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Abstract

Background: An accurate diagnosis of rare
disorders is essential to design appropriate
treatment and management strategies. However,
establishing a diagnosis for many of these rare
disorders is a complex, lengthy and expensive
process, which starts with recognition of specific
phenotypic features and may involve multiple tests
followed by consultation with multiple medical
specialists.

Methods: We sequenced an Indian cohort with
suspected rare disorders, using whole exome
panel. Genetic variations were identified using the
Strand NGS software and interpretation was done
by using in-house tool, FestiVAR (Fast estimation
of variants for automated reporting). FestiVAR
prioritizes the variant based on HPO terms
assigned to a subjects based on the clinical
Indication. The genes and variants are ranked
according to their HPO matches and the variant
label as per ACMG (The American College of
Medical Genetics and Genomics) guidelines, which
take into account the predicted impact of the
variant on the gene/protein function, mode of
Inheritance/zygosity, presence in the database
(ClinVar, gnomAD, dbSNP etc.)and literature. The
short-listed are reviewed and relevant variant/s
are selected for reporting in the StrandOmics
platform.

Results: The diagnostic yield in our cohort was
38% (pathogenic and likely pathogenic variants)
and in 22% of subjects, we detected VUS (variant
of uncertain significance). We detected all types of
variants, such as 21% indel (small deletion,
duplication, insertion, or insertion/deletion), 30%
missense, 22% nonsense, 127% splice site and 14%
copy number variation (CNV).

Conclusion: Our study showed that FestiVAR tool is fast
and efficient, which can minimize the time required to
perform interpretation and it can be very cost-effective in
iIdentifying causative genes/variants in complex rare
disorder subjects.

Material and Methods

Subjects and Sample Collection: The study included 7,400
unrelated subjects with suspected rare genetic disorders,
primarily neurological. Genomic DNA (gDNA) was extracted
from blood, saliva, or tissue using magnetic bead or
column-based methods and used for library preparation.

Sequencing & Analysis: WES was performed on the
lllumina NovaSeq platform (average coverage >70x) using
xGen™ DNA Library Prep EZ Kits(IDT). FASTO files were
generated via bcl2fastg and processed using the DRAGEN
Enrichment pipeline(v4.3.16)and Strand NGS. The
hg19-hs37db5 genome build was used for analysis, which
Involved mapping/alignment, sorting, duplicate marking,
and variant calling. Variants called by the DBRAGEN and
Strand NGS (strand-ngs.com) pipelines were combined and
uploaded to StrandOmics for variant annotation and
prioritization.

Variant Interpretation: Variants were prioritized using our
in-house tool FestiVAR (v0.98.9), which ranks variants
based on HPO terms, inheritance mode, zygosity,
functional impact, population frequency(e.g., gnomAD),
and clinical databases(e.qg., ClinVar). Variants prioritized in
FestiVAR are selected for reporting in StrandOmics
(v6.38.0), which is a clinical genomics interpretation and
reporting platform.

Copy Number Variant (CNV) Analysis: CNVs were
identified through consensus calls from Strand NGS
(v3.3.5)and DRAGEN, detecting single exon to large
chromosomal events.

Results

- Atotal of 7,400 subjects were analyzed using whole or clinical exome
sequencing. The overall diagnostic yield (pathogenic and likely pathogenic
variants)was 38%. Variants of Uncertain Significance (VUS) were reported
in 22%, while 1.8% were classified as VUS with probable damaging effect
(VUSD) using an in-house scoring system.

« Neurological disorders made up the majority of subjects(51.7%), followed by
immunodeficiency (8%), metabolic (6.9%), nephrological (6.1%), skeletal
(4.9%), and cardiac (4.8%) disorders. Eye(1.4%) and dermatological (1.2%)

disorders were the least represented.

- Despite lower numbers, eye disorders had the highest diagnostic yield
(52.21%), likely due to well characterized phenotypes and monogenic causes.
In contrast, neurological disorders had a lower yield (39.88%) but the highest

VUS rate (27.8%), reflecting their genetic complexity.

« Inourcohort, we detected all types of pathogenic/likely pathogenic variants.
The mutation spectrum showed 30.5% missense, 22.2% nonsense, 20.8%
frameshift, 11.7% splice-site, and 1.2% of various other mutation types such
as- inframe insertion/deletion, synonymous, stop loss and start loss.

« Theremaining 13.6% were copy number variants (CNV), out of which, 59.5%
were multi-genic or band level events and 40.5% were intragenic events.

Table 1: Mutation detection rate (in %) across different disorder groupsina
cohort of 7,400 cases analyzed by WES in this study

DisorderGroup No.of cases P/LP VUSD VUS Negative
Neurological disorders 3744 39.88 1.68 27.38 31.06
Inborn errors of metabolism 518 39.77 1.93 13.71 44.59
Skeletal disorders 360 L L4 3.89 18.06 33.61
Dermatologic disorders 89 43.82 3.37 19.10 33.71
Nephrological disorders 463 31.10 2.16 16.85 49.89
Cardiac disorders 550 35.45 0.86 20.00 43.71
Eye disorders 113 52.21 4.42 22.12 21.24
'rr;;l;god?:jg:gy and 600 4117 2.17 1750  39.17
Others 1163 30.78 1.12 16.42 51.68
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Fig. T Mutation detection rate and mutation spectrum in rare genetic
disorders cohort. The pie chart shows mutation detection rate of 40%

[ which includes ‘pathogenic’(P), “likely pathogenic’(LP)variants and ‘variants
of uncertain significance with probable damaging effect’ (VUSD)]. VUS was
identified in 22.5% of cases, while no mutation was detected in 57.7% of
cases. Ihe mutation types detected in our cohort were missense,
frameshift, nonsense, splices site, CNVs and others which include inframe
deletions/duplication and synonymous.

Conclusion

e Among 7,400 rare disease subjects, the overall
diagnostic yield was 38%, (which was inclusive of
both whole exome and clinical exome subjects).

® [etectionrate was highest in eye disorders
(>560%), however, lowest efficiency but largest
volume were observed in neurological disorders,
Y where uncertain results (VUS) were most
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Gene-level factors
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li. Gene inheritance model

Variant-level factors

Copy number variants(CNVs)also contributed a
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