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Answer Key

1) Which method is NOT used to optimize database query (5 points):
a. 	Indexes
b. 	Use Hash function
c. 	Un-normalized database
d. 	Normalized database

2) Explain the key idea in dynamic programming. (5 points)

The key idea of dynamic programming is to break up a large computational problem into smaller subproblems, store the answers to those smaller subproblems, and, eventually, use the stored answers to solve the original problem.


3) Why BLAST is a heuristic method? What is the advantage compared to traditional dynamic programming? (10 points)

BLAST approximates the maximal segment pairs, but could not guarantee the result is optimal.
BLAST is much more efficient allowing large database searching.



4) Describe Aggregation analysis learned in the lectures. (10 points)

Aggregation analysis is a way to collect all genomic signals of certain feature, and then examine its common pattern according to positions.



5) Align the following two sequences with the Needleman-Wunsch global alignment algorithm. Show the complete dynamic programming matrix, and indicate all optimal tracebacks. (20 points)
Sequence 1: ACTGT
Sequence 2: AATCG
Use the following scoring scheme in the score matrix:
Match: +1
Mismatch: 0
Gap: -1
	
	A
	C
	T
	G
	T

	A
	2
	0
	1
	0
	0

	A
	2
	1
	0
	1
	0

	T
	1
	1
	1
	0
	1

	C
	0
	1
	1
	0
	0

	G
	0
	0
	0
	1
	0



ACTGT          
 |    |                
AATCG

Score = 2 

6) List at least two differences between Gibbs sampling and EM algorithm. (10 points)
1) Convergence:
–EM converges when the PSSM stops changing.
–Gibbs sampling runs until you ask it to stop.
2) Solution:
–EM may not find the motif with the highest score.
–Gibbs sampling will probably find the motif with the highest score, if you let it run long enough.
3) Expectation Maximization: Search the PWM space randomly
Gibbs sampling: Search sequence space randomly.

7) (6 points)
I) K-means is a bottom up clustering method. [True/False]
II) PCA analysis works fine with dataset lacking independence. [True/False]

8) Please line up the terms. (Each match is 1.5) (9 points)

Pacific Biosciences            First-generation sequencing                           Low throughput
Illumina                              Second-generation sequencing                      Single molecular
Sanger sequencing         	Third-generation sequencing            	         Massive parallelization



9) List two things that can be studied with RNA-seq and ChIP-seq respectively. (15 points)
RNA-seq :  Gene expression quantification, alternative splicing study, novel transcribed regions...
ChIP-seq : regulatory elements identification, chromatin state dynamics, histone motification ...


10) Describe the reasons why studies on non-coding regions of genome are important. (10 point)

[bookmark: _GoBack]Non-coding regions of genome have important biological functions. For example, enhancers and transcription factor binding sites are involved in transcriptional and translational regulation of protein-coding sequences. They also contain non-coding RNA sequences that have regulatory roles.


[Bonus] Describe Illumina sequencing procedure and potential considerations.  (10 points)

1. add adapters to DNA fragments
2. attach to flow cells
3. ‘bridge’ PCR
4. cluster generation
5. sequencing by synthesis with reversible terminators

Considerations:
•Source of the reads
•Sequencing format (PE or SE)
•Read length                          
•Error rates 


