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Chapter 1

Introduction

1.1 What is Biopython?

The Biopython Project is an international association of developers of freely available Python (http://www.
python.org) tools for computational molecular biology. Python is an object oriented, interpreted, exible
language that is becoming increasingly popular for scienti ¢ computing. Python is easy to learn, has a very


http://www.python.org
http://www.python.org
http://www.biopython.org



http://biopython.org/wiki/Download
http://biopython.org/DIST/docs/install/Installation.pdf
http://biopython.org/DIST/docs/install/Installation.pdf
http://biopython.org/DIST/docs/install/Installation.html

1.4 Frequently Asked Questions (FAQ)

1. How do I cite Biopython in a scienti c¢ publication?
Please cite our application note [1, Cock et al., 2009] as the main Biopython reference. In addition,



5. Do you have a change-log listing what’s new in each release?
See the le NEWS.rst included with the source code (originally called just NEWS), or read the latest
NEWS le on GitHub.


https://github.com/biopython/biopython/blob/master/NEWS.rst
https://github.com/biopython/biopython/blob/master/NEWS.rst
http://biopython.org/DIST/docs/tutorial/Tutorial.html
http://biopython.org/DIST/docs/tutorial/Tutorial.pdf

9. What is wrong with my sequence comparisons?


http://biopython.org/wiki/SeqIO
http://biopython.org/wiki/SeqIO
http://biopython.org/wiki/AlignIO

21.


https://github.com/biopython/biopython/blob/master/DEPRECATED.rst
http://www.python.org/doc/faq/

Chapter 2

Quick Start { What can you do with
Biopython?


http://www.python.org/doc/
http://biopython.org/DIST/docs/api/

followed by what you would type in:

>>> from Bio.Seq import Seq
>>> my_seq = Seq("'AGTACACTGGT™)
>>> my_Seq

Seq(”AGTACACTGGT?)

>>> print(my_seq)

AGTACACTGGT

>>> my_seq.alphabet

Alphabet()

What we have here is a sequence object with a generic alphabet - re ecting the fact we have not spec-


http://www.flickr.com/search/?q=lady+slipper+orchid&s=int&z=t
http://www.flickr.com/search/?q=lady+slipper+orchid&s=int&z=t
http://images.google.com/images?q=lady%20slipper%20orchid



http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?db=Nucleotide
https://raw.githubusercontent.com/biopython/biopython/master/Doc/examples/ls_orchid.fasta
https://raw.githubusercontent.com/biopython/biopython/master/Doc/examples/ls_orchid.gbk
https://raw.githubusercontent.com/biopython/biopython/master/Doc/examples/ls_orchid.fasta

2.4.2 Simple GenBank parsing example
Now let’s load the GenBank le Is_orchid.gbk


https://raw.githubusercontent.com/biopython/biopython/master/Doc/examples/ls_orchid.gbk
http://biopython.org/wiki/SeqIO
http://biopython.org/wiki/AlignIO
http://biopython.org/wiki/AlignIO
http://www.ncbi.nlm.nih.gov/Entrez/
http://www.ncbi.nlm.nih.gov/PubMed/
http://www.expasy.org/
http://scop.mrc-lmb.cam.ac.uk/scop/

2.6 What to do next

Now that you’ve made it this far, you hopefully have a good understanding of the basics of Biopython and
are ready to start using it for doing useful work. The best thing to do now is nish reading this tutorial,
and then if you want start snooping around in the source code, and looking at the automatically generated
documentation.


http://biopython.org/wiki/Mailing_lists

Chapter 3

Sequence objects

Biological sequences are arguably the central object in Bioinformatics, and in this chapter we’ll introduce
the Biopython mechanism for dealing with sequences, the Seq object. Chapter 4 will introduce the related
SegRecord object, which combines the sequence information with any annotation, used again in Chapter 5
for Sequence Input/Output.

Sequences are essentially strings of letters like AGTACACTGGT, which seems very natural since this is the
most common way that sequences are seen in biological le formats.

There are two important di erences between Seq objects and standard Python strings. First of all, they
have di erent methods. Although the Seq object supports many of the same methods as a plain string, its
translate() method di ers by doing biological translation, and there are also additional biologically relevant
methods like reverse_complement(). Secondly, the Seq object has an important attribute, alphabet, which
is an object describing what the individual characters making up the sequence string \mean", and how they
should be interpreted. For example, is AGTACACTGGT


http://www.chem.qmw.ac.uk/iupac/

>>> my_seq = Seq(""AGTACACTGGT™)



The Seq object has a .count() method, just like a string. Note that this means that like a Python
string, this gives a non-overlapping count:

>>> from Bio.Seq import Seq












In all of these operations, the alphabet property is maintained. This is very useful in case you accidentally








http://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi

In the bacterial genetic code GTG is a valid start codon, and while it does normally


ftp://ftp.ncbi.nlm.nih.gov/entrez/misc/data/gc.prt
http://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi
http://www.ncbi.nlm.nih.gov/Taxonomy/Utils/wprintgc.cgi




For example, you might argue that the two DNA Seq objects Seq(*"ACGT", IUPAC.unambiguous_dna)
and Seq(""ACGT", IUPAC.ambiguous_dna)






3.13 UnknownSeq objects

The UnknownSeq object is a subclass of the basic






Chapter 4

Sequence annotation objects

Chapter 3 introduced the sequence classes. Immediately \above" the Seq class is the Sequence Record or
SeqgRecord class, de ned in the Bio.SegRecord


http://biopython.org/wiki/SeqRecord
http://biopython.org/DIST/docs/api/Bio.SeqRecord.SeqRecord-class.html
http://biopython.org/DIST/docs/api/Bio.SeqFeature.SeqFeature-class.html

.annotations { A dictionary of additional information about the sequence. The keys are the name of





https://raw.githubusercontent.com/biopython/biopython/master/Tests/GenBank/NC_005816.fna

As you can see above, the rst word of the FASTA record’s title line (after removing the greater than
symbol) is used for both the id and name attributes. The whole title line (after removing the greater than
symbol) is used for the record description. This is deliberate, partly for backwards compatibility reasons,


https://raw.githubusercontent.com/biopython/biopython/master/Tests/GenBank/NC_005816.gb

>>> record.seq



that4.3.2n






>>> my_ location.start
AfterPosition(5)
>>> print(my_location.start)



>>> for feature in record.features:
if my_snp in feature:
print("%s %s" % (feature.type, feature.qualifiers.get("db_xref)))

source [’taxon:2291937]
gene [’GenelD:27677127]
CDS [*G1:45478716”, *GenelD:27677127]

Note that gene and CDS features from GenBank or EMBL les de ned with joins are the union of the



4.4 Comparison

The SegRecord objects can be very complex, but here’s a simple example:



4.6 The format method

The format()



For this example we’re going to focus in on the pim gene, YP_pPCPO05. If you have a look at the GenBank



>>> print(sub_record.features[1])

type: CDS

location: [42:480](+)
qualifiers:

Key:
Key:
Key:
Key:
Key:

codon_start, Value: [’17]

db_xref, Value: [*Gl:45478716”, *GenelD:2767712"]

gene, Value: [’pim’]

locus_tag, Value: [’YP_pPCP057]

note, Value: [’similar to many previously sequenced pesticin immunity ...7]












Chapter 5

Sequence Input/Output

In this chapter we’ll discuss in more detail the Bio.Seql0 module, which was brie y introduced in Chapter 2
and also used in Chapter 4


http://biopython.org/wiki/SeqIO
http://biopython.org/DIST/docs/api/Bio.SeqIO-module.html
http://biopython.org/wiki/SeqIO

5.1.1 Reading Sequence Files

In general Bio.SeqlO.parse() is used to read in sequence les as SegRecord objects, and is typically used
with a for loop like this:

from Bio import SeqlO
for seq_record in SeqlO.parse("'ls_orchid.fasta", "fasta"):
print(seq_record.id)


https://raw.githubusercontent.com/biopython/biopython/master/Doc/examples/ls_orchid.fasta
https://raw.githubusercontent.com/biopython/biopython/master/Doc/examples/ls_orchid.gbk
http://biopython.org/wiki/SeqIO
http://biopython.org/wiki/SeqIO
http://biopython.org/DIST/docs/api/Bio.SeqIO-module.html

second_record = next(record_iterator)
print(second_record. id)
print(second_record.description)



You can of course still use a for looo with a list of


https://raw.githubusercontent.com/biopython/biopython/master/Doc/examples/ls_orchid.gbk
https://raw.githubusercontent.com/biopython/biopython/master/Doc/examples/ls_orchid.gbk

or:

>>> print(first_record.annotations[organism'])
Cypripedium irapeanum

In general, ‘organism’ is used for the scienti ¢ name (in Latin, e.g. Arabidopsis thaliana), while ‘source’
will often be the common name (e.g. thale cress). In this example, as is often the case, the two elds are
identical.

Now let’s go through all the records, building up a list of the species each orchid sequence is from:

from Bio import SeqlO

all_species = []

for seq_record in SeqlO.parse("'ls_orchid.gbk", "genbank™):
all_species.append(seq_record.annotations["organism'])

print(all_species)

Another way of writing this code is to use a list comprehension:

from Bio import SeqlO

all_species = [seq_record.annotations["organism'] for seq_record in \
SeqlO.parse(*Is_orchid.gbk", "genbank')]

print(all_species)

In either case, the result is:
[’Cypripedium irapeanum”, ’Cypripedium californicum®, ..., “Paphiopedilum barbatum’]

Great. That was pretty easy because GenBank les are annotated in a standardised way.


https://raw.githubusercontent.com/biopython/biopython/master/Doc/examples/ls_orchid.fasta




handle
. else:
handle

bz2.open("lIs_orchid.gbk.bz2", "rt') # Python 3

bz2_Bz2File("'lIs_orchid.gbk.bz2", "r') # Python 2

>>> with handle:


http://www.ncbi.nlm.nih.gov/entrez/query/static/efetchseq_help.html
http://www.ncbi.nlm.nih.gov/entrez/query/static/efetchseq_help.html

The expected output of this example is:









5.4.1.2 Indexing a dictionary using the SEGUID checksum

To give another example of working with dictionaries of SeqRecord objects, we’ll use the SEGUID checksum
function. This is a relatively recent checksum, and collisions should be very rare (i.e. two di erent sequences
with the same checksum), an improvement on the CRC64 checksum.

Once again, working with the orchids GenBank le:

from Bio import SeqlO

from Bio.SeqUtils.CheckSum import seguid

for record in SeqlO.parse("lIs_orchid.gbk", "genbank'):
print(record.id, seguid(record.seq))

This should give:

Z78533.1 JUEoWn6DPhgZ9nAyowsgtoD9TTo
Z78532.1 MN/s0q9zDoCVEEc+k/ IFWCNF2pY



>>> se(_record = orchid_dict["Z78475.1"]

>>> print(seq_record.description)

P_supardii 5.8S rRNA gene and ITS1 and ITS2 DNA

>>> se(_record.seq

Seq(” CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGTTGAGATCACAT .. .GGT”, ITUPACAmbiguousDNAQ))
>>> orchid_dict.close()

Note that Bio.SeqlO. index() won’t take a handle, but only a lename. There are good reasons for this,



to preserve the text exactly (e.g. GenBank or EMBL output from Biopython does not yet preserve every
last bit of annotation).
Let’s suppose you have download the whole of UniProt in the plain text SwissPort le format from their

FTP site (ftp://ftp_uniprot.org/pub/databases/uniprot/current_release/knowledgebase/complete/
uniprot_sprot.dat.gz


ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/complete/uniprot_sprot.dat.gz
ftp://ftp.uniprot.org/pub/databases/uniprot/current_release/knowledgebase/complete/uniprot_sprot.dat.gz
ftp://ftp.ncbi.nih.gov/genbank/
ftp://ftp.ncbi.nih.gov/genbank/

>>>
>>>
>>>
>>>

>>>
>>>

Now, in Python, index these GenBank les as follows:

import glob

from Bio import SeqlO

files = glob.glob(""gbvri*._.seq™)
print("%i files to index" % len(files))

gb_vrl = SeqlO.index_db("gbvrl.idx", files, "genbank™)
print("%i sequences indexed” % len(gb_vrl))


http://samtools.sourceforge.net/
http://samtools.sourceforge.net/tabix.shtml

You can use the compressed le in exactly the same way:

>>> from Bio import SeqlO

>>> orchid_dict = SeqlO.index("'Is_orchid.gbk.bgz", "genbank'™)
>>> len(orchid_dict)

94



5.5 Writing Sequence Files

We’ve talked about using Bio.SeqlO.parse() for sequence input (reading les), and now we’ll look at
Bio.SeqlO.write() which is for sequence output (writing les). This is a function taking three arguments:
some SeqRecord objects, a handle or lename to write to, and a sequence format.

Here is an example, where we start by creating a few SegRecord objects the hard way (by hand, rather





https://raw.githubusercontent.com/biopython/biopython/master/Doc/examples/ls_orchid.gbk

from Bio import SeqlO
count = SeqlO.convert(*"ls_orchid.gbk"™, "genbank"™, "my example.fasta", "fasta')
print("'Converted %i records"™ % count)

The Bio.Seql0.convert() function will take handles or lenames. Watch out though { if the output
le already exists, it will overwrite it! To nd out more, see the built in help:

>>> from Bio import SeqlO
>>> help(Seql0.convert)



>>> records = (rec.reverse_complement(id="rc_"+rec.id, description = "reverse complement™) \








http://biopython.org/wiki/AlignIO

6.1.1 Single Alignments


http://pfam.xfam.org/

>>> from Bio import Alignl0O

>>> alignment = AlignlO.read(""PF05371_seed.sth", "stockholm™)

>>> print(Alignment length %i'" % alignment.get_alignment_length())
Alignment length 52


http://pfam.sanger.ac.uk/family?acc=PF05371

Note the website should have an option about showing gaps as periods (dots) or dashes, we’ve shown dashes


http://biopython.org/wiki/AlignIO
http://biopython.org/wiki/AlignIO
http://biopython.org/DIST/docs/api/Bio.AlignIO-module.html

Alpha AAAAAC
Beta AAACCC
Gamma AACAAC
Delta CCCCCA
Epsilon  CCCAAC

5 6

Alpha AAAACC
Beta ACCCCC

Gamma AAAACC
Delta CCCCAA
Epsilon  CAAACC

If you wanted to read this in using Bio.AlignlO you could use:

from Bio import AlignlO
alignments = AlignlO._parse("'resampled.phy", "phylip™)
for alignment in alignments:

print(alignment)

print(*")

This would give the following output, again abbreviated for display:



As with the function Bio.SeqlO.parse(), using Bio.Alignl0.parse() returns an iterator. If you want
to keep all the alignments in memory at once, which will allow you to access them in any order, then turn
the iterator into a list:

from Bio import Alignl0O
alignments = list(AlignlO.parse("'resampled.phy", "phylip™))
last_align = alignments[-1]



>XXX
ACTACCGCTAGCTCAGAAG
>Alpha
ACTACGACTAGCTCAGG
>YYY
ACTACGGCAAGCACAGG
>Alpha
--ACTACGAC--TAGCTCAGG
>777
GGACTACGACAATAGCTCAGG

In this third example, because of the di ering lengths, this cannot be treated as a single alignment containing



6.2 Writing Alignments

We’ve talked about using Bio.AlignlO.read() and Bio.AlignlO.parse() for alignment input (reading
les), and now we’ll look at Bio.AlignlO.write() which is for alignment output (writing les). This is a
function taking three arguments: some MultipleSegAlignment objects (or for backwards compatibility the
obsolete Alignment objects), a handle or lename to write to, and a sequence format.
Here is an example, where we start by creating a few MultipleSegAlignment objects the hard way (by
hand, rather than by loading them from a le). Note we create some SeqRecord objects to construct the
alignment from.

from Bio.Alphabet import generic_dna

from Bio.Seq import Seq

from Bio.SegRecord import SeqRecord

from Bio.Align import MultipleSegAlignment

alignl = MultipleSegAlignment([
SegRecord(Seq(""ACTGCTAGCTAG", generic_dna), id="Alpha'),
SegRecord(Seq("'ACT-CTAGCTAG", generic_dna), id="Beta'"),
SegRecord(Seq(""ACTGCTAGDTAG", generic_dna), id="Gamma'),

D

align2 = MultipleSegAlignment([
SegRecord(Seq("'GTCAGC-AG", generic_dna), id="Delta"),
SegRecord(Seq("'GACAGCTAG", generic_dna), id="Epsilon™),
SegRecord(Seq('GTCAGCTAG", generic_dna), id="Zeta"),

D

align3 = MultipleSegAlignment([



Its more common to want to load an existing alignment, and save that, perhaps after some simple
manipulation like removing certain rows or columns.



Q9T0Q8_BPIKE/1-52 RA
COATB_BP122/32-83 KA
COATB_BPM13/24-72 KA
COATB_BPZJ2/1-49 KA
Q9T0Q9_BPFD/1-49 KA
COATB_BPIF1/22-73 RA

Alternatively, you could make a PHYLIP format

from Bio import AlignlO

AlignlO.convert(''PF05371_seed.sth™, "stockholm"™, "PF05371_seed.phy", "phylip™)

This time the output looks like this:

le which we’ll name \PF05371_seed.phy"":

7 52

COATB_BPIK AEPNAATNYA TEAMDSLKTQ AIDLISQTWP VVTTVVVAGL VIRLFKKFSS
Q9T0Q8_BP1 AEPNAATNYA TEAMDSLKTQ AIDLISQTWP VVTTVVVAGL VIKLFKKFVS
COATB_BPI12 DGTSTATSYA TEAMNSLKTQ ATDLIDQTWP VVTSVAVAGL AIRLFKKFSS
COATB_BPM1 AEGDDP---A KAAFNSLQAS ATEYIGYAWA MVVVIVGATI GIKLFKKFTS
COATB_BPZJ AEGDDP---A KAAFDSLQAS ATEYIGYAWA MVVVIVGATI GIKLFKKFAS
Q9T0Q9_BPF AEGDDP---A KAAFDSLQAS ATEYIGYAWA MVVVIVGATI GIKLFKKFTS
COATB_BPIF FAADDATSQA KAAFDSLTAQ ATEMSGYAWA LVVLVVGATV GIKLFKKFVS

KA

RA

KA

KA

KA

KA

RA

One of the big handicaps of the original PHYLIP alignment le format is that the sequence identi ers
are strictly truncated at ten characters. In this example, as you can see the resulting names are still unique
- but they are not very readable. As a result, a more relaxed variant of the original PHYLIP format is now
quite widely used:

from Bio import AlignlO
AlignlO.convert("'PF05371_seed.sth™, "stockholm™, "PF05371 seed.phy", "phylip-relaxed™)

This time the output looks like this, using a longer indentation to allow all the identifers to be given in

full::

7 52

COATB_BPIKE/30-81
Q9T0Q8_BPIKE/1-52
COATB_BP122/32-83
COATB_BPM13/24-72
COATB_BPZJ2/1-49
Q9T0Q9_BPFD/1-49
COATB_BPIF1/22-73

AEPNAATNYA
AEPNAATNYA
DGTSTATSYA
AEGDDP---A
AEGDDP---A
AEGDDP---A
FAADDATSQA

KA
RA

TEAMDSLKTQ AIDLISQTWP
TEAMDSLKTQ AIDLISQTWP
TEAMNSLKTQ ATDLIDQTWP
KAAFNSLQAS ATEYIGYAWA
KAAFDSLQAS ATEYIGYAWA
KAAFDSLQAS ATEYIGYAWA
KAAFDSLTAQ ATEMSGYAWA

80

VWTTVVVAGL VIRLFKKFSS
VWTTVVWVAGL VIKLFKKFVS
VVTSVAVAGL AIRLFKKFSS
MVVVIVGATI GIKLFKKFTS
MVVVIVGATI GIKLFKKFAS
MVWVIVGATI GIKLFKKFTS
LVWLWGATV GIKLFKKFVS



KA
KA
KA
KA
RA

If you have to work with the original strict PHYLIP format, then you may need to compress the identifers
somehow { or assign your own names or numbering system. This following bit of code manipulates the record
identi ers before saving the output:

from Bio import AlignlO
alignment = AlignlO.read("'PF05371_seed.sth", "stockholm™)
name_mapping = {}
for i, record in enumerate(alignment):
name_mapping[i] = record.id
record.id = "seq%i" % i
prinpin30ApfnnV9lli



from Bio import Alignl0O
alignment = AlignlO.read("'PF05371_seed.sth", "stockholm™)
print(alignment.format(*'clustal’))

As described in Section 4.6, the SeqRecord object has a similar method using output formats supported






>>> print(alignment[:, 6:9])



6.3.2 Alignments as arrays


http://emboss.sourceforge.net/

6.4.1 Clustalw


https://raw.githubusercontent.com/biopython/biopython/master/Doc/examples/opuntia.fasta




>>> from Bio.Align.Applications import MuscleCommandline
>>> help(MuscleCommandline)


https://raw.githubusercontent.com/biopython/biopython/master/Doc/examples/opuntia.fasta

>>>
>>>
>>>
>>>
>>>
>>>

from Bio.Align.Applications import MuscleCommandline
muscle_cline = MuscleCommandline(input="opuntia.fasta')
stdout, stderr = muscle_cline()

from StringlO import StringlO

from Bio import Alignl0

align = AlignlO.read(StringlO(stdout), "fasta')



>>> from Bio.Align.Applications import MuscleCommandline
>>> muscle_cline = MuscleCommandline(clwstrict=True)

>>> print(muscle_cline)

muscle -clwstrict

Now for the ddly bits using the subprocess module, stdin and stdout:

>>> import subprocess

>>> import sys

>>> child = subprocess.Popen(str(cline),
stdin=subprocess.PIPE,
stdout=subprocess.PIPE,
stderr=subprocess.PIPE,
universal _newlines=True,
shell=(sys.platform!="win32"))

That should start MUSCLE, but it will be sitting waiting for its FASTA input sequences, which we must
supply via its stdin handle:

>>> SeqlO.write(records, child.stdin, "fasta™)
6
>>> child.stdin.close()

After writing the six sequences to the handle, MUSCLE will still be waiting to see if that is all the FASTA
sequences or not { so we must signal that this is all the input data by closing the handle. At that point
MUSCLE should start to run, and we can ask for the
6aTd [0-11.955 Td Td [IO.read



>>> handle = Stringl0()

>>> SeqlO.write(records, handle, "fasta')
6

>>> data = handle.getvalue()


http://emboss.sourceforge.net/

it Mows eameithas wpdatesvour, BATHAselting ok simabntell Biepythans>> from Bio.Emboss.Applications



In this example, we told EMBOSS to write the output to a le, but you can tell it to write the output to
stdout instead (useful if you don’t want a temporary output le to get rid of { use stdout=True rather than
the outfile argument), and also to read one of the one of the inputs from stdin (e.g. asequence="stdin",
much like in the MUSCLE example in the section above).

This has only scratched the surface of what you can do with needle and water. One useful trick is that


http://emboss.sourceforge.net/
http://biopython.org/DIST/docs/api/Bio.pairwise2-module.html

Score=292 5!l ocal alianments are called similarlv with the function


http://biopython.org/DIST/docs/api/Bio.pairwise2-module.html




AGAACTC

-
-GAACT.

<BLANKL INE>

6.5.2 The pairwise aligner object

The PairwiseAligner



query_left_open_gap_score
query_left_extend_gap_score
query_internal_open_gap_score
query_internal_extend_gap_score
query_right_open_gap_score
query_right_extend_gap_score




target | query | score

- query left open gap score

- query left extend gap score
- query left extend gap score

G match

T mismatch

- guery internal open gap score

- query internal extend gap score
- query internal extend gap score
T match

4>>00000>




| gap_score









>>> from Bio import Align

>>> aligner = Align.PairwiseAligner()

>>> seql = "GAACT"

>>> seq2 = "GAT"

>>> alignments = aligner.align(seql, seqg2)
>>> alignment = alignments[0]

>>> alignment
<Bio.Align.PairwiseAlignment object at 0x10204d250>






1
>>>a9lignment>a9=>a9lignments[0]1
>>>a9print(6lignment(1)]TJ0-11.955Td[LSPADKTNVKAAL



Chapter 7

BLAST


http://www.ncbi.nlm.nih.gov/BLAST/blast_program.shtml
http://www.ncbi.nlm.nih.gov/BLAST/blast_program.shtml
http://www.ncbi.nlm.nih.gov/BLAST/blast_databases.shtml

The argument url_base sets the base URL for running BLAST over the internet. By default it
connects to the NCBI, but one can use this to connect to an instance of NCBI BLAST running in the
cloud. Please refer to the documentation for the gblast function for further details.

The gblast





http://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Web&PAGE_TYPE=BlastDocs&DOC_TYPE=Download

>>> from Bio.Blast.Applications import NcbiblastxCommandline
>>> help(NcbiblastxCommandline)

>>> blastx_cline = NcbiblastxCommandline(query="opuntia.fasta", db="nr", evalue=0.001,
.- outfmt=5, out="opuntia.xml')

>>> blastx_cline
NcbiblastxCommandline(cmd="blastx”, out="opuntia.xml”, outfmt=5, query="opuntia.fasta’,
db="nr”, evalue=0.001)

>>> print(blastx_cline)

blastx -out opuntia.xml -outfmt 5 -query opuntia.fasta -db nr -evalue 0.001

>>> stdout, stderr = blastx_cline()


http://blast.wustl.edu/
http://blast.advbiocomp.com
http://blast.advbiocomp.com




Or, you can use a









Figure 7.2: Class diagram for the PSIBlast Record class.
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print("****Alignment****'")



7.5.3 Finding a bad record somewhere in a huge plain-text BLAST le

One really ugly problem that happens to me is that I'll be parsing a huge blast le for a while, and the
parser will bomb out with a ValueError. This is a serious problem, since you can’t tell if the ValueError is
due to a parser problem, or a problem with the BLAST. To make it even worse, you have no idea where the
parse failed, so you can’t just ignore the error, since this could be ignoring an important data point.






Chapter 8

BLAST and other sequence search
tools


https://github.com/biopython/biopython/blob/master/Doc/examples/my_blast.xml
https://raw.githubusercontent.com/biopython/biopython/master/Doc/examples/my_blat.psl




1
1
1

01262205317 ref|NR_030195.1] Homo sapiens microRNA 52...
g1]301171311|ref|NR_035856.1] Pan troglodytes microRNA. ..
gi]270133242|ref|NR_032573.1] Macaca mulatta microRNA ...





http://biopython.org/DIST/docs/api/Bio.SearchIO.BlastIO-module.html
http://biopython.org/DIST/docs/api/Bio.SearchIO.BlatIO-module.html

To check how many items (hits) a QueryResult has, you can simply invoke Python’s len method:

>>> len(blast_gresult)
100

>>> len(blat_gresult)
1

Like Python lists, you can retrieve items (hits) from a QueryResult using the slice notation:

>>> blast_qresult[0] # retrieves the top hit
Hit(id="gi1]262205317|ref|NR_030195.1]”, query_id="42291", 1 hsps)
>>> blast_qresult[-1] # retrieves the last hit

Hit(id="gi|397513516]|ref|XM_003827011.1]", query_id="42291", 1 hsps)

To retrieve multiple hits, you can slice QueryResult






Here is an example of using hit_filter to Iter out Hit objects that only have one HSP:

>>> Filter_func = lambda hit: len(hit.hsps) > 1 # the callback function
>>> len(blast_gresult) # no. of hits before filtering

100

>>> filtered_gresult = blast _gresult.hit_filter(filter_func)



RN —



What about the span column? The span values is meant to display the complete alignment length,
which consists of all residues and any gaps that may be present. The PSL format do not have this
information readily available and Bio.SearchlO



this match is determined by the sequence search tool’s algorithms, the


http://biopython.org/DIST/docs/api/Bio.SearchIO._model.hsp-module.html

>>> blast_hsp.gap_num # number of gaps

0

>>> blast_hsp.ident_num # number of identical residues
61



This does not a ect other attributes, though. For example, you can still access the length of the query
or hit alignment. Despite not displaying any attributes, the PSL format still have this information so
Bio.SearchlO can extract them:

>>> blat_hsp.query_span # length of query match
61

>>> plat_hsp.hit_span # length of hit match
61

Other format-speci c attributes are still present as well:

>>> blat_hsp.score # PSL score

61

>>> blat_hsp.mismatch_num # the mismatch column
0



31359

>>> plat_hsp2.hit_span_all # hit span of each fragment
[18, 43]

>>> blat_hsp2.hit_inter_ranges # start and end coordinates of intervening regions in the hit sequence
[(54233122, 54264420)]

>>> blat_hsp2.hit_inter_spans # span of intervening regions in the hit sequence
[31298]


http://biopython.org/DIST/docs/api/Bio.SearchIO._model.hsp-module.html

At this level, the BLAT fragment looks quite similar to the BLAST fragment, save for the query and hit
sequences which are not present:

>>> blat_gresult = SearchlO.read("my_blat._psl", "blat-psl'™)
>>> blat_frag = blat_qresult[0][0][0] # first hit, first hsp, first fragment
>>> print(blat_frag)
Query: mystery_seq <unknown description>
Hit: chrl9 <unknown description>

Query range: [0:61] (1)

Hit range: [54204480:54204541] (1)

Fragments: 1 (? columns)






>>> idx = SearchlO.index(""tab_2226 tblastn 001.txt", "blast-tab"™)
>>> sorted(idx.keys())

[*9i]11464971:4-101", *gi|16080617|ref|NP_391444.1]"]

>>> 1dx["gi| 16080617 |ref|NP_391444_1]"]
QueryResult(id="gi 16080617 ref|NP_391444.1], 3 hits)

>>> idx.close()

Or also with the format-speci ¢ keyword argument:

>>> idx = SearchlO.index(""tab_2226 tblastn_005.txt", "blast-tab", comments=True)
>>> sorted(idx.keys())

[7gi1]11464971:4-101", gi]16080617|ref|NP_391444.1]", “random_s00]

>>> 1dx[""'gi| 16080617 | ref|NP_391444_1]"]
QueryResult(id="gi|16080617|ref|NP_391444.1]>, 3 hits)

>>> jdx.close()

Or with the key function argument, as in Bio.Seql0:

>>> key function = lambda id: id.upper() # capitalizes the keys

>>> jdx = SearchlO.index(*"tab_2226 tblastn_001.txt", "blast-tab™, key function=key_ function)
>>> sorted(idx.keys())

[>G1]11464971:4-101, *GI1]16080617 |REF|NP_391444.1]"]

>>> idx[""G1]16080617 |REF|NP_391444.1]"]

QueryResult(id="gi|16080617|ref|NP_391444.1]>, 3 hits)

>>> idx.close()

Bio.SearchlO.index_db works like as index



>>> from Bio import SearchlO
>>> SearchlO.convert("mirna.xml", "blast-xml", "results.tab", "blast-tab")
(3, 239, 277, 277)

As convert uses write, it is only limited to format conversions that have all the required attributes.

Here, the BLAST XML le provides all the default values a BLAST tabular le requires, so it works just

ne. However, other format conversions are less likely to work since you need to manually assign the required
attributes rst.
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Chapter 9

Accessing NCBI’s Entrez databases

Entrez (http://www.ncbi.nIm.nih.gov/Entrez


http://www.ncbi.nlm.nih.gov/Entrez
http://www.ncbi.nlm.nih.gov/entrez/utils/
http://www.ncbi.nlm.nih.gov/entrez/utils/

The Entrez Programming Utilities can also generate output in other formats, such as the Fasta or


http://www.ncbi.nlm.nih.gov/books/NBK25497/#chapter2.Usage_Guidelines_and_Requiremen
http://eutils.ncbi.nlm.nih.gov
https://ncbiinsights.ncbi.nlm.nih.gov/2017/11/02/new-api-keys-for-the-e-utilities/




<DbName>pcassay</DbName>
<DbName>pccompound</DbName>
<DbName>pcsubstance</DbName>
<DbName>snp</DbName>
<DbName>taxonomy</DbName>
<DbName>toolkit</DbName>
<DbName>unigene</DbName>
<DbName>unists</DbName>

</DbList>

</elnfoResult>

Since this is a fairly simple XML le, we could extract the information it contains simply by string
searching. Using Bio.Entrez’s parser instead, we can directly parse this XML le into a Python object:

>>> from Bio import Entrez
>>> handle = Entrez.einfo()
>>> record = Entrez.read(handle)

Now record is a dictionary with exactly one key:

>>> record.keys()
[’DbList’]

The values stored in this key is the list of database names shown in the XML above:

>>> record["DbList"]

[’pubmed”, ’protein’, “nucleotide’, ’nuccore’, ’nucgss’, ’nucest’,
’structure’, ’genome”, “books”, ’cancerchromosomes”, “cdd’, “gap’,
“domains”, ’gene’, “genomeprj’, “gensat’, “geo’, ’gds’, “homologene’,
“journals’, “mesh”, ’ncbisearch”, ’nImcatalog”, “omia’, “omim”, “pmc’,
“popset”, ’probe’, ’proteinclusters’, ’pcassay’, ’pccompound’,
’pcsubstance”, “snp’, “taxonomy”, “toolkit’, “unigene’, “unists’]

For each of these databases, we can use Elnfo again to obtain more information:

>>> from Bio import Entrez

>>> Entrez.email = "A_N_Other@example.com™ # Always tell NCBI who you are
>>> handle = Entrez.einfo(db="pubmed™)

>>> record = Entrez.read(handle)

>>> record["DbInfo"]["Description]

’PubMed bibliographic record”’

>>> record["DbInfo"]["B5ibliographie525(Entrez)fo'89604°051
>>> record["DblInfo"LastUp33(eibliographie525(Entrez)2008/05/24>>>)-506:45t” Fwrecord[""Dbinford.keys()



FILT, Filter, Limits the records

TITL, Title, Words in title of publication

WORD, Text Word, Free text associated with publication

MESH, MeSH Terms, Medical Subject Headings assigned to publication
MAJR, MeSH Major Topic, MeSH terms of major importance to publication



>>> print(""{} computational journals found".format(record["'Count"]))

117 computational Journals found

>>> print(""The first 20 are\n{}".format(record["ldList"]))
[7101660833”, 1016646717, *101661657”, ”101659814”, *101657941”,
71016537347, *101669877”, *101649614°, *101647835”, ”101639023,
71016272247, *101647801”, *1015896787, *101585369”, 1016453727,
71015864297, *1015822297, *101574747°, *101564639”, *1016719077]

Again, we could use EFetch to obtain more information for each of these journal IDs.
ESearch has many useful options ] see the ESearch help page for more information.

9.4 EPost: Uploading a list of identi ers

EPost uploads a list of Uls for use in subsequent search strategie