BioPython

Programming (for biologists)

BIOL 7800



Bio.Seql()

SeqRecord objects

matts_file.fasta

>g1|927657366|gb|KT692534.1| Variabilichromis moorii voucher Matthew D. McGee:4237 ultra conserved
element locus uce-505 genomic sequence
AACTCCAGCTCCTGCAGCATCTCGCCCCATCATGACTTTTTCGGCTGATCCCGAGAAGCCAATCCCTTGA

In: from Bio import SeqlIO

In: with open(‘'matts_file.fasta', 'r") as infile:
matts_seq = SeqlO.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: 'g1| 927657366 | gb| KT692534.1 | Variabilichromis moorii voucher Matthew D. McGee:4237 ultra conserved element locus uce-505 genomic
sequence'



Bio.Seql()

SeqRecord objects

matts_file.fasta

>g1]|927657366|gb |KT692534.1| Variabilichromis moorii voucher Matthew D. McGee:4237 ultra conserved
element locus uce-505 genomic sequence
AACTCCAGCTCCTGCAGCATCTCGCCCCATCATGACTTTTTCGGCTGATCCCGAGAAGCCAATCCCTTGA

In: from Bio import SeqlIO

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

In: matts_seq.id

Out:'gi| 927657366 | gb|KT692534.1 |' € 1id is header up to |st space

In: matts_seq.name 44— TName is often same
Out:'gi| 927657366 |gb | KT692534.1 |'

In: matts_seq.description <€4—description is full header

Out 'g1| 927657366 | gb| KT692534.1 | Variabilichromis moorii voucher Matthew D. McGee:4237 ultra conserved element locus uce-505 genomic
sequence'




Bio.Seql()

SeqRecord objects have a format() method

matts_file.fasta

>g1]|927657366|gb |KT692534.1| Variabilichromis moorii voucher Matthew D. McGee:4237 ultra conserved
element locus uce-505 genomic sequence
AACTCCAGCTCCTGCAGCATCTCGCCCCATCATGACTTTTTCGGCTGATCCCGAGAAGCCAATCCCTTGA

In: from Bio import SeqlIO

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

In: matts_seq.format('fasta’) <4— format() takes desired format as argument

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



Bio.Seql()

SeqlO can process a number of formats

my_file.fastq

@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

In: from Bio import SeqlIO

In: with open('my_file.fastq', 'r') as infile:
my_seq = SeqlO.parse(infile, 'fastq) <«——FASTQ here, not FASTA
fastq = next(my_seq)

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

In: fastq.letter_annotations

Out:{'phred_quality': [32,

14,

3L, »

32, < Qualities, converted to PHRED

32
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Bio.Seql0) .ow-e

SeqlO can also write SeqRecords

from Bio import Seq
from Bio.Alphabet import IUPAC
from Bio import SeqRecord

from Bio import SeqlO
seq_string = 'ACGTACGT Create sequence object
seq_object = Seq.Seq(seq_string, IUPAC.ambiguous_dna) from string
seq_record_object = SeqRecord.SeqRecord( «—Create sequence record

seq_object, from sequence object

id="my_first_seq",

name=""

description=""

)

Write out a list of all

with open('my_file.fasta', 'w") as outfile: +«<—— sequence records to a

SeqlO.write([seq_record_object], outfile, 'fasta') file

T

to be a list of SequenceObjects to write



Bio.Seql()

But what if you don't want to make a huge list of all your
sequences to write to an outfile?

In: all_my_seqgs =[]

In: with open('Siant_fastq file.fastq', 'r') as monstrous_infile:
for record in SeqlO.parse(monstrous_infile, 'fastq'):

all_my_seqs.append(record)

In: all_my_seqs

Out:[SeqRecord_1, SeqRecord_R2, ..., SeqRecord_30000000]

In: len(all_my_seqgs)

Out: 30000000

In: with open('my_absurdly_huge_file.fasta', 'w") as outfile:
SeqlO.write([seq_record_object], outfile, 'fasta')

How could you do this differently (or iteratively)?



Bio.Seql()

But what if you don't want to make a huge list of all your
sequences to write to an outfile?

How could you do this differently (or iteratively)?

In: all_my_seqgs =[]
In: with open('giant_fastq file.fastq', 'r') as monstrous_infile:
with open('my_absurdly_huge_file.fasta', 'w") as huge_outfile:
for record in SeqlO.parse(monstrous_infile, 'fastq'):
huge_outfile.write(record.format('fasta’))

|

Use the SeqRecord format() method!



Bio.Alignl()

The BioPython submodule for reading/writing alignment data

#NEXUS
begin data;

dimensions ntax=31 nchar=53;
format datatype=dna missing=? gap=-;

matrix
aimophila_rufescens
ammodramus_leconteii
ammodramus_savannarum
amphispiza_belli
amphispiza_bilineata
arremon_aurantiirostris
arremon_brunneinucha
arremonops_rufivirgatus
atlapetes_citrinellus
atlapetes_gutturalis
calamospiza_melanocorys
chlorospingus_ophthalmicus
chondestes_grammacus
geoForl
geothlypis_trichas
icterus_gularis
junco_phaeonotus
melospiza_melodia
melozone_aberti
melozone_leucotis
oriturus_superciliosus
passerculus_sandwichensis
passerella_iliaca
peucaea_ruficauda
pezopetes_capitalis
pipilo_chlorurus
pooecetes_gramineus
rhynchospiza_strigiceps
spizella_arborea
spizella_atrogularis
zonotrichia_atricapilla
’

end;

gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
——ccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
——————— gtaaactgcaggggggcagcgagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
gctttaa
gtccatagtaaactgcaggggggcagagagagcccagagagcagcagctttaa
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa

gctttaa

Sparrow.nexus

<— Sparrow alignment
NEXUS format

(but not this T Sparrow)

Image from wikipedia



Bio.Alignl()

The BioPython submodule for reading/writing alignment data

>aimophila_rufescens
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>ammodramus_leconteii
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>ammodramus_savannarum
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>amphispiza_belli
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>amphispiza_bilineata
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>arremon_aurantiirostris
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>arremon_brunneinucha
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>arremonops_rufivirgatus
——ccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>atlapetes_citrinellus
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>atlapetes_gutturalis
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>calamospiza_melanocorys
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>chlorospingus_ophthalmicus
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>chondestes_grammacus
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>geofForl
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>geothlypis_trichas
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>icterus_gularis
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa
>junco_phaeonotus
gtccatagtaaactgcaggggggcagagagagctcagagagcagcagctttaa

(.truncated..)

sparrow.fasta

<— Sparrow alignment
FASTA format

(but not this T Sparrow)

Image from wikipedia



Bio.Alignl()

The BioPython submodule for reading/writing alignment data

31 53
aimophila_rufescens
ammodramus_leconteii
ammodramus_savannarum
amphispiza_belli
amphispiza_bilineata
arremon_aurantiirostris
arremon_brunneinucha
arremonops_rufivirgatus
atlapetes_citrinellus
atlapetes_gutturalis
calamospiza_melanocorys
chlorospingus_ophthalmicus
chondestes_grammacus
geofForl
geothlypis_trichas
icterus_gularis
junco_phaeonotus
melospiza_melodia
melozone_aberti
melozone_leucotis
oriturus_superciliosus
passerculus_sandwichensis
passerella_iliaca
peucaea_ruficauda
pezopetes_capitalis
pipilo_chlorurus
pooecetes_gramineus
rhynchospiza_strigiceps
spizella_arborea
spizella_atrogularis
zonotrichia_atricapilla

gtccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta
—-—ccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta
gtccatagta

gtccatagta
gtccatagta
gtccatagta

aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg
aactgcaggg

gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagagag
gggcagcgag
gggcagagag
gggcagagag
gggcagagag

agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga
agctcagaga

gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa
gcagcagctttaa

gtccatagta
gtccatagta

aactgcaggg
aactgcaggg

gggcagagag
gggcagagag

agcccagaga
agctcagaga

gctttaa
gcagcagctttaa
gcagcagctttaa

gctttaa

sparrow.phylip

<— Sparrow alignment
PHYLIP format

(but not this T Sparrow)

Image from wikipedia



Bio.Alignl()

AlignIO gives us ways to read almost all alignment formats

NEXUS

In: from Bio import AlignIO

In: aln_nexus = AlignlIO.read('sparrow.nexus', nexus")

In: aln_nexus

Out:<<class 'Bio.Align. MultipleSegAlignment'> instance (31 records of length 53, IUPACAmbiguousDNA()) at 104405860>

FASTA

In: from Bio import AlignIO

In: aln_fasta = AlignlIO.read('sparrow.fasta’, 'fasta')

In: aln_fasta

Out:<<class 'Bio.Align. MultipleSegAlignment'> instance (81 records of length 53, SingleLetterAlphabet()) at 104490fd0>

PHYI |P use this to get "full" species names

In: from Bio import AlignIO /

In: aln_phylip = AlignIO.read('sparrow.phylip', 'phylip-relaxed")

In: aln_phylip

Out:<<class 'Bio.Align MultipleSegAlignment'> instance (31 records of length 53, SingleLetterAlphabet()) at 1044ad4e0>



Bio.Alignl()

Once read, AlignIO "equalizes” alignment formats

so there are no differences when manipulating them and
we get a Bio.Align. MultipleSeqgAlignment object

In: aln_nexus
Out:<<class 'Bio.Align MultipleSeqgAlignment'> instance (31 records of length 53, IUPACAmbiguousDNA()) at 104405860>

In: aln_fasta
Out:<<class 'Bio.Align MultipleSegAlignment'> instance (31 records of length 53, SingleLetterAlphabet()) at 104490fd0>

In: aln_phylip
Out:<<class 'Bio.Align MultipleSeqAlignment'> instance (31 records of length 53, SingleLetterAlphabet()) at 1044ad4e0>



Bio.Align

Bio.Align.MultipleSegAlignment objects are composed of SeqRecords
and like many python objects, we can iterate over them...

In: from Bio import AlignIO
In: aln_nexus = AlignIO.read('sparrow.nexus', ' nexus")
In: for record in aln_nexus:

print(record._ str_ )

Out:

<SeqRecord(seq=Seq('gtccatagtaaactgcaggggggcagagagagctcagagagcagecagcetttaa’, ITPACAmMbiguousDNA()),
id='aimophila_rufescens', name='aimophila,_rufescens', description=", dbxrefs=[])>

<SeqRecord(seq=Seq('gtccatagtaaactgcaggggggcagagagagctcagagagcagecagcetttaa’, ITPACAmMbiguousDNA()),
id='ammodramus_leconteii', name='ammodramus_leconteii', description=", dbxrefs=[])>

<SeqRecord(seq=Seq('gtccatagtaaactgcaggggggcagagagagctcagagagcagecagcetttaa’, ITPACAmMbiguousDNA()),
id='ammodramus_savannarum', name='ammodramus_savannarum' description=", dbxrefs=[])>

<SeqRecord(seq=Seq('Stccatagtaaactgcaggggggcagagagagctcagagagcagecagcetttaa’, ITPACAmbiguousDNA()), id='amphispiza,_belli',
name='amphispiza,_belli', description=", dbxrefs=[])>

<SeqRecord(seq=Seq('gtccatagtaaactgcaggggggcagagagagctcagagagcagecagcetitaa’, ITPACAmMbiguousDNA()),
id='amphispiza_bilineata', name='amphispiza_bilineata', description=", dbxrefs=[])>



Bio.Align

Bio.Align.MultipleSeqgAlignment objects also have their
own suite of methods

In: aln = AlignIO.read('sparrow.nexus', mexus")

In: aln.get_alignment_length() aln length (what does len()_return?)
Out:53

In: aln.get_all_seqs() return list of all sequences
Out:

[
SeqRecord(seq=Seq('gtccatagtaaactgcaggsgggcagagagagctcagagagcagcagcetttaa’, IUPACAmMbiguousDNA()), id='"aimophila,_rufescens',

name='aimophila_rufescens', description=", dbxrefs=[]),
SeqRecord(seq=Seq('gtccatagtaaactgcaggggggcagagagagctcagagagcagecagetitaa’, IUPACAmbiguousDNA()),
id='ammodramus_leconteii', name='ammodramus_leconteii', description=", dbxrefs=[])

]

In: aln.append(SeqRecord) add ONE sequence to aln

In: aln.extend([SeqRecord, SeqRecord, SeqRecord]) add >1| sequences to aln

In: aln.format('stockholm") convert the aln to '<format>'



Bio.Align

Bio.Align.MultipleSeqgAlignment objects accept slicing parameters

In: aln = AlignIO.read('sparrow.nexus', mexus")

In: print(aln[0:3])
Out: JIUPACAmbiguousDNA() alignment with & rows and 53 columns

gtccatagtaaactgcaggggggcagagagagctcagagagcag...taa aimophila_rufescens
gtccatagtaaactgcaggggggcagagagagctcagagagcag...taa ammodramus_leconteii
gtccatagtaaactgcaggggggcagagagagctcagagagcag...taa ammodramus_savannarum

This accesses first three rows of an alignment

How do we get columns?




In:

Bio.Align

Bio.Align.MultipleSeqgAlignment objects accept slicing parameters

In: aln = AlignIO.read('sparrow.nexus', 'nexus")

print(aln[:, 0:3])

Out: IUPACAmbiguousDNA () aligsnment with 31 rows and 3 columns

gtc
gtc
gtc
gtc
gtc
gtc
gtc
——C
gtc
gtc
gtc
gtc
gtc
gtc
gtc
gtc
gtc
gtc

aimophila_rufescens
ammodramus_leconteii
ammodramus_savannarum
amphispiza_belli
amphispiza_bilineata
arremon_aurantiirostris
arremon_brunneinucha
arremonops_rufivirgatus
atlapetes_citrinellus
atlapetes_gutturalis
calamospiza_melanocorys
chlorospingus_ophthalmicus
chondestes_grammacus
geoForl
geothlypis_trichas
icterus_gularis
junco_phaeonotus
melospiza_melodia

zonotrichia_atricapilla

How do we get
3 rows and 3 columns?




Bio.Align

Bio.Align.MultipleSeqgAlignment objects accept slicing parameters

In: aln = AlignIO.read('sparrow.nexus', 'nexus")

How do we get 3 rows and 3 columns?

Slice
columns

Slice
rOWs

b

In: print(aln[0:3, 0:3])

Out: TUPACAmbiguousDNA() alignment with 3 rows and 3 columns
gtc aimophila_rufescens

gtc ammodramus_leconteii

gtc ammodramus_savannarum




Bio.Alignl()

When we are done manipulating our Bio.Align.MultipleSegAlignment
objects we can use Bio.AlignIO to write out our alignment

In: aln = AlignIO.read('sparrow.nexus', 'nexus') «—— Read in alignment
In: short_aln =aln[0:10, 0:25] <+— Slice alignment: |0 rows, 25 cols

In: with open('my_short_align.phylip', 'w") as outfile: «—— open output file
AlignIO.write(short_aln, outfile, 'phylip") <+<— write alignment as “phylip’



Bio.Restriction

A set of classes for performing in-silico restriction digests
The Restriction sub-module contains many different enzyme classes

In: from Bio import Restriction
In: dir(Restriction)

Out: ['AanT',

'‘Aarl’,

'Aasl',

'Aatll',

'AbaST,

'AbsI,

'Accl6I',

(...truncated...)

]



Bio.Restriction

The Restriction sub-module contains many different enzyme classes
Each enzyme class has it's own methods and attributes

In: from Bio import Restriction
In: dir(Restriction.EcoRI)

Out:
['all_suppliers’, 'fsto', ‘meoschizomers',
‘buffers’, 'inact_temp', 'opt_temp',
'‘catalyse’, 'is_3overhang', 'overhansg’,
‘catalyze’, 'is_Boverhang', '‘ovhg',
'‘charac’, 'is_ambiguous’, '‘ovhgseq’,
'‘characteristic’, 'is_blunt', 'results’,
‘compatible_end’, 'is_comm’, 'scdd’,
'‘compsite’, 'is_defined’, 'scdf’,
'‘cut_once’, 'is_equischizomer’, 'search’,
'‘cut_twice', 'is_isoschizomer', 'site’,
'‘dna/’, 'is_methylable’, 'size’,
'‘elucidate’, 'is_neoschizomer', 'substrat’,
'equischizomers’, 'is_palindromic', '‘suppl’,
'freq’, 'is_unknown', 'supplier_list',
'frequency’, 'isoschizomers’, 'suppliers']

'fstd', 'mro’,



Bio.Restriction

The Restriction sub-module contains many different enzyme classes
Each enzyme class has it's own methods and attributes
And, many of these are extremely helpful

In: from Bio import Restriction
In: Restriction.EcoRI.all_suppliers()

Out: Agilent Technologies,
Bangalore Genei,

EURx Ltd.,

Life Technologies,

Minotech Biotechnology,
Molecular Biology Resources - CHIMERZX,
New England Biolabs,

Nippon Gene Co., Ltd.,
Promega Corporation,

Roche Applied Science,
SibEnzyme Ltd.,

Sigma, Chemical Corporation,
SinaClon BioScience Co.,
Takara Bio Inc.,

Thermo Scientific Fermentas,
Toyobo Biochemicals,
Vivantis Technologies



Bio.Restriction

The Restriction sub-module contains many different enzyme classes
Each enzyme class has it's own methods and attributes
And, many of these are extremely helpful

In: from Bio import Restriction
In: Restriction.EcoRI.elucidate()
Out: 'G*"AATT_C'

In: Restriction.EcoRI.is_blunt()
Out: False

In: Restriction.EcoRI.opt_temp
Out: &7

In: Restriction.EcoRlI.is_5o0verhang()
Out: True

In: Restriction.EcoRlI.is_3overhang()
Out: False



Bio.Restriction

The Restriction sub-module contains many different enzyme classes

Of course, we can use these classes to virtually digest a sequence

mcgee_sequence.fasta

>g1]927657366 |gb |KT692534.1 |
AACTCCAGCTCCTGCAGCATCTCGCCCCATCATGACTTTTTCGGCTGATCCCGAGAAGCCAATCCCTTGA
AACTTCTCGAATCGGGCTTTTATTTTTCTTTATCCAAGATAGCTTTCCAGTTCACTTGCAGATTGCGGCA
GCCTTTCAGACGGCACACCTGTTGCTTGAGCCTTGATTTCGCTTTTTGATCAGAGGGCCATTTGACAAAA
GCGGGAAAGAAGAGGCTGAAGAAGAGGGAGAGGCAAGAGAAAAGATCCTTATCGAATGCTCTCCACCGGA
CAATGAATTTTCCCCCACCATTCAAATGTATCTCCAGAATGCTTGAGTGATTCATTACAGCAGATTCTGA
AGTGTGACAATGGACCTCAGAAATGAGTGATGCCTAGTTTTTGCTGATTTCATTTCCCTGATCCTCCTTA
TCCCTCTGGCCTGTGTACCTCTATTAATTAGAAAGTAGGGATTTCCACTCATCAACTGATGGGTTTCATG
CTCCGCTCTGTCACAAATCTCCTGTCCACGCTATCTCTCTCCTTCCAACCCATGGCTGCCTTGGAATGTA
CATACTCCAGCTCAGGCTTCAATCTCAGCAGCAAGTCAGGGTGGCTTTGGTGATTCATAAATATTTATAA
ACCGATTAAGAACGAATAATAAAGTTATAAGACAGTGGTTGGTTACCCTTGAACAGTACAACGGATGACT
TCCTTAGAAGGGGAAATGTGATCAAACGTGCCGGAAACGGTTCTTTCTCGCTATTTTGAGTGCAGAAACC
ATGTGTTTGTTATTACTCACTCGAGCGACCTCATAAAGCAATTAGCAATGTGATATTT

In: from Bio import SeqlO

In: with open('mcgee_sequence.fasta', 'r') as infile:
record = SeqlO.read(infile, 'fasta’)
In: print(record)
Out: ID: g1|927657366 | gb | KT692534.1 |
Name: gi| 927657366 | gb | KT692534.1 |
Description: gi| 927657366 |gb| KT692534.1 |
Number of features: O
Seq('AACTCCAGCTCCTGCAGCATCTCGCCCCATCATGACTTTTTCGGCTGATCCCGA... TTT",
SingleLetterAlphabet())



Bio.Restriction

A set of classes for performing in-silico restriction digests
In: # record is our sequence from mecgee_sequence.fasta

In: Restriction.EcoRI.search(record.seq)
Out: [] <+— EcoRl does not cut

In: Restriction.Xspl.search(record.seq)

Out: [885] <+— Xspl does cut

In: Restriction.Xspl.site

Out:'CTAG <+—— Recognition site is CTAG

In: Restriction.Xspl.elucidate()

Out:'C"TA G «—— " jscut on 5' strand; _is cut on 3'

In: print(record[384:])

Out:

ID: gi| 927657366 |gb| KT692534.1 |

Name: gi| 927657366 |gb | KT692534.1 |

Description: g1| 927657366 |gb | KT692534.1 |

Number of features: O
Seq('TAGTTTTTGCTGATTTCATTTCCCTGATCCTCCTTATCCCTCTGGCCTGTGTAC...TTT",
SingleLetterAlphabet())



Bio.Restriction

A set of classes for performing in-silico restriction digests
.catalyse() method of an enzyme class makes this easier

In: # record is our sequence from mcgee_sequence.fasta

In:

Restriction.EcoRI.search(record.seq)

Out: []

In:
In:
In:

In:

Restriction.Xspl.search(record.seq)
# this is cumbersome and error prone

# print(record[384:]) Returns a tuple of digested pieces

Restriction.Xspl.catalyse(record.seq) /

(Seq('AACTCCAGCTCCTGCAGCATCTCGCCCCATCATGACTTTTTCGGCTGATCCCGA...GCC!,
SingleLetterAlphabet()),
Seq('TAGTTTTTGCTGATTTCATTTCCCTGATCCTCCTTATCCCTCTGGCCTGTGTAC...TTT",
SingleLetterAlphabet()))



Bio.Restriction

A set of classes for performing in-silico restriction digests
What if you want to digest a sequence with 2 enzymes”?

In: # record is our sequence from mcgee_sequence.fasta

In: my_batch = Restriction.RestrictionBatch(['Xspl', 'Sspl'])
In: my_batch.search(record.seq)

Out: {Xspl: [385], Sspl: [623]}

In: my_batch.catalyse(record.seq)
**x AttributeError: 'RestrictionBatch' object has no attribute 'catalyse’

But there is no catalyse() method



Bio.Restriction

A set of classes for performing in-silico restriction digests
You can also restrict the restriction batch by supplier

In: # record is our sequence from mecgee_sequence.fasta
In: Restriction.RestrictionBatch.show_codes()

Out:

F = Thermo Scientific Fermentas
R = Promega, Corporation

M = Roche Applied Science

B = Life Technologies

N = New England Biolabs

Y = SinaClon BioScience Co.

B = Agilent Technologies

U = Bangalore Genei

X =EBEURx Ltd.

I = SibEnzyme Ltd.

Q = Molecular Biology Resources - CHIMERX
V = Vivantis Technologies

K = Takara Bio Inc.

S = Sigma, Chemical Corporation
C = Minotech Biotechnology

J = Nippon Gene Co., Ltd.

O = Toyobo Biochemicals



Bio.Restriction

A set of classes for performing in-silico restriction digests
You can also restrict the restriction batch by supplier

In: # record is our sequence from mcgee_sequence.fasta

In: # N = New England Biolabs

In: my_batch = Restriction.RestrictionBatch(first=[], suppliers="N")
In: my_batch

Out: RestrictionBatch(['AatIl', 'AbaSI', 'Acc65T', 'Accl', 'Acil', 'Acll', 'Acul', 'Afel’, 'AflTT', 'AfITIT', 'Agel', 'AhdI', 'Alel', 'Alul', 'AlwT',
'AlwNT', 'Apal’, 'ApaLl', 'ApeKT', 'Apol', 'Ascl', 'Asel’, 'AsiSI', 'Aval', 'Avall', 'AvrIl', 'BaeGI', 'Bael', BamHI', 'Banl', 'BanIl', 'BbsI', 'BbvCI',
'BbvI', 'Beel', 'BeeAl', 'Begl', 'BeiVI', 'Bell', 'BeoDI', 'Bfal’, 'BfuAl', 'BfuCl', 'BgII', 'BgIII', 'Blpl', 'BmgBI', 'Bmrl', 'Bmtl', 'BpmlI', 'BpulOT',
'BpuEI', 'BsaAl', 'BsaBI', 'BsaHI', 'Bsal', 'Bsadl', 'BsaWI', 'BsaXI', 'BseRI', 'BseYI', 'Bsgl', 'BsiEI', 'BsiHKAI', 'BsiWT', 'BslI', 'BsmAI', 'BsmBI',
'BsmFTI', 'BsmlI', 'BsoBI', 'Bspl286I', ' BspCNI', 'BspDI', 'BspEI', 'BspHI', 'BspMI', 'BspQI', 'BsrBI', 'BsrDI', 'BsrFI', 'BsrGI', 'Bsrl', 'BssHII',
'BssKI', 'BssSI', 'BstAPI', 'BstBI', 'BstEII', 'BstNI', 'BstUI', 'BstXI', 'BstYI', 'BstZ17I', 'Bsud6l', 'Btgl', 'BtgZI', 'BtsCI', 'BtsI', 'BtsIMutl',
'Cac8I', 'Clal', 'CspCI', 'CviAll', 'CviKI_1', 'CviQI', 'Ddel', Dpnl', 'DpnlIl', Dral', 'Dralll', 'Drdl', 'Eael', 'Eagl', 'Earl', 'Ecil', 'Eco53KI', '"EcoNTI',
'Eco0109I', 'EcoRlI', 'EcoRV', 'Fatl', Faul', 'Fnu4HI', 'FoklI', 'Fsel', 'FspEI', 'Fspl', 'Haell', Haelll', ' Hgal', 'Hhal', ' HinP1I', 'HincIl', 'HindIII'
'Hinfl', 'Hpal', 'Hpall', 'Hphl', Hpyl661I', ' Hpyl88I', ' Hpyl88III', 'Hpy99Il', 'HpyAV', ' HpyCHA4III', ' HpyCH4IV', ' HpyCH4V', 'KasI', 'Kpnl',
'LpnPI', 'Mbol', 'MboIl', 'Mfel', MluCI', 'Mlul', ' MlyI', MmeI', 'MnlI', 'MscI', ' Msel', 'MslI', MspAlI', 'Mspl', ' MspdI', Mwol', 'Nael', 'Narl',
'Neil', 'Neol', 'Ndel', NgoMIV', 'Nhel', 'Nlalll', 'NlaIV', ' NmeAIIl', 'NotI', 'Nrul', 'Nsil', 'Nspl', 'Pacl', "PaeR7T', 'Pcil', 'P{IFT', 'PAMI', 'Plel’,
'PIuTT', 'Pmel', 'PmlI', 'PpuMI', 'PshAT', 'Psil', "PspGI', 'PspOMI', 'PspXI', 'Pstl', 'Pvul', 'Pvull', 'Rsal', 'RsrIl', 'SaclI', 'SaclIl', 'Sall', 'Sapl',
'SaudATl', 'Sau96lI', 'Sbfl', 'Scal', 'ScrFT', 'SexAl', 'SfaNT', 'Sfcl', 'Sfil', 'Sfol', 'SgrAT', 'Smal', 'SmlI', 'SnaBI', 'Spel', 'Sphl', 'Sspl', 'Stul’,
'StyD4TI', 'Styl', 'Swal', 'Taql', "Tfil', 'Tsel', "Tsp45I', "TspMI', 'TspRI', 'Tth111I', 'Xbal', XcmlI', 'Xhol', ' Xmal', 'Xmnl', 'Zral'])



Bio.Restriction

You can also restrict the restriction batch by supplier

And, like many other things in python, you can iterate over the batch

In: # record is our sequence from mcgee_sequence.fasta,
In: # N = New England Biolabs
In: my_batch = Restriction.RestrictionBatch(first=[], suppliers="N")
In: for enzyme in my_batch:
print(‘{!s: <10}{!s: <10}'.format(enzyme, enzyme.site))
Out:
BbsI GAAGAC
HinfI GANTC
Tsel GCWGC
Haell RGCGCY
Banl GGYRCC
Acil CCGC
Bccl CCATC
Sphl GCATGC
Tsp451 GTSAC
BtsCI GGATG
Sau3AI GATC
MluCI AATT
KasI GGCGCC

(..truncated..)



