)

Charles Hardnett and Cynthia Bauerle

Dissecting the Tools of Bioinformatics: Building SpelFinder, a primer identification tool in Python
Spelman College Departments of Computer Science and Biology, Spelman College, Atlanta, GA 30314

A Choice to Change the World

[ —

CONTEXT OBJECTIVE PYTHON BASICS

Python is a general purpose, highly readable, high level computer programming

To help students better understand the construction language.

Finishing the Genome: Students used Sequencher to identify low and utility of standard sequence analysis tools

confidence/low coverage regions within the returned genomic
sequence. They used Primer3 to select sites for the design of
oligonucleotide primers to direct DNA sequencing across targeted
regions. Defau

[steelers:Classes/BI0491/Python Module] hardnett® python average.py

As participant in the National Genomics Research Initiative supported by HHMI, 86.4
the Biology department at Spelman College offered a course-based research
opportunity for first year science students to isolate and characterize novel

Python program may be created in a standard text editor such as Notepad or
TextEdit. Once saved, the program may be run by using the python command to

ABSTRACT execute the program. The output will appear on the next line:

[steelers:Classes/BI0491/Python Module] hardnetti I

Primer3: This tool contains a primer identification program readily

available over the Internet, that identifies suitable primers. Users mycobacteriophages. In fall 2008, twenty first year students isolated novel Python performs calculations using common arithmetic symbols:

input a source sequence, set search parameters, and obtain a list mycophages and conducted standard microscopic and molecular characterization. Addition:. +

of potential primers as output. Primer3 parameter variables In spring 2009, fourteen of these students, joined by six advanced biology majors, Subt.ralctlo_n: -

_ conducted genomic annotation of one phage isolate using standard sequence Multiplication: *

include: PIIMET3. .040) ik i i s, |2 s Mot gl et riers Home | analysis approaches and bioinformatic tools available via the Internet. While prior Division: /and //
Pmmmmmm(5,_}3,,mmcmm__mmmM__mb;ﬁ'm::;ignmM:::ﬂkPmmﬂm experience applying bioinformatics tools varied among the cohort, no students Equal: =

-Seq uence Iength pndestable sequence (veetor, ALTS, LINES o) oruse  Misprinig Librn Gepeatfhiand: Lot described any prior experience in computer programming. To help students better Exponentlatlop: * |

-Melting T(T..) understand the construction and utility of standard molecular analysis tools, we Modulus: % (finds remainder, e.g. 10 % 3 = 1)

,e 9 m , developed a course activity in which students used the Python programming |

3" stability & Pk el prmer, Pk Eybridiation pobe (il ik gt primer o e ht e bl language to build a primer identification tool that they named SpelFinder.

«GC% | — Students were introduced to basic elements of the Python Igngugge In a han.ds-on TASK 1: Compute all subsequences of Iengths 18 > 30 from

-Poly-X runs group exercise, and then used thgse elgments tol build simple algorlthms. _
Seauenc A seing o denty yourouput Ultimately, students assembled algorithms into a script that analyzes an input the source sequence string

*self- Tarpes; e ATCTICCCCTTCAT.. et prier etk e cenl COCC. nucleotide sequence and reports potential primer target sites as output. The

Complementarity #M ﬂ?wﬁiﬁmidScémﬂﬁ“?c???cﬁs?bwimﬁimﬂ“édmfﬁcccmmm—m program was based on an algorithm that reflected four relevant biological Pseudocode: Star = 7

Excludable regions  msmmans  vetseies criteria. ertlng the.program de n1ovo in Python mtro.duced studeqts to basic While (Start < length of DNA Sequence)
N et Misprining 12 P s ool Misgoin [0 programming strategies for developing functional algorithms useful in standard For each extracted subsequence starting at Start with length
bioinformatics tools. Specifically, students were challenged to understand how 18, 19, 20, 21....30
General Primer Picking Conditions biological criteria may be translated into a set of rules that drives the algorithm of a Analyze the subsequence using criteria
Primer Size Min: [T Opt: 75— Max: sequence analysis software program. 1. Disallowed consecutive nucleofides

Primer Tm Min: s7o0 Opt so.0 Max: Max Tm Difference: 100.c Table of thermodynamic parameters: | Breslaver et al. 1986

2. GC Content range

o] )
L =l
=]

pier G e 55 O[] e 3. Melting Temperature Range
Max Self Complementarity: EMEK 3' Self Complementarity: E E/?d F or
Max £ | Max Poly-X: : _ Increment Start (create next start position)
. . . SPELFINDER: What the program looks like End While
U n d e rSta n d I n g P rl m e r3 : TO bette r u n d e rSta n d h OW P rl m e r3 SpelFinder_py.ixt - C:\Documents and Settingsi|BM USER\Desktop\SpelFinder_py.txt @E]
operates to identify acceptable primer sequences, students built a e — _ ——— s Python:  for S:cze IT r?hge(18,3(% ll)i (dna-size. 1
. . . . . . ?ig;::nm:iis the paramters given to find the bhest possible primers to bhe used in DNA replication. Question: How to find prim Or S ar In range ’ en na 'Slze, :
Slmple Sequence Identlflcatlon pro.g ram . In Py.thon. Spelflnder SEZ :"g::1.:gzzztn:l:gi;}attan::gan::1:n::1:gtcacgccgcggtgcgactgaggcgtggcgtn::1:gc:tggggcatgaattn:n:_q‘ttattan:n:_q‘an:tn::tgtn::an::gn::cgcggtgcgactgaggcgtggcgt SUbsequence — dna[Start Start+S|Ze]
searches a source sequence and identifies primers based on a 1 bt segneas < o s 0 e 0 e S e S v copied sace pren. o S e e
Simplified Set Of parameters: Inr & Sedquence to he r h capita ettera, whic u] g computer have Ent meaning an lower case letters. Output:
| PEARE SRART NE lem N Em T @et \e sea” * The first statement assigns values 18, 19, 20, ... 30 to size on at a time
Sequence length: 18 2 30 nucleotides e commant atious fo he hesde of che bl G b formavisd. T 1. Gl he compus <o i beween che ssions o ¢
«GC%: 40 = 60 | * The second statement assigns starting positions 0, 1, 2, 3, ..., end
' T for suare in Fange (o, Len(ana)-sizs, 1) o Python strings start at position 0 and not 1!
.POIy_X S 3 (Where X p— A, T, G, Or C) subsequence = dna[start : start+size]
T :085°C<=<T_ =75°C {mhe ticon comnd, riox sise in cange (18,50, 5% sigmals shar sice (in seleceides) he peimers should neasure. 16 15 che. » The third extracts the subsequence from the start to its position at a length of size
_ o o giiz?;DEei;n:rsnl:lE;Iil:gdtE?Ehizetiztizzieiiz?e i= 20 to 25 nucleoutides long. The second nurber, 30, sighals the maximum number o Start+Size iS the end OSition for the SUbse uence
Where Tm - [(G+C)prlmer X 4 C] + [(A+T)pr|mer X 2 C] #1 i= the numwber of intergersz it iz counting by, ex. 18,19,2Z0... ( p q )
GENERAL PROGRAMMING STRATEGY piroes seence contain aintvons wicicorias seences TASK 2: Skipping subsequences containing poly-X_ where

XisA T,G,orC,andn=24

Creating a program is an /feratlive process:

1. Define a search criterion

2. Design the algorithm using pseudocode

3. Implement the algorithrm as a computer program
4

5

Pseudocode: If (subsequence contains "TTTT") or
(subsequence contains "AAAA") or
(subsequence contains "CCCC") or
(subsequence contains "GGGG") then

20
the search 2
20

Program: All algorithms defining search parameters are 20

20

GOGCATGAATTCGTTATTALC

GGCATGAATTCGTTATTACG  The continue means to skip the other criteria in the loop and go to the next loop
TTCGTTATTACGACTCTGTC

TCGTTATTACGACTCTGTCA iteration I.e. next subsequence

COGTTATTACGACTCTGTCAC
GTTATTACGACTCTGTCALG

o skip this subseguence
TeSt the ComPUter program [steelers:Classes/BI0491/Python Hndule nel:l:ii python SpelFinder.py p q
. . . start len tm gck seq
Fix errors by repeating steps 1-3 until all tests pass 14 18 .00 5.5 TTAGACTCIGTCACGCC Python: if "TTTT" in subsequence:
12 19 560.00 47 .37 TATTACGACTCTGTCACGT COntInue
13 19 SE.00 52 .63 ATTACGACTCTGTCACGCC . )
Program elements: 1 %6 ms oo T"GGGG" in subsequence:
. . - . . 7o 19 SEH! 52:63 ATTACGACTCTGTCACGCC Contlnue
String: Nucleotide source sequence is stored as a collection of 718 60.00 57.89  TTACGACICTGTCACGCCG if "AAAA" in subsequence:
characters called a string % 3500 4500 COMATTACOACTOGTONC continue
. . 20 58.00 45.00 GTTATTACGACTCTGTCALG L o | nm .
Algorithm: Each search parameter is represented by a D W 4500 TATAGAOGION TreCLC I subsequence:
computational procedure called an algorithm that sets criteria for % cio TACCACTCTeTACGeteC Output:
e %
56 .00
56 .00
SE.00
SE.00

45.00
50.00
55.00
60 .00
49,00
40 .00
40.00
40.00
45.00
45.00

assembled into a scriptthat directs the function of the program » The in operator is a Python string operator for determining the existence of a

substring within a string




