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	GeneticUpdates for April, 1999
by Peter Follette


Finding a Cure for Catch-22

One of the most common human genetic disorders, alternately known as the Velo-Cardio-Facial Syndrome (VCFS), DiGeorge Syndrome, Shprintzen Syndrome, and Catch-22, isn't caused by a mutation in a single gene at all, but rather by a small, heterozygous deletion on one of the autosomes. This deletion, which removes about 2 megabases from the long arm of chromosome 22, almost certainly removes not one but many genes (see Cummings, chapter 6, or Fairbanks, chapter 5). Not surprisingly, therefore, those with the disorder actually have any number of a large set of possible abnormalities“including heart, craniofacial, immune, musculoskeletal, psychological, and other problems. In all, more than 180 clinical features have been associated with this chromosomal deletion. Scientists have long sought to gain insight into this complex disease by identifying specific genes within the deleted region that may be responsible for the observed abnormalities. Now, according to a new study published in the journal Science, they appear to have succeeded“this study reports the cloning of a novel gene, with intriguing biochemical properties, that may play a key role in this disease..

To identify the gene, researchers from the U.S. and Japan relied on an previously-made observation that many of the tissues affected in VCFS“like the heart, skeleton, and thymus“all rely for their normal development on a particular group of embryonic cells called neural crest cells. This observation had led to the hypothesis that the suite of symptoms seen in VCFS may reflect a lack of, or a defect in, neural crest cells. This possibility was bolstered by experiments in chicks and mice which showed that the removal of neural crest cells early in development results in abnormalities that strikingly resemble those seen in VCFS patients. In view of these studies, scientists had speculated that at least one of the genes deleted in VCFS patients may be involved in the development or activity of neural crest cells. 

To investigate this possibility, the researchers directly focused their search for VCFS genes towards genes with a role in neural crest cell development and activity. Specifically, the scientists searched for genes whose expression is controlled by a transcription factor, called dHAND, that plays an important role in neural crest cell development (but which itself is not located within region 22q11). The scientists used a technique called "subtractive hybridization" to find genes controlled by dHAND. Subtractive hybridization is a method that allows a direct comparison between the number and identity of genes expressed in two different cell types. In the present case, two cell types were compared that were identical in every respect except that one cell type contained a wild type dHAND gene, and the other contained a mutant copy. In this way, the researchers identified several dHAND-dependent genes, i.e. expressed in the cells with a wild type dHAND gene but not in the cells with a mutated dHAND gene, that represented potential candidates for VCFS-causing genes. Significantly, one such gene, called UFD1L, was subsequently found to be located within the 22q11 region.

To investigate the potential role of UFD1L in VCFS, the researchers determined whether the UFD1L gene is removed by the chromosome 22 deletion in VCFS patients. To do this, they used a technique called fluorescence in situ hybridization (FISH) to examine chromosomes from 182 VCFS patients. FISH allowed the researchers to determine the number of 22q11 regions in cells of each patient (there should be two copies in wild type cells, and only one in cells taken from VCFS patients). Remarkably, all 182 of the 182 patients examined were missing one copy of UFD1L. They also examined the UFD1L gene in patients with VCFS-like cardiac and craniofacial defects, but who do not have a 22q11 deletion. One such patient, with nearly all the defects typical of VCFS, was found to have a small, previously undetected, deletion within UFD1L.

The researchers next asked when and where during development the UFD1L gene is expressed. To do this, they performed in situ hybridization on mouse embryos using an UFD1L gene as a probe. Significantly, UFD1L was found to be expressed in virtually the same tissues that are affected in VCFS patients. For example, UFD1L was strongly expressed in the precursor to the palate and the frontal part of the nasal region, and 22q11 patients often have a cleft palate and other facial abnormalities. Also, UFD1L was expressed, in the developing heart, in a position that precisely predicts the location of a particular structure that is commonly missing in patients with 22q11 deletions. All of these results strongly suggest that UFD1L plays an important role in VCFS.

Interestingly, the human UFD1L gene is homologous to a gene that was already known in the yeast Saccharomyces cerevisiae. This gene had previously been shown in yeast to encode a protein with an important regulatory role in cells. Proteins such as UFD1L regulate the stability of other proteins through a mechanism in which a small molecule, called ubiquitin, is attached to specific proteins and causes them to be destroyed. Ubiquitin-mediated regulation mechanisms have been observed in a large number of intracellular processes, such as the cell cycle, cell survival, and cell differentiation. By identifying which proteins are regulated by UFD1L, researchers should be able to soon identify other important players in neural crest cell development, and, even more importantly, additional genes responsible for the many symptoms of VCFS.



Scientists Clone Nuclear Gene Causing Mitochondrial Disease 

Mitochondria may be small, but they hold a virtual monopoly on energy production in eukaryotic cells (see Cummings, chapter 4, or Fairbanks, chapter 18). Accordingly, genetic mutations that impair mitochondrial function usually have disastrous effects. In fact, a significant number of human diseases are caused by mitochondrial defects. While such diseases are often caused by mutations within the small genome of the mitochondria itself, this is not always the case“some mitochondrial diseases are caused by mutations in a nuclear gene, and are thus transmitted in a Mendelian fashion. One such disorder, called mitochondrial neurogastrointestinal encephalomyopathy (MNGIE), affects a variety of tissues, including the muscles, nervous system, and gastrointestinal system. In addition, mitochondria from patients with MNGIE tend to have many small deletions in the mitochondrial DNA, as if there were problems in the replication or maintenance of the mitochondrial DNA. While scientists determined last year that the gene underlying MNGIE is located within the genomic region 22q13.32-ter, the gene itself had remained elusive“until now, that is. A recent paper in the journal Science reports the cloning of the gene underlying this disease. .

The process of cloning a gene typically involves a number of steps that progressively narrows down the possible region of the gene. Eventually, the region known to contain the gene is restricted to the point where it becomes feasible to begin sequencing the entire region. As successful as this approach usually is, each step can take a substantial amount of time and effort. Consequently, geneticists are constantly looking for shortcuts in this process. Sometimes, for example, when a disease-causing gene has been mapped to a particular genomic region, geneticists first focus on any genes that are already known to reside in the region and which could conceivably cause the disease when mutated. Sometimes, such "candidate genes" actually do turn out to be the guilty gene causing the disease. That is exactly what happened in this case.

In the case of MNGIE, once the disease-causing gene had been mapped to region 22q13.32-ter, the researchers discovered that a particularly interesting gene had previously been mapped to this region. The gene, encoding the thymidine phosphorylase (TP) enzyme, was especially intriguing because mutations in TP, which is responsible for degrading thymidine in a cell, should cause unnaturally high levels of thymidine in a cell. Such high thymidine levels would likely create imbalances in the intracellular nucleotide pools, which, in turn, could conceivably disrupt mitochondrial DNA replication. To investigate this possibility, the researchers decided to look directly at the TP gene in patients with MNGIE, specifically asking whether such patients harbor mutations in the gene.

When the researchers amplified and sequenced the TP gene from each of 12, unrelated MNGIE patients, they found that all 12 of the patients had mutant copies of the gene. These mutations included missense mutations that altered the amino acid sequence in highly conserved regions of the protein, splice-site alterations that caused the deletion of an essential exon within the gene, and other deletions within the gene. 5 of the 12 had homozygous mutations, and the rest had two different, but equally deleterious, mutations, one in each of their two copies of TP. The finding that all 12 of the affected individuals, but none of the controls, had mutated TP genes provided strong evidence that MNGIE is indeed caused by mutations in TP.

To confirm that these mutations in the TP gene resulted in a decrease in TP activity in the cell, the authors of the paper next measured TP activity in cells isolated from each of the patients. In all cases, the cells contained less than 5% of the normal level of TP enzymatic activity. In three cases, the cells had no TP activity at all. The scientists also examined the expression pattern of TP in normal individuals, to see if the tissues expressing TP in normal individuals correlates with the particular tissues affected in MNGIE patients. Significantly, TP was found to be expressed in a number of tissues, including those of the gastrointestinal system and the nervous system, that are specifically affected in MNGIE .

One major question remaining from this study is that, if TP activity affects thymidine levels throughout the cell, and not just in mitochondria, why are mitochondria more sensitive to TP mutations than other components of the cell? In the end, it is likely that an answer to this question will require a more sophisticated understanding of the relationship between TP activity, nucleotide pools, and the replication of the nuclear and mitochondrial genomes. As is often the case in science, answering one question has simply led to new, equally fundamental, questions.



A Modern Day Whale Tale

The protection of endangered animals such as whales is a complicated endeavor. Successful protection of whales requires accurate monitoring of whale populations, an understanding of the nature and extent of whale hunting, and even an awareness of what happens to whales that are hunted“for example, who buys whale products, and how do these products enter the marketplace. Despite a global moratorium on commercial whale hunting that was introduced in 1986, thousands of whales are still hunted every year. And not all of this whaling is in violation of the moratorium: the moratorium contains numerous loopholes which allow countries to legally hunt whales. For example, individual countries are allowed to issue themselves "special permits" which allow the unlimited killing of whales under a program of "scientific" whaling. Despite the supposedly scientific nature of this program, much of the whale products obtained under these permits end up being sold in the marketplace.

Recently, in an attempt to develop new tools to monitor the distribution of whale products obtained in these and other ways, the International Whaling Commission (IWC) has initiated a program to genetically test whales and whale products. Now, in a remarkable example of the power of these tests, described in a recent issue of the journal Nature, the products of a single whale has been "tracked" over four years and thousands of miles.

In the study, researchers from Harvard University examined mitochondrial DNA from whale samples obtained in a market in Osaka, Japan, in 1993. When the researchers compared mitochondrial DNA sequences from one particular sample with other sequences already present in a genetic database (see Cummings, chapter 12, or Fairbanks, chapter 9), they found that the sequences were apparently identical to those of a whale killed off of Iceland in 1989. To further investigate the relationship between the whale meat obtained in 1993 and the whale killed in 1989, the researchers then compared the sequences of various nuclear genes between the two whales“and found the nuclear sequences to be identical as well. These results indicated beyond any doubt that the whale meat isolated in Osaka in 1993 and the whale killed off of Iceland in 1989 are one and the same. The identification of this match allowed the researchers to reconstruct the fate of this whale after its death in 1989, as described below.

The whale was killed near Iceland, under a "special permit" issued by the Icelandic government. The whale, which was male, measured 21.5 meters long. Although a sample of the killed whale was removed for analysis in 1989, allowing the genetic testing that enabled the present study, the fate of the majority of the products of the whale had remained unknown. An examination of shipping records established that the whale meat was almost certainly shipped to Japan in 1990, which was the last year in which a documented export of whale meat from Iceland to Japan occurred. Three years later, in 1993, the sample identifying the same meat was found in a department store in Osaka.

The researchers argue that studies such as this one will help monitor the global distribution of whale products, which is necessary because of the significant loopholes that exist in the current regulations. The ability to track individual whales through commercial pathways would allow an unprecedented, and sophisticated, view into what happens to whales hunted under these and other "legal" means. In addition, if legally hunted whales were systematically tested, then scientists would be able to quickly and reliably determine whether whale products that appear in markets throughout the world were obtained legally, or otherwise.
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