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Incorporation of Clinical and Molecular Variant Properties Improves
the Performance of in silico Pathogenicity Prediction Tools

Ofer Isakov'?3# Reut Fluss?, Dina Marek-Yagel?, Shamil Sunyaev>®’ and Shay Ben Shachar?3#

1-Raphael Recanati Genetic Institute, Rabin Medical Center-Beilinson Hospital, Petach Tikva, Israel,, 2 - Clalit Research Institute, Clalit Health Services, Ramat Gan, Israel., 3 - The Ivan and Francesca Berkowitz Family Living Laboratory Collaboration, at Harvard Medical School and Clalit Research Institute, Boston, MA, USA.,

4- Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel,, 5 - Department of Biomedical Informatics, Harvard Medical School, Boston, MA, USA., 6 - Division of Genetics, Brigham and Women's Hospital and Harvard Medical School, Boston, MA, USA., 7 - Broad Institute of MIT and Harvard, Cambridge, MA, USA.

Background: In silico pathogenicity prediction tools are essential for determining the potential pathogenicity of genetic variants, aiding
clinical diagnostics and genetic counseling. However, their performance can vary depending on molecular and clinical contexts, complicating
variant classification. Methods: ClinVar variants classified as pathogenic (P), likely pathogenic (LP), benign (B), or likely benign (LB) were
analyzed using 25 common tools. Tools were evaluated based on discriminatory performance. Data were stratified by variant creation date,
allele frequency, conservation level, mode of inheritance (MOI), and disease category. For each subset, Bayesian methods were employed to
recalibrate score thresholds corresponding to the levels of evidence defined by the American College of Medical Genetics (ACMG)
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A) The effect of conservation on performance and calibration. Discriminatory performance metrics (AUC/Sensitivity/Specificity) in each level
of conservation (B) Distribution of REVEL scores for P/LP (dark gray) and B/LB (light gray) variants stratified by conservation level with
recalibrated score thresholds.
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(C) Recalibrated score thresholds
corresponding to various ACMG
levels of evidence are added for each
score in each conservation level

(D) Recalibrated versus genome-wide thresholds. For each variant subset the rate of pathogenic
variants calculated using both the recalibrated and genome-wide thresholds. Rates estimates
within the evidence strength range (dotted lines) are considered valid (bold color) and those
outside are considered non-valid (light color).

(E) Comparing the recalibrated score
thresholds with ClinGen's genome
wide thresholds. Pathogenic variants
received higher scores and benign
variants received lower scores using
the recalibrated score thresholds.
Performance breakdown by variant
subset demonstrated higher scores
for pathogenic variants within low
and intermediate regions and those
affecting AR genes when using the
recalibrated thresholds. Analyzing
the effect of recalibration for each
tool in each variant subset, we
observed a significant improvement
in discriminatory performance in the
majority of cases.

E

Conclusion: This study
emphasizes the importance of
analyzing prediction tools in
different clinically relevant
contexts. By recalibrating score
thresholds the tools can more
accurately stratify variants
according to their true pathogenic
potential. This refinement
enhances the confidence in variant
classification and should be
considered during training and
evaluation of these tools.

Online webserver
https://c-gc.shinyapps.io/recalibrated_pp3_thresholds_browser/
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Exploring the unique characteristics of genes with dual autosomal ¢
dominant and recessive inheritance: mechanisms, phenotypes and
candidate identification

Shlomit Ezer,'? Tal Sido,'? Jonathan Rips,! Ronit Hoffman Lipschuetz,'? Adina Fuchs,'? Bassam Abu-Libdeh,?
Elana Chervinsky,*> Nadirah S Damseh,® Nada Danial-Farran,* llham Morani,® Ann Saada®2, Mohammed Al-
Ragad,” Somaya Salah,8 Shira Yanovsky-Dagan,! Nadra Samra,®® Hanna Mandel,'° Stavit Shalev,*°> Hagar
Mor-Shaked,'? Joél Zlotogora,> Tamar Harel®:

1 Department of Genetics, Hadassah Medical Organization, Jerusalem, Israel; 2 Faculty of Medicine, Hebrew University of Jerusalem, Israel; 3 Department of Pediatrics & Genetics, Makassed Hospital & Al-Quds Medical School, E.

University, Safed, Israel; 10 Department of Genetics and Metabolic Disorders, Ziv Medical Center, Safed, Israel

Autosomal dominant (AD) inheritance arises via mechanisms such as haploinsufficiency, dominant-negative (DN), or gain of function (GoF) effects,
while autosomal recessive (AR) inheritance typically involves partial/complete loss of function (LoF). Yet, a subset of genes demonstrates both
inheritance patterns. We aimed to curate and characterize a list of such ‘AD/AR genes’, and to suggest additional candidates.

A list of AD/AR genes was compiled through an extensive review of OMIM, the Clinical Genomic Database (CGD) and literature. Using bioinformatic
analyses, we compared AD, AR and AD/AR genes across various metrics, including gnomAD constraint values, exon count, protein length,
quaternary structure, and gene ontology (GO) terms. We searched a local dataset of >24,000 exomes for homozygous variants in AD genes to
identify additional candidates.

(A) AD/AR list was assembled; Approximately 12.5% of disease- A
associated genes have both dominant and recessive inheritance
patterns. (B) genes were sub-classified by genotype-phenotype
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correlations and disease mechanisms. Pathogenic variants in
AD/AR genes can cause distinct or similar phenotypes,
depending on the molecular mechanism (Table 1).
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Different
mechanism
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GoF/LoF
similar
phenotype

Exclusion criteria: AD/AR genes

- N icdisorders

- Single reports, no functional
data

- Benign conditions

- Susceptibility only

- Expansion repeats only

Same
Similar variant

mechanism

Different
variant

AD/AR genes exhibit unique bioinformatic properties, including: (C) intermediate constraint scores, (D) a combination of GO terms, (E) a greater
average number of exons, and (F) an elevated propensity to form homo/heteromeric proteins.

We identified homozygous LoF or clinically reported variants in eight genes previously classified as AD only, and present a second confirmatory

report for AR inheritance of a ninth gene.
AD AD/AR AR
c 100
T e Trii¥cr{ption regulation
Transport ranscription
7 . Transcription . 4 Tra nsport Trﬁins';?ort
. é Transcrlptlon regulatlon ranscription'regulation Prot i
g
g % &
g ®
g ]
o 0
o
2
25 @
0 Secreted
Nucleus
€
o
E F s Nucleus
" g
so% 8
™ 5
2
8
0%
L 150 § s
g i 0% e DNAbinding doredict
i f ; : 5 . Transferase
| H g 2% S Transferase
: | | 5 < ecees
| 3 - e
5 | i | 1% 5
| >
9
m—— N == o s
o 13.12 16.09 13.88 o AD/AR AR . 0 o
w HO/AR " Inheritance
Table 1. Examples of known AD/AR genes from literature exhibiting different or similar mechanisms
Gene MIM AD AR
Developmental and epileptic encephalopathy 42; Migraine, familial hemiplegic, 1; . .
v CACNA1A 601011 el i 6 (HrimsloaerE, e 2 Early onset epileptic encephalopathy
Congenitalmyopathy 1A, autosomal dominant, with susceptibility to malignant Congenital myopathy 1B, autosomal recessive; Neuromuscular disease, congenital, with
AR:LoF RYR1 180901

SoD1 147450 Amyotrophic lateral sclerosis 1
AD:DN  A7AD3A

AR:LoF coL7A1

612316
120120

Harel-Yoon syndrome

hyperthermia; King-Denborough syndrome; susceptibility to malignant hyperthermia

Epidermolysis bullosa dystrophica, autosomal dominant; Epidermolysis bullosa, pretibial

ALX4 605420 Parietal foramina 2; susceptibility to craniosynostosis 5
AD,AR: PALB2 610355 Susceptibility to breast cancer; susceptibility to pancreatic cancer
LoF RTEL1 608833 Pulmonaryfibrosis and/or bone marrow failure, telomere-related 3; Dyskeratosis congenita,

autosomaldominant 4

uniformtype 1 fiber

Spastic tetraplegia and axial hypotonia, progressive; ALS
Harel-Yoon syndrome; Pontocerebellar hypoplasia, hypotonia, and respiratory insufficiency
syndrome, neonatal lethal

Epidermolysis bullosa dystrophica, autosomal recessive
Frontonasal dysplasia 2

Fanconi anemia, complementation group N

Dyskeratosis congenita, autosomal recessive 5

AD/AR genes possess distinctive features that likely underpin their dual inheritance modes, and represent prime candidates for allele-specific RNA
therapies targeting AD or GoF variants, given their tolerance to heterozygous LoF. We propose several candidate AD/AR genes, emphasize caution
when filtering by inheritance type, and offer a framework to facilitate therapeutic development.
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Optical genome mapping of bone-marrow in Hematological malighancies

Dr Hila Lederman Nachmias Genetic Institute Tel Aviv Sourasky Medical Center - Ichilov
Introduction:

Extreme genomic rearrangements are hallmarks of cancer. AML is characterized by genetic
aberrations (chromosomal translocations, deletions, insertions) affecting its classification for

risk of treatment. Optical Genome Mapping (OGM) detects structural variations in an
unbiased manner and at much higher sensitivities than cytogenetic techniques used to

The OGM results were compared to the known aberrations as detected by karyotyping and
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Figure2: OGM reveals more than classic cytogenetics for a 69 years old male patient with
suspected AML
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Figure 3: MM OGM bypass classic pipeline

Discussion:

It can be concluded that the results seen by the karyotype and the FISH were all observed

using the OGM method; in addition, chromosomal aberrations that could not be diagnosed
with low resolution were observed using the OGM.



Enhanced Haplotype Construction in Preimplantation Genetic Testing Using

SNP Microarray Analysis
Shira Shaviv, Pinhas Renbaum, Sharon Zeligson, Reeval Segel, Tal Dror, Lihi Amit, David Zeevi,
Elina Farhi, Merav Ben Shlomo, Elinor Hakam, Tali Azar, Anat Yadin, Rachel Beeri, Orit Freireich,
Galit Lazer Derbeko, Hadar Bar-Noy, Gheona Altarescu

PGT Unit & Microarray Unit, Medical Genetics Institute,
Shaare Zedek Medical Center, Jerusalem

Objective: Comprehensive PGT (Haploseek) aims to gather extensive genomic data from
embryos, preventing transmission of hereditary genetic diseases and ensuring accurate
chromosomal assessment. Standard STR methods face challenges in haplotype
construction for de novo cases and frequently in cases of consanguinity.

Methods: We used a 750K microarray platform for each family member in our Haploseek
system. By analyzing SNP data from the microarray, we determined allele linkage to the
genetic variant.

Results: We present three families. The use of SNP data from microarrays enabled
haplotype construction.

- Family 1: A de novo maternal 1.3Mb deletion on 15q13, identified on the paternally
transmitted allele.

- Family 2: A recessive pathogenic variant c.910T>A in the MATN3 gene in a
consanguineous couple. A healthy child, used as a reference, showed recombination near
the variant site. SNP data identified the wild-type alleles based on grandparents’
haplotype.

- Family 3: A consanguineous couple, carriers of pathogenic variants in Joubert syndrome
(TMEM216 gene) and Ichthyosis (CERS3 gene). One child was homozygous for TMEM216 and
heterozygous for CERS3, while the other had the opposite genetic configuration. SNP
comparison between parents and the two children allowed accurate analysis for both
diseases.

Conclusions: This method enhances genetic linkage analysis through abundant SNPs,
particularly useful in de novo variants and consanguineous families where standard
methods struggle. Microarray platform allows simultaneous SNP analysis across the
genome for multiple diseases, eliminating the need for labor-intensive STR identification.
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Long-read whole genome sequencing uncovers a deletion
upstream to HOXD 13 causing synpolydactyly

Jonathan Rips,* Chaim Jalas,2 Ayala Frumkin,3 Shamir Zenvirt,! Avraham Shaag,! Tamar Harel,%3 Orly Elpeleg,'* Hagar Mor-Shaked,*3
1 Department of Genetics, Hadassah Medical Center, Jerusalem, Israel

2 Bonei Olam, Center for Rare Jewish Genetic Disorders, Brooklyn, NY 11204, USA

3 Faculty of Medicine, Hebrew University of Jerusalem, Israel

Introduction. Synpolydactyly (SPD) is a heterogeneous distal-limb malformation syndrome, characterized by webbing and
duplication of adjacent digits. SPD1, the most common type, is attributed to disease-causing variants in HOXD13, a
transcription factor in the HOXD cluster that is essential for limb development. Here, we present a challenging exome-
negative case of familial SPD. The case was resolved using long-read genome sequencing, which revealed a microdeletion in a
conserved non-coding regulatory region upstream of the HOXD cluster.

Methods. Exome-trio and standard chromosomal microarray analysis (CMA) on three affected siblings were negative. Oxford
Nanopore whole-genome sequencing with long-read sequencing (WGS-LRS) was pursued on two affected sisters, followed by
CMA-Cytoscan HT validation.

Results. WGS-LRS for two affected siblings revealed a shared microdeletion of ~5.6kb upstream of EVX2 and HOXD13
[chr2:176073523-176079120 (hg38)]. The deletion is predicted to affect an enhancer of several HOXD genes
(EH38E2053988) and overlaps with a short stretch of high-sequence homology between human and mouse, called R3. CMA-
Cytoscan HT analysis and a PCR assay confirmed segregation of the deletion in the siblings and revealed paternal inheritance.

Figure 1. Pedigree and clinical presentation of family with synpolydactyly (SPD)

A. Pedigree of the family. The proband (lI-2) is marked with an arrow. del: heterozygous 5.6kbp deletion chr2:176073523-
176079120 (hg38). B. photos of the feet of individuals 1I-2 (left) and II-4 (right): affected family members exhibit a significant
bilateral medial deviation of the second and third toes. C. X-ray of the feet of individual lI-2: The second and third toes have
abnormally formed proximal through middle phalanges. The second toe has a proximal phalanx which is partially shared
with the second and third metatarsals. The third toe has what appears to be a rudimentary proximal phalanx. The hindfoot
and midfoot appear to be normal. D. X-ray of the hands of individual 1l-4: note the hypoplastic ring finger metacarpals, ring
finger contracture.
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Figure 2. Detection of deletion event in EVX2
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Discussion. Our study expands the genotype-phenotype correlation of the regulatory region upstream of HOXD13 in
synpolydactyly (SPD), demonstrating its role in limb development. We highlight the utility of long-read WGS in identifying non-
coding variants that are missed by traditional exome sequencing. Our findings emphasize the importance of analyzing
regulatory elements, such as enhancers, which can impact gene expression and contribute to disease.
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'é TeLavivsourasky  [ncremental Yield of Exome Sequencing in Fetuses with Isolated
AN icHiLov Polyhydramnios: Diagnostic Insights and Clinical Impact

Michal Levy1,2,3*, Vered Offen Glasnerl*, Adi Mory1, Adi Reches1, Karina Krajden Haratz4 , Britannia Fleming1l, Hagit Baris Feldman1,2, Lena Sagi-
Dain5, Mordechai Shohat2,3, Adi Botvinik1*, Yuval Yaron1,2*
1 Prenatal Genetic Diagnosis Unit, Genetics Institute, Tel Aviv Sourasky Medical Center, Israel,
2 Faculty of Medicine, Tel Aviv University, Israel,
3 Maccabi Genetic Institute & Bioinformatics Unit, Sheba Cancer Research Center, Ramat Gan, Israel.,
4 Division of OB/GYN Ultrasound, Lis Women's and Maternity Hospital, Tel Aviv Sourasky Medical Center, Tel Aviy, Israel.
5 Carmel Medical Center, Haifa
*Both authors contributed equally
Contact us: adibot@tlvmc.gov.il; veredog@tlvmc.gov.il
(0bjective )
To assess the diagnostic yield of exome sequencing (ES) in isolated polyhydramnios.
Methods
* The study included 40 cases diagnosed as isolated polyhydramnios, defined as an amniotic fluid index (AFl) 225 cm or a single deepest pocket
(SDP) 28 cm.
* All cases had a normal CMA result on amniocentesis.
* All cases underwent screening for gestational diabetes mellitus (GDM). Four patients had GDM and one had type 1 diabetes mellitus.

* Polyhydramnios was diagnosed during the third trimester in 28 cases (70%) and during the second trimester in 12 cases (30%). The mean
gestational age at diagnosis was 29.5 + 4.2 weeks (range 21-36 weeks)

* The mean AFI at diagnosis was 31.7 + 6.4 cm, with 23 cases (57.5%) classified as moderate-severe polyhydramnios and 17 cases (42.5%)
classified as mild polyhydramnios.

\* Clinical and postnatal outcomes were recorded. )

~\

p
Results
Seven cases demonstrated a causative a pathogenic/likely pathogenic (P/LP) variant. Two cases had variants of unclear significance (VUSs).

Inheritanc |  AcMG
Gene condition/OMIM € classificat | Origin AFI
pattern ion

Early/ | Maternal | Pregnancy
Late diabetes | follow-up

#300647 Osteopathia

AMER1 Striata with Cranial XLD LP Inherited | moderate | Late yes Delivery
Sclerosis Trio-WES Performed
#606412 Bartter N=40
BSND Syndrome Type 4A AR P Inherited mild Early no TOP

KCNJ1 R e AR P+P Inherited severe Early no TOP
Syndrome Type 2

#600359 Bartter

KCNJ1 AR LP+LP | Inherited = severe | Late no TOP Negative Pathogenic Likely vus
Syndrome Type 2 31740 pathogenic 2140
#300823 Bartter (77.5%) 7140 (17.5%) (5%)

MAGED2 | Syndrome, X-Linked XLR LP Inherited severe Early no IUFD l
Transient
RIT1 R NBIEG: AD LP Inherited | moderate | Late yes Delivery Myotonic dystrophy
Syndrome 8 1/31 (3%)
AUTS2 07200 NS AD p De-novo mild | Early No TOP

Susceptibility 8

#100720 Multiple
CHRND | Pterygium Syndrome, AR LP+VUS Inherited | moderate | Late No TOP
Lethal Type

#603339 Primary

DRI Ciliary Dyskinesia 7

AR LP+VUS Inherited Severe Early NO Delivery

Discussion

* In this study, we present preliminary data on the diagnostic yield of trio exome sequencing (ES) in 40 fetuses diagnosed with isolated
polyhydramnios.

* Overall, a genetic diagnosis (P/LP variant) was obtained in 7/40 (17.5%) cases. Two variants (2/40, 5%) classified as VUSs and one case was
positive for myotonic dystrophy diagnosed postnatal.

* Five of the positive cases presented with moderate-severe polyhydramnios and two with mild polyhydramnios.

* Two ES-positive cases also had GDM.

* Follow-up data were available for 20 out of 34 cases (59%), Mean age at follow-up was 23.9 months (range: 3—48 months)

* Normal development was observed in 85% of the negative ES cases.

* Among the ES-negative cases, one neonatal death at 2 months of age, One diagnosed at 21 months with global developmental delay,
speech delay, strabismus, and failure to thrive, and one with speech delay at 24 months.

Conclusions

* We observed that mild polyhydramnios, late-onset cases, or the presence of GDM do not exclude genetic etiology, as these conditions may,
in fact, coexist.

* ES should be integrated into the diagnostic workup of isolated polyhydramnios

* ES may be considered as a first-tier test for late-detected cases




.UHAD BIRK'S LAB

THE MORRIS KAHN LABORATORY OF HUMAN GENETICS

Seamless Genomic Analysis: From Candidate Variants to PGT Applications

Noam Hadar, Vadim Dolgin, Ginat Narkis, Shirly Amar, Grisha Weintraub, Ohad S. Birk

& @& Genetic case unsolved by standard pipelines & &

VAR sla o Y Guishod

'S

Free and online streamline ¥ Variant search engine in
variant analysis platform & >60 WES samples with
experimental attributions
GORAD BRCS LAD o ViRsfa o Variant | ‘ |
Analysis s B s
& & —
S $ —
N 3 5 3 s |
Add @ > »

‘ Hpimiaed
: frec:
MG_CX\ten

https://VARista.link https://GeniePool.link
,,,,,, Check ety & -
0 46 Check specificity £
49 Check specificity £
O ss 1:20559688-20559728
O e

’ You 'chnse 10 before and 10 after the selected location

v v w
LOC105376809 ALDH4A1  LOC1249038605376817 PLA2G2E LINCO1757 MIR6084 HSPE1P27 ALPL

PGT-M assay design platform and STR database (STRavinsky)

https://fohs.bgu.ac.il/birklab/PGTailor



yoster Genome Sequencing Reanalysis Increases

P11.036.D the Diagnostic Yield in Dystonia

Avi Fellner'?, Gurusidheshwar M. Walié, Neil Mahant*, Bianca R. Grosz5, Melina Ellis®>, Ramesh K. Narayanan®, Karl Ng®’, Ryan L. Davis™%8,
Michel C. Tchan®®, Katya Kotschet'?, Dennis Yeow"®'"213 | aura |. Rudaks™'"'24 Sue-Faye Siow®'4, Gautam Wali®®'3, Con Yiannikas”"",
Matthew Hobbs', Joseph Copty’, Michael Geaghan’, Paul Darveniza's, Christina Liang®”'?, Laura J. Williams*, Florence C.F. Chang*s,
Hugo Morales-Briceiio*®, Stephen Tisch'5'6, Michael Hayes'", Scott Whyte'’, Sarah Kummerfeld', Marina L. Kennerson®>%'2, Mark J. Cowley'®'8,
Victor S.C. Fung*$, Carolyn M. Sue’2'3'¢, Kishore R. Kumar*611.1216

1. Garvan Institute of Medical Research, Darlinghurst, NSW, Australia. 2. The Neurogenetics Clinic, Raphael Recanati Genetics Institute, Rabin Medical Center, Beilinson Hospital, Petah Tikva, Israel. 3. Neurospecialities Centre,
Belgaum, India. 4. Movement Disorders Unit, Neurology Department, Westmead Hospital, Westmead, NSW, Australia. 5. Northcott Neuroscience Laboratory, ANZAC Research Institute, Concord, NSW, Australia. 6. Faculty of
Medicine and Health, University of Sydney, Sydney, NSW, Australia. 7. Department of Neurology, Royal North Shore Hospital, Sydney, NSW, Australia. 8. Department of Neurogenetics, Kolling Institute, St. Leonards, NSW,
Australia. 9. Department of Genetic Medicine, Westmead Hospital, Westmead, NSW, Australia. 10. Clinical Neurosciences, St. Vincent's Hospital, Melbourne, Australia. 11. Department of Neurology, Concord Repatriation
General Hospital, Sydney, NSW, Australia. 12. Molecular Medicine Laboratory, Concord Repatriation General Hospital, Concord, NSW, Australia. 13. Neuroscience Research Australia, Sdeey, NSW, Australia. 14. Department of
Clinical Genetics, Royal North Shore Hospital, St. Leonards, NSW, Australia. 15. Department of Neurology, St. Vincent's Hospital, Darlinghurst, NSW, Australia. 16. School of Clinical Medicine, UNSW Sydney, Sydney, NSW,
Australia. 17. Department of Neurology, Gosford Hospital, Gosford, Australia. 18. Children's Cancer Institute, University of New South Wales, Sydney, Australia.

BA AND OBJECTIVE RESULT

e Previous studies have variably vyieldeda
molecular diagnosis in  11.7%-37.5% of
dystonia patients, using gene panels, exome
sequencing or genome sequencing.

Figure 1. Improved
diagnostic yield through
genome sequencing
data reanalysis. The
number of individuals
with and without a
molecular diagnosis is
. . . . shown for the initial
e Systematic reanalysis of genomic sequencing genome sequencing
. analysis and after data
data hasbeen shown to increase the reanalysis. The number
: : : : : f of diagnosed individuals
diagnostic  yield in different Mendelian i shown for each gene
disorders. However, no previous studies [l reanosed cases Diagnosed cases in brackets.
evaluating reanalysis of genome sequencing

data dedicated to individuals with dystonia are

Genomic data

Initial N
reanalysis

Diagnostic rate
after genome

reanalysis

diagnostic
rate

7% increase in
diagnostic rate

reported. Table 1. Diagnostic
Sex; findings in genome
sequegn(:inggdata
. . o . Age at diagnosis (yr) .
e We investigated the contribution of genome t’ﬁa’;a'g.s's- S.“m.m;tfy of
. . . . Diagnostic findings through gi 7] i and clinical correlation efforts?* d estlomi;ngzdgnetlsgwho
sequencing data reanalysis to the diagnostic . T D R — e e aoey
yield of dystonia patients who remained 2 F;7;69 VPS16;AD New dystonia gene after the initial genome
. . . 3 F;12;61 AOPEP; AR New dystonia gene sequencing analysis in
undiagnosed after prior genome analysis. — 2019, and for whom a
4 M;23;31 POLG; AR Evolving patient’s phenotype molecular diagnosis was
Diagnostic findings through ic genome i lysi found through genome
5 19527 NUS1; AD Evolving phenotypic spectrum of NUST ts:igusetﬂzlng reanalySIS n
6 F;5;54 NUST; AD Evolving phenotypic spectrum of NUST AD- Aumg;,mm dominant ;
7 F;5;13 DDX3X; XL Reverse phenotyping éﬁ\'/ﬁ\\éwsomal rbecessive H
- Copy number
M ETH ODS TS ) ) jlow aystonie i?::l;‘e variants ; F - Female ; M -
8 (PRCOBED encompassing the VPS16 gene (Systemanc reanalysis of CNV/SV Male ; SV - Structual
detected with ClinSVs) variants ; XL - X-linked ; yr. -
years.
e Initial genome sequencing and analysis were A e o .
performed in2019.7 No GS-based diagnosis .
s based diagrosis o P
7 Fitors,0m
e Genome sequencing reanalysis was g /
performed through: Tort oo
A. Focused reanalysis for specific genes as b frosean
(8/19) 6m (5/12) /
part of gene discovery collaborations and Lo N
clinical correlation efforts during 2020-2023.24 O e
B. SyStematIC Updated genome sequencing Figure 2. Association between the phenotype-based dystonia B. Receiver operating characteristic curve plot shows the
i summary score and the molecular diagnostic yield. sensitivity and specificity for each score. Dystonia
data reanaIyS|s (Ended January 2023)‘ A. Percentage of individuals with a molecular diagnosis found summary score was claculated based on age at dystonia

through genome sequencing among 111 individuals with dystoniais  onset, body distribution and coexisting symptoms, as
shown for patient subgroups according to the phenotype-based previously described.®” GS - genome sequencing.
dystonia summary score.

CONCLUSION

Periodic genome sequencing data reanalysis in dystonia can increase the diagnostic yield and provide patients with a
genetic diagnosis, which may have significant implications for the patients and their families.
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Introduction: Exome Sequencing (ES) is a comprehensive tool for Methods: Data was collected retrospectively from medical records
the diagnosis of rare monogenic disorders, but scarce studies of pediatric patients presenting with acute heart failure and isolated
address its clinical impact on isolated pediatric cardiomyopathies cardiomyopathy who underwent singleton rapid ES between 2021
(PCM) in urgent settings. and 2023 at Rambam Medical Center.

Results: A total of nine patients were included. Eight patients (88.8%) presented in the first year of life. Age range 5days-11lyears, median-6
weeks. Family history was positive in only one case (11.1%). Turnaround Time was 5-14 days (median 9 days). The diagnostic yield was 5/9
(55.5%) confirming primary cardiomyopathy. The majority had dominant disorders (ACTC1, MYBCP3, TNNI3, NKX2-5) with two (22.2%)
occurring de novo. One patient (11.1%) had a recessive condition (MYBPC3). In Three patients (33.3%) who rapidly deteriorated during
admission, a major impact on immediate medical management was imposed: palliative care in one and referral for heart transplantation in
two. In most patients, the diagnosis led to avoidance of further metabolic or expert consultations, cardiac magnetic imaging or vitamin
treatment. At-risk relatives in three families (33.3%) started cardiac follow-up. In five families accurate recurrence risk was provided with

prenatal diagnosis and/or PGD offered.

** transferred to HT

1 M 6W DCM 8D ACTC1 005159.4 c.664G>A, p.Ala222Thr P HET DN
center, deceased 4 mo.
**palliati 3
2 F 10D HCM 70 MYBPC3  000256.3 .3491-2A5C, p.? P HOM NT pafiiative care
deceased 45d
3 M 1Y DCM 10D IARS2 018060.4 ¢.3G>T, p.Met1? VUS HOM NT ** successful HT
4 F 6M DCM 14D CDH2 001792.5 c.970A>T, p.(Asn324Tyr) VUsS HET Healthy Mother waiting HT
5 F 11M DCM 9D none - - - - - palliative
i MYBPC3 000256.3 ¢.1504C>T, p.Arg502Trp P HET Healthy Mother .
6 M 13D HCM+arrythmia 5D cardiac FU
CACNA1C 000719.7 €.1252C>T,p.(Arg418Trp) VUS HET
7 M 11y RCM+VF 14D TNNI3 000363.5 ¢.509G>A;p.Argl70GIn P HET DN ICD+cardiac FU
Affected .
8 F 6W NC+VSD+ASD 9D NKX2-5 004387.4 ¢.693dup,p.Gly232Argfs*20 P HET Mother cardiac FU

VSD, myocarditis,

9 M 5D
LAE

12D ACTN2 001103.3 €.2082G>C,p.Lys694Asn VUS HET NT resolved
Table 1: Patients demographics and Exome results. TAT: turnaround time, FU: follow up, M- male, F- Female, W- week D- days, M- months, DCM:
dilated CM, HCM: hypertrophic CM, , RCV-restrictive NC: non-compaction , LAE: left atrial enlargement, VSD- ventricular septal defect, ASD- atrial
septal defect, P-pathogenic, DN- De Novo, HET-heterozygous, HOM- homozygous, VUS- variant of unknown significance, Class- classification, HT- heart
transplantation, INH-Inheritance, NT- not tested, ** rapidly deteriorated during admission and a major impact on immediate medical management
was imposed

Conclusions: Our results show a high clinical impact of rapid ES in isolated PCM presenting in urgent settings, including shorter time
to diagnosis, high diagnostic yield, improved patient management, and therapeutic approach. In addition to family members at risk
segregation and genetic counseling regarding family planning.

1 2

* Tested | @ Family pedigree of individual 1#8 (arrow), presented neonatally
O SCD with heart failure, non-compaction CM(NCCM), atrial and
ventricular septal defects (ASD+VSD), her mother had ASD,
" | vsp 2 3. 4 maternal aunt had ASD+NCCM and the maternal grandmother
i l ' had VSD and died at 54 years from sudden cardiac death (SCD).
NCC ES detected a pathogenic variant (c.693dup,p.Gly232Argfs*20)
M in the transcriptional factor NKX2-5 in the proband and her

Q ASD mother, other family members were not tested yet.
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The genetic landscape of Lynch syndrome in the Israeli population

Aasem Abu Shtaya, Sofia Naftaly Nathan, Inbal Kedar, Eitan Friedman, Elizabeth Half, Gabi Lidzbarsky, Gili Reznick Levi, Ido
Laish, Lior Katz, Lily Bazak, Lilach Peled Peretz, Lina Basel Salmon, Liza Douiev, Marina Lifshitc Kalis, Menachem Schechter,
Michal Barzily-Rokni, Nadra Nasser Samra, Naim Abu-Freha, Ofir Hagari-Bechar, Ori Segol, Samar Mattar, Sarit Farage Barhom,
Shikma Mordechai, Shiri Shkedi Rafid, Stavit A Shalev, Tamar Peretz-Yablonski, Zohar Levi, Revital Bruchim, Chana Vinkler Rinat

Bernstein-Molho, Sari Lieberman, Yael Goldberg

Deciphering the spectrum and founder disease-causing variants (DCVs) in specific populations can shape and
facilitate the diagnostic process of Lynch Syndrome (LS). The aim of this report was to comprehensively
update on the genetic landscape of LS in the ethnically diverse Israeli-Jewish population. The cohort included
1080 carriers from 588 families; some from underrepresented, understudied Israeli ethnic groups recruited
from 8 genetic institutes and high-risk clinics throughout the country.

= Variant classification was performed according to the

Gene Distribution
n=588

MLH1: 55 (9 %) PMS2: 53 (9%)
\ / American College of Medical Genetics criteria. A total of

157 DCVs were identified, 12 are reported here for the first

T eE e time, and 9 reclassified. MSH2 DCVs were identified in 286

mewa: 208 s 50— families (49%). Most DCVs (125/157, 80%) were noted in

\— EPCAM: 1 (0.6%)

one or two families only. Sixteen DCVs, each detected in 25
families, and accounted for LS in 378/588 (64%) families. Constitutional mismatch repair deficiency
(CMMRD) was diagnosed in 7 families. Twenty-five carriers (2.3%) had an additional DCV or risk alleles in

another cancer susceptibility gene. In conclusion, MMR gene variant distribution in Israel is diverse. MSH2

1b
is most commonly mutated due to founder DCVs. Though Variant Type Distribution

Variant Type
= Frameshift
BN Structural variant

the 16 prevalent LS-associated DCVs were frequently S

~N
[

Small Deletion
Splice site

Y]
o

detected in our cohort, none of them is frequently

Number of Variants
I
o

"
o

reported in the general population. These data should
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facilitate variant interpretation, spouse and cascade

i
MLH1 MSH2 EPCAM MSHE PM52
Gene

testing.
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Comparative Analysis of BRCA Pathogenic Variant Detection:

Population Screening Versus Genetic Counseling in a Real-World Setting

Sari Lieberman®23, Shunit Armon?34, Ariela Tomer?, Einat Koller Volkow*, Pnina Mor?, Naama Srebnik?3#4, Ephrat

Levy-Lahad'?, Rachel Michaelson-Cohen?3

1. The Fuld Family Medical Genetics Institute, Shaare Zedek Medical Center, Jerusalem, Israel (SZMC) 2. The Eisenberg R&D Authority, SZMC. 3. Faculty
of Medicine, The Hebrew University of Jerusalem, Jerusalem, Israel. 4. Department of Obstetrics and Gynecology, SZMC.

Importance: Israel is the first country to initiate BRCA
population screening (PS) in the Ashkenazi Jewish
population. PS is expected to reduce morbidity and
mortality, but implementation presents unique challenges.
Objective: To examine the process and socio-psychosocial
outcomes of carriers identified by PS vs. carriers identified

in onco-genetics clinics following genetic counselling (GC).

Methods: All newly identified healthy BRCA1/2 carriers in
2021-2023 attending a high-risk surveillance clinic in SZMC;
Data collected from medical records and self-reported

questionnaires.

Results: PS group included 202 women and GC included
150. Mean age (38y,37y) and high-education level (82%)
were comparable between groups. PS had a higher rate of
BRCA2 (vs. BRCA1) carriers (65.1%) vs. GC (48.2%)(p=0.02).
Family history motivated testing in 30.4% in PS vs. 72.7% in
GC (p<0.001). PS Women were referred by: gynecologists
(41.7%), breast surgeons (17.7%) and family physicians
(6.2%).

Psychosocial and knowledge Assessment: by univariate

analysis: Groups were similar for knowledge, STAI6 and
PPC scores and both had high general satisfaction. PS
reported lower satisfaction with provided information and
result delivery (p=0.09,0.001). Satisfaction with health
decision was high, but slightly lower among PS(p=0.014).
Median IES was significantly higher PS, not achieving PTSD

scores. Multivariate analysis: the mode of testing was not

predictive of psychosocial outcomes.

Preventative surgeries: risk-reducing salpingo-

oophorectomy (RR-BSO) rates at the recommended age
were similar between groups, in PS carriers:

BRCA1240:79.2%, BRCA2245:81.4%.

Table 1: Characteristics and risk reduction surgery in BRCA carriers: PS vs. GC

Population Genetic
screening counseling
n=202 n=150
Age at testing mean (y=SD) 38.39+£10.9 36.63+11.2 0.15
Family HBOC none- low 96/161 (59.6) 53/136 (38.9) 0.001

history:
Testresults
Founder mutation testing
BRCA gene BRCA1
BRCA2
Risk reducing surgery
RR-BSO

HBOC mode-high 65/161 (40.4) 83/136 (61)

198 (100)
75/202 (37.1)
127/202 (62.9)

117/149(78.5)  0.001
77/150 (51.3)
73/150 (48.7)

0.011

62/197 (31.47)  40/147 (27.2) 0.47

Age at BSO mean=SD 50.05+7.63 49.07 +8.34 0.53

Time to RR-BSO (years) Median 0.62[0-1] 1[0-1] 0.87
IQR

RR-BSO 240 for BRCA1 20/27 (74.1) 18/21(85.7) 0.53

RR-BSO 245 for BRCA2 35/43(81.4) 14/22 (63.5) 0.21

Table 2 Motivation for genetic testing: PS vs. GC
Reason for genetic testing n (%) (multiple choices)

PS GC
Cancer family history 50 (39.7) 86 (78.2)  <0.001
Known familial PV 32 (25.4) 83(75.5)  <0.001
Physician 56 (44.4) 3(2.7) <0.001

recommendation

8(6.3) 1(0.9) 0.04
Psychosocial outcomes: PSvs. GC
30 %46 259
25
20
4147
e o L, 14.4
10 65 II 8...8.78
5 1.41.43 I
; ey | i
SWHD (6-30) PPC(0-2) IES(0-75) STAI(6-24) knowledge
(0-10)
*p=0.014 mPS mGC
**n=0.043

Conclusion and Relevance: “Real world” data demonstrate
high satisfaction with favourable psychological outcomesin
PS. PS resulted in actionable measures with high uptake of
RR-BSO. The process needs refinement and long-term

evaluation.



Five-year experience of genetic work-up in the Pediatric Oncogenetics
joint clinic in Sheba Medical Center highlights WES as the optimal test

Miriam Regev, Michal Ylon, Shani Caspi, Gadi Abebe-Campino, Ortal Barel, Ohad Birk
Genetics Institute, Pediatric Hemato-Oncology Department and the Bioinformatics Unit, Sheba Medical Center

Oncologic diagnoses in our cohort (250 patients, 2020-2024)
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\

52%
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5/8

1/4
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Germ-cell
Tumor
Non-CNS

Hematol.
Non-

Malignan

disease

Neuro-
blastoma

Specific-problem
designed gene

panel
Specific genetic 12 out of 67
diagnosis (18%)
VUs 0.85/patient
Incidental findings 8 out of 67
(12%)
Secondary findings 2 out of 67
(3%)

16/24

16/31

15/124

Hematologic
t malignancies

CNS
tumor

Retino-
blastoma

Diagnostic tools

Expanded gene
panel

4 out of 31
(13%)

2.4/patient

4 out of 31
(13%)

2 out of 31
(6.4%)

Diagnosis

CNS tumor
Retinoblastoma
Leukemia

Hematologic non-malignant
Sarcoma

Wilms tumor

JMML

Neuroblastoma

Hodgkin lymphoma
Germ-cell Ca (non CNS)
Immature teratoma
Clear cell kidney sarcoma

0l | L0 161N (i

70%

Mutation frequency
according to cancer subtype

60%

50%

40%

Conclusions

30%

Patients (%)

20%

Our data demonstrate that in
pediatric hemato-oncology, the
most desirable diagnostic tool,
which provides maximum
diagnostic yield and minimum
VUS findings, is WES. In our
oncogenetics joint clinic, we
achieved a significant higher

10%

0%

Whole Exome

Sequencing . . . .
genetic diagnostic yield (24.4%)
37 outof 98 relatively to the diagnostic yield
(37.7%) mentioned in literature (up to
- 10%). The maximal diagnostic
0.2/patient ) .
yield was obtained among the
7 out of 98 A
(7.1%) cases with CNS-tumors. The
10 out of 98 value of the inter-disciplinary
(10.2%) collaboration will be pointed

Genetic work-up results according to diagnostic tools

out.
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Elevated soluble ACEZ2 in Gaucher
{_| /’T patients - an evolutionary advantage?
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Genomics Center, Tel Aviv Sourasky Medical Center, Tel Aviv, Israel, 3Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel, “Laboratory Medicine,
Rambam Health Care Campus, Haifa, Israel, 5The Genetics Institute, Rambam Health Care Campus and Rappaport Faculty of Medicine, Technion-Israel
Institute of Technology, Haifa, Israel, 4Institute of Human Genetics, Galilee Medical Center, Nahariya, Israel.

Background:

Gaucher disease (GD) has a high carrier rate among Ashkenazi Jews, although the most common disease-causing
variant, N370S, is pan-ethnic. This has led to speculations of evolutionary advantage for carriers, particularly of this
variant. Indeed, during the recent COVID-19 pandemic, GD patients reportedly had a surprisingly low infection rate and
mild symptoms considering their disease status. As SARS-CoV-2 gains entry into the cell via membrane-bound
angiotensin-converting enzyme 2 (ACE2), we speculated that differences in levels of soluble ACE2 in GD patients could
contribute to this protective state. While ACE is a biomarker of GD, ACE2 levels have not been explored in GD.

Method:
. El Kk " 3 15
We measured serum levels of ACE and ACE2 by ELISAin A B g .
33 GD patients and 17 age- and sex-matched controls as 2| —— E= g 1
well as macrophage bound ACE2 by western blot, in 7 GD 4. 5 _ 3
Q1 2 s
and 7 age- and sex-matched controls. < < g
Control GD Patients Control GD Patients Control GD Patients
A 6001 N370S homzoygote mutations 80- . i . .
| "eTeRfpmzevecte mutations Circulating serum levels of (A) ACE and (B) ACE2 in GD
-y gso patients and healthy subjects. (C) Calculated ratio between
§, 2 ACE and ACE2 serum levels in both subgroups.. *Indicates P
< ot <0.05; **, P £0.01; ***, P < 0.001.
E,J 200 Sn Figure 2 ..
<
o Control Patients
S S p-— 4 | Ace2
\\\ o'
6\013@ 0‘ &o'& ° @‘9& P - ACE
E E e.g\ - e — ——
c N370S homzoygote females D N370S homzoygote females .4 - —-i GAPDH
j _|_ - —l_ Bi1 Immunor(e:r:;tl’ehAai:)zinMDM c 4 Immunor(ia:x:fl:(ri‘ifm MDM DM20 Immunoreactive ACE in MDM
E E 2 z &
g g ﬂéé ;-‘:%310 §% 15
2 g .Eg 5 I én.ﬁ
Untreated treated Untreated treated = - -

0.
Healthy GD Patients o Healthy GD Patients Healthy GD Patients

(A) ACE and (B) ACE2 serum levels in N370S homozygote patients

compared to other variants (compound heterozygotes). (C) ACE and ) ) o )
(D) ACEZ2 circulating levels among treated and untreated N370S (A) WB analysis of MDM cell lysates with antibodies against ACE2
homozygote female patients.. ***, P < 0.001. and ACE. (B-Das meanzS. ) Relative quantification of ACE2 (upper

and lower bands) and ACE WB band intensities normalized to
GAPDH

Results

Our results revealed a significant elevation of both serum and macrophage-bound ACE and ACE2 in GD patients
compared to healthy controls. Moreover, the most robust ACE2 elevation was observed in N370S homozygotes (60ng/ml
in homozygotes versus 20ng/ml in controls; P < 0.001.), regardless of treatment status

Conclusions

We provide preliminary evidence for significant soluble ACE2 elevation in GD patients, particularly those with the N370S
homozygous genotype. Since coronaviruses use the ACE2 receptor as a gateway for host cell entry, we speculate that
elevated circulating ACE2 may serve as a decoy, giving advantage to GD patients during viral infections, of which SARS-
Cov-2 serves as a contemporary example.
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Familial Segregation of a 29g23.1 Deletion in the MBD5 Gene: Reevaluation of
Pathogenicity Based on Asymptomatic Carriers
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Introduction
The MBD5 gene, located on chromosome 2g23.1, encodes a protein involved in DNA
methylation and chromatin remodeling. Disruption of MBD5 through heterozygous deletions or
point mutations leads to MBD5-associated neurodevelopmental disorder (MAND), characterized
by autosomal dominant inheritance. MAND manifests with universal intellectual disability,
alongside common features such as seizures, dysmorphic traits (short stature, microcephaly),
sleep disturbances, ataxia, aggressive behavior, and hyperactivity. MBD5 deletions are relatively
rare, detected in approximately 0.05% of 17,477 individuals undergoing clinical microarray
analysis. The majority of these cases are de novo, although rare instances of inheritance from
mildly affected or mosaic parents have been described

Methods and results

We report a family that underwent prenatal diagnosis without a specific medical indication.
Chromosomal microarray analysis (CMA) revealed a 172 kb deletion at the 2g23.1 locus
encompassing exons 3 and 4 of MBD5 (Fig.2). Due to the potential clinical risk, the pregnancy
was terminated. Subsequent parental testing identified paternal inheritance of the deletion.
Family segregation analysis, including ten paternal relatives, revealed two additional
asymptomatic carriers (the paternal grandfather and a brother) who harbor the same deletion

(Figl).
20231  ~on- EI
XceGat
Fig.1.Family Pedigree
Conclusion
Segregation analysis identified three unaffected individuals I T e 18

carrying the 2g23.1 deletion. This observation suggests that,

within this family, the deletion may not result in the severe
phenotypic manifestations typically associated with MBD5
haploinsufficiency. However, a pathogenic effect cannot be ;
definitively excluded, particularly in offspring. In light of these |
findings, the variant classification was re-evaluated and revised

from 'Likely Pathogenic' (LP) to ‘'Variant of Uncertain
Significance' (VOUS). This case highlights the importance of >
familial segregation studies in refining variant interpretation and
underscores the challenges of classifying copy number
variations in the context of variable expressivity and incomplete
penetrance.

Fig.2. CMA analysis: arr[hg19] 2923.1(148,938,765-149,110,309)x1
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Identifying novel homologous recombination genes
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Introduction

DNA stability is maintained by an intact homologous recombination repair (HRR)
mechanism which participates in DNA double strand breaks repair. Mutations in genes
crucial for HRR function such as BRCA1/2 disrupt DNA damage response, resulting in HRR
deficiency. Carriers of a pathogenic variation in HRR genes have an increased risk for
ovarian cancer. Mutational signature 3 is an indication for HRR deficient tumors and is
found also in BRCA1/2 wild type ovarian tumors, suggesting pathogenic variations or
mutations in other HRR genes leading to ovarian cancer development. In this research we
aim to identify candidate HRR genes that were mutated in ovarian cancer blood and tumor
samples and to assess their mutational signature pattern and HRR deficiency state.

Methods

20 ovarian cancer patients with no known BRCA1/2 mutation in the tumor consented to
participate in this study (Fig. 1.A). Exome sequencing of DNA from blood and tumors
samples was performed using Illumina NOVASEQ sequencer (Fig. 1.B). To identify
pathogenic variation in BRCA1/2 and HRR genes we used GATK HaplotypeCaller and
mutect2 variant calling pipelines, Ensemble variant effect predictor — VEP (Fig. 1.C) and
Franklin ACGM classification tools which allowed us to determine the germinal and the
somatic variants’ pathogenic level (Fig. 1.D). To state the tumors’ mutational signature
pattern, we will use COSMIC SigProfile packages. We run the variant calling tools on
Hadassah patients’ tumor samples which have been molecularly diagnosed by the
pathology department. We ensured that the mutations found in the molecular diagnosis
report appear in the variant calling results and by that we validated our pipeline quality
and accuracy. To ensure the existence of the variants we found in the variant calling assay
in our samples’ DNA sequence, we used IGV and we aim to conduct PCR. We will use the
Hadassah exome bank to identify other patients with a predisposition to be homologous
recombination deficient and therefore developing ovarian cancer.
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Figure 1. identifying ovarian cancer DNA variants using variant calling pipeline. 20 patients were
diagnosed with ovarian cancer. A: DNA was extracted from patients’ blood and formalin fixed tumor
tissue. B: Exome sequencing was conducted on germinal and somatic DNA using lllumina NOVASEQ.
C: Variant calling process was performed using GATK tools. Raw fastq files were aligned to
Gerh37/hg19 reference genome. DNA sequence was pre-processed and nucleotide quality scores
were recalibrated. Using mutect2 pipeline, we detected all DNA single nucleotide variations and
indels. D: A result of variants mapping of one ovarian cancer tumor sample. We used VEP to
annotate the DNA variants of all 20 patients and to clarify their classification. We received the
variants’ consequence (a), pathogenicity prediction and clinical significance (a). We used Franklin
database to distinguish between germinal and somatic variant annotations.

B

T

Mutational signature 3

A C
" HRR
BRCAI/2 . s ..
| Variants’ pathogenicity level genes
\ \
Figure 2. H | I{ inatis ici and related genes. The variant calling results were

analyzed. We filtered the germinal and somatic variants using Linux commands by their quality,
coverage and classification. We regarded only: variants in sites having at least one allele that passes
quality filters, reliable variants with coverage >10x read depth and automatically discarded intron and
synonymous variants. A: We filtered BRCA1/2 variants to determine their pathogenicity and
discarded samples with pathogenic mutation in BRCA1/2 genes. B: Mutational signature analysis will
be conducted on somatic tumor samples by COSMIC Sigprofile tools, aiming to identify HRR deficient
tumors with mutational signature 3 and removing samples with no indication for HRD. C: We filtered
germinal and somatic variants among a list of known 115 genes! that are evolutionary associated
with HRR pathway and determined their pathogenicity level using VEP and Franklin (Figurel.D).

A C
TP53 c.524G>Ap Argl75His 73.6%
NOTCGH1 c.5026G »A p.Val16761le 5.38%
5TK11 c.1027G>A p. Asp343asn 4. 7%

B

Figure 3. Method and results validation. A: We run the variant calling pipeline on cancer samples
which exist in the Hadassah archive and have been molecularly diagnosed by the pathology
department that determined which known variants are expressed in their tumors. B: We viewed the
relevant variants through IGV to ensure their coverage is high as predicted. C: PCR will be conducted
to validate the existence of the DNA variants in the DNA sequence. D: We aim to search the Hadassah
exome bank for patients’ relatives with pathogenic variations in the same candidate genes.

Results

Variant calling scripts ran successfully after a technical adaptation to the Hebrew University
of Jerusalem cluster computational system settings. Most of the reads had a high quality,
however they had a very low coverage (~2x), as normally suits to background noise. High
quality reads having also high coverage were considered as reliable variants.

Method validation: 19 out of 23 mutations that are reported in the molecular diagnosis
summary as >20% of the total read count were efficiently identified using mutect2. They
were detected in the variant calling results and appeared in IGV. Four mutations were not
found in the variant calling results. Two of them are indicated in the molecular report as ~5%
of the total allele count and the other two are reported as >20%.

BRCAness: Two patients are BRCA1/2 carriers, one with a germline and one with a somatic
mutation that also appeared in IGV. 18 ovarian cancer patients are BRCA1/2 wild type.
Homologous recombination deficiency: Mutational signature analysis will be conducted.
Homologous recombination genes: Our initial findings include germinal and somatic
pathogenic variations in HRR genes as described in table 1.
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Figure 4. Variant calling results. Two of the samples had evidence of variation in BRCAI gene which
caused a nonsense mutation of BRCA1 protein. Both samples were excluded from the cohort.
A: Sample OV3 was found with germinal and somatic missense variation (G>T) in BRCAI.
B: Sample OV19 was found with only somatic deletion variation (AT>A) in BRCA1 involving 21
deletions out of 34 total reads which results in a decreased coverage of reference allele. C: An
example of single base substitution 3 that is a mutational signature pattern that highly relates to
ovarian cancer with HRR deficiency which we aim to identify in the HRR deficient tumor samples.

T o R

ov2s FANCD2  Coding sequence variant, c.1278+1del

0V25, 0V28, 0V17 RECQL4  Splice donor variant, c.2296+1del G erm i na | va ria nts
ovi7 TN Stop gained, termination

ov17 CHERP Stop gained, termination

ovs, 0v20 TIN  Frameshift, termination Somatic variants
ovs ™ Stop gained, deletion insertion

ovs POLE  Stop gained, frameshift

Table 1. HRR variant calling initial results. We meanwhile identified germinal pathogenic coding
sequence and splice donor variants in the genes FANCD2 in 2 of the samples and RECQL4 in 3 of the
samples, both caused by an indel that is in distance of one nucleotide after the end of an exon. We also
found somatic pathogenic variations in genes TTN, CHERP and POLE. One sample had two stop gained
mutations in TTN and CHERP genes. One sample had a del-ins and stop gained mutation and a
frameshift mutation causing to a terminated protein in TTN gene, together with a stop gained mutation
in POLE gene. One sample had an insertion mutation leading to a terminated protein in TTN gene.

Conclusion

FANCD2, RECQL4, TTN, CHERP and POLE are candidate genes which participate in the HRR
pathway and might cause a malignant transformation of ovarian cancer patients. Further
research is required to assess the mutated genes’ molecular involvement in HRR deficiency
and ovarian cancer. identifying these genes will allow a better understanding of HRR
mechanism and a wider landscape of ovarian cancer patients who can be treated by PARP
inhibitors. It will also improve medical preventative approaches available for the patients and
the public and will enrich new personalized and targeted therapies’ development.

Reference

1) Mapping global and local coevolution across 600 species to identify novel homologous
recombination

repair genes (2019) Dana Sherill-Rofe. Genome Research.

2) COSMIC: a curated database of somatic variants and clinical data for cancer (2024) Zbyslaw Sondka.
Nucleic Acids Research 52:01210-D1217.
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Mitral Valve Prolapse Caused by 7LL7 Gain-of-Function
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INTRODUCTION & METHODS

Mitral valve prolapse is a common cardiac valvular
anomaly that can be caused by mutations in genes of |
various biological pathways. Individuals of three
generations of a kindred presented with apparently
dominant heredity of isolated MVP. Whole exome and

genome sequencing data of two affected individuals - * ‘
were analyzed, delineating shared variants. TLL1 i O O m 6 e m O B & O
enzymatic activity was assayed in media of HEK293 P N T TS T T B S

cells transfected with wild-type versus mutant TLL1.

RESULTS

The only heterozygous variant segregating in the affected kindred as expected for dominant heredity of MVP was
p.T253A, within the catalytic domain of TLL1. Of eight heterozygotes, six had MVP and two had trivial mitral
regurgitation. Activity assay in extra-cellular media of HEK293-transfected cells showed that over time (12 hours), the
enzymatic activity of the mutated TLL1 protein was X3.4 higher than that of the wild type.
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DISCUSSION SEE PAPER

Our genetic and biochemical studies show that a TLL1 Gain-of-Function mutation,
prolonging the half-life of TLL1 active protein in the extracellular matrix (ECM), causes
autosomal dominant MVP with variable expressivity. TLL1 encodes an extracellular
metalloprotease regulating ECM composition and maintenance. Heterozygous Loss-of-
Function TLL1 mutations have been previously shown to cause autosomal dominant
atrial septal defects. Our findings enable novel insights into molecular pathways of
valvular physiology and disease, the role of TLL1 in human development, and the differing
phenotypes of Loss-of-Function and Gain-of-Function mutations of the same gene.

Created with BioRender Poster Builder



RABIN MEDICAL CENTER
BEILINSON HOSPITAL

MY 07NN N
Iono Wiy
YWY NYAIN

Timon NN

Identifying and characterizing the germinal genetic landscape of men with
prostate cancer: a real-life multi-centered retrospective study
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of Medicine and Faculty of Health Sciences, Ben-Gurion University of the Negev, Be’er Sheva, Israel; 3Recanati Genetics Institute, Rabin Medical Center-

Beilinson Hospital, Petach Tikva 4941492, Israel 4 Tel Hai Academic College, Tel Hai and Ziv Medical Center, Safed; 5Faculty of Medicine, Tel Aviv University,

Tel Aviv 6997801, Israel

Introduction: Epidemiological studies indicate that 5% to 10% of
all prostate cancer (PCa) cases, and up to 40% of cases that occur
earlier in life, are linked to dominantly inherited susceptibility genes
with high penetrance.

Objectives: Characterizes the genetic landscape among a
cohort of PCa patients in Israel and identifies demographic
and clinical factors that influence the prevalence of disease-
causing gene changes and increase the risk of malignant
disease.

Methods: The study enrolled all men who were referred to
genetic counseling due to prostate cancer in the genetic
institutions of Beilinson Hospital and Assuta (Ashdod)
Hospital. All patients were offered germline genetic testing
using either the Israeli founder mutation panel or a multi-
gene next-generation sequencing (NGS) commercial panel.
Patients’ demographic and clinical information were
retrieved from medical records and computerized patient
management software.

Results: 293 PCa patients were tested, 190 (64.8% of the
tested cohort) were tested for the presence of known
germline mutations, and the rest (=103, 35.2%) underwent
germline genetic testing using NGS-based gene panels.

In 13.3% of patients, a genetic positive finding was
reported: 18 (6.1% of the tested cohort) had a high
penetrance pathogenic or likely pathogenic positive result,
21 (7.2%) had a result attributed to an increased risk allele.
50% of the patients diagnosed with pathogenic or likely
pathogenic variants in high-penetrance genes using NGS
panels had a founder mutation, while the other half (50%)
consisted of unique variants.

Table 1: Demographic and clinical characteristics of
participants categorized by ethnicity

Ethnicity

o ...l

Age, years (M+SD)
Prostate cancer in the
family (n, %)
Any cancer in the family (n,
%)
Metastatic (n, %)
Gleason score (Med, IQR)
Gleason score (n, %)

<8

28

Sequencing

Founder mutations

Table 2: Genetic test results according to ethnicity, Gleason
score and presence of cancer in the family

Variables

Ethnicity (n, %)
Ashkenazi
Non-Ashkenazi

Gleason score (n, %) *
<8
28

Prostate cancer in the

family (n, %)

Any cancer in the family (n,
%)

* Missing data of 16 patients

Table 3: Multivariate logistic regression model for the
correlation between the genetic results of P+PL/Low
and Ashkenazi ethnicity, cancer in the family with
adjustment for age

Type of variable and

Exposure variable ) OR 95% ClI p
categories

Ethnicity

Any cancer in the
family

Age

OR - odds ratios, Cl - confidence interval

Conclusions:

» Prostate cancer (PCa) patients in our cohort
demonstrate 6.1% of pathogenic or likely
pathogenic (P/LP) variants in high penetrance
genes.

» The occurrence of P/LP variants is not affected by
ethnicity, age, or disease progression.

- A significant number of these variants are unigue to
individual patients.

» Although further extensive studies are necessary,
our findings highlight the importance of conducting
genetic investigations in prostate cancer patients,
irrespective of their ethnicity or the stage of the
disease.
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Background:
SPOUTI1, a member of the SPOUT family of methyliransferases, contains a catalytic domain crucial for RNA

methylation. This study investigates the role of bi-allelic missense variants in SPOUT1 and their association with

refractory seizures and severe global developmental delay in affected infants.

Results:

WGS identified three homozygous missense variants in SPOUT1 in three families: ¢.292G>A (p.Gly98Ser), c.1058C>T
(p.Thr353Met), and c¢.836T>C (p.Phe279Ser). Structural modeling predicted that these variants destabilize the
SPOUT1 protein, potentially leading to its degradation. Immunoblotting revealed significantly reduced SPOUTI
protein levels in fibroblasts carrying the G98S variant compared to controls. Immunofluorescence showed
abnormal nuclear speckle organization in patient fibroblasts, likely contributing to the observed neurological

symptoms.

Genetic and Clinical manifestation of SPOUT1 related disease
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(A) Pedigree of the Tunisian Jewish family (B) Sanger sequencing of the ¢.292G>A; p.Gly98Ser variant (C) Clinical presentation of IV-5 patient

Structural analysis of the SPOUT1 variants
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(A) A ribbon representation of the crystal structure of SPOUT1 protein
(PDB ID: 4RG1), and the mutation’s sites. In the magnification boxes is
a stich representation of the relevant residues. Spheres represents
VDW radius. (B) The distribution of the known mutations (including the
ones from the literature) on the SPOUTI structure.

Conclusions:

SPOUT1 variants show low levels of spout1 protein

1.6+
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Relative expression unit

Western blot of patient derived fibroblasts with spoutl specific

antibody (A) and spout1 protein level quantification (B)

SPOUT1 patient cells show unique nuclear speckle
phenotype

SPOUTL Merge/DAPI/SPOUTI

Cellular manifestation of the SPOUT1 varient patient derived fibroblast.

Abnormality nuclear speckles organization in SPOUTI deficiency

patients. White arroes indicate the cellular speckles

This study links SPOUT1 deficiency to neurodevelopmental disorders with refractory seizures and severe
developmental delay. It underscores SPOUT1's role in nuclear speckle organization and RNA processing, offering
insights into epilepsy’'s molecular mechanisms. Adding SPOUT1 to the global developmental delay and seizure

gene panel could aid in diagnosing affected infants.
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The first nation-wide population screening program for BRCA
pathogenic variants: qualitative analysis of the real-world experience
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Jerusalem, Israel. 3. Department of Obstetrics & Gynecology, Shaare Zedek Medical Center 4. BRCA High -Risk Surveillance Clinic, Shaare Zedek

Medical Center, Jerusalem, Israel

Objective: The high BRCA1/BRCA2 pathogenic variant (PV)
frequency in Ashkenazi-Jews, and observation that 50% of
carriers have no family history [FH] of cancer, led to
implementation of population screening (PS) in Israel, as
the first national PS worldwide. We evaluated the PS
process and its psychosocial outcomes in a real-world
setting, comparing carriers identified by PS vs. genetic

counseling (GC), using in-depth qualitative analysis.

Methods: Carriers identified through PS vs. GC attending
the high-risk surveillance clinic (HRSC) in Shaare Zedek
from 2021-2023 were interviewed (see figure). Transcripts

were analyzed verbatim for recurring themes using an

inductive-grounded theory approach.

38.9(8.2) 42.1(7.2) NS
months testing till 13.8(4.6) 17 (4.7) NS
interview (m+SD)
college education N(%) 20/21(95.2) 11/11(100) NS
in partnership N(%) 20(95.2) 11(91.7) NS
number children (m+SD) 3.1(3.3) 3.2(1.7) NS
Mod-High FH risk N(%) 8(40) 8(66.7) NS
low FH risk N(%) 12 (60) 4(33.3)
familial BRCA PV N(%) 5(23.8) 11(91.7) <0.0005
BRCA1 7 (30) 4 (30) NS
BRCA2 14.(70) 8(70)

Table: Sociodemographic characteristics of interview participants: PS vs. GC carriers.
Chi-square, Exact tests used to calculate differences

Population screening Genetic counselling

Awareness (health provider, media, family etc) Referral to genetic testing**

12 weeks Pretest process HMO dependent* Pretest genetic counselling

Genetic testing Genatic testing

4 weeks

Initial delivery of genetic result by phone Post test genetic counselling

Genetic counselling
8 weeks

1 multidisciplinary clinic appointment

Study enroliment

Figure: Process of genetic testing and study enrolment in PS vs. GC groups. *Referral
differs by HMO- including referral by general practitioner, written information or
information by dedicated nurse in community-based clinics. ** Referral can be made
only by an oncologist physician or genetic counselor.

Results: Mean testing ages were 38.9(SD 8.2) and 42.1(SD
7.1), college education 95.2% and 100%, and significant
cancer FH 40% and 67%, for 21 PS vs. 12 GC carriers,
respectively (see table).

The main drive for testing was “knowing cancer risk”.
“Being responsible” motivated carriers with familial PVs.
Reactions to results included fear of cancer and sadness,
yet most were satisfied with testing.

Themes unique to PS carriers were testing because it was
“on a checklist”, and initial shock receiving results. Carriers
suggested improving awareness, pre-test information, and
result delivery, which are currently provided in
unscheduled phone calls. Some suggested result disclosure
by treating physician or pre-scheduled calls, enabling
preparedness. They preferred attending HRSCs rather than

community-based clinics.

Conclusion and Relevance: Initial shock was described exclusively by PS-identified carriers, in addition to fear, guilt and sadness

which also characterize GC carriers. Nonetheless, the process was viewed favourably. Outcomes from this first nation-wide

BRCA-PS have importance for programs elsewhere.
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Introduction

Constitutional trisomy 8 mosaicism syndrome (T8MS), also known as Warkany syndrome, is a rare
chromosomal disorder occurring in approximately 1 in 25,000-50,000 live births. It accounts for
about 0.7% of spontaneous abortions and affects approximately 0.1% of recognized pregnancies.
T8MS exhibits a broad phenotypic spectrum, with no established correlation between the degree of
mosaicism and clinical severity. Typical features include intellectual disability, dysmorphic facial
features, deep palmar and plantar creases, cardiac and renal anomalies, spinal deformities, and
agenesis of the corpus callosum. In addition, TBMS has been associated with a risk of hematologic
malignancies, including Wilms tumor, myelodysplasia, and myeloid leukemia. However, some
individuals may present with normal cognitive function and no clinical signs.

Methods and results

A 60-year-old woman underwent genetic evaluation following the identification of a pathogenic
deletion in her son. Chromosomal microarray (CMA) analysis confirmed that she carried the same
deletion, establishing inheritance. Additionally, mosaic trisomy 8 was detected in 50—70% of cells
arrfGRCh37] 8p23.3924.3(158,049 146,295,771)x3 (Fig.1). Karyotype analysis revealed trisomy 8
in all examined cells (Fig.2), while fluorescence in situ hybridization (FISH) detected trisomy 8 in
49% of cells (Fig.3). A subsequent bone marrow examination confirmed complete trisomy 8 in
karyotype analysis, with FISH showing trisomy 8 in 56% of cells. Despite the high proportion of
trisomic cells, the patient exhibited no physical, cognitive, or hematologic abnormalities.

o A0 iy

Fig.1. CMA analysis: arf[GRCh37] 8p23.3024.3(158,049_146,295,771)x3
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Fig 2. Karyotype analysis: 47,XX,+8

Conclusion

We report a rare instance of a healthy adult woman with a high percentage of trisomy 8 cells,
illustrating that TBMS can be compatible with normal development and health. This case highlights the
potential for high-level mosaic trisomy 8 to be clinically silent, raising considerations regarding its
impact on genetic counseling and clinical management.
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Exploring the role of SMCHD1 during early-stage development
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INTRODUCTION
SMCHD1  (Structural Maintenance Of
Chromosomes Flexible Hinge Domain

Containing 1) is a chromatin modifier
implicated in epigenetic silencing and de
novo DNA methylation during early
embryonic development. It also mediates
long-range chromatin interactions,
potentially by antagonizing CTCF binding.
Loss-of-function ~ (LOF)  mutations in
SMCHD1, in the context of a permissive
allele (4gA161) and partial shortening of the
D4Z4 macrosatellite repeats (10-20 repeats)
underlie  facioscapulohumeral  muscular
dystrophy type 2 (FSHD2)—a late-onset,
progressive neuromuscular disorder caused
by heterochromatin relaxation at the D4zZ4
repeats (4935). How SMCHD1 leads to
epigenetic silencing remains unknown.

AIM

The aim of this research is to uncover the
mechanism by which SMCHD1 haplo-
insufficiency  results in  chromatin
relaxation in the genome.

KNOCKING OUT SMCHD1 IN HUMAN
EMBRYONIC STEM CELLS (hESCs)
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(A) CRISPR/Cas9 was used to target the exon
3 of SMCHD1 in three different human
embryonic stem cell (hESCs) lines. A single
guide RNA (gRNA) facilitated precise gene
editing. (B) Western blot analysis confirmed
efficient SMCHD1 targeting in all modified
hESC lines. For each cell line, 2-4 knockout
(KO) clones were successfully established,
marked by red squares.
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SMCHD1 KNOCK OUT HAS A LIMITED
EFFECT ON CpG ISLAND DNA
METHYLATION IN hESCs

Nanopore sequencing was used to assess
DNA methylation differences between
control and SMCHD1 knockout (KO) hESCs.
Differentially methylated regions (DMRs)
within  CpG islands are shown, with
increased methylation represented by red
dots and decreased methylation by blue
dots. Among the 27,000 CpG islands
identified, 850 exhibited changes in
methylation, with a comparable number of
hypermethylated and  hypomethylated
regions.

SMCHD1 ANTGONIZES CTCF BINDING
IN hESCs
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A SMCHD1-FLAG
peaks in SMCHD1 KO
lones

(A) Loss of SMCHD1 expression resulted in
the formation of 128 new binding sites for
CTCF, while only 2 were lost. (B)
Representative example of a region with
ectopic CTCF binding, as a result of SMCHD1
KO in the 3 hESCs lines (red- control, blue-
SMCHD1 KO clones).

SMCHD1-3XFLAG KNOCK IN IN hESCs
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(A) For creating hESCs expressing a 3xFLAG-
tagged fused SMCHD1 protein, we have
used CRISPR/Cas9-mediated homology-
directed repair (HDR) with a donor
oligonucleotide to efficiently tag the C-
terminal of SMCHD1. (B) Western blot
analysis with anti-SMCHD1/FLAG validated
the expression of an SMCHD1 FLAG-tagged
protein in one of the hESCs manipulated
clones (FL101).

SMCHD1 AND CTCF BINDING SITES
DO NOT OVERLAP IN hESCs
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(A) FLAG ChIP-seq was conducted on the
SMCHD1-FLAG expressing hESC clone (FL-
101). Of the 1988 significant SMCHD1-FLAG
binding sites identified, only 7 were in
proximity to ectopic CTCF binding in the
SMCHD KO clones. Two of those were within
or nearby the D4Z4 region. (B) CTCF ChlIP-
seq of all lines an SMCHD1 KO clones
(control-red, KO-blue) and SMCHD1-FLAG
ChIP-seq in FL-101 (in pink, input-green), at
the D4Z4 region. Notably, in SMCHD1 KO
cells, there is consistent ectopic binding of
CTCF 53 kb upstream of the DUX4 promoter.
Additionally, 1.5 kb downstream of the DUX4
promoter, CTCF is differentially bound in all
the SMCHD1 KO hESC clones.

CONCLUSIONS

Our study demonstrates that SMCHD1
knockout (KO) in hESCs:

¢ Modifies DNA methylation at a limited set of
CpG islands without a consistent trend.

¢ Antagonizes CTCF binding at discrete sites in
the genome of hESCs, including upstream to
the D4Z4 repeats.

® SMCHD1 and CTCF binding sites do not
overlap.

HYPOTHESIS
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Given that SMCHD1 normally binds
upstream of the DA4Z4 region in
undifferentiated hESCs, and that its absence
(SMCHD1 KOs) results in ectopic CTCF
binding, we hypothesize that repeat
contraction to fewer than 20 units, as seen
in FSHD2, similarly induces ectopic CTCF
binding, leading to de-methylation and de-
repression of the otherwise epigenetically
silenced DUX4 retro-element.
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Recent advances in molecular genetics have revolutionized the diagnosis of neurogenetic
disorders, yet the diagnostic journey for many pediatric patients remains prolonged and complex.

Our objective was to evaluate the clinical and diagnostic outcomes of a multidisciplinary
pediatric neurogenetics clinic, emphasizing the role of advanced genetic testing and collaborative
care and identifying potential barriers for reaching the genetic diagnosis.

We conducted a retrospective review of pediatric patients referred to a multidisciplinary
neurogenetics clinic between May 2014 and September 2021. Patients underwent joint evaluations
by a pediatric neurologist and a geneticist, with genetic testing recommended based on clinical

v 90712 *N191 1D &

findings. Diagnostic yield and adherence to recommendations were analysed.

215 patients were evaluated. The average age
was 70164 months (median 46 months,
ranging from 0 to 252), 125 (58.1%) patients
were males. The mean duration of symptoms
before diagnosis was 36.6+47 months (median
16 months, ranging from 0 to 205).

A definitive neurogenetic diagnosis was
established in 55 (34.6%) patients who were
offered genetic testing, and 48.7% of these
who performed the recommended genetic
testing.

The diagnostic yield of specific tests was
65.5% for whole exome sequencing (WES),
17.8% for chromosomal microarray analysis

Initial clinical evaluation (215

Molecular genetic tests

offered 159 (73.9%)

patients)

Molecular genetics test deferred

56 (26%)
|

-Incomplete routine workup 11
(19.6%)

-Neurogenetic disorder not
probable 33 (58.9%)

-Missing diagnosis of family
members 5 (8.9%)

-Molecular diagnosis already exists
7(12.5%)

-Single gene analysis [35)

-Family variant {4)

- Gene Panel (23]

- Chromosomal microarray (CMA) (73]
- Whole exome sequencing (WES) (17)
- Karyotype (1)

Genetic Negative
disorder Test (77)
(36)
Not tested (46)

-Lack of funding (5)
- Not interested (6)
- Lack of follow up (35)

Second tier tests
offered (56)

-Single gene analysis (&)

-Family variant (2)

- Gene Panel (2]

- Chromosomal microamay [CMA) (14)
- Whole exome sequencing [WES) (31)
-FIsH (2)

Negative
tests (12)

Genetic
disorder (19)

35.0% for gene panels.

Molecular test deferred (11)
-Incomplete further routine workup (2)
-Neurogenetic disorder not probable (5)

(CMA), 46.4% for specific gene sequencing,

- Lost to follow up (1) Not tested [25)

-Not interested (3)

-Lack of funding (6)
- Not interested (6)
- Lack of follow up (13)

The multidisciplinary approach demonstrated a high diagnostic yield and provided significant
benefits for patient care, earlier and more accurate diagnoses and family planning. However, the
limitation of public funding of some tests, the disparities in access to advanced genetic testing
and follow-up adherence remain significant barriers.
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Introduction

Hypogonadotropic hypogonadism (HH) is a rare
endocrine disorder characterized by insufficient
secretion of gonadotropin-releasing hormone
(GnRH), leading to impaired gonadal
development, delayed or absent puberty, and
infertility. Over 20 genes play a role in its
pathogenesis, particularly in hypothalamic
neuron development, migration, and GnRH
signaling. We describe a familial case of HH
caused by a novel pathogenic intronic variant in
FGFR1, leading to aberrant gene splicing and
subsequent gonadal dysfunction

RNA analysis
SpliceAl suggested disruption of the canonical
splice acceptor site in exon 3 (score 0.97).

Analysis of RNA extracted from patient PBMCs
confirmed aberrant splicing. The G-to-A
substitution results in the inclusion of 17
nucleotides from intron 2 into exon 3, leading to

a frameshift and a premature stop codon.

FGFRI: c92-19G>A

Case Presentation

A 53-year-old Bukharan Jewish woman presented
with primary amenorrhea, delayed sexual
development, and anosmia. Hormonal evaluations
showed low follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) levels, consistent with HH.
She had received gonadotropin treatment for
fertility. A prior genetic panel was negative.

Family history revealed that her three daughters
(aged 24, 19, and 17) exhibited similar symptoms of
delayed puberty and reproductive dysfunction,
though with variable severity.

S

-1 2 - n-3 n-a
-1 -2 -3 -4 n-s n-6 n-7 -8 n-a
O Hypogonadotropic hypogonadism
e Anosmia

Exome sequencing Identified a novel intronic FGFR1
variant: ¢.92-19G>A shared by all affected family
members. The variant is located in intron 2 and was
absent from gnomAD and internal databases but
previously classified as a variant of unknown
significance (ClinVar: VCV000430230.3).

WT Allele Exon 2 Gt Intron 2 (27,407bp) §§ AG Exon 3

Splice-site Allele Exon 2 GT §§ AG [(1 7bp)AG Exon 3

Conclusion

We present a familial HH case in a mother and her three daughters caused by a novel pathogenic
FGFR1 non-canonical splice-site variant. This case underscores the importance of non-coding
regions in gene regulation and disease pathogenesis. Our findings provide new insights into FGFR1-
related HH and emphasize the clinical significance of intronic variants in genetic diagnosis.
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It's all about the VOUS: inconclusive prenatal CMA results, and the
role of the genetic counselor
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Background
Chromosomal microarray analysis (CMA) replaced karyotyping as the standard prenatal genetic test in Israel on
01/02/2019. As a result, genetic counselors and their counselees needed to contend with variants of unknown
significance (VOUS). If no sonographic fetal structural malformations are detected, most medical centers in Israel allow
counselees to decide whether they want VOUS to be reported, preventing dilemmas caused by such results.

The purpose of this study is to estimate the frequency of VOUS in prenatal CMA, and to evaluate factors influencing
counselees' decision.

A 6-year retrospective analysis (02/2019-01/2025) of 1,883 prenatal CMA samples was performed regarding test
indication (advanced maternal age or personal choice), medical center (two institutes), and genetics professional
identity (13 genetic counselors - GC and 2 medical geneticists - MD).

Likely Other/

Pathogenic

Result: pathogenic 5 incidental
\ y 0.3% Lolli 2.3%
Cohort: 1,883 prenatal CMA samples
a Y
Test Personal choice mgfcj:fnnacleadge
. indication: ) (n=317) (n=1,566)

Include VOUS Yes - 44% No - 56% Yes - 45% No - 55%
in report? (n=141) (n=176) (n=700) (n=866)

Counselees' choice depending on counselor identity

10 o 5 g H BT ™ ‘B Refrained
Of the three parameters from
tested, counselor 7 I including
identity was the only VOUS in
variable that 5
significantly influenced

the report
the counselees 5 [ | Want to
decision: include
VOUS in

. the report

Conclusion
Despite rapid progress in the ability to accurately classify CMA variants, many variants are still classified as VOUS. To
alleviate additional uncertainty and stress in pregnancies, medical centers allow counselees to decide whether to
receive uncertain results or not. Our study showed that counselees tend to opt out of receiving VOUS. In our cohort, of
the factors tested, counselor identity was the only one to significantly influence the counselee's decision, emphasizing
the importance of genetic counseling
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Objectives

Rett syndrome (RTT) is primarily caused by MECP2 We developed and applied a thorough strategy to address the complexities of

mutations. However, a significant number of identifying and characterizing SVs. We conducted Whole Genome
classical and atypical RTT patients lack genetic Sequencing (WGS) and used MANTA software to identify potential SV
diagnosis despite thorough analysis. We aimed to breakpoints.

solve the genetic riddle of three RTT cases, in We utilized Integrative Genomic Viewer (IGV) to visualize read mapping,
which standard extensive testing failed to identify identify abnormal split reads, interpret unusual distances and orientations
MECP?2 aberrations. between paired-end reads, and assess read depth. This enabled us to

hypothesize the SV types and accurately determine their boundaries. We then
verified the borders of identified SVs using PCR and Sanger sequencing.

A Translocation: t(6;X)(q26;q28) A Deletion site Inversion site Deletion site
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Fig.1: Case 1: A~200 kbp translocation from chromosome 6 Fig.2: Case 2: A complex structural variant (cSV) disrupting MECP2.
into MECP2. A Schematic representation of the translocation breakpoints A Schematic representation of the cSV breakpoints in wild-type
in the reference wild-type genome. Red square marks the translocated genome. IGV visualization shows the analyzed reads directions by
region from chromosome 6. IGV visualization shows: Brown reads span Cyan, and Blue arrows. B Schematic representation of the predicted
the translocation entry site on chromosome X, Yellow readsflank the mutated patient genome. Visualization of the paired-read directions
translocated borders on chromosome 6. B Schematic representation of aligned to the mutated allele. Sanger sequencing confirms the cSV
the predicted mutated patient genome. Paired-read visualization breakpoints. Purple squares indicate unrelated insertions within the
illustrates the directions of the aligned reads: brown reads (aligned to cSV breakpoints.

ChrX) are adjacent to and directed toward yellow reads (aligned to Chré).

Sanger sequencing confirms the SV breakpoints.
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Conclusions

Our findings demonstrate that SVs can be resolved through IGV interpretation of cost-effective short-read
sequencing. The high diagnostic yield in our RTT cases suggests that MECP2 SVs may be a significant cause of RTT
in previously unresolved cases. These results highlight the importance of incorporating SV analysis into routine
genetic testing for RTT and other genetic disorders.
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L dystrophic Yellow nail syndrome Congenital YNS (cYNS), n=6
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@ 0 % Rare disorder (~400 cases published to date) p—— B B

|| * 2 out of 3 symptoms are required for YNS diagnosis

* Additional symptomes, e.g. protein-losing enteropathy (PLE),
primary intestinal lymphangiectasia (PIL) — in some cases

Yellow nail

* Symptoms appear asynchronously

syndrome: .
a triad - * Two subtypes: IPatlent 6
© * Sporadic (sYNS) — mostly late onset (’>—|-—|;|
bq,E * Congenital (cYNS)- extremely rare (.
O * Etiology unknown T
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* Lymphatic abnormalities found in most patients
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The Wnt/PCP pathway is downregulated in cYNS and sYNS patients
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CELSR1 is expressed in bronchial epithelium = bronchiectasis

VANGL2 CELSR1

CELSR1 FZD6 VANGL2

¢ Defects in PCP organization play a major role in the pathogenesis of YNS

¢ This is the first demonstration of a mechanism explaining YNS development

+» The outcome of CELSR1 disruption corresponds to the defects observed in YNS,
e.g. lymphatic involvement leading to yellow nails and lymphedema,
bronchiectasis and PLE/PIL

¢+ Although the Wnt/PCP gene expression defect in sYNS patients is relatively mild
compared to cYNS and controls, it may suggest susceptibility to YNS
development, together with other multifactorial factors not yet discovered

Control
Control

Control

Patient 1
Patient 1
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Patient 2
Patient 2
Patient 2

CELSR1 is expressed in goblet cells = intestinal lymphangiectasia
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Introduction:

Premature ovarian failure (POF) characterized by absent menarche (primary amenorrhea) or premature depletion of ovarian
follicles before the age of 40 years (secondary amenorrhea). Biochemically, it is characterized by low levels of gonadal
hormones (estrogens and inhibins) and high levels of gonadotropins (LH and FSH) (hypergonadotropic amenorrhea).

POF is heterogeneous and could be caused by a variety of etiologies. Here, we present three patients diagnosed with POF

and rare rearrangements on X chromosome.

Methods: Patient #2 was a 16-year-old girl with secondary
We clinically evaluated the three patients and performed amenorrhea and increased levels of FSH. The Karyotype
chromosomal microarray (CMA) and Karyotype. and CMA revealed a large de novo 54 Mb deletion on
Xq13.2g25, spanning positions 73197850 to 127201959,
Results: that includes MECP2 (Figure 2). She was healthy with a
Patient #1 was a 26-year-old referred for abnormal fragile normal height and physical examination but with
X testing suggestive of triple X syndrome. The initial suspected borderline intelligence.
Karyotype was reported as normal, but the CMA revealed
a deletion of 30 Mb in Xg25g28 at the positions %
124357762 to 155233098 and duplication of 36 Mb in gg E{" " 7 3 R Y
Xp22.33p21 at the positions 168552 to 36909027. On g% gx 3%\ gé ;é‘
revision, the duplicated segment was located in the "1; 2 e 4 s
deletion area, thereby masking this finding (Figure 1). On g F §f % o R ? < é' g9 w14
clinical evaluation, the patient was healthy with normal \\ﬁ\ ?‘; g '?‘!ﬁ} 5"“% !‘n!‘. ._”“‘-‘
height but had infertility and elevated FSH levels. ’i '35 }{-3 :’- :ﬁ- §§
- & '“i"‘& Ry % &7 . 1
JY A7 LM 5 EE LI
gy 5 ~ 4 § 7 g %
< ..1 o B 1 ' ' _ ' Figure 2. Case2: The Karyotype revealed a deletion on
Rt | o
\5 g f :,—3 S % £e .-_ : §§ Patient #3 was 35 years old with low oocyte quality after ovum
C " . L aspiration. CMA revealed a pathogenic 110kb deletion at
" 1 é’. Xg27.3 at the positions 146967352 to 147077423 including
.1: ‘_g "‘ H; < 3*’ y FMR1 and FMR1-AS genes. She had short stature with
Figure 1. Casel: The Karyotype revealed a deletion in Xq25q28 suspected borderline intelligence.

and duplication of Xp22.33p21.

Conclusions:

We describe ultra-rare chromosome X rearrangements associated with apparently isolated POF. We found
scarce data in the literature on these abnormalities. A full medical history and physical examination
together with Karyotype and CMA, should be performed in such cases to fully understand the phenotype

and genetic diaghosis.




Recurring de novo mutations in PSMB10: A novel cause of SCID-Omenn
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Background: Severe combined immunodeficiency (SCID) Jid, F’T' ® e [He e 0 O
manifests in early infancy with recurrent opportunistic infections ! !

and failure to thrive (FTT), with absence of T cells. Omenn ’ | l ‘ . ’

syndrome (OS) is an atypical form of SCID, manifested by a Ml [ Ok EL%;E 7 m“

generalized erythrodermic rash, lymphadenopathy, and ' "Peidiian Ry

hepatosplenomegaly. Distinguishing laboratory findings include H

oligoclonal T cell expansion, hypereosonophilia and elevated IgE oM ‘. o " 22
levels. Both disorders can be detected clinically or in newborn i T s
screening (NBS) programs for SCID. : E : E Lo : g §
The human proteasome facilitates the controlled degradation of . ARDS o8 o g -
intracellular proteins that are targeted for breakdown by 5 2 E : E § 5
ubiquitination. Mutations in proteasome b-subunits or their ’ qre—-— —_— T

chaperone and regulatory proteins are implicated in proteasome-
associated autoinflammatory disorders (PRAAS). These
conditions manifest with recurrent fevers, dermatitis,

(A)Crystal structure of human IP 20S particle (PDB: 6E5B) is shown with its alpha

subunits in shades of yellow/orange and beta subunits in shades of blue/green. (B)
Positions of interest, Gly201 and Asp56, in the B2i subunits are highlighted as red

. . . spheres. The local structural environment of Gly201 (sticks) is depicted in (C) including
ll pOdyStro p hy! an d Immune dyS regu latl on. distances from its interacting residues in the a-helix, which is located close to the B-ring

interface. (D). Local structural clashes (in red discs) potentially brought about by

SCID-Omenn syndrome p.Gly201Arg are shown. Together with the drastic changes in free energy of the complex,

= @ ©® @

p.Gly201Arg appears to be structurally damaging. Similar structural representations are

illustrated for the variant p.Asp56Hisin (E) and (F), which also include the position

. Gly201 for visual reference
°: Diarhea CD3* T cell B cell NK cell
* Failure to thrive (
* Infections -
o @ @ @ Revertant mosaicism
Naive T cell T lymphocyte proliferation The single long-term transplant survivor showed evidence for
genetic rescue through revertant mosaicism overlapping the
Objectives: We studied six unrelated infants, who shared affected PSMB10 locus.
ffaat.ures of SCIDj with limited T cgll repertoires, ?nd clinical Deep amplicon sequencing Somatic crossing-over
findings suggestive of OS. All patients lacked typical £ 10
manifestations of PRAAS and underwent HSCT with poor g
£
outcomes. g
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1. Erythematosquamous rash in individual 1 at 12 weeks after birth. 2. Histology of initial skin
biopsy of individual 1 showed a graft-versus-host-disease-like pattern with vacuolar interface
inflammation, multiple scattered apoptotic keratinocytes, and involvement of the adnexal
structures, in the presence of a limited lymphocytic infiltrate (hematoxylin and eosin staining;
original magnification x41). 3. Histopathological evaluation of an inguinal lymph node extracted
from individual 5 showed a paucicellular, stroma-rich lymph node. 4. A jejunal biopsy from
individual 3 was hallmarked by partial villous atrophy and crypt hyperplasia with relatively few
lymphocytes. 5. Colonic mucosa biopsied from individual 5 showed preserved crypt
architecture with an empty lamina propria with few lymphocytes, in keeping with an
immunodeficiency-related enteropathy. 6. Immunohistochemistry showed the absence of

CD3* and CD20* positive cells in the colon samples from individual 5, although significant
numbers of CD4* cells were observed that may be of a macrophage/monocyte lineage.
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Methods and Results: Exome sequencing revealed de novo
pathogenic variations within PSMB10 among the six infants "
consequently shared through the Genematcher platform: A = et
p.Gly201Arg (n=5) and p.Asp56His (n=1). Both variants were

predicted to profoundly disrupt 20S immunoproteasome structure
through impaired b-ring/b-ring interaction.

ONA buccal swap - 3 yoars

werage | 4T2217 (100%

Conclusions: De novo mutations in PSMB10 are a novel cause of
SCID-0S. Revertant mosacism detected in the single long term

Regotey e survivor suggests a novel mechanism of genetic rescue. These
;wmm p cmoc: 01GA cB01GC %\E findings highlight the connection between PRAAS-related
e - = l I diseases and SCID. PSMB10 testing should be incoprporated

g ‘(M- Ty into SCID newborn screening.
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Background

The LSM1 gene encodes an Sm-like protein, belonging to a family of proteins that typically function in
hexameric or heptameric complexes that bind to RNA molecules. These complexes are involved in mRNA
regulation, such as de-capping of the pre-mRNA. The LSM1 protein is a key member of a large protein
complex known as the LSM1-7-PAT1 complex.

Variants in LSM1 gene have been described in two separate case reports. The first published report
identified the homozygous splice-site variant c.231+4A>C, while the second reported a homozygous
missense variant (c.118A>T; p.Asn40Tyr). In addition, three individuals with leukodystrophy were recently
identified with bi-allelic missense variants in the LSM7 gene. Nevertheless, variation in LSM1 has yet to be
established as disease-causing in humans.

The patients

we report six pediatric patients from four different families and ethnic backgrounds (Ashkenazi Jewish and Muslim Arabs), harboring the previously
reported homozygous splice-site variant, c.231+4A>C, in LSM1. All patients demonstrate developmental delay (except for the newborn who was too
young for evaluation), dysmorphic facial features and abnormalities across diverse body systems, including skeletal, gastrointestinal, cardiovascular,
ophthalmological and genitourinary involvement. GestaltMatcher analysis indicated that LSM1 patients present with a similar facial gestalt.
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e o e et Gel electrophoresis and RT-qPCR confirmed that the c¢.231+4A>C variant
causes exon 3 skipping, producing negligible wild-type LSM1 mRNA
expression in patient cells compared to the parents and control.
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Our findings establish LSM1, and specifically the c.231+4A>C homozygous variant, as causative for a novel autosomal recessive syndromic
neurodevelopmental disorder. These results expand the understanding of LSM1-related diseases and provide a foundation for further investigation of
its molecular mechanisms.
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Abstract

Endocrine diseases often have a genetic basis, and identifying this can improve diagnosis and guide treatment. This study
evaluated the genetic diagnostic yield of an integrated endo-genetic clinic (EGC) at Carmel Medical Center. In a retrospective
review (2014-2021), 210 endocrine patients were assessed. The EGC achieved a genetic diagnosis rate of 34.28%, exceeding
the reported yield of standard genetic clinics (<15%). These findings suggest that an integrated EGC improves genetic diagnosis

rates in endocrine patients, though larger-scale studies are needed to confirm this effect.

Background

Genetic factors play a significant role in many endocrine
diseases, and identifying these genetic causes can improve
diagnosis and guide targeted treatments. Traditionally,
genetic testing in endocrinology focused on conditions
linked to abnormal sex chromosomes (e.g., Turner and
Klinefelter syndromes) or specific hereditary syndromes like
multiple endocrine neoplasia (MEN1 and MEN2). Advances
in genetic  technology,
Sequencing (NGS), have expanded the scope of genetic
testing, enabling more comprehensive evaluation

particularly

inherited and de novo endocrine disorders.

EGC Design

Initial consulted in the

(n=210)

Recommendation for
molecular analysis?

Next-Generation

Study Goals

We propose an "Endo-genetic clinic" (EGC) model,
integrating endocrinologists and medical genetics specialists
to improve the diagnostic process. This multidisciplinary
team evaluates patients across three phases: pre-evaluation
(medical history review), clinical assessment (anamnesis
and physical examination), and post-evaluation (future
planning). This collaborative approach aims to enhance
diagnostic accuracy, reduce unnecessary testing, and
provide comprehensive genetic counseling alongside
endocrine care.

Study Goals

the most common reasons for
referral were short stature
(33.75%), e
obesity/underweight :
(15.38%), and dysmorphism
or suspected syndrome
(1496%).  This  diverse
patient population reflects the
broad utility of the EGC across
various endocrine conditions.

Recommendation for No recommendation
molecular analysis for molecular analysis FO"OW-Up Testing
(n=143) (n=67) : :
68% of patients received -
recommendations for further
Performed genetic testing. Of these, \ ’
recommended tests 51 05% proceeded with the
(n=70) — recommended tests. The
[ Gagnods MOSt COMMONly SUGGESted  TReomormi et iy
(n=24) tests were specific '
34.28% sequencing panels (55%),

Significantly higher diagnosis rate than in standard genetic

clinics!

Conclusions

followed by chromosomal
microarray  (24%)  and
karyotype analysis (19%).
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The integrated Endo-genetic clinic (EGC) achieved a higher genetic diagnostic yield (34.28%) compared to standard
genetic clinics (<15%). This multidisciplinary approach improves diagnostic accuracy by optimizing patient selection
and test recommendations. Further research is needed to evaluate its impact on a larger scale and address barriers to
test completion.
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Backgrond

. Preeclampsia toxemia (PET) is a severe multisystem gestational disorder of unknown etiology with complex genetic
architecture characterized by hypertension and organ dysfunction which affects 2-8% of pregnancies worldwide.

Objective

. To develop a new Polygenic Risk Score (PRS) based on UK-Biobank (UKB) data following established protocols and
compare it to a systematic review of the literature

Materials and Methods

1- Preeclampsia-Toxemia GWAS and PRS -

Using UKB raw data and following published protocols (Marees 2021, Choi 2020) we produced a GWAS for PET vs. healthy controls
(PLINK 1.9 software, missingness >0.02, MAF > 0.05, pi-hat >0.2, population stratification using HapMap1KG data). And a PRS
using GWAS summary statistic and UKB target and validation cohorts (PRSice-2 software, clumping and threshold - C+T method).

2- Systematic Review of the literature-

Using predefined criteria following PRISMA 2020 guidelines (Page 2021) a PubMed comprehensive literature search up to March
2024. Studies quality assessment, data extraction, and comparison were conducted using a modified Polygenic Risk Score Report

Standards guidelines (PRS-RS) criteria (Wand 2021).
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* 6/8 studies used Bayesian PRS constrction(PRS-CS and Ldpred)
* 5/8 used summary statistics of Hypertension GWAS (no PET)
« Large variation in cases/controls ratios (01-0.04)

Results 3- Validation and PRS performance

CoT Ties comp 8otz

7 Kivioia A 2022

+ 3/8 (including ours) reported AUC (0.57-0.62)
* 4/8 reported deciles comparison
+ 3/8 reported association R2 (0.01-0.02) and beta 0.2

S0 vs top 1% os:

U Reported PRS differ significantly in sample size, source data, GWAS and PRS methodology, and endpoints, therefore was not

possible to perform a meta-analysis

U Despite the heterogeneous methodology the three ROC-AUC reported, included ours, were in the same low discriminatory range

U PET-PRS show limited clinical utility. Including maternal, paternal and fetal clinical and genetic data may improve current models.
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GRID1,GluD1 homozygous variants linked to intellectual disability and spastic
paraplegia impair mGlul/5 receptor signaling and excitatory synapses
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Introduction

* The inotropic glutamate delta receptor GluD1, encoded by the GRIDI gene, is involved in
synapse formation, function, and plasticity. GluD1 does not bind glutamate, but instead
cerebellin and D-serine, which allow the formation of trans-synaptic bridges, and trigger
transmembrane signaling.

* Despite wide expression in the nervous system, and data from Grid1-mice exhibiting
behavioral, cognitive, synaptic and mGlul/5 signaling level alterations, pathogenic GRID1
variants have not yet been associated with a distinct human phenotype.

* We report homozygous missense GRIDI variants in five individuals from two unrelated
families, presenting with a novel genetic disorder characterized by intellectual disability (ID)
and spastic paraplegia (SPG), with or without glaucoma. We further demonstrate the
pathophysiological effects of GluD1 mutants on metabotropic glutamate receptor signaling
and neuronal connectivity.

R**H and T7*M mutations do not hamper cerebellin binding to GluD1

* To gain further insights into the impact of the mutations on GluD1 function, we pursued
comparison of GluD1WT, GluD1R*¢H and GluD1775?M expression in HEK cells through
plasmid transfection; and transiently overexpressed these in mature hippocampal primary
neuronal cultures from Gridz*+ mice (data not shown). We found that the mutations’
pathogenic effects do not result from deficits in their expression, stability or trafficking.

* Further experiments into the ability of GluD1WT, GluD1®*¢" and GluD1"7*2Mto bind
cerebellins, showed that cerebellin binding, and thus trans-synaptic scaffolding ability, is
essentially preserved in GluD1 mutants.

Homozygous pathogenic variants in GRIDI cause ID and SPG, with or without
glaucoma, in two unrelated families

* Using exome sequencing (ES), we identified five individuals of two unrelated
consanguineous families (Fig. 1), harboring biallelic variantsin GR/DI, and sharing
overlapping phenotypes:

*Family A — Three affected male siblings (ages 40y, 37y, 24y), born to consanguineous (first-
degree cousin) parents of Algerian descent, were evaluated due to non- or slowly-
progressive SPG, mild/moderate ID with normal occipitofrontal circumference, and
juvenile open-angle glaucoma causing severe visual impairment. Brain MRI and EMG were
normal, and initial metabolic and genetic investigations did not yield a diagnosis.

»Family B - A 6-years old female proband, born to consanguineous parents of Arab-Muslim
descent, presented for evaluation due to global developmental delay (GDD), SPG,
craniosynostosis, dysmorphic features (brachycephaly, bilateral ptosis) and minor skeletal
anomalies. Her 24y sister was similarly affected, but also showed kyphosis of the cervical
spine and required a wheelchair. Initial genetic tests were not diagnostic.

GRID 1077520

gommbdiom e

Figure 1- Pedigrees of families harboring
biallelic GRIDI variants. Full symbols indicate
individuals with ID, SPG and glaucoma (left), or
[]  ID and SPG (right. Segregation analysis for
e GRIDI variants shown in orange

» Genome-wide single nucleotide polymorphism (SNP) genotyping (Family A) and ES
(Families A, B) revealed each sibship to sharea distinct homozygous missense variant in
GRIDI: p.Argl61His in Family A, and p. Thr752Met in Family B. Each of these variants
segregated with the disease in an autosomal-recessive manner in the families. Both variants
were predicted to be disease-causing, and only found in heterozygous state in 4 and 11
individuals, respectively, in the gnomAD database.
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R'**H and T7:M mutations impair the modulation of mGlu1/5 signaling by GluD1 |

| |
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Figure 3- (A) Fluorescence images of primary cortical cell
cultures: ~ from  Gridl**  mouse  co-expressing
GDIYI/GluD1ReH/GluD1 ™7 and  GEP  following

« As GluD1 associates both physically and
functionally with mGlul/5 receptors, we tested
the impact of GluD1 mutations on mGlu1/5
signaling via the ERK pathway.

« Using primary cultures of cortical cells from
Grid1” mice, we showed GluD1-
immunopositivity in all GEP-labelled cells
transduced with GluD1WT, GluDRéH or
GluDT752M (Fig. 3A). Following incubation
with mGlul/5 agonist DHPG, ERK signaling
was stimulated in GluD1WYT, with a stronger
increase of pPERK/ERK ratio relative to mock-
treated control cultures, and a weaker
stimulation in cultures expressing either
mutation (Fig. 3C).

lentiviral transfer. (B) Western blot- analysis of - virally
transduced cortical cultures following incubation with the
NMDAR antagonist APV, with or without mGlul/5 agonist
DHPG. Note the higher intensity of phosphoERK' (pERK1/2),
indicative of ERK signaling activation, following incubation
with DHPG. (C) Mock-treated or DHPG-treated primary
cortical cell cultures expressing GluDIWT, GluD1R*H! or
GluD1"%M, Note that the increase of pERK/ERK ratio by
DHPG was significantly r in GluD1VI- than
GluD1Ri$H- or GluD1T75M-expressing cultures,

* These data indicate that the modulation by
GluD1 of mGlul/5 signaling via the ERK
pathway is impaired by R*¢'H and T7*2M.
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Structural impact of Argl6iHis and Thr752Met mutations on GluD1 extracellular
domains

* Based on GluD1 sequence and cryo-EM 3D structure (Burada et al 2020), we assigned the
R*¢! and T7*2 residues to the extracellular Amino Terminal Domain (ATD) and Ligand
Binding Domain (LBD) of GluD1, which bind cerebellin and D-serine, respectively (Fig. 2A,
20).

* We modelled the complete structure by generation of
unresolved 3D loops crucial for GluD1 activation. In
this full-length model, we characterized the possible
impact of the mutations on the ATD, LBD, and their
coordination, based on the 3D structure of GluD1.

* R'*!H is indicated to impact.interactions of the hinge
between ATD and LBD by modifying the binding
pattern with the Q*¢, D*'7 and P#*? residues of the loop
linking the two domains. T7*2M results in additional
interactions between lateral chains of M7%2, Y7 and

1729 that could lead to stiffening of the structure.

Figure 2- Modelling the structural impact of GluD1
R!¢H and T7M mutations on cerebellin-binding and
D-serine-binding domains. (A) Structure of the GluD1
homotetramer sitting above the plasma membrane
(adapted from Burada er al 2020). Mutations affect
residues situated at the interface (R*!) between ATD
and LBD extracellular domains, or within LBD (T7%).
(B) Predicted interactions of WT R*! and T residues,.
and of mutant ' and M residues. Note that the R*'H

* These results suggest that both mutations can affect
GluD1 function by altering the transduction of ligand
binding to transmembrane/intracellular signaling of

this receptor. the loop linking ATD to LBD, thereby- changing loop

conformation, whereas the T”M mutation results in

supplementary interaction with 72 and Y7* residues of

the LBD, thereby rigidifying this latter domain (C, D)

Impaired dendrite morphology and excitatory synapse density in G/uD1 mutants [f
. l
S | » Morphological studies of WT murine mature
,} :.* J& % hippocampal primary neuronal cultures, co-transfected

with GluD1WVT/ GluDRI6HH ; GluD™752M and GFP, show
that the R*¢!*H and T7*?M mutations perturb neurite
outgrowth and architecture in neurons (Fig. 4A).

 As GluD1 is present at excitatory synaptic sites, and
since excitatory synapses are localized on dendritic
spines of hippocampal principal neurons, we analyzed
spine density and morphology. Apical and basal
dendrites of GluD1WT-transfected neurons showed
significantly higher density of putative excitatory
synapses compared to controls, or to those
overexpressing either mutation (Fig. 4B).

=T==3

variants, dﬂu plasmid tra image of a y shaped I I neuron in

culture (upper lef) exemplify regions where excitatory putative synapses, revealed by 0\'crh|p of presynaptic Bassoon and postsynaptic,
Homer immunostaining on GFP positive dendrites (upper righy, were counted. Note the enhancement of excitatory putative synapse density:
in' GluD1™T, but not GluD1 mutant conditions.

P

Discussion

==

* We report molecular and functional evidence of the association between homozygous
missense variants p.Arglé61His and p.Thr752Met in GRID1, encoding the GluD1 receptor,
and a disease phenotype including ID, SPG and
glaucoma. |

* Our experimental findings indicate that both GRID! variants impair mGlul/5 signaling via
the ERK pathway, as well as dendritic morphology and excitatory synapse density, in
neurons of primary cultures. While our study does not exhaust possible pathophysiological
effects of these mutants, we demonstrate that their expression has deleterious
consequences on neurons and circuits that can cause ID, SPG and glaucoma.

er——eu

mutation suppresses interaction with D*7.residue:of

Conclusions

» We describe for the first time a human phenotype associated with biallelic GR/D1 variants, manifesting
with ID and SPG, with or without glaucoma.

* Our findings unravel the importance of GluD1 receptor signaling in sensory, cognitive and motor
functions of the human nervous system.

Recently published in: Mol Psychiatr2024;29(4):1205-1215. PMID 38418578
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A missense variant in KIF14 results in two gene
isoforms by affecting normal gene splicing 0
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Background

A couple of Ashkenazi Jewish descent was referred for genetic counseling following two terminations for pregnancy due to recurrent
microcephaly with brain anomalies. (Figure 1). Quattro exome sequencing (ES) revealed compound heterozygosity for two previously
undescribed missense variants of unknown significance (VUS) variants in the KIF14 gene. Bi-allelic loss-of-function variants in KIF14 are
known to cause autosomal recessive Meckel syndrome type 12 (OMIM #616258). Missense and loss of function KIF14 variants have also

been described in primary microcephaly 20 (OMIM #617914).

Figure 1: Neurosonography at 24 weeks of gestation
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First pregnancy (A-C); Second pregnancy (D-F): (A) transvaginal coronal view at the
level of the basal ganglia: obliterated cavum septui pellucidui, asymmetric corpus
callosum (open arrowheads), Sylvian fissures with delayed operculization (arrows);
(B) transabdominal axial transthalamic view: aberrant Sylvian fissure, with complete
flattening of the frontal component (arrow); (C) TV midsagittal view: dysgenetic and
very short corpus callosum. (D) transabdominal coronal view at the level of the
caudate nuclei: obliterated cavum septui pellucidui, Sylvian fissures with aberrant
morphology (arrows); (E) transabdominal axial transthalamic view: small head
circumference (2nd percentile), an aberrant Sylvian fissure, complete flattening of
the frontal component (arrow) and absent fluid in the cavum septui pellucidui; (F)
transabdominal midsagittal view: dysgenetic and very short corpus callosum (open
arrowheads).

Diagnostic results and interpretation

Figure 2: A missense KIF14 variant affects normal gene splicing.
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(A) Pedigree of the studied family showing the segregation of both paternal and
maternal KIF14 variants. (B) Gel electrophoresis of the PCR amplification of KIF14
exons 16—19in paternal (c.2921C>G carrier) versus WT control mRNA, showing in
addition to a normal sized isoform (upper band), the carrier has a second isoform
which is smaller in size (lower band). (C) Schematic representation and Sanger
sequencing chromatograms confirming that the paternal ¢.2921C>G variant
results in two isoforms, one with the single nucleotide change, and the other
introduces a novel donor splice site that leads to deletion of 41 bp from exon 17.

ES showed that both fetuses were compound heterozygotes for two missense variants in KIF14 (NM_014875.3), while each of the
parents is a heterozygous carrier of one of these variants. Both variants were initially classified as VUS.
The maternally-inherited variant c.2660G>A; p.Arg887GIn was predicted to have a deleterious effect on the protein, and has been

previously classified as a VUS in ClinVar (VCV002603121.2).

The paternally-inherited variant, c.2921C>G; p.Ala974Gly, is located in exon 17 of KIF14. SpliceAl predicted that this variant may have a
strong splice-altering effect, with a A score of 0.98 of donor splice-site gain at position 1 bp from the nucleotide change, and a A score of
0.68 for a potential donor splice site loss at position -40 bp from the variant. RNA analysis confirmed a “leaky” abnormal splicing effect,
corresponding to the donor site gain prediction and resulting in two isoforms: one with the C>G substitution (leading to p.Ala974Gly), the
other introducing a novel donor splice-site within the exon, resulting in a deletion of 41 bp from exon 17 and a loss-of-function allele
(p.Ala974Glufs*14) (Figure 2). The variant was, therefore, reclassified as likely pathogenic (LP).

This permitted the upgrade of the maternal variant from VUS to LP, due to it being in trans with the paternal variant, in two affected
fetuses with phenotype consistency and an autosomal recessive disorder. Both reclassifications were done according to the American
College of Medical Genetics and Genomics (ACMG) guidelines. This has empowered the couple to make informed reproductive choices
and opt for preimplantation genetic testing (PGT) for future pregnancies.

Conclusions

* Missense variants in KIF14 have been shown to cause primary microcephaly with developmental delay.
* In our case, the RNA analysis of the paternally-inherited variant lead to its reclassification as likely pathogenic (LP). This also permitted

the upgrade of the maternal variant from VUS to LP.

* This highlights the importance of following up on VUSs in genes that could be related to the fetal phenotype and warrants careful

consideration during the variant interpretation and reporting process.
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Novel RAG1 pathogenic variant in an adult with immune-mediated
encephalopathy: Impact of Rapid exome sequencing during admission
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Objective: To describe the utility of rapid exome sequencing in hospitalized adult patients. We
present a 46-year-old patient with a medical history of adult-onset bronchiectasis, vitiligo and
mild thrombocytopenia admitted with progressive weakness, cognitive regression, weight loss
and dysarthria. Laboratory studies revealed hypogammaglobulinemia and switched B cells. On
imaging; hepatosplenomegaly, multiple abnormal T2 signals in both hemispheres. A brain biopsy
was consistent with an inflammatory process. The family history was positive for consanguinity,
a sister and a mother who died at an early age with lung disease hinted a possible genetic
explanation.

Methods: Rapid exome sequencing was performed O
according to standard methods. 3D modelling of
the missense substitution was performed using - O [] O

previously published crystal structure data.

| i
Results: Initial exome results were reported after 5 (+) % \i : ©)
days. We identified a homozygous novel variant in Cognitive impairment D42 1 D00 e
RAGL (NM_000448.3): c.2803A>T, p.Ile935Phe. b (5 - 6
RAGL1 encodes a protein involved in the immune D2 s 49 g
system  recombination  process.  Bi-allelic une disease mcy(g)?gin‘vl'?t;fv”e'i T opatn,
impairmen

N

pathogenic variants were described in various
types of primary immune deficiencies mostly Patient Pedigree: numbers - age (years), D. age of death. Arrow -
. . . proband. Blue - immune system disorder, stripes -

presenting in childhood. In adults, there are a few  neurodevelopmental disorder.
reports describing combined immunodeficiency,
granulomas, autoimmune  conditions  with
systemic or organ-specific manifestations, and
inflammatory phenomena. On 3D modelling,
Ile935 is a buried hydrophobic residue in a
protein binding domain. The larger Phe residue
predicted to destabilize the region and make
structural changes at the local environment
supporting the pathogenicity of this variant. The
molecular diagnosis prompted treatment with

: : : : 3D Modeling of RAG1: recombination-activating protein 1
ster0|ds. and subcutaneous |mmunoglobul|ns with consists 1043 amino acids. Yellow - hydrophobic 1le935 in
marked Improvement. protein binding domain.

Conclusion: RAG1 is associated with a wide age of onset and phenotypic spectrum that includes
adult-onset chronic lung disease, autoimmune thrombocytopenia and inflammatory
encephalopathy. In selected cases, rapid exome sequencing may improve the management of
acutely ill patients.



A gain of function SLC4A3 mutation causes short QT syndrome:
From molecular analysis to phenotypic expression and novel

diagnostic testing
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Background and aims:
Congenital short QT syndrome
(SQTS) is a genetic disorder
characterized by short QT
interval in the
electrocardiogram (ECG) and a
high risk of malignant
ventricular tachyarrhythmias.
We aimed to elucidate the
genetic molecular cause of
short QT in a family with six
cases of sudden cardiac death
and a case of documented
polymorphic VT (proband) in
five generations.
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Methods and results:
Exome sequencing for the
proband and two affected
family members, along with one
unaffected parent was
conducted with consequent
segregation analysis . Testing
revealed a novel missense
variant in the SLC4A3 gene,
encoding the cardiac anion
exchanger 3 (AE3):
p.Arg1016Gly. This
heterozygous variant
segregated within the family,
whereas one family member
was homozygous.

Pedigree of studied family
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Functional analysis: Functional analyses in HEK293 cells
revealed gain-of-function rather than the loss-of-function
suggested for previously identified SQTS-associated SLC4A3
variants.
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Discussion While affected family members exhibited a
shorter QTc in resting ECG compared with non-affected (0.36
+0.02 vs. 0.38 +0.03 sec, p=0.0068) Or 12-lead Holter (0.35 +0.02 vs. 0.38
+0.03 sec, p=0.0013), Significant overlap exists. The Ippon test- a
modified Valsalva maneuver, that incorporates supine
passive leg rising, is a novel diagnostic procedure that was
able to distinguish b/w carriers and non carriers, with
inappropriately short QTc among affected vs. non-affected
individuals (0.34 £0.02 vs. 0.37 £0.01, respectively, p=0.0003). The
homozygous individual presented with a milder phenotype,
which may be attributed to homodimerization of AE3,
whereas dimerization of two mutants, leads to milder effect.

Conclusions: We describe herein a novel SQTS-variant
associated with a GOF effect, with intracellular
acidification. This gene, was initially reported in 2017 in one
family. This report strengthens gene - disease association
prompting its incorporation into current diagnostic panels



