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	GeneticUpdates for November, 1999
by Peter Follette


So many genes, so little time...

Although much excitement usually accompanies the completion of a genome project (see, for example, Chapter 13 in Cummings, or Chapters 7 and 26 in Fairbanks), in reality determining the sequence of a genome is just a beginning. Once all of the genes in an organism have been identified, the real work begins, as the scientists are next faced with the task of figuring out what each of the thousands of genes in an organism are doing.

While scientists already have an impressive array of tools to study a gene's function, such as through sequence analysis or by making mutations in the gene, these approaches are often unsuccessful. For example, a novel gene is often found to share no homology to any known genes, and mutations in a gene often do not confer any easily detectable, or easily decipherable phenotypes on a mutant cell or organism. 

This not uncommon inability to determine a gene's function is made all the more frustrating by the vast wealth of knowledge that has been generated over the years regarding the various biochemical processes in a cell. Scientists know a lot about what goes on in a cell, but they often don't know what proteins, and, in turn, what genes, are responsible for many of the well characterized phenomena. By identifying the proteins and genes involved in a biological process, scientists can often gain new insights into exactly how the process is accomplished, how it is regulated, and, in addition, how it might be manipulated, such as for the treatment of a disease.

One major way to identify the proteins and genes involved in a biological process is through biochemistry. Typically, a biochemical approach involves making a cell extract, which usually contains thousands of unique proteins, and then sequentially separating the proteins in the extract into smaller and smaller fractions, each fraction containing fewer distinct proteins than the previous one. Using an assay for a biochemical activity of interest, a scientist can, after each separation step, perform the assay on each of the fractions to determine where the protein is. If performed diligently enough, it is often possible to separate the different proteins so exhaustively that a single protein can be isolated with the activity of interest. Once this protein has been identified, its amino acid sequence can be determined, and, based on this sequence, the gene encoding the protein can be cloned.

Although biochemistry has certain advantages over genetics--for example, the ability to identify proteins based on a precise assay, and the ability to identify proteins that are encoded by genes that may not cause a detectable mutant phenotype--it is often cumbersome and expensive, involving years of hard work purifying a protein and subsequently cloning the gene encoding the protein. Now, however, in a new study published in the journal Science, a group of researchers has developed a new, elegant, and efficient method to use both biochemistry and genetics to allow the rapid isolation of genes, and their encoded proteins, involved in almost any biochemical process.

In the study, a group of researchers from the University of Rochester and the University of Washington created a set of more than 6000 separate strains of the yeast Saccharomyces cerevisiae. Each strain contained a gene encoding a unique fusion protein made up of two components. The first component, called "GST," was the same in each of the strains, and was included because GST allowed the fusion proteins to be easily purified using a compound called glutathione. The second component, in contrast, was a full-length yeast protein that was different in each strain. Because of the huge number of strains, essentially every yeast protein was represented in a fusion protein in one of the 6000+ strains.

The basic idea behind their approach was to divide the yeast strains into 64 pools of 96 strains each, collectively purify all of the fusion protein from each pool using glutathione, and then assay each pool of purified protein for a particular activity. When an activity is detected in a pool, the 96 strains of the pool are then individually assayed for the activity. Then, because of the way the yeast strains are made, the genes can be easily isolated, allowing the sequencing of both the gene and the encoded protein. 

As a test of their method, the researchers first tried to see if they could identify previously cloned genes based on a well characterized assay. Specifically, they attempted to isolate two genes based on two separate assays involving tRNA processing reactions. Using these assays, they were able to isolate a single strain for each of the biochemical activities, each strain containing the previously known gene. Importantly, no other strains were identified. Thus, not only was their approach accurate, as it was able to identify the genes that were known to be involved in each process, it was discriminating, as it did not identify any other genes.

With this encouraging start, the researchers next attempted to isolate genes responsible for three different biochemical activities for which no protein or gene had been previously found. Specifically, they used assays for two distinct biochemical activities involving the modification of a byproduct of tRNA processing, and a third assay for the ability to add a methyl group to a particular intracellular protein. Using these three assays, the researchers were able to detect the protein activity in one of the pools and, ultimately, to identify the genes responsible for each of the activities.

This new approach offers great advantages over pre-existing methods. For one thing, by using purified proteins in the biochemical assays, rather than cell extracts, their assays were extremely sensitive. In addition, and very importantly, their approach is fast. According to the authors, their system takes about 2 weeks from beginning to end, compared to months or years for more traditional purification strategies. The authors also assert that, with the right set-up, the procedure could be performed in as little as one day. This is indeed good news for biochemists and other scientists wishing to take advantage of the wealth of information that is constantly being generated by the various genome projects and other areas of genetics research.



Mutant mouse points to new tumor target

A tumor, like any tissue, depends on a constant supply of food and oxygen to survive. Perhaps not surprisingly, then, one of the first things a growing tumor does is to induce the circulatory system, in a process called "angiogenesis," to sprout new branches in its direction. By doing this, the tumor hijacks the blood supply of its host, thereby enabling its growth and satisfying its voracious appetite. Fortunately for medical research, however, by depending on the host in this way, the tumor may be exposing its Achilles heel: instead of treating cancer by trying to kill tumor cells directly, as has traditionally been done, what if this recruitment of the circulatory system by tumors could be blocked, thereby starving and suffocating the tumor? This idea, which has attracted much attention in recent years, has now gained new and quite strong support. In a recent paper published in the journal Nature, a group of researchers has created a mutant mouse that is apparently resistant to tumors. These mice, which have mutations in two related genes, are unable to make new blood vessels as adults and, as a result, do not support the growth of tumors.

The genes that were mutated in the mice, called Id1 and Id3 (for Inhibitor of differentiation), which encode proteins with similar activities but which are expressed in different patterns, had already been known to play a role in inhibiting the transcription of genes involved in cellular differentiation (see, for example, Chapter 8 in the Fairbanks text or Chapter 9 in Cummings). For example, in immature muscle cells, Id proteins bind to a transcription factor called MyoD, preventing MyoD from inducing the transcription of genes required for muscle cell differentiation. In this new study, the researchers wanted to determine what role the Id genes play in limiting cell differentiation in other cell types, and how important this inhibition of cell differentiation might be for overall animal development. As the Id1 and Id3 genes are each expressed in a unique pattern, the researchers were particularly interested in the effects of mutations in the Id genes on cells in the nervous and vascular systems, as the pattern of Id1 and Id3 expression overlaps in these cells.

The first thing the researchers discovered was that mice missing both copies of both Id1 and Id3 (the double mutant mice) did not survive until birth. Upon closer examination, they found that these double mutant embryos were significantly smaller than wild type embryos, and had numerous, extensive defects in their nervous and circulatory systems. The nature of these defects suggested that cells in these tissues underwent premature differentiation. For example, the brains of the mutant mice had many "cavities," or gaps, suggesting that the nervous systems lacked enough cells to make a normal brain. This makes sense because in the development of the nervous system, cells first undergo a proliferative phase, generating a large number of cells, and then a second phase where the cells differentiate into neuronal cells. If the cells in the brain exit the proliferative phase too early and prematurely enter the differentiation phase, then the nervous system will not have enough cells to make a normal brain. 

To investigate this possibility more directly, the researchers looked in the mutant brains at the levels of a number of proteins involved in cell proliferation and cell differentiation. Interestingly, they detected an increase in the amount of several inhibitors of proliferation as well as in the level of various proteins involved in neuronal differentiation. This is exactly what one would expect if cells were prematurely exiting the proliferative phase and undergoing differentiation.

The researchers also detected a number of defects in the vascular system of the double mutant embryos. In particular, the blood vessels of the mutant mice, particularly in the brain, were much larger than normal, and showed none of the extensive branching typical of normal embryos. It is possible that this, too, may be the result of premature differentiation of cells within the vascular system, making it impossible for them to proliferate, as required for new branching. 

The absence of angiogenesis in the double mutant embryos also suggested an exciting new possibility: maybe inhibiting Id genes would also inhibit tumor growth, as tumors depend on new blood vessel branching for their survival. This possibility seemed all the more reasonable in view of the observation that blood vessels associated with neural tumors in human adults express Id1 and Id3, suggesting that these genes may be involved in tumor-induced angiogenesis in humans. 

The simplest way to test this possibility would have been to study tumor development in the double mutant mice. These mice, however, do not survive long enough to allow any meaningful analysis of tumor growth. To get around this problem, the researchers instead examined the growth of tumors in mice that were missing 2 copies of Id3 but only one copy of Id1. Although these mice are in most ways indistinguishable from normal mice, when they were injected with cells that produce tumors in wild type mice, they were almost completely resistant to tumor growth. For example, when lymphoma cells were injected into wild type mice, the mice rapidly developed tumors and died within about 3-4 weeks. In striking contrast, Id mutant mice showed a small amount of tumor growth in the first few days, but then the tumors disappeared and never returned. In contrast to the tumors in the wild type mice, the tumors that appeared in the mutant mice were associated with almost no new blood vessel growth, suggesting that these tumors were unable to recruit the circulatory system in the mutant mice to supply them with a needed blood flow.

These results indicate that, by inhibiting Id genes in adult humans, it may be possible to prevent tumor growth. In addition, because the Id genes are almost exclusively involved in new blood vessel formation in adults, the inhibition of these genes may cause very few side effects, thereby providing a precise and safe treatment for adult forms of cancer. In reality, such treatments would probably involve inhibiting Id proteins, not genes, as targeting a protein is vastly simpler than targeting a gene, and can often be accomplished by simply administering a drug that specifically inhibits the protein's activity. Indeed, the authors of this paper have already identified a compound that may be capable of inhibiting Id proteins, and are currently searching for other, potentially more effective, compounds. 



Genetics enables old dogs to learn new tricks

Childhood is full of learning-learning language, rules of social behavior, and all the subjects that you may (or may not) have studied in school. Perhaps not surprisingly then, studies have shown that young animals, including birds, monkeys, and humans, are better able to learn new things than adults. This enhanced learning ability in young animals has raised an interesting question: what do they have that adults are missing? For example, are there biochemical differences in the brains of young and old animals that affects their ability to learn? Even more interestingly, if such differences could be understood, would it be possible to give adults a "younger" brain, thereby giving them the ability to learn like a child? Amazingly, the answer to these questions, according to a new study published in the journal Nature, appears to be, at least partially, yes.

Neurobiologists have long theorized that the physiological mechanism underlying learning and memory involves a strengthening of the connections between neurons. If the particular neuronal connections that are used to perform a given task, or that are involved in a particular thought, are somehow reinforced, then the repetition of the task or thought will be that much easier the next time, forming a "memory" of the task or thought. With this theory in mind, scientists have long been intrigued by the observation that once certain synapses fire, the synapses require less neurotransmitter to fire again. This firing-dependent sensitization, called LTP (for Long Term Potentiation), has generated much excitement because it provides a perfect mechanism for what scientists have long predicted would be the basis of memory. Despite this excitement, however, no one had been able, before this recent study, to directly link LTP with real-life learning in an animal.

In this study, a group of scientists from Princeton University, MIT, and Washington University in St. Louis manipulated the levels of a particular neuronal receptor, called the NMDA receptor, which is made up of two distinct subunits called NR1 and NR2. While there is only a single type of NR1, NR2 comes in several different varieties, each of which is present at a distinct time during development. Interestingly, one form of NR2, called NR2B, is expressed in the forebrain of juvenile mammals, and has been associated with high levels of LTP in neurons in vitro. Adult forebrains do not express NR2B, but instead express a different NR2 variant, called NR2A, which has been associated with lower levels of LTP in vitro. In view of this intriguing correlation in juveniles between NR2B expression, LTP activity, and learning ability, the researchers in this study asked what would happen if NR2B was produced in adult brains. First, would LTP be enhanced in the brains of those adults, and second, would that have any effect on their memory and learning ability?

To produce NR2B in adult brains, the researchers generated transgenic mice (see, for example, Chapter 27 in Fairbanks, or Chapter 13 in Cummings) that placed a gene encoding NR2B under the control of a promoter, called CaM-kinase-II, that drove its expression in adult brains. Specifically, the CaM-kinase II promoter caused NR2B expression in the hippocampus, a part of the brain cortex involved in learning and memory. 

These transgenic mice, which were named "Doogie" by the researchers, were at first indistinguishable from their non-transgenic siblings. They were perfectly healthy, and behaved exactly like normal mice. When their mental abilities and neuronal connections were directly tested, however, numerous differences became apparent. 

The first way thing the researchers examined was the LTP in the hippocampal neurons from the transgenic mice. Using a variety of assays, they found that hippocampal neurons from the transgenic mice showed much higher levels of LTP than wild-type neurons. Indeed, certain features of the LTP in the transgenic neurons were quite reminiscent of juvenile neurons.

The researchers also used several behavioral tests to assess the relative ability of the transgenic mice to learn and remember. In one such test, the mice are exposed to two objects for five minutes, and then, after a variable period of time, one of the objects is removed and replaced with a new object. Usually, mice will spend most of the time exploring the new object. If, however, enough time has elapsed between the exposure to the first two objects and the introduction of the new object, the mice tend to forget what the two original objects looked like and will not necessarily spend more time with the new one. When the NR2B expressing mice were tested, however, they were much better than wild type mice at remembering what the original objects looked like, and had a significantly stronger preference for the novel object even after 3 days. 

The transgenic mice also performed better in a test of spatial-learning ability. In this test, the mice were placed in a maze that was filled with an opaque liquid and which contained a submerged platform that the mice could stand on if they could find it. When mice are repeatedly placed in such a maze, they eventually learn where the submerged platform is, and the amount of time it takes them to learn the location of the maze is used as an indicator of learning ability. In this test, the transgenic mice had a significant ability to remember the location of the platform after just three sessions in the maze. In contrast, the wild-type mice at the same stage had no memory at all of the platform's location. 

This study provides an intriguing, and in some ways scary, glimpse at the possibility of enhancing intelligence in animals. It will be interesting to see if similar results can be obtained in other animals, and whether NR2B may be capable of enhancing performance in tests other than those designed for laboratory mice!



Genetics uncovers Dark Secret lurking in Famous Wine's past

Everyone's DNA is unique. By looking at the particular sequence of almost any part of the genome, a geneticist can easily tell any two individuals apart. This is not necessarily true, however, if the individuals are related. Members of the same family share some or all of the sequence at any given locus, a fact that is often exploited for paternity and other types of tests.

Just as with people, the reputation of a plant or animal species can depend on its known relatives. This is especially true for the varieties of grape that are used to make wine. Recently, in a shocking turn of events that has taken the wine community for a loop, geneticists have discovered that 16 modern wine varieties, previously assumed to be distantly related, are in fact quite close relatives. In addition, the researchers found that each of the 16 varieties are the progeny of a single pair of ancient varieties. And, what's worse, one of the two ancestors has a bad reputation indeed.

Almost all modern wine varieties, which have been propagated asexually for centuries, are made from a single grape species, Vitis Vinifera. The exact origins of each of the varieties, however, are unknown. Some varieties may represent wild varieties that were domesticated long ago, whereas others may represent the product of crosses that occurred long ago between different cultivated varieties, or between cultivated and wild varieties. Knowing the relationships between various varieties would not only provide interesting insight into the relationship between many commonly enjoyed wines, but would also provide wine makers with clues regarding what types of crosses result in high quality wines.

In the recent study, a group of French and American researchers compared various genomic regions called "microsatellites" in more than 300 distinct wine varieties from northeastern France. "Microsatellites" consist of short, repeated sequences that are repeated a variable number of times in different individuals. The number of times each sequence is repeated is essentially an "allele," and can be used to distinguish between unrelated individuals, or, in some cases, to establish relationships between relatives (because each of the wine varieties are asexually propagated, each variety effectively represents an "individual").

To determine the number of repeats present at various microsatellites in each of the varieties, the researchers amplified the microsatellite regions using PCR and then determined the size of the amplified sequence using gel electrophoresis (see, for example, Chapter 12 in Cummings or Chapter 9 in Fairbanks). By comparing the sizes of the microsatellites between the more than 300 varieties, the researchers determined that 16 of them were very closely related, each representing a distinct offspring of a cross between two single varieties. Interestingly, the 16 included one of the most famous modern wines, Chardonnay. 

One of the parents of the 16 varieties is neither very surprising nor shameful. This parent is Pinot Noir, a very respectable grape that is even now used to make many fine wines. Pinot grapes have been used for centuries to make wines from these regions, and may have even been cultivated by Romans millenia ago. 

What is more surprising is the identity of the second parent of the 16 varieties. That parent is called "Gouais blanc," a variety that hasn't been extensively cultivated since the Middle Ages, and which has even been banned in some regions since then because of its poor quality. Even in the Middle Ages, Gouais blanc did not attract much respect, as the name "Gouais" is derived from the adjective "gou," which is an ancient French term of derision. It seems a hardly worthy ancestor for the stately Chardonnay! 

This discovery, and a similar one published a couple of years ago, will necessitate a change in the way wine lovers think about what makes a great wine. Specifically, wine connoisseurs have long assumed that the finest wines were wild varieties, and could not be derived from a cross between cultivated varieties. Now, however, it will be difficult to maintain this prejudice in the face of the discovery that Chardonnay is a cross between two cultivated varieties. And what's worse, another study, published in 1997, established that the variety Cabernet Sauvignon, arguably the finest red grape variety in the world, is also a hybrid between two cultivated varieties, Cabernet franc and Sauvignon Blanc. It looks like its time to rewrite the enology textbooks!
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