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TruGenome™ Undiagnosed Disease Test

Test description

Test indication

The TruGenome Undiagnosed Disease Test is intended to
provide information to physicians to aid in the diagnosis of

rare and undiagnosed genetic diseases. The analysis and
interpretation are designed to detect and report on single
nucleotide variants (SNVs), small insertion/deletion (indels)
events, copy number variants (CNVs), homozygous loss of
SMN1, mitochondrial SNVs, and a set of short tandem repeat
(STR) expansions associated with genetic conditions. Proband-
only and/or family-based analysis is performed, depending

on the availability of samples at the time of testing. Family-
based analyses may be comprised of a trio (the proband and
their biological parents), a duo (parent and child), or other
family structures. Variant characteristics, clinical presentation
information, plausible inheritance patterns (based on the
reported family history), peer-reviewed literature and information
from publicly available datasets are used to contextualize
variants identified during analysis.

Reasons for referral

This test is appropriate in cases where there is a suspicion of a
rare genetic condition with clinical and genetic heterogeneity
and numerous candidate genes to be assessed. The evaluation
of the genome may clarify or refine a diagnosis because the
presenting set of symptoms, imaging, and laboratory tests
(biochemical or molecular) are inconclusive, or in cases where
the phenotype might indicate multiple genetic conditions.

This test is not appropriate for certain conditions, including
those caused by multiple genes, each with a small effect, gene-
environment interactions, and methylation disorders. To assess
if a patient’s disorder is likely to have a Mendelian etiology,

the referring physician should consider other lines of evidence
such as increased severity, earlier than expected age of onset,
multiple affected close family members, and unexpected
phenotypic complexity.

Physicians ordering this test should understand its intended
use and performance characteristics. Physicians should provide
pretest counseling to their patients and the family members
being tested to review the potential benefits, risks, limitations
and alternatives to testing. Physicians ordering this test are
responsible for obtaining informed consent from the persons
being tested.

Optional secondary finding analysis

A secondary findings analysis is available for each individual
being tested as part of the TruGenome Undiagnosed Disease
Test. This includes a targeted screen of variants that meet the
current test definition in genes recommended for reporting of
secondary findings by the American College of Medical Genetics
and Genomics (ACMG) SF v3.1 list of genes.! The list of genes
included in this analysis is below:

ACTA2, ACTC1, ACVRL1, APC, APOB, ATP7B, BAG3, BMPRIA,
BRCAT, BRCA2, BTD, CACNATS, CASQ2, COL3A1, DES, DSC2,
DSG2, DSP, ENG, FBN1, FLNC, GAA, GLA, HFE, HNF1A, KCNH?2,
KCNQT, LDLR, LMNA, MAX, MEN1, MLH1, MSH2, MSH6, MUTYH,
MYBPC3, MYH11, MYH7, MYL2, MYL3, NF2, OTC, PALB2, PCSK9,
PKP2, PMS2, PRKAG2, PTEN, RB1, RBM20, RET, RPE65, RYR],
RYR2, SCN5A, SDHAF2, SDHB, SDHC, SDHD, SMAD3, SMAD4,
STK11, TGFBR1, TGFBR2, TMEM127, TMEMA43, TNNCT, TNNI3,
TNNT2, TP53, TPM1, TRDN, TSCT, TSC2, TTN, TTR, VHL, WT1

Each family member tested through the TruGenome
Undiagnosed Disease Test has the option to opt-in or opt-out of
analysis. In the instance where a family member opts-out of the
secondary findings analysis, note the following:

« Opting out of the secondary findings analysis means that a
targeted search for variants in the list of genes recommended
by the ACMG will not be performed.

« If anindividual opts-out of the secondary findings analysis,
variants in one of the 78 genes recommended by the
ACMG may still be reported if the finding lies within a large
reportable CNV that contains multiple genes including
those on the ACMG list or if a variant in one of these genes
is identified and suspected to contribute to the patient’s
reported phenotype.

« Inthe case of a family-based analysis, identification of
secondary findings in family members who opt-in for the
analysis may inform carrier status of other members of the
family, even those who chose to opt-out of the analysis.

« Clinical interpretation is performed for all SNVs, small indels,
and CNVs, and only variants classified as pathogenic (P) or
likely pathogenic (LP) in a zygotic state consistent with the
associated disease are reported. Variants indicating carrier
status for recessive conditions are not reported.
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Incidental findings

« Incidental findings are defined as clinically significant
variants found in genes associated with phenotypes that are
unrelated to the patient’s primary indication for testing. Unlike
secondary findings, these variants are not actively sought,
but may be noted during analysis. Variants with the potential
to influence medical management, that meet the following
criteria, and are deemed reportable by the clinical laboratory
director will be returned.

— The evidence supporting the gene-disease relationship
must be classified as “Strong” or “Definitive” per current
laboratory protocol.

— The variant(s) must reach a classification of likely
pathogenic or pathogenic and occur in the correct allelic
state (or zygosity) for the disease.

— The finding must influence medical management per the
discretion of the laboratory director.

— STR expansions are not returned as incidental findings.

« The identification of incidental findings is a potential
outcome of this clinical test. It is not possible to opt out of
incidental findings.

» Incidental findings may be related to pediatric or adult-
onset conditions. Reporting of variants in genes related to
adult-onset conditions is restricted to conditions in which
professional practice guidelines outline condition-specific
patient management, surveillance or screening, family
management or special circumstances to avoid.

« Families who feel that the potential risk of learning about
a medically actionable incidental finding outweighs the
potential benefit of receiving that incidental finding or the
potential benefit of receiving information related to the
patient’s clinical indication for testing may choose to not
pursue this test.

Optional pharmacogenomics analysis

A pharmacogenomics analysis is available for each individual
being tested as part of the TruGenome Undiagnosed Disease
Test. This analysis includes detection and reporting of the
clinical impact of well-established drug-gene associations
(based on evidence and guidance from the Clinical
Pharmacogenetics Implementation Consortium (CPIC), the Food
and Drug Administration (FDA), the Association for Molecular
Pathology (AMP), and the American College of Medical Genetics
and Genomics (ACMG). The following genes are included in

this analysis:

CYP2D6, CYP2C19, CYP2C9, VKORCT, CYP4F2, CYP3AS, DPYD,
SLCO1B1, TPMT, HLA-B (*57:01 proxy: HCP5 rs2395029)

Each family member tested through the TruGenome
Undiagnosed Disease Test has the option to opt-in or opt-out of
the analysis.

« Opting out of pharmacogenomics analysis means that a
targeted search for specific variants in the list of genes above
will not be performed.

« Inthe case of a family-based analysis, identification of
pharmacogenomics findings in family members who opt-in for
the analysis may inform carrier status of other members of
the family, even those who chose to opt-out of the analysis.

Deliverables

« A Clinical Report of genomic findings deemed clinically
significant based on the patient’s reported phenotype will be
returned. The clinical report includes variant interpretations
according to ACMG/Association for Molecular Pathology
(AMP) guidelines with some modifications as suggested by
the Clinical Genome Resource (ClinGen) Sequence Variant
Interpretation Working Group (SVI WG), ClinGen Variant
Curation Expert Panels (VCEPs), and/or additional internal
laboratory guidelines. Literature references used to support
the classifications will be provided.

« A Secondary Findings Report will be returned for each
individual who has opted in for testing. The Secondary
Findings Report includes variants classified as likely
pathogenic or pathogenic within the 78 genes recommended
by the ACMG for secondary findings.

« A Pharmacogenomics Report will be returned for
each individual who has opted-in for testing. The
Pharmacogenomics Report includes well-characterized, high-
impact pharmacogenes as specified by the US FDA, CPIC,
AMP, and ACMG.

« A Gene List Appendix will be returned. This includes a list
of genes generated by searching the Online Mendelian
Inheritance In Man (OMIM) and Human Phenotype Ontology
(HPO) databases for genes that have been associated with
the phenotype. In the case of a proband-only analysis, this
gene list is used to perform a targeted search for variants in
these genes. In the case of a family-based analysis, this list is
used to prioritize variants from the family-based analysis and
to guide additional analyses of only the patient’'s genome in
certain cases.

« Technical data in gVCF and BAM file formats (sequence
information provided in a standard open source binary
format)? is available for return to the ordering physician or
patient who signs a release. Contact the laboratory to obtain
a release form.
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Criteria for variant classification and reporting

Variant analysis is based on clinical information submitted by
the ordering provider. Not all variants of uncertain significance
will meet our criteria for reporting. Variants are filtered and
evaluated based on multiple factors including population allele
frequency, variant consequence, evolutionary conservation,
occurrence in a gene whose gene-disease relationship (GDR)
overlaps with the patient’s reported phenotype, and inheritance
mode, as appropriate. Variant frequency is evaluated using

the Genome Aggregation Database (gnomAD).? Variants with

a population frequency in gnomAD greater than expected,
given the prevalence of the disease, are considered to be likely
benign or benign and are not reported. Synonymous variants
and intronic variants beyond +/-2 are generally not reported
unless they are known or suspected to be pathogenic. Single
heterozygous variants in genes exclusively associated with
autosomal recessive disorders will generally not be reported,
except in instances where the variant is classified as likely
pathogenic or pathogenic and the GDR is strongly associated
with phenotype(s) matching that of the patient and no other
explanation for the phenotype under investigation is identified.

Variant nomenclature is based on standardized Human
Genome Variation Society (HGVS) convention.* CNVs are
described using standardized International System for Human
Cytogenetic Nomenclature (ISCN) (2020). We follow the ACMG/
AMP standards and guidelines for variant interpretation and
reporting for SNVs and small indels,® with some modifications
as suggested by the ClinGen SVI WG, ClinGen VCEPs, and/or
additional internal laboratory guidelines. We follow the ACMG/
AMP guidelines for interpretation of mitochondrial DNA SNVs ¢
and the ACMG/ClinGen standards for the interpretation and
reporting of CNVs.” We follow the ClinGen framework for
evaluating gene-disease relationships.®

Methods and limitations

Whole-genome sequencing (WGS) was performed on extracted
DNA using lllumina sequencing by synthesis (SBS) next-
generation sequencing (NGS) at 2 x 150 bp reads with a
minimum mean sequencing depth of 40x. These data were
processed using TruSight™ Software Suite on the DRAGEN™
Bio-IT Platform, including read alignment to the GRCh37/

hg19 genome assembly, variant calling, variant annotation by
Nirvana, and comprehensive variant filtering. At least 98% of
the sequenced autosomal genome was callable. Only genomic
positions with a minimum coverage of 8x and alternate allele
frequency of 25% or higher were assessed for interpretation
and reporting. Small indels were detected and reported for this
assay. Insertions up to 31 bp and deletions up to 27 bp have a
sensitivity and analytical PPV of at least 80%. For SNVs and small
indels, interpretation is limited to variant positions that overlap
an exon and 8 base pairs of flanking sequence.

This assay has the capability to detect CNVs greater than

or equal to 10 kb, however sensitivity was only assessed for
events greater than 20 kb and was found to be approximately
85%.° CNV boundaries cannot be assessed with complete
accuracy. The boundaries are estimated to lie within +/-1 kb of
the event, unless otherwise noted. CNV analysis will not detect

balanced alterations (reciprocal translocations, Robertsonian
translocations, inversions, and balanced indels), triploidy, or
genomic imbalances in segmentally duplicated regions.

Mitochondrial DNA is sequenced and analyzed using the same
pipeline. Mitochondrial SNVs detected at an allele fraction
greater than or equal to 5 percent are assessed.”® Heteroplasmy
will be reported for clinically significant variants. Mitochondrial
CNVs and small indels are not reported.

This test is validated to identify the absence of the 'C" allele at
GRCh37 Chr5:70247773 (NM_000344.3:c.840C>T) in the SMN1
gene"? This test is not validated to detect other variants in

the SMNT gene, nor quantify the number or phase of SMNT and
SMN2 genes. In addition, the test cannot identify individuals who
are carriers of SMA. Only an outcome of 'SMA positive' will be
included on the report.

ExpansionHunter is used to screen for disorders caused by
repeat expansions in clinically relevant STRs."** Sizes of some
repeats can be underestimated due to somatic mosaicism and
GC amplification bias. Only the repeats that are 'expanded' in
the genes listed below will be included on the clinical report. The
specific repeat number will not be reported. This test cannot
distinguish between expansions in the premutation range and
full mutation range for some conditions. For genes associated
with autosomal recessive repeat expansion disorders, ie, FXN
and CSTB, carrier status will not be reported. Orthogonal
confirmation of all clinically significant expanded STRs will be
performed and results reported in an addended report. The list
of genes that are included in the ExpansionHunter analysis is
below:

DMPK, CNBP, FXN, FMR1, HTT, JPH3, AR, ATXN1, ATXN2,
ATXN3, CACNATA, ATXN7, ATXN8OS, ATXN10, PPP2R2B, TBP,
NOP56, ATN1, CSTB, C9orf72, TCF4

A causal variant(s) explaining the patient’s phenotype may not
be identified by this test. Reasons for this include limitations of
testing and limitations in current scientific and clinical knowledge
about certain genetic variants, genes, and the association with
human genetic disease. Some regions of the human genome
are not covered by this assay, including stretches of the human
reference genome that have not been completely resolved,

low complexity regions, or regions where it is difficult to align
fragments accurately. Additionally, genes that are associated
with regions of high homology (pseudogenes) are difficult for
this assay to resolve, unless specified to be part of this test. For
targeted callers such as Expansion Hunter, the rare instance

of a 'no call’ will not be reported. This assay is not designed to
detect mosaicism, and possible cases of mosaicism may be
investigated at the discretion of the laboratory director. This
assay will not detect methylation abnormalities. In addition,
there are potential sources of error with this test, including, but
not limited to, sample misidentification, sample contamination,
and misclassification of genetic variants. Orthogonal testing

will be pursued on a case-by-case basis at laboratory director
discretion to clarify or confirm the presence of variants detected
by whole genome sequencing. Orthogonal testing results will be
reported to the ordering provider via external laboratory report
and/or addended TruGenome Undiagnosed Disease Test report.
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Lab statement

Pursuant to the requirements of CLIA '88, this test was
developed, and its performance characteristics determined by
[llumina Clinical Services Laboratory (CLIA# 05D1092911, CAP

13.

Dolzhenko E, van Vugt JJFA, Shaw RJ, et al. Detection of long repeat
expansions from PCR-free whole-genome sequence data. Genome
Res. 2017;27(11):1895-1903. doi: 10.1101/gr.225672.117.

. Dolzhenko E, Deshpande V, Schlesinger F, et al. ExpansionHunter:

a sequence-graph-based tool to analyze variation in short tandem

repeat regions. Bioinformatics. 2019;35(22):4754-4756. doi: 10.1093/
bioinformatics/btz431.

15. Ibafiez K, Polke J, Hagelstrom RT, et al. Whole genome sequencing for
the diagnosis of neurological repeat expansion disorders in the UK: a
retrospective diagnostic accuracy and prospective clinical validation
study. Lancet Neurol. 2022;21(3):234-245. doi: 10.1016/S1474~
4422(21)00462-2.

#7217613). It has not been cleared or approved by the US FDA.
This test is used for clinical purposes.

References

1. Miller DT, Lee K, Abul-Husn NS, Amendola LM, Brothers K, Chung
WK, Gollob MH, Gordon AS, Harrison SM, Hershberger RE, Klein TE,
Richards CS, Stewart DR, Martin CL; ACMG Secondary Findings
Working Group. Electronic address: documents@acmg.net. ACMG
SF v3.1 list for reporting of secondary findings in clinical exome and
genome sequencing: A policy statement of the American College
of Medical Genetics and Genomics (ACMG). Genet Med. 2022
Jul;24(7):1407-1414. doi: 10.1016/j.gim.2022.04.006. Epub 2022 Jun
17. PMID: 35802134.

2. LiH, Handsaker B, Wysoker A, et al. The Sequence Alignment/Map
format and SAMtools. Bioinformatics. 2009;25(16):2078-2079. doi:
10.1093/bioinformatics/btp352.

3. Karczewski KJ, Francioli LC, Tiao G, et al. The mutational constraint
spectrum quantified from variation in 141,456 humans. Nature.
2020;581(7809):434-443. doi: 10.1038/s41586-020-2308-7.

4. den Dunnen JT, Dalgleish R, Maglott DR, et al. HGVS
Recommendations for the Description of Sequence Variants: 2016
Update. Hum Mutat. 2016;37(6):564-9. doi: 10.1002/humu.22981.

5. Richards S, Aziz N, Bale S, et al. Standards and guidelines
for the interpretation of sequence variants: a joint consensus
recommendation of the American College of Medical Genetics and
Genomics and the Association for Molecular Pathology. Genet Med.
2015;17(5):405-424. doi: 10.1038/gim.2015.30.

6. McCormick EM, Lott MT, Dulik MC, et al. Specifications of the
ACMG/AMP standards and guidelines for mitochondrial DNA variant
interpretation. Hum Mutat. 2020;41(12):2028-2057. doi: 10.1002/
humu.24107.

7. Riggs ER, Andersen EF, Cherry AM, et al. Technical standards for the
interpretation and reporting of constitutional copy-number variants: a
joint consensus recommendation of the American College of Medical
Genetics and Genomics (ACMG) and the Clinical Genome Resource
(ClinGen). Genet Med. 2020;22(2):245-257. doi: 10.1038/s41436-019-
0686-8.

8. Strande NT, Riggs ER, Buchanan AH, et al. Evaluating the Clinical
Validity of Gene-Disease Associations: An Evidence-Based
Framework Developed by the Clinical Genome Resource. Am J Hum
Genet. 2017;100(6):895-906. doi: 10.1016/j.ajhg.2017.04.015.

9. Gross AM, Ajay SS, Rajan V, et al. Copy-number variants in clinical
genome sequencing: deployment and interpretation for rare and
undiagnosed disease. Genet Med. 2019;21(5):1121-1130. doi: 10.1038/
$41436-018-0295-y.

10. Laricchia KM, Lake NJ, Watts NA, et al. Mitochondrial DNA variation
across 56,434 individuals in gnomAD. Genome Res. 2022;32(3):569-
582. doi: 10.1101/gr.276013.121.

11. Kashima T, Manley JL. A negative element in SMN2 exon 7 inhibits
splicing in spinal muscular atrophy. Nat Genet. 2003;34(4):460-463.
doi: 10.1038/ng1207.

12. Prior TW. Perspectives and diagnostic considerations in spinal
muscular atrophy. Genet Med. 2010;12(3):145-52. doi: 10.1097/
GIM.0b013e3181c5e713.

lllumina Clinical Services Laboratory « 1.855.266.6563 toll-free (US) « +1.858.736.8080 tel « www.illumina.com

© 2023 lllumina, Inc. All rights reserved. All trademarks are the property of lllumina, Inc. or their respective owners. For specific trademark
information, see www.illumina.com/company/legal.html. SAN DS-0005-L

illumina

SAN DS-0005-L | 4


http://www.illumina.com/company/legal.html
https://pubmed.ncbi.nlm.nih.gov/35802134/
https://pubmed.ncbi.nlm.nih.gov/35802134/
https://pubmed.ncbi.nlm.nih.gov/35802134/
https://pubmed.ncbi.nlm.nih.gov/35802134/
https://pubmed.ncbi.nlm.nih.gov/19505943/
https://pubmed.ncbi.nlm.nih.gov/19505943/
https://pubmed.ncbi.nlm.nih.gov/32461654/
https://pubmed.ncbi.nlm.nih.gov/32461654/
https://pubmed.ncbi.nlm.nih.gov/26931183/
https://pubmed.ncbi.nlm.nih.gov/26931183/
https://pubmed.ncbi.nlm.nih.gov/26931183/
https://pubmed.ncbi.nlm.nih.gov/25741868/
https://pubmed.ncbi.nlm.nih.gov/25741868/
https://pubmed.ncbi.nlm.nih.gov/25741868/
https://pubmed.ncbi.nlm.nih.gov/25741868/
https://pubmed.ncbi.nlm.nih.gov/32906214/
https://pubmed.ncbi.nlm.nih.gov/32906214/
https://pubmed.ncbi.nlm.nih.gov/32906214/
https://pubmed.ncbi.nlm.nih.gov/31690835/
https://pubmed.ncbi.nlm.nih.gov/31690835/
https://pubmed.ncbi.nlm.nih.gov/31690835/
https://pubmed.ncbi.nlm.nih.gov/31690835/
https://pubmed.ncbi.nlm.nih.gov/31690835/
https://pubmed.ncbi.nlm.nih.gov/28552198/
https://pubmed.ncbi.nlm.nih.gov/28552198/
https://pubmed.ncbi.nlm.nih.gov/28552198/
https://pubmed.ncbi.nlm.nih.gov/30293986/
https://pubmed.ncbi.nlm.nih.gov/30293986/
https://pubmed.ncbi.nlm.nih.gov/30293986/
https://pubmed.ncbi.nlm.nih.gov/35074858/
https://pubmed.ncbi.nlm.nih.gov/35074858/
https://pubmed.ncbi.nlm.nih.gov/12833158/
https://pubmed.ncbi.nlm.nih.gov/12833158/
https://pubmed.ncbi.nlm.nih.gov/20057317/
https://pubmed.ncbi.nlm.nih.gov/20057317/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5668946/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5668946/
https://pubmed.ncbi.nlm.nih.gov/31134279/
https://pubmed.ncbi.nlm.nih.gov/31134279/
https://pubmed.ncbi.nlm.nih.gov/31134279/
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(21)00462-2/fulltext
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(21)00462-2/fulltext
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(21)00462-2/fulltext
https://www.thelancet.com/journals/laneur/article/PIIS1474-4422(21)00462-2/fulltext

