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Rare Disease
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• Definition:  affects less than 200,000 persons in the U.S.

• Over 7,000 rare diseases

• 25-30 million Americans living with a rare disease

• 80% of rare diseases have a genetic cause

• Roughly 70% of rare disease are pediatric onset

• The average time from symptom onset to diagnosis is 5 years

JAMA Pediatr. 2020 September 01; 174(9): 821–822
https://rarediseases.info.nih.gov/diseases/pages/31/faqs-about-rare-diseases
https://www.nature.com/articles/s41431-019-0508-0
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What is an “actionable” diagnosis?

Sponsored by Ultragenyx

Diagnosis

End of a 
Diagnostic 
Odyssey

Natural 
history/prognosis

Precision therapy
Connecting with 

other families
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The 2019 US medical genetics workforce

Endangered Species

Genetics in Medicine (2021) 23:1458 – 1464
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Testing Progress
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Hindawi Publishing Corporation BioMed Research International Volume 2015, Article ID 461524, 7 pages http://dx.doi.org/10.1155/2015/461524
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Short Read Sequencing/exome sequencing/genome sequencing
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Sample 
Processing

Sequencing Data 
Analysis/Bioinformatics





Fragment DNA into smaller pieces – then sequence each small piece simultaneously (massive parallel sequencing)











Genetic Variation
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Aneuploidy

Sponsored by Ultragenyx https://rarediseases.info.nih.gov/GlossaryDescription/19/0

Aneuploidy: 

number of chromosomes 
NOT equal to 46
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Copy Number Variants
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https://media.springernature.com/m312/springer-static/image/art%3A10.1038%2Fs10038-020-00838-1/MediaObjects/10038_2020_838_Fig1_HTML.png?as=webp

Copy Number Variant:

duplications or deletions 
greater than 1000 nucleotides 
(1kb)
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Indel
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https://www.cshl.edu/a-shift-in-the-code-new-method-reveals-hidden-genetic-landscape/

Indel:

insertion/deletion 
smaller than 1kb
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Single Nucleotide Variant
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https://www.garvan.org.au/research/kinghorn-centre-for-clinical-genomics/learn-about-genomics/dna-base/collection1/small-variants
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Repeat expansion disorders:
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More than 40 diseases, most of which primarily affect the nervous system, are caused by 

expansions of simple sequence repeats dispersed throughout the human genome.  

Difficult to detect on exome and genome.



Fragile X Huntington Disease Myotonic distrophy
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Mitochondrial DNA

Maternal inheritance



Exomes and Genomes
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Genome = 3 
billion bases

Sequence only 
bases that code 

for protein

Exome = 30 
million (1%) 

bases

Genomes and Exomes
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The exons are separated by DNA of unclear function
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• Whole genome sequencing:  file size of 150GB

• Whole exome sequencing:  file size of 6-8GB

• Cost of whole genome in 2001:  $92,000,000

• Cost of whole genome today:  $700

Genomes and Exomes







Newborn Screening
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https://guardian-study.org/
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RESULTS: FIRST 7,700

ENROLLMENT

TYPE OF CONSENT

ANCESTRY

GROUP 2 CONSENT

75%

61%

Remote In person

3.5%

96.5%

0% 5% 10% 15% 20% 25% 30%

Hawaiian/Pacific Islander

American Indian / Alaska Native

Decline or prefer not to answer

Mixed race (multiple selections)

Unknown

Black, non-Hispanic

Asian

Hispanic

White/non-Hispanic

Overall English Spanish Mandarin

Groups 

1 + 2

92% 

(7100)

93.2%

(6024)

83.6% 

(754)

92.2% 

(249)

Group1 

only

8% 

(612)

6.8% 

(442)

16.4% 

(148)

7.8% 

(21)



Confidential and Proprietary. Do Not Distribute.

Data presented at ACMG 2023
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Group 1
Group 2

X

Group 2

Group 2

X
Group 2
X

Group 2 – HNRNPH2 and HNRNPU
X
X

X

X

X

Group 2
X

X

X

Group 1

Group 1 – ATP6V1B

X

X
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Cohort Building
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Cohort Building
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Gay Grossman
Patient Advocacy and Engagement Lead
 ggrossman@genedx.com
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Future Technology



Confidential and Proprietary. Do Not Distribute.

Long Read  Sequencing 
Projects at GeneDx
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Mantere T, Kersten S and Hoischen A (2019) Long-Read Sequencing Emerging in Medical Genetics. Front. Genet. 10:426. doi: 10.3389/fgene.2019.00426

Long Read Sequencing
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Thank You
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