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What is the human genome? 



DNA is the blueprint of life. 

Presenter
Presentation Notes
because it contains all of the genetic instructions needed to build and maintain an organism.DNA is basically a long molecule that contains coded instructions for the cells. Everything the cells do is coded somehow in DNA - which cells should grow and when, which cells should die and when, which cells should make hair and what color it should be. Our DNA is inherited from our parents. We resemble our parents simply because our bodies were formed using DNA to guide the process - the DNA we inherited from them. We may resemble our parents, but we are never exactly like them. This is because each child gets only some of the DNA each parent carries. About half our DNA comes from our mother, and half comes from our father. Which pieces we get is basically random, and each child gets a different subset of the parents' DNA. Thus, siblings may have the same parents, but they usually do not have exactly the same DNA (except for identical twins).The chromosomes contain DNA. 
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As a matter of fact, all the DNA in one human cell (on all 46 chromosomes) is about two meters long, yet fits into a cell nucleus which is 2-3 micrometers (that's .000002 meters wide!).Yet, the DNA must still be in such a state as to allow for enzymes to replicate the molecule or initiate the production of a protein. The 23 pairs of human chromosomes are estimated to include about 20,000 - 25,000 genes.Each gene codes for ONE protein;



Sequencing involves mapping out the 
order of molecules within DNA. 



DNA is a molecule 
consisting of a long 
chain of nucleotides 
labeled A, G, C, and T. 
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Introduction  What is DNA, and how does it determine our physical characteristics?To answer this question, first we must learn how DNA is structured.DNA is a long molecule, like a chain, where the links of the chain are pieces called nucleotides (sometimes also called 'bases'). There are four different types of nucleotides in DNA which we'll call 'A', 'G', 'C' and 'T'. These four are all that's necessary to write a code that describes our entire body plan. Sounds too simple? Keep in mind that Morse Code uses only four symbols (dot, dash, short spaces and long spaces), and you could spell out entire encyclopedias of knowlege with that simple code!��The four nucleotides look a little bit alike. They all have a ring of carbons called, in chemist's terminology, a 'sugar' (not the same as 'table sugar', however). Each nucleotide also has another type of ring structure, and this is where the four types of nucleotide are different. These rings are organic bases, much like the more familiar mineral acids and bases like NaOH or HCl, except these bases are composed of carbon, nitrogen and oxygen.I'll try to use the term 'base' or 'basic group' to refer to just the nitrogen/carbon rings, and the term 'nucleotides' to refer to the entire structure.Now ordinarily the atoms in a nucleotide form a three-dimensional structure. To help you visualize the structure, here's what a 'T' (T stands for Thymidine) would look like if flattened onto paper:DNA chains are made by connecting those nucleotides together via chemical bonds. At right is a diagram showing four nucleotides connected to form anoligonucleotide, in this case an RNA oligo (note that it has '-OH' at the lower right corner of each nucleotide, as opposed to the '-H' in DNA). I've left off the bases, for simplicity's sake. You can see the sugar rings linked together with phosphate bridges. This is a "single-stranded" nucleic acid. Below is the double-stranded form:Double-stranded DNA is simply two chains of single- stranded DNA, positioned so their "bases" can interact with each other. At left is a cartoon depiction of double-stranded DNA. The sugar-and-phosphate 'backbone' is depicted in red, and the bases are depicted in blue.Importantly, the two strands travel in opposite directions; hence the structure is said to be "anti-parallel".The bases in the middle "pair up" with bases on the opposite strand, so that a type 'A' nucleotide is always opposite a type 'T', and 'G' is opposite 'C'. The attraction between the paired nucleotides is fairly weak, but when there is a whole string of them, it adds up to enough strength to hold the strands together.One more thing holds the strands together - an interaction called "base stacking". We don't need to consider it here.�This figure was created using 'RasMol V2.6' for the Macintosh (thanks to Roger Sayle,�BioMolecular Structures Group Glaxo Research & Development Greenford, Middlesex, UK.)�The file 3cro.pdb was modified to remove the protein components, then a series of rotating�views was screen-captured to construct this moving gif.At right is an animated drawing of a DNA molecule. There are two strands of DNA in this picture, wound around each other to form the famous "double helix".Down each edge is the backbone, where the nucleotides are linked together to form the chain. In this drawing, you can spot the backbone most easily by looking for the red balls, the oxygen atoms. Also look for the phosphorus atoms in the backbone. These are colored yellow. Together the phosphorus and oxygen atoms form the phosphate groups that interlink the nucleotides, as described earlier. You may be able to see the sugar rings just inside the phosphate groups, visible as grey atoms - carbon. (Note that hydrogen atoms are purposely omitted from this drawing in order to simplify it).Look for the rungs of the 'ladder'. These are the basic groups that point inward and hold the two chains in position against each other. They are most easily spotted by looking for the blue color of the nitrogen atoms, which are alternating with the carbon atoms of the base groups.�



Each nucleotide 
has a carbon ring 
as well as another 
ring of carbon, 
nitrogen, and 
oxygen called the 
base. 
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The base is where the A, G, C, and T’s differ.This picture is what T looks like if flattened on paper.



DNA chains are 
made by connecting 
these molecules 
together at their 
phosphates.  
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These connections yield single-stranded nucleic acid. 



Double-stranded 
DNA forms when 
two single strands 
line up at their 
bases. 
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Sugar-phosphate backbone is shown in red. The bases are shown in blue. A is always opposite TG is always opposite C



The strands line up 
predictably: 

A  T 
G  C 



The blue middle 
are the rungs of 
bases that make the 
double helix. 
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At right is an animated drawing of a DNA molecule. There are two strands of DNA in this picture, wound around each other to form the famous "double helix".Down each edge is the backbone, where the nucleotides are linked together to form the chain. In this drawing, you can spot the backbone most easily by looking for the red balls, the oxygen atoms. Also look for the phosphorus atoms in the backbone. These are colored yellow. Together the phosphorus and oxygen atoms form the phosphate groups that interlink the nucleotides, as described earlier. You may be able to see the sugar rings just inside the phosphate groups, visible as grey atoms - carbon. (Note that hydrogen atoms are purposely omitted from this drawing in order to simplify it).Look for the rungs of the 'ladder'. These are the basic groups that point inward and hold the two chains in position against each other. They are most easily spotted by looking for the blue color of the nitrogen atoms, which are alternating with the carbon atoms of the base groups.



The “pickiness” of 
the nucleotides 
helps us build 
DNA from existing 
strands through 
denaturation, 
annealing, and 
replication. 
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Here's how it's done, either in a test tube or in a live cell:The DNA strands are separated (for example, by heating them in a test tube).For each strand, we provide a primer, which is a short piece of DNA that sticks to one end of the strand.An enzyme is added. This is a specific type of protein called a "DNA polymerase" that can "read" the bases on one strand and can attach the complementary base to the growing strand.The polymerase "walks" down the template strand and creates its exact complement as it goes.The same thing happens to the other original strand.When we started, we had one double-stranded piece of DNA. DNAWe assume you've read through the description of DNA structure, an earlier link in this thread ... right? You hopefully also read the link that describes DNA Denaturation, Annealing and Replication, since the following page builds on those basics.PlasmidA 'plasmid' is a small, circular piece of DNA that is often found in bacteria. This innocuous molecule might help the bacteria survive in the presence of an antibiotic, for example, due to the genes it carries. To scientists, however, plasmids are important because (i) we can isolate them in large quantities, (ii) we can cut and splice them, adding whatever DNA we choose, (iii) we can put them back into bacteria, where they'll replicate along with the bacteria's own DNA, and (iv) we can isolate them again - getting billions of copies of whatever DNA we inserted into the plasmid! Plasmid are limited to sizes of 2.5-20 kilobases (kb), in general.BACThe term 'BAC" is an acronym for 'Bacterial Artificial Chromosome', and in principle, it is used like a plasmid. We construct BACs that carry DNA from humans or mice or wherever, and we insert the BAC into a host bacterium. As with the plasmid, when we grow that bacterium, we replicate the BAC as well. Huge pieces of DNA can be easily replicated using BACs - usually on the order of 100-400 kilobases (kb). Using BACs, scientists have cloned (replicated) major chunks of human DNA. This, as you will see later, is critical to the Human Genome Project.VectorThe 'vector' is generally the basic type of DNA molecule used to replicate your DNA, like a plasmid or a BAC.InsertThe 'insert' is a piece of DNA we've purposely put into another (a 'vector') so that we can replicate it. Usually the 'insert' is the interesting part, consequently. In the case of the Human Genome Project or other sequencing projects, the insert is the part we want to sequence - the part we don't know. Usually we know the complete DNA sequence of the vector.Shotgun SequencingShotgun sequencing is a method for determining the sequence fo a very large piece of DNA. The basic DNA sequencing reaction can only get the sequence of a few hundred nucleotides. For larger ones (like BAC DNA), we usually fragment the DNA and insert the resultant pieces into a convenient vector (a plasmid, usually) to replicate them. After we sequence the fragments, we try to deduce from them the sequence of the original BAC DNA.



DNA sequencing reactions are similar. 
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DNA sequencing reactions are just like the PCR reactions for replicating DNA (refer to the previous page DNA Denaturation, Annealing and Replication). The reaction mix includes the template DNA, free nucleotides, an enzyme (usually a variant of Taq polymerase) and a 'primer' - a small piece of single-stranded DNA about 20-30 nt long that can hybridize to one strand of the template DNA.The reaction is initiated by heating until the two strands of DNA separate, then the primer sticks to its intended location and DNA polymerase starts elongating the primer. If allowed to go to completion, a new strand of DNA would be the result. If we start with a billion identical pieces of template DNA, we'll get a billion new copies of one of its strands.



For sequencing, 
however, the 
reactions are run in 
the presence of 
dideoxynucleotides. 
These terminate the 
chains on specific 
bases. 



If dideoxy-C is used … If all four dideoxy’s are used 
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Gel electrophoresis can be used to separate the fragments by size and measure them. In the cartoon at left, we depict the results of a sequencing reaction run in the presence of dideoxy-Cytidine (ddC).First, let's add one fact: the dideoxy nucleotides in my lab have been chemically modified to fluoresce under UV light. The dideoxy-C, for example, glows blue. Now put the reaction products onto an 'electrophoresis gel' (you may need to refer to 'Gel Electrophoresis' in the Molecular Biology Glossary), and you'll see something like depicted at left. Smallest fragments are at the bottom, largest at the top. The positions and spacing shows the relative sizes. At the bottom is the smallest fragment that's been terminated by ddC; that's probably the C closest to the end of the primer (which is omitted from the sequence shown). Simply by scanning up the gel, we can see that we skip two, and then there's two more C's in a row. Skip another, and there's yet another C. And so on, all the way up. We can see where all the C's are.Putting all four deoxynucleotides into the picture:Well, OK, it's not so easy reading just C's, as you perhaps saw in the last figure. The spacing between the bands isn't all that easy to figure out. Imagine, though, that we ran the reaction with *all four* of the dideoxy nucleotides (A, G, C and T) present, and with *different* fluorescent colors on each. NOW look at the gel we'd get (at left). The sequence of the DNA is rather obvious if you know the color codes ... just read the colors from bottom to top: TGCGTCCA-(etc).(Forgive me for using black - it shows up better than yellow).



Electrophoresis automates this 

Presenter
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An Automated sequencing gel:That's exactly what we do to sequence DNA, then - we run DNA replication reactions in a test tube, but in the presence of trace amounts of all four of the dideoxy terminator nucleotides. Electrophoresis is used to separate the resulting fragments by size and we can 'read' the sequence from it, as the colors march past in order.In a large-scale sequencing lab, we use a machine to run the electrophoresis step and to monitor the different colors as they come out. Since about 2001, these machines - not surprisingly called automated DNA sequencers - have used 'capillary electrophoresis', where the fragments are piped through a tiny glass-fiber capillary during the electrophoresis step, and they come out the far end in size-order. There's an ultraviolet laser built into the machine that shoots through the liquid emerging from the end of the capillaries, checking for pulses of fluorescent colors to emerge. There might be as many as 96 samples moving through as many capillaries ('lanes') in the most common type of sequencer.At left is a screen shot of a real fragment of sequencing gel (this one from an older model of sequencer, but the concepts are identical). The four colors red, green, blue and yellow each represent one of the four nucleotides.The actual gel image, if you could get a monitor large enough to see it all at this magnification, would be perhaps 3 or 4 meters long and 30 or 40 cm wide.A 'Scan' of one gel lane:We don't even have to 'read' the sequence from the gel - the computer does that for us! Below is an example of what the sequencer's computer shows us for one sample. This is a plot of the colors detected in one 'lane' of a gel (one sample), scanned from smallest fragments to largest. The computer even interprets the colors by printing the nucleotide sequence across the top of the plot. This is just a fragment of the entire file, which would span around 900 or so nucleotides of accurate sequence.The sequencer also gives the operator a text file containing just the nucleotide sequence, without the color traces.



Scaling this process to 
the size of the human 
genome requires 
sophisticated computer 
algorithms. 
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“DNA assemblers have the same problem: millions upon millions of tiny scraps of DNA that overlap, that might contain errors, and that need to be sorted into order by analyzing their overlaps and gradually building up short fragments into longer and longer fragments.”Think about it like this. Suppose you own a hundred copies of "The Lord of the Rings", a 500000 word novel. Unfortunately, you have those hundred copies in the form of several million tiny scraps of paper, each of which contains about ten sequential words from the novel. Your task is to take those several million scraps of paper and put them in order so that you can read the novel from start to finish. Suppose for example you find the fragmentstab that vile creature, when he had a chance!" "Pity? You could then search the other several million fragments for a fragment that overlaps this in some way. Perhaps you findchance!" "Pity? It was Pity that stayed his hand. Pity, and Mercy: Odds are extremely good that those fragments go together intostab that vile creature, when he had a chance!" "Pity? It was Pity that stayed his hand. Pity, and Mercy: But maybe not! Maybe either (1) there is another fragment of the novel that has chance!" "Pity?that is the correct overlap, or oh, by the way did I mention (2) some of those scraps of paper contain errors, and you have to also detect and eliminate them.That is an extremely computationally intensive job. DNA assemblers have the same problem: millions upon millions of of tiny scraps of DNA that overlap, that might contain errors, and that need to be sorted into order by analyzing their overlaps and gradually building up short fragments into longer and longer fragments.



Today’s computer technology has 
made interpreting sequence data 
possible. 
 



The US Human Genome Project 
uses huge libraries of large human 
DNA strands to sequence the genome.  
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It uses a technique called shotgun sequencing to reconstruct the full genome.The Publically-funded Human Genome Project: The National Institutes of Health and the National Science Foundation have funded the creation of 'libraries' of BAC clones. Each BAC carries a large piece of human genomic DNA on the order of 100-300 kb. All of these BACs overlap randomly, so that any one gene is probably on several different overlapping BACs. We can replicate those BACs as many times as necessary, so there's a virtually endless supply of the large human DNA fragment. In the Publically-funded project, the BACs are subjected to shotgun sequencing (see below) to figure out their sequence. By sequencing all the BAC's, we know enough of the sequence in overlapping segments to reconstruct how the original chromosome sequence looks.



The US Human Genome Project 
took 13 years and $3 billion. 



The project identified all of the 
nearly 25,000 genes in human DNA, 
and it determined the sequences of the 
3 billion base pairs that comprise it. 
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There are other, non-federal approaches.The privately funded Celera Genomics project takes smaller strands to do the same thing. It uses computers to arrange the pieces in the right order.It’s like throwing 500 puzzles into the air and reassembling them.A Privately-Funded Sequencing Project: Celera Genomics An innovative approach to sequencing the human genome has been pioneered by Celera Genomics. The founders of this company realized that it might be possible to skip the entire step of making libraries of BAC clones. Instead, they blast apart the entire human genome into fragments of 2-10 kb and sequence those. Now the challenge is to assemble those fragments of sequence into the whole genome sequence.Imagine, for example that you have hundreds of 500-piece puzzles, each being assembled by a team of puzzle experts using puzzle-solving computers. Those puzzles are like BACs - smaller puzzles that make a big genome manageable. Now imagine that Celera throws all those puzzles together into one room and scrambles the pieces. They, however, have scanners that scan all the puzzle pieces and huge computers that figure out where they all go.It is controversial still as to whether the Celera approach will succeed on a puzzle as large as the human genome. Whether it does or not, they have certainly stirred up the intellectual pot a bit.



It is estimated that the  
Human Genome Project returned  
$140 for every dollar invested. 



Today, this same sequencing can be 
done by a stand-alone laboratory in 
one day for several thousand dollars. 
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Scientists needed $3 billion and 13 years to sequence the three billion base pairs encoded in a single human genome—the first time. By 2011, eight years after that first project was completed, the cost of sequencing a human genome had fallen to $5,000, in a process that took just a few weeks. And in January, Jonathan Rothberg, a chemical engineer and the founder of the biotech company Ion Torrent, unveiled an approach that is faster and cheaper still. He says his machine will be able to sequence a human genome, some 3.2 gigabytes’ worth of data, in two hours for just $1,000. Now thousands, and soon enough millions, of patients will have their genetic makeup laid bare, which presents an entirely new problem: How to analyze all that information?



“This technology promises to deliver a 
complete human genome in 15 minutes.”  
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In the nine years since the Humane Genome Project wrapped up, gene sequencing has gotten faster and cheaper at a pace rivaling the computer industry. Now a technology company in the UK has another breakthrough, taking a cue from the computer industry itself: A cluster of fast individual compute nodes, so easily scalable that the company made a USB-powered disposable version.The goal is to democratize sequencing and eliminate the still-heady costs associated with genetic analysis, making DNA and protein sequencing as commonplace as an exam with a tongue depressor.Oxford Nanopore Technologies Ltd. uses a proprietary nanopore detection system to seek out and study molecules. Nanopores are organic molecules with a hole in them, embedded in a polymer membrane. The membrane’s electrical field allows individual strands of DNA to pass through the nanopores, and the disruption in current through the nanopore can be analyzed and matched to base pairs.The company uses this setup in two configurations: the GridION system, which consists of nodes filled with disposable test cartridges containing multiple nanopores, and theMinION, designed for portable analysis of single molecules.Each GridION node and cartridge is initially designed to deliver tens of gigabytes of data every 24 hours. Initially, the company intends to make 2,000-nanopore cartridges, but has plans for a 20-node installation using an 8,000-nanopore configuration. The latter would be expected to deliver a complete human genome in 15 minutes, the company says.MinION is much smaller and can sequence up to 150 million base pairs in six hours. It uses blood, plasma and serum for sample analysis, like other lab tests, and it doesn’t need polymerase chain reaction amplification techniques to work. It will be on sale for $900 later this year, according to the company.With technology like this, fast, sub-$1,000 genome sequencing could become commonplace.



Moore’s Law has been good news for 
this work. A new version will make 
two-hour, full-genome sequencing 
possible. 

3.2 GB worth of data per person. 
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Moore’s Law – number of transistors doubles every two years.



Research consortia are using advances 
in DNA sequencing technology to 
unlock the mysteries surrounding 
diseases and disorders. 
 



Understanding each individual’s DNA 
sequence carries the promise of 
personalized medicine. 
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Understanding each individual’s DNA sequence allows doctors to develop treatments and cures specifically targeted to that person’s needs



Example: 
Mendellian Disorders 
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Medellian disorders are diseases caused by single-gene mutations. team that sequenced the complete genomes of Noah and Alexis Beery, 14-year-old twins who were diagnosed when they were five with a rare movement disorder caused by a defect in how their body processes dopamine. Alexis had trouble breathing because of spasms in her larynx. By examining the twins’ genes and comparing them with that of their older brother, parents and grandparents, the team found that the siblings were also deficient in serotonin, allowing doctors to adjust their medication and normalize Alexis’s breathing.



Example: 
Cancer Genetics 

and the  
Cancer Genome Atlas 
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The pipeline uses the Cancer Genome Atlas, a repository of five petabytes of data containing the genetic sequencing of thousands of cancer tumors. It is expected to grow to muillions of tumors, along with what treatments were given to patients to cure those tumors, and the outcomes. “The ultimate goal is that, by sequencing the genorme of a cancer tumor, doctors will be able to prescribe a personalized, targeted therapy to stop a cancer’s growth – or cure it.”DaviD PaTTeRSon’S‘BiG DaTa’ PRoJecT TakeSaim aT a canceR cuReDavid Patterson and his team have been working for over a year on what he describes as an odd sort of project for a computer scientist—building a software pipeline for cancer genomics that is faster, cheaper, and more accurate than ones that already exist.Patterson, a former aCM president who has been a computer science professor at the University of California Berkeley since 1977, recalls an application was needed for the university’s new aMPlab, which integrates algorithms, Machines, and People to make sense of “big data.”“a problem in academics is that data is either small and interesting or big and dull,” he says. “interesting big data is usually proprietary. But, in the case of cancer genetics, we knew there would be lots of data and a really important use for it—helping discover treatments that might put an end to what is become the second leading cause of death in the U.s.”the pipeline uses the Cancer genome atlas, a repository of five petabytes of data containing the genetic sequencing of thousands of cancer tumors. it is expected to grow to millions—along with what treatments were given to patients to cure those tumors, and the outcomes. “the ultimate goal is that, by sequencing the genome of a cancer tumor, doctors will be able to prescribe a personalized, targeted therapy to stop a cancer’s growth—or cure it,” he says (see http://nyti.ms/rJojes).Patterson, no stranger to fighting diseases, has raised over $200,000 to fight multiple sclerosis after his wife was, fortunately, misdiagnosed with the disease. “helping people fight both cancer and Ms are worthwhile causes that work against the unfortunate stereotype of the uncaring computer scientist,” he says.



Example: 
St. Jude Children’s Hospital 
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St. Jude Children’s Research Hospital in Memphis, Tennessee, is now sequencing the DNA in cancer cells in pediatric patients to identify the gene mutations that lead to childhood cancers.



When genome sequencing begins 
reaching millions of patients, it will 
help address the most common 
problems in medicine. 



Of course, how do you store all that 
data and retrieve it quickly? 



Companies have been created that 
host genomes on the cloud for 
scientists and doctors to access. 
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The day when a genome is seamlessly incorporated into everyone’s medical information will not arrive as quickly as $1,000 sequencing. After all, medicine isn’t governed by Moore’s law.



Doctors will need to be trained to 
apply genomic information to standard 
medical practice. 
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National Human Genome Research Institute has awarded more than $80 million for this purpose



But there’s more! 



In addition to genome sequencing, 
Computer Science is being used for a 
lot of other biological research today. 



Data mining has 
been used to 
determine 
dangerous drug 
interactions. 
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WHen peOple Wi tH high blood pressure start taking thiazide diuretics as treatment, they are warned about possible heart-related side effects, including palpitations, fainting, and even sudden death. Patients taking a certain class of antidepressants face similar risks. But what if they are taking both drugs together? Would the bad effects be more likely? No one knew.Not, that is, until researchers at Stanford University used data-mining techniques to pore through a database of side effects.This research found 46 drug pairs that interacted to cause side effects that had not been known before those of either drug alone. Clinical trials do not test for drug interaction to because it’s impractical to test every drug against every other drug.



The FDA maintains a database called 
AERS that lists 4 million negative 
reactions since 1969, but this data 
alone doesn’t capture the full 
complexity of drug interaction. 
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AERS = Adverse Events Reporting SystemIncluded in the full complexity – the Vioxx effect



Other data sources include 
international side effects databases, 
social network data, warning labels, 
electronic medical records, and the 
drugs’ biological targets. 
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How do these data sources fit with each other? How do they yield valid conclusions?



Data mining alone can’t prove that 
particular drugs cause particular side 
effects, but it can provide clues 



Predicting side effects can be done 
even before the drug hits the 
market. 



The Similarity Ensemble Approach 
(SEA) looks for similarities in the 
targeted proteins.  
 



For example, a recent study looked at 
656 drugs to detect similarities with 
molecules that bind with 73 different 
proteins associated with side effects.  



They discovered nearly  
1,200 new interactions. 
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over half of which were later supported by lab tests.



Software has been written to model 
the spread of disease. 
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Examples:HIV in New York City – including cell phone records to record mobilitySpread of diseases worldwide through airports (using a model similar to the flow of fluids through fractures in rock.Increasing attention to model verification and validation.



Computer Science 
has also been used 
extensively to 
simulate cells, 
organs, and 
organisms. 



The first comprehensive 
computational model of a living 
organism is of Mycoplasma 
genitalium.  
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It was modeled as a software system consisting of 28 sub-models, each dedicated to a specific function.Mycoplasma genitalium consists of 525 genes, the fewest of any independently living organism. Humans, on the other hand, have 25,000.Each model can be described by its own mathematics.There is software that hooks these together. Each module does a second worth of simulation. These serve as inputs to the next timestep of the other modules.These kinds of studies can find inconsistencies in models and can suggest the existence of cellular functions that are not yet recognized, pointing the way to new lines of research.



Other projects have concentrated on 
modeling a specific organ.  
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Ecole Polytechnique Federale de Lausanne – Blue Brain Project. Has produced a 10000 neuron model of a rat’s cortex.In Germany, the Virtual Liver Network – models the physiology of the organIn US, EPA is working on a similar project to simulate the effects of drugs and toxins on the liverIn US, EPA is working on simulation of the human embryo to model how certain chemicals might cause birth defects.Like all complex software today, these are built by subdividing the problem into smaller, more manageable modules. 
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President Barack Obama on Tuesday proposed an effort to map the brain's activity in unprecedented detail, as a step toward finding better ways to treat such conditions as Alzheimer's, autism, stroke and traumatic brain injuries.He asked Congress to spend $100 million next year to start a project that will explore details of the brain, which contains 100 billion cells and trillions of connections.That's a relatively small investment for the federal government — less than a fifth of what NASA spends every year just to study the sun — but it's too early to determine how Congress will react.Obama said the so-called BRAIN Initiative could create jobs, and told scientists gathered in the White House's East Room that the research has the potential to improve the lives of billions of people worldwide."As humans we can identify galaxies light-years away," Obama said. "We can study particles smaller than an atom, but we still haven't unlocked the mystery of the three pounds of matter that sits between our ears."Scientists unconnected to the project praised the idea.BRAIN stands for Brain Research through Advancing Innovative Neurotechnologies. The idea, which Obama first proposed in his State of the Union address, would require the development of new technology that can record the electrical activity of individual cells and complex neural circuits in the brain "at the speed of thought," the White House said.Obama wants the initial $100 million investment to support research at the National Institutes of Health, the Defense Advanced Research Projects Agency and the National Science Foundation. He also wants private companies, universities and philanthropists to partner with the federal agencies in support of the research. And he wants a study of the ethical, legal and societal implications of the research.The goals of the work are unclear at this point. A working group at NIH, co-chaired by Cornelia "Cori" Bargmann of The Rockefeller University and William Newsome of Stanford University, would work on defining the goals and develop a multi-year plan to achieve them that included cost estimates.The $100 million request is "a pretty good start for getting this project off the ground," Dr. Francis Collins, director of the National Institutes of Health told reporters in a conference call. While the ultimate goal applies to the human brain, some work will be done in simpler systems of the brains of animals like worms, flies and mice, he said.Collins said new understandings about how the brain works may also provide leads for developing better computers.Brain scientists unconnected with the project were enthusiastic."This is spectacular," said David Fitzpatrick, scientific director and CEO of the Max Planck Florida Institute for Neuroscience in Jupiter, Fla., which focuses on studying neural circuits and structures.While current brain-scanning technologies can reveal the average activity of large populations of brain cells, the new project is aimed at tracking activity down to the individual cell and the tiny details of cell connections, he said. It's "an entirely different scale," he said, and one that can pay off someday in treatments for a long list of neurological and psychiatric disorders including schizophrenia, Parkinson's, depression, epilepsy and autism."Ultimately, you can't fix it if you don't know how it works," he said. "We need this fundamental understanding of neuronal circuits, their structure, their function and their development in order to make progress on these disorders.""This investment in fundamental brain science is going to pay off immensely in the future," Fitzpatrick said.Richard Frackowiak, a co-director of Europe's Human Brain Project, which is funded by the European Commission, said he was delighted by the announcement."From our point of view as scientists we can only applaud and say we will collaborate as much as possible," he said. "The opportunities for a massive worldwide collaborative effort to solve the problem of neurodegeneration and psychiatric disease will ... really become absolutely feasible," he said. "We need that."



Such models, when combined with 
genome information, could allow 
doctors to prescribe the best treatment 
based on an individual’s personal 
genome and history.  



This is the idea of  
truly personalized medicine! 

 



Biology is also transforming  
Computer Science. 



DNA computers will be capable of 
storing billions of times more data 
than your personal computer. 

Presenter
Presentation Notes
Even as you read this article, computer chip manufacturers are furiously racing to make the next microprocessor that will topple speed records. Sooner or later, though, this competition is bound to hit a wall. Microprocessors made of silicon will eventually reach their limits of speed and miniaturization. Chip makers need a new material to produce faster computing speeds.You won't believe where scientists have found the new material they need to build the next generation of microprocessors. Millions of natural supercomputers exist inside living organisms, including your body. DNA (deoxyribonucleic acid) molecules, the material our genes are made of, have the potential to perform calculations many times faster than the world's most powerful human-built computers. DNA might one day be integrated into a computer chip to create a so-called biochip that will push computers even faster. DNA molecules have already been harnessed to perform complex mathematical problems.While still in their infancy, DNA computers will be capable of storing billions of times more data than your personal computer. In this article, you'll learn how scientists are using genetic material to create nano-computers that might take the place of silicon-based computers in the next decade.



DNA logic gates have been created to 
make more general-purpose 
computers.  

DNA Logic Gate 

Genetic 
material 

DNA 
strands 

Presenter
Presentation Notes
These take genetic material as input and yield DNA strands as output.DNA logic gates are then combined to form biochips.



The Traveling Salesman Problem 

Presenter
Presentation Notes
Given a list of cities and the distances between each pair of cities, what is the shortest possible route that visits each city exactly once and returns to the origin city?



DNA computing was used by Leonard 
Adleman in 1994 to solve this. 

Presenter
Presentation Notes
This, of course, required a lot of human intervention. Current research focuses on how to reduce the amount of intervention required.



Why DNA computing? 
Cheaper, smaller, more 
environmentally friendly computers. 



Conclusion 
Computer Science and Biology are 

transforming each other in exciting ways, 
much of which is related to DNA. 
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