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3rd Party Libraries
But, Python can be extended with many  

external ("third-party") libraries 

In many cases, you can easily  
manage these libraries using conda

To search for libraries

To install libraries

conda search <libraryname>

conda install <libraryname>

To get info on library

conda info <libraryname>

To remove library

conda remove <libraryname>



3rd Party Libraries

Installed version

conda search <libraryname>
Searches for particular

package



3rd Party Libraries
conda info <libraryname>

Shows info for packages



3rd Party Libraries
conda info <libraryname>

Installs packages
(and dependencies)

BioPython dependencies



3rd Party Libraries
conda info <libraryname>

Removes packages
(but not dependencies)



3rd Party Libraries
Anaconda

Includes over 150 packages,  
pre-installed

distribution
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3rd Party Libraries
Anaconda

Includes over 150 libraries,  
pre-installed

distribution

BioPython
Sequence data
Alignment data

NCBI Interaction

But

is not one of the pre-
installed libraries
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BioPython
BioPython
Sequence data
Alignment data

NCBI Interaction
(and much more…)

Large library/package with 
several submodules
(and sub-sub-modules)



BioPython
One of the most helpful 

documents is the  
BioPython Cookbook



BioPython
The primary/main module in BioPython  

is the Bio module (and it has many submodules…)



BioPython

Bio.AlignIO

Bio.SeqIO Bio.Restriction

Bio.Align

Bio.Seq

Bio.Entrez

Interact with sequence objects
Nucleotide

Protein

Reading in sequence data
FASTA
FASTQ

Restriction digests of
sequence data

Interact with alignment objects 
Alignment reformatting

Alignment slicing

Reading in alignment data
Nexus, Phylip, Phylip-relaxed

etc.

Interact with NCBI databases
Taxonomy, Pubmed, etc.

The primary/main module in BioPython  
is the Bio module (and it has many submodules…)

Bio.Blast
Interact with BLAST

local or online
parsing BLAST results



Bio.Seq
In:   from Bio import Seq 

In:   my_seq = Seq.Seq("AGTACACTGGT") 

In:   my_seq 
Out:Seq('AGTACACTGGT', Alphabet()) 

In:   print(my_seq) 
Out: AGTACACTGGT

import Seq submodule from Bio

instantiate Seq object (Seq.Seq)

show object __str__

show object __repr__

__str__ __repr__
Special method

Displays object info
Special method

Displays object info from print()



Bio.Seq
In:   from Bio import Seq 

In:   my_seq = Seq.Seq("AGTACACTGGT") 

In:   my_seq 
Out:Seq('AGTACACTGGT', Alphabet())

import Seq submodule from Bio

instantiate Seq object (Seq.Seq)

What do you think this is?

(this is a BioPython sequence object)



Bio.Seq
In:   from Bio import Seq 
In:   my_seq = Seq.Seq("AGTACACTGGT") 
In:   my_seq 
Out:Seq('AGTACACTGGT', Alphabet()) 

In:   from Bio.Alphabet import IUPAC 
In:   my_seq = Seq.Seq("AGTACACTGGT", IUPAC.unambiguous_dna)

For sequence objects, we can constrain the character set 
used for sequence to valid characters

Meant to specify sequence alphabet
 'ambiguous_dna',
 'ambiguous_rna',
 'extended_dna',

 'extended_protein',
 'protein',

 'unambiguous_dna',
 'unambiguous_rna'

 'ExtendedIUPACDNA',
 'ExtendedIUPACProtein',
 'IUPACAmbiguousDNA',
 'IUPACAmbiguousRNA',

 'IUPACData',
 'IUPACProtein',

 'IUPACUnambiguousDNA',
 'IUPACUnambiguousRNA',



Bio.Seq
In:   from Bio import Seq 
In:   from Bio.Alphabet import IUPAC 
In:   my_seq = Seq.Seq("AGNACACTGGT", IUPAC.unambiguous_dna)

For sequence objects, we can constrain the character set 
used for sequence to valid characters

What's going to happen here?



Bio.Seq
In:   from Bio import Seq 
In:   from Bio.Alphabet import IUPAC 
In:   my_seq = Seq.Seq("AGNACACTGGT", IUPAC.unambiguous_dna) 
In:   my_seq 
Out:Seq('AGNACACTGGT', IUPACUnambiguousDNA())

For sequence objects, we can constrain the character set 
used for sequence to valid characters

hmmm….



Bio.Seq
In:   from Bio import Seq 
In:   from Bio.Alphabet import IUPAC 
In:   my_seq = Seq.Seq("AGNACACTGGT", IUPAC.unambiguous_dna) 
In:   my_seq 
Out:Seq('AGNACACTGGT', IUPACUnambiguousDNA()) 
In:   my_seq_2 = Seq.Seq("NNNNNN", IUPAC.ambiguous_dna) 
In:   my_seq + my_seq_2

For sequence objects, we can constrain the character set 
used for sequence to valid characters

Maybe this won't work?



Bio.Seq
In:   from Bio import Seq 
In:   from Bio.Alphabet import IUPAC 
In:   my_seq = Seq.Seq("AGNACACTGGT", IUPAC.unambiguous_dna) 
In:   my_seq 
Out:Seq('AGNACACTGGT', IUPACUnambiguousDNA()) 
In:   my_seq_2 = Seq.Seq("NNNNNN", IUPAC.ambiguous_dna) 
In:   my_seq + my_seq_2 
Out:Seq('AGNACACTGGTNNNNNN', IUPACAmbiguousDNA())

For sequence objects, we can constrain the character set 
used for sequence to valid characters

Maybe this won't work?
Nope, it works… WTH?

Sequence alphabets are guidelines for type() 
not absolutes



Bio.Seq
In:   from Bio import Seq 
In:   from Bio.Alphabet import IUPAC 
In:   my_seq = Seq.Seq("AGNACACTGGT", IUPAC.ambiguous_dna) 

In:   len(my_seq) 
Out:11 
In:   for nucleotide in my_seq: 
            print(nucleotide) 
A 
G 
N 
A 
C 
A 
C 
T 
G 
G

BioPython sequence objects behave a lot like strings



Bio.Seq
In:   my_seq = Seq.Seq("AGNACACTGGT", IUPAC.ambiguous_dna) 

In:   my_seq[0] 
Out:'A' 

In:   my_seq[::-1] 
Out:Seq('TGGTCACANGA', IUPACAmbiguousDNA()) 

In:   'ACA' in my_seq 
Out:True 

In:  my_seq.count('A') 
Out:3 

In:  my_seq.lower() 
Out:Seq('agnacactggt', DNAAlphabet()) 

In:  my_seq.titlecase() 
Out:AttributeError: 'Seq' object has no attribute 'titlecase'

BioPython sequence objects behave a lot like strings

(but sequence objects are not strings)



Bio.Seq
BioPython sequence objects behave a lot like strings

In:  my_seq.titlecase() 
Out:AttributeError: 'Seq' object has no attribute 'titlecase' 

In:  str(my_seq).title() 
Out:'Agnacactggt'

(but sequence objects are not strings)

We can "stringify" (or cast) sequence objects with/to str()

sequence object cast to str and titlecased



Bio.Seq
Like strings, we can add BioPython sequence objects

In:  seq_of_As = Seq.Seq("AAAA", IUPAC.unambiguous_dna) 
In:  seq_of_Ts = Seq.Seq("TTTT", IUPAC.unambiguous_dna) 

In:  seq_of_As + seq_of_Ts 
Out:Seq('AAAATTTT', IUPACUnambiguousDNA()) 

In:  seq_of_As[:2] + seq_of_Ts [0:2] 
Out:Seq('AATT', IUPACUnambiguousDNA())



Bio.Seq
Of course sequence objects have their own methods

In:   my_seq = Seq.Seq("GGACATTTTCACCGT", IUPAC.ambiguous_dna)

In:  my_seq.complement() 
Out:Seq('CCTGTAAAAGTGGCA', IUPACAmbiguousDNA())

In:  my_seq.reverse_complement() 
Out:Seq('ACGGTGAAAATGTCC', IUPACAmbiguousDNA())

In:  my_seq.transcribe() 
Out:Seq('GGACAUUUUCACCGU', IUPACAmbiguousDNA())

In:  my_seq.translate() 
Out:Seq('GHFHR', ExtendedIUPACProtein())

complement

rev. complement

transcribe

translate



Bio.Seq
Of course sequence objects have their own methods

In:   my_seq = Seq.Seq("GGACATTTTCACCGT", IUPAC.ambiguous_dna)

In:  my_seq.translate() 
Out:Seq('GHFHR', ExtendedIUPACProtein()) translate

In:  from Bio.Data import CodonTable 
Out:standard_table = CodonTable.unambiguous_dna_by_name["Standard"]

|  T      |  C      |  A      |  G      | 
--+---------+---------+---------+---------+-- 
T | TTT F   | TCT S   | TAT Y   | TGT C   | T 
T | TTC F   | TCC S   | TAC Y   | TGC C   | C 
T | TTA L   | TCA S   | TAA Stop| TGA Stop| A 
T | TTG L(s)| TCG S   | TAG Stop| TGG W   | G 
--+---------+---------+---------+---------+-- 
C | CTT L   | CCT P   | CAT H   | CGT R   | T 
C | CTC L   | CCC P   | CAC H   | CGC R   | C 
C | CTA L   | CCA P   | CAA Q   | CGA R   | A 
C | CTG L(s)| CCG P   | CAG Q   | CGG R   | G 
--+---------+---------+---------+---------+-- 
A | ATT I   | ACT T   | AAT N   | AGT S   | T 
A | ATC I   | ACC T   | AAC N   | AGC S   | C 
A | ATA I   | ACA T   | AAA K   | AGA R   | A 
A | ATG M(s)| ACG T   | AAG K   | AGG R   | G 
--+---------+---------+---------+---------+-- 
G | GTT V   | GCT A   | GAT D   | GGT G   | T 
G | GTC V   | GCC A   | GAC D   | GGC G   | C 
G | GTA V   | GCA A   | GAA E   | GGA G   | A 
G | GTG V   | GCG A   | GAG E   | GGG G   | G 
--+---------+---------+---------+---------+--

Standard NCBI translation table



Bio.Seq
Of course sequence objects have their own methods

In:  my_seq.translate(table="Vertebrate Mitochondrial) 
Out:Seq('GHFHR', ExtendedIUPACProtein()) translate

In:  from Bio.Data import CodonTable 
Out:standard_table = CodonTable.unambiguous_dna_by_name["Vertebrate Mitochondrial"]

|  T      |  C      |  A      |  G      | 
--+---------+---------+---------+---------+-- 
T | TTT F   | TCT S   | TAT Y   | TGT C   | T 
T | TTC F   | TCC S   | TAC Y   | TGC C   | C 
T | TTA L   | TCA S   | TAA Stop| TGA W   | A 
T | TTG L   | TCG S   | TAG Stop| TGG W   | G 
--+---------+---------+---------+---------+-- 
C | CTT L   | CCT P   | CAT H   | CGT R   | T 
C | CTC L   | CCC P   | CAC H   | CGC R   | C 
C | CTA L   | CCA P   | CAA Q   | CGA R   | A 
C | CTG L   | CCG P   | CAG Q   | CGG R   | G 
--+---------+---------+---------+---------+-- 
A | ATT I(s)| ACT T   | AAT N   | AGT S   | T 
A | ATC I(s)| ACC T   | AAC N   | AGC S   | C 
A | ATA M(s)| ACA T   | AAA K   | AGA Stop| A 
A | ATG M(s)| ACG T   | AAG K   | AGG Stop| G 
--+---------+---------+---------+---------+-- 
G | GTT V   | GCT A   | GAT D   | GGT G   | T 
G | GTC V   | GCC A   | GAC D   | GGC G   | C 
G | GTA V   | GCA A   | GAA E   | GGA G   | A 
G | GTG V(s)| GCG A   | GAG E   | GGG G   | G 
--+---------+---------+---------+---------+--

NCBI mitochondrial translation table

What if we want a different translation table (e.g. mitochondrial)?



Bio.SeqIO
The BioPython submodule for reading/writing sequence data

>my_fasta_1 
AGCGCGCGCGTGTGT 
>my_fasta_2 
NNNNNTTTTAAAA 
>my_fasta_3 
ACACACACACACAC

my_file.fasta

In:  from Bio import SeqIO 

In:  with open('my_file.fasta', 'r') as infile: 
            for record in SeqIO.parse(infile, 'fasta'): 
                # do stuff

filename/object file-type



Bio.SeqIO
The BioPython submodule for reading/writing sequence data

>my_fasta_1 
AGCGCGCGCGTGTGT 
>my_fasta_2 
NNNNNTTTTAAAA 
>my_fasta_3 
ACACACACACACAC

my_file.fasta

In:  from Bio import SeqIO 

In:  with open('my_file.fasta', 'r') as infile: 
            for record in SeqIO.parse(infile, 'fasta'): 
                # do stuff

What type of object is this?



Bio.SeqIO
The BioPython submodule for reading/writing sequence data

>my_fasta_1 
AGCGCGCGCGTGTGT 
>my_fasta_2 
NNNNNTTTTAAAA 
>my_fasta_3 
ACACACACACACAC

my_file.fasta

In:  from Bio import SeqIO 

In:  with open('my_file.fasta', 'r') as infile: 
            for record in SeqIO.parse(infile, 'fasta'): 
                # do stuff

What type of object is this?  An iterator.
Why?



Bio.SeqIO
Can return different types of object - some better than others

In:  from Bio import SeqIO 

In:  with open('my_file.fasta', 'r') as infile: 
            record = SeqIO.read(infile, 'fasta') 
            # do stuff

>my_fasta_1 
AGCGCGCGCGTGTGT 
>my_fasta_2 
NNNNNTTTTAAAA 
>my_fasta_3 
ACACACACACACAC

my_file.fasta

In:  from Bio import SeqIO 

In:  with open('my_file.fasta', 'r') as infile: 
            for record in SeqIO.parse(infile, 'fasta'): 
                # do stuff

In:  from Bio import SeqIO 

In:  with open('my_file.fasta', 'r') as infile: 
            records = SeqIO.to_dict(SeqIO.parse(infile, 'fasta')) 
            # do stuff

We can read entire file at once (< 1 sequence)

We can also parse entire file and make it a dict()



Bio.SeqIO
Can parse many, many formats of sequence files



Bio.SeqIO
The BioPython submodule for reading/writing sequence data

>my_fasta_1 
AGCGCGCGCGTGTGT 
>my_fasta_2 
NNNNNTTTTAAAA 
>my_fasta_3 
ACACACACACACAC

my_file.fasta

In:  from Bio import SeqIO 

In:  with open('my_file.fasta', 'r') as infile: 
            for record in SeqIO.parse(infile, 'fasta'): 
                print(record.__str__) 
Out: 
SeqRecord(seq=Seq('AGCGCGCGCGTGTGT', SingleLetterAlphabet()), id='my_fasta_1', name='my_fasta_1', 
description='my_fasta_1', dbxrefs=[])> 

SeqRecord(seq=Seq('NNNNNTTTTAAAA', SingleLetterAlphabet()), id='my_fasta_2', name='my_fasta_2', 
description='my_fasta_2', dbxrefs=[])> 

SeqRecord(seq=Seq('ACACACACACACAC', SingleLetterAlphabet()), id='my_fasta_3', name='my_fasta_3', 
description='my_fasta_3', dbxrefs=[])>



Bio.SeqIO
>my_fasta_1 
AGCGCGCGCGTGTGT 
>my_fasta_2 
NNNNNTTTTAAAA 
>my_fasta_3 
ACACACACACACAC

my_file.fasta

In:  from Bio import SeqIO 

In:  with open('my_file.fasta', 'r') as infile: 
            for record in SeqIO.parse(infile, 'fasta'): 
                print(record.__str__) 
Out: 
SeqRecord(seq=Seq('AGCGCGCGCGTGTGT', SingleLetterAlphabet()), id='my_fasta_1', name='my_fasta_1', 
description='my_fasta_1', dbxrefs=[])> 

…trimmed…

Notice here, that we're getting a new class of objects -  
the SeqRecord

And notice that our Seq object is 
nested within the SeqRecord object

SeqRecord objects



Bio.SeqIO
>my_fasta_1 
AGCGCGCGCGTGTGT 
>my_fasta_2 
NNNNNTTTTAAAA 
>my_fasta_3 
ACACACACACACAC

my_file.fasta

In:  from Bio import SeqIO 

In:  with open('my_file.fasta', 'r') as infile: 
            for record in SeqIO.parse(infile, 'fasta'): 
                print(record.__str__) 
Out: 
SeqRecord(seq=Seq('AGCGCGCGCGTGTGT', SingleLetterAlphabet()), id='my_fasta_1', name='my_fasta_1', 
description='my_fasta_1', dbxrefs=[])> 

…trimmed…

How do we access the sequence information in this object?

And, what are the other data in the SeqRecord object?

SeqRecord objects



Bio.SeqIO
>my_fasta_1 
AGCGCGCGCGTGTGT 
>my_fasta_2 
NNNNNTTTTAAAA 
>my_fasta_3 
ACACACACACACAC

my_file.fasta

In:  with open('my_file.fasta', 'r') as infile: 
            for record in SeqIO.parse(infile, 'fasta'): 
                print(record.__str__) 
Out: 
SeqRecord(seq=Seq('AGCGCGCGCGTGTGT', SingleLetterAlphabet()), id='my_fasta_1', name='my_fasta_1', 
description='my_fasta_1', dbxrefs=[])> 

…trimmed…

How do we access the sequence information in this object?

And, what are the other data in the SeqRecord object?

In:   record.seq 
Out: Seq('AGCGCGCGCGTGTGT', SingleLetterAlphabet()) 

In:   record.id 
Out:'my_fasta_1'

In:   record.name 
Out:'my_fasta_1'

In:   record.description 
Out:'my_fasta_1'

SeqRecord objects



Bio.SeqIO
>gi|927657366|gb|KT692534.1| Variabilichromis moorii voucher Matthew D. McGee:4237 ultra conserved 
element locus uce-505 genomic sequence 
AACTCCAGCTCCTGCAGCATCTCGCCCCATCATGACTTTTTCGGCTGATCCCGAGAAGCCAATCCCTTGA

matts_file.fasta

In:  from Bio import SeqIO 

In:  with open('matts_file.fasta', 'r') as infile: 
            matts_seq = SeqIO.read(infile, 'fasta')

In:   matts_seq.id 
Out:'gi|927657366|gb|KT692534.1|'

In:   matts_seq.name 
Out:'gi|927657366|gb|KT692534.1|'

In:   matts_seq.description 
Out: 'gi|927657366|gb|KT692534.1| Variabilichromis moorii voucher Matthew D. McGee:4237 ultra conserved element locus uce-505 genomic 
sequence'

SeqRecord objects



Bio.SeqIO
>gi|927657366|gb|KT692534.1| Variabilichromis moorii voucher Matthew D. McGee:4237 ultra conserved 
element locus uce-505 genomic sequence 
AACTCCAGCTCCTGCAGCATCTCGCCCCATCATGACTTTTTCGGCTGATCCCGAGAAGCCAATCCCTTGA

matts_file.fasta

In:  from Bio import SeqIO 

In:  with open('matts_file.fasta', 'r') as infile: 
            matts_seq = SeqIO.read(infile, 'fasta')

In:   matts_seq.id 
Out:'gi|927657366|gb|KT692534.1|'

In:   matts_seq.name 
Out:'gi|927657366|gb|KT692534.1|'

In:   matts_seq.description 
Out 'gi|927657366|gb|KT692534.1| Variabilichromis moorii voucher Matthew D. McGee:4237 ultra conserved element locus uce-505 genomic 
sequence'

id is header up to 1st space

name is often same

description is full header

SeqRecord objects



Bio.SeqIO
>gi|927657366|gb|KT692534.1| Variabilichromis moorii voucher Matthew D. McGee:4237 ultra conserved 
element locus uce-505 genomic sequence 
AACTCCAGCTCCTGCAGCATCTCGCCCCATCATGACTTTTTCGGCTGATCCCGAGAAGCCAATCCCTTGA

matts_file.fasta

In:  from Bio import SeqIO 

In:  with open('matts_file.fasta', 'r') as infile: 
            matts_seq = SeqIO.read(infile, 'fasta')

In:   matts_seq.format('fasta') 

Out:''>gi|927657366|gb|KT692534.1| Variabilichromis moorii voucher Matthew D. McGee:
4237 ultra conserved element locus uce-505 genomic 
sequence\nAACTCCAGCTCCTGCAGCATCTCGCCCCATCATGACTTTTTCGGCTGATCCCGAGAAGCC
\nAATCCCTTGA\n'

format() takes desired format as argument

SeqRecord objects have a format() method



@NS500216:341:HMVLYBGXX:1:11101:18457:1155 1:N:0:GTCCTTCT+CACTAGCT 
CTGCAGAGAGACAAACAGACACACATTTCATTGACAAACAAAAACAGGAGACAGAGAGACATGAACAAAGAAT 
+ 
A/AAAE//EEEEEEEEEEAEEEEEE/AEE/EEAEEEEEEEEEEEEEEAEE<EE/EEAEAEE//EE/EEE//EE 
@NS500216:341:HMVLYBGXX:1:11101:17357:1167 1:N:0:GTCCTTCT+CACTAGCT 
CACAAATAAGACTTATTCTGATATCCCTGAGTGTATAATCACTTGAATTTTAGTATTGTACCTGCCATAGAAC 
+ 
AAAAAEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEAEEEEEEEE

my_file.fastq

Bio.SeqIO
SeqIO can process a number of formats

In:  from Bio import SeqIO 
In:  with open('my_file.fastq', 'r') as infile: 
            my_seq = SeqIO.parse(infile, 'fastq') 
            fastq = next(my_seq) 

In:  fastq.id 
Out:'NS500216:341:HMVLYBGXX:1:11101:18457:1155' 

In:  fastq.letter_annotations 
Out:{'phred_quality': [32, 
 14, 
 32, 
 32, 
 32 
…

Qualities, converted to PHRED

FASTQ here, not FASTA



Bio.SeqIO
SeqIO can also write SeqRecords

In:  from Bio import Seq 
In:  from Bio.Alphabet import IUPAC 
In:  from Bio import SeqRecord 
In:  from Bio import SeqIO 

In:  seq_string = 'ACGTACGT' 
In:  seq_object = Seq.Seq(seq_string, IUPAC.ambiguous_dna) 

In:  seq_record_object = SeqRecord.SeqRecord( 
                                                  seq_object,  
                                                  id="my_first_seq", 
                                                  name="" 
                                                  description="" 
                                                  ) 

In:  with open('my_file.fasta', 'w') as outfile: 
            SeqIO.write([seq_record_object], outfile, 'fasta')

Needs to be a list of SequenceObjects to write

and only SeqRecords!!

Create sequence object
from string

Create sequence record
from sequence object

Write out a list of all 
sequence records to a 

file


