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Guidelines for midterm.

e Please write down your name, UID, and whether you are un undergraduate or a graduate student.
o Closed book and no calculator.
e Your answers should not require much more space than is provided. Be concise.

e There is an extra blank sheet of paper at the end of exam. Please use it if you need more space for
your answer.

Question | Score
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3 X /20
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1 Coverage (10 pts)

(a) Assume we want, 1o sequence a 1 billion base pair (bp) genome with n sequencer that generates 50 bp
reads. How many reads do we need to achieve 15x covernge, (b phn)
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(b) If the sequencing error rate is ¢, what's the probability that, exactly k
are correct? It suffices to provide the equation. (5 pts)
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2  Alignment (40 pts)
Genomes (4 pts) 7 6 O

(a) What is the approximate length of the human genome? If we use the minimum :
represent nucleotide bases, approximately how much space in bytes would be required to siore one-——

yal person’s entire genome. S our work. L o 4o fopresent
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Trivial Alignment (12 pts) > A

(a) Write (pseudo-)code that aligns a single read read to a reference genome ref using the trivial alignment

algorithm. You should return the index in ref where the alignment with least mismatches begins. If

there are multiple alignments that result in the minimum number of mismatches. return a list containing
all such indices. (8 pts)
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(b) Assume that the only operation that takes time in the trivial aligner is comparisons between the read

/N and the reference. If the computer takes ¢ seconds to make one comparison, approximately how much

L}'IQ time (in seconds) will be required to align N reads of length & to a genome of length L? (4 pts)
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Alignment by Hashing (12 pts)

(a) List one advantage and one disadvantage of using a hash table to store our reference genome (3 pts) 7
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(b) ,For an N base-pair-long reference genome, if we use a hash table to store the starting positions of
each k-mer, on average, how many starting positions will each ha.s'h table entry contain? (express your
answer in terms of N and k) (3 pts)
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(c) Assume you are given the following hash table index, whf re - represents an empty entry. The entries
represent perfect matches of the sequences in the reference genome. (6 pts)
Sequence  Positions
AAA -
ACG 10
AGA 2019
AGG 7218
GAA 42, 609
GAT 25, 200, 128
GCA 16, 529
CAA 456
CAT 1919
CcCC 1, 93
CGG -
CTG 32
TTT -
Answer the questions below assuming that the reads given can contain up to two mismatches relative
to the reference genome indexed above.
e . List the most likely starting position in the reference genome where ACGTTTGCA can match.
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ii. List ALL possible starting positions in the reference genome where g@AGGCCC can match.
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Pileup (12 pts)

(a) What is the consensus sequence generated by these reads? Break ties in favor of the reference se-
quence. From the consensus sequence and reference sequence, how many single nucleotide polymor-
phisms (SNPs) can you find? Mark the positions of the SNPs you find on the consensus sequence. (4
pts)

VOLL by by by u b Ll

Ret : ACGAGTCECTTGAGETACCT

Read: . ..AGTCCGATGACCTCCCT

1)) Read:....... CGATGACCTCCGT
\./

Read: ACGAGTCCGCTGACCTC. . .

Read: TCGAGTCCGATG. .. ... ..

¥ = Cnp V id
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(b) Write (pseudo-)code that generates a consensus sequence based on a list of reads, reads, and a reference
sequence, ref. You may assume that all reads are padded with the “.” character to make them all the
of the reference sequence. (8

same length as ref (in the same fashion as above). Break ties in favor

Lo
r‘.z:,(rf.,ua,,_ {

'tOop 'H/D»fgL» all r@f? hases .
*Lopp thoush cach vead

Ve
. cowt I of nucleotes of cach Wadf :
Position o § the cvrrent rof bés@. T gnort £ s = pu,{,d,

L Look ot copnts oF all U bases oF P20 ¢
(Adav [ N ' ‘
Z. (f ore of The (f |pese f,r‘y/?(; (A/C, T/G) o clear wese s

E agf 01A@QM

1 g(un'
MJ‘Y‘ GerdCs  all (Pads/ covnts o ) . -
M SWng ad A5l ovets g bisgeck g nohes), 21®Y o
s Ying al p0s470, ([ |5 The mejorty bege !
" ) & Id Xl ¢
T@? ) F 7‘%:"?; o -7'/0/ ol fcu l‘h o 41 Yf-{ oS ),

Lase ot ponton ( 4o break TEe 15O fur € (aperses Toag

¢t Lo, Lol o o . )
7 Ty 12 /(CJ ’9‘ g@ Coﬂrﬁ"\,(b(f {‘{7“{~9 cuﬁ',\d_‘ ﬂb)\/‘é} ff!-v._ﬂ/n /.f



3 Dynamic Programming (20 pts)
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Edit distance is the minimuz mber of operations needed £\ convert one string to another. Assume each 4

operation (substitution, ins@h deletion) counts as one  (i.e. has a cost of 1), find the edit distance

between the sequence GCATCGT and the sequence GGATCGGCT. Identify all possible alignments that

" can result in the edit distance by highlighting the path in the grid and writing down the aligned sequences.
You must show your work. Hint: The grid is larger than you need it to be.
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Local Alignment (10 pts) y 4l

At She following soning scheme: gap= 2, mismstchs -1, watch =1, Find the optimal bocal alignment
bt the stugisercr ACKI GO0 and Lhe sepsenoe CALOMTCGO I Yo ohain mlihi[/ﬁle lv/;uh} f/‘ﬁ.)ll:a;
alignsments, you mmy choowe any of Ve, Wentify your slignment by highlighting the path in the grid and
writing down vhe aligned soquencs, You must show yous work. You sy assume that reaching 6 () ends the
local alignment. Hint: The grid is lurger than you need it by be.
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4 Burrows-Wheeler Transform (20 pts)

(a) What is the main advantage of backward search algorithm over indexing (hash) algorithm for read
alignment? (2 pts)
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(b) What is the Burrows-Wheeler Transform of the string “TORNADO”? Hint: Don’t forget to include
the dollar sign (8 pts)
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(c) Un-permute the string represented by the BWT: SLCSBASAAA (10 pts)
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5 Assembly (10 pts)

(a) Create an overlap graph from the following k-mers and de
the resulting graph. Assume we define overlap as an overlap of
k-mer and the prefix of another k-mer. (4 pts)

{CAT, AAA, CAA, AAC, ATC, GAA, AAT, ACA}

termine if there is a Hamiltonian path through
k — 1 nucleotides of the suffix of one
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b) Given t i ol i
(b) ‘nw n the following overlap graph, list all the sequences that can be assembled by a Hamiltonian path
through the graph. (4 pts)
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(c) Given the following graph, is there a valid Eulerian cycle through the graph? (2 pts)
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