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https://biopython.org

» Biopython is a set of freely available tools for
biological computation written in by an
international team of developers.

* The latest release is , released on
18 December 2018.
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« Dé thuc thi, chdng han véi python3:
macOS:python lang$ python3
>>> import Bio
>>> print( Bio.__version__)
1.73
>>>
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+ Sau khi d3 install Python, dung céc Iénh sau dé

install thém Biopython:
—pip install biopython (cho version 2.x)
—pip3 install biopython (cho version 3.x)
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« P& st dung cac sequence
>>> from Bio.Seq import Seq
>>>my_seq = Seq("ACGTACGT")
>>> print(my_seq)

ACGTACGT
>>>
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http://www.python.org/
https://biopython.org/wiki/Download
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VE CAC TRINH TU DNA, RNA, PROTEIN
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« Lwu y, véi trinh tw trong my_seq chwa dé cap dé
la trinh tw gi, nén khi can biét vé loai trinh tw,
dung:
>>>my_seq.alphabet
Alphabet()
>>>

. Két qua day la trinh tw cac ky ty alphabetic
théng thwdng trong bang chir cai Latin
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Trinh tw bé sung va b6 sung dao ngwoc AR

« Tim trinh tw bd sung cla 1 trinh tw DNA va trinh
tw bd sung ddo ngwoc cia nd
>>>my_seq = Seq("ACGTACGT")
>>> print( my_seq )
ACGTACGT
>>> print( my_seqg.complement() )
TGCATGCA
>>> print( my_seq.reverse_complement() )

ACGTACGT
>>>
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« Vi vay, dé cho biét trinh tw dwa vao la trinh tw
DNA, phai c6 thém:

>>> from Bio.Alphabet import generic_dna

>>>my_seq = Seq("ACGTACGT", generic_dna )

>>> my_seq.alphabet

DNAAIphabet()
>>>

A.Prof. Tran Van Lang, PhD, VIETNAM ACADEMY OF SCIENCE AND TECHNOLOGY 12

12



AEBES

« Néu la trinh tw protein, phai c6 thém
>>> from Bio.Alphabet import generic_protein
>>>my_seq = Seq( "ACGTACGT", generic_protein )
>>> my_seq.alphabet

ProteinAlphabet()
>>>
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« Nhwng khéng thé cdng 2 loai v&i nhau
>>>seq = my_dna + my_pro
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "/usr/local/lib/python3.6/site-packages/Bio/Seq.py", line
345,in __add__
self.alphabet, other.alphabet))

TypeError: Incompatible alphabets DNAAIphabet() and
ProteinAlphabet()

>>>
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Coéng hai trinh tw
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» Cong trén cung loai trinh tw:
>>> from Bio.Alphabet import generic_dna, generic_protein
>>>my_dna = Seq( "ACGTACGT", generic_dna )
>>>my_pro = Seq( "ACGTBAGAT", generic_protein )
>>>seq = my_dna + my_dna
>>> seq
Seq('ACGTACGTACGTACGT', DNAAIphabet())
>>>seq = my_pro + my_pro
>>> seq

Seq('ACGTBAGATACGTBAGAT!, ProteinAlphabet())
>>>
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* Twong tw nhw vay, co trinh tw RNA
>>> from Bio.Alphabet import generic_rna
>>>my_rna = Seq( "ACGTACGT", generic_rna )
>>>my_rna.alphabet

RNAAIphabet()
>>>
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« Cho biét vj tri bat dau ciia mét trinh tw trong trinh

tw nao do:

>>>my_dna = Seq( "ACGTATGCACTG", generic_dna )
>>>my_dna.find( "ATG" )

4

>>>my_dna.find( "ACGT" )

0

>>>my_dna.find( "ATC")

-1

>>>
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dimer (2), tetramer (3), pentamer (4), :
hexamer (5). ... ABES

>>>my_dna = Seq( "ACGTATGCACTG", generic_dna )

>>>my_dna.count( "A")

3

>>>my_dna.count( "AC")

2

>>>my_dna.count( "ACG")

1

>>>my_dna.count( "ACGT" )

1

>>>my_dna.count( "ATGCA" )

1

>>>
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Dém sb nucleotide hoac oligomer

AES

+ Cho biét c6 bao nhiéu nucleotide trong trinh tw
my_dna cho trwéc
>>>my_dna = Seq( "ACGTATGCACTG", generic_dna )

>>> my_dna.count( "A" )
3

>>>
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« Ciing c6 thé viét truc tiép:
>>> "ACGTATGCACTG".count("AC")

2
>>> Seq("ACGTATGCACTG", generic_dna).count("AC")
2
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Trinh tw bat cap ciia DNA

>>> from Bio.Seq import Seq

>>> from Bio.Alphabet import generic_dna
>>>my_dna = Seq("AGTACACTGGT", generic_dna)
>>>my_dna

Seq('AGTACACTGGT', DNAAIphabet())
>>>my_dna.complement()

Seq('TCATGTGACCA', DNAAIphabet())
>>>my_dna.reverse_complement()
Seq('ACCAGTGTACT', DNAAIphabet())
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Phién ma sang RNA

>>>my_dna = Seq("AGTACACTGGT", generic_dna)
>>>my_dna

Seq('AGTACACTGGT', DNAAIphabet())

>>> my_dna.transcribe()

Seq('AGUACACUGGU', RNAAIphabet())
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* Hoac

>>>my_dna = Seq("AGTACACTGGT", generic_dna)
>>>my_rna = my_dna.transcribe()

>>>my_rna

Seq('AGUACACUGGU', RNAAIlphabet())
>>>my_rna.back_transcribe()
Seq('AGTACACTGGT', DNAAIlphabet())
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Dich ma tr mRNA sang protein

* Dich m& sang protein co6 stop codon:
>>> from Bio.Seq import Seq

>>> from Bio.Alphabet import generic_rna
>>>m_rna =

Seq("AUGGCCAUUGUAAUGGGCCGCUGAAAGGGUGCCCGAU

AG", generic_rna)
>>>m_rna.translate()

Seq('MAIVMGR*KGAR™, HasStopCodon(ExtendedlUPACProtein(),

™))
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« Pé dich ma sang protein khéng c6 stop codon
>>>m_rna =
Seq("AUGGCCAUUGUAAUGGGCCGCUGAAAGGGUGCCCGAU
AG", generic_rna)

>>>m_rna.translate(to_stop=True)

Seq('MAIVMGR', ExtendedlUPACPTrotein())
« Pé thay stop codom bang mét ky hiéu khac
>>>m_rna.translate(stop_symbol="@")

Seq('MAIVMGR@KGAR@',
HasStopCodon(ExtendedlUPACProtein(), '@"))
>>>
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* Biopython str dung ky hiéu, cling nhw danh phap
hdéa hoc theo quy wéc cua IUPAC (International
Union of Pure and Applied Chemistry - Lién minh
Quéc té vé Héa hoc thuan tuy va Hoa hoc tng
dung - ) V&I
cac dbi twong DNA, RNA va Protein.

—Nén tir day vé sau ching ta luén ludn chi dinh mot
bang chi¥ cai rd rang, khdng nhap nhang
(unambiguous alphabet) khi tao ra trinh tw
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« P& dich ma sang protein, nhwng lay cho dén khi
gap stop codon thw Il:

>>>m_rna =

Seq("AUGGCCAUUGUAAUGGGCCGCUGAAAGGGUGCCCGAU

AG", generic_rna)

>>> m_rna.translate(table=2)

Seq('MAIVMGRWKGAR*,

HasStopCodon(ExtendedlUPACProtein(), "))

>>>m_rna.translate(table=2,to_stop=True)

Seq('MAIVMGRWKGAR', ExtendedlUPACProtein())
>>>
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« Khi d9, can thyc hién cac cau lénh:

>>> import Bio

>>> from Bio.Seq import Seq

>>> from Bio.Seq import IUPAC

* Tao ra trinh tw DNA

>>>my_seq = Seq("AGTACACTGGT", IUPAC.unambiguous_dna)

>>> my_Seq
Seq(AGTACACTGGT', IUPACUnambiguousDNA())
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http://www.sbcs.qmul.ac.uk/iupac/

Tinh ty I& phan tram GC%

« S&r dung ham len() dé lay chiéu dai cua trinh tw
>>>my_seq =
Seq("GATCGATGGGCCTATATAGGATCGAAAATCGC",
IUPAC.unambiguous_dna )

>>> 100 * float(my_seq.count("G") + my_seq.count("C")) /
len(my_seq)

46.875

>>>
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* Hoac s&r dung ham GC()
>>> from Bio.SeqUltils import GC
>>> GC(my_seq)

46.875

>>>
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Béc tach trinh tw

30

Gop cac trinh tw lai

AES

* Tach trinh tw c6 mau tim

>>>my_seq =
Seq("GATCGATGGGCCTATATAGGATCGAAAATCGC",
IUPAC.unambiguous_dna )

>>>my_seq[4:12]

Seq('GATGGGCC', IUPACUnambiguousDNA())

>>>
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» Tao mét List chia cac sequence (mot tap hop)

>>> seqs = [Seq("ACGT", IUPAC.unambiguous_dna),
Seq("AACC", IUPAC.unambiguous_dna), Seq("GGTT",
IUPAC.unambiguous_dna)]

« Khéi tao trinh tw két qua sumSeq
>>> sumSeq = Seq( ", IUPAC.unambiguous_dna )
>>> for s in seqs:

sumSeq +=s

>>> sumSeq
Seq('ACGTAACCGGTT', IUPACUnambiguousDNA())
>>>
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« Ciing c6 thé st dung ham sum()

>>> seqs = [Seq("ACGT", IUPAC.unambiguous_dna),
Seq("AACC", IUPAC.unambiguous_dna), Seq("GGTT",
IUPAC.unambiguous_dna)]

>>> sum( segs, Seq("", unambiguous_dna) )

Seq('ACGTAACCGGTT', IUPACUnambiguousDNA())
>>>
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» Co6 thé dich ma sang protein nhw sau:

>>> gene = Seq(
"ATGAAAAAGATGCAATCTATCGTACTCGCACTTTCCCTGGTTC
TGGTCGCTCCCATGGCAGCACAGGCTGCGGAAATTACGTTAG
TCCCGTCAGTAAAATTACAGATAGGCGATCGTGATAATCGTGG
CTATTACTGGGATGGAGGTCACTGGCGCGACCACGGCTGGTG
GAAACAACATTATGAATGGCGAGGCAATCGCTGGCACCTACAC
GGACCGCCGCCACCGCCGCGCCACCATAAGAAAGCTCCTCAT
GATCATCACGGCGGTCATGGTCCAGGCAAACATCACCGCTAA”
, IUPAC.unambiguous_dna )

>>> print( gene.translate( to_stop=True ) )

MKKMQSIVLALSLVLVAPMAAQAAEITLVPSVKLQIGDRDNRGYY
WDGGHWRDHGWWKQHYEWRGNRWHLHGPPPPPRHHKKAPH
DHHGGHGPGKHHR
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Vi du vé&i trinh tw hoan chinh CDS AR

* Trinh ty hoan chinh (complete coding sequence
- CDS) la trinh ty nucleotide cé start codon, stop
codon va bén trong dé khéng c6 stop codon.

« Chang han, sau day la mot CDS
ATGAAAAAGATGCAATCTATCGTACTCGCACTTTCCCTGGTTCT
GGTCGCTCCCATGGCAGCACAGGCTGCGGAAATTACGTTAGT
CCCGTCAGTAAAATTACAGATAGGCGATCGTGATAATCGTGGC
TATTACTGGGATGGAGGTCACTGGCGCGACCACGGCTGGTGG
AAACAACATTATGAATGGCGAGGCAATCGCTGGCACCTACACG
GACCGCCGCCACCGCCGCGCCACCATAAGAAAGCTCCTCATG
ATCATCACGGCGGTCATGGTCCAGGCAAACATCACCGCTAA
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Vi du: gene yaaX cua E.coli K12 ARD

« Trong ma di truyén cla vi khuan, start codon 13
GTG. Chang han, va&i vi khuan K12, gene yaaX
la trinh tw:

GTGAAAAAGATGCAATCTATCGTACTCGCACTTTCCCTGGTTC

TGGTCGCTCCCATGGCAGCACAGGCTGCGGAAATTACGTTAG

TCCCGTCAGTAAAATTACAGATAGGCGATCGTGATAATCGTGG

CTATTACTGGGATGGAGGTCACTGGCGCGACCACGGCTGGTG

GAAACAACATTATGAATGGCGAGGCAATCGCTGGCACCTACAC
GGACCGCCGCCACCGCCGCGCCACCATAAGAAAGCTCCTCAT

GATCATCACGGCGGTCATGGTCCAGGCAAACATCACCGCTAA
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« Nén khi biéu dién ra protein la:
>>> gene.translate()

Seq('VKKMQSIVLALSLVLVAPMAAQAAEITLVPSVKLQIGDRDNR
GYYWDGGHWRDH...HR*, HasStopCodon(IUPACProtein(), "))

>>> gene.translate( to_stop=True )

Seq('VKKMQSIVLALSLVLVAPMAAQAAEITLVPSVKLQIGDRDNR
GYYWDGGHWRDH...HHR', IUPACPTrotein())
>>>
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« Trong ma di truyén cda vi khuan, GTG la mot
codon khé&i dau hop I& (binh thwdng d6 la
Valine),

« Khi d6, codon GTG mudn dwoc dich la
Methionine, thi phai chi ra trinh tw nay la mét
CDS nhuv sau
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+ Hoac str dung ham print() dé xuét toan bd
>>> print(gene.translate( to_stop=True ))

VKKMQSIVLALSLVLVAPMAAQAAEITLVPSVKLQIGDRDNRGYY
WDGGHWRDHGWWKQHYEWRGNRWHLHGPPPPPRHHKKAPH
DHHGGHGPGKHHR
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>>> print( gene.translate( to_stop=True ) )

VKKMQSIVLALSLVLVAPMAAQAAEITLVPSVKLQIGDRDNRGYY
WDGGHWRDHGWWKQHYEWRGNRWHLHGPPPPPRHHKKAPH
DHHGGHGPGKHHR

>>> print( gene.translate( table="Bacterial",cds=True ) )

MKKMQSIVLALSLVLVAPMAAQAAEITLVPSVKLQIGDRDNRGYY
WDGGHWRDHGWWKQHYEWRGNRWHLHGPPPPPRHHKKAPH
DHHGGHGPGKHHR

>>>
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Bang ma Amino Acid

« Xem 2 bang ma
(ftp://ftp.ncbi.nlm.nih.gov/entrez/misc/data/gc.prt)
—Standard translation

—Vertebrate Mitochondrial (ty lap thé clia dong vat cd
xwong song)
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Table 1 Standard,

TAA Stop| TGA Stop

>>> standard_table.start_codons TAG Stop| T66 W

[TTG', 'CTG','ATG

| CTG L(s)| CCG

e e S i ettt e e ot o S

>>> standard_table.stop_codons
[lTAA'v lTAG'v lTG'A'] Al ATT I | ACT T | AAT AGT
A|ATCI | ACC T | AAC AGC

>>> A|ATAT | ACAT | AAA AGA
A | ATG M(s)| ACG T | AAG
s e
G| 6TTV | GCTA | GATD
G|GCV | GCA | GACD
E
3

G | GTA V
G| GTG V

| GCA A | GAA
| GCG A | GAG

o ————
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>>> from Bio.Data import CodonTable

>>> standard_table = CodonTable.unambiguous_dna_by_id[1]
>>> mito_table = CodonTable.unambiguous_dna_by_id[2]
>>> print( standard_table )
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TATY | T6T C
| TACY | T6C C
| TAA Stop| TGA W
| TAG Stop| TGG W

| TCA S

>>> print( mito_table ) s

>>> mito_table.start_codons o 2 i
[ATT','ATC', 'ATA", 'ATG', 'GTG'] : e o l o
>>> mito_table.stop_codons | ore

[TAA', 'TAG', 'AGA’, 'AGG]] 46 1001} Ace
. ATA M(s)| ACA

ATG M(s)| ACG

6TT V | GeT
| sce
| 6cA
676 V(s)| 6C6
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Trinh tw dét bién (Mutable Sequence)

« Trong Python khéng cho phép gan mét phan tir
trong chudi ky tw bang mét gia tri mai.
« Chang han,

>>> my_seq =
Seq("GCCATTGTAATGGGCCGCTGAAAGGGTGCCCGA",
IUPAC.unambiguous_dna)
>>>my_seq[3] ="T"
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: 'Seq' object does not support item assignment
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Bat cip trinh tw DNA

import Bio
from Bio import Align

. Dl‘,lng thU’ vién Allgn aligner = Align.PairwiseAligner()

[y . aligner.mode = 'global’
>>> from Bio import Align aligner.match = 2
, Z o N aligner.mismatch = -1
e Vi dU bat cap toan atigner.gap_score = -2
cuc 2 trinh tu’: alignments = aligner.align("CATGT","ACGCTG")
B - for a in alignments:

print("Score = %.1f" % a.score )
print( a )
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tomutable() dé chuyén trinh tw thanh trinh tw
dot bién:

>>> mutable_seq = my_seq.tomutable()

>>> mutable_seq[3] = "T"

« Xuat dé kiém tra

* >>>my_seq

* Seq('GCCATTGTAATGGGCCGCTGAAAGGGTGCCCGA,
IUPACUnambiguousDNA())

* >>>mutable_seq

* MutableSeq('GCCTTTGTAATGGGCCGCTGAAAGGGTGCCCG
A', IUPACUnambiguousDNA())
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Bat cap trinh tw Protein

* Ngoai thw vién Align,
can dung thém thw ,
import Bio
1A 1 from Bio import Align
Vlen MatrIXInfO trong from Bio.SubsMat imgort MatrixInfo
aligner = Align.PairwiseAligner()
SubsMat
aligner.substitution_matrix = MatrixInfo.blosum62
>>> from Bio import A|ign alignments = aligner.align("ACGCDG", "CADGD")
: ; print(“Score = %.17" % alignments[@].score)
>>> from Bio.SubsMat import £t 22 o .
MatrixInfo prlat(:ad
+ Dung ma tran
BLOSUMG62 nhuw bén
canh
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