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Python

Python is a complete scientific programming platform

Python promotes good scientific practice
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The Scientist’s Dilemma
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The Scientist’s Dilemma
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Case Study
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Synonymous spellings give us a way to detect selection pressures via preferred 
spellings

Ser Pro Thr AlaProtein

GCUACUCCUUCUmRNA1

GCCACCCCCUCCmRNA2

Comparative Genomics of Viruses

Viral Life Cycle

[3]

The Genetic Code
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Comparative Genomics Tasks

Download, store, and parse genome files

Visualize sequences with 'genome landscape' plots

Draw random genomes to compare to the sequenced genome
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GenBank
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Biopython
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Task: Download and Parse GenBank files

LOCUS       NC_001416              48502 bp    DNA     linear   PHG 28-NOV-2007
DEFINITION  Enterobacteria phage lambda, complete genome.
ACCESSION   NC_001416
VERSION     NC_001416.1  GI:9626243
...
FEATURES             Location/Qualifiers
     source          1..48502
                     /organism="Enterobacteria phage lambda"
                     /specific_host="Escherichia coli"
                     /db_xref="taxon:10710"
     gene            191..736
                     /gene="nu1"
                     /db_xref="GeneID:2703523"
     CDS             191..736
                     /gene="nu1"
                     /codon_start=1
                     /transl_table=11
                     /product="DNA packaging protein"
                     /protein_id="NP_040580.1"
                     /db_xref="GI:9626244"
                     /db_xref="GeneID:2703523"
                     /translation="MEVNKKQLADIFGASIRTIQNWQEQGMPVLRGGGKGNEVLYDSA
                     AVIKWYAERDAEIENEKLRREVEELRQASEADLQPGTIEYERHRLTRAQADAQELKNA

...
ORIGIN      
        1 gggcggcgac ctcgcgggtt ttcgctattt atgaaaattt tccggtttaa ggcgtttccg
       61 ttcttcttcg tcataactta atgtttttat ttaaaatacc ctctgaaaag aaaggaaacg

Record Information

Genomic Features

DNA Sequence
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Biopython
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Task: Download and Parse GenBank files

from Bio import GenBank
 
def download(accession_list):
 
    try:
        handle = GenBank.download_many(accession_list)
    except:

     ...
 
    genbank_strings = handle.read().split('//\n')
    for i in range(len(genbank_strings)):  
        #Save record in file

  ...

import genbank
genbank.download(['NC_001416'])

Biopython modules for GenBank files

Download multiple GenBank files

Split and save

Usage
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Matplotlib
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Task: Plot Genome Landscapes

F (m) =
m∑

i=0

(η(i)− η)

GCTACTAAGTCTDNA

η(i) = 1(GC), 0(AT)

1 1 00 1 00 0 10 1 0η(i) = 1(GC), 0(AT)
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Matplotlib
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Task: Plot Genome Landscapes

import fileinput
import numpy
from matplotlib import pylab
 
def plot(filename):
 
    numbers = []
    for line in fileinput.input(filename):
        numbers.append(float(line.split('\n')[0]))
 
    mean = numpy.mean(numbers)
    cumulative_sum = numpy.cumsum([number - mean for number in numbers])
 
    pylab.plot(cumulative_sum[0::10],'k-')
...

Standard Library
Numerical
Matlab-style plotting

Parse input file

Cumulative sum

Plot
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SWIG
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Task: Speed up the code!
Draw random genomes according to 
distribution of nucleotide frequencies

import random
 
def seed():
    random.seed()
 
def draw(distribution):

 sum = 0

 r = random.random()

 for i in range(0,len(distribution)):

 
 sum += distribution[i]

 
 if r < sum:

 
 
 return i

Standard library module

Seed random number generator

Draw according to input distribution
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SWIG
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#include <stdlib.h>
#include <stdio.h>
#include <time.h>
 
void seed() {
    srand((unsigned) time(NULL) * getpid()); 
}
 
int draw(float distribution[4]) {
    float r= ((float) rand() / (float) RAND_MAX);
    float sum = 0.;
    int i = 0;
    for(i = 0; i < 4; i++) {
        sum += distribution[i];

 if (r < sum) {
            return i;

 }
    }
}

Step 1: Create a C implementation
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SWIG

14

%module c_discrete_distribution
%typemap(in) float[4](float temp[4]) {  
  int i;
  if (PyList_Check($input)) {
    PyObject* input_to_tuple = PyList_AsTuple($input);
    if (!PyArg_ParseTuple(input_to_tuple,"ffff",temp,temp+1,temp+2,temp+3)) {
      PyErr_SetString(PyExc_TypeError,"tuple must have 4 elements");
      return NULL;
    }
    $1 = &temp[0];
  } else {
    PyErr_SetString(PyExc_TypeError,"expected a tuple.");
    return NULL;
  }
}
 
void seed();
int draw(float distribution[4]); 

Step 2: Create a SWIG Interface File
Module Name

Convert Python List to C-Array

Declare interface
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SWIG
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import c_discrete_distribution as discrete_distribution
 
...

import discrete_distribution
 
...
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Conclusions
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