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			Book Presentation The Genomics Age by Gina Smith

			Book Abstract

			MAIN IDEA

			DNA (deoxyribonucleic acid) was discovered in 1953 and fifty years later, the mapping of the human genome – specifying all the genes in the DNA of the human race – was completed. Genomics is the emerging science of understanding the human genome.

			Without question, genomics will totally transform the entire structure of business and society in the near future, impacting directly on:

			
					Medical treatments and diagnosis – with the promise that diseases will not only be treated but also prevented in the first place.

					Crimonlogy and genetic profiling – with DNA evidence testing proving the innocence of more than 144 people convicted of murders.

					Cancer research and anti-aging methodologies – with the hope the human life-span will be lengthened significantly.

					The economy – as universities and businesses pour billions of dollars into DNA-related fields

			

			For all the inevitable hype that surrounds the emergence of the DNA sciences, the reality is DNA technology provides an almost incomprehensible array of near-term business opportunities. The challenge is to accurately anticipate the advances DNA research will bring and then position yourself and your firm advantageously.

			“Predictions in science tend to be over-optimistic in the short run, but under-optimistic in the long run. I think that applies here, too. Wildly overstated expectations of immediate benefits and disease cures from the Human Genome Project helped fuel the biotech frenzy of the late 1990s, but no one I knew thought that these expectations had any chance of happening at such a rapid pace. When the investment bubble burst, some people began to complain the Human Genome Project was a failure and hadn’t paid off. But it was the outrageous predictions that failed and didn’t pay off. We will get there. It will happen. But not tomorrow or the next day. After all, it’s one thing to derive the three billion letters of the code accurately and publicly. We’ve done that. But it will now require the best and brightest brains on the planet to go to the next level of understanding.”

			– Francis Collins, Human Genome Project Leader

			About the Author

			GINA SMITH is a science and technology journalist. Formerly with ABC News, she also writes an award winning column Inside Silicon Valley. She also has a weekly radio show On Computer with Gina Smith. Gina Smith is a graduate of Florida State University.

			Gina Smith’s personal Web site is at: ginasmith.typepad.com.

			Important Note About This Ebook

			This is a summary and not a critique or a review of the book. It does not offer judgment or opinion on the content of the book. This summary may not be organized chapter-wise but is an overview of the main ideas, viewpoints and arguments from the book as a whole. This means that the organization of this summary is not a representation of the book.

			Summary of The Genomics Age (Gina Smith)

			The Basics of the DNA Sciences

			Overall, the science of DNA is simple to grasp yet elegant. You don’t need an advanced science degree to understand it. All that is required is enough background information to be able to differentiate between the science and the hype.

			1. A DNA Primer

			DNA is an object, an actual molecule that takes up physical space. To gain some perspective of its size, consider these facts:

			
					The human body has ten systems – nervous, muscular, skeletal, endocrine, digestive, respiratory, circulatory, immune, reproductive and excretory.

					Each of these systems has organs. For example, the stomach is an organ of the digestive system.

					Every organ is made up of cells.

					Every cell has a nucleus at its center.

					Every nucleus contains chromosomes – rod-like structures which resemble bundles of thread. All cells (except reproductive cells) have 23 pairs of chromosomes.

					Every chromosome has about six feet (approx. two meters) of DNA tightly coiled up inside it. If that DNA were unraveled and straightened, it would resemble a ladder. Sugars and phosphates form the side of the ladder and the rungs are formed up of different combinations of four bases – guanine (G), adenosine (A), thymine (T) and cytosine (C). These letters (called nucleotides) form the alphabet of DNA.

					A gene is made up of a given group of base pairs on a DNA molecule. Each cell typically has about 30,000 genes located throughout its 23 pairs of chromosomes.“The primary job of DNA is to tell the body what proteins to build and how to build them. The order of the chemical bases A, T, C and G on a gene gives the cell the recipe for that particular protein. Proteins are the workhorses of the human body; they do all the work in a cell. They carry out chemical reactions, form new tissue, send signals between bodily systems, regulate body chemistry, you name it. The simplest way to think of DNA is that it is, at its most basic, just a huge, long file in which all the instructions for creating the proteins in your body are written down.”
– Gina Smith
“The secret of life is this huge diversity of components; fifty thousand proteins that are all specified in the same simple description of the DNA language.”
– Eric Lander, Massachusetts Institute of Technology
“When you hear that scientists ‘have mapped’ the human genome, this is what they are talking about. They have figured out the exact order in which A, T, C and G appear on human genes. Quite obviously, there are areas of variation that explain why one human has blue eyes, for instance, and another brown. But the DNA of two humans is well over 99 percent identical.”
– Gina Smith
“There are thousands of hereditary diseases that result from just a single letter error in a sequence. Perhaps, because of a typo during copying, there is now a G where a T should be, or there is a repeat of a sequence of Cs over and over. Hundreds of companies worldwide are rushing to find correlations between genetic mutations and specific disease. For quite obvious reasons, just finding the typos in DNA has become a multibillion-dollar industry.”
– Gina Smith
“We’ve now got to the point in human history where for the first time we are going to hold in our hands the set of instructions to make a human being.”
– Sir John Sulston, Nobel Laureate
“This is the outstanding achievement not only of our lifetime, but in terms of human history. I say this because the Human Genome Project does have the potential to impact the life of every person on this planet.”
– Dr. Michael Dexter, director, The Wellcome Trust


			

			2. Key Discoveries Timeline

			
					Scientists, beginning with the ancient Greek philosophers, have had many theories on how different living species pass on characteristics to their offspring. It wasn’t until 1875 that scientists discovered a single sperm has to fertilize a single egg before reproduction can occur.

					Gregor Mendel – considered the father of modern genetics – developed what are now called the Mendelian laws of inheritance in 1865 which dictate how characteristics are passed from generation to generation. He developed a set of “discrete factors” which are now called genes. These genes come half from the mother and half from the father with no blending whatsoever.

					In 1859, Charles Darwin put forward the theory that all life on earth is the result of a natural selection process, and that all life forms are somehow linked having evolved from simple one-celled forms.

					A young Swiss chemist, Friedrich Miescher, in 1869 discovered DNA while examining the excretions on discarded medical bandages commonly known as pus. He initially called the milky substance “nuclein” but almost a century later, scientists realized he had been talking about DNA.

					Francis Crick (a Brit) and James Watson (an American) announced publicly in an off-campus pub near Cambridge University on February 28, 1953 that they had found the secret of life. What they had actually figured out was the double helical shape of DNA and how its two strands line up with each other. They developed a matching rule which helped scientists understand how cells replicate into exact copies of themselves. They published their results in Nature on April 25, 1953 and were awarded a Nobel Prize for their discovery in 1961. Interestingly, Crick and Watson were both working at Cavendish Laboratories at the time, and neither of them were officially supposed to be working on the problem of DNA. In essence, they came up with their discovery working in their spare time. They also collaborated with Maurice Wilkins and Rosalind Franklin who were using X-ray technology at King’s College to try and come up with a possible explanation of how DNA was arranged. A friend of theirs suggested that C should be paired with G and A with T in each DNA sequence since those chemicals always appeared in equal proportions in DNA (a concept known as the Chargaff ratio). Crick and Watson combined all these insights to visualize and construct a wood and wire model of DNA.

					By 1967, it was known that the bases in DNA (A,C,T and G) use another chemical called RNA and twenty amino acids to put proteins together. How this took place was discovered by Har Gobind Khorana and Marshall Nirenberg. They figured out that the four bases put together in groups of three can generate enough arrangements (sixty four) to be able to code all the amino acids. Three letters indicate a specific amino acid. Some proteins require a few hundred amino acid building blocks, other proteins require thousands. One of the first man-made proteins was insulin, which consists of a chain of fifty-one amino acids.

					During the 1970s and the 1980s, scientists started piecing together the specific genes which caused hereditary diseases. These initial efforts were very slow but were enhanced by the development of automated methods for sequencing DNA in the mid-1970s. Fred Sanger came up with a method which inserted radioactive tags into genes, allowing each researcher to go from being able to read about 150 base pairs per year to about 1,500 per year. (Sanger won a Nobel Prize for this in 1980). Then Caltech researcher Larry Hood came up with a better idea in 1986. He assigned different colors to each base. That way, it became possible to sequence about 25,000 base pairs per person per day. By 2004, with the use of computers it is possible to sequence more than 12,000 base pairs per second.

					The U.S. Government launched the Human Genome Project in 1988 with a thousand researchers dedicated to unraveling the human genome. Another government organization, the National Institute of Health, was also finding genes and labeling them at a rate of about 1,000 a month. Craig Venter left the National Institute of Health and founded The Institute for Genomic Research (a nonprofit) and Celera Genomics. By using 1,200 computers in a building the size of two football-fields, Venter entered into a race to be the first to map the entire human genome. Finally, a truce was called and both organizations announced in June 2000 that the entire human genome had been mapped and would now be made available via the Internet for researchers worldwide to access.“What’s next? Everything. Despite all the enthusiasm, there remains an enormous amount to do. Mapping the genome is just the beginning. Knowing the chain of chemicals that makes up the human DNA only gets you so far. Scientists have now turned their attention to figuring out what comes next – actually interpreting the code.”
– Gina Smith
“Now, for the first time, we have an historical anthology of ourselves, some of it passed down for a billion years. We’re just learning how to read the story, and it’s sure to enthrall us for decades to come.”
– Eric Lander, MIT Scientist
“It’s true that you can’t build the puzzle without knowing the pieces. Coming up with the human genome sequence wasn’t a step; it was a leap, a huge leap. No doubt about it. But there are hundreds and hundreds of more questions that it raises.”
– Mark Hughes, geneticist
“With the genomic revolution, new tools have become available to study human diversity at the DNA level. With these tools we have been able to reconstruct human history with a surprising degree of clarity.”
– Douglas Wallace, scientist


			

			3. How DNA Changes What We Know

			One of the interesting results of the mapping of the human genome was that humans have only about 31,000 genes – far less than was originally envisaged. Equally surprising was the fact humans share 99.9-percent of their DNA with every other person on the planet. Only about three million letters (0.1-percent) of the more than 3.2 billion letters in the human genome are unique to each person. Yet that 0.1-percent is enough to ensure that no two people have identical DNA (except for twins) and to generate the differences in race, looks, vulnerability to disease and countless other traits that exist in the world today.

			Some other interesting results:

			
					From a DNA perspective, there is no such thing as race. Any differences between races are so minute as to be indistinguishable.

					Humans have roughly 99.1-percent of their genes in common with the chimpanzee. Similarly, humans have 75-percent of genes in common with a mouse.

					Humans have roughly twice the number of genes a roundworm has.

					There is one variety of amoeba which has nearly 200-times the amount of genes humans do.

					A lot of the DNA in our cells is repetitive and doesn’t seem to do anything useful. In fact, about 95-percent of the DNA in our chromosomes are simply long stretches of Gs and Cs which scientists have dubbed “junk DNA”. Scientists are still trying to determine whether this junk DNA regulates gene functions or has another yet-to-be-understood purpose.

					About one-third of the genes in yeast also show up in human DNA suggesting that humans probably branched off from a common ancestor about one billion years ago.

					At one time, it was assumed each gene could only build one protein. It now turns out genes can make three or four proteins each, and then those proteins can be further modified. This is how just 30,000 genes can generate the millions of proteins which exist in the diversity of the human race.

					Different chromosomes have varying amounts of genes. For example, chromosome 1 has 2,968 genes whereas the male Y chromosome carries only 231 genes. Scientists don’t yet understand why the genome is lumpy and what significance that has.“This is basically a parts list. It’s just a parts list. If you take an airplane, a Boeing 777, I think it has like 100,000 parts. If I gave you the parts list for the Boeing 777, in one sense you’d know a lot. You’d know 100,000 components that have got to be there, screws and wires and rudders and things like that. On the other hand, you wouldn’t know how to put it together. And I bet you wouldn’t know how it flies.”
– Eric Lander, MIT Scientist
“Think of it this way. Having this information available on the Internet for any scientist with a good idea allows an empowering of all the brains of the planet to work together to try to understand what this book is trying to tell us. To move into those medical advances we all dream of and deserve.”
– Francis Collins, scientist and head of the U.S. Government’s Human Genome research project


			

			The Six Key Areas of DNA Research

			These are the areas where the key developments are happening at present and where the most significant near-term business opportunities are likely to arise. When these developments reach maturity and the mass market stage of evolution, the basic underpinnings of the global economy will be changed forever.

			1. DNA Fingerprinting

			In 1984, British Geneticist Sir Alec Jeffreys accidentally stumbled upon a technique for identifying people uniquely using their DNA. This involved using a set of “markers” which are different for every person, with the exception of identical twins. This unique DNA signature is now commonly called a DNA “fingerprint”.

			“It was a classic case of basic science coming up with a technology which could be applied to a problem in an unanticipated way. Half the bands in a child’s DNA fingerprint come from its mother and half from its father. In paternity testing, you take the child’s banding patterns and that of the mother and the alleged father. The bands on the child’s DNA fingerprint that are not from the mother must be inherited from the true father. And no two people have the same DNA fingerprint, other than identical twins.”

			– Sir Alex Jeffreys, geneticist

			At first, labs needed a fairly large sample of DNA to construct a DNA fingerprint. This was problematic because there was a high chance of contamination occurring. Then a new process was developed, called ‘polymerase chain reaction’ or ‘PCR’ which is essentially a biological copying machine. PCR can take an incredibly tiny sample of genetic material and make copies of it so there is enough material to test. Today, getting a DNA fingerprint is simple – you just need a few cells of genetic material, a couple of hours and about $50.

			Genetic fingerprinting works by looking for a “hypervariable region” that varies quite noticeably from one person to another. Like fingerprints themselves, a genetic fingerprint cannot be altered in any way. Similarly, genetic fingerprints are a very robust way to determine without any doubt whether or not a person was physically present.

			As useful as genetic fingerprints are in determining paternity suits, they have found more widespread acceptance in courts of law. This has inspired many civil rights lawyers to use new DNA technology to reexamine convictions and find out whether or not the right person had been convicted of various crimes. One of the better known efforts in this field is called “The Innocence Project”. It was founded by two lawyers, Peter Neufeld and Barry Scheck who had served on the O.J. Simpson defense team. Since 1993, more than 144 inmates who had been convicted of crimes have been exonerated through the use of DNA technology which was not available during their original trials. More than a dozen of these people had been on death row scheduled to be executed for crimes they did not commit. This success has helped spawn a far-reaching civil rights movement and there are now a network of more than twenty five innocence projects at work in law schools and universities around the United States.

			“According to the Innocence Project, for every seven people sentenced to death in the United States, one is exonerated because he is found to be innocent. DNA fingerprinting is the gold standard used in determining that innocence.”

			– Gina Smith

			“DNA aids the search for truth by exonerating the innocent. The criminal justice system is not infallible.”

			– Janet Reno, former U.S. Attorney General

			“The most satisfying application of our insights was Jeffreys’s invention of DNA testing. It is exonerating people on death row; it is literally saving lives.”

			– James Watson, co-discoverer of the double helix, 2003

			“The DNA exonerations point out the system failure of criminal justice. So many of these people were identified on jailhouse snitch information, hair comparisons, bite mark comparisons, informants and misidentification. And false confessions. As a public defender, I figured that if my client signed a confession it was basically the end of the case. But we see that sometimes people are just broken down. They’re told, just admit it, and we’ll go easier on you. Or they may have a mental infirmity. But we know now, through the gold standard of DNA testing, that lots of people confess to crimes they didn’t commit. The issue isn’t that there was an unfair trial or an obscure mistake in the legal process. The people being exonerated by DNA testing are actually innocent – they did not commit the crimes for which they were incarcerated or, even, sentenced to death.”

			– Peter Nuefeld, attorney, founder of The Innocence Project

			With this in mind, the FBI, the Department of Defense and law enforcement agencies have controversially started creating databases of DNA fingerprints. There is also a proposal to require everyone who gets arrested in the future to be required to give a DNA sample. This idea has alarmed the civil libertarians.

			“Of course, there are crimes that are being solved by the use of these databases. No civil libertarian is ever going to argue that violating civil liberties does not produce socially desirable results. After all, if the police were allowed to kick doors down without a search warrant, they’d find all kinds of things – people selling drugs, people beating their wives. They’d uncover crimes they don’t uncover now, but this is not the values the founders of the United States were after. DNA databanking is a radical departure from the balance (between civil rights and law enforcement) that the founders were after.”

			– Philip Bereano, professor of technology and public policy, University of Washington

			A form of DNA fingerprinting is also being used to trace the lineages of Asian, American Indian, African and European groups. Scientists have identified what they call a person’s mitochondrial DNA (mtDNA). This is a form of DNA which gets passed down from mother to child. MtDNA does not get mixed or recombined with the father’s DNA. It stays unchanged through multiple generations. Researchers have found there are only eighteen types of MtDNA in the world, suggesting that all humans are the descendants of a handful of daughters who most probably lived in Africa before spreading to different regions of the world.

			“This supports the idea that all humans arose from Africa, and that ‘ancestral Eve’ was likely a very hardy black woman. To survive in ancient times, she would have had to be hardy.”

			– Gina Smith

			2. Genetic Testing

			There are now more than 950 (and increasing) tests available which can tell people their genetic risk for a wide range of diseases. Controversially, some people are even having their unborn children undergo genetic testing to find any potential genetic problems that might exist. In essence, this is the dawn of predictive medicine where people will know what conditions they are most at risk of developing and which preventative medicine strategies will offset or ideally eliminate those risks.

			This development poses all sorts of questions which society will have

			
					Could employers use genetic testing to hire only employees who are likely to be healthy for many years ahead?

					Could insurance companies require genetic testing before enrolling someone in a plan or offering a life insurance policy?

					Would parents practice genetic discrimination – and choose not to have children if there is a chance of their offspring having genetic disorders due to the match-up of the mother and father’s DNA?

					Will everyone be able to afford full genetic testing and any recommended treatments, or will this be something that is available only to those who are well-to-do?

					Will people with money be able to afford to give their children genetic enhancements while those without money miss out – thereby perpetuating the cycle of poverty

					Will “designer” genes – perhaps to stop people becoming fat – become popular genetic enhancements in much the same way as cosmetic surgery is used today?

					How will ordinary people react if they are tested and find they are genetically predisposed to have a life threatening disease? Will they have access to the counseling and other support services which will be required to avoid them becoming suicidal?

					What about the cases where a test exists for a disorder but no treatment is yet known. How will these people cope?

			

			3. The Fountain of Youth

			
			
			
			
					Cell therapy – to restore the tissue cells that commonly are lost in the brain or the heart as people age.

					Targeted gene therapy – to maintain the health of the genes which need to be continually renewed such as the blood, skin and gut.

					Insertional gene therapy – to replace specific genes which are susceptible to mutation with error-free versions.

					Additive gene therapy – to add genes which will break down cholesterol as well as various proteins that contribute to brain well-being.

					Immune therapy – to destroy any excessively aged cells, particularly those which are carcinogenic.

					Medicinal therapy – to break down the deposits that accumulate between cell walls as people age.

					Additional medicinal therapy – to break down the glucose links which weaken skin and other tissues.

			

			
			
			
			
			
			
			
			4. DNA and the Cure For Cancer

			
			
			
			
			
					New targeted drugs and personalized medicines have been released which work by modifying a protein’s production level within the patient. It’s now becoming possible to provide cancer patients with specialized treatments tailored to the precise characteristics of their tumor.

					Drugs which treat cancer genetically are starting to become widely available. The first of these is Gleevec which treats chronic myelogeneous leukemia with startling success. Gleevec works by changing the environment that cancerous white blood cells need to start multiplying uncontrollably. Many similar drugs for treating other types of cancers are under development.

					Researchers are making steady progress in identifying the specific genes that cause various types of cancers.

					Many more DNA-based predictive tests are now available which measure a person’s genetic susceptibility for developing specific types of cancer. People can take these tests and, if necessary, have preventative treatments to reduce the chance of cancer developing in the future.

					Tumor suppressing genes are also being developed in the lab with the idea that patients who develop cancer may be able to have this gene inserted as part of their treatment.

					A number of companies are working on cancer treatments that are anti-angiogenesis – that is, they treat cancers by cutting off the blood supply to tumors thereby stopping their growth.

			

			5. Cloning and Stem Cell Research

			
			
			
					Lab cloning – copying a small fragment of DNA repeatedly until there is enough identical fragments for DNA tests to be carried out. This type of cloning is in use in labs around the world every day at the present time.

					Reproductive cloning – where DNA is taken from a donor cell and transferred into a hollow egg which is then implanted in a mother. This creates an exact genetic copy of the donor. This is how Dolly the sheep was cloned in 1997 at the Roslin Institute in Scotland.

					Therapeutic cloning – where human embryos are cloned in order to harvest stem cells for medical uses. Stem cells are effectively master cells because they are capable of morphing into a large number of types of cells such as those in the brain, muscles or other organs. Scientists believe stem cells may be used to treat degenerative diseases.

			

			
			
			
			
			
			
			
			
			
			6. Genetic Therapy

			
			
			
					Replace the mutated gene with a healthy copy.

					Knock out or inactivate the mutated gene.

					Add an entirely new gene which will help the patient’s body fight the disease.

			

			
			
			
					Unintended consequences – sometimes delivering a gene which solves one problem generates another medical problem for the patient. In the worst case scenario, doctors may end up solving one problem but create a more serious or even fatal condition in the process. The possibility of severe side effects cannot and should not be ignored.

					Multiple sources – many diseases are not just the result of single gene defects but are the combined effect of multiple mutant genes working in unison. It becomes very difficult to propose treatments when multiple genes are involved.

					Ethics – or in other words, the debate over when a genetic “defect” should be treated as a “disease”. The prevailing fear is that at some point, scientists will try to genetically modify people to remove undesirable character traits and tendencies rather than simply to treat an otherwise incurable, life-threatening illness. Where to draw that theoretical line in the sand is difficult to determine. For example, is deafness something that should be eliminated by the use of gene therapy?

					Affordability – gene therapy is inherently expensive and is likely to remain expensive well into the foreseeable future. Therefore, how does society stop the creation of what is effectively a genetic underclass whose ancestors could not afford the technique?

					Generational changes – meaning potentially the effect of some gene treatments may not show up for a number of generations in the future. Who will be responsible for meeting the costs of long-term monitoring and potential treatment of any side effects which don’t manifest themselves for generations and generations?

					Patient rights – specifically, who is able to make an informed decision for a fetus? Clearly, a fetus cannot agree to a procedure that may change its own genetic makeup. Is it acceptable to perform gene treatments on a baby who is unable to weigh up the pros and cons of the procedure for himself or herself? Should parents be vested with the rights to make these decisions on behalf of their children – and what safeguards can be put in place should parents not exercise those rights in a reasonable and responsible manner with the child’s interests at heart?

			

			
			
			1. The Key Ethical Questions Every Society Will Struggle With

			
			
			
			
					Do we want to practice a 21st century form of eugenics?

					Should governments be entrusted with DNA databanks?

					Should employers and insurance companies be able to require forced genetic testing?

					Would widespread genetic testing be useful?

					Will genetic upgrades be affordable?

			

			
			
			
			
			
			
			
			
			
		

		
			
				[image: ]
			

		

		
			
			

		

		
			
			
			
			
			
			
		

OEBPS/Images/97825110165961.png
SUMMAHY

eeeeeeeeeeeeeeeee
oooooooooo

The Genomics
Age

—— BusinessNews Publishing —





OEBPS/Images/pagepromo.png
—— Get instant access to more than

1,000 poox

summaries ___

Full collection at

Wwww.mustreadsummaries.com






OEBPS/Images/1.png
SUMMARY

nnnnnnnnnnnnnnnnn
aaaaaaaaaa

The Genomics
Age





OEBPS/Images/pagepromo2.png
Get the main ideas
of this book in less
than 30 minutes _

& Analysis

Be a Real Estate
Millionaire

Future
Focus

Buy the books you really need thanks
to our must-read summaries!

Available on all devices

www.mustreadsummaries.com





