseases.info.nin
govidiseases/2498/familial-
dlucocorticoid-deficiency

HSD1182

(Apparent mineralocorticoid excess

AR

Infancy, neonatal

Insulin resistance,
hypertriglyceridemia, hepatic steatosis
(metabolic complications)

Blood pressure measurement
and aldosterone, renin,
potassium levels

‘Amiloride,
triamterene,
spironolactone,
eplerenone,

medication

Infancy

Endocrinologist

TBX19

Adrenocorticotropic hormone deficiency

endocrinology

Neonatal

Thyroiditis, hypophysitis,mmune.
checkpoint inhibitors, such as
nivolumab, pembrolizumab, and
atezolizumab

Serum cortisol and
adrenocorticotropic hormone
(ACTH) levels

Hydrocortisone

medication

Infancy

Endocrinologist

hiips irarediseases.info.nih,
govidiseases/5727/isolated-

h-deficiency

© 2023 Gold NB et al. JAMA Network Open.
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Endocrinology (95 genes)

Inheritance | On RUSP? | Prevalence - disease Age of Onset Disease symptoms. Orthogonal I yes, orthogonal test | Is orthogonal Intervention Category of Age of MDleading | Comments Linktoref 1 Linkto ref 2 Linkto ref3
(VIN) frequency per test? (YIN) test expected to [ Considered (Free
100,000 be abnormal in Tex)) Implementation
(Rx genes, if listed) infancy?
CcYP2781 Vitamin D-dependent rickets, type 1A endocrinology AR 03 infancy, early onset Hypotonia, initability, tetany or Serum calcium, parathyroid | N Vitamin D as medication Infancy, childhood | Endocrinologist hitps:/fwww.ncbi.nim.ni,
childhood seizures, and failure to thrive, typical hormone, 1,25-dihydroxy calcitriol govipme/articles/PMC730388
skeletal features of rickets (e.., frontal vitamin D levels 7
bossing, long-bone deformities, and rib
cage abnormalities) as well as
impaired growth, hypocalcemia,
hypophosphatemia, and elevated
serum levels of alkaline phosphatase
and parathyroid hormone
CYP2R1 Vitamin D-dependent rickets, type 18 endocrinology AR Infancy,earty childhood | Rickets, ovarian cancer, and multiple: ‘Serum calcium, parathyroid | N Calcifediol medication Infancy.childhood | Endocrinologist
sclerosis hormone, 25-hydroxy (25_0H_D3)
vitamin D levels
VDR Vitamin D-dependent rickets, type 2A endocrinology | AR Infancy, adolescence | Early onset of severe rickets and Serum calcium, parathyroid | N Calcitriol, oral medication Infancy. childhood | Endocrinologist htps://pubmed.ncbi.nim.nih
associated alopecia hormone, phosphate, 1,25- alcium, 0v/18711299/
dihydroxy vitamin D levels intravenous
calcium, cinacalcet
PHEX X-linked dominant hypophosphatemic rickets endocrinology  [XLD 5| nfancy, Childhood Rickets and osteomalacia, severe Serum phosphate N Burosumab medication Infancy. childhood | Endocrinologist htps:/irarediseases.info.nin
deformities of the lower limbs, bone tubular govidiseases/12943/xinked-
and muscular pain, stunted growth, & resorption of phosphate hypophosphatemia
reduced quality of life corrected for glomerular
filtration rate
SLC34A3 Hypophosphatemic rickets with hypercalciuia endocrinology | AR Early childhood Development of utinary phosphate (Pi) N Phosphate medication Childhood Endocrinologist hitps:/fwww.omim,
wasting and hypophosphatemic supplementation orglentry/241530
fickets, bowing, and short stature, as
well as appropriately elevated 1,25
(OH)2D levels
(ALPL Hypophosphatasia endocrinology AR 1[Early chidhood ‘Severely impaired bone mineralization, Alkaline phosphatase ¥ (it severe type) | Tissue-nonspecific | ERT Childhood Endocrinologist hitps/fvwwwe.ncbi_nim.nih
seizures, and hypercalcemia, to young alke Govipme/articles/PMC572621
adults with premature extoliation of phosphatase
their teeth without any other symptom, (TNSALP) enzyme
low ALP levels replacement
therapy - asfotase
alfa, avoid
GH1 Isolated growth hormone deficiency type 1A, type 18, type 2 | endocrinology |AD, AR Infancy to mid-childhood | Short stature, delayed growth velocity, Growth hormone stimulation Growth hormone | medication Infancy, childhood | Endocrinologist htps://medlineplus.
and delayed skeletal maturation govigenetics/conditionisolate
GHRHR Isolated growth hormone deficiency type 4 endocrinology  [AR Early childhood ‘Short stature, delayed growth velocity, Growth hormone stimulation Growth hormone | medication Childhood Endocrinologist itpsimedineplus.
and delayed skeletal maturation test govigenetics/condition/isolate
d-growth-hormone-deficiency/
RNPC3 RNPC3 associated growth hormone deficiency endocrinology | AR Mid-childhood - late. Severe isolated growth hormone Growth hormone stimulation Growth hormone | medication Childhood Endocrinologist
childhood deficiency and pituitary hypoplasia, test, insulin-like growth
severe postnatal growth retardation, factor, IGF binding protein-3
delay levels.

GHR Growth hormone receptor deficiency. endocrinology | AR Infancy, neonatal Idiopathic short stature (ISS) ‘Growth hormone stimulation | Probably Growth hormone | medication Infancy Endocrinologist hitps:/fwww.orpha,
neticonsorcai-
bin/Disease_Search php?
Ing=EN&data_id=3250&Dise
ase_Disease Search_diseas
€Type=ORPHA&Disease_Dis
ease_Search_diseaseGroup
=633&Disease(sYaroup%
200f%20diseases=Growth-
hormone-recepior-
deficiency&itle=Growth-
hormone-receptor-
deficiency&search=Disease
Search_Simple

1GFL Insulin-ike growth factor | deficiency endocrinology | AR Infancy, neonatal Growh failure, dysmorphic and 1GF-1 level and growth Probably Recombinant medication Infancy Endocrinologist htps:/irarediseases.info.ni.

metabolic abnormalities hormone level human IGF-1 govidiseases/10627/insulin-
ke-growth-factor-i-deficiency

GPR101 Growth hormone-secreting pituitary adenoma 2 endocrinology | XLD Infancy to adulthood | High expressionin the arcuate nucleus ‘Growth hormone, prolactin, Transsphenoidal | medication Infancy Endocrinologist htps:/iwww.orpha.

& the occurrence of increased IGF-1levels surgery, GH neticonsor/cai-

circulating GHRH levels in some receptor bin/Disease_Search php?

patients with XLAG, increased antagonist Ing=EN&data id=408&Disea

hypothalamic GHRH secretion, se_Disease_Search_disease

igantism Group=qpri01&Disease Dis
ease_Search_diseaseTyp:
Gen&Disease(sVaroup%
2001%
20d seases=Acromegaly&ite
=Acromegaly&search=Diseas
&_Search_Simple

IGFALS [ Acid-labile subunit deficiency endocrinology | AR Infancy, neonatal Severely reduced serum IGF-I and ‘Acid labile subunit level, Growth hormone | medication Infancy Endocrinologist hitps:/iwww.orpha.

IGFBP-3 concentrations that is IGF-1 and IGFBP-3 neticonsor/cai-bi/OC_Exp.
incongruent with the associated mild php?Ing=engExper=140941
rowth retardation.

PAPPAZ PAPPAZ associated short stature endociinology AR Earlyllate childhood ‘Short stature, Laron syndrome Free IGF1, PAPPAZ, IGF1, Recombinant medication Childhood, Endocrinologist hitps:/fwww.ncbi.im.nih

IGFBP3, IGFALS, stimulated human IGF-1 adulthood govipmdlariicles/PMC481875
GHlevels 3
POU1FL ‘Combined pituitary hormone deficiency 1 endocrinology | AD, AR 231 Eary childhood onsetto_| Organic etiology, H-P abnormaliies (n Growih hormone, thyroid- | Probably not Growth hormone, | medication Childhood, Endocrinologist
aduithooo particular pituitary stalk abnormalities, stimulating hormone, adulthood
emply sella and ectopic posterior prolactin levels
pituitary), midiine brain (corpus
callosum) and optic nerves
abnormalities, genetic defects and
longer duration of follow-up
PROP1 ‘Combined pituitary hormone deficiency 2 endociinology AR 231 Early childhood onsetto | Deficiencies of: growth hormone (GH): Growth hormone, thyroid- | N Growthhormone, | medication Childhood, Endocrinologist
aduithooo thyroid-stimulating hormone (TSH); stimulating hormone, vothyroxin adulthood
the two gonadotropins, luteinizing luteinizing hormone, follicle- hydrocortisone,
hormone (LH) & follicle-stimulating stimulating hormone, testosterone for
hormone (ESH); prolactin (PrL prolactin, adrenocorticotropic males, estrogen for
hormone levels females
LHX3 (Combined pituitary hormone deficiency 3 endociinology AR 231 Early childhood onsetto | Organic etiology, H-P abnormalities (in Growth hormone, thyroid- | Probably rowth hormone, | medication Childhood, Endocrinologist
aduithoood particular pituitary stalk abnormalities, stimulating hormone, levothyroxine, adulthood
ey sella and eclopic posteriar Iuteinizing hormone, folicle- hydrocortisone
callosum) and optic nerves ;:‘;ﬂ‘:ﬂ‘if"}gv}:";’"""e
abnormalities, genetic defects and
longer duration of follow-up

LHXa Combined pituitary hormone deficiency 4 endocrinology | AD 231 Early childhood onsetto | Oraanic etioloay, H-P abnormalities (in Growth hormone, thyroid- | Maybe Growth hormone, | medication Childhood, Endocrinologist

aduithoood particular pituitary stalk abnormalities, stimulating hormone, levothyroxine. aduithood
empty sella and ectopic posterior adrenocorticotropic hormone hydrocortisone
pituitary), midline brain (corpus levels
callosum) and optic nerves

HESXL Combined pituitary hormone deficiency 5 endocrinology | AD, AR 231 Earty childhood onsetto | Orqanic etiology, H-P abnormalies (in Growth hormone, thyroid- Growth hormone, | medication Childhood, Endocrinologist

aduithoood particular piitary stalk abnormalities, stimulating hormone, evothyroxine, aduithood
emply sella and ectopic posterior luteinizing hormone, follicle- hydrocortisone
ituitary), midiine brain (corpus simulating hormone,
callosum) and optic herves prolactin, adrenocorticotropic.
abnormalities, genetic defects and hormone levels
longer duration of follow-up

LEP Leptin deficiency endocrinology | AR Early childhood onset | Reduction in energy balance, body Leptin level Metreleptin medication Childhood Endocrinologist

weight, metabolism, & endocrine
funcion
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Endocrinology (95 genes)

Inheritance | On RUSP? | Prevalence - disease Age of Onset Disease symptoms. Orthogonal I yes, orthogonal test | Is orthogonal Intervention Category of Age of MDleading | Comments Linktoref 1 Linkto ref 2 Linkto ref3
(VIN) frequency per test? (YIN) test expected to [ Considered (Free
100,000 be abnormal in Text) Implementation
(Rx genes, if listed) infancy?
LEPR Leptin receptor deficiency endocrinology | AR N infancy Early-onset severe obesity. Setmelanotide medication Infancy Endocrinologist hitps://pubmed.ncbi.nim.nih
hyperphagia and pituitary hormone 0V/31658438/
deficiencies
GNAS GNAS associated Pseudohypoparathyroidism endocrinology | AD N 07|Neonatal to Albright hereditary osteodystrophy, Calcium, phosphate, Calcium, calcitiol, | medication Infancy Endocrinologist
resistance toward PTH, TSH, & parathyroid hormone, levothyroxine,
additional hormones. thyroid-stimulating hormone, growth hormone
growth hormone, IGF1,
|1GFBP3, methylation studies
FOXEL Bamforth-Lazarus syndrome endocrinology | AR N Prenatal, neonatal Congenital hypothyroidism (CH) with TSH, T4 Levolevothyroxine | medication Infancy Endocrinologist
thyroid dysaenesis (usually
athyreosis). cleft palate, spiky hair,
with or without choanal atresia, and
bifid epiglottis
SOX3 Xclinked panhypopituitarism endocrinology [ XLR N Infancy to aduthood Xdlinked mental retardation X-linked Growth hormone, Growth hormone, | medication Childhood, Endocrinologist htps:/irarediseases.info.nih
(variable) retardation and isolated growth levothyroxine, hydrocortisone levothyroxine, adulthood govidiseases/a14/bamforth-
hormone deficiency or X-linked hydrocortisone syndrome
Wrs1 Wolfram syndrome 1 endocrinology  [AD, AR N 0.87(per 100,000)  |Early childhood onset | Juvenile-onset diabetes melltus, Glucose tolerance test, Insulin, DDAVP, | medication Childhood Endocrinologist hitps:/irarediseases.org/rare-
See INS per RXGenes diabetes insipidus, oplic nerve hemoglobin ALC, insulin levothyroxine diseases/wolfram-syndrome/
atrophy, hearing loss, & level, glucose, TSH levels,
hearing test, eye exam
AAAS Achalasia-addisonianism-alacrimia _syndrome endocrinology | AR N Infancy o adulthood Esophageal achalasia, Hydrocortisone medication Infancy - aduthood | Endocrinologist iy i il
adrenocorticatropic hormone
nd alacrima hp?Expert=869&Ing=EN
AIRE Autoimmune polyendocrinopathy syndrome, type I, with or endocrinology [AD, AR N childhood to Prednisone, medication Childhood, Endocrinologist hitps:/irarediseases.org/rare-
without reversible metaphyseal dysplasia young adulthood candidiasis & Addison's disease prednisolone, Aduithood diseases/autoimmune-
azathioprine, 6- polyalandular-syndrome:type-
mercaptopurin v
mycophenolate
mofetil,rituximab,
oral swish/swallow
suspension of
amphotericin B,
calcium,
recombinant PTH,
cyclosporine
ophthalmic
solution, mTOR
inhibitor
PCSKL Obesity with Impaired prohormone processing endocinology | AR N 32.262| Early-onset chidhood | Obesty, earty-onset, diarthea, vilous. ‘Setmelanotide medication Childhood ‘Endocrinologist "itps:/Awwww.omim,
atrophy. hypoglycemia, impaired org/entry/600955
processing of proopiomelanocortin,
hypocortisolemia, increased plasma
proinsulin, decreased or normal
plasma insulin, increased plasma
progastrin, increased plasma
proglucagon
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Gastroenterology (14 genes)

Inheritance On RUSP? Prevalence - disease | Ageof Onset | Disease symptoms Orthogonal | If yes, orthogonal test ion Considered Category of Age of MD leading Comments. Linktoref1 | Linktoref2 | Linktoref3
(YIN) frequency per 100,000 test? (YIN) test expected (Free Text)
(Rx genes, if listed) o be abnormal Implementation
in infancy?
HSD3B7 Congenital bile acid synthesis defect type 1 gastroenterology AR N Infancy Cholestasis, Y urine (FAB-MS) ves cholic acid medication Infancy pediatric GI
malabsorption analysis
AKR1DL Congenttal bile acid synthesis defect type 2 gastioenterology |AR N Infancy Cholestasis, Y urine (FAB-MS) ves cholic acid medication Infancy pediatric GI
malabsorption analysis
CYP7B1 Congenital bile acid synthesis defect type 3 gastroenterology |AR N Infancy Cholestasis, N urine (FAB-MS) es cholic acid medication Infancy pediatric GI
malabsorption analysis
LARS1 LARS1 associated Infantile liver failure syndrome 1 gastroenterology | AR N Infancy Liver steatoss, N LFTs. liver biopsy ves leucine supplementation, | et Infancy pediatric metabolism
fibrosis increase protein intake medication
during iliness
TRMU Transient infantile liver failure gastroenterology |AR N Infancy Transient infantile N LFTs, lactate es NAC medication Infancy pediatric metabolism
liver failure
TP ‘Abetalipoproteinemia gastoenterology | AR N Infancy Poor weight gain, Y lipid panel, Ves low-fat diet, fat-soluble diet Infancy pediatric GI
malabsorption 2poB levels vitamins medication
IL10RA Inflammatory bowel disease 25 gastroenterology |AR N Infancy [Bloody diarrhea, Y flow cytometry [yes HSCT HSCT Infancy pediatric GI, peditric
rectal abscess heme/onc
IL10RB Inflammatory bowel disease 28 gastroenterology [AR N Infancy Bloody diarrhea, Y flow cytometry. yes HSCT HSCT Infancy pediatric G,
rectal abscess pediatric heme/onc
IL12RB1 Inflammatory bowel disease 25, early onset, autosomal recessive gastroenterology |AR N Infancy Diarrhea, inflammation flow cytometry yes. HSCT HSCT Infancy pediatric G,
pediatric heme/onc
SLC26A3 Congenital secretory chloride diarthea gastroenterology |AR N Infancy Watery diarrhea, Y fecal chioride content _|yes [omeprazole, chioride, medication Infancy pediatric GI
malabsorption sodium, potassium
SLCoA3 Congenital secretory sodium diarthea gastoenterology |AR N Infancy Watery diarrhea, v fecal sodium content _|yes sodium, bicarbonate medication Infancy pediatric GI
malabsorption
DGATL Diarrhea 7, protein-losing enteropathy type gastroenterology [AR N Infancy Diarrhea, v fecal alpha-1-antitrypsin ~ [yes low-fat diet diet Infancy pediatric GI
protein losing
enteropathy
GPIHBPL Glycosylphosphatidylinositol-anchored high-density fipoprotein- gastroenterology |AR N Infancy Fatmalabsorption,  |¥ triglyceride level Ves Volanesorsen, fat-restricted | diet infancy pediatric GI
binding protein 1 (GPIHBP1) deficiency pancreatits, diarhea et medication
SARI1B Chylomicron retention disease gastroenterology |AR N Infancy Fat malabsorption Y lipid panel [yes. low-fat diet. fat-soluble diet Infancy pediatric GI
vitamins medication
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Hematology (90 genes)

Inheritance | OnRUSP? [ Prevalence |  Ageof Onset Disease Orthogonal | Ifyes, Is Considered (Free | Category of Ageof MD leading Comments | Linktoref1 | Linktoref2 | Linktoref3
(YIN) -disease symptoms test? (YIN) tes test expected Text)
frequency to be abnormal Implementatio
per 100,000 ininfancy? n
(Rxgenes,
iflisted)
ALAS2 X-linked erythropoietic.protoporphyria hematology [ XLR Childhood Sideroblastic Y Complete blood pyridoxine, medication Chidhood Hematologist
anemia count, ferritin, late, procedure
bone marrow phiebotomy
aspiration, biospy
UROD Porphyria cutanea tarda hematology | AD 75[ Childhood/Adult Porphyria Y Urine porphyrins Phiebotomy medication Childhood Hematologist
chloroquine, procedure
hydroxychloroguine
ALAD Aminolevulinic acid dehydratase deficiency porphyria hematology  |AR Childhood Porphyria, anemia | Y Urine total Hemin ‘medication Chidhood Hematologist
porphyrins,
Dela-aminolevulnic
acid level
CPOX Coproporphyria hematology | AD Childhood Porphyria, anemia | Urinary total Hemin medication Childhood Hematologist
porphobilinogen,
coproporphyrin
FECH Erythropoietic protoporphyria 1 hematology  |AR 035 Childhood Porphyria Y Afamelanotide medication Childhood Hematologist
protoporphyrin
HMBS Acute intermittent porphyria hematology | AD ‘L4 Childhood/Adult Porphyria Y Erythrocyte Givosiran, medication Childhood Hematologist
porphobilinogen Hemin
deaminase
activity
PPOX Variegate porphyria hematology | AD 09| Childhood/Adult Porphyria Y Plasma, Hemin ‘medication Chidhood Hematologist
porphyrin
fluorescence
DNAJC21 Bone marrow failure syndrome 3 hematology  |AR 13[ childhood Neutropenia, N Oral pancreatic enzymes, fat- | medication Childhood Hematologist
pancytopenia, bone soluble vitamins, blood and/or | ransfusion
marrow failure platelet
wransfusions,  granulocyte-colony
stimulation
factor, Hematopoietic Stem
Cell Transplantation(HSCT), bone
marrow transplant
MYSML Bone marrow failure syndrome 4 hematology | AR Childhood Pancylopenia, Y WBC & RBC counts, Hematopoietic stem cell HSCT. Childhood Hematologist
bone marrow Immunoglobulin transplantation (HSCT), bone
failure level, T& B marrow transplant
Lymphocyte &
natual killer cell
profile
GATAL GATAL associated X-Linked Cytopenia hematology  |XLR 0.75 Childhood Anemia, Complete blood Corticosteroids, red blood cell ‘medication Chidhood Hematologist
thrombocytopenia, count with
leukemia reticulocyte stem cell transplantation, bone | HSCT
predisposition count, erythrocyte marrow transplant(HCST),
adenosine preventive measures for bleeding
deaminase (DDAVP)
activity, fetal
hemoglobin, bone
marrow aspiration
&biopsy
SAMDIL Ataxia-pancytopenia syndrome hematology  |AD Childhood Bone marrow Bone marrow Hematopoietic stem cel HSCT Chidhood Hematologist
failure, early onset biopsy, aspirate transplantation (HSCT), bone
myelodysplastic marrow transplant
syndrome
LysT Chediak-Higashi Syndrome hematology  |AR Childhood Recurrent pyogenic [ Y Peripheral blood Hematopoietic Stem Cell HSCT Chidhood Hematologist
infections, albinism, smear Transplantation (HSCT), bone
peripheral marrow transplant
neuropathy
SBDS ‘Shwachman-Diamond syndrome hematology | AR 13[ Childhood Neutropenia, Y Bone marrow Oral pancreatic enzymes/ ‘medication Chidhood Hematologist
pancytopenia, bone biopsy, aspirate, Fat-soluble vitamins/ wransfusion
marrow failure pancreatic function Blood and/or platelet HSCT
analysis wransfusions/
Granulocyte-colony stimulation
factor/ Hematopoietic Stem
Cell Transplantation(HSCT)
Bone Marrow Transplant
EFLL ‘Shwachman-Diamond syndrome 2 hematology | AR 13[ Childhood Neutropenia, Y Bone marrow Oral pancreatic enzymes, fat- | medication Childhood Hematologist
pancytopenia, bone biopsy/aspirate soluble vitamins, blood and/or | transfusion
marrow failure platet HSCT
wransfusions,  granulocyte-colony
stimulation
factor, Hematopoietic Stem
Cell Transplantation(HSCT), bone
marrow transplant
SRP54 SRPS54 associated Shwachman-Diamond syndrome hematology | AD 13[ childhood Neutropenia, Y Bone marrow Oral pancreatic enzymes, fat- Childhood Hematologist
pancytopenia, bone biopsy/aspirate soluble vitamins, blood and/or | ransfusion
marrow failure latelet
wransfusions,  granulocyte-colony
stimulation
factor, Hematopoietic Stem
Cell Transplantation(HSCT), bone
marrow transplant
FANCA Fanconi anemia, complementation group A hematology | AR 0.76| Childhood Pancytopenia,bone | MMC and/or DEB Hematopoiectic stem cell HSCT Childhood Hematologist
marrow failure, induced transplantation (HCST), bone
cancer chromosome marrow transplantation
predisposition breakage analysis
FANCB Fanconi anemia, complementation group B hematology  |AR 0.76 Childhood Pancytopenia,bone [V MMC and/or DEB Hematopoiectic stem cell HSCT Childhood Hematologist
marrow failure, induced transplantation (HCST), bone
cancer chromosome marrow transplantation
predisposition breakage analysis
FANCC Fanconi anemia, complementation group C hematology  |AR 0.76| Childhood Pancytopenia,bone | MMC and/or DEB Hematopoiectic stem cell HSCT Childhood Hematologist
marrow failure, induced transplantation (HCST), bone
chromosome marrow transplantation
predisposition breakage analysis
BRCA2 Fanconi anemia, complementation group D1 hematology  [AR 0.76 Childhood Pancytopenia,bone [ MMC and/or DEB Hematopoiectic stem cell HSCT Childhood Hematologist
marrow failure, induced transplantation (HCST), bone
cancer chromosome marrow transplantation
predisposition breakage analysis
FANCD2 Fanconi anemia, complementation group D2 hematology  |AR 0.76| Childhood Pancylopenia,bone [ MMC and/or DEB Hematopoiectic stem cell HSCT Chidhood Hematologist
marrow failure, induce transplantation (HCST), bone
cancer chromosome marrow transplantation
predisposition breakage analysis
FANCE Fanconi anemia, complementation group E hematology  |AR 0.76| Childhood Pancytopenia,bone | MMC and/or DEB Hematopoiectic stem cell HSCT Chidhood Hematologist
marrow failure, induced transplantation (HCST), bone
cancer chromosome marrow transplantation
predisposition breakage analysis
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FANCF Fanconi anemia, complementation group F hematology | AR 0.76| Childhood Pancytopenia,bone | MMC and/or DEB Hematopoiectic stem cell HSCT Chidhood Hematologist
marrow failure, induced transplantation (HCST), bone
chromosome marrow transplantation
predisposition breakage analysis
FANCG Fanconi anemia, complementation group G hematology | AR 0.76| Childhood Pancytopenia,bone | MMC and/or DEB Hematopoiectic stem cell HSCT Chidhood Hematologist
marrow failure, induced transplantation (HCST), bone
cancer chromosome marrow transplantation
predisposition breakage analysis
FANCI Fanconi anemia, complementation group | hematology  |AR 0.76| Childhood Pancytopenia,bone | MMC and/or DEB Hematopoiectic stem cell HSCT Childhood Hematologist
marrow failure, induced transplantation (HCST), bone
chromosome marrow transplantation
predisposition breakage analysis
BRIPL Fanconi anemia, complementation group J hematology  |AR 0.76| Childhood Pancytopenia,bone | MMC and/or DEB Hematopoiectic stem cell HSCT Chidhood Hematologist
marrow failure, induced transplantation (HCST), bone
cancer chromosome marrow transplantation
predisposition breakage analysis
FANCL Fanconi anemia, complementation group L hematology  |AR 0.76| Childhood Pancytopenia,bone | MMC and/or DEB Hematopoiectic stem cell HSCT Childhood Hematologist
marrow failure, induced transplantation (HCST), bone
chromosome marrow transplantation
predisposition breakage analysis
PALB2 Fanconi anemia, complementation group N hematology  |AR 187 Childhood Pancytopenia,bone [N Prophylactic mastectomy surgery Chidhood Hematologist
marrow failure,
cancer
predisposition
RAD51C Fanconi amenia, complementation group O hematology  |AR Childhood Pancytopenia,bone [N Childhood Hematologist
marrow failure,
predisposition
SLx4 Fanconi anemia, complementation group P’ hematology  |AR 0.76| Childhood Pancytopenia,bone | Y MMC and/or DEB Hematopoiectic stem cell HSCT Childhood Hematologist
marrow failure, induced transplantation (HCST), bone
cancer chromosome marrow transplantation
predisposition breakage analysis
ERCC4 Fanconi anemia, complementation group Q hematology  |AR 0.76| Childhood Pancytopenia,bone | MMC and/or DEB Hematopoiectic stem cell HSCT Chidhood Hematologist
marrow failure, induced transplantation (HCST), bone
cancer chromosome marrow transplantation
predisposition breakage analysis
BRCAL Fanconi anemia, complementation group S hematology  |AR 370[ Childhood Pancytopenia,bone [N p Childhood Hematologist
marrow failure, prophylactic oophorectomy, surgery
ncer chemoprevention
predisposition
UBE2T Fanconi anemia, complementation group T hematology  |AR 0.76| Childhood Pancytopenia,bone | MMC and/or DEB Hematopoiectic stem cell HSCT Chidhood Hematologist
marrow failure, induced transplantation (HCST, )bone
cancer chromosome marrow transplantation
predisposition breakage analysis
MAD2L2 Fanconi anemia, complementation group V' hematology  |AR 0.76| Childhood Pancytopenia,bone | Y MMC and/or DEB Hematopoiectic stem cell HSCT Childhood Hematologist
marrow failure, induced transplantation (HCST), bone
ncer chromosome marrow transplantation
predisposition breakage analysis
RFWD3 Fanconi anemia, complementation group W hematology  |AR 0.76| Childhood Pancytopenia,bone | MMC and/or DEB Hematopoiectic stem cell HSCT Chidhood Hematologist
marrow failure, induced transplantation (HCST), bone
cancer chromosome marrow transplantation
predisposition breakage analysis
RPS19 Diamond-Blackfan anemia 1 hematology | AD 0.75| Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell ‘medication Chidhood Hematologist
el unt tem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), bone | HSCT
craniofacial and count, erythrocyte marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemaglobin, bone
marrow
aspiration & biopsy
RPS24 Diamond-Blackfan anemia 3 hematology | AD 0.75( Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell ‘medication Childhood Hematologist
3 count Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemoglobin, bone
ow
aspiration & biopsy
RPS17 Diamond-Blackfan anemia 4 hematology | AD 0.75( Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell ‘medication Childhood Hematologist
anemia, count Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemoglobin, bone
arrow
aspiration & biopsy
RPL35A Diamond-Blackfan anemia 5 hematology | AD 0.75( Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell medication Childhood Hematologist
Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemoglobin, bone
marrow
aspiration & biopsy
RPLS Diamond-Blackfan anemia 6 hematology | AD 0.75 Childhood Hypoplastic N Complete blood Corticosteroids, red blood cell medication Childhood Hematologist
anemia, count Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemoglobin, bone
marrow
aspiration & biopsy
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RPL1L Diamond-Blackfan anemia 7 hematology | AD N 0.75( Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell medication Chidhood Hematologist
mia, Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deamvnase activity,
fetal
hemoglubm bone
ma
aspiration & biopsy
RPS7 Diamond-Blackfan anemia 8 hematology | AD N 0.75( Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell ‘medication Chidhood Hematologist
X transfusion, Hematopoietic Stem | ransfusion
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemaoglobin, bone
marrow
aspiration & biopsy
RPS10 Diamond-Blackfan anemia 9 hematology | AD N 0.75( Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell ‘medication Chidhood Hematologist
3 Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemaoglobin, bone
ow
aspiration & biopsy
RPS26 Diamond-Blackfan anemia 10 hematology  |AD N 0.75 Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell ‘medication Chidhood Hematologist
3 count Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deamlnase activity,
fetal
hemoglamn bone
aspiration & biopsy
RPL26 Diamond-Blackfan anemia 11 hematology | AD N 0.75( Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell ‘medication Chidhood Hematologist
3 Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemoglobin, bone
marrow
aspiration & biopsy
RPL15 Diamond-Blackfan anemia 12 hematology | AD N 0.75( Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell ‘medication Chidhood Hematologist
3 Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deamlnase activity,
fetal
hemoglobin, bone
ow
aspiration & biopsy
RPS29 Diamond-Blackfan anemia 13 hematology  |AD N 0.75 Childhood Hypoplastic Y Comp\ele blood Corticosteroids, red blood cell ‘medication Chidhood Hematologist
emia, Stem
reticulocytopenia, it reucu\ocyle Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemoglcbm bone
aspiration & biopsy
TSR2 Diamond-Blackfan anemia 14 with mandibulofacial dysostosis hematology  [XLR N 0.75[ Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell medication Childhood Hematologist
) Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemoglobin, bone
marrow
aspiration & biopsy
RPS28 Diamond Blackfan anemia 15 with mandibulofacial dysostosis hematology  |AD N 0.75( Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell Childhood Hematologist
nemia, Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemaoglobin, bone
marrow
aspiration & biopsy
RPL27 Diamond-Blackfan anemia 16 hematology | AD N 0.75( Childhood Hypoplastic Y Comp\ele blood Corticosteroids, red blood cell ‘medication Childhood Hematologist
emia, Stem
reticulocytopenia, i retlcu\ocyts Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemnglobm bone
asp\rallon & biopsy
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RPS27 Diamond-Blackfan anemia 17 hematology | AD 0.75 Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell medication Childhood Hematologist
anemia, count Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
etal
hemoglobin, bone
arrow
aspiration & biopsy
RPL18 Diamond-Blackfan anemia 18 hematology | AD 0.75 Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell medication Childhood Hematologist
transfusion, Hematopoietic Stem | ransfusion
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT),
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemoglobin, bone
rrow
aspiration & biopsy
RPL35 Diamond-Blackfan anemia 19 hematology  |AD 0.75 Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell medication Childhood Hematologist
3 Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemoglobin, bone
ow
aspiration & biopsy
RPSI15A Diamond-Blackfan anemia 20 hematology  |AD 0.75 Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell medication Childhood Hematologist
emia, count Stes
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemoglobin, bone
arrow
aspiration & biopsy
RPL31 RPL31 associated Diamond-Blackfan anemia hematology  |AD 0.75 Childhood Hypoplastic Y Complete blood Corticosteroids, red blood cell medication Childhood Hematologist
Stem
reticulocytopenia, with reticulocyte Cell Transplantation (HSCT), HSCT
craniofacial and count, erythrocyte bone marrow transplant
limb defects in adenosine
some patients deaminase activity,
fetal
hemoglobin, bone
marrow
aspiration & biopsy
G6PD Hemolytic anemia due to G6PD deficiency hematology  |XLD Childhood Variable anemia, |Y Functional testing of Nutritional restriction (oxidants), in | diet Childhood Hematologist
severe cases can G6PD activity several cases can consider transfusion
also an intermittent RBC transfusion, surgery
pyogenicinfections qualitative tests. splenectomy
due to neutrophil available, blood
dysfunction smear analysis
SLC19A1 Folate dependent megaloblastic anemia hematology  |AR Childhood Anemia Y Plasma amino acids Folic acid medication Childhood Hematologist
for homocysteine
and sarcosine levels
&urine
5-amino-4-
imidazolecarboxami
de riboside
SLC46A1 Hereditary folate malabsorption hematology | AR 1.72| Childhood Anemia Y CSF & serum folate 5 Childhood Hematologist
levels (5-formyITHF, folinic acid,
Leucovorin) or the active isomer of
5-formyITHF (Isovorin or
Fusilev) Parenteral (intra-
muscular) or high-dose oral
i3 Atransferrinemia hematology  |AR Childhood Anemia, Y Serum transferrin Red cell transfusions, ‘medication Childhood Hematologist
hemosiderosis level deferoxamine transfusion
SLC25A38 Pyridoxine-refractory sideroblastic anemia 2 hematology  |AR Childhood Anemia N Complete blood Bone marrow transplantation, HSCT Childhood Hematologist
count, Hematopoietic Stem Cell
ferritin, bone marrow Transplantation (HSCT)
aspiration and
biopsy
NBN Nijmegen breakage syndrome. hematology  |AR 1.72| Childhood Progressive N Hematopoietic stem cell HSCT Childhood Hematologist hitps:/www.ncbi.nim.nih.qov/books/NBK1176/
microcephaly, transplantation (HSCT) , bone
recurrent marrow transplant
sinopulmonary
infections
CBLIF Intrinsic factor deficiency hematology | AR Most frequent in Faiigue, weakness, |Y Vitamin B12 level ‘Cobalamin medication Childhood Hematologist hitps://www.nebinim.nih
adutts > 60 years old_|incontinence
RTEL1 Dyskeratosis congenita hematology | AR Childhood/Adult Pancytopenia, N Telomere length Hematopoietic stem cell HSCT Childhood Hematologist
bone marrow testing (flow transplantation (HSCT), bone
failure, pulmonary cytometry or other marrow transplant
fibrosis modalities)
TERC Dyskeratosis congenita, autosomal dominant 1 hematology | AD Childhood/Adult Pancytopenia, Y Telomere length Hematopoietic stem cell HSCT Childhood Hematologist
bone marrow testing (flow transplantation (HSCT), bone
failure, pulmonary cytometry or other marrow transplant
fibrosis modalities)
TINF2 Dyskeratosis congenita, autosomal dominant 3 hematology  |AD Childhood/Adult Pancytopenia, Y Telomere length Hematopoietic stem cell HSCT. Childhood Hematologist
bone marrow testing (flow transplantation (HSCT), bone
failure, pulmonary cytometry or other marrow transplant
fibrosis modalities)
DKC1. Dyskeratosis congenita, X-finked hematology [ XLR Childhood/Adult Pancylopenia, Y Telomere length Hematopoietic stem cell HSCT Childhood Hematologist
bone marrow testing (flow transplantation (HSCT), bone
failure, pulmonary cytometry or other marrow transplant
fibrosis modalities)
ELANE ELANE associated neutropenia 1 hematology  |AD Childhood Severe Y Complete blood lating Childhood Hematologist
neutropenia, count, bone factor (G-CSF), bone marrow HSCT
recurrent infections marrow aspiration & transplant (hematopoietic stem
biopsy cell ransplantation (HSCT))
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VPS45 Severe congenital neutropenia 5 hematology | AR Childhood Severe Y Complete blood Bone marrow transplant HSCT Chidhood Hematologist
neutropenia, count, bone (hematopoietic stem
recurrent marrow aspiration & cell transplantation (HSCT)
infections, biopsy
myelodyplastic
rome
predisposition
F8 Hemophilia A hematology | XLR 75| Childhood Bleeding Y Factor 8 level Factor 8 medication Childhood Hematologist
Fo Hemophilia B hematology | XLR 1.335[ Childhood Bleeding Y Factor 9 level Factor 9 medication Chidhood Hematologist
FI3AL Factor XIlIA deficiency hematology  |AR 0,065 Childhood Bleeding Y Factor XIll activity Tretten (coagulation Factor Xl | medication Childhood Hematologist
A-Subunit (Recombinant)), fresh- | transfusion
frozen plasma (FFP),
cryoprecipitate, or factor (F)XIlI
concentrates
F138 Factor XIIIB deficiency hematology  |AR 0,065 Childhood Bleeding Y Immunoglobulin Chidhood Hematologist
levels treatment
GGCX Combined deficiency of vitamin K-dependent clotting factors 1 hematology  |AR Childhood Bleeding Y Quantitation of Vitamin K medication Childhood Hematologist
vitamin K
dependent blood
coagulation factors
VKORC1 ‘Combined deficiency of vitamin K-dependent clotting factors 2 hematology  |AR Childhood Bleeding Y Quantitation of Vitamin K ‘medication Chidhood Hematologist
vitamin K
dependent blood
coagulation factors
FGA FGA associated afibrinogenemia hematology  |AR 0.1[ childhood Bleeding Y Fibrinogen activity & Fibrinogen concentrate transfusion Chidhood Hematologist
antigen levels
FGB FGB associate afibrinogenemia hematology  |AR 0.1[ childhood Bleeding Y Fibrinogen activity & Fibrinogen concentrate transfusion Chidhood Hematologist
antigen levels
FGG FGG associated afibrinogenemia hematology  |AR 0.1] childhood Bleeding Y Fibrinogen activity & Fibrinogen concentrate Chidhood Hematologist
antigen levels
HOXAL1, Radioulnar synostosis with amegakaryocytic thrombocytopenia 1 hematology | AD Childhood Thrombocytopenia, |Y Complete blood Hematopoietic stem cell HSCT Childhood Hematologist
bone marrow count, bone marrow transplantation (HSCT), bone
failure, aspiration marrow transplant
pancytopenia & biopsy
MECOM Radioulnar synostosis with amegakaryocytic thrombocytopenia 2 hematology | AD Childhood Thrombocytopenia, |Y Complete blood Hematopoietic stem cel HSCT Childhood Hematologist
bone marrow count, bone marrow transplantation (HSCT), bone
failure, aspiration marrow transplant
pancylopenia & biopsy
MPL Congenital amegakaryocytic thrombocytopenia hematology  |AR Childhood Thrombocytopenia, |Y Complete blood Hematopoietic stem cell HSCT Childhood Hematologist
bone marrow count, bone marrow transplantation (HSCT), bone
failure, aspiration marrow transplant
pancytopenia & biopsy
WDR1 Periodic fever, immunodeficiency, and thrombocytopenia syndrome hematology | AR Childhood Periodic fevers with [ ¥ Tand B Lymphocyte Hematopoietic stem cel HSCT Childhood Hematologist
immunodeficiency and Natural Killer transplantation (HSCT), bone
and low platelets Cell Profile/ marrow transplant
Peripheral smear
ADAMTS13 | Familial thrombotic thrombocytopenic purpura hematology  |AR Childhood/Adult Recurrent ADAMTS13 activity Plasma infusion or exchange ransfusion Childhood Hematologist
microangiopathy
with infections
AP3B1 Hermansky-Pudlak syndrome 2 hematology  |AR Childhood Bleeding, albinism, | Natural killer cell Hematopoietic Stem Cell medication Chidhood Hematologist
visual impairment activity/ Transplantation (HSCT), bone  |HSCT
Cytotoxic T marrow transplant, granulocyte-
lymphocyte colony stimulating
activity factor (G-CSF)
HFE Hemochromatosis type 1 hematology | AR 458.335| Adult Iron overload N Phiebotomy procedure Chidhood Hematologist
HIV Hemochromatosis, type 2A hematology | AR Childhood Iron overload Y Transferrin Therapeutic phlebotomy’ procedure Childhood Hematologist
saturation/
ferriin levels
HAMP Hemochromatosis, type 28 hematology | AR Adult Iron overload Y Transferrin Therapeutic phlebotomy’ procedure Childhood Hematologist
ferritn levels
TFR2 Hemochromatosis, type 3 hematology | AR Adult Iron overload Y Transferrin Therapeutic phlebotomy’ procedure Childhood Hematologist
saturation/
ferriin levels
SLC40AL Hemochromatosis, type 4 hematology | AD Adult ron overload Y Transferrin Therapeutic phlebotomy’ procedure Childhood Hematologist
ferritn levels
HBAL Alpha-thalassemia hematology | AR 5.05| Childhood Anemia Y Complete blood Rarely (HbH disease/ Bart's ransfusion Childhood Hematologist
count, qualitative Hydrops), red cell transfusions,
and quantitative bone marrow transplantation
hemoglobin analysis (Hematopoietic Stem Cell
Transplantation (HSCT)
HBA2 Alpha-thalassemia hematology | AR 5,05 Childhood Anemia Y Complete blood Rarely (HbH disease/ Bart's ransfusion Childhood Hematologist
count, qualitative Hydrops), red cell transfusions,
and quantitative bone marrow
hemaoglobin analysis Transplantation (Hematopoietic
Stem Cell Transplantation (HSCT)
PIK3CA PIK3CA related overgrowth spectrum hematology | AD Childhood Regional N Alpelisib, miransertib ‘medication Childhood Hematologist (Oncology
overgrowth, atsome centers)
vascular anomalies
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(YIN) frequency per 100,000 symptoms test? (YIN) | orthogonal test expected to be Text)
(Rx genes, if listed) abnormal in infancy? Implementation

COROIA Immunodeficiency 8 immunology [ AR 17 recurrent Y TandB Hematopoietic stem cell HSCT
infections Lymphocyte and transplantation (HSCT) - bone

Natural Killer Cell marrow transplant
Profie

ORAIL Immunodeficiency 9 immunology | AR 17 recurrent Y T cellproliferation [Y Hematopoetic stem cell HSCT
infections assay transplantation (HSCT) - bone

marrow transplant

STIML Immunodeficiency 10 immunology | AR 17 recurrent N NA Y Hematopoietic stem cell HSCT
infections transplantation (HSCT) - bone

marrow transplant

MALT1 Immunodeficiency 12 immunology | AR ulrarare recurrent N T cellproliferation |Y prophalactic antibiotics, replacement | medication
infections treatment, Bon ransfusion

marrow transplant (hematopoietic | HSCT
stem cell transplantation (HSCT))

PIK3CD Immunodeficiency 14 immunology | AD, AR 04) recurrent Y immunoglobuiin [N Replacement immunoglobulin medication
infections, levels, T and B treatment, rapamycin, leniolisib, transfusion
lymphoproliferat Lymphocyte and Bone marrow transplant HSCT
ion Natural Killer Cell (hematopoietic stem cell

Profie transplantation (HSCT)) - treatment
for AR and AD forms differ

IKBKB Immunodeficiency 15, 158 immunology | AR ultrarare recurrent Y Treg, Hematopoietic stem cell HsCT
infections gammaldelta T transplantation (HSCT) - bone

cells marrow transplant

CD3E Immunodeficiency 18 immunology | AR 17 recurrent Y TandB Y Hematopoietic stem cell HSCT
infections Lymphocyte and transplantation (HSCT) - bone

Natural Killer Cell marrow transplant
Profie

5 19 immunology | AR 17 recurrent Y TandB Y Hematopoietic stem cell HSCT

infections Lymphocyte and transplantation (HSCT) - bone
Natural Killer Cell marrow transplant
Profie

GATA2 Immunodeficiency 21 immunology | AD unk recurrent N NA N Hematopoietic stem cell HSCT
infections, transplantation (HSCT) - bone
mielodysplasia marrow transplant

LK Immunodeficiency 22 immunology  |AR 172] recurrent N TandB v Hematopoietic stem cell HSCT
infections Lymphocyte and transplantation (HSCT) - bone

Natural Killer Cell marrow transplant
Profie

PGM3. Immunodeficiency 23 immunology | AR 172 recurrent TandB Y immunoglobulin replacement, ransfusion

infections, atopy Lymphocyte and Hematopoietic stem cell HSCT
Natural Killer Cell transplantation (HSCT) - bone
Profie marrow transplant

CTPS1 Immunodeficiency 24 immunology | AR Ulrarare recurrent Y TandB Y Hematopoietic stem cell HSCT
infections, Lymphocyte and HSCT) - bone
autoimmunity Natural Killer Cell marrow transplant

Profie

CD247 Immunodeficiency 25 immunology | AR 172] recurrent Y TandB Y Hematopoietic stem cell HSCT

infections Lymphocyte and transplantation (HSCT) - bone
Natural Killer Cell marrow transplant
Profie

PRKDC Immunodeficiency 26 immunology | AR 172] recurrent N TandB v Hematopoietic stem cell HSCT

infections Lymphocyte and transplantation (HSCT) - bone
Natural Killer Cell marrow transplant
Profie

IFNGR2 Immunodeficiency 27A immunology | AR ulrarare recurrent Y flow cytometric  |Y Hematopoietic stem cell HSCT
infections analysis transplantation (HSCT) - bone

marrow transplant

IFNGRL Immunodeficiency 278 immunology | AD, AR Ulrarare recurrent Y flow cytometric | Y Hematopoietic stem cell HSCT
infections analysis transplantation (HSCT) - bone

marrow transplant

IL17RA Immunodeficiency 30 immunology | AR ulrarare recurrent Y flow cytometric |Y Hematopoietic stem cell HSCT
infections analysis transplantation (HSCT) - bone

marrow transplant

STATIGOF Immunodeficiency 318 immunology | AR recurrent Y NA N Bone marrow transplant medication
infections (hematopoietic stem cell HSCT

transplantation (HSCT)), Ruxolitinib

IRF8 Immunodeficiency 328 immunology | AR ulrarare recurrent Y Monocyteand Y Bone marrow transplant HSCT
infections dentritic cell (hematopoietic stem cell

quantitation transplantation (HSCT)), Ruxolitinib

VK2 Immunodeficiency 35 immunology | AR Ulrarare recurrent Hematopoietic stem cell HSCT
infections transplantation (HSCT) - bone

marrow transplant

IL2RA. 41 with and immunology | AR ulrarare recurrent Y flow cytometric  |Y Rapamycin, hematopoietic stem cell | medication
infections analysis transplantation (HSCT) - bone

marrow transplant

ZAP70 Immunodeficiency 48 immunology | AR 17 recurrent Y TandB Hematopoietic stem cell HSCT
infections Lymphocyte and transplantation (HSCT) - bone

Natural Killer Cell marrow transplant
Profile

RELB Immunodeficiency 53 immunology | AR unk recurrent Y TandB Y Hematopoietic stem cell wransfusion

infections Lymphocyte and CT) - bone HSCT
Natural Killer Cell marrow transplant, immunoglobulin
Profie replacement

[ Immunodeficiency 54 immunology | AR unk recurrent Y serum cortisol |V Hydrocortisone medication
infections and

adrenocorticotrop
ic hormone
(ACTH) levels, T

nd B
Lymphocyte and
Natural Killer Cell
Profile

IL21R Immunodeficiency 56 immunology | AR unk recurrent Y immunoglobuin | Bone marrow transplant HSCT
infections levels (hematopoietic stem cell

transplantation (HSCT)

IL2RB 63 with and immunology | AR unk recurrent Y flow cytometry  |Y Hematopoietic stem cell HSCT
infections transplantation (HSCT) - bone

marrow transplant

RASGRPL Immunodeficiency 64 immunology | AR unk recurrent Y Tand B Lymphocy [Y Bone marrow transplant HSCT
infections, (hematopoietic stem cell
malignancy transplantation (HSCT)

CD40LG X-linked immunodeficiency with hyper-IgM type 1 immunology | XLR o] recurrent Y immunoglobuiin  [Y Hematopoietic Stem Cell medication
infections levels, flow Transplantation (HSCT) Bone

cytometric marrow transplant. Prophylaxis for  [HSCT
analysis pneumonia secondary to

Pneumocystis jiroveci.

immunoglobulin replacement
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AICDA Immunodeficiency with hyper-IgM, type 2 immunology | AR unk recurrent Y immunoglobufin |y replacementimmunoglobulin ransfusion
infections levels treatment
CD40 Immunodeficiency with hyper-IgM, type 3 immunology | AR unk recurrent Y immunoglobuin [ Bone marrow transplant HSCT
infections levels, flo (hematopoietic stem cell
cytometric transplantation (HSCT))
analysis
UNG Immunodeficiency with hyper IgM, type 5 immunology | AR unk recurrent Y immunoglobuiin [y immunoglobulin replacement transfusion
infections levels
DNMT38] bility-facial anomalies syndrome 1 immunology | AR unk recurrent Y immunoglobuiin | replacement immunoglobulin ransfusion
infections 1 treatment, Bone marrow transplant | HSCT
cytogenetic (hematopoietic stem cell
analysis for (HSCT))
centromeric
instability, DNA
methylation
studies
7BTB24. bility-facial anomalies syndrome 2 immunology | AR unk recurrent Y immunoglobuiin | replacement immunoglobulin wansfusion
infections 1 treatment, Bone marrow transplant | HSCT
cytogenetic (hematopoietic stem cell
analysis for transplantation (HSCT))
centromeric
instability, DNA
methylation
studies
CDCA7 bility-facial anomalies syndrome 3 immunology | AR unk recurrent Y immunoglobuin | replacement immunoglobulin wansfusion
infections, facial treatment, Bone marrow transplant | HSCT
anomalie cytogenetic (hematopoietic stem cell
analysis for transplantation (HSCT))
centromeric
instability, DNA
methylation
studies
HELLS bility-facial anomalies syndrome 4 immunology | AR unk recurrent N immunoglobulin  [Y replacement immunoglobulin wansfusion
infections, facial vels, treatment, Bone marrow transplant | HSCT
anomalies cytogenetic (hematopoietic stem cell
analysis for transplantation (HSCT))
centromeric
instability, DNA
methylation
studies
DCLREIC Omenn combined hab ype immunology | AR unk recurrent Y TandB Y Hematopoietic stem cell ransfusion
infections Lymphocyte and transplantation (HSCT) - bone HSCT
Natural Killer Cell marrow transplant
Profie
FOXN1 T-cell immunodeficiency with congenital alopecia and nail dystrophy immunology | AR, AD unk recurrent Y TandB v thymus transplantation or
infections, Lymphocyte and
alopecia, nail Natural Killer Cell
distrophy Profie
LAMTOR2 MAPBP-interacting protein associated immunodeficiency immunology | AR unk recurrent N complete blood [V Granulocyte colony-stimulating medication
infections count, bone factor (G-CSF)
marrow
aspiration and
iopsy,
immunoglobuiin
level
= LIG1 associated immunodeficiency immunology | AR unk recurrent Y immunoglobuiin | replacement immunoglobulin ransfusion
infections levels, T and B treatment, Bone marrow transplant | HSCT
Lymphocyte and (hematopoietic stem cell
Natural Killer Cell transplantation (HSCT))
Profile, complete
blood count
MAGT1 X-linked Immunodeficiency with magnesium defect, Epstein-Barr virus infecti | immunology | XLR unk recurrent N immunoglobuiin | ‘magnesium, Bone marrow medication
infections levels, T and B transplant (hematopoetic stem cell | transfusion
Lymphocyte and transplantation (HSCT)), HSCT
Natural Killer Cell replacement immunoglobulin
Profile, treatment
Carbohydrate
leficient
gycosylation
profile
MAP3K14 MAP3K14 associated immunodeficiency immunology | AR unk recurrent N immunoglobuin [ Y Bone marrow transplant HSCT
infections levels, T and B (hematopoetic stem cell
Lymphocyte and transplantation (HSCT))
Natural Killer Cell
ofile
MTHFDL Combined immunodeficiency and megaloblastic anemia with o without hype | immunology | AR 17 recurrent Y TandB hydroxocobalamin, folinic acid and | medication
infections Lymphocyte and betaine
Natural Killer Cell
Profile, complete
blood count with
MCV, plasma
homocysteine
and
acid levels, CSF
5_methyltetrahyd
rofolate level
NFE2L2 NRF2 delay, and hypohomo | immunology | AD unk recurrent NA
infections
NFKBIA Ectodermal dysplasia and immunodeficiency 2 immunology | AD [E recurrent N NA Hematopoietic stem cell HSCT
infections transplantation (HSCT) - bone
marrow transplant
RAG2 RAG2 associated T cell-negative, B cell-negative, severe combined immunod | immunology | AR 172] recurrent Y TandB N Hematopoietic stem cell HSCT
infections Lymphocyte and transplantation (HSCT) - bone
Natural Killer Cell marrow transplant
Profile
SP110 Hepatic venoocclusive disease with immunodeficiency immunology | AR 17 recurrent TandB Y Hematopoietic stem cell ransfusion
infections, VODI Lymphocyte and transplantation (HSCT) - bone HSCT
Natural Killer Cell marrow transplant, immunoglobulin
Profile, replacement
immunoglobuiin
levels
STATSB Growth hormone insensitivity with immunodeficiency immunology | AR ulrarare recurrent
infections
STK4 STK4 associated T-cell recurrentinfections, immunology | AR unk recurrent Y TandB v Bone marrow transplant HSCT
infections Lymphocyte and (hematopoietic stem cell
Natural Killer Cell transplantation (HSCT))
Profie
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TRNTL Sideroblastic anemia with B-cell immunodeficiency, periodic fevers, and deve | immunology ~ |AR N unk recurrent N immunoglobulin ~ [Y Bone marrow transplant transfusion
infections levels, T and B (hematopoietic stem cell HSCT
Lymphocyte and transplantation (HSCT)),
Natural Killer Cell replacement immunoglobulin
Profie treatment
TTC7A defects and syndrome immunology | AR N 17 recurrent Y TandB Y leflunomide, immunoglobulin medication
infections, Lymphocyte and replacement, hematopoietic stem | wansfusion
intestinal atresia Natural Killer Cell celltransplantation (HSCT) -bone  |HSCT
Profile, marrow transplant
immunoglobuiin
levels
CARDIL B-cell expansion with NKFB and T-cell anergy/immunodeficiency 118 with at | immunology | AD N unk recurrent Y complete blood replacement immunoglobulin ransfusion
infections count, treatment, Bone marrow transplant | HSCT
immunoglobuiin (hematopoietic stem cell
levels transplantation (HSCT))
cuBN Imerslund-Grasbeck syndrome 1 immunology | AR N unk recurrent Y vitamin B12 level cobalamin medication
infections
AMN Imerslund-Grasbeck syndrome 2 immunology | AR N unk recurrent Y vitamin B12 level cobalamin medication
infections
1GHM Agammaglobulinemia 1 immunology | AR N 05| recurrent Y immunoglobuiin | replacement immunoglobulin wansfusion
infections levels, Tand B treatment, Bone marrow transplant | HSCT
Lymphocyte and (hematopoietic stem cell
Natural Killer Cell transplantation (HSCT))
Profie
1GLLL Agammaglobulinemia 2 immunology | AR N 05| recurrent Y immunoglobuiin replacement immunoglobulin wransfusion
infections levels, T and B treatment
Lymphocyte and
Natural Killer Cell
Profie
CD79A Agammaglobulinemia 3 immunology | AR N 05| recurrent Y immunoglobuiin replacement immunoglobulin wransfusion
infections levels, T and B treatment
Lymphocyte and
Natural Killer Cell
Profie
BLNK Agammaglobulinemia 4 immunology | AR N 0.75] recurrent Y immunoglobuin | replacement immunoglobulin ransfusion
infections levels, T and B treatment
Lymphocyte and
Natural Killer Cell
Profile, complete
biood count
cD79B Agammaglobulinemia 6 immunology | AR N 0.75| recurrent Y immunoglobuiin replacement immunoglobulin ransfusion
infections levels, T and B nt
Lymphocyte and
Natural Killer Cell
Profie
PIK3RL Agammaglobulinemia 7 immunology | AD, AR N 0.75| recurrent Y immunoglobuiin | . Bone [HSCT
infections, levels, T and B marrow transplantation
lymphproliferati Lymphocyte Hematopoietic Stem Cell
on Transplantation (HSCT)
TCF3 Agammaglobulinemia 8 immunology | AD, AR N 0.75| recurrent Y immunoglobuiin replacement immunoglobulin ransfusion
infections levels, T and B treatment
Lymphocyte and
Natural Killer Cell
Profie
BTK X-linked agammaglobulinemia immunology | XR N 0.75| recurrent Y immunoglobuin | replacement immunoglobulin ransfusion
infections levels, T and B treatmentHematopoietic Stem Cell |HSCT
Lymphocyte and Transplantation (HSCT)
Natural Killer Cell
Profile, complete
blood count
CIQA C1QAassociated C1q deficiency immunology | AR N unk recurrent N classical pathway [Y Plasma infusion or exchange, Bone | ransfusion
infections and alternative marrow transplantation
pathway of the Hematopoietic Stem Cell
complement Transplantation (HSCT)
system functional
activity tests
c108 C1QB associated C1q deficiency immunology | AR N unk recurrent Y classical pathway [Y Plasma infusion or exchange, Bone | ransfusion
infections and alternative marrow transplantation HSCT
pathway of the Hematopoietic Stem Cell
complement Transplantation (HSCT)
system functional
activity tests
ciqe C1QC associated C1q deficiency immunology | AR N unk recurrent Y classical pathway [Y Plasma infusion or exchange, Bone | ransfusion
infections and alternative marrow transplantation HSCT
pathway of the Hematopoietic Stem Cell
complement Transplantation (HSCT)
system functional
activity tests
c2 C2 deficiency immunology | AR N 5| recurrent N classical pathway [Y preumococcal, meningococcal, vaccination
infections and alternative haemophilus influenzae vaccines
pathway of the
complement
system functional
activity tests
c3 C3 deficiency immunology | AR N 02 recurrent Y classical pathway [Y peumococcal, meningococcal, vaccination
infections and alternative haemophilus influenzae vaccines
pathway of the
complement
system functional
activity tests
cs C5 deficiency immunology | AR N unk recurrent N classical pathway [Y peumococcal, meningococcal, vaccination
infections and alternative haemophilus influenzae vaccines
pathway of the
complement
system functional
activity tests
=3 C6 deficiency immunology | AR N unk recurrent Y classical pathway [Y peumococcal, meningococcal, Vaccination
infections and alternative haemophilus influenzae vaccines
pathway of the
complement
system functional
activity tests
c7 C7 deficiency immunology | AR N unk recurrent Y classical pathway |Y preumococcal, meningococcal, vaccination
infections and alternative haemophilus influenzae vaccines
pathway of the
complement
system functional
activity tests
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caa C8 deficiency, type | immunology  [AR N unk recurrent N classical pathway [Y peumococcal, meningococcal, vaccination
infections and alternative haemophilus influenzae vaccines
pathway of the
complement
system functional
activity tests

css C8 deficiency, type Il immunology | AR N unk recurrent Y classical pathway [Y peumococcal, meningococcal, Vaccination
infections and alternative haemophilus influenzae vaccines

pathway of the
complement
system functional
activity tests

co C9 deficiency immunology | AR N unk recurrent Y classical pathway |Y peumococcal, meningococcal, vaccination
infections and alternative haemophilus influenzae vaccines

pathway of the
complement
system functional
activity tests

icos Common variable immune deficiency 1 immunology | AR N 04 recurrent Y immunoglobuiin [ replacement immunoglobulin transfusion
infections levels treatment, Bone marrow transplant | HSCT

(hematopoietic stem cell
transplantation (HSCT))

TNFRSFI3B | Common variable immune deficiency 2 immunology | AD N 04 recurrent N immunoglobulin [N teplacement immunoglobulin ransfusion
infections levels treatment

cD19 ‘Common variable immune deficiency 3 immunology | AR N 04 recurrent Y immunoglobulin |y replacement immunoglobulin ransfusion
infections levels treatment

TNFRSF13C | Common variable immune deficiency 4 immunology | AR N 04 recurrent Y immunoglobuiin replacement immunoglobulin ransfusion
infections levels treatment

MS4AL ‘Common variable immune deficiency 5 immunology | AR N 04 recurrent Y immunoglobuiin Teplacement immunoglobulin ransfusion
infections levels treatment

cD8L ‘Common variable immune deficiency 6 immunology | AR N 04 recurrent N immunoglobuiin Teplacement immunogiobulin ransfusion
infections levels treatment

CR2 ‘Common variable immune deficiency 7 immunology | AR N o4 recurrent N replacement immunoglobulin ransfusion
infections levels treatment

LRBA Common variable immune deficiency 8 immunology | AR N 04 recurrent Y immunoglobuiin | Abatacept, Bone marrow transplant | medication
infections levels (hematopoietic stem cell

transplantation (HSCT))

NFKB2 ‘Common variable immune deficiency 10 immunology | AD N 04) recurrent Y immunoglobuiin replacement immunoglobulin medication
infections, levels treatment, cortisol transfusion
autoimmunity

21 Common variable immune deficiency 11 immunology N 04) recurrent Y immunoglobufin |y replacement immunoglobulin ransfusion
infections levels treatment

NFKB1 Common variable immune deficiency 12 immunology AD N 04) recurrent Y immunoglobufin N replacement immunoglobulin ransfusion
infections levels treatment

IKZFL ‘Common variable immune deficiency 13 immunology | AD N 04) recurrent Y immunoglobuiin | replacement immunoglobulin wansfusion
infections levels treatment, Bone marrow transplant

(hematopoietic stem cell
transplantation (HSCT))

IRF2BP2 ‘Common variable immune deficiency 14 immunology | AD N 04 recurrent Y immunoglobulin |y replacement immunoglobulin ransfusion
infections levels treatment

K Lymphoproliferative syndrome 1 immunology | AR N 05| recurrent Y immunoglobuiin | Bone marrow transplant HSCT
infections levels, T and B (hematopoetic stem cell

Lymphocyte and transplantation (HSCT))
Natural Killer Cell
Profie

cp27 Lymphoproliferative syndrome 2 immunology | AR N unk recurrent N immunoglobulin  [Y replacement immunoglobulin medication

infections levels treatment, rituximab, Bone marrow | ransfusion
transplant (hematopoietic stem cell | HSCT
transplantation (HSCT))

co70 Lymphoproliferative syndrome 3 immunology | AR N Ulrarare recurrent Y immunoglobuiin | Bone marrow transplant HSCT
infections levels, T and B (hematopoetic stem cell

Lymphocyte and transplantation (HSCT))
Natural Killer Cell
Profie

PRKCD Autoimmune lymphoproliferative syndrome, type i immunology | AR N Ulrarare recurrent N NA v Tituximab, ofatumumab medication
infections

CTLA4 Autoimmune lymphoproliferative syndrome, type V immunology | AD N ulrarare recurrent Y immunoglobulin [N Abatacept, Bone marrow transplant | medication
infections, levels, T and B (hematopoietic stem cell
autoimmunity Lymphocyte and transplantation (HSCT))

Natural Killer Cell
Profie

SH2D1A X-linked lymphoproliferative syndrome 1 immunology | XR N 01 recurrent Y Y Emapalumab, Hematopoietic stem | medication
infections Killer T-cell cell transplantation (HSCT) - bone

quantiation marrow transplant

XIAP X-linked lymphoproliferative syndrome 2 immunology | XR N o1 recurrent N invariant natural | Y IL188P, medication
infections killer T-cell Hematopoietic stem cell

quantiation transplantation (HSCT) - bone
marrow transplant

CFHRL CFHR1 associated susceptibility to atypical hemolytic uremic syndrome immunology | AD, AR N 02 N NA Eculizumab, Ravulizumab, Plasma | medication

infusion or exchange ransfusion

CD46 Susceptibility to atypical hemolytic uremic syndrome 2 immunology | AD, AR N 02 N NA Eculizumab, Ravulizumab, Plasma | medication

infusion or exchange ransfusion

THBD Susceptibility to atypical hemolytic uremic syndrome 6 immunology | AD N 02 N NA Eculizumab, Ravulizumab, Plasma | medication

infusion or exchange ransfusion
cFB Complement factor B deficiency immunology | AD N 02| N NA Eculizumab, Ravulizumab, Plasma | medication
infusion or exchange ransfusion

CFD Complement factor D deficiency immunology | AR N unk Y classical pathway [Y pneumococcal, meningococcal, vaccination

and alternative haemophilus influenzae vaccines
pathway of the

complement

system functional

activity tests

CFH Complement factor H deficiency immunology | AD, AR N 02 N NA Eculizumab, Ravulizumab, Plasma | medication

infusion or exchange ransfusion

CFl ‘Complement factor | deficiency immunology | AD N 02| recurrent N NA Eculizumab, Ravulizumab, Plasma | medication
infections infusion or exchange ransfusion

CITA Bare lymphocyte syndrome, type II, complementation group A immunology | AR N 17 recurrent Y flow cytometric — [Y Hematopoietic stem cell HSCT
infections analysis of HLA- transplantation (HSCT) - bone

DR expression marrow transplant
onmonocytes
and B cells

RFX5 Bare lymphocyte syndrome, type II, complementation group C and group E | immunology | AR N 17 recurrent Y flow cytometric —[Y Hematopoietic stem cell HSCT

infections analysis of HLA- transplantation (HSCT) - bone
DR expression marrow transplant
onmonocytes
and B cells
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RFXAP Bare lymphocyte syndrome, type Il, complementation group D immunology  [AR N 172 recurrent fiow cytometric Y Hematopoietic stem cell HSCT
infections analysis of HLA- transplantation (HSCT) - bone
DR expression marrow transplant
on monocytes
and B cells
COL7AL Epidermolysis bullosa immunology  [AR N unk recurrent
infections

KRT14 Epidermolysis bullosa immunology | AD N unk

KRTS Epidermolysis bullosa immunology | AD N unk

GFIL Severe congenital neutropenia 2 immunology | AD N unk complete blood |V granulocyte colony-stimulating factor | medication
count (G-CSF), Bone marrow transplant  |HSCT

(hematopoetic stem cell
transplantation (HSCT)

HAXL Severe congenital neutropenia 3 immunology  [AR N unk complete blood | Y granulocyte colony-stimulating factor | medication
count, bone (G-CSF), Bone marrow transplant  |HSCT
marrow (hematopoietic stem cell
aspiration and (HSCT))
biopsy

G6PC3 Severe congenital neutropenia 4 immunology | AR N 004 complete blood |V granulocyte colony-stimulating factor | medication
count, bone (G-CSF), Bone marrow transplant
marrow (hematopoietic stem cell
aspiration and transplantation (HSCT))
biopsy

JAGNL Severe congenital neutropenia 6 immunology | AR N unk recurrent complete blood |V granulocyte colony-stimulating factor | medication

infections count, bone (G-CSF), Bone marrow transplant  |HSCT
marrow (hematopoietic stem cell
aspiration and transplantation (HSCT))
biopsy
CSFaR Severe congenital neutropenia 7 immunology | AR N unk recurrent complete blood |V Neutropenia does not respond to_ | medication
infections count, bone granulocyte-colony stimulating factor
marrow (G-CSF), but does respond to
aspiration and ranulocyte-macrophage colony-
biopsy stimulating factor (GM-CSF)

CYBA CYBA associated chronic granulomatous disease immunology [ AR N 0,675 recurrent dihydrorhodamin  [Y Antibacterial prophylaxis, antifungal | medication

infections eassay prophalaxis, Interferor
Hematopoietic stem cell
transplantation (HSCT) - bone
marrow transplant, ACTIMMUNE

CYBB X-linked chronic granulomatous disease immunology [ XR N 0,675 recurrent dinydrorhodamin  [Y Antibacterial prophylaxis, antifungal | medication

infections prophalaxis, Interferon gamma, HSCT
Hematopoietic stem cell
transplantation (HSCT) - bone
marrow transplant
CYBCL CYBC1 associated chronic granulomatous disease immunology | AR N 0675 recurrent dinydrorhodamin | Y Bone marrow transplant HSCT
infections (hematopoetic stem cell
transplantation (HSCT))
NCFL NCF1 associated chronic granulomatous disease immunology | AR N 0,675) recurrent dinydrorhodamin | Antibacterial prophylaxis, antifungal | medication
infections prophalaxis, Interferon gamma, HSCT
Hematopoietic stem cell
wransplantation (HSCT) - bone
marrow transplant, ACTIMMUNE
NCF2 NCF2 associated chronic granulomatous disease immunology [ AR N 0,675 recurrent dihydrorhodamin  [Y Antibacterial prophylaxis, antifungal | medication
infections laxis, Interferon gamma, HSCT
Hematopoietic stem cell
wransplantation (HSCT) - bone
marrow transplant, ACTIMMUNE
NCF4 NCF4 associated chronic granulomatous disease immunology [ AR N 0,675 recurrent v Antibacterial prophylaxis, antifungal | medication
infections prophalaxis, Interferon gamma,
Hematopoietic stem cell
wransplantation (HSCT) - bone
marrow transplant, ACTIMMUNE
DOCK2 DOCK2 defeciency immunology [ AR N 172 recurrent TandB v Hematopoietic stem cell HSCT
infections Lymphocyte and transplantation (HSCT) - bone
Natural Kiler Cell marrow transplant
Profile
DOCK8 DOCKS deficiency immunology | AR N 172] recurrent serum IgE levels, |V Hematopoietic stem cell HSCT
infections TandB transplantation (HSCT) - bone
Lymphocyte and marrow transplant
Natural Kiler Cell
Profile
1TGB2 Leukocyte adhesion deficiency, type | immunology | AR N 1} recurrent neutrophil Y Bone marrow transplant HSCT
infections chemotaxis (hematopoietic stem cell
transplantation (HSCT))
FERMT3 Leukocyte adhesion deficiency, type I immunology | AR N 1} recurrent neutrophil v Bone marrow transplant HSCT
infections chemotaxis (hematopoetic stem cell
transplantation (HSCT))

IL10RE Interleukin-10 deficiency immunology [ AR N ulrarare recurrent flow cylometry | Hematopoietic stem cell HSCT

infections transplantation (HSCT) - bone
marrow transplant

ILIRN Interleukin 1 receptor antagonist deficiency immunology | AR N ulrarare hyperinflammat NA anakinra, etanercept, methotrexate, | medication

on cortcosteroid

NLRC4 NLRC4 associated familial cold inflammatory syndrome: immunology AD N ultrarare hyperinflammati IL-18 serum Y tadekinig alfa (human recombinant [ medication

on levels interleukin-18 binding protein)

NLRP12 Familial cold autoinflammatory syndrome 2 immunology | AD N Utrarare hyperinflammati NA Corticosteroids, anakinra, rilonacept | medication

on and canakinumab

PRFL Familial hemophagocytic lymphohistiocytosis 2 immunology | AR N 2 HLH natural killer cell |V Emapalumab, Hematopoietic stem | medication
activity, cytotoxic cell transplantation (HSCT) - bone
Tlymphocyte marrow transplant
activity

UNC13D Familial hemophagocytic lymphohistiocytosis 3 immunology | AR N 2 HLH natural killer cell Y Emapalumab, Hematopoietic stem | medication
activity, cytotoxic cell transplantation (HSCT) - bone
Tlymphocyte marrow transplant
acivity

STXI1L Familial hemophagocytic lymphohistiocytosis 4 immunology | AR N 2| HLH natural killer cell  [Y Emapalumab, Hematopoietic stem | medication
activity, cytotoxic cell transplantation (HSCT) - bone  |HSCT
Tlymphocyte marrow transplant
acivity

STXBP2 Familial hemophagocytic lymphohistiocytosis 5 immunology | AR N 2| HLH natural killer cell  [Y Emapalumab, Hematopoietic stem | medication
activity, cytotoxic cell transplantation (HSCT) - bone
Tlymphocyte marrow transplant
activity

MVK Hyper-IgD syndrome / mevalonate kinase deficiciency immunology [ AR N 4 recurrent fevers serum M anakinra, canakinumab, tocilizumab, - | medication
immunoglobuiin etanercept
levels, urine
organic acids
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STAT3 Hyper-IgE recurrent infection syndrome immunology ~ [AD N 2| recurrent N replacement immunoglobulin transfusion

infections treatment, Bone marrow transplant | HSCT
(hematopoietic stem cell
transplantation (HSCT))

PSTPIPL PSTPIP1 associated inflammatory disease immunology | AD N unk immunedysregu [N NA adalimumab and tacrolimus, medication

lation NSAIDs, corticosteroids, Bone HSCT
marrow transplant (hematopoietic
stem cell transplantation (HSCT))

RAB27A Griscelli syndrome, type 2 immunology | AR N 2| HLH Y natural killer cell Emapalumab, Hematopoietic stem | medication

activity, cytotoxic cell transplantation (HSCT) - bone
Tlymphocyte marrow transplant
actiity

RFXANK] MHC class If deficiency, complementation group B immunology | AR N 17 recurrent Y flow cytometric Hematopoietic stem cell HSCT

infections analysis of HLA- transplantation (HSCT) - bone
DR expression marrow transplant
onmonocytes
and B cells

RMRP Cartilage-hair hypoplasia immunology | AR N 17 recurrent N NA Hematopoietic stem cell HSCT
infections transplantation (HSCT) - bone

marrow transplant

SMARCD2 Specific granule deficiency 2 immunology  [AR N unk N complete blood [V Bone marrow transplant HSCT

count, bone (hematopoietic stem cell
marrow transplantation (HSCT))
aspiration and
biopsy
TNFAIP3 TNFAIP3 associated autoinflammatory syndrome. immunology | AD N unk recurrent fevers |N NA Colchicine, glucocorticoid, medication
mesalazine, cyclosporine,
methotrexate, azathioprine,
anakinra, ituximab, tocilizumab,
infliximab
TNFRSFIA Tumor necrosis factor receptor associated periodic syndrome immunology | AD N 0.056) recurrent fevers [N NA NSAIDs, corticosteroids, Etanercept | medication
, anakinra, canakinumab,
tocilizumab

USP18 Pseudo-TORCH syndrome 2 immunology | AR N immunedysregu |y Interferon Ruxoltin medication
lation signature

WAS WAS associated disorder immunology | XLR N 0175} recurrent N PLT, natural kiler c[¥ granulocyte colony-stimulating factor | medication
infections, (G-CSF), Bone marrow transplant  [wansfusion
malignancy, (hematopoietic stem cell HSCT
atopy HSCT), Antibiotic |gene therapy

prophylaxis, immunoglobulin
replacement, gene therapy

WIPFL Wiskott-Aldrich syndrome 2 immunology | AR N Ulrarare recurrent N PLT, natural killer oY Bone marrow transplant HSCT
infections (hematopoietic stem cell

transplantation (HSCT))

ADA2 Vasculits, and syn | immunology | AR N 05| recurrent Y plasmaADA2  |Y TNF inhibitor, HSCT medication,
infections, enzyme activity HsCT
fevers, strokes

AK2 Reticular dysgenesis immunology | AR N 17 recurrent Y ANC,TandB  [Y Hematopoietic stem cell HSCT
infections Lymphocyte and transplantation (HSCT) - bone

Natural Killer Cell marrow transplant
Profie

ACPS ‘Spondyloenchondrodysplasia with ACPS immune dysregulation immunology | AR N unk recurrent N NA Bone marrow transplant HSCT
infections, CNS (hematopoetic stem cell
involvement transplantation (HSCT))

ARPC1B Platelet jth and diated immunology | AR N unk recurrent Y high IgAand IgE |Y Bone marrow transplant HSCT
infections (hematopoietic stem cell

transplantation (HSCT))

CINH Hereditary angioedema immunology | AD, AR N unk angoedema | CLINH, C4

CARD14 Pityriasis rubra pilaris immunology | AD N unk recurrent N NA Ustekinumab, medication
infections

CARD9 Candidiasis, famiial immunology | AR N unk recurrent NA
infections

CDKNIC IMAGE syndrome immunology | AD N unk Y serum cortisol Hydrocortisone, 9_- medication

and fludrohydrocortisone, oral
adrenocorticotrop supplements of sodium chioride
ic hormone

(ACTH) levels

CFP. X-linked properdin deficiency immunology | XLR N [E recurrent Y classical pathway peumococcal, meningococcal, vaccination
infections and alternative haemophilus influenzae vaccines

pathway of the
complement
system functional
activity tests

CXCR4 WHIM syndrome immunology | AD N 0023} recurrent Y complete blood  |Y prophylactic antibiotics, granulocyte | medication
infections, count, bone colony-stimulating factor (G-CSF),  [wansfusion
myelokathexis row replacement immunoglobulin HSCT

aspiration and treatment, Plerixafor, Bone marrow
biopsy transplant (hematopoietic stem cell
transplantation (HSCT))

FOXP3. X-linked immunodysregulation, polyendocrinopathy, and enteropathy immunology | XR N unk recurrent Y Flow Cytometry, |Y Rapamycin , hematopoietic stem cell | medication
infections Treg transplantation (HSCT) - bone HSCT

marrow transplant

IL36RN Pustular psoriasis 14 immunology | AR N unk immunedysregu [N ustekinumab, secukinumab, medication
lation, etanercept
hyperinflammati
on

IRAK4 IRAK4 deficiency immunology | AR N unk recurrent Y tolllike receptor |y Prophylactic antibiotic treatment, medication
infections function neumococcal, meningococcal, vaccination

haemophilus influenzae vaccines, | ransfusion
and immunoglobulin replacement

KDSR Erythrokeratodermia variabilis et progressiva 4 immunology | AR N unk recurrent N NA isotretinoin medication
infections

LG4 LIG4 syndrome immunology | AR N 172 recurrent Y TandB Y Hematopoietic stem cell HSCT
infections Lymphocyte and transplantation (HSCT) - bone

Natural Killer Cell marrow transplant
Profile

LPIN2 Majeed syndrome immunology | AR N unk recurrent N NA anakinra, canakinumab medication
infections

MARSL MARS1 associated interstial lung and liver disease immunology | AR N unk recurrent N NA methionine supplementation, protein | diet
infections fortification, increased protein medication

fortiication during illness

MEFV] Familial Mediterranean fever immunology | AR N ik recurrent fevers | N NA Colchicine, Canakinumab medication

MYD88 MYD88 deficiency immunology | AR N unk recurrent Y toll-like receptor | Y Prophylactic antibiotic treatment, medication
infections function pneumococcal, meningococcal, vaccination

haemophilus influenzae vaccines, | ransfusion
and immunoglobulin replacement
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NIPAL4 Iehthyosis, congenital, autosomal recessive 6 immunology | AR N unk recurrent N NA ustekinumab medication
infections
NLRP3 Cryopyrin associated periodic fever syndrome immunology | AD N 0.19f hyperinflammati - |N NA Corticosteroids, anakinra, rilonacept | medication
on and canakinumab
NoD2 Blau syndrome immunology | AD N 17 hyperinflammati [N NA adalimumab, infliximab, golimumab, [ medication
on etanercept, methotrexate,
prednisolone
OTULIN OTULIN deficiency immunology | AR N unk hyperinfalmmati | N NA inflixiimab, anakinra, etanercept, medication
on corticosteroids
PARN Dyskeratosis congenita, autosomal recessive 6 immunology | AR N unk recurrent
infections, lung
fibrosis
PAXL Otofaciocervical syndrome 2 immunology | AR N 17 recurrent Y TandB thymus transplantation or
infections, Lymphocyte and
dysmorphism Natural Killer Cell
Profie
PLCG2 Autoinflammation and PLCG2 associated antibody deficiency and immune dy | immunology | AD N 002 recurrent Y immunoglobuiin replacement immunoglobulin ransfusion
infections, levels, T and B treatment
hyperinflammati Lymphocyte and
on Natural Killer Cell
rofile
PNP. Purine nucleoside phosphorylase deficiency immunology | AR N 17 recurrent Y TandB Hematopoietic stem cell HSCT
infections Lymphocyte and transplantation (HSCT) - bone
Natural Killer Cell marrow transplant
Profile,
erythrocyte
purine nucleoside
actiity

© 2023 Gold NB et al. JAMA Network Open.




Metabolism (135 genes)

Inheritance On RUSP? Prevalence - Age of Onset Disease Orthogonal Ifyes, Ifyes, Is orthogonal Intervention Category of If pharma, Age of MD leading Comments Link to ref 1 Link to ref 2 Link to ref 3
(YIN) disease symptoms test? (Y/N) orthogonal orthogonal | testexpected | Considered Intervention  |whatcompany | Intervention | intervention
frequency per test test to be abnormal | (Free Text) or companies | Implementatio
100,000 ininfancy? are making n
(Rx genes, if treatment
listed)
Sitosterolemia 1 | metabolism AR N 2|Childhood/Adult |artherosclerosis Plasma plant Plasma plant N diet low in diet generic at diagnosis cardio https:/www.
,xathomas, sterol sterol shellfish sterols | medication ncbi.nim.nih.
hypercholestero and gov/books/NBK
lemia, hemolytic plant sterols, 131810/4#sts|
anemmia, ezetimibe,
::mmbocylopen cholestryramine
ABCG8 Sitosterolemia 2 | metabolism AR N 2|Childhood/Adult |artherosclerosis Plasma plant Plasma plant N diet low in diet generic at diagnosis cardio https:/www.
,xathomas, sterol sterol shellfish sterols |medication ncbi.nim.nih,
hypercholestero and gov/books/NBK
lemia, hemolytic plant sterols, 131810/#stsl
anemmia,
::mmbocylopen cholestryramine
G6PC Glycogen metabolism AR N 0.04 [ Ne tal , glucose, lactate, |glucose, lactate, |Y corn starch, diet at diagnosis endo or
storage disease lactic acidosis, uric acid, free  |uric acid, free nighttime metabolism
la hepatomegaly fatty acids fatty acids intragastric
continuous
glucose
infusion, low
carb/high
protein diet
SLC37A4 Glycogen metabolism AR N 0.04|Neonatal glucose, lactate, [glucose, lactate, |Y corn starch, diet generic at diagnosis endo or
storage disease lactic acidosis, uric acid, free  |uric acid, free nighttime medication metabolism
Ib hepatomegaly, fatty acids, fatty acids, intragastric
1BD-like plete blood plete blood continuous
intestinal count, bone count, bone glucose
symptoms, marrow marrow infusion,
neutropenia, i and i and :""lﬁ:‘”""“
other biopsy biopsy Sranuiocyte-
colony
symptoms stimulating
factor (G-CSF),
immunomodulat
ors, low
carb/high
protein diet
AGL Glycogen metabolism AR N 1[infancy hypoglycemia, glucose, liver  |glucose, liver  |N high-protein diet |diet at diagnosis endo or
storage disease lactic acidosis, biopsy with biopsy with with cornstarch metabolism
" hepatomegaly PAS-D PAS-D supplementatio
n
PHKA2 Glycogen metabolism XLR N 0.75|Early childhood  [hepatomegaly, liver biopsy with |liver biopsy with |Y (enzyme) high-protein diet |diet diagnosis endo or hitps://www.
storage liver glycogen glycogen with cornstarch ncbi.nim.nih.
disease, type dysfunction, supplementatio qov/books/NBK
Xa growth low PhK low PhK n 55061/
restriction, in  [enzymology in
hyperketotic liver, RBC, liver, RBC,
hypoglycemia WBC WBC
PHKB Glycogen metabolism AR N 0.1|Early childhood | hepatomegaly, liver biopsy with [liver biopsy with |Y (enzyme) high-protein diet [diet diagnosis endo or https:/iwww.
storage liver glycogen glycogen with cornstarch metabolism ncbi.nim.nih
disease, type dysfunction, supplementatio | gov/books/NBK
IXb h low PhK low PhK n 55061/
restriction, in in
hyperketotic liver, RBC, liver, RBC,
hypoglycemia, WBC wBe
exercise
intolerance,
\weakness,
rhabdomyolsis
PHKG2 Glycogen metabolism AR N 0.1(Early childhood ~ [hepatomegaly, liver biopsy with [liver biopsy with |Y (enzyme) high-protein diet |diet diagnosis endo or htps://www.
storage liver glycogen glycogen with cornstarch metabolism ncbi.nim.nih.
disease, type dysfunction, ;
Xe growth low PhK low PhK n 55061/
restriction, in  [enzymology in
hyperketotic liver, RBC, liver, RBC,
hypoglycemia WBC WBC
PHKAL Glycogen metabolism XLR N <1 Childhood/Adult  [exercise Y (enzyme) none na na na hitps:/fwww.
storage intolerance, amounts of amounts of ncbi.nim.nih.
disease, type weakness, 0v/books/NBK
IXd rhabdomyolsis I glycogen; low 1 glycogen; low 55061/
PhK in muscle |PhK in muscle
PYGL Glycogen metabolism AR N 136 Infancy/childhoo [hepatomegaly & glucose, liver  [glucose, liver [N high-protein, diet diagnosis endo or hitps:/fwww.
storage disease d growth biopsy with biopsy with low simple metabolism ncbi.nlm.nih
Vi restriction +/- PAS-D, liver PAS-D, liver carbohydrate ov/books/NBK
hypoglycemia diet with 5941
cornstarch
supplementatio
n

© 2023 Gold NB et al. JAMA Network Open.



https://www.ncbi.nlm.nih.gov/books/NBK131810/#stsl
https://www.ncbi.nlm.nih.gov/books/NBK131810/#stsl
https://www.ncbi.nlm.nih.gov/books/NBK131810/#stsl
https://www.ncbi.nlm.nih.gov/books/NBK131810/#stsl
https://www.ncbi.nlm.nih.gov/books/NBK131810/#stsl
https://www.ncbi.nlm.nih.gov/books/NBK131810/#stsl
https://www.ncbi.nlm.nih.gov/books/NBK131810/#stsl
https://www.ncbi.nlm.nih.gov/books/NBK131810/#stsl
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK55061/
https://www.ncbi.nlm.nih.gov/books/NBK5941
https://www.ncbi.nlm.nih.gov/books/NBK5941
https://www.ncbi.nlm.nih.gov/books/NBK5941
https://www.ncbi.nlm.nih.gov/books/NBK5941

Metabolism (135 genes)

Mucopolysacch
aridosis Il

metabolism

Inheritance

on RUSP?
(YIN)

Prevalence -
disease
frequency per
100,000
(Rx genes, if
listed)

Age of Onset

Disease
symptoms

Orthogonal
test? (Y/N)

Ifyes,
orthogonal
test

Ifyes,
orthogonal
test

Is orthogonal
test expected
to be abnormal
ininfancy?

Intervention
Considered
(Free Text)

Category of
Intervention

If pharma, Age of
what company | Intervention
or companies | Implementatio

are making n

treatment

MD leading
intervention

Comments,

Link to ref 1

Link to ref 2

Link to ref 3

XLR

0.795

Early childhood

coarse facial
features,
recurrent ear
infections, sleep
apnea, carpal
tunnel
syndrome,

disability,
dysostosis
multiplex,
hepato/splenom
egaly, inguinal
hernia, chronic
diarrhea,
behavioral
problems,
hydrocephalus

2-

2-

sulfatase (12S)
enzyme
activity in white
cells,

fibroblasts,
or plasma, urine

sulfatase (12S)
enzyme

activity in white
cells,

fibroblasts,

or plasma, urine

cans

cans

idursulfase
Elaprase
enzyme
replacement,
Bone marrow
transplantation
Hematopoietic
Stem Cell
Transplantation
(HSCT)

ERT
HSCT

Takeda before 1 year

metabolism

SGSH

Mucopolysacch
aridosis type
111A (Sanfilippo
A

metabolism

AR

1-3 years old

developmental
delay, behavior
problems, sleep
disorder,
regression,
seizures, +/-
subtle
coarseness, ear
infections,
hearing loss,
hernias

serum or
plasma enzyme
activity, urine

serum or
plasma enzyme
activity, urine

cans

cans

none

nia

n/a na

nia

NAGLU

Mucopolysacch
aridosis type
1113

metabolism

AR

0.5,

1-3 years old

developmental
delay, behavior
problems, sleep
disorder,
regression,
seizures, +/-
subtle
coarseness, ear
infections,
hearing loss,
hernias

Serum or
plasma N-
-alph

Serum or
plasma N-
-alph

yl-alpl
D

D-

eenzyme
activity, urine

eenzyme
activity, urine

cans

cans

intraventricular
Tralesinidase
alfa (BMN 250)
enzyme
replacement

ERT

Allievex study was for 1-
11yo

metabolism

https:
/[clinicaltrials.
gov/ct2/show/N
CT02754076?
term=Allievex&
draw=2&ranl

HGSNAT

Mucopolysacch
aridosis type
1iC (Sanfilippo
®]

metabolism

AR

0.07.

1-3 years old

delay, behavior
problems, sleep
disorder,
regression,
seizures, +/-
subtle
coarseness, ear
infections,
hearing loss,
hernias

serum or
plasma enzyme
activity, urine

serum or
plasma enzyme
activity, urine

cans

cans

none

nla

n/a na

nia

GALNS

Mucopolysacch
aridosis IVA

metabolism

AR

0.335

1-3 years old

coarse facial
features,
skeletal
dysplasia, short
stature,
kyphoscoliosis,
joint
hypermabiliy,
airwa

obstruction,
atlantoaxial
instability

leukocyte N-

leukocyte N-

mine
6-sulfatase
enzyme activity,
urine GAGs

mine
6-sulfatase
enzyme activity,
urine GAGs

elosulfase alfa
enzyme
replacement

ERT

biomarin at diagnosis

metabolism

late-onset forms
exist

https:/www.
ncbi.nim.nih.
gov/books/NBK
148668/

ARSB

Mucopolysacch
aridosis type VI

metabolism

AR

0.285

2-3 years old

coarse facial
features,
recurrent ear
infections, sleep
apnea, carpal
tunnel
syndrome,
dysostosis
multiplex,
hepato/spleno
megaly, inguinal
hernia, hort
stature

Y

y

enzyme
activity

enzyme
activity

galsulfase
enzyme
replacement,
HSCT

ERT
HSCT

Biomarin ASAP (kids who
get neonatal or
presymptomatic
ERT do better)

metabolism

late-onset forms
exist w onset as
late as 20-30

https:/www.
ncbi.nim.nih.
gov/pme/articles
/PMC 2873242/

© 2023 Gold NB et al. JAMA Network Open.



https://clinicaltrials.gov/ct2/show/NCT02754076?term=Allievex&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT02754076?term=Allievex&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT02754076?term=Allievex&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT02754076?term=Allievex&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT02754076?term=Allievex&draw=2&rank=2
https://clinicaltrials.gov/ct2/show/NCT02754076?term=Allievex&draw=2&rank=2
https://www.ncbi.nlm.nih.gov/books/NBK148668/
https://www.ncbi.nlm.nih.gov/books/NBK148668/
https://www.ncbi.nlm.nih.gov/books/NBK148668/
https://www.ncbi.nlm.nih.gov/books/NBK148668/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2873242/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2873242/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2873242/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2873242/

Metabolism (135 genes)

Mucopolysacch
aridosis type ViI

metabolism

Inheritance

on RUSP?
(YIN)

Prevalence -
disease
frequency per
100,000
(Rx genes, if
listed)

Age of Onset

Disease
symptoms

Orthogonal
test? (Y/N)

Ifyes,
orthogonal
test

Ifyes,
orthogonal
test

Is orthogonal
test expected
to be abnormal
ininfancy?

Intervention
Considered
(Free Text)

Category of
Intervention

If pharma,
what company
or companies

are making

treatment

Age of
Intervention
Implementatio
n

MD leading
intervention

Comments,

Link to ref 1

Link to ref 2

Link to ref 3

0.13.

neonatal form;
infantile form;
adolescent form

coarse facila
features,
corneal
clouding,
frequent ear
infections,
hearing loss,
recurrent
respiratory
infections, sleep
apnea,
obstructivelrestr
ictive lung
disease,
cardiomyopathy
, cardiac
valvulopathy,
hydrops,
dysostosis
muyltiplex, joint
contractures,
scoliosis,
kyphosis ,
intellectual
disability, short
stature

Leukocyte beta-

Leukocyte beta-

enzyme activity

enzyme activity

Vestronidase
alfa enzyme
replacement,
HSCT

ERT
HSCT

ultragenyx

at diagnosis

metabolism

https:/www.
ncbi.nim.nih.
[gov/pmc/articles
/PMC4893087/

GNPTA

I-Cell Disease

metabolism

0.25.

Birth

growth
impairment,

joint
contractures,
coarse facial
features,
recurrent ear
infections,
airway and lung
parenchymal
disease,
respiratory
insufficiency,
pulmonary
hypertension,
cardiac
valvulopathy,
umbilical hernia,
bone
deformation,
kyphosis,
clubfoot, hip
dislocation, joint
contractures

urine

urine

cans, elevated
plasma

cans, elevated
plasma

enzymes
(multiple)

enzymes
(multiple)

therapy, dental
surveillance,
myringotomy
tubes, airway
precautions

surveillance
surgery

diagnosis

metabolism or
complex care
peds

allelic form ML
11 not

https:/www.
ncbi.nim.nih.

in
comments

1828/

GALC

Krabbe disease

metabolism

AR

o

4

Infantile onset;

Jat t (13
years); (2-4
years);
adolescence;

regression,
leukodystrophy,
seizures

Leukocyte
enzyme activity,
elevated

Leukocyte
enzyme activity,
elevated

enzyme Y;
psychosine only
ininfantile
forms

HSCT

HSCT

first 7 weeks of
life

HSCT later in
Iife may be
for

https:/www.
ncbi.nim.nih.

later-onset
Krabbe disease,
but no clear
guidelines

1238

SMPD1

Niemann-Pick
disease, type A
and type B

metabolism

AR

o
b

Early infantile (3
months)-

hepatosplenom
egaly,

deterioration,
cherry-red spot,
interstitial lung
disease

=<

Leukocyte acid

Leukocyte acid

se
enzyme activity

se
enzyme activity

HSCT,
recombinant
human acid
sphingomyelina
se enzyme
replacement
therapy, OLT
(late-onset only)

ERT
HSCT
oT

Sanofi

3-18 for clinical
trial

metabolism

no treatment
are

https:/www.
ncbi.nim.nih.

hitps:
/[clinicaltrials.

definitive

1370

govlct:
CT04877132

NPC1

Niemann-Pick
disease, type C,

metabolism

AR

°

7

Early infantile
(<2), late
infantile (2-6),
juvenile (6-15),
adult (>15)

hepatosplenom
egaly, jaundice,
pulmonay
infiltrates,
ataxia, seizures,
dementia,
neurodegenerat
ion

Oxysterol
analysis, filippin
staining

Oxysterol
analysis, filippin
staining

unknown

Miglustat

medication

| Janssen

symptom onset

metabolism

https://www.
ncbi.nim.nih.
gov/books/NBK
1296/

NPC2

Niemann-Pick
disease, type C,
NPC2

metabolism

AR

Early infantile
(<2), late
infantile (2-6),
juvenile (6-15),
adult (>15)

hepatosplenom
egaly, jaundice,

ataxia, seizures,
dementia,

ion

Oxysterol
analysis, filippin
staining

Oxysterol
analysis, filippin
staining

unknown

Miglustat

medication

Janssen

symptom onset

metabolism

https://www.
ncbi.nim.nih.
gov/books/NBK
1296/

HEXA

Tay-Sachs
disease

metabolism

AR

Classic (3-6
mo); subacute
(2), late onset

visual loss,
cherry red spot,
seizures,

y
adult

on

Hex A enzyme

Hex A enzyme

diagnosis

metabolism or
complex care
peds

https://www.
ncbi.nim.nih.

gov/books/NBK

HEXB

Sandhoff
disease,
infantile,
juvenile, and
adultforms

metabolism

AR

Infantile
(<6mo), juvenile
(2-5y), late
(teens-young
adult)

neurologic
regression,
seizures

Hex B Enzyme

Hex B Enzyme

© 2023 Gold NB et al. JAMA Network Open.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4893087/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4893087/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4893087/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4893087/
https://www.ncbi.nlm.nih.gov/books/NBK1828/
https://www.ncbi.nlm.nih.gov/books/NBK1828/
https://www.ncbi.nlm.nih.gov/books/NBK1828/
https://www.ncbi.nlm.nih.gov/books/NBK1828/
https://www.ncbi.nlm.nih.gov/books/NBK1238
https://www.ncbi.nlm.nih.gov/books/NBK1238
https://www.ncbi.nlm.nih.gov/books/NBK1238
https://www.ncbi.nlm.nih.gov/books/NBK1238
https://www.ncbi.nlm.nih.gov/books/NBK1370
https://www.ncbi.nlm.nih.gov/books/NBK1370
https://www.ncbi.nlm.nih.gov/books/NBK1370
https://www.ncbi.nlm.nih.gov/books/NBK1370
https://clinicaltrials.gov/ct2/show/NCT04877132
https://clinicaltrials.gov/ct2/show/NCT04877132
https://clinicaltrials.gov/ct2/show/NCT04877132
https://clinicaltrials.gov/ct2/show/NCT04877132
https://www.ncbi.nlm.nih.gov/books/NBK1296/
https://www.ncbi.nlm.nih.gov/books/NBK1296/
https://www.ncbi.nlm.nih.gov/books/NBK1296/
https://www.ncbi.nlm.nih.gov/books/NBK1296/
https://www.ncbi.nlm.nih.gov/books/NBK1296/
https://www.ncbi.nlm.nih.gov/books/NBK1296/
https://www.ncbi.nlm.nih.gov/books/NBK1296/
https://www.ncbi.nlm.nih.gov/books/NBK1296/
https://www.ncbi.nlm.nih.gov/books/NBK1218
https://www.ncbi.nlm.nih.gov/books/NBK1218
https://www.ncbi.nlm.nih.gov/books/NBK1218
https://www.ncbi.nlm.nih.gov/books/NBK1218

Metabolism (135 genes)

Inheritance On RUSP? Prevalence - Age of Onset Disease Orthogonal Ifyes, Ifyes, Is orthogonal Intervention Category of If pharma, Age of MD leading Comments Link to ref 1 Link to ref 2 Link to ref 3
(YIN) disease symptoms test? (Y/N) orthogonal orthogonal | testexpected | Considered Intervention  |whatcompany | Intervention | intervention
frequency per test test to be abnormal | (Free Text) or companies | Implementatio
100,000 ininfancy? are making n
(Rx genes, if treatment
listed)

Fucosidosis metabolism AR <05 O-5yearsold  |coarsefacial  |Y Fucosidase Fucosidase Y supportiveor  |supportive na htps:/www.
features, growth activity in serum activity in serum Hematopoietic ~ [HCST ncbi.nim.nih,
retardation, or or Stem Cell [gov/pmc/articles
recurrent URI, plasma plasma Transplantation /PMC7700486/
dysostosis
multiplex,
angiokeratoma,
ion

GBA Gaucher metabolism AR 1.94[10-20years old [bone marrow Y’ Y (enzyme) Enzyme medication sanofi, shire, onset http: http:
disease, type | failure, dase enzyme  |dase enzyme replacement ERT plizer, actelion, | (typically ncbi.nim.nih ncbi.nim.nih
activity in activity in therapy genzyme
egaly, bone (ERT): adulthood) 1269/ /PMC5343975/
crisis TRAP, ACE TRAP, ACE imiglucerase
(Cerezyme);
velalgl
-ucerase alfa
(VPRIV); &
taliglucerase
alfa (Elelyso) or
substrate
reduction
therapy (SRT)
miglustat or
eliglustat
GLA Fabry disease | metabolism XLR 2 (classic form); |Classic (4-8), |angiokeratoma, |Y Serum Serum Y (enzyme) Agalsidase alfa |ERT genzyme atdiagnosisin | metabolism https://www. htp
11.8 (including |atypical (>25 |acroparesthesia enzyme males and if ncbi.nlm.nih nchi.nim.nih
atypical forms) |years) s, corenal ingosine, a-Gal  [ingosine, a-Gal replacement disease
opacity, Aenzyme Aenzyme manifestations /PMC7507033/  [1292/
cardiomyopathy activity activity in females
, cardiac
ischemia,
stroke, ESRD,
proteinuria
PPT1 Ceroid metabolism AR 0.52(6-18 months old [developmental | PPTlenzyme [PPTlenzyme [Y none htps://pubmed
lipofuscinosis, gl 3 fibroblasts, fibroblasts, ncbi.nim.nih,
neuronal, 1 epilepsy, ataxia, WBC, amnio,  |WBC, amnio, g0v/35628533/
dystonia, DBS,CVS DBS,CVS
choreoathetosis
, myclonus
vision los
TPP1 Neuronal ceroid | metabolism AR 0.4652-4 years old delayed Y Leukocyte Leukocyte Y Cerliponase alfa |[ERT Bio Marin metabolism https:/Awww. https://pubmed
lipofuscinosis 2 development & tripeptidyl tripeptidyl enzyme ncbi.nim.nih. Incbi.nim.nih.
developmental replacement o
regression, enzyme activity |enzyme activity 544807/
epilepsy, ataxia,
choreathetosis,
progressive
vision loss
MFSD8 Ceroid metabolism AR <0.465 156 cognitive and Y skin biopsy for |skin biopsy for |N none https://pubmed.
lipofuscinosis, motor decline, storage material |storage material ncbi.nim.nih.

neuronal, 7 ataxia, |gov/35628533/
myoclonus,
epilepsy,
progressive
vision loss

coQ2 Primary metabolism AR < linfancy; adult- |nephrotic Y or or Y CoQ10 medication generic di htps:/www.
coenzyme Q10 onset syndrome, muscle CoQ10 [muscle CoQ10 supplementatio ncbi.nim.nih.
deficiency 1 n gov/books/NBK
exists cardiomyopathy 410087
, hearing loss,
encephalopathy
, seizures,
myopathy
PDSS1 Primary metabolism AR <1 Infancy optic atrophy, Y or or Y CoQ10 medication generic diagnosis metabolism https:/www.
coenzyme Q10 encephalopathy muscle CoQ10 |muscle CoQ10 supplementatio [ncbi.nlm.nih.
deficiency 2 . peripheral n gov/books/NBK
10087
PDSS2 Primary metabolism AR <1 Infancy nephrotic Y or or Y CoQ10 medication generic diagnosis metabolism hitps://www.
coenzyme Q10 syndrome, muscle CoQ10 |muscle CoQ10 supplementatio ncbi.nim.nih.
deficiency 3 retinopathy, n gov/books/NBK
hearing loss, 410087
leigh sydrome,
ataxia
COQB8A Primary metabolism AR <1 Infancy encephalopathy |Y' or or Y CoQ10 medication generic diagnosis metabolism hitps://www.
coenzyme Q10 , ataxia, muscle CoQ10 [muscle CoQ10 supplementatio ncbi.nim.nih.
deficiency 4 dystonia, n gov/books/NBK
seizures, 410087
exercise
intolerance
€oQ9 Primary metabolism AR <1 Infancy renal Y or or Y CoQ10 medication generic di https:/iwww.
coenzyme Q10 tubulopathy, muscle CoQ10 [muscle CoQ10 supplementatio ncbi.nlm.nih
deficiency 5 hypertrophic n |gov/books/NBK
cardiomyopathy 410087
encephalopathy
, myopathy
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7700486/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7700486/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7700486/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7700486/
https://www.ncbi.nlm.nih.gov/books/NBK1269/
https://www.ncbi.nlm.nih.gov/books/NBK1269/
https://www.ncbi.nlm.nih.gov/books/NBK1269/
https://www.ncbi.nlm.nih.gov/books/NBK1269/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5343975/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5343975/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5343975/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5343975/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7507033/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7507033/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7507033/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7507033/
https://www.ncbi.nlm.nih.gov/books/NBK1292/
https://www.ncbi.nlm.nih.gov/books/NBK1292/
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Metabolism (135 genes)

Inheritance On RUSP? Prevalence - Age of Onset Disease Orthogonal Ifyes, Ifyes, Is orthogonal Intervention Category of If pharma, Age of MD leading Comments Link to ref 1 Link to ref 2 Link to ref 3
(YIN) disease symptoms test? (Y/N) orthogonal orthogonal | testexpected | Considered Intervention  |whatcompany | Intervention | intervention
frequency per test test to be abnormal | (Free Text) or companies | Implementatio
100,000 ininfancy? are making n
(Rx genes, if treatment
listed)
Primary metabolism AR <1 Infancy nephrotic Y or or Y CoQ10 medication generic diagnosis metabolism htps:/www.
coenzyme Q10 syndrome, muscle CoQ10 [muscle CoQ10 supplementatio ncbi.nim.nih
deficiency 6 hearing loss, n |gov/books/NBK
encephalopathy 410087
seizures
CoQ4 Primary metabolism AR <1 Infancy heartfailure;  [Y or or Y CoQ10 medication generic diagnosis metabolism hitps:/www.
coenzyme Q10 muscle CoQ10 [muscle CoQ10 ncbi.nim.nih.
deficiency 7 cardiomyopathy n [gov/books/NBK
' 410087
encephalopathy
, seizures,
myopathy,
respiratory
insufficiency,
cerebellar
hypoplasia,
neuro
deterioration
coQ7 Primary metabolism AR <1 Infancy encephalopathy |Y or or Y CoQ10 medication generic diagnosis metabolism https:/fwww.
coenzyme Q10 , intellectual muscle CoQ10 [muscle CoQ10 supplementatio ncbi.nim.nih.
deficiency 8 disability, n gov/books/NBK
peripheral 410087
neuropathy
COQs Coenzyme Q5 metabolism AR <1 Early chidhood  |ataxia, Y or or Y CoQ10 medication generic diagnosis metabolism https://pubmed.
methyltransfera encephalopathy muscle CoQ10 [muscle CoQ10 supplementatio ncbi.nim.nih.
se deficiency , seizures, n 90v/29044765/
developmental
delay, short
stature,
myoclonus
MT-CO1 MELAS metabolism Mt <1 Y complex IV complex IV N generic diagnosis metabolism hitps://doi
(Myopathy, early adulthoor |, hearing loss, ici in ici in creatine 0r/10.1016/]
Encephalopathy ataxia, epilepsy, muscle muscle mito
, Lactic intellectual 2014.06.003
Acidosis, and disability,
Stroke-like myoglobinuria
episodes)
MT-CO3 MELAS metabolism Mt <0.02 2-40 (most 2= |seizures, Y complex IV complex IV N arginine, medication generic diagnosis metabolism htps:/www.
(Myopathy, 20) headaches, iciency in iciency in citrulline, ncbi.nlm.nih
Encephalopathy stroke-like muscle muscle pyruvate
, Lactic episodes, 1233/
Acidosis, and weakness,
Stroke-like vomiting, short
episodes) stature
MT-CO2 MELAS metabolism Mt <002 2-40 (most 2-  [seizures, Y Complex IV Complex IV N arginine, medication generic diagnosis metabolism hitps://www.
(Myopathy, 20) headaches, in in citrulline, ncbi.nim.nih.
Encephalopathy stroke-like muscle muscle pyruvate gov/books/NBK
, Lactic episodes, 1033/
Acidosis, and weakness,
Stroke-like vomiting, short
episodes) stature
MT-NDL MELAS metabolism Mt <0.02 2-40 (most 2= |seizures, Y Complex | Complex | N arginine, medication generic diagnosis metabolism hitps:/www.
(Myopathy, 20) headaches, ici in ici in citrulline, ncbi.nim.nih
Encephalopathy stroke-like muscle muscle pyruvate
, Lactic episodes, 1233/
Acidosis, and weakness,
Stroke-like vomiting, short
episodes) stature
MT-ND4. MELAS metabolism Mt <0.02 2-40 (most 2= |seizures, Y Complex | Complex | N arginine, generic diagnosis metabolism hitps://www.
(Myopathy, 20) headaches, in citrulline, ncbi.nlm.nih
Encephalopathy stroke-like muscle muscle pyruvate gov/books/NBK
, Lactic episodes, 1233/
Acidosis, and weakness,
Stroke-like vomiting, short
episodes) stature
MT-ND5 MELAS metabolism Mt 0.02|2-40 (most 2-  |seizures, Y Complex | Complex | N arginine, medication generic d https:/iwww.
(Myopathy, 20) headaches, in in citrulline, ncbi.nim.nih
Encephalopathy stroke-like muscle muscle pyruvate ov/books/NBK
, Lactic episodes, 1233/
Acidosis, and weakness,
Stroke-like vomiting, short
episodes) stature
MT-NDB MELAS metabolism Mt <0.02 2-40 (most 2= |seizures, Y Complex | Complex | N arginine, generic diagnosis hitps:/www.
(Myopathy, 20) headaches, iciency in iciency in citrulline, ncbi.nim.nih
Encephalopathy stroke-like muscle muscle pyruvate |gov/books/NBK
, Lactic episodes, 1233/
Acidosis, and weakness,
Stroke-like vomiting, short
episodes) stature
MT-TF MELAS metabolism Mt <0.02 2-40 (most 2 |seizures, Y Muscle biopsy |Muscle biopsy  |N arginine, medication generic di hitps://www.
(Myopathy, 20) headaches, may show multi- |may show multi- citrulline, ncbi.nim.nih.
Encephalopathy stroke-like complex complex pyruvate |gov/books/NBK
, Lactic episodes, 1233/
Acidosis, and weakness, lactate; lactate;
Stroke-like vomiting, short elevated elevated
episodes) stature proline, alanine |proline, alanine
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Metabolism (135 genes)

Inheritance On RUSP? Prevalence - Age of Onset Disease Orthogonal Ifyes, Ifyes, Is orthogonal Intervention Category of If pharma, Age of MD leading Comments Link to ref 1 Link to ref 2 Link to ref 3
(YIN) disease symptoms test? (Y/N) orthogonal orthogonal | testexpected | Considered Intervention  |whatcompany | Intervention | intervention
frequency per test test to be abnormal | (Free Text) or companies | Implementatio
100,000 ininfancy? are making n
(Rx genes, if treatment
listed)
MELAS metabolism <0.02 2-40 (most 2- seizures, Y Muscle biopsy  |Muscle biopsy |N arginine, medication generic diagnosis metabolism https://www.
(Myopathy, 20) headaches, may show multi- |may show multi- citrulline, ncbi.nim.nih.
Encephalopathy stroke-like complex complex pyruvate |gov/books/NBK
, Lactic episodes, 1233/
Acidosis, and weakness, lactate; lactate;
Strokelike vomiting, short elevated elevated
episodes) stature proline, alanine |proline, alanine
MT-TL1 MELAS metabolism Mt 0.16[2-40 (most 2-  [seizures, Y Muscle biopsy |Muscle biopsy |N arginine, medication generic diagnosis metabolism hitps:/www.
(Myopathy, 20) headaches, may show multi- | may show multi- citruline, ncbi.nim.nih
Encephalopathy stroke-like complex complex taurine, qov/books/NBK
, Lactic episodes, pyruvate 1233/
Acidosis, and weakness, lactate; lactate;
Stroke-like vomiting, short elevated elevated
episodes) stature proline, alanine |proline, alanine
MT-TQ MELAS metabolism Mt <0.02 2-40 (most 2= |seizures, Y Muscle biopsy |Muscle biopsy  |N arginine, medication generic diagnosis metabolism htps:/www.
(Myopathy, 20) headaches, may show multi- [may show multi- citrulline, ncbi.nim.nih
Encephalopathy stroke-like complex complex pyruvate qov/books/NBK
, Lactic episodes, 1233/
Acidosis, and weakness, lactate; lactate;
Stroke-like vomiting, short elevated elevated
episodes) stature proline, alanine |proline, alanine
MT-TS1 MELAS metabolism Mt <0.02 2-40 (most 2= |seizures, Y Muscle biopsy |Muscle biopsy  |N arginine, medication generic diagnosis metabolism htps:/www.
(Myopathy, 20) headaches, may show multi- |may show multi- citrulline, ncbi.nlm.nih
Encephalopathy stroke-like complex complex pyruvate qov/books/NBK
, Lactic episodes, 1233/
Acidosis, and weakness, lactate; lactate;
Stroke like vomiting, short elevated elevated
episodes) stature proline, alanine |proline, alanine
MT-TS2 MELAS metabolism Mt <002 2-40 (most 2-  [seizures, Y Muscle biopsy ~ [Muscle biopsy [N arginine, medication generic diagnosis metabolism hitps://www.
(Myopathy, 20) headaches, may show multi- | may show multi- citruline, ncbi.nim.nih
Encephalopathy stroke-like complex complex pyruvate qov/books/NBK
, Lactic episodes, 1233/
Acidosis, and weakness, lactate; lactate;
Stroke-like vomiting, short elevated elevated
episodes) stature proline, alanine [proline, alanine
MT-TW MELAS metabolism Mt <0.02 2-40 (most 2= |seizures, Y Muscle biopsy |Muscle biopsy  |N arginine, medication generic diagnosis metabolism https:/www.
(Myopathy, 20) headaches, may show multi- [may show multi- citrulline, ncbi.nim.nih
Encephalopathy stroke-like complex complex pyruvate |gov/books/NBK
, Lactic episodes, 1233/
Acidosis, and weakness, lactate; lactate;
Stroke-like vomiting, short elevated elevated
episodes) stature proline, alanine  [proline, alanine
ACAD9 Mitochondrial metabolism AR unk ~35% neonatal; |cardiomyopathy |Y Y riboflavin, medication generic diagnosis metabolism, https://ojrd.
complex | ~25% infantile; [, myopathy, profile profile sodium cardiology biomedcentral
deficiency 25% early intellectual pyruvate, com/articles/10
nuclear type 20 childhood; 3%  [disability, beta-blocker, 1186/s13023-
coenzyme Q10, 018-0784-8
delay carnitine
ACAT1 Mitochondrial metabolism AR 0.415|Infancy-early intermittent Y urine organic urine organic Y avoid fasting, diet diagnosis metabolism https:/Awww.
acetoacetyl- i acids, plasma acids, plasma carnitine, medication sciencedirect.
CoA thiolase riboflavin, com/science/arti
deficiency profile profile protein cle/pii/S109671
restricted diet 92173008842
via%3Dihub
ECHS1 Mitochondrial [ metabolism  [AR unk Prenatal form;  signal Y Y valine restricted |diet diagnosis metabolism hitps://www.
short-chain infantile form;  [abnormalities in profile, urine profile, urine diet, ketogenic ncbi.nlm.nih
enoyl-CoA childhood- basal ganglia, organic acids, |organic acids, diet |gov/books/NBK
hydratase-1 form PDC PDC 542806/
deficiency delay,
hypotonia,
dystonia,
epilepsy,
encephalopathy
, ataxia,
choreoathetosis
cardiomyopathy
, optic atrophy,
hearing loss,
apnea, liver
steatosis, lactic
acidemia
ETHE1 Mitochondrial metabolism AR unk Infancy developmental  [Y organic acids, organic acids, Y n diet generic diagnosis metabolism https:/Awww.
sulfur delay, i ncbi.nim.nih.
dioxygenase hypotonia, lactate, lactate, metronidazole, | qov/books/NBK
deficiency epilepsy, . low sulfur diet 453432/
purpura, chronic (plasma) (plasma)
diarrhea
TK2 Thymidine metabolism AR unk Infantile (<2) >> |hypotonia, v muscle biopsy |muscle biopsy  |N https: diagnosis neurology https: htps://www.
kinase juvenile (2-18) = |respiratory shows ragged  [shows ragged (dc) & Ilclinicaltrials llclinicaltrials. nchi.nim.nih
deficiency adult (>18) difficulties, red fibers, low  |red fibers, low deoxythymidine gov/ct2/show/N ovict2/show/N  [gov/books/NBK
motor orno CIV orno CIV (dm) CT03639701 CT03639701  |114628/
] activity activity
hyporeflexia,
lactic acidosis,
seizures
DLAT Pyruvate metabolism AR 0.02Infancy episodic Y PDH enzyme PDH enzyme ketogenic diet, |diet generic diagnosis metabolism, https://www.
dehydrogenase dystonia, globus activity in blood | activity in blood thiamine, lipoic |medication neurology ncbi.nim.nih.
deficiency paliidus lesions or skin; or skin; acid |gov/books/NBK
571223/
in blood or CSF  [in blood or CSF
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Metabolism (135 genes)

Inheritance On RUSP? Prevalence - Age of Onset Disease Orthogonal Ifyes, Ifyes, Is orthogonal Intervention Category of If pharma, Age of MD leading Comments Link to ref 1 Link to ref 2 Link to ref 3
(YIN) disease symptoms test? (Y/N) orthogonal orthogonal | testexpected | Considered Intervention  |whatcompany | Intervention | intervention
frequency per test test to be abnormal | (Free Text) or companies | Implementatio
100,000 ininfancy? are making n
(Rx genes, if treatment
listed)
Pyruvate metabolism XLR 1.52Infancy epilepsy, PDH enzyme PDH enzyme Y ketogenic diet, |diet generic diagnosis metabolism, https://www.
dehydrogenase encephalopathy activity in blood  |activity in blood thiamine medication neurology ncbi.nim.nih.
deficiency , lacitic acidosis, or skin; or skin; gov/books/NBK
Leigh syndrome 571223/
in blood or CSF  |in blood or CSF
PDHB Pyruvate metabolism AR 0.08(Neonatal \ PDHenzyme [PDHenzyme |Y ketogenic diet, [diet generic diagnosis metabolism, hitps:/fwww.
dehydrogenase structural brain activity in blood | activity in blood thiamine ncbi.nlm.nih.
deficiency anomalies, leigh or skin; or skin; qov/books/NBK
syndrome, 571223/
neonatal lactic in blood or CSF in blood or CSF
acidosis, IUGR
PDHX Pyruvate metabolism AR 0.14|Neonatal lactic acidosis, PDHenzyme [PDHenzyme |Y ketogenic diet, [diet generic diagnosis metabolism, hitps:/fwww.
dehydrogenase encephalopathy activity inblood ~ [activity in blood thiamine medication neurology ncbi.nim.nih.
deficiency or skin; or skin; [gov/books/NBK
571223/
in blood or CSF  [in blood or CSF
PDP1 Pyruvate metabolism AR 0.02| Neonatal lactic acidosis, PDHenzyme |PDHenzyme |Y ketogenic diet, generic diagnosis metabolism, https:/iwww.
dehydrogenase cardiomyopathy activity in blood ~ [activity in blood thiamine medication neurology ncbi.nim.nih
phosphatase or skin; or skin; |gov/books/NBK
deficiency 571223/
in blood or CSF  [in blood or CSF
PKLR Pyruvate kinase | metabolism AR 0.8[Neonatal, hemolytic omplete blood |omplete blood [Y Mitapivat, red medication Agios folic acid in hematology https:/www.
deficiency juvenile or adult |anemia count and red [count and red cell transfusion, |transfusion childhood; ncbi.nim.nih,
cell cell folic acid mitapivat in gov/books/NBK
pyruvate kinase [pyruvate kinase adulthood 560581/
activity ivi
TRPM6 TRPM6 metabolism AR unk Neonatal hypomagnesem serum serum Y generic diagnosis gastroenterolog htps://www-
associated ia, and and y nature-com.
hypomagnesem hypocalcemia calcium calcium proxy library.
ia levels levels upenn.
edu/articles/ng9
01z
FXYD2 Hypomagnese | metabolism AD unk Adulthood > hypomagnesem serum serum unk generic diagnosis unk hitps://www.
mia, type 2 childhood ia, & & zora.uzh
fractional fractional
a excretion of excretion of 654/1/qfv014.
pdt
calcium calcium
MPI Congenital metabolism AR <1 Infancy diarrhea, Y liver generic diagnosis metabolism [
disorder of hepatomegaly, profiling, N- profiling, N- transplant oT (mannose) ncbi.nim.nih ncbi.nim.nih.
glycosylation, hypoglycemia, glycan profiling |glycan profiling a 09:
elb protein-losing /PMC8720509/
enteropathy
PGM1 Congenital metabolism AR <1 Neonatal cleft palate, Y D-galactose generic diagnosis i
disorder of hypoglycemia, profiling, N- profiling, N- ncbi.nim.nih
glycosylation, hepatitis, glycan profiling  |glycan profiling
type It myopathy, /PMC8720509/  |cle/pii/S109671
structural 922030185272
cardiac defects, Via%3Dihub
neurologic e
involvement
SLC35A2 Congenital metabolism XLD < Infancy epileptic N-glycan N-glycan Y D-galactose medication generic di htps:/www. htp
disorder of encephalopathy profiling, profiling, ncbi.nim.nih. Incbi.nim.nih.
glycosylation, , retinopathy,
type lIm nystagmus, deficienct deficienct /PMC8720509/  |/PMC7275909/
strabismus,
failure to thrive, profile profile
liver
dysfunction,
hepatosplemeg
aly, nephrotic
syndrome,
rhizomelia,
craniosynostosi
s, scoliosis
SLC39A8 Congenital metabolism AR <1 Infancy Leigh like Mn level, N- Mn level, N- Y generic diagnosis metabolism s
disorder of changes on glycan, glycan, galactose, ncbi.nim.nih. ncbi.nim.nih.
glycosylation, MRI, cerebral uridine
typelin and cerebellar deficient deficient /PMC8720509/  |/PMC8272319/
atrophy, transferin transferin
developmental
delay
TMEM165 Congenital metabolism AR <1 Neonatal skeletal Y D-galactose medication generic d https:/Mwww. http:
disorder of dysplasia, deficient deficient ncbi.nim.nih, ncbi.nim.nih.
glycosylation, neurologic, i i
type Ik pulmonary, /PMC8720509/  |/PMC6283449/
gastrointestinal,
endocrine &
hematolgic
dysfunction,
coagulopathy
PIGA PIGA-CDG metabolism XLR <1 Infancy cardiac defects, GPI anchor flow |GPIanchor flow |Y generic di
GU anomalies, (benefitmay be
feeding limited)
difficulties, skin
abnormalities,
scoliosis,
severe
intellectual
disability,
epilepsy
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Metabolism (135 genes)

Inheritance On RUSP? Prevalence - Age of Onset Disease Orthogonal Ifyes, Ifyes, Is orthogonal Intervention Category of If pharma, Age of MD leading Comments Link to ref 1 Link to ref 2 Link to ref 3
(YIN) disease symptoms test? (Y/N) orthogonal orthogonal | testexpected | Considered Intervention  |whatcompany | Intervention | intervention
frequency per test test to be abnormal | (Free Text) or companies | Implementatio
100,000 ininfancy? are making n
(Rx genes, if treatment
listed)
PIGM-CDG metabolism AR <1 Early childhood  [seizures, GPlanchor flow |GPlanchor flow |Y generic diagnosis metabolism very limited https: https:/www.
thrombosis (benefit may be papers Jlonlinelibrary.
limited), wiley. com/science/arti
anticoagulation com/doi/10. cle/pii/S092544
1111/epi.16545 |39090000272
via%3Dihub
PIGO PIGO-CDG metabolism AR <1 Neonatal dysmorphic GPlanchor GPlanchor Y generic diagnosis hitps: https://pubmed.
features, flow, alkaline flow, alkaline (benefit may be //onlinelibrary. nchi.nim.nih.
hypogonadism, limited) wiley. qov/28545593/
epilepsy, com/doi/10
developmental 1111/epi.16545
delay,
hyperphosphata
sia, anorectal
anomalies
AMT Glycine metabolism AR 0.36|Neonatal epileptic plasma/CSF plasma/CSF Y benzoate, medication generic diagnosis metabolism,
encephalopathy encephalopathy amino acids amino acids NMDA blockade neurology
aminomethyltra
nsferase (AMT)
OAT Ornithine metabolism AR 0.067 | Adolesence- gyrate atrophy plasmaamino |plasmaamino |, but sensitivity |pryidoxine, diet generic diagnosis metabolism https://pubmed.
aminotransferas 0s acids, OAT acids, OAT unk (AA); Y protein medication ncbi.nim.nih
e deficiency enzymeinskin [enzymeinskin |(enzyme) restricted diet |qov/34894815/
(arginine-
restricted diet)
oTC Omithine metabolism XLR 1.455|Boys: neonatal- |hyperammonem plasmaamino |plasmaamino |V Protein diet Horizon diagnosis metabolism
transcarbamyla adolesence; ia acids, urine acids, urine 3 i
se deficiency girls: neonatal- orotic acid orotic acid citrulline, oT
adulthood sodium
benzoate,
Ravicti, liver
transplatation
GLUD1L Hyperinsulinism | metabolism AD 2.4|Neonatal hyperammonem Ammonia, Ammonia, Diazoxide, medication many diagnosis metabolism or https://pubmed.
- iaan glucose, insulin, [glucose, insulin, somatostatin surgery endocrinology ncbi.nim.nih
hyperammonem hyperinsulinism free fatty free fatty analogs, 00v/32229669/
ia syndrome acid levels acid levels nifedipine,
glucagon, IGF-
1,
glucocorticoids,
growth
hormone,
pancreatic
resection,
mTOR
inhibitors,
GLP-1 receptor
antagonists,
sirolimus
UMPS Orotic aciduria metabolism AR <1 Childhood megaloblastic Urinary orotic Urinary orotic Y Uridine medication Wellstat diagnosis metabolism or
anemia acid acid triacetate hematology
SLC25A15 Hyperornithine metabolism AR 0.07 [Childhood > hyperammonem Plasma Plasma Y Protein- diet Horizon diagnosis metabolism https:/www.
mia- infantile > ia, liver ornithine, ornithine, restricted diet, | medication ncbi.nim.nih.
hyperammonem neonatal > dysfunction, urinary urinary citruliine, &
ia- P nitrogen /PMC6323011/
homocitrullinuri adult hypotonia, scavengers
asyndrome motor
dysfunction,
encephalopathy
SLC25A19 Thiamine metabolism AR <0.1 Infancy- transient N/A N/A B1 (thiamine) medication generic d hitps:/pubmed.
metabolism ncbi.nim.nih,
dysfunction , seizures, 0v/35102031/
syndrome 4 areflexia,
chronic
polyneuropathy,
skeletal muscle
atrophy
TPK1 Thiamine metabolism AR unk 154 episodic Plasma Plasma B1 (thiamine)  [medication generic di htps://www.
metabolism encephalopathy thiamine thiamine ncbi.nim.nih.
dysfunction , developmental lgov/pmc/articles
syndrome 5 delay, level level /PMC5121315/
hypotonia
SLC2A1 GLUT1 metabolism AD 1.7[Infancy (classic) |epilepsy, Comparisonof |Comparisonof |Y Ketogenic diet |diet generic diagnosis https:/iwww.
deficiency > childhood movement blood glucose  |blood glucose and carnitine, medication ncbi.nim.nih.
syndrome 1 disorder avoid gov/pme/articles
with CSF with CSF barbiturates, /PMC7469861/
glucose glucose methyxanthine
obtained after 4 |obtained after 4 i
hr fast hr fast
SLC6A8 Creatine metabolism XLR unk 4-54 mo developmental urine creatinine |urine creatinine |Y creatine medication generic di Rx with limited  [https://Awww.
transporter delay, speech levels, MRS for |levels, MRS for efficacy ncbi.nlm.nih.
deficiency delay, autism, i gov/books/NBK
epilepsy, 3704/
hypotonia,
spasticity
GAMT Cerebral metabolism AR 0.4(3m-2y Y Creatine diet generic di https:/www.
creatine delay, speech te, creatine, &  |te, creatine, & i ncbi.nim.nih,
deficiency delay, autism, ine levels levels ornithine gov/books/NBK
syndrome 2 seizures, in urine & in urine & supplementatio 3794/
movement plasma plasma n. Arginine
disorder ;
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Metabolism (135 genes)

Inheritance On RUSP? Prevalence - Age of Onset Disease Orthogonal Ifyes, Ifyes, Is orthogonal Intervention Category of If pharma, Age of MD leading Comments Link to ref 1 Link to ref 2 Link to ref 3
(YIN) disease symptoms test? (Y/N) orthogonal orthogonal | testexpected | Considered Intervention  |whatcompany | Intervention | intervention
frequency per test test to be abnormal | (Free Text) or companies | Implementatio
100,000 ininfancy? are making n
(Rx genes, if treatment
listed)
Cerebral metabolism AR 0.01 | Childhood intellectual Creatine medication generic diagnosis metabolism https:/www.
creatine disability, te, creatine, & |te, creatine, & monohydrate ncbi.nim.nih
deficiency weakness levels levels |gov/books/NBK
syndrome 3 in urine & in urine & 3704/
plasma plasma
ALDH5A1 Succinic metabolism AR 0.1 Infancy hypotonia, UOA: 4- UOA: 4- Y ig Lundbeck, onset of neurology treatment hitps:/fwww.
semialdehyde developmental generic seizures; some efficacy may be |ncbi.nlm.nih
dehydrogenase delay, ID, aciduria aciduria may do at limited qov/books/NBK
deficiency speech delay, diagnosis; 1195/
ataxia, epilepsy, earlist tried is
movement 25
disorder
SLC30A10 Hypermagnese | metabolism AR unk Childhood (2-15 |dystonia, Mn level Mn level unk generic diagnosis neurology https:/iwww.
mia with years) > adult  [movement chelation ncbi.nim.nih
dystonia 1 disorder therapy with |gov/books/NBK
EDTA-CaNa2, 100241/
iron
SLC39A14 Hypermagnese | metabolism AR unk 6m-3y motor delay, Mn level Mn level Y generic diagnosis neurology evidence hitps:/www.
mia with dystonia, chelation presymptomatic | ncbi.nim.nih.
dystonia 2 hypotonia, therapy with or early [gov/books/NBK
spasticity, EDTA-CaNa2, treamtent is 431123/
parknsonism iron more beneficial
ALDOB Hereditary metabolism AR 4.395[6m (or initiation  [hypoglycemia, N (unless Dietary diet diagnosis metabolism https:/iwww.
fructose of fructose) lactic acidosis, deficient deficient fructose restriction of ncbi.nim.nih.
intolerance hypophosphate D fructose, |gov/books/NBK
mia, urine reducing  |urine reducing sucrose, 333439/
hyperuricemia, and sorbitol
sea, elevated elevated
vomiting, plasma plasma
o e Cneyme aciviy, |ensyme aciviy,
lactic acidemia, |lactic acidemia,
failure
mia, mia,
mia, mia,
a a
FBP1 Fructose-1,6- metabolism AR 0.195[50% by day 4; [hypoglycemia, elevated fasting |elevated fasting |N Sucrose & diet generic diagnosis. metabolism or
bisphosphatase 100% by 1 year |[lactic acidosis lactate, alanine, [lactate, alanine, fructose medication endocrine
deficiency Ketosis, Ketosis, restricted diet
p P gl especially when
3 . ill,
glycerol, g-3pin [glycerol, g-3pin
urine urine cornstarch to
limit overnight
fasting
GALM Galactose metabolism AR 0.43|Unk; discovered |cataracts Plasma Plasma Y Galactose/lacto | diet diagnosi metabolism li
mutarotase by newborn level level se-restricted ncbi.nim.nih.
deficiency screening while on a while on a diet ti
Cle/pii/S109671  |/PMC8628924/
diet diet 92183076372
via%3Dihub
SLC5A1 Glucose- metabolism AR unk 2-3 days \watery diarrhea N/A N/A Elimination of diet
galactose glucose and
malabsorption galactose
from the diet.
Use fructose-
based
formula.
HIBCH 3 metabolism AR 0.77]0-7 years Leigh Acylcarnitine Acylcarnitine Y Valine restricted | diet generic diagnosis metabolism https:/iwww.
hydroxyisobutryl syndrome, profile, urine  [profile, urine diet, medication frontiersin
-CoA hydrolase organic acids  |organic acids antioxidants,
deficiency developmental CoQ, thiamine, 3389/fphar.
delay, epilepsy, riboflavin 2021.605803
dystonia, full
strabismus u
HMGCS2 3-hydroxy-3- metabolism AR <1 Infancy-early hypoketotic organic acids, |organic acids, |Y IV glucose diet generic hitps://www.
methylglutaryl- during acute medication ilness ncbi.nim.nih.
CoA synthase profile profile episodes, ov/pmc/articles
deficiency avoid prolonged /PMC5979369
fasting
MTHFR Methylenetetrah | metabolism AR unk Infantile- neurologic Plasma Plasma Y Betaine, 5- medication generic diagnosis metabolism l
ydrofolate g 3 methyltetrahydr ncbi.nim.nih.
reductase hypotonia, ofolate gov/186580: com/articles/10.
deficiency apnea, levels and CSF  |levels and CSF 1186/s13023-
seizures, 5 5 018-076
microcephaly,
psychiatric ofolate level |ofolate level
disturbance,
thrombosis
MTHFS 5,10- metabolism AR unk Neonatal- microcephaly, low MTHFS low MTHFS Y Combination of |medication generic diagnosis metabolism https:/www.
Methenyltetrahy infantile developmental enzyme enzyme oral ncbi.nim.nih
drofolate delay, L5 gov/pme/articles
synthetase hypertonia, methyltetrahydr /PMC6557438/
deficiency epilepsy ofolate &
intramuscular
methylcobalami
n
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Inheritance On RUSP? Prevalence - Age of Onset Disease Orthogonal Ifyes, Ifyes, Is orthogonal Intervention Category of If pharma, Age of MD leading Comments Link to ref 1 Link to ref 2 Link to ref 3
(YIN) disease symptoms test? (Y/N) orthogonal orthogonal | testexpected | Considered Intervention  |whatcompany | Intervention | intervention
frequency per test test to be abnormal | (Free Text) or companies | Implementatio
100,000 ininfancy? are making n
(Rx genes, if treatment
listed)
Aromatic amino | metabolism AR 0.83(Infantile > hypotonia, CSF CsF Y generic diagnosis metabolism https://ojrd.
acid neonatal movement oxal phosphate, |gene therapy biomedcentral
decarboxylase disorder, s s folinic acid, com/articles/10.
deficiency developmental dopamine 1186/513023-
delay, agonists,
dysautonomia SSRIs, 5-HTP,
MAO B
inhibitors. Gene
therapy
(PTC-AADC -
clinical trial)

GLDC Glycine metabolism AR 1.05[Infantile > non- [epileptic plasmaamino  |plasmaamino  |Y benzoate, generic diagnosis hitps:/www.
decarboxylase classic late encephalopathy acids, CSF acids, CSF NMDA blockade ncbi.nim.nih.
(GLDC) onset amino acids amino acids gov/books/NBK
deficiency 1357/

PHGDH Phosphoglycera | metabolism AR unknown Infantile microcephaly, CSF & plasma |CSF & plasma  |Y serine, glycine | medication generic diagnosis metabolism htps://pubmed.
e epilepsy, serine & glycine |serine & glycine ncbinim.nih
dehydrogenase cataract IUGR level level | qov/28440900/
deficiency

MLYCD Malonyl-CoA metabolism AR unknown Infantile- cardiomyopathy Plasma Plasma Y Carnitine, low generic diagnosis metabolism https:
decarboxylase childhood , developmental fat, high MCT, medication //onlinelibrary.
deficiency delay, seizures, profiles, profiles, high wiley.

acidosis, urine organic  |urine organic carbohydrate com/doilepdf/10
hypoglycemia acid acid diet .1002/mgg3
1379

SLC30A2 Transient metabolism AD unknown Breastfeeding acrodermatitis Zinc levels in Zinc levels in N Affected female |medication generic childbirth metabolism or
neonatal zinc (presents in in offspring breast milk breast milk patients Gl
deficiency offspring) produce breast

milk with
inadequate

zinc.

n
supplementatio
nof their infants
until weaning

SLC39A4 Acrodermatitis metabolism AR 0.2|Weaning (~6 acrodermatitis, Plasma zinc Plasma zinc zinc medication generic diagnosis metabolism
enteropathica months) diarrhea level level

SLCTA7 Lysinuric metabolism AR unknown Weaning (~6  |HLH, 24-hour urinary | 24-hour urinary Protein diet generic diagnosis metabolism
protein months) excretion of excretion of restriction, i
intolerance ia, osteopenia, cationic cationic camitine,

hepatosplenom amino acids amino acids citrulline,

egaly lysine
supplementatio
n, sodium
benzoate

SORD Sorbitol metabolism AR 1 6-17|motor- Mass Mass p: (Asia ainippon no protocol neurology hitps://www.
dehydrogenase predominant only) and Sumitomo exists frontiersin.
deficiency with distal muscle analysis of analysis of Ranirestat Pharma and org/articles/10
peripheral weakness, serum sorbitol  |serum sorbitol (experimental) PharmaKyorin 3389/fneur.
neuropathy hyporeflexia, levels levels 2021.733926

foot deformities il

TCN2 Transcobalamin | metabolism AR <1 Earlyinfancy  |pancytopenia, CBC, Serum CBC, Serum Y Cobalamin medication generic d https://pubmed
Il deficiency amino acids, amino acids, ncbi.nim.nih,

a vitamin B12, vitamin B12, 0v/24305960/
methylmalonic & & 90v/24305960
acidemia

acid levels acid levels

AGA Aspartylglucosa | metabolism AR unk globally; 1.7 [infancy- hernias, enzyme activity, |enzyme activity, |Y generic seizures neurology BMT has been |https://ojrd
minidase in Finland urine urine shown biomedcentral
deficiency delay, rapid as the primary com/articles/10.

neurologic s, vacuolated  [s, vacuolated AED 1186/513023-
decline in 016.0544-6
adulthood -

AGXT Primary metabolism AR 1/ Infantile- kidney stones, urinary oxalate, [urinary oxalate, |Y, but requires [Lumasiran, diet Alnylam htps://www. https:
hyperoxaluria adulthood renal glycolate; AGT |glycolate; AGT |an age-specifi pyridoxine and frontiersin. /academic.oup.
typel insufficiency, enzyme enzyme reference drinking large | procedure alkalinization at 10

systemic range, which is |volumes, oT diagnosis, 9/fmed 27/5/1729/1844
oxalosis with currently not |alkalinzation of (evenif 2021.703305
eye, skin and well established |urine, diagnosed in full
heart pyrophosphate- infancy due to
involvement containing an affected
solutions, sibling)
liver-kidney
transplant,
dialysis

ALDH4A1 Hyperprolinemi | metabolism AR unk Childhood D, epilepsy urine P5C, urine P5C, Y vitamin B6 medication generic diagnosis neurology https: https://adc.bm]

a, type Il plasma proline  |plasma proline (pyridoxine) Jlonlinelibrar 82/
wiley. 3/236
com/doi/epdf/10

1111/ped
12420

APRT Adenine metabolism AR 2| Adulthood crystal Adenine Adenine Y Allopurinol or diet generic diagnosis nephrology https:/Aww.
phosphoribosylt (50%); any age [nephropathy 3 ncbi.nim.nih.
ransferase Low purine gov/books/NBK
deficiency enzyme activity |enzyme activity dietand ample 100238/

fluid intake
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https://ojrd.biomedcentral.com/articles/10.1186/s13023-016-0522-z
https://ojrd.biomedcentral.com/articles/10.1186/s13023-016-0522-z
https://ojrd.biomedcentral.com/articles/10.1186/s13023-016-0522-z
https://ojrd.biomedcentral.com/articles/10.1186/s13023-016-0522-z
https://ojrd.biomedcentral.com/articles/10.1186/s13023-016-0522-z
https://www.ncbi.nlm.nih.gov/books/NBK1357/
https://www.ncbi.nlm.nih.gov/books/NBK1357/
https://www.ncbi.nlm.nih.gov/books/NBK1357/
https://www.ncbi.nlm.nih.gov/books/NBK1357/
https://pubmed.ncbi.nlm.nih.gov/28440900/
https://pubmed.ncbi.nlm.nih.gov/28440900/
https://pubmed.ncbi.nlm.nih.gov/28440900/
https://onlinelibrary.wiley.com/doi/epdf/10.1002/mgg3.1379
https://onlinelibrary.wiley.com/doi/epdf/10.1002/mgg3.1379
https://onlinelibrary.wiley.com/doi/epdf/10.1002/mgg3.1379
https://onlinelibrary.wiley.com/doi/epdf/10.1002/mgg3.1379
https://onlinelibrary.wiley.com/doi/epdf/10.1002/mgg3.1379
https://onlinelibrary.wiley.com/doi/epdf/10.1002/mgg3.1379
https://www.frontiersin.org/articles/10.3389/fneur.2021.733926/full
https://www.frontiersin.org/articles/10.3389/fneur.2021.733926/full
https://www.frontiersin.org/articles/10.3389/fneur.2021.733926/full
https://www.frontiersin.org/articles/10.3389/fneur.2021.733926/full
https://www.frontiersin.org/articles/10.3389/fneur.2021.733926/full
https://www.frontiersin.org/articles/10.3389/fneur.2021.733926/full
https://pubmed.ncbi.nlm.nih.gov/24305960/
https://pubmed.ncbi.nlm.nih.gov/24305960/
https://pubmed.ncbi.nlm.nih.gov/24305960/
https://ojrd.biomedcentral.com/articles/10.1186/s13023-016-0544-6
https://ojrd.biomedcentral.com/articles/10.1186/s13023-016-0544-6
https://ojrd.biomedcentral.com/articles/10.1186/s13023-016-0544-6
https://ojrd.biomedcentral.com/articles/10.1186/s13023-016-0544-6
https://ojrd.biomedcentral.com/articles/10.1186/s13023-016-0544-6
https://www.frontiersin.org/articles/10.3389/fmed.2021.703305/full
https://www.frontiersin.org/articles/10.3389/fmed.2021.703305/full
https://www.frontiersin.org/articles/10.3389/fmed.2021.703305/full
https://www.frontiersin.org/articles/10.3389/fmed.2021.703305/full
https://www.frontiersin.org/articles/10.3389/fmed.2021.703305/full
https://www.frontiersin.org/articles/10.3389/fmed.2021.703305/full
https://academic.oup.com/ndt/article/27/5/1729/1844423
https://academic.oup.com/ndt/article/27/5/1729/1844423
https://academic.oup.com/ndt/article/27/5/1729/1844423
https://academic.oup.com/ndt/article/27/5/1729/1844423
https://academic.oup.com/ndt/article/27/5/1729/1844423
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ped.12420
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ped.12420
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ped.12420
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ped.12420
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ped.12420
https://onlinelibrary.wiley.com/doi/epdf/10.1111/ped.12420
https://adc.bmj.com/content/82/3/236
https://adc.bmj.com/content/82/3/236
https://adc.bmj.com/content/82/3/236
https://www.ncbi.nlm.nih.gov/books/NBK100238/
https://www.ncbi.nlm.nih.gov/books/NBK100238/
https://www.ncbi.nlm.nih.gov/books/NBK100238/
https://www.ncbi.nlm.nih.gov/books/NBK100238/

Metabolism (135 genes)

Inheritance On RUSP? Prevalence - Age of Onset Disease Orthogonal Ifyes, Ifyes, Is orthogonal Intervention Category of If pharma, Age of MD leading Comments Link to ref 1 Link to ref 2 Link to ref 3
(YIN) disease symptoms test? (Y/N) orthogonal orthogonal | testexpected | Considered Intervention  |whatcompany | Intervention | intervention
frequency per test test to be abnormal | (Free Text) or companies | Implementatio
100,000 ininfancy? are making n
(Rx genes, if treatment
listed)
Menkes disease | metabolism AR N 0.28-25 2-3 months. hypotonia, Y Serum Serum Y generic <4 weeks of neurology or htps:/www.
(classic) seizures, failure cer in & & injections of age for copper; | metabolism ncbi.nim.nih
to thrive, copper, copper, copper adulthood for |gov/books/NBK
vascular plasma histidine droxidopa 1413/
tortuosity catechols catechols (Expanded
access) or
copper chloride,
(clinical trial)
cP Aceruloplasmin | metabolism AR N 0.05[30-70 years retinal Y Serum Serum Y D generic once Hb> 9 hematology htps:/www.
emia degeneration, cer in & in & e, deferaserix, |transfusion ncbi.nim.nih
N copper level copper level Vitamin E, |gov/books/NBK
diabetes
- fresh-frozen 1493/
mellitus (DM), plasma
and neurologic
disease
ATP7B Wilson disease | metabolism AR N 3.33|Mean 20-22, hemolytic Y Serum Serum Y Zinc, Trientine, | diet Wilson symptom onset; |Gl https:/www. htp:
but any age anemia, liver r & |cer & consider zinc ncbi.nim.nih, sciencedirect.
possible dysfunction, copper, copper, low copper diet presymptomatic ti
neuropsychiatri urinary copper  [urinary copper all 1512/ cle/pii/S016882
¢ symptoms 7811008129
BCKDK Branched-chain | metabolism AR N unk Neonatal-early ~|autism, Y Serumamino  |Serumamino  |Y High protein diet generic diagnosis metabolism htps://pubmed.
Ketoaci childhood epilepsy, DD, acids acids diet, BCAA medication ncbi.nim.nih.
dehydrogenase low birth weight acids acids supplement, gov/24449431/
kinase continuous
deficiency feeds
CASA Carbonic metabolism AR N unk 0-20m hyperammonem |[Y elevated elevated Y N- diet Recordati sick day metabolism https:/Awww.
anhydrase VA ia precautions ncbi.nim.nih,
deficiency alanine; low alanine; low ate, when gov/books/NBK
citrulline or citrulline or IV dextrose intercurrent 284774/
gln/cit ratio, glnlcit ratio, whenill, extra illnesses begin;
organic acids  |organic acids calories and carbaglu if
limited protein hyperammonem
when il ©
CPS1 Carbamoy! metabolism AR N 0.08 Neonatal Y Ammonia, Ammonia, Y Protein diet Horizon, diagnosis https:/Awww.
phosphate ia plasma amino  [plasma amino i ncbi.nim.nih
synthetase | acid acid citrulline, oT gov/books/NBK
deficiency analysis analysis sodium 1217/
ine and ine and benzoate,
citrulline), citrulline),
urine orotate  [urine orotate liver
transplatation,
N-
carbamylglutam
ate
CYP27A1 Cerebrotendino | metabolism AR N 0.48|Neonatal (but ~|diarrhea, Y Cholestanol Cholestanol Y Chenodeoxycho |medication Travere diagnosis metabolism early treatment | https://www.
us may not be cataract, level level lic acid is disease- ncbi.nlm.nih
xanthomatosis until and
disease cholestasis decreased risk  |1409/
progression ofneurologic |
disease
DHCR7 7 metabolism AR N 255|Congenital dysmorphic Y 7-dhc level 7-dhc level Y generic di hitps://www.
dehydrocholest features, ncbi.nim.nih,
erol reductase undervirilization,
deficiency developmental 1143/
delay,
microcephaly,
adrenal
insufficiency,
structural brain
anomalies
DHFR Dihydrofolate metabolism AR N unk Childhood megaloblastic Y Complete blood |Complete blood |unk Folinic acid, 5- | medication generic of https:/www.
reductase anemia count with MCV [count with MCV/ F-THF, anemia ncbi.nim.nih
deficiency & & hydroxycobala lgov/pme/articles
CSF 5- CSF 5 min /PMC3035706/
ofolate level ofolate level
DLD Dihydrolipoamid | metabolism AR N unk (2.8inAJ) [infancy, intermittent liver |Y' plasmaamino  |plasmaamino  |Y (enzyme); low protein diet, |diet, medication [generic d
e acids, urine acids, urine severe cases riboflavin, N- abnormalities
dehydrogenase leigh syndrome organic acids, |organic acids, |only acetylcysteine, are intermittent
deficiency DLD DLD (metabolites) avoidance of
alcohol and
acetaminophen
GLUL Glutamine metabolism AR N unk Prenatal epileptic plasma plasma Y care d https:/iwww.
synthetase encepahalopath ncbi.nlm.nih
deficiency , brain lgov/pme/articles
malformations, PMC5192420/
failure,
necrolytic skin
erythemia,
dysmorphic
GOT2 Glutamic- metabolism AR N unk 0-1y microcephaly,  |Y’ plasmaserine  |plasmaserine |onlyinsevere |Vitamin B6 medication generic di i
oxaloacetic failure to thrive, cases (pyridoxine) and labs have ncbi.nlm.nih
transaminase 2 epileptic serine limited lgov/pmc/articles
deficiency encephalopathy sensitivity /PMC6732527/
, developmental
delay,
intellectual
disability
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https://www.ncbi.nlm.nih.gov/books/NBK1413/
https://www.ncbi.nlm.nih.gov/books/NBK1413/
https://www.ncbi.nlm.nih.gov/books/NBK1413/
https://www.ncbi.nlm.nih.gov/books/NBK1413/
https://www.ncbi.nlm.nih.gov/books/NBK1493/
https://www.ncbi.nlm.nih.gov/books/NBK1493/
https://www.ncbi.nlm.nih.gov/books/NBK1493/
https://www.ncbi.nlm.nih.gov/books/NBK1493/
https://www.ncbi.nlm.nih.gov/books/NBK1512/
https://www.ncbi.nlm.nih.gov/books/NBK1512/
https://www.ncbi.nlm.nih.gov/books/NBK1512/
https://www.ncbi.nlm.nih.gov/books/NBK1512/
https://www.sciencedirect.com/science/article/pii/S0168827811008129
https://www.sciencedirect.com/science/article/pii/S0168827811008129
https://www.sciencedirect.com/science/article/pii/S0168827811008129
https://www.sciencedirect.com/science/article/pii/S0168827811008129
https://www.sciencedirect.com/science/article/pii/S0168827811008129
https://pubmed.ncbi.nlm.nih.gov/24449431/
https://pubmed.ncbi.nlm.nih.gov/24449431/
https://pubmed.ncbi.nlm.nih.gov/24449431/
https://www.ncbi.nlm.nih.gov/books/NBK284774/
https://www.ncbi.nlm.nih.gov/books/NBK284774/
https://www.ncbi.nlm.nih.gov/books/NBK284774/
https://www.ncbi.nlm.nih.gov/books/NBK284774/
https://www.ncbi.nlm.nih.gov/books/NBK1217/
https://www.ncbi.nlm.nih.gov/books/NBK1217/
https://www.ncbi.nlm.nih.gov/books/NBK1217/
https://www.ncbi.nlm.nih.gov/books/NBK1217/
https://www.ncbi.nlm.nih.gov/books/NBK1409/
https://www.ncbi.nlm.nih.gov/books/NBK1409/
https://www.ncbi.nlm.nih.gov/books/NBK1409/
https://www.ncbi.nlm.nih.gov/books/NBK1409/
https://www.ncbi.nlm.nih.gov/books/NBK1143/
https://www.ncbi.nlm.nih.gov/books/NBK1143/
https://www.ncbi.nlm.nih.gov/books/NBK1143/
https://www.ncbi.nlm.nih.gov/books/NBK1143/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3035706/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3035706/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3035706/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3035706/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5192420/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5192420/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5192420/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5192420/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6732527/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6732527/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6732527/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6732527/

Metabolism (135 genes)

Inheritance On RUSP? Prevalence - Age of Onset Disease Orthogonal Ifyes, Ifyes, Is orthogonal Intervention Category of If pharma, Age of MD leading Comments Link to ref 1 Link to ref 2 Link to ref 3
(YIN) disease symptoms test? (Y/N) orthogonal orthogonal | testexpected | Considered Intervention  |whatcompany | Intervention | intervention
frequency per test test to be abnormal | (Free Text) or companies | Implementatio
100,000 ininfancy? are making n
(Rx genes, if treatment
listed)
Isoleucyl-tRNA metabolism AR N unk Prenatal steatosis, zinc levels zinc levels unk, but Isoleucine diet generic diagnosis metabolism http: http: cell
synthetase severe failure to believed Y i ncbi.nim.nih. com/ajhg/pdfExt
deficiency thrive, n & protein gov/pmc/articles  [ended/S000:
intellectual fortification (2.5 /PMC8244667/ [9297(16)3019!
disability malkg/day, 7
during illness
3.5 glkg/day),
zinc
supplementatio
n
LIPA Lysosomal acid | metabolism AR N 2|Childhood > hepatomegaly, Leukocytes or  |Leukocytesor |Y Sebelipase alfa |ERT Alexion onset https:/www.
lipase infancy diarrhea, liver whole blood whole blood enzyme ncbi.nim.nih.
deficiency dysfunction, acid acid replacement gov/books/NBK
adrenal lipase lipase 305870/
calcifications, enzyme activity | enzyme activity
adrenal failure
MAN2B1 Alpha- metabolism AR N 0.2|Moderate (early |immune Leukocyte acid |Leukocyte acid |Y HSCT, ERT Chiesi <10y (HSCT) hematology, https://ojrd.
mannosidosis > alpha- alpha- Velmanase HSCT metabolism biomedcentral.
mild dysmorphology, enzyme com/articles/10
(adolesence) skeletal enzyme enzyme replacement 1186/1750-
and anomalies, activity, urine  [activity, urine
severe
(congenital) fon s s
MOCS1 Molybdenum metabolism AR N 0.495|First days of life [epilepsy, lens Urinary Urinary Y Cyclic diet Origin <28 days metabolism hitps:/www.
cofactor (classic) > late- |dislocation, xanthine, uric ~ |xanthine, uric ncbi.nim.nih
deficiency A onset encephalopathy acid, acid,
,apnea, feeding s s 575630/
difficulties (fosdenopterin),
sulfite, sulfite, low cysteine
diet, thiamine
&plasma uic | & plasma uric
acid acid
NAGS N- metabolism AR N 0.05(Neonatal hyperammonem Ammonia, Ammonia, Y N-carbamyl diet Horizon, diagnosis metabolism hitps://www.
acetylglutamate ia plasma amino  |plasma amino low ncbi.nim.nih.
synthase acid acid protein diet, oT gov/books/NBK
deficiency analysis analysis nitrogen 1217/
and and scavengers,
citrulline), citrulline), liver transplant
urine orotate urine orotate
NAXE NAD(P)HX metabolism AR N unk 8-20 months ataxia, fibroblast fibroblast generic no protocol metabolism treatment https:/www.
epimerase hypotonia, studies (not studies (not (theoretical) exists, likely at ncbi.nim.nih.
deficiency developmental cLia) cLia) diagnosis qov/pmc/articles
delay, /PMC5065653/p
nystagmus, df/main.pdf
respiratory
failure
OXCT1 Succinyl-CoA:3- | metabolism AR N unk Neonatal-3y permanent urine ketones urine ketones Y IV glucose diet generic symptom onset, |metabolism https:/Awww. http:
ketoacid CoA ketosis during acute medication bicarbonate just sciencedirect. |orpha.
transferase episodes, avoid if acidosis ti l
(scom) I 0 |GBluk-scot.pdf
deficiency fasting, 0908421000316
consider mild
fat & protein
restriction,
PNPO Pyridoxamine 5- | metabolism AR N unk Neonatal epilepsy CSF PLP, CSF PLP, Y pyridoxal-L- generic birth neurology [https:
e (most), enzyme studies |enzyme studies phosphate J/academic.oup.
phosphate prenatal, com/brain/artic!
oxidase infancy /137/5/1350/33
deficiency
POR Cytochrome metabolism AR N unk Congenital cortisol Serum 17- Serum 17- Y generic diagnosis endocrinology https:/iwww.
P450 deficiency, testesterone or ncbi.nim.nih.
oxidoreductase altered sex erone, erone, estrogen gov/books/NBK
deficiency steroid cortisol & cortisol & replacement 1410/
synthesis, therapy
disorders of sex pic pic
development hormone hormone
(DSD), and (ACTH) levels, [(ACTH)levels,
skeletal
malformations and and
PSATL Phosphoserine | metabolism AR N unk Neonatal poor feeding, CSF & plasma |CSF & plasma  |Y Serine, glycine |medication generic d disease https: /iwww.
aminotransferas epilepsy serine & glycine |serine & glycine ultrarare; effects [ncbi.nim.nih
e deficiency level level of treatment not |gov/pmc/articles
know /PMC1852735/p
df/AJHGv80p93
| L.pdf
PSPH Phosphoserine | metabolism AR N <1 neonatal dysmorphic CSF & plasma |CSF & plasma |Y Serine, glycine |diet, generic di 9222972 25080166
phosphatase features, serine & glycine |serine & glycine supplement
deficiency developmental level level
delay, epilepsy,
Ell Congenital metabolism AR N 110 neonatal-adult diarrhea when 13C-sucrose 13C-sucrose Y Avoid sucrose |diet, medication |QOL Medical at diagnosis Gl 8576798
sucrase- onset forms exposed to labeled breath  |labeled breath and isomaltose.
isomaltase glucose test oral
deficiency sacrosidase
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8244667/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8244667/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8244667/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8244667/
https://www.cell.com/ajhg/pdfExtended/S0002-9297(16)30198-7
https://www.cell.com/ajhg/pdfExtended/S0002-9297(16)30198-7
https://www.cell.com/ajhg/pdfExtended/S0002-9297(16)30198-7
https://www.cell.com/ajhg/pdfExtended/S0002-9297(16)30198-7
https://www.cell.com/ajhg/pdfExtended/S0002-9297(16)30198-7
https://www.ncbi.nlm.nih.gov/books/NBK305870/
https://www.ncbi.nlm.nih.gov/books/NBK305870/
https://www.ncbi.nlm.nih.gov/books/NBK305870/
https://www.ncbi.nlm.nih.gov/books/NBK305870/
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-3-21
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-3-21
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-3-21
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-3-21
https://ojrd.biomedcentral.com/articles/10.1186/1750-1172-3-21
https://www.ncbi.nlm.nih.gov/books/NBK575630/
https://www.ncbi.nlm.nih.gov/books/NBK575630/
https://www.ncbi.nlm.nih.gov/books/NBK575630/
https://www.ncbi.nlm.nih.gov/books/NBK575630/
https://www.ncbi.nlm.nih.gov/books/NBK1217/
https://www.ncbi.nlm.nih.gov/books/NBK1217/
https://www.ncbi.nlm.nih.gov/books/NBK1217/
https://www.ncbi.nlm.nih.gov/books/NBK1217/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5065653/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5065653/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5065653/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5065653/pdf/main.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5065653/pdf/main.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0300908421000316
https://www.sciencedirect.com/science/article/abs/pii/S0300908421000316
https://www.sciencedirect.com/science/article/abs/pii/S0300908421000316
https://www.sciencedirect.com/science/article/abs/pii/S0300908421000316
https://www.sciencedirect.com/science/article/abs/pii/S0300908421000316
https://www.orpha.net/data/patho/GB/uk-scot.pdf
https://www.orpha.net/data/patho/GB/uk-scot.pdf
https://www.orpha.net/data/patho/GB/uk-scot.pdf
https://www.orpha.net/data/patho/GB/uk-scot.pdf
https://academic.oup.com/brain/article/137/5/1350/334524
https://academic.oup.com/brain/article/137/5/1350/334524
https://academic.oup.com/brain/article/137/5/1350/334524
https://academic.oup.com/brain/article/137/5/1350/334524
https://academic.oup.com/brain/article/137/5/1350/334524
https://www.ncbi.nlm.nih.gov/books/NBK1419/
https://www.ncbi.nlm.nih.gov/books/NBK1419/
https://www.ncbi.nlm.nih.gov/books/NBK1419/
https://www.ncbi.nlm.nih.gov/books/NBK1419/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1852735/pdf/AJHGv80p931.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1852735/pdf/AJHGv80p931.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1852735/pdf/AJHGv80p931.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1852735/pdf/AJHGv80p931.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1852735/pdf/AJHGv80p931.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1852735/pdf/AJHGv80p931.pdf
https://pubmed.ncbi.nlm.nih.gov/9222972/
https://pubmed.ncbi.nlm.nih.gov/25080166/
https://pubmed.ncbi.nlm.nih.gov/8576798/

Metabolism (135 genes)

Inheritance On RUSP? Prevalence - Age of Onset Disease
(YIN) disease symptoms

frequency per
100,000

(Rx genes, if
listed)

‘metabolism AR N < neonatal- D, enteropathy,
childhood SNHL

neuropathy,
ichthyosis,
erythroderma,
hepatopathy,
dysmorphic
features, basal
ganglia lesions

low cooper, low

low cooper, low Y

high free serum
copper,
elevated
VLCFA,
elevated bile
acids, elevated
liver copper

high free serum
copper,
elevated
VLCFA,
elevated bile
acids, elevated
liver copper

Intervention Category of If pharma, Age of MD leading Comments Link to ref 1 Link to ref 2 Link to ref 3
Considered Intervention  |whatcompany | Intervention | intervention
(Free Text) or companies | Implementatio
are making n
treatment
zinc acetate supplement, na at diagnosis metabolism 30244301 23423674
diet
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https://pubmed.ncbi.nlm.nih.gov/30244301/
https://pubmed.ncbi.nlm.nih.gov/23423674/

Nephrology (24 genes)

Inheritance | On RUSP? Prevalence - disease Age of Onset Disease symptoms Intervention | Category of Age of MDleading | Comments Link to ref 1 Linktoref2 | Linktoref3
(/) frequency per 100,000 Considered | Intervention Intervention | intervention
(Rx genes, if listed) (Free Text) Implementatio
n
ATPGVOAS ATP6VOA4 associated distal renal tubular acidosis. neprology  |AR N 0046.016 infancy to childhood metabolic acidosis; FTT; emesis, polyuria, v serum yes; US may be |oral alkal medication infancy nephrologist
polydipsia, fatigue, weakness, rickets, bicarbonate, [ normal replacement
nephrocalcinosis and nephrolithiasis; chioride, therapy,
sensorineural deafness potassium, potassium
urinary pH and e
anion gap;
hearing screen;
renal ultrasound
ATPGVIBL ATP6VIB1 associated distal renal tubular addosis. nephrology | AR N 0046:016 infancy to chidhood metabolic acidosis; FTT; emesis, polyuria, v serum yes; US may be |oral alkall medication infancy Nephrologist [,
polydipsia, fatigue, weakness, fickets, bicarbonate, [ normal replacement ncbi.nim.nih
nephrocalcinosis and nephrolithiasis; chioride, herapy, qovibooks/NBK
potassium,
sensorineural deaness B ptassun 547595/
nion gap;
hearing screen;
renal ultrasound
FOXIL FOXI1 associated distal renal tubular acidosis nephrology | AR N 0046:016 infancy to chidhood metabolic acidosis; FTT; emesis, polyuria, v serum yes; US may be |oral alkall medication infancy Nephrologist tps:Jfomwwsncbi ol i [,
polydipsia, fatigue, weakness, rickets, bicarbonate, [ nomal replacement govipmlarticles/PMC5827603 | ncbinim.
nephrocalcinosis and nephrolithiasis; chioride, herapy, n qovibooks/NBK
sensorineural deafness tassium, potassium 547595/
urinary pH and Prionde
nion gap;
hearing screen;
renal ultrasound
sLcaaL SLC4AL associated distal renal tubular acidosis nephrology [ AD, AR N 0046.016 infancy to childhood similar to other dRTA but can also get v serum yes; US may be |oral alkal medication Nephrologist
hemolytic anemia in certain patients bicarbonate, | normal placement
chioride,
tassium, om
urinary pH and orlonde.
anion gap;
CBC; renal US
WDR72 WDR?72 associated distal renal tubular acidosis nephrology | AR N Rare; < 01 infancy to childhood Emesis, polyuria, ¥ serum oral alkal mecication Nephrologist https:ffwsw.ncbi nim.nin
polydipsia, diarrhea, renal bicarbonate, qoubooksINBK547595/
complications like medullary chloride,
cysts and impaired function potassium,
urinary pH and
anion gap
SLC4As 'SLC4A4 associated proximal renal tubular acidosis nephrology | AR N Rare; <01 all ages ‘Severe hypokalemic, hyperchloremic, Y Serum oral alkal medication tps:Jfomows.ncbi ol i opha.
metabolic acidosis, growth retardation, bicarbonate, replacement
ocular abr s like glaucoma chioride, therapy, biNOC_Exp.
and cataracts. potassium, potassium php?
urinary pH and chioride Ing=EN&Expert
anion gap o)
SLC12a1 Bartter syndrome, type 1 nephrology | AR N Rare; < 01 newborns, later in ife Polyuria, hypoatremia, hypokalemic v Serum Sodium medication tps:Jfomwws.ncbi ol i hitps:/iomim.
hypochloremic metabolic alkalosis, electrolytes, chioride, govipmlarticles/PMC6755023 | org/entry/60167
hypercalciuria calcium and potassium i
prostaglandin chioride, and
E2, plasma
enin and
aldosterone,
frac
excretion of
potassium,
calcium and
chioride
KCNJL Bartter syndrome, type 2 nephrology | AR N Rare; <01 neonatal (typically Deafness, transient hyperkalaemia, Y serur potassium medication Nephrologist htps://pubmed. ncbinim.nih
premature birth) severe hypokalaemic hypochloraemic electrolytes and chioride and 001119096086/
alkelosis prostaglandin indomethacin
E2, plasma
renin and
aldosterone,
fractior
excretion of
siu
calcium and
chioride
cLonks Bartter syndrome, type 3 nephrology | AR N Rare; < 01 neonatal, infancy ‘Growth retartdation, polydipsia, Y Serum Indomethacin, | medication Nephrologist htps://pubmed. ncbinim.rih
polyuria, constipation, vomiting electroytes, spironolactone govi31832604/
plasma renin and potassium
aldosterone, chiorde
fractional
excretion of
potassium and
chioride
BSND Bartter syndrome, type 4a nephvology | AR N Rare; < 01 Antenatal, neonatal, sensorineural deafness, increased v serum potassium and | medication Nephrologist [
infancy, childhood levels of plasma renin and aldosterone, electrolytes, sodium netlconsorleg-binOC_Exp.
low to normal blood pressure plasma renin chloride. php?ing=EN&Expert=89938#:
and Indomethacin
osterane: has limited 20Barttert20syndrome Jows
o of effects 2010%620n0mal20blood%
sodium, 20pressure.
potassium and
chioride
MAGED2 Bartter syndrome, type 5 nephrology | XLR N Rare; <01 Antenatal, neonatal, Polyuria, hypercalciuria v seru sodium medication Nephrologist hitps:/lomim org/entry/300971
infancy, childhood nephrocalcinosis electrolytes and chioride,
rostaglandin potassium
E2, plasma chioride, and
reninand
aldosterone,
fractional
excretion of
jum,
silm,
calcium and
chioride
coLaas Alport syndrome 2 neprology | AD, AR N 3 Proteinuria, v uinalysis yes angiotensin- | medication ‘Nephrologist hitps /lpubmed nebi.nim.nih itps: /.
to failure at hearing loss inllate converting im.nih
about age 40 childhood/adolescence enzyme (ACE) OVIDOOKSINEK
inhibitor
coLans Alport syndrome 3 nephrology | AD, AR N 11/ Chilanood, Proteinuria, v urinalysis ves angiotensin- | medication Nephrologist htps://pubmed. ncbi. nim.nin
to failure at hearing loss inlate converting govi33150213/
about age 40 childhood/adolescence enzyme (ACE)
inhibitor
coLaas Xdlinked Alport syndrome 1 nephrology XD N 1] Childhood, kidney disease | Proteinuria, microalbuminuria, v winalysis ves angiotensin- | medication Nephrologist hitos /ipubmed nebi.im.nin
to failure at hearing loss inlate converting 90v/33159213/
about age 40 childhood/adolescence enzyme (ACE) [gov/booksINBK
inhibitor 12071aiport
Summary
coqes Nephrotic syndrome, type © nephvology | AR N 1[Neonatal to late-onset (as ate | Neurodegeneration, steroid-resistant v UAandurine  |yes 0Q10 medication Nephrologist nimnih
nephrotic syndrome, ESRD, retinopathy protein/creatinin supplementatio GovbooksINBK410087/
or optic atrophy e ratio n
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Nephrology (24 genes)

Inheritance | On RUSP? Prevalence - disease Age of Onset Disease symptoms Intervention | Category of MDleading | Comments Link to ref 1 Linktoref2 | Linktoref3
(/) frequency per 100,000 Considered | Intervention Intervention | intervention
(Rx genes, if listed) (Free Text) IEEACAEED
SGPLL Nephrotic syndrome, type 14 nephrology AR N Rare < 01 Fetal, adolescent Adrenal insufficiency. testicular insufficiency, urine analysis, Hydrocortisone, | medication Nephrologist https /o ncbi.nim.nin
hypothyroidism, ecthyosis, serum cortisol Kidney or qovhooks/INBK562988/
Iympohnia/immunodeficiency, neuropathy and transplant
adrenocorticotro
pic hormone
(ACTH) levels.
GRHPR Primary hyperoxaluria type I nephrology | AR N ESRD urinary oxalate | yes pyridoxine, et Nephrologist https:ffwsw.ncbi.nim.nin
sixth decade drinkinglarge | medication 00v/booksINBK 1283/
lumes, or
alkalinzation of
urine,
pyrophosphate-
containing
solutions, liver-
Kidney
ransplant
HOGAL Primary hyperoxaluria type I nephrology | AR N 17| Childhood, adolescence Recurting calcium oxalate stones, urinary oxalate | yes pyridoxine, et Nephrologist Itos /faww.ncbinim. i
nephrocalcinosis, reduced kidney function drinkinglarge | medication qovhooksINBK316514/
volumes, or
alkalinzation of
urine,
pyrophosphate-
taining
solutions, liver-
Kidney
ransplant
PKDL Polycystic kidney disease 1 nephrology [AD N . renal ultrasound | no; cysts may | Tolvaptan medication variable; Nephrologist https:ffwssw.ncbi nimnin [
and growth of bilateral renal cysts leading take years to medication as 7136168 |ncbinim.nin
t0 1055 of renal function an adult govipmaricles
PMCe716585
PKD2 Polycysiic kidney disease 2 nephrology | AD N 35| Childhood Hypertension, progressive development renal ultasound | no; cysts may | Tolvaptan medication variable; Nephrologist tps:Jfomwws.ncbi ol i [
and growth of bilateral renal cysts leading take years to medication as govipmlaricles/PMC7136168 | ncbi.nim.nin
10 loss of renal function develop an adult ! govipmartcles
PMC6716565
PV Polycystic kidney disease with hyperinsulinemic hypoglycemia nephrology | AR N 5| Antenatal to adulthood Developmental delya, severe encephalopathy phosphomanno epalrestat medication infancy tos /lpubmed nebi.nim.nih [,
with axial hypotonia, abnormal eye mutase activity ncbinim.nih
movements, inleukocytes [govipmeartices
peripheral neuropathy PMCe899038
SLC12A3 Gitelman syndrome. neprology  |AR N 1375 Childhood, adolescence, or | Decreased serum potassium and magnesium serum yes potassium, medication infancy Nephrologist https://pubmed.ncbi. nim.nin
adulthood levels, muscle weakness, tetany fatigue, electrolytes and magnesium and 0031578736/ ncbinim.nih
palpitations, thyroid dysfunction magnesium, sodium covipmdlaricles
fractional PMCE308995/
excretion of
potassium,
chloride and
magnesium
catz Isolated hyperchlorhidrosis nephrology | AR N Rare <01 Infancy Visible salt precipitates after sweating, sweat test ves Sodium chioride | medication infancy Pulmonologist
hyponatremic dehydration, poor feeding and or Nephrologist comlaihg/ullext/S0002-6297 [ ncbinim.nin
Slow weight gain at infancy 10)00524-0 577/
cTns Cystinosis neprology [AR N 075 nfancy Fanconi syndrome, poor growth, shlamp yes:siitlamp | Cysteamine, | medication ttps:ffonsw.ncbi.nim.nih
hypophosphatemic/calcipenic ickets, imparied examination of | may not be potassium known prior  Govibooks/NBK1400/ctns.
glomerular function resulting in complete the eye, abnormal until | Phosphate, Summary
glomerular failure, leukocytes >1yobutlaterif |ViaminD,
cystine treated well o e,
concentration, | from early age | itV
measuremer replace copper,
for renal fanconi camitine,
syndrome- urine growth
AA, urine one,
phosphorus Tevothyroxine,
excreion, rin,
gycosuria renal transplant
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Neurology (83 genes)

Inheritance On RUSP? Prevalence - disease Age of Onset Disease symptoms Intervention Category of Ageof MD leading ‘Comments Link toref 1. Link toref 2 Link to ref 3
(N | frequency per 100,000 Considered (Free |  Intervention Intervention | intervention
(Rx genes, if listed) Text) Implementation
TREX1  Aicardi-Goutieres syndrome 1 neurology | AD, AR Infancy, neonatal Neurologic disability, crying, Interferon signature A Baricitinib medication *studies identifyi
sleep disturbances, seizures,
skininflammaton of the turk,
arms, and legs
RNASEHZB | Aicardi-Gouteres syndrome 2 neurology (AR Infancy, neonatal Neurologic disabilty, crying, Interferon signature. i3 Baricitinib ‘medication “studies identiyi
sleep disturbances, seizures,
skininflammaton ofthe turk,
arms, and legs
NASEH2C | AcardGouteres syndrome 3 neudiogy | AR nfancy, neonatal Neurologic disabity. crying. ntereron s | v* Bariinb medicaton “studes denibi RTTe0
sleep disturbances, seizures,
skin nflammaton of the turk,
arms, and legs
NASEH2A | Acard Gouteres syndrome 4 neudiogy | AR nfancy, neonatal Neurologic disabity.crying. Intereron sgnare | v Bariinb medicaton “studes denibi RTTe0
skininflammaton ofthe turk,
arms, and legs
SAMHDL | Aicard-Gouteres syndrome 5 neudiogy | AR nfancy, neonatal Neurologic disabity.crying. ntereron sgnare | v* Bariinb medicaton “studes denibi RTTe0
sleep disturbances, seizures,
‘skin inflammation of the trunk,
arms, and legs
AOAR card Gouteres. syndrome 6 neurdogy [ AD. AR nfancy, neonatal Neurologic disabity.crying. ntereron sgnare | v* Bariinb mediaton “siudes denii RTTe0
sleep disturbances, seizures,
‘skin inflammation of the trunk,
ams, andlegs
AL card Gouteres. syndrome 7 neuiogy |0 nfancy, neonatal Neurologic disabity.crying. nterferon sgnare | v* Bariinb medicaton RTTe0
sleep disturbances, seizures,
‘skin inflammation of the trunk,
ams,andlegs
T (Rcard Gouteres. syndrome 8 neudiogy | AR nfancy, neonatal Neurologic disabity.crying. ntereron s | U Bariinb medicaton RTTe0
sleep disturbances, seizures,
‘skin inflammation of the trunk,
ams,andlegs
RNUT-L Aicardi Goutieres_syndrome 9 neurology AR Infancy, neonatal rying, Interferon signature v Baricinib ‘medication “has been report
sleep disturbances, seizures,
‘skin inflammation of the trunk,
ams,andlegs
CHRNAL Congenital myasthenic syndrome 1 neurology AD, AR 092/ Infancy, neonatal Y Acetylcholine- medication
ocular, bulbar, and limb muscles stimulation test esterase inhibitors,
quinidine, fluoxetine,
CHRNB1 Congenital myasthenic syndrome 2 ‘neurology AD, AR 02| Infancy, neonatal Y Fluoxetine. ‘medication 10
ocular, bulbar, and limb muscles stimulation test Acetylcholine-
esterce niitors
inefecive
CHRND Congenital myastheric syndrome 3. neurology (AD, AR 092] Infancy, neonatal v 3a-diaminopyridine, | medication L
ocular, bulbar, and limb muscles ‘stimulation test Acetylcholine-
CHRNE Congenital myastheric syndrome 4 neurology (AD, AR 092] Infancy, neonatal v “Acetylcholine- ‘medication L
ocular, bubar,and limb muscles stmuation esteraseinhibitors
(voe: orsome
it
pyridostgmine and
3 4iaminopyricine
may beineffectiveor
mayworsenthe
otype).
albuterol, salbutamol,
fuoxetineand drug
combinaions
coLQ Congenital myastheric syndrome 5 neurology AR 092 Infancy, neonatal v Ephedrine, 3.4 | medication 15
ocular, bulbar, and limb muscles ‘stimulation pyridine,
salbutamol
CHAT Congenital myastheric syndrome 6 neurology AR 092 Infancy, neonatal v “Acetylcholine- ‘medication 15
oo, bub stmuaton
B Congenital myastheric syndrome 7 neurology AD 092] Infancy, neonatal v “Acetyicholine- ‘medication T&
ocular, bulbar, and limb muscles ‘stimulation esterase inhibitors,
AGRN Congental myasthenic. syndrome 8 neulogy AR 092]infancy, neonaia v ediine, medaton TS
ocular, bulbar, and limb muscles ‘stimulation Acetylcholine-
MUSK Congenital myastheric syndrome 9. neurology AR 092 Infancy, neonatal v Salbutamol, 34- | medication’ L
ocular, bulbar, and limb muscles ‘stimulation diaminopyridine,
aluerol,
icholine-
esteraseintibitors
phenoyype
[Dok7 Congenital myasthenic syndrome 10 ‘neurology AR 092 Infancy, neonatal Y Ephedrine, ‘medicaion TG
ocular, bulbar, and limb muscles ‘stimulation Salbutamol,
albuterol,
nolne-
esteraseinhibitors
are usually
ineffectve and may
even
cinc
manfesiations
RAPSN Congenital myastheic syndrome 11 neurology AR 092| Infancy, neonatal Y tylchoiine- ‘medication TG
ocular, bulbar, and limb muscles ‘stimulation esterase inhibitors,
34
daminopyrdie.
Fluoretne may
worsenthe
coniton
GRPTL Congental myashenic syndrome 12 neudlogy AR 092]infancy, neonatal Y ‘Acetyichoine | medicaton T
ocular, bub stmuaton
DPAGTL Congental myasthene syndrome 13 neulogy AR 092]infancy, neonata v Acichoine | medicaton
ocular, bubar,and limb muscles stmuaton esteraseinhibiors,
ALG2 Congental myasthene syndrome 14 neulogy AR 092]infancy, neonata v Acajichoine- | medicaton
oculr, bulb stmuaton
ALG14 Congental myashenc syndrome 15 neudlogy AR 092]infancy, neonatal Y ‘Acetyichoine | medicaton T
lar, bulbar, and limb muscles stimulation
ScNaA Congental myashenic syndrome 16 neudlogy AR 092]infancy, neonatal Y acetyicholneestera | mediaton T
ocular, bulbar, and limb muscles ‘stimulation se (AChE)
inhibiors
LRP4 Congenital myastheric syndrome 17 ‘neurology AR 092 Infancy, neonatal Y “Albuterol, ‘medicaion TG
ocular, bulbar, and limb muscles ‘stimulation holine-
esteraseintibitors
inefecive
SNAP2S Congental myasthene syndrome 16 neulogy  |AD 092]infancy, neonata Y ] medcaton
ocular, bulbar,and limb muscles stmuaton inopyrine.
Acetyichoineestera
se (ACHE)
inhibiors
inefectve
COL13A1 Congenital myasthenic syndrome 19 neurology AR 02| Infancy, neonatal 105 Y Salbutamol, 3,4~ medication
ocular, bulbar, and limb muscles stimulation inopyridine
Acetyichoine-
esteraseinfibitors
inefcive
SLC5A7 Congenital myasthenic syndrome 20 neurology AR 092/ Infancy, neonatal 105 Y ‘Salbutamol, medication
ocular, bulbar, and limb muscles stimulation Acetylcholine-
SLC18A3 Congenital myasthenic syndrome 21 neurology AR 092/ Infancy, neonatal Y Acetyicholine- medication
ocular, b stmuaton
PREPL Congenital myasthenic syndrome 22 ‘neurology AR 092] Infancy, neonatal 12 ‘Acetylcholine- ‘medicaion TG
ocular, bulbar,and limb muscles stmuaton esteraseinhibiors,
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Neurology (83 genes)

Inheritance | ONRUSP? | Prevalence -disease ‘Age of Onset Disease symptoms. intervention Category of Ageol MDleading | Comments. Linktoref 1 Uink toref 2 Linktoref 3
) frequency per 100,000 Considered (Free |  Intervention Intervention | intervention
(Rx genes, if listed) Text) Implementation
sLC2A1 Congenital myasthenic syndrome 23 newology  [AR 092[Infancy Y ¥ 34diaminopyridine | medication Htps:/pubredt nch nim.rh gow/33397003/
far, buib: stimuiation
MYO9A Congenial myasthenic. syndrome 24 neurlogy R 092[Infancy, neonatal v medcation L
ocular, bulbar, and limb muscies stimulation Acetylchoineestera
Se (ACHE)
inhibitors, 3,4-
[ALDH7AL Pyridoxine-dependent epiepsy neuclogy [AR 2565 Infancy, chidhood Seizures, inellectual disabity | Y Utine organic acids | Y Vitamin 86 Gt itps /wsncbiim i govbooks/NBK 1486/
(classic presentation) (pyridoxine), Iysine | medication
restict and suppl
PLPEP Vitamin B6-dependent epiepsy newdlogy | AR al, nteliecuta |y Y vitamin 86 Gt itps /b rim. i govipmelariclesPMIC6391652/
postnatal disabilty, behavioural il on EEG (pyridoxine), Iysine | medication
abnommalites, abnormalites in restict and suppl
arginine
SCARBZ Progressive myoclonic epiepsy 4 neuclogy | AR Teens or twenties Tremor, myoclonus, ataxia, Y Plasma Miglustat medication s /wsncbinim i Govipmelaricles PMCE320328
epiepsy
ScNaA Familil focal epilepsy with variable foci 4 newdlogy | AD Chiidhood Epilepsy, malformation of N antepleptc medcation DS, /s i i GovIpmCarlesPVICES521041
cortical development medcations.
phenytoin and
lacosamide
KCNAL Episodic ataaimyokymia syndrome newdlogy | AD Early chidhood Incoordination, imbalance, N Oxcarbazepine, | medication tps:/fomim orglenty/ 160120 s sl rim i GovboOkSNEK2544
myokymia, vertigo cambamazepine,
acetazolaride,
magnesium
CACNALA |Episodicataxia, type 2 newdlogy | AD Chiidhood, eary ‘Ataxia, verigo, nausea, mgrane | N acetazolamide | medication DS /s icbi i i GovbOKSINEK 15011
iolescence
sLc1As Episodicataxa, type 6 neurclogy | AD. Childhood ‘Ataxia, slurred speech. N acetazolamide | medication s /v orpha nevconsorlogbinOC_Exp
headache, hemipiegia pho?Expert=2099678ing=EN: ~text=Episodic
420121ia0420lype34206%20(ERG, 962C%20
headache?2CY20confusion?20andi:20he
milega
(AT Aaxia tlangeciasia neurlogy R 18 . oculomotor | ‘Serum alpha v Immunogiobuin, | medication tps:/ v chop edulcontilons diseases! i
apraxia, chorevathetosis, rotein transplantation of | ransfusion ataxia telangiectasia
telangiectasias embryonicsiem  [HSCT
cells
anioxidants
TIPA Atavia with wtamin £ defcency newdlogy | AR 0.205| Late childhood, i v ‘Aphatocopherol | medication Htps:/pubred ncb rim.h ov20301415/
early teens the hands, loss of proprioception, (ocopherol) level
areflexi,dysdiadochokinesia,
dysarthia, positive Romberg
sign, head litubation, decreased
visual acity, & positive Babinski
sin
ScNIA Eariy infantle epieptic encephalopathy & neudlogy | AD 359| Infancy. ‘Spectrum of eplepsies fangng | N “Avoid sodium medication itps:/pubred nchi nim.h Gow31904117/
from genetic epilepsy with febrile channel bockers,
seizures plus (GEFS+), stipento,
1o developmental and epileptic perampanel has
encephalopathies (DEES), been effeciive
Dravet Syndrome, hemiplegic
migrane
KCNG2 Early infantie epieptic encephalopathy 7 newology | AD 28/ Neonatal,infancy, Chronic early seizures wih N amazepine, | medicaon tps:/pubrmed ncb rim i GovI20437616/
chidhood associated focal motor & ezogabine forloss-
autonomic features, apnea, of function varians,
cyanosis Sodium channel
ockers
SchzA Eariy infantle epileptic encephalopathy 11 neurclogy | AD Neonatal Developmental and epilepiic Phenytoin;high | medication Titps:/pubred nchi nim i Gow31924505/
encephalopathies, benign familial
neonatal-infantie seizures, carbamazepine
episodic ataxia, and autism
spectrum disorder and intellectual
disabilty with & without seizures
ScrBA Eariy infantle epileptic encephalopathy 13 neudlogy | AD nfancy Epilepsy neurodevelopmental N Phenytoin figh | medication Ttps:/pubred nchi nim i Gov/25568300/
disorders, seizures
carbamazepinel
KCNTL Early infantile epileptic encephalopathy 14 ‘neurology AD Infancy Epilepsy of infancy with migrating | N Quinidine for gain | medication hitps:/ipubmed.ncbi.nim.nih.gov/30234941/
focal seizures(EIMFS), autosomal of function variants
jominant noctumal frontal lobe
epilepsy (ADNFLE)
SLc13As Eariy infantle epileptic encephalopathy 25 newdlogy | AR nfancy 3 Pl aC: Y Ketogenic diet, | det itps:/pubred nchi im.h Gow3467 7420/
obesity, insuiin resistance, cell cirate levels iripentol medication
proliferation, and early infantie
epilepticencephalopathy
cAD Early nfantle epileptic encephalopathy 50 neuclogy | AR nfancy Seizure, muscular hypotonia, | Y Compiete biood count | v Urdine ‘mecication T Jipubmed nobirim ih GoW35277149/
and developmental delay and peripheral blood frosiipubmednebiniman e EsE e
smear for
GLRAL Hyperekplexia 1 neuclogy | AD, AR Neonatal Sifiness, starles, apnoea N Clonazepam medication 1260
attacks, delayed development,
mild-tosevere delay inspeech
quistion
GLRB Hyperekplexia 2 neuclogy | AD, AR Neonatal Siifiness, starles, apnoea N Clonazepam medcation 1260
attacks, delayed development,
mild-tosevere delay inspeech
quistion
SLCeAs Hyperekplexia 3 neurclogy | AD, AR Neonatal Siifiness, startles, apnoea. N Glonazepam medication
attacks, delayed development,
mild-tosevere delay inspeech
quistion
GRINL Tonotropic glutamate fecepior NMDA (ype subunit 1 dysregulation | newrology | AD nfancy Wild-to-severe developmental | N Gt
delay, intellectual isabilty, medications, vagus | medication fgnn.elated.disorders diseases/grind.related-disorders
epilepsy, muscular hypotonia, nerve stmulation | surgery
‘movement disorders, spasticity, (VNS), ketogenic
feeding dificultes, & behavior Gt
isstes
GRINZA o neudlogy | AD Childhood Epilepiic spectrum, speech or Memantine, medication
ment, intellectual dextromethorphan
disabiltyldevelopment delay forgain of function
variants; avoid
phenytoin,
barbiturates and
cabamazepine
GRINZB. receptor NMD) neulogy | AD nfancy, chidhood Neurodevelopmental disorders, [N Seizure [ itps:lpubmed nobi nim i GoBS2173
developmental delay autism, medications, vagus | medication
attention-deficit hyperactivi nerve stmulation | surgery
disorder (ADHD), schizophenia, (VNS), ketogenic
Azheimers disease associated det
GRINZD pe neurclogy | AD nfancy, chidhood Neurodevelopmental disorders, | N medication tps:/wwancbi i i govipmelaricles/
developmental elay autism, dextromethorphan PMC7365295
attention-deficit hyperactivity for gain of function
disorder (ADHD), schizophrenia,
Azheimers disease associated
SLC25A12 | Mitochondiial aspartate-glutamate carrer isoform 1 deficiency newdlogy | AR Childhood ‘Severe hypotonia, arested N Leveliacetam, | det [ ips: i
(aralar deficiency) psychomotor development, oxcabazepne. | medication tps:/wwa.nchirim. i govipmelaricies/ IPMC6788951/ [PVICETB3%5Y
antiepiepc, PMC6788951/
epilepsy, cerebral atrophy, topiamate,
enobarbial
Ketogenic diet
sicisaz nfantle_parkinsonism-dystonia_ 2 newdlogy | AR Early infancy Neuropsychiatrc GiSorders, Y Whole blood seratonin Dopamine receptor | medicaton Htpsi/pubmed ncb i i gov/ 194784607
particularly atention deficit evel agonist
hyperactvity isorder (pramipexole)
SLCs2A3 Brown-Viaeto-Van Lagre syndiome 1 neurology R Y Plasma acylcarmiine | N* (PMID: 21110] Ribofavin medcation “Important o
decade squamous cel carcinoma profile, urine organic
(ESCO) acids
SLCs2A2 Brown Vidletto Van Laere syndrome 2 neurology R Y Plasma acylcamitine Rbofavin medcation i 1 GoVI3A7371661
decade hearing loss, bulbar paisy, profil, urine organic
peripheral neuropathy. & acids
respiratory insuficiency
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https://pubmed.ncbi.nlm.nih.gov/33397003/
https://www.ncbi.nlm.nih.gov/books/NBK1168/#cms.Summary
https://pubmed.ncbi.nlm.nih.gov/30808424/
https://www.ncbi.nlm.nih.gov/books/NBK1486/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6391652/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8320328/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8552104/
https://omim.org/entry/160120
https://www.ncbi.nlm.nih.gov/books/NBK25442/
https://www.ncbi.nlm.nih.gov/books/NBK1501/
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Expert=209967&lng=EN&%3A~%3Atext=Episodic%20ataxia%20type%206%20(EA6%2C%2C%20headache%2C%20confusion%20and%20hemiplegia
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Expert=209967&lng=EN&%3A~%3Atext=Episodic%20ataxia%20type%206%20(EA6%2C%2C%20headache%2C%20confusion%20and%20hemiplegia
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Expert=209967&lng=EN&%3A~%3Atext=Episodic%20ataxia%20type%206%20(EA6%2C%2C%20headache%2C%20confusion%20and%20hemiplegia
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Expert=209967&lng=EN&%3A~%3Atext=Episodic%20ataxia%20type%206%20(EA6%2C%2C%20headache%2C%20confusion%20and%20hemiplegia
https://www.orpha.net/consor/cgi-bin/OC_Exp.php?Expert=209967&lng=EN&%3A~%3Atext=Episodic%20ataxia%20type%206%20(EA6%2C%2C%20headache%2C%20confusion%20and%20hemiplegia
https://www.chop.edu/conditions-diseases/ataxia-telangiectasia
https://www.chop.edu/conditions-diseases/ataxia-telangiectasia
https://pubmed.ncbi.nlm.nih.gov/17586848/
https://pubmed.ncbi.nlm.nih.gov/20301419/
https://pubmed.ncbi.nlm.nih.gov/31904117/
https://pubmed.ncbi.nlm.nih.gov/20437616/
https://pubmed.ncbi.nlm.nih.gov/31924505/
https://pubmed.ncbi.nlm.nih.gov/25568300/
https://pubmed.ncbi.nlm.nih.gov/30234941/
https://pubmed.ncbi.nlm.nih.gov/34677420/
https://pubmed.ncbi.nlm.nih.gov/35277149/
https://pubmed.ncbi.nlm.nih.gov/24030948/
https://www.ncbi.nlm.nih.gov/books/NBK1260/
https://pubmed.ncbi.nlm.nih.gov/24030948/
https://www.ncbi.nlm.nih.gov/books/NBK1260/
https://pubmed.ncbi.nlm.nih.gov/24030948/
https://www.ncbi.nlm.nih.gov/books/NBK1260/
https://pubmed.ncbi.nlm.nih.gov/31219694/
https://www.chop.edu/conditions-diseases/grin1-related-disorders
https://www.chop.edu/conditions-diseases/grin1-related-disorders
https://www.chop.edu/conditions-diseases/grin1-related-disorders
https://www.chop.edu/conditions-diseases/grin1-related-disorders
https://pubmed.ncbi.nlm.nih.gov/35217385/
https://www.ncbi.nlm.nih.gov/books/NBK385627/
https://pubmed.ncbi.nlm.nih.gov/35217385/
https://www.chop.edu/conditions-diseases/grin2b-related-disorders
https://www.chop.edu/conditions-diseases/grin2b-related-disorders
https://www.chop.edu/conditions-diseases/grin2b-related-disorders
https://www.chop.edu/conditions-diseases/grin2b-related-disorders
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7365295/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7365295/
http://www.ncbi.nlm.nih.gov/pmc/articles/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788951/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788951/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788951/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788951/
https://pubmed.ncbi.nlm.nih.gov/19478460/
https://pubmed.ncbi.nlm.nih.gov/29428966/
https://pubmed.ncbi.nlm.nih.gov/18416855/
https://pubmed.ncbi.nlm.nih.gov/34737166/
https://pubmed.ncbi.nlm.nih.gov/18416855/

Neurology (83 genes)

Inheritance On RUSP? Prevalence - disease Age of Onset Disease symptoms ‘Orthogonal Ifyes, orthogonal Is orthogonal Intervention Category of Ageof MD leading ‘Comments Link toref 1. Link to ref 2 Link to ref 3
(YIN) qreuueney per 100,000 test? (YIN) test. test expe Considered (Free | Intervention Intervention | intervention
(Rx genes, if listed) | to be abnormal Text) Implementation
ininfancy?
SPR Dopa-esponsive dystonia due to sepiapterin reductase deficiency ‘neurology AR 0. tor | Y C a medication 3041
ininfancy, other hypotonia, dystonia, weakness, metabolites and combined witha
durmal Flsins carboryes
overtime fluctuation of symptoms inhibitor, 5-
with sleep hydroxg han
™ Dopa-esponsive dystonia due to tyrosine hydroxylase deficiency neurology AR 0.725/ Infancy, childhood Progressive infantile Y 'CSF neurotransmitter Levode ‘medication 147
iboli d combined with a
decrease motor use, fluctuating pterins. decarboxylase
extrapyramica, ocular&. inhibior
vegetative symptoms, prenatally
disturbed brain development,
impaired catecholaminergic
TMLHE Epsion-N-rmethylysine hydroxylase _deficiency neurology XR Childhood Cardiomyopathy (with orwuhom N Caritine medication tps /ipubmed nchbiim.nih.GoviZ59430461
generalzed skeletal m supplomentaion
weakness) Reye-| I\kemsmhuhc
decompensation, is
gastrointestinal Symvmms‘ mild
SPTLCL Hereditary sensory neuropathy type IA neurology (AD Teenstosixthdecade | Early sensoy loss, dysesthesia, | Y Sphingolpid levels. Serine ‘medication 1390
shooting pains,distal weakness
in muscles
sPiLc2 Hereditary sensory neuropathy type IC neuiogy |0 v Sphingoipid levels Serne medicaton 20
FLADL Lipid storage neuogy | AR 04 Neonaial, infancy. Wetabolic dsorders. Plasma acylcarmiine Riboflavi et Titps pubmed nchinim nh qou3 1352624
childhood multple acyl-CoA dehydrogenase profile, Urine organic cammne ‘glycine, | medication
deficiency acid analysis, Coenzyme Q10
supy 3
fatresticton.
avoidance o
fasting, and a diet
richin
carbohydrates
GNE GNE myopathy ‘neurology AR 01| Early adulthood | Bilateral foot drop, skeletal Y Plasman- ‘medication "hiips /ipubmed.ncbi.nim.nih. gov/30338442]
muscle detoriation acelyineuraminic acid acetyimannosarin
e
concentration by
tandem mass
spectomety
TSC1 Tuberous sleross 1 neuiogy |0 o N Vigabatinfor | medicaton 111265
seizures, mTOR
‘mental retardation, facial inhibitor for
angiofibroma domyoma,
Epdoex
(cannabiiol) for
seizures
TC2 Tuberous scleosis 2 neudiogy |0 Somatic o N Vigabainfor | mediaton 111766 220
izur seizures, mTOR
‘mental retardation, facial inhibitor for
angioftroma habdomyt
Epdoex
(cannabidiol) for
seizures
ARSA Vetachromatc leukodystophy neuiogy | AR T Cogritve |Y anylsulatase A Hemaopaetc | HSCT 5
deficiency erzyme sctyin stem cell gene therapy
leukocytes, n
sulides (HSCT)- bone
marrow transplant,
sona
(elvaidogene
autotemcel, Lent-
D), aidarsagene
autotemeel
(Lbmedy)
CACNALS Hypokalemic periodic paralysis type 1 ‘neurology AD 1{Two to thirty years od EDlsmlc paralysis - cnex\snng N PMBSSW“ medication 1338/
ith permanent weaknes supplementation,
Vascuiar myopat Scczcamde,
o7 CHARGE syndrome ‘neurology ) “L72| Childnood, ado ‘Ocular coloboma, cogenital heart | Tand B Lymphocyte Hematopoietic. HSCT 83 111
aduithood defects, choanal atresia, and Natural Killr Cell stem cell
growth & development, genita Profie vansplantaion
hypoplasia, & ear ar i (HSCT) - bone
associated vith deainess marrow ransplant
CLCNL Myotonia congenita ‘neurology AD, AR 1.225| Childhood Muscle stiffness and/or Y Electromyography test Mexiletine. ‘medication 138
weakness
Phenytoin and
carbemazepine
have been reported
10 have beneicia
effects. Quinine,
danirolene, or
acetazolamide may
be beneficialin
e cases.
n
pharmacologic
CLonT Gstcopetrosi ype 4 neuogy |0 4] Cate chidhood or Osteosiastich ARO, mabiiy |V Sieletalsuvey Bone maow [ HSCT o
adolescence resorb bone and mineralized wansplant
carlage [
stem cell
wanspaniaion
(scT)
[ovo D phy and neurclogy XR Early chidhood ‘Atophy in skeletal & heart Y Serum creatine kinase tepirsen, ‘medication 111
muscle, muscle weakness. (CK)level Casimersen and
musclar dystrophy Golodirsenforexon
skipping 51 45 and
3, respeciively
Vitolarsen has aiso
beenapproved for
exons3s
FARSE Rajah inersital lung disease wi bram caldfcatons 1 neudogy | AR [ QPCR or MLPA No veatment 08
lateronser) rowh deaywithcombrned bran.
iver and lun
potnia i, ecbosiins
it oy Ever
FOLRL Cerebralfolate transport deficency neuiogy | AR Chidhood S o Y Corebrospinal g 5- Folric a0 edcaton o
Serine defciency. & pyridodne level
dependent eplepsy
[ner Neurofbromatosis type 1 neurclogy 5] Infancy, childnood, Disfiguring tumors, pilocylic N Selmetinbfor | medication 130 110
adolescence astrocytomas, gastrointestinal iexiform
Stromal tumors, neurofibromas
pheachromocyiomas & uvenile
myelomonocytc eukemi,
malignant peripheral nerve
sheath mor
PDGFRB PDGFRB activating spectrum disorder neurology AD Infancy, childhood Kosaki overgrowth syndrome, N Imatinib and medication "https:/ipubmed.ncbi.nim.nih.gov/32500973/
solitary myofibromas, infantile: sunitinib
myofibromatosis, Pentinen
Syndrome ith premature aging &
osteopenia, fusiform aneurysms
PRPST (Ars syndrome neulogy MR = N s medcaton ips pubmed nhi im i qou20301 738/
imparimencar onset adenosymetrionin
hys ia, delayed motor develop e and nicotinamide
Chectul dianty, i, & boside
increased risk of nfoction
PRRT2 Episodic kinesigenic dyskinesia 1 ‘neurology AD 0.667| Infancy, childhood ‘Seizures,| headachemsnmers N Oxcarbazepine; ‘medication
childhood-onsetmov carbamazepie
isordors.& el dsabies
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https://pubmed.ncbi.nlm.nih.gov/22522443/
https://www.ncbi.nlm.nih.gov/books/NBK304122/
https://pubmed.ncbi.nlm.nih.gov/12891655/
https://www.ncbi.nlm.nih.gov/books/NBK1437/
https://pubmed.ncbi.nlm.nih.gov/20301564/
https://www.ncbi.nlm.nih.gov/books/NBK1390/
https://pubmed.ncbi.nlm.nih.gov/34090020/
https://omim.org/entry/613640
https://pubmed.ncbi.nlm.nih.gov/31392824/
https://pubmed.ncbi.nlm.nih.gov/30338442/
https://pubmed.ncbi.nlm.nih.gov/11112665/
https://www.ncbi.nlm.nih.gov/books/NBK1220/
https://pubmed.ncbi.nlm.nih.gov/11112665/
https://www.ncbi.nlm.nih.gov/books/NBK1220/
https://pubmed.ncbi.nlm.nih.gov/33195324/
https://www.ncbi.nlm.nih.gov/books/NBK1130/
https://pubmed.ncbi.nlm.nih.gov/34120654/
https://www.ncbi.nlm.nih.gov/books/NBK1338/
https://pubmed.ncbi.nlm.nih.gov/21378379/
https://www.ncbi.nlm.nih.gov/books/NBK1117/
https://pubmed.ncbi.nlm.nih.gov/25515836/
https://www.ncbi.nlm.nih.gov/books/NBK1355/
https://pubmed.ncbi.nlm.nih.gov/23877423/
https://www.ncbi.nlm.nih.gov/books/NBK1127/
https://pubmed.ncbi.nlm.nih.gov/25752877/
https://www.ncbi.nlm.nih.gov/books/NBK1119/
https://pubmed.ncbi.nlm.nih.gov/31355908/
https://omim.org/entry/609690
https://pubmed.ncbi.nlm.nih.gov/30916789/
https://omim.org/entry/613068
https://pubmed.ncbi.nlm.nih.gov/25062113/
https://www.ncbi.nlm.nih.gov/books/NBK1109/
https://pubmed.ncbi.nlm.nih.gov/32500973/
https://pubmed.ncbi.nlm.nih.gov/20301738/
https://pubmed.ncbi.nlm.nih.gov/26598493/
https://www.ncbi.nlm.nih.gov/books/NBK475803/

Neurology (83 genes)
Inheritance On RUSP? Prevalence - disease Age of Onset Disease symptoms Intervention Category of Ageof MD leading ‘Comments Link toref 1. Link to ref 2 Link to ref 3
N) | frequency per 100,000 Considered (Free |  ntervention intervention
(Rx genes, if listed) Text) Implementation

SLC5A6 Infantile-onset, biotin-responsive neurodegeneration neurology AR Infancy Microcephaly, cerebral palsy, biotin, pantothenic | medication https:/ipubmed.ncbi.nim.nih.gov/27904971/

developmental delay, variable acid, lipoate

immunodeficiency, acid reflux,

osteoporosis, & pathologic bone

fractures
SARS1 SARS1 associated neurodevelopmental disorder with ‘neurology AR Infancy Microcephal, ataxia, & seizures, serine medication hitps:/www.genecards 709

microcephaly, ataxia, and seizures arteriovenous malformations, supplementation |2gene=SARS1#diseases
intellectual disability, typhus,
spine muscular dystiophy
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https://pubmed.ncbi.nlm.nih.gov/27904971/
https://www.genecards.org/cgi-bin/carddisp.pl?gene=SARS1&diseases
https://www.genecards.org/cgi-bin/carddisp.pl?gene=SARS1&diseases
https://omim.org/entry/617709

Oncology (18 genes)

Inheritance | On RUSP? Prevalence - disease | Age of Onset Disease symptoms Orthogonal Ifyes, Isorthogonal | Intervention Considered Category of Ageof MD leading
(YIN) frequency per 100,000 test? (YN) | orthogonal | testexpected (Free Text) i
(Rx genes, if listed) test to be abnormal Implementation
in infancy? Comments | Linktoref1 | Linktoref2 | Linktoref3
MSH2 Lynch Syndrome/(CMMRD if biallelic) oncology ADI(AR if 35.2| Adulthood/Chil | Colorectal, gyn, GI, GU, skin cancers N | Adulthood/Childh | Pediatric heme/onc
biallefic) hood if ood if biallelic)
biallelic)
MLHL Lynch Syndrome/(CMMROD if biallelic) oncology AD/(AR if 51.4] Adulthood/Chil [ Colorectal, gyn, GI, GU, skin cancers N Adulthood/Childh | Pediatric hemefonc
biallelic) dhood if ood if biallelic)
biallelic)
PMS2 Lynch Syndrome/(CMMRD if biallelic) oncology ADI(AR if 140.1|Adutthood/Chil [ Colorectal, gyn, GI, GU, skin cancers N |Adulthood/Childh | Pediatric heme/onc
biallefic) dhood if ood if biallelic)
bialleic)
MSH6 Lynch Syndrome/(CMMROD if biallelic) oncology AD/(AR if 131.9| Adulthood/Chil | Colorectal, gyn, GI, GU, skin cancers N Adulthood/Childh | Pediatric hemefonc
biallefic) dhood if ood if biallelic)
biallelic)
EPCAM Lynch Syndrome/(CMMROD if biallelic) oncology AD/(AR if Adulthood/Chil | Colorectal, gyn, GI, GU, skin cancers N Adulthood/Childh | Pediatric heme/onc.
biallelic) dhood if ood if biallelic)
biallefc)
APC Familial Adenomatous Polyposis oncology AD 32146 Infancy, Colorectal cancer and polyposis, Infancy, Pediatric heme/onc
Chikdhood, thyroid cancer, desmoid Childhood,
Adolescence | umors Adolescence
MUTYH MUTYH-associated Polyposis oncology AR 1735 "Adulthood Colorectal cancer and polyposis N Pediatric hemelonc
BMPRIA BMPR1A-associated Polyposis oncology AD Adolescence | Juvenile polyposis, colorectal and GI N Pediatric heme/onc
cancers
ALK ALK-Related Neuroblastic Tumor Susceptibility oncology AD Infancy, | Neuroblastoma, ganglioneuroblastoma, N Infancy Pediatric heme/onc
Childhood | ganglioneuroma
PHOX2B Congenital Central Hypoventilation Syndrome oncology AD Infancy, Neuroblastoma, ganglioneuroblastoma, |N Infancy Pediatric heme/onc
Childhood ganglioneuroma, hypoventilation, cardiac
arrhythmia, neurocristopathy
DICERL DICER1 Tumor Predisposition oncology AD 217 Infancy, Pleuropuimonary blastoma (PPB), thyrod [N nfancy Pediatic hemelonc
Childhood gland neoplasia, ovarian tumors, cystic
nephroma, and others
PTCHL Nevoid Basal Cell Carcinoma Syndrome oncology AD 32[Infancy, Medulloblastoma, basal cell carcinoma, |N Infancy, Pediatric heme/onc
Chidhood  |jaw keratocysts, macrocephaly, skeletal Childhood
anomalies, cardiac and ovarian fibromas
SUFU Nevoid Basal Cell Carcinoma Syndrome oncology AD 32| Infancy, Medulloblastoma, basal cell carcinoma, |N nfancy, Pediatric hemelonc
Chidhood  |jaw keratocysts, macrocephaly, skeletal Childhood
anomalies, cardiac and ovarian fibromas
RET Muttiple Endocrine Neoplasia 2 oncology AD 29[ Childhood Medullary thyroid carcinoma, N Infancy, Pediatric hemelonc
pheochromocytoma, ance Childhood
d
TP53 Li-Fraumeni Syndrome oncology AD 183-281 Infancy, "Adrenocortical carcinomas, breast Infancy, ‘Pediatric heme/onc
Childhood cancer, central nervous system tumors, Childhood
osteosarcomas, soft-tissue sarcomas
RBL Hereditary Retinoblastoma oncology AD Infancy, Retinoblastoma, pineoblastoma Y Eye exams Yes Infancy, Pediatric hemelonc
Chikdhood Chikdhood
SMARCB1. Rhabdoid Tumor Predisposition Syndrome oncology AD Infancy, Renal or extrarenal malignant thabdoid [N Infancy, Pediatric heme/onc
Childhood tumors Childhood
syndrome
WTL \WT1-Related Predisposition Syndrome oncology AD Infancy, Wilms tumor, nephrotic syndrome, Infancy, ‘Pediatric heme/onc
Childhood disorders of testicular development, Childhood
congenital GU anomalies
syndrome
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Ophthalmology (4 genes)

Inheritance | OnRUSP? | Prevalence- disease | Age of Onset Disease symptoms Intervention | Category of MD leading intervention | Comments | Linktoreil | Linktoref2 | Linktoref3
(YIN) frequency per 100,000 Considered Intervention Intervention
(Rx genes, if listed) (Free Text) Implementation
PLG Plasminogen deficiency, type | ophthaimology AR 0.16|Childhood Chronic mucosal pseudomembranous Plasminogen activity Ryplazim medication Chiidhood pediatric hematology
lesions, hydrocephalus
RPE65 RPEG5 associated Leber congenital amaurosis, |ophthaimology AR 0.685| infancy or later |Retinal dystrophy. [Electroretinography Luauma medication Infancy, pediatric ophthalmology
early-onset severe retinal dystrophy and retinal imaging chidhood

SLC6AG [Taurine transporter deficiency ophthaimology AR Childhood Retinal degeneration, cardiomyopathy [Plasma amino acids. [Taurine medication Chiidhood pediatric metabolism
VAMPL Congenital myasthenic syndrome 25 ophthaimology AR Gene s misclassified

and should be in the

neurology section
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Pulmonology (2 genes)

Inheritance On RUSP? Prevalence - disease | Age of Onset Disease Intervention Category of Age of MD leading Comments Linktoref 1 | Linktoref2 | Linktoref3
(YIN) frequency per 100,000 symptoms. i (Free Text) i i
(Rx genes, if listed) Implementation

SERPINAL Alpha-1-antitrypsin deficiency pulmonology  [AR 20[childhood Liver dysfunction Liver transplant, ranfusion Infancy, Pediatric Gl,

COPD (adults) of alpha-1 antitrypsin infusion of purified ot childhood, [adut puimonology

human AAT adulthood

SFTPC y surfactant AD Infancy Respiratory Hydroxychloroquinone | medication Infancy Pediatric pulmonology htips:/ipubmed

insufficiency/failur nchi.nim.nih

e 90v/15647591/
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eTable 4. Demographic Information of the Respondents
Demographic N (%)
Mean age (years) 52.6;SD =12.8 (range 27-93)
Gender
Female 126 (52.9%)
Male 112 (47.1%)
Race
Asian 26 (10.9%)
Native Hawaiian/Pacific Islander 2 (0.8%)
White 141 (59.2%)
Multiracial 4 (1.7%)
Other 5 (2.1%)
Unknown 60 (25.2%)
Ethnicity
Hispanic 7(2.9)
Non-Hispanic 169 (71.0)
Unknown 62 (26.1)
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eTable 5. Additional genes suggested for inclusion by respondents

Clinical Area Additional Suggested Genes

Cardiovascular ACTA2, ELN, FBN1, KCNE1, KCNQ1, MYBPC3, MYH7, PTPN11, RIT1, SCN5A, TGFBR1,
TGFBR2

Endocrinology CASR, PPARG

Gastroenterology ABCB11, ABCB4, ALGS, ATP8BL, LCT, MYO5B, WNT2B

Hematology ANKRD26, CDC42, CEBPA, DDX41, ERCCL, ETV6, F2, F5, PAX5, RUNX1

Immunology BCL10, CASP8, CD28, CD3G, EXTL3, HEM1, ICOSLG, IL7, PDCD1, RIPK1, SASH3, SOCS1,
TNFRSF6, TNFSF6

Metabolism GM1, GYS1, GYS2, MT-APT6, PEX1, PEX10, PEX11A, PEX11B, PEX11G, PEX12, PEX13,
PEX14, PEX16, PEX19, PEX2, PEX26, PEX3, PEX5, PEX6, PEX7, PPA2, SLC25A26, TKT,
TYMP, UROS

Nephrology APOL1, PKHD1, SLC3A1, SLC7A9

Neurology CREBBP, EHMT1, EP300, FMR1, KMT2C, KMT2E, MECP2, NSD1, UBE3A

Oncology BLM, CHEK2, FH, FMTC, LZTR1, NF2, PTEN, SDHA, SDHB, SDHC, SDHD, VHL

Ophthalmology ALMS1, CDH23, CLRN1, CYP1B1, GPR98, LRMDA, MTP, MYO7A, MYOC, OCA2, PCHD15,
SLC24A5, SLC45A2, TYR, TYRP1, USH1C, USH1G, USH2A, WHRN

Pulmonology ACVRL1, CSF2RA, CSF2RB, ENG, EPHB4, GDF2, RASAL, TERT
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