
Wired - 10 Years on, ‘The Genome Revolution Is Only Just Beginning’

Almost 10 years after the celebrated completion of the human genome’s first draft, the expected revolution in medicine and research has only partly come to pass.

The human genome’s sequencing has profoundly influenced basic research and the refinement of genome-reading tools. But those advances have had only limited medical impacts.

“The promise of a revolution in human health remains quite real,” wrote Francis Collins, director of the National Institutes of Health, in an essay published March 31 in Nature. “Those who somehow expected dramatic results overnight may be disappointed.”

Collins’ commentary is one of four published this week in Nature in anticipation of the human genome’s upcoming 10th anniversary, which officially falls on June 26. On that date in 2000, Collins — then the head of the NIH’s National Human Genome Research Institute — met in the White House with Craig Venter, founder of Celera Genomics, and President Bill Clinton.

In the same room that Merriweather Lewis and William Clark presented Thomas Jefferson with a map of the Louisiana Purchase territories, the researchers announced that the human genome’s three billion base pairs of DNA had been mapped. “Humankind is on the verge of gaining immense, new power to heal,” proclaimed Clinton. “It will revolutionize the diagnosis, prevention and treatment of most, if not all, human diseases.”

Mostly lost in the ceremony was the fact that the genome sequence was not truly complete, but only a first draft. About 10 percent of it hadn’t yet been read. The parts that had been read, still needed to be verified. Reading the genome had required its breakup into thousands of manageable chunks that needed to be reassembled. Ewan Birney, a Sanger Center geneticist and leader of a group involved in the sequencing, compared the moment to “being given the best book in the world, but it’s in Russian, and it’s incredibly boring to read.”

The human genome’s sequencing wasn’t formally completed until 2003. Since then, it has guided researchers in investigations of human development and disease. Some of their investigations have yielded new tests and drug targets and insights into the basis of human disease and development. But they’ve also revealed just how complicated human biology is, and how much remains to be understood.

“Wisely, the president did not attach timetables to his bold predictions,” wrote Collins in Nature.

Perhaps the greatest genomic advances of the last decade involve tools. The Human Genome Project — the Collins-led governmental side of the genome-sequencing race, with Venter leading the private side — commenced only when the cost of reading DNA finally approached $1 per unit, or $3 billion for a whole genome. A comparable genome sequence now costs less than $10,000. What took years to complete can be done in a day.

Better tools have driven other genomic advances. The International HapMap project was formed in 2002, and compared the genomes of several hundred people from around the world. This produced a map of genomic hotspots where people — any two of whom are roughly 99 percent identical at the genetic level — are most likely to have DNA differences. This helps researchers narrow their focus on genes involved in disease.

Researchers have also learned that just 1.5 percent of all human genes code for the proteins that make up our cells and tissues. As for what the rest are doing, they are still learning. In 2003, the NIH started the Encyclopedia of DNA Elements, or ENCODE, which supports researchers in identifying functions for the rest of our genes.

Many genes control when protein-coding genes are turned on and off at different places and times in the body, adding a whole new layer of complexity to the genome. This field of study is called epigenomics, and many researchers think it’s just as important as genomics. The NIH’s Roadmap Epigenomics Program started just two years ago.

Scientists hope these projects will fill the massive gaps that remain in current genetic explanations for most common diseases. Even after the publication of hundreds of genome-wide association studies — the gold standard of disease gene hunting, in which thousands of genomes are scanned and compared — scientists can explain only a fraction of the heritability that clearly exists in common diseases and conditions.

“The ability to make meaningful predictions is still quite limited,” wrote Collins. Indeed, personalized genomics companies like 23andMe, Navigenics and deCODE have struggled, as the novelty of genomic information gives way to a realization that it’s still of limited medical use.

But all for all that turn-of-the-millennium expectations have been tempered, the genomic age has produced significant medical advances. Analyses of gene disturbances in cancer tissues have produced several promising drugs. Testing for breast cancer mutations is now common. Individual response to about a dozen drugs can be predicted. And even if the big picture isn’t yet clear, researchers have thousands of new gene targets, each a providing a foothold on the path to understanding. For some complex diseases, such as schizophrenia, researchers are now looking at genes and physiological systems they never suspected were involved.

Making sense of massive new genomic datasets has fueled the growth of systems biology, now one of the hottest areas of science. And all this research is shaped by another legacy of the genome’s sequencing: what Collins calls “the radical ethic of immediate data deposit.” Knowledge of the human genome wasn’t scattered and hoarded. It was freely shared with any researcher who wanted it.

“My students can gather certain types of experimental data 1,000 and even 10,000 times faster than I could 40 years ago,” wrote Robert Weinberg, a Whitehead Institute geneticist, in Nature.

As Venter, now the leader of the eponymous J. Craig Venter Institute, responsible for the designing the first synthetic genome, concluded his essay: “The genome revolution is only just beginning.”

Science Daily

Will Genetics Ever Have the Promised Impact on Medical Practice?

ScienceDaily (Mar. 31, 2010) — Since the discovery of gene sequencing in the late 1970s, it was predicted that genetics would revolutionise medicine and provide answers to the causes of many of our common killers. But has genetic research delivered its promise? Experts debate the issue online in the British Medical Journal.



London GP, James Le Fanu argues that the influence of modern genetics on everyday medical practice "remains scarcely detectable." 

Nearly 10 years have elapsed since the completion of the first draft of the human genome project, he writes. Although there have been substantial achievements and fascinating insights, the prevention and treatment of genetic disorders remains as elusive as ever.

He suggests that genetic research "has forcibly drawn to our attention our ignorance about the most elementary aspects of gene function," and it is therefore "highly improbable that the future of medicine might lie in understanding disease at the most fundamental reductionist level of the gene and the proteins for which they code."

This takes us to the end of the alley, he concludes. "There is no way out, and the sooner we recognise it the better because the current dominance of medical genetics threatens to bury the true spirit of intellectual inquiry under an avalanche of undigested (and indigestible) facts."

But Professor David Weatherall from the Institute of Molecular Medicine at theUniversity of Oxford disagrees. He explains that mutations for hundreds of single gene (monogenic) diseases have now been identified and, "although gene therapy for their correction has proved difficult, sufficient progress has been made to suggest that this approach will be possible in the future." Spectacular advances have also followed the application of molecular biology to communicable diseases and cancer, he adds.

"These examples of the medical applications of molecular genetics, all of which are still progressing in many different directions, certainly do not suggest that modern genetics has reached a blind alley," he writes. 

He concludes: "The remarkable advances that are occurring in evolutionary and developmental biology, and the highly original approaches to tackling the problems of biological complexity … show that viewing the young discipline of genetic research as a blind alley would be short sighted."

