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Introduction to DNA
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Overview of DNA

Chromosomes

Humans have 23 pairs of chromosomes

Structure of a Chromosome
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Genes




~25,000 genes in the human DNA
If DNA is an instruction book, genes are like
paragraphs

Introns and Exons

• Exons are parts of the DNA that become protein
• Introns do not become protein

DNA to Protein

• Exons in the DNA are used as a template to make RNA
• RNA then codes for protein
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The Amino Acid Code

Mutations


What types of mutations are out there?

Mutations
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Types of Genetic Mutations









Wild Type:
Missense:
Nonsense:
Frameshift:
Insertion:
Deletion:
Duplication:
Trinucleotide Repeat:

Metabolics is awesome
Metabolics is bwesome
Metabolics is aw
Meabolicsi sa wesome
Metabolics is and awesome
Metabolics awesome
Metabolics is is awesome
Metabolics is is is is is is
awesome

Molecular Genetic Report Nomenclature
Governed by the Human Genetic Variation
Society
c. = coding DNA sequence
p. = protein sequence
 Example of how to write a common
MCADD mutation


◦
◦

c.985A>G: adenine has been changed to
guanine at nucleotide position 985 in ACADM
(the gene for MCAD)
p.lys304glu: the amino acid lysine has been
changed to glutamate at residue 304 in the
protein

Interpretation of Molecular Results


Known Pathogenic
◦ Previously reported change in a known disease
causing gene that has been determined to affect
the function of the gene



Variant of Unknown Significance (VUS)
◦ Either a change in a known disease causing gene
that has not been previously reported in the
literature
◦ Or a change in a novel gene, the function of
which has not yet been determined



Negative
◦ No pathogenic genetic variants were identified
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What do you do with a VUS?


Use various methods to try and determine
its pathogenicity
◦ Does the variant alter the amino acid sequence in
the protein?
◦ What is the frequency of this variant in the
general population? (ExAC database, dbSNP)
◦ Is this variant evolutionarily conserved across
species?
◦ Use in silico algorithms to hypothesize if the
variant is damaging to the protein structure or
function. Does it affect splicing?
◦ Pursue parental/family studies/de novo vs familial
◦ Pursue functional studies when possible

Types of Genetic Testing


What types of genetic testing are out
there?

Types of Genetic Testing

Whole genome sequencing
Whole exome sequencing
Single gene sequencing/ Panel testing (multi-gene)
Microarray
Chromosomal analysis
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Chromosomal Analysis
• Seen by the naked
eye under a
microscope
• Detects aneuploidy
• Detects large
deletions and
duplication
• Detects large
rearrangements
• Fast turn around
time: 5-10 days

FISH
Light probes
Detects certain
anneuploidy
 Detects certain
duplications, deletions,
rearrangements
 Fast turn around time: ~4
days
 But you have to know
what you’re looking for!





Microarray








First line testing for
intellectual disability
Detects deletions and
duplications smaller than a
naked eye can detect
2 – 4 weeks
Cannot detect balanced
translocations,
rearrangements or small
scale deletions and
duplications in a gene
Secondary findings:
consanguinity, non-paternity,
etc.
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Single Gene
Sequencing and deletion/duplication
 Turn around time: 3-5 weeks
 Less of a chance of a VUS
 Cost effective, but have to know what
gene you want to look at!



Panel Testing
Sequencing and deletion/duplication
Can test for hundreds of genes/conditions
at once
 Much higher chances of a VUS where
interpreting results may be difficult
 3 -6 weeks





SNP variant testing


Testing for a specific mutation



Try to send to the same lab for
consistency

◦ Known family member with mutation

◦ Different labs may classify variants differently
◦ Send control sample if sending to a different
lab


Often times faster and cheaper
◦ Many labs offer discounts for familial testing
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Whole Exome Sequencing


Covers all genes known
◦ ONLY the coding region
◦ ~1 – 2% of our DNA but ~85% of known genetic
diseases

1-3 months
Very, very expensive!
Does not detect deletions or duplications
Low coverage compared with single
gene/panel testing
 Secondary findings: consanguinity, nonpaternity, etc.





Onward to the future!


Whole Genome Sequencing…?

Inheritance Patterns
The mode in which a trait is passed down
in a family
 May be apparent from the pedigree (but
not always)
 Important for recurrence risk estimates
for future pregnancies
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Inheritance patterns?


What types of inheritance patterns are
there?

A Quick Review on Pedigrees

Male

Female

Gender Unknown

Common Inheritance Patterns

Autosomal Recessive

Mitochondrial

X-Linked Recessive

Autosomal Dominant
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Autosomal Dominant Inheritance
Will often seen many people affected in a
family
 Can arise ‘de novo’ from new
 Causes: Gain of function, loss of function,
haploinsufficiency
 Test: Important to test those affected and
first degree relatives
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Autosomal Recessive Inheritance
Will often see little/no family history
 Those who only carry 1 mutation are
called carriers



◦ Not all carriers are asymptomatic

Most of the time passed down
Causes: mostly loss of function
 Test: Important to test parents to
understand is mutations are in cis or
trans



X-linked Inheritance



Can see men in the family affected
Can arise ‘de novo’ from new or passed
down
◦ Higher de novo rate if the condition impairs
reproduction

Causes: Gain of function, loss of function
 Test: Important to test men and women
 Not all women are unaffected!
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Not All Heterozygous Women are
Unaffected!

Other modes of inheritance
Mitochondrial
Gonadal mosaicism
 Methylation/Imprinting





◦ Prader Willi
◦ Angelman
◦ Russell Silver

Examples of Genetic Conditions


What are some endocrine related genetic
conditions?
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Turner Syndrome


Genetic condition caused by 45 X0
◦ Rarely caused by a partial deletion of X
chromosome

Increased chance as maternal age increases
1 in 2,500 newborn girls
 Mostly not inherited
 Genetic testing:
FISH or Chromosome
Analysis



SRY gene
One of many genes involved in sex determination
(SOX9 etc.)
 SRY gene codes for the Sex-Determining Region Y
protein


◦ Located on the Y chromosome and is needed for
development of testes
◦ If the SRY gene is translocated onto the X chromosome,
someone who has 46XX will have testes and a penis



Can detect with chromosomal microarray or FISH
If a mutation in the SRY gene causes it to not work,
can cause Swyer syndrome (15%)
◦ 46 XY with uterus and fallopian tubes with streak gonads
◦ Sequencing and del/dup

Noonan


Similar phenotypes to Turner Syndrome
◦ Short stature, broad/webbed neck, widely set nipples,
etc.



Genetic condition caused by mutations in the
PTPN11(50%), SOS1 (~13%), RAF1(5%), and
RIT1(5%), KRAS (<5%), NRAS, BRAF and MAP2K1
(all less than 1%)
◦ Panel testing is best (sequencing is great, rarely need
del/dup)
◦ ~15-20% of genetic causes are unknown



Autosomal dominant inheritance



Occurs in 1 in 1000 - 2500

◦ Some passed down (30-75%), some de novo
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Congenital Adrenal Hyperplasia


21-hydroxylase deficiency (21-OHD) is the most
common cause of congenital adrenal hyperplasia
◦ Classic form with severe enzyme deficiency and prenatal
onset of virilization
 25% simple virilizing form and 75% salt wasting form

◦ Non-classic form milder enzyme deficiency and post natal
onset


CYP21A2 single gene or panel testing



Autosomal recessive

◦ Sequencing (70 - 80%) and del/dup (20 - 30%)
◦ ~1% de novo rate
◦ Important to see if parents have the non-classic form


Classic form is estimated to be 1 in 15,000, with nonclassic being 1 in 1000

Crossing over in Meiosis
CYP21A2 is located close to a pseudogene,
COP21A1P
 In a region where there are other repeated
genes in tandem
 Causes uneven crossing over and mutations


Multiple Endocrine Neoplasia


Multiple Endocrine Neoplasia (MEN) type 1
◦ MEN1 gene
 Sequencing, del/dup, and intronic sequencing (9%)

◦ Autosomal dominant, 10% de novo
◦ 2 Hit Hypothesis


Multiple Endocrine Neoplasia (MEN) type 2
◦ RET gene
◦ MEN 2A and MEN 2B
◦ Autosomal dominant (5% de novo with MEN 2A and 50% in MEN 2B,
with majority being parental)
◦ ~95% of MEN 2B have the mutations p.Met918Thr or p.Ala883Phe



Multiple Endocrine Neoplasia (MEN) type 4
◦ CDKN1B gene
◦ Autosomal dominant, some de novo
◦ Very rare (less than 1 in a million)
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2 Hit Hypothesis

Ethics and Genetics


What are some things to be aware of
when it comes to genetic testing?

Ethical Considerations
Confidentiality
Autonomy
 Respect
 Equal access to testing
 Duty to Warn
 Duty to Re-contact
 Right not to know/incidental findings/testing
of minors for adult onset conditions
 Genetic information affects the entire family.
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Direct-to-Consumer Testing
Many companies are offering direct to
consumer genetic testing
 Do not need a doctor to order
 Benefits



◦
◦
◦
◦
◦

Easier access
More convenient
Reports can be easier to understand
Possibly cheaper
Ancestry info

Direct-to-Consumer Testing


Downsides
◦ Reliability issues
 40% false positive rate
 Gave results on water and dog DNA
 Not CLIA certified

◦ No health care professional to analyze testing
results
◦ Most people have a poor understanding of
genetics and risk
◦ Lack of privacy and information control

How are Genetic Test Results
Different than other Types of Lab
Results?


Informed consent is crucial so families can
understand testing implications:
◦ Information about other family members/ carrier status
for individuals who didn’t agree to testing
◦ Can reveal non-paternity
◦ Reveal who may be at risk for a serious health condition
◦ Open up the possibility of discrimination (See GINA)
◦ Consanguinity
◦ Incidental findings
◦ Negative result may be due to current technological
limitations, their condition may still be genetic
◦ Implications of the results can change as new
knowledge in genetics is gained
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Genetic Discrimination and GINA

Genetic Discrimination
GINA – Genetic Information NonDiscrimination Act of 2008
 Prohibits health insurers or health plan
administrators from requesting or requiring
genetic information of an individual or the
individual’s family members, or using it for
decisions regarding coverage, rates, or
preexisting conditions.
 Prohibits most employers from using
genetic information for hiring, firing, or
promotion decisions, and for any
decisions regarding terms of employment.


Genetic Discrimination Cont.


GINA Does Not:
◦ Extend to life insurance, disability
insurance and long-term care insurance.
◦ Mandate coverage for a specific test or
treatment
◦ Apply to the military
◦ Apply to employers with fewer than 15
employees
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Future of Genetic Testing
Cheaper testing and more accessible
testing
 Rise of commercial genetic testing
 More and more information
 Lack of medical professionals educated
about genetics



◦ Underserved and rural areas
◦ Telegenetics as a solution?


Where do we go on from here?

Helpful Resources
1)

Genetics Home Reference

2)

GeneReviews

3)

Online Mendelian Inheritance in Man

4)

National Organization for Rare Diseases

5)

Genetic Alliance

6)

ClinVar

7)

Ask a Genetic Counselor!

https://ghr.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/books/NBK1116/
www.omim.org
https://www.rarediseases.org/
www.geneticalliance.org/
https://www.ncbi.nlm.nih.gov/clinvar/

Questions?
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