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Center for Personalized Medicine (CPM): 

ÅProvides clinical genetic/genomic testing for 

ïHereditary genetic disorders 

ïPediatric tumors

using a variety of cytogenetic and molecular assays

ÅResearch

ïCPM investigator initiated projects

ïCollaborative research programs 

ïProvide Genome Core Services (CHLA, USC, Contract services)

ÅEducation

ïResidents and fellows: didactics and rotations

ïProfessional education

ïSummer internships



ÅSize of genomic variants is a continuum

ÅHistorically defined based on cytogenetic resolution

ÅLarge variants currently defined as >50bp, Ó1 kb  or >50kb

ÅCan be divided into:

ïNumerical and structural (balanced or unbalanced); or

ïCNVs and balanced rearrangements 

Chromosome Abnormalities >Large Genomic Variants



Growing Number of Available Tools

Fluorescence in situ hybridization (FISH)

Chromosomal Microarray (CMA)
Optical Genome 

Mapping (OGM)
Short Read Sequencing

Karyotype analysis

Long Read 

Sequencing



CPM experience in detection of large variants by:

ÅChromosomal Microarray (CMA) testing

ÅShort read sequencing 

ÅOptical genome mapping

ÅLong read sequencing (limited)

In constitutional disorders and pediatric malignancies

Outline



CMA becomes first-line test ~2010

Testing for Constitutional Large Genomic Variants

Am J Hum Genet. 2010 May 14;86(5):749-64

Rationale:

Å CMA offers a much higher diagnostic yield 

(15%-20%) for genetic testing of 

individuals with unexplained DD/ID, ASD, 

or MCA than a G-banded karyotype 

primarily because of its higher sensitivity 

for submicroscopic deletions and 

duplications. 

Å Truly balanced rearrangements and low -

level mosaicism are generally not 

detectable by arrays, but these are 

relatively infrequent causes of abnormal 

phenotypes in this population (<1%). 



ÅCytoscan HD platform ( Thermofisher)

Å500-600 cases/year

2015~2020: CMA for CNVs Exome for SNVs

Diagnostic yield for 4073 cases 

tested by CMA between March 

2016 and June 2024 : 15% Increased VUS proportion for gains



ÅIncrease in exome and focused exome orders

ÅNot all patients are tested by CMA/copy number assay

ÅAre we missing diagnoses?

ÅCan we be more efficient?

Exome Sequencing Becoming a First-tier Test

Genet Med. 2019 Nov;21(11):2413-2421.



CNVs Can be Detected from Short Read Sequencing

From: Raca G, Astbury C, Behlmann A, De Castro MJ, Hickey SE, Karaca E, Lowther  C, Riggs ER, Seifert  BA, Thorland EC, Deignan JL. Points  to  consider  in  

the  detection  of  germline  structural  variants  using next -generation  sequencing: a statement  of  the  American  College of  Medical  Genetics  and 

Genomics (ACMG). Genetics in Medicine. 2023 Feb 1;25(2):100316.

CNV Detection by Depth of Coverage of NGS Short Reads   

There are also algorithms based on discordant read pairs and split reads



ÅIncluded 1538 cases (407 CES and 1131 FES)

ÅCNV analysis yielded relevant (P/LP) results in 4.6% (70/1538) patients

ÅIn 38/70 cases CMA not ordered in 32/70 CMA concordant in 5 CMA negative 

CNV Analysis in a Retrospective ES/FES Cohort

Diagnostic yield for studied CES and FES cases

npj Genom. Med. 2025;10: 16

Study led by 

Dr. Jenny Ji



CNVs missed by CMA and detected by CES 

ï186bp single exon deletion in EPM2A  

ï7.4kb deletion of exons 12 -15 in CACNA1A  

ï7.7kb deletion of exons 22 -25 in ZMIZ1  

ï55.6kb deletion of exons 9ð25 in JAK1

ï45.5kb deletion of exons 4 -9 in RAD51C

CNV Analysis in a Retrospective ES/FES Cohort

An intragenic deletion of exons 3 ï7 of  COL17A1 and a pathogenic indel  in the same gene

npj Genom. Med. 2025;10: 16



ÅFor CES/FES added screening for CNVs

ÅGS validated for clinical use in May 2024 

ÅGS validated for both SNV and CNV detection

ÅCombined DRAGEN CNV pipeline and NxClinical algorithm

ÅConfirmation by Thermofisher XON array
Åhas 6.85 million probes that provide extensive coverage for 453,076 exons in 17,974 genes, 

with enhanced coverage for 7,000 clinically genes

Moving to Genome Sequencing and Adding CNV Analysis



NR5A1 Deletion Detected by GS (top) and Confirmed by XON Array (bottom)

15 kb heterozygous deletion involving exons 2 ð 4 of NR5A1

NR5A1

6-month-old female with clinical diagnosis of a difference of sex development



>70 cases with constitutional genomic abnormalities tested

What Optical Genome Mapping Brings to Table?

OGM Principle and Workflow Detectable Abnormalities



Interpretation of copy number gains requires information about genomic position and structure

Structure Determination for Copy Number Gains

Hypotheses:

1. Gains are more likely  to be classified as being of ôuncertain significanceõ

2. Structure  determination  by OGM can improve clinical  interpretation



Increased Copy-number-gains ôVUS Burdenõ

Review of 1,504 CNVs reported  by CMA in 4,073 patients  confirmed  that  gains 

are significantly  more likely  to be classified as variants of uncertain  significance

Collaboration with 

Dr. A. Dharmadrikari



Structure Determination by OGM Improves Interpretation

Å33 CMA detected VUS gains involving disease-genes were characterized by OGM 

Å26/33 were shown by OGM to be tandem duplications 

Genet Med. 2025 May 6:101452 (PMID: 40340270)



Structure Determination for Copy Number Gains

Å7/33 gains were complex 

rearrangements

ÅStructural information 

supported benign nature 

for 27/33 gains and was 

inconclusive or supported 

pathogenic role for 6/33

ÅStructural information 

from OGM can improve 

clinical interpretation of 

copy number gains

Genet Med. 2025 May 6:101452 (PMID: 40340270)



Exact Breakpoints for Balanced Rearrangements: inv(11)

ÅPatient was followed for unexplained anemia 

ÅSequencing based testing for bone marrow failure 

and cancer predisposition syndromes was negative

ÅKaryotype analysis on BMA sample showed inv(11) 

in all cells, confirmed to be constitutional

ÅClinical question:

ÅDoes it disrupt a gene relevant for the 

patientõs hematologic disorder?

inv (11)

ogm[GRCh38] fus(11;11)(q21;p14.3)(93278687;22520983)

no genes at breakpoints

11q21

11p14.3

Courtesy 

of Dr. L. Godley



Courtesy of Dr. 

B. Fernandez

Exact Breakpoints for Balanced Rearrangements: t(X;16)

Proband phenotype: 7 year old with 

developmental delay (non -verbal), 

hypopigmented streaks, microcephaly, 

preauricular tags, dysmorphic features 

(long palpebral fissures, large ears)

Motherõs phenotype: 40 year od with 

milder cognitive impairment (fluent 

speech but cannot live independently)

t(X;16) in mother and daughter

Clinical questions:

Å Can difference in X inactivation 

skewing account for difference in 

phenotype severity?

Å Does XIST (which normally maps to 

Xq13.2) map on der(X) or der(16)?

Å Evaluate mother and daughter for 

X-inactivation skewing 



Exact Breakpoints for t(X;16)

der(16)

der(X)

Ref 16

Ref X

Ref 16

Ref X

XIST Position: hg19 chrX:73,040,552-73,062,519



Complex Rearrangements

ÅHypothesis: multiple CNVs in the same patient may indicate complex 

rearrangements

Å10 cases were  selected in which previous CMA testing revealed multiple 

CNVs on the same or different chromosomes

ÅOGM provided detailed genomic structures for all 10 cases; complex 

structure was revealed in 8/10 cases

ÅOGM identified additional breakpoints within or near disease -associated 

genes that may explain patientsõ phenotypes 



De novo  gains in Xq22.1q22.2 (552 kb)  and Xq22.3  (538 kb) of uncertain significance

Complex Rearrangements

proband

father

mother

OGM shows one complex rearrangement

Three possible 

structures by OGM 

including two 

inversions; looking for 

disrupted candidate 

genes in the region

10-year-old female with spastic diplegic cerebral palsy, global DD, ASD and epilepsy

In structure 1&3 PLP1 close to breakpoint



Å10 year-old with decreased ceruloplasmin, elevated total liver copper, clinical concern for 

Wilson Disease; heterozygous 154 kb deletion involving ATP7B detected by FES and CMA; no 

clinically significant sequence variants or other abnormalities detected.

Single Pathogenic Variant in a Recessive Gene

Screenshot from ChAS showing 154 kb 

deletion  involving  exons 1-2 of ATP7B

154 kb

ATP7B

Evidence for overlapping deletions involving ATP7A

1

1

2

2



ÅConfirmation of CNVs (and in the future balanced 

rearrangements) will move to OGM from XON array

ÅOther indications for OGM:

ÅDe novo translocations

ÅParental studies

ÅFollow up testing for VUS gains and multiple CNVs

ÅOnly one variant in a recessive gene

Clinical Use of OGM (Validation Ongoing)



Future: Exploring Long Read Sequencing

Courtesy of Dr. Fernandez B. CHLA and Danny Miller Seattle Childrenõs 

Nanopore LRS data from the mother  showing haplotypes & methylation . Haplotype 1 

is from structurally  normal X. It  demonstrates hypomethylation  on XIST (blue)  which 

leads to its expression and inactivation  of the structurally  normal X.

Nanopore LRS for the case of t(X;16) in mother and daughter



Large Genomic Abnormalities in Pediatric Cancers



B-ALL: Defined by Large Genomic Changes

TWENTY THREE MOLECULAR TYPES, ONLY TWO DEFINED BY SNVs 

GEP Subtypes of Pediatric B-ALL

Nat Genet 2019;51(2):296-307.

Genomic subtypes and frequencies of NCI standard -risk B -ALL



CNV Testing by CMA in Pediatric Tumors 

Fresh samples: CytoScan HD 

FFPE samples: OncoScan 

All tumor types (heme 

malignancies, solid 

tumors and CNS tumors) 

are routinely tested at 

diagnosis and relapse



FFPE sample

tested by OncoScan

Abnormalities of High Clinical Significance Detected by CMA

Wilms tumor  

B-ALL ïdoubled near -haploid Fresh BMS sample 

tested by Cytoscan HD  



CNVs from SRS: Markers for ctDNA Testing

Applications of liquid biopsy:

ÅUp-front diagnosis in inoperable tumors  

ÅMinimize biopsy sampling bias in heterogeneous tumors 

ÅMonitoring disease status and response to therapy

ÅEarly detection of relapse

ÅProspective surveillance for at -risk individuals

CNVs used as universal biomarkers for pediatric tumors

Projects led  by 

Dr. Jaclyn Biegel



32

ÅRetinoblastoma

ÅRetinoma

ÅUveal melanoma

ÅVitreoretinal 

lymphoma

ÅAcute leukemia

ÅChoroid plexus 

tumors

ÅCraniopharyngioma

ÅDiffuse glioma

ÅEpendymomas

ÅEmbryonal tumors

ÅLow-grade 

glial/glioneural 

tumors
ÅGerm-cell tumors

ÅHepatic tumors

ÅRenal tumors

ÅSarcomas

ÅThyroid tumors

Created with BioRender.com 

Eirini Christodoulou, PhD

Liquid Biopsy Sites are Optimized to Obtain High Fractions of ctDNA 



CPM collaboration (Dr. 

Biegel) with Dr. Jesse Berry 

Detection of 6p Gain and 13q Deletion that Includes RB1 in 

an Aqueous Humor Sample



K. OõHalloran et al, 2024

Ultimate clearance of CNAs and normal imaging Progression of disease by imaging

Courtesy of Dr. J.Biegel

Serial CSF Sampling in two Medulloblastoma Patients



Short Read Sequencing: Oncogenic Fusions

Testing targets oncogenic fusions in RNA rather 

than underlaying rearrangements in DNA

ÅOncoKids NGS panel

ÅRNA-Seq fusion assay



Fusion Detection by OncoKids Panel

Custom NGS Panel for Pediatric Tumors OncoKids

Amplicon based with specific primers for every breakpoint



Exome-enrichment RNA-Seq Fusion Assay

Library: Enrichment using Twist 

Comprehensive Exome capture 

probes and fast hybridization target 

enrichment protocol

Sequenced on the NextSeq 

or HiSeq instrument 

(Illumina, Inc) to generate 

a total of Ó100M million 

reads (100 bp reads)

Analysis: Homebrew 

pipeline consisting of 

Fusion Catcher, Dragen, 

STARfusion and Arriba 

Created with BioRender.com

Offered clinically since March 2022



RARB Fusion in Variant APL
12-month-old with systemic symptoms and abnormal CBCs; pathology evaluation concerning for APL

Karyotype: 46,XX,+6[20]; FISH, Oncokids, RT-PCR negative for PML::RARA
RNA-Seq fusion assay reveals a TBL1XR1::RARB fusion

Significance : Identification  of the TBL1XR1:: RARB 

fusion facilitated  classification  as an APL variant . 

Though the WHO and ICC currently  recognize 

variant -APL with  RARA translocations only,  RARB 

(PMID: 36465368, 29921692) and RARG (PMID: 

31709264) translocations  are recurrent  in APL. 

TBL1XR1:: RARB is resistant  to ATRA.Confirmed by OGM



RNA-Seq Fusion Assay: Experience to Date

151 clinical cases between March 2022-May 2025 Diagnostic yield highest in brain tumors, lowest in B -ALL



Getting More from RNA-Seq Data for B-ALL

Gene expression profile (GEP) 

analysis allows granular, 

comprehensive delineation of 

biologic subtypes  

Multiple subtypes can only be 

detected based on expression 

profile: PAX5Alt, KMT2A-  

ETV6::RUNX1- and ZNF384-like 

some Ph-like and others

1,464 B-ALL CLASSIFIED INTO TWENTY FOUR MOLECULAR TYPES

Nature Genetics 54:1376ð1389 (2022)



Testing Feasibility of Expression Profile Analysis

Hu Z, Kovach AE, Yellapantula  V, et  al.  J Mol Diagn. 2024 Jan;26(1):49-60.

Retrospective study showed full  concordance in subtype determination  

with  SOC testing  (n=28) and 79% increase in diagnostic yield  (n=48)  

GEP based classification of 76 cases



Clinical Validation Approach

ÅCombines three published  

classification tools: 

 ALLSorts, ALLCatchR, MD-ALL  

ÅRules are applied to combine 

individual outputs and create 

final classification



Validation: Concordance for 70 Known Cases

Offered clinically since July 2025

64/70 concordant (91%)



ÅCompared standard-of-care genetic testing (karyotype, FISH, CMA, OncoKids) and OGM 

for 100 cases of hematologic neoplasms tested at CPM between 2017 and 2024.

ÅReviewed concordance for Tier 1 and 2 per AMP/ASCO/CAP classification guidelines

Number of cases by disease 

type/pathology diagnosis

What OGM Brings To Table?



Concordance between OGM and SOC Testing   

Concordance in Detected Variants: 244/274 (89%) Concordance in Tier I and II Variants at Case Level

Å OGM detected all Tier 1/2 variants in 93 cases 

Å Additional Tier 1/2 variants by OGM in 21 cases

Å Tier 1/2 variants missed by OGM in 7 cases (7%)

Å Highest additional yield in T -ALL (9/23, 39%). 



Abnormalities Detected only by OGM : 

Enhancer Hijacking Translocations

Case Subtype Abnormality by OGM [GRCh38] Comment

1 HOXA ogm fus(7;7)(p15.2;q21.2)(27227408;93038934)/HOXA13::CDK6 normal karyotype

2 TLX3-R ogm t(5;14)(q35.1;q32.2)(171271345;98717520)/ BCL11B::TLX3 cryptic

3 TLX3-R ogm t(5;14)(q35.1;q32.2)(171271345;98717520)/ BCL11B::TLX3 cryptic

4 TLX3-R ogm t(5;14)(q35.1;q32.2)(171271345;98717520)/ BCL11B::TLX3 cryptic

5 TLX3-R ogm t(5;14)(q35.1;q32.2)(171271345;98717520)/ BCL11B::TLX3 cryptic

6 TAL1/2-R ogm t(1;14)(p33;q11.2)(47235085;22451049)/ TRA::TAL1 normal karyotype

7 NKX2-R ogm fus(14;14)(q11.2;q13.3)(22451049;36515060)/TRD::NKX2-1 cryptic

8 NKX2-R ogm t(5;14)(q35.2;q32.2)(173575379;98650286)/ BCL11B::NKX2-5 cryptic

9 LMO1/2-R ogm t(7;11)(q34;p13)(142347260;33886184)/TRB::LMO2 normal karyotype



T-ALL Case
13 year old boy diagnosed with T -ALL, normal karyotype

t(1;14)(p33;q11.2) -TRA/D::TAL1 fusion missed by karyotype

TRA/D

TAL1

TRA/D

TAL1

1p33

14q11

1p33

14q11



On the Horizon: Long Read Sequencing

Different variant types are detectable

From sample to results within hours

Leukemia (2025) 39:1069 �± 1077


