Answers to Weaver end of chapter questions

 SEQ CHAPTER \h \r 1Chapter 24  Introduction to Genomics: DNA Sequencing on a Genomic Scale
1. A CpG island is a cluster of CpG sequences in a mammalian genome, which typically appears near an active gene.  CpG sequences have tended to disappear from human genomes through the following mechanism:  C’s in CpG sequences can be methylated to methyl-C.  Then, if this methyl-C is spontaneously deaminated, it becomes T.  In the next round of DNA replication, the T takes an A partner and the original C is lost.  That is the reason that CpG sequences have tended to be lost from the human genome.  On the other hand, if the C in a CpG sequence remains unmethylated, as is the case near active genes, spontaneous deamination yields U, which is recognized and replaced with C, maintaining the CpG sequence.  That is the reason that CpG sequences are enriched near active genes.

2. 
a. An expansion of a tandem repeat of CAG sequences in the HD gene gave rise to Huntington Disease.

b. (1) The cluster of CAG sequences is 34 or below (and usually below 25) in normal individuals, but 36 or more in HD patients.  (2) The larger the expansion of the CAG repeat, the earlier symptoms appear.  (3) Two cases are known in which children were affected by HD, but their parents were not.  In both cases, the children had suffered expansions of the CAG repeat in their HD genes, but their parents had not.  (4) Mice with one functional copy of the Hdh, the mouse homolog of HD, suffer loss of neurons, with lowering of intelligence.

3. An ORF is the coding region of an mRNA starting with an initiation codon and concluding with a stop codon.  Here is a hypothetical example that is too short to be considered a real ORF:

AUGAUCUCUAAACCGGAGUGUUUCGAAUAG.

4. A left telomere, a centromere, a cloning site, and a right telomere.

5. BACs are based on the E. coli F plasmid.  They contain cloning sites, an antibiotic resistance gene, an origin of replication, and the genes governing partition of plasmids to daughter cells.

6. See Figure 24.9.  STSs are defined as sites that can be amplified by PCR using primers of defined sequence.  Therefore, to find an STS in a genome, begin by performing PCR on physically sheared fragments of the genomic DNA with the primers.  A positive result (a visible band of the predicted length) shows that the STS is present.  To pin down its location, one could first find the chromosome that gives a positive result, and then use smaller and smaller DNA fragments of that chromosome until the location is unambiguous.

7. Microsatellites are tandem repeats of a core sequence that is 2-4 bp long, whereas minisatellites are tandem repeats of a core sequence that is usually a dozen or more bp long.  Microsatellites are better markers for human genetic mapping than minisatellites because they are more highly polymorphic, more widespread, and more evenly distributed in the human genome.

8. Here is a relatively simple example:
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9. Begin by irradiating human cells with lethal doses of ionizing radiation that break the human chromosomes into pieces, then fuse these cells with hamster cells that will take up some of the human chromosome fragments.  Grow clones of the hybrid cells and test each one for the presence of the STSs in which you are interested.  The closer together the STSs are in the human genome, the more likely they are to be found together in the hybrid cells.

10. Expressed sequence tags (ESTs) are created by performing RT-PCR on mRNA from a given cell type.  Thus, ESTs, true to their name, are from parts of the genome that are expressed as mRNA, whereas STSs can be found anywhere in the genome.

11. The clone-by-clone strategy is very orderly.  One begins by mapping the whole genome, and, in the process, constructing a set of cloned DNAs containing the markers that have been mapped.  Then one sequences the cloned DNAs and pieces together the sequence, already knowing the order of clones in the genome.  In the shotgun strategy, no preliminary mapping is done.  Instead, cloned DNAs are sequenced at random and a computer takes the sequences, finds overlaps, and pieces together the whole sequence.
12. (a) There are gaps in the chromosome 22 sequence (as in all human chromosomes) that will probably never be filled. (b) According to analysis of the genomic data in 1999,chromosome 22 contains 679 annotated genes, including 134 pseudogenes.  (c) Even considering introns, the annotated genes account for only a minority of the total length of chromosome 22, and the exons account for only 3%.  Much of the rest of the chromosome is occupied by repeated sequences.  (d) The rate of recombination varies across the chromosome.  (e) Chromosome 22 has several local and long-range duplications.  (f) Large chunks of chromosome 22 are conserved in several mouse chromosomes.  The sequences are not identical, but they are close enough that this synteny is obvious.
13. (a) Chromosome 21 has a relatively low gene density, with only 284 annotated genes, including 59 pseudogenes.  (b) Again there is a preservation of gene order, or synteny between chromosome 21 and mouse chromosome 10 (at least).  (c) The chromosome 21 sequence is a valuable resource for researchers studying Down syndrome and other common human disorders.
14. A pseudogene is a gene that has an inactivating mutation, such as the loss of a splice site, or the introduction of a premature termination codon.  Such pseudogenes are thought to arise after gene duplication.  One of the resulting gene copies can collect mutations as long as the other remains active.
15. An ortholog is a gene in one organism that is homologous (evolutionarily related to) a gene in another organism.  A paralog is a gene that is homologous to another gene in the same organism.
16. They look for exons: open reading frames bounded by splice sites.  The first exon in a gene will lack a splice site at its 5’-end, and the last exon will lack a splice site at its 3’-end.  They also compare sequences of suspected genes with those of known genes in other organisms.  And they look at the sequences of suspected genes for signs of “geneness,” such as gene-like GC contents.

17. The Fugu rubripes genome has much smaller introns and much less repetitive DNA than the human genome.

18. Syntenic regions are regions of conserved gene order between two species.
19. Although the number of genes in the two organisms are similar, the expression of these genes differs quite a bit.  In particular, human genes are subject to much more alternative splicing than are genes in lower organisms, and this can create many more proteins from the same number of genes.  Also, the patterns of gene expression in the two organisms probably differ considerably.  We already know that patterns of gene expression in mice and humans are quite different, probably owing to the different spectra of miRNAs in the two organisms.  The disparity is probably even greater between roundworms and humans.  Another potential source of differences in patterns of gene expression is differences in cis-regulatory elements, which are known to differ significantly, even among closely related species.

20. An organism’s essential gene set is the set of genes that cannot be eliminated while still preserving viability.  An organism’s minimal genome is the smallest set of genes that can sustain life.  It is larger than the essential gene set because, while an organism can afford to lose certain genes one at a time, it cannot lose two or more of these same genes together and still survive.

Analytical Questions

1.

a. An intron will not be detected by an exon trap because it will simply be spliced out along with the surrounding intron in the vector.

b. Part of an exon will not be detected by an exon trap because it will contain only one splicing signal, and both signals are required for the exon to be recognized as such.

c. A whole exon with parts of introns on both sides will be detected because it contains both splicing signals, which are required for recognition as an exon.

d. A whole exon with part of an intron on one side will not be detected because the splicing signal on the other side will not be complete.

2. Haplotype 
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3. Chromosome 5 must carry the disease gene.  It is the only chromosome present in all three cell lines that hybridized to the X-21 probe.

4. See Fig. 24.11.  Measure the recombination rates among many genetic markers in the organism, which gives the genetic distance among these markers.  Then plot the cumulative genetic distance vs. the physical distance you measured by sequencing the genome.  The regions of rapid recombination rates show up as regions in which the slope of the line you have plotted is relatively steep.
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