
Python

Pipelines



Hi, I'm Andy.
» ~20 years of coding

» I code for:

» fun

» profit

» non-profit

» you



Type less.
Do more.



Today:
» Make commands

» Connect them

» Make a library

» Use a library

Intros to Unix & Python see:
http://jura/bio/education/hot_topics



Simple Example
samtools view -bS test1.sam > test1.bam
samtools sort test1.bam test1.sorted
samtools index test1.sorted



Repeated
samtools view -bS test1.sam > test1.bam
samtools sort test1.bam test1.sorted
samtools index test1.sorted

samtools view -bS test2.sam > test2.bam
samtools sort test2.bam test2.sorted
samtools index test2.sorted

samtools view -bS test3.sam > test3.bam
samtools sort test3.bam test3.sorted
samtools index test3.sorted



A lot
samtools view -bS test1.sam > test1.bam
samtools sort test1.bam test1.sorted
samtools index test1.sorted

samtools view -bS test2.sam > test2.bam
samtools sort test2.bam test2.sorted
samtools index test2.sorted

samtools view -bS test3.sam > test3.bam
samtools sort test3.bam test3.sorted
samtools index test3.sorted

samtools view -bS test4.sam > test4.bam
samtools sort test4.bam test4.sorted
samtools index test4.sorted

samtools view -bS test5.sam > test5.bam
samtools sort test5.bam test5.sorted
samtools index test5.sorted

samtools view -bS test6.sam > test6.bam
samtools sort test6.bam test6.sorted
samtools index test6.sorted

samtools view -bS test7.sam > test7.bam
samtools sort test7.bam test7.sorted
samtools index test7.sorted

samtools view -bS test8.sam > test8.bam
samtools sort test8.bam test8.sorted
samtools index test8.sorted

samtools view -bS test9.sam > test9.bam
samtools sort test9.bam test9.sorted
samtools index test9.sorted



Make the computer do the repetative stuff

custom commands



sam2bam.sh test1.bam



Turning your workflow into a command
* extract parameters
* parse arguments
* feedback
* error checking



Parameters
test1 x 5

  samtools view -bS test1.sam > test1.bam
  samtools sort test1.bam test1.sorted
  samtools index test1.sorted



Parameters!
  name = "test1"

  samtools view -bS $name.sam > $name.bam
  samtools sort $name.bam $name.sorted
  samtools index $name.sorted



Arguments
  name = "test1" # <-- take from commandline

  samtools view -bS $name.sam > $name.bam
  samtools sort $name.bam $name.sorted
  samtools index $name.sorted



Arguments!
  filename = $1 # bash first argument
  name = `basename $filename .bam` # strip extension

  samtools view -bS $name.sam > $name.bam
  samtools sort $name.bam $name.sorted
  samtools index $name.sorted.bam



Cleanup & Feedback
  filename = $1 # bash first argument
  name = `basename $filename .bam` # strip extension

  samtools view -bS $name.sam > $name.bam
  samtools sort $name.bam $name.sorted
  samtools index $name.sorted.bam
  rm $name.sam $name.bam
  echo "Created $name.sorted"



Safety
  filename = $1 # bash first argument
  name = `basename $filename .bam` # strip extension

  # Only continue if successful. (&&)
  samtools view -bS $filename > $name.bam &&
  samtools sort $name.bam $name.sorted &&
  samtools index $name.sorted.bam &&
  rm $filename $name.bam &&
  echo "Created $name.sorted"



Handle multiple filenames
  for filename in "$@"; do # <!-- loops over arguments
    name = `basename $filename .bam` # strip extension

    # Only continue if successful. (&&)
    samtools view -bS $filename > $name.bam &&
    samtools sort $name.bam $name.sorted &&
    samtools index $name.sorted.bam &&
    rm $filename $name.bam &&
    echo "Created $name.sorted"
  done



Good enough?
  for filename in "$@"; do # <!-- loops over arguments
    name = `basename $filename .bam` # strip extension

    # Only continue if successful. (&&)
    samtools view -bS $filename > $name.bam &&
    samtools sort $name.bam $name.sorted &&
    samtools index $name.sorted.bam &&
    rm $filename $name.bam &&
    echo "Created $name.sorted"
  done



Good enough?
#> sam2bam.sh test1.sam
#> sam2bam.sh a.sam b.sam c.sam
#> sam2bam.sh *.sam

Probably.



Reasons for Python
» complex workflow

conditional commands

» data structures & transformation
parse & summarize output

» reusable components & libraries
numpy, biopython, matplotlib



Python
» Commands

» Strings

» Output

» Arguments 

» Conditionals



Run a command
#!/usr/bin/env python
from subprocess import call
call("samtools view -bS test1.sam > test1.bam")
call("samtools sort test1.bam test1.sorted")
call("samtools index test1.sorted.bam")



String Interpolation
#!/usr/bin/env python
from subprocess import call
name="test1"
call("samtools view -bS %s.sam > %s.bam" % (name, name))
call("samtools sort %s.bam %s.sorted" % (name, name))
call("samtools index %s.sorted.bam" % (name))



String Interpolation /w Locals
 string1, string2 = "Hello", "World"
 "%s %s" % (string1, string2) 
 # => "Hello World"

 "%(key1)s %(key2)s" % {key1: "Learning", key2: "Python"}
 # => "Learning Python"

 "%(string1)s %(string2)s" % locals() 
 # => "Hello World"



String Interpolation
#!/usr/bin/env python
from subprocess import call
name="test1"
call("samtools view -bS %(name)s.sam > %(name)s.bam" % locals())
call("samtools sort %(name)s.bam %(name)s.sorted" % locals())
call("samtools index %(name)s.sorted.bam" % locals())



Gathering Arguments
import sys
sys.argv # => ["script.py", "test1.sam", "test2.sam"]

sys.argv[0] # => ["script.py"]
sys.argv[1:] # => ["test1.sam", "test2.sam"]



Cleaning Arguments
import sys
import re

filenames = sys.argv[1:]
for filename in filenames:
  name = re.sub(".sam$","", filename) 
    # "test1.sam" => "test1"
  ...



Runs, but not safely!
#!/usr/bin/env python
from subprocess import call
import sys # system libraries, like arguments (argv)
import re # regular expressions
filenames = sys.argv[1:]
for filename in filenames:
  name = re.sub(".sam$","", filename) # strip extension
  call("samtools view -bS %(name)s.sam > %(name)s.bam" % locals())
  call("samtools sort %(name)s.bam %(name)s.sorted" % locals())
  call("samtools index %(name)s.sorted.bam" % locals())
  call("rm %(name)s.sam %(name)s.bam" % locals())
  #     ^^-- this will always run! DANGER!



Capture exit code & output
from subprocess import call
call(cmd) # no exit code, no output

from subprocess import Popen, PIPE
ps = Popen(cmd, shell=True, stdout=PIPE, stderr=PIPE)
exitcode = ps.wait()
stdout = ps.stdout.read().rstrip('\n')
stderr = ps.stderr.read().rstrip('\n')
# Ugh. So much typing.

Let's make a method



Making our method
def run(cmd, dieOnError=True):
  ps = Popen(cmd, shell=True, 
             stdout=PIPE, stderr=PIPE)
  exitcode = ps.wait()
  stdout = ps.stdout.read().rstrip('\n')
  stderr = ps.stderr.read().rstrip('\n')
  if dieOnError && exitcode != 0:
    raise Exception("run failed." +
      " cmd:`%(cmd)s` exit: %(exitcode)s" % locals())
  return (exitcode, stdout, stderr)



Using our method
...
run("samtools view -bS %(name)s.sam > %(name)s.bam" % locals())
run("samtools sort %(name)s.bam %(name)s.sorted" % locals())
run("samtools index %(name)s.sorted.bam" % locals())
run("rm %(name)s.sam %(name)s.bam" % locals())
...



Complete Pipeline!
#!/usr/bin/env python
import subprocess
import sys # system libraries, like arguments (argv)
import re # regular expressions

def run(cmd, dieOnError=True):
  ps = Popen(cmd, shell=True, 
             stdout=PIPE, stderr=PIPE)
  exitcode = ps.wait()
  stdout = ps.stdout.read().rstrip('\n')
  stderr = ps.stderr.read().rstrip('\n')
  if dieOnError && exitcode != 0:
    raise Exception("run failed." +
      " cmd:`%(cmd)s` exit: %(exitcode)s" % locals())
  return (exitcode, stdout, stderr)

filenames = sys.argv[1:]
for filename in filenames:
  name = re.sub(".sam$","", filename) # strip extension

  run("samtools view -bS %(name)s.sam > %(name)s.bam" % locals())
  run("samtools sort %(name)s.bam %(name)s.sorted" % locals())
  run("samtools index %(name)s.sorted.bam" % locals())
  run("rm %(name)s.sam %(name)s.bam" % locals())



Make a library!
#--------------------------------------
# file: cli_utils.py
import sys
import re
from subprocess import Popen, PIPE

def run(cmd):
  ps = Popen(cmd, shell=True, stdout=PIPE, stderr=PIPE)
  exitcode = ps.wait()
  stdout = ps.stdout.read().rstrip('\n')
  stderr = ps.stderr.read().rstrip('\n')
  return (exitcode, stdout, stderr)

#--------------------------------------
# file: greeter.py
from cli_utils import run
exitcode, stdout, stderr = run("echo 'hello'")
print stdout



Complete Pipeline
with our library

#!/usr/bin/env python
from cli_utils import run # our little library
import sys # system libraries, like arguments (argv)
import re # regular expressions

filenames = sys.argv[1:]
for filename in filenames:
  name = re.sub(".sam$","", filename) # strip extension

  run("samtools view -bS %(name)s.sam > %(name)s.bam" % locals())
  run("samtools sort %(name)s.bam %(name)s.sorted" % locals())
  run("samtools index %(name)s.sorted.bam" % locals())
  run("rm %(name)s.sam %(name)s.bam" % locals())



Look at what we've done!
» running commands

» parameters and arguments

» methods

» our libraries



Advanced Topics
» argument parsing (argparse)

» conditions

» bio libraries



Tiny Example
but the concepts scale!

George's RNASeq Pipeline
* For either single or paired reads
* Run quality control on short reads
* Drop low-quality reads
* Trim low-quality bases from end of reads
* After trimming, get reads that are still paired
* Map reads with tophat
* Sort and index mapped reads



Advanced Argument Parsing
...
import argparse
parser = argparse.ArgumentParser()
parser.add_argument("-s","--sort", action="store_true")
parser.add_argument("-i","--index", help="requires sort", action="store_true")
args = parser.parse_args()

run("samtools view -bS %(name)s.sam > %(name)s.bam" % locals())

if args.sort:
  run("samtools sort %(name)s.bam %(name)s.sorted" % locals())

  if args.index:
    run("samtools index %(name)s.sorted.bam" % locals())
else:
  if args.index:
    print "WARNING! You must sort before you can index."



Advanced Argument Parsing!
sam2bam.py --help

optional arguments:
  -h, --help   show this help message and exit
  -s, --sort
  -i, --index  requires sort



Libs: Pysam
read bam files

import sys
import pysam
from Bio import SeqIO, Seq, SeqRecord

filename = sys.argv[1]
bam = pysam.Samfile(filename, 'rb')
for read in bam:
  print read.qname



Libs: More
» Cogent - COmparative GENomics Toolkit

» SciPy - Stats, Graphs, Linear Algebra, ...

» Numpy - Matrix, Random Sampling, FFT, ...

» Biopython - PDBs, Phylogenetic trees, AlignIO, ...



Books
» Learning Python - Lutz

» Managing Your Biological Data with Python - Via, 
Rother, Tramontano

» Python for Bioinformatics - Bassi

» Bioinformatics Programming - Model

» Python for Data Analysis - McKinney

» Bioinformatics Algorithms - Jones & Pevzner



Thank you.
What do you want to build?


