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Educational Objectives

• Identify the characteristics of a patient’s medical condition that 
may raise concerns for a possible genetic disease

• Outline what a PA can do to help streamline and enhance the 
efficacy of a genetics referral 

• Encourage ‘thinking genetics’ when you might not have done 
before



M
  G
    C

4Landmarks in genetics and genomics U C A G  G A  T  C  US National Research 
Phe 

U International NucleotideTyr Cys
Ser Council issues report onU Leu stop stop A

C 
Sequence Database 

stop Trp Mapping and Sequencing theG 
Consortium formedU Human GenomeLeu Pro His Arg C 

5' 3'C Gln A HumanG 
5'U 

Thr 
Asn Serlle STS Markers

A Met Lys Arg A 
G 

C 

DevelopmentMuscular-dystrophy
New strands Sequence-tagged GenomeUAsp of yeast artificialgene identifiedG Val Ala Gly C sites (STS) mapping

Glu A chromosome (YAC)by positional cloningG concept establishedcloning ProjectArchibald Garrod 
formulates Alfred Henry Oswald Avery, Colin MacLeod James Watson and Stanley Cohen and Frederick Sanger, First public 

Desired 
fragment 
strands

discussionthe concept Sturtevant and Maclyn McCarty Francis Crick Marshall Nirenberg, Herbert Boyer The Belmont Report Allan Maxam 
of sequencing First automated First-generation Cystic-fibrosis 

discovers Rediscovery of inborn errors the first linear is the double-helical Robert Holley determine recombinant human subjects develop DNA-sequencing database Huntington’s disease — is mapped the human 
Gregor Mendel of human makes demonstrate that DNA describe the Har Gobind Khorana and develop on the use of  and Walter Gilbert GenBank First human disease gene — for 

The polymerase DNA-sequencing instrument human genetic Human Genome gene identified by 
laws of genetics Mendel’s work of metabolism map of genes hereditary material structure of DNA the genetic code DNA technology in research is issued  methods established with DNA markers genome chain reaction (PCR) is invented developed map developed Organization (HUGO) formed  positional cloning 

1865 1900 1905 1913 1944 1953 1966 1972 1974 1977 1982 1983 1984 1985 1986 1987 1988 1989 1990 2003 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 
The Human Genome Project First US genome The HGP’s human genetic The HGP’s human physical First human gene map established The DOE forms the Incorporation of 30,000 Full-scale human genome Draft version of Draft version of human Draft version of mouse genome Finished(HGP) launched in centres established mapping goal achieved mapping goal achieved Joint Genome Institute genes into human genome map sequencing begins human genome genome sequence published sequence completed and published 

the United States sequence completed version of
New five-year plan Pilot projects for 

New five-year plan for thefor the HGP in the human genome
Genetic Map

20 30 30 20 25 cM HGP in the United States published humanUnited States published sequencing begin US President Bill Clinton and 
Cytogenetic Map Second-generation in the United States  US National Center UK Prime Minister Tony Blair genomehuman genetic map developed for Human Genome Research becomes support free access toPhysical Map 

25 50 75 100 125 150 Mb the National Human Genome Research genome information sequence
…GATCTGCTA 
TACTACCGC Institute (NHGRI) 
ATTATTCCG…  completed

RH Map Clone-Based Sequence Map
 STS Map First archaeal Fruitfly (Drosophila melanogaster) 

genome sequenced genome sequenced 

Draft version of rice genomeFirst bacterial genome The HGP ends withEthical, legal and social Escherichia coli Sequence of first human sequence completed and published(Haemophilus influenzae) sequenced all goals achievedimplications (ELSI) programmes genome sequenced RIKEN Genomic Sciences chromosome
Yeast (Saccharomyces cerevisiae)founded at the US National Center established in Japan (chromosome 22)

genome sequencedInstitutes of Health (NIH) completed 
and Department of Energy (DOE) 

Roundworm (Caenorhabditis elegans) Mustard cress 
Rapid-data-release genome sequenced (Arabidopsis thaliana)

guidelines established genome sequencedThe Sanger Centre founded 10,000 full-lengthby the NIH and DOE US Equal Employment 
near Cambridge, UK, human cDNAs sequencedOpportunity Commission

(later renamed the Wellcome issues policy
Trust Sanger Institute)  on genetic discrimination 

Draft version ofin the workplace ammalian 
The HGP’s mouse genetic Genoscope (French 

M rat genome sequence completed 
To  beGene 

mapping goal achieved National Genome continued...CollectionSequencing Center) founded 
near Paris Single-nucleotide polymorphism 

(SNP) initiative beginsFirst gene for 
breast cancer 

(BRCA1) mapped GTGCT 
GTCCT

 Bermuda principles for Executive order bans genetic 
rapid and open data release established Chinese National Human Genome Centers discrimination in US federal workplace

established in Beijing and Shanghai 

PEAS COURTESY J. BLAMIRE, CITY UNIV. NEW YORK; WATSON & CRICK COURTESY A. BARRINGTON BROWN/SPL; SCIENCE COVERS COURTESY AAAS 

0 BC PR • o,ou 1J.T33.? n.e 

+-+-o-----+---+ 
I~ ' I "-. '\. \ I 

"-i The Wellcome Trust ,, ' 

0 -----
!!!!! --

-- -
++- ---+ -+-t--.--+------+++j/ 

https://www.genome.gov/sites/default/files/media/files/2020-09/HGP_Timeline.pdf https://www.nytimes.com/interactive/2018/11/16/magazine/tech-design-medicine-phenome.html 11/16/2018

https://www.genome.gov/sites/default/files/media/files/2020-09/HGP_Timeline.pdf
https://www.nytimes.com/interactive/2018/11/16/magazine/tech-design-medicine-phenome.html%2011/16/2018


What are the challenges of implementation 
into clinical practice?  

1. Increase the relative priority of integrating genomics within the health 
system EHR

2. Strengthen clinicians’ knowledge and beliefs about genomic medicine
3. Engage patients in the genomic medicine projects 

Sperber NR, 2017



Role of primary 
health care team

PCPs have a key role in identifying 
patients and families who may 
benefit from being referred for a 
genetic evaluation

PCPs are involved with managing, 
caring, and supporting families at 
risk for genetic conditions 



When to “think 
genetic”? 

• Multi-system involvement or 
multiple anomalies 
• Unconnected symptoms 
• Progressive course or 

abnormal development 
• Unexplained neurocognitive 

impairment
• Dysmorphic features
• Family history suggestive of 

hereditary disease 



HPI PEARLS



• Prenatal and neonatal history
• Fetal movements
• Polyhydramnios or oligohydramnios 
• Breech presentation or failure to progress
• Abnormal position to the hands/ feet, frog-

leg position, dislocated hips, scoliosis
• Respiratory and/ or feeding difficulties at 

birth 

Birth history



Family history

• Consanguinity and ethnicity – ask 
EVERYONE!
• Death at an early age/ unknown reason
• Remote family members with similar 

symptoms
• Multiple miscarriages
• Anything weird 

https://www.genome.gov/genetics-glossary/Pedigree



Early 
developmental 

milestones
• Don’t believe 

“normal”
• Regression or 

plateau

Age of symptom 
onset

• Neonatal
• Congenital 
• Childhood 
• Adolescent 
• Adult 

Progression of 
symptoms

• Progressive, 
static, 
improving

• Acute vs. 
chronic

Other systemic 
involvement

• Cardiovascular
• Hepatomegaly 
• Skeletal 

anomalies
• Arthrogryposis  



PHYSICAL EXAM



• Distinctive facial features
• Ear shape and position
• Eye spacing
• Body proportions and symmetry
• Spine or sacral anomalies
• Limbs/ digits 
• Palmar creases 

Dysmorphic features



May involve taking measurements: height, weight, and head 
circumference – even in adults! 

Note any change in findings over time 

Depending on patient, specialized exam (neurological exam) 
may be performed



Angulo MA, 2015. 



https://neuromuscular.wustl.edu/musdist/pe-eom.html



Li, Y, 2011. 



Bonnemann, CG, 2014. 



Bodenseiner, JB, 2008. 



Clayton-Smith, J, 2008. 



Labs To Consider
• General investigation: CBC, CMP, vitamin D
• Low tone or weakness

• Creatine Kinase (CK or CPK)
• Thyroid function
• Acute onset consider: toxins (heavy metals, drugs, botulism), infections (CBC, 

ESR)
• Metabolic

• Lactate/ pyruvate, plasma amino acids, acylcarnitine profile, free/ total 
carnitine, urine organic acids 

• Pain
• CBC/ ferritin, CMP, Mg/ Phos

• Other 
• Fasting blood glucose, hemoglobin A1C, vitamin E/ B12



Case #1

Chief complaint: “Need note for school PE, walking funny” 



History

• 10 yo boy with history of hypertrophic cardiomyopathy referred for 
gait disturbance
• Normal developmental history except mild speech delay 
• Started walking “funny” starting 2 years ago 
• Appears clumsy
• Younger siblings outrunning him 
• Slurred speech 



Work up 
• Exam findings

• +Dysarthria
• Incoordinated limb movements
• LE: Muscle atrophy and weakness
• Bilateral ankle contractures and scoliosis 
• Sensory: Decreased vibration
• Reflexes: 1+ in UE, absent in LE
• Cerebellum: +Dysmetria (FTN), slow RAM, +nystagmus
• Gait: Severely ataxic, difficulty with tandem and balance
• +Romberg 

• Labs: 
• Normal CBC, CMP, CK, TSH/ free T4, metabolic studies

• Prior genetic testing
• Invitae hypertrophic cardiomyopathy panel – negative 



Friedreich’s Ataxia

• Common form of inherited ataxia
•  Autosomal recessive
• Affects approximately 1:40,000 live 

births with mean age of onset at 16 
years
• Neurodegenerative disorder caused by 

mutations in frataxin (FTX) gene 
• Primary involvement include CNS, 

spinal cord/ peripheral nerves, and 
heart 

https://www.amboss.com/us/knowledge/friedreich-ataxia



Case #2

Chief complaint: “Falling a lot” 



History

• 5 yo boy referred for progressive muscle weakness x 9-10 months 
• Normal development except mild toe-walking 
• Seems slower compared to peer group
• Frequent falling, fatigue 
• Difficulty with climbing stairs



Work up 

• Exam findings
• Calf pseudohypertrophy, bilateral ankle contractures 
• Proximal muscle weakness 
• Waddling/ Trendelenburg gait and toe-walking
• Difficulty walking up > down stairs 
• +Gowers Sign

• Labs
• Elevated CK level = 30,000 (normal < 120) 
• AST and ALT elevated in 300’s 

• Pediatrician referred to gastroenterology
• Normal hepatology work up, including liver biopsy
• GI sent patient for neuromuscular evaluation



• Given history, physical exam findings, and CK elevation – 
immediately sent for genetic testing
• Patient was found to have deletion of exons 48-50 (out of frame 

mutation) in the dystrophin gene

https://www.exonskipping.nl/reading-frame/



Duchenne Muscular Dystrophy
• X-linked recessive 
• 1:5000 live male births – most 

common form of muscular 
dystrophy
• Common symptoms:

• Progressive proximal weakness, 
calf pseudohypertrophy, scoliosis,  
respiratory muscle weakness, 
cardiomyopathy

• Standards of care 
• FDA approved disease modifying 

therapies 

https://www.amboss.com/us/knowledge/progressive-muscular-dystrophies



https://takeonduchenne.eu/what-is-duchenne-muscular-dystrophy/



Dystrophin restoration: Exon-skipping

https://www.mda.org/sites/default/files/2022/06/meded/Whats%20New%20in%20DMD_FINAL_052422_0.pdf



When do I refer to genetics?

• Acute referral to clinic vs ER 

• Non-urgent referrals

• Facilitate the referral – don’t 
rely on the system!!!

• In the meantime….



https://rarekc.org/about/what-is-rare/



Multidisciplinary Care

Newsome SD, 2016. 
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Thank you!

Questions? 


