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Heritable Birth Defects

Single Gene Defects
Chromosomal Abnormalities
Multifactorial Disorders
Non-classical Disorders
Cancer Genetics



Genetic Disorders

 Single Gene (~10,000 disorders)
– Autosomal Dominant (~5,000)
– Autosomal Recessive (~4,500)
– X linked (~500)

 Chromosomal (~500)

 Multifactorial (~70% of morbidity & mortality)



GENETIC TESTING

What is it?
How is it done?



Types of Genetic Tests

• Biochemical
• Cytogenetic
• Molecular



Biochemical Testing/
Inborn Errors of Metabolism

Testing is performed by looking for
− Accumulation of substrate behind the block
− Abnormal quantity of the enzyme which catalyzes 

the process
− Deficiency of the chemical reaction product
− Presence of other abnormal chemicals



Cytogenetics Testing

46, XY male karyotype



Chromosomal Abnormalities

• Numerical abnormalities:
Change in normal number of chromosomes (e.g., 
Down syndrome)

• Structural abnormalities:
Involves chromosome breakage
(i.e., deletion-duplication-inversion-translocation)



http://medgen.genetics.utah.edu/index.html



Fluorescent In Situ Hybridization (FISH)

• Involves hybridizing a fluorescently labeled probe to 
DNA

• Uses known genetic sequences as probes
• Rapidly identifies chromosomal abnormalities
• Identifies unknown chromosomal marker material
• Developed in the 1990s and still used today in 

cancer cytogenetic testing





Disorders Diagnosable with FISH

Williams Syndrome del(7)(q11.23)
Prader-Willi/Angelman del(15)(q12)
Miller-Dieker Syndrome del(17)(p13.3)
CMT Type 1A dup(17)(p12)
Smith-Magenis Sx. del(17)(p11.2)
DiGeorge Syndrome del(22)(q11.2)



Spectral Color Karyotype



Human X and Y Chromosomes



The DNA 
molecule is 
one meter in 
length in each 
human cell.

DNA from a single chromosome.







DNA TESTING

Direct Method of DNA Testing
−Direct DNA testing involves identifying 

abnormalities within a specific gene
−Can be performed on cells from a variety of 

tissues   
−Using PCR, it requires very little tissue



TYPES OF GENETIC TESTING

• Carrier Identification
• Prenatal Diagnosis
• Newborn Screening
• Late-onset Disorders
• Identification



Sequencing



TA G GT C TG G G GC TC CGG G GT A GC T GT G CGG TC TCTCTC CGG GA C CC CT G CC CT C

TA G GT C TG G G GC TC CGG G G TA GC TGT G CGG TC TCTCTC CGG GG C CC C TGCC C T C

AGC > GGC

Ser > Gly

A > G mutation causes large size change
at conserved amino acid

Wild type  

Mutant  



Effects of Mutations
• Loss of function: Reduces or eliminates the amount of 

functional protein. Ex: CF
• Gain of function: Increases production of a normal 

protein. Ex: Achondroplasia
• Novel property mutations: confers a novel property to 

the protein (changes function)
− Example: sickle cell anemia. The mutation doesn’t affect O2 

transport but causes sickling of red cells.
− Example: Huntington disease

• Dominant negative: An allele that disrupts the 
function of a wildtype allele in the same cell: it’s 
worse than having none! Ex: Osteogenesis
Imperfecta.



The Humble Beginning

Humans have 46 
chromosomes, 1956

Sanger Sequencing 
is born, 1977



Advances in Genetic Testing

DNA microarray (aCGH) analysis
• Copy number variants (CNVs)
• Single nucleotide polymorphisms (SNPs)
• CNV/SNP 

Next generation sequencing (coding and noncoding)
• Whole genome
• Exome (exon) - protein coding genes
• MicroRNA - noncoding regulatory function



Microarray Procedure

“Normal” PWS

Isolate DNA or RNA

RT-PCR
Labeled with 
Fluorescent dyes

Hybridize 
target to 
Microarray 

Scan 



Microarray Slide



DNA Microarray Study in Prader-Willi Syndrome

Representative examples of chromosome 15 using array 
comparative genomic hybridization (aCGH) of individuals 
with Prader-Willi syndrome.

Type I Deletion
A B

Type II Deletion

deleted

8.147 Mb 4.987 Mb





Chromosome microarray using CNV and SNP probes to identify maternal disomy 15 
(segmental isodisomy) subtype and the 15q11-q13 Type I or Type II deletions in PWS.



Next Generation Sequencing

•Automated sequencers have been available 
since the mid-1980’s using Sanger technology

•In the mid-1990’s, new technology such as 
pyrosequencing became available

•In 2004, 454 Life Sciences marketed a version 
for clinical use

•Since 2008, many vendors now sell this 
technology



Next Generation Sequencing

•A number of technologies can be used for 
high-throughput parallel sequencing

• Reversible dye terminator technology
• Parallel pyrosequencing
• Ligation-based sequencing
• Ion semiconductor sequencing
• Several others









RNA Sequencing of ALMS1 Gene Mutation

• C to T substitution
• STOP codon generated
• Terminates translation processes

Known mutation: c.10483C>T; p.Gln3495*

GAU→ AAU
Aspartic Acid → Asparagine

CAA → UAA
Glutamine → STOP
Verified mutation

Exon 16



Exome Sequencing

•Sequencing of all coding regions from all genes 
(accounts for about 3% of the total DNA sequences)

•Estimated that 85% of all mutations will be in the 
exome

•Cost of exome sequencing:
• June 2010: $2,500 through a few centers
• June 2012: $999 through dozens of centers
• January 2013: $698 with an internet connection 

and an active credit card



Clinical Example of Exome Sequencing
“Kabuki Syndrome”

•Short stature
•Mild-moderate MR
•Craniofacial changes
•Skeletal and cardiac anomalies
•“The etiology of this disorder is 
unknown”

• KL Jones, 2006



Kabuki Syndrome

•Ten unrelated probands with clinical diagnosis 
of Kabuki syndrome

•Targeted exomes performed on all ten with 
average of 40x coverage …

• …and found 1,459 nonsynonymous, splice-site 
acceptor/donor, and other potentially 
pathogenic mutations



Kabuki Syndrome
• Comparison to dbSNP, 1000 genomes, or 

control exomes decreased the number to 
twenty-five candidate genes



Kabuki Syndrome

•MLL2 mutation present in nine of ten probands

•MLL2 mutation present in 35 of 58 additional patients  
with clinical findings of Kabuki syndrome

•Around 70% of patients with KS have a mutation on 
clinical testing, which is now routine





Whole Genome Sequencing

•The “Holy Grail” of Genetic Testing
• Cost of whole genome sequencing:

• 1990-2003: $2,700,000,000 (Human Genome 
Project)

• 2004-2007: $100,000,000 (J. Craig Venter)



Whole Genome Sequencing

•Cost of Whole Genome Sequencing with 
Next-Generation Technology:

− January-April 2008: “less than $1.5 million” 
(James Watson)

− June 2009: $48,000 (Complete Genomics)

− June 2010: $19,500 (Complete Genomics)

− 2012: $7,000-10,000 from several companies



Genome Basics

• 5% of Human Genome is functionally active

• ~1.5% “Genes” - Code for proteins
o 20,000-25,000 genes
o 3,000,000 kb/3,000Mb

• ~3.5% Functionally active but do not code for proteins
o Gene regulatory elements
o Chromosome functional elements
o Unknown functional elements

• Other 90 - 95% of Human Genome are introns, repetitive 
DNA or promoter/modifier sequences









A list of connective tissue disorders where 
NGS panel would be helpful

• Osteogenesis Imperfecta
• Marfan Syndrome
• Ehlers-Danlos Syndrome
• Thoracic Aneurysm and Aortic Dissection Syndrome
• Stickler Syndrome
• Loeys-Dietz Syndrome
• Beals Syndrome



List of connective tissue disorder genes

COL1A1
COL1A2
COL2A1
COL3A1
COL5A1
COL5A2
COL9A1
COL9A2
COL11A1
COL11A2
SLC2A10

SMAD3
ACTA2
MYH11
MYLK
TGFBR1/2
FBN1
FBN2
CRTAP
FKBP10
LEPRE1
PPIB

SERPINF1
SERPINH1
SP7



Clinical Applications of Genetic Testing

• Diagnostic
• Identification of recognized or new syndromes
• Anticipate co-morbidities
• Guide treatment & improve outcomes 

• Pharmacogenetics
• Target hepatic cytochrome P450 enzyme function
• Improve efficacy & reduce drug interactions due to 

metabolic side effects

• Pharmacogenomics
• Influences on gene activity/function
• Tailor therapy to optimize outcomes 
• Outside the scope of metabolism 



Direct-To-Consumer (DTC) Genetic Technology



What is it?

•Genetic Testing sold to a consumer without a 
health care provider serving as an intermediary

•Companies frequently have a large internet 
footprint

•Offerings vary greatly
•Use genetics and evolutionary biology to trace 

human migration



Pedigree versus DTC Ancestry
• 85.1% British 

and Irish
• 13.2% German
• 1.7% Spanish



Direct-to-consumer for Health

• Four different types of information typically 
tested:

− Carrier status for recessive disease
− Response to various drugs, both common and 

uncommon
− Risk profiling for common disease
− Traits



Four reasons why consumers seek DTC testing

• Gain information
• Carrier testing – CF, PKU
• Traits – Eye color, Alopecia androgenetica
• Fun – Caffeine metabolism, Asparagus metabolism

• Seek Prevention
• Disease Risk
• Family planning

• Seek specific intervention 
• Response to Alzheimer or BRCA

• Help others



Potential Benefits

• Patients may feel reassured about nothing 
major “lurking” in their DNA

• A few high profile cases where information 
was very impactful in care

• Carrier testing may prove beneficial for 
family planning, etc.

• Testing frequently less costly than traditional 
genetic testing



Potential Risks

• Walking without a Guide
−Only one company requires clients to 

speak to a certified genetic counselor
−“I’m a ZZ, I’m not sure what that means…”

• Informed Consent
−Risks and benefits should be explained
−Must delineate between increased risk 

versus guarantee of developing disease



• CYP450 enzymes - a large enzyme superfamily (>50 
members)

• 90% of all drugs metabolized by 6 different CYP450 
enzymes: CYP1A2, CYP3A5, CYP2C19, CYP2D6, 
CYP3A4, CYP3A5

• 20% of the 121 FDA recognized pharmacogenetic
markers are for psychiatric medications

Pharmacogenetics



CYP450 Genetics

• Every person has two copies of an Allele.

• An individual inherits two alleles for each gene, 
one from each parent. 

• Alleles are referred to as “wild type” or 
“variant,”



CYP450 Characteristics

• Extensive metabolizer or Normal metabolizer
• individual carrying two alleles

• Ultrarapid metabolizer
• individual carrying more than two copies of 

functional allele
• Intermediate metabolizer

• individual carrying one reduced and one 
nonfunctional allele

• Poor metabolizer
• individual carrying no functional alleles



CYP2D6 Characteristics

• Inhibitor:   Bupropion. Fluoxetine,
Paroxetine, Duloxetin,
Venlafaxin, Quinidine 

• Inducer: Dexamethasone, rifampin 



CYP1A2 Characteristics

Inhibitor  
 Fluvoxamine
Ciprofloxacin
Cimetidine 

 Inducer 
Broccoli, brussels sprouts 
Char-grilled meats 
 Inhaled smoke





Objective

How much do we know about OTC medication 
interaction with psychiatry medications?

Pharmacogenetic testing application in 
psychiatry and general medical use



Concerns

• Drug-drug interaction
• Food-drug interaction
• Concern about Metabolizers (UM, PM)

Should we follow the patients for years to come to the 
conclusion 

OR

Genotype so that we can better guide patient care 



Genomics and Public Health (Current)
 Pharmacogenomic approaches to treat cardiovascular 

disease, infectious diseases, depression and pain control
 ivacaftor targets the G551D mutation of the CFTR gene in 

4% of patients with cystic fibrosis
CYP2C19 gene variants conferring risk for drug 

metabolism of clopidogrel
other hepatic metabolic enzymes (e.g., CYP3A4, CYP2D6) 

impact psychotropic substrates by inhibiting (e.g., 
fluoxetine, haloperidol) or inducing (e.g., carbamazepine, 
modafinil) drug effects and interactions for clinical 
relevance and treatment



Thank you
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