BISC/CS303



Milestone 6

Due: March 12, 2008 at the start of class

(E-mail solutions to “BISC/CS303 Drop Box”)

Student Name:

Gene:

Task 1:
Identification of similar genes in other organisms

In this task, you will be performing a BLAST search with your yeast gene product. Go to the BLAST website at NCBI <http://www.ncbi.nlm.nih.gov/blast/Blast.cgi>. Since you will be searching for amino acid sequences (rather than DNA sequences) that are similar to your yeast gene amino acid sequence, you should opt to perform a protein blast search.

To what organisms do the top 10 sequences that appear in your BLAST output correspond? For the top 10 sequences, list the organism as well as the organism’s group (phylum/class - e.g., insect, worm, fly, etc.). You may need to review/look-up some resource to explain the classification scheme of organisms.
Considering all of the alignments in your BLAST search output, what is the range you observe for raw scores, for identity values, for similarity values, and for E-values?

Select a subset of 10 sequences from as varied a set of organisms as possible. For example, try to select at least one sequence from Archaea, at least one from Bacteria, and at least six from the different groups and taxa contained in the table below under Domain Eukarya. You will be using these sequences for a multiple sequence alignment and phylogenetic analysis later in the semester, so it is important that you spend some time at this point choosing them based on evolutionary diversity. To assemble this group, you may need to perform additional BLAST searches using databases for specific organisms, the links for which can be found on the YeastGenome and NCBI web sites. For the 10 sequences that you selected, please list the corresponding organism below.

	DOMAIN
	“KINGDOM”
	PHYLA
	
	EXAMPLE

	Archea
	-
	-
	
	Thermoplasma

	Bacteria
	-
	-
	
	Escherichia coli

	Eukarya
	“protists”
	Diplomonadida and Parabasala
	
	

	
	
	Euglenozoa
	Euglenoids and Kinetoplastids
	

	
	
	Alveolata
	Dinoflagelates
	

	
	
	
	Apicomplexans
	Plasmodium

	
	
	
	Ciliates
	

	
	
	Stramenophyla
	Water molds, Diatoms, Golden and Brown Algae
	

	
	
	Rhodophyta
	Red algae
	Cyanidoschyzon

	
	
	Chlorophyta
	Chlorophytes (Green algae)
	Guillardia

	
	Plants
	Plantae
	Plants
	Arabidopsis, rice, corn, wheat

	
	
	Mycetozoa
	Slime molds
	

	
	Fungi
	Fungi
	Yeast and relatives
	Saccharomises and Neurospora

	
	Animals
	Parazoa
	Porifera (sponges) 
	

	
	
	Radiata
	Cnidaria (jelly fish)
	

	
	
	Bilateria (Protostomes)
	Lophorotrochozoa (Flat and round worms, mollusks, etc)
	

	
	
	
	Ecdysozoans

Arthopods and Nematodes: 
	C. elegans, Drosophila, Bombyx, Anopheles

	
	
	Bilateria Deuterostomes
	Echinoderms (sea urchins, sea stars)
	

	
	
	
	Chordates vertebrates: Fish, Amphibians, reptiles, mammals
	Xenopus, Rat, mouse, Homo sapiens


Task 2:
Assessing BLAST Results

One application of BLAST searches is the identification of likely homologs for a query gene sequence. While we cannot say for sure that two sequences are homologous (without a time machine, it is difficult to be certain about ancestral sequence relationships), BLAST is generally effective at finding similar sequences to a query sequence, and based on the similarity of sequences we may hypothesize that the sequences are homologous if the sequences are significantly more similar than we would expect by chance. However, it should be noted that BLAST is a heuristic search process, which means that BLAST may not report all similar (or homologous) sequences to a query sequence.
Let the sensitivity of a BLAST search be defined as the percentage of actual homologs of a query sequence reported by the BLAST search. For example, suppose we have a database of 200 target sequences. Let’s assume that some query gene has 20 homologous sequences in the database, and a BLAST search using the query gene sequence results in a list of 50 significantly similar sequences to the query sequence. Among the 50 significantly similar sequences reported by BLAST are 15 of the 20 homologs in addition to 35 other non-homologous sequences. Since the BLAST search reports 15 of the 20 actual homologs, the sensitivity of this search would be 75%.

Let the specificity of a BLAST search be defined as the percentage of non-homologous sequences to a query sequence that are not reported by the BLAST search. For example, suppose we have a database of 200 target sequences. Let’s assume that some query gene has 20 homologous sequences in the database, and a BLAST search using the query gene sequence results in a list of 50 significantly similar sequences to the query sequence. Among the 50 significantly similar sequences reported by BLAST are 15 of the 20 homologs in addition to 35 other non-homologous sequences. Since there are 180 non-homologous sequences in the database and since the BLAST search does not report 145 of the 180 non-homologous sequences (the search does report 35 of the 180 non-homologous sequences), the specificity of this search would be 145/180 = 80.6%.

A useful property of heuristic algorithms is having high sensitivity (i.e., reporting many of the true homologous relationships) and having high specificity (i.e., not reporting many false-positive, non-homologous relationships). However, often there is a trade-off between sensitivity and specificity - an algorithm’s sensitivity can be increased at the cost of lower specificity, or an algorithm’s specificity can be increased at the cost of lower sensitivity. 

As an extreme example, imagine that for a query sequence with 20 homologs, a BLAST search suggests six million significantly similar sequences to the query sequence. Assuming the 20 true homologous sequences are among the list of six million sequences reported by BLAST, the sensitivity of the search is 20/20 = 100%, which is excellent. However, the specificity of the search is very poor because many spurious, non-homologous sequences were reported. Such a search would not be useful because it would not help distinguish the 20 actual homologs from the roughly six million non-homologous sequences. 

Alternatively, imagine that for a query sequence with 20 homologs, a BLAST search suggests zero significantly similar sequences to the query sequence. The sensitivity of the BLAST search would be poor, 0/20 = 0%. However, the specificity of the search would be excellent, 100%, because no non-homologous sequences were reported. Such a search would not be useful because it would not provide insights into the 20 actual homologs of the query sequence.

The search parameters of a heuristic algorithm often allow users to explore the trade-off between sensitivity and specificity. For a given query sequence, parameters that cause more results to be reported generally lead to higher sensitivity at the cost of lower specificity. Parameters that cause fewer results to be reported generally lead to higher specificity at the cost of lower sensitivity.

Suppose we have the following amino acid query sequence, “RKYVHF”. Give an example of an amino acid target sequence that is more than 50% identical to the query sequence, but that a BLAST search would not identify with its default parameter settings. How could you change the parameter settings so that BLAST indeed would identify your target sequence?
If you increase the “Max target sequences” parameter value, how will the sensitivity and specificity of a BLAST search be affected?

If you increase the “Word size” parameter value, how will the sensitivity and specificity of a BLAST search be affected?

If you increase the “Expect threshold” (i.e., the E-value), how will the sensitivity and specificity of a BLAST search be affected?

If you change the scoring “Matrix” from BLOSUM62 to PAM30, how will the sensitivity and specificity of a BLAST search be affected?

Task 3:
Alignment of random sequences to estimate significance

Download the Python program randomAlignments.py from the course website:

  http://cs.wellesley.edu/~cs303/assignments/M6/randomAlignments.py
This program generates 1000 random integers with values between 0 and 99. The integers are stored in a histogram that indicates how many of the 1000 random integers were 0, how many were 1, how many were 2, ..., and how many were 99. Study this program. Then execute the program several times and note how the results change.

Your goal is to modify this program so that, rather than generate 1000 random integers, the program generates 1000 pairs of random DNA sequences and calculates the optimal local alignment score for each of the 1000 pairs of sequences. Each randomly generated sequence should have a length of 30 nucleotides and an expected GC content of 50%. The histogram, then, should indicate how many of the 1000 optimal local alignment scores were 0, how many were 1, how many were 2, ..., and how many were 99.

To achieve this goal, you should modify the function, alignManyRandomSequences, found in the program.

· The alignManyRandomSequences function should generate pairs of random DNA sequences. Each DNA sequence should be 30 nucleotides in length and have an expected GC content of 50%. The alignManyRandomSequences function should then calculate the optimal local alignment score of each sequence pair. To help you out, we have included a function that you may use, localAlignmentScore, which calculates the optimal local alignment score of two DNA sequences. Each of the 1000 alignment scores should be added to the histogram. You are free to create any auxiliary functions (such as for generating random DNA sequences) that you deem appropriate.

Once your program is working correctly, execute it several times. Graph one of the resulting histograms. 

When submitting this milestone, attach your Python program as well as your histogram graph.
Suppose someone gave you a pair of DNA sequences, each of length 30 nucleotides, and you then determined the optimal local alignment score for the pair. Based on your histogram, what is the minimum optimal local alignment score the pair of sequences could have such that the similarity of the pair of sequences would have a significance of p <= 0.05.

Suppose someone gave you a pair of DNA sequences, each of length 30 nucleotides, and you then determined the optimal local alignment score for the pair. Based on your histogram, what is the minimum optimal local alignment score the pair of sequences could have such that the similarity of the pair of sequences would have a significance of p <= 0.01.

Suppose someone gave you a pair of DNA sequences, each of length 30 nucleotides, and you then determined an optimal local alignment score of 40 for the pair. Using your histogram data, calculate the percentage the 1000 random alignments with optimal local alignment score greater than or equal to 40. What is the p-value for a score of 40, i.e., what is the likelihood that two random sequences would have a score of at least 40?

Rather than determine the percentage of random alignments with optimal local alignment score at least 40, the p-value for a score of 40 can be calculated analytically using the formula below:
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where µ is a location parameter and ( is a scale parameter. Since your histogram should approximate an extreme value distribution, we can calculate the location parameter, µ, and the scale parameter, (, of the distribution. Use the provided functions printLocationParameter and printScaleParameter in the program randomAlignments.py  to determine the location parameter, µ, and scale parameter, (, respectively for the extreme value distribution approximated by your histogram. Based on the formula above, what is the p-value for an optimal local alignment score of x = 40?
Task 4:
E-values

In Task 3 above, you aligned pairs of sequences. For a given pair of sequences, let us call the first sequence the query sequence and let us call the second sequence the target sequence. In Task 3, we did not align any query sequence with more than one target sequence. Task 3 is analogous to comparing a query sequence to a database consisting of a single target sequence. If we have a database containing not one target sequence but millions of target sequences, when comparing a query sequence to the database we may align the query sequence to many target sequences in the database. 

When comparing a query sequence to a database of target sequences, the p-value of an alignment score, S, is the likelihood that the query sequence, when aligned to the target sequences in a comparable random database, would produce one or more query:target alignment scores greater than or equal to S. In other words, when aligning a single query sequence to:

· a single target sequence, the p-value of the alignment score, S, is the likelihood that the two sequences have an alignment score of at least S by chance.

· multiple target sequences, the p-value of the alignment score, S, for a given query:target alignment is the likelihood that at least one of the multiple query:target alignments would produce an alignment score of at least S by chance.

The E-value is related to the p-value by the following formula:
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If the alignment score of a query sequence to one of the target sequences in a database is S, the E-value of the alignment score is the expected number of alignments with score at least S when comparing the query sequence to a random database. Thus, an E-value of 1.0 for an alignment score, S, indicates that we can expect 1 query:target alignment to have a score of at least S by chance. An E-value of 2.0 for an alignment score, S, indicates that, when comparing a query sequence with a database, we can expect 2 alignments to have a score of at least S by chance. An E-value of 5.0 for an alignment score, S, indicates that we can expect 5 alignments to the database with score of at least S by chance.

Suppose a query sequence is aligned to a database of target sequences, and the alignment score of the query sequence to one of the target sequences is 55, which has a significance of p = 0.95. When aligning the query sequence to all of the target sequences, how many out of all the query:target alignment scores can we expect to have a score of at least 55?
Suppose a query sequence is aligned to a database of target sequences, and the alignment score of the query sequence to one of the target sequences is 60, which has an E-value of 0.5. What is the p-value of this alignment score?
Below is a table showing the relationship between E-values and p-values over a range of scores. While reading the table, you may notice that at low values of E and p, the scores are quite similar, while they diverge at higher values.

Relationship of E to p-values in BLAST

	E
	p

	10
	0.99995460

	5
	0.99326205

	2
	0.86466472

	1
	0.63212056

	0.1
	0.09516258

	0.05
	0.04877058

	0.001
	0.00099950

	0.0001
	0.00010000


When performing BLAST searches, an important step is assessing the significance of your data. In experimental biology, a p-value of 0.05 or lower is often considered statistically significant (note that this corresponds to a 95% or greater chance that the results obtained did not occur by chance). However, for BLAST searches, researchers sometimes use more stringent criteria for accepting results as non-random. For example, genome databases often use E-value cut-offs in the 10-3 to 10-6 range for annotations. Why might researchers use such stringent criteria for BLAST analyses?

Suppose a query sequence is aligned to a database of target sequences, and the alignment score of the query sequence to one of the target sequences is 45, which has an E-value of 6.0. Now suppose that, over time, new sequences are added to the database until the number of target sequences in the database has doubled. If the query sequence is aligned to the bigger (doubled) database, and the alignment score of the query sequence to one of the target sequences is 45, what would be the E-value for this alignment score of 45?
Suppose a query sequence is aligned to a database of target sequences, and the alignment score of the query sequence to one of the target sequences is 45, which has a p-value of p1. Now suppose that, over time, new sequences are added to the database until the number of target sequences in the database has doubled. When the query sequence is aligned to the bigger (doubled) database, the alignment score of the query sequence to one of the target sequences is 45, which has a p-value of p2. What is the relationship, if any, between p1 and p2? In other words, can we tell which is bigger or are they the same?
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