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Genetic Counseling
common referral indications

• abnormal prenatal testing (ultrasound, serum screening) 
• pediatric undiagnosed disease 
• adult undiagnosed disease 
• family history of early onset cancer 
• family history of known genetic disorder

often includes a discussion of available genetic testing options and the 
impact of possible results
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HudsonAlpha Research 
Genomic Diagnoses for Children with Developmental Delay

Plan to analyze ~400 families over next four years

Goals:
1. Utilize new testing technologies to 

discover genomic causes for pediatric 
neurological disorders

2. Determine the impact of genomic 
results on patients and their families 

Sequencing of “Trios”
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Affected child



• identifies variation across the genome

clinical genomic testing

• wide range of possible results

• many variants cannot be understood

related to symptoms

unrelated to symptoms



Interpretation of findings
genome sequencing generates massive amounts of data

420 terabytes of data generated each year by 
HudsonAlpha sequencers 

• equivalent to 5 million four-drawer filing 
cabinets filled with text

• 840 million songs 
• 20 iTunes stores 
• and 14,500x english wikipedia



Genomic and Personalized Medicine, Vol 1 (2nd edition). Ginsburg G. & Willard H (eds). Elsevier 2013
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• what is a genome 
• how genome sequencing is different from other tests 
• types of results 
• likelihood of getting a result 
• risks and benefits 
• logistics

pre-test genetic counseling

Informed Consent: process by which the treating health care 
provider discloses appropriate information to a competent patient so 
that the patient may make a voluntary choice to accept or refuse 
treatment. (Appelbaum, 2007)



genetic testing technologies

level of coverage

re
so

lu
tio

n

Karyotype

Microarray

Single 
Mutation 
Analysis

Whole 
Genome

Single 
Gene 

Gene 
Panel

Whole 
Exome

Sequence-based analysis
Panel of 
common 
mutations



primary

lab or research protocol determines scope of results willing to be 
returned. patients/participants typically able to opt-out to receiving results

types of results

secondary

disease risk 
• childhood versus adult onset 
• medically actionable versus non

carrier status

pharmacogenomics

related to symptoms or reason for testing



data from first 109 families

likelihood of getting a result
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Likelihood of a meaningful secondary finding



1 Benign (not disease causing)

2 Likely benign

3 Variant of Uncertain Significance

4 Likely pathogenic

5 Pathogenic (disease causing)

variants are not all created equal

most DNA changes have 
little or no clinical impact

depending on what a lab is willing to return, the likelihood of getting a VUS can be high



Risks

• blood draw risks 
• psychosocial concerns 
• genetic discrimination 
• identification, loss of privacy 
• inaccurate interpretation

Benefits

• contribution to science 
• information about cause of 

condition 
• reproductive decision making 
• possible management/treatment 

changes 
• secondary findings



“we have no family history, so 
it can’t be genetic”
“finally a test that will answer 
for once and for all whether 
this is genetic”

“every other test has been 
negative, we know this one 
will be too”

“if we identify the reason, then 
we will know how to treat it”

Misconceptions abound
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Stories from the front lines



developmental delay, 
speech delay, 
seizures, autism

Jessi

negative fragile X 
syndrome testing

no family history



MBD$–$methyl$binding$domain$
TRD$–$transcrip9onal$repressor$domain$

NLS$–$nuclear$localiza9on$signal$
chrX:153298014$C>G$

a.a.$R9fs24X$

Jessi has a de novo pathogenic variant in MECP2 that 
leads to atypical Rett syndrome



caused by mutations in the MECP2 gene on the X 
chromosome 
progressive, neuro-degenerative disorder in 1/10,000 
females 
• develop typically for first 6 months 
• loose skills previously acquired 
• problems with movement, coordination and muscle 
control 

•seizures and intellectual disability 
typically lethal in males 
often no family history, >99% of mutations are sporadic

Rett syndrome



• review what the test looked for 
• discuss what was found (or not found) 
• impact on diagnosis, prognosis, treatment, recurrence 

risk 
• who to share information with 
• assess psychosocial issues 
• support community and other resources 
• whats next

posttest genetic counseling



sometimes a definite diagnosis still 
does not give all the answers…

atypical presentation of well known disorders
atypical Rett syndrome
unclear prognosis, 
recurrence risk



developmental delay 
seizures

Brandon and Beth

negative karyotype and 
Prader-Willi/Angelman 
syndrome testing

no family history
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Brandon and Beth inherited 
variants in PCNXL2 from their 
parents that are of uncertain 

significance

• Both variants appear to be detrimental to gene function

• Very little is known about the function of PCNXL2

• One report in the literature suggests that PCNXL2 
functions in the nervous system (model organism study)

Will future studies inform to the pathogenicity of these variants? 
Do they contribute to DD/ID?  



handling the inevitable VUS

VUS = “variant of uncertain significance”

Laboratory did not have enough data to determine whether variant is benign or 
pathogenic.

Clinically, should be treated like an uninformative result. Management dictated by 
personal and family history.

• request re-interpretation of the variant periodically by the testing laboratory 
• some, but not all, clinical labs routinely try to reclassify VUS’s and automatically update 

reports

burden of re-analysis and re-interpretation by research laboratories?



developmental delay, speech 
delay, hypotonia, mild 
ventriculomegaly

Alaina

negative microarray analysis, 
Rett syndrome and Prader-
Willi/Angelman syndrome 
testing

no family history

negative exome sequencing



in patients with a suspected genetic condition

no diagnosis



negative: 
“does this mean it is 
environmental?”

VUS:  
“but genetic mutations have 
to be bad”

positive:  
“can’t you just go in and fix 
the mutation?”

Misconceptions abound



Stories from the front lines
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• Cystic Fibrosis carrier (6) 
• Long QT syndrome (3) 
• Sickle Cell carrier (2) 
• Tay-Sachs carrier (2) 
• Wilson disease carrier* (2)  
• Malignant Hyperthermia (2) 
• Lynch syndrome (2) 
• Hereditary Breast Cancer 
• Marfan syndrome 
• Oculocutaneous Albinism 
• Carnitine Deficiency

genetic analysis of 242 CSER 
project parents



Hereditary Non Polyposis Colorectal Cancer Genereviews [Internet]

also increased risks of hepatobiliary tract, urinary tract, small bowel, brain and 
sebaceous neoplasms
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caused by mutations in: 
MLH1 
MSH2 
MSH6 
PMS2
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negative:  
"whew, glad to know I don’t 
have any genetic risk factors”

Misconceptions abound

“ok, tell me how I am going to 
die”

no secondary findings does NOT mean “no risk” or “not at increased risk “



Genetic 
Counseling

Genomic 
Counseling

description of testing
types of results and likelihood

VUSs
secondary findings*
expectation setting
cost/access issues
benefits/limitations
potential impacts

misconception probing
pyschosocial counseling
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