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Course Requirements
• No scientifc or medical background is necessary for this course.

• For those enrolled for a grade, the grade will be determined based on
attendance (9 out of 10 lectures) and a short (4-5 page paper) paper due at the
end of the course on a topic of interest to you and relevant to genomics and
medicine.  See example papers on the course web site:

 http://bio84.stanford.edu
• For those taking the course for Credit/No Credit, credit will depend on

attendance (9 out of 10 lectures) and a short, 1-2 page paper due at the end of
the course. You may choose one of the following paper topics:

• If you miss a lecture, you may get credit for attending that lecture by watching
it on the video link in the course web page and sending me an email with a
question about the lecture.

http://bio84.stanford.edu/
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Genetics Home Reference Handbook
http://ghr.nlm.nih.gov/handbook.pdf�

Free to
download
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The End of Illness� David B. Agus

$12 download on
Amazon

http://www.amazon.com/End-Illness-David-B-Agus/dp/145161019X/ref=sr_1_1?s=books&ie=UTF8&qid=1348589219&sr=1-1&keywords=end+of+illness
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My Beautiful Genome by Lone Frank

http://lonefrank.dk/?page_id=341
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Gibson: A Primer of Human Genetics

Sinauer Associates

http://www.sinauer.com/a-primer-of-human-genetics.html
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The Language of Life: DNA and the Revolution in Personalized Medicine

http://www.amazon.com/The-Language-Life-Revolution-Personalized/dp/0061733180
http://www.amazon.com/The-Language-Life-Revolution-Personalized/dp/0061733180
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Genome TV – YouTube Videos
http://www.genome.gov/GenomeTV/

http://www.genome.gov/GenomeTV/
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Genomics, Bioinformatics & Medicine
 http://biochem158.stanford.edu/

http://biochem158.stanford.edu/
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Course Topics
http://bio84.stanford.edu/

• Inherited diseases and traits
– Disease databases and websites
– Case presentations

• Genomics and novel diagnostics
– Sequencing human genome
– Genomic databases and websites
– Genome variations leading to diseases and traits
– Genome wide association studies

• Personal genomics
– Carrier Status
– Predisposition to disease
– Pharmacogenomics
– Family, genealogies and ancestry 

• Gene expression and disease
– Cell signaling and transcriptional regulation
– MicroRNAs and translational regulation
– Protein modifcation and regulation

http://bio84.stanford.edu/
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Course Topics (continued)

• Drug development and pharmacogenomics
– Analyzing  the function of genes and regulatory regions
– Drug target identifcation and validation
– Identifying new potential drug targets via bioinformatics methods
– Drug development paradigm and effect of genomics
– Personalized medicine and medications

• Novel Therapies
– Gene therapy approaches
– Stem cell therapies

• Pluripotent human embryonic stem cells
• Adult stem cell approaches
• Induced pluripotent stem cells

• Ethical issues
– Discrimination for employment and insurability
– Privacy of genetic information
– Genetic selection and eugenics
– Interventions in procreation
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Introductions
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Preventive Medicine
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Founder of Preventive Medicine:
Louis Pasteur

When thinking about diseases, I never think
about how to cure them, but instead I think about
how to prevent them.
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Fragile Fortress
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Fragile Fortressb
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Preventive Medicine

• The goal is to prevent disease from occurring.
• First one must identify the cause of the disease.
• Treat the cause of the disease rather than the symptoms

– Example 1:  Peptic Ulcers
– Example 2:  Pyrogens

• Genomics identifes genetic causes of inherited disease.
• When Paul Wise (a Stanford pediatrician) heard that we may

soon sequence every child’s genome at birth, he stated:
– “… all medicine may soon become pediatrics!” 

• Overlooked acquired diseases such as infections, accidents,
environmental diseases and aging.

• Health care costs can be greatly reduced if we:
– Invest in preventive medicine
– Target the cause of disease rather than symptoms
– Eliminate the need for expensive therapies. 
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Health Care Policy

• Current health care treats symptoms and full blown
disease (illness care?)

• Future health care should be focused on preventive
medicine

• Reduce need for expensive treatments
(interventions).

• Need policies that incentivize patients and doctors to
prevent disease.
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Is Medicine a Science or an Art?

If it were not for the great variability among
individuals, medicine might well be a science, not an
art.

– Sir William Osler, Physician 1892
– Johns Hopkins School of Medicine
– Johns Hopkins Hospital
– Father of modern medicine
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Personalized Medicine

Courtesy of Felix W. Frueh US FDA
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Personalized Medicine

• Medicine is personal:
– We are all different.
– Some of our genetic differences translate into how we react

to drugs as individuals.
– This is why personalized medicine is important to

everyone.

• Why does someone need twice the standard dose to
be effective?

• Why does this drug work for you but not me?
• Why do I have side-effects and you don’t?
• Why do some people get cancer and others don’t?
• Why is anecdotal information irrelevant to your own

 health and treatment?
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NIH Precision Medicine Initiative
http://www.nih.gov/precisionmedicine/

http://www.nih.gov/precisionmedicine/
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NHS 100,000 Genomics England Project
http://www.genomicsengland.co.uk/

http://www.genomicsengland.co.uk/
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Huntington Disease

• Autosomal Dominant
– On the tip of the short arm of chromosome 4
– One bad gene causes disease (dominant)
– Brain degeneration over 10-15 years until death

• Neurodegenerative disease
– Loss of movement control
– Loss of cognitive skills (dementia) and hallucinations
– Depression, hostility, aggression and loss of inhibitions

• Dyskinesias
– Chorea: uncontrollable tics and involuntary movements of

extremities, hyperkinesias
– Dystonia uncontrollable muscle contractions
– Dysphagia (diffculty in swallowing) and  uncontrollable

oral buccal dyskinesia
– Bradykinesia, slow uncertain movements



© Doug Brutlag 2016

Huntington Disease
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Huntington Disease Film
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The Inheritance

• You are 20 years old.
• Your father abandoned you and your mother when you only 3

years old.
• Your father died this year and left you an inheritance.
• He died from an autosomal dominant disease known as

Huntington’s Chorea or Huntington’s Disease.
• You have a 50% chance of inheriting this invariably fatal

neurodegenerative disease.
• But there is a genetic test for this disease that can tell you not

only if you have the disease, and if you do, when you will die
from it.

• Would you take the genetic test or not?
• Why?
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NCBI: National Center for Biotechnology Information
http://www.ncbi.nlm.nih.gov/

http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
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NCBI: Genetics and Medicine
http://www.ncbi.nlm.nih.gov/guide/genetics-medicine/

http://www.ncbi.nlm.nih.gov/guide/genetics-medicine/
http://www.ncbi.nlm.nih.gov/
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NCBI: Genetics and Medicine
http://www.ncbi.nlm.nih.gov/guide/genetics-medicine/

http://www.ncbi.nlm.nih.gov/guide/genetics-medicine/
http://www.ncbi.nlm.nih.gov/
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Genes & Disease
http://www.ncbi.nlm.nih.gov/books/NBK22183/

http://www.ncbi.nlm.nih.gov/books/NBK22183/
http://www.ncbi.nlm.nih.gov/
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Genes and Disease Table of Contents
http://www.ncbi.nlm.nih.gov/books/NBK22183/

http://www.ncbi.nlm.nih.gov/books/NBK22183/
http://www.ncbi.nlm.nih.gov/
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Genes & Disease: Huntington Disease
http://www.ncbi.nlm.nih.gov/books/NBK22226/

http://www.ncbi.nlm.nih.gov/books/NBK22226/
http://www.ncbi.nlm.nih.gov/
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Genetics Home Reference
http://ghr.nlm.nih.gov/

http://ghr.nlm.nih.gov/
http://ghr.nlm.nih.gov/
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Huntington Disease in Genetics Home Reference
http://ghr.nlm.nih.gov/condition/huntington-disease

http://ghr.nlm.nih.gov/condition/huntington-disease
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MedlinePlus
http://www.nlm.nih.gov/medlineplus/

http://www.nlm.nih.gov/medlineplus/
http://www.ncbi.nlm.nih.gov/
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Huntington’s in Medline Plus

http://vsearch.nlm.nih.gov/vivisimo/cgi-bin/query-meta?v:project=medlineplus&query=Huntingtons&x=0&y=0
http://www.nlm.nih.gov/medlineplus/
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Huntington Disease Gene Review
http://www.ncbi.nlm.nih.gov/books/NBK1305/

http://www.ncbi.nlm.nih.gov/books/NBK1305/
http://www.ncbi.nlm.nih.gov/
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Gene Reviews of Huntington Disease
http://www.ncbi.nlm.nih.gov/books/NBK1305/

http://www.ncbi.nlm.nih.gov/books/NBK1305/
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Genetic Testing Registry for Huntington
http://www.ncbi.nlm.nih.gov/gtr/

http://www.ncbi.nlm.nih.gov/gtr/
http://www.ncbi.nlm.nih.gov/gtr/
http://www.ncbi.nlm.nih.gov/gtr/
http://www.ncbi.nlm.nih.gov/gtr/
http://www.ncbi.nlm.nih.gov/gtr/
http://www.ncbi.nlm.nih.gov/
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Clinical Trials for Huntington
http://clinicaltrials.gov/
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Clinical Trials for Huntington Disease
http://clinicaltrials.gov/

http://clinicaltrials.gov/
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Age of Onset and Repeat Length
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Cystic Fibrosis
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Cystic Fibrosis

• Autosomal (chromosome 7q31.2) recessive
• 3% of North American Caucasians are carriers
• 1.5% of African Americans are carriers
• Inhibits many bodily secretions

– Pancreatic digestive enzymes
– Sweat glands
– Lung mucosa in alveoli and bronchi
– Infertility in males (>97%)

• Caused by mutations in the CFTR gene that
encodes a chloride ion channel that pumps
chloride ion and water out of cells.
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Cystic Fibrosis Transmembrane
Conductance Regulator 
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Mutations Causing Cystic Fibrosis
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Human Genome First draft
February 2001

Public Effort Private Effort (Celera)
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Genomic Medicine
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Genomic Medicine Defned
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National Human Genome Research Institute
http://www.genome.gov/

http://www.genome.gov/
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Genome: Unlocking Life’s Code
http://www.genome.gov/Smithsonian/

http://www.genome.gov/Smithsonian/
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2007 Scientifc Breakthrough of the Year
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Hokusai, K. The Great Wave

The Great Wave of GWAS Studies
http://www.genome.gov/gwastudies/

http://legionofhonor.famsf.org/legion/exhibitions/japanesque-japanese-print-era-impressionism
http://legionofhonor.famsf.org/legion/exhibitions/japanesque-japanese-print-era-impressionism
http://www.genome.gov/gwastudies/
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Published Genome-Wide Associations through 12/2013
 GWA at p<5x10-8 for 17 Trait Categories

http://www.genome.gov/GWAStudies
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Published Genome-Wide Associations through 6/2010
http://www.genome.gov/GWAStudies

http://www.genome.gov/GWAStudies
http://www.genome.gov/gwastudies/
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Personal Genomics: 23andMe
https://www.23andme.com/

https://www.23andme.com/
https://www.23andme.com/
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Navigenics
http://www.navigenics.com/

http://www.navigenics.com/
http://www.navigenics.com/
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DNAdirect: Clinical Genetic Testing

http://www.dnadirect.com/web/

http://www.dnadirect.com/
http://www.dnadirect.com/web/
http://www.dnadirect.com/web/
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INFORMED Medical Decisions
http://informeddna.com/

http://informeddna.com/
http://informeddna.com/
http://informeddna.com/
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Personalized Medicine World Conference
http://2015sv.pmwcintl.com/

http://2015sv.pmwcintl.com/
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Knome
http://www.knome.com/

http://www.knome.com/
http://www.knome.com/
http://www.knome.com/
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Complete Genomics
http://www.completegenomics.com/

http://www.completegenomics.com/
http://www.completegenomics.com/
http://www.completegenomics.com/
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Personalis
http://www.personalis.com/

http://www.personalis.com/
http://www.personalis.com/
http://www.personalis.com/
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StationX
http://www.stationxinc.com/

http://www.stationxinc.com/
http://www.stationxinc.com/
http://www.stationxinc.com/
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Omicia
http://www.omicia.com/

http://www.omicia.com/
http://www.omicia.com/
http://www.omicia.com/
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Stanford Center for Genomics & Personalized Medicine
http://scgpm.stanford.edu/

http://scgpm.stanford.edu/
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Portrait of a Glitch

• Revere La Noue, MFA, Stanford, 2005
• What is this flm about?
• What classes of glitches are mentioned?
• What do these glitches cause?
• Why did I show this flm?
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Portrait of a Glitch

• Revere La Noue, MFA, Stanford, 2005
• What is this flm about?
• What classes of glitches are mentioned?
• What do these glitches cause?
• Why did I show this flm?
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Genetic and Medical Web Sites 

• NLM and NCBI
– Entrez Gene

• Protein
• Biosystems

– GeneReviews
– OMIM
– Genetics Home Reference
– Genes and Diseases
– Genetic Testing Registry
– MedGen
– Medline Plus

http://www.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/gene
http://www.ncbi.nlm.nih.gov/protein
http://www.ncbi.nlm.nih.gov/biosystems
http://www.ncbi.nlm.nih.gov/books/NBK1116/
http://omim.org/
http://ghr.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/books/NBK22183/
http://www.ncbi.nlm.nih.gov/gtr/
http://www.ncbi.nlm.nih.gov/medgen
http://www.nlm.nih.gov/medlineplus/
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Impact of Genomics on Medicine
I. Diagnostics

• Genomics: Identifying all known human genes
• Functional Genomics: Functional analysis of genes

– What tissues are they important
– When in development are the genes used
– How are they regulated

• Novel diagnostics
– Linking genes to diseases and to traits
– Predisposition to diseases
– Expression of genes and disease

• Personal Genomics
– Understanding link between genomics and environment
– Increased vigilance and taking action to prevent disease
– Improving health care
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Impact of Genomics on Medicine
II. Therapeutics

• Novel Drug Development
– Identifying novel drug targets
– Validating drug targets
– Predicting toxicity and adverse reactions
– Improving clinical trials and testing

• Gene therapy
– Replacing the gene rather than gene product 

• Stem cells therapies
– Replacing the entire cell to cure a disease

• Pharmacogenomics
– Personalized medicine
– Adjusting drug, amounts and delivery to suit patients
– Maximize effcacy and minimize side effects
– Identify genetics of adverse reactions
– Identify patients who respond optimally
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Impact of Genomics on Medicine
III. Ethical, Legal and Social Issues

• Personal Privacy
• Insurability
• Employability
• Discrimination
• Eugenics
• Cosmetic genetics
• Patentability of genes, proteins and other natural

products
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Leveraging Genomic Information

Novel Diagnostics
Microchips – DNA and variations
Microarrays Gene Expression - RNA
Proteomics – Protein and modifcations

Understanding Metabolism
Understanding Disease

Inherited Diseases –
Genetics Home Reference
Infectious Diseases

Pathogenic Bacteria
Viruses

Novel Therapeutics 
Drug Target Discovery
Rational Drug Design
Molecular Docking
Gene Therapy
Stem Cell Therapy


