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Background



What is bioinformatics?

* Interdisciplinary field
* Computer Science
* Biology
* Mathematics
* Engineering

* Analyze and interpret biological data

Engineering Chemistry

Bioinformatics



Why bioinformatics?

* Modern biological methods generate enormous amounts of data
* Need some way to analyze it



Biology Primer

* Cells

* Proteins

* Amino Acids
* Codons

* DNA



Cells

* Made of proteins
 Nucleolus contains DNA
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Anatomy of a Cell



Proteins

* Chains of amino acids

* Fold into complex structures
* Alpha helices

* Beta sheets




Amino Acids

e 20 occur naturally
* Encoded by codons
* Can be treated as single letters

Twenty-One Amino Acids

A Amino Acids with Electrically Charged Side Chains
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Codons

e Sequence of 3 base pairs

* Multiple codons exist for each amino acid

* TGT->C
* GCC-> A

1st
base

TTT
TTC
TTA
TTG
CcTT
cTC
CTA
CTG
ATT
ATC
ATA
ATGIA
GTT
GTC
GTA
GTG

(Phe/F) Phenylalanine

(Leu/L) Leucine

(llefl) Isoleucine

(Met/M) Methionine

(Val/\VV) Valine

TCT
TCC
TCA
TCG
CCT
CCcC
CCA
CCG
ACT
ACC
ACA
ACG
GCT
GCC
GCA
GCG

(Ser/S) Serine

(Pro/P) Proline

(Thr/T) Threonine

(Ala/A) Alanine

2nd base

TAT
TAC
TAALE]
TAGHE!
CAT
CAC

A

(Tyr/Y) Tyrosine

Stop (Ochre)
Stop (Amber)

(His/H) Histidine

(GIn/Q) Glutamine

(Asn/N) Asparagine

(Lys/K) Lysine

(Asp/D) Aspartic acid

(GIu/E) Glutamic acid

TGT
TGC
TGAE!
TGG
CGT
CcGC
CGA
CGG
AGT
AGC
AGA
AGG
GGT
GGC
GGA
GGG

G

(Cys/C) Cysteine

Stop (Opal)
(Trp/W) Tryptophan

(Arg/R) Arginine

(Ser/S) Serine

(Arg/R) Arginine

(Gly/G) Glycine

3rd
base

@ > 0O 4 @@ » 0 4 606 > 0 4 6 > 0 44



DNA

e |dentified in 1869

* James Watson
e Francis Crick

* Double helix
* Genetic instructions
* Made up of 4 bases
* Adenine (A)
e Cytosine (C)
* Guanine (G)
e Thymine (T)




String Matching



String Matching

* Given two sequences of amino acids

* Match: GADDLEEM
*To: GADDTVLEEM



. . Match: GADDLEEM
String Matching To:  GADDTVLEEM
* 4 matches e 2 matches

-??T?LEEM . GA?DLETM
* GADDTVLEEM e GADDTVLEEM

e 4 matches
e GADDLEEM

* GADDTVLEEM



. . Match: GADDLEEM
String Matching To:  GADDTVLEEM
e 4 matches e 2 matches

°??T?LEEM . GA?DLETM

« GADDTVLEEM « GADDTVLEEM
* 4 matches e 8 matches!

e GADDLEEM e GADD--LEEM

* GADDTVLEEM * GADDTVLEEM



Smith Waterman

* Dynamic programming algorithm
* Local alignment
* Not unique

* Configurable
* Reward for match
e Penalty for mismatch
* Penalty for gap

e Slow



Smith Waterman

* Match reward: 3
* Mismatch penalty: -3
e Gap penalty: -2
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e Generates alignment GADD--LEEM

O O O OO OO oo o o

O OO OO O OO kr wo

O OO OO oO N MO - O

O OO FrPr W uNy o~ o o

(IR
O N B OO0 ONNDNO O

=

[N
U N O P N U O Ul O O O

A N 00 W o O O

12
10

N Wb O O O O



BLAST

* Basic Local Search Alignment Tool

* Fast

 Compromises accuracy for speed

* Much more complicated EsEva e SR To!

e statistical significance. Learn more

* Won’t be going over an example |
e Can invoke as a “black box”

Web BLAST

* Web based and local application

uuuuuuuuuuuuuuuuuuuuu



Levenshtein distance

L1/]
=

* Measure of edit distance K it t
* Number of edits to turn one sequence into the other 0 1

* Dynamic programming algorithm > "~

N W W

* Example: Kitten -> Sitting
e Distance of 3

« Kitten _

e Sitten '

e Sittin n

« Sitting g
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RCSB PDB

* Database of 3D structures of molecules =4 p] =~

=
* Positions experimentally determined P ROTEIN D AT mx)\

* 135,519 structures
* Protein
* DNA
* RNA


https://www.rcsb.org/pdb/explore/explore.do?structureId=1hhp

Previous Work



Prior implementation

* Created by two of Professor Jagodzinski’s former students
* Sasa Vukovic
* Dane Lindell

* Implemented in Java
* Uses BLAST

e Uses Levenshtein distance



Prior algorithm

e Sort user entered sequences

 Score “first” sequence using BLAST
» Scores += bitscore * weight

* Score remaining sequences
« Scores += (seq length - minLevDistance) * weight

e Sort based on scores
* Give results



Prior algorithm—pros

* Configurable by command line arguments
e Uses BLAST to find alignments

e Attempts to implement Bitap algorithm
* More complex, faster, Levenshtein distance



Prior algorithm—cons

* Dependent on “first” sequence

e BLAST “bitscore” is arbitrary

* No special handling for “short” sequences
e Output into“magic” file



My Work



Where to search?

* Entire PDB database | =1 > -y
e 135519 structures PROTEIN DATA BANK

 Amino acid sequences


https://www.rcsb.org/pdb/explore/explore.do?structureId=1hhp

Program inputs

usage: blast.py [-h] [-s SEQ [SEQ ...]] [--fasta-file FASTA FILE] [-o0 OUT]
[pdbid] [subsequences [subsequences ...]]

positional arguments:
pdbid pdbid chain Protein and chain for constrained
alignment
subsequences X:X:X Specify the subsequence and weight for the
contrained alignment

optional arguments:

-h, --help show this help message and exit

-s SEQ [SEQ ...], --seq SEQ [SEQ ...]
Specify a sequence string and weight (sequence:weight)
to search for.

--fasta-file FASTA FILE
Specify file that specifies all the sequences in the
PDB in FASTA format

-0 OUT, --out OUT Specify output filename.




Program inputs

* Sequence of Amino Acids
* String or index
* Weights

* Example:
* -s GADDTVLEEM:10 KVRQYDQILIE:290
* 1lhhp 26:36:10 54:65:20



Program inputs

e String or index
* Weights
* Example:

e -s GADDTVLEEM:10 KVRQYDQILIE:260
* 1lhhp 26:36:10 54:65:20

Weight = 10 Weight = 20

PQITLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGGFIKVRQYDAQILIEICGHKAIGTVLVGPTPVNIIG...



Algorithm design

* BLAST

* |s fast
* Produces good alignments



Algorithm design

* BLAST

* |s fast
* Produces good alignments

e Use BLAST more!




Algorithm

* Find all matches for queries from blast
* Score using algorithm
* Return sorted and formatted results



Algorithm—Example

GADDTVLEEM:10 KVRQYDQILIE:260



Algorithm—Example

* Run BLAST on GADDTVLEEM * Run BLAST on KVRQYDQILIE
« 2hco_B * 3mim_B
 2hcO_A * 495m_A
 2hb2 A * 4qlh_A
e 2azCc_B  3kt5 A
e 2azc_A * 3dox_A
 40bk B * 2whh_A
* 40bk_A e 11vl A
 40bj B * S5v4y A
e 40bj A  5kao B

 40bh_ D

5kao_ A



Algorithm—Example

e Gather proteins from both BLAST runs




Algorithm—Example

e Score using Levenshtein distance

* For each sequence
 Score += weight * (seq length - edit distance)



Algorithm—Example

2hc0_b: 300
e PQITLWKRPLVTIKIGGQLKEALIDTGADDTVLEEMNLPGRWKPKIIGGIGGLIKVRQYDQIPIEICGHKAIGT
VLIGPTPANIIGRNLLTQIGCTLNF
3mim_b: 320
 PQVTLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGGFIKVRQYDAQILIEICGHKAI
GTVLVGPTPVNIIGRNLLTQIGATLNFGGSSG
2hb2_a: 300
e PQITLWKRPLVTIKIGGQLKEALIDTGADDTVLEEMNLPGRWKPKIIGGIGGLIKVRQYDQIPIEICGHKAIGT
VLIGPTPANIIGRNLLTQIGCTLNF
495m_a: 310

* PQVTLWQRPLVTIKIGGQLKEALLDTGADNTVLEEMSLPGRWKPKMIGGIGGFIKVRQYDQILIEICGHKAI
GTVLVGPTPVNIIGRNLLTQIGMTLNFGGSSGPQVTLWQRPLVTIKIGGQLKEALLDTGADNTVLEEMSLP
GRWKPKMIGGIGGFIKVRQYDQILIEICGHKAIGTVLVGPTPVNIIGRNLLTQIGATLNF



Algorithm—Example

e Sort based on score



Algorithm—Results

2bbb b | Score: 320, Gaps: [18]
PQITLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGGFIKVRQYDQILIEICGHKAIGTVLVGPTPVNIIGRNLLTQIGCTLNF

1gnm_a | Score: 320, Gaps: [18]
PQITLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGGFIKVRQYDQILIEICGHKAIGTVLVGPTPDNIIGRNLLTQIGCTLNF

1iig_a | Score: 320, Gaps: [18]
PQITLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGGFIKVRQYDQILIEICGHKAIGTVLVGPTPVNIIGRNLLTQIGCTLNF

2r3w_a | Score: 320, Gaps: [18]
PQITLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGGFIKVRQYDQILIEICGHKAIGTVLVGPTPVNVIGRNLLTQIGCTLNF

1z1f b | Score: 320, Gaps: [18]
PQITLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGGFIKVRQYDQILIEICGHKVIGTVLVGPTPTNVIGRNLLTQIGCTLNF

2uy@ b | Score: 320, Gaps: [18]
PQITLWQRPLVTIKIGGQLKEALLDTGADDTVLEEMSLPGRWKPKMIGGIGGFIKVRQYDQILIEICGHKAIGTVLVGPTPVNIIGRNLLTQIGCTLNF




Demo



Future Work



Future work

* Better indication of alignments

* Implement Smith-Waterman algorithm to improve alignments
e Continue improving performance

* More options for formatting output

* Additional metrics to improve output

* Website for improved usability and ease of access



http://stringmatcher.proj.cs.wwu.edu/
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