CSE 160
Lecture 12

Protein Sequence Querying
Wave front methods



Announcements
 No Lab in APM this Friday



DNA: The Code o

Jones and Pevzner

Parental
strands

Daughter
strands

e The structure & 4 genomic letter codes for all living things

e Adenine, Guanine, Thymine, and Cytosine which pair A-T
and C-G on complimentary strands

» Human & mouse genomes: ~ 3 billion DNA base pairs

e Human genome has 24 distinct chromosomes, each contains
many genes, basic physical and functional units of heredity

e A gene: pattern of DNA bases encoding instructions for
making proteins

e Proteins are large, complex molecules made up of smaller
subunits called amino acids



DNA and the Genetics Makeup

W T TTIENTTTTT1 * (Genes are inherited and are
expressed

» genotype (genetic makeup)
» phenotype (physical
expression)

 On the left, is the eye’ s
phenotypes of green and black
eye genes.




All Life depends on 3 critical molecules
« DNAS

» Hold information on how a cell works

 Proteins

» Form enzymes that send signals to other cells and regulate gene
activity
» Form body’ s major components (e.g. hair, skin, etc.)

e RNAS

» Act to transfer short pieces of information to different parts of a cell

» Provide templates to synthesize into protein



Sequence alignment (follows Kaminsky)

Initial sequencing and comparative analysis of the mouse genome

Nature 420, 520-562 (5 December 2002)

Mouse Genome Sequencing Consortium

* The sequence of the mouse genome 1s a key tool for
understanding the contents of the human genome and for
biomedical research

* Comparative analysis of the mouse and human genomes,
describing some insights that can be determined from the
two sequences

* Comparative genomics allows one to read evolution's
laboratory notebook. In ~75 million years since the
divergence of human and mouse, evolution has altered
genome sequences and caused them to diverge ...

* At the nucleotide level ~40% of human genome can be
aligned to the mouse genome. These sequences seem to
represent most of the orthologous sequences (speciation)
remaining in both lineages from the common ancestor, with
the rest likely to have been deleted in one or both genomes.
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Protein sequence alignment

» Represent proteins as character strings over
a 20 symbol alphabet

« Each symbol represents an amino acid

* Goal: form an alignment;, compare two
sequences to gauge their similarity

* Score: o = +2 for match f=-1 for mismatch

* Exclude points outside the sequence

Query

Subject
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Local alignments and gaps

* We may be able to increase the score by
creating gaps: v = -1
* Score =+11
* 7 matches, 1 mis-match, 2 gaps

Query X|A|R|K M| I|R|K{C|W|D X A R|K M| I|R|K|C|W|D

Subject | FIFIA|R|K|Q|M| | |KI|B|W|L|[X ITF{FIA|R|K|Q[M| I KIB{W|L|X
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Automation
* There are too many combinations to test by
hand

* The Smith-Waterman algorithm (1981)
automated procedure to determine the best

possible alignment
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Smith Waterman algorithm

Let A by the query sequence, a,, the i
symbol, and similarly with B and b,

S[1,]] = best possible alignment score when

a; 1s aligned with b,

Suppose we have computed the alignment

up to, but not including, a; and b;

We therefore know S[0,0] through
S[1-1,3-1], S[1,5-1], S[1-1,5]

We compute S[1,]] using a simple formula
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The next alignment score

e 4 cases

» a; aligns with b,
S[1,]] = S[1-1,J-1] + o 1f match, else [3

» Introduce a gap in B
S[I’J] B S[I_I’J] + Y Si,j = Ma'x(Si,j +f(ai’bi)?Si—l,j +7/aSi,j—1 +7)
» Introduce a gap in A a =b,— f(a.b)=a
S[ij] = S[ij-1] + v e ) =
» Neither a nor b are 1n the alignment: S[1,j] =0
 We take the maximum value

* We do this for all 1 and |
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Filling in the alignment matrix
* Set up a matrix to keep track of the work
* We continue for all 1 and ;

* What algorithmic motif 1s this?

W W N O WV B W N = O

[
o

=
=

( ) Subject Sequence
S+ fa;.b) F F A RKAQM I K B W L X
S, . = Max S, +y > olololololo|lo|lo|lo|lo]lo]o|o]oO
: : x| olo[o|o]o[o]o]o]o]o]o]o]o]2
S ity Alololo|l2]1]lololololololo|lo]1
Rlololo|1]l4]3]2]2]lo]lolofloflo]o
Qklolololo|3]|6]s|al3]2]1]0]l0]0
SMmololo|o|2[s|5|7]6|5]|4|3|2]1
@ 1/olofofof[1[4a[a]6[9][8][7]6]5]4
c rRlo|o|lo|o|[2]3|3|5][8][8|7]|6|[5]4
4, =b — f(a.b)=c a k|oJofo[o[1][4]3]4a][7[10]9]8]7]6
clololo|lo|lo|3|3]|3]|6|9]l9ls]|7]s
a; = b, = f(a;.b) = wiololo|loflo|2]2]2|5]8]8]11 9
ploloflololo|la|la|lalal7]7]10 9
0 1 2 3 4 5 6 7 8 9 10 11 13
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Traceback
 Maximum score yields the best alignment:

symbol a,, 1s aligned with subject b,

* Compute traceback to determine the

Subject Sequence
F F AR KAQWM I K B WL X

remaining match pattern

0
1

111111111111

o|ld|~|o|o|l~|¢t|t|o|o|o|o
olo|lo|lo|o|alw v~ ~[2|2
olo|lo|lo|o|m|o|o|w|o|[Z|2
olo|o|o|~ |t |~N|N|o ©|~
o|lo|lo|o|a|w|o|w® oo~
o|o|o|o|m|o® ~Nlo|w|<
o|lo|lo|~|« o|lw|(gt|o|la|-
o|lo|o|n W)t o|o|o|la|~
o|lo|lo|m w|st| ot |||~
o|lo|~ olan|-|an|-|o|o|o
o|o —|o|lo|o|o|lo|o|o|o
o|o|lo|o|o|o|o|o|o|o|o|o
o|o|o|o|o|o|o|o|o|o|o|o
o|o|lo|o|o|o|o|o|o|o|o|o
X <X S —-—@CX¥XO==nN

Query Sequence

5 6 7 8 9 10 11 12 18

RIK|{C|W|D

KIB/WIL|X

M

X|A|lR|K

Query

Subject | FIF|A|R|K|Q|M
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Computing the Traceback

e Start with the maximum score:
a,, 1s aligned with b,

* Work backwards to the start of A and B

Subject Sequence

F FARKO QM I KBW L X
oloJolo]olo]olo]o]olo]o]o]o
(i1,J)= largest entry x| ololo olojo|[o[o|lofo]o]o]2
Alolo]o 1lololo|o|lo|o|olo]1
while S; j * 0 R[oo]|o]1 3/2/1]/0]0lo0lo]o]o
Ifa_b 6—0(e1seB O klolo|o|o]3 43|2[1]0l0o]o0
I'FS =S11d]1+6 %’)Moooozss 654|321
- ® [ololo]|o|1|4]|4]ls6 8| 7|65 4
a; a-hgne W1t.h b; S Rlo|o|o|o|2]3]3]5s 8|7|6|5]4
(13)"(1131) 3 Klo[ofJofo[1][4][3[4a]7 98|78
E1se1f5 _S1lj+Y clolololo|o|3|3|3]|6]09 8|76
wolo|lolo|ol2]|2|2]5]|8|8/[t1]10] 9
%1 aj-l)-lgne((ill V;:'gh) gap in B plololo|o|lo|1]|1|1]4|7]|7]10[10] 9
« 0 1 2 3 4 5 6 7 8 9 10 11 12 13
E-Ise . . . Query X|A|R|K M| I|R| K W|D
b; aligned with gap 1n A
(i,3) « (1,3-D subject | F| F|A|R|K|Q|M] I H K| B[w[L]X

- = © 00 N o u »~ W N = O



Computing the traceback in parallel
* We must preserve the dependencies to

ensure correctness

 How can we realize parallelism?

1,12 1,211 1,33 1,4 1,55 1,6 1,7 1,8 1,9»1,10%1,11>1,12

2,122 2,3 2,425 2,6 2,7 2,8 2,9—2,10—»2,11—»2,12

3,1 3,2 3,3 3,4 3,5 3,6 3,7 3,8 3,9—3,103,11—3,12

4,1 4,21 4,35 4,45 4,5 4,63 4,75 4,85 4,0 >4,10>4,114,12

51 52— 53— 54— 55— 56 5,7 58— 5,9—5,10—5,115,12

6,1 6,2 6,3 6,4 6,5 6,6 6,7 6,8 6,9 —6,106,11—6,12
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Insight
 If we group the entries into blocks, we

maintain the same dependence
structure, but at a coarse level

1,02 1,20 1,3 1,4 1,5 1,6 1,7 1,8 1,9»1,10-31,11>1,12

2,1 —» 2223242526 2,7 2,8 2,9»2,10—™2,11—»2,12

3,1 3,2 3,3 3,4r» 3,5 3,6 3,7 3,8 3,9—3,103,11—»3,12

4,11 4,213 4,313 4,43 4,53 4,63 4,7 4,83 4,9 4,104,111 4,12

51 52— 53— 54— 55— 56 5,7 58— 5,9—5,10—5,115,12

6,1 6,2 6,3 6,4 6,5 6,6 6,7 6,8 6,9 —6,106,11—6,12
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Parallelization strategy

* Let’s partition the columns of S across
the threads

Thread 0 Thread 1 Thread 2 Thread 3

1,1.1,2 1,3—» 1,4 1,5 1,6 1,7 1,8: 1,9—»1,101,111,12

lg—
-
—
-

—

2,1. 2,2 232,425 2,6%»2,7.2,8:2,9»2,102,112,12

r—
-
rg—
g

3,1 3,2 3,3 3,4 3,5 3,6 3,7 3,8 3,93,103,113,12
4,1 4,2 43\% 4,4 45 46> 4,7 4,8 4,9%4,104,114,12

<
<
—
-

5,1.5,2 53— 5,4 55 56 5,7 5,8 595,10

o
—
—

5,12

<]
<
S =
L

6,1. 6,2 6,3 6,4.6,5 6,6 6,7 6,8 6,96,106,11.6,12




Computational Rounds
* Redraw the diagram to uncover

parallelism
* We organize into rounds
* Atround 4, all 4 threads are engaged

v
v
14,2 4,
RN
v

v
;+5
4 3,53,
RN
4 4,5 4
v
v
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In class exercises
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AN

Questions

I . ] 1 :
R e d 1 onei
Dependence-analysts

s od .

Tree Summation

Performance
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5. Tree Summation

Input: an array x[], length N >> P
Output: Sum of the elements of x[]

Goal: Compute the sum in Ig P time
sum = 0;
for i=0 to N-1
sum += X[i]
Assume Pi1sapowerof2, K=1gP

Starter code 30900 ®6 6
form =0 to K-1 { » © © @

11 14

h 25
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Visualizing the Summation

Thread 0

Thread 2

O+

Thread 4

BEIEEEAr
4
_

T

4

_|_
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|

Thread 6

|

y
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6. Performance

You observe the following running times for a parallel program
running a fixed workload N

Assume that the only losses are due to serial sections
What is the speedup and efficiency on 8 processors?
What will the running time be on 4 processors?

What is the maximum possible speedup on an infinite number of
processors?

What fraction of the total running time on 1 processor corresponds to
the serial section?

What fraction of the total running time on 2 processors corresponds to
the serial section?

NT Time
1 10000
2 6000
8 3000
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