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Disclaimer 

• I am a retired engineer and volunteer tour guide 
at Jackson Laboratory in Bar Harbor, ME 

• I first got interested in Bioinformatics and 
Computational Biology 15 years ago 

• I am not a Doctor and cannot dispense medical 
advice – but I can refer you to literature 

• I am not a geneticist, nor a biologist – but have 
arranged for them to answer questions that come 
up during this talk that I cannot answer 



Talk Overview 

• Future of Medicine and Technology 

• Review Cell and DNA Basics 

• Sequencing Technology - Current and Future 

• Computer Challenges and Response 

• Personalized Medicine in the News 

• No Synthetic Biology Today 

 

 

 



P4 Medicine - Leroy Hood 

• Predictive 

– Know what’s coming 

• Personalized 

– Specific to your genome 

• Preventive 

– Avoid getting sick 

• Participatory 

– Advocate for your health 



The $1000 Genome 

• $1000 is a Tipping Point 

• Makes Personalized 
Medicine Possible 

• Will Lead to Ubiquitous 
Genomic Sequencing 
Replacing Single Gene 
Tests 

• Kevin Davies Lives in 
Lexington 



Creative Destruction of Medicine by Eric Topol 

• Phoebe Reads Topol 

• Convergence Coming 
– Medical sensors 

– Smart phones 

– Wireless communication 

– Genome sequencing 

– Electronic  Health 
Records in the “Cloud” 

• Need Consumer 
Advocates to Push to 
Realize Medical Benefits 



Future of Medicine - Star Trek ? 
Handheld DNA Analyzers 
 
Handheld Protein Analyzers 
 
Is the Tricorder coming? 



Cell Basics 

• Our bodies contain 10 
trillion cells of 200 types 

• Eukaryotic cells have a 
nucleus, Prokaryotics 
(bacteria) do not 

• Our DNA resides in the 
nucleus on 46 
chromosomes 

• Proteins = “workhorses” 
– Structural elements 
– Muscles 
– Enzymes – speed reactions 
– Signals – turn on/off DNA 



Chromosome Map 



DNA Basics 

• Human DNA has 3 billion base 
pairs 

• Arranged in roughly 23,000 
genes 

• We also have about 20,000 
non-coding DNA control 
elements and large areas of 
“junk DNA” 

• Humans have about 3 million 
Single Nucleotide 
Polymorphisms (SNPs), a 
difference in one base 

• Genes have related promotor 
controllers and exons that get 
copied to make mRNA 



Central Dogma of Molecular Biology 



Findings of the Human Genome Project 

• Basic Facts 

– 23,500 Genes 

– 270,000 Exons 

– 20,000+ non-coding regulatory sections 

– 200,000+ proteins 

• “Vestigial” DNA Blocks from Ancient Viruses 

• Mobile DNA Segments During Cell Division 

• Copy Number Variations (CNVs) 



Anatomy of a Gene 

Promoter/Regulatory Section Before Gene  
     - Selects Alternative Exon Splicing  
     - Controls Amount of Protein Produced 
RNA Interference (RNAi) = Gene Silencing 



Non-Coding DNA Can Change Protein Production 

















Computer Models and Databases 

• Needed to Explain Mechanism of Disease 

– Define/Model disease mechanisms and simulate 

– Guides strategy for determining therapies/drugs 

– Required for FDA drug approval 

– Validate in animal models and clinical trials 

• Example Databases 

– GENMAP, ENCODE, MGD, ENTREZ, ….. 

– Cancer Genome Atlas 



Computational Gene Finding 

• Using Bioinformatics to Identify Genes: 
– Identifying common phenomena in known genes 

– Building a computational framework/model that 
can accurately describe the common phenomena 

– Using the model (Hidden Markov Models and 
neural networks) to scan uncharacterized 
sequence to identify regions that match the 
model, which become putative genes 

– Using Bayesian statistics to make predictions 

– Test and validate the predictions 



Gene Interaction Networks - Yeast 



Excerpt - Metabolic Pathways 



Genome Sequencing Overview 

• Gel Electrophoresis and RFLP 

• Gene Chip Overview 

• Gene Sequencing Basics and Trends 

• Illumina Sequencing Machine 

• Ion Torrent Sequencing Machine 

• Novel Sequencing Concepts in Research Stage 

 

 



Gel Electrophoresis 

• Apparatus and Results 





Polymerase Chain Reaction (PCR) 

 



Gel Electrophoresis Applications 

DNA Fingerprinting (RFLP) 
- Restriction Enzymes Cut DNA 

DNA Sequencing - Sanger Method 



Gene Chip Overview 



Gene Chip Applications 
Application or technology Synopsis 

Gene expression profiling 

In an mRNA or gene expression profiling experiment the expression levels of thousands of genes are 
simultaneously monitored to study the effects of certain treatments, diseases, and developmental stages on 
gene expression. For example, microarray-based gene expression profiling can be used to identify genes 
whose expression is changed in response to pathogens or other organisms by comparing gene expression in 
infected to that in uninfected cells or tissues.[8] 

Comparative genomic hybridization Assessing genome content in different cells or closely related organisms.[9][10] 

GeneID Small microarrays to check IDs of organisms in food and feed (like GMO [1]), mycoplasms in cell culture, or 
pathogens for disease detection, mostly combining PCR and microarray technology. 

Chromatin immunoprecipitation on 
Chip 

DNA sequences bound to a particular protein can be isolated by immunoprecipitating that protein (ChIP), 
these fragments can be then hybridized to a microarray (such as a tiling array) allowing the determination of 
protein binding site occupancy throughout the genome.  

DamID Analogously to ChIP, genomic regions bound by a protein of interest can be isolated and used to probe a 
microarray to determine binding site occupancy.  

SNP detection 
Identifying single nucleotide polymorphism among alleles within or between populations.[11] Several 
applications of microarrays make use of SNP detection, including Genotyping, forensic analysis, measuring 
predisposition to disease, identifying drug-candidates, evaluating germline mutations in individuals or 
somatic mutations in cancers, assessing loss of heterozygosity, or genetic linkage analysis. 

Alternative splicing detection 
An 'exon junction array design uses probes specific to the expected or potential splice sites of predicted exons 
for a gene. It is of intermediate density, or coverage, to a typical gene expression array (with 1-3 probes per 
gene) and a genomic tiling array (with hundreds or thousands of probes per gene).  

Fusion genes microarray A Fusion gene microarray can detect fusion transcripts, e.g. from cancer specimens. The principle behind this 
is building on the alternative splicing microarrays.  

Tiling array 
Genome tiling arrays consist of overlapping probes designed to densely represent a genomic region of 
interest, sometimes as large as an entire human chromosome. The purpose is to empirically detect 
expression of transcripts or alternatively splice forms which may not have been previously known or 
predicted. 
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mRNAseq library prep:  PAST 



mRNAseq library prep:  PRESENT 



Caliper Sciclone NGS robotic liquid 
handler 



Illumina Sequencing 

40 gb/run 300gb/run 
600gb/run soon 



Illumina Sequencing 



Sequence Alignment - Shotgun Method 



Ion Torrent Personal Genome Machine 







Pacific Biosciences - Real-time Single Molecule 
Sequencing 



Oxford Nanopore - Single Molecule Sequencing 



Starlight - Life Technologies 



DNAe - Lab-free DNA Testing 

Benefits 
     30 Minute Sample Preparation 
     No Special Skills Required 
     Cartridge Connects to PC via USB Port 
Applications 
     Get results while you wait in Doctor/Dentist Office 
     Check for infections - bacterial, viral, fungal      



Faster PCR 

• Brandeis L&L Talk about Viruses and Bacteria 

– Arthur Reis, Brandeis Chem Prof about Wangh Lab 

– LATE-PCR Technique to Assay Pathogens 

– Use to Detect Flu Variants, Resistant Bacteria 

– Cheaper than Gene Chips ($5 instead of $100) 

– Takes about 1 Hour in Field Use 

– Brandeis Holds Patents 







Response to Data Tsunami 
• Cloud Computing and Storage 

• Computer Architectures 

– Massively Parallel Graphical Processing Units 

– Quantum Computing? 

• Novel Compression Algorithms 

– Store only the 3 million SNP differences from 
reference genome - 3 Mb instead of 100 Gb 

• Decision Support Systems for DNA Diagnostics 

– Avoid the $1000 Genome with $100K analysis 

– AI - IBM Watson applied to genome sample 

– Pattern matching to known variants for $400 



Sequencing Company Stock Prices 
Illumina - 5 Years Life Technologies - 5 Years 

Pacific Biosciences - 3 Years Affymetrix - 5 Years 



Individualized Medicine in the News 

• NY Times, December 3, 2013 
• Learning to Defuse the Aorta 

• NY Times, November 25, 2013 
• In Israel, a Push to Screen for Cancer Gene Leaves Many 

Conflicted 

• NY Times, November 25, 2013 
• F.D.A. Orders Genetic Testing Firm to Stop Selling DNA 

Analysis Service 

• NY Times, November 25, 2013 
• Microbes May Add Special Something to Wines 

 



Closing Thoughts 

• Thanks for paying attention and asking good 
questions 

• If interested I can post the slides and a list of 
videos to the group website for those who 
want to learn more via Al Sherman 

– Email me at:  allankleinman@rcn.com with 
comments and questions 

mailto:allankleinman@rcn.com

