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	GeneticUpdates for March, 1999
by Peter Follette


The Education of Whales

Whether comparing DNA sequences between species for phylogenetic studies, or comparing sequences for individuals within the same species for population studies, geneticists typically focus on the most variable regions of the genome. Because such variable regions generally lack any essential genes or regulatory sequences, they are subject to little or no selective pressure. Instead, the sequences in such regions are constantly changing, and changing at a rate that reflects the mutation rate of the organism. Further, if the mutation rates of the species are known, it is often possible to even calculate when in the past the two species or populations within a species diverged (see chapter 21 in Fairbanks, or chapters 17-18 in Cummings).

Sometimes, however, studies comparing DNA sequences between species or between individuals within a species are not so straightforward. Recently, for example, several publications have examined mitochondrial DNA (mtDNA) sequences in a variety of whale species, and have discovered that the diversity of mtDNA sequences within four of the species is much lower than expected. In fact, the differences in mtDNA between members of each of these four species, Globicephala melas (a pilot whale species), Globicephala macrorhynchus (another pilot whale species), Physeter macrocephalus (sperm whales), and Orcinus orca (killer whales) was about tenfold less than among other species of whales. 

This low level of diversity could be caused by any of a number of factors. Recently, however, a paper in the journal Science (volume 282, pp. 1708-1711) has examined each of these potential explanations, and concludes that none of them seems to apply in this case. Instead, the article proposes an alternative, novel explanation for the observed lack of variation. Specifically, the article suggests that the lack of diversity within these species results from neither a genetic nor a biological source, but rather from cultural behaviors transmitted from mother whales to their daughters.

The article first addresses, and rejects, several possible explanations for the low diversity. These include the possibilities that the mutation rate in these species of whales is lower than normal, that an evolutionary "bottleneck" or similar event in the history of these species resulted in a low level of genetic diversity, or that the sequences examined in these studies actually were directly subject to selective pressure, for example if the sequences did indeed encode a gene. For various reasons, each of these potential explanations was rejected in turn.

Instead, the author of the paper, Hal Whitehead from the Dalhousie University in Nova Scotia, Canada, suggests that the answer may lie in the fact that each of these four species of whales, and no others, has what is called a matrilineal social organization. Species with a matrilineal social structure are organized into female-based social units. As a result, numerous cultural behaviors, such as feeding habits, methods of deterring predators, and even singing, are transmitted from mother to daughter. Thus, in these whales, behaviors with a potentially important impact on survival are transmitted exclusively along a female lineage.

Significantly, mitochondrial DNA is transmitted in exactly the same way as these maternally-transmitted behaviors (remember that mitochondria are found in the cytoplasm, not the nucleus, and a daughter receives 100% of her mitochondria from her mother and none from her father). Because these cultural traits offer a selective advantage, and are transmitted from mother to daughter in exactly the same way as the mtDNA, the cultural traits in effect provide a selective advantage on the mtDNA as if the mtDNA sequences were themselves providing the selective advantage. Consequently, suggests this novel, "cultural hitchhiking" hypothesis, these cultural traits lower the diversity of the mtDNA sequences within these species.



DNA Chips Provide New Insight into Old Experiment

For years now, the tools of molecular biology have enabled scientists to identify and follow the expression of genes involved in just about any biological process of interest. For example, to study the control of cellular growth and development, scientists have often examined the genetic basis of the response of fibroblast cells to blood serum. In a typical experiment of this type, fibroblast cells are first grown in cell culture medium containing blood serum (which has, among other things, growth factor proteins). The presence of the serum in the culture medium causes the cells to grow and divide. Subsequently, the serum is removed from the medium, causing the cells to stop growing and to enter a quiescent state. Ultimately, if serum is re-added to the medium, the cells begin to grow and divide again.

By determining, for example, which genes are turned on in response to the re-exposure of the cells to the serum, scientists have made great inroads into understanding how cells control growth and division. Indeed, over the years, researchers have forged a relatively sophisticated view of the genetic regulation of cellular growth and division. Recently, however, this view has been shown to include only a small part of the response of fibroblast cells to serum Specifically, a new study (Science, vol. 283, pp. 83-88), using a novel genetic tool called a DNA chip, has shown that the response of fibroblast cells to serum actually involves the expression of hundreds of genes, controlling many aspects of cell behavior (to read about the regulation of gene expression, see Cummings, chapter 9, or Fairbanks, chapter 8).

DNA chips allow scientists to monitor the expression of thousands of genes at once. Each chip contains an array of thousands of miniature drops of DNA that are arranged in a defined pattern on the chip. Every molecule of DNA within each drop has the same sequence, and corresponds to a particular gene. By isolating, fluorescently labeling, and hybridizing to a chip, for example, mRNA from a particular cell type, researchers can generate a profile of the genes expressed by the cell. In addition, by varying the conditions under which the cells from which the mRNA is isolated, one can compare the profiles of gene expression occurring under various environmental conditions.

This new experiment did just that, by looking at the profile of gene expression occurring before and after the addition of serum to serum-starved fibroblast cells. In this experiment, a group of researchers from several universities and research institutes including Stanford University, used chips containing DNA representing about 8600 unique human genes. The researchers labeled mRNA isolated from cells before the addition of serum with one fluorescent label, and mRNA isolated after the addition of serum with a second fluorescent label. They then hybridized each set of mRNA to a single chip, and measured the relative intensities of each label. In this way, they determine which of the 8600 genes were turned on in response to serum (corresponding to spots with a higher intensity of the second label compared to the first), which genes were shut off (corresponding to spots with a higher intensity of the first label), and which did not change (i.e. the two intensities were the same).

Remarkably, they found that, while the expression of many genes involved in cell growth and proliferation were indeed altered in response to serum addition (some growth promoting molecules were turned on, and other growth inhibitors were turned off), these genes represented only a fraction of all the genes whose expression changed in response to the addition of serum. In fact, hundreds of genes were found to be affected in one way or another. Interestingly, when examining all of the genes together, a pattern emerged. It appears that many of the genes involved in the cellular response would contribute, directly or indirectly, to wound healing. For example, a number of genes known to be involved in coagulation, inflammation, and angiogenesis were found to be expressed in the presence of serum. Growth and proliferation of cells also play a role in wound healing, but only represent one of many aspects of the process.

In retrospect, this result makes sense physiologically, because fibroblast cells are likely participants in any wound healing processes in an animal, and are likely to encounter serum at the site of a wound in vivo. Nevertheless, it came as a surprise to many. In the end, therefore, this study has provided not only a better understanding of fibroblast cells and their role in vivo, but has also demonstrated the power of new research tools to add entirely new levels of understanding to even long and well studied biological processes.



Chimpanzees Found to be Source of HIV-1

Of the two strains of HIV known to infect humans, HIV-1 and HIV-2, HIV-1 is by far the more common. Worldwide, over 35 million people have been infected with HIV-1. Nevertheless, despite much effort and at least as much speculation, the origin of HIV-1 has remained a mystery. The fact that humans often hunt chimpanzees for food, and the discovery of HIV-1 like viruses in chimps, had led to suggestions that chimps were the source of HIV-1. No one, however, had ever been able to conclusively link the chimpanzee virus to HIV-1. Now, in a remarkable new study (Nature vol. 397, pp. 436-441), an international group of researchers has determined that HIV-1 was indeed originally transmitted from chimpanzees to humans. Further, the study has found that there are actually two distinct forms of the chimpanzee virus, and that one of these, present only in a particular subspecies of chimpanzees, is the original source of the human virus.

Several years ago, researchers determined that the less common HIV-2 virus originated from a species of monkey called the sooty mangabey. Sooty mangabeys are often infected with a virus, SIVsm (SIV stands for "simian immunodeficiency virus"), that is extremely closely related to HIV-2. Further, numerous instances of monkey to human transmission of the virus were documented. These instances were actually not so difficult to find: humans are known to both hunt sooty mangabeys and to keep them as pets, providing numerous opportunities for trans-species infection.

In the case of HIV-1, however, several factors have argued against a conclusion that chimpanzees are the source of the human virus. For example, the HIV-1 related chimp virus, SIVcpz, appears to be rare among wild chimpanzees. In addition, there is a poor relationship between the geographical range of chimps and the apparent geographical origin of HIV-1. One would expect that, if chimps were indeed the source of HIV-1, then the virus would have originally appeared in a geographical region coinciding with that of chimpanzee habitation. Instead, while HIV-1 appears to have arisen in a relatively small region of central west Africa, including Cameroon, Gabon, and Equatorial Guinea, chimpanzees are found in a much broader geographical area.

The new study, published in the journal Nature, first reports the sequencing of a new sample of SIVcpz. This virus was isolated from a chimpanzee named Marilyn, who was captured in the wild in Africa in the late 1950's and who lived in captivity in the United States until her death in 1985. Prior to her death, Marilyn was found to have antibodies that reacted with HIV-1. The authors of the current study assumed that, in view of the reactivity of her antibodies to HIV-1, Marilyn was most likely infected with a virus closely resembling HIV-1. To study this virus, they used PCR to amplify the virus from tissues that had been removed from Marilyn at the time of her death and stored, frozen, until now. After amplifying the virus sequences, the researchers determined the sequence of the virus and compared it to three SIVcpz samples that had been previously sequenced (for information about PCR and DNA sequencing, see Chapter 9 of Fairbanks or Chapter 12 of Cummings). Their comparison allowed them to conclude that the virus isolated from Marilyn was also an SIVcpz. In addition, they were able to classify the four samples of SIVcpz into two distinct groups. Three of the four samples, including the virus isolated from Marilyn (called SIVcpzUS) as well as two viruses isolated from chimps caught in the wild in Gabon (called SIVcpzGAB1 and SIVcpzGAB2) formed one group. The fourth sample, isolated from a chimp named Noah that was caught in Zaire and exported to Belgium (called SIVcpzANT), clearly represented a second, distinct group.

After characterizing the four chimpanzee viruses into two groups, the researchers then compared each of these groups to the three known groups of HIV-1 (these three HIV-1 groups, called N, M, and O, are closely related in sequence and probably arose from three separate animal to human transmissions). Interestingly, the SIVcpz group with three members closely resembled each of the HIV-1 strains. The second SIVcpz group, represented by the virus isolated from the chimp named Noah, was found to not closely resemble HIV-1. In view of these findings, the researchers concluded that one of the two SIVcpz groups is the source of each of the M, N, and O groups of HIV-1. The second SIVcpz group, represented by the chimp Noah, does not appear to be the source of any forms of human HIV-1.

This new classification of SIVcpz provides a neat explanation for the geographical discrepancy between HIV-1 origin and chimpanzee distribution mentioned above. The three chimps from which the HIV-1 related SIVcpz group was isolated are all members of a subspecies of chimpanzee called Pan troglodytes troglodytes. The fourth chimp, Noah, is a member of a different subspecies, called Pan troglodytes schweinfurthii. While this latter subspecies is found in central African countries like Zaire (now called the Democratic Republic of Congo), the former subspecies, which appears to serve as the sole source of HIV-1, is found a region of central west Africa that includes several countries, including Cameroon, Equatorial Guinea, and Gabon. Significantly, this region coincides exactly with the geographical origin of HIV-1.



Investigating the Genetic Basis of Obesity

Obesity affects between 6% and 10% of the population in Western countries. While obesity is clearly caused in large part by environmental factors (e.g. diet, physical activity, etc.), scientists have estimated that between 30% and 70% of body weight variation results from genetic causes. Such a substantial genetic basis for obesity has spurred investigation into which genes predispose or otherwise affect the development of obesity in such a significant proportion of the population. In this regard, geneticists have identified several genes that, when mutated, can cause extreme obesity. These genes, however, do not appear to be very common in the general population. Consequently, while the genes identified to date may be useful in studying the physiology of obesity, they do not provide many direct answers regarding the actual causes of obesity in most people. A recent study, however, published in the journal Nature Genetics (volume 20, pp. 304-308), has taken a large step towards doing just that. Specifically, this study has identified a genetic locus with a potentially major role in human obesity.

In this study, researchers from France and Germany examined a population of 158 French families. Each of the family had at least one obese member and at least one additional overweight sibling. For their analysis, the scientists classified each available member of the family (including parents and non-obese siblings) as lean, overweight, obese, and morbidly obese. They then determined the genotype of each family member at each of 380 loci throughout the human genome. By correlating, within each family, these genotypes with the presence or absence of obesity, the researchers were able to identify several loci that were highly associated with obesity (i.e. an obese family member was more likely to share an allele at these loci with an obese relative than they were with a non-obese relative.) In particular, one locus identified in this study was very strongly correlated with obesity, and in a large number of families. This locus, found on chromosome 10, was so commonly associated with obesity in this population that the researchers concluded that it could account for as much as 38% of the obesity in this population.

This study has thus provided a genetic region most likely containing a gene that contributes to many cases of obesity in humans. The next step will be to isolate this gene (which can take years in some cases). So far, the researchers have narrowed the gene down to a region of about 4cM (in humans, each cM corresponds to about 1 megabase; see Fairbanks, chapter 15, or Cummings, chapter 4). Ultimately, the cloning of the gene will certainly yield new insight into the physiology of obesity, and will also provide clues regarding the causes of obesity among such a substantial proportion of our society.



Cystic Fibrosis Gene Implicated in Additional Diseases

Cystic Fibrosis (CF), a genetic disorder that affects numerous organs including the pancreas, the sweat glands, and the lungs, is the most common fatal genetic disease in the United States (see Cummings, chapters 4 and 19, or Fairbanks, chapter 26). The gene whose homozygous mutation causes CF (called CFTR, for Cystic Fibrosis Transmembrane Regulator) was cloned in 1989, and encodes a protein called an ion channel. This protein, situated within the plasma membrane, regulates the passage of chloride ions across the membrane. When the CFTR gene is missing, cells tend to accumulate high levels of chloride ions, leading to multiple problems throughout the body. While it is not yet clear exactly how defects in chloride transport cause CF, it is known that the lungs of those with CF tend to accumulate an abnormal, thick mucus, and commonly develop severe, often fatal, pulmonary infections.

In contrast to CF, the cause of many other types of pulmonary diseases remains mysterious. Although many of these diseases are known to be strongly influenced by environmental causes (e.g. smoking), there is nevertheless reason to believe that at least some of them have a genetic basis as well. Rather than always searching for new genes, geneticists sometimes find it useful to examine the possible role of known genes in new disorders. Now, a recent study (Human Genetics vol. 103, pp. 718-722) has done just that, by examining the possible role of CFTR in a variety of relatively poorly understood pulmonary disorders. This study shows that some of these disorders may indeed be caused, at least in part, by mutations in the CFTR gene.

In this study, a team of Italian researchers examined the genotype of CFTR in a population of 120 patients with a variety of non-CF pulmonary disorders, including chronic bronchitis, pulmonary emphysema, lung cancer, and others. To examine the CFTR genotype in these patients, the researchers first used an electrophoretic technique called Denaturing Gel Gradient Electrophoresis (DGGE). DGGE allows the identification of any sequences that vary from a wild type, control sequence. In those individuals found to have a mutant CFTR gene by DGGE analysis, the researchers then sequenced the entire CFTR gene. In this way, the researchers found that 37 of the 120 individuals(31%) included in the study had at least one CFTR mutation, in contrast to the 5 out of 33 normal control individuals (15%) with a mutation (remember that CF is a homozygous recessive disorder, and heterozygous mutations are actually pretty common). Most of these mutations were missense mutations, and affected highly conserved amino acids within the CFTR protein.

Some of the disorders analyzed in the study were found to be strongly associated with mutations in CFTR. For example, among the patients with "disseminated bronchiectasis of unknown origin" (called DBE), 11 out of 23 patients had one or more CFTR mutations. Two of these patients had two mutant alleles. In addition, 5 out of 8 patients (a small but nevertheless significant sample) with a disorder called sarcoidosis were found to have CFTR mutations. In another example, pulmonary emphysema was found to be commonly associated with one particular mutation. 6 of the 7 patients with pulmonary emphysema who had mutations in CFTR had the exact same mutation (the 5T allele), suggesting that emphysema may be caused at least in part by a specific mutation in CFTR. Nearly all of the mutations were present in the heterozygous state, and some of the mutations identified in the study have been seen in CF patients. Thus, this study demonstrates that heterozygosity for CFTR is not necessarily harmless. Instead, some heterozygous mutations may play a role in certain non-CF disordersl

This study is significant in that it may have opened the door to an understanding of the molecular basis of some of these diseases. It may also lead to an even better understanding of the CFTR gene itself. In addition, studies such as this demonstrate the often unexpected power of genetic studies: the cloning of CFTR has not only helped move CFTR research forward, it may also lead to a better understanding and new treatments for these other diseases.
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