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● Demonstrate examples of complex genetic testing and risk assessment 
scenarios from a clinical, laboratory, and third-party reproduction 
perspectives.

● Describe the responsibilities of various entities involved in complex genetic 
cases.

● Suggest ways by which multi-directional interaction can help provide optimal 
outcomes for clients.

Learning Objectives 



Case 1: DMD Carrier Status in Unaffected Male

Case 2: PGT-P vs Embryo Morphology

Case 3: Third Party Reproduction and Duty to Inform

Outline



Case 1 - DMD  Dilemma 
36yo female presented to care in January 2025 with h/o hypothyroidism, 
PCOS  and 15 years of infertility

• Reported to be DMD carrier at first visit, interested in PGT-M



Mutation presumed to be de novo or maternal in origin as father is unaffected
Case was accepted for PGT-M via linkage only due to mutation type 
(duplication)
Patient counseled informative relative is needed. Mother was willing to be 
tested but father was unwilling to be involved unless absolutely necessary. 
Counseled that if mother is negative, PGT-M would not be possible
Mother tested and NEGATIVE - June
Father complied with testing and POSITIVE for dup - July
Patient happy because PGT-M possible! Except… 

PGT-M  for DMD



XXY? 
Incomplete penetrance?
Mild/subclinical presentation?
Pathogenicity of variant?

DMD Positive Unaffected Male?



Duplications identified via carrier screening are assumed to be in 
tandem, within the DMD gene

DMD Duplication
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Presenter Notes
Presentation Notes
•When carrier screening detects a duplication, it cannot determine the genomic location of the duplication, but assumes it is in tandem, or within the DMD gene.

•This 2025 study performed high-coverage, long-range sequencing for 15 patients with intragenic DMD duplication. 11 of these patients had no clinical indication for DMD testing and had been ascertained through methods such as carrier screening.
•
•7/11 of the cases without clinical indication for testing were found to have DMD duplications that were outside of the DMD gene and therefore not pathogenic for DMD.
•
•Complex rearrangements have long been known in the DMD world, but this paper is the first documenting interspersion in an unselected population.



15 individuals tested via high-
coverage, long-read sequencing
• 11 with no clinical 

symptoms
• 7/11 confirmed to be outside

DMD and therefore not 
pathogenic

DMD Duplications

Presenter Notes
Presentation Notes
Ding Q, Balan J, Vidal-Folch N, Pickart AM, Sun G, Walsh JR, Majumdar R, Klee EW, Murphy SJ, Oglesbee D, Rowsey RA, Hasadsri L. Rethinking the pathogenicity of intragenic DMD duplications detected by carrier screening: High prevalence of nontandem duplications revealed by long-read sequencing. Genet Med. 2025 Oct;27(10):101539. doi: 10.1016/j.gim.2025.101539. Epub 2025 Aug 5. PMID: 40757397.



50% Paternal 
Haplotype Positive

Unclear benefit of PGT-M 

???



Utilizes high molecular 
weight DNA molecules 
labelled at repetitive sites 
with genome specific 
locations

Optical Genome Mapping 

Visual provided by Nikhil Sahajpal, PhD

Presenter Notes
Presentation Notes
Optical Genome Mapping (OGM)is performed on the Saphyr® system, (Bionano Genomics, Inc., San Diego, CA) which scans ultra-high molecular weight DNA molecules (>150 kbp) labeled at a 6 base-pair sequence motif (CTTAAG) throughout the genome.The images of the labeled DNA molecules are used to generate a guided assembly, and the banding patterns are comparedto a reference genometoidentify different classes of SVs, which includes triploidy, aneuploidies, deletions, duplications, balanced and unbalanced events(inversions, insertions, and translocations). A separate coverage-based algorithm allows for the detection of large copy numbervariants (CNVs). All copy number changes are determined using the human genomereference build 38 (hg38/GRCh38). Variant classification is based on the guidelines recommended by the American College of Medical Genetics and Genomics (ACMG) and the Clinical Genome Resource (ClinGen) (PMID: 31690835). Reportable variants include pathogenicvariants,likely pathogenic variants, and variants of uncertain significance. Likely benign and benign variants are not routinely reported. Note, carrier status might not be disclosed. Any clinical concern for recessive disorders should be communicated to the reporting laboratory for appropriate consideration. Limitations: This method cannot detect Robertsonian translocations, balanced translocations which have breakpoints in the centromere, or regions of homozygosity (<25 Mb). This method also cannot detect single nucleotide variants (SNVs) or other small SVs with potential functional impacts. As with any molecular testing, there is a possibility of false positive or false negative results. However, quality assurance and quality control programs are in place in our laboratory and all attempts are made to ensure proper diagnoses. Please contact the laboratory if additional information regarding the molecular analysis is needed. 
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Duplication NOT in tandem!

Visual provided by Nikhil Sahajpal, PhD

Presenter Notes
Presentation Notes
Results A targeted analysis of the DMD gene for the previously reported exon 54-74 duplication identified a complex rearrangement in which the duplicated DMD material is inserted approximately 6 Mb upstream of the DMDgene. OGM Interpretation A targeted analysis of the DMD gene was performedfor the exon 54-74 duplication previously reportedin this individual by an outside laboratory. This analysis identified a complex rearrangementin which the duplicated material of the DMD gene (exons 54-74; NM_000109.4) was inserted approximately 6 Mb upstream of the DMDgenein an intergenic region of Xp11.4. Based on this structure, the duplicated material is inserted outside of the DMD geneandis not expected to disrupt the DMD gene. Additionally, a small region of Xp21.1-p11.4 near the insertion site was also duplicated (chrX:37,655,612~37,661,984 to chrX:37,938,411~37,939,487). This copy gain region includes 4 genes, 3 of which genes have OMIM entries. The OMIM genes within this region are XK, CYBB, and DYNLT3. This duplication does not represent commonvariation; however, the genesin this interval are not knownto be associated with developmental phenotypes when duplicated. Pathogenic variants in the XK gene are associated with X-linked McLeod syndrome (OMIM# 300842). Pathogenic variants in the CYBB gene are associated with Xlinked recessive chronic granulomatous disease and X-linked recessive immunodeficiency-34 (OMIM* 300481). Based on the available evidence, the clinical significance of this complex rearrangementis uncertain. 



How would you disposition DMD positive males?
A) Eligible for transfer
B) Ineligible for transfer
C) Only eligible if no negative or carrier embryos remain
D) PGT-M is not indicated and should not be performed

Poll - Case 1

When poll is active respond at PollEv.com​/rawanawwad330
Send rawanawwad330 to 22333

https://pollev.com/rawanawwad330


DOFV - January 2025
OGM Result Disclosure - October 2025
Since PGT-M not indicated, all options available to couple
Are planning for IVF in the near future

PGT-M Not Indicated



Take Home Points
● Important to understand implications beyond “positive” variant

● Additional technologies may be available to clarify true risk, especially when 
family history is not consistent or PGT-M otherwise complication/unavailable

● Added time and up front costs may reduce unnecessary intervention down 
the line (bypassing need for PGT-M)



•37 yo G6P1051 (SABx4, TAB x1  for T21)
•Family History 
oMaternal father and grandfather with MI in 60s-80s
oMaternal grandmother with breast cancer in 60s 
oMaternal cousin with cardiac anomaly 
oPaternal uncle with colon cancer in 50s 
oPaternal aunt with breast cancer in 70s
oMale partner with one adenoma noted at time of colonoscopy 
*couple was offered referral to cancer genetics during GC consult, never pursued 
•Testing History – declined carrier screening ("had genome sequencing performed") 

Case 2: Polygenics and Pathogenics



Cycle 1: Outcome
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• Data from PGT-A lab sent to private research facility for PRS for 
colorectal cancer
• Existing PGT-P companies did not offer this at the time
• PGT-A data + parental haplotypes used to calculate PRS

• Due to couple’s non-European ancestry, estimate a ~25% reduction in 
effect size is possible.

Polygenic Risk Scoring in Embryos (PGT-P)



Variants in Polygenic Risk Scoring
• Common

• Typically non-coding

• Often not the causal variant, but linked to unknown 
causal variant

• No clear mechanism

• Contribute to risk in an additive manner (non-
dominant)

• Contribute a small amount to risk

Polygenic Risk Scoring:
Background



Professional Societies’ Statements



Results

7BA5AA

1 - arrested
2 - fragmented morula 
3 - morula
4 - cavitating morula
5 - early blast
6 - blast
7 - expanded blast
8 - hatching blast
9- fully hatched



• Patients have a male preference
• Clinic wants to transfer embryo 5

• Embryo grade: 7BA
• Highest PRS at 11.3%

• Patients want to transfer embryo 7
• Embryo grade: 5AA
• Lowest PRS at 4.2%

• Clinic policies
• Lab’s prerogative which embryo to transfer within preferred sex
• “Abnormal embryo transfer” permitted

What to Transfer?
1 - arrested
2 - fragmented morula 
3 - morula
4 - cavitating morula
5 - early blast
6 - blast
7 - expanded blast
8 - hatching blast
9- fully hatched



• Embryo 7 (lowest PRS) transferred
• Pregnant following SET
• Aneuploidy screening low risk @ 10w
• Ultrasound at 12w showed cystic hygroma, total body lymphedema, and single 

great vessel
• CVS pursued for fetal sequencing and microarray

o De novo heterozygous PATHOGENIC variant in PTPN11,c.182A>G (p.Asp61Gly)
o Diagnosis: Noonan Syndrome

• Expanded carrier screening elected
o Concordant GJB2 carriers

o TOP

Transfer 1



• Pursued clinical PGT-M for GJB2 with PGT lab
• Also sent DNA from cycle 1 biopsies to research lab

• Underwent a second cycle to generate additional embryos
• 2 additional euploid, unaffected male embryos identified

Cycle 2: PGT-A + PGT-M



Research vs Clinical PGT-M Results: Cycle 1



Second Cycle Results

Presenter Notes
Presentation Notes
Confirm with Meghan which was transferred?



• Euploid carrier male transferred
• Healthy baby born!

Transfer 2



Polygenic risk scoring is not designed to take rare variants into account
• Did not address GJB2 carrier status
• Did not address de novo Noonan
• If pursuing PGT-P, ask lab 

No test (PGT-A, PGT-M, PGT-P, morphology) is a panacea

Take Home Points



When poll is active respond at PollEv.com​/rawanawwad330
Send rawanawwad330 to 22333

POLL - Case 2 

1. Would your clinic permit a patient to pursue PRS for their embryos?
2. Would your clinic permit a patient to transfer a low PRS, lower grade 

embryo over a high PRS, higher grade embryo?

A. Yes
B. No

https://pollev.com/rawanawwad330


Case 3 - Duty to Inform in Third Party Reproduction

Donor reports 
recent Dx of anxiety 
+ ADHD @ 27 

Egg bank notifies 
clinics + recipients

Outcomes: 
● Several healthy births and 

euploid frozen embryos.
● Mild delays for 2 children.

1 baby with overgrowth, delays
Molecular testing confirms 
Beck Fahrner Syndrome (BFS)



Beck Fahrner Syndrome (BFS) 
Clinical Features:

● AD with variable expressivity
● ID / Developmental delay
● Epilepsy
● Neurobehavioral features: autism, 

anxiety, and ADHD 
● Refractive errors
● Hearing loss
● Growth abnormalities, mostly 

macrocephaly and overgrowth 

Molecular Analysis:

● TET3 gene testing 
● Methylation signal analysis



Affected Donor-Conceived Child 

➢Positive variant in TET3, classified as VUS
➢Positive methylation signal
➢Recipient did not reach out to bank because “donor’s history 

is negative for BFS features”



Case Investigation 

➢ Donor’s mother: previously reported history of anxiety 
➢No other personal or family history of any BFS features
➢ Donor tested positive for:

○ same VUS as affected child
○ positive TET3 methylation signal

➢Notifications resulted in multiple child evaluations and PGT-M 
requests



Points to Consider
● Duty to inform

○ Recipients sign agreement with bank to report medical 
updates. 

○ What obligation does a pediatric/fertility/genetics clinic have 
to inform a gamete bank?

○ What obligations do testing labs have to inform banks? 
Example: duo whole genome sequencing on donor-conceived 
embryos without donor sample. 



Poll

● Should clinics handling donor-conceived 
pregnancies/offspring be mandated to report findings 
with increased recurrence risk to biological relatives to 
the gamete bank?

A. Yes
B. No
C. I don’t know

When poll is active respond at PollEv.com​/rawanawwad330
Send rawanawwad330 to 22333

https://pollev.com/rawanawwad330


Take Home Points

● Encourage your patient to share medical updates with the 
gamete bank.

● Official guidelines are needed to address nuances of medical 
update management in third party reproduction.



Q&A
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