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Writing stand-alone scripts

#!/ u s r / b i n / env python
”””Example command�l i n e program . ”””
import s y s
i f ( name == " m a i n " ) :

p r i n t " He l l o , wor ld "
f o r arg i n s y s . a rgv :

s y s . s t d e r r . w r i t e ( a rg+"nn" )
f o r l i n e i n s y s . s t d i n :

s y s . s t d o u t . w r i t e ( l i n e )



Scripting Cluster

from s u b p r o c e s s import c h e c k c a l l
c h e c k c a l l (

# Which program to run
( " c l u s t e r " ,
# Inpu t f i l e
"�f " , " supp2data . t d t " ,
# Output p r e f i x
"�u" , " supp2data . Uncente red . Complete " ,
#



Scripting Cluster

m e t r i c s = ( "None" ,
" Uncente red " ,
" Pearson " ,
" UncenteredAbs " ,
" PearsonAbs " ,
"Spearman" ,
" K e n d a l l " ,
" E u c l i d e a n " ,
" C i t y " )

l i n k a g e = ( ( " Complete " , "m" ) ,
( " S i n g l e " , " s " ) ,
( " C e n t r o i d " , "c" ) ,
( " Average " , "a" ) )

# Loop ove r a l l 32 p o s s i b l e methods
p r i n t " S t a r t i n g h i e r a r c h i c a l c l u s t e r i n g runs . . . "
from s u b p r o c e s s import c h e c k c a l l
f o r m e t r i c i n x range (1 , l e n ( m e t r i c s ) ) :

p r i n t " " , m e t r i c s [ m e t r i c ] , " . . . "
f o r ( l inkname , l i n k ) i n l i n k a g e :

p r i n t " " , l i nkname
c h e c k c a l l ( ( " c l u s t e r " , "�f " , " s h u f f l e d . t x t " ,

"�u" , " . " . j o i n ( ( " s h u f f l e d " ,
m e t r i c s [ m e t r i c ] ,
l i nkname ) ) ,

"�m" , l i n k , "�g" , s t r ( m e t r i c ) ) )
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Evolution implies a self-consistent model

Distances
(Pairwise relationships)

Topology
(Evolutionary history)
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Measure all pairwise distances by dynamic programming
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Measure all pairwise distances by dynamic programming
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Generate a guide tree by UPGMA

Mark Voorhies Practical Bioinformatics



Generate a guide tree by UPGMA
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Generate a guide tree by UPGMA
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Generate a guide tree by UPGMA
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Generate a guide tree by UPGMA
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Progressive alignment following the guide tree
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Progressive alignment following the guide tree
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Progressive alignment following the guide tree
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Measure distances directly from the alignment
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Generate neighbor-joining tree from new distances



Generate neighbor-joining tree from new distances
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Generate neighbor-joining tree from new distances
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Generate bootstrap values from subsets of the alignment
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Generating a multiple alignment in CLUSTALX
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Generating a neighbor joining tree in CLUSTALX
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Viewing the alignment and tree in JALVIEW
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Related tools

Multiple Alignment

T-Coffee
MUSCLE
COBALT

Tree building

MrBayes (Bayesian MCMC)
PhyML (maximum likelihood)
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Scripting CLUSTALW

from s u b p r o c e s s import c h e c k c a l l
c h e c k c a l l (

# Run the c l u s t a l w program
( " c l u s t a l w " ,
# Read i npu t from s e q u e n c e f i l e
# ( e . g . , FASTA f i l e )
"� i n f i l e=%s " % s e q u e n c e f i l e ,
# Spe c i f y t ha t i n pu t i s p r o t e i n s equence s
"�t ype=PROTEIN" ,
# Verb 1 : do f u l l m u l t i p l e a l i gnment
# ( g en e r a t e s DND gu ide t r e e and ALN a l i gnment )
"�a l i g n " ,
# Verb 2 : Boot s t r ap a ne ighbor�j o i n i n g t r e e
# with the d e f a u l t number o f b o o t s t r a p s (1000)
"�b o o t s t r a p " ) )
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Hidden Markov Model
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The Viterbi algorithm: Alignment
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The Viterbi algorithm: Alignment

Dynamic programming, like
Smith-Waterman

Sums best log probabilities
of emissions and transitions
(i.e., multiplying
independent probabilities)

Result is most likely
annotation of the target
with hidden states
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Profile Alignments: Plan 7

(Image from Sean Eddy, PLoS Comp. Biol. 4:e1000069)
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Profile Alignments: Plan 7 (from Outer Space)

(Image from Sean Eddy, PLoS Comp. Biol. 4:e1000069)
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Combining CLUSTALW with HMMer

# Al i gn sequence s to HMM us i ng HMMer
c h e c k c a l l ( ( "hmmalign " , "�o" , hmmalign ,

"��i n f o r m a t " , " f a s t a " ,
hmm, s e qu e n c e s ) )

# conve r t a l i gnment from Stockholm to CLUSTAL format
# and c l i p to j u s t the a l i g n e d subsequence s
from C l u s t a l T o o l s import M u l t i p l e A l i g n m e n t
hmmaln = " . " . j o i n ( ( jobname , " a l n " ) )
a l i g n m e n t = M u l t i p l e A l i g n m e n t . f romStockholm ( open ( hmmalign ) )
r f = a l i g n m e n t . c o l A n n o t a t i o n s [ "RF" ]
s t a r t = r f . f i n d ( "x" )
a s s e r t ( s t a r t > �1)
s top = r f . r f i n d ( "x")+1
m o t i f a l n = a l i g n m e n t [ s t a r t : s top ]
m o t i f a l n . w r i t e C l u s t a l ( open ( hmmaln , "w" ) )

# Genera te boo t s t r apped NJ t r e e u s i n g CLUSTALW
c h e c k c a l l ( ( " c l u s t a l w " ,

"� i n f i l e=%s " % hmmaln ,
"�t ype=PROTEIN" ,
"�b o o t s t r a p " ) )
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A class for multiple alignment

c l a s s M u l t i p l e A l i g n m e n t :
def i n i t ( s e l f , s eqmat r i x , seqnames = None , c o l A n n o t a t i o n s = None ) :

s e l f . s e q m a t r i x = s e q m a t r i x
i f ( seqnames i s not None ) :

s e l f . seqnames = seqnames
a s s e r t ( l e n ( s e l f . seqnames ) == l e n ( s e l f . s e q m a t r i x ) )

e l s e :
s e l f . seqnames = [ "Seq%05d" % i f o r i i n x range ( l e n ( s e l f . s e q m a t r i x ) ) ]

i f ( c o l A n n o t a t i o n s i s not None ) :
s e l f . c o l A n n o t a t i o n s = c o l A n n o t a t i o n s

e l s e :
s e l f . c o l A n n o t a t i o n s = fg

s e l f . name2seq = d i c t ( ( i , j ) f o r ( i , j ) i n z i p ( seqnames , s e q m a t r i x ) )
a s s e r t ( l e n ( s e l f . name2seq ) == l e n ( s e l f . seqnames ) )
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Defining indexing and slicing on a MultipleAlignment

def g e t i t e m ( s e l f , i ) :
””” Return the sequence named ” i ” i f i i s a s t r i n g
or column v e c t o r [ i ] ( coun t i ng from 0) i f i i s an i n t e g e r )
”””
i f ( i s i n s t a n c e ( i , i n t ) ) :

r e t u r n [ row [ i ] f o r row i n s e l f . s e q m a t r i x ]
i f ( i s i n s t a n c e ( i , s t r ) ) :

r e t u r n s e l f . name2seq [ i ]
r a i s e KeyEr ro r

def g e t s l i c e ( s e l f , i , j ) :
””” Return a Mu l t i p l eA l i g nmen t c o r r e s p ond i n g to columns
[ i : j ] ( i n d e x i n g from 0 , j i s one pa s t the l a s t column ) .
”””
r e t u r n M u l t i p l e A l i g n m e n t (

s e q m a t r i x = [ seq [ i : j ] f o r seq i n s e l f . s e q m a t r i x ] ,
seqnames = s e l f . seqnames ,
c o l A n n o t a t i o n s = d i c t (
( key , seq [ i : j ] )
f o r ( key , seq ) i n s e l f . c o l A n n o t a t i o n s . i t ems ( ) ) )
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From HMMer to MultipleAlignment

@classmethod
def f romStockholm ( c l s , f i n , heade rcheck = True ) :

import r e
seqnames = [ ]
s e q s = fg
c o l A n n o t a t i o n s = fg
i f ( heade rcheck ) :

l i n e = f i n . nex t ( )
f o r l i n e i n f i n :

i f ( l e n ( l i n e . s t r i p ( ) ) < 1 ) :
cont inue

i f ( l i n e [ : 2 ] == ’ // ’ ) :
break

i f ( l i n e [ 0 ] == ’#’ ) :
i f ( l i n e [ 1 : 4 ] == "=GC" ) :

( comment , tag , seq ) = l i n e . s p l i t ( )
i f ( not c o l A n n o t a t i o n s . h a s k e y ( tag ) ) :

c o l A n n o t a t i o n s [ tag ] = seq
e l s e :

c o l A n n o t a t i o n s [ tag ] += seq
cont inue

w = l i n e . s p l i t ( )
i f ( not s e q s . h a s k e y (w [ 0 ] ) ) :

seqnames . append (w [ 0 ] )
s e q s [w [ 0 ] ] = r e . sub ( ’ [ � . ] ’ , ’� ’ ,w [ 1 ] )

e l s e :
s e q s [w [ 0 ] ] += r e . sub ( ’ [ � . ] ’ , ’� ’ ,w [ 1 ] )

n = l e n ( s e q s [ seqnames [ 0 ] ] )
i f ( l e n ( c o l A n n o t a t i o n s ) == 0 ) :

c o l A n n o t a t i o n s = None
r e t u r n c l s ( s e q m a t r i x = [ s e q s [ i ] f o r i i n seqnames ] ,

seqnames = seqnames , c o l A n n o t a t i o n s = c o l A n n o t a t i o n s )
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From MultipleAlignment to CLUSTALW

def w r i t e C l u s t a l ( s e l f , f o u t ) :
”””Write a l i gnment i n ( i n f e r r e d ) CLUSTALX . a l n fo rmat . ”””
seqnames = [ i [ max (0 , l e n ( i )�35): ] f o r i i n s e l f . seqnames ]
f o r i i n seqnames :

a s s e r t ( l e n ( i ) < 36)
a s s e r t ( l e n ( seqnames ) == l e n ( s e t ( seqnames ) ) )

f o u t . w r i t e ( ’CLUSTAL X ( 1 . 8 3 ) m u l t i p l e sequence a l i g n m e n tnn ’ )
f o u t . w r i t e ( ’nn ’ )
s t e p = 50
o f f s e t = 0
n = l e n ( s e l f . s e q m a t r i x [ 0 ] )
wh i l e ( o f f s e t < n ) :

# spac e r
f o u t . w r i t e ( ’nn ’ )
f o r ( name , seq ) i n z i p ( seqnames , s e l f . s e q m a t r i x ) :

f o u t . w r i t e ( ’%�35s %snn ’ % ( name , seq [ o f f s e t : o f f s e t+s t e p ] ) )
o f f s e t += s t e p
# con s e r v a t i o n l i n e
f o u t . w r i t e ( ’ ’�86+ ’nn ’ )
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