Answers to Weaver end of chapter questions

 SEQ CHAPTER \h \r 1Chapter 25  Genomics II: Functional Genomics, Proteomics, and Bioinformatics 

1. See Figure 25.2.
2. See Figure 25.5 for the general scheme.  (a) Instead of mRNAs in human pancreatic tissue, use mRNAs present in the cancer cells as the templates for reverse transcription.  Prime synthesis of cDNAs using biotinylated oligo(dT) primer.  (b) Cleave with an anchoring enzyme, and attach the 3’-terminal fragments of the cDNAs to streptavidin beads.  (c) Divide the bead-linked cDNA fragments into two groups and ligate linkers to each.  (d) Cleave with a tagging enzyme and blunt the ends.  (e) Ligate the tags from the two groups together and amplify the resulting ditags with primers specific for the linkers (X and Y, in this example).  Here is an example of what a ditag might look like, assuming that NlaIII was used as the anchoring enzyme, and FokI was used as the tagging enzyme.  The underlined portion is the ditag:
        Primer X GGATGCATGATATTTGCATGCGCATAACATGCATCC Primer Y
Anti-Primer X CCTACGTACTATAAACGTACGCGTATTGTACGTAGG Anti-Primer Y
3. The caps at the 5’-ends of the mRNAs in mRNA-cDNA hybrids are tagged with biotin.  (The tagging method also attaches biotin to the 3’-OH group of the mRNA, but that is automatically removed in the next step.)  Next, the hybrids are treated with RNase I, which degrades any RNA not base-paired to cDNA.  This removes the biotinylated cap, along with some 5’-end mRNA from any hybrid containing a non-full-length cDNA.  Thus, when the biotinylated hybrids are fished out with avidin-coated magnetic beads, only hybrids containing full-length cDNAs, and therefore still retaining their biotins, will be captured.

4. The full-length, single-stranded cDNAs are ligated to linkers (linker 1) containing an MmeI site, which dictates cleavage 18 and 20 nt away.  Thus, after second strand cDNA synthesis, cleavage with MmeI creates 20-nt tags that can be purified via their biotin moieties.  These tags can be ligated to a second linker that contains an XmaJI site.  Linker 1 also contains an XbaI site, so the tags can be cleaved with XmaJI and XbaI and then ligated together via their sticky ends to yield concatemers that can be cloned and sequenced to reveal their identities.
5. Ronald Davis and colleagues systematically replaced each yeast gene with an antibiotic resistance gene plus a 20-bp sequence that was different for each replaced gene, and therefore served as a sort of barcode for that gene.  Next, they tested for the ability of the mutants in a mixed culture to grow under six different environmental conditions, and examined gene expression under each condition by hybridization to microarrays.  To tell which mutants survived under a given condition (e.g., high pH), the investigators could prepare DNA from the mixed culture of cells growing under that condition and hybridize the DNA to a microarray containing DNAs matching each of the barcodes.  If the mutated gene is important for survival at high pH, the barcode corresponding to that gene should disappear from the mixed culture under high pH conditions.  Indeed, the more important the gene is, the faster its barcode should disappear.  The genes identified this way can then be tested individually for response to the environmental conditions.

6. The roundworm C. elegans is especially susceptible to RNAi, so this kind of genomic functional profiling is relatively easy in that organism.  Each of the more than 19,000 genes can be “knocked down” by injecting 25-bp dsRNAs specific for each gene into the worms.  Then the effects on the progeny of the injected organisms can be observed.  Many effects are evident even as early as the first or second cell division in embryogenesis.  The possibility of false negatives can be checked by variations on the following procedure:  Check to see how many of the genes known to be important in the first cell division are represented in the pool of genes whose knock down by RNAi impairs the first cell division.  In one experiment, 95% of such genes were identified by RNAi.
7. See Fig. 25.10.  Lim and colleagues added dsRNA versions of two miRNAs to human (HeLa) cells and then measured mRNA levels in these cells by ChIP-chip analysis.  The two miRNAs they used were normally expressed in brain and muscle tissue, respectively.  They began their analysis by plotting previous data showing the expression levels of 10,000 human genes in each of 46 tissues.  For example, they made a histogram with 46 bars, in which they ranked sets of genes according to their expression in cerebral cortex compared to all the other tissues.  Thus, they plotted the number of genes showing the highest expression in cerebral cortex  compared to all the other tissues (on the left), to the number of genes showing the lowest expression in cerebral cortex, compared to all other tissues (on the right).  Next, they used a similar histogram to rank the genes whose expression was significantly decreased (according to ChIP-chip analysis) by miR-124 in HeLa cells.  They noticed that this histogram was significantly skewed toward the genes that are normally poorly expressed in cerebral cortex (those toward the right side of the first plot).  Next, they computed a P-value of significance of correlation between the two plots.  Finally, they plotted the Log10 of these P-values, and performed a similar analysis to derive the Log10 of the P-values for each of the other 45 tissues in the study.  Interestingly, brain tissues were the only ones whose P-values exceeded a threshold level of 0.001.  

To show sample positive results of a hypothetical experiment, invent your own plots similar, but not identical to those in Fig. 25.10, and using an miRNA that is different from the ones used in the experiment summarized above.
8. ChIP-chip analysis can show which genes are associated with a particular protein.  The investigator starts by performing ChIP with an antibody directed against the protein in question.  This pulls down all DNA sequences to which that protein binds.  These sequences are then identified by hybridizing the DNA in the precipitated chromatin to a microarray representing at least part of the genome in the organism under study.  The spots that light up are the ones that bind the protein.  Fig. 25.12 shows how Young and colleagues identified a DNA sequence that binds the yeast activator GAL4.

9. ChIP-seq is similar to ChIP-chip, but precipitated DNAs are identified by high-throughput sequencing, rather than by hybridization to a microarray.  This solves several problems with the ChIP-chip technique:  1) ChIP-chip is limited to the sequences placed on the chip.  Even with current technology, it would be too expensive to create chips representing all the sequences in the human genome.  This problem is magnified with other organisms, for which there is not nearly as great demand, so economies of scale will not be as great as with the human genome.  2) The optimal hybridization conditions are different for different DNAs, so some DNAs will not hybridize and will be missed (false negatives).  3) Hybridization specificity is not perfect, so some spots will hybridize to DNAs even if there is imperfect sequence similarity (false positives).

10. CRMs are clusters of cis-regulatory sequences such as enhancers.  They are easier to find than single enhancers because the latter can vary quite a bit in sequence, but a group of them will usually have at least some recognizable sequences.
11. Start by finding highly conserved non-coding DNA regions, which are likely to contain enhancers.  Highly conserved regions can be moderately well conserved in distantly related organisms, or perfectly conserved in closely related species (e.g., two mammals).  Next, test these highly conserved DNAs for enhancer activity by hooking them to the lacZ reporter gene, placing the construct into early mouse embryos, and looking for blue color in the embryos in the presence of X-gal.  The blue color indicates activity of the lacZ reporter gene, which means that the DNA sequence attached to it is acting as an enhancer.  One drawback of this method is that it detects only highly conserved enhancers, and not all such cis-control elements may be highly conserved.
12. As discussed in Chapter 11, many class II promoters lack TATA boxes, but they still bind TFIID because of the interaction of the TAFs in TFIID with other promoter elements or with proteins bound to other promoter or enhancer elements.

13. See Fig. 25.17.  In situ expression analysis works by hybridizing a labeled probe (an oligonucleotide or cDNA) to a thin section or whole mount of an organism – an embryo, for example – and then detecting the label microscopically.  If the label is radioactive, the microscope slide would be subjected to autoradiography or phosphorimaging.  If it is non-radioactive, the probe can be detected by binding it to a secondary probe that is fluorescent, or that contains an enzyme that creates a chemiluminescent or colored product.  A fluorescent secondary probe can be detected by examining the slide under illumination that excites the fluorophore.  A chemiluminescent product can be detected by autoradiography or phosphorimaging.  A colored product, such as the one in Fig. 25.17, can be seen by viewing the slide directly.  To give a hypothetical example, invent another tissue (e.g., the nose or the limb buds) in which the gene is expressed and show dark color there on a drawing similar to either panel of Fig. 25.17.
14. SNPs (single nucleotide polymorphisms) are nucleotides in the genome at which one individual differs from another in at least 1% of the population.  Most of the SNPs in the human genome are unimportant because they do not affect genes, either because they lie outside of genes and gene control regions, or because they are the result of silent mutations within genes.  SNPs can be useful if they can be linked to a tendency to develop a particular disease, or with response to certain drugs.  If SNPs can really be correlated to susceptibility to disease, then that information could be abused by denying people insurance or refusing them employment based on their genetic makeup.
15. Transcriptomics is the study of expression of genes at the RNA level.  The main kind of information obtained is the level of each RNA in each cell type at each stage of a life cycle.  Some of the most popular transcriptomics techniques are: hybridization of RNA to DNA microarrays; SAGE; genomic functional profiling with deletion or RNAi analysis; ChIP; and in situ expression analysis.  Proteomics is the study of expression of genes at the protein level, including analysis of protein structure, function, and interaction.  Proteins are typically separated for analysis by 2-D gel electrophoresis and then analyzed by mass spectrometry.  Protein-protein interactions can be analyzed by yeast two-hybrid assays, immunoaffinity chromatography coupled to mass spectrometry, or protein microarrays.  
16. Examine the genomic databases for conserved sequences just upstream of the transcription start sites and in the 3’-UTRs of genes in several mammalian species.  Compare the conservation rates of conserved sequences in these regions to the rates of control sequences in the terminal introns of genes.  Establish a threshold of conservation, such as a motif conservation score (MCS), which is the number of standard deviations by which the conservation of a given sequence exceeds the conservation of a control sequence.  An MCS of 6 appears to be a good threshold of significance.  Compare the presumed control sequences with a database of control sequences to find those that have already been identified.  The rest are presumed control sequences.  Control sequences in the 3’-UTRs of genes should show a directional bias, since they should work primarily at the mRNA level, and they should tend to be 8 nt long and end with A, since miRNAs tend to begin with T, followed by seven other nucleotides that interact with these sequences.
17. See Fig. 25.19.  A protein is subjected to one round of MS, and the molecular ion is then subjected to collision induced dissociation (CID) by accelerating the ions and colliding them with a neutral gas, which breaks the protein at its peptide bonds.  These ionized fragments are then subjected to a second round of MS to identify their masses.  This technique is so accurate that the difference in masses between two fragments reveals the exact amino acid that was removed from one to yield the other.  In this way, the entire amino acid sequence of a protein can be deduced.
18. See Figs. 25.20 and 25.21.  Start by tagging proteins grown under condition 1 with an affinity tag labeled with a light isotope (e.g., hydrogen), and proteins grown under condition 2 with an affinity tag labeled with a heavy isotope (e.g., deuterium).  Then mix the proteins, isolate them by affinity chromatography via their affinity tags, cleave them with a proteolytic enzyme, and subject the resulting peptides to LC-MS, in which the peptides are separated by high resolution liquid chromatography, then subjected one by one to MS.  The result for each peptide is a pair of peaks separated by the difference in mass between the light and heavy affinity tags.  After expanding the mass spectrum, the areas under the two members of each pair of peaks can be compared, telling us the change in concentration of each peptide, and therefore each protein, between condition 1 and condition 2.
19. Peptides 4 and 7 have remained essentially unchanged.  Peptide 5 has experienced an approximately 7-fold increase when grown in serum, compared to no serum.  Peptide 6 has experienced an approximately 3.5-fold decrease when grown in serum, compared to no serum.
20. Grow cells under condition 1 with normal amino acids, and grow cells under condition 2 with amino acids tagged with a heavy isotope.  Then mix the cells, purify proteins, cleave them and perform LC-MS as in the ICAT procedure.  The relative abundances of the two members of the pairs of peaks reveal the change in concentrations of the peptides represented by those peaks in condition 2, compared to condition 1.  For sample results, show a bar graph similar to that in Fig. 25.21, but change the relative heights of the bars to show the changes you imagine.
21. Purify proteins from the cell, and then spike the protein preparation with a known quantity of the protein you are interested in measuring, labeled with a heavy isotope.  Purify that protein, cleave it with a protease, and perform LC-MS.  The known amount of the heavy peak serves as an internal standard to allow you to quantify the amount of peptide in the corresponding light peak.  This in turn allows you to quantify the amount of the intact protein.  Note that it does not matter if the yield of protein is not 100%, because the heavy peak will experience the same loss as the light peak, and the quantification depends on the ratio of the areas under the two peaks, not their absolute areas.
22. These data tell us that it is very inaccurate to estimate a protein’s concentration from its mRNA’s concentration.
24. First, identify a bait protein you suspect has interactions with a number of other proteins.  Engineer the bait protein gene to include a Flag epitope.  Then use immunoaffinity chromatography with a resin containing an anti-Flag antibody to purify the bait protein and any other proteins bound to it.  Separate the proteins by SDS-PAGE, cut each band out of the gel, cut the purified proteins with a protease, and identify the peptides by MS.  This will tell you the identity of all the “fish” proteins that bound to the bait protein.
25. See Fig. 25.25.  First, make a protein microarray by placing tiny spots of the organism’s proteins (produced by cloning their genes in an expression vector) on a slide.  This can be done by coating the slide with nickel and expressing the proteins with oligohistidine tags, so they will bind to the nickel.  Then incubate the microarray with each of the organism’s proteins tagged with biotin and detect binding with streptavidin linked to a fluorescent (green, for example) tag.  The streptavidin binds tightly to biotin, so any biotin-tagged protein that binds to a protein on the microarray will give rise to a green fluorescent spot. The original proteins on the microarray are also coupled to a glutathione-S-transferase (GST) tag, so they can be detected with an anti-GST antibody and a secondary antibody linked to another fluorescent tag (red, for example).  This serves as a loading control, as all the spots should show a uniform red fluorescence, except for those in which a protein-protein interaction occurred, which should fluoresce green.  Using this procedure, step by step for each protein, can, at least in principle, reveal all of the protein interactions that occur in the organism – the organism’s interactome.
26. See Fig. 25.26.  First, clone the genes for all of the organism’s proteins into a phage coat protein gene so that the foreign proteins will be exposed on the surfaces of the recombinant phages.  Next, fuse each of the organism’s proteins to resin beads that can be isolated easily by centrifugation.  Next, mix beads with one of the proteins to a mixture of recombinant phages expressing all of the proteins on their surfaces.  Isolate the complexes by centrifugation, form clones from all the phages you “pulled down,” by plating them on bacteria, and sequence the coat genes from these positive phages.  The sequences will tell you which proteins interacted with the protein on the beads.  By performing this procedure with each of the organism’s proteins linked to beads, you can, at least in principle, build up that organism’s interactome.

Analytical Questions

1.

a. Mask all but two spots on the slide and illuminate the unmasked spots to unblock them.  b. React with blocked A to attach A to both spots.  c. Mask one A spot, but not the other and illuminate to unblock the unmasked spot.  d. React with blocked C to create AC at the unblocked spot.  e. Mask the AC spot and illuminate to unblock the remaining A spot.  f. React with blocked T to create AT at the unblocked spot.
2. Create a DNA microarray with either viral oligonucleotides built as in Figure 25.2, or larger DNA fragments cut from the viral genome and attached by spraying as in Figure 25.1.  Then collect RNA from infected cells during the early and late phases of infection.  Label the early RNA with a green fluorescent dye, and the late RNA with a red fluorescent dye.  Then hybridize the early RNA to one microarray, the late RNA to a duplicate microarray, and both RNAs to another duplicate microarray.  The spots containing genes active during the early phase should glow green, those containing genes active during the late phase should glow red, and those active during both phases should glow yellow.  Here are some hypothetical results, where the open circles represent green spots, the dark circles represent red spots, and the dotted circles represent yellow spots:
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3. The gene identified was breast cancer 2, early onset (BRCA2).  The E (expect) value for this gene was 0.015.  Using all 40 nt, the same gene was identified, with an E value of 1e-13.  The E value was much better this time because there was a 40/40 match instead of just 20/20.  The chance of seeing a perfect match of 40 nt in a row is much smaller than 20 nt in a row.  The gene is on human chromosome 13.  Yes, mutations in this gene are associated with early-onset prostate cancer in men.
4. One approach would be to hybridize labeled RNAs from the cells of interest to microarrays representing the entire human genome. You would compare the expression patterns of thousands of genes between the two tissues – the pancreatic beta cells of persons predisposed to becoming diabetic and the pancreatic beta cells of persons that are unlikely to become diabetic. In this way you could analyze the differences in expression of genes and discover which genes are upregulated and/or abnormally expressed (or not expressed) in the cells of those predisposed to diabetes.
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