
Midterm Exam for 02-710/10-810/MSCBIO2070 Computational Genomics 2012


Name:


Instructions:

Write clearly. Write down your steps for the calculations/derivations, do NOT just write a number.

If you need more room to work out your answer to a question, use the back of the page clearly mark on the front of the page if we are to look at what's on the back.

This exam is closed. Calculators are allowed, but no computers, PDAs, or other communication devices.

You have 1 hour and 20 minutes. Good luck!



1.  (2.5 points) A single stranded cDNA (sequence D) is prepared from an RNA (sequence R) and then DNA sequencing was performed using the sanger method for that strand of cDNA, which resulted in the following patterns on the gel for the sequencing products. What are the sequences of D and R? Label the 5’ and 3’ ends of your sequences.	Comment by Bino: Answer: Note: for RNA sequence they should use U  and not T. 5’-5’ labeling is very important.

R: 5’-CGGCACGUA-3’
D: 3’-GCCGTGCAT-5’ or 5’-TACGTGCCG-3’


   A        T        G      C
[image: ]


2. (1 point) 
A) Describe the main features (2-3 sentences) of 454 sequencing that made next-generation sequencing possible. Make sure to specify how the reads are generated and how the bases are called. 
B) Is 454 sequencing considered to be single molecule sequencing? Explain why.	Comment by Bino: Ans: No it is not single molecule sequencing because the dna is amplified using PCR, ie for a given starting molecule of DNA, PCR is used to make many copies of it.













   

3.  (1 point) Describe three ways that transcription of a messenger RNA can be regulated.  Briefly (1-2 sentences) explain how each is involved in regulation.	Comment by : Aaron Wise:
TFs, methylation, microRNAs, intron splicing etc.
BJ: microRNAs don’t affect transcription in general directly, they affect at translation or post-transcriptional levels.


















4.  (1 point) 
A) What is the role of methylation in gene expression regulation? 
B) Where do you find CpG islands the most – your choices are: upstream regions of transcription start site; downstream of 3’ UTR;  near the first intron; at exon-intron locations.












 
5.  (2.5 points). You are asked by a collaborator to develop a method to identify gene-regions from the elusive genome of Bigfoot. Your collaborator informs you that he is interested in those Bigfoot genes that are generally GAG-rich regions without introns, and generate proteins that are on average 10 amino acids. Your collaborator also had a set of sequences that he curated as “GAG genes” (dataset G), and another set of sequences that were labeled “not genes” (dataset N) with an average length of 1000.  You decided to try a simple HMM model with the following hidden states, + denotes a gene-region and – denotes “not a gene region”. X represents any 3-mer that is not a GAG (see below). The GAG frequency in dataset G is 0.8, and in dataset N is 0.2. You also find that the probabilities of observing GAG to X transition in dataset G is 0.1. 

A) (1 point) What is your estimate for the Markov transition probability for transitioning from  GAG+  to  GAG+ ? 
B) (1 point) Similarly what is the probability for the GAG+  to  GAG- ? To refresh your memory, the equations we covered in class are also noted below.
C) (0.5 point) What are the probabilities of emitting GAG from the states GAG-  and X- ?

	[image: ]

Your model for the HMM transitions

	[image: ]



 


























6.  (5 points) Your colleagues in wet lab discovered a group of new and simple forms of
life on the moon Pandora, whose genetic systems are based on only two nucleotides
that they termed U and I. They managed to obtain the sequences for two homologous
genes, termed gene-1 and gene-2, from two such organisms that they believe to have shared a common ancestor long ago, and they ask you for help to derive a correction for the observed distance between the two genes. Due to the simplicity, you hypothesize that the substitution
rates from U to I and from I to U are the same, and you denote it by α/2. Just to refresh your memory, the key equations that we derived for the case of DNA are:

[image: ][image: ]
[image: ]

Using the molecular clock hypothesis and assuming that there was a common ancestor for the two sequences, answer the following based on information below. (Mutations are underlined)

Gene1:   UIUUUUUUUIIUUUUUIIIIUUUUIIUUUU (30 bases)
Gene2:   UUUUUUUUUUIUUIUUIIIIUUUUIIUUUU (30 bases)
Position:123456789....................30


A) (0.5 point) expected number of substitutions at positions 2 and 3  between the two sequences (gene 1/2) in terms of  α  and t. 	Comment by Bino: Answer alpha*t




B) (1 point) As a function of α and t, answer the following: what is the expected total number of substitutions across ALL sites between the ancestor and Gene1? What is the expected number of substitutions at position number 2 between the ancestor and Gene2? 	Comment by Bino: Answers:1)  15*Alpha*t
2) alpha/2*t 3) alpha*t










C) (0.5 point) What are the substitution rates for the model at time points t/2 and t/4?	Comment by Bino: Alpha/2





D) (1 point), What is the probability (in terms of α and t) for seeing the mutation of Y->U at position 2 between the sequences after time t. [ you can simply base your answer based on Jukes Cantor model equations for DNA]	Comment by Bino: Ans: replace  alpha by alpha/2, and 4 by 2 in the equation for D. ie 
½(1-e^-2*alpha*t)
call this x






E) (0.5 point)  Based on evolution from the common ancestor at time point 0, what is the probability of observing U at each positions, 2 and 3, in both sequences after time t?	Comment by Bino: Answer for both positions are the same. It is 1-x. 






F) (1 point) Assuming that at position 2 of the ancestor sequence was Y, what is the probability of observing Y in Gene 1 at position 2? How about U at position 2 in gene 2?  	Comment by Bino:  Y->Y is the diagonal of the markov transition matrix, which is basically f. in this case f=(1-e^-alpha*t)/2 for Y->U, it is 1-f.






G) [bookmark: _GoBack](0.5 point) By carbon dating of the two species, it is found that t= quarter of a million years (250,000 years). Determine α.









7. (1 point) You are a famed exobiologist studying the newly discovered lifeforms on Mars.  Due to their highly divergent evolution from Earth species, existing gene finding tools are completely useless.  Using the following facts and annotated Martian genes, build an HMM-based gene model.  Show your states, as well as emission and transition probabilities.

Fact 1: The genome uses 3 symbols: QWP.
Fact 2: Like Earth eukaryotes, there have both exons and introns

Genes:
[image: ]


8.  (1 point) Using some new information, you would now like to extend your model to be a GHMM.  Draw a GHMM that incorporates the following new information.

Fact 3:  The martian introns are always exactly 8 bases long.
Fact 4:  The exons are drawn such that each base is dependent solely on the base 2bp previous.  Example:  an exon is PPQQPPQQ.  The first Q is dependent on the first P.  The third P is dependent on the first Q.  Note that the first set of 2 symbols comes from a base distribution with no dependencies.












9.  (1.5 points) Eulerian approach to assemble a sequence from its k-mers using de Bruijin graph:

Assume k = 3 for the sequence: ATAGCCTAGCAAT

A) (0.5 point) Write down the set of k-mers. Draw the di Bruijin graph for the set of k-mers where each vertex corresponds to k-1 mer and edges correspond to the k-mers. Do not allow multiple edges between two vertices.
B) (0.5 point) Identify an Eulerian path and the corresponding string from the di Bruijin graph.
C) (0.5 point) Is there an Eulerian path in the graph that corresponds to the original string? Can you say why?


10. (1 point) you are given two sequences, A and B, what algorithm/software listed is THE most appropriate, and why?

A) You want to find out whether A and B share any common regions. your choices are: CLUSTALW, AVID, FASTA with Global alignment, Blosum62, Blast2Seq, HMM with explicit exon models, HMM with both intron and exon models, Fourier analysis, Jalview, UCSC genome tracks.	Comment by Bino: Blast2Seq because it find slocal matches
B) Your sequences are proteins that are distant homologs with less than 33% sequence identity and you want to fully align them. Your choices are: BLAST with Blosum65, BLAST with Blosum80, BLAST with PAM1, Tophat, BLAST with a short k-mer size, EMBOSS Needle with Blosum45,  EMBOSS Needle with PAM33, EMBOSS Needle with high gap penality, EMBOSS Needle with 33% lower gap penality than default, UCSC genome browser, BLAST with numerically high e-value cutoff, BLAST with numerically low e-value cutoff. BLAST with numerically high e-value cutoff and PAM33.	Comment by Bino: EMBOSS Needle with Blosum45. You want use a global dynamic programming with a matrix built on distantly related sequences.








10. (1.5 point) In the figure below, each row in the table lists a set of four bacterial taxa whose evolutionary relationship follows the topology of the tree. Each row can be interpreted as a four taxon tree.
[image: ]
Which of the four trees below is compatible with the information provided in all of the rows of the table?

[image: ]
11. (1 point) Most parsimonious tree: Suppose we are given the following four sequences:

1: G  A  G  T  G  A
2: A  T  A  T  C  A
3: C  C  G  T  G  G
4: A  G  A  T  C  G

We are trying to compute the most parsimonious unrooted phylogenetic tree showing the evolutionary relationship amongst these four sequences. Using the tree structure given below, place the taxon in four leaves (P, Q, R and S), so that it results in a maximum parsimonious tree with minimum number of mutations (assume no insertions/deletions in sequences). Infer the two ancestral sequences (U and V) and show the total number of mutations along each edge that is needed to explain the tree.	Comment by Bino: This is important for the solution you present


[image: ]

12. (1pt) Imagine a gene with alleles ‘A’ and ‘a’ in a human population, and the allele frequencies are given as 0.3 (for allele ‘A’) and 0.7 (for allele ‘a’). Under the assumption of Hardy-Weinberg equilibrium, what are the genotype frequencies of the offspring population? What are the allele frequencies of the offspring population?













13. (1pt) The genotypes of father, mother, and their two children are given as below. 1 and 0 represent two alleles, and X represents missing values.

	Father		0 1 0 0 0 0 0 0 0
			0 1 1 1 1 1 1 1 0

	Mother		1 0 0 0 1 0 1 0 0
			0 0 1 0 0 1 0 0 0

	Child 1		0 1 0 0 1 X 1 1 0
			1 0 0 0 0 X 0 0 0

	Child 2		0 1 1 1 0 0 0 0 0
			1 0 0 0 1 0 1 0 0

(a) (0.5 point) Where are the recombination sites? 




(b) (0.5 point) Can you infer the missing genotypes of the loci marked as ‘X’?   









14. (1.5+1.5=3 points) Assume that we fit an admixture model (as shown below) to the genotype data collected from N individuals at I loci (i.e., I genetic markers), with the number of populations K=3 for Asian, Caucasian, and African populations. We use the MCMC sampling algorithm to learn the unknown parameters. After running the sampling algorithm for a large number of iterations until convergence, we summarize the parameter estimate as the single sample with the highest posterior probability. Given this sample, describe how you would answer the following questions.

(a) (1.5 points) Does the region of the genome that contains LCT gene exhibit a certain population structure? (Assume that there are 5 genetic markers covering the region of LCT gene.)

















(b) (1.5 points) Does an individual who identified himself as Asian have any African ancestry in his genome? 






βk 
λ
θn
n=1…N

α


xi,n
zi,n

k=1…K

i=1…I


α, λ: parameters of the prior distribution
xi,n: genotype of the nth individual at the ith locus
zi,n: the population label of the ith locus of the nth individual
θn: a vector of length K for the proportions of populations in the nth individual’s genome
βk: a vector of length I for the allele frequencies in the kth population
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