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CHAPTER 2

Contents

21 £ 1 ENA

2.1.1 1.1 {+4 =& Biopython?

Biopython T2 —/NfH Python I A iT8E 0 F AW THMEPBRE . (http://www.python.org)
Python @—FHHEIFATE . BREAL . RIGMIES, EiFENREP Ham T. Python 5%, HyAHIMT,
HHERAEZWEHPA C, C++ (# FORTRAN 45 SLiy .

Biopython E™ (http://www.biopython.org) Sy FIFWFFE AW 1E B 2B TR AL T — N EL A PE IR,
R AR DA R —2E 3T Python MR s 558 . —Bkik, Biopython $J) i 611 & T i i Al
AT HES A R e, AT 45 Python YEA {5 27 i) B A2 15 BE N 25 %) « Biopython 14 s (3G AT
BANEYE B SO (BLAST, Clustalw, FASTA, Genbank-), 15 H7EZ&MIIRS 4% (NCBI, Expasy
=)y WAL H WP D (Clustalw, DSSP, MSMS ), #riEFHI2E, SFCEmRE, KD #
BRSSO — 2Ry

FARUL, FATERMAH Python K 4ufs, I HARML AR E. 72 HNBRIM AR [#i15 Python
TEAEYE B2 N 2S5 255 .

2.1.2 1.2 7£ Biopython B8 gEAIMH A ?

F 2N Biopython ZATRAGRZFITIEE, MIE:
o BHEWIE B2 SCEEMT A Python W] FRYEIEZE, & AR L RIAR
— Blast #3455 — standalone FI7EZk Blast



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

— FASTA

— GenBank

— PubMed # Medline

— ExPASy {4, il Enzyme Fil Prosite

— SCOP, tu4f ‘dom’ FI ‘lin’ CfF

— UniCene

— SwissProt
B SRR A SO T DA A SRR AT i e AR R |
AL DL AR 1 2 RO PR Ay A

— NCBI - Blast, Entrez fil PubMed fIR %

— ExPASy — Swiss-Prot #l Prosite £ H, fi#% Prosite %
i AR B i o, Bl

— NCBI 4§ Standalone Blast

— Clustalw L2

— EMBOSS fir447 TH
—ANREALIRF Y ID FF A RHE AR T 51 2
XA SEIEE AR TR, e, s 5T
A k fiE488: . Bayes 8k SVM XPEC I T4 251010
AEFRLEXS B AN, G 1 a0 AL PR 4 AR PR ) A o 5
G RHATAESS BN [ AR ALY
ST EA BRSNS, BEPA L BLAST 45516 GUI #)7.
F P X SR TR SCRY RN B, (DRSO, AR wiki SCRY, WSS RIHR RS 3 .
A BioSQL, — MLk BioPerl #l BioJava Y35 AUBUR 44 .

Fef 1A X e REAR IR R A8 B PR 25T BRI ITIR (6 1] Biopython!

2.1.3 1.3 %23% Biopython

Biopython WA ZAAR RAEHSCRI P 0T, DA T RS R R

TR R AR 3R ATHY N 8 (http://biopython.org/wiki/Download), " #FH22%% fr3) 2414 dependencies,
SRJG T i 4%¢ Biopython, Biopython BEYEZFF-& FizfT (Windows, Mac, &Ffifi A Linux F Unix ).

Chapter 2. Contents
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ST Windows TR U PR — R B | T4 Unie AL A BRI 3R SE , Vs T WIS ) README
SRR T4 . SR ARy, HER e S

python setup.py build
python setup.py test
sudo python setup.py install

(F5E_EARATPABKSE build FI test, E#% install, (i@ R ITA BIAR VU AR RARBL L. )

AT LR R PEATCA (U5 T Python [)22%¢, Biopython dependencies %2 A [z Biopython 4<%
M4, B PDF (http://biopython.org/DIST /docs/install /Installation.pdf) #1 HTML #2045 . (http:
//biopython.org/DIST /docs/install /Installation.html).

2.1.4 1.4 ERFZE (FAQ)

1. B dp bR EH£T] R Biopython ?

5 HEAIRER 2L [1, Cock et al. , 2009] /24 L 2Y Biopython 2% 3C#k. 351, WIRWLA, F
FUHPA AR LY, FE5le /A4 Biopython RFE BN S %SGR . (B2 A5 B AT TEFR AT Ml L5k
)

o XTFEHWHHEFREHN: [13, Chapman and Chang, 2000];

o X}F Bio.PDB: [78, Hamelryck and Manderick, 2003];

o X}7F Bio.Cluster: [14, De Hoon et al., 2004];

e XtF Bio.Graphics.GenomeDiagram: [2, Pritchard et al., 2006];
o X}F Bio.Phylo Al Bio.Phylo.PAML: [9, Talevich et al., 2012];

o X}F#F Biopython, BioPerl, BioRuby, BioJava il EMBOSS 7y FASTQ #2030 [7, Cock
et al., 2010].

2. RIZEHVAKE FHE “Biopython” 2 Bk, “BioPython” “TvA*% ¢

EMIKERZ “Biopython” ffifAZ “BioPython” (H4&%}T BioPerl, BioRuby Fil BioJava ZiXFf).
3. REHSFH G TwFH Biopython Rk ?

Ao DA AR -

>>> import Bio

>>> print Bio.__version__

UK “import Bio” iXATHiA, 1M Biopython ARu . WAL “ATER, RARAC LR 1.
WERIAS LA “+7 S48, BRI AR T AS, e TF A

21. £1E0E 7
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4.

10.

11.

12.

13.

Ho ALY R ATHR AR AR E 2

WARART 22— Biopython JRAUEEL, ABAERF & 30 HTML #1l PDF AR A B
Ao O SCRY R R A A PTE i FE L AT (A IRAS Y BE T ) -

 http://biopython.org/DIST /docs/tutorial /Tutorial.html
 http://biopython.org/DIST /docs/tutorial / Tutorial.pdf
TSRARAE T )2 ANFRAT T PR rh SRAS 1) 0 R A A i B A AR AT A BRAR BT E I S P i R Yy 8 DL -
¢ http://biopython.org/DIST /docs/tutorial /Tutorial-dev.html
 http://biopython.org/DIST /docs/tutorial / Tutorial-dev.pdf
KEZMR—A “Numerical Python” ?

%1 Biopython 1.48 i HAAS, RFETEEN Numeric fiHe, YT Biopython 1.49 F ¥ = iR
A, VRFFEEHH NumPy KA. Numeric il NumPy #0] DATE R — G LA 2. WaT pAyi:
http://numpy.scipy.org/

A4 Seq x4k T EHEFZER (R#&) transcription = translation 7 ik 2
Y75 Biopython 1.49 B FTMIA . 8, MHPAT 3. 14 #8531 Bio.Seq BIRIIAE.
A4 Seq AT FAk ) T X B HAL P4y upper Fo lower F ik ¢

{7 % Biopython 1.53 S{HHiA. 5%, ] str(ny_seq) .upper ) HAFEREFAR . WRIRE
4~ Seq W%, kiX Seq(str(my_seq) .upper ) , {HLZHL/IN L I -k

A 4 Seq *F %44 translation 7 ik R ¥ AFRKEAZ P IGK 4y cds LR 2
YRFFEE Biopython 1.51 B HHHTRAS .

. A2 Bio.Seql0 RALEH TIE 7 C-$ A EFAZRIA A F I EF .

1172 Biopython 1.43 BUEHIA . BEERRATH S5 T — LU KA AUSTE Bio. Seql0 T {HE 5
KR T A4 import ZIEHHY.

HH 4 Bio.SeqlO.read() RALEFR TAF 2 iZAEFANEFI2AFEA read Fi3

YR EE Biopython 1.45 S BEFIMA . (#, (i Bio.SeqI0.parse(...) .next () FRfE.

A 4% Bio.AlignI0 2 4% A%k M !

YR7F% Biopython 1.46 B HTAYIRAR .

Bio.SeqI0 #= Bio.AlignI0 %5 H & ##a4 A4 X, ¢

THERAENZE R (from Bio import SeqI0, #XJ5 help(SeqI0) ), YL wiki FAEII4<H  http:
/ /biopython.org/wiki/SeqlO PAK http://biopython.org/wiki/AlignIO

4 4 Bio.SeqIO #= Bio.AlignI0 4% input Fy3k ik KIZAE—A 75 F 4 2

Y555 Biopython 1.49 8§ #iiAS .

Chapter 2. Contents
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

A1t 4 Bio.SeqID %= Bio.AlignI0 %4 parse , read o write FALIEFA I & 2 CA1RHa1 48!

1R 75 % Biopython 1.54 siEURT A . BE MRG0, (WL Section 22.7). —&E R SR G 5ERL
) EPNEIL RGP

A H 4 Bio.SeqlO.write() #o Bio.AlignIO.write() HFL RIEZEANTREIILA 2 CNEHFF2—
A R RERE!

PR % Biopython 1.54 BUHRIMA, deffizzcHIA [ .. ] WP HITRIIIE.
A4 str(...) Repk—A Seq *F 2494 /57 2

YR % Biopython 1.45 s{EEHAIIRA . s, SHAH strlny_seq), AUk my_seq.tostring()
XA REAE L) Biopython JitAs b TAF).

AH 4 Bio.Blast e I2 & #749 NCBI blast #yd X A4 £ 9

NCBI fEAWT A% BLAST T HWASCARR T, PRI ZAWTE R WERARBA &
AR Biopython, RFIPARIAIIE. H2, Al (B4 NCBI) HEfefrf 1l HTML #eal bk (L
B, P2y HTML @345 A e s iU «

At 4 Bio.Entrez.read() TAEEH LIF ? k- FNEFAZLLIEH read FHik!

1175 %E Biopython 1.46 BT HRA .

AH 4 Bio.Entrez.parse() RALEF TAF 2 Mk FANEFIZLEH parse Fik!

YR7F% Biopython 1.52 B HAYIRAR .

At 4K 0B A A T Bio.Entrez.efetch() 1242, T/ 7T 2

XAEER T NCBI 7£ 2012 4F 2 A5 EFetch 2.0 J5&4E THA . W28, MATHAE T ERIARR [ )y

K AR AR AN retmode="text" F{RI call. HIK, MATXTEAFEHE—A ID F1| R4S ™
k&——Biopython 1.59 } 2 JG A DY B 8l — 1 R4 2 5 I 57
A+ 4 Bio.Blast.NCBIWWW.gblast() ;2 H %445 NCBI BLAST Mst EAaR oy £ 2

PREFEAG E M R AR —NCBI 8 M G FREARE, H HAATAEICE QBLAST [ ERIA K
BT . HE gap SRR RE .

#AH 4 Bio.Blast.NCBIXML.read() RiEH TIE 2 M FAT12AEA read FHik!

YRFE3E Biopython 1.50 B{EHAIMA . 8%, {i/f] Bio.Blast.NCBIXML.parse(...).next() Uk,
A H 44K SeqRecord 3t %% A —/~ letter_annotations 49/ M ¢

Per-letter-annotation &8I A %] Biopython 1.50 1,

At 2k ik & b9 SeqRecord Rk FEIR—AF itk ? fRFH % Biopython 1.50 B B H AR .

AT A KT ik —Aef e SeqRecord 3T £ ¢

{175 B Biopython 1.53 B TEHTA .

AH 4 Bio.SeqIO.convert() 2 Bio.AlignIO.convert() RALEF TAF 2 BIFAIETFI(ZRIEX

convert FEx!

2.1.

B1ENR 9
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WRi%E Biopython 1.52 BUHUHTUA . B3, # DA FEAE TR ZE & parse fil write pREL. (ML Sections
5.5.2 f6.2.1),

27. A4t 4 Bio.SeqlO.index() TALEF TIF ? Bk G AN EFI2ALH inder Fi!
YR75% Biopython 1.52 B A

28. JH 4 Bio.SeqI0.index_db() TRALIEF TAF ¢ #i3kF N IEF122 %8 index_db FHiL!
PR7F % Biopython 1.57 BUEHIA . (4 SQLite3 i Python (F)

29. MultipleSeqAlignment & % R E ¢ Bio.Align W FAEFTEAXINERENR L]

YREFL Biopython 1.54 B HAS . 5{, W F.H) Bio.Align.Generic.Alignment 2P H)—LL
Uife, (HEIAEAEE XA

30. AP AR TRRAIENE AT ORE LBToATI AL
R 55%% Biopython 1.55 BB HRA ., Bi, HEE:(H Python ff) subprocess f&lk,
31. RAF T —ANRADY A F, BERXTIIRAETHRGRDT . CHREMILT ?

FAFE, FAIPARSAEAE __init__.py SCPFHL. ANSRAR I A TR A SO T ARSI 20X A)
B NH R FRATXFEM JE FE R THEM P EA S F A W, A—E %4 from Bio.GenBank
import GenBank 5 A—4~ “repetitive”, {R{VFEfH from Bio import GenBank #ifT.

32. Ata CVS g RAERMEIT ¢

2009 4F 9 A ™M), #£ Biopython 1.52 B2 5, AIMNEH CVS HASNMEH git, git 22— 4rHEt
AR RS . IHAY CVS R A Al Ve RS s A, (R AR B S, Rl
H gite TEILFRATTAO M s KRB 245 H .

ST HE— A, Python FAQ T http://www.python.org/doc/faq/ A RESAH HE B .

2.2 5 2 EREFIE—IREEA Biopython f#{{t4 ?

B> BAERELL AR R T T 4 Biopython, IFE45AR—AKAMRR 1A 0T AL & . ek or i B fy
BIFARSBBLRA Python RUEEREANR, I AR IRE EAER RS L3 T Biopython. WERIKIANIRTE
FUAHEA 2] Python, iR Python Wbt AT 29GSO, 4RI AMPATR B IHR (http://www.
python.org/doc/).,

M IR R B Ao TARR S 2 M B 2, HELe ) 1B o7 SR A RE 52 1o

1EIRNTEFIATRER] Biopython fft-AME.
2.2.1 2.1 Biopython ThEEHT S
BN 4EEIRY, Biopython 2 —MNERES, XAERETEH L L TAER LY R o gl 3o .

—fORUL, REATE - SMEAE (M4 Python!) BEDE M 4. Biopython H{L55 w2 iH
PR BETEE A AR, IR R TARAAR A Sy, AT ABEARRELE FHoRs T A VR BB R A 0, T

10 Chapter 2. Contents
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ANRIERZHRE 1R —MRITRIR SRS (U8R, QSRR S — DA AR T 59
L ETTMkEY Biopython, ii§4k2¢!). FTPA Biopython i TAERILARE MERAL!

{HfF—fe/Y2, Biopython % fbss 2RIy AORMER “MFRFNE". ERTMRA T, oA Fes, H
RXUFEAHE, HONERAEAY Python H iz U — M ks py AR Mo . (2, Xl DA —4
EUERSFAL, PO ES TIRRZ RIS TERICERPEH] . ASBRRES IR s 00 14 B ] B 10 7 36 A PR s DA (3
TARRE A CALHREHE . MBI HEH NI, A Cookbook (#5718 7, X HUA — LR EE A B Iy A
AR), BERERG (5520 ), N ST (s Python help fiy4dy), s APT 0B ) s U4 .

2.2.2 2.2 4pIEFFS
R B UA SIS, R, FATAHGETF /4 Biopython ABFSIMALE , IR Seq X1
G BARMAF ST T EAHE

KRBT TR —ZRFHIN, AN A S A —pIELIT CAGTACACTGGT By HEeR . fRN] PATE
PAT B BREIH— A~ Seq WfR—— “>>>" FIR Python f&/RFf /o SRR E AR N A

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

Seq('AGTACACTGGT")

>>> print (my_seq)

AGTACACTGGT

Seq X G ART Python By FAFH A ARAREXS— 2077 AT Ab B :

>>> my_seq

Seq('AGTACACTGGT')

>>> my_seq.complement ()
Seq('TCATGTGACCA ")

>>> my_seq.reverse_complement ()
Seq('ACCAGTGTACT')

TN EERZSE SeqRecord B Sequence Record. TR T 455 (1N Seq X4) HiHMAIHRG
B, 35 ID, name 1 description. fTi525 F5 CEH) Bio. Seql0 #ibtfE 5 SeqRecord Xf4—iL T
1, MERITRSNE, FEMNAESS 2.

XA AR RER Biopython JRAIZRAIMI . BIAEVRIV XA — LA /E 24/ Biopython FEHZ, 2
MR BT E A ARER, PRV A PRA: M~ SOPAR S A R 5 1!
2.2.3 2.3 BiERH

TEFATBEETEIA AT 43 A1 Biopython AEBRAYHALITA S Z Al , AEFATSCHSL— BT AP B A I F155
HARAE AR EIA . 5T, AR EY A ERX B, IR AR E e le?

2.2, % 2 EREFIR—IREEA Biopython f#ift4 ? 11



http://biopython.org/DIST/docs/api/

Biopython-cn Documentation, %% 0.1

oA E A, FARFRATHR AR T R E IR O A Z I E AR T ) RIRIZE R T34
L Hb ) — MR E R IREE, A% Lady Slipper Orchids ZE84 —XEPAEAS IR (ASRAREENE M4,
EHEF L Lady Slipper Orchids [ -, FHikid Google ¥ F#2).,

MR, ZAAUUAEINGE , R IINE1IE IR M R G 25, AT IEAE S B —
iy XF Lady Slipper Orchids #ELAITERIES TR, HANTMSEER MACEM T 2RERIIE, AEEA]
RERS I N — L2 N

Sl 5, Tk Lady Slipper Orchids J& T 22 RHtids =2 WA Hilt 5 N@M: Cypripedium,
Paphiopedilum, Phragmipedium, Selenipedium Fl Mexipedium.

XEAS THRAMESZMEERIRIEL AT B, 1L3R(11EF Biopython T HEERE/EREMIER . &
I 2.4 T AT ORI P TE G, (2RSS 2 M3 2248 Fok—— R ATRAE PubMed |48
FA KN CFINGTE GenBank FHREUTH (559 7), M Swiss-Prot FHEHURE 1 22408 AR (5510
=), FISTEC. 4.1 FRAFRATH ClustalW Xt 22 4688 (13647 2 550 He X

2.2.4 2.4 FRTFFIISCHFER

WL B2 TAR— RS LB B 6 & A LW B A SO R A, ISR A T A
BRI AR, PRI — SRR IR A Bk R 5 S 28 SO AT B RE o B g R 1 5 R o AR I
LEfEdT TAEA I S MR E, OO AT REZE T ICE , Ti— DN R B oA mT e L B A a
fEdT R R R AR -

FMVIAETFUA ] BN Bio. Seql0 fid— ARFI DAFESE ) AR E L . WAIMTELBREATWN A
Lady Slipper Orchids——JF4f. KR ERFHE R, AT NCBI Mul, FEA16FHF NCBI LY
nucleotide 7, i FIYEZ ) Entrez # 2% ( http://www.ncbi.nlm.nih.gov:80/entrez/query.fcgi?db=Nucleotide
) 475 Cypripedioideae i 4P (X2 Lady Slipper Orchids FIVF}) .

MABREBEN TG, X RNAEEANLIN T 94 KILECHES, FRATRFEERORAE N FASTA #gX S04
A FT GenBank #%33CA S (304 1s orchid.fasta F1 s orchid.gbk, tH43Z%F Biopython Y CILE T

docs/tutorial/examples/ ).

WARARBAER R, (RS LA MR ILECE R AR, IR EE AR R AP, 35 8 b
PIASSCHFEE A Biopython YA H#5 Ul docs/examples/ o TE2.5 AR AT 2F B EFLEH Python il
ESIIUELE

2.4.1 EER) FASTA TR HI

ARAR R4 ) SCAR G 4T IF T lady slipper orchids f) FASTA SCf Is orchid fasta, {R&FHFISCHIF
B

>gi| 2765658 | emb|Z78533.1|CIZ78533 C.irapeanum 5.8S rRNA gene and ITS1 and ITS2 DNA
CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGGAATAAACGATCGAGTG
AATCCGGAGGACCGGTGTACTCAGCTCACCGGGGGCATTGCTCCCGTGGTGACCCTGATTTGTTGTTGGG

12 Chapter 2. Contents
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EAEA 94 FKiCxk, B—ATELA 7 Ik, (RT9) RBHHER2—1T8E7F 5. HHERIKPAT Python
(M EE

from Bio import SeqlO

for seq_record in SeqIO.parse("ls_orchid.fasta", "fasta"):
print(seq_record.id)
print (repr(seq_record.seq))

print(len(seq_record))

PR A B AALE AR A — LE 2R PG H BUAE e b

gi|2765658|emb|Z78533.1|CIZ78533
Seq('CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGG. . .CGC")
740

gil2765564 |emb|Z78439.1|PBZ78439
Seq('CATTGTTGAGATCACATAATAATTGATCGAGTTAATCTGGAGGATCTGTTTACT. . .GCC")
592

2.4.2 E¥H) GenBank Rl

BAEFATHRINZE > GenBank 3Cff Is orchid.gbk — 3 RX AU 5 L b BE FASTA SCFRAURSIL
5 AR ] —— U BN ] Z AL SR BATTEAE T SR A A P AT e

from Bio import SeqlO

for seq_record in SeqIO.parse("ls_orchid.gbk", "genbank"):
print(eq_record.id)
print (repr(seq_record.seq))

print (len(seq_record))

KB i g

278533.1
Seq('CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGG. . .CGC")
740

278439.1
Seq('CATTGTTGAGATCACATAATAATTGATCGAGTTAATCTGGAGGATCTGTTTACT. . .GCC")
592

VRIS RE] TR AT A — MR FAF RN seq_record. id .

2.2, % 2 EREFIR—IREEA Biopython f#ift4 ? 13
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2.4.3 BEMIT—FRFLIHRE!

Biopython H1RZWIfENT#E, TN SCHAEX, &80 B CMEERER. %85 3=a45 Bio.
SeqI0 WIRANMINZS, 1566 FRNZEH T 55 LX) Bio.AlignIO

F T g 2 T SRS A R AT 45 B A /E Bio. SeqI0 Fll/8{ Bio.AlignIO H1, W88 He 4 WL g A
PN R SR, BEAMAB A s, B2l — LR B 2 ) it . 16 %) wiki JUH
http://biopython.org/wiki/SeqlO PA K& http://biopython.org/wiki/AlignlO HHHHE L, S& &I
F. wiki GUH BRI E T SR SR BN BRI — LB il 5.

AR E TR E BRI AN IR B AT b 2 Cookbook (AREFRIEE 18 B5) o WARAREA
PRREE R, 5% R RIS AT 1 B 57 0 SRS, H 210 cookbook entry! (— HARKMIAE 4
BT, W= T!)

2.2.5 2.5 EEAEYMFHRIBE

e G B2 R S AR R 1 S 2 — R A i e P e UE R . Py X S idle e n e <k
WRRZIR, JTHEAIRA IRE BN TAEZMUN I . Biopython Il sd /il Python A —LEw] ]
WL R AT VRIS TR RIAS 77 H AT, Biopython A MDA Bt h 3R B B AUAD -

o NCBI J Entrez (F1 PubMed) N9 B,

o ExPASy

WA 10 %=,
e SCOP——/, Bio.SCOP.search() ¥,

AR B AR AR _E AT DAZE 2 05 Hh S X 28 0T CGI AR A EL Y Python AU, R ARAEAR I i 1
AR ER . EEHOUT , 4R AR A & 3] Biopython AT & T AT BEASHR B B 5 A R

2.2.6 2.6 T—%#Mt4a
PAEARE L MEIX 2, RIS A Biopython A —MREFH T, HHEREITIAHE SE—224 W
A BUTESRAF oot U AR BORE, IRJEWRAR AT RE AR IR DA K SO

— BARAGE VR4, A Biopython RESERUE A, 1RIVi%HEH Cookbook (5518 ), (EiXHAHES
ALK R LAER R B o

WERARAGEAR BB AT 4, (HZR BRI S A28, T BE-REARAY 17 AU H 2] 32 221 Biopython 813
(L http://biopython.org/wiki/Mailing lists). XA SERATEEARA G, A BT FATH0HE SRS AE
TERHE T —DFIRMUEFE TR A

T2 AU I !
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2.3 8 3 EAYFIIMR

7 9 AL X O35 A AL AR B A DR R B X B X — B R AT TIF T2 v 44 Biopython AbFLX LEF7 5
UM - Seq XF4. 5B/ FENFEGI AL BUAH M) SeqRecord X4, XTG4 ] DAKHFHIM5 BRI RS, At ok
TS5 BEPIIREA .

FEB S b2 R B AT ER , E AN AGTACACTGGT |, Bl 4k, TRt 9 A 2 Se e v
A AR

Seq XZAFRHE Python FAFH 2 MR EZEH XS ENRARRHE. RE Seq MR IFFFL 5T lHT
FFERAHIEIR s, (H3 translate() J7vA B IEATAEY) AR A IR R, BB Ao E HAb 5 A P40 X
¥, Bl reverse_complement(),

2.3.1 3.1 FFAIRAMKRFHFE—#

TEVFZ I, FATHT LAY Seq X GALBEMIEH () Python “FAFER, HINPUFSIKE, EAOCHK:

>>> from Bio.Seq import Seq

>>> my_seq = Seq("GATCG")

>>> for index, letter in enumerate(my_seq):
print (" " % (index, letter))

0 G

1A

2T

3C

4 G

>>> print(len(my_seq))

5

PRAT AR AT R IR R SR BUF S e (U2 IILAE, Python THEU 0 JHR) -

>>> print(my_seq[0]) #first letter

G
>>> print(my_seq[2]) #third letter
T
>>> print(my_seq[-1]) #last letter
G

Seq MEA—A .count O 7k, RUTFARH. ICHXEWRME Python M FFFd— eI TE I E &R

>>> from Bio.Seq import Seq
>>> "AAAA" . count ("AA")

(T gk%E)
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(B bTT)

2
>>> Seq("AAAA") .count ("AA")
2

RRAER LA 2 b ARV RERG ZMUN A8 (R BT 61 T AR A AR 3) . it A
TR BB, AR EAARE ST A 250

>>> from Bio.Seq import Seq

>>> my_seq = Seq('GATCGATGGGCCTATATAGGATCGAAAATCGC')

>>> len(my_seq)

32

>>> my_seq.count ("G")

9

>>> 100 * float(my_seq.count("G") + my_seq.count("C")) / len(my_seq)
46.875

PR8I AR B RS B3 GC &, {HU240M1: Bio. SeqUtils BURT A T LA GC %L, 2
LUE

>>> from Bio.Seq import Seq

>>> from Bio.SeqUtils import GC

>>> my_seq = Seq('GATCGATGGGCCTATATAGGATCGAAAATCGC')
>>> GC(my_seq)

46.875

HERAEM Bio.SeqUtils.GCO) UM & HBILEFFFIFIMIAKR G B3 C WEREETRTEE S IREGHIN
I

RIGIEEER, MBRIEHE Python F47H:, Seq MEAERLT AN @ R B, WRTE Bami7o, Hangt
WRRAE, HRIRZEN 5. 11 TR YRAR) MutableSeq Xf4:.

2.3.2 3.2 YIEEFI

—RNEIRIBIT, AERATYIRUT S

>>> from Bio.Seq import Seq

>>> my_seq = Seq("GATCGATGGGCCTATATAGGATCGAAAATCGC")
>>> my_seq[4:12]

Seq('GATGGGCC')

SOEEMA SRR E5E, PRI AICEMN 0 IHR, XEAFE Python FAFERIGHLINE . XA
PRk BRI ER , (EAEE Y2 PRI MM R i, S—a s T (sl 4), i
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JE—IEET (FlFm 12) . iXj2& Python FHENI, (H2Y45RAZ A LG A& N . EEZ N TAH
Python {45 —EL,

B AR L, VIR B AR AT, (U AR R R TG Seq X4
TREEL.

[FIFEAI Python SEAFHR—FE, fRAT DA ISR IGALE . LA e (A, Bk 1) #7890

B, JATT A AR R 10 DNA FPAER 15— 56 SR Imd.

>>> my_seq[0::3]
Seq('GCTGTAGTAAG')
>>> my_seq[1::3]
Seq('AGGCATGCATC'")
>>> my_seq[2::3]
Seq (' TAGCTAAGAC')

YRATREC Z8YEREE) Python FAFH i 7 — AP IR BOE : (-1 R B P77 ep ) e MR A AT PAfE
H Seq XTEASERL

>>> my_seql[::-1]
Seq('CGCTAAAAGCTAGGATATATCCGGGTAGCTAG')

2.3.3 3.3 BRI RERBF IR

WEARARUA T Z A BRAi T, B E A S ECE i AR, X ARA Sl ] PASEBL -

>>> str(my_seq)
'GATCGATGGGCCTATATAGGATCGAAAATCGC'

XS seq MRIM strO) IFEFATAFERREAGR &K T, (FRAREH AT ERHMOX et . 24
A print FTEIFME, Python & A3k,

>>> print (my_seq)
GATCGATGGGCCTATATAGGATCGAAAATCGC

M ARPEFT Python PR A MABAERT (% ) W, WDABEAL Seq XFGM %s (A7 —& M -

>>> fasta_format_string = ">Name\n/s\n" 7 my_seq
>>> print(fasta_format_string)
>Name

GATCGATGGGCCTATATAGGATCGAAAATCGC

X AT R & — A B FASTA #aUics ORI S0 B 3liAT) . 4.0 FRAREN 4 — AT ok
M SeqRecord Xt 4RI FASTA X 747H:, HIEANEES FASTA AR PSS RRFESR 5 N
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2.3.4 3.4 EERMFS

M Biopython 1.78 JHfy, SR ARHERE P Seq XSS MAE—E .

>>> from Bio.Seq import Seq
>>> protein_seq = Seq("EVRNAK")
>>> dna_seq = Seq("ACGT")

>>> protein_seq + dna_seq

Seq ('EVRNAKACGT')

BRI HERCEIR & DNA FIZE H il g g — i -
EREA T TR EFAFZ P&, T RAE AR AR ER A 5E i

>>> from Bio.Seq import Seq

>>> list_of_seqs = [Seq("ACGT"), Seq("AACC"), Seq("GGTT")]
>>> concatenated = Seq("")

>>> for s in list_of_seqgs:

concatenated += s

>>> concatenated
Seq('ACGTAACCGGTT"')

% python FfFHi—F, Biopython‘‘Seq A —1> “join* Jjik:

>>> from Bio.Seq import Seq

>>> contigs = [Seq("ATG"), Seq("ATCCCG"), Seq("TTGCA")]
>>> spacer = Seq("N"*10)

>>> spacer.join(contigs)

Seq (' ATGNNNNNNNNNNATCCCGNNNNNNNNNNTTGCA ')

2.3.5 3.5 T RKING

Python P55 BARA M HK/NE [ upper Ml lower Jrik. A

>>> from Bio.Seq import Seq
>>> dna_seq = Seq("acgtACGT")
>>> dna_seq

Seq('acgtACGT')

>>> dna_seq.upper ()
Seq('ACGTACGT"')

—~

)
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(8:EW)

>>> dna_seq.lower()

Seq('acgtacgt')

RAEA RN KNG HEFT P RC 4 AR AT -

>>> "GTAC" in dna_seq
False
>>> "GTAC" in dna_seq.upper()

True

2.3.6 3.6 ZEERFFIIF0 (RFE) EAF5I

XTI, ARAT A Seq X RN BRI ERA S HPAT Seq AN A HAMNTS -

>>> from Bio.Seq import Seq

>>> my_seq = Seq("GATCGATGGGCCTATATAGGATCGAAAATCGC")
>>> my_seq

Seq('GATCGATGGGCCTATATAGGATCGAAAATCGC')

>>> my_seq.complement ()
Seq('CTAGCTACCCGGATATATCCTAGCTTTTAGCG')

>>> my_seq.reverse_complement ()

Seq('GCGATTTTCGATCCTATATAGGCCCATCGATC')

FERTT T35, SRR -1 125 KT DA 53 IR~ Seq MRS [ J¥ 51 -

>>> my_seql[::-1]
Seq('CGCTAAAAGCTAGGATATATCCGGGTAGCTAG')

WA SR A U LR S, BICRBGE ARSI (Sm) EAN, ARaPss B Rtz
TeEX:

>>> from Bio.Seq import Seq
>>> protein_seq = Seq("EVRNAK")
>>> protein_seq.complement ()
Seq('EBYNTM')

BAL PRy “E” AR TUPAC RS, INIEAREFTHNE. (H)g, “V7 FoR “A7, “C” B “G”,
FHARMD B, KLk,

5.5.3 W HIBITHF Seq XM B I HAN
J7VEA Bio. SeqI0 X T F A M A /i th I ESs G R .
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2.3.7 3.7T ®EF

TEVIEHERZ T, FARSCUM— T e AL, B IBVAT (i) SRk Xt DNA Y GEfi:

DNAcodingstrand(akaCrickstrand,strund+1)

5'ATGGCCATTGTAATGGGCCGCTGAAAGGGTGCCCGATAG
3/
FEETEEEEETEE e e e e e e e e e e e e

3'TACCGGTAACATTACCCGGCGACTTTCCCACGGGCTATC
5/

DN Atemplatestrand(akaW atsonstrand,strand” 1)

Transcription

GGGTGCCCGATAG 5’
AR AR
CCCACGGGCTATC 3’

5/

Transcription

+
GGGUGCCCGAUAG 5’
3/

SBR A2 b SR AR S AN (TCAG — CUGA) B mRNA. {HJ2, & Biopython il
AR R A, FATHER S ERA M, PRI AEE T — U B503R1G mRNA,
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MAELEFRAT1E T H L i /] Biopython f— NSk, B8, 1EIRA14 51612 DNA J751 1) g i e A AR B 1
Seq Xf4:

>>> from Bio.Seq import Seq

>>> coding_dna = Seq("ATGGCCATTGTAATGGGCCGCTGAAAGGGTGCCCGATAG")
>>> coding_dna

Seq('ATGGCCATTGTAATGGGCCGCTGAAAGGGTGCCCGATAG')

>>> template_dna = coding_dna.reverse_complement ()

>>> template_dna

Seq (' CTATCGGGCACCCTTTCAGCGGCCCATTACAATGGCCAT'")

ORI B R — B, i BRI AEE R 5 B 37 sy Ry, 10 R R BB g
<Al e

BN Seq XFRNER) transcribe J5ARFg i HERL RO I ) mRNA -

>>> coding_dna
Seq('ATGGCCATTGTAATGGGCCGCTGAAAGGGTGCCCGATAG')
>>> messenger_rna = coding_dna.transcribe()
>>> messenger_rna

Seq (' AUGGCCAUUGUAAUGGGCCGCUGAAAGGGUGCCCGAUAG ')

MARE R, KRBT T — U Felle, HHARETRE,
WRART SRR EE LA — IR B ERYRSR . TP

>>> template_dna.reverse_complement () .transcribe()
Seq (' AUGGCCAUUGUAAUGGGCCGCUGAAAGGGUGCCCGAUAG ')

Seq XIRILALE T M mRNA Wiy DNA GifdfEr) k. [AkE, XMUUEM U — T BRI EREE T
BRI

>>> from Bio.Seq import Seq

>>> messenger_rna = Seq("AUGGCCAUUGUAAUGGGCCGCUGAAAGGGUGCCCGAUAG")
>>> messenger_rna

Seq (' AUGGCCAUUGUAAUGGGCCGCUGAAAGGGUGCCCGAUAG')

>>> messenger_rna.back_transcribe()

Seq (' ATGGCCATTGTAATGGGCCGCTGAAAGGGTGCCCGATAG')

2% Seq X4 M) transcribe fil back_transcribe J5{EE | Biopython 1.49 AR A I, FEHFAIRAS
R ZA ] Bio.Seq BIMIBRECEAL, TEIL 3. 15 #B4).
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2.3.8 3.8 EiiF

ARZEE FIAER SR/ NI B, BAELERR AR mRNA G W E A TS, P2 Seq
KRR AT A ) — A

>>> from Bio.Seq import Seq

>>> messenger_rna = Seq("AUGGCCAUUGUAAUGGGCCGCUGAAAGGGUGCCCGAUAG™)
>>> messenger_rna

Seq (' AUGGCCAUUGUAAUGGGCCGCUGAAAGGGUGCCCGAUAG ')

>>> messenger_rna.translate()

Seq('MAIVMGR*KGAR* ')

PR AT DA E M A hS DNA BEIEF T :

>>> from Bio.Seq import Seq

>>> coding_dna = Seq("ATGGCCATTGTAATGGGCCGCTGAAAGGGTGCCCGATAG")
>>> coding_dna

Seq (' ATGGCCATTGTAATGGGCCGCTGAAAGGGTGCCCGATAG')

>>> coding_dna.translate()

Seq('MAIVMGR*KGAR* ")

PRVAZEREIE ERMER T, BT ARERZ AT, TEFS P e — &I H 2 — 1k
DBEERBIT, OB ERATRIAG i — NS4, WiFARMERER (L),

Biopython ER[ ¥R EET NCBL (SHRXDERER F—DMa) . BOAREI T, BiEEHR2E 74
e (NCBI L table id 1), BRFAIFEEEIF—NLRARTI], BATTE LB s 4 A 09
L

>>> coding_dna.translate(table="Vertebrate Mitochondrial')
Seq('MAIVMGRWKGAR* ")

PRI AR NCBI -3 045 245t P SR B (580, cRET (3% 22, 7 GenBank SCPHAOSRER:
Bh 2 o R bR

>>> coding_dna.translate(table=2)
Seq('MATVMGRWKGAR* ')

BUAEAR ] REARCRE_E I AT IR 91 ORI 2 B S A 28— N R 1, ARG (RERFG AR .

>>> coding_dna.translate()
Seq('MAIVMGR*KGAR* ')

>>> coding_dna.translate(to_stop=True)
Seq('MATIVMGR')

(Fogksr)
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(B bTT)

>>> coding_dna.translate(table=2)
Seq('MAIVMGRWKGAR* ")

>>> coding_dna.translate(table=2, to_stop=True)
Seq('MAIVMGRWKGAR')

HEREFAIRE to_stop SRS, K IMEI FALZAFIFER, LIRS BIHEE A BFSHHY
WERARA BN B SR LIRS, ARt DA S48 E & R4

>>> coding_dna.translate(table=2, stop_symbol="@")
Seq('MAIVMGRWKGARQ')

PHE BB — 2 AL 5) CDS, K@ —FHiRFs] (Filin mRNA S5YIRAG ), o4 K &Y
T (e KA 3 MATED, THR TR T, LIETRIEEN T, HEHENBA N L ILEH 7.
WREULT, HR—45280 CDS, BRINSEIF I LRIl AR I AR AR CAI ] to_stop HeIi). {HZ,
AR AN B AR ER R IR S T IE? XM OEA R P ARE L, LA E. coli K12 HBkP yaaX:

>>> from Bio.Seq import Seq

>>> gene = Seq("GTGAAAAAGATGCAATCTATCGTACTCGCACTTTCCCTGGTTCTGGTCGCTCCCATGGCA" +
"GCACAGGCTGCGGAAATTACGTTAGTCCCGTCAGTAAAATTACAGATAGGCGATCGTGAT" +
"AATCGTGGCTATTACTGGGATGGAGGTCACTGGCGCGACCACGGCTGGTGGAAACAACAT" +
"TATGAATGGCGAGGCAATCGCTGGCACCTACACGGACCGCCGCCACCGCCGCGCCACCAT" +
"AAGAAAGCTCCTCATGATCATCACGGCGGTCATGGTCCAGGCAAACATCACCGCTAA")

>>> gene.translate(table="Bacterial")

Seq (' VKKMQSIVLALSLVLVAPMAAQAAEITLVPSVKLQIGDRDNRGYYWDGGHWRDH. . .HR* ',

ProteinAlpabet())

P

>>> gene.translate(table="Bacterial", to_stop=True)
Seq (' VKKMQSIVLALSLVLVAPMAAQAAEITLVPSVKLQIGDRDNRGYYWDGGHWRDH. . .HHR ')

TEME L E S T GTG B MARIRIEH 1. EF R T MEMER, QRERBEH T, WERRH
BiaiR. YRV Biopython {RIFHIZ5EH CDS I, XH-F& KA.

>>> gene.translate(table="Bacterial", cds=True)
Seq('MKKMQSIVLALSLVLVAPMAAQAAEITLVPSVKLQIGDRDNRGYYWDGGHWRDH. . .HHR')

B T 45 Biopython FHFm 6] 75— MBI 190 B RS, B X — b0 IR RER DR AR P21 24
FLA R CDS (MERARIF 2 ) o

§518.1.3 BB T-RHHL Seq XM RIGTHIFE I ILM Bio. SeqI0 MR WX T A A /il th 5 A5 AR -
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2.3.9 3.9 EliF3K

TERTTH A E AR RATIE T Seq X REHERI L (9F HARE| T Bio.Seq B MM K-S LA 3. 13
ZY) o LR XL RN LK EHE NCBI [ “ftp://ftp.ncbi.nlm.nih.gov/entrez/misc/
data/gc.prt <ftp://ftp.ncbi.nlm.nih.gov/entrez/misc/data/ge.prt>‘__ | A http://www.ncbi.nlm.nih.
gov/Taxonomy/Utils/wprintge.cgi PA—F 8 S5 B T2 P,

AR —AF, LIRS ARER BRI HES LA DNA BBiiFR.

>>> from Bio.Data import CodonTable
>>> standard_table = CodonTable.unambiguous_dna_by_name["Standard"]

>>> mito_table = CodonTable.unambiguous_dna_by_name["Vertebrate Mitochondrial']

AR, EXERW AT LA HIARR S 1A 2 SRARiR:

>>> from Bio.Data import CodonTable
>>> standard_table = CodonTable.unambiguous_dna_by_id[1]

>>> mito_table = CodonTable.unambiguous_dna_by_id[2]

PRAT PATERT B B A0 28 S B i i 1 -

>>> print(standard_table)
Table 1 Standard, SGCO

| T | ¢ | A | G
——t—— o o o +--
T|ITITF | TCTS | TATY | TGTC | T
T|ITICF | TCCS | TACY | TGCC | C
T | TTAL | TCAS | TAA Stopl TGA Stop| A
T | TTG L(s)| TCG S | TAG Stopl TGG W | G
—t—————— o ———— o o +—=
ClCITL | CCTP | CATH | CGTR | T
clcrcL | ccCP | CACH |CCR |C
CICIAL | CCAP | CAAQ | CGAR | A
C | CIGL(s)I CCGP | CAGQ | CGGR |G
——te———————— Fm———————— Fm———————— Fm———————— =
A | ATTI | ACTT | AATN | AGTS | T
Al ATCI | ACCT | AACN | AGCS | C
A | ATAT | ACAT | AMAKX | AGAR | A
A | ATG M(s)| ACGT | AAGK | AGGR | G
—t— o +o—— Fo—— +-——

| GTT | GCT A | GAT | GGT | T

| GTC | Gee | GAC | GGC | C

(Q3)
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(1)

G| GTA V | GCA A | GAA E | GGA G | A
G| GIG V | GCG A | GAG E | GGG G | G
B e o Fom—— Fomm +——
ol
>>> print(mito_table)
Table 2 Vertebrate Mitochondrial, SGC1

| T | C | A | G
B e o Fomm— Fomm— +-—
T | TIT F | TCT S | TAT Y | TGT C | T
T|TICF | TCCS | TACY | TGCC | C
T | TTA L | TCA S | TAA Stopl| TGA W | A
T | TTG L | TCG S | TAG Stopl| TGG W | G
B e o Fom Fomm +-—
C| CITL | CCT P | CAT H | CGT R | T
C | CIC L | cCC P | CAC H | CGC R | C
C| CTA L | CCA P | CAA Q | CGA R | A
C | CIG L | CCG P | CAG Q | CGG R | G
e e B R o +-—
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 XK | AGA Stopl| A
A | ATG M(s)| ACG T | AAG K | AGG Stopl| G
e e R o o +-—
G| GIT V | GCT A | GAT D | GGT G | T
G| GIC V | GCC A | GACD | GGC G | C
G| GTA V | GCA A | GAA E | GGA G | A
G | GTG V(s)| GCG A | GAG E | GGG G | G
B o o Fomm +——
e BB RO, A e T
>>> mito_table.stop_codons
['"TAA', 'TAG', 'AGA', 'AGG']
>>> mito_table.start_codons
["ATT', 'ATC', 'ATA', 'ATG', 'GTG']
>>> mito_table.forward_table["ACG"]
'
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2.3.10 3.10 Eb#: Seq W&

J A Z [ B BE S B b — AN BB i, A TR B J ok FI P A 91 2 S5 [ Y . A% O i 1) 2
BEA B SCRARET RS0y 2Bk “A” BERTDAE DNA, RNA Ha] DA 1575 #3845 » Biopython 7£
Seq MR E TFRERXGR, PASRPIGXLEEE . FrPALLE IS Seq MR B AE IEEZE &M T H1IHY
TR BRI,

ZEMF, ARV BE 23645 Seq ("ACGT", IUPAC.unambiguous_dna) Al Seq("ACGT", IUPAC.ambiguous_dna)
XPI4~ DNA Seq X 2— i, RAEENMEAARFENTEER. RE LT SORHBe RERN.

X AER B RN Seq("ACGT", IUPAC.unambiguous_dna) Fl Seq("ACGT") (il ERiAmy
BHFEER) RERM. AR EH, Seq("ACGT", IUPAC.protein) Fl Seq("ACGT") 1 24#[FfY. BUTE
WIS Eik, IR A=B , B=C , ailid#ErE, LASWE A=C . HIGENEE L —ZER AR
K Seq("ACGT", IUPAC.unambiguous_dna) ffl Seq("ACGT", IUPAC.protein) SE[JR, BRI AL
R I, (HRXR MR . XA ) S 252 ] Seq XT4AEN Python BT HE .

>>> from Bio.Seq import Seq

>>> "ACGT" == seql
True
>>> seql == "ACGT"
True

YER—AP 8, ARATUAEESE —> Python FUl, DA Seq XGUENME. MM, KFIMENFATH KT
SEEEA M. TEILS.3 Fo

2.3.11 3.11 MutableSeq ¥

BHRIER ) Python FAFH, Seq X452 “HEEH”, 1 Python Aif EWLZ AN AR, B T Seq X5k
BRI —AFAFR 2N, 2 RA RGN, OS2 AR & 20 PR AR B s R i 7 51
Kt

>>> from Bio.Seq import Seq
>>> my_seq = Seq("GCCATTGTAATGGGCCGCTGAAAGGGTGCCCGA")

BAREARGRPI R IR BB 2 R A4

>>> my_seq[5] = "G"

Traceback (most recent call last):

TypeError: 'Seq' object does not support item assignment

HRZARH LA MutableSeq X GAFE R AT AL FPH1, AR JEMAT AV AE 2480 -
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>>> mutable_seq = my_seq.tomutable()
>>> mutable_seq
MutableSeq('GCCATTGTAATGGGCCGCTGAAAGGGTGCCCGA ')

AR AE A FAF R @ —> MutableSeq X4 :

>>> from Bio.Seq import MutableSeq
>>> mutable_seq = MutableSeq("GCCATTGTAATGGGCCGCTGAAAGGGTGCCCGA")

X PRI AT AR 7 510 SR I el n] A2 Y -

>>> mutable_seq
MutableSeq('GCCATTGTAATGGGCCGCTGAAAGGGTGCCCGA ')
>>> mutable_seq[5] = "C"

>>> mutable_seq
MutableSeq('GCCATCGTAATGGGCCGCTGAAAGGGTGCCCGA ')
>>> mutable_seq.remove("T")

>>> mutable_seq
MutableSeq('GCCACGTAATGGGCCGCTGAAAGGGTGCCCGA')
>>> mutable_seq.reverse()

>>> mutable_seq
MutableSeq('AGCCCGTGGGAAAGTCGCCGGGTAATGCACCG')

WHTERY Seq MRANIFNE, MutableSeq X 4eif £ Ry ikl et 8L, Lein

reverse_complement () fil reverse() Jyik!

Python HA[AEXF RN W ZE R R — N EEASARZHHE MutableSeq XFRA T AME SIS (EH, H
& Python FAFH s Seq XL A.

—HARH) MutableSeq M RMIIEM, RAZFFEZL BB Seq X5, 1RHAFH:

>>> new_seq = mutable_seq.toseq()
>>> new_seq
Seq (' AGCCCGTGGGAAAGTCGCCGGGTAATGCACCG')

SRR Seq M GUTIRIUFRFR—FE, PRUTEL MutableSeq KT (B 3.9 FY).

2.3.12 3.12 UnknownSeq {5

UnknownSeq XTGUEHANY Seq RGP A T, HHIR A TAKIENFI, (FFFITER RS
TR . LKA T, IR IR DA R — AV EREG Seq AT, MLRAERAH—TI /A “N” Fhp4l
WU RFER SR AR K AT, SRR AT DL SR — A N RUFFIRRATKIE (B80).
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>>> from Bio.Seq import UnknownSeq
>>> unk = UnknownSeq(20)

>>> unk

UnknownSeq(20, character = '?7')

>>> print unk

PPPPPPPPPPPY?????P??

>>> len(unk)
20

X DNA 8 RNA 41, RIZHBEH N7 “N” R, M TEBR X7 @ W TR ER. 2
# “UnknownSeq” W}, 0] PASEE BRI TFAFRAC “77 SRFARRM T Bl

>>> from Bio.Seq import UnknownSeq

>>> unk_dna = UnknownSeq(20, character="N")
>>> unk_dna

UnknownSeq (20, character='N')

>>> print (unk_dna)

NNNNNNNNNNNNNNNNNNNN

VRATLAGE T A # LY Seq M4, ICAEIXLER] PAYIAS N7 UnknownSeq XF4%, ANYRET A M IREEAERS 24114
oI5 EH

>>> unk_dna

UnknownSeq(20, character = 'N')
>>> unk_dna.complement ()
UnknownSeq (20, character = 'N')

>>> unk_dna.reverse_complement ()
UnknownSeq (20, character = 'N')
>>> unk_dna.transcribe()
UnknownSeq (20, character = 'N')
>>> unk_protein = unk_dna.translate()
>>> unk_protein

UnknownSeq(6, character = 'X')
>>> print (unk_protein)

XXXXXX

>>> len(unk_protein)

6

RV REAE A C R AURS H #8 2] UnknownSeq XFRMJ M, EARTE AT HEH JeofE i Bio.Seql0 AHMY
SeqRecord X[ 4 i UnknownSeq XI5 (ZWES ) o —LEJFFIM I SO B2 52 P il e 51 4
8 GenBank #ll EMBL SCPFRER] BECL & A FRAFAEIS1 2, 1l P81 o U /R contig fFE. X ECEFEMN T
YEFRY QUAL PB4, 10 AR &S, BUmACZ AR QUAL SCPRRI AR i) FASTA #45X
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3 A % A

2.3.13 3.13 HiEEHASHS

X —TE LR, RTHREE A a9 RGPS G N (ST 8 5 T 1) %o 42 1) R AR AR KU RN )
Bio. Seq HUMLHIR IR B KT DABEZ 5@ Python 245, HAl Seq X14: ({34F UnknownSeq Xf4t) H(#
MutableSeq Xf4::

>>> from Bio.Seq import reverse_complement, transcribe, back_transcribe, translate
>>> my_string = "GCTGTTATGGGTCGTTGGAAGGGTGGTCGTGCTGCTGGTTAG"

>>> reverse_complement (my_string)

'CTAACCAGCAGCACGACCACCCTTCCAACGACCCATAACAGC!

>>> transcribe(my_string)

' GCUGUUAUGGGUCGUUGGAAGGGUGGUCGUGCUGCUGGUUAG'

>>> back_transcribe(my_string)

'GCTGTTATGGGTCGTTGGAAGGGTGGTCGTGCTGCTGGTTAG!

>>> translate(my_string)

' AVMGRWKGGRAAG* '

S, FATENRE AT ERIARY Seq X4,

24 %54 EFIIBRHSR

B3 BNETIFIINRIEARREI . B4 EEN Seq 28, X # F 2 Sequence record HFFZ A SeqRecord
2K, %251 Bio.SeqRecord i E Y. ‘B (Il SeqFeature X% ) w[{fijF4 5E)EM: (4 identifiers
Fil features) Ik, FH BTZEFHIHIA /4 A B S4H Bio.SeqI0 #f R (FEULEES &),

Il R AL B FASTA A% P8 SCPFAE R EAEC, nImGE AT . ey e iR N A 8l (41 GenBank
ot EMBL ##03CfF) | AZENANARR H

RAERENEZ TG T SeqRecord il SeqFeature X R MK /»NA, BWNFE THEL, HE HITER
SeqRecord wiki (http://biopython.org/wiki/SeqRecord ), FI PN EH#F B SCRY (BiAEL XY SeqRecord il Se-
qFeature ), FRELZEE:

>>> from Bio.SeqRecord import SegRecord
>>> help(SeqRecord)

2.4.1 4.1 SeqRecord 8

SeqRecord (Sequence Record) 28I &7 Bio.SeqRecord fithtd, %252 Bio.Seqll A /HiE A HA
T (FEWLER S ) PEAEHRIEAL. ATAE identifiers il features 48 HZ @IS T H RIKEE (SIS 7).
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SeqRecord IR TR L, 45 N4 @t
seq — JFHIH L (B Seq X% ).
— A E ID (-, lEHE2RIET accession number,

.name — [$4)4 /id (-FH5H2A), A PASE accession number, 7] 2 clone 44 (Z5fll GenBank record
i LOCUS id).,

.description - ik (FFAFERIM).,

Jetter__annotations — X I8P AR F A FIERE (per-letter-annotations ), DA E 4 A (keys), 7 E
W2 AE (value ) BT #4 A F 4L . 'ﬁfuﬂ%ﬁ i Python ¥ 3%  JTCAH 8L F 47 7R . Jetter_annotations
AT R (55 18.1.6 %) B “RZ5MIMEE (10 Stockholm /PFAM Fuxf SCF) a8t i 774 »

.annotations — JJ T EAFHIINE B 7. FEANE (keys), FENANE (value) . HTRAFFIIR)
EHUEE (40 unstructured information).

features — SeqFeature X443, fEFHIMILEIILIEE, (structured information), f0: EEAE, HH
ZENIE . features PENANE S =7 (5543 7).

.dbxrefs — FEHIREARZ NG| HIEE (cross-references) MFFEESZ .
2.4.2 4.2 6}# SeqRecord

{#i/f] SeqRecord &R ARH M, O AFFA IfH BEMEMAE IR EME T EHALF3h#HH, f Bio.SeqlDd
MFFFN A RIA] (WLERS #) . 48R ¥/ SeqRecord HARK A4,

4.2.1 D\LEE SeqRecord

SeqRecord /> HFEM1 & Seq X%

>>> from Bio.Seq import Seq
>>> simple_seq = Seq("GATC")
>>> from Bio.SeqRecord import SegRecord

>>> simple_seq_r = SeqRecord(simple_seq)

AT PAE S W IR R B4 id, name il description BR{E; [eZ , EAIHE AEAIAE “unknown” (W] Ffi 5 mfH )

>>> simple_seq_r.id

'<unknown id>'

>>> simple_seq_r.id = "AC12345"

>>> simple_seq_r.description = "Made up sequence I wish I could write a paper about"
>>> print(simple_seq_r.description)

Made up sequence I wish I could write a paper about

(NoTgks:)
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(8:EW)

>>> simple_seq_r.seq
Seq('GATC")

PRIRFF X i SeqRecord WA EISCIFREZL, W SeqRecord [ R EAL:

>>> from Bio.Seq import Seq
>>> simple_seq = Seq("GATC")
>>> from Bio.SeqRecord import SeqRecord

>>> simple_seq_r = SeqRecord(simple_seq, id="AC12345")

FIRFEATEEH], SeqRecord A —> annotations JEME, H THEFF&MALELIERENF 8L . 75N annotations
NI

>>> simple_seq_r.annotations["evidence"] = "None. I just made it up."
>>> print(simple_seq_r.annotations)

{'evidence': 'None. I just made it up.'}

>>> print(simple_seq_r.annotations["evidence"])

None. I just made it up.

letter_annotations @7 M, HAEN 5FHFKMNE Python F4FH: . FIREICH:

>>> simple_seq_r.letter_annotations["phred_quality"] = [40,40,38,30]
>>> print(simple_seq_r.letter_annotations)

{'phred_quality': [40, 40, 38, 301}

>>> print(simple_seq_r.letter_annotations["phred_quality"])

[40, 40, 38, 30]

dbxrefs fil features /32 FFH M SeqFeature X4 [ Python #1|3, RfE 5Lz r1tie.

4.2.2 {RiE FASTA 3L 6J3 SeqRecord &

AT PARIEER R FRFEME ( Yersinia pestis biovar Microtus str. 91001 ) [ pPCP1 Fki 4K 5 R, BiBiM
FASTA St SeqRecord M AR, %FFELA 4k B NCBI, n[¥E Biopython HiJtillif GenBank 3¢
PRI FHE], il NC 005816.fma F#.

FHIAR TSI 3%, 3R s — &7

>gi|45478711|ref |NC_005816.1| Yersinia pestis biovar Microtus ... pPCP1, complete
—»sequence
TGTAACGAACGGTGCAATAGTGATCCACACCCAACGCCTGAAATCAGATCCAGGGGGTAATCTGCTCTCC
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s 2 BN, 1248 3id Bio.Seql0.parse(...) FE¥, AT/l SeqRecord X% HHIrAC
ko Ak, FRATEE Bio. SeqI0 FEHLH ) 7 — LUK AL Bio.SeqlO.read(), HTEEBUALIFHIN LA (1
A5 )

>>> from Bio import SeqlO

>>> record = SeqI0.read("NC_005816.fna", "fasta")

>>> record

SeqRecord (seq=Seq (' TGTAACGAACGGTGCAATAGTGATCCACACCCAACGCCTGAAATCAGATCCAGG. . .CTG',
SingleLetterAlphabet()), id='gi|45478711|ref|NC_005816.1|"', name='gi|45478711|ref|NC_
-005816.11] ",

description="'gi|45478711|ref |NC_005816.1| Yersinia pestis biovar Microtus ... sequence',
dbxrefs=[])

BAELEBATIZAN 147 SeqRecord MR AP L E g, WA THAVFIIEMER Seq MRITh:

>>> record.seq

Seq (' TGTAACGAACGGTGCAATAGTGATCCACACCCAACGCCTGAAATCAGATCCAGG. . .CTG")

BT R4S identifiers F1 description:

>>> record.id

'gi|45478711|ref |INC_005816.11"

>>> record.name

'gi|45478711|ref |NC_005816.1]"'

>>> record.description

'gi|45478711|ref INC_005816.1| Yersinia pestis biovar Microtus ... pPCP1, complete

—sequence'

FASTA SUPF 9 4 IREAT RS — A Bde] (RERRT5)5) B4 /E id Al name 5 MifFRAT (BT S)R)
Y8 description. XAEBLE RN T JGHES, [N T # T AL BATF FE5):

>Yersinia pestis biovar Microtus str. 91001 plasmid pPCP1
TGTAACGAACGGTGCAATAGTGATCCACACCCAACGCCTGAAATCAGATCCAGGGGGTAATCTGCTCTCC

Note: #2HL FASTA SRR HAA: R @ has:

>>> record.dbxrefs

(]

>>> record.annotations

{

>>> record.letter_annotations

{3

(T gk%E)
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(B bTT)

>>> record.features

(]

ABi FASTA SCPFRT NCBI, HMTERIAE, TEWRE AT LATT B i b i L85 SR e Ffe it GI A
accession number 2. ARF, XFTFAIAMRIERFHA FASTA SCUF, FHAREFRAERTFXLL(EE .

4.2.3 M\ GenBank 3 {¥6li# SeqRecord

PAZEHR R ZR Fikk pPCP1 ke K ¥4 ( Yersinia pestis biovar Microtus str. 91001 plasmid pPCP1) K
Bil, AFER XA Genbank MM S, % SCFFFEALSTE Biopython BT /GenBank I F,
AT g NC005816.9b F#k.

VLIS —AKiEsk (U4 LOCUS £7):

LOCUS NC_005816 9609 bp DNA circular BCT 21-JUL-2008

DEFINITION Yersinia pestis biovar Microtus str. 91001 plasmid pPCP1, complete
sequence.

ACCESSION  NC_005816

VERSION NC_005816.1 GI:45478711

PROJECT GenomeProject:10638

[FIFEE T Bio.SeqI0 BEMUCAF, HMERALER FASTA SCHFZML (FEILERS &):

breaklines=true,breaksymbolleft=]{pycon}

>>> from Bio import SeqlO

>>> record = SeqlI0.read("NC_005816.gb", "genbank")

>>> record

SeqRecord (seq=Seq(' TGTAACGAACGGTGCAATAGTGATCCACACCCAACGCCTGAAATCAGATCCAGG. . .CTG"),
id='NC_005816.1", name='NC_005816",

description='Yersinia pestis biovar Microtus str.91001 plasmid pPCP1, complete sequence',

dbxrefs=['Project:58037'])

>>> record.seq
Seq (' TGTAACGAACGGTGCAATAGTGATCCACACCCAACGCCTGAAATCAGATCCAGG. . .CTG")

name JiF LOCUS 47, id fin THA G4 . description JiT DEFINITION 47:

>>> record.id
'NC_005816.1"

>>> record.name

(T D)
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'NC_005816"
>>> record.description

'Yersinia pestis biovar Microtus str. 91001 plasmid pPCP1, complete sequence.'

GenBank 34+ per-letter annotations “h%s:

>>> record.letter_annotations

{3

LRGBS EUEA7AE annotations FHLH, 540

>>> len(record.annotations)
13
>>> record.annotations["source"]

'Yersinia pestis biovar Microtus str. 91001'

dbxrefs F|FFHEIER H PROJECT B DBLINK f7:

>>> record.dbxrefs
['Project:58037"']

o R R A =AW, features DA SeqFeature X R HIEFARIE T features table H A
entries (41 genes F1 CDS %),

>>> len(record.features)

41

PRk, BATRAES 4.3 /4 SeqFeature 4.

2.4.3 4.3 Feature, location 1 position &
4.3.1 SeqFeature 15

JFAVRHE 2R — 2 P AN S B3 o . TP AR S, ARTR Py XA LGURIREUOE T X &7 51
“Pg” FE . REWRIT—EH  R BT H A FHIE R U2 A FTRERY, {HJ2 Biopython [f) SeqFeature
K R 4 10 2647 70 BT R Biopython % ek GenBank/EMBL HFEZ it IO 2,
INHEBX — 5, R B TARE PR 47 2 Biopython SeqFeature Xf4:.

SeqFeature X5 i34 H BFE TR AR T4 F 5 (parent sequence, 4 SeqRecord Xf4:) AL
fi¥ (location) , #H /T TP positions []—ANKIE (region), JFZE54.5.2 T FFAH UL .
SeqFeature X & KEfEME, He——0BH, RIGTERSLE 2Bl B H A

type — I SCFHiARR) feature 2874 (411 ‘CDS’ B ‘gene’ ).
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Jlocation — Sequature LEE S R AL LB . W3R 4. 3.2 7. SeqFeature %1t T AL 4% location XA
Uige, HE—FRINESHENE.

.ref — .location.ref {45 —location XZAHKIZS% T4, HHE N (None),
ref _db — .location.ref_db f§i5 — #5& .ref fHXEIRELFR. Wi Na (None),

.strand — .location.strand f&j5 — F/~ feature IFALFEHH strand., FENGEZER T H, 1 FRIE
%, -1 FoR i, 0 2ok strand (5 EARFEZERH, None IR strand {FEARMEAEZ. HEHM
HEEIZTR T 514 None.

.qualifiers — 77fiff feature PII{EE (Python F281), # (key) WA (value) Frfffs B i EHEA, (H
HEEMEE.. i, B “evidence”, TM{EN “computational (non-experimental)”, X 24 T HEEE
MER, % feature WA FHIESE (W3E5%) o Note: 25 GenBank/EMBL U feature
tables XfL, HLE. qualifiers P HFAFEREAL (BIEEHA —FAHE) .

.sub__features — HATERAE Z BB A A, 41 GenBank/EMBL U ‘joins’ fii'¥. T
CompoundLocation Xf4HAL, F UL AHE.

4.3.2 Positions F0 locations

SeqFeature X5 FE N THOAHAX T AFFI AL E (region) fFE.. Region ] location XfRFR, iHl#H
JEW position [AJFERE. AT X4 location Al position, FATE LANTF:

position — FIRALTIFHI Y ER—(L 8, W LARTER L n] LRI E AR E (B0 5, 20, <100 F1 >200 ).
location — /W4~ positions [A]HXIE. i 5..20 (5 F] 20).

Z T AR R X A R AT A IRV P

4.3.2.1 FeaturelLocation ¥f&

ZH SeqFeature $Rl| A L (EAZIEFFIAN), HIEEH S 25 PAK strand 5 Bl S A [) FeatureLocation
G il AL SE_ iR =N E R

{EHSZBRAE DR L TG B, PR FRATTIE T AL PR AL S LA I A0 &2 A locations, 1fj H. position 4 B AR Al GESE A
FEHAI o

4.3.2.2 CompoundLocation J{%

T HE R4 EMBL/GenBank SC4HY ‘join’ locations, Biopython 1.62 5| A CompoundLocation %}
%,
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4.3.2.3 {&E#) Positions

HEl, FATHALREE 5 position, feature location A4 32 —i/@H1 position AR B ARUERIFIEL. )2
hVFZ e AER), i ARIEE XL R priming HER] T mRNA B SGEIG AR X ML
= T A U ER A, (BRMER B T EMARRXAMGAE R TGO, FefT AL
2 (fuzzy position) Fin. R fuzzy position FIAIE, FKATH 5 P25 HilFHA:

ExactPosition — ¥ 5, H—MFER. MZEE position @IS #0505
BeforePosition — {ii T-3AMEE N S ET. W ~<13' | ¥F GenBank/EMBL FAC 52 BR A E AT 13 Z /. M
XA position JEPEWRHI EINFME R

AfterPosition — 5 BeforePosition #{Jz, #ill “>13' , ¥F GenBank/EMBL FQFESLEAA ST 13 UG
MAZXT G position JEMEFIIRA N HFAE R

WithinPosition — /TP MNMGEEN S ZE], /K GenBank/EMBL locations f %, 1 ‘(1.5)” , Gen-
Bank/EMBL H{R LR ST 1 8] 5 Z 8], %X R FEWAS position J@MHEFRIR, H—> position

FoR TR (kK 1), extension Fn PR S FiHAMZEME (6K 4). HIHAE WithinPosition
i, object.position /8 FiifL, object.position + object.extension F/x i .

OneOfPosition — F/RJLMLATH 4 (GenBank/EMBL SUPEPE/REER ), HAERPHRIG A SA
RV R A A B (S S RSB T AR, 2808 T P s 7 I S R R A I i1

UnknownPosition — {FERHI N . 7F GenBank/EMBL U H %A A, X UniProt Hiig 7’ feature
AR FR o

2545 1 FH A1) —~ fuzzy end points:

>>> from Bio import SeqFeature
>>> start_pos = SeqFeature.AfterPosition(5)
>>> end_pos = SeqFeature.BetweenPosition(9, left=8, right=9)

>>> my_location = SeqFeature.Featurelocation(start_pos, end_pos)

Note: Biopython 1.59 PAJT, fuzzy-locations &M, 45 7]E BetweenPosition 1 WithinPosition, HIZELA N
RN . RACHBOIMA, 2R RAE .

print %y} FeatureLocation X4, W] 3 i1 45 5

>>> print my_location
[>5:(879)]

WAl start Fil end JEPEFFE] fuzzy position WG/ & 1L

>>> my_location.start
AfterPosition(5)

>>> print my_location.start
>5

(T gk%E)
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>>> my_location.end
BetweenPosition(9, left=8, right=9)
>>> print my_location.end

(879)

AR HARR IR, RIS positions, IR fuzzy position 5 fil 40 ll— 4L

>>> int(my_location.start)
5

>>> int(my_location.end)

9

SN T 32 IHM Biopython, 8 THEE X nofuzzy_start and nofuzzy_end :

>>> my_location.nofuzzy_start
5
>>> my_location.nofuzzy_end

9

Notice: iR T HE N T H WhRFfF fuzzy locations.

P, An R B — ARG location, HFEIF 8 4% 4 45 FeaturePosition 43 pR4l, B W@ 7
ExactPosition X} &:

>>> exact_location = SeqFeature.FeatureLocation(5, 9)
>>> print(exact_location)

[5:9]

>>> exact_location.start

ExactPosition(5)

>>> int(exact_location.start)

5

>>> exact_location.nofuzzy_start

5

PA_LJ2 Biopython ZEB fuzzy position HYSEEIT k. v BEEH REAR S Z BT AR RERET, R T 0681 L7
(ARSI ALRIE A

4.3.2.4 Location testing

A} Python Jeifinl in #R A AR ol SRR AR B Y S AR PR 2 R AT feature/location .

B AR AT S SNP TR feature B, FFHIEZ SNP [R5 B2 4350 (Python $+4(). —/MfAjH#
FYSEE T 02 G ERlE T A features:
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>>> from Bio import SeqIO
>>> my_snp = 4350
>>> record = SeqI0.read("NC_005816.gb", "genbank")

>>> for feature in record.features:
if my_snp in feature:

print (" " % (feature.type, feature.qualifiers.get("db_xref")))

source ['taxon:229193']
gene ['GeneID:2767712']
CDS ['GI:45478716', 'GenelID:2767712']

Note: GenBank /EMBL 4Hi) gene I CDS features (join ) HAEEIIE T, AEWNET.

4.3.3 {§EF feature 5} location 3R FEF|

SeqFeature & location object X G H %A HEZM TALMITH], HE AR location (IL254.3.277), M
A S Bl AR FE AT 5E 5:18 fi ¥, T GenBank/EMBL SC{4:PA 1 FF4f114X, Biopython
I8N complement (6..18) :

>>> from Bio.Seq import Seq
>>> from Bio.SeqFeature import SeqFeature, FeaturelLocation
>>> seq = Seq("ACCGAGACGGCAAAGGCTAGCATAGGTATGAGACTTCCTTCCTGCCAGTGCTGAGGAACTGGGAGCCTAC")

>>> feature = SeqFeature(FeaturelLocation(5, 18), type="gene", strand=-1)

PRI AR AL A 5:18, SRIG U M) BHAMNT A . W2 Biopython 1.59 s{PAJEMRCAS, R AN~ J7
Vi

>>> feature_seq = example_parent[example_feature.location.start:example_feature.location.
—end] .reverse_complement ()

>>> print feature_seq

AGCCTTTGCCGTC

ANITEALBIE A features (joins) B, WWIEAHSER . MDA SeqFeature X4 ] extract JyyEALH:

>>> feature_seq = seq[feature.location.start:feature.location.end].reverse_complement ()
>>> print(feature_seq)
AGCCTTTGCCGTC

SeqFeature Bf location XG4 B4 W] T~ Fr R P A A K B2

>>> feature_seq = feature.extract(seq)

>>> print(feature_seq)

(T gk%E)
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AGCCTTTGCCGTC

““SeqFeature By {7 1K B -5 AR 1A 119 7 4] IX SR B2 DR i

>>> print len(feature_seq)

13

>>> print len(feature)

13

>>> print len(feature.location)

13

T8 B4 FeatureLocation X} K FZE T2 | position Jif 2515 position fZE{H; T CompoundLocation [
KRN R 45 7 BEK B2 A

2.4.4 4.4 Lb%

SeqRecord XFGlREARH %, (HiX g aj Bl -

>>> from Bio.Seq import Seq

>>> from Bio.SeqRecord import SeqRecord

>>> recordl = SeqRecord(Seq("ACGT"), id="test")
>>> record2 = SeqRecord(Seq("ACGT"), id="test")

B FeE vt r e | EI (R N Py S )

>>> recordl == record2

WAFS NEFR 2, AR E Biopython $§fiiffl Python [¥) SeqRecord [ERIAXT R LE, XA recordl
== record2 {{FEiX LLA5 g 45 b AEH N [R]— X it AR 1] True, FEMIRBIH, recordl == record2 FEixX H
¥ m] False!

>>> recordl == record2 # on old versions of Biopython!

False

M Biopython 1.67 J4&, SeqRecord H.4F (B4l recordl == record2) ¥5| & — o 4k%, DAk AT
IR R B

breaklines=true,breaksymbolleft=]{pycon}
>>> recordl == record2

Traceback (most recent call last):
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NotImplementedError: SeqRecord comparison is deliberately not

implemented.Explicitly compare the attributes of interest.

MR, RAZA & GBI R, BIAR RAFRIF 51 -

>>> recordl.id == record2.id
True

>>> recordl.seq == record2.seq
True

B, RIS ARIAREZ A (55505 3.10 7).

2.4.5 4.5 Xk

$F— LY REA U FE S ik (reference) , Biopython ifiid Bio.SeqFeature.Reference N5 KfffE
AH 2 B SCHRA B -

References JEVEMEAE T HTFl 4. M4 . EFHFZEEE. WINA{IHE nedline_id . pubmed_id PAK comment .

i reference A location XJ42, fHT SCHRYWY MWFFR X RAEIFHI I ENL. % location f ] fig2—4>
fuzzy location (WL254.5.2 35).

SCER R SR DAS R FAE SeqRecord X4 annotations FHLAT, FHLAYEEK “references” . reference X
Sl B T AT SRR, A B R4 T 7K

2.4.6 4.6 BRILFHZE

SeqRecord 2] format () FEFFFEAF YL Bio.Seql0 k%=, 1 FASTA:

from Bio.Seq import Seq
from Bio.SeqRecord import SegqRecord

from Bio.Alphabet import generic_protein

record = SeqRecord(Seq("MMYQQGCFAGGTVLRLAKDLAENNRGARVLVVCSEITAVTFRGPSETHLDSMVGQALFGD" \
+"GAGAVIVGSDPDLSVERPLYELVWTGATLLPDSEGAIDGHLREVGLTFHLLKDVPGLISK" \
+"NIEKSLKEAFTPLGISDWNSTFWIAHPGGPAILDQVEAKLGLKEEKMRATREVLSEYGNM" \
+"SSAC"),
id="gi|14150838|gb|AAK54648.1|AF376133_1",

description="chalcone synthase [Cucumis sativus]")

print (record.format("fasta"))
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oA

>gi|14150838|gb|AAK54648.1|AF376133_1 chalcone synthase [Cucumis sativus]
MMYQQGCFAGGTVLRLAKDLAENNRGARVLVVCSEITAVTFRGPSETHLDSMVGQALFGD
GAGAVIVGSDPDLSVERPLYELVWTGATLLPDSEGAIDGHLREVGLTFHLLKDVPGLISK
NIEKSLKEAFTPLGISDWNSTFWIAHPGGPAILDQVEAKLGLKEEKMRATREVLSEYGNM

SSAC

<BLANKLINE>

format J{AEN NS I, /NG PR FATHIZ Bio. Seql0 BB IRFI s A% (W25 &), SR, b
format ) JIEIFAE I TEEZ KT SIS (N2 FH %0 (RIS 5.5.4 35).

2.4.7 4.7 SeqRecord H]H

WL #IN SeqRecord (i) A Al 13— Z5Hif) SeqRecord . BALTSIEEREMZ per-letter annota-
tions WY I, (HFT T features SREFAZL (locations FIR %)

PAHTIA Genbank LAl

breaklines=true,breaksymbolleft=]{pycon}

>>> from Bio import SeqIO

>>> record = SeqI0.read("NC_005816.gb", "genbank")

>>> record

SeqRecord (seq=Seq(' TGTAACGAACGGTGCAATAGTGATCCACACCCAACGCCTGAAATCAGATCCAGG. . .CTG'),
id='NC_005816.1", name='NC_005816",

description='Yersinia pestis biovar Microtus str. 91001 plasmid pPCP1l, complete sequence

1
—

dbxrefs=['Project:58037"'])
>>> len(record)

9609

>>> len(record.features)
41

ARG, A1 YP_pPCPO5 Ty i pim J[H. M GenBank SC{7] EE2F ) pim gene/CDS location J&
4343..4780 (FHN [ Python (& & 4342:4780 ). Location {5 B (T GenBank {4 12 il 13 entries

H, T python PA 0 FFERTH4EL, Ut python ), EAf1/E features 513K P11 entries 11 Fl 12:

breaklines=true,breakanywhere=true,breaksymbolleft=,breakanywheresymbolpre=]{pycon}
>>> print(record.features[20])

type: gene

location: [4342:4780] (+)

qualifiers:

(Foaks:)
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(B bTT)

Key: db_xref, Value: ['GeneID:2767712']
Key: gene, Value: ['pim']
Key: locus_tag, Value: ['YP_pPCP05']
<BLANKLINE>
>>> print(record.features[21])
type: CDS
location: [4342:4780] (+)
qualifiers:
Key: codon_start, Value: ['1']
Key: db_xref, Value: ['GI:45478716', 'GenelID:2767712']
Key: gene, Value: ['pim']
Key: locus_tag, Value: ['YP_pPCP05']
Key: note, Value: ['similar to many previously sequenced pesticin immunity ...']
Key: product, Value: ['pesticin immunity protein']
Key: protein_id, Value: ['NP_995571.1']
Key: transl_table, Value: ['11']
Key: translation, Value: ['MGGGMISKLFCLALIFLSSSGLAEKNTYTAKDILQNLELNTFGNSLSH...']
<BLANKLINE>

MACTESEHEY] A (4300 #] 4800), MM ArASEI) features R

breaklines=true,breaksymbolleft=]{pycon}

>>> sub_record = record[4300:4800]

>>> sub_record
SeqRecord(seq=Seq('ATAAATAGATTATTCCAAATAATTTATTTATGTAAGAACAGGATGGGAGGGGGA. . .TTA'),
id='NC_005816.1"', name='NC_005816",

description='Yersinia pestis biovar Microtus str. 91001 plasmid pPCP1, complete sequence.

|
—

dbxrefs=[])

>>> len(sub_record)

500

>>> len(sub_record.features)
2

g% (sub_record) HAFEWAS features, 43 fllJ& YP_pPCPO5 JFiif gene FI CDS:

breaklines=true,breakanywhere=true,breaksymbolleft=,breakanywheresymbolpre=]{pycon}
>>> print(sub_record.features[0])

type: gene

location: [42:480](+)

qualifiers:

(Q3)

42 Chapter 2. Contents




Biopython-cn Documentation, A% 0.1

(8:EW)

Key: db_xref, Value: ['GeneID:2767712']
Key: gene, Value: ['pim']
Key: locus_tag, Value: ['YP_pPCP05']
<BLANKLINE>
>>> print(sub_record.features[20])
type: CDS
location: [42:480](+)
qualifiers:
Key: codon_start, Value: ['1']
Key: db_xref, Value: ['GI:45478716', 'GeneID:2767712']
Key: gene, Value: ['pim']
Key: locus_tag, Value: ['YP_pPCP05']
Key: note, Value: ['similar to many previously sequenced pesticin immunity ...']
Key: product, Value: ['pesticin immunity protein']
Key: protein_id, Value: ['NP_995571.1']
Key: transl_table, Value: ['11']
Key: translation, Value: ['MGGGMISKLFCLALIFLSSSGLAEKNTYTAKDILQNLELNTFGNSLSH...']
<BLANKLINE>

R locations R 300 AE BT AL 41!

JEATBE R LR BT E SR A S RHIE (FIE 289 per-letter annotation ), fEUZ X} T HA R, Biopython
TEEHAWHR B IIRE R T 1. WL 7% 2 | annotations Al dbxrefs DA [HLE X .

>>> sub_record.annotations
{3

>>> sub_record.dbxrefs

(]

AT TR EAE, IR RHE T id , name fil description :

>>> sub_record.id
'NC_005816.1"

>>> sub_record.name
'NC_005816"

>>> sub_record.description

'Yersinia pestis biovar Microtus str. 91001 plasmid pPCP1, complete sequence.'

ARG FARGF R R T, TR SRS B BRI, L description Je R, FATHT AR T
SREMOEHAER ) GenBank 3UfF, WIS 4.6 4 TiA format JFRAIE: -

2.4. %4 EFITERR 43




Biopython-cn Documentation, %% 0.1

breaklines=true,breaksymbolleft=]{pycon}
>>> sub_record.description = "Yersinia pestis biovar Microtus str. 91001 plasmid pPCP1,,
—partial."

>>> print sub_record.format ("genbank")

FASTQ Bl FZ 055 18.1.7 FiMEE18.1.8 %5 (MBI per-letter annotations (read i/ 40) WHHEIH) .

2.4.8 4.8 SeqRecord Y& 4H7N

SeqRecord X4 n] FHINTSF]—4~H11] SeqRecord . {7 : per-letter annotations AR, features (locations
PEEL); M HE annotation {RFEAZE (4 id. name F1 description),

PA FASTQ SCHE AR 2 — 2L N BIEI] per-letter annotation (555 FIFAI/NM4 Seql0 M%)

breaklines=true,breaksymbolleft=]{pycon}

>>> from Bio import SeqIO

>>> record = Seql0.parse("example.fastq", "fastq").next()

>>> len(record)

25

>>> print record.seq

CCCTTCTTGTCTTCAGCGTTTCTCC

>>> print record.letter_annotations["phred_quality"]

[26, 26, 18, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26, 22, 26, 26, 26, 26,
26, 26, 26, 23, 23]

ﬁme:Lr?ﬁJ@ZTE?E H Roche 454 7, FRIBHEH TG EBAH TTT Wik TT o SUEFA 45090 3R EGE =
T HiJ5HY%%) (SeqRecord ) :

breaklines=true,breaksymbolleft=]{pycon}

>>> left = recordl[:20]

>>> print(left.seq)

CCCTTCTTGTCTTCAGCGTT

>>> print(left.letter_annotations["phred_quality"])
[26, 26, 18, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26, 22, 26, 26, 26, 26]
>>> right = record[21:]

>>> print(right.seq)

CTCC

>>> print(right.letter_annotations["phred_quality"])
[26, 26, 23, 23]

P HEN:
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breaklines=true,breaksymbolleft=]{pycon}

>>> edited = left + right

>>> len(edited)

24

>>> print edited.seq

CCCTTCTTGTCTTCAGCGTTCTCC

>>> print edited.letter_annotations["phred_quality"]

[26, 26, 18, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26, 26, 22, 26, 26, 26, 26,
26, 26, 23, 23]

RAEZMEMIE! R Wl &I

>>> edited = record[:20] + record[21:]

PIAEPA GenBank SCF (2 2FREFLL) AFIHET features:

breaklines=true,breaksymbolleft=]{pycon}

>>> from Bio import SeqlO

>>> record = SeqIO.read("NC_005816.gb", "genbank")

>>> record

SeqRecord(seq=Seq (' TGTAACGAACGGTGCAATAGTGATCCACACCCAACGCCTGAAATCAGATCCAGG. . .CTG',
TUPACAmbiguousDNA()), id='NC_005816.1', name='NC_005816",

description='Yersinia pestis biovar Microtus str. 91001 plasmid pPCP1l, complete sequence.
dbxrefs=['Project:10638'])

>>> len(record)

9609

>>> len(record.features)

41

>>> record.dbxrefs

['Project:58037"']

>>> record.annotations.keys()

dict_keys(['molecule_type', 'topology', 'data_file_division', 'date', 'accessions',
'sequence_version', 'gi', 'keywords', 'source', 'organism', 'taxonomy', 'references',

< 'comment'])

A AR A

breaklines=true,breaksymbolleft=]{pycon}

>>> shifted = record[2000:] + record[:2000]

>>> shifted

SeqRecord (seq=Seq (' GATACGCAGTCATATTTTTTACACAATTCTCTAATCCCGACAAGGTCGTAGGTC. . .GGA",

(Qiti3)
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(8:EW)

TUPACAmbiguousDNA()), id='NC_005816.1', name='NC_005816",
description='Yersinia pestis biovar Microtus str. 91001 plasmid pPCP1l, complete sequence.

1
—

dbxrefs=[])
>>> len(shifted)
9609

Note: iRy ATESE (R THIREARZ LG dbxrefs i feature) :

>>> len(shifted.features)

40

>>> shifted.dbxrefs

(]

>>> shifted.annotations.keys()
dict_keys([]1)

X2 SeqRecord Y] X} annotation [ E EHHEME (F4 UM/ H annotation RJRES KAL), WIRIRELR
BB 1R 2 51 dbxrefs FIH R annotations ML iTERIT, A4 RERFADR B

breaklines=true,breaksymbolleft=]{pycon}

>>> shifted.dbxrefs = record.dbxrefs[:]

>>> shifted.annotations = record.annotations.copy()

>>> record.dbxrefs

['Project:58037"']

>>> record.annotations.keys ()

dict_keys(['molecule_type', 'topology', 'data_file_division', 'date', 'accessions',
'sequence_version', 'gi', 'keywords', 'source', 'organism', 'taxonomy', 'references',

— 'comment'])

Note: i H1 74 record 11 identifiers 0% ([F5 NCBI [ reference £ 2R LGN R48 75 ).

2.4.9 4.9 R[EE* SeqRecord Jf&

NIE B A R I AN JF  annotation ¥ 4% 3 1% ]l M, Biopython 1.57 SeqRecord Xf£ AT
reverse_complement J7{%. Xt A Biopython 1.57 [H#iFEZ —.

FEH ] Seq %F4 P reverse complement J5Vk 2 [0 B 4b. Features [ifi location T iAs, strand tB#FE i1
B I per-letter-annotation (GE#E L T X FMEE L GG, WX RO FOERE G ) . RiE
Y annotation FFEAEKIFFEAT )R

Lb i record ID J2 accession &+, i% accession A H T R IMEAMNTS) . BRiA identifier ¥ n] S3E 404
M AR EEEE IR . Atk SeqRecord 11 id. name. description. annotations I dbxrefs BRIAARAL .
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SeqRecord X4 reverse_complement V5 LM IESE AN record HJEMH: . KX LS EL N True F£
AR HIHE: T False BN EBHIAE. MAWAT H & SUHE.

2Z&51:

breaklines=true,breaksymbolleft=]{pycon}

>>> from Bio import SeqlO

>>> record = SeqlI0.read("NC_005816.gb", "genbank")

>>> print (" " % (record.id, len(record), len(record.features), len(record.
—dbxrefs), len(record.annotations)))

NC_005816.1 9609 41 1 11

JLm HAMZ record FH45 ID MR-FHE - & £2%( annotation E45, i features {I31E:

breaklines=true,breaksymbolleft=]{pycon}

>>> rc = record.reverse_complement (id="TESTING")

>>> print (" "% (rc.id, len(rc), len(rc.features), len(rc.dbxrefs), len(rc.
—,annotations)))

TESTING 9609 41 0 O

2.5 5 5 EFFIIE A F0%

AREENFTENITIS Bio.Seql0 Mk, AL 2 MO AMUS MM N A AR, BN, B BERME
— AT T, SEBIN & AN [ A% 7 ) SO AT S — AL B . RIS S5 AL Bio.SeqlO ZEHL HUTH
(http://biopython.org/wiki/SeqlO ) FINE IR (SeqlO ) :

>>> from Bio import SeqlO
>>> help(SeqID)

AT BRI SeqRecord XL (UL 5i), MRS Seq XI5 (WA S ) FITERE
I (Ws) ID FA(E R ) WER, TEARBRARH K FASTA 5 FASTQ SCPFRS, (S BTk 28X R0 T
PP RE S IAN ARG KNS . FEIXFMENL T, WEH ERYY < SimpleFastaParsert il *‘FastqGenerallteratorfi#
Pras, ENPCEEMLRR B — PRt (S ILEE 5.6 7).

2.5.1 5.1 & /iZHES)

SR T E R AUE Bio.Seql0.parse() , ‘BT EHUTFHISCIH LA SeqRecord X4, W EPINZSL:

L BN SHR—A M HEHE NI (handle ). AIRTATVURTTIFIISCHE, AT RFROE L, B
KB T EMBE GEIFS.3 7). HZ XTI EEIE LA 22.1 37,
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2. BEASHR—ANGT R, ATHREFIE (AN SR ) SR SO %L
1 I, http://biopython.org/wiki/SeqlO .

Bio.SeqID.parse() PREIR[A|—> SeqRecord 4 ikas (iterator ), BAEFE T MAENEFA .

R TS B RS — AN A0 45 H RSO, BERHE 6 B 4L Bio.Seql0.read ) . B -5 K4 Bio.
SeqIO0.parse () MFEIMSEL, M CMA BHACH 5505 H Rl SeqRecord Xf4, 145 NIflA 4 .

5.1.1 {EERFFSI3

SKL, Bio.SeqI0.parse() JIT EEPUFHISCIFIF1R [N SeqRecord ¥4, il # AEMIAH, -

from Bio import SeqlO

for seq_record in SeqlO.parse("ls_orchid.fasta", "fasta"):
print(seq_record.id)
print (repr(seq_record.seq))

print(len(seq_record))

ERIERBIR A2 T, ERFEEROR H FASTA #2030 s orchid fasta g9259E DNA P51, QIR ARAR3E
WU GenBank %7304, 41 1s_orchid.gbk , FUFFEH MU A 20 P49 5 -

from Bio import SeqIO

for seq_record in SeqI0.parse("ls_orchid.gbk", "genbank"):
print(seq_record.id)
print (seq_record.seq)

print(len(seq_record))

FIFEHE, A5 aE BB AE 30, I H Bio.SeqI0.parse ) SCHFZSCHARIN, R HTHEAE S EAH M )
W FERFER, W “swiss” °f SwissProt #2030, “embl” Sy EMBL A2 SCAS SO, R0 ) I75 BA L4 EL T
H (http://biopython.org/wiki/SeqlO ) FIHNE RS (FEL XY ).

T3 —A AR WA Python A &Ry 2 e R M (list comprehension, AL pids ik gen-
erator expression) . BN, UIRFFEM SO HEIBUTSI ID 53, FATAT DATE S AR 1991 e SR A 2 sk
i

>>> from Bio import SeqlO

>>> identifiers = [seq_record.id for seq_record in SeqIO0.parse("ls_orchid.gbk", "genbank
"1

>>> jdentifiers

['Z78533.1', 'Z78532.1', 'Z78531.1', 'Z78530.1', 'Z78529.1', 'Z78527.1', ..., 'Z78439.1']

HZ %] Seql0.parse ) TEFNFME T H I HIMI/RBIE LA 18.2 47 (e.g. XTI GC% 1EH).
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5.1.2 @RS
e LR Bilrf, AT H G for TEFRE A RITFSI4H (records). YRATLARS for JEERME I BT A 2R AUAY 32
FRIEAUHR D) Python X4 (L5138, Jodl (tuple) FIF4FH).

Bio.Seql0 iR [Alfxf 4 5Lhn b2 — MR [l SeqRecord XML RS . VREIFHIZEHA4H, HEAHH
SO0 e, BACPIRICPRRS, AR T DA RO 2 A7 25T

B TR for MRER, BRI DAGENIEUARAY cnext O Jrikil sl H , A

from Bio import SeqIO

record_iterator = SeqlIO.parse("ls_orchid.fasta", "fasta")

first_record = record_iterator.next()
print (first_record.id)

print(first_record.description)

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

print (second_record.description)

R WREH nextO H¥E, MWAFINLHE, Rl StopIteration 4.

RN, PR E S A E, TR E R R H . BRI, T DA A,
AR

from Bio import SeqlO
first_record = next(SeqI0.parse("ls_orchid.gbk", "genbank"))

VERE: R RO B next O TP N SCIE ARSI SRRSO A FLUAT &R H
1K BT RS 0. 4025 B4R (o PSR GenBank SCfF, #FHi Bio.Seql0.read() MilK. W%
BB A P A A 4

5.1.3 RBFIIHPFIIFEIIR

b, FATHE T A Bio.SeqI0.parse() i&[i|—A> SeqRecord LAY, ASEITHIAKEUTF
FH . FEAERNGEMEREFHRBUF 512 H , Python SIF AR H n AKFIXAH ). fiif Python 4
B 1ist O, FRATATARE TS5 H IR LA AL i SeqRecord XfRFZK, UIR:

from Bio import SeqlO
records = list(SeqI0.parse("ls_orchid.gbk", "genbank"))

print ("Found records" 7 len(records))

(T gk%E)
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(B bTT)

print ("The last record")

last_record = records[-1] #using Python's list tricks
print (last_record.id)

print (repr(last_record.seq))

print(len(last_record))

print ("The first record")

first_record = records[0] #remember, Python counts from zero
print (first_record.id)

print (repr(first_record.seq))

print(len(first_record))

Found 94 records

The last record

7278439.1
Seq('CATTGTTGAGATCACATAATAATTGATCGAGTTAATCTGGAGGATCTGTTTACT. . .GCC")
592

The first record

Z278533.1
Seq('CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGG. . .CGC')
740

MR, AR AT LAX] SeqRecord MR INEKM for A, fIMIFIRLMAENASRIEGL (FI0, WTRARYE
FIFRI/PNHGEF S A B ), HER AU for MEFRE RN ST NG, FEEZ RN,

5.1.4 2Bz

SeqRecord X4 M HH RS BAEE, Bp A H AN A . I T IRBEERE B2 W74, A Gen-
Bank ¢4 s orchid.gbk H#NTH S NFEIISH, IR

from Bio import SeqlO
record_iterator = SeqIO.parse('"ls_orchid.gbk", "genbank")
first_record = next(record_iterator.next())

print(first_record)

i 4R

ID: Z78533.1
Name: Z78533

(T gk%E)
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(8:EW)

Description: C.irapeanum 5.83 rRNA gene and ITS1 and ITS2 DNA.

Number of features: 5

/sequence_version=1

/source=Cypripedium irapeanum

/taxonomy=['Eukaryota', 'Viridiplantae', 'Streptophyta', ..., 'Cypripedium']
/keywords=['5.8S ribosomal RNA', '5.8S rRNA gene', ..., 'ITS1', 'ITS2']
/references=[...]

/accessions=['Z78533"]

/data_file_division=PLN

/date=30-NOV-2006

/organism=Cypripedium irapeanum

/gi=2765658
Seq('CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGG. . .CGC")

1% 7] PAFS3 SeqRecord KIS BLi R S B  FE LB, F A 1K ] . annotations JE -1 Python
T (dictionary) . ZHEREFILI NN FIA/RBISER, IRUUAT DAEL B H -

print(first_record.annotations)

5 H A Python “Flt—4, R0 DURFAHIZR A1 2K -

print(first_record.annotations.keys())

o (e

print (first_record.annotations.values())

HH ERER TR EE TAFERIIR . — MBI, S BT A 27 SCHR (references ) #FPAT| A (reference)
Xt 7 AP -

BlUNARFE M GenBank {4 Is orchid.gbk Hr3RELH R FE. FATEEN{EE Cypripedium irapeanum ¥
PRAFAERX RS ‘source” Al ‘organism’ FErp, ATV AR R R = ERHL:

>>> print(first_record.annotations["source"])

Cypripedium irapeanum

By

>>> print(first_record.annotations["organism"])

Cypripedium irapeanum

JWE, ‘organism’ T4 (i1 4, e.g. Arabidopsis thaliana ), T ‘source’ il T#344 (common name) (e.g.
thale cress). FEULGIH, DARAEHEE I T, XA TF B2 FIT .
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BAE, AERATEIIFAR I RE, Q@IS 2SR RSk

from Bio import SeqIO

all_species = []

for seq_record in SeqI0.parse("ls_orchid.gbk", "genbank"):
all_species.append(seq_record.annotations["organism"])

print(all_species)

73 Ah— P AR SR AT -

from Bio import SeqIO
all_species = [seq_record.annotations["organism"] for seq_record in \
SeqI0.parse("ls_orchid.gbk", "genbank")]

print(all_species)

PR i i S5 AR A )

['Cypripedium irapeanum', 'Cypripedium californicum', ..., 'Paphiopedilum barbatum']

P2 GenBank SCPFARERE ARRIET IERE, BIr AR 24 R 0.

B, BRBURTE M —A> FASTA SCfFiiAZE GenBank U BURYIFSIZER, IE2IRARAZE LA,
LA S 25 H RGBT R B8 . BBl FASTA 3CfF Is orchid.fasta A% z(AF

>gi|2765658 | emb|Z78533.1|CIZ78533 C.irapeanum 5.8S rRNA gene and ITS1 and ITS2 DNA
CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGGAATAAACGATCGAGTG
AATCCGGAGGACCGGTGTACTCAGCTCACCGGGGGCATTGCTCCCGTGGTGACCCTGATTTGTTGTTGGG

YRATAREIGA, W NFIIEH, WRAEEMA TR AR X EWRE IR EATAZ A7
Y% HK) .description , YR RFLEH 1 IR (5F 0 AICERETFH ID), FATAT AR :

from Bio import SeqlO

all_species = []

for seq_record in SeqlO.parse("ls_orchid.fasta", "fasta'"):
all_species.append(seq_record.description.split() [1])

print(all_species)

P53
['C.irapeanum', 'C.californicum', 'C.fasciculatum', 'C.margaritaceum', ..., 'P.barbatum']
o Y S BTV 4 91 R AT -
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from Bio import SeqIO
all_species == [seq_record.description.split()[1] for seq_record in \
SeqI0.parse("ls_orchid.fasta", "fasta")]

print(all_species)

WG, % FASTA fiid 4R BUE BRI AT (8 . AARARAESATXT H An e SR AR AR 19 SO P4 8 GenBank
o EMBL, HRAXREREE SR A 2 a8 .

5.1.5 f&i iz

1 E—3, RATER T AUTERE SeqRecord . o3 —/N# WAT 4552 Bl b Bdis . —4> SeqRecord ()@ 1] DA
HEBN, Bl

>>> from Bio import SeqIO

>>> record_iterator = Seql0.parse("ls_orchid.fasta", "fasta'")
>>> first_record = next(record_iterator)

>>> first_record.id

'gi|2765658|emb|Z78533.1|CIZ78533"

>>> first_record.id = "new_id"

>>> first_record.id

'new_id'

R, ARG A FASTA A% (L5 5.5 %), NAZFINZE id fl description J&
Moo NTHRIEFIIATY, BEERTTE description WJFLUS—A> id FIZEAH%:

>>> from Bio import SeqIO

>>> record_iterator = Seql0.parse("ls_orchid.fasta", "fasta'")

>>> first_record = next(record_iterator)

>>> first_record.id = "new_id"

>>> first_record.description = first_record.id + " " + "desired new description"
>>> print(first_record.format("fasta") [:200])

>new_id desired new description
CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGGAATAAA
CGATCGAGTGAATCCGGAGGACCGGTGTACTCAGCTCACCGGGGGCATTGCTCCCGTGGT
GACCCTGATTTGTTGTTGGGCCGCCTCGGGAGCGTCCATGGCGGGT

2.5.2 5.2 NEGEHEHIZERTFINIER

TE_ b=, FAIIFIE T M SCHE PR E SR e B T B SCIR4% , AT DALE Bio. SeqIO I SO AUAH (1
WEF22.1 95) o AEEX—T0, FRANTRFOE I SR 48 SCHF R AT e 5105 o
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AR _ETEE B, FRATRT A SO 4E A Bio.Seql0.read () H Bio.SeqlO.parse() (%L - fHillnsE
XABITH, FATH L AR GenBank SUFH 2 701 5 HRYE K :

>>> from Bio import SeqIO
>>> print(sum(len(r) for r in SeqIO.parse("ls_orchid.gbk", "gb")))
67518

BRAL, FRAIEE SRR, FFOEAT with i) H 3l 5P AN :

>>> from __future__ import with_statement #Needed on Python 2.5
>>> from Bio import SeqIO
>>> with open("ls_orchid.gbk") as handle:

print(sum(len(r) for r in SeqI0.parse(handle, "gb")))
67518

s, HIHBRAR T3, T8 KPR

>>> from Bio import SeqIO

>>> handle = open("ls_orchid.gbk")

>>> print(sum(len(r) for r in SeqIO.parse(handle, "gb")))
67518

>>> handle.close()

BAE, WERFANTAH —A gzip EARISCIRNRE? XML SCIAE Linux R GEH @8 661 . FATH AR
Python ] gzip BHATIFIE A8 SRS A - 2 o] — M Aisg 42 -

>>> import gzip

>>> from Bio import SeqlO

>>> with gzip.open("ls_orchid.gbk.gz", "rt") as handle:
print(sum(len(r) for r in SeqI0.parse(handle, "gb")))

67518

HFE, AERFATH —A bzip2 K41

>>> import bz2

>>> from Bio import SeqIO

>>> with bz2.open("ls_orchid.gbk.bz2", "rt") as handle:
print(sum(len(r) for r in SeqI0.parse(handle, "gb")))

67518

A —F gzip (GNU zip) Z&Fi#5N BGZF (Blocked GNU Zip Format), ‘&R PAYEREIE gzip SCIFHEEHL,
HEA R, FATHER SIS 5. 4.4 ke,
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2.5.3 5.3 Tk B LRI 5
fE L, FRlTBFIE T ASCEE (H S04 S SO ) REESSCRE (WEH S ) ARATIZISCH .
HUFG A4 B Bio.SeqlO % —FITAINT, [ HER:, A% FBFIARYTII,

TR, VR DA Bl R 3550 3 TR SeqRecord X4, X IFARMEX & — M E. WH, k]
AT 2 T B SIHFAEASCIFAE SR

5.3.1 SRk B M%) GenBank [F3I%ZH
55.9.0 TR IS Entrez EFetch #2001, (H2IAEFR A RS B %42 8] NCBI, @it GI 5 M GenBank
A Opuntia (RIFL) J¥51.

B, FATHRE—RFHEH . WERARA KETERAAN R E R, N3k FASTA U2 AR ESE, B
MATAINS B . THICAE, AR BAL BT R A & HACE — 475 5 HIF, 1] Bio.SeqI0.read ) pR%K:

from Bio import Entrez

from Bio import SeqlO

Entrez.email = "A.N.Other@example.com"
with Entrez.efetch(
db="nucleotide", rettype="fasta", retmode="text", id="6273291"

) as handle:

seq_record = SeqlO.read(handle, "fasta")
print("/s with features" 7, (seq_record.id, len(seq_record.features)))
R

gil6273291|gb|AF191665.1|AF191665 with O features

NCBI 1 AR R BCR B S0, JLHE GenBank 0. H 3 2009 4EE %75, Entrez EFetch APT {#i ]
“genbank” fFER WA, SR NCBI SIAERFFHEN “gb” (PG “gp”) MEANEIRMBIZEA, HALH
A&, EFetch for Sequence and other Molecular Biology Databases . K, Biopythonl.50 k& DAJG AN
Bio.SeqI0 ', FHATXFE: “gb” fEH “genbank” HIHI% .

from Bio import Entrez

from Bio import SeqlO

Entrez.email = "A.N.Other@example.com"
with Entrez.efetch(

db="nucleotide", rettype="gb", retmode="text", id="6273291"
) as handle:

(FoER)
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(8:EW)

seq_record = Seql0.read(handle, "gb") # using "gb" as an alias for "genbank"

print("/s with features" 7, (seq_record.id, len(seq_record.features)))

R AR

AF191665.1 with 3 features

YRR, XIS 3 MEFIE.
WAE, EFAVKIENFHEE . RN EZRTFH1%H, RRAILHHH Bio.Seql0.parse () iR
¥

from Bio import Entrez

from Bio import SeqIO

Entrez.email = "A.N.OtherQexample.com"
with Entrez.efetch(

db="nucleotide", rettype="gb", retmode="text", id="6273291,6273290,6273289"
) as handle:

for seq_record in SeqI0.parse(handle, "gb"):

print (" ..." % (seq_record.id, seq_record.description[:50]))
print(

"Sequence length s features, from: "

% (

len(seq_record),
len(seq_record.features),

seq_record.annotations["source"],

UL E AR

AF191665.1 Opuntia marenae rpll6 gene; chloroplast gene for c...
Sequence length 902, 3 features, from: chloroplast Opuntia marenae
AF191664.1 Opuntia clavata rpll6 gene; chloroplast gene for c...
Sequence length 899, 3 features, from: chloroplast Grusonia clavata
AF191663.1 Opuntia bradtiana rpll6 gene; chloroplast gene for...

Sequence length 899, 3 features, from: chloroplast Opuntia bradtianaa

WX KT Bio.Entrez BIAY(FEIT AR &, Ik NCBI Entrez I #5E (559.1 71).
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5.3.2 iRk B MEKEY SwissProt 5% H

PUAEFRATI 6 A AR T 30k B ExPASy 1) SwissProt U4, IR ARG EE WA 10 %, W LERan, 244-
F B PR 88 HAUE — 475 Hit, {fiff Bio.Seql0.read () pRAL:

from Bio import ExPASy
from Bio import SeqIO

with ExPASy.get_sprot_raw('"023729") as handle:
seq_record = SeqIO0.read(handle, "swiss"

print(seq_record.id)

print (seq_record.name)

print(seq_record.description)

print (repr(seq_record.seq))

print ("Length /7" 7, len(seq_record))

print(seq_record.annotations["keywords"])

WERMAERIER, R 255

023729

CHS3_BROFI

RecName: Full=Chalcone synthase 3; EC=2.3.1.74; AltName: Full=Naringenin-chalcone,
—synthase 3;

Seq('MAPAMEEIRQAQRAEGPAAVLAIGTSTPPNALYQADYPDYYFRITKSEHLTELK. . .GAE')

Length 394

['Acyltransferase', 'Flavonoid biosynthesis', 'Transferase']

2.5.4 5.4 FIIXHF{EAFH
FA A4 Bio.SeqlO Hiblrh 3 MHXHIAL, T BEVLIEIE F9) S0Pk i35 TG AU IR HE AR -
B2

o Bio.SeqIO.to_dict() FRIHMHMNAEE MR GEWEH L1 9). XHEA ERE—hmtk, Tz
A7 Python 5 8, #/N4%HPA SeqRecord MR TERFEAENAET, ARTRIBHIXEEKH .

o Bio.SeqIO0.index() AbFHa]/K -, ZMIT HiZF i, AT EAHNT 5 %] SeqRecord Xf4 (i
5.0.275).

* Bio.SeqI0.index_db() HRMIT HE7 i, (H2K5 30 ) ID FSCIHmAS EAF A FIRERE (SQLite3
Bl ), SRR EX N SRR (1 JWL’“ 5.4.37%5), Hag—x.

SRR WIHE R (555.4.5 97),
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5.4.1 FIIXHEAFR-EAFF

TR 22 AEHE S B R R A AL BERE T s A X Al T T 3851, PASAEET] Python f) dictionary %kt
KA (15 Perl o hash J&{Bl) PAZSARLT %t A p) 75 SO o X T A AP 85 R/ N SO s O 2 e
TCER, MR PR R o AR BRSO, AR T, I IU RIS 5.2 1

PRATA ] Bio.SeqIO.to_dict () PRAXAIE-—/~ SeqRecord il (YEPAFH) . BRINS AT HIAH
# ID (ie. .id @) V8. iEFRATH GenBank CfR—iR:

>>> from Bio import SeqlO
>>> orchid_dict = SeqIO.to_dict(SeqI0.parse("ls_orchid.gbk", "genbank"))

Bio.Seql0.to_dict() fUF—1S4, HIGEAZT5] SeqRecord XfRINF KB LA, X HIAIMI SeqIO.
parse HREUHI . W4 E X, Bio.Seql0.to_dict() i&[H]— Python T,

P oAz orchid_dict j&—MEilAY Python “FUit, FATAZEH BT :

>>> len(orchid_dict)
94

>>> list(orchid_dict.keys())
['Z78484.1', 'Z78464.1', 'Z78455.1', 'Z78442.1', 'Z78532.1', 'Z78453.1', ..., 'Z78471.1']

1F python3 1, FHFYE (W1 “keys() “and “.values() ©) EiEfCHEMAETF.
WERARIA SRR E, R BT A —IREERIA T HI%H :

>>> orchid_dict.values() #lots of output!

FATAT VA B U SeqRecord XA HRAERICN 42 :

>>> seq_record = orchid_dict["Z78475.1"]

>>> print(seq_record.description)

P.supardii 5.8S rRNA gene and ITS1 and ITS2 DNA.
>>> seq_record.seq

Seq('CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGTTGAGATCACAT. . .GGT")

H L, ATPAHFEATN) GenBank P41 4 H &2 MAHUAE W AFH AN EdEE (in memory  “database”) . #F
KA TR FASTA /4.

EAERENZ, XA Python IR A KU, W DAREAAHANE — N2l . SR, SLZ ff 7 L) 7
D7 AN BEAR G-l A ¥ A B L . (i Bio.SeqI0.to_dict () PRECKIIAMI A Sidg b, S R P &
AR R SRR .
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5.4.1.1 {5ESHEE

S A R AR, SURF S FASTA SO

from Bio import SeqIO
orchid_dict = SeqI0.to_dict(SeqI0.parse("ls_orchid.fasta", "fasta"))
print(orchid_dict.keys())

XN

['gi|2765596|emb|Z78471.1|PDZ78471"', 'gi|2765646|emb|Z78521.1|CCZ78521",
., 'gil|2765613|emb|Z78488.1|PTZ78488"', 'gi|2765583|emb|Z78458.1|PHZ78458"']

RERIRZHIAEE 2. 1 TR FATAATHY FASTA SUPFER . WRARTRZ R, WS (Accession
Number) , A[ffJf] SeqI0.to_dict) WYH LS key_function , EAVHMRIRIGIRIFIIZHF A, HE
PESY B

B, R AR, 41 SeqRecord WRIEASHUIN, FLARIMMRFFEARHE (FAFER) . EH, &K
B AR T VR EAE B P81 25 H RO R (DX T RAT =880, JATHBT RN “ElE” 55 ()
143 ID FRREEENA&H CB=AI0K):

def get_accession(record):

"mrrGiven a SeqRecord, return the accession number as a string.

e.g. "g1/2765613/emb [Z278488.1|PTZ78488" -> "Z78488.1"
parts = record.id.split("|")
assert len(parts) == 5 and parts[0] == "gi" and parts[2] == "emb"

return parts[3]

SRIGERATAT AR IR B S Seql0. to_dict O BREUAHT-H B lL:

from Bio import SeqIO
orchid_dict = SeqI0.to_dict(SeqI0.parse("ls_orchid.fasta", "fasta"), key_function=get_
—accession)

print(orchid_dict.keys())

&2 IE EIp i 1Y

>>> print(orchid_dict.keys())
['Z78484.1', 'Z78464.1', 'Z78455.1', 'Z78442.1', 'Z78532.1', 'Z78453.1', ..., 'Z78471.1']

AR 3!
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5.4.1.2 f£H SEGUID £Eaf0FRBIFRSI

N T NE7 I SeqRecord IR FIAPRG], FATRHEH SEGUID FEAMpREL. X e — DRI
oA, whoRAEE I (Le. WIZARFHRAMIEREIRM), XS CRC64 KIFIA FTHET]

TERANTH— AL H 2% 4 GenBank 3C{4::

from Bio import SeqlO
from Bio.SeqUtils.CheckSum import seguid
for record in SeqIO.parse("ls_orchid.gbk", "genbank"):

print(record.id, seguid(record.seq))

5155

278533.1 JUEoWn6DPhgZ9nAyowsgtoD9TTo
Z78532.1 MN/s0q9zDoCVEEc+k/IFwCNF2pY

Z78439.1 H+JfaShya/4yyAj7IbMggNkxdxQ

PAE, HIRIAH Bio.Seqll.to_dict() PE%Y key_function Z4{, key_function ZFTEE KR
SeqRecord F AN FATH . FAVAREE LM ‘seguid() “ K%L, HNEFHE Seq W (HFHH) 1EH
SR Ak, BATATPAMEA Python [ lambda fEMEANE——k P (“one off”) pREL, RIGEHL Bio.
SeqI0.to_dict() :

>>> from Bio import SeqlO

>>> from Bio.SeqUtils.CheckSum import seguid

>>> seguid_dict = Seql0.to_dict(SeqI0.parse("ls_orchid.gbk", "genbank"),
lambda rec : seguid(rec.seq))

>>> record = seguid_dict["MN/s0q9zDoCVEEc+k/IFwCNF2pY"]

>>> print(record.id)

278532.1

>>> print(record.description)

C.californicum 5.8S5 rRNA gene and ITS1 and ITS2 DNA.

LR M SR SR —ANFA A H 278632.1

5.4.2 FFIICHEAFH - RSINH

ZHIRZ RO IR )2 {1 Bio.SeqlO. to dlct() E’Ji{ﬁ@ SR, PR BRI W B E N
firf, URAEALBEAY ST R/ FRT FE ) RAM, AL AEAL B — 28/ NSRS R/ NSO

XEFHERACNE, %% B Bio.Seql0.index() , TAEJHL LA AR JRAE VIR R I —4FMPLT
THBNR, ARG SAEENA . A, BGOSR A & BE SR AL E - 4R
REPUL AR E PR BN, EA U TR
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IEFAVE N Z B H) GenBank SUUHAE 7R B :

>>> from Bio import SeqIO

>>> orchid_dict = SeqlIO0.index("ls_orchid.gbk", "genbank")
>>> len(orchid_dict)

94

>>> orchid_dict.keys()
['Z78484.1', 'Z78464.1', 'Z78455.1', 'Z78442.1', 'Z78532.1', 'Z78453.1', ..., 'Z78471.1']

>>> seq_record = orchid_dict["Z78475.1"]

>>> print(seq_record.description)

P.supardii 5.8S5 rRNA gene and ITS1 and ITS2 DNA.

>>> seq_record.seq
Seq('CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGTTGAGATCACAT. . .GGT")

>>> orchid_dict.close()

V17 Bio.SeqlO.index() AERZMINSEL, MIUEZIM4 . XA SRS, ER2ETFHEAME, H 74
SRR (5 HE Bio.Seql0 REL—HERI/ING FAFER) o ARAT DAGEFIVFL HAM R fo] SR SO,
1 FASTA I FASTQ Xt ORBIZ WA 18.1.11 %), {EARSCRREOSCPEA#K, 4 PHYLIP 5 Clustal. i
JEAATTIESEL, ARn] DA P AT AR B T R AL

NI FASTA SCPHBEH 87 61 - A0S0 T SCp R4 g X

>>> from Bio import SeqIO
>>> orchid_dict = SeqlO0.index("ls_orchid.fasta", "fasta")
>>> len(orchid_dict)
94
>>> orchid_dict.keys()
['gi|2765596|emb|Z78471.1|PDZ78471', 'gi|2765646|emb|Z78521.1|CCZ78521",
., 'gil|2765613|emb|Z78488.1|PTZ78488', 'gi|2765583|emb|Z78458.1|PHZ78458']

5.4.2.1 {gESHEE

AN A P 5 2 B —RER B, 12555./.1.1 715 Bio.SeqI0.to_dict O /R, IRFFHES—A/ k%L, M FASTA
ID (FFFHE) HPCRC IR o -

def get_acc(identifier):

"rGiven a SeqRecord identifier string, return the accession number as a string.

e.g. "g1/2765613/emb |Z278488.1|PTZ78488" -> "Z78488.1"

(@3

2.5. 85 EFEFIH TR 61




Biopython-cn Documentation, %% 0.1

(B bTT)

parts = identifier.split("|[")
assert len(parts) == 5 and parts[0] == "gi" and parts[2] == "emb"

return parts[3]

RIGFATHRF LR BT Bio.SeqI0. index () PRAUM T4 Tt :

>>> from Bio import SeqlO

>>> orchid_dict = SeqI0.index("ls_orchid.fasta", "fasta", key_function=get_acc)

>>> print(orchid_dict.keys())

['Z78484.1', 'Z78464.1', 'Z78455.1', 'Z78442.1', 'Z78532.1', 'Z78453.1', ..., 'Z78471.1']

BARRIE B AR B SR T

5.4.2.2 FRENFFIISR B IRIG ¥R

K H Bio.SeqI0.index() AYTFHLFEXT S P SeqRecord YRR MFHI L H . H2, HHHMEM SO H#%
IKBURIGBARAE G H . ST HAMED, HH get_rawQ) i, TNEE S5 (F5) ID), RI5iRMH—
AFRFER (BREUE SO R A FEEE )

— ARG T S MRS PR U — NP 91 74, HRili2 24 Bio.SeqI0.write () MBI SCHFIX Al itk
X (e.g. SwissProt SUHFRE I SCA AT ) BUE T8 BEH AR B SCF (Biopython () GenBank I EMBL
R AR REE— SERER) .

BRURE A M UniProt FTP 3§ SR 3 T BAEHRER SwissPort #52 SCA 4 (ftp://ftp.uniprot.org/pub/
databases/uniprot /current_ release/knowledgebase/complete/uniprot_ sprot.dat.gz ), B ZME N34
uniprot_sprot.dat , IRFEZEM R4 H

>>> from Bio import SeqIlO
>>> uniprot = SeqI0.index("uniprot_sprot.dat", "swiss"
>>> with open("selected.dat", "wb") as out_handle:
for acc in ["P33487", "P19801", "P13689", "Q8JZQ5", "Q9TRC7"]:

out_handle.write(uniprot.get_raw(acc))

THYER, M Python 3 JFih, FATAAFTIFSCIFLA BRI IATE A, HN get_raw () JrikiR[ml 735 54F
o

TEH18.1.5 WA EL KT Seql0. index () PRECN A SIFFIHEF /RG] (A7 E— U 5 3
AT ) -
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5.4.3 FFIISCHFEAFH - BMIBERSICH

Biopython 1.57 5| A—MELHY R %L, Bio.Seql0.index_db() . MIT 4515 B A 7 S AEMEAERE AL
b (61 SQUite3 $dfife) MiARAAFH, FILE AT ASEBE A SCHE. [, AR] AR 24 Sofdar &
51 (HiFERPA R4 H Y ID 2ME—1).

Bio.Seql0.index() EREH =S4
o R4, BATEBENVA - idx ZERMTFAF, RG0SR 2 SQLite3 Hifi i ;
o BESIRGIN SR (BEE R4 )
o X (5 Seql0 Bitk i HE AR/ NG FAFER ) o

BPA NCBI FTP 3l 5 ftp://ftp.ncbinih.gov/genbank/ f GenBank LA MBI, X4 gzip JE4E
XA AT GenBank A 210, EEE/FAIHLALE 38 N30, gbvrll.seq - gbvrli38.seq , fiRIE4HE KL
i 8GB i), B AT 200 5 A&iER.

R TEESER, WIRTPAGE] rsync av & ARF A G AT T EPTARRECHT, RIS 6T gunzip ff
Egief]:

# For illustration only, see reduced example below
$ rsync -avP "ftp.ncbi.nih.gov::genbank/gbvrl*.seq.gz" .
$ gunzip gbvrl*.seq.gz

BRARGE S DA RE , & AU R IR 2N HOREEIR-E ik, AN A (B> E48Hkyy 25MB), 44
s (dH4E8 1GB fZs[h)) -

Reduced example, download only the first four chunks
curl -0 ftp://ftp.ncbi.nih.gov/genbank/gbvrll.seq.gz
curl -0 ftp://ftp.ncbi.nih.gov/genbank/gbvrl2.seq.gz
curl -0 ftp://ftp.ncbi.nih.gov/genbank/gbvrl3.seq.gz
curl -0 ftp://ftp.ncbi.nih.gov/genbank/gbvrld.seq.gz

®H L H H B H

gunzip gbvrl*.seq.gz

PUAE, £ Python ', AT FRZEG X4 GenBank {4

>>> import glob

>>> from Bio import SeqIO

>>> files = glob.glob("gbvrl*.seq")

>>> print("/7 files to index" % len(files))

4

>>> gb_vrl = SeqlI0.index_db("gbvrl.idx", files, "genbank")
>>> print("/7 sequences indexed" ¥ len(gb_vrl))

272960 sequences indexed
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TERBI NN L, 4B s GenBank SUIFIATRG I RATTE A 208, 00 ACHT I A SO R L7527
Jigre (H—HSEM, HAR MHERAERAEA S — R R ] P EDHT N R 5 3T gbvrlidx

EEATLARFZR SR LR Python il AwHLF A1k RS SCPE, fiin:

>>> print(gb_vrl["AB811634.1"] .description)

Equine encephalosis virus NS3 gene, complete cds, isolate: Kimronl.

5.4.3.1 RERFFIIZ B RI64 1R

1545.4.2.2 FHI) Bio.Seql0. index () BC—RE, VAT ILRERTL R FLVFURHRIRE -1 4 H ISR C
-

>>> print(gb_vrl.get_raw("AB811634.1"))
LOCUS AB811634 723 bp RNA linear VRL 17-JUN-2015
DEFINITION Equine encephalosis virus NS3 gene, complete cds, isolate: Kimronl.

ACCESSION  AB811634

//

5.4.4 W EGXHEIIRSI

MR A W SCET AR R, PO R . 02, MFREHU SRS A gzip 1 baip2
RS BGE R RN . KRR T . BGZF (Blocked GNU Zip Format) qE##5 . 42 gzip 450k
(T DAGE FTERYERY ezip TEAREE), 1 BAM SCEERSUEME, samtools I tabix ;

JRATRLG samtools 196 47 T2 bezip @H BOZF Mk i crk. FERATMREI, S0 i R4

*.bgz , PAXGM T 40 SCF (548 *.gz ). JRUATDATE Python H{{i/i] Bio.bgzf #iMkiE BGZF
DL

Bio.SeqlI0.index() Fl Bio.SeqI0.index_db() MRS FILAM T BGZF HE4isCfF. Biltn, Qi fdAkk
A GenBank 34

>>> from Bio import SeqIO

>>> orchid_dict = SeqI0.index("ls_orchid.gbk", "genbank")
>>> len(orchid_dict)

94

>>> orchid_dict.close()

YRAT LAGE AR B iy 47 fir & 4% S (I BR B IRSCHR) - ARTEEAHL, R SR s Bl Kk B2 4

A
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$ bgzip -c ls_orchid.gbk > 1ls_orchid.gbk.bgz

ARAT LA A [8] B8 77 508 P S

>>> from Bio import SeqIO

>>> orchid_dict = SeqI0.index("ls_orchid.gbk.bgz", "genbank")
>>> len(orchid_dict)

94

>>> orchid_dict.close()

>>> from Bio import SeqIO

>>> orchid_dict = SeqI0.index_db("ls_orchid.gbk.bgz.idx", "ls_orchid.gbk.bgz", "genbank")
>>> len(orchid_dict)

94

>>> orchid_dict.close()

SeqI0 ARG AZEN RN BGZEF LAk, HE: MG SCHFFIR g S A BE R AR R 9 3R 51 5C
7t

5.4.5 Vi

XU AR AE R B R, B T AR 2 (DA R AR B BRI Bl 2 %) o SR, J@% Bio.
Seql0.index () @M AEHIERE. WERIRIEFEALBE LT /P06 H , 243, seEEE W, I2E
% Bio.SeqI0.index_db() .

J%F% Bio.Seql0.to_dict() T Ak#E Bio.SeqI0.index() E{ Bio.SeqI0.index_db() 5K FHZ B
RN, RESENEZNIE. 17# SeqRecord X R B NAFHIILHAAET W ARERE WL, e k. B
T WAFHFEX AN GRS, E R [ REAE SR AR I R] ,  RA T A 1 4% B AR 2ot AT .

Bio.SeqI0.index() #ll Bio.SeqI0.index_db() ARRTEFG LM A MMTITAI & H o M@ RGN, M1
F, FHRENFIRE LG, FEUSTTRED I TAEREHS 1D {55

14 Bio.SeqlI0.index () i A1ESE Bio.SeqI0.index_db() {5 FHWFELA T :
o ENIEREGIHP (FFEERENE R SCE)
o 12U SeqRecord XA ({HAR ik b2 57 FUA FE AT 1) sdss =X SC2 A4 n] L)

o W[ PABE AN ZAB (Y Python XA AT IR AU FAFER (e.g. WIFAFER AL, R0 ZEZ54% (frozen
set))

o WERPCENLRTINFI UL, ATEAHLRT Ed LY .

PE#F Bio.SeqI0.index_db() T A EE#f Bio.Seql0.index() M) LA :
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o A NAFBRS - XXEE 25 10 AR AR SCH kAR B, AR Bio.Seql0.index() A
BeE A 4G i RAM #1 64 3 Python

o FHGIVMIEROAAAERERL b, WM. AR RT B R RAE S E 2 R, (R KGR R
WA A EF AT IR AR, P RASY 2]

o ATDARIRIE A S %5
o get_raw() IFETTNIE , BN TREHOCHER R A 512 FL K BRIV B (offset)

2.5.5 5.5 BARIIH

AT LTHE TR Bio.Seql0.parse O ¥IAFHI (BESCHF), BUEFRATRFBISEMH A Bio. SeqI0.write ()
HEs) (BASE) . MEREHRE=ASHC HLt SeqRecord X1, #H ARSI, FIFFIHS.

TV NGRS T3 (Fah QUM A M SO mER) Q) —A2LHiH) SeqRecord X4, RHIUIT

from Bio.Seq import Seq

from Bio.SeqRecord import SegRecord

recl = SeqRecord(Seq("MMYQQGCFAGGTVLRLAKDLAENNRGARVLVVCSEITAVTFRGPSETHLDSMVGQALFGD" \
+"GAGAVIVGSDPDLSVERPLYELVWTGATLLPDSEGAIDGHLREVGLTFHLLKDVPGLISK" \
+"NIEKSLKEAFTPLGISDWNSTFWIAHPGGPATILDQVEAKLGLKEEKMRATREVLSEYGNM" \
+"SSAC"),
id="gi|14150838|gb|AAK54648.1|AF376133_1",

description="chalcone synthase [Cucumis sativus]")

rec2 = SeqRecord(Seq("YPDYYFRITNREHKAELKEKFQRMCDKSMIKKRYMYLTEEILKENPSMCEYMAPSLDARQ" \
+"DMVVVEIPKLGKEAAVKAIKEWGQ") ,
id="gil13919613|gb|AAK33142.1|",

description="chalcone synthase [Fragaria vesca subsp. bracteatal")

rec3 = SeqRecord(Seq("MVTVEEFRRAQCAEGPATVMAIGTATPSNCVDQSTYPDYYFRITNSEHKVELKEKFKRMC"
+"EKSMIKKRYMHLTEEILKENPNICAYMAPSLDAR(ODIVVVEVPKLGKEAAQKAIKEWGQP"
+"KSKITHLVFCTTSGVDMPGCDYQLTKLLGLRPSVKRFMMYQQGCFAGGTVLRMAKDLAEN"
+"NKGARVLVVCSEITAVTFRGPNDTHLDSLVGQALFGDGAAAVIIGSDPIPEVERPLFELV"
+"SAAQTLLPDSEGAIDGHLREVGLTFHLLKDVPGLISKNIEKSLVEAFQPLGISDWNSLFW"
+"TAHPGGPAILDQVELKLGLKQEKLKATRKVLSNYGNMSSACVLFILDEMRKASAKEGLGT"
+"TGEGLEWGVLFGFGPGLTVETVVLHSVAT"),

id="gi|13925890|gb|AAK49457.1|",

PP A

description="chalcone synthase [Nicotiana tabacum]")

my_records = [recl, rec2, rec3]
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PAEFAIFF2] 4> SeqRecord XIRJFE, FFEH A4 FASTA A%

from Bio import SeqIO

SeqI0.write(my_records, "my_example.faa", "fasta")

R ARE R SCA G AFT I, W34

>gi|14150838|gb|AAK54648.1|AF376133_1 chalcone synthase [Cucumis sativus]
MMYQQGCFAGGTVLRLAKDLAENNRGARVLVVCSEITAVTFRGPSETHLDSMVGQALFGD
GAGAVIVGSDPDLSVERPLYELVWTGATLLPDSEGAIDGHLREVGLTFHLLKDVPGLISK
NIEKSLKEAFTPLGISDWNSTFWIAHPGGPAILDQVEAKLGLKEEKMRATREVLSEYGNM

SSAC

>gi|13919613|gb|AAK33142.1| chalcone synthase [Fragaria vesca subsp. bracteata]
YPDYYFRITNREHKAELKEKFQRMCDKSMIKKRYMYLTEEILKENPSMCEYMAPSLDARQ
DMVVVEIPKLGKEAAVKAIKEWGQ

>gi|13925890|gb|AAK49457.1| chalcone synthase [Nicotiana tabacum]
MVTVEEFRRAQCAEGPATVMAIGTATPSNCVDQSTYPDYYFRITNSEHKVELKEKFKRMC
EKSMIKKRYMHLTEEILKENPNICAYMAPSLDARQDIVVVEVPKLGKEAAQKAIKEWGQP
KSKITHLVFCTTSGVDMPGCDYQLTKLLGLRPSVKRFMMYQQGCFAGGTVLRMAKDLAEN
NKGARVLVVCSEITAVTFRGPNDTHLDSLVGQALFGDGAAAVIIGSDPIPEVERPLFELV
SAAQTLLPDSEGAIDGHLREVGLTFHLLKDVPGLISKNIEKSLVEAFQPLGISDWNSLFW
TAHPGGPAILDQVELKLGLKQEKLKATRKVLSNYGNMSSACVLFILDEMRKASAKEGLGT
TGEGLEWGVLFGFGPGLTVETVVLHSVAT

/EREA TR Bio.Seql0.write() MRS A T4 047514 H B WMNIE? WIRARIIFA 4% H 151
Fof, HERME len(ny_records) , {HUZURAEXS K [ AL S /2% (U075 H . Bio.Seql0.write()
BKUA BHEAR ) 55 A SCPFY SeqRecord XA

o VEE - WIRAR Bio.SeqI0.write ) MBUEE AMSIFEEAAE, IHXMHREYES, HHALGINE
EEfE R

5.5.1 O[¥iEE (Round trips)
FELE N\ T EAUA TR P 1Y, BPRYAREEATEA U AW AR R AR S ], X TR EAE T 2R PR UL 05
ZWEEHT * Kt * BJRJELG SO, Bio.Seql0 AFJHFIX M.

A OIT R, FASTA SR, SV S DAGE REFRRHOAT. RATIAT W 46 7 901551 — - 19
SeqRecord W%, HMIAFAILIENAT 1A

>YALO68C-7235.2170 Putative promoter sequence
TACGAGAATAATTTCTCATCATCCAGCTTTAACACAAAATTCGCACAGTTTTCGTTAAGA
GAACTTAACATTTTCTTATGACGTAAATGAAGTTTATATATAAATTTCCTTTTTATTGGA

(TR
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>YALO68C-7235.2170 Putative promoter sequence
TACGAGAATAATTTCTCATCATCCAGCTTTAACACAAAATTCGCA
CAGTTTTCGTTAAGAGAACTTAACATTTTCTTATGACGTAAATGA
AGTTTATATATAAATTTCCTTTTTATTGGA

N T RS FASTA f#Hrds, 200K T AR O, X LERA 5 RIE H 2 To R
(R, Biopython 7r4 th I FHERIARY 60 FRHAT. 25 F FAFAEVF 2 Hoth OIS 2K oz B AE e A 1] /Y 1
Ao SRR, EHLEEOLT, Biopython FFARREMAAAEE— RHEREE (e.g. GenBank fl EMBL).

RN, TR e PR EOR A R G T REA UBESR), 850.4.2.2 T KT Bio.SeqI0. index () FHAEX4
1 get_raw() JriAfefit 7RI BB T 5

5.5.2 FRIg= iRy FR

TEZ IR BT HH AL SeqRecord XFRF KA N Bio.SeqIl0.write O HEIHIA , (HREMEZWAKA
T Bio.SeqI0.parse() [ SeqRecord AR - X Fui/FF A3 izt 45 A (o FH s i A B A5 S IR SO

TEX A Frh, FRATTRFEEE GenBank 482030 1s orchid.gbk , #AJ54itH A FASTA &= 3Cf::

from Bio import SeqIO
records = Seql0.parse("ls_orchid.gbk", "genbank")
count = SeqI0.write(records, "my_example.fasta", "fasta'")

print ("Converted records" 7 count)

RAERA RS, PUOASCUFAR U O OB AL S5, A — N B e 0T AR AR B AU :

from Bio import SeqlO
count = SeqI0.convert("ls_orchid.gbk", "genbank", "my_example.fasta", "fasta")

print ("Converted records" % count)

Bio.SeqI0.convert () pRE(H DA AARE SO0 o AR TR B2, QnsRE b X E 74, RIEBIZC
. MTMEEZEL, EEHNERB) SR

>>> from Bio import SeqlO

>>> help(SeqI0.convert)

JEHE EyE, R E SO 2 kg AT, AT B AT SC B Biopython SERFAY SCHAE Rk . SRTT
B NS I R B e 2 (15 B (g TRERAE), M HABAS X SCHE A A ILE B . BN, FRATAKF FASTQ
54k FASTA SCF, HURBESEATIHEEAE . AR FASTQ #6208 iAH B %484 I cookbook 45 18.1.9 F5 Al
#18.1.10 7.

BeJ5, 1 Bio.SeqI0.convert () eRANAIAMNNAFAL R, (BRI RN STRL) J5 P25 ki £k
A PAR LA SR R R A AL SR P E R T

68 Chapter 2. Contents



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

Biopython-cn Documentation, A% 0.1

5.5.3 B{LFFSI B R = B4
ERBAAT — IMEF BRI PO, 2l — M S R A SO o XN, R 2 TAE, RSO
FIf) SeqRecord Xt G A hyid A 47 fiff Bt STUFAY (R B -

B\, AT Bio.SeqlO.parse) fN#E XA HMZER)T S, RIGMHEH Seq XMZRMWNEIE .
reverse_complement () i HZ M HANTS] (FILEES.6 7).

>>> from Bio import SeqlO
>>> for record in Seql0.parse("ls_orchid.gbk", "genbank"):
print(record.id)

print(record.seq.reverse_complement())

B, WERIATAGRATIX LS i BANT AN FIEA SO, 7520407 SeqRecord X4, FATAIPAE SeqRecord
XIS NE T - reverse_complement O (3§ HLER /.9 77), (HRFATUAIEH P51 5 HE A4 .

RO NEAF ) RS RAATRCR T, IR AT A A A B — A5 se B

>>> from Bio import SeqlO
>>> records = [rec.reverse_complement(id="rc_"+rec.id, description = "reverse complement
="\

for rec in SeqIO0.parse("ls_orchid.fasta", "fasta")]

>>> len(records)

XL ) T2 R AFTRI AL Z AL AR AR — A S ) -

>>> records = [rec.reverse_complement(id="rc_"+rec.id, description = "reverse complement
="\
for rec in SeqIO0.parse("ls_orchid.fasta", "fasta") if len(rec)<700]
>>> len(records)
18

RRFTENAE AN FESI/INT T00bp B SR EAMNTF 4 o BATAT ARARH [R5 77 508 2R il 2kt - fH
A HARE, BT R R N R I A P8 4 H 19513 :

>>> records = (rec.reverse_complement(id="rc_"+rec.id, description = '"reverse complement
'_}H) \

for rec in SeqIO.parse("ls_orchid.fasta", "fasta") if len(rec)<700)

SERERR BN :
>>> from Bio import SeqlO
>>> records = (rec.reverse_complement(id="rc_"+rec.id, description = "reverse complement
" ) \
(FItaRE)
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(8:EW)

for rec in SeqlI0.parse("ls_orchid.fasta", "fasta") if len(rec)<700)
>>> SeqI0.write(records, "rev_comp.fasta", "fasta'")

18

A 18.1.5 WA — AU RIRBI, F FASTA SCPEPREIR T A B 2 R -

5.5.4 RIFHEALAFFFEBE) SeqRecord KR
AR ZRF RS 46 H B AU a, e R SR E M UP 8 45 H Y 54753 . Bio.SeqI0 #% 11
ETAUM, {32 Python A AR N ERER, JRACET PRI

ZEAB) TRV AR X AN TR, FRATTSEM 254 GenBank SCFINZEK— %41 SeqRecord Xf4:, #RJ5aE—
MM FASTA #8751 5% H 7455 -

from Bio import SeqIO
from StringI0 import StringIO

records = Seql0.parse("ls_orchid.gbk", "genbank")
out_handle = StringI0()

SeqI0.write(records, out_handle, "fasta")
fasta_data = out_handle.getvalue()
print(fasta_data)

SRE B, ARSI T . R T, R R R AT A
HES/5H, TTRAT SeqRecord i) format O (WAL ).

R RERNIASX A0, ARATABER] format O JkBE ASCHE, /REIAIT:

from Bio import SeqlO
with open("ls_orchid_long.tab", "w") as out_handle:
for record in Seql0.parse("ls_orchid.gbk", "genbank"):
if len(record) > 100:

out_handle.write(record.format("tab"))

XA R PAAL B S 20 FASTA sl i AR (8 F1Y 04 7 BRLAK) A0 25 B SCPF, (EUN REAL BT A2 Ry
SRR R AT AT ISR R ] Bio. SeqI0.write O HYJEIA, AR A AHBI:

from Bio import SeqlO
records = (rec for rec in SeqI0.parse("ls_orchid.gbk", "genbank") if len(rec) > 100)
SeqI0.write(records, "ls_orchid.tab", "tab")

[EIRF, BAYKIE SeqlO.write(...) LKA SeqRecord.format(...) JFIEF P,
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2.5.6 5.6 {K4% FASTA #1 FASTQ f##72s

FEAb 3L R AR E B K2 S i FASTA 5 FASTQ HEJ7 UL, 5 “Bio.SeqlO.parse‘ M L , fff FIKZL ““Sim-
pleFastaParser* ‘Y, “FastqGenerallterator ‘i L H . WNASZEG | EHAHR, U P I7 R “Bio.SeqlO“ 4
FLRA QT2 XS0 FFEY, BT FASTA SR A7 BA% =L 2 it .

it FASTA SCBF, FEPFES “Bio.SeqlO.parse() {# F 344 A)47 8 F k2% SimpleFastaParser, 0] PAH 1
i E- I SRR, AR R IcdH, FRiAT (> FRZENIIEER) AUFs (AR IE)
RS

>>> from Bio.SeqlIO.FastaI0 import SimpleFastaParser
>>> count = 0
>>> total_len = O
>>> with open("ls_orchid.fasta") as in_handle:
for title, seq in SimpleFastaParser(in_handle):
count += 1

total_len += len(seq)

>>> print("/+7 records with total sequence length /<" 7 (count, total_len))

94 records with total sequence length 67518

HEGEAR KU HAT OF BT BRI RS 19 B3I A ek il ), AR A X B8 4 Hady i FASTA it
PR R

out_handle.write(">/s\n/s\n" 7 (title, seq))

[Gl4f  FEfEAT FASTQ S4B}, 72 N EE ¢“Bio.SeqlO.parse()* £ i SCA- AR E KSR < FastqGenerallterator:,
AR EONTT BRI A 4 B, sl v DA AN ASCIT AR i, il my DA

>>> from Bio.SeqI0.QualityI0 import FastqGenerallterator
>>> count = 0
>>> total_len = 0
>>> with open("example.fastq") as in_handle:
for title, seq, qual in FastqGenerallterator(in_handle):
count += 1

total_len += len(seq)

>>> print("//7 records with total sequence length /7" % (count, total_len))

3 records with total sequence length 75

Cookbook (#:ref:20 <sec-cool-things> #&) A HELZ/RE], WHREUNAIEEH PAN S  BO T4 HR A R0
H FASTQ:
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out_handle.write("@/s\n/s\n+\n/s\n" 7 (title, seq, qual))

2.6 5 6 ESFIILLX

ZFIxt (Multiple Sequence Alignment, MSA) J2HE0 A FIHEFT XA HES o X305 T ZEARIIE 51 ]
WS AAATER—21 b, Rl 5 B MEZ (1) DAPRIERZ 7 I R AR B . 341 T DAL
YER M TAF4UNI A . 78 Biopython . Z P8 X dE— NP5 J2 LA SeqRecord MR HKFERIN .

XHEINI—FIFHIXT SR — MultipleSeqAlignment RF/RXF:—IH e, FNTLFF/ 4] Bio.AlignI0
BHORBE A% X 2 F S O EAR (Bio. AlignI0 fE¥i 152 A4 Bio.Seql0 BIHUZAL[IN) .
Biopython H', Bio.SeqIO Fll Bio.AlignI0 #PRESEG A A2 741 EXI I . FESEPrab B, R —
BRI T P BRI T T A g

AREE R —HB e 3 T4 M 2 39 et R (ClustalW #il MUSCLE) () Biopython fiy 47445,

2.6.1 6.1 iZERS PR3 LL X 43E

T Biopython ", BRI AL 5 X 4dE, Bio.AlignI0.read() fil Bio.AlignIO.parse() . iX
PP VAR Bio. Seql0 AbFE—ANFIZ N 2 —FEfY . Bio.AlignI0.read O HEEREH P27
B EEX} T Bio.AlignIO.parse() A PAMKUIZEERZ A5 L 8dE o

ffi i} Bio.AlignI0.parse() Y& iR [H]—4> MultipleSeqAlignment [ %K% (iterator). EANEHEAAENE
W . e B Al B b SR A PR G 2 A2 P S R SCF . Bl PHYLIP Hif) segboot
EMBOSS T.EA4f% ) water fil needle, DA Bill Pearson 1) FASTA %,

SRMAERZEUE LN, R B B S 3G — A Z F 5 Rt X B, AR % Bio.AlignI0.read ()
, XfIREl—A~ MultipleSegAlignment X4,
XA SRR 2 S IS4

L BB EH 2P EHEY) 148 (handle) . FESEBREAES, XAHR—NTH S (F
i EIE W22.1 ) sE U4 .

2. FTABENZ TN S (VNG ). 5 Bio.Seql0 fih—Ff, Biopython Ny XbRFREHUY S
FEFHATHEN . ITH Bio.AlignI0 B SEHEH 2 741 X £k =l AZE http://biopython.org/wiki/
AlignIO 33,

Bio.AlignI0 HHifHisZ— A1 S4 seq_count . X—ZHCFHEC. 1.9 P REAKTE . B R DAALHEURNH & 1)
ZIFHE, SEUEE 2N T HHES
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6.1.1 B—pyFIIEL

B, WA PFAM (% Stockholm) #=kaE 1 LR SCIT:

# STOCKHOLM 1.0

#=GS COATB_BPIKE/30-81
#=GS COATB_BPIKE/30-81
#=GS Q9TOR8_BPIKE/1-52
#=GS COATB_BPI22/32-83
#=GS COATB_BPM13/24-72
#=GS COATB_BPM13/24-72
#=GS COATB_BPM13/24-72
#=GS COATB_BPZJ2/1-49
#=GS Q9TOQ9_BPFD/1-49
#=GS (9TOQRS_BPFD/1-49
#=GS COATB_BPIF1/22-73
#=GS COATB_BPIF1/22-73
COATB_BPIKE/30-81

#=GR COATB_BPIKE/30-81
Q9TOQ8_BPIKE/1-52
COATB_BPI22/32-83
COATB_BPM13/24-72

#=GR COATB_BPM13/24-72
COATB_BPZJ2/1-49
Q9TOQ9_BPFD/1-49

#=GR (9TOQ9_BPFD/1-49
COATB_BPIF1/22-73

#=GR COATB_BPIF1/22-73
#=GC SS_cons

#=GC seq_cons

//

AC P03620.1

DR PDB; 1ifl ; 1-52;

AC QoToQs. 1

AC P15416.1

AC P69541.1

DR PDB; Z2cpb ; 1-49;

DR PDB; Z2cps ; 1-49;

AC P03618.1

AC Q9TO0Q9. 1

DR PDB; 1nh4 A; 1-49;

AC P03619.2

DR PDB; 1ifk ; 1-50;
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRLFKKFSSKA

SS -HHHHAHHHHHHHHH--HHHHHHHH--HHAHHHHHHHHHHAAAHHHHH - - - -
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKLFKKFVSRA
DGTSTATSYATEAMNSLKTQATDLIDQTWPVVTSVAVAGLAIRLFKKFSSKA
AEGDDP. . . AKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA

SS --=S-T...CHCHHHHCCCCTCCCTTCHHHHHHHHHHHHHAAHHHHHCTT--
AEGDDP. . . AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFASKA
AEGDDP. . . AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA

Ss - . . . ~HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHAA--
FAADDATSQAKAAFDSLTAQATEMSGYAWALVVLVVGATVGIKLFKKFVSRA

SS XX-HHHH--HHHHHH--HHHHHHH--HHHHHHHHHHHHHHHHHHHHHHA-——

XHHHHHHHHHHHHHHHCHHHHHHHHCHHHHHHHHHHHHHHHHHHHHHHHC -
AEssss...AptAhDSLpspAT-hIu.sWshVsslVsAsluIKLFKKFsSKA

X & PFAM #fji i b Phage Coat_Gp8 K 1-HE (PF05371), A8 M T— A C 4l 1) PFAM %4

WA (http://pfam.sanger.ac.uk/ ) |

77 PF05371_seed.sth’” MSCffH, FFAE Python HX4HI TAEHRF):

EXFFEAZ BB (RBARE LR A ENA T RE—14

>>> from Bio import AlignIO

>>> alignment = AlignI0.read("PF05371_seed.sth", "stockholm")

DX BACHRFAE B LT B %P 51 FE X AR 245 -

>>> print alignment

(Qiti3)

2.6. % 6 ESFIILLY
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(B bTT)

Alignment with 7 rows and 52 columns

AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRL. . .SKA COATB_BPIKE/30-81
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKL. ..SRA Q9TOQ8_BPIKE/1-52
DGTSTATSYATEAMNSLKTQATDLIDQTWPVVTSVAVAGLAIRL. . .SKA COATB_BPI22/32-83
AEGDDP---AKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKL. ..SKA COATB_BPM13/24-72
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKL. . .SKA COATB_BPZJ2/1-49
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKL. . .SKA Q9TOQ9_BPFD/1-49
FAADDATSQAKAAFDSLTAQATEMSGYAWALVVLVVGATVGIKL. . .SRA COATB_BPIF1/22-73

TREEREE], VAR B T P — AR P AR N . ARt T DA 5y il i 42 i 22 1) L) s — 26 PP 1
(fE4 SeqRecord Xf4) it /BT E sayis=. Hiln:

>>> from Bio import AlignIO

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

>>> print("Alignment length /4" 7, alignment.get_alignment_length())
Alignment length 52

>>> for record in alignment:

print("/s - /s" % (record.seq, record.id))

AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRLFKKFSSKA - COATB_BPIKE/30-81
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKLFKKFVSRA - Q9T0Q8_BPIKE/1-52
DGTSTATSYATEAMNSLKTQATDLIDQTWPVVTSVAVAGLATRLFKKFSSKA - COATB_BPI22/32-83
AEGDDP---AKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA - COATB_BPM13/24-72
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFASKA - COATB_BPZJ2/1-49
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA - Q9T0Q9_BPFD/1-49
FAADDATSQAKAAFDSLTAQATEMSGYAWALVVLVVGATVGIKLFKKFVSRA - COATB_BPIF1/22-73

PRULATVABE ] ETAT alignment X4 format JryfRPATRE MK ERE . HEGEERTASIG.2.2

PRiefh B AERE DA SR B S h S A P B A (PDB) 2S5 AR & “RE M fE R ARAT
PAZZ AT AR -

>>> for record in alignment:
if record.dbxrefs:
print("/s /s" 7 (record.id, record.dbxrefs))
COATB_BPIKE/30-81 ['PDB; 1ifl ; 1-52;']
COATB_BPM13/24-72 ['PDB; 2cpb ; 1-49;', 'PDB; 2cps ; 1-49;']
Q9TOQ9_BPFD/1-49 ['PDB; 1nh4 A; 1-49;']
COATB_BPIF1/22-73 ['PDB; 1ifk ; 1-50;']

R BN A I SRR R, R AR BT
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>>> for record in alignment:

print (record)

Sanger M4 http://pfam.sanger.ac.uk/family?acc=PF05371 ] PATEAR T & FA R B9 72 L s . DA
B FASTA #%=A:

>COATB_BPIKE/30-81
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRLFKKFSSKA
>Q9TOQ8_BPIKE/1-52
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKLFKKFVSRA
>COATB_BPI22/32-83
DGTSTATSYATEAMNSLKTQATDLIDQTWPVVTSVAVAGLAIRLFKKFSSKA
>COATB_BPM13/24-72
AEGDDP---AKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA
>COATB_BPZJ2/1-49
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFASKA
>Q9T0Q9_BPFD/1-49
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA
>COATB_BPIF1/22-73
FAADDATSQAKAAFDSLTAQATEMSGYAWALVVLVVGATVGIKLFKKFVSRA

£ Sanger WAy — IR AKE A OO 9 IRIE (gap) /MBS EGE /MEEERTR . FERA LB,
Feollal b s /MR R . BRBIRE 2 R3S, HRIFA “PFO5371_seed.faa” . AR0] DA AT AURE R
BEAZIFH R

from Bio import AlignIO
alignment = AlignIO.read("PF05371_seed.faa", "fasta")

print(alignment)

RATREC 2B, DA B A ME— A (L U R E RS I B4 IR AT alignment X GURF & 6085 AEH 7
PFIFH 4T . (HRAFHMEES K, H—1 alignment /1) SeqRecord Hf A& RS [ HRE. X2
P2 FASTA #A B 30 & X —RA5 B

BEAL, BT R Sanger [uh, YRULATLAFIN Bio.AlignI0 HeffJsi#fi Stockholm (e fn FASTA SCfF
(LR 30).

X FAEAT—Fh Biopython SCRpiA# X, AR#R AT AR RIRER 7 s UBRICE Gil i 48 58 SR . B4, AR AT PARE
FH “phylip” 2k 278 PHYLIP #2304, Fl 7 nexus” k45 2 NEXUS #& 3 3045 & i “emboss” 2k 5 & EMBOSS
THEARR S S0P 3238 AT ATE DA T BB R BT A SCRpA% X (hittp:/ /biopython.org/wiki/AlignlO ), =%
HNEMFEH (PARTES SR online ) :

>>> from Bio import AlignIO
>>> help(AlignI0)
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6.1.2 45X

TER—EH, FATETESRL L S A — I OB SCrF. SR, ERZER T, XHTRESH 2475

Fext. ki, ARAT DA Bio.AlignI0.parse () MLETEA].
R FATH A PHYLIP #g=X AR/ N 51 HER -

5
Alpha
Beta
Gamma
Delta
Epsilon

AACAAC
AACCCC
ACCAAC
CCACCA
CCAAAC

AR PHYLIP T HALK bootstrap —MRGKAEM, Hor— L HEN bootseq FE/¥ Ky AEZE

FEAIEERT o 34 HE AT DA M R P81 Bt -

5
Alpha
Beta
Gamma
Delta
Epsilon

5
Alpha
Beta
Gamma
Delta
Epsilon

5
Alpha
Beta
Gamma
Delta
Epsilon

5
Alpha
Beta
Gamma
Delta
Epsilon

6

AAACCA
AAACCC
ACCCCA
CCCAAC
CCCAAA
6

AAACAA
AAACCC
ACCCAA
CCCACC
CCCAAA
6

AAAAAC
AAACCC
AACAAC
CCCCCA
CCCAAC

6

AAAACC
AcCcCccC
AAAACC
CCCCAA
CAAACC
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UERARAE Bio. AlignI0 SREEHUXNICMF, ARmT AR :

from Bio import AlignIO
alignments = AlignIO.parse("resampled.phy", "phylip")
for alignment in alignments:

print(alignment)

print )

BORFE T DA S G U R oR g i) — 43 ) -

Alignment with 5 rows and 6 columns
AAACCA Alpha

AAACCC Beta

ACCCCA Gamma

CCCAAC Delta

CCCAAA Epsilon

Alignment with 5 rows and 6 columns
AAACAA Alpha

AAACCC Beta

ACCCAA Gamma

CCCACC Delta

CCCAAA Epsilon

Alignment with 5 rows and 6 columns
AAAAAC Alpha

AAACCC Beta

AACAAC Gamma

CCCCCA Delta

CCCAAC Epsilon

Alignment with 5 rows and 6 columns
AAAACC Alpha

ACCCCC Beta

AAAACC Gamma

CCCCAA Delta

CAAACC Epsilon

5 Bio.Seql0.parse —ff, Bio.Seql0.parse() W&l kit (iterator) . HIHL{KAZHELHTA 7]
MO IR Pt i, DA AR E A9 2 G
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from Bio import AlignIO
alignments = list(AlignIO.parse("resampled.phy", "phylip"))
last_align = alignments[-1]

first_align = alignments[0]

6.1.3 &#inYFFIEL

VFZ P8 B I8 SCPAR T AR Wb A A 22 A 1 FexT . AR, Bl FASTA — 281383 41 S A% X
HBARELN AT ITZ PPN . Bl AR LA 67

>Alpha
ACTACGACTAGCTCAG--G
>Beta
ACTACCGCTAGCTCAGAAG
>Gamma
ACTACGGCTAGCACAGAAG
>Alpha
ACTACGACTAGCTCAGG——
>Beta
ACTACCGCTAGCTCAGAAG
>Gamma
ACTACGGCTAGCACAGAAG

DAL FASTA A% RT AR & — DM EA 6 FSIRFAI N (FEEFI4 ). SEN A RE, X
RATRER WA P I X, B Ea =7, RIS S - B A AR R .

PATR 5 — AT

>Alpha
ACTACGACTAGCTCAG--G
>Beta
ACTACCGCTAGCTCAGAAG
>Alpha
ACTACGACTAGCTCAGG--—
>Gamma
ACTACGGCTAGCACAGAAG
>Alpha
ACTACGACTAGCTCAGG--—
>Delta
ACTACGGCTAGCACAGAAG

FRE, XWATAEE— ML E AN NPAIRFSI R . SR, AR 512 KW, AR AT RE 2 =AM A Y 741
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B, AR A R R
g TR

>Alpha
ACTACGACTAGCTCAG--G
>XXX
ACTACCGCTAGCTCAGAAG
>Alpha
ACTACGACTAGCTCAGG
>YYY
ACTACGGCAAGCACAGG
>Alpha
——ACTACGAC--TAGCTCAGG
>Z7Z
GGACTACGACAATAGCTCAGG

TEE—AEIF, T RIAEARRMKE, XARERCAIER— DS F I R FPo Hexs . RZ AR,
X AT AR B = A ) 1) 7 47 X

R, K2 AFPHI AT FASTA A GEAHFA . R0, FERLAFIT, WRAR—E EX 4, Bio.
AlignIO {KRIRBENSACFE FRTEIE (HJ2FrA W78 L b2 & A A R ) o — AR LA BT, Bl
24 fi ] EMBOSS T A4HHY needle #l water A= V4 Z W IAI A4 FE 5 LU R SR T ZE X AR 0L T
PRAT AR E BEAg Al “emboss”, Bio.AlignIO /34K AEMETH AT L8 bk thh o

T AL PEIXFER) FASTA M %, FATAT AR E Bio. AlignI0.parse ) HY5E = A[EESAL seq_count |
X—Z 405 Biopython RRTHI R M4 P51 LA P21 K. Bl

for alignment in AlignIO.parse(handle, "fasta", seq_count=2):

print("Alignment length /7" 7 alignment.get_alignment_length())
for record in alignment:

print("/s - /s" % (record.seq, record.id))
print ()

SECLEETIE

Alignment length 19
ACTACGACTAGCTCAG--G - Alpha
ACTACCGCTAGCTCAGAAG - XXX

Alignment length 17
ACTACGACTAGCTCAGG - Alpha
ACTACGGCAAGCACAGG - YYY

(T gk%E)
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(8:EW)

Alignment length 21
—-ACTACGAC--TAGCTCAGG - Alpha
GGACTACGACAATAGCTCAGG - ZZZ

WMHRARE A Bio.AlignI0.read() 5{# Bio.AlignI0.parse() MM AFEE seq_count , XWRM—MEEH
ANKFANF IR X T B =AM, BTFEARKEAN, SECETIARRRENT N — 75 LEXT,
Biopython &t —A~ 745 .

QRS XA T EG 7 #I4F, Bio.AlignI0 W] DARER PN B 2t SCfhdg— s bext, mLFHEfee
seq_count M. GIRAIRAIIATEE seq_count {HZ AN S HHEA T 1) 43 FAFAH IS , Biopython K74z —4 45
B,

B E X — AN seq_count SHCRHER B ST B i 7 51 HL 63 S AH R H 781 o R IR B 18
BB — 5 O AR R ECH #9751, Bio. AlignI0 RFTCVATE. XMy, FATHBURM Bio.SeqI0 ik
B, SRS T SR P 51 LR .

2.6.2 6.2 FFIILEMBIBE H

FANTE L8 T Bio.AlignI0.read() #il Bio.AlignIO.parse() REZEU& Mg FES X, PILELEFRATT
Sffi ] Bio.AlignIO.write() 5 HFEH X0

X —EEIEZEASE —4> MultipleSeqAlignment X% (u{#F &> Alignment %I%), —AAIGHIL
AR (handle) BCE ARG BSR4, PAKE XAk,

XEE—ANTFEE—14 MultipleSeqAlignment X AHIF (& MultipleSeqAlignment J2 % T
SeqRecord 41AIY)):

from Bio.Seq import Seq
from Bio.SeqRecord import SegRecord

from Bio.Align import MultipleSeqAlignment

alignl = MultipleSeqAlignment ([
SeqRecord (Seq("ACTGCTAGCTAG"), id="Alpha"),
SeqRecord (Seq("ACT-CTAGCTAG"), id="Beta"),
SeqRecord (Seq("ACTGCTAGDTAG"), id="Gamma"),
D

MultipleSegAlignment ([
SeqRecord (Seq("GTCAGC-AG"), id="Delta"),
SeqRecord (Seq("GACAGCTAG"), id="Epsilon"),
SeqRecord (Seq("GTCAGCTAG"), id="Zeta"),

align2

D

(Foaks:)
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(8:EW)

align3 = MultipleSeqgAlignment ([
SeqRecord (Seq("ACTAGTACAGCTG"), id="Eta"),
SeqRecord (Seq("ACTAGTACAGCT-"), id="Theta"),
SeqRecord (Seq("-CTACTACAGGTG"), id="Iota"),
ID)

my_alignments = [alignl, align2, align3]

BAEFATE — 42795 =4 MultipleSeqAlignment MR [KF% (my_alignments ) , BTEHALFEE N
PHYLIP f43t:

from Bio import AlignIO
AlignIO.write(my_alignments, "my_example.phy", "phylip")

USRS AR R SCA G AR AE AR 4 T 1) LA H 5k 97T my_example.phy S/, IREFEILATNE:

3 12
Alpha ACTGCTAGCT AG
Beta ACT-CTAGCT AG
Gamma ACTGCTAGDT AG
39
Delta GTCAGC-AG
Epislon GACAGCTAG
Zeta GTCAGCTAG
3 13
Eta ACTAGTACAG CTG
Theta ACTAGTACAG CT-
Iota —-CTACTACAG GTG

TEEZHLT, AR CEEHFI IS, S fE (Blnkm—2irfs)) RERe
HOFT AR .

AR AN A £ /055 A9 Bio. AlignIO.write () PREE AR . WRARE T 5 LR BEAE—
g (EAERBIT), VR ARAE S len(ny_alignments) RARFHX—fF S SR, WIRAR
IS O AE— AR s IR g G b, AR Teik At 5e UX F 4 . Sk, Bio.AlignIO.write() ff&
AR 0B TS A EEXE AR

EF - WARARPTEES Bio. AlignI0.write O MYSCPFEEAFAEAE MBI H KT, X — SOV RO BB B e 4
A EITES .
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6.2.1 FF3IEL 3 BIHE = iE AR

Bio.AlignIO LR T A LXK AT BE S Bio.Seql0 (IL0.5.2 ) HibRAGKE AL —HERT . TEEH
UL, M@ Bio.AlignI0.parse ) HKEEHUTHILLXIEHE, RIS T Bio.AlignI0.write ) H%L
KE . sF VRN A 6 Bio.AlignI0. convert () MIKICR IR 1564 .

TEABIH, FATHRFEE PFAM/Stockholm #AYFAIELXT, SRJEHFHARAFN Clustal %3

>>> from Bio import AlignIO

>>> count = AlignIO.convert("PF05371_seed.sth", "stockholm", "PF05371_seed.aln", "clustal
_}n)

>>> print("Converted alignments" % count)

Converted 1 alignments

¥, ffi/f] Bio.AlignIO.parse() #l Bio.AlignIO.write() :

>>> from Bio import AlignIO

>>> alignments = AlignIO.parse("PF05371_seed.sth", "stockholm")

>>> count = AlignIO.write(alignments, "PF05371_seed.aln", "clustal")
>>> print("Converted alignments" 7 count)

Converted 1 alignments

Bio.AlignIO.write() BRECBUIAALBRAYTE L & — NEHEA 2P I R4 . A LB, &Ai1%AT
Bio.AlignIO.write() WJZHE—1"H Bio.AlignI0.parse() PRFLR[MEIH— 4 1EM R,

TECATR BT A AR P81 X SR AL & — A PBIEexE, L3R ATT {4/ Bio.AlignI0.read () K%K
FREdE, ARG HH Bio.AlignI0.write O JRBIRIRAT I —Fikg X

from Bio import AlignIO
alignment = AlignIO.read("PF05371_seed.sth", "stockholm")
AlignI0.write([alignment], "PF05371_seed.aln", "clustal")

T PAEPIABIT, VR8RS AR PFAM/Stockholm 4% P41 AR e Clustal A3

CLUSTAL X (1.81) multiple sequence alignment

COATB_BPIKE/30-81 AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRLFKKFSS
Q9TOQ8_BPIKE/1-52 AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKLFKKFVS
COATB_BPI22/32-83 DGTSTATSYATEAMNSLKTQATDLIDQTWPVVTSVAVAGLAIRLFKKFSS
COATB_BPM13/24-72 AEGDDP-—-AKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTS
COATB_BPZJ2/1-49 AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFAS
Q9TOQ9_BPFD/1-49 AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTS
COATB_BPIF1/22-73 FAADDATSQAKAAFDSLTAQATEMSGYAWALVVLVVGATVGIKLFKKFVS
(FZREE)
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(8:EW)

COATB_BPIKE/30-81
Q9TOQ8_BPIKE/1-52
COATB_BPI22/32-83
COATB_BPM13/24-72
COATB_BPZJ2/1-49

Q9TOQ9_BPFD/1-49

COATB_BPIF1/22-73

KA
RA
KA
KA
KA
KA
RA

F38b, AREATPAGE I A AUTERF e A7 PHYLIP #%5X:

from Bio import AlignIO

AlignI0.convert ("PF05371_seed.sth", "stockholm", "PF05371_seed.phy", "phylip")

PRATPABRAFLA T PHYLIP R CH SO i -

7 52
COATB_BPIK
Q9TOQ8_BPI
COATB_BPI2
COATB_BPM1
COATB_BPZJ
Q9TOQ9_BPF
COATB_BPIF

AEPNAATNYA
AEPNAATNYA
DGTSTATSYA
AEGDDP---A
AEGDDP---A
AEGDDP---A
FAADDATSQA
KA
RA
KA
KA
KA
KA
RA

TEAMDSLKTQ
TEAMDSLKTQ
TEAMNSLKTQ
KAAFNSLQAS
KAAFDSLQAS
KAAFDSLQAS
KAAFDSLTAQ

AIDLISQTWP
AIDLISQTWP
ATDLIDQTWP
ATEYIGYAWA
ATEYIGYAWA
ATEYIGYAWA
ATEMSGYAWA

VVTTVVVAGL
VVTTVVVAGL
VVTSVAVAGL
MVVVIVGATI
MVVVIVGATI
MVVVIVGATI
LVVLVVGATV

VIRLFKKFSS
VIKLFKKFVS
AIRLFKKFSS
GIKLFKKFTS
GIKLFKKFAS
GIKLFKKFTS
GIKLFKKFVS

PHYLIP A% Ui RS2 B A 2k a4 P21 1D 24004 10

I f

~1r

(ID 2 TR

B o TEX—MI T, BRI FS) ID KRR EME—R) (LR TR ) . 7RSI, AR
— TR RGP I ID. ARG T3R L T 55— P A B E X1 ID SRACE AR 7

% ID:

>>> from Bio import AlignIO
>>> AlignIO.convert("PF05371_seed.sth", "stockholm", "PF05371_seed.phy", "phylip-relaxed

(%u)
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XU AR B, (U K B AR HE DA Fu iR s BE 4t BT B R A -

7 52
COATB_BPIKE/30-81 AEPNAATNYA TEAMDSLKTQ AIDLISQTWP VVTTVVVAGL VIRLFKKFSS
Q9TOQ8_BPIKE/1-52 AEPNAATNYA TEAMDSLKTQ AIDLISQTWP VVTTVVVAGL VIKLFKKFVS
COATB_BPI22/32-83 DGTSTATSYA TEAMNSLKTQ ATDLIDQTWP VVTSVAVAGL AIRLFKKFSS
COATB_BPM13/24-72 AEGDDP---A KAAFNSLQAS ATEYIGYAWA MVVVIVGATI GIKLFKKFTS
COATB_BPZJ2/1-49  AEGDDP---A KAAFDSLQAS ATEYIGYAWA MVVVIVGATI GIKLFKKFAS
Q9TOQ9_BPFD/1-49  AEGDDP---A KAAFDSLQAS ATEYIGYAWA MVVVIVGATI GIKLFKKFTS
COATB_BPIF1/22-73 FAADDATSQA KAAFDSLTAQ ATEMSGYAWA LVVLVVGATV GIKLFKKFVS

KA

RA

KA

KA

KA

KA

RA

Y=

ANRAAZIUE ] JU G Y 4% PHYLIP #%X, JJA]

TSRO i 2 BT BRI SR AR AT

Hews

FEAREAN T B IRAT- 200 S 3 S A RS S R 5L

>>>

>>>

>>>

>>>

name_mapping[i] =

name_mapping =

from Bio import AlignIO
alignment = AlignI0.read("PF05371_seed.sth", "stockholm")

{+

record.id

record.id = "seq%i" % i

>>>

{0:
L.24-T72",

4: 'COATB_BPZJ2/1-49', 5:

print (name_mapping)

'COATB_BPIKE/30-81', 1:

'Q9TOQ9_BPFD/1-49', 6:

for i, record in enumerate(alignment):

'Q9TOQ8_BPIKE/1-52', 2:

'COATB_BPI22/32-83', 3:

>>>AlignI0.write([alignment], "PF05371_seed.phy", "phylip")

"COATB_BPIF1/22-73'}

PAEAIS 5 Sl G S B 5 S ID AJstan 1D g -

{0:

'COATB_BPIKE/30-81', 1:

'Q9TOQ8_BPIKE/1-52', 2:

'COATB_BPI22/32-83',

PATR S PHYLIP (A% i -

7 52
seq0

AEPNAATNYA TEAMDSLKTQ AIDLISQTWP VVTTVVVAGL VIRLFKKFSS

84
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(£ k1)
seql AEPNAATNYA TEAMDSLKTQ AIDLISQTWP VVTTVVVAGL VIKLFKKFVS
seq2 DGTSTATSYA TEAMNSLKTQ ATDLIDQTWP VVTSVAVAGL AIRLFKKFSS
seq3 AEGDDP---A KAAFNSLQAS ATEYIGYAWA MVVVIVGATI GIKLFKKFTS
seq4 AEGDDP---A KAAFDSLQAS ATEYIGYAWA MVVVIVGATI GIKLFKKFAS
seqb AEGDDP---A KAAFDSLQAS ATEYIGYAWA MVVVIVGATI GIKLFKKFTS
seqb FAADDATSQA KAAFDSLTAQ ATEMSGYAWA LVVLVVGATV GIKLFKKFVS

KA
RA
KA
KA
KA
KA
RA

T s ID YRR &I, PHYLIP #3XA 2 i 77 )5 41 Fo X g BRARURS 300 AT 38 BUURF Bl fif 77 0
PFAM/Stockholm =i HE REXT 341 U EATHERE AR O PRAFAR B K -

6.2.2 JEFFFILE I M RIFMABX ML FHFER (formatted strings)

4 Bio.AlignIO0 BEHURET SCOARIANRY, DR ILARGIRAERS P o1 U B A — D FARFER AT 4, IR B —
YRS TAE . SR, FATFEIE—A format O JrikRil IR SEHIX LSS . format O JIATEE M efit—
NGRS (X TLAZATAT AlignI0 SCHRFIYTFHILLAE ) . Hildn:

>>> from Bio import AlignIO
>>> alignment = AlignI0.read("PF05371_seed.sth", "stockholm")
>>> print(alignment.format("clustal"))

CLUSTAL X (1.81) multiple sequence alignment

COATB_BPIKE/30-81
Q9T0Q8_BPIKE/1-52
COATB_BPI22/32-83

AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRLFKKFSS
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKLFKKFVS
DGTSTATSYATEAMNSLKTQATDLIDQTWPVVTSVAVAGLAIRLFKKFSS

BTAIAES.6 FPE], Bio.Seql0 #AH—/X} SeqRecord i /7.

format () HYEEH ) StringI0 PAK Bio.AlignIO.write() SESEFIPA F#i A, WISRARME A2 Z A
i) Biopython, ARATPASE I AR AR R 58 B [ i A% -

2.6. %6 =EZFIILLM
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>>>
>>>
>>>
>>>
>>>
1

>>>

>>>

from Bio import AlignIO

from StringI0 import StringIO

alignments = AlignIO.parse("PF05371_seed.sth", "stockholm")
out_handle = StringI0()

AlignI0.write(alignments, out_handle, "clustal")

clustal_data = out_handle.getvalue()
print(clustal_data)

CLUSTAL X (1.81) multiple sequence alignment

COATB_BPIKE/30-81
Q9T0Q8_BPIKE/1-52
COATB_BPI22/32-83
COATB_BPM13/24-72

AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRLFKKFSS
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKLFKKFVS
DGTSTATSYATEAMNSLKTQATDLIDQTWPVVTSVAVAGLAIRLFKKFSS
AEGDDP---AKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTS

2.6.3 6.3 FFHILL M AYIRIN

BAERANTC & T T TS AR S P HEXS o 1EFRATARE R B RS AR 51 FEXT e T 44

6.3.1 FFFILLXEIT R (slice) $RIE

H5E, PR PAA ARSI AR — AN SeqRecord XY Python 5% (list). A T iXkE—ANEl

NG, VRATDAREA 1en() J7iskA5 20174

PR AEL) AR AT AXTF A1 X 754K

>>>

>>>

>>>

from Bio import AlignIO
alignment = AlignIO.read("PF05371_seed.sth", "stockholm")

print ("Number of rows: /7" % len(alignment))

Number of rows: 7

>>>

for record in alignment:

print("/s - /s" % (record.seq, record.id))

AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRLFKKFSSKA - COATB_BPIKE/30-81
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKLFKKFVSRA - Q9T0Q8_BPIKE/1-52
DGTSTATSYATEAMNSLKTQATDLIDQTWPVVTSVAVAGLAIRLFKKFSSKA - COATB_BPI22/32-83
AEGDDP---AKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA - COATB_BPM13/24-72
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFASKA - COATB_BPZJ2/1-49
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA - Q9T0Q9_BPFD/1-49
FAADDATSQAKAAFDSLTAQATEMSGYAWALVVLVVGATVGIKLFKKFVSRA - COATB_BPIF1/22-73
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YRATABE ISR BT 1Y append I extend J5yARE 4 UXT M1 o V5 1508 — i B AR R BE AR 751 HL XS

SHAGHFPAIR KR, VR AT AGE I B R A A B e 1) X

>>> print(alignment)

Alignment with 7 rows and 52 columns
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRL. ..SKA COATB_BPIKE/30-81
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKL. . .SRA Q9TOQ8_BPIKE/1-52
DGTSTATSYATEAMNSLKTQATDLIDQTWPVVTSVAVAGLAIRL. . .SKA COATB_BPI22/32-83
AEGDDP---AKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKL. ..SKA COATB_BPM13/24-72
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKL. ..SKA COATB_BPZJ2/1-49
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKL. . .SKA Q9T0OQ9_BPFD/1-49
FAADDATSQAKAAFDSLTAQATEMSGYAWALVVLVVGATVGIKL. . .SRA COATB_BPIF1/22-73
>>> print(alignment[3:7])

Alignment with 4 rows and 52 columns
AEGDDP---AKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKL. ..SKA COATB_BPM13/24-72
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKL. . .SKA COATB_BPZJ2/1-49
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKL. . .SKA Q9TOQ9_BPFD/1-49
FAADDATSQAKAAFDSLTAQATEMSGYAWALVVLVVGATVGIKL. . .SRA COATB_BPIF1/22-73

TRANART ZEARAFER )% B AME? Qs Bz fild Numpy B FEIR 24— @t R iiEEEw A&, [

Yl

>>> print(alignment[2,6])
T

A BB RAF P RS i — A4, X S AT AR itk 755X

>>> print(alignment [2] .seq[6])
T

PRATVAT T I A GRS R R 51 -

>>> print(alignment[:,6])
TTT---T

PRt T AR I e R AT RIS o Bildn, PATRAUISRT BN 26 3 31 6 7Ry HT 6 41

>>> print(alignment[3:6,:6])
Alignment with 3 rows and 6 columns
AEGDDP COATB_BPM13/24-72

AEGDDP COATB_BPZJ2/1-49

AEGDDP Q9TO0Q9_BPFD/1-49

(]« FHTE e AT
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>>> print(alignment[:,:6])
Alignment with 7 rows and 6 columns
AEPNAA COATB_BPIKE/30-81

AEPNAA Q9TOQ8_BPIKE/1-52

DGTSTA COATB_BPI22/32-83

AEGDDP COATB_BPM13/24-72

AEGDDP COATB_BPZJ2/1-49

AEGDDP Q9T0Q9_BPFD/1-49

FAADDA COATB_BPIF1/22-73

IR BATBEBE T — R SRR R —B 0 PP S xS FEPAN BT, =215 7, 8, 9 =F12k[H]
B ()

>>> print(alignment[:,6:9])
Alignment with 7 rows and 3 columns
TNY COATB_BPIKE/30-81

TNY Q9TOQ8_BPIKE/1-52

TSY COATB_BPI22/32-83

—-—- COATB_BPM13/24-72

—--- COATB_BPZJ2/1-49

--- Q9TOQ9_BPFD/1-49

TSQ COATB_BPIF1/22-73

PRt n] AE I U] 7 A BRSS9 S LARRI A 741 -

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

Alignment with 7 rows and 43 columns
ATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRLFKKFSSKA COATB_BPIKE/30-81
ATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKLFKKFVSRA Q9TOQ8_BPIKE/1-52
ATEAMNSLKTQATDLIDQTWPVVTSVAVAGLAIRLFKKFSSKA COATB_BPI22/32-83
AKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA COATB_BPM13/24-72
AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFASKA COATB_BPZJ2/1-49
AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA Q9TOQ9_BPFD/1-49
AKAAFDSLTAQATEMSGYAWALVVLVVGATVGIKLFKKFVSRA COATB_BPIF1/22-73

e, ARAT AT SR BEF S N o X R VRAERE 22 21 EEX g1 2 5. Bl

>>> edited = alignment[:,:6] + alignment[:,9:]

>>> print(edited)

Alignment with 7 rows and 49 columns
AEPNAAATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRLFKKFSSKA COATB_BPIKE/30-81
AEPNAAATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKLFKKFVSRA Q9TOQ8_BPIKE/1-52

(Q3)
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(B bTT)

DGTSTAATEAMNSLKTQATDLIDQTWPVVTSVAVAGLAIRLFKKFSSKA COATB_BPI22/32-83
AEGDDPAKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA COATB_BPM13/24-72
AEGDDPAKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFASKA COATB_BPZJ2/1-49
AEGDDPAKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA Q9TOQ9_BPFD/1-49
FAADDAAKAAFDSLTAQATEMSGYAWALVVLVVGATVGIKLFKKFVSRA COATB_BPIF1/22-73

73— G5 FOO B R 2 B R 1 51 U X B i — A K741 FEXS (meta-alignment ) . 7E3E
FrX R —E W R FAIR) ID T2 i (AR IL/.8 KT SeqRecord HYULHT). i TihFIIX AN H i),
M sort O Jrikefs sl ID $ Ma 7 R AT HES T B A By B -

>>> edited.sort()

>>> print(edited)

Alignment with 7 rows and 49 columns
DGTSTAATEAMNSLKTQATDLIDQTWPVVTSVAVAGLAIRLFKKFSSKA COATB_BPI22/32-83
FAADDAAKAAFDSLTAQATEMSGYAWALVVLVVGATVGIKLFKKFVSRA COATB_BPIF1/22-73
AEPNAAATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRLFKKFSSKA COATB_BPIKE/30-81
AEGDDPAKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA COATB_BPM13/24-72
AEGDDPAKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFASKA COATB_BPZJ2/1-49
AEPNAAATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKLFKKFVSRA Q9TOQ8_BPIKE/1-52
AEGDDPAKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKLFKKFTSKA Q9TOQ9_BPFD/1-49

FER A YA RS EOHA R [ B4 T A I A5 4 BEREA TP 81 EUG R 2

6.3.2 FRFILLXEAD S

MR L, AR I OO AP AR T 0 . AR A Numpy SRSE Bl —H 19

>>> import numpy as np

>>> from Bio import AlignIO

>>> alignment = AlignIO.read(”PFOSS?l_seed.sth”, "stockholm")

>>> align_array = np.array([list(rec) for rec in alignment], np.character)
>>> print("Array shape /7 by /7" ’ align_array.shape)

Array shape 7 by 52

WERART B E I SN 34, VAT PALLE Numpy 5551 EXT AR B TE b A iy (5 Fortran —#f), TMA
s Numpy BUATES (15 C —HELMT#AE) :

>>> align_array = np.array([list(rec) for rec in alignment], np.character, order="F")

R, Numpy (%41 Biopython BRIARYFFFI LR XE G270 BIRKAAAE NAFH Y, S i — A S E R )
—AME.

2.6. % 6 ESFIILLN 89




Biopython-cn Documentation, %% 0.1

2.6.4 6.4 FEEZIHBIER
6.4.1 Bt

HEERI “substitutions JE M # 4 o I FRE LR ABIR . @I B A R A AT XTI TR, TR
TR FE IR B AE BT R AT AR . B,

>>> from Bio.Seq import Seq

>>> from Bio.SeqRecord import SeqRecord

>>> from Bio.Align import MultipleSeqAlignment
>>> alignment = MultipleSeqAlignment (

[
SeqRecord (Seq("ACTCCTA"), id='seql'),
SeqRecord(Seq("AAT-CTA"), id='seq2'),
SeqRecord(Seq("CCTACT-"), id='seq3'),
SegRecord (Seq("TCTCCTC"), id='seqg4'),
]

>>> print(alignment)
Alignment with 4 rows and 7 columns
ACTCCTA seql
AAT-CTA seq2
CCTACT- seq3
TCTCCTC seq4
>>> substitutions = alignment.substitutions
>>> print(substitutions)
A C T
A20 4.5 1.0
C 4.5 10.0 0.5
T1.0 0.5 12.0

W TR AL, RO ETERT e E AR ¥4y . Blan, <A“H] “CBy 9 AXFAERE [ A,
O ] A 45, ZERIEE [ 7,0 AT ] AE A5, WU 2042 WA, ARIEKEE RO B RERS, SORh
ZHA BT R ez .

T, ‘‘alignment.substitutions fl FAFEHZ B SRR 2 H o BT PAGEIT “‘select* Jy yATR NGk /5
By H, Bl

>>> m = substitutions.select("ATCG")
>>> print (m)
A T C G

(T IR
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(8:EW)

A2.0 1.0 4.50.0
T 1.0 12.0 0.5 0.0
C4.5 0.510.0 0.0
G 0.0 0.0 0.00.0

XA R T DA 55 B P BRI

2.6.5 6.5 EFIIELXEI TR

H A TR S SR I kK — AT, SRR MRS SR KB b 3 A
AR, {kE R AT Python AKSSIUBAT. ST, UATABEN Biopython HisfT s 4 TRUT.
R
L eds— ok PR ASCHE, —fh FASTA 458005791, {RATDART Bio. SeqT0 Jflik—
A (LRSS ).

2. 7 Biopython Hizt7— AN 4 TAR T KA T4 LU (FRATTHFAEX LR /20 ) o X 75 2258 i Biopython
MT AT (wrapper) RSEHL
3. A BRI R, R HER AP A L o X AEA T DAE T Bio. AlignI0 RS (B ATEH]
RN o
AL/ TR W AT T ERE P AR AR 7 U o 3 — AN AT XSOk E SR S8 (Bl4n:
WA, W45 ), KA Python RS S RIHORIZITX —RUF (Bldn: {#] subprocess
) .
KEFHIFTOFEFAME Bio.Align. Applications H5E X:

>>> import Bio.Align.Applications
>>> dir(Bio.Align.Applications)
['ClustalwCommandline', 'DialignCommandline', 'MafftCommandline', 'MuscleCommandline',

'PrankCommandline', 'ProbconsCommandline', 'TCoffeeCommandline' ...]

(PAFRI IR HIL R A 2 Biopython 727, iX4EAFETE Python A %FIKM S L. ) Bio.Emboss.
Applications L& EMBOSS WFTHARF (1% needle il water ). EMBOSS #l PHYLIP {37 ff%
JPRAE 6.5.5 RGN A . fEATEY, AT ARITER A 75 O F T AN, {22 Biopython
e 1 R A L A B R R

6.5.1 ClustalW

ClustalW g — M EE AT AT Z 7 W I i 1587 (b A — DRI IRAFRZ A ClustalX) .
Biopython ] Bio.Align.Applications it &ixX—Z FF41 AR T T EAET o
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FATEBARAE Python HflH ClustalW Z BiFE iy AT 5 0 T P31 Clustal W, SZAERE SEAR 35X —FE
FPiZH. 1R %31 Biopython FTALAE /7 AR H ™ M HLEE S bR i 94T APL:

>>> from Bio.Align.Applications import ClustalwCommandline

>>> help(ClustalwCommandline)

VE R f5 (BT BRI — A, AR TR A~ FASTA #8078 U, Bl : opuntia.fasta (#R7] PATE
288 7E Biopython/Doc/examples SC{4-Je 3k 211Z 75 ) . opuntia.fasta 1053 7 4> prickly-pear fj) DNA
75 CRAMANER}).

ClustalW FEERIANE 0N 277 A — A48 Bir A i AT 587 51 B A S — 1> B 4 AT 51 24 248 B i 4
(guide tree). BN, M _EiRSCHERHE A, ClustalW ¥4 opuntia.aln #l opuntia.dnd P4~

>>> from Bio.Align.Applications import ClustalwCommandline
>>> cline = ClustalwCommandline("clustalw2", infile="opuntia.fasta")
>>> print(cline)

clustalw2 -infile=opuntia.fasta

R HBAL M IAT A4 2 clustalw2 |, X J2 ClustalW B5 " ANRA (55— MRASH) SCHF44 8
clustalw ), ClustalW BJRXINRAR GRS, I BAEDIRE B —E.

Al e R, REARZSE T ClustalW, PA_FI i AT A JCYA IEfIZ AT VRV BE£ 153 “command not found”
ARG R (JoHRTE Windows |). XEEREHT ClustalW isf 787 H A TE R G TAEH % PATH R
(— MM S EHBTTRF RN AT AR E) . REERTAME e PATH, (HA3E ClustalW iz 787 R RS
TR B ), SO VR LB S @ R P i e Xy Bk A% . filn:

>>> import os
>>> from Bio.Align.Applications import ClustalwCommandline
>>> clustalw_exe = r"C:\Program Files\new clustall\clustalw2.exe"

>>> clustalw_cline = ClustalwCommandline(clustalw_exe, infile="opuntia.fasta")

>>> assert os.path.isfile(clustalw_exe), "Clustal W executable missing"

>>> stdout, stderr = clustalw_cline()

R, Python ' \n Ml \t KRN H—FATMBIRTE (tab). SR, WERARE—/DNEH " BAET
FREREATRITT, X P AR OR B ARSI GRAT . XA X T Windows KU ) S A
e M RAFI 25

Biopython F&PEE 85 subprocess fRHRSLIMIT AT, M AZE os.system() Fll os.popen*

A, AV LEE T ffar 247 LR TAER . MR H— NS THy, BAAafEmas L h—% )
2o Xt T AR ORI A ). FERGEE L, AWIREIE (pipe) R DKArANIR] B4t AF B AR
(standard output) W IER M NZ, RERTR (standard error) B RHIRATEEGE . FHE, R4%H
2 brER A (standard input) . X2 ar 4T TR SR SCIF R . MRRFBr 8 RbAG, EfEfES
R[] AR R BME N 0 WAL T IEH S5
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B AR Biopython FTHARR KA M ar 47 TRMIME, ERSFERERTEN, HAERPIREE. 1R
REMEAR N 0, Biopython Kf &3 R—ANH%{E H. Biopython THATFHRF & M PINTAFH, Aries A
PRfERT IR

15 ClustalW (611, MARGENRRFIY, P SR e R 25 S . AT B s B
7 (ilid stdout or stderr) W DABEZMEHL (Bl E B &MINETT).

YizAT ClustalW I, FATHT &L AR5 1 751 RS SCPERIR S S0P Clustal W 2 H ik i

NBHRI SCIR20 e 2% K 1 SC0E o AEARBIH, it P52 opuntia.aln o MARMINETT5E ClustalW DA,
YRATPAGE A Bio.AlignI0 S istHith 4554

>>> from Bio import AlignIO

>>> align = AlignI0.read("opuntia.aln", "clustal")

>>> print(align)

SingleLetterAlphabet () alignment with 7 rows and 906 columns
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273285|gb|AF191659.1]|AF191
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273284|gb|AF191658.1]|AF191
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273287|gb|AF191661.1]|AF191
TATACATAAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273286|gb|AF191660.1]|AF191
TATACATTAAAGGAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273290|gb|AF191664.1]|AF191
TATACATTAAAGGAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273289|gb|AF191663.1]|AF191
TATACATTAAAGGAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . . AGA gi|6273291|gb|AF191665.1]|AF191

53N SCHF opuntia.dnd LA newick #sRHOHEFF, RTTDAIA Biopython Hiff) Bio.Phylo
R

>>> from Bio import Phylo

>>> tree = Phylo.read("opuntia.dnd", "newick")

>>> Phylo.draw_ascii(tree)

gil6273291|gb|AF191665.1|AF191665

| gi16273290|gb|AF191664.1|AF191664

[ gi 16273289 |gb|AF191663.1|AF191663
| gi 16273287 | gb|AF191661.1|AF191661
__________ gi16273286 | gb|AF191660.1|AF191660

__ gi116273285|gb|AF191659.1|AF191659

| gil6273284|gb|AF191658.1|AF191658

13 BRI T A Biopython X BEALRI LG HEAT AL I .
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6.5.2 MUSCLE

MUSCLE 25—/ #0741 ekt TE., Biopython HJ Bio.Align.Applications F1A 4%} Muscle HJ$T
(R, 5 ClustalW —, Foll T B DU SETE @ &F7 S F i MUSCLE DURFEE ] Biopython T (12
J¥. eI, Biopython HFT A7 AL A& 4G T A a1 A S5

>>> from Bio.Align.Applications import MuscleCommandline

>>> help(MuscleCommandline)

Ve R R B T, REFIEE—/ Fasta ¥HIEHE SCHEE M A . BIAN: opuntia.fasta R JGHRTT AR IF
MUSCLE 5% FASTA SCP, 30751 XI5 i

>>> from Bio.Align.Applications import MuscleCommandline
>>> cline = MuscleCommandline(input="opuntia.fasta", out="opuntia.txt")
>>> print(cline)

muscle -in opuntia.fasta -out opuntia.txt

TR, MUSCLE ffiJf] “-in” Al “-out” A AR i3, 1MifE Biopython Hr, FATEI “input” Fi
“out” N RETRIGEMARH . XZ2HT “in” Jg Python By— X EIFTRLLLE .

BOANEOL T, MUSCLE fki il SOl 5 T (gap) #9 FASTA %3301 2457455E format=fasta Y,
Bio.AlignIO BEfSBEHIZ FASTA U, fRtAT A% MUSCLE >E4ij i ClustalW-like [ 3445

>>> from Bio.Align.Applications import MuscleCommandline
>>> cline = MuscleCommandline(input="opuntia.fasta", out="opuntia.aln", clw=True)
>>> print(cline)

muscle -in opuntia.fasta -out opuntia.aln -clw

o, PR ClustalW g% SCfE (0 R IR ClustalW A SCHARZS) o il 4 :

>>> from Bio.Align.Applications import MuscleCommandline
>>> cline = MuscleCommandline(input="opuntia.fasta", out="opuntia.aln", clwstrict=True)
>>> print(cline)

muscle -in opuntia.fasta -out opuntia.aln -clwstrict

PRAT Al Bio.AlignIO ) format="clustal" ¥R ELIGX LL7 51 LU X4t o

MUSCLE #a] AR GCG F1 MSF (] msf 2%%) #2 HTML #%3(, {H/2H#l Biopython H ARREREE
Efl.
YRR PATCE MUSCLE HERAIESEL, Bl K8 H 9 R BARE AL Biopython HYATHE )
PEER
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6.5.3 MUSCLE #r/4iH

A ERY MUSCLE 6y 4 7H S ALFS O E2R T 2] —ASCfFrp . 2810 MUSCLE W AR 751 HU XS
GURMEN RS bR R T . Biopython FT AR AT ARSI — i Al o 81— S il

>>> from Bio.Align.Applications import MuscleCommandline
>>> muscle_cline = MuscleCommandline(input="opuntia.fasta")
>>> print(muscle_cline)

muscle -in opuntia.fasta

IR AT WREPafT ik ar S, RBPRHRE— PR R TIEE, BATAT AR StringI0 4
B, iCfE MUSCLE KFERIAA FASTA s i 751 HEXS -

>>> from Bio.Align.Applications import MuscleCommandline

>>> muscle_cline = MuscleCommandline(input="opuntia.fasta")

>>> stdout, stderr = muscle_cline()

>>> from StringI0 import StringIO

>>> from Bio import AlignIO

>>> align = AlignI0.read(StringIO(stdout), "fasta")

>>> print(align)

Alignment with 7 rows and 906 columns
TATACATTAAAGGAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273289|gb|AF191663.1|AF191663
TATACATTAAAGGAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273291|gb|AF191665.1|AF191665
TATACATTAAAGGAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273290|gb|AF191664.1|AF191664
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273287|gb|AF191661.1|AF191661
TATACATAAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273286|gb|AF191660.1|AF191660
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273285|gb|AF191659.1|AF191659
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273284|gb|AF191658.1|AF191658

PAESE M ARRRIA BT, AR BAC BB i i B, AT N &M AN . Xt
TXFEDL, subprocess Fbn] DAAEHTy AL, fI0:

>>> import subprocess

>>> from Bio.Align.Applications import MuscleCommandline

>>> muscle_cline = MuscleCommandline(input="opuntia.fasta")

>>> child = subprocess.Popen(str(muscle_cline),
stdout=subprocess.PIPE,
stderr=subprocess.PIPE,
shell=(sys.platform!="win32"))

>>> from Bio import AlignIO

>>> align = AlignIO.read(child.stdout, "fasta")

>>> print(align)

(T gk%E)
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(B bTT)

Alignment with 7 rows and 906 columns

TATACATTAAAGGAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . . AGA gi|6273289|gb|AF191663.1|AF191663
TATACATTAAAGGAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi| 6273291 |gb|AF191665.1|AF191665
TATACATTAAAGGAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273290|gb|AF191664.1|AF191664
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273287|gb|AF191661.1|AF191661
TATACATAAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . . AGA gi|6273286|gb|AF191660.1|AF191660
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273285|gb|AF191659.1|AF191659
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273284|gb|AF191658.1|AF191658

6.5.4 LUfR/EEH N\ F04R A H A MUSCLE

FL b, BAVHEATERF AL SRR MUSCLE, MUSCLE R] PATSHUCR GERRifE fir A B 25 -

R, XA R GREBL, AR, AR DA DA

T ik MUSCLE SRR AR A2, FRATHE Jomfa 2R R HES I P SILA SeqRecord XA TE LA N
Fo TEIXH, FRATRA— DN EFERFERYFS (FIHC /N 900bp ), 1 A2 e ikt

>>> from Bio import SeqlO

>>> records = (r for r in Seql0.parse('"opuntia.fasta", "fasta") if len(r) < 900)

WifS . FeMTEEE—4 MUSCLE 4T, R AEEMAME S (MUSCLE BRIk A br s AFIbR

H)o XHL, FRATREE I B A% Clustal #5(:

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

muscle -clwstrict

FA1fd ) Python 1) P B subprocess SCHLX—H 1)

>>> 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"))

X5 E3 MUSCLE, (B2 EfF2%RF FASTA MaXpf A% . FeATn] b

me:

L B AR AR A
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>>> SeqlO.write(records, child.stdin, "fasta")
6

>>> child.stdin.close()

1R 6 TG AMNIE, MUSCLE {36F &%, W@ ErA e FASTA oA 7. JATA]
PAR AR SE /R4 MUSCLE. iXitf, MUSCLE ffIHifiztT. fefi, FATTLATERRIER) H h a2 R :

>>> from Bio import AlignIO

>>> align = AlignI0.read(child.stdout, "clustal")

>>> print(align)

Alignment with 6 rows and 900 columns
TATACATTAAAGGAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273290|gb|AF191664.1|AF19166
TATACATTAAAGGAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273289|gb|AF191663.1|AF19166
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273287|gb|AF191661.1|AF19166
TATACATAAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273286|gb|AF191660.1|AF19166
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273285|gb|AF191659.1|AF19165
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273284|gb|AF191658.1|AF19165

BAEBANAERA Q1 —A> FASTA SUPFRIOL R 345 17— AP RS SR10, diFREA7E Biopython Shiz
7 MUSCLE, X 2 SRR i FE IR, T HAFAERR P 515 U p 1A (Windows 1 Linux) .

W ARG subprocess AJ7fHffi ], Biopython #2477 5 —F 5. WRIRA muscle_cline() %
BATANEARY (40 MUSCLE) , fRAI A — /R X RAE N A . B, ARATRARAK Fl oy =X 4l -
muscle_cline(stdin=...) . RUMKHIFHISCHEAK, WATPARFHAEFE A StringT0 X4 (HAAR22.1):

>>> from Bio import SeqIO

>>> records = (r for r in SeqlIO.parse("opuntia.fasta", "fasta") if len(r) < 900)
>>> from StringI0 import StringIO

>>> handle = StringI0()

>>> SeqlIO.write(records, handle, "fasta")

6

>>> data = handle.getvalue()

PRATPARAR J5 2z A7 A R e s s 24 -

>>> stdout, stderr = muscle_cline(stdin=data)

>>> from Bio import AlignIO

>>> align = AlignI0.read(StringIO(stdout), "clustal")

>>> print(align)

Alignment with 6 rows and 900 columns
TATACATTAAAGGAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273290|gb|AF191664.1|AF19166
TATACATTAAAGGAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . . AGA gi|6273289|gb|AF191663.1|AF19166

(T )
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(8:EW)

TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273287|gb|AF191661.1|AF19166
TATACATAAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273286|gb|AF191660.1|AF19166
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273285|gb|AF191659.1|AF19165
TATACATTAAAGAAGGGGGATGCGGATAAATGGAAAGGCGAAAG. . .AGA gi|6273284|gb|AF191658.1|AF19165

PRATBERE A A A, (HEFEELZHNAG (2 TRIVE ATRFH R RR A A FASTA 3L
PFAIER Y Clustal $E51) .

6.5.5 EMBOSS 88 FEFILE Y T E——needle 1 water

EMBOSS A A FH X R F—water il needle 3E5ZF Smith-Waterman fiJR7B)F 4 X (local
alignment ) F Needleman-Wunsch 235 %4 71 (global alignment ). iX P47 EoG HH R A9 81 5=,
PRI PA needle Sl

TRt A R PSP IHES , VRATLAKF FASTA M3 1 AGNR 75 S fif -

>HBA_HUMAN
MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHG
KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
AVHASLDKFLASVSTVLTSKYR

PA_ENZAE alpha.fasta SC{FH, 55— fF beta.fasta I

>HBB_HUMAN
MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK
VKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFG
KEFTPPVQAAYQKVVAGVANALAHKYH

LRI AFE Biopython JHAUASH) Doc/examples/ H 5% -h 3k BI04 78 G SOOI EIAS .
IR — 52 A needle fir AR

>>> from Bio.Emboss.Applications import NeedleCommandline

>>> needle_cline = NeedleCommandline(asequence="alpha.faa", bsequence="beta.faa",
gapopen=10, gapextend=0.5, outfile="needle.txt")

>>> print(needle_cline)

needle -outfile=needle.txt -asequence=alpha.faa -bsequence=beta.faa -gapopen=10 -

—gapextend=0.5

PRATRES B REN], M AR EHIEEL S BisfrX — T R? IRa kM, Rt —A 2w EIHES ], 9
45 ISR needle. txt H1 (DA EMBOSS BRIAfF5 HERTHE ) .

B 2% 7 EMBOSS, A BTG i, /RmIRERRTG— S D9HE “command not found”, i
H27E Windows Flirp . iXRWAEZ T EMBOSS T HMZH: HR I ATERSN) PATH . BE| X FpE
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» VREERT AR B RGERY R AL i, T DAFE Biopython HififiE EMBOSS W2, Hilln:

>>> from Bio.Emboss.Applications import NeedleCommandline
>>> needle_cline = NeedleCommandline(r"C:\EMBOSS\needle.exe",
asequence="alpha.faa", bsequence="beta.faa",

gapopen=10, gapextend=0.5, outfile='"needle.txt")

£ Python ', \n I \t 2} AEREMATAFRGIRST . MAETAFHHA—A 07 RFKE raw PR (\n Fl
\t FFRRFENTARMPIRE) -

BAEARATA A B8 Fahizfr EMBOSS T AR, HE—THANSHASLIXT ) Biopython T
AU B S -

>>> from Bio.Emboss.Applications import NeedleCommandline

>>> help(NeedleCommandline)

fon: PRl DATR R E SRR . Bl

>>> from Bio.Emboss.Applications import NeedleCommandline
>>> needle_cline = NeedleCommandline()

>>> needle_cline.asequence="alpha.faa"

>>> needle_cline.bsequence="beta.faa"

>>> needle_cline.gapopen=10

>>> needle_cline.gapextend=0.5

>>> needle_cline.outfile="needle.txt"

>>> print(needle_cline)

needle -outfile=needle.txt -asequence=alpha.faa -bsequence=beta.faa -gapopen=10 -
—gapextend=0.5

>>> print(needle_cline.outfile)

needle.txt

BAEFANIIRAG T4 needle 4T, FHAEAE Python HizfTE. WAMEZ AR, WIRIRA S 5e 4
PEfiliX—id 2, subprocess ZaRUFIIVESE, (Hig ARIRH 2 fé WEEATERR, PAT a4 2 PAIKEI H i

>>> stdout, stderr = needle_cline()
>>> print(stdout + stderr)

Needleman-Wunsch global alignment of two sequences

b5, FAIFTFEHA Bio.AlignI0 FEREISHL needle it (emboss #%X):

>>> from Bio import AlignIO
>>> align = AlignIO.read("needle.txt", "emboss")

>>> print(align)

(@3
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Alignment with 2 rows and 149 columns
MV-LSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTY . . .KYR HBA_HUMAN
MVHLTPEEKSAVTALWGKV--NVDEVGGEALGRLLVVYPWTQRF . . .KYH HBB_HUMAN

TEEABI T, FfiTik EMBOSS RS GRAF 2] — N SO, (R AR T AL A RS v (AR
SEAEAN T BRI ORI OL T RYIERE, AR ABEI stdout=True Z4LM A2 outfile 24f). 5 MUSCLE
W —HE, ARd A AMARHER A BT S (asequence="stdin" Z%{().

PALEBIFAULANEZE T needle I water sfAi BRI . — A HB/NMEIGR, B AT VRS HZL
A5, EMBOSS T HRRGEE— N85 58— AN SCHE T B 51 EE X o

2.7 8 7 & BLAST

W, A AEREI BLAST, XE? Fgfs, il BLAST fERAYFFIFITHE A B M FS] e 2 4
TP s, XELRAZYF Blast HZ ARG, FOAIANTHICLHNE 1. XE AP Blast frj—L
R ——AL PR R BLAST B SR B w2 WXER), A 84 HahizfT BLAST P8R,

Sz, Biopython A XY N T X sexfEab. A, ff1E &% TARZ THAR b BIAST /]
TIGEARAL PR . X E S BAR R B A X L TR R T 1

1) BLAST 3@ # A LAZT K 2 20 XIS #R AT AR L Biopython, 55—, SR AR AL P51, 24T BLAST,
HrrEE . 54, Al Python f@t BLAST ki, HAFdE—2 0.

VRS — U247 BLAST Whift/giial NCBI Yy web flR45 . 2555 b, ARATDAE I ZH00y 20 (X 26y AT
PAZRIUL) KRB BLAST . k2875 s i S X HIFE T R 1EARRY 1 C il iz f7— 4 BLAST, if
SEEIERE A (7350 —G N, WH 2 NCBI fliRds4) Lisfy. JATRAE—> Python A< B ] NCBI
1E4k BLAST JIg 95 ATT Uik B 45«

EE RIS S BRI Bio.SearchlI0 s~ Biopython SZIGVEFTAMIEE, FRATHE A A E kB

JERH) Bio.Blast fibt, [y BEARAL T — ANl A PR R RAVHEZS . i, FEX MR RS E iR A
KAGZHT, FESEF TAEH U R, 54821 Bio.Blast ftHsftfbl NCBI BLAST,

2.7.1 7.1 @it Internet iZ1T BLAST

FAME ] Bio.Blast . NCBIWWW BIHR [ K%L qblast O K HFELMUAN) BLAST ., XANKECH 3 MLAFENS
3
o B NSERAPRE RN blast #2177, X2/ NG FATHR XA SEW IR TIFI AT DATE http://www.
ncbi.nlm.nih.gov/BLAST /blast  program.shtml. Z %], HHE] gqblast H3Z#F blastn, blastp, blastx,
tblast #l tblastx.

o BIABHERE TR ERRIBIEE . FAEH, XDSEARYETE AT ALE http://www.nebinlm.nih.
gov/BLAST /blast__databases.shtml. Z %]
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o BEABHCE MU FIREERFANN AT . XN DR PR A S (fasta #3X0)) , 5034
L GI Y id.

gblast pREGAE N VARESZ 1R 2 HANETI M SR, XS HEA EIMITIRME BLAST Mk ilTh fE i &S
Bro eI BT H SRR i — 2L

o gblast PREUW DAIR AL FAECH) BLAST 2558, ARA] DAE 7T ,,iﬁ format_type §EMI KT
St UHTNLY, "Textr, "ASN.1%, 5k XMLY . BAMGUR "KLY | SCRARHTAMAANR, 7.9 T
HIEH A .

o B expect FEEMHE(E, HIRE e-value.
W21k BLAST 24, 152 NCBI fy 304, (¥ & Biopython P& )RS,

>>> from Bio.Blast import NCBIWWW
>>> help(NCBIWWW.gblast)

ivER:, NCBI BLAST Muf FIERIASER QBLAST HERAS BN 2 M. WRARIGE] TR A4
FTFERE T SH0%E (L, e-value B{EF gap {H) .

BT, ARAIRE ZERTS, MM BLAST X2 (nt) SHTHER, CHXZERTIE GI
F, VAT PASKARA

>>> from Bio.Blast import NCBIWWW
>>> result_handle = NCBIWWW.gblast("blastn", "nt", "8332116")

o, FATREAARFIITE FASTA SXUFH, ABARMTATATIFRA AL ACRIEA R TR, &
Ja A AR A S A

>>> from Bio.Blast import NCBIWWW
>>> fasta_string = open('"m_cold.fasta").read()

>>> result_handle = NCBIWWW.gblast("blastn", "nt", fasta_string)

FATFFERT A FASTA SCAA—A~ SeqRecord 41X 4, SRR LAIXANFAI A S S

>>> from Bio.Blast import NCBIWWW

>>> from Bio import SeqlO

>>> record = Seql0.read("m_cold.fasta", format="fasta")

>>> result_handle = NCBIWWW.gblast("blastn", "nt", record.seq)

Rt e s ks BLAST & AR iR —4> ID. JRATRER Ak 1] SeqRecord Xf4:fY format JyiAM A
B fasta FAHH, IV RESEE fasta XFHEAR ID

>>> from Bio.Blast import NCBIWWW

>>> from Bio import SeqlO

(T gk%E)
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>>> record = Seql0.read("m_cold.fasta", format="fasta")
>>> result_handle = NCBIWWW.gblast("blastn", "nt", record.format("fasta"))

WERARII P AIAE— A FASTA A% U930 I HARI Bio.Seql0 (B35 &) LFSIBUHA T, IPAXAT5
A

ARG gblast O sEELHE T 2S48, #V %R [9]—4> handle object HI&5% ( BRIARZ XML #£X). T
— RS XML i @ i3 BLAST #RER Python MR (7.9 ). Aid, MFHAELILEXA
XML fi th GRAF— A SCHFRIAS . SN BLAST G5HRBUE B AU I, 3 B HBOTHA -
(RN EFrizfrfEgk BLAST fRRIEIH H R 2% NCBI RS54 myizf i) o

RN FEREZE T HMA result_handle.read() KiZHl BLAST %58 HAEH —k - FRMA
result_handle.read() £ iR B —AN2 1 F4E.

>>> save_file = open('"my_blast.xml", "w"
>>> save_file.write(result_handle.read())
>>> save_file.close()

>>> result_handle.close()

XA, SR CAAFMEME my_blast.xml SCPFH T I HUSSERY handle s EE C 284z iBie Butiok 1
(FTPAFRAHEE R T). [Hig, BLAST f#basiy parse s4 (FAIL7.5 ) R SCHFAIMZEINT S, i
PAFRAT R FHTITE L RAFH ST A

>>> result_handle = open("my_blast.xml")

BEARBIAECL 2648 BLAST P45 3 —ki%Ie] handle, FATRILAZMT R iX 28455 BroAFRATIEF r] AR BT
ORI (B TRm7.9 ). R VR A0 -

2.7.2 7.2 X#hizfT BLAST
7.2.1 4R

TEAMIZST BLAST (MR internet i2f7H, W7.1 ) F/H 2 ASFEAL A
o AMijzfT BLAST wfgbbilind internet 247 B ;
o AHLATT R PALEAREE ST H O B B R A T R .

A BEA R B R R R 7 B R R AL T BLAST (955 — AR . ARt iF A BE iR 1 2817 91 4
W, FrPABCEAR RSy NCBI & BLAST,

A, AHLSITEA LG - TR IR AR A I ia T/ 2 e 0
o AMbizfr BLAST FR2Reti xan 47 TH.
o AHbizfT BLAST F8208— MR AR BLAST R9%dRE (Of SR8 )
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WA NHEAE, 206 4 MR BLAST 255, I HibA HAbhpy—2 T HAE~E24IH) BLAST
By 4, Hedn BLAT.,

7.2.2 BYLhRAY NCBI Zi4 BLAST

NCBI “EfiA” BLAST fukay447 L E blastall , blastpgp il rpsblast . X/& NCBI K& &N
fm BLAST+ Fiffi k) Z AL BLAST T A

Bio.Blast.Applications FiHUHENXTE AT NCBI BLAST T.E.#% blastall , blastpgp ffl rpsblast [
¥f%¢, H HAE Bio.Blast.NCBIStandalone A MBI KA. XEARKIAEA BN R, HHL W
1123 BLAST+ By &M, XEESHMH, &4 Biopython il .

R TR R R, FATTEX A TR PR 2R B E 4 M Biopython I X L8 UAR TR QAARA MR,
] PAF FAE Biopython 1.52 HH&HEATEE. (BN biopython-1.52.tar.gz B{# biopython-1.52.zip
H Doc Hi3g FiYFEEIR) PDF SCFEEE HTML ) .

7.2.3 B#lHE NCBI BLAST+

NOBI A" 19 BLAST+ f£ 2009 4F %A, BT HEAKRERAR BLAST 27 {4l. Bio.Blast.
Applications FRBLAAE TiX 4L T HA% blastn , blastp , blastx , tblastn , tblastx (IXEEPARIESE
blastall AbBH). 1fif rpsblast fll rpstblastn (B TJRKEH) rpsblast ). FATX HAMIEXT makeblastdb
ME%E, B BLAST+ H T A FASTA U —A7H BLAST $¥liE, A HAEZ A BLAST
%3 T A formatdb .

AT R Y 2B R Python Fr i JilX e T H.. AIRARE &P 79T 6./ TR FFIEAC (alignment )
TH, THEAHRITERZRAR T RN . 55, BAOTWE— a7 GRIBVREEN SR BLAST
P, FELuHT A 247—FE) . R85, FAITE Python Hizf7iX A4

AT, ARAA FASTA MXRBIRF SIS0, AR Bl BLASTX (Fi) SREZIFIIAR (NR) &
SRR . AR (BRI RGP GY) T EGF A TR, AR A 2hatT:

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

XA SE I T84T BLASTX EHARTTABEREIEE, 1 0.001 1) e {HH 7742 XML A% 4558
(XABEFRATTRT ALKSE T — 2T ) . FEFRIVHIN i1 iX S5 AE T RE 6 4348h - X2 WA AR 75 B4R AT
F B SCOE . XAEFRATT VT DATE T B A AT A 133 i AT

7£ Biopython #1, F 1] PA NCBI BLASTX {245k Bio.Blast.Applications M HEMAIITHATER I
B

>>> from Bio.Blast.Applications import NcbiblastxCommandline

>>> help(NcbiblastxCommandline)

>>> blastx_cline = NcbiblastxCommandline(query="opuntia.fasta", db="nr", evalue=0.001,

(F ooz
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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()

TEXNBIFrr, Lo VA E N BLASTX By, FrA stdout 1 stderr @751, R7] BEAREARG AR
i e} opuntia.xml B E L6 7.

WSRAR AR R XA B TR S B 7, opuntia. fasta 3% 7 45751, FrPA BLAST XML #4524
i SO RLZ AR 2 AR I, FATHE R 1E 7.5 95/ 4] Bio.Blast.NCBIXML.parse () RMFHTIX A4
R

7.2.4 WU-BLAST %0 AB-BLAST

R 2R3 Washington University BLAST (WU-BLAST), B/ G444 ‘Advanced Biocomputing
BLAST <http://blast.advbiocomp.com>‘_ (AB-BLAST, ¥£ 2009 4E %17, it E2ATFE) . XL
FFALALEE T 4 T HAT wu-blastall il ab-blastall .

Biopython H it ¥4 S LR X L8 TR ERAR Y, (B2 A%l AT EA15 NCBI ARA R f 458 .

2.7.3 7.3 %% BLAST #ilH

A BRI AR, BLAST feAE i Mk aURd i, Hedn XML, HTML MIZESCAH. AR, Biopython
ATEENE HTML At SCAAS Uk SCORR IR AR . RO It SR X R s i 455130 AsEiie, X
PR N BLAST 45— EAEAE s, iR AR sl & S 2RI R 8. FrA, FATMER 4% HTML
TS, AL SRR AETIE T AN (7.5 )« SR SN A — E R XUR:, EvTRERE T ARt
FIRETCRL, HOTT R IEAEGE MRS BLAST JiAs

BR_F BLAST i i SCPEAE S OB AR, 4 5102 24 P S A [ AR ¥ BLAST fgisHfge . FRATHEREGE ] XML
R fENTaS . RO IRIRCAN ) BLAST fe/E i Ahs Uit th 4528 . XML A% U0 AL HTML Az
SCAMGU SRR E , T ELTE R I 5y A3k, M4 Biopython BEIRMRENE .

PRAT VA o T LA ARk 3T XML A% 309 BLAST #Hh SCiF. XH#FTaeskut, AEIRRE AL i,
Hegh ks XML #ifT.

o fRAIPAME L Biopython HizATH%FM_ERY BLAST, wifR 7.1 ik i ee .
o JRAIPAME LS Biopython HKizAT ARy BLAST, #iAR 7.2 A rIAREE

o VAT DAEEA N Y e e NCBL Wl EiffT BLAST %, AJRMRAFEIRICHE. R Bt H 4R 3
2 XML #%:00), FRAFRARIGERIMTT (RAIE, B2 5 A A BRI 50) 250,
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o VRULTATTBEE AT AL L) BIAST, AJ3 Biopython, (7 H&sREICrE. [REN Uity
e 6 A XML

KRR IR 1] Biopython MIASRAREUEE A REMATE » L A EATAT—RR07 sU3RH P45 R i, /R
JE T EARAF A AR AL B E . fE Python W, —ASSCPFRIARIE — U T Hid 2R A EUR RO A B R 47
WA, DMET XS5 RS read ) Fl readline O pR%N (MLFETT22.1 ) HKARHL.

WRAR—HIRE LU AR BLAST & HMRIBHE, IRELH T4 result_handle , —~HR1G3]
BLAST M55 Sc b ail. et GI Sk 7—ANE4 BLAST #2:

>>> from Bio.Blast import NCBIWWW
>>> result_handle = NCBIWWW.gblast("blastn", "nt", "8332116")

ISR U7 2E77 T BLAST, 9 H XML Fs3ti) BLAST 4552 S0/ my_blast.xml , JEAMKN
FEATF A

>>> result_handle = open("my_blast.xml")

R, BERNC LA TSI, ol AT AR T AT R A UL ARIE. Q2R A3 — 4% BLAST
EmasR (lEvl, IR T —FFERR):

>>> from Bio.Blast import NCBIXML
>>> blast_record = NCBIXML.read(result_handle)

W, AT Z R (Wi, R0 T2 4F751% BLAST #%)

>>> from Bio.Blast import NCBIXML
>>> blast_records = NCBIXML.parse(result_handle)

R Bio.SeqI0 Fl Bio.AlignI0 (Z W55 M6 &), FATH —XI# AR, read Ml parse . MIRHAG—
AN M SRR read o MUAVEZ 5 EPRAIIE, AT parse XANAUAR. (HJg, FRATIH A sR%L
RAFLZERAJE SeqRecord i # MultipleSeqAlignment Xi%, FA145%] BLAST if# X4 .

T REALEE BLAST R SRR ML G0 X i DL, NCBIXML. parse () iR[|—~ kMg, ARG, —
AIERE TR — 3RS BLAST (R4

>>> from Bio.Blast import NCBIXML

>>> blast_records = NCBIXML.parse(result_handle)
>>> blast_record = blast_records.next ()

# ... do something with blast_record

>>> blast_record = blast_records.next()

# ... do something with blast_record

>>> blast_record = blast_records.next ()

# ... do something with blast_record

>>> blast_record = blast_records.next ()

(T gk%E)
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(8:EW)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
StopIteration

# No further records

e, PRWATPAME A for - HER

>>> for blast_record in blast_records:

# Do something with blast_record

HE R BLAST R E5E RN —K. H, X144 BLAST ig5%, /R0 BES A RIELERI(E B .
AR ARARARAT TG 3R [1] 1) BLAST 055, /RAT DAEE AL 51 32

>>> blast_records = list(blast_records)

BUAE, ] ABOE F R MEAEE R G X IR 54— 4% BLAST 4553, WRART BLAST #i 45 3L
PHRR, B2 L ENETRA—DINIER, IRBFLBE A BRTE DL .

— RV, e—Wiz T4 BLAST #2%. )5, MHFTREIGE—4 BLAST #2%&id5% %] blast_records

>>> from Bio.Blast import NCBIXML
>>> blast_records = NCBIXML.parse(result_handle)

>>> blast_record = blast_records.next ()

or more elegantly:

o S A -

>>> from Bio.Blast import NCBIXML
>>> blast_record = NCBIXML.read(result_handle)

FA I BLAST Rk P REIRA T4

2.7.4 7.4 BLAST g5

—/> BLAST R4 RICHATE T A RARZ M iR BUE AR IER . BlE, JATREH— B F 3R E AN
BLAST #RGRIZHUE—2HE. (B2, WIRAREM BLAST RGN FEEBCATEX B3], RaT
PAVEAR I 12 BLAST #ZAURE, - HAIASH TR EGE 2 B 3h A M SO - SORY 45 83 i 5 17
Z R TEWIENE 22N RAE HBER.

REEFATHI BT, LEBATFTEN I KT BIE R BLAST ayh 45 R 1 — 2L R E E . AU :
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>>> E_VALUE_THRESH = 0.04

>>> for alignment in blast_record.alignments:
for hsp in alignment.hsps:
if hsp.expect < E_VALUE_THRESH:
print 'skkxAlignmentikkx'
print 'sequence:', alignment.title
print 'length:', alignment.length
print 'e value:', hsp.expect
print hsp.query[0:75] + '...'
print hsp.match[0:75] + '...'
print hsp.sbjct[0:75] + '...'

AR AT AR R R R

*xxxAlignment *+*

sequence: >gb|AF283004.1[AF283004 Arabidopsis thaliana cold acclimation protein WCOR413-
—1like protein

alpha form mRNA, complete cds

length: 783

e value: 0.034
tacttgttgatattggatcgaacaaactggagaaccaacatgctcacgtcacttttagtcccttacatattcctce. ..
I e 1 1 O Y
tacttgttggtgttggatcgaaccaattggaagacgaatatgctcacatcacttctcattccttacatcttctte. ..

BA L, —BARMYT T BLAST #RERI, (R0 ARRBULMMRHZAMEE . 48, B TR
frafE B R A X B Bl 1 REREH BRI 46 TAE

1E£H Biopython $#£H BLAST #Z&450(5 BB, A 2RFHEEH ERE BAE#E 4 (Biopython) X
%, 7F Biopython H1, f##7#%iR A Record X142, XML DAE Blast 257Uy, Al PAE PSIBlast 2K
By, AR EBARFRT 4 . X EEXT S0 i SLER ] PAYE Bio.Blast.Record #%F|7f HAR5E# .

N2 ) Blast 1 PSIBlast iCsr2ER) UML &, MSRAR%T UML BIAR#AZE, AiEF T UML
KU A SR T ARy, SRR, AR IR, BLAST KEAEXHL7. .
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Header

DatabaseReport

Parameters

+application
+version

+date

+reference

+query
+query_letters
+database
+database_sequences
+database_letters

+database_name
+posted_date

+num_letters_in_database

+posted_date
+ka_params
+gapped
+ka_params_gap

Ja

Jay

+matrix

+gap_penalties

+num_hits

+HNum_sequences
+num_good_extends
+num_seqs_better_e
+hsps_no_gap
+hsps_prelim_gapped
+hsps_prelim gapped_attempted
+hzps_gapped

+query_length
+database_length
+effective_hsp_length
+effective_querv_length
+effective_database_length
+effective_search_space
+effective_search_space_used
+frameshift

+threshold

+window_size
+dropoff_lst_pass
+gap_x_dropoff
+gap_x_dropoff_final
+gap_trigger

+blast_cutoff

T

Description

+title
+score
+e

+num_alignments

Blast

+alignments: list

+descriptions: list

+multiple_alignment

ali nt

=
]

nt

Alignment

MultipleAlignment

+title
+length
+hzps: list

hgps

HSP

+score

+bits
+expect
+num_alignments
+identities
+positives
+gaps
+strand
+frame
+query
+query_start
+match
+sbjct
+sbjct_start
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A 4query_length
+databaze_length
+effective_hzp_length
+effective_guery_length
+effective_databaze_length
+effective_search_space
+effective_search_space_used
+frameshift

+threshaold

+window_size
+dropoff_lst_pass
+gap_x_dropoff
+gap_x_dropoff final
4gap_trigger

+blazt_cutoff

T

PSIBlast

+convergad
+rounds: list

ro?d:

Round

+number
+reused_seqs: list
+new_seqs: list
+alignments: list
+multiple_alignment

alignents multiple%lignment
Alignment
- MultipleAlignmeant
+title -
+length +alignment
+hsps: list

+zcore

+bits
+axpect
+num_alignments
+identities
4positives
+gaps
+strand
+frame
+query
+query_start
+match
+sbjct
+sbjct_start

2.7.5 7.5 [EZEH) BLAST #gHrss

A Biopython A4 XHAISCAM HTML #3045 R AT o (H2 2o LAF AT e BRAES X LE MR
AR A AE . HEAS B, AR BLAST % th AL AT/ il 28R 2 S EUX LTS RAL. B ABRATTHERZ IR AT XML
i BLAST fth a8, stiRAe 7.5 fik i ee.

TR Biopython fRRAS , S SCAS UMMM AR B VAR R X AT 257 14 iy o i3y AU
TRE TR,
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7.5.1 FEHTA AR BLAST Hith

2l A R AT #S7E Bio.Blast . NCBIStandalone .

I xml EHTER L, BATRTE D REB LG MR 800 SCIE . XA SRR SE BT readline )
Tk TH RGO, BERT AR Biopython $2{ItE) blastall =( blastpgp HOKIAH ALK
BLAST, s ManArizfrAtly BLAST, FHAN b2 :

>>> result_handle = open("my_file_of_blast_output.txt")

4T, BRARBUERRE TSR (ATFRE )& result_handle ), AT LMEF THTERHES. &N
(A SR AT -

>>> from Bio.Blast import NCBIStandalone
>>> blast_parser = NCBIStandalone.BlastParser()

>>> blast_record = blast_parser.parse(result_handle)

XFERLAEIE BALST ARG MR Blast L8386 (AR TR S, BTSSR AT REIR ] —
% Blast u(# PSIBlast i25%) . XFARBAT A A BIEE T o ERATBI TR, FATRITE KT HAH
HRYITA X — D S5 5 B

>>> E_VALUE_THRESH = 0.04
>>> for alignment in blast_record.alignments:
for hsp in alignment.hsps:
if hsp.expect < E_VALUE_THRESH:

print 'skxxAlignmentikk'
print 'sequence:', alignment.title
print 'length:', alignment.length
print 'e value:', hsp.expect
print hsp.query[0:75] + '...'
print hsp.match[0:75] + '...'
print hsp.sbjct[0:75] + '...'

WRARE 2ol 7.5 1 KT XML AR A & A B R (O AR E A 18— AR . — BAR
B SCPHEST RN, RSB, AERERT BLAST fi iU A4 . RAEIE.

o, T — 2L R, AR A — MU ELICHkE BLAST XX - ZE AL ENINE? G,
AEEMN, BHRERME T ET .

7.5.2 fRITB &%/ BLAST R4 BLAST L4

AT A BLAST BRI 2 IG5 . h T8 — kR, RANTEeFE2ald—ANMatres, RENT
BLAST {98245 547458 Blast 108042,
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>>> from Bio.Blast import NCBIStandalone
>>> blast_parser = NCBIStandalone.BlastParser()

WG, TANMBEEFA A — AR KHE blast JLSRAYSCIFAIAN, FRAHEXASCFAPIIAL result_handle
o [BARFEASSCFAIINTE 1A blast EMTEETTA RN L .

4T, WATBHER T — DA — A SRR, AT LA AR i R A — kAR .

>>> blast_iterator = NCBIStandalone.Iterator(result_handle, blast_parser)

BTSSR, TR R TR o ARIATRA S P MR IR AR RS & — R [0l — R ) BLAST
RER.

AR O LA TR, ST AP next O Jryksk3kHU BLAST o5 (FIRATRM@T#8=4:) o

>>> blast_record = blast_iterator.next()

VA next #HBLIR F]— KR ATREALFLAFric sk . BAEFRAT VT DA 7 r g ek, 4T — i lm® . 2
E) . s BLAST 054

>>> for blast_record in blast_iterator:
E_VALUE_THRESH = 0.04
for alignment in blast_record.alignments:
for hsp in alignment.hsps:
if hsp.expect < E_VALUE_THRESH:
print 'skkkAlignmentkokkk!
print 'sequence:', alignment.title
print 'length:', alignment.length
print 'e value:', hsp.expect
if len(hsp.query) > 75:
dots = '...'
else:
dots = "'
print hsp.query[0:75] + dots
print hsp.match[0:75] + dots
print hsp.sbjct[0:75] + dots

VefRAS SLVEIRAEIRAEZ Dlast JOSRITIR HUS PR R FUE. P, & UL I, JRPE8 okt
B — AR ERHISCIE, A HIL AT L

7.5.3 EEXH) BLAST XA HPRIARIMEYICHE

BIIIAIAT—DERIY blast SCPF, A IR AR — A Fed ) BT AT 43 PA-— > ValueError S 4 1k
T o KRR PUOAARTICIE B ValueError S (2 AT a5 ) 84 2 BLAST (R, S
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RO, VRAAETEMR—ATARITER AL T o FTA, ARNREZMGIX MR D, AR, WTRES A — A -

FMIARTAL G — 28/ NEA R RIS . ANid, BUE Bio.Blast #il4U{y [ BlastErrorParser , W LA
BN B A PIX S 18, BlastErrorParser FlIF AL BlastParser 2, (EUZENN 1512 HKAizk
HIf#dT &7 LR ValueErrors S, HSifRISIMNE LA HR .

IERNDRBER BRI MENTE - B TN T SCIRATHE S AT ST B 15 D0 A SO

>>> import os

>>> blast_file = os.path.join(os.getcwd(), "blast_out", "big_blast.out")

>>> error_file = os.path.join(os.getcwd(), "blast_out", "big_blast.problems")

IAEFRATAHZE—A> BlastErrorParser

>>> from Bio.Blast import NCBIStandalone
>>> error_handle = open(error_file, "w")

>>> blast_error_parser = NCBIStandalone.BlastErrorParser(error_handle)

R, AT A KT SR AR S AL WRL 1 T B IR AT s AL 4 ValueError 54
AL E EXA SO . AR, XL RICSOA S8R kK.

PTE, FATT AR HLE) blast fEMT#s—FEH ] BlastErrorParser . $5HIH0E, FATHIFEE —I—IK
TEA— IR IER S ] BlastErrorParser RAFHTE .

>>> result_handle = open(blast_file)

>>> iterator = NCBIStandalone.Iterator(result_handle, blast_error_parser)

FATATA—BE—AMEsR, I HIRATIAE W] AR AL PR LE A S Blast SIEK) . A2 AT as A< B S 2 6

B

>>> try:
next_record = iterator.next()
. except NCBIStandalone.LowQualityBlastError, info:
print "LowQualityBlastError detected in id /s" % infol[1]

-next () Jriki@ YL for FRERFIEIMIN . BIAE, BlastErrorParser RERSHHIZRUNT M4
* ValueError - X2 fIH#L BlastParser j=A: i FER AT IR XA A2 RO ARHT A AN BEAR AT
A WHEPR AT bug, B & RN IREE T BICASFI/R BLAST iy 9 HOMA AR —EL

o LowQualityBlastError - 24 Blast — &5 & )75 B} (Eedn, —&HA 1 MEEREF), P
F Blast 2L LIFFRBIEEANFS, A i E AT AT T XAMELL T, Blast i E—1R
SRS SEE T L ValueError 441%. LowQualityBlastError FHRAEXAMEI /L. XA
B DR M (R

— item[0] — The error message

— item[0] - HHIRIHE
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— item[1] — The id of the input record that caused the error. This is really useful if you want to

record all of the records that are causing problems.
— item[1] - SESF D EMEAILT id. AR FTA FETEE A AR A A

MG BRI RHEE, BlastErrorParser 204 MBRIC R EENFEER “error_handle. #RJ5, RATPAHE
AR PSR . AR] DA RIS SOR AR ITAS . 28 R EIIRIZAT blast IR, Jiglfm oy, X
LA 2R

7Y BlastErrorParser BEH K {7 BRI AL BR— 23045 B Blast 3044

2.7.6 7.6 432 PSI-BLAST

YRATPAGE L Bio.Blast. Applications Hibk i 1% B EOKIZAT N A PSI-BLAST  (GEHiiAH) NCBI
fir% THAT blastpgp HH EHIE AL psiblast ).

TES X AR R, BRG] NCBI f52 3 Filid internet 4T PSI-BLAST #%,

T YEE Bio.Blast.NCBIXML fgHT#S RE L AFF AT 4 A PSI-BLAST 1), XML #&=Uny i, (H2 g4
JEANFER S EAEER T B 2 2 A5 BAE XML A&k o2 a . iR, R Bhx sefE BARMN 1%
483 A%y 4 1 Bio.Blast.NCBIStandalone i3} PSIBlastParser .

2.7.7 7.7 438 RPS-BLAST

YRAT DA T Bio.Blast.Applications RBP4 i BORIZAT LA ) RPS-BLAST (B35 A1
NCBI fir4 THAT rpsblast (& FIFEA TR )

TEG R fmfF e e, A5 EH] NCBL f52 305l internet R #E1T RPS-BLAST 5
PRATVATE L Bio.Blast . NCBIXML X MM E A A AT L B A ) RPS-BLAST ) XML #2CH 4ai ih -

2.8 5% 8 & BLAST fuHMFIEETR (SLEMREIRE)

WARNING: XEHAE/N 4] T Biopython Fi—A> stimag il ‘EIEAERIINAF] Biopython 1, J HLA—A
FEHIRPR BB R EAR 2, SEAREFRATT A AT AR E MR 2 BT AR — F 90 4 BRI AR et o RIS Ay e 4
T BB, I HMEYH] Bio. SearchI0 BHRIHABFHEE R, Ylc! AT 5 NCBI BLAST £ X
RIS AR E TAE, 4R MI5E 7 57439 Bio.Blast.

AT AN A E e RS B AR £ . AJLA LR BLAST (W] g2 RifTi), FASTA | HMMER
EHEWFZIEREHARX NI, S TAMA M REMSE. ok, XL TRERNRNF I
YRR IR T RERYDLAC . BEE PP o B r s in (PLicict Bl 3 ), Ko e BT A9 ATREDEAD, T
Legi R ICEE A MO BRI YE . BER YR, N TR R RS AAT A 10 HLAR AT BE 2 Al LA ] 4 42
LR, G THRAAMEGEIT A SR AR, wTAMES, R 25 TRIERZ HPIEZ 4
Belfirty F.

2.8. %5 8 &= BLAST M AFEETR (SRMHEHRE) 113



Biopython-cn Documentation, %% 0.1

AT LA T, FrPAFRATIAE Biopython #4% | Bio.SearchIO if5itlt, Bio.SearchIO fbfii )\ #R 2%
SRR HREUE BASSMET R, HLAT AN ] T H A AR ERIELN . SearchIO il BioPerl Hgih s Fr—2L.

FEAE T, JA1RF2>] Bio.SearchI0 WY LERIIAE, \AFE M LAM2 . FATREHMNA ERMLERTA:
BLAST Al FASTA . &A1 RIOR MR, 130T DA By L TAERE B I £ Bio. SearchI0 SCHFHyHAhT.
Forp o ARG ST ZEH B8 R 45 S0k . BLAST #REER U ALE i L N3k BLAT 4454
SCPERTDAE XL R 3k ISR SCPFERZ R X A P SR R A 1 -

>mystery_seq
CCCTCTACAGGGAAGCGCTTTCTGTTGTCTGAAAGAAAAGAAAGTGCTTCCTTTTAGAGGG

BLAST ) XML 552 [ blastn #2& NCBI i) refseq_rna HIEESFIN . *TF BLAT, #dEERE 2009
AE 2 A1) hg1o NREFZEE, g2 PSL.

&AM Bio.SearchI0 WU GHIHIGN TR, BT R IR R, PILT IR Bio. SearchI0 (11
L. SRIG, RSN Bio. SearchI0 4 YT HIIRE.

WAE—VIes, AEBADHRS 2 NHEROXT R

2.8.1 8.1 SearchlO ¥ EE

UG Z AR R TR Bt RO AN R, (B E A28 35 i B AR :
o FHSIFATREEE —RECEZ R RAWIER
o TERREINY, RSTELSE MR E DRI — P ECEL M hit (dr).
o LEREA hit o, ARSEAEEZ S query (Fif) FPAIRIE 75115 B X A X

o —ILT HAN BLAT Fl Exonerate T {82401 28 XA/ BU LA HEXT A BE (807F BLAT HfRhIXEe, 7
Exonerate A REANET) . XIFARMHE W, % BLAST fil HMMER A A0

G X e J . IR BB T 1/E )3 Bio.SearchI0 W BiBI i HLAl . X4 Ai% 2 Python X4 4H
IR ENRRG, FAREERE A s B e, x5
 QueryResult, fUFRANMERAEIN.
o Hit, fRRBNMEERE hit. Hit XIRASTE QueryResult W', H4> QueryResult W5 0 a4~
Hit X4,
o HSP (high-scoring pair (FrH ) ), 143 query Fil hit FH)d A = LR XL, HSP %R 4057
Hit %4, W HEA Hit H— L1 HSP X4,

+ HSPFragment, {3 query il hit JF 1| rh LA 4B3T LX) - HSPFragment X§ 440 & 7E HSP Xf 4 . 2441
#2 T HA4n BLAST Fl HMMER 4{ HSP | HSPFragment &7, A h—> HSP H &5 —> HSPFragment.
{Hi2f% BLAT Hl Exonerate £x7/E%7H £ > HSPFragment [ HSP . (T HLEIRK? AEE, M5
TIRF LN R IX RS
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PG5 4R Bio.SearchI0 £ HliF|AY. Bio.SearchI0 PY/NFF ¥, read , parse, index H{
index_db HHEE—ANERAT DA AEIX USRS . XS AE SR R R N 4 . X A B read

1 parse , XA EF Bio.SeqI0 PAK Bio.AlignI0 H{Y read F1 parse JyiEINEEFAL:

o read il T8 query XJ#i i SCF T &I HaR A —4> QueryResult Xf 4.
o parse I T £ query X SCAIEA T 2 I HaR [~ DA yield QueryResult X4 generator.

SEMIX L J5 , AEFA T A=A~ 54> Bio. SearchI0 X4, M QueryResult JFif.

8.1.1 QueryResult

QueryResult, UM query %, &4 QueryResult #ify 0 i~ Hit WR. WAIKFEFR BLAST 3L

(EE N RIOE

>>> from Bio import SearchIO

>>> blast_qresult = SearchIO0.read('my_blast.xml', 'blast-xml')

>>> print blast_qgresult
Program: blastn (2.2.27+)
Query: 42291 (61)
mystery_seq

Target: refseq_rna

Hits: - - ----—»—- -

0 1 gil262205317|ref|NR_030195.1|
1 1 gil301171311|ref|NR_035856.1|
2 1 gil270133242|ref|NR_032573.1]|
3 2 gil301171322|ref |INR_035857.1]
4 1 gil301171267|ref|NR_035851.1]|
5 2 gil262205330|ref |NR_030198.1]|
6 1 gi1262205302|ref|NR_030191.1]|
7 1 gil301171259|ref|NR_035850.1|
8 1 gil262205451|ref|NR_030222.1|
9 2 gil301171447|ref |NR_035871.1|
10 1 gil301171276|ref|NR_035852.1|
11 1 gil262205290|ref|NR_030188.1|
12 1 gil301171354|ref|NR_035860.1|
13 1 gil262205281|ref |NR_030186.1|
14 2 gil262205298|ref |INR_030190.1]|
15 1 gil301171394|ref|NR_035865.1|
16 1 gil262205429|ref|NR_030218.1]|
17 1 gi1262205423|ref |NR_030217.1|

Homo sapiens microRNA 52...
Pan troglodytes microRNA...
Macaca mulatta microRNA ...
Pan troglodytes microRNA...
Pan troglodytes microRNA...
Homo sapiens microRNA 52...
Homo sapiens microRNA 51...
Pan troglodytes microRNA...
Homo sapiens microRNA 51...
Pan troglodytes microRNA...
Pan troglodytes microRNA...
Homo sapiens microRNA 51...
Pan troglodytes microRNA...
Homo sapiens microRNA 52...
Homo sapiens microRNA 52...
Pan troglodytes microRNA...
Homo sapiens microRNA 51...

Homo sapiens microRNA 52...
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(B bTT)

18
19
20
21
22
23
24
25
26
27
28
29
97
98
99

N N NN = NN NN = =

[

gil301171401 |ref |[NR_035866
gi1270133247 |ref |INR_032574
gi1262205309|ref |INR_030193
gil270132717|ref INR_032716
gi301171437|ref |[NR_035870
gi1270133306 | ref |NR_032587
gil301171428|ref |INR_035869
gil301171211|ref |NR_035845
g11301171153|ref |NR_035838
gi|301171146|ref |INR_035837
gi1270133254 | ref |INR_032575
gi|262205445|ref |[NR_030221

1
1
.1
1
.1
.1
A1
1
.1
1
A1
1

gi|356517317 |ref |XM_003527287
gi|297814701 | ref |XM_002875188
gi|397513516|ref |XM_003827011

Pan troglodytes microRNA...
Macaca mulatta microRNA ...
Homo sapiens microRNA 52...
Macaca mulatta microRNA ...
Pan troglodytes microRNA...
Macaca mulatta microRNA ...
Pan troglodytes microRNA...
Pan troglodytes microRNA...
Pan troglodytes microRNA...
Pan troglodytes microRNA...
Macaca mulatta microRNA ...

Homo sapiens microRNA 51...

.1| PREDICTED: Glycine ma...
.1| Arabidopsis lyrata su...
.1| PREDICTED: Pan panisc...

BIRFNTA A R T, (HRIREL W AR — LA HMEE 1. WA “QueryResult™ XF4H)

print Jiik, VRAILAE ]

o FEFHIAFRAIRA (blastn version 2.2.27+)
o query [ ID, #iAFIFF)KE (ID 2 42291, #§iA/2 ‘mystery seq’, HKJEjE 61)
o WRWHEIEE (refseq_rna)

o hit ZERAPEET . XFRATWENFY], 7 100 AR hit (FAEHFEREZ 0-99) XFF4E4> hit,
FATTAE R E M EmE o Ebx B (HSP), ID Al—ANF Beffliid . {75, Bio.SearchI0 #M | FM%,
HIE7R 0-29, RJ52 97-99,

BAELEFRATT H R RR A2 TRk AG A BLAT 252

>>> blat_qgresult

>>> print blat_qresult

Program:

SearchI0.read('my_blat.psl', 'blat-psl')

blat (<unknown version>)

Query: mystery_seq (61)

Target:
Hits:

# # HSP

17

<unknown description>

<unknown target>

ID + description

chri19

<unknown description>

L | n] DA B — LA [

=

MmN o

ALeR T BLAT i PSL P EREE, MG B 2 Haugh T BLAST
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1 BLAT 8 22 Fp R e 2 1] B S ) 22 55 26 Al
o BIFAFMIRA . Bio.SearchI0 HLARR/F/Z BLAST, {Hi&1ek i S hichi fa BRIy A, Br

PABRIAZ ¢ <unknown version>’,

o query W) ID, i1 FH MK E. HE, XEQF M BLAST iy LA 41/ a2 %], ID &
‘mystery _seq’ A 42991, H/DFEA, H2FIKENZ 61, X502 O A 5 S 800
Z5t. BLAST I H O query ID F HAARBJELG ID AERF 514 A

o BFREEREZARME, Ky BLAT f SO R AF B .

o )5, hit FIFRFEEAN. XH, TMAWERFI HapsE chrld BafiskH, (H2EANTPAFRE
A 17 > HSP K. XIFAIEATESR, ZEIFAVEH AR, 7 X SRyEA 5o

FraE A print HERBREEA T AR Python WXTRIEMHIAS (UM SFRICHE) . AR
DA AR TR 7 305 HAbAS r e B e 1k

>>> print " " % (blast_qgresult.program, blast_qresult.version)
blastn 2.2.27+

>>> print " " % (blat_qresult.program, blat_qresult.version)
blat <unknown version>

>>> blast_qresult.param_evalue_threshold # blast-zml specific
10.0

PG AR se 852, nl AR MU 1 S0k . X282 BLAST BLAT.

EZHLH T/E QueryResult X4 LRI DA print J5ik, iEFRATHFFCHEGE 2L, QueryResult FIG2
2.7 5t Python XIRKUL, QueryResult JR& I 4R FIMAENE. HATHUL, Mgl —MIE& ToIRMF
JLINBER ZRAR X G2 o

BN LA 7 H—FE, QueryResult Xt nlk QY. BRIEIR E—A hit XF4R:

>>> for hit in blast_qresult:

B hit

Hit(id='gi|262205317 |ref |[NR_030195.1|', query_id='42291', 1 hsps)
Hit(id='gi|301171311|ref|NR_035856.1|", query_id='42291', 1 hsps)
Hit(id='gi|270133242|ref |NR_032573.1|"', query_id='42291', 1 hsps)
Hit(id='gi|301171322|ref |NR_035857.1|"', query_id='42291', 2 hsps)
Hit(id='gi|301171267 |ref [NR_035851.1|"', query_id='42291', 1 hsps)

Bif598] QueryResult XJZ A% /> hit, FPAHRIHH Python 1Y len J7¥k:

>>> len(blast_qresult)
100
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(B bTT)

>>> len(blat_gresult)
1

BRI, ARATAIYI A K 3R45 QueryResult AR hit:

>>> blast_qresult[0] # retrieves the top hit
Hit(id='gi|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)

TGN Z A hit, IRFEFEATPAR) QueryResult XTGAEVIFA . XAMEOLT, & E— &) hit @98
QueryResult Xj4:

>>> blast_slice = blast_qresult[:3] # slices the first three hits
>>> print blast_slice
Program: blastn (2.2.27+)
Query: 42291 (61)
mystery_seq
Target: refseq_rna

Hits: - - --—-—f> =

0 1 gi|262205317|ref|NR_030195.1| Homo sapiens microRNA 52...
1 1 gil301171311|ref|NR_035856.1| Pan troglodytes microRNA...
2 1 gil|270133242|ref |NR_032573.1| Macaca mulatta microRNA ...

]3Il TRAE L ID ZREX hite WERVRAIE e i) hit ID 7efe T MEREGER P, Feila i :

>>> blast_qresult['gi|262205317 |ref|NR_030195.1]"']
Hit (id='gi|262205317 |ref |[NR_030195.1|"', query_id='42291', 1 hsps)

PRATPAM hits ARG SE 800 Hit XPR, WAl LA hit_keys Jy{AZIS 58 %R Hit ID:

>>> blast_qgresult.hits

[...] # list of all hits
>>> blast_qresult.hit_keys

[...] # list of all hit IDs

URARAEE E — MRFE R hit SR RAFAE T EEER % E AMIE? WA in SCRETE— AR BAY N ARG

>>> 'gi 262205317 |ref [NR_030195.1|"' in blast_qresult

True

(T gk%E)
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(8:EW)

>>> 'gi|262205317 |ref |NR_030194.1["' in blast_gresult

False

A, HAGE—A hit B HAER AR, IRATREH S AENE hit AHEY . index J7yAR AFH BIYR:

>>> blast_qresult.index('gi|301171437 |ref|NR_035870.1]")
22

o, ATHKZ Python WAEHIZRSE], M 0 FFliR. XA hit f9HEA 2 23 A2 22,

ke, WERERER hit HE 2T R R SO AT . AR B8R TH AT RES E TR H AR HE
% hit,

WA hit HEFEAEVRE, WA QueryResult XF4:H sort ik, ‘Bl Python [ list.sort JETR
ML, R EEE AN HHEE G QueryResult X4 k.

X HA A QueryResult.sort H¥AXS hit HEFHIB T, XN HERTEA hit F5EEFHKE. XA
TR HEY . BATEE in_place % T False , XFEHEF AL IRl QueryResult XI5, [
RIS AR . FRATFEFE] DA E reverse ST ¢ True  PAEIBHET -

>>> for hit in blast_qresult[:5]: # id and sequence length of the first five hits
print hit.id, hit.seq_len

g11262205317 |ref |[NR_030195.1| 61
gi1301171311|ref |NR_035856.1| 60
gi]270133242|ref |INR_032573.1| 85
gi1301171322|ref |NR_035857.1| 86
gi1301171267 | ref |NR_035851.1| 80

>>> sort_key = lambda hit: hit.seq_len
>>> sorted_qresult = blast_qgresult.sort(key=sort_key, reverse=True, in_place=False)
>>> for hit in sorted_qresult[:5]:

print hit.id, hit.seq_len

gi|397513516 | ref |XM_003827011.1| 6002
gi1390332045 |ref |XM_776818.2| 4082

g11390332043|ref |XM_003723358.1| 4079
gi1356517317 |ref |XM_003527287.1| 3251
11356543101 |ref |XM_003539954.1| 2936

H in_place ZE{IFALZ AT DABR R JEA BT, JETIS S| HEX AN QueryResult. sort HIBRIATT R,
FERANTHAMIXE in_place A True .

BHE, VRELMIE M QueryResult XI5, {Hig, 7EF 124> Bio.SearchI0 MR FAXIRHT, ST M AT
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PALE QueryResult %I 8 5 fdi Ff P )15 filter #l map Jr¥k.

AR Python HF AT, generator Kk e NEHY) filter Ml map A, #iAE (CRALEMZR
B ENHEAEE list-like AUXTRINEZH M . VKA IXLE I T iK1 QueryResult X4, (H2X
HXFIER list AL, I H TR L 2 BB .

X2 A4 QueryResult X4t g CAFA R filter Ml map Jyvk. X T filter HAHMIN hit_filter
Ml hsp_filter Jyik, MAFREIT DAE i, XLET7 AL UE QueryResult Xf4R1Y Hit XR L HSP X4
[FFER), AT map , QueryResult X [FEAFHEMLAHIAY hit_map Fl hsp_map J7¥k. XLET7 4 5N T
QueryResult X4 hit B3 HSP X4,

iﬂﬂl‘]ﬁféﬁﬁi‘_%ﬁ‘}%%%ﬁﬁ, M hit_filter Flf. XA 2 — AR AL, XA R EOG S 45 7€ 11 Hit

TR

AP EVRBCE R AT AU, XTI R 2 — > Bl Hit SRS Hak 9] True 5{ False

XHAA hit_filter fiigkd A —4> HSP ) Hit XIRHBIT:

>>> filter_func = lambda hit: len(hit.hsps) > 1 # the callback function
>>> len(blast_qresult) # no. of hits before filtering
100

>>> filtered_qresult = blast_qresult.hit_filter(filter_func)

>>> len(filtered_qresult) # no. of hits after filtering

37

>>> for hit in filtered_qresult[:5]: # quick check for the hit lengths
print hit.id, len(hit.hsps)

gi|301171322|ref |INR_035857.1| 2

gi|262205330|ref |[NR_030198.1| 2

gi|301171447 |ref |INR_035871.1] 2

g11262205298 | ref INR_030190.1| 2

gi|270132717 |ref INR_032716.1| 2

hsp_filter Ml hit_filter THEEMH[E, HETiE4 hit Hif% HSP %14, A E Hit .

YT map vk, [FREREZ N EIEREIENSE. (L2 EIEREGR EHE ST R Hit 35 HSP X4 (B F1K
BEH T hit_map 5 hsp_map 5¥%), Wi AZiR[E True Bf False.

HKF—AM hit_map JryfofHE a4, hit ID 1

>>> def map_func(hit):
hit.id = hit.id.split('["') [3] # renames 'gi[/301171322|ref|NR_035857.1]' to 'NR_
—~035857.1"'

return hit

>>> mapped_qresult = blast_qresult.hit_map(map_func)
>>> for hit in mapped_qresult[:5]:

(Foaks:)
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print hit.id
NR_030195.1
NR_035856.
NR_032573.
NR_035857.
NR_035851.

N )

[AI#ERY, hsp_map FlI hit_map FEIAMUL, (HA21ET HSP XL Hit X5,

8.1.2 Hit

Hit 45 M N T A 14558 . 7E Bio.SearchT0 F4 &gyt “Sacks. T AT
QueryResult Af4Ht, [T 1L fL 4 HSP A4,

BRENZ2FM, NFATH BLAST 2715+

>>> from Bio import SearchIO
>>> blast_qgresult = SearchIO0.read('my_blast.xml', 'blast-xml')
>>> blast_hit = blast_qgresult[3] # fourth hit from the query result

>>> print blast_hit
Query: 42291
mystery_seq
Hit: gi|301171322|ref|NR_035857.1| (86)
Pan troglodytes microRNA mir-520c (MIR520C), microRNA

HSPs: --—— -7 ————————= = —mm—o————————— oo
# E-value Bit score Span Query range Hit range
0 8.9e-20 100.47 60 [1:61] [13:73]
1 3.3e-06 55.39 60 [0:60] [13:73]

AR BIFRATIRG T A EAI(E S

o query [y ID FIfiRMEE .. —A> hit BUZ2F—4 query 45, FrPAFRATFFEA BICSR AR query. X 48
{HPT DAY query_id F query_description JE@{EAM hit HHFREL.

o FRATFEFEATE] T hit 49 ID. #AMFI K. EATATPAS B id, description, #l seq_len FRIL.

o I, A4 hit AR HSP fkifs 8. a7+, HSP E¥(E B9k HSP &R5|, e 4,
35y, KB (G55 gap), query ARFRFN hit AA4T.

BAE, M BLAT S5RAEX . de4E, 76 BLAT 8R40, JATLMA &4 17THSP 17 hit,

2.8. %5 8 &= BLAST M AFEETR (SRMHEHRE) 121




Biopython-cn Documentation, %% 0.1

>>> blat_qgresult = SearchIO.read('my_blat.psl', 'blat-psl')
>>> blat_hit = blat_qresult[0] # the only hit
>>> print blat_hit
Query: mystery_seq
<unknown description>
Hit: chr19 (59128983)

<unknown description>

HSPS: ———— —mmmmmmm e e
# E-value Bit score Span Query range Hit range
o ? ? ? [0:61] [54204480:54204541]
1 ? ? ? [0:61] [54233104:54264463]
2 ? ? ? [0:61] [54254477:54260071]
3 ? ? ? [1:61] [54210720:54210780]
4 ? ? ? [0:60] [54198476:54198536]
5 ? ? ? [0:61] [54265610:54265671]
6 ? ? ? [0:61] [54238143:54240175]
7 ? ? ? [0:60] [54189735:54189795]
8 ? ? ? [0:61] [54185425:54185486]
9 ? ? ? [0:60] [54197657:54197717]

10 ? ? ? [0:61] [54255662:54255723]
11 ? ? ? [0:61] [54201651:54201712]
12 ? ? ? [8:60] [54206009:54206061]
13 ? ? ? [10:61] [54178987:54179038]
14 ? ? ? [8:61] [54212018:54212071]
15 ? ? ? [8:51] [54234278:54234321]
16 ? ? ? [8:61] [54238143:54238196]

A2 TAIHNAE 2 BLAST hit FEA0FEEA RIS R . (H2A LR N7 SR :
o e-value Fil bit score FHMEH. K& BLAT HSP %4 e-values fil bit scores, ERAER ‘77 .

o span 52/ B4 FFHNE? span (AN 2 B RTERM K EE, WEAIRIEM gap. {Hi2& PSL #%x(
H B A SR 2E BT H. Bio. SearchI0 AR AR ERIKEZ /D, FraIRAEE] TH e-value DA
& bit score FIAHEIRT <77,
Wt Python XJ4kud, Hit FIFEAT HEALl, HE%shaF HSP o RARXFFRAZ, fEMH Hit X452
NS E R HE

IR+, Hit MR AIEAR, HHAUGE R A~ HSP X4

>>> for hsp in blast_hit:
hsp

(@3
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HSP(hit_id='gi|301171322|ref |NR_035857.1|"', query_id='42291', 1 fragments)
HSP(hit_id='gi|301171322|ref|NR_035857.1|"', query_id='42291', 1 fragments)

PRATPARY Hit XG0 len JIIAERESHZ > HSP MR

>>> len(blast_hit)
2

>>> len(blat_hit)
17

YRATAXY Hit JFRVEVIR BUR A Z A~ HSP X5, 1 QueryResult —A4F, WIERVIHEZ A HSP , Zik[olfy
Y] HSP VB Hit X4

>>> blat_hit [0] # retrieve single items
HSP(hit_id='chr19', query_id='mystery_seq', 1 fragments)
>>> sliced_hit = blat_hit[4:9] # retrieve multiple items
>>> len(sliced_hit)
5
>>> print sliced_hit
Query: mystery_seq
<unknown description>
Hit: chr19 (59128983)

<unknown description>

HSPs: ——== ———————=  —mmmmmm s oo s
# E-value Bit score Span Query range Hit range
0 ? ? ? [0:60] [54198476:54198536]
1 ? ? ? [0:61] [54265610:54265671]
2 ? ? 7 [0:61] [64238143:54240175]
3 ? ? 7 [0:60] [54189735:54189795]
4 7 7 ? [0:61] [54185425:54185486]

PRIEVRERT AR~ Hit HLfY HSP HEJY, MIRAE QueryResult MR A 2 ik—F.

)5, [FRERTPARE Hit PR filter Al map J5VE. Hl QueryResult K[|, Hit X% HAG—Fp filter
(Hit.filter) A1—7F map (Hit.map).

8.1.3 HSP

HSP (73 )1 B¢) AUk hit ARG — A X, %K &0 T &I A B R B8 TR
FEBIAN— B e 4% H Z AR RRAY DERC . fh T IERClaR TR s R TR IRTE, HSP S A KA SITE R,
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XS R R T AIMRGEIR . X AR TR HSP XIRZ AR 227 HRTE QueryResult PAK
Hit XWfRE IR 257 M.

FA19%FEH BLAST Fil BLAT #ZW% 1. 4% BLAST HSP:

>>> from Bio import SearchIO
>>> blast_qresult = SearchIO.read('my_blast.xml', 'blast-xzml')
>>> blast_hsp = blast_qresult[0] [0] # first hit, first hsp

>>> print blast_hsp
Query: 42291 mystery_seq
Hit: gil262205317|ref|NR_030195.1| Homo sapiens microRNA 520b (MIR520...
Query range: [0:61] (1)
Hit range: [0:61] (1)
Quick stats: evalue 4.9e-23; bitscore 111.29
Fragments: 1 (61 columns)
Query - CCCTCTACAGGGAAGCGCTTTCTGTTGTCTGAAAGAAAAGAAAGTGCTTCCTTTTAGAGGG
FEEEETEEEEE e e e e e e et e e e e e e e e e e e e e e e e e e e e ey
Hit - CCCTCTACAGGGAAGCGCTTTCTGTTGTCTGAAAGAAAAGAAAGTGCTTCCTTTTAGAGGG

Al QueryResult DA Hit Z5MBL, ] HSP [ print J73%, B/ngi™y:
o A query Al hit (1) ID PARefliid . FoA175 X 2esk R 5 F ARy HSP .

o FATFFAFRT query F1 hit JFHRVCACER . X BB YRR E B EHIRRR 261 Python #Y
RO (A0 JFAG, BIFIXIE]) . FFES BT RRIEAE. X, W7 IR,

o WH—BEEST e-value Fil bitscore,
o AL HSP R BE R IAETT LAZNE, TG iR,
o fxJa, A query Fl hit (RS,
XLEAE E T A AR ICANENIA SRS, Ml Hit PAK QueryResult A[A]:

>>> blast_hsp.query_range
(0, 61)

>>> blast_hsp.evalue
4.91307e-23

ENHARICARENE, HSP XA — RS EIE, SR e MG SEma s . T2 L6 7

>>> blast_hsp.hit_start # start coordinate of the hit sequence
0
>>> blast_hsp.query_span # how many residues in the query sequence

(T gk%E)
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61
>>> blast_hsp.aln_span # how long the alignment s
61

A HSP SO FREGE R IR RS2

A, B ERERTHEHE W ER HSP MGG a5, B, —4 XML BLAST #%
[ HH gap DASCHIF] R EER AR . X 28 J itk T MR Rk

>>> blast_hsp.gap_num # number of gaps

0

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

AT RS AR R BT REA & B A% b . BELEMR LA T e LS E R P R T H A2 Ay
TERY, ARMAZA B AP AL Bio. SearchI0 HYICHS. s aIAM . __dict__.keys () FRAFPRESIZK

>>> blast_hsp.__dict__.keys()

['bitscore', 'evalue', 'ident_num', 'gap_num', 'bitscore_raw', 'pos_num', '_items']
, IRHTBEEAHRER T, AT HSP 1) query Ml hit JEIEA H @A

>>> blast_hsp.query

SeqRecord (seq=Seq (' CCCTCTACAGGGAAGCGCTTTCTGTTGTCTGAAAGAAAAGAAAGTGCTTCCTTT. . .GGG' ,
—DNAAlphabet()), id='42291', name='aligned query sequence', description='mystery_seq',.
—dbxrefs=[])

>>> blast_hsp.hit

SeqRecord (seq=Seq('CCCTCTACAGGGAAGCGCTTTCTGTTGTCTGAAAGAAAAGAAAGTGCTTCCTTT. . .GGG' ,
—DNAAlphabet()), id='gi|262205317|ref|NR_030195.1|', name='aligned hit sequence',,
—description='Homo sapiens microRNA 520b (MIR520B), microRNA', dbxrefs=[])

ENTEIRC AT, A ST SeqRecord X! BMAEVRW] PAXS SeqRecord X M) £ FhA BRI =5 [ A
& T HSP.query #1 HSP.hit Xf4,

IAE HSP XA alignment [EM (—4> MultipleSeqAlignment Xf%) MiZASribAREE| T

>>> print blast_hsp.aln

DNAAlphabet () alignment with 2 rows and 61 columns
CCCTCTACAGGGAAGCGCTTTCTGTTGTCTGAAAGAAAAGAAAG. . .GGG 42291
CCCTCTACAGGGAAGCGCTTTCTGTTGTCTGAAAGAAAAGAAAG. . .GGG gi|262205317 |ref |NR_030195.1]

& 5¢ BLAST HSP X%, iLFATEF K H BLAT 455094 —FER HSP. FATRXTE A print Jk:
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>>> blat_qgresult = SearchIO.read('my_blat.psl', 'blat-psl')
>>> blat_hsp = blat_qresult[0] [0] # first hit, first hsp
>>> print blat_hsp
Query: mystery_seq <unknown description>
Hit: chrl9 <unknown description>
Query range: [0:61] (1)
Hit range: [54204480:54204541] (1)
Quick stats: evalue 7; bitscore ?

Fragments: 1 (7 columns)

—LEE RN ZC A S 1. RATRE TAFS. hit ID. $APA TR . evalue Al bitscore HI{EZ
‘7", 2y BLAT HSP -3 X )m M. (R KA FERIRE A EUEMTAY I LR . AERARE AT
4, PSL Agz(A S BA AT hit M query /751, FrPA Bio.SearchI0 A2 BIEATAFHHiF LEXT R 42
WRAREE AR HSP . query , HSP.hit , m(3% HSP.aln [BIERXEAKENE? IR EIXLLE MR EIAE None

>>> blat_hsp.hit is None
True

>>> blat_hsp.query is None
True

>>> blat_hsp.aln is None

True

I AR JEwE. BN, RO AT AZREL query A1 hit HOWAIKEZ. AR ER @, H2
PSL ##zGe e A X LE(5 R, TPA Bio.SearchI0 nl AR X 2815 B

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

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

HoAbs 2R 10 R PE R RE R R R A

>>> blat_hsp.score # PSL score

61

>>> blat_hsp.mismatch_num  # the mismatch column
0

FIHACA L, —UIEAEE? 245 2] BLAT 45 RHORRR HSP I, AR A 7. /3] G & e AR AL
BLAT #%+, AWFRAHEER M blocks’ . XX PUZLT A B, WHRESAH LN G TAAEENTZHE.

1EFA1EF Bio.SearchI0 B2 Z A XAy BLAT HSP:
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>>> blat_hsp2 = blat_qresult[0] [1] # first hit, second hsp
>>> print blat_hsp2
Query: mystery_seq <unknown description>
Hit: chrl9 <unknown description>
Query range: [0:61] (1)
Hit range: [54233104:54264463] (1)

Quick stats: evalue 7; bitscore ?

Fragments: --—— -—-————————===== ——————————————————————
# Span Query range Hit range
0 ? [0:18] [564233104:54233122]
1 7 [18:61] [564264420:54264463]

Bl FE? FTAIREE T B RE R ID, #REE, Atrbegrt, MRENE 2N —F. Hi2
R B Bt A ATEE] TH TR R, MiAZE/R ‘Fragment: 17,

X /& Bio.SearchI0 AbFREH £ By HSP iy . AT LS —FE, —> HSP WXl RES BN & 14
WEAFBt. WA query-hit VEEL—EB5>, FrPABMTABESE ML query 5 hit JFHIH—5. (HiE,
BN R ATEFE P F bR, FrPATRAT AN AR 240

FF LR HSP 1 hit AtAR. 7E Hit range Xim, FATH TN LIRE [564233104:54264463], (HEHF K

AT, AR DU AL bR BE R B A DX REVEBCFR AT query . HFIRANZ, [RIFIXI 54233122 3|
54264420 .

RATRES ], MATA query ARFREFZZARITH? X RMRIFHT . FEXAEI T, query 2SR (JCIRIBIXIE)
{H2 hit HIAZ,

JITA I3 S8 SR M AT A T DAL HE AN HSP AR, Sl i A =

>>> blat_hsp2.hit_range # hit start and end coordinates of the entire HSP
(564233104, 54264463)

>>> blat_hsp2.hit_range_all # hit start and end coordinates of each fragment
[(54233104, 54233122), (54264420, 54264463)]

>>> blat_hsp2.hit_span # hit span of the entire HSP

31359

>>> blat_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]

R R Z R A RER A PSL SCPFERAG, (H2 44Kk 704 PSL SCHFHY, Bio.SearchI0 &xaiZSHiHf
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RITR. ETRER R BT IS AR AL AR

query, hit, fl aln JEME BT AREAL? AR HSP A Z DR B, A RERE T X Se)@ ik, B e ] e
FA~ SeqRecord By MultipleSeqAlignment ¥4 . {BJ2, AR PAFIAHI ) *_all J5¥k: query_all, hit_all,
Ml aln_all, XEEEHS RN ALS A HSP FEif) SeqRecord B MultipleSeqAlignment X4 HIFFE. B
A HARAHEIZhRER B, e R A —AS B HSP A4k, #F HSP 1Y SRIG5E R 813K.

i, MERARGEZ R B HSP, i A is_fragmented Jgfi:

>>> blat_hsp2.is_fragmented # BLAT HSP with 2 fragments

True

>>> blat_hsp.is_fragmented # BLAT HSP from earlier, with one fragment
False

FEVEN N Z 00, RATRE T MEFATATAXT HSP MRV A, #1 QueryResult s Hit XF4—F. MR
YT, 2k [E]—/> HSPFragment X4,

8.1.4 HSP R Ex

HSPFragment f{3 query HI hit Z [A] FAANEL UL, WAZIEEUIEN R RERZ.L, HAERE
PRI R R A SR

TELEFOLT, VR E ALY HSPFragment X4, WA IRAZ R T HBIRENTH HSP. (k5%
it BB E NN, FEACERY R HSPFragment X B HHUS LS. 1L HUFILT, ENNUNEEHEHES
JPAVA RIENE: IEEE, EHE, PR, EAR, PAIASUAENTR ID M.

LK%t HSPFragment MR print JyiAR;, XLLE M DAARH ] iR s ok . X HA M FKAT BLAST
RGBT

>>> from Bio import SearchIO
>>> blast_qresult = SearchI0.read('my_blast.xml', 'blast-xzml')
>>> blast_frag = blast_qresult[0] [0] [0] # first hit, first hsp, first fragment
>>> print blast_frag
Query: 42291 mystery_seq
Hit: gil|262205317|ref|NR_030195.1| Homo sapiens microRNA 520b (MIR520...
Query range: [0:61] (1)
Hit range: [0:61] (1)
Fragments: 1 (61 columns)
Query - CCCTCTACAGGGAAGCGCTTTCTGTTGTCTGAAAGAAAAGAAAGTGCTTCCTTTTAGAGGG
CEETEEETEErr et e e et e e e e e e e e e e e e e e et e e e e e e e e er
Hit - CCCTCTACAGGGAAGCGCTTTCTGTTGTCTGAAAGAAAAGAAAGTGCTTCCTTTTAGAGGG

FEIXAKF- L, BLAT Fl BLAST R BIEEARIEFAML, B 7 3CA HELH query M1 hit fF51:
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>>> blat_qgresult = SearchIO.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 (7 columns)

TERTATEOLT , L@ AT DA F A T i 2 i) sAmic s il . — 2500 7

>>> blast_frag.query_start # query start coordinate

0

>>> blast_frag.hit_strand # hit sequence strand

1

>>> blast_frag.hit # hit sequence, as a SeqRecord object

SeqRecord (seq=Seq (' CCCTCTACAGGGAAGCGCTTTCTGTTGTCTGAAAGAAAAGAAAGTGCTTCCTTT. . .GGG' ,
—DNAAlphabet()), id='gi|262205317|ref|NR_030195.1|', name='aligned hit sequence',,
—description='Homo sapiens microRNA 520b (MIR520B), microRNA', dbxrefs=[])

2.8.2 8.2 =M XFHEFRBIMNEZEI

TEFRATHEAS] I BEHT, RFFZHIE Bio. SearchI0 ff f i) —uhzifE . ANRARE St £ 7 E R T H,
AR T B2 TR IR e AL S Oy OR[RI ) 8, A A AR AR . X AT e 2 — D KR AT,
XS R T HEHEA I A CHARE. G, —FTETREMER “M 1 47 (one-based) HyALFR, 1iH:
M THAEH “M 0 FFUR” (zero-based) HyActR. sk, —FFEFIEAIEGAEERS, WIRES REFEIFURFISS AR ALTR,
MHEAR PR S . ML, 74— B A PR EL
BATE NI PR 8, I HFTHAE Bio.SearchI0 Hiffgsk, Y%, Bio.SearchIO [ HArZ —mi2t&E 14>
T JH A7 BAA B2 1 SR AL T 22 PO ] 0 38 2= e SO T R ) R — R B L O A AR B oA
BAE, FRATREIAR,” RESCR—AFRIE < IR, FIGRATLAES:— e, X200, IFH, 1191
NRANTE A EY) s &R AN RATIAX Python i Fi # f b iiAniE (X /& Biopython, ¥3%).
TEA# ] Bio.SearchIO HHKRRTAIA AN =& bR
o H—NEHTIPYIEAR. 7E Bio.SearchI0 #ithr, Frg 75 AL FRiEfE Python [FJARFRAAS: M O FF
G, 2EFFXE], B, #E—4> BLAST XML #j i ScfFH, HSP e da Mg s Aspi g 10 f1 28, BfiI7E
Bio.SearchIO HFAFY 9 Fl 28, FhAAAARAEK 9 A Python HERF[EM 0 FFlif, AR AR
5= 28 o Python &5 MR T XA & j5— 1 H .
o BT RKTFINARNT . AE Bio.SearchI0 H, FFIRALIR B2/ NT ESE T 45 R AR bR . (H2 XA ETE
A PR THPAMG LG . B4 8 R e, B IRAAR S TR,
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o IJa—MPRUER T EERI AR R (. X T EEE, HATUAIEEE: 1 (IREE), -1 (fd%), o (FBEF
41), il None (Jof). X} FUiEHE, W(ERM -3 & 3 fy#EAIPLJ None .
HE, XUhRE HEfFET Bio.SearchI0 X4 H . WIRARH Bio.SearchI0 X455 A—Fifht%l, Bio.
SearchI0 £ fif FZAE X IARHER I H o "B AR N AOBRIE S IRV 5 Sei:.

2.8.3 8.3 iEERIE RN 3+

BT, VRAT DA SR8 &4 L SCEF) Bio.SearchI0 Xi4:: read il parse. T AIIFIHAMh I EEH i
Bio.Seql0 u{ Bio.AlignIO 'ffJ read Fll parse JyikTEAT EI AN ARARTE TEHL MR 240 i SCrH 44 A
A4, AR Python “FAFERIEAL, RAT AR P SRR IRAG Bio. SearchI0 W LATAIHIME A R

Bio.SearchIO.read HJ T HUE query 3 &4t S HaR [Bl—4> QueryResult X§42. ARTERIH 61
TLAEH I read MM T . REERINE, read FFFEEZEIMY KT SE, BT XA

XA — 28 A A, AT —FEH read 52 BLAST A% th 0. #E5E A, &
A KRBT RBMG, FrAE oA HR ) BLAST £t .

>>> from Bio import SearchIO

>>> qresult = SearchIO.read('tab_2226_tblastn_003.txt', 'blast-tab')

>>> qresult

QueryResult (id='gi| 16080617 |ref |[NP_391444.1|', 3 hits)

>>> gresult2 = SearchI0.read('tab_2226_tblastn_007.txt', 'blast-tab', comments=True)
>>> qresult2

QueryResult(id='gi|16080617 |ref |INP_391444.1|"', 3 hits)

KL S AR R SCAS R —RE . BRSSO, BEERGH XEFSHCHE R E s T
Ao

X Bio.SearchIO.parse, ;& RS AEREEE query I ZRHHSCEF. XA J7R [Bl—> generator
MR, ERIRENRH yield — QueryResult X}4¢. Fil Bio.SearchIO.read —#f, B RIFEREZAE AT RAY
KFSH:

>>> from Bio import SearchIO
>>> qresults = SearchI0.parse('tab_2226_tblastn_001.txt', 'blast-tab')
>>> for qresult in qresults:
print gresult.id
gi116080617 |ref |[NP_391444.1|
gil11464971:4-101
>>> gqresults2 = SearchIO.parse('tab_2226_tblastn_005.txt', 'blast-tab', comments=True)
>>> for qresult in qresults2:
print gresult.id

random_s00
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gil16080617 |ref |[NP_391444.1]|
gil11464971:4-101

2.8.4 8.4 RRSIMEEFXERRHHIHF

B, AR T MEERE LT query B R SCHESHT, R24580] PA ] Bio.SearchIO.parse
HALH, AHZ AN RARMUL T B D EC query 3%, RORE M HART . X2 H N parse S0 T A1)
query, FEFRE|VRIBOSER

TEXFMEN T, FRAHAYEPEZ T Bio.SearchIO. index BY Bio.SearchIO.index_db k&G, WHRZF
Wk SRR GE, BEMRZEIEEN T, FEFREAT5.4.2 o XS A Bio. SeqI0 HHAH N A AT HARAHLL,
HR2 T8t Uk i K F S 4L

XHA LB ARATAR SO FIAE (44 K index

>>> from Bio import SearchIO

>>> idx = SearchIO.index('tab_2226 tblastn_001.txt', 'blast-tab')
>>> sorted(idx.keys())

['gil11464971:4-101", 'gi|16080617 |ref|NP_391444.1]|"']

>>> idx['gi|16080617 |ref |NP_391444.1]"']
QueryResult(id='gi|16080617 |ref |[INP_391444.1|"', 3 hits)

B IR IE (AR R i B P 24

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

['gil11464971:4-101"', 'gi|16080617|ref|NP_391444.1|', 'random_s00']

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

B FH T key_function &4, Fll Bio.Seql0 H—FF:

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

>>> idx = SearchIO.index('tab_2226_tblastn_001.txt', 'blast-tab', key_function=key_
—function)

>>> sorted(idx.keys())

['GI|11464971:4-101"', 'GI|16080617 |REF|NP_391444.1]"']

>>> idx['GI|16080617 |REF|NP_391444.1|"']

QueryResult (id='gi| 16080617 |ref |[NP_391444.1|', 3 hits)

Bio.SearchIO.index_db il index YEfZEARZL, AR EE B query fREES A—1 SQLite 5 /E L
e
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2.8.5 8.5 B AFIHERIR R4 3+

A, SRR R S, VRS E B AN R SO 2R A Y. Bio.SearchI0 2t T—A4>
write Jrvk, IEARATDAMERGHDSE U AN TAE. BERENSEE: — D AlEGRE QueryResult XS, #ith
4L, SRS ORI — S R AR R R S 24 BRI A 4 H T, il ERE AR
QueryResult, Hit, HSP, il HSPFragment %44

>>> from Bio import SearchIO

>>> gresults = SearchIO.parse('mirna.xml', 'blast-xml') # read XML file

>>> SearchIO.write(qresults, 'results.tab', 'blast-tab') # write to tabular file
(3, 239, 277, 277)

PRMOZIETE, AR ST 2 QueryResult, Hit, HSP fil HSPFragment XFRHJAIR]JEM:. U1K LL
JBEEARFE, LA EA. Wile, WES AR AN MR 20001, ARIRER—A
BLASTXML 3CfF, fREARERERE A PSL 30, o PSL U2 LEg 1k, MiXLe)Edt BLAST A
AR (ANEZICRCH KR ) . ARARFSEAR S 5] PSL, AT AT T L ik

il read, parse, index Hl index_db MBI, write [IFEREZSZARAFFM KT SE. &SRR Bio.
SearchI0 ] E R FIX LMK Y SHUN E BTG HL.

f%)J5, Bio.SearchIO [FFEHEfL—1 convert J¥E, W PAFEM#E N Bio.SearchlO.parse fll Bio.SearchIO.
write WY BRI YE. (11 convert HYEMIBITANT :

>>> from Bio import SearchIO
>>> SearchI0.convert('mirna.xml', 'blast-xml', 'results.tab', 'blast-tab')
(3, 239, 277, 277)

P convert (iiJf] write Jrik, FrVARA A T LM BIEEAFAERS, AU A REIEH T4, XHbT
BLAST XML U4 fit BLAST SO T i A BOAE , AU A REIE R e il (He, HAts e
WATREA S IE® TAE, PUARH EEF T e sk,

2.9 %5 9 Z=1ihia] NCBI Entrez #iBEE

Entrez (http://www.ncbinlm.nih.gov/Entrez) J&—AE% P4 NCBI #4846 %E (41 PubMed,
GeneBank, GEO %:48) PR RS, H Al DABE N S as T3 A& ifi 26 H U7 Entrez, tn] DARE
Biopython ] Bio.Entrez BiHPAZHAR )y 2 i M) 2K Entrez. QIRAMEHSE —F A3k, M H-—4 Python
AR AT PASEBIAE PubMed B R EF# M GenBank "N H £ .

Bio.Entrez 3t F|H T Entrez Programming Utilities (HFR{E EUtils) , W& /A LH, ##FHi L NCBI
BRI, . http://www.nebinlm.nih.gov/entrez/utils/. 4~ T.HHEREEYE Python [ Bio.Entrez b3k |
X RREL, SRS X ABER] AR A R AR URL BIERHE, I Hin NCBI ZE:RI—FE,
=R AR BN S .

EUtils 1 [o] ff th 45 Rl i 2 XML #3K, FAT LA T AR BT IR R AT X R 2 A s A ST
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—_

. fiH] Bio.Entrez f#HT#RF XML % fUf#AT AL Python XJ4;

. i/} Python 4722 DOM (Document Object Model) f##T2E;

. f#i ] Python Fr#EFEF Y SAX (Simple API for XML) fi##T#s;

B XML it U HUF IR SCAR SO, I AT R A SRR IR HEA TR ;

X1 DOM F1 SAX f##fi#§, W LA#FA Python [3CHY. Bio.Entrez H{lfi il BIRMEHTARIF 2AE N IHIHE.

NCBI ffiff DTD (Document Type Definition) SCff:3Hiid XML SC-H T &5 B 4EH). KL% NCBI
AR DTD U8 &R 5 7E T Biopython 47 H. %4 NCBI Entrez 32 A—4> XML #&= SCAF B
{#%, Bio.Entrez JF&fif] DTD ({Ff.

A, AR BES A L5 FAPRR R ) XML AH X H) DTD SCE Biopython & AT LR AFAAE. 24 NCBI JH4%
‘B DTD SCEERgEH, X FPEOL AT RE &AL o AR & AR XA DL, Entrez. read Ff&x /R K50 DTD 44
FM URL BEOR(E B . sl B SREUE K () DTD SO, ik XML )53 e iE w37, QA
HIAFAEXT R ) DTD SCEERYTE , ACBRRS RS TP, P, S T SEPRAg A3, FRA77 0] DA R 5 5 B URL
HKNEXS V) DTD 3O, K30 E DTD SCEBGAER) X% . . . site-packages/Bio/Entrez/DTDs
o QRAREABURAEAK A SO, AR ATPAE DTD U453 ~/ . biopython/Bio/Entrez/DTDs jX~H %,
~ FRHRARAY Home Hsko FINEXANHRESET .. site-packages/Bio/Entrez/DTDs Hfitrasiiiit, Fr
PAY4 . ..site-packages/Bio/Entrez/DTDs [IAjHY DTD U B A mMEE, AR AT DRRF B AR i) DTD 3¢
P15 Home H RIS SCUFIC T MR WAHAM T %, WRVR S RIS K431 Biopython, fRAJPA
5 DTD U EIJ5A% Y Bio/Entrez/DTDs LI, SRJGHEHT4 4 Biopython. XFELKEHY DTD S
FZ BT — A 24 B E R 7

Entrez Programming Utilities 8] DA i ELAh A% =y B o, bhdn Fasta. JE 5% H i) GenBank
SO ORI L B MedLine #%5, W2 NARKFIAETTT9.12 Hitie.

[\

w

S

2.9.1 9.1 Entrez F4}y

FEFATE L Biopython i) NCBI [#£k 785 ({l) Bio.Entrez sy HAWBIEL) MM, #55Ei i NCBI
f) Entrez I FHLE. Gnst NCBI A BURFEM AT RS, MATo88 BRI .

TEAIELTE AN T -

o XMPEATIESHEIL 100 KAGTTFITER, T7EFE A I T) sl T 56 [ ) 66 ) v e i 1) o XS IR TR 2 7
M.

o (FHIXAME http://eutils.nebi.nlm.nih.gov , TAEEE R NCBI k. Biopython {# HH&EiXx 4~ M
i 8

o FFPBCRELEE =R (H 2009 EAEWIR R = FbRhiR 2 — IR RE TN ) . i/~ Biopython 3]
SR AT o

o ] email 24, XAEQIRIBR A2 FE, NCBIL o] DAE IR R FIR. IRAT ATERECHE K Entrez

A IRHE RN A ) B ELX A S8 (B0, TESHRH 5 email="A.N.OtherGexample.com" ), HF
WA AR E— 4R email Hidik:
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>>> from Bio import Entrez

>>> Entrez.email = "A.N.Other@example.com"

Bio.Entrez RF&TERFIK ] Entrez 15K AN GE XA MR AFHIAL o 3 T 00 AN EHIRLAVE S MECF bk, A
HEHR X EAT . IRPFRISEUN 2010 4F 6 7 1 HRH@5RHIRSE e EME AR, NCBL 271
BT Y5 B-utilities 2 B2l P R OER P hEBC R -

o WRAREE DRI E T Biopython [, Wit tool XAZEHAHA UL, IREER]
PATERE R G K V5 A Entrez [ o5 S 8 s i35 BB A ) TR (Fln, w28 Eh s
tool="MyLocalScript" ), HiFIRt ] ARE— 4 FAY tool £ F5:

>>> from Bio import Entrez

>>> Entrez.tool = "MyLocalScript"

WA tool %4 FR4E Biopython.,

o XTRMB AR, NCBI s (109 235 57 LRt (WebEnv 24 cookie FAFHI, JLEE
9915 )0 FURRXATHA Ak
B, AREARE G DU R A . ASRARIT I T B AR, e (AR 795 o, ARAR
REIA N RN RS, BA%IEld FTP 818G @A) GenBank SCfF, ARJ5RHX LI FAH]
YRA S BioSQL #dfa e Bii k. (i WETT18.5 ).

2.9.2 9.2 EInfo: 3XH Entrez #{IEERER

EInfo %4~ NCBI W8 2524t T BRG], St BRI A AT FH AOBEsE . Bbah, ARAT AR 25 o i
A Elnfo i1 Entrez SREUITA B E 4 7555

>>> from Bio import Entrez
>>> Entrez.email = "A.N.Other@example.com" # Always tell NCBI who you are
>>> handle = Entrez.einfo()

>>> result = handle.read()

A result BAEAE T XML A& 4251 2% -

>>> print result
<?7xml version="1.0"7>
<IDOCTYPE eInfoResult PUBLIC "-//NLM//DTD eInfoResult, 11 May 2002//EN"
"http://www.ncbi.nlm.nih.gov/entrez/query/DTD/eInfo_020511.dtd">
<eInfoResult>
<DbList>
<DbName>pubmed</DbName>
<DbName>protein</DbName>

(T ogks:)
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<DbName>nucleotide</DbName>
<DbName>nuccore</DbName>
<DbName>nucgss</DbName>
<DbName>nucest</DbName>
<DbName>structure</DbName>
<DbName>genome</DbName>
<DbName>books</DbName>
<DbName>cancerchromosomes</DbName>
<DbName>cdd</DbName>
<DbName>gap</DbName>
<DbName>domains</DbName>
<DbName>gene</DbName>
<DbName>genomepr j</DbName>
<DbName>gensat</DbName>
<DbName>geo</DbName>
<DbName>gds</DbName>
<DbName>homologene</DbName>
<DbName> journals</DbName>
<DbName>mesh</DbName>
<DbName>ncbisearch</DbName>
<DbName>nlmcatalog</DbName>
<DbName>omia</DbName>
<DbName>omim</DbName>
<DbName>pmc</DbName>
<DbName>popset</DbName>
<DbName>probe</DbName>
<DbName>proteinclusters</DbName>
<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>

</eInfoResult>

PR R 3 — IR 2 ) B XML SO, AT T AT B R0 T e 54+ F A P S IR T B AL 3 5 L. BT Bio.
Entrez [N, FATH PABHFHX A XML A F|—1> Python X4 HljH % :

2.9. % 9 EFifia] NCBI Entrez $iiEREE

135




Biopython-cn Documentation, %% 0.1

>>> from Bio import Entrez

>>> handle = Entrez.einfo()

>>> record = Entrez.read(handle)

BUAE record ZHIA— N E HAE ) 7L

>>> record.keys()
[u'DbList']

ARSI A (EAFA# 1 i XML SO B 5 R 42 5 i 91 3%

>>> record["DbList"]

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

XX R, AT LA EInfo /13 H 2 HfFE -

>>> handle = Entrez.einfo(db="pubmed")
>>> record = Entrez.read(handle)

>>> record["DbInfo"] ["Description"]
'PubMed bibliographic record'

>>> record["DbInfo"] ["Count"]
117989604 '

>>> record["DbInfo"] ["LastUpdate"]

'2008/05/24 06:45'

it record["DbInfo"] .keys ) A AIRBUFAEAEX MLk ARG S . XBEmKEAHNEEZ —&—
A~ ESearch 1] ] i) #8 R (E51 55 :

>>> for field in record["DbInfo"]["FieldList"]:
print "7 (Name)s, J(FullName)s, J (Description)s" ¥ field
ALL, All Fields, All terms from all searchable fields
UID, UID, Unique number assigned to publication
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

(T gk%E)
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AUTH, Author, Author(s) of publication
JOUR, Journal, Journal abbreviation of publication

AFFL, Affiliation, Author's institutional affiliation and address

R MRKHFIE, R IFVRIERT PubMed MR, YRATPAEIL Jones [AUTH] R,
# it Sanger [AFFL] {3 JuF IR HI7E Sanger Centre. X ASARFITHE, FRAIEAE R A B FEA K
BB

2.9.3 9.3 ESearch: #% Entrez #IBEE

AT LA ] Bio.Entrez.esearch() RIMRALEMEIEZE. Flun, FA1#E PubMed H#8 %R Biopython
AH I SCHR -

>>> from Bio import Entrez

>>> Entrez.email = "A.N.Other@example.com" # Always tell NCBI who you are
>>> handle = Entrez.esearch(db="pubmed", term="biopython'")

>>> record = Entrez.read(handle)

>>> record["IdList"]

['19304878', '18606172', '16403221', '16377612', '14871861', '14630660', '12230038']

R AR T, AT LAFE £ PubMed IDs (f13% 19304878, X2 Biopython ¥ JiJ %l PMID),
PRATPAE L EFetch HRARBUXLESCHR (35 WHY9.6 ).

PR AT PAIE T ESearch 482 GenBank., 1R PATE *Cypripedioideae* orchids H14#2% *matK* EL[H ki,
PR — T (FWET9.2 XT Elnfo: —MEIIRN DAFEREAS Entrez A 8 RV TE) -

>>> handle = Entrez.esearch(db="nucleotide",term="Cypripedioideae[0Orgn] AND matK[Gene]")
>>> record = Entrez.read(handle)

>>> record["Count"]

1 25 1
>>> record["IdList"]
['126789333"', '37222967', '37222966', '37222965', ..., '61585492']

4 TDs(126789333, 37222967, 37222966, ) 2 GenBank f{j— b, W NEY0.6 B4 T BT
X GenBank [icsE E .

R, N2fg Cypripedioideae [Orgn] IXFEAE RAYHHEM FARHE M A4, TS 75 ZAE B R Il
A NCBI f#] taxon ID, £ txid158330[0rgn] iX#f. XANI A ILFAE ESearch #F BT [, NCBI i
Sk 2 e A AR T A TR AR AT DA AE 8B AT Entrez 1S OV E S, SRHEBIE R H kg . Fln, 18
B AR b complete [prop] W] PATEAE AR 7R 58 Uy B H 41 F.

TEREJE—AHF, LRI~ computational journal 4513 :
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>>> handle = Entrez.esearch(db="journals", term="computational')

>>> record = Entrez.read(handle)

>>> record["Count"]

16"

>>> record["IdList"]

['30367', '33843', '33823', '32989', '33190', '33009', '31986',
'34502', '8799', '22857', '32675', '20258', '33859', '325634',
'32357', '32249']

R, AT AT EFetch 345 3 F4A4> journal IDs B Z )3 &
Search T Pl LA RIRPOEZ (5 A

2.9.4 9.4 EPost: _L{% identifiers B3R

EPost F&TEG8 R P IF & B IDs (5152, 201 EPost 15 1) it A SRIRUHE £ 45 E.. {l#] Bio.Entrez.
epost () AR PATE Biopython FP5CH],

KT HA KT IRERG T, BRARE s EFetch F#AY IDs (K KMFIFE (WRERFH, the

RS H R HAR N ) . MARiEIT EFetch %R e R, #rng IDs 503, BdRES, Kol m
—/MKH URL, SRIGHAERIIRS & . AR IDs JRMWK, URL WafRK, K URL afgE2 W (L,
— BB BEAZ i AR N ) -

J380, AR DATE A LA ISP R SE I, 1 56 EPost Ok _LA% IDs #FR GXAMEH T—HWikRy “HTML
post”, A “HTML get”, #JF T long URL AJREF* LRI ). 17 Dk S8, /Rl PAGE ] EFetch
AR EXAK Y IDs S5, HH B0 St il «

R A AT RE S EPost 2N TAER)—— EA% 74 PubMed K IDs:

>>> from Bio import Entrez
>>> Entrez.email = "A.N.Other@example.com" # Always tell NCBI who you are
>>> id_list = ["19304878", "18606172", "16403221", "16377612", "14871861", "14630660"]
>>> print Entrez.epost("pubmed", id=",".join(id_list)).read()
<?7xml version="1.0"7>
<IDOCTYPE ePostResult PUBLIC "-//NLM//DTD ePostResult, 11 May 2002//EN"
"http://www.ncbi.nlm.nih.gov/entrez/query/DTD/ePost_020511.dtd">
<ePostResult>

<QueryKey>1</QueryKey>
<WebEnv>NCID_01_206841095_130.14.22.101_9001_1242061629</WebEnv>
</ePostResult>

R XML A5 TR EAE, QueryKey Fl WebEnv |, P NFEAFEE—EE T 20 A Lids. IR
AT DA EoAth ) Entrez T.E., 4 EFetch, SEIEEGX LU :
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>>> from Bio import Entrez

>>> Entrez.email = "A.N.Other@example.com" # Always tell NCBI who you are

>>> id_list = ["19304878", "18606172", "16403221", "16377612", "14871861", "14630660"]
>>> search_results = Entrez.read(Entrez.epost("pubmed", id=",".join(id_list)))

>>> webenv = search_results["WebEnv"]

>>> query_key = search_results["QueryKey"]

55.9.15 FATHRA T AT D SRR

2.9.5 9.5 ESummary: #idE =/ IDs FHREUFE

ESummary 7] PAi# i —A> primary IDs RBUCCEHREE (W ESummary 5 B 10 R FEREL{ER) . 1F
Biopython Ht, ESummary DA Bio.Entrez.esummary() MR H . B FEGERER, FAITPAKE
ID >/ 30367 24 H XA EZ(E R

>>> from Bio import Entrez

>>> Entrez.email = "A.N.Other@example.com" # Always tell NCBI who you are
>>> handle = Entrez.esummary(db="journals", id="30367")

>>> record = Entrez.read(handle)

>>> record[0] ["Id"]

'30367"

>>> record[0] ["Title"]

'Computational biology and chemistry'

>>> record[0] ["Publisher"]

'Pergamon, '

2.9.6 9.6 EFetch: M Entrez TEHEZHIZFE

BAREE Entrez HHIBEE AR, YRR LA EFetch, fE EFetch fY#71) 111A A PA#ES] EFetch
] AR AR I

NCBI K43 (85t PER SCRe 2 R [ 1) SCA% . 2481 Bio.Entrez.efetch() M Entrez "N #URfE M4
Flg X G, T2 rettype a3 retmode XLEF[IEMIS AL, KT/ [ EH B 2R BN W] & BCAE T I
W T A A . NCBI efetch webpage (fifl1: literature, sequences and taxonomy).

— i F A2 T FASTA 53 GenBank/GenPept [ 3CAM I (355 7 DA Bio.SeqI0 KfigtT, £
W5.3.1F19.6 ) M T Cypripedioideae FHIT, FA10] PAiE T Bio.Entrez.efetch M GenBank F#iilk
186972394,

>>> from Bio import Entrez

>>> Entrez.email = "A.N.Other@example.com" # Always tell NCBI who you are
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(8 L)

>>> handle =

>>> print handle.read()

Entrez.efetch(db="nucleotide", 1d="186972394", rettype="gb", retmode="text")

LOCUS EU490707 1302 bp DNA linear PLN 05-MAY-2008
DEFINITION Selenipedium aequinoctiale maturase K (matK) gene, partial cds;
chloroplast.
ACCESSION  EU490707
VERSION EU490707.1 GI:186972394
KEYWORDS
SOURCE chloroplast Selenipedium aequinoctiale
ORGANISM Selenipedium aequinoctiale
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; Liliopsida; Asparagales; Orchidaceae;
Cypripedioideae; Selenipedium.
REFERENCE 1 (bases 1 to 1302)
AUTHORS  Neubig,K.M., Whitten,W.M., Carlsward,B.S., Blanco,M.A.,
Endara,C.L., Williams,N.H. and Moore,M.J.
TITLE Phylogenetic utility of ycfl in orchids
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 1302)
AUTHORS Neubig,K.M., Whitten,W.M., Carlsward,B.S., Blanco,M.A.,
Endara,C.L., Williams,N.H. and Moore,M.J.
TITLE Direct Submission
JOURNAL  Submitted (14-FEB-2008) Department of Botany, University of
Florida, 220 Bartram Hall, Gainesville, FL 32611-8526, USA
FEATURES Location/Qualifiers
source 1..1302
/organism="Selenipedium aequinoctiale"
/organelle="plastid:chloroplast"
/mol_type="genomic DNA"
/specimen_voucher="FLAS:Blanco 2475"
/db_xref="taxon:256374"
gene <1..>1302
/gene="matK"
CDS <1..>1302
/gene="matK"
/codon_start=1
/transl_table=11
/product="maturase K"
/protein_id="ACC99456.1"
/db_xref="GI:186972395"
(FIUaREE)
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ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021

1081

1141

1201

1261
//

attttttacg
aaacgtttaa
aaccaaaaag
gtatcagaag
cttgaagaaa
tttttagaag
atccatctgg
catttattgc
aaattcattt
tatgtatatg
tcaacatctt
ctagtagtgt
cattatgttc
aagaaatgga
ccgtatagga
tcaagtgtac
ataaatcttc
ttgtcgaaag
gatttctcgg
tatcacagcg
tcgtgtgcta
ttaggttcgg

/translation="IFYEPVEIFGYDNKSSLVLVKRLITRMYQQNFLISSVNDSNQKG
FWGHKHFFSSHFSSOMVSEGFGVILEIPFSSQLVSSLEEKKIPKYQNLRSIHSIFPFL
EDKFLHLNYVSDLLIPHPTHLEILVQILQCRIKDVPSLHLLRLLFHEYHNLNSLITSK
KFIYAFSKRKKRFLWLLYNSYVYECEYLFQFLRKQSSYLRSTSSGVFLERTHLYVKIE
HLLVVCCNSFQRILCFLKDPFMHYVRYQGKAILASKGTLILMKKWKFHLVNFWQSYFH
FWSQPYRIHIKQLSNYSFSFLGYFSSVLENHLVVRNQMLENSFIINLLTKKFDTIAPV
ISLIGSLSKAQFCTVLGHPISKPIWTDFSDSDILDRFCRICRNLCRYHSGSSKKQVLY

RIKYILRLSCARTLARKHKSTVRTFMRRLGSGLLEEFFMEEE"

aacctgtgga
ttactcgaat
gattttgggg
gttttggagt
aaaaaatacc
acaaattttt
aaatcttggt
gattgctttt
acgccttttc
aatgcgaata
ctggagtctt
gttgtaattc
gatatcaagg
aatttcatct
ttcatataaa
tagaaaatca
tgactaagaa
ctcaattttg
attctgatat
gatcctcaaa
gaactttggc
gattattaga

aatttttggt
gtatcaacag
gcacaagcat
cattctggaa
aaaatatcag
acatttgaat
tcaaatcctt
ccacgaatat
aaaaagaaag
tctattccag
tcttgagcga
ttttcagagg
aaaagcaatt
tgtgaatttt
gcaattatcc
tttggtagta
attcgatacc
tactgtattg
tcttgatcga
aaaacaggtt
acggaaacat

agaattcttt

tatgacaata
aattttttga
tttttttctt
attccattct
aatttacgat
tatgtgtcag
caatgccgga
cataatttga
aaaagattcc
tttcttcgta
acacatttat
atcctatgct
ctggcttcaa
tggcaatctt
aactattcct
agaaatcaaa
atagccccag
ggtcatccta
ttttgcegga
ttgtatcgta
aaaagtacag

atggaagaag

aatctagttt
tttctteggt
ctcatttttc
cgtcgcaatt
ctattcattc
atctactaat
tcaaggatgt
atagtctcat
tttggttact
aacagtcttc
atgtaaaaat
ttctcaagga
agggaactct
attttcactt
tctcttttct
tgctagagaa
ttatttctct
ttagtaaacc
tatgtagaaa
taaaatatat
tacgcacttt

aa

agtacttgtg
taatgattct
ttctcaaatg
agtatcttct
aatatttccc
accccatccc
tccttetttg
tacttcaaag
atataattct
ttatttacga
agaacatctt
tcctttcatg
tattctgatg
ttggtctcaa
ggggtatttt
ttcatttata
tattggatca
gatctggacc
tctttgtegt
acttcgactt
tatgcgaaga

Z4 rettype="gb" fll retmode="text" LI N1 F LA GenBank #5{.

FEYEEAZEE] 2009 4F, Entrez EFetch APT SR “genbank” ff 3R [m26% SR 1M #i4E NCBI IgHy
WEHE TR “gb” 8 “gbwithparts” (SCEFXEARY “gp” ) REIHD. FHFEERNE, HE 2012 4F
2 /1, Entrez EFetch APT ERIARIR [FIAS ACHAESCA SO0, BAEBARY Y XML #i5.

VER 7 AMAESE, R AT DAH ] rettype="fasta" FFKH Fasta ¥ A3 S0, EFetch Sequences %5 1)
ORI o e, ATEA RS A E TR T B R S L EFetch $i )y 7T

2.9. % 9 EFifia] NCBI Entrez $iiEREE
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WRAREARBEC R A AE 2 Bio.Seql0 iz —Fhigal (A5 &), ARWTDAEHAF AT A — 1
SeqgRecord

>>> from Bio import Entrez, SeqlO
>>> handle = Entrez.efetch(db="nucleotide", i1d="186972394",rettype="gb", retmode="text")
SeqI0.read(handle, "genbank")

>>> handle.close()

>>> record

>>> print record

ID: EU490707.1

Name: EU490707

Description: Selenipedium aequinoctiale maturase K (matK) gene, partial cds; chloroplast.

Number of features: 3

Seq('ATTTTTTACGAACCTGTGGAAATTTTTGGTTATGACAATAAATCTAGTTTAGTA. . .GAA', TUPACAmbiguousDNA())

i BRI, — R A R SR S B R AT B — AP, K8 (1] Bio. SeqlO SRfEAT. X
FEilE O TR T A A 5 S A A R AR SO, HFId% NCBI AR S5 & 2. fildn:

import os
from Bio import SeqlO
from Bio import Entrez
Entrez.email = "A.N.Other@example.com" # Always tell NCBI who you are
filename = "gi_186972394.gbk"
if not os.path.isfile(filename):
# Downloading. ..
net_handle = Entrez.efetch(db="nucleotide",id="186972394" ,rettype="gb", retmode="text
D)
out_handle = open(filename, "w"
out_handle.write(net_handle.read())
out_handle.close()
net_handle.close()

print "Saved"

print "Parsing..."
record = Seql0.read(filename, '"genbank")

print record

F T R3] XML #8095, #RATAM ] Bio.Entrez.read() PREXFISEL retmode="xm1" H{FAENT, :

>>> from Bio import Entrez

>>> handle = Entrez.efetch(db="nucleotide", id="186972394", retmode="xml")

>>> record = Entrez.read(handle)

(N ogksr)

142 Chapter 2. Contents




Biopython-cn Documentation, A% 0.1

(8:EW)

>>> handle.close()

>>> record[0] ["GBSeq_definition"]

'Selenipedium aequinoctiale maturase K (matK) gene, partial cds; chloroplast'
>>> record[0] ["GBSeq_source"]

'chloroplast Selenipedium aequinoctiale'

SRR BRI . Bl AT FL A e S S A% K (BilA, PubMed /1% %) MEDLINE #45K), 2

WEAT9.12 .

IRARAEF ] Bio.Entrez.esearch() {72, SRJ5 /] Bio.Entrez.efetch() Fai%ilE, IRARFE
F| WebEnv [ 40, WS MILTETT9.15 .

2.9.7 9.7 ELink: £ NCBI Entrez i FHXBNZHE
ELink, ¥£ Biopython H1/2 Bio.Entrez.elink() , W] PAMI3k4E NCBI Entrez 3R 33t X104 H .
n, ARATPAREFH BEAE gene B h F AT RS H , B0 HAWARTS A1 o

iEFATEEM ELink SRAE 2009 4 Bioinformatics 755154k 5 Biopython WA XRMILHE . X LF
PubMed ID J& 19304878:

>>> from Bio import Entrez
>>> Entrez.email = "A.N.Other@example.com"
>>> pmid = "19304878"

>>> record = Entrez.read(Entrez.elink(dbfrom="pubmed", id=pmid))

A5t record 404 T Python §%, U T CLAHM BRI . ARI4HE T4 PubMed ID %
1%, T record REE T H. S HRE—AFIER, W& TRIBEIROFHORE, W
R AR EEIG A AR P

>>> record[0] ["DbFrom"]
'pubmed’

>>> record[0] ["IdList"]
['19304878']

B "LinkSetDb" U T#RECR , KR HARKIR R LRAT N — 3R AR A TX MR ZR o, FATAHE PubMed
B b3 TR RE LY B T AR )

>>> len(record[0] ["LinkSetDb"])
5
>>> for linksetdb in record[0] ["LinkSetDb"]:
print linksetdb["DbTo"], linksetdb["LinkName"], len(linksetdb["Link"])

(T gk%E)
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pubmed pubmed_pubmed 110
pubmed pubmed_pubmed_combined 6
pubmed pubmed_pubmed_five 6
pubmed pubmed_pubmed_reviews 5

pubmed pubmed_pubmed_reviews_five 5

KPR R RPRAFAE RN "Link" BFHUR . fEAMERERT, BIHE T 110 A6 H . iERNBER
BRATE - MERER:

>>> record[0] ["LinkSetDb"] [0] ["Link"] [0]
{u'Id': '19304878'}

RN RISCE, NFHAREIEZMER, IrAERITRE BRI —MHERER:

>>> record[0] ["LinkSetDb"] [0] ["Link"] [1]
{u'Id': '14630660'}

XA~ PubMed ID > 14530660 {93342 kT Biopython PDB f#Afr#%$17 .
FAVE S — MG AT B A i) PubMed IDs:

>>> for link in record[0] ["LinkSetDb"][0] ["Link"] : print link["Id"]
19304878
14630660
18689808
17121776
16377612
12368254

BAERSEAR T, (HRM AN, B SRR 905 | 4R . 418, ELink Al PASE X A>——
Z /0% PubMed Central JZ4E R BRI (LA 9.15.9 ).

*xF ELink (358, #§ W ELink #0100 o« KgAK T link names BN 7 000, A8 A R BcE
JERTPAEFEA L 25 -

2.9.8 9.8 EGQuery: £5##%- FitiE#EN%E

EGQuery $2fHRRFEBAEAA Entrez Ba e i%H o UEATRTFEAETEEE B 2 P RER I 004 H 19
ARG TR ZERNE R R RER A, IR FRGIT9.14.2 ).

FERXABITFH, FAIEEA Bio.Entrez. egquery O SRR “Biopython” HIZH%H :
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>>> from Bio import Entrez

>>> Entrez.email = "A.N.Other@example.com" # Always tell NCBI who you are
>>> handle = Entrez.egquery(term="biopython")

>>> record = Entrez.read(handle)

>>> for row in record["eGQueryResult"]: print row["DbName"], row["Count"]

pubmed 6
pmc 62

journals 0

I EGQuery # B FRIFEZE L.

2.9.9 9.9 ESpell: 3XBH BRI

ESpell " AMERBEGHW . FEX T, FAIME] Bio.Entrez. espell () K35 Biopython IEHfHHE :

>>> from Bio import Entrez

>>> Entrez.email = "A.N.Other@example.com" # Always tell NCBI who you are
>>> handle = Entrez.espell(term="biopythooon")

>>> record = Entrez.read(handle)

>>> record["Query"]

'biopythooon'

>>> record["CorrectedQuery"]

'biopython'

T IL ESpell 5 Dt SFAFEZEE. XA EZRARAEM N GUL TRMBMEEA R & H A s f it

2.9.10 9.10 #2#TKHY Entrez XML ¥

Entrez.read BT Entrez & [F[ 4R BLHF]—/> Python XE B %, XXM RPORAATENFS . X TR
BrRKI XML SCERT NAEAREIT, FTDAfE ] Entrez.parse XM eR%k. X @& MEMGRREL, EfF—1—
AR XML SO A A . HA XML U — PRI R, XA REA AR (i, W
BIE— D NAETCHRAY T AL L Entrez. read Y& [1]—> Python %13).

BN, A A NCBT 1) FTP 3 f M\ Entrez Gene $(dfi FE N #4024 B A —A 30 X
NSRRI, YEN—ABIF, £F 2009 4 9 H 4 H, {4 Homo_sapiens.ags.gz & | Entrez Gene
Bl PErP NRFS, SCFR/NVE 116576kB. 3X A 302 ASN 42X, AILAE T NCBI [ gene2xml /7 4%
XML #38 (3% NCBI ) FTP 3 5 5KBUE Z {58 -
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gene2xml -b T -i Homo_sapiens.ags -o Homo_sapiens.xml

XML #5844 6.1GB. £ K2 5H ik 241 Entrez.read #4:5%( MemoryError .

XML {4 Homo_sapiens.xml {5 —/ Entrez gene it sg 53, &N T A —4> Entrez ZF{E H..
Entrez.parse Rf—— AN G 20 5% o SXAEVR W] DA Ik 30 [ RS0 Sk i 7 ST BN s At A e sRoM
KIEE . Bilan, THEXAMAET T Entrez P BRIICE, FTH TR FEHE AT

>>> from Bio import Entrez
>>> handle = open("Homo_sapiens.xml")

>>> records = Entrez.parse(handle)

>>> for record in records:
status = record['Entrezgene_ track-info']['Gene-track']['Gene-track_status']
if status.attributes['value']=='discontinued':
continue
geneid = record['Entrezgene_track-info']['Gene-track']['Gene-track_geneid']
genename = record['Entrezgene_gene'] ['Gene-ref'] ['Gene-ref_locus']

print geneid, genename

HLATRNF P4

1 A1BG

2 A2M

3 A2MP

8 AA

9 NAT1
10 NAT2
11 AACP
12 SERPINA3
13 AADAC
14 AAMP
15 AANAT
16 AARS
17 AAVS1

2.9.11 9.11 $iz4piE

L XML SO, nTREH BT =4
o XASCPFRTREAE AR AL XML SOk
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o XATCAFRTREA e R g — 2l XML M N
o XICFRIEFR XML 30fF, H2M &R X DTD XA K4 H .
HMIEATE, B, ARZIE A Fasta SCPF24f0 XML SCPERARBE R, %A -

>>> from Bio import Entrez
>>> handle = open("NC_005816.fna") # a Fasta file
>>> record = Entrez.read(handle)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "/usr/local/lib/python2.7/site-packages/Bio/Entrez/__init__.py", line 257, in read
record = handler.read(handle)
File "/usr/local/lib/python2.7/site-packages/Bio/Entrez/Parser.py", line 164, in read
raise NotXMLError(e)
Bio.Entrez.Parser.NotXMLError: Failed to parse the XML data (syntax error: limne 1,

—column 0). Please make sure that the input data are in XML format.

X, PR RONE] <7xml ... BRSE, TXE—S XML SCPEITIRAARTE, 84T DA E XA SO A2
XML 3.

MARESCPEE XML MK, (R AR se R (B, $Enl4iR 1), A8 Amtrds it Corrupted XMLError 4
Do NHBX AR XML SCHHR RIS R Bl 1

<?xml version="1.0"7>

<!DOCTYPE elInfoResult PUBLIC "-//NLM//DTD eInfoResult, 11 May 2002//EN" "http://www.ncbi.

—nlm.nih.gov/entrez/query/DTD/eInfo_020511.dtd">

<eInfoResult>

<DbList>
<DbName>pubmed</DbName>
<DbName>protein</DbName>
<DbName>nucleotide</DbName>
<DbName>nuccore</DbName>
<DbName>nucgss</DbName>
<DbName>nucest</DbName>
<DbName>structure</DbName>
<DbName>genome</DbName>
<DbName>books</DbName>
<DbName>cancerchromosomes</DbName>

<DbName>cdd</DbName>

XA A PATN Y H G SO
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>>> Entrez.read(handle)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "/usr/local/lib/python2.7/site-packages/Bio/Entrez/__init__.py", line 257, in read
record = handler.read(handle)
File "/usr/local/lib/python2.7/site-packages/Bio/Entrez/Parser.py", line 160, in read
raise CorruptedXMLError (e)
Bio.Entrez.Parser.CorruptedXMLError: Failed to parse the XML data (no element found:

—line 16, column 0). Please make sure that the input data are not corrupted.

>>>

WL, WA E S IRURAE XML SO A LB I 2 1 4R

A2 XML S5 R S0 . DTD SO A AR PR R I, SR A58 = 2R R AN @R H—4
XML SCPRRHT:

<?xml version="1.0"7>
<!DOCTYPE eInfoResult PUBLIC "-//NLM//DTD eInfoResult, 11 May 2002//EN" "http://www.ncbi.
—nlm.nih.gov/entrez/query/DTD/eInfo_020511.dtd">
<eInfoResult>

<DbInfo>

<DbName>pubmed</DbName>

<MenuName>PubMed</MenuName>

<Description>PubMed bibliographic record</Description>

<Count>20161961</Count>

<LastUpdate>2010/09/10 04:52</LastUpdate>

<FieldList>

<Field>

</Field>
</FieldList>
<DocsumList>
<Docsum>
<DsName>PubDate</DsName>
<DsType>4</DsType>
<DsTypeName>string</DsTypeName>
</Docsum>
<Docsum>

<DsName>EPubDate</DsName>

@3
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</DbInfo>
</eInfoResult>

TEIXA SCPFHLTE, PISH—28J5 K, <DocsumList> (iBA—L8HAMRY)) #R%EATE DTD S eInfo_020511.
dtd HF ik, XML ST, DTD SCPRREE “AT AR aliflid ik . BOARTL T, AR #3] DTD 3¢
PERRIbREE, b P kIR ValidationError 1%,

>>> from Bio import Entrez
>>> handle = open("einfo3.xml")
>>> record = Entrez.read(handle)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
File "/usr/local/lib/python2.7/site-packages/Bio/Entrez/__init__.py", line 257, in read
record = handler.read(handle)
File "/usr/local/lib/python2.7/site-packages/Bio/Entrez/Parser.py", line 154, in read
self.parser.ParseFile(handle)
File "/usr/local/lib/python2.7/site-packages/Bio/Entrez/Parser.py", line 246, in
—startElementHandler
raise ValidationError (name)
Bio.Entrez.Parser.ValidationError: Failed to find tag 'DocsumList' in the DTD. To skip
—all tags that are not represented in the DTD, please call Bio.Entrez.read or Bio.

—Entrez.parse with validate=False.

afEdl, URAT DALESEAT AR Bk XA AR S, A 24 ValidationError £5i%. #i17#f Entrez.read o
Entrez.parse i Z%4{ validate 4T False W] PASZHLIX TN RE

>>> from Bio import Entrez

>>> handle

open("einfo3.xml")

>>> record = Entrez.read(handle,validate=False)

>>>

MR, XML SO tag 30 IBAERT Y. DTD SO RIE S, FFARSTE Entrez. read [iR BIER A 3.

2.9.12 9.12 EHIRHT2S

PR%X Bio.Entrez.read() W DAMMFERI Sy (AR AR FTARTE) Entrez iR [Elf¢) XML ({4, Entrez 7] DA
FEVFURIE R HAAR O AR , Ak, X Ry U st b XML SCeRg a0 B s (ki R oot
RN

AT Bio.Entrez.efetch() MREIM Entrez HEE—FhERA B SO, FEIEH rettype FIEE
retmode SFA[EESH . ANFEIMAATE NCBI efetch [T o XA FEIESE ERHEA
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— AR T, RATREHEAE LA FASTA 5(% GenBank/GenPept ( X 28n[PAifiid Bio.Seql0 HeAb#,
WILG.5.1 F19.6 ) BESCATEAR N HIFH . XT SCHER 2, Biopython A& T—4>4LH PubMed i i Y

MEDLINE 4%z b 25 o

9.12.1 #8#7 Medline 25

R W] PAYE Bio.Medline F$k 3| Medline FIRBTHS o RIZARAE AL AU S —4 Medline i 5%HY pubmed_resultl.

txt 3CfF. JRATPAFE Biopython [ Tests\Medline g FHEXAICIF, XASAFNAUH Fix:

PMID- 12230038
OWN - NLM

STAT- MEDLINE
DA - 20020916
DCOM- 20030606
LR - 20041117

PUBM- Print
IS - 1467-5463 (Print)
VI -3
P -3

DP - 2002 Sep
TI - The Bio* toolkits-—-a brief overview.

PG - 296-302

AB - Bioinformatics research is often difficult to do with commercial software. The

Open Source BioPerl, BioPython and Biojava projects provide toolkits with

FATESITIN, RIGTE:

>>> from Bio import Medline
>>> input = open("pubmed_resultl.txt")

>>> record = Medline.read(input)

IAE record ¥ Medline i 5% PA Python B ARTERT L :

>>> record["PMID"]
'12230038"

>>> record["AB"]

'Bioinformatics research is often difficult to do with commercial software.
The Open Source BioPerl, BioPython and Biojava projects provide toolkits with
multiple functionality that make it easier to create customised pipelines or

analysis. This review briefly compares the quirks of the underlying languages

(T gk%E)
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and the functionality, documentation, utility and relative advantages of the
Bio counterparts, particularly from the point of view of the beginning

biologist programmer.'

T Medline e SR B T DAFH 2445087, {1

>>> help(record)

A DA TR L) R 2
N TN 21> Medline CRAYSCME, FRHT AT parse RECRAUE:

>>> from Bio import Medline
>>> input = open('"pubmed_result2.txt")
>>> records = Medline.parse(input)
>>> for record in records:
print record["TI"]
A high level interface to SCOP and ASTRAL implemented in python.
GenomeDiagram: a python package for the visualization of large-scale genomic data.
Open source clustering software.

PDB file parser and structure class implemented in Python.

YR PAiE T Bio.Entrez.efetch R Nz Medline its%, MANBMRAERACHE. Fln, LM EER
PubMed HJE IR Biopython #H 31 B A Medline {0 5% :

>>> from Bio import Entrez

>>> Entrez.email = "A.N.Other@example.com" # Always tell NCBI who you are

>>> handle = Entrez.esearch(db="pubmed",term="biopython")

>>> record = Entrez.read(handle)

>>> record["IdList"]

['19304878', '18606172', '16403221', '16377612', '14871861', '14630660', '12230038']

PAEFRATH ] Bio.Entrez.efetch F F#IX L Medline if5%:

>>> idlist = record["IdList"]

>>> handle Entrez.efetch(db="pubmed",id=idlist,rettype="medline",retmode="text")

X HL, KA1l rettype="medline", retmode="text" KPAL LA A Medline 45 RAGH)X 2105 B
A Bio.Medline SARHTIX LI

>>> from Bio import Medline

>>> records = Medline.parse(handle)

2.9. £ 9 =10 NCBI Entrez HIBFE 151




Biopython-cn Documentation, %% 0.1
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>>> for record in records:
print record["AU"]
['Cock PJ', 'Antao T', 'Chang JT', 'Chapman BA', 'Cox CJ', 'Dalke A', ..., 'de Hoon MJ']

['Munteanu CR', 'Gonzalez-Diaz H', 'Magalhaes AL']
['Casbon JA', 'Crooks GE', 'Saqi MA']

['Pritchard L', 'White JA', 'Birch PR', 'Toth IK']
['de Hoon MJ', 'Imoto S', 'Nolan J', 'Miyano S']
['Hamelryck T', 'Manderick B']

['Mangalam H']

NI R, BAVER T —A> XML #3571

>>> idlist = record["IdList"]
>>> handle = Entrez.efetch(db="pubmed",id=idlist,rettype="medline", ,retmode="xml")
>>> records = Entrez.read(handle)
>>> for record in records:
print record["MedlineCitation"]["Article"]["ArticleTitle"]
Biopython: freely available Python tools for computational molecular biology and
bioinformatics.
Enzymes/non-enzymes classification model complexity based on composition, sequence,
3D and topological indices.
A high level interface to SCOP and ASTRAL implemented in python.
GenomeDiagram: a python package for the visualization of large-scale genomic data.
Open source clustering software.
PDB file parser and structure class implemented in Python.

The Bio* toolkits--a brief overview.

SRR, FE RPN T2, S TR ERATR A MM T ESearch Al EFetch. 7EXAHiFE T, NCBI
Ao ARG IAAT Py D, A N IEY 2 9FE] Section 9.15 .

9.12.2 ### GEO ig#

GEO ( Gene Expression Omnibus ) & il 85 K R A2t B 8 EdE % . Bio.Geo Hibkn] DA kiR
tr GEO #&=n % -

NP AR T BRI PR GSEL6. txt 1) GEO Ut AMidsk, HITHZIC®:

>>> from Bio import Geo
>>> handle = open("GSE16.txt")
>>> records = Geo.parse(handle)

>>> for record in records:

(Fogksr)
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print record

YRAT AR ESearch SRIEER “gds” HfiifE (GEO KiHhisE) -

>>> from Bio import Entrez

>>> Entrez.email = "A.N.OtherQexample.com" # Always tell NCBI who you are
>>> handle = Entrez.esearch(db="gds",term="GSE16")

>>> record = Entrez.read(handle)

>>> record["Count"]

2

>>> record["IdList"]

['200000016"', '100000028"']

il Entrez W%, UID 2000000167 J& GDS16, HAfAY hit “100000028” X5 . AERE, 7
ik far s, NCBI LA SCREE Entrez R4 GEO U (A XML 3, if)g SOFT #%=X
3 ) o

SR, ATDARH S E R FTP ftp://ftp.ncbinih.gov/pub/geo/ KT8 GEO X XM T4, IR
TR SN Z R ftp://ftp.nebinih.gov/pub/geo/DATA/SOFT /by _series/GSE16/GSE16_ family.soft.gz
(—NESISCHE, 20 Python [ gzip Fibk).

9.12.3 #8#7 UniGene i2F

UniGene & NCBI [ 45 0RE , 1 UniGene i03% R 7% AT AN E WA A L R . —
AN HLAL ) UniGene g0 R TR :

ID Hs.2

TITLE N-acetyltransferase 2 (arylamine N-acetyltransferase)

GENE NAT2

CYTOBAND 8p22

GENE_ID 10

LOCUSLINK 10

HOMOL YES

EXPRESS bone| connective tissue| intestine| liver| liver tumor| normal| soft tissue/

—muscle tissue tumor| adult
RESTR_EXPR adult
CHROMOSOME 8

STS ACC=PMC310725P3 UNISTS=272646
STS ACC=WIAF-2120 UNISTS=44576
STS ACC=G59899 UNISTS=137181
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(£ k1)
STS ACC=GDB: 187676 UNISTS=155563
PROTSIM ORG=10090; PROTGI=6754794; PROTID=NP_035004.1; PCT=76.55; ALN=288
PROTSIM ORG=9796; PROTGI=149742490; PROTID=XP_001487907.1; PCT=79.66; ALN=288
PROTSIM ORG=9986; PROTGI=126722851; PROTID=NP_001075655.1; PCT=76.90; ALN=288
PROTSIM ORG=9598; PROTGI=114619004; PROTID=XP_519631.2; PCT=98.28; ALN=288
SCOUNT 38

SEQUENCE ACC=BC067218.1; NID=g45501306; PID=g45501307; SEQTYPE=mRNA

SEQUENCE ACC=NM_000015.2; NID=g116295259; PID=g116295260; SEQTYPE=mRNA

SEQUENCE ACC=D90042.1; NID=g219415; PID=g219416; SEQTYPE=mRNA

SEQUENCE ACC=D90040.1; NID=g219411; PID=g219412; SEQTYPE=mRNA

SEQUENCE ACC=BC015878.1; NID=g16198419; PID=g16198420; SEQTYPE=mRNA

SEQUENCE ACC=CR407631.1; NID=g47115198; PID=g47115199; SEQTYPE=mRNA

SEQUENCE ACC=BG569293.1; NID=g13576946; CLONE=IMAGE:4722596; END=5'; LID=6989;,
—SEQTYPE=EST; TRACE=44157214

SEQUENCE ACC=AU099534.1; NID=g13550663; CLONE=HSI08034; END=5'; LID=8800; SEQTYPE=EST
//

RXAMCRIER TRX % (#] SEQUENCE 47/#/R) 25k A B NAT2 BE[H, %44 en N-acetyltransferase.
PROTSIM W/Ri2 1 NAT2 B EHIPIER, STS i@ s HAly iy STS g,

A1 Bio.UniGene AL ARNT UniGene 3C44:

>>> from Bio import UniGene
>>> input = open('myunigenefile.data")

>>> record = UniGene.read(input)

UniGene.read & [alff 22— M —2EF] UniGene 0331 7 BRI J@PERY Python %14, I,

>>> record.ID
"Hs.2"
>>> record.title

"N-acetyltransferase 2 (arylamine N-acetyltransferase)"

EXPRESS ffl RESTR_EXPR Wi T8 (7 N FAFER Y Python %135 :

['bone', 'connective tissue', 'intestine', 'liver', 'liver tumor', 'mormal', 'soft,

—tissue/muscle tissue tumor', 'adult']

R STS , PROTSIM , il SEQUENCE MK HHFFA IR G ORATAE QN ST I A 5 i o -
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>>> record.sts[0] .acc
'PMC310725P3"'

>>> record.sts[0] .unists
'272646'"

1 PROTSIM . SEQUENCE X FifT4H L.

FATHE A Bio.UniGene H1Y parse PREUCKRACPE— U £ UniGene g% F O :

>>> from Bio import UniGene

>>> input = open("unigenerecords.data")
>>> records = UniGene.parse(input)

>>> for record in records:

print record.ID

2.9.13 9.13 {EH{KE

WHFARDLT, ARATEZEM A, (FZURARAY M 454 R I, AT AR X5 ik. FENHER, Bio.
Entrez f§ i —PrifER Python 4 urllib Kijj[i] NCBI ARSFdr. XA MM http_proxy HYFFKEAL
K H SR R R SS . ASERE, X RO SRR AR AR

YRAT A HEBOE AL B hetp_proxy o [l#f, YRFLATE Python JIARTT AL BCELX NS4, Bl

import os

os.environ["http_proxy"] = "http://proxyhost.example.com:8080"

Z: 0L wellib SR FARELFER.

2.9.14 9.14 3£
9.14.1 PubMed #1 Medline

T 2R AR 2 A B 2 4R A o N 2R R RO R (B R I RN EOGER, KRR T RIE D
PubMed(http://www.ncbinlm.nih.gov/PubMed/) 22— 08 T/ EVAEELF I EE . BEMA—,
ol B aEgE L Python JIAS M rpyUR-—2EfFE 2.

FERXABIT-24 12 ) PubMed i BrA ER Orchids A1GHSCE (W2.5 FATWBIL) . HATESLER
A % DAY SO

>>> from Bio import Entrez
>>> Entrez.email = "A.N.OtherQexample.com" # Always tell NCBI who you are

>>> handle = Entrez.egquery(term="orchid")

(M ogks:)
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(8:EW)

>>> record = Entrez.read(handle)
>>> for row in record["eGQueryResult"]:
if row["DbName"]=="pubmed":
print row["Count"]
463

WAFEFRAT/# ] Bio.Entrez.efetch X RAE Faix 463 £53C &1 PubMed IDs:

>>> handle = Entrez.esearch(db="pubmed", term="orchid", retmax=463)
>>> record = Entrez.read(handle)
record["IdList"]

>>> print idlist

>>> jdlist

B [ME 2 —A> Python #3%, 44 T HrA Ml orchids 4 3L PubMed IDs:

['18680603', '18665331', '18661158', '18627489', '18627452', '18612381',
'18594007"', '18591784', '18589523', '18579475', '18575811', '18575690',

XAEERATASE] TiXE R, BRFATE TSR Medline records FIHE ZASMAMGE B XH, FRATR
PAZESCAS A FE X R 8081 Medline records #H91E B, K5 H Bio.Medline it RMEMTIAA]:

>>> from Bio import Medline
>>> handle = Entrez.efetch(db="pubmed", id=idlist, rettype="medline",
retmode="text")

>>> records = Medline.parse(handle)

TERL - FATSERE T — AR AR, NCBI B BRARAER IR oL T G AT i D7 SEAE SR S . B IEAT9.15

0 records 22— NS, FTRAR L BETFIAX 2L records —IR . QNARARAELRAEIX LE records, RTFFEAE
(AP RIE S

>>> records = list(records)

PUAELEFRATTE X LY records, SRIG43HIFT BIEE— record BYfE B :

>>> for record in records:
print "title:", record.get("TI", "7")
print "authors:", record.get("AU", "7")
print "source:", record.get("sS0", "7")

print

XA SR IR
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title: Sex pheromone mimicry in the early spider orchid (ophrys sphegodes):
patterns of hydrocarbons as the key mechanism for pollination by sexual
deception [In Process Citation]

authors: ['Schiestl FP', 'Ayasse M', 'Paulus HF', 'Lofstedt C', 'Hansson BS',
'Ibarra F', 'Francke W']

source: J Comp Physiol [A] 2000 Jun;186(6):567-74

Feal A BB RAEF SR, MEFRSIRSA N —DARIER Python #113RiRkM] . X 45 I FRHER) Python T.
HEAERR ARG R . AN, AT MR T i A AU AR L BUIT A 4% H R B PSR e 1

>>> search_author = "Waits T"

>>> for record in records:
if not "AU" in record:
continue
if search_author in record["AU"]:

print "Author found: " % (search_author, record["S0"])

A BN BT W] DALE R AE Entrez F1 Medline £ 171 1) HE 018 A0 6 RE [ I 6 AT -

9.14.2 8%, T FOREHT Entrez ZERICR

RHLBA TR R — A R TIEfs Entrez Z RIS 1. 7229 37, FATUFE] 71 NCBI /9 Entrez [Wufisk
#3 NCBI WAZIREIE AR5 KT Cypripedioideae ({5 . BIAETATE B QAT ] Python B4 H s
AePE . FERXAEITG o, ATUR NI ] Entrez BORES:, RIER, MBHTbT.

HIE, FAME TR LR Z ], 1 EGQuery RITHEARIEHE . EGQuery K &5 R FA TR i
I 2 DRGSR, BAEFRA XA BT 240, FATRRE RIS

>>> from Bio import Entrez
>>> Entrez.email = "A.N.Other@example.com" # Always tell NCBI who you are
>>> handle = Entrez.egquery(term="Cypripedioideae")
>>> record = Entrez.read(handle)
>>> for row in record["eGQueryResult"]:
if row["DbName'"]=="nuccore":
print row["Count"]

814

FIrbA, BATHUYIAEHRE] 814 4> Entrez ZIRiC% (X /2IRAE 2008 FRFFIEER TERREANEERINZ LI
) o WERARSE] T R BN RS SR H I, AT RER RS R R T A R AR, TR
AT F—2
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>>> from Bio import Entrez
>>> handle = Entrez.esearch(db="nucleotide", term="Cypripedioideae", retmax=814)

>>> record = Entrez.read(handle)

FEIXHL, record Jg— MU B TR —LHIIE B Python i, (UUENSHFER, iLKITERAE
R ST TR A A

>>> print record.keys()

[u'Count', u'RetMax', u'IdList', u'TranslationSet', u'RetStart', u'QueryTranslation']

B, LA AR BRG] T 200455

>>> print record["Count"]
'814"

EAGER BRI IAER . X 814 N RYAFAE T record['IdList'] H:

>>> print len(record["IdList"])
814

IERNIB ARG R

>>> print record["IdList"][:5]
['187237168', '187372713', '187372690', '187372688', '187372686']

FATATABE ] efetch SRR HGX LR, RAFIRAT DA—— R T 80X 2895, E4 70 NCBI 45409
T, REFUEE R —RYER T BUTA ISR SRIMAERXMEOLT AR I% 58 SR B AE R HI=AT 9. 10 &8
YRR I S SRR o

>>> idlist = ",".join(record["IdList"][:5])

>>> print idlist

187237168,187372713,187372690,187372688,187372686

>>> handle = Entrez.efetch(db="nucleotide", id=idlist, retmode="xml")
>>> records = Entrez.read(handle)

>>> print len(records)

5

FFAXEE records Xt W —~ GenBank record.

>>> print records[0].keys()
[u'GBSeq_moltype', u'GBSeq_source', u'GBSeq_sequence',
u'GBSeq_primary-accession', u'GBSeq_definition', u'GBSeq_accession-version',

u'GBSeq_topology', u'GBSeq_length', u'GBSeq_feature-table',

(T gk%E)
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(B bTT)

u'GBSeq_create-date', u'GBSeq_other-seqids', u'GBSeq_division',
u'GBSeq_taxonomy', u'GBSeq_references', u'GBSeq_update-date',

u'GBSeq_organism', u'GBSeq_locus', u'GBSeq_strandedness']

>>> print records[0] ["GBSeq_primary-accession"]
DQ110336

>>> print records[0] ["GBSeq_other-seqids"]
['gb|DQ110336.1|", 'gi|187237168']

>>> print records[0] ["GBSeq_definition"]
Cypripedium calceolus voucher Davis 03-03 A maturase (matR) gene, partial cds;

mitochondrial

>>> print records[0] ["GBSeq_organism"]

Cypripedium calceolus

VRAT LA A SRR A T A R —— (X T A S 9. 15

9.14.3 % . T=HF1fEHT GenBank record

GenBank record #=U& RAFITFHINE B « JFFVFRERI A S5 BARFE S —Fp . X g =& M NCBI
B¥EE http://www.nebi.nlm.nih.gov/ FREUE BAEE 1) —Fh =X

FEXAPIT24 0, BATRE R ERE 22 NCBI Hdla i, R4 query $2HUCSR, AR Bio.SeqlO fi##fr
MAT——AES. 5.1 Rkt s il , XABIT * A * (] WebEnv [y sticspptt——iig 2 9. 15 &
o

BT, FAEEA R 2R ICRAY D, X IR TR AR FA TR R — N Opuntia (22311
FUBUIAEE) o FATHT AL — PR AR 2R A AT 1 L 2R Y GIs (GenBank Fribff) . HeANTERA
Z /ANl

>>> from Bio import Entrez
>>> Entrez.email = "A.N.Other@example.com" # Always tell NCBI who you are
>>> handle = Entrez.egquery(term="Opuntia AND rplil6")
>>> record = Entrez.read(handle)
>>> for row in record["eGQueryResult"]:
if row["DbName"]=="nuccore":

print row["Count"]
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IAEFAT T2 GenBank identifiers 8313 :

>>> handle

Entrez.esearch(db="nuccore", term="Opuntia AND rpli6")

>>> record = Entrez.read(handle)

>>> gi_list = record["IdList"]

>>> gi_list

['57240072', '57240071', '6273287', '6273291', '6273290', '6273289', '6273286',
'6273285', '6273284']

PIAEFRAT I X 28 GIs 2 N2k GenBank records HEREAEE Y Biopython fiuAsH, fRUAAURE GI 5 HHiE
SHEFFZiEST Entrez, BIUFE Biopython 1.59 H, RATDAEEE— 513, TN 2 AR -

>>> gi_str = ",".join(gi_list)

>>> handle = Entrez.efetch(db="nuccore", id=gi_str, rettype="gb", retmode="text")

WARARREAE IR GenBank U, ARATAMGEAN AR e BOTF T ENEE A

>>> text = handle.read()

>>> print text

LOCUS AY851612 892 bp DNA linear PLN 10-APR-2007
DEFINITION Opuntia subulata rpll6 gene, intron; chloroplast.

ACCESSION  AY851612

VERSION AY851612.1 GI:57240072
KEYWORDS
SOURCE chloroplast Austrocylindropuntia subulata

ORGANISM Austrocylindropuntia subulata
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotyledons; core eudicotyledons;
Caryophyllales; Cactaceae; Opuntioideae; Austrocylindropuntia.
REFERENCE 1 (bases 1 to 892)
AUTHORS Butterworth,C.A. and Wallace,R.S.

XM, AT REE TIEERIESE . A THEIX] Python AMFR4%, FRATATPAMEH Bio.SeqIO
R GenBank #4510 SeqRecord %%, fUfF SeqFeature X% (LS 3):

>>> from Bio import SeqIO
>>> handle = Entrez.efetch(db="nuccore", id=gi_str, rettype="gb", retmode="text")

>>> records = SeqI0.parse(handle, "gb")

FATIAETT ABEAN G XL record R FHIRATBSLHIHEE -
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>>> for record in records:
>>> .. print "/s, length , Wwith features" \

>>> ... % (record.name, len(record), len(record.features))
AY851612, length 892, with
AY851611, length 881, with
AF191661, length 895, with
AF191665, length 902, with

3 features
3
3
3
AF191664, length 899, with 3 features
3
3
3
3

features
features

features

AF191663, length 899, with
AF191660, length 893, with
AF191659, length 894, with
AF191658, length 896, with

features
features
features

features

13X 28 [ S AR B BERT T T ah b B — MRREES . RS X SR 250y NCBI 480 ah i
SRR, SATI NCBI A HAWR BT S 2 A, 5 E 9.1« JEHREEER R, XT3
HE] WebEnv Jy S5 AR XA A 58 il — LB IR R AN 3R A, W WE1Y9.15 .

i, WA RIESR AR T, IRBA% T 30X 28 record —k , SRJGHRFMNTRAFAEVRIOESL B, AEAHUEAT
Jr#s AR NCBL 8z Rt s AT (XMl 7—H¢) o

9.14.4 EEYMIIERXR

R DA BT, LTk A1 Cyripedioideae 2 E R IRV FR . 1 CILTRAIHE Taxonomy Fd e 4k B
Cypripedioideae 3 [iC5%, ML E] T —MfbIH NCBI taxonomy FriH5 :

>>> from Bio import Entrez

>>> Entrez.email = "A.N.Other@example.com" # Always tell NCBI who you are
>>> handle = Entrez.esearch(db="Taxonomy", term="Cypripedioideae")

>>> record = Entrez.read(handle)

>>> record["IdList"]

['158330']

>>> record["IdList"] [0]

'158330"

BAE, B efetch W Taxonomy ¥/ i FEGX LA H , RIGMHEITE:

>>> handle = Entrez.efetch(db="Taxonomy", id="158330", retmode="xml")

>>> records = Entrez.read(handle)

PR, XA record 77 THZIIMEE:
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>>> records[0] .keys ()
[u'Lineage', u'Division', u'ParentTaxId', u'PubDate', u'LineageEx',
u'CreateDate', u'TaxId', u'Rank', u'GeneticCode', u'ScientificName',

u'MitoGeneticCode', u'UpdateDate']

FATAT AR MXAS record 2RAGFHE R fH AL :

>>> records[0] ["Lineage"]
'cellular organisms; Eukaryota; Viridiplantae; Streptophyta; Streptophytina;
Embryophyta; Tracheophyta; Euphyllophyta; Spermatophyta; Magnoliophyta;

Liliopsida; Asparagales; Orchidaceae'

XA record FPEE EWIME B 7E X B g /R ) B WI#&F "LineageEx" 1fj /& "Lineage" HHXHY
HE, R PAFS 3% 2R B NCBI taxon fRiH S5 E .

2.9.15 9.15 ERFAEIZFF1 WebEnv

WE, AR R RS BB, T MR, KRR, RERIUEHN R, 1R T
ATE T — R A Entrez R 5¢ X 28 TAE. SR1, NCBI 5 S ARF]H 7 821055 SR AR 350k 58 h
XA - Bl ESearch 11 EFetch 25 &% .

Ty KTy LSS R, LB ] 245 & EPost Al EFetch. /&1 DA EPost 2% _FA&— MRS
G, EAERIF UG —28r) history session. 2 FRARBET PAM EFetch $§[AiX A session 2 T #kiX L4
(MARIBLEFRIES ) .

9.15.1 FIA history RIERFITEHFI

BRI R A T A K Opuntia rpll6 ZERITH, RIGRFENRAFEI— FASTA U, st
T59.14.5 B—FE, AT AT A% ] Bio.Entrez.esearch() B&|—4 Gl 5133, X518 Bio.Entrez.
efetch() R F#EABAT.

SR, WOARIR 2 M D sl s ek s T8 & . RS, FRATT DAE I 45 X S8 R 25 1 5 | FH SR SR
ftifi] - NCBI R $Emidfrgznd .

SAit, M Bio.Entrez.esearch() ZIEHH, HEFTEAIMN usehistory="y" 2%,

>>> from Bio import Entrez

>>> Entrez.email = "history.user@example.com"

>>> search_handle = Entrez.esearch(db="nucleotide",term="Opuntialorgn] and rpli6",
usehistory="y")

>>> search_results = Entrez.read(search_handle)

>>> search_handle.close()

HriFE] XML fith g, EU5R M 1 H LR SR -
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>>> gi_list = search_results["IdList"]
>>> count = int(search_results["Count"])

>>> assert count == len(gi_list)

IR, ARRHFFEIP A5 S, WebEnv &1 cookie I QueryKey

>>> webenv = search_results["WebEnv"]

>>> query_key = search_results["QueryKey"]

Pk LEE {173 session_cookie Fll query_key Ji, F&AT1AI DA H EAI1E A Bio.Entrez.efetch() HUZ4L,
AL GI numbers ) identifiers.

X/ N AR — N BT B EA X R, (R RFREW N 8. IRATARE restart I retmax
KU — R R AR R AR (BAHA 0 PGS, B EERARAEH ). filn:

batch_size 3
out_handle = open("orchid_rplil6.fasta", "w")
for start in range(0,count,batch_size):
end = min(count, start+batch_size)
print "Going to download record to /" % (start+l, end)
fetch_handle = Entrez.efetch(db="nucleotide", rettype="fasta", retmode="text",
retstart=start, retmax=batch_size,
webenv=webenv, query_key=query_key)
data = fetch_handle.read()
fetch_handle.close()
out_handle.write(data)

out_handle.close()

FATLABE R BIAGE , XA T70 =00k T 3k FASTA records. B2 M BRERASFE RO HEH, 1K
IR LK bateh K/)hs

9.15.2 F| A history REFEFTH LR

X253 5h—A history BT, BREXIUFL P REN KT Opuntia F3CE, )5 TEE]—4> MedLine 1%
XA SCPFE:

from Bio import Entrez

Entrez.email = "history.user@example.com"

search_results = Entrez.read(Entrez.esearch(db="pubmed",
term="Opuntia[ORGN]",
reldate=365, datetype="pdat",
usehistory="y"))

(NoTgks:)
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(8:EW)

count = int(search_results["Count"])

print "Found results" % count

batch_size 10
out_handle = open('recent_orchid_papers.txt", "w")
for start in range(0,count,batch_size):
end = min(count, start+batch_size)
print "Going to download record to /i" 7 (start+l, end)
fetch_handle = Entrez.efetch(db="pubmed",
rettype="medline", retmode="text",
retstart=start, retmax=batch_size,
webenv=search_results["WebEnv"],
query_key=search_results["QueryKey"])
data = fetch_handle.read()
fetch_handle.close()
out_handle.write(data)

out_handle.close()

FES XAy ORI, X MR Z0RE] T 28 ASPLECETR - (EZ PR A BRI AR R i, A ek [ 25
KRR BAE LT 9. 12. 1 YRR —HE, /R0 PARE Bio.Medline MRATLRAF I RILRK.

9.15.3 #RSIAXE

mlF] Section 9.7 FATHEH| W] PAME A ELink A R Hiw SCHITIH . AERE, X~ HAE PubMed Central
(2 PubMed H1EFA SCHARAMGX S FF, BWRX NIH FFZ4AF B E 20 TAE) EEnReesesE. ih3RAI1A
Biopython PDB parser & ik H, PubMed ID 14630660 :

>>> from Bio import Entrez

>>> Entrez.email = "A.N.Other@example.com"

>>> pmid = "14630660"

>>> results = Entrez.read(Entrez.elink(dbfrom="pubmed", db="pmc",
LinkName="pubmed_pmc_refs", from_uid=pmid))

[1ink["Id"] for link in results[0] ["LinkSetDb"][0] ["Link"]]

>>> pmc_ids
>>> pmc_ids
['2744707', '2705363', '2682512', ..., '1190160']

TR T - 11 a2 R4 %H Biopython [V 2ic (PubMed ID 19304878) WR? 4R, {RATEECLZ
MAEBLFRHRER] T, Shs EfATAR PubMed IDs, jii/g PubMed Central IDs. FATTHIR L2515
M = AN I SCE, PMCID 2682512,

M, R (BIk) A EEFIRZ PubMed IDs SRS, ZEAMIE? I8, ARAT RAGEH X
ELink SRHE AT RFBONPIAEAEER, B ARBAZ G D SRR Mok 5 X A TAE (F459.15 ).
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HR2H5E, IEFRATEE A B R #-758 —kJA H ELink:

>>> results2 = Entrez.read(Entrez.elink(dbfrom="pmc", db="pubmed", LinkName="pmc_pubmed",
A from_uid=
>>> pubmed_ids = [1ink["Id"] for link in results2[0] ["LinkSetDb"][0] ["Link"]]
>>> pubmed_ids

['19698094', '19450287', '19304878', ..., '15985178']

n n
B

.join(pmc_ids)))

XY, MRATRASE BB # Biopython | i /E N =4 hit (PubMed ID 19304878).
PUAE, LEFRATE B A g i S FR— - TODO.
WA, ANEICHE Entrez P8 HRIBHME, I EAR & SRR IR AL

2.10 % 10 Z Swiss-Prot 1 ExPASy

2.10.1 10.1 f#&#7 Swiss-Prot 3 {¥

Swiss-Prot ( http://www.expasy.org/sprot ) &— 2 H 74 838 % . Biopython BEUSHEMTAE A Swiss-
Prot {4, XFhgR 4k Swiss-Prot, TrEMBL F1 PIRPSD [/ UniProt $¥ZE(i /. SR IRATH A 23
UniProKB ) XML #3304

10.1.1 #&#7 Swiss-Prot g%

TE5.5.2 FrH, AR BEFERF—A> Swiss-Prot 105% #7542 HOORE A —1~ SeqRecord X4, 4,
PRET DA Swiss-Prot i 3% 775 Bio.SwissProt.Record X4, X LFr FAEfiE T Swiss-Prot i d il &1
MAEEMEE . TEXEBRATENBEREM—A Swiss-Prot U4 H 2 Bio.SwissProt.Record ¥4,

R T fEMT Swiss-Prot id5%, FATE LFEIGH]— Swiss-Prot ic5% 0. HHEZ Swiss-Prot 103 i il £7-7
BB, FROZIC T S A AR -

o AHUFTIF Swiss-Prot 3C{4:

>>> handle = open('"myswissprotfile.dat")

o FIFFEH gzip 4T Swiss-Prot SCf4::

>>> import gzip

>>> handle = gzip.open("myswissprotfile.dat.gz")

o TEZRFTIT Swiss-Prot 3C{4:

>>> import urllib

>>> handle = urllib.urlopen("http://www.somelocation.org/data/someswissprotfile.dat

2.10. %5 10 Z= Swiss-Prot 1 ExPASy 165


http://www.expasy.org/sprot

Biopython-cn Documentation, %% 0.1

(8 k)

l

o M ExPASy £i¥aFEAE£R+TIF Swiss-Prot XX (WL, 10.5.1 F35):

>>> from Bio import ExPASy

>>> handle = ExPASy.get_sprot_raw(myaccessionnumber)

XEFRATRL, KM RAET Swiss-Prot AFzNMEE, A RKBCER I,

FATATPAM 5.3.2 TAT AR 5, @it Bio.SeqI0 FRARHUAE A AHIN SeqRecord X5 . Bb4h, FAItn]
PAJ Bio.SwissProt &3RHUEE i VCHE B AR 4% 1 Bio.SwissProt.Record %4,

AT read O BRERMSCIF 4> Swiss-Prot Tk

>>> from Bio import SwissProt

>>> record = SwissProt.read(handle)

ZRE TS T T —A> Swiss-Prot SR SCHA:, 724 S0 %A SAFTEZ AN IC SR iz i gk, &
I ValueError /5.

PUAEFATT T AR tH— 28 51X LSRR A 75 5L -

>>> print record.description
'RecName: Full=Chalcone synthase 3; EC=2.3.1.74; AltName: Full=Naringenin-chalcone
—synthase 3;'
>>> for ref in record.references:
print "authors:", ref.authors

print "title:", ref.title

authors: Liew C.F., Lim S.H., Loh C.S., Goh C.J.;

title: "Molecular cloning and sequence analysis of chalcone synthase cDNAs of
Bromheadia finlaysoniana.";

>>> print record.organism_classification

['Eukaryota', 'Viridiplantae', 'Streptophyta', 'Embryophyta', ..., 'Bromheadia']

N TS 2 A Swiss-Prot ALRISCHE, FATHI parse pR%L. XA eRBBEMSLEFRA TR SCIF iRt
PR A

Fetn, FRATEMRNTEEAS Swiss-Prot Fdii B HIUR A BIHiER . VRAT AN ExPAYs FTP site "X 4% gzip
JE4E A uniprot_sprot.dat.gz (K#J 300MB), X HH & uniprot_sprot.dat — 434 (£ 1.5GB),

W)X WU A6 BT iR 04, AR AT PASR SEANTR B 977 ¥4 61 python 1) gzip BHUTIFH M gz XM

>>> import gzip

>>> handle = gzip.open("uniprot_sprot.dat.gz")
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SR, i — DS HEBRERT, T B ik X P oy AT H— A U2 LU BE g . BTRA, IR 2SR Y
il 25 0] I HAE S R A i 45 BLAE ) 21 ok 53] uniprot_sprot.dat , XFEREWSTEAJE LRI AR T
AEFERA T SCA -

>>> handle = open("uniprot_sprot.dat")

F| 2009 4F 6 HM1E, M ExPASy TF# F 944 Swiss-Prot FidfEE 3L 468851 4~ Swiss-Prot ig5%, —
Tt 37 9% T3k BE SR AR 51 e i TRl =0 2 o F — o) il -

>>> from Bio import SwissProt

>>> handle = open("uniprot_sprot.dat")

>>> descriptions = [record.description for record in SwissProt.parse(handle)]

>>> len(descriptions)

468851

>>> descriptions[:5]

['RecName: Full=Protein MGF 100-1R;',
'RecName: Full=Protein MGF 100-1R;',
'RecName: Full=Protein MGF 100-1R;',
'RecName: Full=Protein MGF 100-1R;',
'RecName: Full=Protein MGF 100-2L;']

BB RHERIE AR B for TR

>>> from Bio import SwissProt

>>> descriptions = []

>>> handle = open("uniprot_sprot.dat")
>>> for record in SwissProt.parse(handle):

descriptions.append(record.description)

>>> len(descriptions)
468851

MR ASCIEROR, PRI IRAE R A & 5L EAES R+ —20 8 (HARELFRY uniprot_sprot.dat ff
HEASCAE) o

M Swiss-Prot jesg PR BUT AR AR EE (5 B REfRT 8. FLUniRAE A H —4> Swiss-Prot LR AP, it
FA:

>>> dir(record)

['__ doc__ ', '__ init__ ', '__ module__ ', 'accessions', 'annotation_update',
'comments', 'created', 'cross_references', 'data_class', 'description',
'entry_name', 'features', 'gene_name', 'host_organism', 'keywords',
'molecule_type', 'organelle', 'organism', 'organism_classification',

(Fogks:)
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'references', 'seqinfo', 'sequence', 'sequence_length',

'sequence_update', 'taxonomy_id']

10.1.2 fi##7 Swiss-Prot REiFAF19H IR

Swiss-Prot R flt—A keywlist.txt CfF, %3RSI T Swiss-Prot T 2R KA. Hor i
(ETEE S I

ID 2Fe-28S.

AC  KW-0001

DE Protein which contains at least one 2Fe-2S iron-sulfur cluster: 2 iron
DE atoms complexed to 2 inorganic sulfides and 4 sulfur atoms of

DE cysteines from the protein.

SY Fe2S2; [2Fe-2S] cluster; [Fe252] cluster; Fe2/S2 (inorganic) cluster;
SY Di-mu-sulfido-diiron; 2 iron, 2 sulfur cluster binding.

GO G0:0051537; 2 iromn, 2 sulfur cluster binding

HI Ligand: Iron; Iron-sulfur; 2Fe-2S.

HI Ligand: Metal-binding; 2Fe-2S.

CA Ligand.

//

ID 3D-structure.
AC  KW-0002

DE Protein, or part of a protein, whose three-dimensional structure has
DE Dbeen resolved experimentally (for example by X-ray crystallography or
DE NMR spectroscopy) and whose coordinates are available in the PDB

DE database. Can also be used for theoretical models.

HI Technical term: 3D-structure.

CA  Technical term.

//

ID 3Fe-48.

ST 5 FT A {1 Bio. SwissProt.KeyWList HHLH) parse sRECKMRNT, I HA—MAf# <
Wi fFfi1E 44 M Bio.SwissProt.KeyWList.Record fY python FHLH .

>>> from Bio.SwissProt import KeyWList
>>> handle = open('"keywlist.txt")

>>> records = KeyWList.parse(handle)
>>> for record in records:

print record['ID']

(T gk%E)
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print record['DE']

2Fe-28.
Protein which contains at least one 2Fe-2S iron-sulfur cluster: 2 iron atoms
complexed to 2 inorganic sulfides and 4 sulfur atoms of cysteines from the

protein.

2.10.2 10.2 f&#7 Prosite ig5F

Prosite j&—/™MI & TE AR, EEZR. TREOLE AR e E RS, 11 HE A Swiss-
Prot [R|BJT & H A, 7E Biopython F, Prosite id3% 2 H Bio.ExPASy.Prosite.Record ZERF/RnAy, H
H AL 1 51% Prosite {055 H AN [R] DXIAF T Y

— Bk, —~ Prosite ST PAEL S £ Prosite ig5k. I, M ExPASy FTP site WU FET R, %
Y T A Prosite i3 prosite.dat SO, & 2073 &icsk (2007 4F 12 H BRI 20.24 BiA). AT
FRMTIXRE—A S0, FRATFR A — A AR

>>> from Bio.ExPASy import Prosite
>>> handle = open('"myprositefile.dat")

>>> records = Prosite.parse(handle)

PAEFATAT PABEA R BGX LRI P — 28 R e, (A& Prosite Bl B SCUR 2 ik
IR 2545 5L :

>>> from Bio.ExPASy import Prosite
>>> handle = open("prosite.dat")
>>> records = Prosite.parse(handle)
>>> record = records.next()

>>> record.accession

'PS00001"'

>>> record.name
"ASN_GLYCOSYLATION'

>>> record.pdoc

'PDOCO0O0O0O1 !

>>> record = records.next ()

>>> record.accession

'PS00004"'

>>> record.name

G¥E))
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'CAMP_PHOSPHO_SITE'

>>> record.pdoc

'"PDOCO0004 "'

>>> record = records.next()
>>> record.accession
'PS00005"

>>> record.name
'PKC_PHOSPHO_SITE'

>>> record.pdoc

'PDOCO0005'

WRARFEHEER £ /0 4% Prosite 23, RATDAEIA -

>>> from Bio.ExPASy import Prosite
>>> handle = open('"prosite.dat")
>>> records = Prosite.parse(handle)
>>>n =0

>>> for record in records: n+=1

>>> print n
2073

N T LR O SRR E ISR, FTPAREI read mi%K:

>>> from Bio.ExPASy import Prosite
>>> handle = open("mysingleprositerecord.dat")

>>> record = Prosite.read(handle)

WARFFATFAESATAEZ MR EIRIY Prosite CRIS, XABRECRF S —4 “ValueError” .

2.10.3 10.3 f##7 Prosite XHFidF

TE_FiAH) Prosite 7xflH, #2 'PDOCO0001' ., 'PDOCO0004' ., 'PDOCO0005' ZEXFEAIIM S FEHI L2 Prosite
U, Prosite SCEFCSE AT PAPAERAS L (prosite.doc ) IEA ExPASy $KHL, I Hiz XS THA
Prosite XF4its% .

FAIH FH Bio.ExPASy.Prodoc H[{Jf#MT#s K MAMNTIX EE Prosite CH4ic k. Hein, A TAM—NEEIH
Prosite SCRYILSRII 553, AR DA A :

>>> from Bio.ExPASy import Prodoc

>>> handle = open('"prosite.doc")

(Nogks:)
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>>> records = Prodoc.parse(handle)

>>> accessions = [record.accession for record in records]

— DA read O pREORAS X LR Hh B AL — 2 SO SRR I T 1)

2.10.4 10.4 #ETESICR

ExPASy BB e — > K TR R G a4 i B0 Eda e 7R B2 — A U I R R Tl 2 5%

ID 3.1.1.34

DE Lipoprotein lipase.

AN  Clearing factor lipase.

AN  Diacylglycerol lipase.

AN  Diglyceride lipase.

CA Triacylglycerol + H(2)0 = diacylglycerol + a carboxylate.

CC  -!'- Hydrolyzes triacylglycerols in chylomicrons and very low-density
cC lipoproteins (VLDL).
CC -!'- Also hydrolyzes diacylglycerol.

PR PROSITE; PDOC00110;

DR  P11151, LIPL_BOVIN ; P11153, LIPL_CAVPO ; P11602, LIPL_CHICK ;
DR  P55031, LIPL_FELCA ; P06858, LIPL_HUMAN ; P11152, LIPL_MOUSE ;
DR 046647, LIPL_MUSVI ; ©P49060, LIPL_PAPAN ; P49923, LIPL_PIG 5
DR  Q06000, LIPL_RAT ; Q29524, LIPL_SHEEP ;

//

EXNIF, BT8R TIREANRNE (58 47) M5 (EC, Enzyme Commission). J§# g
HAMWAFRA HEETIRIEE o b —AsIeiime” (3B =4T728H1T). 3k “CA” Wib—1Tem T
ZREEALTE . TFEATIRSL R “CC7, “PR” fT27R8 TXHW Prosite SAYICRAIZS %, AKX “DR” TR
T Swiss-Prot itsgS % . SR AR A R SAR LT H PIAERHD 24 .

£ Biopython H1, — ALK Bio.ExPASy.Enzyme.Record FERA K . X NMCSRIET X B T BAH X S04

JIT B AU B GR  1 python S IURING 7 8 o A T B3 & — DM RC SR SO, /R ] DAfSE ] Bio .ExPASy .
Enzyme Hf] read pREY:

>>> from Bio.ExPASy import Enzyme
>>> handle = open("lipoprotein.txt")
>>> record = Enzyme.read(handle)

>>> record["ID"]

'3.1.1.34"

>>> record["DE"]

'Lipoprotein lipase.'

(@E23)
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>>> record["AN"]

['Clearing factor lipase.', 'Diacylglycerol lipase.', 'Diglyceride lipase.']
>>> record["CA"]

'Triacylglycerol + H(2)0 = diacylglycerol + a carboxylate.'

>>> record["PR"]

['PD0OC0O0110"']

>>> record["CC"]

['Hydrolyzes triacylglycerols in chylomicrons and very low-density lipoproteins
(VLDL).', 'Also hydrolyzes diacylglycerol.']

>>> record["DR"]

[['P111561', 'LIPL_BOVIN'], ['P11153', 'LIPL_CAVPO'], ['P11602', 'LIPL_CHICK'],
['P55031', 'LIPL_FELCA'], ['P06858', 'LIPL_HUMAN'], ['P11152', 'LIPL_MOUSE'],
['046647', 'LIPL_MUSVI'], ['P49060', 'LIPL_PAPAN'], ['P49923', 'LIPL_PIG'],
['Q06000', 'LIPL_RAT'], ['Q29524', 'LIPL_SHEEP']]

WA R B R FN 2RI, read BB ValueError $75%.

T A BEHCSRAD AT A ExPASy FTP site Ml RO B (enzyme.dat ), AW ET 4877 ics
(2009 4F 3 HAAIHE =1 J THTIFEH ZABHTRA SO, /A LA Bio.ExPASy.Enzyme ') parse
PRACR AT — RS

>>> from Bio.ExPASy import Enzyme
>>> handle = open('"enzyme.dat")

>>> records = Enzyme.parse(handle)

FATBAEER AR T AR X SR A TR EANFRATR] PAXPARLE AT Y REHC SR — > EC 45813

>>> ecnumbers = [record["ID"] for record in records]

2.10.5 10.5 Accessing the ExPASy server

Swiss-Prot, Prosite il Prosite Ui ST AN http://www.expasy.org ] ExPASy M4 IR%& 2 F#5]. 15
ExPASy il 554% bl DASEAT /SR if) -

get__prodoc__entry [#— HTML #%3H) Prosite SCR4iC 5%

get_ prosite_entry F#k—A~ HTML #2ff Prosite j0i%

get_ prosite_raw T —JELHHER Prosite 5§ Prosite SCRYiES%

get_sprot_raw N#—NFEIHHE A Swiss-Prot sk

sprot__search_ ful {#Z&—> Swiss-Prot {'3%
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sprot__search__de 72— Swiss-Prot if3%

N T python AR IR M5 IS4, FATATLAGE] Bio. ExPASY HiH.

10.5.1 3XBx—*" Swiss-Prot g5

BT IR T H— A K T AR 2 L G O T30 24 A R P R B R 2.0 J57fy) . &
JLEA &85 TR ISR Y G, AR Gl S G UV R 7555

URAREERT Swiss-Prot HEATHER , AR DASRE] =4S 2L &l =68 A, id 452 023729, 023730,
023731, BAEFNTE G —REBIRIUX LT 9 I BES 4K 3 — LU AR Y (5 B AR

B4, FAIEH Bio.ExPASy H1f) get_sprot_raw() pRECRIKIGXLEI05, . XA REEER#E, B IRA A%
B id REES N ER AR (OR8] HTML 1 T40) . S8)53RATW PAGEA Bio.SwissProt.
read RPN ) Swiss-Prot jf5%, WA PA# ] Bio.SeqI0.read Hf5F|—4F4)icsk SeqRecord, R4
A e % S B W W H2 2 1455 -

>>> from Bio import ExPASy

>>> from Bio import SwissProt

>>> accessions = ["023729", "023730", "023731"]

>>> records = []

>>> for accession in accessions:

handle

ExPASy.get_sprot_raw(accession)
record = SwissProt.read(handle)

records.append (record)

IR ARIEL 4, ExPASy.get_sprot_raw [N45 IF ANTFLE, I4 SwissProt.read(handle) 27—
ValueError $&/~. YRP]PAMRYE ValueException S Rk 2| LR 4=

>>> for accession in accessions:
handle = ExPASy.get_sprot_raw(accession)
try:
record = SwissProt.read(handle)
except ValueException:
print "WARNING: Accession not found" 7 accession

records.append (record)

10.5.2 #3% Swiss-Prot

PAE, ARATRASZSSE BT C 4R HIAE TIX/MOR IS . 18, get_sprot_raw() FE—ANEZKEE %S .
LRIF VA G5 BB T 245, ARAT A sprot_search_de() m# sprot_search_ful ) pREICKfFHLI

e
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sprot_search_de() 7 ID, DE, GN, OS fil OG 17ilf7#%2%; sprot_search_ful O N{Era T8 %K.
ELRAH 2 407 4 BIAE http://www.expasy.org/cgi-bin/sprot-search-de Fl http://www.expasy.org/cgi-bin/
sprot-search-ful _FAVEIH. HEEMWEBRIMNER FHAEZER TTEMBL (Z5Ch trembl )., HREEEE1R
[lf e html W5, ZRIM 25 20T DARZS 25 M 4521 -

>>> from Bio import ExPASy

>>> import re

>>> handle = ExPASy.sprot_search_de("Orchid Chalcone Synthase")
>>> # or:
>>> # handle = ExPASy.sprot_search_ful ("Orchid and {Chalcone Synthase}")
>>> html_results = handle.read()
>>> if "Number of sequences found" in html_results:
ids = re.findall(r'HREF="/uniprot/(\w+)"', html_results)
. else:

ids = re.findall(r'href="/cgi-bin/niceprot\.pl\?(\w+)"', html_results)

10.5.3 3XEn Prosite 0 Prosite 3C#4idR
FATA ARG E] HTML #%=CA1 R A2 Prosite #1 Prosite XA4ic3%. i 7 A biopython f##T Prosite Fl
Prosite XA4ics%, RMVIZMH IR IEHECIE . mFHAMR B, RS HTML A% 0%

N T AN RIS ) Prosite B3 Prosite SURYIC, 15 H get_prosite_raw() . N, AT F#&
—> prosite 1CRFF A IAASH H, ARATDAGEH -

>>> from Bio import ExPASy
>>> handle = ExPASy.get_prosite_raw('PS00001")
>>> text = handle.read()

>>> print text

N T 3RE— Prosite j0 e HARMT i{—1> Bio.Prosite.Record X%, 5 {#i:

>>> from Bio import ExPASy
>>> from Bio import Prosite

ExPASy.get_prosite_raw('PS00001")

>>> handle

>>> record = Prosite.read(handle)

Z R BT DA T L Prosite SCRYE S H-M#MTH]—4> Bio.ExPASy.Prodoc.Record %f%::

>>> from Bio import ExPASy

>>> from Bio.ExPASy import Prodoc

>>> handle = ExPASy.get_prosite_raw('PDOC0O0001")
Prodoc.read(handle)

>>> record
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T AFELE IS5, ExPASy.get_prosite_raw 1R\l — NS F4F R, YiBF| S FHE, Prosite.read il
Prodoc.read 2 fit—> ValueError £, RA]PARHHX SR 5 2 W HE R B T 45

get_prosite_entry() fll get_prodoc_entry() pRZ{T] T Tz HTML #5zUiY Prosite fll Prosite SCA4ic
ke N T AU AN Prosite 1CSEAIRI T, ARAT DAGE A -

>>> from Bio import ExPASy

>>> handle = ExPASy.get_prosite_entry('PS00001")
>>> html = handle.read()

>>> output = open("myprositerecord.html", "w")
>>> output.write(html)

>>> output.close()

HftiHlL, Prosite SURISCAS R TR 40 -

>>> from Bio import ExPASy

>>> handle = ExPASy.get_prodoc_entry('PDOC0O0001")
>>> html = handle.read()

>>> output = open("myprodocrecord.html", "w")

>>> output.write(html)

>>> output.close()

XX LR AL, TS 2R o]~ HTML A% Ui (5 .

2.10.6 10.6 JI¥% Prosite $iEE

ScanProsite FRVFRIELL ] Prosite $di FEHEHE—A> Uniprot (¥ PDB J¥41| 4% 5 )7 51 K AE L W 25 11 7
%, *TF ScanProsite TELZHMEHE., T HEL ScanProsite XA PAM FE/F 1)1 ScanProsite B SCRY o
Rt DA JT] Biopython ff] Bio.ExPASy.ScanProsite %M python JI¥E Prosite {7, X MEBLEE
REMEAS /R L 41)7 1) ScanProsite, W] PAX} ScanProsite 1% [H 45 R THENT . I T HF FLF5 41 Prosite
Bz (pattern):

MEHKEVVLLLLLFLKSGQGEPLDDYVNTQGASLFSVTKKQLGAGSIEECAAKCEEDEEFT
CRAFQYHSKEQQCVIMAENRKSSIIIRMRDVVLFEKKVYLSECKTGNGKNYRGTMSKTKN

ARATPAGE R 32 ) ACH -

>>> sequence = "MEHKEVVLLLLLFLKSGQGEPLDDYVNTQGASLFSVTKKQLGAGSIEECAAKCEEDEEFT
CRAFQYHSKEQQCVIMAENRKSSIIIRMRDVVLFEKKVYLSECKTGNGKNYRGTMSKTKN"
>>> from Bio.ExPASy import ScanProsite

>>> handle = ScanProsite.scan(seq=sequence)
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YR DA S PMAT handle.read ) FREUF IR XML A5 R L5 L. 1AL, FATATLAGEAH Bio.ExPASy.
ScanProsite.read Ff R G XML HdEfEMTE]—1 python X4 :

>>> result = ScanProsite.read(handle)
>>> type(result)

<class 'Bio.ExPASy.ScanProsite.Record'>

*“Bio.ExPASy.ScanProsite.Record™ " X £ JE H —/ H ScanProsite iZ [Fl 4,4 7 ScanProsite hits
B3k, INMGZMEEFHE hits WHE BRI E T % E. KK ScanProsite HEHKET 6 4

hits:

>>> result.n_seq

1

>>> result.n_match

6

>>> len(result)

6

>>> result[0]

{'signature_ac': u'PS50948', 'level': u'O', 'stop': 98, 'sequence_ac': u'USERSEQ1',
~'start': 16, 'score': u'8.873'}

>>> result[1]

{'start': 37, 'stop': 39, 'sequence_ac': u'USERSEQ1l', 'signature_ac': u'PS00005'}
>>> result[2]

{'start': 45, 'stop': 48, 'sequence_ac': u'USERSEQ1l', 'signature_ac': u'PS00006'}
>>> result[3]

{'start': 60, 'stop': 62, 'sequence_ac': u'USERSEQ1l', 'signature_ac': u'PS00005'}
>>> result[4]

{'start': 80, 'stop': 83, 'sequence_ac': u'USERSEQl', 'signature_ac': u'PS00004'}
>>> result[5]

{'start': 106, 'stop': 111, 'sequence_ac': u'USERSEQl', 'signature_ac': u'PS00008'}

HAhfY) ScanProsite 40T PAPA XA SEE %18, FL2a0E BiE I B PED M ScanProsite il 3¢
oo b, £ lowscore=1 W] AFEFRATIFR BN —SH AU hit:

>>> handle ScanProsite.scan(seq=sequence, lowscore=1)

>>> result = ScanProsite.read(handle)
>>> result.n_match
7
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2.11 55 11 E3EM 3D: PDB &k
Bio.PDB /2 Biopython sHAbA Yy 4y 1 IR LG EEHE. B T BI9ZZ 4h, Bio.PDB 4 PDBParser 2,

BEIEBER " E—A> Structure XF5, PA—FhEE T (A7 2RBOCHE P 7%t . S U2AEAbRE PDB 30k
PR &R R, %I —E B R R

2.11.1 11.1 RFEHXHESE
11.1.1 i%H PDB 3

B4, FA1AHE—4> PDBParser X}%::

>>> from Bio.PDB.PDBParser import PDBParser
>>> p = PDBParser (PERMISSIVE=1)

PERMISSIV #R%3R—28 5 PDB SUAAHRIIRE (JL11.7.1 ) Suiams (TR 1R/ Bk L FR).
WEREAT EARAE, W SAEREATAIS AT 1B A T A 00 1] 6 i € £ i — 1~ PDBConstructionException fJt
U

N}

P58 PDBParser fi#H PDB SCf4, B/ T Structure %1% (ZELBITH, PDB Stff%° pdblfat.ent’,’
Ifat” 2 e XIE )

>>> structure_id = "1fat"
>>> filename = "pdblfat.ent"

>>> s = p.get_structure(structure_id, filename)

YR LA PDBParser Xf4¢H1 ] get_header fil get_trailer JyykRfHL PDB SU{4: i UL AMISLH B
(TR FAFES13R) o ARMYFZ PDB UL & A se BRI B . PSR RAES M) mmCIF #5C
PERAREIB . * L, SRR SCPER AR RUBOSER, m AR I RIRF DI MMCIF2Dict SRPEHfE R, 1l
AJALEE PDB U3k . *

PAERHT T, iEFRATI BT PDB SCUSkX R . 45 RA BTN header |, iX@—A-KFkilskmk
SFEIHAIMAER) Python i,

Bil¥-:

>>> resolution = structure.header['resolution']

>>> keywords = structure.header['keywords']

XA F M AT ) £ 48577 name . head . deposition_date . release_date . structure_method .
resolution , structure_reference (ILHfE|—/A~Z% WHk%13) . journal_reference ., author . i
compound (ML E|—AFH, Hia &GS FMEER).

BH B Structure XRAGIHE, WA ARIEXAS T, HATEH#EM PDB SXH6]E:
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>>> file = open(filename, 'r')
>>> header_dict = parse_pdb_header(file)

>>> file.close()

11.1.2 B mmCIF 32

5 PDB SCIIETEZEAL, Jefld—A> MMCIFParser X4::

>>> from Bio.PDB.MMCIFParser import MMCIFParser

>>> parser = MMCIFParser()

RIE X AMENTER A mmCIF SRR 42 :

>>> structure = parser.get_structure('lfat', 'ifat.cif')

R TREDVIA mmCIF S0, ATPAR MMCIF2Dict KAJ#H#—4> Python FHRLG A mmCIF U444 Fh
PRSI B R A b B ZAME (1R _atom_site.Cartn_y A%, MFERZITA T *y* AARHE)
XA FR B S B —AME51 . M mmCIF SO E 7 8nF :

>>> from Bio.PDB.MMCIF2Dict import MMCIF2Dict
>>> mmcif_dict = MMCIF2Dict('1FAT.cif')

il M mmCIF 3L i

>>> sc = mmcif_dict['_exptl_crystal.density_percent_sol']

Bl R I IR Sy* ARAR g%

>>> y_list = mmcif_dict['_atom_site.Cartn_y']

11.1.3 iZHE PDB XML &R B34

XATIRER AR SR, AT I RITEAR R S FFXATIRE (XIUL S HANR) o ARARTE Z AT R
Biopython H % A fi (biopython-dev@biopython.org ).

11.1.4 E PDB T#

HIPAJ] PDBIO 28508, YRt n] AR5 S i — A5 M A R v 7 o
Bl7: PRAF— 45
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>>> io = PDBIO()
>>> io.set_structure(s)

>>> io.save('out.pdb')

WERARAE S M Z5 A — P2, WTRAM Select ¢ (HB4E PDBIO 1) RSCHL. Select AN PRI ik:
« accept_model (model)
« accept_chain(chain)
e accept_residue(residue)

e accept_atom(atom)

FERCANEOUT , RERIARYREER N 1 (398 model/chain/residue/atom #tl & ek i 45 T) . w1
2k Select FIRIFIE O, AT A H i HER: model, chain 45, tHFMRET, EARMEA. 5 FRMCISE R
b H R

>>> class GlySelect(Select):
def accept_residue(self, residue):
if residue.get_name()=='GLY':
return True
else:

return False

>>> io = PDBIO()
>>> io.set_structure(s)

>>> io.save('gly_only.pdb', GlySelect())

WX FR IR ABERIZ A, P4 Dice BibA —MRITEH extract %L, BRI LA H— A8k an I 4
1R BRI AL 2 18] ) T G R B A

2.11.2 11.2 &R TR
—/~ Structure XFGHYHE KT HREAEFL SMCRA (Structure/Model/Chain/Residue/Atom, 4514 /4
B/ /IR T) BIR R -

o GEH AR

o BRAY 2 AR AEAL A

o fE AL

o ST SR

R R 2 M AEY K G B E KBRS T, R PSS —Fh T B R . EREW
BB _EZRANI R R . —A> Structure X4 UML & (= Disordered ) W NE AL 1 o IXKE
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MRS A —E fRIE T 2R — MR E R TNE, (BEARGFHURE— Rl 25 A A S BT 2 B
A (IR PDB 5 MMCIF SC{F), SRR BRE e 0 T R AR Z IR RER R —
NGRSO, I8 AT AR 24 5 J i A SO B R B A S A WA . — BANREAE I SMCRA
Bnairy, WA B PREE TR . RIE, AT PDB SO R FAGI aT REAYI R . FRATREAE 2. 7.1 /N1 45
R T X— R — 50 T

Structure

| DisorderedEntityWrapper

| DisorderedResidue!

l Residue

| DisorderedAtom !

B 111 HRFTR R TE5HRY Structure 2Kf) SMCRA AR UML K. A7 RESC&FoREA, Wi
SRHSERFIRTI T, AW = MIBR AR, i = MIER B m 1 1 S

giky, BIEL, BE, BHEARSCRERI TR, TR (Rar) SEBL TSR D (BT REA TK).

XTI TIE, AT DAL T 2800 — SRRV BRI T3¢ (R, WA T2 AR s
BRER G PRI R TR T BERIAR IRV B IO R S e )

ZHELE T A% E ] DisorderedAtom #i1 DisorderedResidue Z83F/x, T FH#l 2 DisorderedEntityWrapper
HABWFE. ENIRGE T ELWE A, RIWE SR FHEREMNS I .
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f

—f, —ASEATIE (BT, Bk, BE, BAY) REEFRRFF N R MR (B sRE:, B,
Zhity) I

)

>>> child_entity = parent_entity[child_id]

PRAT A SRR RARTF I 1S3 . TEEERERYZ, XK A—FIREE R I His ] (BIanR
PEAEREZURS G R R I BEAR AR AR ) o

>>> child_list = parent_entity.get_list()

PR AT DA T 2RAF 3 202K -

>>> parent_entity = child_entity.get_parent()

e SMCRA WA ZUKF, B ASRE—A> T id o 588 id REUSIrANTUZXS (454) 2240
XIGHY id B—Aedl. —PMREXRESEEE id AT DA AR -

>>> full_id = residue.get_full_id()
>>> print full_id
('IlabC”, O’ IIAII’ (Illl’ 10’ llAll))

QA R
e id 2/ labe” BI&5EH
o id 2 0 AR
o id 7 A7 HIEE
o id R (7 ¢, 10, “A” ) HYFRE

)
REAREE id FOR IR RIS (AR 1), ORI E S TRFSRRRAT N 10, @AY
ﬁg” A?)Q

LGRS id, ) get_id J7ikRIH]:

>>> entity.get_id()

HTPAM has_id Ji{ARMEX LR EA TRAGHE id:

>>> entity.has_id(entity_id)

TR ST H TR

>>> nr_children = len(entity)

XFMACEAGENR T2k, FTRAMNER, Eaps, I, HXF A LS EMeiiad (i, ATk
AP id PSR ELR Fl— 24 1) o XA TR A & e I AL A M2 (Decorator) RZEM T, H
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S MR AL IR A m] AR AR (Entity.py ).

11.2.1 &4

LR GO Z R I IR 2 e id R PR E AT R ST RS TR K AR (B
ARAR) SA— R, (H)g NMR S8R0 b TR . B AR5 T 1 B LB AE 8
R,

11.2.2 @8

SR G id e — DR, R E TR BT SO R AE (B3I 0 TFER) . SRS R A —1
AL (id 24 0), 1 NMR SCPREH &AL AL RTiFZ2 PDB it sl o A — A 45t44%, Bio.PDB
HY Structure R AERARALBEE A A IE— ML) PDB S0,

BABIT, AR G RO — M :

>>> first_model = structure[0]

BB RAF i THER SR

11.2.3 4%

HEXFA Y id R H PDB/mmCIF SO EER AT, RAORTRF (ER R — D7) o SR A
AME ide BT, ARG P BURARIRTT N “A” BEERT S

>>> chain_A = model["A"]

HER SR B TR BRGNP 3

11.2.4 3%E

—NREL id 2=l
o SR (hetfield), BJ:
— W Ak T
— 'H_' JEH RIS AT, R FmERE (flan 'H_GLC' FoR— &l 1)
— Z(HFTRARUER) R AL IR
SRR RSB AE 11,1 TR RUA
o JPHIBRIRRF (resseq), —MHEBIZIRAEAEHE RO ErHEC (1 100);
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o AR (icode), —FAFH, W1 “A”. FHARSA W H R FFR E 1Y . BRI SR 6. —4
Ser 80 HHHAZAS (HAnFE Thr 80 A1 Asn 81 FRELAHHA ) AIREEA R FFAARRAFFIE ARG . Thr
80 A, Ser 80 B, Asn 81, XFE—3H, FRELGN S A iR B AL R S5 H— 2.

Wik, EARRRERISE id gid ¢ H.GLC' , 100, ' A’ ) o WERFFAREHIEAN LS, AR PAR
HFPBIARIRAT

# Full 2d
>>> residue=chain[(' ', 100, ' ")]
# Shortcut id

>>> residue=chain[100]

SRR N R VA2 2 10 PDB SCPH TR ] 89 SR R R — DR A — D 57 B Bk sl — >k 73
T EREMRIIRA R, ARA N SRR AR A I .

ZATRE, —PDEHEXNGAAHE D TR, B ES—NRRERELIRI TS (A1 “ASNY) FISRELR
FrBhRAF (%) X-PLOR B FORURAZ, (g1t SMCRA uRgitrtag i i),

EFARE L8601 AR Asn 10 AR id 7, 10, 77 ) 5 Water 10, Sk id (" W', 10,
1) —ANESIRRIRAT S 10 BRI YT (AP0 GLC RySiiskdt ), SRkE id 2 (C H.GLC’ , 10, ')
o TERXFPREOLT, =40 (RAMFEHE AT SIARRAF) FTRAMET A —4&4E L, FEAENIREE id @48
[ o

KREBGBT, hetflag AFHAIEIRZS, 0 O, 10, 77 ) o FERLEUUT, JEHRRRAFAT A2 % id
T

# use full <d
>>> res10 = chain[(' ', 10, ' ")]
# use shortcut

>>> resl10 = chain[10]

— AN G AN BRI G B Y % HA ME— 1 1. (H RS EEALE TR, BEA— R R Y O Ol AL TR
PHL11.3.9 .

—AERERX GO KB ETA:

>>> residue.get_resname() # returns the residue name, e.g. "ASN"

>>> residue.is_disordered() # returns 1 1f the residue has disordered atoms
>>> residue.get_segid() # returns the SEGID, e.g. "CHN1"

>>> residue.has_id(name) # test if a residue has a certain atom

RO A is_aa(residue) Rkl —RIEXT G2 G N AL .
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11.2.5 BF

JEF X R TR ST XEHE, BcA 7R BT id R EmAR (1, “OG” K3k Ser kit
A EESEUR 1) o TERGE TR T id TR RME—/Y. Beoh, XTEME T AERE, 1152 /INTRIHE.

JET id R T RR (0 CAY). FESSERH, T FR@ M PDB U H 14 R K BRI A 2 i A 2

H2AE PDB SCffH, ZSHE AT DR IR T2 FRI—i4r . 8%, B THCh * CA.. @R TH Ca J5iT (Mfi
©LCALY) ROMIT. FERXMMEOLT, WRESH S A M (NG EE TR A AU * CAT),
Jir PARR B 254 o

15 PDB SUFH, — R4 0 4 DFRA, @RS TR, Sl AL (TR
PDB S E IR Ca JFARCH “.CA”, SFREMH) . AT AR TAFE (RER2ET id), ZSHM
T, BRAESTE— AR ERA T (PR TR GA MR AT id) o XTSI AL, 2%
HIERE TR S 2 . XTI RER K AETE, IR S AT “.CA” Al “CA.Y MY, R
RNELATHE.

Pt ) S T RO AR IR T4 0, R Ass (AR RIEE tEsnE2), B N1 (GiE& w5 B 1A
FREAFTERIRRIEDS ) | altloc FRiPAFRISERER) . AR MR T2 AR, B0 BRS040 55575 A 1 HL Ay
(A ITE PDB SCHRUE ) Raliieh £k

HTACERE-FARFR, BIDA ° Atom’ XF4HY) transform J5Vk. ff set_coord JyYET] PAE L E R TR
—A> Atom XRIBAUT HETIL:

>>> a.get_name() atom name (spaces stripped, e.g. "CA")

>>> a.get_id() id (equals atom name)

>>> a.get_coord() atomic coordinates

>>> a.get_vector() atomic coordinates as Vector object

>>> a.get_bfactor() isotropic B factor

>>> a.get_altloc() alternative location spectifier

>>> a.get_sigatm() standard deviation of atomic parameters

>>> a.get_siguij() standard deviation of anisotropic B factor

>>> a.get_anisou()

#
#
#
#
#
>>> a.get_occupancy() # occupancy
#
#
#
# anisotropic B factor
#

>>> a.get_fullname () atom name (with spaces, e.g. ".CA.")

siguij, 5 H5E B AT sigatm Numpy FES R AR SRR 2207

get_vector JyiAL iRl — K Atom X RAARA Vector XFR, AIPAXIE T ARARIEATIA] BHZ . Vector
LT R = R IE T AERESRE (RIS TR) MR . SRR K A

254~ Bio.PDB ) Vector BUINEERBI T, RIIREA R Gly Bi) CB W TIIAIE, WRIFERIT. £F

Gly B N 7 Ca-C LA fight-120 2, RERECRHHE M HIER C8 I TrIfE . EAMIe?
Hie TR FEME ] Vector Sl “rotaxis J7ik (BB RMIGE —AGERrE ARAR Y RS ) -
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# get atom coordinates as wvectors

>>> n = residue['N'].get_vector()

>>> ¢ = residue['C'].get_vector()
>>> ca = residue['CA'] .get_vector()
# center at origin

>>> n =n - ca

>>> ¢ =c - ca

# find rotation matrixz that rotates n
# -120 degrees along the ca-c wvector
>>> rot = rotaxis(-pi * 120.0/180.0, c)
# apply rotation to ca-n vector

>>> cb_at_origin = n.left_multiply(rot)
# put on top of ca atom

>>> cb = cb_at_origintca

XA J s TAE IR T8 LRI TS Y AT L ) i e, XEaHASRA . BT IEE R EE
SR (H % ), SR (O * ), AR, BOEESE) ALEIRIREIN rotaxis BN, Vector fHLAH JrikRE
JiEkE (rotmat ) Bt (refmat ) —ANfAEFE| B —PmEE .

11.2.6 \EH¥9IEEIEFEHY Atom/Residue/Chain/Model

F LG TATF

>>> model = structure[0]
model['A']

>>> residue = chain[100]

>>> chain

>>> atom = residue['CA']

AT A — MR

>>> atom = structurel[0O]['A']J[100]['CA"']

2.11.3 11.3 FEL

Bio.PDB AL BRI A4S (Hua Gly Al Ala SREAEAT ] (1 1) .

11.3.1 — g A *

AT AP B pe s PRI A . —BORUE, FRATS i Ty t 35l R M A k. I
PR AEE T Cor Ji T, AR DAEE — e B A ZRLIRAY L . 5 —T7 T, W% EAE Bdn 4 v
SERMAFTRZALNE. L, FEALE TSR R E RN R, XX R R IR TC R L. X W] PAIE
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W FTR AL T BOR B THRTE M. TR T8 (BIANEEH Ser SREERIMIFIANZEEL OG MIEE 17
), HHPORIGE

11.3.2 EELIFEF

FEALE TR A Atom XFROEFRIR, (HZTA RN FE YR T/ Atom X RERFEMETE — 1>
DisorderedAtom Xf£th (JL|&. 11.1 ) . DisorderedAtom %f4 143~ Atom XIZHBAEM B M altloc #3
HAFRME—HZRT] . DisorderedAtom X GKf T A AR I VAR AR 4G E ) Atom X4, SR XSG
e 2 BB . MK H P a] DARE L altloc ARiRAFR BB E R Atom XF4e. PAXF L,
JEFZ AL E SRR Bk A R FIMIR A 52, R E TR ELA B, RIS T
G378

R ALV MESERERY altloc UG . IRATDLE: 1 Disorderediton M4 &R
FE) altloc FRIHAFAH R Atom Xf4e:

>>> atom.disordered_select('A') # select altloc A atom
>>> print atom.get_altloc()

|IAI|

>>> atom.disordered_select('B') # select altloc B atom
>>> print atom.get_altloc()

IIB"

11.3.3 FELFZE
LiEsl¥

B BT — RS A FALUR T X B ARFTPAES A Disordered Atom X4 F7RiX BE L
JR K ffd, IR Disordered Atom XfRAFAEFE—1 Residue X[, SHGIEH T Atom XFRIPFE. iR
FTA R E A Ak g o —A> Atom Xf42 (BikE ) Atom X§4), DisorderedAtom Xf4 R L%
—AMEFRE TS (L LA R A R R).

—
RET

—ANFEIR B 24 2R L AR A R B, R U, TR RSS2 2 BRI E A 2
AF . KTX—p, FTAYE PDB 2544 1EN2 fh3RE|—A 1.

WE SR 3K Se5% L T8 TR [l AR LAY (%43 5E Ser 60 1 Cys 60), BBATATA N AZIGM & 1E 0L —FEAFREAE—A>
Hi— Residue X[, XAHIL NI —4 Residue XWRAKFR, W Residue X RHMRAFAE—A
Bi— DisorderedResidue X}t (W&, 11.1 ).

DisorderedResidue XS4 A AHh T 15 & LA E N Residue ¥4 (BRI TIN5 —1 Residue
X5, BERAGE M IEFEIFRE . 7€ DisorderedResidue H15j/> Residue XI5 n] il 5k FL 44 Bk M
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—tRniH. AE BBl T, #%E Ser 60 ¥ DisorderedResidue X2 Hi) id h “SER”, WiFkkt Cys 60 N2
“CYS”, FF eI PAE XA id 68AF DisorderedResidue HJHRL Residue X4,

B RS AEERLE 10— 1 Ser M Cys SREM MU R . BIfEXMEER SR 10 LI Cys 5%
B

>>> residue = chain[10]

>>> residue.disordered_select('CYS")

AN, B (Disordered)Residue XI5:H{ get_unpacked_list 5V%, IREEFASHTA Atom XJHRAIH|F
(it 2ii, FTH DisorderedAtom XA HITAI4& HIY Atom X4 ).

2.11.4 11.4 RR%E

11.4.1 X (o)7H

T S B 14— I AR 308 1 T A2 ol — 2 i o 8 T S ORI S O AT TRl R A PP SR A (R AR ) o
DI, BONEEAS ST A M — 1Y id, 7K AT B B I A AAS [ F) 7 5O 1

104 Residue 534 —I04 (hetfield, resseq, icode) {E2 id. hetfield {HH%5 ( “7 ) Frm N IR FIZER ;
AT, NIRRT RHAN S 7R AL . hetfield 1) PN 2557 T THIRRE .

11.4.2 K% E

IKFEERY hetfield FAFERHIFEE “W” M. FrRAKI TR— DR BREL id o ( “W7 . 1, <7 ).

11.4.3 R F %5

HoAh 52 FEEN hetfield SPAFRA “H_” 4G, JRESRBATR. —HER D, ALy “GLC?, M
hetfield P42 “H_GLC”; ER3RE id nPAR ( “H_GLC” , 1, ).

2.11.5 11.5 H¥ Structure &

fiff7 PDB 3, {EHi—12t Model. Chain, Residue 1 Atom Y&

>>> from Bio.PDB.PDBParser import PDBParser

>>> parser = PDBParser()

>>> structure = parser.get_structure("test", "1fat.pdb")
>>> model = structurel[0]

model["A"]

>>> residue = chain[1]

>>> chain

>>> atom = residue["CA"]
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EREH - EHPHRARY

>>> p = PDBParser()
>>> structure = p.get_structure('X', 'pdblfat.ent')
>>> for model in structure:
for chain in model:
for residue in chain:
for atom in residue:

print atom

A APE T AT LA P — A2 BT DT

>>> atoms = structure.get_atoms()
>>> for atom in atoms:

print atom

R, i — PRI T, WA AR

>>> atoms = chain.get_atoms()
>>> for atom in atoms:

print atom

B R PR RRRE

B, AR AR AR D e — ARSI ) A B

>>> residues = model.get_residues()
>>> for residue in residues:

print residue

PR AT A Selection.unfold_entities pRECIEIREL— EEH B A i kL

>>> res_list = Selection.unfold_entities(structure, 'R')

ERAEE A T

>>> atom_list = Selection.unfold_entities(chain, 'A'")
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B A9, A=atom, R=residue, C=chain, M=model, S=structure ., ] AHXFHRICIR [EER T
2, TM—1 Atoms 5 FEIGE] (ME—I¥)) Residue B Chain A% F:

>>> residue_list = Selection.unfold_entities(atom_list, 'R')

>>> chain_list = Selection.unfold_entities(atom_list, 'C')

H2AEE PRI APT S0k,

MEEPIRMSFRZE (90 resseq 10 B9FEZEPE (GLC) &4

>>> residue_id = ("H_GLC", 10, " ")

>>> residue = chain[residue_id]

TENSEP A R R E

>>> for residue in chain.get_list():
residue_id = residue.get_id()
hetfield = residue_id[0]
if hetfield[0]=="H":

print residue_id

RL—EESFPHAE B BFXT 50 1y CA RFHIHER

>>> for model in structure.get_list():
for chain in model.get_list():
for residue in chain.get_list():
if residue.has_id("CA"):
ca = residue["CA"]
if ca.get_bfactor() > 50.0:

print ca.get_coord()

WA SRR TFHRE

>>> for model in structure.get_list():
for chain in model.get_list():

for residue in chain.get_list():

(Fogks:)
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(8:EW)

if residue.is_disordered():
resseq = residue.get_id() [1]
resname = residue.get_resname ()
model_id = model.get_id()
chain_id = chain.get_id()

print model_id, chain_id, resname, resseq

BHAARILERY, HEBRAHRSR altloc A RF (MMEFHIIE)

B ELHIE, SMCRA $lisgii £ RN HAFLE altloc A JFT—H,

>>> for model in structure.get_list():
for chain in model.get_list():
for residue in chain.get_list():
if residue.is_disordered():
for atom in residue.get_list():
if atom.is_disordered():
if atom.disordered_has_id("A"):

atom.disordered_select ("A")

M Structure R PIREWMS K

T M—DGER) IR EEZ IR, F5%5 ] PolypeptideBuilder M Structure }4J#Ht—~ Polypeptide X441
2, WrpR:

>>> model nr = 1
>>> polypeptide_list = build_peptides(structure, model_nr)
>>> for polypeptide in polypeptide_list:

print polypeptide

Polypeptide X4 iE /2 Residue Xf4f)—A> UserList, G MRS (LB F A 1) halgmsk. 4
F LA r# Polypeptide XTRRRHUT I N Seq X5, sk Ca HTHIFIK, ZIKATAEL—4 C-N
e s —A> Ca-Cor (b7 BB B FRER AL .

Bl
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# Using C-N

>>> ppb=PPBuilder ()

>>> for pp in ppb.build_peptides(structure):
print pp.get_sequence()

# Using CA-CA

>>> ppb=CaPPBuilder ()

>>> for pp in ppb.build_peptides(structure):
print pp.get_sequence()

TEFERENZ, LfIFiEt PolypeptideBuilder M 2% & 45z 0, AWML, £ AH
PolypeptideBuilder A Model fil Chain X4 {7 Polypeptide X4,

ek ol le 27

TS — PR A FIITR Z Ik (1 LFTIA) . SRR ZBRIF SUHA 5 M Polypeptide #%
#i5. PIFIIRR N1 Biopython Seq X4, A EF I Proteindlphabet 45kt L.

Bil1-:

>>> seq = polypeptide.get_sequence()
>>> print seq
Seq('SNVVE...', <class Bio.Alphabet.ProteinAlphabet>)

2.11.6 11.6 44

11.6.1 EEEE

T BT E FR AR m] A 5 2 AL B

# Get some atoms

>>> cal = residuel['CA']

>>> ca2 = residue2['CA']

# Simply subtract the atoms to get their distance

>>> distance = cal-ca2

11.6.2 EERE

AR RN, Ml Vector BEHLHIY calc_angle pREAI AT A
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>>> vectorl = atoml.get_vector()

>>> vector2 = atom2.get_vector()

>>> vector3 = atom3.get_vector()

>>> angle = calc_angle(vectorl, vector2, vector3)

11.6.3 EEH®A

AR R R, AR5 Vector BRI calc_dihedral pR#n] DATIH AL,

>>> vectorl = atoml.get_vector()

>>> vector2 = atom2.get_vector()

>>> vector3 = atom3.get_vector()
>>> vector4 = atomé.get_vector()

>>> angle = calc_dihedral(vectorl, vector2, vector3, vector4)

11.6.4 HERF-RFh=

M NeighborSearch RibAT4R A& M. i CIHEFEN (ffFatrRh) KD Rl (L Bio.KDTree ) HLA
FHRSEIRABEA W . BT T — MU Ty VAR AR A — 2 B R A P A

11.6.5 BMA G

WA Superimposer XFGCRF P ARNREERMN . X AR RIT I BEREFI ARG, 2 RERERE w512 A
HEAN T A2 RMSD /b, AR FI LS A FELHE )5 T Superimposer X4 AR AT LAKS i
e PR IAE— SR Lo TR AR — D JC 47 7E Superimposer XfRH) rotran JEMEH (£,
gk 2 i), RMSD fffFAEJ@ I rmsd W,

Superimposer ffi Y& E¥EH [ 17 , Golub & Van Loan] H{#H T &HFES M (XZ#H Bio.
SVDSuperimposer FiHHSZIN T ).

Bl

>>> sup = Superimposer ()

# Specify the atom lists

# 'fixed' and 'moving' are lists of Atom objects
# The moving atoms will be put on the fixed atoms
>>> sup.set_atoms(fixed, moving)

# Print rotation/translation/rmsd

>>> print sup.rotran

>>> print sup.rms
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(8:EW)

# Apply rotation/translation to the moving atoms

>>> sup.apply(moving)

N TR AR FORB PG, AR R TR R e PR A (I Lprig ), IR B4
R

11.6.6 M @R MEAXEHHI R E

5, B> FASTA A%UA X SO, SRS “StructureAlignment* 3&, IXJEH AT LA R LS4
PAERYSEH .

11.6.7 itE¥KJE (HSE)

pkFEFE (Half Sphere Exposure, HSE) @XANIEREE [ 20 | B—Fhfd 4. ARA L, B80T RS
—ANEREL, AEHMEE ) RO (E 13 A JEEIA) 1 Ca JH 1. RAFFRIM, & RIS HIA R R H

HSE A Wifh Xk : HSEa #l HSES. Bi#E(UHE| Ca FHTHINE, MiGHEME Ca fil C8 TR E. HSE
Ji /2 1 HSExposure ORI, XARWEEITTEMEHE .. 502G FERR Rl — 7L, %7
—A~ “Residue* ¥ ZMLHEAH VA HSEa, HSES Flfh 5 %0 H {H .

Bil¥-:

>>> model = structurel[0]

>>> hse = HSExposure()

# Calculate HSEalpha

>>> exp_ca = hse.calc_hs_exposure(model, option='CA3"')
# Calculate HSEbeta

>>> exp_cb=hse.calc_hs_exposure(model, option='CB')

# Calculate classical coordination number

>>> exp_fs = hse.calc_fs_exposure(model)

# Print HSEalpha for a residue

>>> print exp_cal[some_residue]

11.6.8 BATE = R4

HTIXATIRE, Vi idike DSSP (FF3RMG— A2 AR MM H G Sk e 15, S0, http://www.cmbikun.nl/
gv/dssp/ ). #RJG I DSSP 2, W[ PAMLIT Residue X4 HNH R4y [ CRIVETI W] KK k) . DSSP R
WIRRFHNH 1.1 . K DSSP (F/p KHARMIZE) AAEAbFE 2 AMEA] |
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Code Secondary structure

a-helix

H

B Isolated B-bridge residue
E Strand

G 3-10 helix
I

T

S

II-helix
Turn
Bend
Other

Table 11.1: Bio.PDB Hf§) DSSP th4.

DSSP et n] DA SR AT BRI AR o] SfT . 5% 11.0.9 .

11.6.9 it HEREZRE

PR B IR P J SR i BRI AT S RT3 BB . B R VA AT S — oA 2 B A e s R 25k .
TRXARE, RFEZEZEE Michel Sanner f) MSMS #25 (http://www.scripps.edu/pub/olson-web /people/
sanner /html/msms_home.html ), #XJ5{# ] ResidueDepth 2, X PMRBFI—FF Residue KfZRIWLEF
R (BREGREE, Co IRFE) JTdl. Co WRERFRELN Co J5 7 EIP M T S0 0 BE &

Bl

>>> model = structurel[0]
>>> rd = ResidueDepth(model, pdb_file)

>>> residue_depth, ca_depth=rd[some_residue]

PRULATARAR A K B Python BEAHMIEAPAG 0 TR 04T (i get_surface K%).

2.11.7 11.7 PDB X {¥dhayE I o) 58

ARETFR, 2 PDB U & AR (N g S iese, 27E PDB U FH#I#IR) . Bio.PDB ]
DA RN 7 SO A B AN, PDBParser XM RAERIM A= 4 A 5E8 X (B :

Bl

# Permissive parser
>>> parser = PDBParser (PERMISSIVE=1)
>>> parser = PDBParser() # The same (default)

(@)
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(8:EW)

# Strict parser

>>> strict_parser = PDBParser (PERMISSIVE=0)

EFERRE (BHA), WEASHIRN PDB SC2w “4liE” (Felnifi—Se i f 75K ) . X Seqlin s :
o ZANERELA A — MR IRAT
o ZNETHALZ—MREMF (FE altloc HAIFF)

PCHHERE R T PDB S AR (HEI L (18, Hamelryck and Manderick, 2003] ). 774t
HEREHY PDB SCUFL3 % 5%, BN &I PDB SCHEhigh .,

HRAHHREEASMB I, BRI T, S 0FAUE TR ZSA — R altloc FRiffF. R REEMEA
R, AR — T P AL EAAE— D A — DN AR AR IR . XA RS BAIE R Tr
XA BT

AR NSRRI — AR T A B, BIOR—E0BAIEET B, RECH 0k
BRT A BE, e ul, X T, XWRAEH S IERAT

11.7.1 HIF

PDBParser/Structure 282818 7K1 800 454y (4 MEPJE T AR SCOP %) iy, Mjila it
20 AMEIER, SR BTG LS 15 B, fE—4 1000 MHz i PC | H% 10 Bt a6 o
64000 MEFI KRR TI (1FKK) 45 .

MONBEESL I B B A I 2 R AR =R R ERX R R, ARV N Z PDB SCfF A AR IE
ARG R . XA OL T P AR R L BB DR — R S5 T S AR 2

&
J\E

11.7.1.1 EERE

— AR AT SR B MR T SIFRRAT (resseq 3) il icode B AEAEEIR RS . (FAINLE W] PAK IR
XS SR Thr A3, -, Gly A202, Leu A3, Glu A204, RIS 4 Leu A3 Wi%2 Leu A203, 2%
IS A AFE T 450 1FFK (e 453 Gly B64, Met B65, Glu B65, Thr B67, it 21 Glu B65
Wi% 2 Glu B66) I,

11.7.1.2 EER¥

454 1EJG S A 55 22 ff)—> Ser/Pro siZ848. Kk, Ser 22 F—SLZELR 1. FIHEMW—FE, i
J&T Ser 22 WJFE-FHEA — A HEAH altloc 7RR4F (B 5 C). By Pro 22 fJE-F#A altloc A, BT &=
altloc ) N J5iF. XA, F— AR JR T A ERE R Il i 40 %4 JE2S 1 altloc.
LERCAN R AT BERE Ser Al Pro 22 3LA1, i Ser22 F4& TixA N JEF. MAh, Xt T e —4
) XA N ML BAE Ser Il Pro SkE, BIFMEE F#-S ARE M altloc FRIFAFIEHE.
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11.7.2 BEHYMIE

— U AT A HLAERETE A AR D RS I R O A S LA IR o . ISR SR R I

11.7.2.1 EEFEFHZ altloc

EHEEILT, BAFILETVIZSA — S altloc FRlRAF, WRMRE B BEIGX B, m2fE R —
JE T RS ZERL AL EAAE — D SR — DR R RAT . XA EHR S BAEAA 7 2 A ST

11.7.2.2 Bi%E

AWM NG — AR E R T A B, BRI T B &, WNECH Ik
EET A, eyl #2 Wiy, X MREgOEmmmT

11.7.3 B&HEEiR

A4~ PDB SCPEARERIIBRARRE . X2 R R P R B IEX A PDB 3CfF, A 255 A E
P B, o X 28 SR B B R T

11.7.3.1 EERE

TE— 24k LY I A SRR 12— ME— 1) id. % id BT AR A

o JPHIRRIRFF (resseq)

o A (icode)

o hetfield F4F (“W” {RFAK, “H_ 7 JFHIMREA TR R FFE)

o RAEEFBHBRIL 4 FR (7F DisorderedResidue %14 H1££% Residue %142)
WARE R AR — D E—R) id, AP Al —Hr i 74, XN BN

11732 EEEREF

AR TR A id, X id TR
o B4R Rz, wIEHRE)
.« altloc FRIEF

ASCREE AR A AN i, T4 1 2 Sy th T8, I AR 5,
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2.11.8 11.8 ijin) Protein Data Bank
11.8.1 \ Protein Data Bank T&;4E#s

ZER T PAM PDB (Protein Data Bank) i#id PDBList Xf4iff) retrieve_pdb_file A F#k. XA TEN
TRREE) PDB ARIAT

>>> pdbl = PDBList()
>>> pdbl.retrieve_pdb_file('1FAT')

PDBList JStHAEHEMAFT TH:

python PDBList.py 1fat

T SCIFRLA pdbifat.ent JHRIFE LRI TAEH XK. R retrieve_pdb_file Jiikib Al 24k
pdir HIRFEE—MRRE R AR RAE R T 8 PDB 3t

retrieve_pdb_file Jy¥EiRA HANZEI AT DAFE & T 2T A HEGiA% . (BRIARY . Z #%20R1 gunzip #5:0) «
Fihh, AEfNZE PDBList XTRIA R PAFEE PDB ftp v, BRHAfFH Worldwide Protein Data Bank (ftp:
//ftp.wwpdb.org/pub/pdb/data/structures/divided /pdb/ ) . FEHNZAES W, AP 0. FRIEE Kristian
Rother X IARH 4 BT TTHR -

11.8.2 F&E4 PDB

THA SR PDB X% /data/pdb H 3

python PDBList.py all /data/pdb

python PDBList.py all /data/pdb -d

1 AP X ANJ7 AN download entire_pdb o #NIN -d &AL — H R MRIFIA SCIF. 15 A7 A0 AT
2 PDB A%Ry. 53 PDB ID XMW1 Hogd. RIGMIE, 5e8A0 84l PDB U AHR 2 2-4 Ko

11.8.3 {R#54 kb PDB DI EH

X fEiE Lt PDBList X4 R 5. W AT B AN —> PDBList X% (§8@4H PDB #UIpHS), KRG
P update_pdb J¥Zk:

>>> pl = PDBList(pdb="'/data/pdb")
>>> pl.update_pdb()

MIRIETT VAR cronjob SEBUAMLYE DL B Hr. & W PATEE PDB ftp ufisi (HEW APT 3C#Y).
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PDBList A H AL HE AR BN . get_all_obsolete JyikmI ASREUITA B 4K 51 PDB Wiy —4>
§3¢; changed_this_week Jy AT DA TR Hl— g . ek sk #1% PDB 5, % PDBList 1Y
HEZ L APT SCRY.

2.11.9 11.9 Ko
11.9.1 Bio.PDB i 840y ?

L, MY, Bio.PDB B&7EM PDB FRIGHIE 5500 NE5H)_F iz ikl , Fra SR Be iE fff b fg
M. U] PAS#EAE Bioinformatics & ZFEM % T Bio.PDB fx &=, fEA— A% T.H., Bio.PDB
CatEA TR E Y. IV REAEMATE, BTHREN. I H R s E .

11.92 BHZH?

PDBParser [{PEREZELLRFIL 800 ML (B ENB T AR SCOP MAKIR) , BILIESR 20 4/t
WALV SRS AT 1.5 7. 75— 1000 MHz i) PC _EAFITE RAEEIE 64000 A5 1 AAZAR I
i (1IFKK) HE& 10 B, S5, ERRZVNRFHIEZ.

11.9.3 REZFHFSFELRR 7

ANEE X, RARBRE LZENCAHMMUZET Python 5 Python-aware fyfifH %, Wl aES A
Bio.PDB. JlifE{i— T, FAEFE Pymol (F'FE Pymol Hi{fi ] Bio.PDB JE# H2), ¥k Bio.PDB
SATERER PyMol 8Bk ) . BT Python 5 Python-aware 431 7 R A03E -

o PyMol: http://pymol.sourceforge.net/

e Chimera: http://www.cgl.ucsf.edu/chimera/

o PMV: http://www.scripps.edu/~sanner/python/

o Coot: http://www.ysbl.york.ac.uk/~emsley/coot/

e CCP4mg: http://www.ysbl.york.ac.uk/~lizp/molgraphics.html
o mmLib: http://pymmlib.sourceforge.net/

e VMD: http://www.ks.uiuc.edu/Research/vmd/

o MMTK: http://starship.python.net/crew/hinsen/MMTK/

11.9.4 #7F Bio.PDB ?

Bio.PDB 4 Jj T4 DISEMBL, —™MGETTMI & 454 iy ALK web 54 ( http://dis.embl.de/
); COLUMBA, — /M HbEREE & A gHn0a 5 ( http://www.columba-db.de/ ). Bio.PDB 1T #4T
PDB i R A LR BRI 2R [19, Hamelryck, 2003] , HITFIT 208 55 2 0 2t — 2
ZEM IO [26, Majumdar et al., 2005] .
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MTFREANE BB TR AW, ¥F 2 K24 252 ]t Bio.PDB,

2.12 2 12 Z Bio.PopGen: EiE{LEs

Bio.PopGen 22— MR E-AHI KA, £ Biopython 1.44 K DAJFHIIRAH A A .

LR H AR SO A AR R Bk s BT F AR . B, SERIEER KRR I R, &
PRI SCBXEBARFAE R S . XA RESAT R —SEARUER) APT, JUHUE MR AR IT . A, FRATIERX
RIFEATH) APT WS INAEE -

2.12.1 12.1 GenePop

GenePop (http://genepop.curtin.edu.an/) B—kK FE R HIFAIRE 84, 23 Hardy-Weinberg #:56 , %
BURPA . BEAME . ERIGETHTE. Fo TR . GenePop A SRR TIPS T,
HEHAREIFIEHE . GenePop UM 12 T 2 FhH B B SHE N AT, BRI BECH A 514
U AR

Bio.PopGen ${it GenePop SCIFHEAARMTAS AN A MG, [ HAR BT SR WA /N TR . BN T8
FEEEEL GenePop SCPFIZRBI (FRATEAZE Biopython [ Test/PopGen SU{F¢ N #4 %] GenePop /R filsCft) :

from Bio.PopGen import GenePop

handle = open("example.gen")
rec = GenePop.read(handle)

handle.close()

B4 N example.gen [ SCIFHMENT. WERIRENIE rec, IBAKILINFSPA GenePop M H-UAI -

1 rec Wi EE(E B RS A FRAEHAGE (4R IEX L, 356 H help(GenePop.Record) 3k45% API
W SCRY ) o PR E A4 FR AT DALE rec.loci list fr4R %), #ER(EE AT PATE rec.populations sk . #HA(EE 2 —
NN, BAEEAE (population) fENHH—ATTER. HAATTEARS R UEMA (individual) 1515,
MBS AR RN EE SR (B4 marker BiANICE), THiZ 4 rec.populations [7R1:

[
[
('Ind1', [(1, 2, (3, 3), (200, 201)],
('"Ind2', [(2, Nome), (3, 3), (None, Nomne)],
1,
[
('Othert', [(1, 1), (4, 3), (200, 200)],
]
]
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1E LB, RAOTAPAREER, B DR SPNME, AR A g — M. SR
BRI Ind1, BKEEE R 3 RS B SO RE R WER, W TR R A, {5 B AT PASR
& (I EdAk Ind2).

HIA TR TR RET LA GenePop g, 417 FHi:

from Bio.PopGen import GenePop

#Imagine that you have loaded rec, as per the code snippet above...

rec.remove_population(pos)
#Removes a population from a record, pos ©s the population position in
# rec.populations, remember that it starts on position O.

# rec 1s altered.

rec.remove_locus_by_position(pos)
#Removes a locus by tts position, pos ts the locus position in
# rec.loci_list, remember that it starts on position O.

# rec 1s altered.

rec.remove_locus_by_name (name)

#Removes a locus by its mame, name is the locus name as in

# mrec.loci_list. If the name doesn't exist the function fails
# silently.

# rec ©s altered.

rec_loci = rec.split_in_loci()
#Splits a record in loci, that ts, for each loci, it creates a new

record, with a single loci and all populations.

# The result is returned in a dictionary, being each key the locus name.
# The wvalue is the GenePop record.

# rec is not altered.

rec_pops = rec.split_in_pops(pop_names)

#Splits a record in populations, that is, for each population, it creates
a new record, with a single population and all loci.

The result is returned in a dictionary, being each key

the population name. As population names are not available in GenePop,
they are passed in array (pop_names).

The wvalue of each dictionary entry ts the GenePop record.

H R OH OB W W

rec ©s not altered.

GenePop N HFREAS , IXFPRR A BT ARG, Biopython XF R4 M L HFIEFERLRI XL REY ATH
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SPRFERIAR AR A A . [y, PHIHAREN GenePop FZ4AR S5 ) SCHE -

2.12.2 12.2 i#i##EH]l (Coalescent simulation)

AL — PR A A% 2 (5 R B ) 1) J5 4S8 (backward model) o X AH S ABLLLE i i 548
F g tEHY%E (Most Recent Common Ancestor, MRCA) 5. M MRCA F|H fix—CkEA A 1Y 148
REFAMTRAEKFR (genealogy) . RN LR BERMI/NEE , PR, ToREREH, RIEHH T
S F) BRI B R R Y S B A

WIAHEE ) 2 T 2 i, AR Al . ESCRER A SE T DA S B B 1
Biopython X #fi tH i SE A & 25 A — B Py B RS , i@ A BA 1 SIMCOALZ (http://cmpg.unibe.
ch/software/simcoal2/ ). HHAWAIL, SIMCOAL2 A VFFEAEREIASEHE, ZHEEFM:, ZRRBNW KA E

Y EF B (SNPs, 741, STRs/f P EM RFLPs) , HAZ Q@ MKE A5 AN & Wi (ascertainment
bias). V&, SIMCOAL2 H ARSI A ML EAAL . A i ez i) SIMCOAL2 H5 Bl SRy .

SIMCOAL2 {5 A& — N8 & s W RER RN BL 2 S, @ — &R A0S0 GEFTE 1000 At ), B
I 4EEA TR (subpopulation) HEGIRAMAR R . XA L Mg, IRTE SRS ITEHE (e
Fo 5 Tajima D) &5 X MBI WS ERE . KGR BB ARG EIRG T 45 R 5 S B F XA L
L

Biopython #i#HAFIL AT DAG A% 5 (demographic scenarios) FIEFH, #AGiafr SIMCOAL2,

12.2.1 glEiH= (scenario)

QA SR QU S e O RS . ZHAEOT (R U614 (Approximate Bayesian Com-
putations — ABC)), A FESEI AR EZ (WAFEAREEIN N, A 10, 50, 500 F] 1000 4>
7)o SO AR AT MR Z B AR R A S H 0 5 5

NI BRI TRLL.

12.2.1.1 Bik

BN ETUE SR, HEEPISFEMSEC FREF (deme) MIREAR/N (FEBUR FFR sample_size
, FEEE IR 30) AR RN, AR/ (pop_size). BT HITERER T AYE IR, By iS4t m]
PAVEA, BRI H R RS FR. X LETUE SCRYRFA /Bt (template) (4

Single population, constant size F—Fff[EEREARA/ N FRUERI SR 2 E, B4 FK: simple.

Single population, bottleneck PA—#AIFTRLS, WK 12.2.1.1 ffinn. SECE4EiF BN (B3 ne3
BERR I pop_size ). FIEEYIKEA] - 975K & A 5 4K (expand_gen), MU LB A BHEA /D (ne2),
FPfE i) (contract gen) PARJFEASFIHER/DN (ned). Biffifs: bottle.

Island model JAIHYBHUGHIAL, FIREF (deme) BHKIRA total demes, EHHRFIRN mig, Bithis:

island.,
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Stepping stone model - 1 dimension —ZEHIfE AL (Stepping stone model) , IR T FEED 1
RS FI#EFN (deme) EEFIRA total _demes, EHHEFIRHA mig. i : ssm_1d.

Stepping stone model - 2 dimensions 4 AEAY, MR RN ESL. SEH K
RN x AR RIE BN y (FREREEEI x x v), PARFRITIHEFER mig. B4 : ssm_2d,
Past___.

Mel

T2 L
Tl A=l Ne2

el Bt
OfNow) L. . Me3

ERATGE— DRI, PR A B FPE R B A K/ (Single population, constant size) #ifl, FE74
K/ (sample size) 4 30, RIBEFI/N (deme size) K 500, FHANT :

from Bio.PopGen.SimCoal.Template import generate_simcoal_from_template

generate_simcoal_from_template('simple’,
[(1, [C'sNP', [24, 0.0005, 0.01)1)1,
[('sample_size', [30]),
('pop_size', [100]1)1)

PATIR BRI R SAE 2 7T H A2 pll—~44 0 simple_100_300.par FY3CHE, ICHFRIFES SIMCOAL2 1y
A, TRHRHA (R £ 7R Biopython /24Tl SIMCOAL2).

B & AR, iR AT ARSI

FE— SRR id (LB ) . FAEIH simple”, FKIRAY 2 BR—TEAK [ E R/ M
.

FBASRORGORGEN, R R A
BN SRR TEN SRS ATRER(E (5] b A i SECR L S H — TR -

BAELLFRATE R SURAROR B FN 1 AU LA B USH , IR RN R RS ER : 10, 50 A1 100,
RGN 1% FEAKNRFEFER KNG B4R fl—2, A :

from Bio.PopGen.SimCoal.Template import generate_simcoal_from_template

generate_simcoal_from_template('island',
[(1, [C'sNP', [24, 0.0005, 0.01)1)1,
[('sample_size', [30]),
('pop_size', [100]),

(@)
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(8:EW)

('mig', [0.01]),
('total_demes', [10, 50, 100]1)1)

WOl S 4w 3 A4 X4 island 100 0.01 100 30.par, island 10 0.01 100 30.par flI  is-
land_50_0.01_100_30.par. ¥E&E, AEBCCHAMIEE : BRYG, REESEEITFHES) .

A — A E R Z AR (7 1L Biopython JifLi4H Bio/PopGen/SimCoal/data (). [FIY,
J PR AR R, I RERFE A Y SCR i

12.2.1.2 taikgtil

FATRZ A VAR SIMCOAL2 SCRY, PASEBEH R YL (O R S5 @A 8 A o HEA/ N, FRAT e
faffii Ffl Biopython 2 11 SCELFE B UYL (iR 454y, R&xih Sk SIMCOAL2 n] s R Lt e o (R 2544
AT LAY Ok, 8 24 A~ SNPs, AR AL B B4R A 0.0005, YR & A /MR
0. XEEHPITHEEE (MENE ALY generate__simcoal from_ template pR%Y) :

[(1, [C'SnP', [24, 0.0005, 0.0]1)1)1]

X SR b AR B A G (iR S5

PO RGN EI AR ORISR, a5 0K (PRSP ENITER) h—4Icd (tuple) 4
I8, JCAAEAE—XCRAM . TR ICE R Y O AR MR (A T RER B AL [ — A
k) . TEHME - ADITRR D FRIEP AL AR, BT RITRLAFE -XTTR, H—4
FEREN A, B AR IREN BN SRR RAOA RIRE TIE? RN RBIZ N, Seik BT T
E—AIRB TR (Fon—Fgak), RRARRE—-DE (HASWER), e 24 4
SNPs 414, HFAHAE SNP [RIE LA 0.0005, YAFALE: P/ MIER 0.0 (RIE R PATER LG 0 (K
B o

BAELEBRATE B AR Bl

[
5, [
('snp', [24, 0.0005, 0.01)
]
),
2, [
('DNA', [10, 0.0, 0.00005, 0.33]),
('RFLP', [1, 0.0, 0.00011),
('MICROSAT', [1, 0.0, 0.001, 0.0, 0.0])
]
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B, Tl 5 45 LR IEAT RIS AL R (o f (1) 24SNPs) . SRR 2 Fokbprgifl: (L
—BUATALRA 0.0, FEFK 0.0005 JEHARN 0.33 1 10 MK DNA 91, — B il
#4500, GAEH 0.0001 iy RELP, —BUAATHALR 0.0, G485 0001, JUAIZHCH 0.0, IR
%0 0.0 MR (microsatellite, STR) P31 (&, BVROREAMETE, #TORBARERE, Hit
SC L EALAAT TIN5 TS M0 5 S A5 SIMCOALR SChY, AT DU e 145 A
GRS R)

12.2.2 81T SIMCOAL2

IAEFATIHE A A Biopython #RiZEFT SIMCOAL2, X #E% SIMCOAL2 W] $iAT —3EHISc1F44 2 sim-
coal2 ({£ Windows & 4 simcoal2.exe), iR, ME M T WRRT 4 & N simecoal2_x_ v,
I, %4428 SIMCOAL2 i), FEEA PIAT M, XFF Biopython A REIEHHIHH .

SIMCOAL2 "] PAALFEAN & ] RT3 A i S (TSl SR ) , (R ARG Bk Tr k45
BRSO AR :

from Bio.PopGen.SimCoal.Template import generate_simcoal_from_template

from Bio.PopGen.SimCoal.Controller import SimCoalController

generate_simcoal _from_template('simple’,

[
5, [
('snP', [24, 0.0005, 0.01)
1
),
2, [
('DNA', [10, 0.0, 0.00005, 0.33]),
('RFLP', [1, 0.0, 0.00011),
('MICROSAT', [1, 0.0, 0.001, 0.0, 0.0])
1
)
1,

[('sample_size', [30]),
('pop_size', [100])]1)

ctrl = SimCoalController('."')
ctrl.run_simcoal('simple_100_30.par', 50)

T EERR R RFPITT (VARGHER) import £7) . 5 QU — W R bl a4, 5 B —2hhlml
PATAE BT AR

AR i n—ATiad7: A IR FR AR TR, SCPE#4 2 simple100_30.par (55 A S & A1 d A
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WUSHOCHE, RIFHATEE T A Eiztr 50 WMIEH. BOAKEIL T, Biopython KLl A%, (HignT
PATRINGE = A SHO0 TR R SR (74587 0°) o )5, SIMCOAL2 o #ifT (XHZIBFFMRKE
), FFEIE— M ERAUSIRE S, SRS Tt (JUHERSE Arlequind %) . 7EARK
(1) Biopython JitAH, WRELSHF Arlequind IR LR, MIMTE Biopython H{#fE M fr SIMCOAL2
R

2.12.3 12.3 HENHER

DX HLFATIE— LA BB BT R e P Y AR P RO AN TR X Se W R P A i, (AR

12.3.1 FDist: #&NEFEENTSFEN

FDist 2 MEEEIE IR B R, STl Fo RIZSATESE (BDBED) 900 i (“neutral”)
B ST BFX RSN Markers (FTUAR SNPs, B, AFLPs 445) nTARA R IR 1%

¢ marker,

FDist 25z 7Y marker & B H TANTFY Fo TR AABEESE HH3E ) B - Al
HAEATE K Z 40 marker 7535E PR 4H A XA B 1 O 6 F 3T 41 Extended Haplotype Heterozygosity
(EHH) M7,

A FDist i
1. WHERg s FDist 45,
2. 1B Fyy , H FDist [ datacal 58 A;
3. AR Fop FIHEE R EHF RSO, Pk markers, SO0, B FDist (1) fdist 52
4. WRPEFREMEEEE GEEZ 95% siE 2 99%) W EEXE, B cplot SEAL, EEHTXFXEER;
5. FBHUR e EBAEXE PG Marker FRRAS, B pv 58, TR marker 5L AH
FOR B AR s
BATRELARBIR IS 84— (FDist Al $fT —dE SRR Z7E PATH FREEAE &) .
FDist #dEt&=US iz AR FEA 10, A AR . B IRTE EE R Edaig 0] FDist ] {f
A%, Biopython A AHEBIRSE BGX AN FE . X LA — 4N GenePop #5305446 ok FDist #5206 (17
A3 Ja T R B FH 2 B9 import 1541 ) -

from Bio.PopGen import GenePop
from Bio.PopGen import FDist
from Bio.PopGen.FDist import Controller

from Bio.PopGen.FDist.Utils import convert_genepop_to_fdist

gp_rec = GenePop.read(open("example.gen"))

fd_rec = convert_genepop_to_fdist(gp_rec)
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in_file = open("infile", "w")
in_file.write(str(fd_rec))

in_file.close()

TEZBATE . FATW T GenePop LI ALl FDist L% (record).,

fth FDist 03RS 2 AT ABLEARAF I AT T FDist §SCHFAY 747 e . FDist 57 2@ A SCIF44 7 infile,
BEFRATHRFC ORI EN S48 infile 130

FDist e HEENFEE (field) 2 num_pops, HEAEE; num loci, EFEEEM locidata, marker
Bt o SRV 2 A5 B PR UL AT RERCA AL, (UH TE 4G FDist.,

T RIEPHEIREN Fo (VARFEARIRD):

ctrl = Controller.FDistController()

fst, samp_size = ctrl.run_datacal()

F—ATHATONE: T —MEHTE N FDist BRI S, RPN TR A2 e VR .
S ATHRATA datacal W HIRET, EMTHE Fo MIFEAR/N. (HFEERE, N datacal THEAEIR Fi

2 Weir-Cockerham 6 ) “Z5f0” (variation ).

BAEBATRT AR B2y fdist B Markers.

sim_fst = ctrl.run_fdist(npops = 15, nsamples = fd_rec.num_pops, fst = fst,

sample_size = samp_size, mut = 0, num_sims = 40000)

npops I HAREHE R, e —1 “BAEE” (“guestimate”), A/ 100,
nsamples fIFEREALE, 72T npops.

fst ¥ Fyy o

sample_ size & HEAANFEN KT

mut FERRIAL: 0 - TR AL R G AREAY; 1 - WA g iy

num_ sims SFTERAIEG UL, EH, 40000 ZE A AEEEI AT, (R AT R A AT IX RIE T HLAR (AT RA
TR A X AR AR ), WTRA BRI R (AR 10000 AL .

AR AREA I/ IMERE_E BT SLIE T IR i I AR o

FFARE— 40 out.dat B, BUGHAURIAGEN Fo {8, FIRCSHRREAE .

R, fdist REERTABHIETY Fo , RTICHBEL RS, W8 N RNy Fy 7
T (P HE) ATHEEXE:

cpl_interval = ctrl.run_cplot(ci=0.99)
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HBEfEisT fdist Z )54 BV A cplot.

DORFF ST fdist S50 BRI (MBIl 99%) o SB—ANICRBAEE, BN RIZAAEN Fo &
ERR, =02 Fo THME, BN RER LR vV TR E G KB SR %K. )£ W] DA 3]
out.cpl {4

XA H B2 ] — FR S T AR KRR R R AR S 0 marker FPIRAS
PEFTITAL AT DABKIE G2

pv_data = ctrl.run_pv()

HEBAEZTT fdist Z J5 A BEIR A pv.

XRFE B marker XA MAEL LR marker FEFTPAL, HaRBl-—55, PS5 FDist 0% loci_list
—3 (loci_list X 5 GenePop JijF—%). FIE PN TR EUANTE, K REENERE TR (X
THABKITTE, N TEHREL, ROAEX S, E 0 py FISCH), EREEN Fo 8T marker Fy
AR . BOME LI P BE R IEIEFE (positive selection) marker, Be/MERW] ] fE/2 P44 (balancing
selection) marker, HE/{E T HEE F M marker, [EFEAUERE “BRE". “B/ME” BF “HPREE" 2—1
AR XA e, AH 2400 AR DR vk e 95% (S X R, “BRME” #F 0.95 - 1.00 Z[a], “B/MHE” 7F
0.00 - 0.05 Z[a], “Hral{H” FE 0.05 - 0.05 Z [,

12.3.1.1 (& BIBBIFIHF,

FDist it fi T 6124452 AR R T IR T T R P

_ 1_Fst
" 4Fst

WANAE L, AR R/ N R .

TESCE, MRFARCR LB, RARKIRUC IR AR, ARAS K /N, fdist R A BERUAS 2 a] B2 it
'fu%z‘ig Fst °

N T RS AS R, Biopython $#2L T —AME A AU AR R L, W RYGEITILAS fdist 521 RRE. %
DR HIEAT A fdist MHHCARSREZ TSR, (2T AR E 4R . AR HUBiatT fdist 155081
Fst :

sim_fst ctrl.run_fdist_force_fst(npops = 15, nsamples = fd_rec.num_pops,
fst = fst, sample_size = samp_size, mut = 0, num_sims = 40000,

limit = 0.05)

5 run_fdist LG, ME——DHIUTESEUE limit, EFRRIIEM R TR, run fdist ATPA (SR R)
B run_ fdist force fst L,
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12.3.1.2 {88

TR Fo iRl G HOx LR R 6152 . B2 HfE B3 &5 FDist README ({4, [A]if, Biopy-
thon [YAUHS thn] I T SL B A 26 A -

2.12.4 12.4 Rk LR

RIS

R, E4 5N REBIIELEIZ L A S| Bio.PopGen, XM HE G 747 FDist il SimCoal2,
HapMap #iI UCSC Table Browser ${#EFE, DA —SE MG IR, W Fy , BUEEREL.

2.13 % 13 E Bio.Phylo ZGi A BN

Biopythonl.54 JF#5| AT Bio.Phylo #8t, 5 SeqlO I AlignlO J&fel, "B/ H By fe ft— - A iyt sr
VRRAEAR SR I IR R G R, R — 2y APT Rab AT 1/0 #:4E.

Bio.Phylo 7E—f TR T 3G A 744 9, Talevich et al., 2012], Xl GEXF G AT Fr 1) .

2.13.1 13.1 Rfl: WPHHA ?
T REKAR, LA G SN ORI, LSRRI AR S . BTkt
43S B, B —EEBRAG phyloXML A5, SR 0RAER

BEETE: AR, a3 ESCRR branch | JFOCH A AN SRR FIEL ;10 AR
SO clade , ARFFEAITRPACERIEANIEY S, BHAARGMETARER: % clade f{3 biopython
H AR 5 U R B TS

TE LS R VR e 1 — S fRTERLRY Newick SO

% cat > simple.dnd <<EQF
> (((A,B),(C,D)),(E,F,®));
> EOF

RERBA SR E, A MM IATRCH . (WA — N EIERR SR, ARt nT A E R
B AR B )

PR ABIRR) Python fRER: -

%, ipython -pylab

XA, 2% -pylab jH3)h IPython fFREEHEIS ] matplotlib B & IIRE, XAFEIBLAE A 3l
S FRATRFAEX A7 Bl A I RE -

BAE, 1€ Python Zimr, BEHUMICOR, 4 U4 MRS A
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>>> from Bio import Phylo

>>> tree = Phylo.read("simple.dnd", "newick")

PAFAFHS AT BN G ATIRF A E R R 1 2 IR SR L -

>>> print tree

Tree(weight=1.0, rooted=False, name="")
Clade(branch_length=1.0)
Clade(branch_length=1.0)
Clade(branch_length=1.0)
Clade(branch_length=1.0, name="A")
Clade(branch_length=1.0, name="B")
Clade(branch_length=1.0)
Clade(branch_length=1.0, name="C")
Clade(branch_length=1.0, name="D")
Clade(branch_length=1.0)
Clade(branch_length=1.0, name="E")
Clade(branch_length=1.0, name="F")
Clade(branch_length=1.0, name="G")

Tree XIRUEWHERELE, WRHEARERTITRK . A& —MRULE, MVAIE T PASI R E R B

AR, BEMT2 3

PREL draw_ascii Q@M EA ASCIL-art(4i3CA) R AER . ERAEGFEIETAMEL T, XXT

SEH AR T AT A R T 2

>>> Phylo.draw_ascii(tree)

________________________ A
________________________ B
________________________ C
________________________ D
E
F
G

WERAR A matplotlib 5(3% pylab, RAJLAMA] draw % ~EIR (W Fig. 13.1):

2.13. £ 13 Z= Bio.Phylo 2% A BN #T
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>>> tree.rooted = True

>>> Phylo.draw(tree)

1} A
2t B -
3t c 4

=

4T D -
5t : ]
6 F l
7t G ]

0.0 0.5 1.0 1.5 2.0 2.5 3.0

branch length

13.1.1 AR5 X LEE

PR draw il draw_graphviz SCHRFFEMSH B R AN B R4 5% . A Biopython 1.59 Ff4f, Clade X§%
WU 2 HF color Fl width J@PE, HATAMAIAFTEHINIR . XA E AR R S 10 45 8 i AR R T
Hor B, A FAER, B AT B9 )G 20 SCFE S8 7 Bt R A A ORH [m] 1 53 B A 20

T Biopython fiUAH, PhyloXML #74 SE4iR IR , T TG0 20 JE 1 75 20 S M e ool — A
KRR G F2E Phylogeny, i%Z7E Bio.Phylo.PhyloXML #iffrr,

1t Biopython 1.55 MIZ JGHIHA, X@—MRIT R 7 ik

>>> tree = tree.as_phyloxml()

1t Biopython 1.54 w1, AREEME LT A — RSN ARSI [R] 4 15 -
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>>> from Bio.Phylo.PhyloXML import Phylogeny

>>> tree = Phylogeny.from_tree(tree)

R Newick Fl Nexus SCPFZRBUH A T F 0 B RITERE, ANRARAE Bio.Phylo Wi fiix e @, R L AELR
X 3] PhyloXML 4830, (ARt n] DAPRTERL Newick i Nexus #%20, H2 B0 A1 56 B 5 BUFE B HA 0 SC
Pt S0 2L )

BAERATHRIREB . B, BATRFREREUAC N KA. FATREESIIE 24 AAYBT A EREEL, 1=
f40Y RGB fH. HTML #0 o8B f 5408 . BiE Ht s E B a4 75

>>> tree.root.color (128, 128, 128)

Or:

>>> tree.root.color = "#808080"
Or:

>>> tree.root.color = "gray"

— AR B SRS VE N T R B BER R B €, T AR ATT3K FEL 150 AR ) ) B0 55 A AR A 20 £ A
RRAD o FRATTREE A HE R R T A3 SR AELA []) B4 B €6 o 5 R OS2 SE B

iEFRATEE N “E” f1 “F7 Halitde (MRCA) 5. ¥ common_ancestor iR [A]JF AR H X M HEAL A )
I, FrPAATRATR EZ DA, “salmon” B I;, XA (o D S AR AR p 2 H Sk

>>> mrca = tree.common_ancestor ({"name": "E"}, {"name": "F"})

>>> mrca.color = "salmon"

AR LT WA R B IR ER R O, PARESIRIE, BATHAEE L R 51177 N EHHEER
AME. X, RG] [0,1] FORMRAY R A AU R AT

>>> tree.clade[0,1] .color = "blue"

IJE, FR— RO ITAESSR (W Fig. 15.1.1):

>>> Phylo.draw(tree)
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1t ‘ A
| | -
3f c

=

g4 0
51 : ]
6 F l
7t G ]

0.0 0.5 1.0 15 2.0 2.5 3.0

branch length

R BB O 5 T I B R0 SCRER TR 5. E AN F A9IEEALSEE RN SRR 2> SR, i il s
R, FRATRER A X A AR AL .

RMNELmEWTRE ! MAEERAVRE T, RIF—TRATOTAE. S — SR s (X BLBRAT
PRtk R AR A it fH4) M phyloxml ORI write pi%L. PhyloXML KUIRAF T HA TR AR
@, ProARAEE S A A TR, 4 Archaeopteryx, fTJFiX4> phyloXML SCHF, SXSEE (0 25 /s ok .

>>> import sys

>>> Phylo.write(tree, sys.stdout, "phyloxml")

<phy:phyloxml xmlns:phy="http://www.phyloxml.org">
<phy:phylogeny rooted="true">
<phy:clade>
<phy:branch_length>1.0</phy:branch_length>
<phy:color>
<phy:red>128</phy:red>
<phy:green>128</phy:green>

)
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(B bTT)

<phy:blue>128</phy:blue>
</phy:color>
<phy:clade>
<phy:branch_length>1.0</phy:branch_length>
<phy:clade>
<phy:branch_length>1.0</phy:branch_length>
<phy:clade>
<phy :name>A</phy :name>

AFE I H AR R AN 2 /47 Bio.Phylo #003ifE. 4T Bio.Phylo U £ 4]¥-, 52l Biopython.org
_E Cookbook -} TH i .

http://biopython.org/wiki/Phylo_ cookbook

2.13.2 13.2 |/0 BiE3

F1 SeqlO. AlignIO 2pl, Phylo i f] PUAS BRBUE RSO 00 % A - parse . read . write fll convert , ff
1 SR BHS S 4 Newick, NEXUS, phyloXML I NeXML 2 S0 h& =

read PREUENTI IR [BI25 0 S B ANR. TER, WERSCHF & 2 AN S AR, BRI — A

o

>>> from Bio import Phylo
>>> tree = Phylo.read("Tests/Nexus/int_node_labels.nwk", "newick")

>>> print tree

(Biopython & ffifuf] Tests/Nexus/ Fll Tests/PhyloXML/ ({43 /g #H M BT )
ARPRZAS (BEERFEL) SOl FFEM parse eREA AL & U g — A

>>> trees = Phylo.parse("Tests/PhyloXML/phyloxml_examples.xml", "phyloxml")
>>> for tree in trees:

print tree

B write pR%CH HH— B A ATE LI .

>>> trees = list(Phylo.parse("phyloxml_examples.xml", "phyloxml"))
trees[0]

>>> others = trees[1:]

>>> treel

>>> Phylo.write(treel, "treel.xml", "phyloxml")

(T IR
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(B bTT)

>>> Phylo.write(others, "other_trees.xml", "phyloxml")
12

1] convert pREUFHALMT SRS

>>> Phylo.convert("treel.dnd", "newick", "treel.xml", "nexml")

1

>>> Phylo.convert("other_trees.xml", "phyloxml", "other_trees.nex", 'nexus")
12

1 SeqlO 1 AlignIO UL, A6 FAFH AR XS AR Ny, FFEMH StringlO* pR%L.

>>> from Bio import Phylo
>>> from StringI0 import StringIO
>>> handle = StringI0("(((A,B),(C,D)),(E,F,G));")

>>> tree = Phylo.read(handle, "newick")

2.13.3 13.3 EFMNSH#

T~ Tree MRARULI IR AR T2 print sRACREITEIHIK:

>>> tree = Phylo.read("Tests/PhyloXML/example.xml", "phyloxml")
>>> print tree
Phylogeny(rooted='True', description='phyloXML allows to use either a "branch_length"
attribute...', name='example from Prof. Joe Felsenstein's book "Inferring Phyl...')
Clade ()
Clade(branch_length='0.06")
Clade(branch_length='0.102', name='A"')
Clade(branch_length='0.23"', name='B')
Clade(branch_length='0.4', name='C')

T SERR 42 Biopython BUR T4 Z IR G5 H I — RN . SR B AT RERG G Ol 42, A7 SE 030 i AR AR
X AT = AR ECR MO 4

WFHATLE demo HFEFIH—FE, drav_ascii FTH—H ascii-art FR (CHRIER) BbrdEm S, =&
—ANFTIFRI SO, EA R, RRFE X TRE B R Hk, (HRERAE T — AR EE T 4
S ) R A AR )

>>> tree = Phylo.read("example.xml", "phyloxml")

>>> Phylo.draw_ascii(tree)

(M ougksr)

214 Chapter 2. Contents




Biopython-cn Documentation, A% 0.1

(8:EW)

draw BB matplotlib KPRt —ANEMEFAERIER . &F APT SURPASRAS KT8 B 32 4 R &
LIRMIE S Ve

>>> tree = Phylo.read("example.xml", "phyloxml")
>>> Phylo.draw(tree, branch_labels=lambda c: c.branch_length)

example from Prof. Joe Felsenstein's book "Inferring Phylogenies"

0.5} 1

1.0} 0102 A ]

1.5 —o08

1M
L 0.23 4
E 2.0 B

0.0 0.1 0.2 0.3 0.4
branch length

draw_graphviz NEH— N TEARIEL R E (cladogram) , {H2 B ERIRZEH A Graphviz, PyDot B{
PyGraphviz, Network Fl matplotlib (=X pylab). f#H_FHEiAHFPIE T, 1 Graphviz 1) dot FEFF, k3K
fiskm— A H R (WA, 123 ):

>>> tree = Phylo.read("example.xml", "phyloxml")

>>> Phylo.draw_graphviz(tree, prog='dot')

>>> import pylab

>>> pylab.show() # Displays the tree in an interactive viewer

>>> pylab.savefig('phylo-dot.png') # Creates a PNG file of the same graphic
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&) &)

(475 WSRARNEI ~pyLab #THAAT IPython, VI draw_graphviz 5§ matplotlib %7 4% H S0i517, i
REEFHH show ) Jrik.)

KR R Z B]— A NetworkX E[ v, ffi ] Graphviz SR1f /A7 SR ALE, FH matplotlib 3k IR
B XERAJ RETFESHCRE U REG , Wi REZHH NetworkX pRE( networkx.draw F/l networkx.
draw_graphviz 2RS40,

BRAH) R 2 ISR BRI RIX G rooted JEMERY MY . A MAMTEREA /332 (branch) ER/R—A “head” %
FUTERI (L. 15.3):

>>> tree = Phylo.read("simple.dnd", "newick")
>>> tree.rooted = True

>>> Phylo.draw_graphiz(tree)
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“prog” ZHdEE Graphviz I HIRARAIGIE . BOARIGIEE tvopi MALMIA/NYMERR IR, RAT5ER)
GRS S B . neato P T REH T S ANAFA B AE /NI, (ERAT MR S AT S S B (L.
15.3 ). dot REFFEVFN/NRRIRIAT T, (ER X TR — s B A1 SRy 2 7 A A B 15

>>> Phylo.draw_graphviz(tree, prog="neato")
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© ®
®

AR 7 AR R KB, R matplotlib 257 45 0] DABCK A X0, (A28 LAY PG AE 157
Hi o

>>> tree = Phylo.read("apaf.xml", "phyloxml")

>>> Phylo.draw_graphviz(tree, prog='"neato", node_size=0)
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35_BRAFL
34_BRAFL
8_BRAFL
37 BRar " - 20_NEMVE
3 RRAFL —NEMVE
Dark_RROME —BRAFL
- 8. 29_AEDAE -
28 DROPS gy ~
_BRAFL
30 TRCE 19_ ["-"I"l.-"E3 AEL
EDdmCAEEL
18 NEMVE 31MAEBR
1_BRATL 23 swrPl 26 Sy
15_ThaNG =]
14 FeGRy B _XRAILA IcK
12_CalFa
- Z7-MOUSE

Apaf-1 HUMAN

15 T

USE

Apaf-1 HUMAN

HRE, X KEIIFEAIEMtE R, KA Graphviz ZE7G S 20 TAAT. SR, 43524 BE AT DATE iy 4
>k NetworkX EIX}£ (to_networkx ) W EH#HIE.

& Biopython #4EfEf{) Phylo Vi (http://biopython.org/wiki/Phylo) PAZRE % F draw_ascii
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draw_graphviz fll to_networkx [ 5 /il &g LI BRI IAFI ]+

2.13.4 13.4 {6 Tree 0 Clade ¥}5t

parse fll read HiE A Tree X452 S IBIHM TR RS, 1T Tree X4 A root EIE (A
BEAA LB AR EAR) . — Tree &M EHEE, WAMEE (rootedness) FFg [ —
M) Clade A5 H; —A> Clade f &7 B AR RMAEE, 143K EE (branch length) Fl—A~& A &
Jf Clade SEBIRSIFR, METE clades J&PE .

FITPA, iXHL tree fil tree.root [AEA KA. SR1MT, LB, HILEFAFERLE. A TEMXAA
], Tree fil Clade Wi ¥R [ TreeMixin, B AL H HMYH AR, A ILAUE S AT (T & AL Y
R XEWRE, A tree iR ATE tree. root ML E FIHIK clade H#fHEM . (Clade
H—A~ root JEME, BRI clade XHAL.)

13.4.1 ERFEHEFE

AT ORI, FRATERAL TR R B R B A A AN E P R A 8 R
“get_terminals* QI —MISWAIETA K (M-F) 55512,
““get_ nonterminals** QI — IR AIrG EA G (WEB) T AAR5IE.
XA HB AL T AN RESE 4 AR 3k T 0 5 YE find_clades. YA 4MFANiE )5 find_elements Fll
find_any KT RIFEZ.OINEE, BEZRBENSE, B EGFNIERTRATMIEX S HM “H AR
HI” (target specification) W, {1745 & WRLEAS A X 5 6 DE B H-AE A S AR R ] . 55— ST ARS
BNTLOLERGE e
o —/> TreeElement SH, AR ICEFARYE— VL El——X 4%, ] Clade SEBIAE R HbRKF
HE x4 Clades
o —A> string , VLA TCEIFAFER RN FrHH, Clade ) name (f£ Biopython 1.56 31X\ );
o —/ class 8 type, XFERE—RA (B 7)) HFE R TCEHBLITH ;
o —/~ dictionary , Hit (key) BWITEMEMES, H (value) RFVCH B ICE A MW A B IE(E .
BARIS AN -
— AR E int A, B UCECEUE EASERJEME, BD, 1 RFPTEE 1 sk 1.0
— MR 2 boolean 2B (True S False), i) JEMEELRFBE 24 boolean RAEFIKEE

— None VL None

— QR R FEAFE, RS OE N R AR R (W T CECX Y T R R R AR, SRR T
TS ) o PR Rk E W R A X AT 0 AT B KRG R VTl A7 R B 1, BT DA SR AR
A ENFRE, AHHLE. i, &A% FR Fool, Foo2 fil Foo3 f— 4, tree.
find_clades({"name": "Fool"}) JFVLHrC Fool, {"name": "Foo.x"} DULECFTA M =3k ibAl,
I {"name": "Foo"} Jf ANICHULATHILAL .
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T3 B T BB AR A BERAT R, FRATAN S B VLIE £1loats KA, VENEA, I boolean {H
True RILFLAFNICR P EBIERAERE, RETRXA B A (SR, R AER
fak s ) HEATFshidug.

WRZTFHAEZNHH, ILRATRLAICEEA A BEE— “and” J7UE%, MiAR2

19 7
o

or

o —MNEZASE (BRI TRBRE—PICE), &E True 5 False (Y%L function . 75 {#ii
., LookupError. AttributeError #{l ValueError #§7TBR, XFEERML T 54— AR P A FRIF SUEAY
Gy, BOE SN AR

EHBSEUET, A WA R XRS5

terminal — F R BEFSHER R umifE ek (805 45 50) #—> boolean fE: True (Ui Kinitib
ke, False ME Ry (NE) #EA, MERIAH None, [FHF8 2R im M HE R im#E b AL, GFE%
A is_terminal F¥EMEIRICE.

order — i [F )T : "preorder" (BRAE) BIEEEHEZE (depth-first search, DFS), "postorder"
T ST AT A DFS #8722, "level" 2 9J¥ 5L 2Z& (breadth-first search, BFS).

ea, XA B A S, XS ECR R DARIEI “H AR MHER 7 ARy SRR B
RINTCE B AT, S8UE (string. integer, None 5(# boolean) 5F14% 2 14> @ MR EIEAT LB 40
REARME I SE, WAL TreeElement SRR VAL XA HoAZ A — M d/E R« H brii
HH” Bi4H: tree.find_clades({"name": "Fool"}) W PAf&ifL N tree.find_clades(name="Fool"),

(#£ Biopython 1.56 FIPAJGRIASH, X APA4G: tree.find_clades("Fool") )
MAERNCEFERE T “HARUHE”, X B2 T vk -

“find__clades* EHRAMUFVCATCE WA, 320, H find_elements AIAFNITE, SRMIR[EIX]
M) clade XF4:. (X 2 RAEER . )

RAMEE R M A TR R kAR, BRUCHIREM B R, XA 2 Newick, Nexus
B XML 5 S H S 7R B R 4 5

“find__elements‘*

AP B PEVCECRY AT C 2, R IMIPLAK T EA . Wi Newick BHEAHENTILE, HLL M
find_clades MfTH—3(. PhyloXML #EFELE clade FHINIAE Zm%5, FrbAXAS 5 ¥R
BuxsefE BAER A H .

“find__any** i&[n] find_elements() FrkE|MEE—J0%E, B(# None. XX TRzl H @ B FFEVLELHY
TCEWARE A M, W AES ISR A

3 SN T 5 BAEEAR PR e ) A T 3

“get__path* FH#IIMMMHIMRT A (BCYRTHELED) BIZE R HARRIRIENA clade. iR [ & XA AR 1
Jrf clade MRIFNE, PAGE RIS R, HAGEIRIELE

“trace* FHHHBABAREBTA clade X5, NEFREFSS
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13.4.2 {SR¥EHE

LT HAR MR TR (SUEfTER) MEE.

“common__ancestor* &3k IrE H AR B r L FI#HL5E (the most recent common ancestor) (3X¥
s&—A> Clade %14 ) . WREARMARMTHAR, FFRI0 245 Clade (VM ZAERIA) MR Q4R
e ASEbR, FRRE HARA S SR, WERA AL AR H AR TOEAE 24T tree (5 clade) HH4RE], #f
FIE— R

“count__terminals* TFHEM AN (1) A%

“depths** @1 7 — R f BEAL A B O B R i it . 45 SR — A, Hop g B T g Clade 5261,
HEMRE A clade (&AM WIHE. BOAHEE XA clade §94r 32K ZE 0, SR 5
unit_branch_lengths=True &M, K150 LS (HAER P IEL) .

“distance* AP H AR LK BT R B35 E—NER, 55— %R AR .

“total _branch_ length® TTHIXAR 23 S KB BT X FE 2R G0 K 2B 2 vh il i s Rk AR 1) 4 2 “length”,
ERIRATE S AR 2%, PASREG AT Python [ ARIERIE .

A T2 boolean A5 7 v -

“is_bifurcating** WIFMZ/ KA XR; BI, BPAERTTSA 2 AN 0 N WA, e AR ) .«
AT ST REA =ANEAC, SRR Ay U — B4 -

“is__monophyletic** K45 E R ITA HAr @S A —A5E il T b b —80, o — b e &
AT E AN E B B AR AR A . B RS P i AR T . AR I, &4 € B —1
HiZ (monophyletic), XA VERHREIEATIRILFEME (MCRA) (MARE True ), HNI¥FR[H] False

“is_ parent_ of** ZHinEX MG (descendant) N4 True AUCHEEGER. B — bt
WEZER, REEHERNYRB AN YA if subclade in clade: ...

“is__preterminal‘ ¥ JrA B S UH A W True; 75 WALAT— AN B S N AS G False.
13.4.3 BXAHE

LT RAAE SEHOT REA T B R, BT AR RE AR B IR IR ANAE , AR S Python (¥ copy AU
WA TSR RE R 75 DL -

tree = Phylo.read('example.xml', 'phyloxml')
import copy

newtree = copy.deepcopy(tree)

“collapse‘ MMl HAR, HHEEE M T (children) FEMIGET A (parent).

“collapse_all** ERX AL (descendants) , HERFE AT (terminals) o 73 TR BERLRH
BVE B A T R B AR AL . R EAR (E), RIS (collapses) 7 PLFCH) YT
T
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“ladderize** MRHEA LG RANEL, FEEHUXT AL (clades) $EATHET » BRERI LA BRIAB IR B J, (8
H reverse=True ¥ H k3| & i .

“prune‘‘ MM EET Kimdtibt (terminal clade) . #WIHRAZE4 (taxon) K H— N4 (bifurcation)
R SRR, B0 SR BRI R R A T S b X TR B U
“root_ with__outgroup*‘ {#i 5% & Hinmy s EEdE kA (outgroup clade) EFHfEH AT A, B4k

BEROILEIE G A Tree X4 RERH , AREH T Clade X4,

BSRAIMEFAT self.root —H, FEARKAEUE . WARSMEFAEMATR R (RI— AR 7 S o), —
ASHT Z SURPEAECR A, ELEN 258 MY 73 SCIBE N 00 A5, AMEERR T AR A by B
A=A =3UR . ARIBUERIAR R — 3, BRI st 7
TEFTAITEOLR, A7 SOR R FIRFFAAE .

“root_at_midpoint‘ F H ¥k £ K o A 59 Y AR ROV S A B AR (3 5 B b2 6 A
root_with_outgroup FK%L.)

“split 74 n (BRINHK 2) PSR TE— PR, & — DRI et B s sda 4 e
() branch_length PAMAIXAUALERIARMIEIAY 4 7, A5 aT S —MEBUSE (K 0 JFiRTHE)
— B, arEISR AT REHEECR AT EAERL “A0” I A1V,

#%& Biopython 4EE:f Phylo Ty (http://biopython.org/wiki/Phylo) PAFRIS T L & A 5 k0 E R~ f .

13.4.4 PhyloXML #9451

phyloXML SCPHEEL & SRR, R BN A B B4R R 7 B

Z: Il Biopython 45 A PhyloXML T (http://biopython.org/wiki/PhyloXML) PAZEFE % T4 Phy-
loXML $ LB MNERERH P H AR 0 61 5

2.13.5 13.5 BITIMBERF

R4 Bio.Phylo 748 B R A1 FERHERT HEARARS , (ELX A — 28565 = J5 iYAE )7 W] DAE T o flifiTifiad Bio.Phylo.
Applications HiHi#ifS 7+, /I Bio.Emboss.Applications . Bio.Align.Applications DA S AthA%
Hob R e I HESE .

Biopython 1.58 5| A T—4 PhyML ] 0ffF (wrapper) (http://www.atge-montpellier.fr/phyml/), %
FEJ¥#He5Z—> phylip-relaxed #:\ (‘B/2 Phylip #4%2X, SRTMEA XM RAFRE 10 ANFAFRIRRE) B Hoxt
WAMEZMSE — P E T2

>>> from Bio import Phylo
>>> from Bio.Phylo.Applications import PhymlCommandline
>>> cmd = PhymlCommandline(input='Tests/Phylip/random.phy"')

>>> out_log, err_log = cmd()

2.13. % 13 ZE Bio.Phylo R AB DT 223



http://biopython.org/wiki/Phylo
http://biopython.org/wiki/PhyloXML
http://www.atgc-montpellier.fr/phyml/

Biopython-cn Documentation, %% 0.1

XA — W& — G S, & FRR: [input  filename]_phyml_tree.txt Ml [input file-
name|_phyml_stats.txt. W CAAIERE Newick #a:

>>> tree = Phylo.read('Tests/Phylip/random.phy_phyml_tree.txt', 'newick')

>>> Phylo.draw_ascii(tree)

— ) RAXML 3T (http://sco.h-its.org/exelixis/software.html) #8573 Biopython 1.60
s

HE, R RRGHEL%%E T EMBOSS () Phylip $7/&, —24 H Y Phylip #2)¥, 3% dnaml fl protml
.4 id Bio.Emboss.Applications H1[f) EMBOSS #8879 2 HF. S WETT 0.4 DA A il X Sefe 17 1)
B RIS o

2.13.6 13.6 PAML &4

Biopython 1.58 5] A 7% PAML [ 34 (http://abacus.gene.ucl.ac.uk/software/paml.html), & &—1RH
e RAUIRYE (maximum likelihood) 347 RS AL ATHIERT . HE], XHFRF codeml, baseml F1 yn00 [
RO AEN. BT PAML fEA#HI SN2 AT S BOR RIS TRED, XMHTaR)T (wrapper)
(s A% AT Biopython () HABRY AT (AR 7 A 4425 57

— R BRI PAML M4, $8E— NS, AR, SR TR A
T, BT set_options ) JFREFH BEA— A BRI SR BOE . fh, FEFElE runO
DTEAIBAT, i SRR B SR B — AR E R

NiHiZ > codeml B LT

>>> from Bio.Phylo.PAML import codeml
>>> cml = codeml.Codeml ()
>>> cml.alignment = "Tests/PAML/alignment.phylip"
>>> cml.tree = "Tests/PAML/species.tree"
>>> cml.out_file = "results.out"
>>> cml.working dir = "./scratch"
>>> cml.set_options(seqtype=1,
verbose=0,
noisy=0,
RateAncestor=0,
model=0,
NSsites=[0, 1, 2],
CodonFreq=2,
cleandata=1,
fix_alpha=1,
kappa=4.54006)

>>> results = cml.run()

(TR
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(8:EW)

>>> ns_sites = results.get("NSsites")
>>> m0 = ns_sites.get(0)
>>> m0_params = mO.get("parameters")

>>> print mO_params.get("omega')

A SO ] DAOE I AR read O J5 AR :

>>> results = codeml.read("Tests/PAML/Results/codeml/codeml_NSsites_all.out")

>>> print results.get("lnL max")

XA RN 48 H HifE Biopython ZEEE A PAFF]: http://biopython.org/wiki/PAML

2.13.7 13.7 F3Fitxl

Bio.Phylo HHIBAEIT A, N IHZFATATE AR AA AT AR AP IS I B

Witk JEE HREAE Tree fl Clade XfR09A H k& E e IFE Biopython 4L b, iXFEH L ke
FEFHATARINE] Bio.Phylo 2 Hiifix 86 ik, HHENZGA M http://biopython.org/wiki/Phylo
cookbook

Bio.Nexus port S /MEH I KHA B1E 2009 4 NESCent LA A HARESE P EH, {ENEH
Python X} phyloXML $#itkat (1L15.4.4 ) ZH—UH . %F Newick il Nexus #atmyschs, €14
i3t 5 A Bio.Nexxus $LHA0—H4RINE] Bio.Phylo {f F 1 #7%h.

HHi, Bio.Nexus {75 —2if% A T A% Bio.Phylo 2 iya M MEME— 5312, HH —30W
(consensus tree). SRR AIIELETHE Bio.Phylo %4, iiffE Bio.Nexus HHEANFEFRE].

FNVIR B ZAL TR BRI MR G WA, SRR wip ) R s A1 bug B AR ik
AT o

2.14 25 14 Z{#EH Bio.motifs #{TEEFI 9

X EE F B /44 Biopython 1Y Bio.motifs f. XMl A T 7 (AR LE R B TBUA F 9 4 ) AT T 4
TP, BT AFRAEARATAE S B 5 SRR 7 31 43 BT ) — L8 AH S S AR R o R it i il B A v 4
WIHL T, SRR 1.8 FHR AT AR X HIME B .

XL REB T NA /24 Biopython 1.61 Z HIMRA AR Bio.motifs 4, %A T Biopython 1.50
A H ) Bio.Motif 41, ] Bio.Motif T 2E T FMAH) Biopython HAJHMEER Bio.AlignAce F
Bio.MEME , Bio.motifs FRIFHIZEA T LA L MERITIEE, MCA— Bk T H.

VLB HAEE, FELEXE, fREGFSXT TAMO B4R, X5 — g 751 Python FE. B REFRLE
Z xT de-novo BRI EF T, A BEIFEHHMAZF Biopython H, T HAER & kA —LEfR
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2.14.1 14.1 EHMHR

HI T RAVBOGRA R BRI T, FrDARRANIFEIHFH Motif XIR. XIIRNTFE LT A Bio.motifs {1

>>> from Bio import motifs

RGBATAT ATF U BIEFAT S — AT 52 FATTAT AMASEA 1) 2 Bl 51) 2 p ) 7 — A Motif X5, thn] DA
1o UL AR 128 rh sl AR A R AR A Y SR BRAT— A Motif XF5R.

>>> from Bio import motifs

14.1.1 M\EEfih el — MRS

RBEFATTA —LE DNA BL{A ) 541 :

>>> from Bio.Seq import Seq

>>> instances = [Seq("TACAA"),
Seq("TACGC"),
Seq("TACAC"),
Seq("TACCC"),
Seq("AACCC"),
Seq("AATGC"),
Seq("AATGC"),

]

SRJGFATAT DAL B — AT 42 :

>>> m = motifs.create(instances)

RLEESLBIRAFELE— 44 m. instances HIEIE T, XMHELHRHRE—4 Python 5%, AN T —
LOIhE, RLEIIRERFTEZ RN o R LR ST Bt AR S5 it il AT Hh K 28 S Bl AR A 22 £ e e

>>> print m
TACAA
TACGC
TACAC
TACCC
AACCC
AATGC
AATGC

R 1 B AR At — 2L 5 Bl — LR SORFPB R L
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>>> len(m)

5

BRXGA A . counts JEME, MTVAMIRAF IEAEEE ML EREH o TPMERXANGETTE M 5 B (T E)
A

>>> print m.counts

0 1 2 3 4
3.00 7.00 0.00 2.00 1.00
0.00 0.00 5.00 2.00 6.00
0.00 0.00 0.00 3.00 0.00
4.00 0.00 2.00 0.00 0.00

s Q Q =

PRt AT A 7 SRR L4 H -

>>> m.counts['A']
[3, 7, 0, 2, 1]

HEFE A ER N80, BN, BT

>>> m.counts['T',0]
4
>>> m.counts['T',2]
2
>>> m.counts['T',3]

0

ARid il VA B AR AT IR H g 14 51

>>> m.counts[:,3]

{'a': 2, 'C': 2, 'T': 0, 'G': 3}

B TR A, RIS T AGE B e 51 % AT HE R IR A IR R 5

>>> m.alphabet
TUPACUnambiguousDNA ()

>>> m.alphabet.letters

'GATC'

>>> sorted(m.alphabet.letters)
[rar, 'c', 'G', 'T']

>>> m.counts['A',:]

3, 7,0, 2,1
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>>> m.counts [0, :]
3, 7, 0, 2, 1)

FAA — A BRI — BT, XANFAIGE UM . counts KRR R 31 T HA S (B AL , X S fisdd 2
RS HES Y -

>>> m.consensus
Seq('TACGC', IUPACUnambiguousDNA())

R—BUF—FE, AR . counts FEFE AR A Y e/ MER I -

>>> m.anticonsensus

Seq('GGGTG', IUPACUnambiguousDNA())

YRR AR i — B30, AN E R ROR 3R e S — AL B A AR -

>>> m.degenerate_consensus

Seq('WACVC', IUPACAmbiguousDNA())

BeAk, W ORI R #0245 I IUPAC AW EREMER: WAGR AT, VAR A, CH G [10] . X
fRiH— 2P H IR Cavener $5ERIHN [11] SEESIHY .

>>> r = m.reverse_complement ()
>>> r.consensus

Seq('GCGTA', IUPACUnambiguousDNAQ))
>>> r.degenerate_consensus
Seq('GBGTW', IUPACAmbiguousDNA())
>>> print r

TTGTA

GCGTA

GTGTA

GGGTA

GGGTT

GCATT

GCATT

B HANTEIRIf I — 7 5I# A DNA Bk b

14.1.2 EEIRGF

MBI TS — MR S WG, BrA M —28 1/0 AR SRR 8. B DT A /7 it
PRIEBA — S B IERARIE, Al — e NS A 2 . X i B S X B E TR R 2 5 T 5K
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Bl PWM Hi

JASPAR

BT AT B RS TASPAR R 0L RIS BAME . i, FHi#te2 JASPAR
Arnt.sites SCPHAOTE MG RRAT IR T & BUBIE-FF- NGRS TN T Arnt 945 (75

>MA0004 ARNT 1
CACGTGatgtcctc
>MA0004 ARNT 2
CACGTGggaggtac
>MA0004 ARNT 3
CACGTGccgegege

>MA0004 ARNT 18
AACGTGacagccctcc
>MA0004 ARNT 19
AACGTGcacatcgtcc
>MA0004 ARNT 20
aggaatCGCGTGc

HRLE K 5B B 91 18— 03 WU ) AT T FEX AR S 91

FATAT AR T SE il 8 — A Motif Rf4e:

>>> from Bio import motifs

>>> arnt = motifs.read(open("Arnt.sites"), "sites")

MR B 8 ) SE A RETE ARV . instances JE4::

>>> print arnt.instances[:3]

[Seq('CACGTG', IUPACUnambiguousDNA()), Seq('CACGTG', IUPACUnambiguousDNA()), Seq('CACGTG

— "', IUPACUnambiguousDNA())]
>>> for instance in arnt.instances:

print instance

CACGTG
CACGTG
CACGTG
CACGTG
CACGTG
CACGTG

(Fogksr)

2.14. %5 14 ZE{#EFH Bio.motifs HITHEIEFET ST
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(B bTT)

CACGTG
CACGTG
CACGTG
CACGTG
CACGTG
CACGTG
CACGTG
CACGTG
CACGTG
AACGTG
AACGTG
AACGTG
AACGTG
CGCGTG

XML T ICRE 4 RT A BB S o 58 ok -

>>> print arnt.counts

0 1 2 3 4 5
A: 4.00 19.00 0.00 0.00 0.00 0.00
C: 16.00 0.00 20.00 0.00 0.00 0.00
G: 0.00 1.00 0.00 20.00 0.00 20.00
T: 0.00 0.00 0.00 0.00 20.00 0.00

JASPAR Hlfa A0 n] PALEAS R GO T RO I — RS, AR ZUIRLE QBT SE G B, "RifX4> JASPAR
SCPF SRF.pfm A5 AR SRF Besg A1 H T ROR S -

2 9 0 132 346 14315 2 2
1334545 1 1 0 0 O 1 O 1
39 2 1 0 0 0 O O 0 O 44 43
4 2 0 01342 045 330 0 O

FATH] AUT A RO B A

>>> srf = motifs.read(open("SRF.pfm"),"pfm")
>>> print srf.counts
0 1 2 3 4 5 6 7 8 9 10 11
2.00 9.00 0.00 1.00 32.00 3.00 46.00 1.00 43.00 15.00 2.00 2.00
1.00 33.00 45.00 45.00 1.00 1.00 0.00 0.00 0.00 1.00 0.00 1.00
39.00 2.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 44.00 43.00
4.00 2.00 0.00 0.00 13.00 42.00 0.00 45.00 3.00 30.00 0.00 0.00

s Q Q =
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HI T X AR d VR M B BTG, BT A B AR R S -

>>> print srf.instances

None

FATAT ASRAFEX PSR 1 — B 1) -

>>> print arnt.counts.consensus

CACGTG

>>> print srf.counts.consensus

GCCCATATATGG

MEME

MEME [12] J&—/>HIRAE—HiAt ¢ DNA 8 F BUF 9 p A BIEUAR T 2. EfA—4H % DNA siEH
JFA, it BTESR A RLA . PIEAT JASPAR SCHFRIEE, MEME # i SO U — o &4 2 M8k, i1

Wr.

TEf SO L . A28 MEME A28 % F MEME Ml MEME BUARR) #5715 5

>k >k >k 3k 3k 3k 3k 5k 5k 5k 3k 5k 5k >k >k >k >k >k 3k 3k 3k 5k 5k 5k 3k 3k 5k >k %k >k >k >k 5k 3k 5k 5k 3k %k %k >k %k %k %k >k >k >k 5k >k 5k 3k 3k %k >k >k >k %k %k >k >k >k >k 5k 5k 3k %k >k >k >k >k %k >k >k >k >k >k >k >k %k %k k

MEME - Motif discovery tool

sk sk ok sk ok ok ok o ok ok ok ok ok ok ok sk ok s ok sk ok s ok ok ok ok sk ok ok ok s ok sk ok ok ok ok sk ok ok s ok o ok sk ok sk ok ok sk ok sk ok o ok sk ok sk ok sk sk ok ook ook ok ok sk ok sk ok ok ok

MEME version 3.0 (Release date:

2004/08/18 09:07:01)

FHET, WS T4 ARG

>k >k >k 3K 3k 3k 3k 5k 5k 3k 3k 5k k >k %k >k >k >k 3k 3k 5k 5k 5k %k 3k 3k 5k %k %k >k >k >k 5k 3k 5k 5k 3k %k %k >k %k %k %k >k >k >k 5k 5k 5k 3k %k %k >k >k >k %k %k >k >k >k >k >k 5k 5k %k %k >k >k >k %k >k >k >k >k >k >k >k %k %k %

TRAINING SET

sk ok ok sk ok ok ok o ok ok sk ok ok ok ok ook s ok s ok s ok ok ok ok ok ok ok ok s ok sk ok ok ok ok sk ok ok s ok o ok sk ok sk ok ok sk ok ok o ok ok sk ok sk ok ok ook s ok ok ok ok ok sk ok ok ok

DATAFILE= INO_up800.s
ALPHABET= ACGT
Sequence name

CHO1

FAS1

Acc1

OPI3

Weight Length

1.0000
1.0000
1.0000
1.0000

800
800
800
800

Sequence name
CHO2
FAS2
INO1

Weight Length
1.0000 800
1.0000 800
1.0000 800

sk ok ok ok ok sk ok o ok 3 ok sk ok ok ok ok ok ok 3 ok 3 ok o ok sk ok ok ok ok s ok 3 ok o ok ok sk ok ok ok ok s ok s ok o ok 3k ok sk ok ok ok s ok o ok ok sk ok sk ok ok ok s ok ok ok ok sk ok ok ok

DA K B 2 ) i 2
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sk ok ok sk ok ok o ok ok sk ok ok ok ok ok ok s ok sk ok o ok sk ok ok ok ok s ok s ok s ok ok ok ok ok sk ok ok s ok o ok sk ok sk ok ok ok s ok o ok s ok sk ok sk ok ok ok s ok ok ok ok sk ok ok ok

COMMAND LINE SUMMARY

sk sk ok ok sk sk ok ok sk sk sk ok ok sk sk sk ok ok sk sk sk ke ok sk sk s sk ok sk sk sk ok sk sk ok sksksk sk ok sk sk sk ke ok sk ok sk sksk sk ok sk sk sk ok sk sk sk ok sk sk sk ok
This information can also be useful in the event you wish to report a

problem with the MEME software.

command: meme -mod oops -dna -revcomp -nmotifs 2 -bfile yeast.nc.6.freq INO_up800.s

R B MO B AR AT EA(E B -

3k 5k 3k 5k >k 5k >k 3k 5k 3k 5k >k 5k >k 3k >k 3k 5k >k 5k >k 5k >k 3k 5k >k 5k >k 5k >k 3k 5k >k 5k >k 5k >k 5k 5k k 5k >k 5k >k 5k >k >k 5k >k 5k >k 5k >k 3k >k 5k 5k >k 5k >k 5k >k >k 5k >k 5k >k >k >k %k >k >k >k %k %k >k >k >k k %k

MOTIF 1 width = 12 sites = 7 1lr = 95 E-value = 2.0e-001
ook ok ok ook sk ok s ok ok o ok sk ok s ok ok o ok sk sk ok ok sk o ok stk ok ok sk o ok sk sk ok ok sk ok sk ok sk sk ok sk sk ok ok sk ook sk sk ok ok sk ok ko ok ok sk ok ok ok ok

Simplified A 9:a::::3

pos.-specific C ::a:9:11691a
probability G ::::1::94:4:
matrix T aa:l1::9::11:

iR TN YRR EBGX AN SCF (DA meme . dna. oops. txt f7if)

>>> handle = open('"meme.dna.oops.txt")
>>> record = motifs.parse(handle, "meme")

>>> handle.close()

motifs.parse fiy{ FLIELBEBUEASCM:, BT DATESE MG AT AR PEAS SO Herp Sk SCPRR Sl i T itk

>>> record.version

'3.0'

>>> record.datafile

'INO_up800.s'

>>> record.command

'meme -mod oops —-dna -revcomp -nmotifs 2 -bfile yeast.nc.6.freq INO_up800.s'
>>> record.alphabet

TUPACUnambiguousDNA ()

>>> record.sequences

['CHO1', 'CHO2', 'FAS1', 'FAS2', 'ACCi', 'INO1', 'OPI3']

XAHEIC RS2 Bio.motifs.meme.Record [ —XTHR . XARYK T HIFE (list) , ArRARTTPAIEX A
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record FH AEIANSH—A5) 3

>>> len(record)

2

>>> motif = record[0]

>>> print motif.consensus
TTCACATGCCGC

>>> print motif.degenerate_consensus
TTCACATGSCNC

B TR SR RS, A MELAGR R I R AR E AT MEME T % B4R E R filn:

>>> motif.num_occurrences
7

>>> motif.length

12

>>> evalue = motif.evalue
>>> print " " % evalue
0.2

>>> motif.name

'Motif 1'

B TR TR RS DRI LS, ARt R] DA E B A B R EX MR

>>> motif = record['Motif 1']

BABUAHEA —> . instances JE P SEX MK A H P L B, GEMS AL pfe fit—LfF E :

>>> len(motif.instances)

7

>>> motif.instances[0]

Instance (' TTCACATGCCGC', IUPACUnambiguousDNA())
>>> motif.instances[0] .motif_name

'Motif 1'

>>> motif.instances[O].sequence_name

'INO1'

>>> motif.instances[0].start

620

>>> motif.instances[0] .strand

>>> motif.instances[0].length
12

>>> pvalue = motif.instances[0].pvalue
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>>> print " " % pvalue
1.85e-08

MAST

TRANSFAC

TRANSFAC 22— AHesk 1 F s Qi — L B e, [Rnhs a5 e R S5 G A mR DNA S5 &4
i [27] « TRANSFAC $dfs e b Bt F Y SCHAS X A o T R i ], JATT R IR 44 TRANSFAC 3¢
[GRiE

TRANSFAC SC{FA% A B 40T -

ID motifl
PO A

01
02
03
04
05
06
07
08
09
10
11
12
//

, O O O O O O U O W N =
SO N, O O B O O O O = N
W O N O O b b O O H N N @
= W N O 01 O »r O O +»r O O A1
Q <~ X @@ 4 Q Q@ = Q = X Wn

XA SRR THYA motifl W 12 MEFHRRAIURMA M. BIRRUL, —A4 TRANSFAC S4B ] A7
A . PUT 2R 30/ transfac.dat A%

VV EXAMPLE January 15, 2013
XX

//

ID motifl
PO A
01 1
02 2
03 3

o~ N Q
= NN @

(T gk%E)
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(8 E30)
11 0 2 0 3
12 1 0 3 1
//
ID motif2
PO A C G T
01 2
02 1 2 2 0 S
09
10
//

A AT 72 TRANSFAC S3Cf::

>>> handle = open("transfac.dat")
motifs.parse(handle, "TRANSFAC")

>>> handle.close()

>>> record

MRA BIRAS IS, BEfEEfE record. version Ai:

>>> record.version

'EXAMPLE January 15, 2013'

FE record PRIFELAERZ Bio.motifs.transfac.Motif ZSPYSLH, X LL5C W] 4K Bio.motifs.
Motif ZEF Python “FHLAYJE M. 1 LU B FOUFBR i SR ATAf % T 33X ML AR ) A B fn 45 8. -

>>> motif = record[0]

>>> motif.degenerate_consensus # Using the Bio.motifs.Motif method
Seq('SRACAGGTGKYG', IUPACAmbiguousDNA())

>>> motif ['ID'] # Using motif as a dictionary

'motifl’

TRANSFAC SCF—BHGX Se 1 PR, 3% 7R TR GE R . A% 14.1.2 51 74 TRANS-
FAC U AR FRE S S

| Table 14.1: TRANSFAC SCPRtf WA Bt |
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AC

Accession numbers J7515:

AS

Accession numbers, secondary 5 /7515

BA

Statistical basis Z¢iTikiE

BF

Binding factors 54 H 1

BS

Factor binding sites underlying the matrix JT%E ML 45 &0 55

cC

Comments J3:fi#

co

Copyright notice AT

DE

Short factor description %5 X115t HH

DR

External databases #MNEREIEE

DT

Date created/updated A1 7t af 555 H 11

HC

Subfamilies WV FKE44 Fi

HP

Superfamilies #8 %R 44 B

ID

Identifier B {/iE

NA

Name of the binding factor %5& K744 K

oc

Taxonomic classification 4325

0s

Species/Taxon fp2&ni4r

ov

Older version [HHRZA

PV

Preferred version P&/l

TY

Type 44

XX

Empty line; these are not stored in the Record. 45 [4T; &AEICT P AAAE RS E

AR R A6 2 53 UM X 5% VORMIY references JRME, JII B LR 17

| Table 14.2: TRANSFAC SCPFth KA B H VRO T B |

RN | Reference number %% H

RA | Reference authors % %wEMEH
RL | Reference data % 5iE

RT | Reference title &% F55

RX | PubMed ID

¥ TRANSFAC S R RA% T BN H ok :

>>> print record
VV EXAMPLE January 15, 2013

XX
(@¥iE3)
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//

ID motifl
XX
PO
01
02
03
04
05
06
07
08
09
10
11
12
XX
//
ID motif2
XX
PO
01
02
03
04
05
06
07
08
09
10
XX
//

~ O O O O O O U O W N » =
O N B O O LB O O Ul O F N Q
W O N Ul OB BN O O R NN
R W N O U1l O R O O B O O H
QO < "R Qo H 0 > QP> 9 ]

O O O O U1 © W O - N =
N © O »B O O O O N ~» Q
O O o b O b P, O NN @
w o1 O O O B B O O O H
< H @ Q@ = Q = Q n

A I A AR TR 2R AR ELARAFAE ST, AT AT TRANSFAC B i 21 -

>>> text = str(record)
>>> handle = open("mytransfacfile.dat", 'w')
>>> handle.write(text)

>>> handle.close()
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14.1.3 EFxB5H

PEEI T, FATTASEHE R T H K% LA JASPAR . pfm A% U A SO, ATUAM :

>>> print m.format("pfm")

3

0
0
4

7

0
0
0

0

5
0
2

2

2
3
0

S O O =

A2l TRANSFAC % St — Mgk -

>>> print m.format("transfac")

PO
01
02
03
04
05
XX
//

A

= N O N W

C

0
0
5
2
6

G

0
0
0
3
0

SO O N O b A

Q < Q = =

RATPAM motifs.write KRG H 2K . XA REHE 14 B BEAS 0 4HLCoix 2EA5EL AR H T TRANSFAC 3C
. Hetm:

>>> two_motifs

[arnt, srf]

>>> print motifs.write(two_motifs, 'transfac')

PO A C G T
01 4 16 0 0 C
02 19 0 1 0 A
03 0 20 0 0 C
04 0 20 0 G
05 0 0 0 20 T
06 0 20 0 G
XX
//
PO A C G T
01 2 39 4 G
02 9 33 2 2 C
03 0 45 1 0 C
04 1 45 0 0 C
05 32 1 0 13 A
(@3
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06 3 1 0 42 T
o7 46 0 0 0 A
08 1 0 0 45 T
09 43 0 0 3 A
10 15 1 0 30 T
11 0 44 G
12 2 1 43 G
XX

//

14.1.4 FIFIERIRE

GIRBEISEEM , FRAT AT AR weblogo :

>>> arnt.weblogo ("Arnt.png")

FHFRIR bR R B PNG %50

2.14.2 14.2 (N EBNEEMR

BAS R . counts JRYEREWS W nTE P8 A A B AL IR PR U FAT AT DA AR R DAY 97 R Y
SEBIECE RARMEACIXHE R, B MZ IR 7 9 (0 B . RS AR A RO EA R A M . R,
FUHREAEFI b, X ARTEW AT DA AU L 8 R S A A AR, X ANFRAT TR S AE N IE .

AU, thitEL (pseudocounts) FEVH—fbZ RIFRC & MBIEEALE Hr o XFET] PAREGAEIX T4 bad B2
A LB DA 2 ) T RLAR A S B A RS, 3 T ARESRARR Ty 0. 1) O B R TR TN i —1 ]
SEMIDITE WTPA pseudocounts SR E — M HI{H:

>>> pwm = m.counts.normalize(pseudocounts=0.5)
>>> print pwm
0 1 2 3 4
0.39 0.83 0.06 0.28 0.17
0.06 0.06 0.61 0.28 0.72
0.06 0.06 0.06 0.39 0.06
0.50 0.06 0.28 0.06 0.06

H Q Q =

75b, pseudocounts R AR LN EE LA E M RUE. Blan, mTAEASERNLH GC &
KARA 40%, PRI AT SE T X L8 Db A5 -

>>> pwm = m.counts.normalize(pseudocounts={'A':0.6, 'C': 0.4, 'G': 0.4, 'T': 0.6})

>>> print pwm

(T gk%E)
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0 1 2 3 4
0.40 0.84 0.07 0.29 0.18
0.04 0.04 0.60 0.27 0.71
0.04 0.04 0.04 0.38 0.04
0.51 0.07 0.29 0.07 0.07

s Q Q =

(AR E H CHINET R —8078) . R —EU7 8 M — 20751 -

>>> pwWm.consensus

Seq('TACGC', IUPACUnambiguousDNA(Q))
>>> pwm.anticonsensus

Seq('GGGTG', IUPACUnambiguousDNA())
>>> pwm.degenerate_consensus
Seq('WACNC', IUPACAmbiguousDNA())

YRR b O s el B R M RS R B R — B It AR rh S B RS B B R —
HUPIA — WA :

>>> m.degenerate_consensus
Seq('WACVC', IUPACAmbiguousDNA())

37 AN AR 4 B 1) AN R T DA B A pom TR HE R

>>> rpwm = pwm.reverse_complement ()
>>> print rpwm

0 1 2 3 4
0.07 0.07 0.29 0.07 0.51
0.04 0.38 0.04 0.04 0.04
0.71 0.27 0.60 0.04 0.04
0.18 0.29 0.07 0.84 0.40

H Q Q =

2.14.3 14.3 (i BB RIET5ER

S S AMA DT PWM, R Z)HRETT ) log-odds b, FRALKFERRCHT log odds {H, X
{ER B TAEX T SIRLAR . FATAT AN EACERFEF . log-odds O JiiA:

>>> pssm = pwm.log_odds()
>>> print pssm

0 1 2 3 4
A: 0.68 1.76 -1.91 0.21 -0.49

(@3
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C: -2.49 -2.49 1.26 0.09 1.51
G: -2.49 -2.49 -2.49 0.60 -2.49
T: 1.03 -1.91 0.21 -1.91 -1.91

AT AE LR PR EARCME ST IEEMAE. 0.0 EREEAAMT SRR —Mric A H
SEHATRETE -

LR RE AC,G fl T =P iR @M. 87 A,C,G #1 T IR ARMERL T, ATt
R ET S N OLCERE RIS, W RAE background 24k, AN, fE 40%GC SHEIFRT, AILA
H:

>>> background = {'A':0.3,'C':0.2,'G':0.2,'T"':0.3}
>>> pssm = pwm.log_odds (background)
>>> print pssm
0 1 2 3 4
0.42 1.49 -2.17 -0.05 -0.75
-2.17 -2.17 1.58 0.42 1.83
-2.17 -2.17 -2.17 0.92 -2.17
0.77 -2.17 -0.05 -2.17 -2.17

H Q Q =

M PSSM H 152 i KA B/ MERAFAHAE .max Al .min JEVEH:

>>> print " " % pssm.max
6.59

>>> print " " % pssm.min
-10.85

TERFE W 57 TR EARE T 2 [T -mean FI . std J7ik.

>>> mean = pssm.mean(background)
>>> std = pssm.std(background)
>>> print "mean = , standard deviation = " % (mean, std)

mean = 3.21, standard deviation = 2.59

WERBA TERER TR, MM — S5, BN KL SO SRR, B A (e
PRI 2L, FF HE W MW A L5 S R I 73k . i 7€ Biopython H1 A 2 S IRFX R
T3 log-odds {H, fEE ST REMAYEAALRE bit.

.reverse_complement, .consensus, .anticonsensus f{l .degenerate_consensus J5 VL] DA N PSSM

R
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2.14.4 14.4 EHTH|

B AP BB AE P8 AR E RSBl FEXT, AT AT s R Bl

>>> test_seq=Seq("TACACTGCATTACAACCCAAGCATTA" ,m.alphabet)
>>> len(test_seq)
26

14.4.1 $BFRERITASEH

4RSI e T B 7 YA LR A B AR S 091 g g DL

>>> for pos,seq in m.instances.search(test_seq):

print pos, seq

0 TACAC
10 TACAA
13 AACCC

FATATRAF S ) BAMNT A (BB EAMER) S0 -

>>> for pos,seq in r.instances.search(test_seq):
print pos, seq

6 GCATT

20 GCATT

14.4.2 B PSSM 845 I Apsc 4

TR P AR R A B I 7 2, SRR =) log-odds H:

>>> for position, score in pssm.search(test_seq, threshold=3.0):

print "Position . score = " % (position, score)

Position O: score = 5.622

Position -20: score = 4.601
Position 10: score = 3.037
5.738

Position 13: score

Position -6: score = 4.601

TUE R B2 FEAE D721 ) B g v 4 BN LA 526, T HAS 1T Python 19 5]. 7E pos HUBLIASLHI
T PAF test_seqlpos:pos+len(m)] FEN, A& pos {HiZIEIAET.
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PRATRETE R BIRES AL, X R 3.00 iIXHLE loga , BT ATRATBAEIT 46 TR LEA AL A i BUHE
AP F IR 8 751 BUARIRER 0.0, FEHIRE T, SAEHTA 5 B AR KRR 52 6
AR R

>>> pssm.calculate(test_seq)
array([ 5.62230396, -5.6796999 , -3.43177247, 0.93827754,
-6.84962511, -2.04066086, -10.84962463, -3.65614533,
-0.03370807, -3.91102552, 3.03734159, -2.14918518,
-0.6016975 , 5.7381525 , -0.50977498, -3.56422281,
-8.73414803, -0.09919716, -0.6016975 , -2.39429784,
-10.84962463, -3.65614533], dtype=float32)

RV, FIARTHE PSSM 1550 ety k. X 26155y LB i 3451 pssm. calculate WHASE]. AT
FHEI MR PSSM {H, x0T LAFI PSSM i) HANEIFE :

>>> rpssm = pssm.reverse_complement ()

>>> rpssm.calculate(test_seq)

array([ -9.43458748, -3.06172252, -7.18665981, -7.76216221,
-2.04066086, -4.26466274, 4.60124254, -4.2480607 ,
-8.73414803, -2.26503372, -6.49598789, -5.64668512,
-8.73414803, -10.84962463, -4.82356262, -4.82356262,
-5.64668512, -8.73414803, -4.15613794, -5.6796999 ,
4.60124254, -4.2480607 ], dtype=float32)

14.4.3 EFERIAE

WERAERA IS 2 BB — N RE, ARATPARTE— T PSSM #3701y 70 Ao i T30 i 25 8] 2 A R AL 14
RIEEMSAE . FATH— T T SR BRI, AT (T A B 2 42 il

>>> distribution = pssm.distribution(background=background, precision=10%*%4)

distribution X R A VAMIRUEVFZ A FBIRIE. FATA AR E — DT LR BHIER (3] — D7)
TERCH 57 A R BLR SL Bl AR ) -

>>> threshold = distribution.threshold_fpr(0.01)
>>> print " " % threshold
4.009

B ATER (FRABIBLA T A ) SL B AS ) -

>>> threshold = distribution.threshold_fnr(0.1)
>>> print " " % threshold

(M ogks:)
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-0.510

WE-AE GERD, WREBREERAEAERZ RN XA (r/fpr ¢):

>>> threshold = distribution.threshold_balanced(1000)
>>> print " " % threshold
6.241

B I EREAS R L B PHAE R AN E RS B —log (HZ HIAHSE R AR (15 Hertz Al Stormo ) Patser
AT )

>>> threshold = distribution.threshold_patser()
>>> print " " % threshold
0.346

FCANERRATX B, 24 0A 1000 PR FR-P B IR (AL 2B, AR AT ARSI —MEARPAA A SR A IR O
XAFHIHKAL) -

>>> threshold = distribution.threshold_fpr(0.01)

>>> print " " % threshold

4.009

>>> for position, score in pssm.search(test_seq,threshold=threshold):

print "Position /d: score = " % (position, score)

Position 0: score = 5.622

Position -20: score = 4.601
5.738
4.601

Position 13: score

Position -6: score

2.14.5 14.5 REMREF PRV EHRFEE S ERE

N T HEEF AN PSSMs RAFIRAER) TEBSs, &AM AR [R] (07 B A AL B 5k 4520 B AT o BB
HI Arnt BEARZENB T

>>> from Bio import motifs
>>> handle = open("Arnt.sites")
>>> motif = motifs.read(handle, 'sites')
>>> print motif.counts
0 1 2 3 4 5
A: 4.00 19.00 0.00 0.00 0.00 0.00

(@3
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C: 16.00 0.00 20.00 0.00 0.00 0.00
G: 0.00 1.00 0.00 20.00 0.00 20.00
T: 0.00 0.00 0.00 0.00 20.00 0.00
>>> print motif.pwm

0 1 2 3 4 5
A: 0.20 0.95 0.00 0.00 0.00 0.00
C: 0.80 0.00 1.00 0.00 0.00 0.00
G: 0.00 0.05 0.00 1.00 0.00 1.00
T: 0.00 0.00 0.00 0.00 1.00 0.00
>>> print motif.pssm

0 1 2 3 4 5
A: -0.32 1.93 —-inf -inf -inf -inf
C: 1.68 -inf 2.00 -inf -inf -inf
G: -inf -2.32 -inf 2.00 -inf 2.00
T: -inf -inf -inf -inf 2.00 -inf
FEIX HH B 52 T 55 K02 TSR A AR IR (E R 0, I HLFATERAGEI 0 fh it 4
>>> for letter in "ACGT":

print "/s: " % (letter, motif.pseudocounts[letter])
A: 0.00
C: 0.00
G: 0.00
T: 0.00
USRI T . pseudocouts I, 54 R EAARIFEA 1L EH 57110 5 PR REAR £ 1 S TAT 151 :
>>> motif.pseudocounts = 3.0
>>> for letter in "ACGT":

print "/s: " % (letter, motif.pseudocounts[letter])
A: 3.00
C: 3.00
G: 3.00
T: 3.00
>>> print motif.pwm

(Foaks:)
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0 1 2 3 4 5
A: 0.22 0.69 0.09 0.09 0.09 0.09
C: 0.59 0.09 0.72 0.09 0.09 0.09
G: 0.09 0.12 0.09 0.72 0.09 0.72
T: 0.09 0.09 0.09 0.09 0.72 0.09

>>> print motif.pssm
0 1 2 3 4 5
-0.19 1.46 -1.42 -1.42 -1.42 -1.42
1.25 -1.42 1.52 -1.42 -1.42 -1.42
-1.42 -1.00 -1.42 1.52 -1.42 1.52
-1.42 -1.42 -1.42 -1.42 1.52 -1.42

s Q Q =

QERARAERT 4 AMZEIR T RN R P14, AT PAGE Bk 4 METFIRIY pseudocounts . 411 motif.
pseudocounts %4 None £xibfthit4iEE N 0 AUBRIAE.

7 B SRS T RO T — By — R R A

>>> for letter in "ACGT":

print "Js: " % (letter, motif.background[letter])

0.25
0.25
0.25
0.25

s Q Q =

[FIRE, AR T E S0, A B RS R S RO

>>> motif.background = {'A': 0.2, 'C': 0.3, 'G': 0.3, 'T': 0.2}
>>> print motif.pssm
0 1 2 3 4 5
0.13 1.78 -1.09 -1.09 -1.09 -1.09
0.98 -1.68 1.26 -1.68 -1.68 -1.68
-1.68 -1.26 -1.68 1.26 -1.68 1.26
-1.09 -1.09 -1.09 -1.09 1.856 -1.09

H Q@ Q =

I motif.backgroud %A None 5 & K HEE MY —101H.

>>> motif.background = None
>>> for letter in "ACGT":
print "J/s: " % (letter, motif.background[letter])

(FougkzE)
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0.25
0.25
0.25
0.25

s Q Q =

WAL motif. background BWoA—MH—(H, X MEFAPHEME GC Fh:

>>> motif.background = 0.8
>>> for letter in "ACGT":
print "/s: " % (letter, motif.background[letter])

0.10
0.40
0.40
0.10

s Q Q =

P24 BB VRAESAE 2 BT 3 5 RT3 PSSM i-F491

>>> print "Jf" Y motif.pssm.mean(motif.background)
4.703928

ERIRET 2B —

>>> print "J/f" 7, motif.pssm.std(motif.background)
3.290900

FIE A :

>>> distribution = motif.pssm.distribution(background=motif.background)
>>> threshold = distribution.threshold_fpr(0.01)

>>> print "/f" 7 threshold

3.854375

WHE, B4R motif . pvm BY motif.pssm , v A EAE RO B AR SIS HE MRS E T A . R
FEEEIT HHEEEL AT PWM 5 PSSM i, AR AEALATARAF A/, R s :

>>> pssm = motif.pssm

2.14.6 14.6 #EiFELE:

YHZAEURR, AT EEENT.
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TERMIIFIR LR B, [ 24 B4 LR )0 S 3 FU RN . X gl BB AT 75 2 U RO ) R B A EAA, [
I S8 AR T BIAR SR LEXS o BT AFRAT I 75 255 I A~ < 7 -

o BUARLEXT
o HORE HOXH AR (A 5 R R

T RO, AT PSSMs (A SRR LT, I B 0 RACE M T e MG A7 B R 81 o X i
HFRATRENS A RO A F7 5t AR AU PSSM i R i o RS pR AICOR J5 T DASKR [ AR 18] g /IR B RS, DA
L2 LS AR 4 i A%

BT Se T ARIIBEA m AR -

>>> m_rebl = motifs.read(open("REB1.pfm"), "pfm")
>>> m_rebl.consensus
Seq('GTTACCCGG', IUPACUnambiguousDNA())
>>> print m_rebl.counts

0 1 2 3 4 5 6 7 8
30.00 0.00 0.00 100.00 0.00 0.00 0.00 0.00 15.00
10.00 0.00 0.00 0.00 100.00 100.00 100.00 0.00 15.00
50.00 0.00 0.00 0.00 0.00 0.00 0.00 60.00 55.00
10.00 100.00 100.00 0.00 0.00 0.00 0.00 40.00 15.00

s Q Q =

N TR RS AT B A, R RIS m AR D T RNy S -

>>> m_rebl.pseudocounts = {'A':0.6, 'C': 0.4, 'G': 0.4, 'T': 0.6}
>>> m_rebl.background = {'A':0.3,'C':0.2,'G"':0.2,'T':0.3}
>>> pssm_rebl = m_rebl.pssm
>>> print pssm_rebl
0 1 2 3 4 5 6 7 8

0.00 -5.67 -5.67 1.72 -5.67 -5.67 -5.67 -5.67 -0.97
-0.97 -5.67 -5.67 -5.67 2.30 2.30 2.30 -5.67 -0.41
1.30 -5.67 -5.67 -5.67 -5.67 -5.67 -5.67 1.57 1.44
-1.53 1.72 1.72 -5.67 -5.67 -5.67 -5.67 0.41 -0.97

s Q Q =

FeAT 10 FH B2 R b X (Pearson correlation) 2 FLBOXEERA . T FATEELIL S MW T— B KE, A7
SR FEC1—r , Hib e 22 JREME E 2% (Pearson correlation coefficient, PCC):

>>> distance, offset = pssm.dist_pearson(pssm_rebl)
>>> print "distance = " % distance

distance = 0.239

>>> print offset

-2

RXERERA m Fl m_rebt [E#RfE PCC w AN R HEXT AT :
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m: bbTACGCbb
m_rebl: GTTACCCGG

Ho b AL ESE . PCC {HAME N 1—0.239=0.761,

2.14.7 14.7 &EIX De novo Ei&k

14, Biopython X} De novo BRI ZF 2 A R, Widid, 13528 AlignAce 1 MEME fiz1T
AR HTFRUAE R T HUNEEA I, ARG A A R 5 AR

14.7.1 MEME

B8 MEME D800 S5 EORBLF 9], FEHBLERARTFAE SC I meme out . {RITLAR DL F i 4 %
{#45] MEME #1il 10Bi bk

>>> from Bio import motifs

>>> motifsM = motifs.parse(open("meme.out"), "meme")

>>> motifsM

[<Bio.motifs.meme.Motif object at 0xc356b0>]

BT RS — R IIBASN, SRR E TREZAMNMGEE, FTPAERE—E TR A A5
« .alphabet
+ .datafile
+ .sequence_names
« .version

e .command

i MEME A2 iRLA T MR R A R R CHSE0I) —RRARBE, eIt 7 — s ahfg, o
DA SEBIE AN A5

>>> motifsM[0] . consensus
Seq('CTCAATCGTA', IUPACUnambiguousDNA())
>>> motifsM[0] .instances[0] . sequence_name
'SEQ10; "'

>>> motifsM[0] .instances[0] .start

3

>>> motifsM[0] .instances[0] .strand

|+|
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>>> motifsM[0] .instances[0] .pvalue
8.71e-07

14.7.2 AlignAce

FATATVAM AlignACE FEfP s BUEBIRIRCHE . B, ARIEEPRIRFAE alignace. out SCPFAT. ARAT A R HI
AT T 2R -

>>> from Bio import motifs

>>> motifsA = motifs.parse(open("alignace.out"),"alignace")

[AJRE, ARARL AR I I 3 A A A AR T ) TR 1

>>> motifsA[0].consensus
Seq('TCTACGATTGAG', IUPACUnambiguousDNA())

F b, ARERE DAL, AlignAce 23] T— A MEME JEREHHIAUA . T & MEME ik 5 b
A — R AR :

>>> motifsM[0] .reverse_complement () .consensus
Seq('TACGATTGAG', IUPACUnambiguousDNA(Q))

WSRO LG B2 T AlignAce, /RFTDAELHAM Biopython #izfT AlignAce. N2 — iz Alig-
nAce WG] (HALSEAT LA R8T SHORI ) -

>>> command="/opt/bin/AlignACE"

>>> input_file="test.fa"

>>> from Bio.motifs.applications import AlignAceCommandline

>>> cmd = AlignAceCommandline (cmd=command,input=input_file,gcback=0.6,numcols=10)

>>> stdout,stderr= cmd()

M AlignAce JLFTATHYZE R M BbR R, BT AR AT A I SR HUAE R 0 5 — R o R R AR A4 -

>>> motifs = motifs.parse(stdout,"alignace")

2.14.8 14.8 BxHEE

e Sequence motif in wikipedia
e PWM in wikipedia
e Consensus sequence in wikipedia

e Comparison of different motif finding programs
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2.14.9 14.9 |Hif Bio.Motif {&EiR
AR RIS K4 Biopython 1.61 fRUATH() Bio.Motifs ik, MBI T Biopython 1.50 A< H1
FHA 54 Biopython bk Bio.AlignAce fll Bio.MEME [ Bio.Motif f&ifft,

N, B Bio. Motif MHUFAFIEMEULEE Bio. Motifs —[RIZEH 3| 2D RATPIA A, I
Hipgz/b—4,

14.9.1 #EEFEHEK

T EATSELAE TR, A ATESCB R Motif XIg. B PRI ARURE:

>>> from Bio import Motif

IRJE AT AT IR B 26— AR 5. 4> DNA Bifk:

>>> from Bio.Alphabet import IUPAC
>>> m = Motif.Motif (alphabet=IUPAC.unambiguous_dna)

X B2 Wi, R ImA— L7

>>> from Bio.Seq import Seq

>>> m.add_instance(Seq("TATAA" ,m.alphabet))
m.add_instance(Seq("TATTA" ,m.alphabet))

>>> m.add_instance(Seq("TATAA" ,m.alphabet))
m.add_instance(Seq("TATAA" ,m.alphabet))

>>>

>>>

BUETATA T A58 81 Motif LB, FATATLAKHE MR LEBAFE R SER/H REM 8y

>>> len(m)
5
>>> m.consensus ()

Seq('TATAA', IUPACUnambiguousDNA())

Xt DNA A, FA 18 m] PAFRAT— SRR S ) HANF 41 -

>>> m.reverse_complement () . consensus ()

Seq('TTATA', IUPACUnambiguousDNA(Q))

>>> for i in m.reverse_complement().instances:
print i

TTATA

TAATA

TTATA

TTATA
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FAT AT DATRT R PR UL AR A 1 A

>>> print " "% m.icQ)

5.27

XEGFAHRBE A (5 B AR LR, A ATE RA 2 DA .

AR XAATAR . pvm O J7 iRt ia:

>>> m.pwm()

[{'A': 0.05, 'C': 0.05, 'T': 0.85, 'G': 0.05},
{'A': 0.85, 'C': 0.05, 'T': 0.05, 'G': 0.05},
{'A': 0.05, 'C': 0.05, 'T': 0.85, 'G': 0.05},
{'A': 0.65, 'C': 0.05, 'T': 0.25, 'G': 0.05},
{'A': 0.85, 'C': 0.05, 'T': 0.05, 'G': 0.05}]

BT PWM R T SCOI g, A%, AR AT al G F C, W RS
PR RAE O 1. S BLR ORI, BIHIRE, 02— R BTk TS 5 D)
AT RS O HEFTXPEGE F T h B A

STV P HBR TSV LR AP 72t . background F2FR BB IC FA5 S50 O T AT 5RO
SO, RABURIFS) GEAHAT 4 B AR GC AL . TEHbkIHIRTGE, ABUARRLE YA
syt

>>> m.background
{'A': 0.25, 'C': 0.25, 'T': 0.25, 'G': 0.25}

A=A beta , XABEOTATMIFA T R D BSOE A TE. BRIABCE N 1.0,

>>> m.beta
1.0

Jir AR A DT R0 B 2 T — A S R AR

BT SRR T O pwm, FTDAMRZR S IG5 log-odd He, X RATAET =F, — ok B4R
PR E B log-odd fH. AT AR log_odds ) Hik:

>>> m.log_odds ()

[{'A': -2.3219280948873622,
'C': -2.3219280948873622,
'"T': 1.7655347463629771,
'G': -2.3219280948873622},

{'A': 1.7655347463629771,
'C': -2.3219280948873622,

(T gk%E)
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(B bTT)

'T': -2.3219280948873622,
'G': -2.3219280948873622},
{'A": -2.3219280948873622,
'C': -2.3219280948873622,
'T': 1.7655347463629771,
'G': -2.3219280948873622},
{'A": 1.3785116232537298,
'C': -2.3219280948873622,
'"T': 0.0,
'G': -2.3219280948873622},
{'A': 1.7655347463629771,
'C': -2.3219280948873622,
'T': -2.3219280948873622,
'G': -2.3219280948873622}

BRAL, FEATAT AT H AR b g B R b R IR R R, HMEON IR, RZ WA TA{E. 0.0 BiFET
SRR o B A R AR IR (s MR “T7)

14.9.1.1 EFES

FRHMEBIEIHE RIS B AT 2SR TR, BriMRAa w25 — S5 D SRR BN S LA . 3T Ay
PRI S — D EERARIE, (H2 A — LR AR R T o I A% Y 2 2 DRI E TR AR Y 61 2
TR PWM Rl Hp— i T BB e JASPAR | Bl AR AT T LR PiFh
R, FreAEFAIE B2 W SEG H-F A JASPAR Fifh:

>>> from Bio import Motif

>>> arnt = Motif.read(open("Arnt.sites"),"jaspar-sites")

M RO A

>>> srf = Motif.read(open("SRF.pfm"),"jaspar-pfm")

arnt Fll srf HAT] DK FRATHAH A A F0E, ES2 S A1 FHAS R A YR PR 0k B . FeATmT DA
has_counts ] has_instances J&4 KX BEN]:

>>> arnt.has_instances
True
>>> srf .has_instances

False

[@i¥i3)
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(8:EW)

>>> srf.has_counts

True

>>> srf.counts

{a': [2, 9, 0, 1, 32, 3, 46, 1, 43, 15, 2, 2],
'c': [1, 33, 45, 45, 1, 1, 0, 0, O, 1, O, 1],
'G': [39, 2, 1, 0, O, O, O, O, O, O, 44, 43],
'T': [4, 2, 0, 0, 13, 42, 0, 45, 3, 30, 0, 0]}

XFFRUARIA R R B, 0T DA A D e SR S U HL A% 48k

>>> arnt.make_counts_from_instances()
{'A': [8, 38, 0, 0, 0, O],

'c': [32, 0, 40, 0, 0, O],

'G': [0, 2, O, 40, 0, 40],

'T': [0, O, O, O, 40, 0]}

>>> srf.make_instances_from_counts()

[Seq('GGGAAAAAAAGG', IUPACUnambiguousDNAQ)),
Seq('GGCCAAATAAGG', IUPACUnambiguousDNA()),
Seq('GACCAAATAAGG', IUPACUnambiguousDNA()),

FEIX A EEE 2 make_instances_from_counts ) JyyAQUEINZ RS, N AMIER pwm fEAETT
FIF 2 ARB LB, AR BE S R B ORI . AR RATR A PWM SR JRIBR A 250,
EAEET IR Gt SN

YRR, ERATE R S RE FROTAT DA fasta RS :

>>> print m.format("fasta")
>instance0

TATAA

>instancel

TATTA

>instance?2

TATAA

>instance3

TATAA

B 2t TRANSFAC AR AT (RERL—LEAb FRER (R
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>>> print m.format("transfac")
XX

TY Motif

ID

BF undef

PO
01
02
03
04
05
XX

O O O O O @
> w O » O

o = P O P+ A
O O O O O

i, ARAEMEHRI, FATATAGIE —A weblogo :

>>> arnt.weblogo ("Arnt.png")

BATHT MBS 2R PRI KT A pog ARSI ORTT BIREE B SCHE

14.9.2 FHR 6l

Bk b B RAE— 2P 9 A e il R Y, AT Tl el — MRS

test_seq=Seq("TATGATGTAGTATAATATAATTATAA" ,m.alphabet)

ARSI f5 5 B 5 TR R AR P R B DT LA SE 431 -

>>> for pos,seq in m.search_instances(test_seq):

print pos,seq.tostring()

10 TATAA
15 TATAA
21 TATAA

XFEANES, WA AR Ch TR BB AME B SL6) :

>>> for pos,seq in m.reverse_complement () .search_instances(test_seq):

print pos,seq.tostring()

12 TAATA
20 TTATA

PR log-odds (B RELEA Ay i B 5N fif B
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>>> for pos,score in m.search_pwm(test_seq,threshold=5.0):

print pos,score

10 8.44065060871
-12 7.06213898545
15 8.44065060871
-20 8.44065060871
21 8.44065060871

PRATRETE R BIRES AL, X B RHIRN 5.00 # loga KRB, FRATR 24 A RARLEAERLA b Hh B 15 5
o th B 32 A5 TS BRIAMIIR(E 2 0.0, TESEIRIME T, SABFTA L 5%t BUHE AR XA R S 4
*.

WERAAEIIR 2 B8 R R — N REL, R FT ABFSE — N Motif.score_distribution 38, B NBLIASRML—4HH
AR e AR 1 A ) A RE A K BT A 4, RATIEA —MER T e R AT 5, A
TR AS ) T4 -

>>> sd = Motif.score_distribution(m,precision=10%*4)

ETHPIBAS sd X G AT AR R kS VF 2 AN R R
FATATABCE — T Z R B AR (2] — D P I e A5 R 7 AR AR SRR ) -

>>> sd.threshold_£fpr(0.01)
4.3535838726139886

BE BRI (HAR BT A L BRI ) -

>>> sd.threshold_fnr(0.1)
0.26651713652234044

WE-AE GERD, BWREBREERAEAERZ N XR (r/fpr ¢):

>>> sd.threshold_balanced(1000)
8.4406506087056368

B EREAS R R B PHAE AN RS B —log 2 MMM RAR (8 Hertz Al Stormo ) Patser
AT )
TEFATXAGIT A, 2404 1000 HARA-FEF R (AL RSB , AR ARl — MEARPAS R Z2R (T4
FEANARUL) HRRIE :

>>> for pos,score in m.search_pwm(test_seq,threshold=sd.threshold_balanced(1000)):

print pos,score

(M ogksr)
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(8:EW)

10 8.44065060871
15 8.44065060871
-20 8.44065060871
21 8.44065060871

14.9.3 #R{EEEER

M ZABERS, AT L LB AAT. XTI, Bio.Motif A =M I AR THIRLLE .

TEFMITTAR ECREZ BT, B 24935 H AR AR A 20 S 5 S AT A ) o A8 DR AT T 205 5 2 LU RO [ K L AR
PRI 2 U R BIAR S EEXE o I PAFRAT 75 25 TR S A

o MEAELS
o POBR LU RREAA ) AR 25 R 2

fE Bio.Motif Hfy =FhHLETIIA, XTI IAHEE T AT HA X RIAETE, MR AT fa Bk,
FAENAF IR PSSMs XS, FFHA 0 RAEHFER TS, AT RIS R A B Bs R i 5. X
AR AR T AR B A i, (R R (dist——dpq ) R =AM X7 iAHRIR [l
S doe/ IMERVSL PR AR B2 B i 8%

N T TR X LR D R AT SR S AR m B0 H A -

>>> ubx=Motif.read(open("Ubx.pfm"),"jaspar-pfm")
<Bio.Motif.Motif.Motif object at 0xc29b90>

>>> ubx.consensus ()

Seq('TAAT', IUPACUnambiguousDNA())

SRR AR T B RiH K (Pearson correlation) ). FHFRATELLERMIT — Bl &, FriA
FA182 bR FE 1—r , Ho r 2R € %L (Pearson correlation coefficient, PCC):

>>> m.dist_pearson(ubx)
(0.41740393308237722, 2)

XERERIA m A Ubx [B)5 (K PCC w] A RIAIT) EL T o 3kAS:

bbTAAT
TATAAD

Hor v U FM . PCC EAMEN 1-0.42=0.58. WERFA AL Ubx BRI HAHNF51 -

>>> m.dist_pearson(ubx.reverse_complement ())
(0.25784180151584823, 1)
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FATT AR B L) PCC {H (KM 0.75), I X AR

bATTA
TATAA

AP AL dist_dpq , UEET Kullback-Leibler HUEHIELIE R (L= fAR%L).

>>> m.dist_dpq(ubx.reverse_complement ())
(0.49292358382899853, 1)

A dist_product Jiik, BB THERMT ik, MR DAK MR W AR (A 77 A A [) S AR R

>>> m.dist_product (ubx.reverse_complement ())
(0.16224587301064275, 1)

14.9.4 De novo {E{&ZEH

FIHT, Biopython X de novo BUARER HA — LA TR SCRF . WAL, FATHSIRF AlignAce Hil MEME i
BTG TR SR T AR RIN G EF I, FAOVRIGIA T sT#kE A -

14.9.4.1 MEME

EAVRAH BRI ZEUT MEME SRERE SR, FHERRIIE R IRATAE meme . out SCPEH. ARATDAFIA
MU MEME 7742 (8 SO SRAGAR LEARL I :

>>> motifsM = list(Motif.parse(open("meme.out"),"MEME"))
>>> motifsM

[<Bio.Motif.MEMEMotif .MEMEMotif object at 0xc356b0>]

B TIR— RS EERIBR SN, SRR IEAIREA HEE, FTRARIRE—H TR A JE 44 R AR
+ .alphabet
+ .datafile
+ .sequence_names
+ .version

e .command

MEME ffHras 15 2 ABLA T DMBOE T AA (A SE0)) —REdEATAR B, e ATt T DAGE S 0F S 51 5 Ao £
B A SE AN DI BE <
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>>> motifsM[0] .consensus()

Seq('CTCAATCGTA', IUPACUnambiguousDNA(Q))

>>> motifsM[0] . instances[0] .pvalue
8.71e-07

>>> motifsM[0] .instances[0] . sequence_name
'SEQ10; "'

>>> motifsM[0] .instances[0] .start

3

>>> motifsM[0] .instances[0] .strand

l+|

14.9.4.2 AlignAce

Xt AlignACE 2yt ] AU [l 1 3015 o RAIRIE S RAFi# T 301 alignace. out SCPFH . ARATAMILATR
(N EIEHTea

>>> motifsA=1list (Motif.parse(open("alignace.out"),"AlignAce"))

[IAE, 152 AR A M3 B R

>>> motifsA[0] .consensus()
Seq('TCTACGATTGAG', IUPACUnambiguOuSDNA())

Y, AREETTALIL AlignAce il MEME #48IRBA+ 0411, HOAE AlignAce fiffjg MEME ik
S BAMNF A R AR T -

>>> motifsM[0] .reverse_complement () . consensus ()

Seq('TACGATTGAG', IUPACUnambiguousDNA())

WERARI LG B2 T AlignAce, {RILATPAELHEZ Biopython HUEZl. "FHEI#iE— T EShK M T (H
MSET VA R T SR E ) -

>>> command="/opt/bin/AlignACE"

>>> input_file="test.fa"

>>> from Bio.Motif.Applications import AlignAceCommandline

>>> cmd = AlignAceCommandline (cmd=command,input=input_file,gcback=0.6,numcols=10)

>>> stdout,stderr= cmd()

o1 T AlignAce JEZRT I RIARER T ICAR AT DASE 1 RS SR A 28— 7 R AR A AR AR B A LA -
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motifs=list(Motif.parse(stdout,"AlignAce"))

2.15 5 15 ERESH

RIOPHrRMRIECRMME, AT . FEEW R Eaerb, R T R R A,
XS EA MM LB R R A2 AT 26 5 D REAR SRR IR, oty A Jn 22 (R Py D i

Biopython H'[#) Bio.Cluster SIHRHUL T 5 HMRIEHEE. B Bio.Cluster #iITH TR PIFRBEE, &
R T HAR B 1 2R . Bio. Cluster FIHALTHIY C RAAEMULHH I De Hoon et al. [1/].

Bio.Cluster U [ DA PFPERATIL:
o REERFE (BAELE, R, ROKIEEMTYES);
e k-means, k-medians, Fl k-medoids H;
o HAALWYT (Self-Organizing Maps) ;

TG

2.15.1 HIEFRRE

T EREREAN—A nx m () Python $fEHFE data, TEEEMFIEBAERIE S, T3 A RMEN,
BH—HFRR ARSI A, Bio.Cluster WERTASTXIMEAT (FEA), WAIDARRXI451 (SLgnskft) #ATHR

%

2.15.2 BR&{H

Lot s, B ag B, TTRAH—AE4MA n x m Numerical Python ¥4 [4 mask FEn. B
W mask[i,jl==0 , /R datali,j] @BMEKME, I HIESHHH2NE .

2.15.3 BEALENAE R

k-means/medians/medoids 2 Self-Organizing Maps (SOMs) T35 F FEHLEE: g . 7F Bio.Cluster
B, RS REVLECE AR A 2 BT L7 Ecuyer [29] , TR BEALECE B Bk R BT Ka-
chitvichyanukul and Schmeiser [23] %/ BTPE 5k, FALEA sigs7E V8 H i & i e it o i fe. |
TREWLEAE Beas i T TRl 4 K428 (multiplicative linear congruential generators), FrPARIHA LI EE
LA PRI A R GEER MR rand  (C ARMERE) eR%UA. 7E Bio.Cluster 1, 3K
ITE e srand (1 AFD A S0 A I RI B BRI GG 0, P91 rand BEAL™ A= A BEHLECE AR5k 7™ AR 1E
S RELEL
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2.15.4 15.1 BEEEHE
N TR TCEARIEH B A TR, 5B T2 UM . Bio.Cluster #2HL T /\FhA [l i) BE 25 s HIOK A 1t
SR, 7 3R R R 5
e 'e': Euclidean fig;
e 'b': City-block FFg.
o 'c': Pearson tH 3 Z&%L;
« 'a': Pearson 3 REH LT
e 'u': Uncentered Pearson correlation (24T WA a0 e i 4 7% (H )
o 'x': uncentered Pearson correlation 4 %HH;
o« 's': Spearman’ s FAH I REL
« 'k': Kendall’ s 7.
TP B R S J = A TR A T LRI T 58 = R

d(u,v) <d(u,w)+d(w,v) for all u,v,w,

PR CARRZ Ry metrics. FEATATTEF , XANTEWRE R 6] B

TR 7SR R RO O RO ¢, BEEY d R iR rE r B E : d=1—r. 5L R e semi-
metrics , RSLANE R = AP Z MRT58 = ry . Bl

y:(17130>;
w=(0,1,1);

WIS ITE Pearson HEES, T PASE] d(u,w) = 1.8660, 1M d(u,v)+d(v,w) = 1.6340.

Euclidean 55

1E Bio.Cluster H1, Euclidean FEE#%E L4

d:%Z(xi—yi)2.

i=1

SRA B e My BAAAERIE, 20 BE n BRI RS . YT RS, BT 2 T yoie
SEBA, PIAERT Euclidean BEETHT, WA RBHEEHIRIRELALRE .

City-block distance

city-block distance 452 25 Manhattan JiES, I Euclidean FF A —ZERIAHM: . Euclidean JRESFE /R
SRR A BE B, T city-block BR W& P 5SFE T A 4EFE R 2SR . TR R R EIR &5 2 6l
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RBHE, AE Bio.Cluster H, city-block FEEE ok B PR BB DA B 4k T
d= 13 -l
o i=1 o

City-block distance LT 4 ARTEMIRTT HL— AN E 2 5 — M EI, i GiErEEE. m7E Euclidean
PR, FRATER RS S E AN, I R A TR R .

Pearson xR %k

Pearson #H RZFE XN

IS (yi—7
= () (-
Hrr x, y 092 = Fly BEERIFE, oxe, o 52 o Fl y MEEMPRHEZE. Pearson fHE ZE0E A T&E «

and y HUS KX E LA . WREERSEAEELZE ., 84 Pearson X RBCH +1 or -1, BULTH
LIRPRRIEL 2. WIR Pearson MXEREET 0, R = Al y Z B M.

Pearson distance & XK
dp=1-—r.

T Pearson A VERIMENT -1 A1 1 Z[H], Pearson FEEHITERIN 0 Al 2 2 [A].

Absolute Pearson correlation

LR Pearson 13 FAURLUAE, FTAE] A~ 0 F1 1 2%, WURARHER 1, FATHAAROET 4
BIENIES UL b MR 0 B, 0] o and y WAHIKRE.

S 7 (B S S
dAE].f‘T‘|,

Hrr r J2 Pearson M X%k T Pearson WA REGLXTENT 0 F1 1 Z 0], X AR A7 T 0 Fl 1
Z 18],

TER R R REAR A, SR, S ESET 1B, R R FRE R 58 & AR o8
Kyl

Uncentered correlation (EFHRZ)

TEFBEENLR, i uncentered correlation L FRRY Pearson #H ¢ 2% H &, uncentered correlation 5g
X
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XA A Pearson # & REUM AKX+, HEIEHEARIIE x, vy %4 0 . uncentered correlation i ffi
TRIBEFEUER 0 RO, BN, FEXTEFFRRSHr, 6FH HEXTET, 24 log-ratio 4T 0 REHZLE(E
SRS, WRERE LIRS R ik .

uncentered correlation ZEXXT I IR E & R

dU = ]. — TU,
HAp ry &2 uncentered FHXMEREL. T uncentered REL;T-1 Fl 1 Z[8], X AEEEEEN 0 5 2 Z 18],
H T uncentered 3¢ RBUEE [F T W EIE 0 EAE n 452550 B 407, FmERhIefRZ.

Absolute uncentered correlation
5 Pearson #H M0, AT DA uncentered correlation f74e Xt {E Sk & X FH B

dpyy =1-|ryl.
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HA ry J& uncentered 1% R4, T uncentered 3 REILXHENI T 0 Al 1 Z[8], X5 A 25t R o7
T 0 f1 1 ZJA],

MILFT2E ESR Y, uncentered AH 5 2 KO 48 05T P A Bt BT A 1) B SR8 (supporting lines) 112
AIEE (B & S 5 ) o

Spearman rank correlation

Spearman BiAH X R HOE—FAESAMICHEN R TIE, ST PR B, Pearson Al X R HCH 1Y
Rt -

T Spearman BRAH K REL, BN EURE R BURREHEF , BR8N BRI R, K5,
I BRI BREE G T35 Pearson M1 HRAL, 133 Spearman FHI KR %K.

[l Pearson A &M:JELl, Spearman FAH 3¢ FEI00 I Y IR B SR -
dszl—rs,

Hdr rg /& Spearman BiAH & 2R3

Kendall’ s 7

Kendall” s 7 /25— M AEZHYITRM RMER 515 . B W Spearman BRAH K REEM, EEAXLBHAETHTF
M2 AIX R RT3 7 (see Snedecor & Cochran [29] ) .

Kendall’ s 7 X} EE 81584
dK =1-—7.

A4 Kendall” s 7 i -1 Fl 1 Z[8], XA EAT 0 F1 2 Z[8].

Weighting

XFF Bio.Cluster FFORH:ETBIRRAL, AT DABE FIANAS ] o A ) 4 35 2 it A v A Do R A . 4
HRICK @ BN wer, IP2RFRNRIZICREIT wee W BEEEFT A HEE XT Spearman A
KA Kendall” s 7, AEEA XKMTE S, HIAE T X P4~ EL

THH BB IERE

RS data 1, BTG ORI B RE B0 5 46, WA Bio.Cluster #ifliH distancematrix
PR

>>> from Bio.Cluster import distancematrix

>>> matrix = distancematrix(data)

Her, W& SE:
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o data (k) WHFTAICRAER

o mask (BRik: None) EHRKEFIEIE G, #7 mask[i, jl==0, | datali,j] Ht4. # mask==None, KA
R .

o weight (BRiA: None) KL EHi[4. ¥ weight==None, WK% A 15 FFH R FALE .
o transpose (BRik: 0) EHMH data H¥)4T (transpose==0), 5 ¥4l (transpose==1) FiI B E.
o dist (BRi\: 'e', Euclidean distance) 3E#EIF B RE (BRI 15.1).

HNT RN, BRECR IR B R — DR SR . ARSI TAT Y. B, SB—17H 0 ot
=o fin:

[array([1),
array([1.1),
array([7., 3.1),
array([4., 2., 6.1)]

X RV ) B AL A -

NN =)
N W O
o o w
= RN

2.15.5 15.2 &S M R
tEkd

R D] PAE SO KR AE A BT A U R E S H{H, W LA Bio.Cluster Hf
clustercentroids pRFITH:

>>> from Bio.Cluster import clustercentroids

>>> cdata, cmask = clustercentroids(data)

W& TAT 24
o data (i) B FTHICEMERE.
» mask (BKik: None) HREEAMIG. # mask[i,jl==0, W] datali,j] #k. #7 mask==None, NIH&H

BRE .
o clusterid (Bkil: None) — P FEREFANICEMITEIRMNEAHE, WHR clusterid /& None, FHIF
AR THIFERZE,

+ method (BRik: 'a') FHEMHHEARTFHR (method=="'a") 3 H{H (method=="'m") FKi{FAH L,
o transpose (Zkilk: 0) WEFE(H ] data FFT (transpose==0), B{#F %] (transpose==1) FiTHE ..
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XA EEORME R ICH (cdata, cmask)., ZEFLOMEIEFMEE— _4ERY Numerical Python (21 cdata
W BRI 5 SRAEAEAE —4EY Numerical Python 3£#I%( 4 cmask W, 4 transpose = O I, XN
MAEREE (S8, 91%0), 24 transpose = 1 B}, FUEHMKA, (1748k, %0 HiH—47 (4 transpose
= 0) B# 5 (24 transpose = 1 ) A& X BAE NS W AR I ~F- MK .

THERERES

WRYEEEA dtems WEEREREL, FRATITLATE B A clusters AOREES . WIS BB BAT- (2 18] 14 28 3 o
AT ELIERIH k-means I, T k-medoids KA, 8 5 FI I P EBEA T . SR s I RY
eI B TR Z A BEES A R BEA M S KT R Z MR . FEPI-F e R IGEF, &
[P ) B 5 2 SR A8 P A A o 7 2 1 TR ) B s - 9

N TSRS B AR, R AR

>>> from Bio.Cluster import clusterdistance

>>> distance = clusterdistance(data)

o data (k) WHEFTATICRMAIE.

o mask (BRi\: None) HRRFINMIFE. # mask[i,jl==0, M| datali,j] B4, ¥ mask==None, NHHH
Sl R A

o weight (BRik: None) R EAE[E. #F weight==None, WX AIrA B A AR A AOA E

o indexi (#Rik: 0) SH— PRI EMICRRTININE. WER—DEBRUGT 0K ¢, WEHER
PA 3R (1], B A 4

« index2 (Mhik: 0) B MEFHLAHIERINAZ. MR KIS ATER i, WA,
HyAFIE (1], FH R L

o method (BKik: 'a') BEFITIAEHINAIH B T4
— 'a': AR LOIEEE (BARTSE);
= 'm": ARG ()
— 's': A RSE RPN U R Z 8] B R
— xR R KRS TR Z A Y B R
— v S OO BT A B R AP A
o dist (Zilk: 'e', Euclidean distance) iE#EFEBRE (EA N 15.1).

o transpose (Zkilk: 0) WEFE(#H data FAYFT (transpose==0), B{# % (transpose==1) Fi|HFFE.
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2.15.6 15.3 QI9Eix

R 3 BRI P A TR B 45 B R D B 2 A/ MR, TR B 2. RANEC R B E .
Bio.Cluster {{ft | =M [l M5k

e k-means H
o k-medians ZJS
e k-medoids F3

XA XNTE T W] SR L. FE k-means 1, B HLE ST I CE N ESME. 7 k-
medians R, R MNEER PEERITE . B)5, kmedoids e, R SOHIZES, HHE
HoAt BT A ST BE B Fds/ N TC R IR AL . XA EIE T AR AR, (H2 R A B MR A 1
O, BIAARSE S F R (RLRE X 2 A TR 2K

expectation-maximization (EM) FyEEH H TRE@E 58 k H. 78 EM BEMER R B, ML TTE S
BRI T RIERTA RS TTR, v AR IR B b o 2kt w . AR5, Bl
X L BEATHES , ARUFREAS TC R A M R MRS o0 BIMEA— AN 200 e, PRIER R 28— IT &,

2T
o TIPS medoid HITERIL:
o PRI TER B 1 B
o XTRATER, FIRICEIRE LR
o AR TR RBIROTIRS, SRR, AL,

AT EERIER PR A A RS, AE k-means Il k-medians TR, FERLICREESRP IR, FHE
B IE S — AN e B B HA 2 5 . 3T k-medoids B2, X RGERsl 2 BEA B, A2 R RS
—AICER, BEFOREE R 0, FrPARSHE R HALR 5

M TR ARG B A2 P C R RO BENLY , TR 2 EM BARATIY, FTREF AR RIEE R . TR
PIRACHISRELR, nILAXFIEAT k-means FIRHEE LW, FRELAANFEIMEEYL > BME k. BRGE1T)E,
TR RAT IR JCR I B DB 2 A, I ELe R S B fr NI A T4 R ol B R I 25

EM Ssf TR TR ERITTRNZ Do — i, AT DMRIE S U A B B . X
MIEAAE R Y EAR AR B . AR R DGR 0], AR A KT REAATE LN EOL A . ARG, AR
MR R LI —IR, A AT REAEAE A IR B /NI R . (B2, IR TEREITEL 20 (Z48ILH), B
LARMESR B — A2 SRR A -

EM BARTEAREIA T 2 B ds 1k FRATERE, 7EX el R RC, TR A Ak
R IR SR, I SEC EM AR R NI, AR th e A @A U B AR AE -
B, EAERHNENG, SARRRERSRIAEN 2% ZIRReb R, HRIZEPRE
ZHIRAERI SR, WA E 2 BT AR R BRI, RAEE M, ERSZ L. WAL, A
FRIERUG RSB S % . %, SEER 10 KR, HRITFERAHNES%S. Zh, &
AR BN, PRUETE R A A ] b ] ARSI 212 A o
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k-means and k-medians

k-means F k-medians ZyEA[PAFIF Bio.Cluster™ " # # ~“kcluster SZHf:

>>> from Bio.Cluster import kcluster

>>> clusterid, error, nfound = kcluster(data)

o data (i) HLE A ICERIIHFE,
o nclusters (BRik: 2) HIERZEMEH &

o mask (BRik: None) HR&EIEIEE. ¥7 mask[i, jl==0, W] datali,j] G4, ¥ mask==None, NI A
R EL

o weight (BRiA: None) MUHMiffE. ¥ weight==None, NI HTA i) & (L FAH I IAL EE -

o transpose (Zkik: 0) EFE(HH data FHJFT (transpose==0), B &% (transpose==1) KB . -
npass (#KA: 1) k-means/-medians REFFBITIIREL, BUGBTTHEAIA R BEHLAE MG, W0
RIE T initialid , BP0 “npass” (H, I HEERBEEH2E1T7-K.

o method (BRik: a) & I LT

— method=='a'": BEFI(H (k-means clustering);

— method=='m": H{H (k-medians clustering).
M PEE method fJIIHARMERS, VAL RINELCHIMHE.

o dist (BKik: 'e', Euclidean distance) iEFFFEEE (HA W 15.1 ). RENFEEEE T LA T
kcluster 115, [HM AL F3Ei#E, Euclidean JFEi&E 4 k-means V%, city-block JEEIE S k-

medians.

o initialid (BKiA: None) #57F EM s THIIAMIEAE2 ], N5 initialid==None, IS AMFIBIT—
WK EM BERS, FRESRPURRIR RN MR, SILEf RSl npass Yo, Q1R initialid
A2 None, EAEIWAZN— MK EEAFFE 1 40804, BRPEDESHICR. WHF 400
SRIAE T, EM BRI SR E T .
AR IR BE A — 4 (clusterid, error, nfound) fITHH, HAT clusterid E—MNEERUAEE, N
BATESS TR . error 2 UREM T, HRNIEN L, nfound F12HAUME L I UEL.

k-medoids 3

kmedoids PRFURIEHEMLAIE B FEFI SR EL, KizfT k-medoids 2

>>> from Bio.Cluster import kmedoids

>>> clusterid, error, nfound = kmedoids(distance)

H, GEMSEA: |, nclusters=2, npass=1, initialid=None)|
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o distance (Wik) PIPITCERIMHIEIALIE, WI DA =FoA il i 7 4R 4t :
— $fit—4~ 2D 1§ Numerical Python ¥4l (sREU &G B2 T fa ki)

distance = array([[0.0, 1.1, 2.3],
[1.1, 0.0, 4.5],
[2.3, 4.5, 0.0]11)

— Iy A——4ER) Numerical Python ${2H, & THEEMHFEA N AR :

distance = array([1.1, 2.3, 4.5])

— AR, IR g

distance = [array([]/,
array([1.1]),
array([2.3, 4.5])
]

=R VO A TR A A B R
o nclusters (BRik: 2) PIHEMZERMEH £

o npass (BRik: 1) k-medoids REFHBATHIREL, U THENA R EEPLELGE. DRI E T
initialid , npass (HSZME, I HEREFERA B0 —K.

—

o initialid (#KiA: None) F5iE EM BIEZfTWIIAHIEISA S, 1 initialid==None, LA HFIB T
W EM BERS, FRESRBURRIR RN MR, SIs TR %l npass Yo, QIR initialid
ANIg None, AR AT N1 K— MK BEENEFEN 1 4500, BRPEDEH DR, @ 4YH
SYREAE G, EM BRI SR E T .

BREOR [F{E 2 — U7 (clusterid, error, nfound) (KT, H clusterid — NS, FfifTEL
BIRFTERYSE . error RAERMMT, FNEEEREMN, nfound FEAYE MM MBI RE . FEEENZ,
clusterid HHZR S ZIEMRBAERLPLIHILES.

2.15.7 15.4 BREGR%

RGHRKN k-means REAARTIAN . FERGRISH, TP 8] 50E S50 5514 (] AL BE 2 i TE 20
IR . T AT AR Treeview B{# Java Treeview SEAFH X LM HYL5H , R 1 52 40 S A AL R 3Rb 54K
P A5 23 3k 5

RERENE LT E A TR EERE. 25, e EEreESCh—N1 8. RE, A
I R A AT R BT SCRIE RGN R, BEITA RS TR — N 5. FEIBWDCE AT ARG
FRRRR RIS T B TR L5 R . AFT k-means {11 EM 835, RERFEMSREZEE W .
RERFWAEAEE IV, AT BT e 551 SR EE 25 . 7F Bio.Cluster Ht, $2{ILT &
SR EYE (pairwise single) , Jx K FEES Y (maximum) |, 2R (average) , FIEE.LME (centroid linkage).
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TESEITBA A, 1 R ) A R B R SO 1Y A5 el e it A
AES I A, 4 AL TR] 8 B B ST i ez o i ]
TEZSPIE 4 TR BE B R SOM BT AT R A 2 18] P S B

FEE T, SR B B SCA AT A E DRI BE B . SO AR e 2 i e R
IR B TR SRR 1 s 5 A TR R AR SR B, R Oy s A T [ e 3L
MRGERLWN I EE K ZHETFI DR, SREM KR, BEEIASHm, HHE
S/ X2 T Pearson M 3¢ R EVE B BT, X E.ORTHEMBE BRS04 [l
Pearson ] 3 REAE TR I B XA T ARIE—4k, , (B2 H.OIHITTEAR AR

TR, K ERATIZETIGIARS, P R Z AR E e N S A e R TSRS 2R . PRI,
FRM RGBSR S . A—E T 2R MR TTIR I B N 2 Bl . T T BRI &, BT AR 1Y A
A R D AR SR SR R, A ) (AR S B B

ISR A S B2 R SLINK algorithm (R. Sibson, 1973), iX AMRIARA OB AN maiFe . - HaX A
ITERIE SR IFE G I R G R — 8 9 HAZE, n] AR s T KBRS, S BRI
FOR B N A7 RIS TN ]

RAZFARKMER
RGRI G MG R AT 5, B RSP TREE T lH, RAOIELIIT
KIHMA TR EME S, B0 " FZ e (SEEMEUE) . FATTLATA Bio.Cluster H1ff Node
K, RAFHRIMA)— T Node HYSLHIELE AN =A~Ja 1k

o left

e right

e distance

Ho, left fl right REIHEIET AP NICRE T RMST . distance $510e “H AR, HAILR
Mg 2 M 0 Bl GTEEH-1), MREMAMZM-1 8- CoREH-1). TR, WA EH ooRrEH

Q\_‘o

N T AE—AVE Node X4, AT EHEE left Hl right; distance ;2 n[ M),

>>> from Bio.Cluster import Node
>>> Node(2,3)

(2, 3): 0

>>> Node(2,3,0.91)

(2, 3): 0.91

YT CAFAE Node X421 left, right, Fll distance #fi& n] PAE A& 1) -

>>> node = Node(4,5)

>>> node.left = 6

(T gk%E)
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(8:EW)

>>> node.right = 2
>>> node.distance = 0.73
>>> node

(6, 2): 0.73

M left il right AREEEEAIMIE, B3 distance NREMILALME MME, SR,
Python [2£ Tree t T H AN RGIREMEIR . Tree FIMR AT LAE LA Node [F1 L A7

>>> from Bio.Cluster import Node, Tree
>>> nodes = [Node(1,2,0.2), Node(0,3,0.5), Node(-2,4,0.6), Node(-1,-3,0.9)]
>>> tree = Tree(nodes)

>>> print tree

(1, 2): 0.2
(0, 3): 0.5
(-2, 4): 0.6

(-1, -3): 0.9

TTree’” WM BELREAETAMIAKEEE-NEHRMARAREMGLER:

>>> nodes = [Node(1,2,0.2), Node(0,2,0.5)]
>>> Tree(nodes)
Traceback (most recent call last):

File "<stdin>", line 1, in ?

ValueError: Inconsistent tree

AT A H RSk X Tree MR HITHIR:

>>> nodes = [Node(1,2,0.2), Node(0,-1,0.5)]
>>> tree = Tree(nodes)

>>> tree[0]

(1, 2): 0.2

>>> tree[1]

(0, -1): 0.5

>>> tree[-1]

(0, -1): 0.5

PN Tree X452 HEN, FATARERX Tree XFRAMLAT— A4y mlb ATk A ST, FATH] AKF HAR N —
RIS, WPIFRIATERE, HaRIEHIIR .

>>> tree = Tree([Node(1,2,0.1), Node(0,-1,0.5), Node(-2,3,0.9)1)
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(8:EW)

>>> print tree

(1, 2): 0.1
(0, -1): 0.5
(-2, 3): 0.9

>>> nodes = treel[:]

>>> nodes[0] = Node(0,1,0.2)
>>> nodes[1] .left = 2

>>> tree = Tree(nodes)

>>> print tree

(0, 1): 0.2
(2, -1): 0.5
(-2, 3): 0.9

AR T “Tree' 45 IER

AT RIHAE T H, B0 Java Treeview, KA RGN, F X BTa 37 S gt Thr el fEHEAL
T 0 M1 2. FTRAEEXT Tree MR HH scale 7k SLHLXANTfE:

>>> tree.scale()

RATEAFLZALAISEL, RIEEZE None.
L RGRIG, WA Tree MRIATHHE, FHrAMILRD A k2K

>>> clusterid = tree.cut(nclusters=1)

Hrh nclusters (BUAZ 1) RUIEMEREL ko XATTES ZISMEH I Fom i) k-1 355, AP
b APSERGRR . XTF k AUIER, HHANTEEEFETIORAEHE . XMITESRR 44 clusterid
, WEHER LRI AL,

BITRGRE

KT HATRGES, AJPAH Bio.Cluster F1[ treecluster pREL.

>>> from Bio.Cluster import treecluster

>>> tree = treecluster(data)

WHEAT SH:
o data WEHTA LRI,

o mask (ZRik: None) Gk IEIEE. #7 mask[i,jl==0, ] datali,j] G4, ¥ mask==None, NIHAEA
iR H

o weight (Kik: Nome) FUFEMiff. #7 weight==None, MI{EIITA A HIAH IR AL .
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o transpose (BRik: 0) &M data HJ4T (transpose==0), 5 ¥4l (transpose==1) B E.
o method (BRiA: 'm') BESEATSUHIPE BT

— method=="s": /i Bk

— method=="m": FH KM E%

— method=='c': F.LE

— method=='a': P13k
o dist (BRilk: 'e', Euclidean distance) &#H2k% (AN, 15.1).

N T XM T R, nTLAMEH treecluster i, A distancematrix ZHORINE data Z4L:

>>> from Bio.Cluster import treecluster

>>> tree = treecluster(distancematrix=distance)

RAHOLT, 2 ISR
o distancematrix JLEWMEMIIEES MG, W] DLE T = RS EIR AL
— $fit—/~ 2D ) Numerical Python #{2H (sEEUR &0 A B4 A EdE):

distance = array([[0.0, 1.1, 2.3],
[1.1, 0.0, 4.5],
[2.3, 4.5, 0.0]11)

— I A—P—4ER) Numerical Python ${#H, & T EMEFEAL N AR :

distance = array([1.1, 2.3, 4.5])

— AR, WEIEAEMEAT g

distance = [array([]),
array([1.1]),
array([2.3, 4.5])

SRR AR REROMIBIEE . 11T treecluster SXHATRIARFEMMHEFTRANLEN, WSS
T B BB B, I treecluster 2, BH5EFEI— AT R

. method Hb{s MBI HE vE:
— method=="s": i/ NEEH:
— method=="m"': ki E¥:
— method=="'a': 5 ¥k

Horp, FyNHERA . SR ERAMZE A UE i BB A T 5, T EOIR AT .
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WIHH treecluster™ "M, ~“data B3 distancematrix M — 4N None,

PRECR [ —A~ Tree X4, XS EHE CUREH-1) DA, MEFATERERAER, TR FTE—
B UMMAMENRER, SCRIEHE FFE— 2 BT SRR — AR IESRFF, Ay SR
Jit left fil right W& ERNGHFHICREE TR, distance @MW NEFHICRIE T YIRS
JCEG T RN 0 B OCEEH — 1), mIHEM -1 2] —(OizEH -1)

2.15.8 15.5 Self-Organizing Maps
Self-Organizing Maps (SOMs) £ H Kohonen TR 4 M 45 i g & BHAY (see for instance Kohonen, 1997
[24] ). Tamayo (1999) 25—kt Self-Organizing Maps W I 2| EH ik E3E L. [30).

SOMs #RAEFAMHFNEEHRIF TR AT 2K WH R RATERI RTINS . 72 SOMs LI HH , LRI
PSSR A E M PR A (O A A DO A R R -

T SOM 15— e Wit Bkt i R B2, WSROI TUEATSR2E . IR A N ) P i e
AT HIEL

—4> SOM &—WikA—A7, FH HARENZ I Rl i3 M RIEEE M . 2 J5 M H 2 ARk i F i A~ 2531 Y
S0t i R AR 08 ) S0 1) Bl 1) B A TR . AR ANTR

Az

Leel] = T - (grow - chll) .

SR T KBEERAUBIG INTTR A o AT DA a7 B e P e R0k s SCHHS IR AR B K &R -

(-3)
T="Tmit (1 ——],
n

Tinie S0 E RGN 7 6, (2ARECRREL n e ST EEEACRRE. TEIRATTIAT, = AR, 2
MRS, ZEABORE ).

FRATEAE R WA SAE R UCR O BEA TR RE . 2P ARt Bl 1 A A1 i s/ -

1
R:Rmax' (1_>7

n
Rmax: \/N;3+N§a

Hort (N, Norye) 520 ARSI RTTE L

%L somcluster W DAMSRAE— I MAS BT 5 Self-Organizing Map. ¥ %%, #IiH—AREHLEG" 4
38 F BN P A B X R TR . AE SOM. 1, REPR ml 50 B (g JE 3% I e R R R ALY . T
Fa] PASE LA SOM 3R v EL.

14T somcluster, fi#0:

>>> from Bio.Cluster import somcluster

>>> clusterid, celldata = somcluster(data)
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Hrp, WRUE X—TF 24
« data (required) {5 fTH JTCEM .

o mask (BRi\: None) HRCEIEHIFE, # mask[i,jl==0, M| datali,j] #i4. #F mask==None, NI H
il R A

o weight (BRi\: None) FUEHi[4. #7 weight==None, NMERi% FrA AR F AR F AL E .
o transpose (Zkilk: 0) WEFE(H [ data HJFT (transpose==0), B{# % (transpose==1) FFHk.

« nxgrid, nygrid (BKik: 2, 1) 24 Self-Organizing Map 13RI, RLAY RIS BT 65 R R R )
A% T

o inittau (#Kik: 0.02) SOM HyEH, 40T BBIMARIE, #RiAE 0.02. XAHFIUH{ER Michael Eisen’ s
Cluster/TreeView —%{,

o niter (BRik: 1) ZEABTTIIREL.
o dist (BRi\: 'e', Euclidean distance) &I RE (BRI 15.1).
EAERECR P2 — 1 T04H (clusterid, celldata):

o clusterid: —/NMFIRIEAL, TTIRH FTREEREOURI M. BITUEEMENIE SOM Mgt , ff
BATCRAEEIHE T 2 My BARAR,

o celldata: M PAfTHFfTEREE;, A MEMLEE R (nxgrid, nygrid, number of columns); 4 PA%I
TTEREHT, A UML) (nxgrid, nygrid, number of rows). FEiXMEMEH, [ix] [iy]l #
NE AR, HP T RIS O B B N ) F R .

2.15.9 15.6 EH 77

ER T (PCA) B ZHM Tt Z4e8ds, — >0 380 70 A b 1 T b i e i3 L Yeung and
Ruzzo (2001) [33].

I H 2, PCA Z—FhAbRF i Iy ik, FeAf o i Rkl o 5 Ch 32 sy, S mi B84 m] DA 32 i i £
PERARIR . T PR 2 TR R TR/ N I . B0, —A> nox 3 MR HIFE n] AR/ o =4k
2 N — I ERIE ISR e S — R X M R IR B B Kl 5 T R UK, S = )
sl AT, B ATER R AN BRI E R R R . BN, O TR TR A, AR A
FEAJUA T FIRRIRIEN @A ] AR 7 22

A PATE S VSRR A 07 ZE A AR 1) B R AR S My o A FE S X B R (R PR R T A E B AR
7 2RI RN

FEVEAT T M el R R — SRR RO A I . AE BRI BRI = m B 7, Beflide 3D 25 1)
SRR DM, T SRR A X AL AE A

B4 pea H MM AT B 4% (singular value decomposition) VA M RFHEMEMAFAE M & A7 ME 5
AR R Algol 5 C BT svd [16] , FIFRZ Householder bidiagonalization il QR BYEAE R . F
500 A 5 % € =Y 0 S O S S ¥ s 0 DVAT I i 1| e (P = A B S /9 U T (0] i 21 B (1B S
T oL, MFFEAER pea B, WHFEFIERIBZ A (E.
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K5 F AT A T ZERE R data, AT DA

>>> from Bio.Cluster import pca

>>> columnmean, coordinates, components, eigenvalues = pca(data)

&R Bl —/ TG4 columnmean, coordinates, components, eigenvalues :
o columnmean % data &F4II(EIIELA.
 coordinates data HRFATEIETE RS> XTI ALAR .
o components I/
 eigenvalues A /X B I AFAE(E

JEIRHIEE data DA IS ITHE columnmean + dot(coordinates, components) 15,

2.15.10 15.7 438 Cluster/TreeView-type ¥

Cluster /TreeView J&— % & K FR 8 /T AL A T H . A TH#I H Michael Eisen F£ Stanford University 5¢
Jif. Bio.Cluster {515 Cluster/TreeView Xif W1 SCIA% XY R PRI, REGROAFHIZAR AT, FTRA
A Treeview X8 RTHZENES . AT Alok Saldanha [ http://jtreeview.sourceforge.net /Java
TreeView F2/Fo XA AR /R RGERIEH k-means RIML5R .

% Record [{)— A4 AL A% —> Cluster/TreeView-type ¥ SCPFHREI A (5 H. N TR g5 RS —
A Record X H, BIEFREATIF— 30, FHEEE:

>>> from Bio import Cluster
>>> handle = open('"mydatafile.txt")
>>> record = Cluster.read(handle)

>>> handle.close()

PR R AR AT AR S35 ML B A AN TR R R g s, (o

>>> import gzip # Python standard library
>>> handle = gzip.open("mydatafile.txt.gz")

KATH—A~ gzipped 3L, 05 FIH

>>> import urllib # Python standard library
>>> handle = urllib.urlopen("http://somewhere.org/mydatafile.txt")

FATTF— AW ICIE, SRIGIHI read.

read My EL—ANH I FAF 0 EIH) SUAR 4 mydatafile. txt, S ERFS Michael Eisen’ s Clus-
ter/TreeView #8313 K FRBEHE . BRI, ATAZ W Cluster/TreeView FMfft, #4201 Michael

Eisen’ s lab website B{3# our website.
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—|> Record X4 PA T B4
o data fUSENERBIRAEE, 4T NER, 5 M

o mask FRAC(EAGIEEEA ., TR mask([i,j1==0, M) datali,j] ZHkFH). WHR mask==None, AFAKH
Hsh ok

o geneid {EAFANEERAYMAFE A S (F14n ORF %(H).

o genename R NEEULNISIER (BIMEFEL) o QRSP EZ 8, B4 genename #ik
>/ None.

o gweight TIHFFNIEAIGrF, FEIA R A RE B AORCEE . QSR SCIF P SIZAE R, W gweight 2y None.
o gorder M4 SCIF R BHS Y o ARSCPE PN %(5 E, W gorder J “None'

o expid WA ULIIMSIZR, BIANSCE A

o eweight TIHFNIERIE T, AFELL A IR EE BT ACE . WRSCPER A S IZE S, W eveight

None.
o eorder MM SO A EMHEAN T o AR SR EAE R, W eorder A None.
o uniqid ATAUE A UNIQID [ AFER.

TEFKA Record M5, FRMEAER AT AR E BB . fildn, FPARS record.data ELHEZHUCHECA T
HAREAT log Bt

T HEER IR

N T record HTFEfETCRINHTEIMNIFE, ATVAM:

>>> matrix = record.distancematrix()

He, WEA IS4
o transpose (Zkik: 0) WEFEXT data 4T (transpose==0), B ¥ %] (transpose==1) & FFE .
o dist (BKik: 'e', Euclidean distance) EFAEN TR EEE (W15.1).

BRI ANE RN, W TIPS T AR (5.1 ).

THHEREPD

N T VT EAFRHAE record HIICERMEIE L, FIH:

>>> cdata, cmask = record.clustercentroids()

o clusterid (BKik: None) JE/REIURATBAEAVRER . WIERBD clusterid, BUIATAMILRIE
Tk,
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+ method (ZKik: 'a') HEFMHFARFIIE (method=="a") B FH H{H (method=="m") HIHHELH .0,
o transpose (BRil: 0) iEIFEITHE “data* HJFT (transpose==0), BF %] (transpose==1) 1[5,
FRECR A T4 cdata, cmask ; JL15.2 .
TEMEE RS

AT EAFETE record HHHZRAGIE R, FIA

>>> distance = record.clusterdistance()

Her, A& SE:

o index1i (Kik: 0) S PEBUFTEFTHICEMIIR. DR -DIGIRUE IR @ iP5
(11, S B i

o index2 (BRik: 0) - MEHFTUEHICRMIIFK, IR DI HUT—ICR @ TR FI1%
(1], B R 1.

o method (BRik: 'a') PEFEIIIAE RS Tr ik
— tats AR POMEE EARTHIE);
= 'm' PRI PO (PE);
— ‘st NP PR R AN TR Z AR B RS
= xR KA A O R Z A B
— vt PR TR IR B EAE B R
o dist (BRi\: 'e', Euclidean distance) e HAgEE 2 eR%0 (W 15.1 ).
o transpose (BRik: 0) VE#&MIi[H] data %47 ( transpose==0 ), B ¥ 7% ( transpose==1 ) P& E.

HITRGERE

N T RAFREALE record HRYBEIEAT RS, FIH:

>>> tree = record.treecluster()

WE AT S
. transpose (MKik: 0) JEFE(HifiIfF ( transpose==0 ) 5% ( transpose==1 ) JJ T-H%
o method (Bkik: 'm') BEEEEIEMTT A BT R A
— method=="s": fr/NH Bk
— method=='m": f KFHEVE

— method=='c': H.[>JE
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— method=='a': Z5F-Hy¥k
o dist (BRi\: 'e', Euclidean distance) &M EEEL (WL15.1).

+ transpose WEFRMHHIIEFE B F G HATRE, WAE transpose==0 , M HIEF (17) ##7HRSE, W
A transpose==1, ;i i~ (F) FITH%K.
PRAGR ] Tree XI5, WHRALE GUREHE — 1) 78, WERMHATHTREN, TTEHE N EATEG S
FIHFA TR, JCREE MBS AT SRR T S, SR S PET left F right 5%
FHARY ST TG E A5 5%, distance BREAGY MAIEE. JLHEM 0 3 GoEHH — 1) #F7KR5],
MZEFM -1 to —uEEH —1) TR,

i#1T k-means or k-medians

N T RAFRELE record HHYITCER AT h-means B k-medians JA, ATPAGE:

>>> clusterid, error, nfound = record.kcluster()

WETSE
o nclusters (Bkik: 2) ZBM%EH &
o transpose (BRi\: 0) iEIFME ] data AYFT ( transpose==0 ), B# %] ( transpose==1 ) I} &I 5.

o npass (BRik: 1) k-means/-medians RRBEIEBITHIREL, BRI HANFERBEVIAEGE. WH
¥8E T initialid , npass W(HSZME, HHERBEH LSBT K.

o method (BKik: a) FREHHERIE LT
— method=='a": BE-F¥EH (k-means clustering);
— method=="'m': HI[H){H (k-medians clustering).
MPEE method i IHARMERS, VAL RMBEHCHIE.
. dist (Bik: 'e' , Euclidean distance) yE# IR &% (0151 ).

XA EEGR ) j2—A~Te4l (clusterid, error, nfound) , HH clusterid j@&—ANEA7El IF XTIV ()2
M4 . error 2 LARIIZENIMEE A, nfound & ULARHE & LA EL .

it& Self-Organizing Map

W PAFIF LR34, THESHEEAE record G E T Self-Organizing Map :

>>> clusterid, celldata = record.somcluster()

HEPLTI S
o transpose (BRil: 0 ) EFFAE data BT ( transpose==0 ), B(F % ( transpose==1 ) T} 5.
o nxgrid, nygrid (BRik: 2, 1) 24 Self-Organizing Map 150}, FEH T WA B A RS A AN i As T 50 H
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o inittau (BRik: 0.02) T SOM BIEMSEL 7 MWIER{E . BRIAMY inittau /& 0.02, [A] Michael Eisen’
s Cluster/TreeView F2 7 H i I S 80—2.

o niter (BRik: 1) EMRBITIIREL.
o dist (ZKik: 'e' , Euclidean distance) &£ IR E RS (W.15.1).
REER Bl — T4 (clusterid, celldata) :

o clusterid: —/TZEARAL, FTRFIFFRERICREHME . FATHINAX N HZICRAERIE SOM JF
Nz iy B4R

o celldata: FEHCA— PR, WEREXTTERIE, WAN (nxgrid , nygrid , FI%0), R @EXFIHRE,
AN N ( nxgrid , nygrid , 774k)  FFEH, AAFR [ix] [iy] XAV A2 ALAR Y A% B i o
H ek B i By — 4 i)

REREER

N T PRAFIRZEE R, W ARI -

>>> record.save(jobname, geneclusters, expclusters)

(VN2 E
* jobname F4FH: jobname ffENIRIFHISIFA

o geneclusters XNSHFEHIREN (DMATEZ) B4R, 7F k-means B | XANSHRE— 41
B, UEENREEXNAZER], ATPAEM kcluster 53], FERGEIH, geneclusters &
—~ Tree X4,

o expclusters X/NSHIRHYEILIFM (PAYIRE) BEFR. TE k-means REH , ZANSHZ >4
P, A5 G R S A AT B 28 1), AT DA AT keluster 135 A R RS, geneclusters
s “Tree” ¥R

XN ESAE N SCAR Y jobname . cdt, jobname.gtr, jobname.atr, jobname*.kgg, F/i jobnamex.kag
o XN DA TG . WA geneclusters Fll expclusters #f2 None , ARX /NI {EH &AL
jobname.cdt ; XA SR ABLEER, £ —H71Y Record Xf4.

2.15.11 15.8 7Rfl

AT R—DRERENGIT, oo m b gva R 5 B T RS, H o EA X L0 5 i TR 2L .
T Buclidean PEEGXIEEH AT, HIHFEEHRFT L genetree FHATIHRE, FHALT 0 A1 1 ZJH].
XAPHEEXST Java TreeView 1EHf B 1 2R A0AT. FIRHEH uncentered correlation X SE56 452
BATERE . TEXFEOL N, ATEALATAIEEE, Hh exptree MIYLIREAAIT 0 M 2 Z (Al 7Bl
3 cyano. txt WIPAM data SOk E).
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>>> from Bio import Cluster

>>> handle = open('"cyano.txt")

>>> record = Cluster.read(handle)

>>> handle.close()

>>> genetree = record.treecluster(method='s")

>>> genetree.scale()

>>> exptree = record.treecluster(dist='u', transpose=1)

>>> record.save("cyano_result", genetree, exptree)
y _

XA A4 i cyano_result.cdt , cyano_result.gtr , Al cyano_result.atr %3 {4,

IR, ] PABRTF—A> k-means JRIEAYLE

>>> from Bio import Cluster

>>> handle = open('"cyano.txt")
Cluster.read(handle)
>>> handle.close()

>>> record

>>> (geneclusters, error, ifound) = record.kcluster(nclusters=5, npass=1000)
>>> (expclusters, error, ifound) = record.kcluster(nclusters=2, npass=100, transpose=1)

>>> record.save("cyano_result", geneclusters, expclusters)

IR A B0 cyano_result_K_G2_A2.cdt , cyano_result_K_G2.kgg , Al cyano_result_K_A2.kag

2.15.12 15.9 BinE%E

median(data) iR [—ZEL4 data HHH
mean(data) R[] —4E%(4H data HII(HE.
version() iRl ) C B AL .

2.16 % 16 EREFIFHE

HWREATEN WA IR 5 225624 Numerical Python  (numpy).

2.16.1 16.1 Logistic [EJFHEEY

16.1.1 HE=FEHY

Logistic A9 &—Fp B3 vk, @it THAS & o BRI 220G FEA RN 40 K ADRIREIZE 5.
Logistic [B] )84 ] H RT3 AS B ALE B« o« 7E Biopython H, logistic [[JHARZY H Fif H L8 T =2k
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Al (K =2) 432, TF A & i) B oA R

YER—AT, FATLUCE TN R P BRI 7450 . — DRI 245 — % DNA §f EVF RS0 A i —
MRS, WARLRF S — 4 mRNA Jp 1. X5 mRNA 73 FLF)E- A2 A FEER . LI
PARG SZFRUAT BB TR T, BRI TS 2.4 AR

PR BRARAN TR BE N R I 26— 20, FRATT 7R ZEHE AR T I045 0 . R 2R AT R 2y 10% (B P30 T
S E A i SCRARA o TR B 90% B DR HRIN TSR RT DASE 1 — o M 2] T AR T

FERX AP A ) TriA T, AR B e S YN T 50 R A5 E RPN A & 2 o BlANTT DARESE
B P () AT B B AR A e — TN AS o [ — R T A A SR R PR A B B ARG, T2 T AN ]
PRI AR RRE DA AL 5 B A R S AR AR 3 TR 1T 781 o 75— AT AL Ba] DA TR R 2k i
JEo MR THIE S, JET RN TAGHE A R [ 0 SR D 2 i, A ) 01 A 7 A R 2k i
WA . ESCERERAE, B TAAEN U2, XA R T B R R A R B R I B AR e e —2. Tl
TR R FOR A B R AR, BB BRI IEZS A, SRS VHSRR L e B SR 7
BUAEFRATA TP TIAS B, 0] DASS LI 7] — 4% DNA &5 - A8 2 5 8 TH R T - 1
PIEE RIS - 20 0 R RIS A AL

1E logistic [l rp, FRATRE A X > AL BB IR R — MR &3 5S¢

S = Bo + Brz1 + Baxo.

M NI AR BIEEN , logistic [T ZEL Bo , B1, B2 S EEIIME: - OP: SBR[, AR DNA
t, ETHEHRINT; - NOP: #i4FEM, #HF DNA 8, JETAFEBEINT.

1 logistic [MIAREAL R, J& T HAJBOARHHT 181 logistic PREUH Y4, XTXPI2E OP Al NOP,
HHRARR R AT A ik -

to

Pr(OP|zq, 22) =
exp(fBo + P11 + Poxa)
1+ exp(Bo + Bix1 + Bow2)
Pr(NOP|zy,x2) =
1
L+ exp(Bo + Brz1 + Par2)

(2.2)
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exp(Bo + frz1 + 5;172)
1+ exp(Bo +1ﬂ1$1 + foxs)

PI‘(NOP|JJ1, .132)

1+ exp(Bo + frx1 + Pox2)

A —HE R E TR T (OP 251) BRI T (NOP K51) plEFXy, i m AR
PRETRASBARAE, FATHT AT R Bo, B1, B2 - (16.2) T (16.5) .

16.1.2 )|k logistic E]JF{EEY

[ 3 16.1: CUmEH] (OP or NOP) AR KPS, AP S P HI 7%, 3L B g 0 |

FEPIXF FAEFEE (21) | BHEERXGS (v2) | 251
cotJA —cotJB | -53 -200.78 oP
yesK —yesL 117 -267.14 OP
IplA —IplB 57 -163.47 OoP
IplB —IplC 16 -190.30 OoP
IplC —IplD 11 -220.94 op
IplD —yetF 85 -193.94 0]
yfmT —yfmS | 16 -182.71 OP
yfmF —yfmE | 15 -180.41 0]
citS —citT -26 -181.73 opP
citM —yfiN 58 -259.87 OoP
yftl —yfiJ 126 -414.53 NOP
lipB —yfi@Q 191 -249.57 NOP
yfil —yfiV 113 -265.28 NOP
yfhH —yfhl 145 -312.99 NOP
cotY —cotX 154 -213.83 NOP
yjoB —rapA 147 -380.85 NOP
ptsl —splA 93 -291.13 NOP

F16.1 BV TR RZFAOAT R — SE LIRS, X SR AR T E 0. LEFRATHR— 2 p ) I S8 B ok T 58
H logistic [o I :
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>>> from Bio import LogisticRegression

>>> xs = [[-53, -200

(117, -267

[57, -163.

[16, -190.

[11, -220.

[85, -193.

[16, -182.

[15, -180.

[-26, -181

[58, -259.

[126, -414.

[191, -249.

[113, -265.

[145, -312.

[154, -213.

[147, -380.

[93, -291.
>>> ys = [1,

1,

1,

1,

1,

1,

1,

1,

1,

1,

0,

0,

0,

0,

0,

0,

0]

>>> model = LogisticRegression.train(xs, ys)

.78],
.147,
47],
301,
94171,
9471,
711,
417,
.731,
871,
53],
571,
28],
99],
831,
851,
131]

XH, xs Fl ys UIZEIE: xs 55 T H

P!

SCH,

ys f&

o BELARS

FE SR IX

SRR R TR AT (1,

K5 OP) BRI (0, J& NOP). Logistic [JHFETRAFGETE model 1, AEFLTE Bo, 1, and

Ba:
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>>> model .beta
[8.9830290157144681, -0.035968960444850887, 0.02181395662983519]

TERL B S R, 2 PR A AT A PR i 8 ) 5k PR 0 S s O S AR R R T (380 OP) . 5 —Jy
T, B2 JMIE, DR JE TR IR A7 10 B DG A S e ) R PR R i A DA 7. 2L Bo R IEERZE A A
XA BiHs BT BE PR S K 2 4L

PREL train A AIESAL: update_fn fll typecode . update_fn W] JIRAGE NI EAL, PAREAEA
XPEAURER S EL . AT, FATTAT DARE XA [l ] eR BB B 2158 (1] Newton-Raphson %48
e R AL logistic MR XK RISR BRI %) HERE :

>>> def show_progress(iteration, loglikelihood):
print "Iteration:", iteration, "Log-likelihood function:", loglikelihood
>>>

>>> model = LogisticRegression.train(xs, ys, update_fn=show_progress)

Iteration: 0 Log-likelihood function: -11.7835020695
Iteration: 1 Log-likelihood function: -7.15886767672
Iteration: 2 Log-likelihood function: -5.76877209868
Iteration: 3 Log-likelihood function: -5.11362294338
Iteration: 4 Log-likelihood function: -4.74870642433
Iteration: 5 Log-likelihood function: -4.50026077146
Iteration: 6 Log-likelihood function: -4.31127773737
Iteration: 7 Log-likelihood function: -4.16015043396
Iteration: 8 Log-likelihood function: -4.03561719785
Iteration: 9 Log-likelihood function: -3.93073282192
Iteration: 10 Log-likelihood function: -3.84087660929
Iteration: 11 Log-likelihood function: -3.76282560605
Iteration: 12 Log-likelihood function: -3.69425027154
Iteration: 13 Log-likelihood function: -3.6334178602
Iteration: 14 Log-likelihood function: -3.57900855837
Iteration: 15 Log-likelihood function: -3.52999671386
Iteration: 16 Log-likelihood function: -3.48557145163
Iteration: 17 Log-likelihood function: -3.44508206139
Iteration: 18 Log-likelihood function: -3.40799948447
Iteration: 19 Log-likelihood function: -3.3738885624
Iteration: 20 Log-likelihood function: -3.3423876581
Iteration: 21 Log-likelihood function: -3.31319343769
Iteration: 22 Log-likelihood function: -3.2860493346
Iteration: 23 Log-likelihood function: -3.2607366863
Iteration: 24 Log-likelihood function: -3.23706784091
Iteration: 25 Log-likelihood function: -3.21488073614

Qi3]
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(B bTT)

Iteration: 26 Log-likelihood function: -3.19403459259
Iteration: 27 Log-likelihood function: -3.17440646052
Iteration: 28 Log-likelihood function: -3.15588842703
Iteration: 29 Log-likelihood function: -3.13838533947
Iteration: 30 Log-likelihood function: -3.12181293595
Iteration: 31 Log-likelihood function: -3.10609629966
Iteration: 32 Log-likelihood function: -3.09116857282
Iteration: 33 Log-likelihood function: -3.07696988017
Iteration: 34 Log-likelihood function: -3.06344642288
Iteration: 35 Log-likelihood function: -3.05054971191
Iteration: 36 Log-likelihood function: -3.03823591619
Iteration: 37 Log-likelihood function: -3.02646530573
Iteration: 38 Log-likelihood function: -3.01520177394
Iteration: 39 Log-likelihood function: -3.00441242601
Iteration: 40 Log-likelihood function: -2.99406722296
Iteration: 41 Log-likelihood function: -2.98413867259

— FUCPEURUA s B B /N T 0.01, AR R . W2RAE 500 REEAIGIER A BRILEL, train pREGR
[ FH4l 4 —4~ AssertionError ,

TR KT typecode JLT-RILA—ELZNE . XA ST ARVE N PR A I AR 2 . 20 T
REAEA RN DRI, 7T REA LA LG RSP AT 4L (Float8, Floatl6 454%F) 1A 2#RIARY double HY.

16.1.3 {EH logistic EIHERIH TS

T classify BT AIEAT/r 2. 458 A logistic [MIHRBIRUAT 21 F1 zo YME (BUIN, HINTEEHAREN
FFRT), classify FGRI 1 8 0, 43X 25 OP Fil NOP. filin, HEHEXS yacE , yreD F yriB
, ywiA :

| %162 BY TR AR |

RS FEAAEES o1 | B RBAGT 10
yrxcE —yxcD | 6 -173.143442352
yxiB —yxiA | 309 -271.005880394

Logistic [AABIAHM yocE | yoveD BTHIFEERM T (K5 OP), 1 ywiB , yzid JETAFEEIN T
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>>> print "yxcE, yxcD:", LogisticRegression.classify(model, [6,-173.143442352])
yxcE, yxcD: 1

>>> print "yxiB, yxiA:", LogisticRegression.classify(model, [309, -271.005880394])
yxiB, yxiA: O

(XG5 SCIRAGE ) — 20 -

KT XTI AT RE, AT LA calculate sECEIAGE S OP il NOP fMER (A (16.2) F1
(16.3) )o XT ywcE, yreD FeATA

>>> q, p = LogisticRegression.calculate(model, [6,-173.143442352])
>>> print "class 0OP: probability =", p, "class NOP: probability =", q
class OP: probability = 0.993242163503 class NOP: probability = 0.00675783649744

St yxiB , ywiA

>>> q, p = LogisticRegression.calculate(model, [309, -271.005880394])
>>> print "class OP: probability =", p, "class NOP: probability =", q
class OP: probability = 0.000321211251817 class NOP: probability = 0.999678788748

N1 IR A SRS A, BT AT AT R 2SR Kl L

>>> for i in range(len(ys)):

print "True:", ys[i], "Predicted:", LogisticRegression.classify(model, xs[i])

True: 1 Predicted: 1
True: 1 Predicted: O
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: O Predicted: O
True: O Predicted: O
True: O Predicted: O
True: O Predicted: O
True: O Predicted: O
True: O Predicted: O
True: O Predicted: O

X FE N B — A R S A oAt Bl T ER 2 IEA Y . Leave-one-out 437 A PAXTFRIMAS B 48 i — N E R {E 1)
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it . Leave-one-out /@i M YN ZRECHE AR Bk 2510 ) Bk PR BRSSP 2R A FT 0 B X -

>>> for i in range(len(ys)):

model = LogisticRegression.train(xs[:i]l+xs[i+1:], ys[:i]l+ys[i+1:])

print "True:", ys([i], "Predicted:", LogisticRegression.classify(model, xs[i])
True: 1 Predicted: 1
True: 1 Predicted: O
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: O Predicted: O
True: O Predicted: O
True: O Predicted: O
True: O Predicted: O
True: O Predicted: 1
True: O Predicted: O
True: O Predicted: O

Leave-one-out 737X 4 logistic [m] IS A FHTIN X W~ BE RS ANIE Ay, X R FUINRS A o 88%

16.1.4 Logistic E1)3, ZxiEFIF5FITHEREH

Logistic [A[JABIRYRANTLMEFI B0 . FELPER -ty ERIMRR AR AT A (16.2) A (16.9) 255,
B, NeEEMITRE 6, HATELXTMAE « UG DESHH. REETXNESS TS EM
FEWEFRE B R « MRS R IERSR, LRI logistic MIARALG HAFHHERE. 51—
I, logistic [AIJAALZY X T ASE] R AW 2 207 D ss fg

75— AR 7 2 I ] e MR R RO SR ) bl IXRRAY SVML i — il A g el . (H2 e
MEFEI RN Z ()T AR TN AL & 2 SRAGTT R KL B 2R logistic [IJAREAL (A5 (16.2) Fl (103) ) R
SFRTIA T I EA S XA @, AT DAHIER logistic [IABALIET LML % SVM, PUNEN THZ
Hdfgo WRAJE, SVM | Tﬁﬁ%ﬁ%o

Trevor Hastie, Robert Tibshirani, and Jerome Friedman: The Elements of Statistical Learning. Data Mining,
Inference, and Prediction. (G114 Eill: FAEIZH . #HEPLSTM) Springer Series in Statistics, 2001. 4.4 .

2.16.2 16.2 k- 3BEE (KNN )
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16.2.1 F=FEHM

A ARt — PR T ZER RO L 31— I M 2 ) Sk B e BT UIZREUR AR Y & A deale 4B
FAHEAT 20 -

1t Biopython H', KNN J7iKuIAE Bio . KNN Hgkfg. FATMA 16.1 FIFEAERH TEddeR 3] Biopython
H KNN J53E A

16.2.2 ML —1 KNN EE

(R 16.1 HRgHs, BATRIERRILG—1 "KNN* F:

>>> from Bio import kNN
>>> k = 3

>>> model = kNN.train(xs, ys, k)

XL xs Ml ys M16.2.2 PRI k 202 RIEIEEL ko XT3, O kA EOT AR tied
votes. PRAN#; train FEXHA RAGE, FOMBERCA VISR XA R B OO IR AP AR i xs , ys
Mk .

16.2.3 fEf *KNN* {REIR 53

R KNN BRXEH AT 028, HAIH classify s X ARBOA— MR (21,22) ISHOTHE
GREEAE xs T4 & -Folt 8B, REHETAEX b AR IRZ I (vs ) RWEHEA (21,22) ¥
frarde.

XX yocE | yzeD Fl yziB . ywid BT, AT

>>> x = [6, -173.143442352]

>>> print "yxcE, yxcD:", kNN.classify(model, x)
yxcE, yxcD: 1

>>> x = [309, -271.005880394]

>>> print "yxiB, yxiA:", kNN.classify(model, x)
yxiB, yxiA: O

il logistic AR —ZL, yacE*yxeD* YIH—RK (F] OP), yziB*yxiA* BT ARFENT .

PRAN classify W] DA & M R R O EE R B A N T e S 40 B R G WV R s SRR 0 b S 1%
PR (2, y ) AR/ MNEERIMIB0E SO . BOABIRUL R . 55h, FATdnT LA
Un7i B R fok D A e i e -

>>> def cityblock(xl, x2):
assert len(x1)==2

assert len(x2)==2

(T gk%E)
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distance = abs(x1[0]-x2[0]) + abs(x1[1]-x2[1])

return distance

>>> x = [6, -173.143442352]
>>> print "yxcE, yxcD:", kNN.classify(model, x, distance_fn = cityblock)
yxcE, yxcD: 1

PR BT DA AL B . B, AHECTAHSRBCm g SR, FAT AT BEAE 45 B3 (4 408 f— A By RO AR

>>> def weight(xl, x2):
assert len(x1)==
assert len(x2)==

return exp(-abs(x1[0]-x2[0]) - abs(x1[1]1-x2[1]))

>>> x = [6, -173.143442352]
>>> print "yxcE, yxcD:", kNN.classify(model, x, weight_fn = weight)
yxcE, yxcD: 1

BRI A 48 A A R

N T E X BN LA B, FATTT DAY T R %L calculate SRATSMCEIZE] OP #1 NOP B EALE . Xf T
BOARI AT 58, AR TR RSB . X T yacE , yzeD , FRATRB

>>> x = [6, -173.143442352]

>>> yeight = kNN.calculate(model, x)

>>> print "class 0OP: weight =", weight[0], "class NOP: weight =", weight[1]
class OP: weight = 0.0 class NOP: weight = 3.0

XEWRE x1, x2 BT =4 EERT NOP Il XA —ABIT yesK , yesL FATKI

>>> x = [117, -267.14]

>>> weight = KkNN.calculate(model, x)

>>> print "class OP: weight =", weight[0], '"class NOP: weight =", weight[1]
class OP: weight = 2.0 class NOP: weight = 1.0

XA E R RN TX, — 2 AR TR
X1 CKNN* AR S HaTE, FA TR G b A :

>>> for i in range(len(ys)):

print "True:", ys[il], "Predicted:", kNN.classify(model, xs[i])
True: 1 Predicted: 1
True: 1 Predicted: O

(T gk%E)
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(8 E30)
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: O
True: O Predicted: O
True: O Predicted: O
True: O Predicted: O
True: O Predicted: O
True: O Predicted: O
True: O Predicted: O
True: O Predicted: O

TREE T WIS EE R X T RSS2 IE Y . Leave-one-out 434 Al DAXFFRIMIREAf LS H— BRI AOA T, X
el VN ZRECE H AR BRI A R Y, R R S B

>>> for i in range(len(ys)):
model = kNN.train(xs[:i]+xs[i+1:], ys[:i]l+ys[i+1:])
print "True:", ys[i], "Predicted:", kNN.classify(model, xs[i])

True: 1 Predicted: 1
True: 1 Predicted: O
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: 1
True: 1 Predicted: O
True: O Predicted: O
True: O Predicted: O
True: O Predicted: 1
True: O Predicted: O
True: O Predicted: O
True: O Predicted: O
True: O Predicted: 1

Leave-one-out Z}HT 733X 4 KNN BB ERG 17 ANEPXT Ry 13 4>, R ks a6 N 76%.
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2.16.3 16.3 Naive Il Hfy

XA PRI Bio. NaiveBayes .

2.16.4 16.4 X

X R IR Bio. MaximumEntropy.

2.16.5 16.5 O/REIKER

X KA Bio. MarkovModel #1/8{ Bio.HMM.MarkovModel .

2.17 £ 17 & Graphics #EiRchpy B FHLH o] it 8 —GenomeDiagram

Bio.Graphics AT Python W25 =4 J&€FE ReportLab , ReportLab FEA: s PDF S0, [FIftAE
% EPS (Encapsulated Postscript) X441 SVG 304, ReportLa W PAS:HIEEE, AR 23K 2 &
(Dependencies), il PIL(Python Imaging Library) , ReportLab 7] PASH JPEG, PNG, GIF, BMP #il
PICT #&XfH7E (Bitmap image).

2.17.1 17.1 EE4AHT#{t 8 —GenomeDiagram

17.1.1 GenomeDiagram &4}

Bio.Graphics.GenomeDiagram fl g3 &5 Biopython 1.50 ilRZ 1, #LE 4 2 Biopython [l 75k . Geno-
meDiagram 40K HIAE 2006 4F Pritchard ¢ AfF Bioinformatics Z&GH)—ms & [2] , @R T —Lk
Fg R, B2 ERGRAERE S GenomeDiagram F-JJ} http://biopython.org/DIST/docs/GenomeDiagram /
userguide.pdf o IEAH “GenomeDiagram” ZFRFTHE, B EZM T AR AL (Fehl 2 R4 w4,
RIVAT 225 i £ AL IR AT 23 i PR TR IR, Toth 5 AAE 2006 48 & KA SCE [9] HIE 2 i@ — s fil. Van der Auwera
S5 NAE 2009 4R KR SCE [4] 1A 1 AHIE 2 Wik, GenomeDiagram j& ] TMER A JFURLHI LA 14
TN R H I AT AL

R E P HE B ZM GenBank XU H N #iHY SeqRecord i, Bl &i4% SeqFeature , A X
AR T R (FEULSR / TERISE S &)

17.1.2 ER, B, SEEFIHE

GenomeDiagram il AU BRI R, EJZ v KT Bl EEX R (diagram object) Fn—1~F
41 (sequence) HJFHIXH (sequence region), —NETEAIALEZ AL (track), I EIHES] EEER
TR . XK B RS, R 7 R, W] — M Ss B AL, 5 — Ll
AT, S EAERR GO Ei . AR PUB R RHEST o — MRELE (feature-sets). CDS 1
FHERT DA —MRHESE , 10 tRNA BPREAE AT A 3 Ah— MR o XA SR PR 20K, JRATPATE diagram
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FOHFRERRHESE . W28 diagram fHRRIFFESE, B MEESRAE S, HUHEFTA tRNA [FHE
HAL LG, IRATRER tRNA BRHERAT

B BRI SR H BTN (Top-Down), ¥ 5#i# diagram Xi4, SRJ5 1 diagram
DTSN track(s), fefa ) track BT IRESINARAE. 25 " Fd B NI _ERT5% (Bottom-Up), H5EHM
BN, RGP TS,

17.1.3 B LM FAI3EHI

FATH M GenBank SCEFP LR KA SeqRecord K2l &AL (FEILAHES #) o X B RIEFF A
Yersinia pestis biovar Microtus 1) pPCP1 ik, JCEIE 4 NC_005816.gb #F Biopython #' GenBank [/
tests HaF, NC_005816.gb H, 7] N

from reportlab.lib import colors

from reportlab.lib.units import cm

from Bio.Graphics import GenomeDiagram

from Bio import SeqIO

record = SeqlI0.read("NC_005816.gb", "genbank")

XA A BT, ARG, B4 dagram, RJEHE-—A> track, /o MHESE

(feature set):

gd_diagram = GenomeDiagram.Diagram("Yersinia pestis biovar Microtus plasmid pPCP1")
gd_track_for_features = gd_diagram.new_track(l, name="Annotated Features")

gd_feature_set = gd_track_for_features.new_set()

BT RAER A R, $2HL SeqRecord HHAJKEH ) SeqFeature X4, ek diagram A= p—ANAHE )
FHIE (feature), RFHEBIEEE AW C, 4000 FHIREE AR E RN

for feature in record.features:

if feature.type != '"gene":
#Exclude this feature
continue

if len(gd_feature_set) 7, 2 == 0:
color = colors.blue

else:
color = colors.lightblue

gd_feature_set.add_feature(feature, color=color, label=True)

PSSR EW L, B2 drav Jrk, ‘B ReportLab Y44 MAFTRETE . K52 write ik, K
FAFRE IR SO TR SO U L Fbs
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gd_diagram.draw(format="linear", orientation="landscape'", pagesize='A4"',
fragments=4, start=0, end=len(record))

gd_diagram.write("plasmid_linear.pdf", "PDF")

gd_diagram.write("plasmid_linear.eps", "EPS")

gd_diagram.write("plasmid_linear.svg", "SVG")

TR T X & (Dependencies), WA PAA & (Bitmap image), fCASH0F:

gd_diagram.write("plasmid_linear.png", "PNG")

& r
r s o

HE, AT fragments AFRNE N “47, BEEAMSH N “47 SHE.
R EARIEE, AR A R Ry

gd_diagram.draw(format="circular", circular=True, pagesize=(20*cm,20*cm),
start=0, end=len(record), circle_core=0.7)

gd_diagram.write("plasmid_circular.pdf", "PDF")
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NPT ZARTRTE . B UG RIT 6 .

17.1.4 B ERYSEH

B, A CETME” IR MIEREIE . B ARmRg (T AREMIUT ), RS HAE.

from reportlab.lib import colors

from reportlab.lib.units import cm

from Bio.Graphics import GenomeDiagram

from Bio import SeqlIO

record = SeqlI0.read("NC_005816.gb", "genbank")

#Create the feature set and its feature objects,
gd_feature_set = GenomeDiagram.FeatureSet()

for feature in record.features:

(T gk%E)
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if feature.type != "gene':
#Ezclude this feature
continue
if len(gd_feature_set) 7 2 ==
color = colors.blue
else:
color = colors.lightblue
gd_feature_set.add_feature(feature, color=color, label=True)

#(this for loop is the same as in the previous ezample)

#Create a track, and a diagram
gd_track_for_features = GenomeDiagram.Track(name="Annotated Features")

gd_diagram = GenomeDiagram.Diagram("Yersinia pestis biovar Microtus plasmid pPCP1")

#Now have to glue the bits together...
gd_track_for_features.add_set(gd_feature_set)
gd_diagram.add_track(gd_track_for_features, 1)

R, FIH drav fl write H{ERGIBLILRISEINEE, SRVREEME (“draw” Fl “write” F5H)
ARG, 17.1.3).

17.1.5 {E 8R4 Feature

PA_ER AR 1) %8 diagram {# A SeqRecord f] SeqFeature 5 (004,59 BT ). WIRARATZE SeqFeature
X5, HAFHAR feature B AEAR R, UFEEAIE minimal SeqFeature X4, FikfREH, AT :

from Bio.SeqFeature import SeqFeature, Featurelocation

my_seq_feature = SeqFeature(FeaturelLocation(50,100),strand=+1)

XEFPIRGE, +1 AACRIER, -1 AR, None fUEPIHHA, Tz A LAY B

from Bio.SeqFeature import SeqFeature, FeatureLocation
from Bio.Graphics import GenomeDiagram

from reportlab.lib.units import cm

gdd = GenomeDiagram.Diagram('Test Diagram')

gdt_features = gdd.new_track(l, greytrack=False)

gds_features = gdt_features.new_set()

#Add three features to show the strand options,

(@23)
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(8:EW)

feature = SeqFeature(FeaturelLocation(25, 125), strand=+1)
gds_features.add_feature(feature, name="Forward", label=True)
feature = SeqFeature(FeatureLocation(150, 250), strand=None)
gds_features.add_feature(feature, name="Strandless", label=True)
feature = SeqFeature(FeaturelLocation(275, 375), strand=-1)

gds_features.add_feature(feature, name="Reverse", label=True)

gdd.draw(format="'linear', pagesize=(15%cm,4*cm), fragments=1,
start=0, end=400)
gdd.write("GD_labels_default.pdf", "pdf")

B B RAE IL R — T A2 — AN, BT feature ks (.
R, XHU name ZHffh feature ) “ULHISCA” (caption text). NICHX YA LAY .

17.1.6 Feature i BH

THEAAE Y, feature /A SeqFeature HXTZNNF| diagram.,

gd_feature_set.add_feature(feature, color=color, label=True)

BITE RGBT SeqFeature [{TREN feature M 114 241 SCF i . SeqFeature XA MIMREFF (qualifiers
dictionary) #t45{H2: gene, label, name, locus_tag, il product . fAjEAHIIN, VRAIDAE X—PEHR:

gd_feature_set.add_feature(feature, color=color, label=True, name="My Gene")

A~ feature FRAEAULHISCA AT ABEE TR (BT SEWISCARBOAR G EAE FITEAT S (sigil) 9761,
AR R R L, AIR IR R SRR TT a2 45° gk .

#Large font, parallel with the track
gd_feature_set.add_feature(feature, label=True, color="green",

label_size=25, label_angle=0)

#Very small font, perpendicular to the track (towards it)
gd_feature_set.add_feature(feature, label=True, color="purple",
label_position="end",

label_size=4, label_angle=90)

#Small font, perpendicular to the track (away from it)

gd_feature_set.add_feature(feature, label=True, color="blue",
label_position="middle",
label_size=6, label_angle=-90)
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PRI 7R B AR = A Bed & Z S5 A% 0] AMS- 2R A &4

& &
\o" m‘"p

bz 4h, BRI PAKE: “label _color” AT AR MBIt (5517.1.9 FrIF X —4 ), X HEAHTHER .
RFBA AR, SR AR, BT SIS Foature FINRR, TRGIK R T
JUA R ) feature,

17.1.7 &R Feature HEIRHS

PA_ER il Feature (I EITERFS (sigil) BRiAJE—A 5 HE (plain box), GenomeDiagram 55—t ot A% —
I, 5k GenomeDiagram ## 43| Biopythonl.50 i}, #ts 7 §ik R EIESFS (sigil).

#Default uses a BOX sigil

gd_feature_set.add_feature(feature)

#You can make this explicit:

gd_feature_set.add_feature(feature, sigil="BOX")

#0r opt for an arrow:

gd_feature_set.add_feature(feature, sigil="ARROW")

Biopython 1.61 3@ 3 MERIEMIK (sigil).

#Box with corners cut off (making it an octagon)

gd_feature_set.add_feature(feature, sigil="0CT0")

(Q3)
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(8:EW)

#Box with jagged edges (useful for showing breaks in contains)

gd_feature_set.add_feature(feature, sigil="JAGGY")

#Arrow which spans the azis with strand used only for direction

gd_feature_set.add_feature(feature, sigil="BIGARROW")

NI IX LS IR TEAR (sigil), 2500 EIZTEREELAHE (bounding box) IR, TEARKRIIY_L/ T
(BT (Strand) Jy RIEIE /S, B0 BREBARARE, R F Al E TR AR i . “BIGARROW”
AFARE, BB, Jrmh feature PRFAIHRE
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Bigl="BOx"

Bigl="OC T

BigI="JAGEY

>

BigiI="ARRN

Bigl="BIGARROW"
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17.1.8 SisLAR

LR B TR AP R AR AR TR 1 SRR A A i R LR

BRI .

#Full height shafts, giving pointed bozes:

gd_feature_set.add_feature(feature, sigil="ARROW", color="brown",
arrowshaft_height=1.0)

#0r, thin shafts:

gd_feature_set.add_feature(feature, sigil="ARROW", color="teal",
arrowshaft_height=0.2)

#0r, very thin shafts:

gd_feature_set.add_feature(feature, sigil="ARROW", color="darkgreen",

arrowshaft_height=0.1)

GERILT A
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— .

e

O, AR FHE R BE LB B B AT S RE (BRI 0.5 5 50%) -

#Short arrow heads:
gd_feature_set.add_feature(feature, sigil="ARROW", color="blue",
arrowhead_length=0.25)

(Fgkz:
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(8:EW)

#0r, longer arrow heads:

gd_feature_set.add_feature(feature, sigil="ARROW", color="orange",
arrowhead_length=1)

#0r, very very long arrow heads (i.e. all head, no shaft, so triangles):

gd_feature_set.add_feature (feature, sigil="ARROW", color="red",
arrowhead_length=10000)

GERIUT A

2.17. £ 17 Z Graphics &Ry EELA TTH{L 8 —GenomeDiagram 303



Biopython-cn Documentation, %% 0.1

— )

> P

Biopythonl.61 73 BIGARROW fii3kEAR, ELHEBARIRA, Fikim” £ K Km « $5m” Al
“1_%%77 E[’Iﬂ ALO

#A large arrow straddling the azis:

gd_feature_set.add_feature(feature, sigil="BIGARROW")
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3 ARROW JEAR Y () ST AF A 7 Sk 5 B R 0 #AE A T BIGARROW

17.1.9 SEERGI

mE]” H_EW PR Section 17.1.5 W EREEFFH Yersinia pestis biovar Microtus ) pPCP1 ik, PAEfL
M7 BRATS MRk, §iskFRonatl, AN gk R BRI N UIBg R bR AL .

from reportlab.lib import colors

from reportlab.lib.units import cm
from Bio.Graphics import GenomeDiagram
from Bio import SeqlO

from Bio.SeqFeature import SeqFeature, FeaturelLocation

record = SeqI0.read("NC_005816.gb", "genbank")

gd_diagram = GenomeDiagram.Diagram(record.id)
gd_track_for_features = gd_diagram.new_track(l, name="Annotated Features")

gd_feature_set = gd_track_for_features.new_set()

for feature in record.features:
if feature.type != '"gene":
#Ezclude this feature
continue
if len(gd_feature_set) 7 2 ==
color = colors.blue

else:

color = colors.lightblue
gd_feature_set.add_feature(feature, sigil="ARROW",
color=color, label=True,

label_size = 14, label_angle=0)

#I want to include some strandless features, so for an example
#will use EcoRI recognition sites etc.
for site, name, color in [("GAATTC","EcoRI",colors.green),
("CCCGGG","Smal",colors.orange),
("AAGCTT","HindIII",colors.red),
("GGATCC","BamHI",colors.purple)]:
index = 0
while True:
index = record.seq.find(site, start=index)

if index == -1 : break

(QE29)
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feature = SeqFeature(FeaturelLocation(index, index+len(site)))

gd_feature_set.add_feature(feature, color=color, name=name,
label=True, label_size = 10,
label_color=color)

index += len(site)

gd_diagram.draw(format="linear", pagesize='A4', fragments=4,

start=0, end=len(record))

gd_diagram.write("plasmid_linear_nice.pdf", "PDF")

gd_diagram.write("plasmid_linear_nice.eps", "EPS")

gd_diagram.write("plasmid_linear_nice.svg", "SVG")

gd_diagram.draw(format="circular", circular=True, pagesize=(20%*cm,20%cm),

start=0, end=len(record), circle_core = 0.5)

gd_diagram.write("plasmid_circular_nice.pdf", "PDF")
gd_diagram.write("plasmid_circular_nice.eps", "EPS")
gd_diagram.write("plasmid_circular_nice.svg", "SVG")

AR LT
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e

YP_pPCPO1 & | YP_pPCPO2 |

rop YP_pPCP0O4 pim

= —

YP_pPCPO7 pla ]

—

0d2dd dA oidDdd dA
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17.1.10 S EHiH

T SE ) AR A2 B Y track, FRATATAGIEZAS track, N, —A track JR/REEH, 75— track BRE
¥4, Proux % N 2002 FEMIAN CE (5] HE 6 22— MRIFITES], T ATRE =0 5 AR F 41K
WATRR . EEHREZAVER KA GenBank 4.

e NC_002703 — Lactococcus phage Tuc2009, 45K 2H K /N (38347 bp)
« AF323668 — Bacteriophage bIL285, 4= 3L £H K/)s (35538 bp)

e NC_003212 — Listeria innocua Clip11262, IR EHEHIMERIA 5 A4 R (K EERARF ).
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X ZASSCERT PAM Entrez Rk, R EAI9.6 « M =AW B AR 41304973 5 (slice) $2HUR ¢ Features
FE (HEFL6), PRI AR ) B ) BoAME S GG S 57, FRRERATE Feature (FEFTE /.8 ).

from Bio import SeqlO

A_rec = SeqI0.read("NC_002703.gbk", "gb")
B_rec = SeqlIO.read("AF323668.gbk", "gb")
C_rec = SeqIO.read("NC_003212.gbk", "gb") [2587879:2625807] .reverse_complement (name=True)

B b A B FRn BRI 22 57 . X245 GenBank U fg—> feature B S
J Sanger’ s Artemis editor ZbBl——A fiE#; GenomeDiagram iH%], {H2, X H HEHF 4G (hard code)
=Bk,

Fi& GenBank S IHEREE S Proux BrlSCIHEEIHATEEME, MATEE I 1 — LR AR
.

from reportlab.lib.colors import red, grey, orange, green, brown, blue, lightblue, purple

A_colors [red]*5 + [greyl*7 + [orange]*2 + [greyl*2 + [orange] + [greyl*11l + [green]*4
<\
+ [grey] + [green]l*2 + [grey, green] + [brown]*5 + [bluel*4 + [lightblue]*5 \
+ [grey, lightblue] + [purplel*2 + [grey]
B_colors = [red]*6 + [grey]l*8 + [orangel*2 + [grey] + [orange] + [grey]+*21 + [green]*5 \
+ [grey]l + [brown]*4 + [blue]*3 + [lightblue]*3 + [greyl*5 + [purple]*2
C_colors = [greyl*30 + [green]*5 + [brown]*4 + [blue]*2 + [grey, blue] + [lightblue]l*2 \

+ [greyl*5

AR “draw” J5k, 4 diagram ¥ 3 4> track. ARG HBREA FIHG /SR ERA B EATZ 7
KJEARS (Biopython 1.59 KHEZAIMA ) .

from Bio.Graphics import GenomeDiagram

name = "Proux Fig 6"
gd_diagram = GenomeDiagram.Diagram(name)
max_len = 0
for record, gene_colors in zip([A_rec, B_rec, C_rec], [A_colors, B_colors, C_colors]):
max_len = max(max_len, len(record))
gd_track_for_features = gd_diagram.new_track(l,
name=record.name,
greytrack=True,
start=0, end=len(record))

gd_feature_set = gd_track_for_features.new_set()

G¥E))
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i=0
for feature in record.features:
if feature.type != "gene'":
#Exclude this feature
continue
gd_feature_set.add_feature(feature, sigil="ARROW",
color=gene_colors[i], label=True,
name = str(i+l),
label_position="start",
label_size = 6, label_angle=0)

i+=1

gd_diagram.draw(format="linear", pagesize='A4', fragments=1,
start=0, end=max_len)

gd_diagram.write(name + ".pdf", "PDF")

gd_diagram.write(name + ".eps", "EPS")

gd_diagram.write(name + ".svg", "SVG")

ZERANE PR
4| i; 101 12 13 14 15 16 17}m |7 I9 ﬂo i‘ |2 §I4 'IG 7 14243 244546 47 48 49 50 51 5
C 2793 NC_002703 NC_002703 NC_002703 NC_002703

il i; 133 14 15 16 17 18, 7 2] 5i7ls 9 404, 2 3 44 45 0 51 52 B 5 55 Is i7ﬂiiii
AF3zlEl I v| j AF323668 AF323668 AF323668 AF323668

7 J0 g1 121, Ai\»ﬂ 19 IO I\ |2 li 24 » ID ioilii' i3 iA iﬁ ii]iﬂiiﬂ i\F 44 45 46 i7 |8 lg ‘
Ecl 3

‘ NC_003212 NC_003212 NC_003212 NC_003212
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e B P PR A W T A 5 A0 (8 B () R IARAC . 580, = MR IR AT AL R K BER ], X2 RN E
A ELBIAR], K BEAIAE

FOME— WAL, AN TR A TR s T A B Y links A2, R — B R g A .

17.1.11 A[F Track Zjg]lg4 Cross-Links

Biopython 1.59 #3422l A [F] track 2 [A] Cross-Links fZIEE, X MPIRERT A TRER R R RLIEEH,
TR R # 5 7 B (fragments) FIFREE.

AL Proux %A [5] MBI, FATFE NI EREZAM “cross links”, “f3437 8 “Hifa” (13
Fo BRI, WPAM BLAST U HERHGX LEE E., X B T3 Am .

WERRM ZFREFEFR N A, B I Co X HBERIRMEZ A 55 B 21 links, WEEA A F1 B JLHE A0
T A E T

#Tuc2009 (NC_002703) vs bIL285 (AF323668)

A vsB-=1[

(99, "Tuc2009_01", "int"),

(33, "Tuc2009_03", "orf4"),
(94, "Tuc2009_05", "orfé"),
(100, "Tuc2009_06", "orf7"),
(97, "Tuc2009_07", "orfs8"),
(98, "Tuc2009_08", "orf9"),
(98, "Tuc2009_09", "orf10"),
(100, "Tuc2009_10", "orf12"),
(100, "Tuc2009_11", "orf13"),
(94, "Tuc2009_12", "orfid"),
(87, "Tuc2009_13", "orfis"),
(94, "Tuc2009_14", "orf16"),
(94, "Tuc2009_15", "orfi7"),
(88, "Tuc2009_17", "rusA"),
(91, "Tuc2009_18", "orf20"),
(93, "Tuc2009_19", "orf22"),
(71, "Tuc2009_20", "orf23"),
(51, "Tuc2009_22", "orf27"),
(97, "Tuc2009_23", "orf28"),
(88, "Tuc2009_24", "orf29"),
(26, "Tuc2009_26", "orf3s"),
(19, "Tuc2009_46", "orf52"),
(77, "Tuc2009_48", "orf54"),
(91, "Tuc2009_49", "orf55"),
(95, "Tuc2009_52", "orf60"),
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(8 L)

XER A B A C LRI AL :

#bIL285 (AF323668) wvs Listeria innocua prophage 5 (in NC_003212)
Bvs C=1[
(42, "orf39", "lin2581"),
(31, "orf40", "1in2580"),
(49, "orf41l", "1in2579"), #terL
(54, "orf42", "l1in2578"), #portal
(55, "orf43", "lin2B577"), #protease
(33, "orf44", "lin2576"), #mhp
(51, "orf46", "1in2575"),
(33, "orf47", "lin2574"),
(40, "orf48", "lin2573"),
(25, "orf49", "1in2572"),
(50, "orfb50", "lin2571"),
(48, "orfb51", "1in2570"),
(24, "orfb2", "lin2568"),
(30, "orfb3", "1in2567"),
(28, "orfb4", "1in2566"),

WERK A Fl C BBRIAAF (Identifiers) JRELHEFRE: (locus tags), WRREIMA B AT SRS, 3 HLHIEE DY
AARAAEE o AT B0 Bl R 30m] P 5 DR B A 28 BB A 44 PRk T7- 4R, Feature

def get_feature(features, id, tags=["locus_tag", "gene"]):
"""Search list of SeqFeature objects for an identifier under the given tags."""
for f in features:
for key in tags:
#tag may mot be present in this feature
for x in f.qualifiers.get(key, []):
if x == id:
return f

raise KeyError(id)

IAERFX LEARRAFXT (identifier pairs) [5]3R5 K “SeqFeature” F|3, FMEER A RE . I
TER FAMC ST E]_ B ig v gd_diagram.draw(...) iX—{T2Z &, ¥ cross-links FRME| &G . wfH
B IAS SO Proux et al 2002 Figure 6.py fF Biopython AR 43¢ Doc/examples HE N,
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from Bio.Graphics.GenomeDiagram import CrossLink
from reportlab.lib import colors
#Note tt might have been clearer to assign the track numbers explicitly...
for rec_X, tn_X, rec Y, tn_Y, X vs_Y in [(A_rec, 3, B_rec, 2, A_vs_B),
(B_rec, 2, C_rec, 1, B_vs_C)]:
track_X
track_Y

gd_diagram.tracks[tn_X]

gd_diagram.tracks[tn_Y]
for score, id_X, id_Y in X_vs_Y:
feature_X = get_feature(rec_X.features, id_X)
feature_Y = get_feature(rec_Y.features, id_Y)
color = colors.linearlyInterpolatedColor(colors.white, colors.firebrick, 0, 100,
—.score)
link_xy = CrossLink((track_X, feature_X.location.start, feature_X.location.end),
(track_Y, feature_Y.location.start, feature_Y.location.end),
color, colors.lightgrey)
gd_diagram.cross_track_links.append(link_xy)

XA J LS, 55—, GenomeDiagram X} 4 —> cross_track_links [, X EH HE CrossLink
SR —HEPE . B CrossLink XA W track-specific AB45, R~EIFHICH (tuples) BRI, W H
GenomeDiagram.Feature X5 AR . WIEBRAINGI A FMMES (A, 8] DASEHTIEAS link @757 ZRFE, X
ANIRES TR R

AW ABE AT A4 BLAST HRfiE E 43 e (Percentage Identity Score) 4k H-2LIWIAE & (H-
0%, £1-100%) . XAEBIFRAE cross-links (TS, WHRA links TEW DA ReportLab JE i[5 BH
(transparency) >Effgu, Hidi BB alpha i '§3Eﬂffﬁ SR, 5 7 s el FH 320 HE 11 52 R0 285 o5 B 3 34
PNBEAEAIMERE . SRR -
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I i; i'm J2 3 04 95 46 17wm |7 Is io | | il i] | iiimin 244546 47 48 49 50 5\[% ﬂ H

NC_002703

C ’97 13 NC_002703 NC_002703 NC_002703.
W’w‘ ‘ m»lg |Am| IA2 I“S |“ |A5 |AII IA ID |Kl | w ‘
P\F32[6l I V| j AF323668 AF323668 AF323668 AF323668

»7 SI j0 1 1;1]4;»7»@ I0|1 |2 izA »“IQ 148 44 45 46 47 a8 ‘
C_0¥32y 2! A NC_003212 NC_003212 NC_003212

% NC_003212

24K, Biopython A RZHREBACRIINE. B, XN cross links 28 HBTZ [, #E
IAE— B8 [ 5 XI5, (strand specific manor) . B PAFE feature track ] ‘BOX’ sigil S0y & X5
(background region) ¥# & cross link PR, [FFE, WPAG%S feature tracks 22 8] fR I B S B, i 5
Z 1 links KAE— P2 N EW track 4ECAS R HUAN, FERA RIBSEHRESPR LR, WA
B2y BIGARROW? | X FEREN track #E—B34in T 250 . 1 &F Biopython JHREFH)
Doc/examples H & FI/RGIMIASCHE: Proux et al 2002 Figure 6.py . 45500 FE:
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]

9 10 A1 121434 45 1671819 20 21 22 24 6 22 5 33 34 35 3E7383940 44 45 40

cl ¢ 003 ML NC 003212

BRIt S, AR AT A AR R G A S gene ARZRAOOLE, ARINFFERRIN, HCRISERIAR SRR
XA

WA 24 E i links, ] ReportLab FEHEI @ FEE (transparent color) J2IEFIFHI YA, BT
AR cross-link (WS, FTLABA HEIPEEHE (transparent color) . KT, & bEHIEX ARl
dofifi fSHAER S (shaded color scheme) .

17.1.12 54k In

ArPAE S 2 2 (tick marks) SRYETTRR LG (scale), SESEAEANEIE VAL GLIE I AR B AT R AR 21
H.

FIHA AL, AT T FeatureSet . GenomeDiagram if R PAH] GraphSet RHlfELIE K, BRI EA
heatmap E (FIAIEFE N R feature 11 GC & & ).

HAEIE S AR I ES, &5, #ERES% GenomeDiagram AR 158 (PDF)  FISCRYF4FH
(docstrings) .
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17.1.13 #iRIARE

WARARA M GenomeDiagram iz AS BIHAAS , R HFE A Bippython FIHT A AR B AAS, IRF5
T — LR ——F TR import 1#54]. GenomeDiagram [ IHMCA i {#i 22X S “colour” Fl “centre” %
FIR “color” il “center”. ¥ Biopython ¥ fy)5, SEAFTLAME AT —F. (KR T RES A R

LUE S (S Ii MNTTI D e

from GenomeDiagram import GDFeatureSet, GDDiagram

gdd = GDDiagram("An example')

PR A FREER import TE/A) 5 ST T XA :

from Bio.Graphics.GenomeDiagram import FeatureSet as GDFeatureSet, Diagram as GDDiagram

gdd = GDDiagram("An example")

A BLRERG A AT o REARARTT REREH B A4 PR, AR AR SRR E ol 2 (R 5 AR 1) 7 5

from Bio.Graphics.GenomeDiagram import FeatureSet, Diagram

gdd = Diagram("An example')

or:

from Bio.Graphics import GenomeDiagram

gdd = GenomeDiagram.Diagram("An example")

AR AR B RS, 5 ] Biopython RS 3 i SR A B, E— A B S 82 A L 3E TH BT
GenomeDiagram.GDUtilities , IXMEHUEITE GC T LS B EE, X— k&5 Bio.SeqUtils
B

2.17.2 17.2 &6k

Bio.Graphics.BasicChromosome ¥t Al PAZ YL A, Jupe &8 AfFE 2012 K FRMISCE [6] HF A RIER
00 R R AN ] 1 5L R A7

17.2.1 HE$aEd

AT Arabidopsis thaliana 3 JER—A i R F
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H5EM NCBI 1y FTP R452% ftp://ftp.ncbi.nlm.nih.gov/genomes/Arabidopsis_ thaliana " # $8L Eg 7+ 2 il 7
WA G A, FIH Bio.SeqI0 BT HEAIMICEE . IRATAMIA GenBank U, (HJ2X T YL ik
Ui, FASTA SCPFRYALTRHEE bR s

from Bio import SeqlO

entries = [("Chr I", "CHR_I/NC_003070.fna"),
("Chr II", "CHR_II/NC_003071.fna"),
("Chr III", "CHR_III/NC_003074.fna"),
("Chr IV", "CHR_IV/NC_003075.fna"),
("Chr V", "CHR_V/NC_003076.fna")]

for (name, filename) in entries:

record = Seql0.read(filename,"fasta")

print name, len(record)

PR 5 N IARKE G, wih il BasicChromosome ARHXT HAEN T AL :

from reportlab.lib.units import cm

from Bio.Graphics import BasicChromosome

entries = [("Chr I", 30432563),
("Chr II", 19705359),
("Chr III", 23470805),
("Chr IV", 18585042),
("Chr V", 26992728)]

max_len = 30432563 #Could compute this

telomere_length = 1000000 #For tllustration

chr_diagram = BasicChromosome.QOrganism()

chr_diagram.page_size = (29.7*cm, 21%cm) #44 landscape

for name, length in entries:
cur_chromosome = BasicChromosome.Chromosome (name)
#Set the scale to the MAXIMUM length plus the two telomeres in bp,
#want the same scale used on all five chromosomes so they can be
#compared to each other

cur_chromosome.scale_num = max_len + 2 * telomere_length

#Add an opening telomere
start = BasicChromosome.TelomereSegment ()
start.scale = telomere_length

cur_chromosome.add (start)

(Q3)
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(B bTT)

#Add a body - using bp as the scale length here.
body = BasicChromosome.ChromosomeSegment ()
body.scale = length

cur_chromosome . add (body)

#Add a closing telomere
end = BasicChromosome.TelomereSegment (inverted=True)
end.scale = telomere_length

cur_chromosome .add (end)

#This chromosome ts done

chr_diagram.add(cur_chromosome)

chr_diagram.draw("simple_chrom.pdf", "Arabidopsis thaliana')

Bty PDF SCREANIA s -

Arabidopsis thaliana

N T T N Y
p—
p_—
QR
p—
R
Chrl Chr Il Chr IIT Chr IV ChrV

AR BIRT AJE/IMERR, NIRRT AR H B feature FYE (L

17.2.2 kTR

PRSETTTE RB], AT AR R tRNA B AT Arabidopsis thaliana 1 5 A3t iRk GenBank
S, AT RAXHBA T 7 67« ARFEZEEM NCBI ) FTP R 4548 F X 28344 ftp://ftp.nebinlm.nih.gov/
genomes/Arabidopsis_thaliana , 0] DUREAE T H G FRECETRIMATT i 42
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from reportlab.lib.units import cm
from Bio import SeqlO

from Bio.Graphics import BasicChromosome

entries = [("Chr I", "CHR_I/NC_003070.gbk"),
("Chr II", "CHR_II/NC_003071.gbk"),
("Chr III", "CHR_III/NC_003074.gbk"),
("Chr IV", "CHR_IV/NC_003075.gbk"),
("Chr V", "CHR_V/NC_003076.gbk")]

max_len = 30432563 #Could compute this
telomere_length = 1000000 #For 2llustration

chr_diagram = BasicChromosome.Organism()

chr_diagram.page_size = (29.7*xcm, 21*cm) #A44 landscape

for index, (name, filename) in enumerate(entries):

record = Seql0.read(filename,"genbank")

length = len(record)

features = [f for f in record.features if f.type=="tRNA"]

#Record an Artemis style integer color in the feature's qualifiers,
#1 = Black, 2 = Red, 3 = Green, 4 = blue, 5 =cyan, 6 = purple

for f in features: f.qualifiers["color"] = [index+2]

cur_chromosome = BasicChromosome.Chromosome (name)

#Set the scale to the MAXIMUM length plus the two telomeres in bp,
#want the same scale used on all five chromosomes so they can be
#compared to each other

cur_chromosome.scale_num = max_len + 2 * telomere_length

#Add an opening telomere
start = BasicChromosome.TelomereSegment ()
start.scale = telomere_length

cur_chromosome.add (start)

#Add a body - again using bp as the scale length here.
body = BasicChromosome.AnnotatedChromosomeSegment (length, features)
body.scale = length

cur_chromosome . add (body)

(Q3)
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(8:EW)

#Add a closing telomere
end = BasicChromosome.TelomereSegment (inverted=True)
end.scale = telomere_length

cur_chromosome . add (end)

#Thts chromosome ts done

chr_diagram.add(cur_chromosome)

chr_diagram.draw("tRNA_chrom.pdf", "Arabidopsis thaliana')

URARAE 2 (AR SR 2 A Y, B AR RS — A (AR BT 8 (T30, WA — SR (ar) PDF
3CPE, AR TR

Arabidopsis thaliana

Chrl Chrll Chr I Chr 1V ChrV

2.18 %5 18 = Cookbook - A —ERENEE

Biopython HHiA P MRIAK “cookbook” /nfil——A#E (AFAGIERRETIFLAAE, W) , A
Biopython 4EEE i P otRkEE S . hittp://biopython.org/wiki/Category:Cookbook

FANHEILFE B Biopython H FE4ERE BT MLAT A SRR G, B T RERFIIFEIXZ AL, 7 X R R Y
— AN EAER AL, AR RE AL Biopython P AITT A s dfifs— 28 6 TR A B L St —— X el VP REY
B frekit B © 9 Python .

KHBRUE, AT RERA DX —FIrA B B R BI4E R b, s AR H AT .
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2.18.1 18.1 BEFFILH

KRR Z A S FITIAN Bio. Seql0 MHORIEATIFHIMIA /i th VBRI Bl 7

18.1.1 FiEX HhaarF3!
EHRARSAE DU EHZFIIRSAE (B, FASTA BERNSCE, o3 FASTQ = SFF K 3CfF) , Al
—MUE VRIS PR ID 5036, R EAE—A X — ID 5132 U e 51 AA i SO

IEFRATEBGX A ID SRS B SCA SR, VAR AT i X RTRER RSO,
— A FPA ID. S IR AT :

from Bio import SeqlO

input_file = "big_file.sff"

id_file = "short_ list.txt"

output_file = "short_list.sff"

wanted = set(line.rstrip("\n").split(None,1)[0] for line in open(id_file))
print "Found unique identifiers in /s" % (len(wanted), id_file)

records = (r for r in Seql0.parse(input_file, "sff") if r.id in wanted)
count = SeqI0.write(records, output_file, "sff")

print "Saved records from to /s" 7 (count, input_file, output_file)
if count < len(wanted):

print "Warning IDs not found in /s" 7 (len(wanted)-count, input_file)

R, AV Python 1) set JAMAJE list, X FIAGHMN AL G KR EH.

18.1.2 A kel B2 EA

B ARAER L — AP, S — 2P IRHIE—— S e iRl GO R 22, B0 W] RERY IR i LG
PIRL . — BARMEARIY Python MRSAEE LI RERAL FizfT)a, SAEMFE M BEIULA R R A FisfT, I
BEATGET ATV R IR B (P38, ARATIRACBIEY “Rprt” AT REIR MARE)

FEX—E T, ATk Yersinia pestis biovar Microtus ) pPCP1 ik GenBank ({4, %304
£ 5 7E Biopython BT GenBank SCfJer, s R AMIRATHIM 35 F455], NC_005816.gb. 3L
AE —NE5%, FTPAFRAITREH Bio.Seql0.read ) PRERIEE 2M4f SeqRecord FEA

>>> from Bio import SeqIO
>>> original_rec = SeqI0.read("NC_005816.gb","genbank")

W, BAVEALEW—NIRIGTFIEAG R RAGE? KA @A Python WA random BIHRMIXAS, H55
s& random. shuffle P (HREZX M EMT Python S5, FATHFIRE 4> Seq X5, Brilh 74
B, HANHEFERERA %
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>>> import random
>>> nuc_list = list(original_rec.seq)

>>> random.shuffle(nuc_list) #acts in situ!

BUAE, T Bio. Seql0 4y EHER A, FATHR LM EHGHIS IR BB Q)2 & — VB SeqRecord
WERERMLIGH) Seq « BRBLXAS, FATHLILEIR (RFEEFAFR) SIRFAHCH K F4FEf—FE Python
B, B PR X G join JrikARSEILE .

>>> from Bio.Seq import Seq
>>> from Bio.SeqRecord import SeqRecord
>>> shuffled_rec = SeqRecord(Seq("".join(nuc_list), original_rec.seq.alphabet),

id="Shuffled", description="Based on " % original_rec.id)

IEFRATREFTA X L8 BOICE] & AR A58 8010 Python JIAS, XANIASR A4~ FASTA J351 3044,
HA 30 NGRS BEAL B HER AR -

A R — KA for 53R, FH—D—PRYEHICR (BHEA75.0./ i) “SeqRecord fit%
KI5 -

import random
from Bio.Seq import Seq
from Bio.SeqRecord import SeqRecord

from Bio import SeqlO

original_rec = SeqIO.read("NC_005816.gb","genbank")

handle = open("shuffled.fasta", "w")
for i in range(30):
nuc_list = list(original_rec.seq)
random.shuffle(nuc_list)
shuffled_rec = SeqRecord(Seq("".join(nuc_list), original_rec.seq.alphabet), \
id="Shuffled/i" % (i+1), \
description="Based on /s" 7 original_rec.id)
handle.write(shuffled_rec.format("fasta"))
handle.close()

A NEEVCNHARMRA RG] for 78FR), 1 —A>eRBOR FEHEC R LA K — A sk

import random
from Bio.Seq import Seq
from Bio.SeqRecord import SegRecord

from Bio import SeqlO

itz
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(8:EW)

def make_shuffle_record(record, new_id):
nuc_list = list(record.seq)
random.shuffle(nuc_list)
return SeqRecord(Seq("".join(nuc_list), record.seq.alphabet), \

id=new_id, description="Based on /s" % original_rec.id)

original_rec = SeqIO.read("NC_005816.gb","genbank")

shuffled_recs = (make_shuffle_record(original_rec, "Shuffled/:" 7% (i+1)) \
for i in range(30))

handle = open("shuffled.fasta", "w")

SeqI0.write(shuffled_recs, handle, "fasta'")

handle.close()

18.1.3 Efi¥ CDS %&HB* FASTA X #¥

BB — RS CDS kB AE R A, WHEEB—AH e EA R4 FASTA ¢
o W, MWERSCH R A—MEERRF S, T, mRIEE2.9 AT T EAMH Seq X4
# translate J¥%, FIMJEER) cds SECRMS ARG T REIEMEIE.

WBEETT5.5.5 F A HANK BT RRBHEE , FRATAT AN Bio.SeqI0 SRS HRET AR . XTH—
TR SeqRecord , FfI1FHZAE—NHEHAY SeqRecord — IR E A

YREEM S H C BRI ECRBOX N, HIRI PR IS A FR R Y TR . EAGIH, FATUE
HBOAR R, 4 F5) ID I— A Hig.

from Bio.SeqRecord import SegqRecord
def make_protein_record(nuc_record) :
"""Returns a new SeqRecord with the translated sequence (default table)."""
return SeqRecord(seq = nuc_record.seq.translate(cds=True), \
id = "trans_" + nuc_record.id, \

description = "translation of CDS, using default table")

FRATHE XA AR T RIC SR HON R sk, Mo . — MUHE LA m sl 202 il 2R iikissC

(generator expression):

from Bio import SeqlO
proteins = (make_protein_record(nuc_rec) for nuc_rec in \
SeqI0.parse("coding_sequences.fasta", "fasta"))

SeqI0.write(proteins, "translations.fasta", "fasta")

PAEARHSSE T o2 B i )y 91U FASTA SCHF. MSRARGEITR 2 i 41, ARl e BEAE DA B RGBT~ (1)
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nuc_record.seq.translate(to_stop=True) , X<:{5if Biopython AEGEEIGEEIIA M, F5%.

18.1.4 J}§ FASTA X#PHIFIIEAKRE

HHEIR2NEEEIRIGE] FASTA SCIFREUE, A RMRX P T iE e KNFIRAGH . TERERHLT, X
LR AR N2 (B, NERER IR KE) , HEE NG HAEL. (0] REA i A3
PECAE BT 17 5SS —S0 (A, #RKRE ), WA AR SeqRecord %41 upper O J7yA#25) 1 5L 8
(Biopython 1.55 15| A ):

from Bio import SeqlO

records = (rec.upper() for rec in SeqI0.parse("mixed.fas", "fasta"))

count = Seql0.write(records, "upper.fas'", "fasta'")

print "Converted records to upper case" 7 count

XAREATAERNE? 254723 A Bio.Seql0 Filt. 5 “AT2 Al — &> Python Elifiik

o

B mixed. fas WA MO REGIA 56 =471, FATHEX AR ilige 2k % 45 Bio. SeqI0.write )
AL, EXMRENTSE L E] upper . fas i il 3.

AV (AR — ARSI R BEEE, B— SR —MERREE AT . 2
VRAEAE B 5 1T EOT R A8 H B SCHRRS . Xl REAR R EE 2L

18.1.5 X4 FR5ISLHFHEFF

TRRARAER N9 S e A K JEHERE (B0, — NP BHE E S8 (contig) 4 ), MR TAEM ST
kR e 2% FASTA i, FASTQ i%kf Bio.SeqIO fiEitE (F1&5|) mtkL.

RSB/, ARBERFEHRR—IREEA NI N1~ SeqRecord MRIK, XFNFRMETHY, HRIFE:

from Bio import SeqlO
records = list(SeqI0.parse("ls_orchid.fasta","fasta"))
records.sort(cmp=lambda x,y: cmp(len(x),len(y)))

SeqI0.write(records, "sorted_orchids.fasta", "fasta")

ME— TG UD I 7 2 48 B — A B R EOR DL BT SR AT HE Y X IR T K BEXHATHET ) o WRARA
R IICRAESR — A, ARATASZHEEXT, B i reverse 244

from Bio import SeqlO
records = list(SeqI0.parse("ls_orchid.fasta","fasta"))
records.sort(cmp=lambda x,y: cmp(len(y),len(x)))

SeqI0.write(records, "sorted_orchids.fasta", "fasta")

PHEX— LB AR R BN —— R UPRARM SRR R, (A REBOX AR BRI R A7 BA% 8 A7)
We? BIan, ARATEEA — L8 AR A B K BRAE K BEHER o IXIMRATPAE ] Bio.SeqIO. index () pRIELMEHL
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from Bio import SeqIO

#Get the lengths and ids, and sort on length

len_and_ids = sorted((len(rec), rec.id) for rec in \
SeqI0.parse("ls_orchid.fasta","fasta"))

ids = reversed([id for (length, id) in len_and_ids])

del len_and_ids #free thts memory

record_index = SeqI0.index("ls_orchid.fasta", "fasta")

records = (record_index[id] for id in ids)

SeqI0.write(records, "sorted.fasta", "fasta'")

e AE ] Bio.SeqI0.parse () NFFHIEASCAHT—, FHRFITAICRIPR IR MK ERAAE—A
T4 (tuple) o BEERADIXATCA L 78 KEIATHEY , R XK E. A 7X—H5 G iR
%%, Bio.SeqIO0.index() FRFFRAT—A—HRBGX LR, AT ENIES Bio.Seql0.write ) HijH.

XA FERE A Bio.SeqlO SEMREMTICSR N SeqRecord %%, Hilid Bio.Seql0.write () . M4RAEHEF

S Bio.SeqI0. write ) ANLFFWIZEAIE? QLA SwissProt ##2. X HA—MHIIMIRE
Yy yE——1 I4E Biopython 1.54 (J15.4.2.2 ) ¥ Bio.SeqI0.index() ¥RMIAY get_raw() FHik,

from Bio import SeqlO
#Get the lengths and ids, and sort on length
len_and_ids = sorted((len(rec), rec.id) for rec in \
SeqI0.parse("ls_orchid.fasta","fasta"))

ids = reversed([id for (length, id) in len_and_ids])
del len_and_ids #free this memory
record_index = SeqI0.index("ls_orchid.fasta", "fasta")
handle = open("sorted.fasta", "w")
for id in ids:

handle.write(record_index.get_raw(id))
handle.close()

Pk A3, T A B TR B A BURARYTY SeqRecord K14, FFDAE & L.

18.1.6 FASTQ X #RyE S RETIE

FASTQ SUIAASTE Sanger 45| A, H I8 12 I RAHEAZ T TR T 5] (reads ) FIE AT B 7 5T & . FASTQ SC{F:
(R 2 QUAL L) @ B g bR (per-letter-annotation ) (S (011, Bk J3 91 v g — A R A —
ANFHRT B B T4 B0 AT AT BA BRI AR DA list | tuple BY, string #%{#7#1F SeqRecord f] letter_annotations
FHh (RFEAFHRER A AT SR R A TR ) .

— L AR A — RN P S, HRIE AR B E ] (BB EANT) . Fimrel
TARE RIS, SRR ARIRAEFE SeqRecord X4 i B it Ficdis iy 3 A< ¥ FRATI BT B A R i A —A>
FASTQ 3Cff, #yEIFBuHAlLe PHRED i i FfE A B (X Hh 20) PA LRSI,
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EEAGITH, FATHEA N ENA P9 B2 KAFRY T #0 B8 d, ftp://ftp.sra.ebiac.uk/voll /fastq/
SRR020/SRR020192/SRR020192.fastq.gz (2MB) , #EFEJE4 19MB [SC{f SRR020192.fastq . ik 7L
Roche 454 GS FLX il 56 A= it B in A48 A I 6 B R 2 B m 5idis (0 hitp://www.ebi.ac.uk/ena/
data/view/SRS004476 ).

B, ERNDRGE reads H%LH -

from Bio import SeqlO

count = 0

for rec in SeqIO.parse("SRR020192.fastq", "fastq"):
count += 1

print "/4 reads" 7, count

BAELEBAME 7 5 ad 3§, PHRED i A/NT 20:

from Bio import SeqIO
good_reads = (rec for rec in \

SeqI0.parse("SRR020192.fastq", "fastq") \

if min(rec.letter_annotations["phred_quality"]) >= 20)
count = Seql0.write(good_reads, "good_quality.fastq", "fastq")

print "Saved reads" 7 count

R T 41892 ZR K 14580 k. — DN HUAE U BIA R IRYE B R EDT reads, (Hi2X B AN
— BT

FASTQ SCPFRT AR E EAOTHIICSR, B DASRAF#E S — R A8 B E AR WA XA — A ik
B, XEWREFUA N RIA A SeqRecord Hi @@ A7 IR .

18.1.7 YIRS 140 E%

FEREA T AR FRA TR BEF 4 —A> FASTQ %4 1A GATGACGGTGT 2y 57 5|4 /5 51 i) reads. W] L THi i)
Bl F—FE, FATEHF M ENA F# %) SRR020192. fastq X (ftp://ftp.sra.ebi.ac.uk/voll /fastq/SRR020/
SRR020192/SRR020192 fastq.gz ) o #%Jy 2 [AFEE H TAE(THADL Biopython S RE (#il4n FASTA 3¢
).

XU ] Bio.SeqI0 FI— ML A (G — UM BT A BIFFFIEINAEH) |, PAM Seq X4
startswith J7 ORI SR TR AT W P8 IH iR -

from Bio import SeqIO
primer_reads = (rec for rec in \
SeqI0.parse("SRR020192.fastq", "fastq") \
if rec.seq.startswith("GATGACGGTGT"))
count = Seql0.write(primer_reads, "with_primer.fastq", "fastq")

print "Saved reads" 7 count
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X AFM SRRO14849. fastq $RF] 13819 FLERACS, HARMEA— N FASTQ Ui

e, Bakirm B alE M AR R, (HERR TIA5IFSI FASTQ SCif. RFEMR/NMNGES, &
fITALHENS SeqRecord HEATYI A (ZILEYT/.00) PARSERTT 11 A8k (FRATAISIHIRIE) -

with_primer.fastq.

from Bio import SeqlO
trimmed_primer_reads = (rec[11:] for rec in \
SeqI0.parse("SRR020192.fastq", "fastq") \
if rec.seq.startswith("GATGACGGTGT"))
count = Seql0.write(trimmed_primer_reads, "with_primer_trimmed.fastq", "fastq")

print "Saved reads" 7 count

XHKF A SRRO20192. fastq Bt 13819 4534, (HE IR T Rl HANFA4F , FRFE A RAE R 75— 81 FASTQ
WA, with_primer_trimmed.fastq .

i, BBARAERSERTR ) reads ISP GIHE—ANBr FASTQ SCfF, i HALRY reads fREFAZE. IR
AT SR A B Ao A ik s, PERASRATT I CROE ST (trim) eRASCAT RESE MG -

from Bio import SeqlO
def trim_primer(record, primer):
if record.seq.startswith(primer):
return record[len(primer):]
else:

return record

trimmed_reads = (trim_primer(record, "GATGACGGTGT") for record in \
SeqI0.parse ("SRR020192.fastq", "fastq"))
count = Seql0.write(trimmed_reads, "trimmed.fastq", "fastq")

print "Saved reads" 7 count

PAEAE s TR AYIRTE], PRI U SO & A 41892 4> reads. PRI, FRATRAGE A A i de ks
Kt AT DR AR T RAGE ] — A il R AR B AU AR il ek o

from Bio import SeqlO
def trim_primers(records, primer):

"""Removes perfect primer sequences at start of reads.

This ©s a generator function, the records argument should
be a list or iterator returning SeqRecord objects.

nnn

len_primer = len(primer) #cache this for later

for record in records:

if record.seq.startswith(primer):

(T D)
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(B bTT)

yield record[len_primer:]
else:

yield record

original_reads = Seql0.parse("SRR020192.fastq", "fastq")
trimmed_reads = trim_primers(original_reads, "GATGACGGTGT")
count = SeqI0.write(trimmed_reads, "trimmed.fastq", "fastq")

print "Saved /7 reads" 7 count

AR AERE R, WRAREM LA B, BRI —— T — MBI P RIS IR .

18.1.8 YIpgiELFEF

XS R HiE )RR . RATRHR GATGACGGTGT @A~ FASTQ MU ny— kv 41,
FHEKfE A % B NCBI () SRR020192. fastq X (ftp://ftp.sra.ebi.ac.uk/voll /fastq/SRR020/SRR020192/
SRR020192.fastq.gz ).

SRMHEABIF, AR AT B BTSRRI,

from Bio import SeqlO

def trim_adaptors(records, adaptor):

"""Trims perfect adaptor sequences.

This is a generator function, the records argument should
be a list or tterator returning SeqRecord objects.
len_adaptor = len(adaptor) #cache this for later
for record in records:
index = record.seq.find(adaptor)
if index == -1:
#adaptor not found, so won't trim
yield record
else:
#trim off the adaptor

yield record[index+len_adaptor:]

original_reads = SeqlIO0.parse("SRR020192.fastq", "fastq")
trimmed_reads = trim_adaptors(original_reads, "GATGACGGTGT")
count = SeqlI0.write(trimmed_reads, "trimmed.fastq", "fastq")

print "Saved /7 reads" 7 count
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A FATE XA Tl i f2 FASTQ U4, SeqRecord Xi4:fuff reads it /r#i 7318 (per-
letter-annotation ) . FATH] DA IR HAT— 7 TR/ 4UK) SeqRecord X GHATYI . IFHFi& Bl Y451 LRAFE
—/~ FASTQ 3tfts

H_ERA BT CRAERABRATHRA T /3k) ML, RS AL reads BHURARFAL (B0, W2k
B PATE BRI B A B, TS ZIFIARIT) o FTA, IRFRATFIA— AR K BEEEK

from Bio import SeqlO

def trim_adaptors(records, adaptor, min_len):

"""Trims perfect adaptor sequences, checks read length.

This ©s a generator function, the records argument should
be a list or iterator returning SeqRecord objects.
i
len_adaptor = len(adaptor) #cache this for later
for record in records:
len_record = len(record) #cache this for later
if len(record) < min_len:
#Too short to keep
continue
index = record.seq.find(adaptor)
if index == -1:
#adaptor not found, so won't trim
yield record
elif len_record - index - len_adaptor >= min_len:
#after trimming this will still be long enough

yield record[index+len_adaptor:]

original_reads = SeqlIO0.parse("SRR020192.fastq", "fastq")
trimmed_reads = trim_adaptors(original_reads, "GATGACGGTGT", 100)
count = Seql0.write(trimmed_reads, "trimmed.fastq", "fastq")

print "Saved /7 reads" 7 count

T R AR, ARELAT AR AN T FASTA S0 AT AT LAY BRI PTIC , 17 {460 PTiE (2R
VF— PR, B B B K BT 450, (X ARG T .

18.1.9 §f FASTQ ¥

MIF|FAT5.5.2 , FAVRR T B Bio.Seql0 KSLHM A USRI 4k . X B, FRATRFEGE— 24K
P AL DNA 5 i ) FASTQ 0. BEIMFEZRI N7 AS I Cock et al. (2009) [7] . FASTQ ¢4
[ EFEf# DNA J741] (A Python FAFERAGIE) FIR R YK BT &t

2.18. % 18 &= Cookbook - FiE#i—REMNEE 329




Biopython-cn Documentation, %% 0.1

PHRED 7p4% (YERZ4( FASTQ U, tAFfeT QUAL. ACE #il SFF () B&BCh—AN K
FORFA BTSN PR (IXHLH Prex F1) B9 SKRARIE (BEI—RA 10 SRR ) -

Qpurep = —10 x log((Fe)

XERE MR R (Prx = 1) 15849 PHRED &l 0, Mi—PIER A Prox = 0.00001 [3EK
53]/ PHRED Jfitely 50. FESLPRAGINFEE T, i X AN i e w fa /b, il G s, ansek st
(mapping) F1ZH%%:, PHRED i %3k 90 2nfER (H5L, MAQ T.H72iF PHRED 43%fE 0 ] 93 Z[d]).

FASTQ 2 W I A LA SO A SCAR T3 2 I P S5 K B AP RS 70 A0 SR PR it PE—F) SE R
B2, HHIEDH =4 FASTQ MG, BATMEIAIA, HMELAX -

1. J5 467 Sanger FASTQ #%=#F PHRED it 43401 33 A~ ASCH F4H st r4mth . NCBI HEITEE
i1 Short Read Archive Hifdi X Fig . FoATHE Bio.SeqI0 HffZ Ky fastq (B[ fastq-sanger )
FE=.

2. Solexa (52K Mumina YE) 5IA THIATEH CAHIMRAS, i Solexa Jii B4 %URI 64 4~ ASCIL F4F
Bt oty . AT fastq-solexa 5,

3. Mumina TAEH 1.3 #f—Hth T PHRED JiifE4- 40 (B h—80As) 1) FASTQ e, {H2A00A
64 4~ ASCII 4 mAs gt . FATUM fastq-illumina &=,

Solexa Jiit ft 73 JOR I — AN [ ) ot et £ -

P,
olexa = —10 1 —
Qsol X Og10(1P€>

T Solexa/Tllumina H FIAEABATH) 1.3 A TAERAR T X2 21 i PHRED 434§, Solexa it &/ 406 1%
R o QERARRF RS DA IS (Prex ), XA EXARHEPI TS RGEZ R T 54
f£ Bio.SeqI0.QualityI0 il pR il DAL, X —ARHAE(f ] Bio.SeqIO #4TA Solexa/Illumina 3%
SR B AR UE Sanger FASTQ SC{& 540 il A -

Biopython

from Bio import SeqlO

SeqI0.convert("solexa.fastq", "fastq-solexa", "standard.fastq", "fastq")

AR Tumina 1.3+ FASTQ SCPE, ool 2 S50 ASCIL P R RS . R ASAI KT, 57
A1 R4S PHRED 4940
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from Bio import SeqIO
SeqI0.convert("illumina.fastq", "fastq-illumina", "standard.fastq", "fastq")

WA, BiXFEfEH Bio.SeqI0.convert() £t Bio.SeqIO.parse() #l Bio.SeqIO.write() H&MRIE %,
B h#ed FASTQ ({35 FASTQ | FASTA W) mR&d i,

SRR, PHRED 1 Solexa /%0 LFFH 4, EIIJ}EE K>}y fasta-solexa Al fastq-illumina
HRAE 64 4~ ASCIL FAHmA%, BT SCHILTAHE . X2 Tumina A R, dRWE M E A
fasta-solexa K&z SCHFI I BT L REHE ZHT A fastq-illumina WA (TERBTEMEHE L) o 4
IR, WA HCASFIR GG, B Sanger. NCBI FIHAbH 11 FASTQ AR IR (#0444 fastq B}

fastq-sanger ).

TIREZHYY, WS LNERR (82 ):

>>> from Bio.SeqI0 import QualityIO
>>> help(QualityI0)

18.1.10 3%k FASTA #1 QUAL 3% FASTQ ¥

FASTQ Rl o 41,55 7 51 A AT 64 B L P4 s . FASTA SCffF R4 51, i QUAL SCff A8 fik
M, AN FASTQ SCIFRT ARG At by FASTA Hil QUAL SCff, FASTQ SCA- ] DAHT SN Y
FASTA #l QUAL SCHFAE A

M FASTQ | FASTA R :

from Bio import SeqIO
SeqI0.convert("example.fastq", "fastq", "example.fasta", "fasta")

M FASTQ #| QUAL thAR faj

from Bio import SeqlO
SeqI0.convert("example.fastq", "fastq", "example.qual', "qual")

SR, S A — S A%, RATPAE Bio.SeqIO.parse ) ik —A~ £ IIIG LR, (A2 HEK
AP EASE . BILATTRERY RN, AT X BB AN SCP R LR S8 A VR, S AF R R 1 =g
[l IS PEPR AN S AU 28500, BTPATE Bio.SeqI0.QualityI0 R hF 4R At — AR BRI, g
PairedFastaQuallterator. B2 MW A (FASTA SC-F QUAL ¢f4:) FiR[a]—4 SeqRecord At
i

from Bio.SeqI0.QualityI0 import PairedFastaQuallterator
for record in PairedFastaQuallterator(open("example.fasta"), open("example.qual")):

print record
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AR EC A A FASTA Fl QUAL U2 % —3 (Fln, o mr2MEe, I 7K E—8) . KarpA
Ml Bio.SeqI0.urite) PRERLHGMIMH, Hf—X] FASTA 1 QUAL LR 8Bk FASTQ (-

from Bio import SeqlO

from Bio.SeqI0.QualityI0 import PairedFastaQuallterator

handle = open("temp.fastq", "w") #w=write

records = PairedFastaQuallterator (open("example.fasta"), open("example.qual'))
count = SeqlIO.write(records, handle, "fastq")

handle.close()

print "Converted records" % count

18.1.11 &3] FASTQ X4

FASTQ X{HEFIEFE R, & EA Mk, dTEIEEmMER, ORI B # s e .
Xt A4 B OIF (GEuEReye)) PAREAR I = AN S, Ik R —1> SeqRecord

SR, A B EARASBEE ) — S R TR 8 A AR B TR 2R LR B . iX B Bio.SeqI0.index()
REOEAERE A, BAVHMRME A IR FASTQ K (S WE1T5.4.2 ).
FATRFFR B R H ENA (ftp://ftp.sra.ebi.ac.uk/voll /fastq/SRR020/SRR020192/SRR020192.fastq.gz) [
3CfF SRRO20192. fastq , JUFIXRE—AMEH /MY FASTQ 3CfF, HAAREH] 50,000 Hk:

>>> from Bio import SeqIO

>>> fq_dict = Seql0.index("SRR020192.fastq", "fastq")

>>> len(fq_dict)

41892

>>> fq_dict.keys() [:4]

['SRR020192.38240', 'SRR020192.23181', 'SRR020192.40568', 'SRR020192.23186']
>>> fq_dict["SRR020192.23186"] .seq
Seq('GTCCCAGTATTCGGATTTGTCTGCCAAAACAATGAAATTGACACAGTTTACAAC. . .CCG',
—SingleLetterAlphabet ())

UFEA S T AOTEAK ) FASTQ SO BT, REIKMRFEZAESE 1 2080, SR ZRBUC R LF- 2 WA 58 AL
U8

FEAT18.1.5 BB TRER T Al i Bio.SeqI0.index() %KX FASTA A THEF——x ] DATE
FASTQ 3Cft F.

18.1.12 %% SFF 3%

TRARALFE 454(Roche) A8, RSBl Standard Flowgram Format (SFF) JRIAHHE. X OHEF
G (called bases) . s EFELGHE S -
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— AN L TAE &8 SFF U h—XF FASTA fil QUAL ¢, i — A~ FASTQ Seff. XAl PA
ffif} Bio.SeqI0.convert () KRRINEI (H5.5.2 ):

>>> from Bio import SeqIO

>>> Seql0.convert ("E3MFGYRO2_random_10_reads.sff", "sff", "reads.fasta", "fasta")
10

>>> SeqlI0.convert ("E3MFGYRO2_random_10_reads.sff", "sff", "reads.qual", "qual")
10

>>> Seql0.convert ("E3MFGYRO2_random_10_reads.sff", "sff", "reads.fastq", "fastq")
10

TR XA bR BOR [FC SRR 450, AEXABITF oo 100 BCREAUR R T IEER, o s SRR Bt 4 P A%
BRSSOk IR VNG PR R AR AR E] AT R (1 SFF SCOH sy dIfE &),
AR A

>>> from Bio import SeqIO

>>> SeqlO.convert ("E3MFGYRO2_random_10_reads.sff", "sff-trim", "trimmed.fasta", "fasta")
10

>>> Seql0.convert ("E3MFGYRO2_random_10_reads.sff", "sff-trim", "trimmed.qual", "qual")
10

>>> SeqlO.convert ("E3MFGYRO2_random_10_reads.sff", "sff-trim", "trimmed.fastq", "fastq")
10

WARAREE Linux, JRATPAIR Roche iR —fr “BiEi ik (off instrument)” 9 TH (EH MM Newbler T.
H)o BREET 50— ORI A 917508 SFF £ FASTA 5 QUAL %54 ({HIfASCH; FASTQ #ith ).

sffinfo -seq -notrim E3MFGYRO2_random_10_reads.sff > reads.fasta

$

$ sffinfo -qual -notrim E3MFGYRO2_random_10_reads.sff > reads.qual
$ sffinfo -seq -trim E3MFGYRO2_random_10_reads.sff > trimmed.fasta
$

sffinfo -qual -trim E3MFGYRO2_random_10_reads.sff > trimmed.qual

Biopython DAK/NEIRA T ARFTRIT UM, X2H AU Roche THIMEL.
A5 Biopython Xt SFF ZHFHEZAEE, S5 N

>>> from Bio.SeqIO import SffI0
>>> help(Sf£fI0)

18.1.13 iR BIFF RIELDIE

TE AT RER L — A R T A 55— R FHRITOSSHE (Open Reading Frame, ORF). X HLIEATIRY
RRE T A GRS HE B A SR 2R TR K K ———> ORF 2 — A S AEATHE N £ 1505 T
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AR X Ik
MR, T RN, AR SR E RS 1. RTRERY RS TR AR HAE A, IRt
DWNE T SR, R IETER RS AT IR AR

ﬁT%F@#mBmMMm%MLfﬁm FATE T EFIRER . MERBIT, BATHR G A=)
BRI TR ABA AL AR RIS A4 SCA FASTA SCPEITAG: NC_005816.fma o X je— IR
?ﬂ %u&m FEEH NCBI #1411 (20L& 5.9 RTEFENNA).

>>> from Bio import SeqIO
>>> record = SeqI0.read("NC_005816.fna","fasta")
>>> table = 11

>>> min_pro_len = 100

BCHA— NIRRT, GO Seq A4 spliv Akl A 5 MEERE AT TRER ORF BT
lge:

>>> for strand, nuc in [(+1, record.seq), (-1, record.seq.reverse_complement())]:
for frame in range(3):
length = 3 * ((len(record)-frame) // 3) #Multiple of three
for pro in nuc[frame:frame+length] .translate(table).split("*"
if len(pro) >= min_pro_len:
print "/s.../s - length /4, strand /¢, frame /i" \

% (prol[:30], pro[-3:], len(pro), strand, frame)
GCLMKKSSIVATIITILSGSANAASSQLIP...YRF - length 315, strand
KSGELRQTPPASSTLHLRLILQRSGVMMEL. . .NPE - length 285, strand
GLNCSFFSICNWKFIDYINRLFQIIYLCKN...YYH - length 176, strand

1, frame
1
1
VKKILYIKALFLCTVIKLRRFIFSVNNMKF...DLP - length 165, strand 1, frame
1
1
1

, frame
, frame
NQIQGVICSPDSGEFMVTFETVMEIKILHK...GVA - length 355, strand 1, frame
RRKEHVSKKRRPQKRPRRRRFFHRLRPPDE. . .PTR - length 128, strand
TGKQNSCQMSAIWQLRONTATKTRQNRARI. . .AIK - length 100, strand
QGSGYAFPHASILSGIAMSHFYFLVLHAVK...CSD - length 114, strand -1, frame O
IYSTSEHTGEQVMRTLDEVIASRSPESQTR. . .FHV - length 111, strand -1, frame O
WGKLQVIGLSMWMVLFSQRFDDWLNEQEDA. . .ESK - length 125, strand -1, frame 1
RGIFMSDTMVVNGSGGVPAFLFSGSTLSSY...LLK - length 361, strand -1, frame 1

1

2

2

, frame

N NN PR P -, O

, frame

WDVKTVTGVLHHPFHLTFSLCPEGATQSGR. . .VKR - length 111, strand -1, frame
LSHTVTDFTDQMAQVGLCQCVNVFLDEVTG. . .KAA - length 107, strand -1, frame
RALTGLSAPGIRSQTSCDRLRELRYVPVSL...PLQ - length 119, strand -1, frame

R, XEBIMMN 57500 5 K GEIR) st EimiE. X a8 —EM 5 K GELE) wmIFiRiT
HAWEINZS .

VRAT AR 2 e BRI OB ERARRD , R DMFEERSE, S FFEHIC— SR, B, XA
B B AN BRI — S F R ID SR E A LA R
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PRAT AR LR Ao AR fldn, "RTE AR AZE TR 7 DR B R S, i e A=A R 4 AL
J¥4) (parent sequence), FHiCsgAmiHEFMEERFE

from Bio import SeqlO
record = SeqI0.read("NC_005816.gb","genbank")
table = 11

min_pro_len = 100

def find_orfs_with_trans(seq, trans_table, min_protein_length):
answer = []
seq_len = len(seq)
for strand, nuc in [(+1, seq), (-1, seq.reverse_complement())]:
for frame in range(3):
trans = str(nuc[frame:].translate(trans_table))
trans_len = len(trans)
aa_start = 0
aa_end = 0
while aa_start < trans_len:
aa_end = trans.find("*", aa_start)
if aa_end == -1:
aa_end = trans_len
if aa_end-aa_start >= min_protein_length:
if strand ==
start = frametaa_start*3
end = min(seq_len,frame+aa_end*3+3)
else:
start = seq_len-frame-aa_end*3-3
end = seq_len-frame-aa_start*3
answer.append((start, end, strand,
trans[aa_start:aa_end]))
aa_start = aa_end+1
answer.sort ()

return answer

orf_list = find_orfs_with_trans(record.seq, table, min_pro_len)
for start, end, strand, pro in orf_list:
print "Js... - length /%, strand /4, 22"\
% (prol[:30], pro[-3:], len(pro), strand, start, end)

2
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NQIQGVICSPDSGEFMVTFETVMEIKILHK. . .GVA - length 355, strand 1, 41:1109
WDVKTVTGVLHHPFHLTFSLCPEGATQSGR. . .VKR - length 111, strand -1, 491:827
KSGELRQTPPASSTLHLRLILQRSGVMMEL . . .NPE - length 285, strand 1, 1030:1888
RALTGLSAPGIRSQTSCDRLRELRYVPVSL. . .PLQ - length 119, strand -1, 2830:3190
RRKEHVSKKRRPQKRPRRRRFFHRLRPPDE. . .PTR - length 128, strand 1, 3470:3857
GLNCSFFSICNWKFIDYINRLFQIIYLCKN...YYH - length 176, strand 1, 4249:4780
RGIFMSDTMVVNGSGGVPAFLFSGSTLSSY. . .LLK - length 361, strand -1, 4814:5900
VKKILYIKALFLCTVIKLRRFIFSVNNMKF . . .DLP - length 165, strand 1, 5923:6421
LSHTVTDFTDQMAQVGLCQCVNVFLDEVTG. . .KAA - length 107, strand -1, 5974:6298
GCLMKKSSIVATIITILSGSANAASSQLIP...YRF - length 315, strand 1, 6654:7602
IYSTSEHTGEQVMRTLDEVIASRSPESQTR. . .FHV - length 111, strand -1, 7788:8124
WGKLQVIGLSMWMVLFSQRFDDWLNEQEDA . . .ESK - length 125, strand -1, 8087:8465
TGKQNSCQMSAIWQLRQNTATKTRQNRARI . . .AIK - length 100, strand 1, 8741:9044
QGSGYAFPHASILSGIAMSHFYFLVLHAVK. . .CSD - length 114, strand -1, 9264:9609

WRAREREREHE R 4], AR A A1 2 B 2R U, BT AR BE R B X B e MO ] i 0 . X B,
AT DA AT HERE , 5 GenBank SO By S BRI REA U T INZA S (it 35 17.1.9 F i8R
FIFREE) o

IR, ANSRARAR T Y R A TGRS HE R 18, B — T RO RS TR AR IR SRR ] Y, 34
FAR HAME . T2, VRBT S BT S @ A T RE R A LA 1 7 (R AT S A ELRR) o ) IR D2k X
e MREEA T (S Python HY re fibl). SRR AR TATH I— N ERRCHEI (SRR
27%), MPEFZ A S MM T TR, W grep, BricHr. (RAEHRE]—AAAAA B!

2.18.2 18.2 FRIIREHT SE S {EE

X R L M55 5 B4 Bio. Seql0 BIRIEATIFAIMNTHIBI T, PAK Python J¢J% matplotlib
pylab FIfEEIE D (20 matplotlib Toif#RE ). R, MREHXLEHT, JRFHEE%S matplotlib - {HZH]
R T, KR T AR BRI AT I 2

18.2.1 FFIIREHRE

TEARZ I, ARATREARZR AN BRI P A B A A T o e —— i, EEF 265 H H119 contig
B R /NER . AEX AN T, SRR AT 2248 FASTA 0 Is_orchid.fasta , & HA & 94 &%
G,

e, AT Bio. Seql0 SRMEAHTIXS FASTA 3CfF, FHAIE—FHIKEMSIE. FRATLAN—A> for FHER
R, RMFAEIFFNFARYT (list comprehension) HfH]:

>>> from Bio import SeqIO
>>> sizes = [len(rec) for rec in SeqIO0.parse("ls_orchid.fasta", "fasta")]

>>> len(sizes), min(sizes), max(sizes)

G¥E))
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(8:EW)

(94, 572, 789)
>>> sizes

[740, 753, 748, 744, 733, 718, 730, 704, 740, 709, 700, 726, ..., 592]

BAEFAN R T PrA BRI (PABEIRIE) . FATATPAM matplotlib AHEIRIEZIRER BN E

from Bio import SeqlO

sizes = [len(rec) for rec in SeqlO.parse("ls_orchid.fasta", "fasta")]

import pylab

pylab.hist(sizes, bins=20)

pylab.title(" /7 orchid sequences\nLengths to /7" \
% (len(sizes),min(sizes) ,max(sizes)))

pylab.xlabel("Sequence length (bp)")

pylab.ylabel("Count")

pylab.show()

ORI — ML SR EIR BT 5 A

94 orchid sequences
Lengths 572 to 789

30

Count

5?50 600 650 700 750 800
Sequence length (bp)
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R, RPN KR ZHORALE 740bp Zihy, XA TREA AR KRER A2, Hhag—
PRI T4

Raw: BTN pylab.show() 7% 1 RIREURASL, IRAT AR pylab.savefig(...) deRt ERLRATF
KEGSCET (Bl PNG 5% PDF SC{) .

18.2.2 %] GC% & EEHE

XTERITA, 75— NEFITANER GC &&. flan, /Rl el B A g NI ER A rg E R GC%,
HETF BRI TR RE AL R PSR TR R, REFROMAT, Sl AR 2
% FASTA {4 1s orchid.fasta .

56, FAVEIH Bio.SeqI0 fftTiX > FASTA UMHAIE—4 GC S RMIIEL. /R LA for JEER,
(B = XA

from Bio import SeqlO
from Bio.SeqUtils import GC

gc_values = sorted(GC(rec.seq) for rec in SeqIO.parse("ls_orchid.fasta", "fasta"))

BRGNP IR T GC fartl, IATHEERFENHTHFHS . BE, AT matplotlib XX &
BNt i Ak

import pylab
pylab.plot(gc_values)
pylab.title("/7 orchid sequences\nGC to "N\
% (len(gc_values) ,min(gc_values) ,max(gc_values)))
pylab.xlabel("Genes")
pylab.ylabel("GC%")
pylab.show()

BRI B T—HRE, BRI — e 0 AR S A B
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94 orchid sequences

GC% 32.3 to 59.6
60 : :

55 ¢F

50F

8 45

40

S

30

0 20 a0 60 80 100
Genes

ARG A2 — R P R, ARATRES TR 8] — A I-F- Ay 1 .

18.2.3 EHERRZE

LR B AT BB P AR A B IR S AR A — B 7 2 SR — M Sh BRI LU B E 77 51 (iR
T ARG — DA VCRC R EAR )« AT RIFEN, AT R AR E TR (W N ERAHTR).

WAVFEM LTI G hTieuE, FATHECEEE FASTA U EIF AT 4. 1s orchid fasta:

from Bio import SeqlO

handle = open("ls_orchid.fasta")
record_iterator = SeqlO.parse(handle, "fasta")
rec_one = record_iterator.next()

rec_two = record_iterator.next()

handle.close()

FATR R PRI e, —MRIERRSEEL, ERITa S E N TSR IR, HA R
HiFE. AT PAR MRS R, XL, BATR— B RS AT B 1 R (B8R A 51
o
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window = 7

seq_one = str(rec_one.seq) .upper()

seq_two = str(rec_two.seq) .upper()

data = [[(seq_one[i:i+window] <> seq_twol[j:j+window]) \
for j in range(len(seq_one)-window)] \

for i in range(len(seq_two)-window)]

R, FRATEX I AR S ) B HAMCES . BFEFRAT TR0 F matplotlib ) pylab.imshow() pRECK R

AN, SRR B, PABRUE R AE R B (R 521

import pylab

pylab.gray()

pylab.imshow(data)

pylab.xlabel (" (length bp)" % (rec_one.id, len(rec_one)))
pylab.ylabel(" (length bp)" % (rec_two.id, len(rec_two)))

pylab.title("Dot plot using window size /7\n(allowing no mis-matches)" 7 window)

pylab.show()

RS —ANETR E 1, A AR AT -
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Dot plot using window size 7
(allowing no mis-matches)

100

200+

300+

400 E

500+

600

gi|2765657|emb|Z78532.1|CCZ78532 (length 753 bp)
-

700+

0 100 200 300 400 500 600 700
gi|2765658|emb|Z78533.1|CIZ78533 (length 740 bp)

FTREANGE TR, XA SIARF AL, B A B o /N AR X A EITRE . B P A XA AN L
DM e 91 A 7 s H A R i 22 X A 2 DL

A AR AR N BT b AR ARG, (R BIRA PR, X B WA . e, XA AT 2 S
K HEAT AT T RERY PR LS AR M8 . VRO, AR QU — ] SR WS B A 1 3l 20 K/ 117 51 4
(EE, RSP PSR PATPIZRIF AN P A B T X F5 5 2 NAT, SRR 24, J55h,
pylab.imshow() BR%HAE/RE/ NGRS, M, AT pylab.scatter O H%L,

FATAAEE, MBI KN T 91 B (LB R 7 M S T

window = 7

{3
{3

for (seq, section_dict) in [(str(rec_one.seq) .upper(), dict_one),

dict_one

dict_two

(str(rec_two.seq) .upper (), dict_two)]:
for i in range(len(seq)-window):
section = seq[i:i+window]
try:

section_dict[section] .append(i)

(G¥E3)
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(B bTT)

except KeyError:
section_dict[section] = [i]
#Now find any sub-sequences found in both sequences
#(Python 2.3 would require slightly different code here)
matches = set(dict_one).intersection(dict_two)

print "% unique matches" 7 len(matches)

N T pylab.scatter O pR%L, FATFHFZPIAN BN o Fl y Fhivs14:

#Create lists of © and y co-ordinates for scatter plot
x = [
y =10
for section in matches:
for i in dict_one[section]:
for j in dict_two[section]:
x.append (i)
y.append(j)

BUAEFATRE AR AR 2K A0 A i i iR e

import pylab

pylab.cla() #clear any prior graph

pylab.gray (O

pylab.scatter(x,y)

pylab.x1im(0, len(rec_one)-window)

pylab.ylim(0, len(rec_two)-window)

pylab.xlabel (" (length bp)" 7 (rec_one.id, len(rec_one)))
pylab.ylabel (" (length bp)" % (rec_two.id, len(rec_two)))

pylab.title("Dot plot using window size /7\n(allowing no mis-matches)" 7 window)

pylab.show()

R —HE H, SE T EE:
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Dot plot using window size 7
(allowing no mis-matches)

= ’
2 700} :
m . L] '
™~ L]
£ 600 | * ¢ |
=y ]
S o ®
= .
N 500 . o g o o -
g R
[l
O 400} . :
= |* % . .
[
m ‘
300 | e :
E @ ~ [ ]
[
=)
E 200} b -
a " .
; L ] L ] .
e o . ° .
'3 100} o ]
o o .
5\ . . .

D i i i i i i i

0 100 200 300 400 500 600 700

gi|2765658|emb|Z78533.1|CIZ78533 (length 740 bp)

FANNR A EE I B PR, FRATHEX B SOR R S i) H AT
e, BT APA—FEE R IE I PCES, 55— b R B e PERE.

PRAT AP i A~ 1A 5%

18.2.4 LFIFFEREFIENRER

ANARARAEAL I AW P &5dh , AR rl Be A B RIEdE i e . X LA P S UK (paired end) 3K
i) FASTQ C{8A4E M T, FH v SRR001666_1.fastq N IF|A)3E], SRRO01666_2.fastq N LK. B
I A ENA A KRS EN FTP s S N3 (ftp://ftp.sra.ebiac.uk/voll /fastq/SRR001/SRR001666/
SRR001666_1.fastq.gz F ftp://ftp.sra.ebi.ac.uk/voll /fastq/SRR001/SRR001666 /SRR001666_ 2.fastq.gz ),
H3kH E. coli Z: ), http://www.ebi.ac.uk/ena/data/view/SRR001666 FITEANZ . 6 KRS,
pylab.subplot(...) BRECHEH RAEFAF 1 R 1E [0 Fl Rl i ot o 3 HLARA A0 B A SR ARAIE AL
ANHT 50 DMK BT .

import pylab

from Bio import SeqIO

for subfigure in [1,2]:
filename = "SRR001666_J7.fastq" % subfigure
pylab.subplot(l, 2, subfigure)

(T gk%E)
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(8 L)

for i,record in enumerate(SeqIO.parse(filename, "fastq")):
if i >= 50 : break #trick!
pylab.plot(record.letter_annotations["phred_quality"])
pylab.ylim(0,45)
pylab.ylabel ("PHRED quality score")
pylab.xlabel("Position")
pylab.savefig("SRRO01666.png")

print "Done"

Wz RS, XERAEA T Bio.Seql0 MIE XA PR fastq , [HH NCBI i fif5if Sanger FASTQ #il
PHRED 4B A SE2A o SR, VR AT RB A A I K BE i 81, X 26854k B Tllumina Genome Analyzer,
M HA] fEf K] /2 DA Solexa/Illumina FASTQ Wi x{A8 fh b i) — R AFAE -

EAFFHH pylab.savefig(...) pR%L, 1M AJ& “pylab.show(-) , SR EIHEE R —FE, ENIPHE
WAEEA . T2 pgsR:

45 T T 45 T T T T T T
40 40 T
|
|
\I'
35} 35} | |
o 30 v 30
=] o
(=] =)
[y ]
@25— ,?25—
© o
= 3
020' 020'
L L
o o
T T
a 15} a 15}
10 10
5+ 5+
0 1 1

0 5 10 15 20 25 30 35 00 5 10 15 20 25 30 35
Position Position

344 Chapter 2. Contents




Biopython-cn Documentation, A% 0.1

2.18.3 18.3 {hEEFEFIEE

XIS T AR MO S 0 EA AL

18.3.1 It HWEER
— BARA AN, ARIR AT REA AR R T E ML EE . AV IR L fE 2> s 21 Bk Y RE AT T Ex
PGSR, AR A I REAE B HE O (5 5 A BRI LE XS R R A

HER T LA R A5 AR E R EE . RIRANIE 253 T — AR alignment , BIANHALESS 6 T
431 Bio.AlignI0.read(...) BEA. FRATIRFFZXT R AT LS I 200 A i -

from Bio.Align import AlignInfo

summary_align = AlignInfo.SummaryInfo(alignment)

summary_align XFRIEFAM, ERHARBAT b H) S

L MR ME—BUPY) - 20T 18.5.2
- R S AR AT R - 2 18.5.9
IR E R - 2 ET18.5.

- AEROR RS PR AR R - B 184 TRAIA TR RO IR A M R

[\

iad

=~

18.3.2 it E—MRiE—BFET

TEF 18.5.1 PHiAH) SummaryInfo XFGERHE T — AT ATGHETTH O HRST (consensus) JFFIRYIIRE. &
BHATA —A> SummaryInfo Xf4, WM summary_align, FRATAEME N AT — MRS FS

consensus = summary_align.dumb_consensus ()

MATR T BRIIEE, o — AR R RS P SRR, B L RAE RS 51 h B A0 8 i A 5%
B, R Rl R R AR RN BEI , 3K mea F P EER S I B PR F P81 o SR e e B ka4
B, R —A RE TR RZRIA R FFIIXRE—A Seq MR, EMTFRERE NABMRTF
GIFTA P9 PR AP HEIRT R A . B PAGE print consensus KF43 AR {H S :

consensus Seq('TATACATNAAAGNAGGGGGATGCGGATAAATGGAAAGGCGAAAGAAAGAAAAAAATGAAT
..", TUPACAmbiguousDNA())

PRA] A 12 A A3 S HCK % dumb_consensus [ TAE 5

the threshold X & JI R BCE AN BREAERA AL BURITAR L — 2 B, AR A IS Gy 751 . B0A
0.7 (HP 70%) .

the ambiguous character /& RSF/FHHAIAHEFERT. BINH N7
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the consensus alphabet 177 (57 PO T HRER . ARBCARAL, AR LR P51 i) 7 BB RE_E HEIRT
TR,

18.3.3 fi 4551 VF 53 5ERE

o S P DE /0 i BE  (Position specific score matrices, PSSMs) PAR —Fp gttt E 8= (5KA4
HHRSFIFHNIRT ) , XV FERE LU LN A . TR UG, PSSM @ — M GERE. X1 Hou i) 4
—F, R AT RE S I R RO IR X SEIAMERE R — TS (BRAACH LU i s — 47 51))
—RER R XTI TR, BT DU LU AT A . B, XX

GTATC
AT--C
CTGTC

B PSSM J&:

GATC
G1101
TOO3O0
A1100
TOO20
C000O03

BTN — A O AT c_align , 4 T 67 PSSM AIRAF A1 , Ffl 9 561 8]— M EA 4 (summary
object), FHHHFE—EFII:

summary_align = AlignInfo.SummaryInfo(c_align)

consensus = summary_align.dumb_consensus()

e, FRATEEIE PSSM, (HUBLETHR h 2 AT ] N AN 5 B -

my_pssm = summary_align.pos_specific_score_matrix(consensus,

chars_to_ignore = ['N'])

KT A 5 R U

L N T YRR B A M R ] DAYE PSSM 1) TR S 78 U %o 52 7 B3 W E B 74 - 25 I 45 (Gaps)
H AL ETE PSSM 1 Tiidh .

2. MRATFFBARTE AN P2 AT AR 2 ORSFE81 Bilan, ARANSRAEEAE PSSM 2231 R FOM Y 28 2%
JPa, ARATRRE:
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second_seq = alignment.get_seq_by_num(1)

my_pssm = summary_align.pos_specific_score_matrix(second_seq

chars_to_ignore = ['N'])

PA_ER R [u]—4~ PSSM X5 . o4 7ot PSSM, FATHT print my_pssm, ZiRATT:

=

c G

—]

H 3 = Q = A1 = 4
=, O N O N O N O

©O ©o o 0o 0o o o o
O O O N O O o o
© 0o oo o o o o
O O O O O O o o
© 0o o o o o o o
O N O O O N O N
© 0o o 0o o o o o

AT PAJH your_pssm([sequence_number] [residue_count_name] FRSATAi] PSSM WyCZE . Filan, FRE
PSSM HEE “ANLERR AT BIERTTEL, ARATRA:

>>> print my_pssm[1] ["A"]
7.0

PSSM ZES5 A B AR AR IO TR AN T BN S A A AR O i

18.3.4 R E

— METET A A R EAL DR R T BE 2 e 81 i £ B

—A AIET - TAY ¥ R E BN DAFEX B3 . http://www.lechb.nciferf.gov /~toms/paper/
primer/ o XTIATHEH M, FOVEAF RTINS FAE B . FOTEH NI 20152 55
FERT AR SE B Y £ B A

Ng P)ij
IOj = melog )

i=1 v

Fofr:
o ICwpe — WM j SIS B AL
o Nuge — SRR PRI
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o Pipe — 55 AIREAERE TR ¢ p0BR (), A2R G 7R S 6 NFIIRIELXT A 3 BB, W%
5 G WfE &N 0.5)

o Qe — TR ISR, XR—AESE, B AfTRGE R BOAREOLT, EwE SR
0.05 = 1/20, ¥ ANEATHR: 025 =1/4 , FNRIR TR XRERA el MBS L T
TR R MAE RS e 1 sl (o AR v B3R, ARTFEFEME Qe UM

47, BHEFATMIE Biopython M1 7RSI O RS E&, iEIRATE R B2 X5 ot I A T 5
T8, FATTEMFRATH LEX ARG HEXHE S R, FA TR E M sunmary_align (2 W #ETT18.9.1
KTRERSEIE). —HRIMGEZDXER, TR RIS B T —ref 5

info_content = summary_align.information_content(5, 30,

chars_to_ignore = ['N'])

R, 3k L EIATG AR S AL T SR info_content BT — MR SHCRFRRE KN (Lt
it 5 5 30) SRR, MM BRI TRMERE N, M A R 1
FhER (RTRIARERLE!D),

B BT B —RE, FRATIFRE AR S B AR T SR

expect_freq = {

'A' L3,
'G' .2,
'T' .3,
'c' o L2}

WM R RE AR IA I L% A, TiZE %4 SubsMat.FreqTable X446 A (& WET720.2.2 PAZIEXT
FreqTables [ Z {5 E.) . FreqTable X4 424L T —AN R BFMAT PR ARE, XA Biopython H Seq 2
) TAE 2R

TR T WA FreqTable X5, fRHFE:

from Bio.Alphabet import IUPAC
from Bio.SubsMat import FreqTable

e_freq_table = FreqTable.FreqTable(expect_freq, FreqTable.FREQ,
IUPAC.unambiguous_dna)

PAERAVREN TE, VHRERATHO RIA A5 SRR T — R 5

info_content = summary_align.information_content(5, 30,
e_freq_table = e_freq_table,

chars_to_ignore = ['N'])

BUAE, info_content FiA {5 I EMHIARAM I 3% DIRAY AN (5 S B
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AR R BT APA 2 O IREOT R . AR DA LA Llog_base SRR Ml il /R AH 2 A R AL :

info_content = summary_align.information_content(5, 30, log_base 10,

chars_to_ignore = ['N'])

T, BHERCEAEEATHEERET . WRARAEZAE L Py A e Blap M W, ik — 28T E
SR SCEREETF, AT IR . A BRI BTS2 R BT AT XA bR AT i R .

2.18.4 18.4 EinsEpE

B e R B R A 5 B AR il S0 — 355 B IER Ak pe e WA R B A 2 DA B
A e AIAS B . XAE A L s AN T] 2D, Durbin 2805 “Biological Biological Sequence Analysis” —
TR T X R A R EAT AR AR N . SRR AR RS E PAM Fil BLOSUM %
G

Biopython 2t 7R 8 & WWEHARE, Wit r @ik A S FER T bE .

18.4.1 EHE NERERE

18.4.2 MFFILL 3 B2 IR E CHIERIER

B AR 2R RE R S R ) — DR RIS, AT RIE R A SRS SChnrh, HHER

B HOA SR AEXBI T, AR E S35 —> Biopython FLXXISE, ARJSHE]—MHERXGRIT
R TEAHXTHAARAFE . SCHF proteinaln (HWRIFE XL FREL) A5 Clustalw A2 W .

>>> from Bio import AlignIO

>>> from Bio import Alphabet

>>> from Bio.Alphabet import IUPAC

>>> from Bio.Align import AlignInfo

>>> filename = "protein.aln"

>>> alpha = Alphabet.Gapped(IUPAC.protein)

>>> c_align = AlignIO.read(filename, '"clustal", alphabet=alpha)

>>> summary_align = AlignInfo.SummaryInfo(c_align)

EATO4. 1 FN18.5.1 A5 KT HRMERIEZE B

BAEFAFFE] T HATHY summary_align X5, FATAEGE A E AR A BRI R B o T BB
TR TG, FATTRF R RTEIR LA R HL ey MU B AR . S, X REAE A OB AU SR S B
AN T BB AT o EXAEIRATRFRE B — A & Ay (A R S R R A AUy g -

>>> replace_info = summary_align.replacement_dictionary(["G", "A", "vy", "L", "I",
IIMII’ IIPII’ IIFII’ llwll, IISH,
I|T|l IINII IIQII IIYII IICH])
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XA KT EABRE A E B LA python TR HRKF S BATTBIRE T OBUF AT REA FT2E5) -

{C'R', 'R'): 2079.0, ('R', 'H'): 17.0, ('R', 'K'): 103.0, ('R', 'E'): 2.0,
(‘'R', 'D'): 2.0, ('H', 'R'): 0, ('D', 'H'): 15.0, ('K', 'K'): 3218.0,
('K', 'H'): 24.0, ('H', 'K'): 8.0, ('E', 'H'): 15.0, ('H', 'H'): 1235.0,
('H', 'E'): 18.0, ('H', 'D'D: 0, ('K', 'D'): 0, ('K', 'E'): 9.0,

('D', 'R'): 48.0, ('E', 'R'): 2.0, ('D', 'K'): 1.0, ('E', 'K'): 45.0,
('K', 'R'): 130.0, ('E', 'D'): 241.0, ('E', 'E'): 3305.0,

(‘D', 'E'): 270.0, ('D', 'D'): 2360.0}

AME BFR AL T IRAT IR BRI, SE RN E AR FIEH B G 2 2%, FEE, (R
AIRES IR AT) XBLR IR B U M Ir R ARG R . Bk, OB HERFHE R R
RSB " (Accepted Replacement Matrix, ARM):

>>> from Bio import SubsMat

>>> my_arm = SubsMat.SegMat (replace_info)

(ERIXAS “RZBHARRE", FRATRELRSEQ TR AT TR EORRE (RI—ARESS LB 2L ) -

>>> my_lom = SubsMat.make_log_odds_matrix(my_arm)

TR X AR PR A DA AT 240

o exp_freq_table — JRAJPAE A— MR FRER ISR A EAS . QISR4R0E, AT B e, X4
BERAL AR Rl 4

* logbase - JRBIEXALAIBUE FE X EURE. BAN 10,
o factor - JIRALAREIHIFEICRA AL, BUIATY 10, SXRREH T AR R ) il 7 2 b B
o round digit - FIFEAPIU &I A BT/ INEOEL, BAH 0 (RIBA /N -
— HARIRAT TORRIXTROR R, U] DAGE T BREL print_mat MREEFEAY R HOR B FATQUEAY R ] DA

5

>>> my_lom.print_mat()
D 2

E -1 1

Rl TATBAERE] T H O AR !
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2.18.5 18.5 BioSQL - HFigFIEIXARLIBES

BioSQL /& OBF Z4WiH (BioPerl, BioJava %) k7 ORI S AR08 7 50 Bl 1) B 120 ZEAs) i 2 [ 5% g
MR FIE b, AT AN BioPerl %k GenBank U, SRJ5H] Biopython M 42
S H— M4 Feature ) Record S5 ——3F H45 8L o/ DA E 2 Bio.Seql0 (55 &) Hn# GenBank
AR SeqRecord IR AT .

Biopython #1 BioSQL 3R S04 H BiiCE http://biopython.org /wiki/BioSQL , AT 4 5 T 1 A9 —5 47

2.19 £ 19 2= Biopython jllix{#EZR

Biopython HA—4~3&T Python FrMEEEICMHRMESR unittest<hitp://docs.python.org/library/unittest. html>
I EEMNAESS (S0 run_tests.py). MMBEHURHEETIEL, 26k Biopython AASLEM I ML BE
T bug —NREZEM . WEERREGEEMN LT —. A% ETEMIZFT Biopython Il {F14 5 I ik
KA REA Sy . BAENE DL, #EA Biopython (& MEHE %A — NN (AR %A R SCRE ) o 312N
SRFNIIT A FE R PARARAT D222 Biopython () \iz4T Hocill il

2.19.1 19.1 ;@17

TEAR N 2 Biopython JERSEE MBRATIIEIL GBS HIS, RS EI—F H XA Tests, iXALHE K44
run_tests.py. %N test_XXX.py WURZ M-I A, —40 output AYT H ZAIME £ HAb & MR B 4y
AT H 5%

PEH A2 Biopython f—&s, (R % SAE 44T LA Biopython YRS THZ H skizdT A& 1+
W

python setup.py test

XL EFMTHE Tests TH, Hisfy:

python run_tests.py

PRI B s IR —aB a0y, Xl DA R dE

python run_tests.py test_SeqlO.py test_AlignIO.py

BB RE, py YRR AERY, FrMRAT AR

python run_tests.py test_Seql0 test_AlignIO

PizAT docstring Wk (W 19.5 755) HIIE, ARATPAM
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python run_tests.py doctest

AT, run_tests.py JEFTHAMIL, [ docstring Wi,
RN T, TSR EBETE, A TS .
TR, BRI HIEH AP

o fRJERAT ENAN OB IAS . X 28 BTN IAAS o 2 T JE Y Python /R BIRR Y, BATST HI 45 Fhda i 5C
Ao XFAHN test _XXX.py WMIASCHF, FE output T HR (WEHIEMMEL) ToA i
test_XXX AYVEECISCARSCO: o MHACAE R T 4 S sl i A T B AR HA i o 19— E5d

o EF unittest FUFRIENNR. X4 import unittest , X5 X unittest.TestCase 35, XL
H—MHAA 2 MEA test_ FF3k. #‘Eﬁﬁ%Eﬁ%&ﬁﬁé@ﬁ%%ﬁﬁ%%iﬂﬂﬁto K BB AN WY %
HEATEM AT

Hui, K#—FEH Biopython Jif 2 unittest XUAGHIMER, 53—k print-and-compare M.

HEBAT—AME Y print-and-compare JE M 2AEFEA LA B ER S, (BRI AR 2w IR E
Ao WERMIRXPA— DR SRR, B2 N AR AR Gk i CL A R A28 Bilan, X—4
print-and-compare Jix, H—TF

python test_SeqlO.py

HT unittest AN SEEAE B S R AR B —AN/INE I T . i,

python test_Cluster.py

2.19.2 19.2 {EMiE
BRAEARAE A — I Biospam FURRERE —SEiilix. XAl DLRIRE R — R, o B—A 0 35 AL A4z
H B . FE R GIF, FRARi% Biospam & MfH HLACA AR
#> Biopython JIEL 7T PAE =SB A SCEFIAH 6 H 5%
1. test_Biospam.py — KT ARAIEEL ) EIE MRS

2. Biospam [optional]l— — /ML EATA B A SCHRR) H 5% AT 24 a4 S CH- v S B (O
HE e RS R 5T 1) AR I 2E T Tests H %o

3. output/Biospam — [H4£f%] print-and-compare Jllif] XA~ L $EIZ1T test_Biospam.py [ 2 i

Ho XA ST unittest KUSATIINEA 206700, B A4S test_Biospam.py £ H CKILE .

E A S ER RS E —1 print-and-compare MR A 2E—4 unittest XAEHIIIEHA ., EEKYE

PRABEAL X PR KRS TR A AE— DI A . JEHOE , A BHAE—A> print-and-compare JIH ] “unittest*
FFAE
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Tests HgHEAMTHRA test_ HIZRMMAH 29 run_tests.py HKEIFHE1T. T, FAVRR— DRI
JIA test_Biospam.py , £FXf—A> print-and-compare Jlli{F1— 3T unittest AYMIEL, AIRARIEX A
it Biopython [#) Tests H3%, HBA run_tests.py S EE I PuaTH A S 1 :

$ python run_tests.py
test_Ace ... ok
test_AlignIO ... ok
test_BioSQL ... ok
test_BioSQL_SeqIO0 ... ok
test_Biospam ... ok
test_CAPS ... ok
test_Clustalw ... ok

Ran 107 tests in 86.127 seconds

19.2.1 fHE—A print-and-compare Uik
—> print-and-compare Ui # I EX TH0 24 E FHT TR UGS R AL G- A EE @ — Al AR R
IR IS .
N TEH KT Biospam [ print-and-compare JIli, X J& VR MY :
1. Y541 test_Biospam.py [
o XA LAIT Tests H
o AN IZNE A EEIIRE (4R, IRINAR B . VREG IR ) .

o JSERBERATAT SRR ARV, AT B AN ] ks P A AR Rl e A R 2 /N (R
[ -5 2 2 ARO[ (D -

2. WIS AT BRI T IN R, X LU F] H 5% Tests/Biospam HiF4T (AR A 75 —L8i8 HAR VA,
% —~ FASTA 430, 83 —4 GenBank its%, & H— D IAERIEER B A SCH-A0ES ) .

3. 5 I SR 2 IR
A W5 IR AT DA X —
L RIrik:

o BITHIAIFRH S E— 0. 78 UNIX (404F Linux F1 Mac OS X ) #l#s b, #R0)
PLXFA . python test_Biospam.py > test_Biospam X<l 5 2| S {} test_Biospam
.

o FEIEB AT test_Biospam KHHLRHNH LA, MIREEARE R, BA bug 5, IRFEEHR
M4 test_Biospam MR AT ‘test_Biospam’ (AEFF|5).
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o Bl test_Biospam F|H 5 Tests/output H.
2. Py

o i&f] python run_tests.py -g test_Biospam.py . [BIJFHEZLARBRIAR) 2 DAL =R AO
AL RS 4 T

o FEREGH (WiZAE Tests/output/test_Biospam) F14 Ak ARG H 524 1R

4. BUAESHSE] Tests H%ITi247 python run_tests.py HHATIHIAMIK. X&BATHrAMIK, MikaF S
PRGN ezt Ofdd).

5. 4T SARIREUE] TR T A SER K] Biopython [, SETFARMBLEE — A AL, AR

BN, i Biospam MR H1HY) addition fll multiplication FNEEMHMHK A test_Biospam.py tHifHE
e X AR

from Bio import Biospam

print "2 + 3 =", Biospam.addition(2, 3)

print "9 - 1 =", Biospam.addition(9, -1)

print "2 * 3 =", Biospam.multiplication(2, 3)
print "9 * (- 1) =", Biospam.multiplication(9, -1)

FATH python run_tests.py -g test_Biospam.py 34z XTI 4 H, FHA T H U output/

test_Biospam :

test_Biospam

2+3=25
9-1=28
2% 3 =6

HH, HORAY print-and-compare JH RXELE T8 B AT 5 MU A Gy & Z AR R AR . i, 4TE)
H— AR R MR E RN, X EEARCHE W AT S A B AS 2707 A ) 1 DRGSR

19.2.2 /B —1ETF unittest B

FATHEEE Biopython H A RIS RA B, I H— 59 print-and-compare Ml — i JLI i
AT Ak, REA—ADREHR2ET g, @A) unittest HEQLAESS tH— DNEEG LR AR, IF Han
RA—MMHRRI, X BB IHER A S B D RS 43 th 7 0. st T DA S AT, 30 T A
HEsE AR AR .

M 2.1 iR unittest HEZEHLA S FE Python 1, F H7ERYYE Python Library Reference (@2 rifEsE
PIPRIAEAS) o A T unittest I7EZSCR . WIARVRAAZ unittest REL (BRI HE LU 2 I a{HESL
MIZRVE) , ARNAZA A2 VRIF AL, S48 Biopython H LS ARAH5 B -
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X2 KT Biospam fJ—> unittest XARHIM/NIHAMA, /30T AR HiPRE e 208178

import unittest

from Bio import Biospam

class BiospamTestAddition(unittest.TestCase):

def test_additioni(self):
result = Biospam.addition(2, 3)
self.assertEqual (result, 5)

def test_addition2(self):
result = Biospam.addition(9, -1)
self.assertEqual (result, 8)

class BiospamTestDivision(unittest.TestCase):

def test_divisionl(self):
result = Biospam.division(3.0, 2.0)

self.assertAlmostEqual (result, 1.5)

def test_division2(self):
result = Biospam.division(10.0, -2.0)

self.assertAlmostEqual (result, -5.0)

if name_ == "__main__":
runner = unittest.TextTestRunner(verbosity = 2)

unittest.main(testRunner=runner)

e EMAR A, A1 assertAlmostEqual [fj A2 assertEqual DA AiRZEE AL 15
PAJ: unittest WAL HIZIEES WL Python SURYHIAY unittest FHY (14275 ).,

X LR T unittest A — LU S N
o MAXSLBIFFAETE unittest. TestCase 1§ I I T VR ARSI — AT TH o

o PRI N E A EE TR TAL (RS, JKTTIABEIT 7k setUp il tearDown . 4l setUp
Jr T R REAER A RS0, STIF— SRS, searDown FTCEEMTHERL, (i
A

o WHADA test_ IS ELAFIUN WA i BTBBEI R0 Py 00— LA RS . — R E 2
DABRABT -

o TEMEUMARAR, IRATAM
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if name _ == "__main__":

runner = unittest.TextTestRunner(verbosity = 2)

unittest.main(testRunner=runner)

RPATI A, MHARMNE Biztr (AR run_tests.py FA) W WRIRIZFTZMA, A2

R LRI ZEALL R THIF A5 P4

$ python test_BiospamMyModule.py

test_additionl (__main__.TestAddition) ... ok
test_addition2 (__main__.TestAddition) ... ok
test_divisionl (__main__.TestDivision) ... ok
test_division2 (__main__.TestDivision) ... ok

Ran 4 tests in 0.059s

0K

o T SRR IE T T4, AR RAZ A NI LU _E docstrings o BEATTRAEIZATIN I

SR ok, AR — R O 22 R E .

import unittest

from Bio import Biospam

class BiospamTestAddition(unittest.TestCase):

def test_additionl(self):
""An addition test"""
result = Biospam.addition(2, 3)
self.assertEqual (result, 5)

def test_addition2(self):
"4 second addition test"""
result = Biospam.addition(9, -1)
self .assertEqual (result, 8)

class BiospamTestDivision(unittest.TestCase):

def test_divisionl(self):
"ipfow let's check division"""

result = Biospam.division(3.0, 2.0)

(FougkzE)
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(8:EW)

self.assertAlmostEqual (result, 1.5)

def test_division2(self):
" second division test"""
result = Biospam.division(10.0, -2.0)

self.assertAlmostEqual (result, -5.0)

if _ name__ == "__main__":

runner = unittest.TextTestRunner(verbosity = 2)

unittest.main(testRunner=runner)

BATHAR A 2 :

$ python test_BiospamMyModule.py

An addition test ... ok

A second addition test ... ok
Now let's check division ... ok
A second division test ... ok

Ran 4 tests in 0.001s

0K

WERARR B docstring WK (HL19.9 /NTY) , ARVFEAESLEAT AN P & X 2. fRAT MBI if
__name__ == "__main__": "NEHJAURSLIT (XA

if _ name__ == "__main__":

unittest_suite = unittest.TestLoader().loadTestsFromName("test_Biospam")
doctest_suite = doctest.DocTestSuite(Biospam)

suite = unittest.TestSuite((unittest_suite, doctest_suite))

runner = unittest.TextTestRunner(sys.stdout, verbosity = 2)

runner.run(suite)

iX H5{RI4T python test_Biospam.py Hf @A ZHETT docstring Wl 5¢; iZ1T python run_tests.py
, docstring MK 2> A 22 T (BT S FE run_tests.py H11 docstring MLFI R, WL RTEIA/NT ).
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2.19.3 19.3 g5 doctests

Python #iHe. AR LFFHH docstrings BIHSCEY . doctest HEZL (&7 Python ) SR A#H KL
YEGIFHRATE docstrings 1, I B X Lo 0]+

H i R —/N#B4 Biopython fU7 doctests . run_tests.py JHZAFE "% doctests HJizfT. M, run_tests.
py JIATE K2 B MR — > T 3h g ik g3, %5 3R ALV FRATT Bk I 8 T R 5“2 25 Tl 3o A S
s (B4 Reportlab 1 NumPy ). BrPAUISEARTE Biopython A din—2841 %} dostrings [ doctests
, N THENTEETE Biopython ZFHr, JRUAMITEH run_tests.py VAL IRHIEI . BUTE, run_tests.py
FRIAH K FR o AR T THI XA -

# This ts the list of modules containing docstring tests.
# If you develop docstring tests for other modules, please add
# those modules here.
DOCTEST_MODULES = ["Bio.Seq",
"Bio.SeqRecord",
"Bio.SeqIO",
]
#Silently ignore any doctests for modules requiring numpy!
try:
import numpy
DOCTEST_MODULES.extend(["Bio.Statistics.lowess"])
except ImportError:

pass

FERFATESCIE doctests FMOCHY, BroAMRRAZREFFIITIA . R AP RAEAFE WM S 20 01 T
GRS — L TR BRI

R, WRAREH S SO doctests | 5 COCPF ER MR IREER Y . AR OLR , R4
M Tests HRizAT, SMXIEAREIAT, XFX—MK—"1B1 72 i Bio.Seql0 doctests .

FAE HA54T docstring i,

$ python run_tests.py doctest

220 £ 20 E5%

2.20.1 20.1 SRyt

i %fR % Biopython fENT#RHS AR [ S5t ok E, 3% Scanner I Consumer.
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Scanners &R A BB IR T2 T8, HESH BRI PR E Bk ss kA E. Bilan, i
WEYMAEE, Scanner HEFLF| AT ARG BRI LS =4 —1 organism_name FH{f,

Consumers 52 ] 33210 Scanners fF & S 4 XT AR . 25 FIERIFT-, 24 Consumer Y{%| T organism_name
HE, AR ME N AR P I M 2B T

X AER RIS, WERARAE LR — SO 2 R AAR S, XS AR L. BN, Bio.
GenBank L] Dhiz XA 7 sUH # SeqRecord s HoAh i r i SCAEA LSRR 42

i, RZUINT Bio.SeqI0 Fl Bio.AlignIO WYMFATEREH T —Fh AR HR ik, (HE Hig A n—F
SRR (43512 SeqRecord and MultipleSeqAlignment )., FEH-LEH, Bio.SeqlO fi#HTHssLlr b
{05 T 75— Biopython fi##fr#% - U1, Bio.SwissProt fitfr#R =k THrE N SwissProt #=05, Nikik
BT SeqRecord #ER N4 .

2.20.2 20.2 #iRIERE
20.2.1 SubsMat
AR T — AN — L [ E (5 iRk R RE, BT BLOSUM i3 PAM 4%, {HigRET

JH PR BRI R . BeSh, AR T DA BB (B 8 £ MatrixInfo.py it — M. SeqMat J5K
F—AFHM (dictionary) :

class SegMat(dict)

XAFHARKAR {331,501, (41,32):n2,. .., (ik,jk):nk} , i Al j RFEEE, T n 22— M.
L @tk
1. self.alphabet: Bio.Alphabet H15E X f—42
2. self.ab_list: HIASFRYFRIIER. FERMNFHK.
2. Hik

1.| __init__(self,data=None,alphabet=None, mat_name='"', build_later=0):

1. data: AJRAE—ANFH, AT PAZE S5 —4> SeqMat Sl
2. alphabet: —> Bio.Alphabet fJ5Lfi. WIEREARML, RF MBS E—1 alphabet.
3. mat_name: #Hf%4%, flf BLOSUM62 u{¥ PAM250

4. build_later: BRIAE N false, WNHK true, HFPNViZ HiRfL alphabet Flas2i, fn5L A2
G TR, XAk alphabet J/NFIHEFE R /N RS2 o

2.| entropy(self,obs_freq_mat)

1. obs_freq mat: —MULMARAINE, ST “obs_freq mat” AR Il HIKE RO, HEIESE
g5k LO Bi# SUBS.
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3. &

B R T IX AR S 2 PR R R 2 R A B AE W7 A — DXL S (log-odds matrix). 248%, H
A UAZE AT FE i PR RS (log-odds matrix) o (HIE AN AR R XPENLRAE R, (e -

L i — STz i AU

.| sum(self)

TR E R R P DA RMER SR, REMEZFHAEL {i1: s1, 120 s2,..., in:sn},
Hirr:

o i A
o st R A R Y RS

e n: alphabet FFREHIEL.

.|print_mat (self,f,format=" ", bottomformat=" ",alphabet=None)

VRS AVEI SR £, format SEARFF(IIOME; bottomformat SICHIT (MFEFHE) NS
K. FHR—A 3 FEAEHH T

A 23

B 12 34

cr7 22 27
A B C

alphabet HIEZHE alphabet WA PRI — PR QR PR 78R, WA L7 RE
WGPy S MR A A DY, T A & 5 BER KU -

B, WM AZ B e A i — AT 2 RS (accepted replacement matrix, ARM), ARM
W R BB AR SRR O BCE R e ) A B g 1)« B T DA — X sl 2 X 1 3 51 U X 2 5 . il
IR R T 10 ik, W N &R e T 12 3k, HAHXT YA ARM

(rA,'C'): 10, ('C','AT): 12

M WFEHAEZ, Mt AR — A

("A','C'): 22

—A SeqMat SEHIHIAEA T AR AHEFE (5 —Fit805iE: 10,12), Wl DAURERERE (5—Fr
W, 22). —AMEAFRAEMRINTIZE 20x20 = 400, T — M IXRER A R/ NE 20x20/2
+ 20/2 = 210, X2 F M FEF R A RARAE CEERXAL) « R—N RN N 1
alphabet :

1. 5N N*N
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9. /N N(N+1)/2

WRAL LI 2, SeqMat IFAE RS B B MM . ASRALEA A, W 76
FHERFRERUPHS ( CA” ) C7 ), AR (°C7 7 A7),

PREIX HL, AR AR AR E A SR B AR — X B LRI 1, 3 B TR B 5
o T ARSI A RIE A R/ R e, BT R EIRI 2 R e A 40

2. A BT R AR [ (observed frequency matrix, OFM)
i

OFM = SubsMat._build_obs_freq_mat (ARM)

OFM 21 ARM =Ry, H@KF R i N4 il T8 iR .
3. AN SR (expected frequency matrix, EFM)

HIiE:

EFM = SubsMat._build_exp_freq_mat (OFM,exp_freq_table)

1. exp_freq_table: Jj—> FreqTable fJ5Lf|. X FreqTable L {5 B iE W5 20.2.2 7.
HH, WEBEERRE R F RPN TR ERIE . XNEELT T, F R,
SRR SRR . SR 1.

WEARRAT A (e EURRAZ AT L) A OFM 133, AR Z 0 LR T DA N T i) RS
4 exp_freq_table:

>>> exp_freq_table = SubsMat._exp_freq_table_from_obs_freq(0FM)

>>> EFM = SubsMat._build_exp_freq_mat (OFM,exp_freq_table)

WRFE, JRETTLAEH A 3285 exp_freq_table .
4. BT R AE S (substitution frequency matrix, SFM)
MYk

SFM = SubsMat._build_subs_mat (OFM,EFM)

i FWREA A AERE (OFM) FUHESRAAERE (EFM), 1528 WA BREGS R .
5. A BB (log-odds matrix, LOM)
M

LOM=SubsMat._build_log_odds_mat (SFM[,logbase=10,factor=10.0,round_digit=1])

1. fl BRI (SFM)..
2. logbase: JfI# = SHEHLZRAE X ELKI S o
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3. factor: XEHLRMNTENA 7. 50T log(LOMkey])*factor 724, WIRFE, £n]
PAPUS; LA round_digit #57E M)/ MERUAEL

4. kBl

1 A A 3 NS AREL P e 7 B T 3 AR X ROWLRE f (LOM) , SubsMat 4@ 7" — AN W] ASE T 77
SR RR AL

make_log_odds_matrix(acc_rep_mat,exp_freq_table=None,logbase=10,

factor=10.0,round_digit=0):

1. acc_rep_mat: M FHRHEF B2 (LA (ARM)

2. exp_freq_table: WIMMRZ. IR ECA ML, MM acc_rep_mat 774,
3. logbase: LOM HUXI$RAYE. BRIAH 10,

4. round_digit: PUETTLAR/INEUE A ZRIAH 0.

20.2.2 FreqTable

FreqTable.FreqTable(UserDict.UserDict)

1. @

1. alphabet: —/> Bio.Alphabet 5:f.

2. data: iR FH

3. count: VR (MRATEIIN) .
2. Tifig:

1. read_count (£): M f BEA—MHAECCIE. SRR HFLH T

2. read_freq(f): M f BEA—AMIREIRSCOE. U0k, RATRHIHEL, RAVESGHRIZFRAH.
3. RGP RERI N, kg, TR (A 3 AR ) -

35
65
100

] FreqTable.read_count(file_handle) PREIEA.

— AN IR S
A 0.175

B 0.325

C 0.5
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2, BRHBARSFE R AT AR F A . — IRl il (3 AFRE)

{'A': 35, 'B': 65, 'C': 100}

RXEHRE C BiiRE 05,7 BY MfiAZ 0.325,7 A7 BBIRE 0.175. A, B, C KEHN 200,
— AR R R R R A

{'A': 0.175, 'B': 0.325, 'C': 0.5}

S 1.

MAEA—DF MBS SE, WigdR X R — D EUE 2R 7 . B FreqTable JEH0H43E pR
BHREWANSHC FUA G FreqTable COUNT (% FreqTable FREQ, 20 AlfCRIT R HIHR .

BEABEMTTEL, readCount 27 AR . FIHMAEE — MR AR A5 K (ftab):

>>> from SubsMat import *

>>> ftab = FreqTable.FreqTable(my_frequency_dictionary,FreqTable.FREQ)

>>> ftab = FreqTable.FreqTable(my_count_dictionary,FreqTable.COUNT)
>>> ftab = FreqTable.read_count (open('myCountFile'))
>>> ftab = FreqTable.read_frequency(open('myFrequencyFile'))

2.21 £ 21 &4 Biopython {f 5Tk

2.21.1 21.1 &iRIRE SHEEFEK
REF biopython HTF 5K, MUH HE BRI : K T A BRE0 R, R
(PAKANT) HFF biopython X FERIIFIEIN H A E X KAIF .
Biopython Hi{141 5 R—MHETIRERTRANETE bugs iy FERIA:

e biopython@biopython.org — S EMFR biopython g I [ [A) i ,

+ biopython-devbiopython org - FF&H T H1E: biopython FFRHMBIESIZ (FLALA BT DAY

DTk )

bz A, RARE I bug, FHRAZHNFEATE bug WiETHE (http://redmine.open-bio.org/projects/
biopython) SR, X2 bug AR % T WM T 1 I PR T BIs .

2.21.2 21.2 IR SEEBIFF

FA 1A BB ) biopython (i 1] Z#RAE biopython F:HR{FFFAMEH: 1T BRH KM o 7] T FH 2 e e — 43
A —E T2 )5, WA RMATIREBRT BT TE I A TR AT, i D AT IR iR 2K S .
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2.21.3 21.3 w3

FEATR m 24 BB PR LU B B it , AN igsgiliad bug ik @ lip s RMTER . BUFEIR P EEX — B0
PRI, AR T RE £ ¢ B LEAR I SR BRI 5 S W S BB WA IR REIE 78 . L & biopython F Py SCRY
(docstrings) PA S —S87E£R 3RS (http://biopython.org/DIST /docs/api) A FrEkde, A REITHIH A AHS
BYFATHAMX 2625 1

2.21.4 21.4 TSI EMRTH

i o P T ERERREE, 414 biopython 47— ML POk 68 SOy wiki SCEE (http://
biopython.org/wiki/Category:Cookbook) , LR AT DAFEARCAY — L8 (i F 18 B it i B o

2.21.5 21.5 #PEFEEETHEE
H i 42 biopython fUVEACILZERE G FATMHAE RS, WSRARZEE T IEMI4%E THIIE) , [
WY E S T windows LT H ., XS T 4S5 U2 HEERSE.

X R Z 8 linux BAE RGO, #A S IEE ARSI T4 3t , (Rt 1 B OISR O D, linux
M AT DMR A G 2 o Rk e AR, ATIER RO AERARARER T X — T AEA B otsk i, 3 B AR
9 linuxe ZA TR T3X —FFI K TEAT R -

X RAEMN X —TAER P, AT 20T BRI E RS G it

Windows — Windows ;= /il A — ML %5 T H, BEUSRF biopython A [ As 2H 425 2 4H .1 H
. A A Distutils T H R EIERESE X —(T4511 installer.

B, MREHREMRE Windows #ERGE T C iy, M HARREW IEM%FIF 2% (HIX2
WIXER LT ), ATPAZ% Biopython 224 .

TEARBCE LY C Sidas 2 )n, 2 TARAR MR 5 :

python setup.py bdist_wininst

HAl, f£ 32 i Windows #:4FE &8 4% biopython (&GRS, Hig 64 (7#AE RGN LRI
RESEEL, LR UEREAEIX S DTk AT T .

RPMs — RPMs 7£—2£ linux KATHMFRBIFERITHEEH AL, £ RPMs £ (http://www.rpm.org)
ARZ KT RPMs [ BTSRRI i . AR RGEA1E-—4 RMP 2RAS . 1R
UL FFERHEA ISR (FEREIER TIER C gifds) , FL(5 B AZ% Biopython 4%
L.
BE—1 RPM, {LFEMA T TAE:

python setup.py bdist_rpm
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TELSEATA By J5 , RFE dist HR R MRIRE N B8R G X1 RPM, PAK—4> RPM
WOCHE. — BT, XA RPM REIEH TAE. fakim s !

Macintosh — T Apple iT#£%] Mac OS X, RZ TAEFHBE T . —kii, Mac H#/ERGH Y T—4
Unix ZA8{A& , Biopython JEAYAYZEEE [RAE linux _F—FEA S . 4e3E Apple’ s X-code 22235 g GCC %y
PRI 2 W A8 28 Mac #4E Rt dsh-2ee i TH., HHEA RSN E,

AR A, SR RGN T S RS TE B2 R TE R TR . X TARSE
25, MR T RS R T, BRI Biopython FFRH IS T (ISR i % K34, 7T A% Biopython
EMES R RO, g

2.21.6 21.6 TEEkE T (Unit Tests)

BIEARBEAAEATE A DI REVR N2 Biopython, (AT S/, W5 ERIMIATAYEITTNIL. FATEA
5519 RV A A

2.21.7 21.7 "HELELS

B 7] Python i 5 T A LW AH K BUREFAb, AR AER AT DABCA R H M A Biopython JERSHYIT % . £
P NAR DT T R G AR 8R , Biopython RPFSIFETHE S AR R —— R 5 AR AR B 28R By
FES TARNA . EHAIE, TR0, ROTSAEMSI R BEITHe S, O S A BTk
AR, THeSE iz )m, AR A 1!

F ) Biopython KA S R BB G —FE A, AP EM . ZEMH SR (http://biopython.
org/wiki/Contributing) H, RFPAFREUE Biopython W B HgmAe )y =0 ). [Et, FATRBAE AT
FERASCRY I AJERSFIIA (6T regression tesing framework 10079 %), PAHARA 7 i BEAREE—EOF IE
LR,

AR R, IR 2A GERIRUCR L 5T IRES /T HAE Biopython ZATVFRI T &l MART, BRIRAIEE
s CmE , AR, SAZONIILG T 535, TESTIATERA IR, Sf
S LA 2445 F GPL 8 LPGL (275 Biopython VFRI RAHZS . WRIRA (2560, W1
biopython—dev H§#512 Bifit.

T3 Ah—A> T 1] Biopython TR AL Y 1) RS K B & s A7 BH OB A 8. — ok UF, WERET MG
BLAST. EMBOSS #(# ClustalW X RS AR FEAT AR (Hd, ARARE T H A SRRy —R
ffi}g Python SUF (JiH 1% NumPy iXH: T 4iFl4c4¢ Biopython WSCEE) WhFs BGEE—2 11 1E
BRibZ b, WRART- LA FELRAS, MR A A AT, ALk, IR DURFENTIE—A %
T EEA Y5 E 2 Python AU AgHL Y (http://biopython.org/wiki/Scriptcentral)

A XA SR BEAE/R B ] Biopython Ry AR HaF A REEAI(E R, MR T, B Z e vk
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2.22 £ 22 ERiF: Python #HXHIR

WISRARRT Python SFEE AL, IPAMAEMI Biopython A2 il Bl i) FIELE # 5 Python ARGA K. 74
BT LB R R L0l ] Biopython SURARR A BN — e D (=X BATRBERE ) -
KTRX—BEMAE, RERA T AR EBNE, 5 FEAT.

2.22.1 22.1 BEHLZDH (handle) ?

BXASSCRY Y, AR K, T EL HBOERE AR (DX RRUE) . RV, ARTT DB ARG AR S
ESEFSYUNE RS

HHHCEE SRR R, B A = A A AL -

L X FAARFE T XA RE R, ARt T — MR B vk . X B SORE BRTRER A S0
— D7 AT R Bk A TR Muh (5 5, (@ mife ft T —fad i 57 XL Hx
SO AR MR PR SCAE

2. AT DMEICEEOCCAE B, AR — BB fF B X AAEAL B K SCIFRCA A, PEA—IR
BA—DRIFFTRES 5 EARFTA BN

AR SFEBOCAE IR SCAME R G AR, AUAERREREAT . AEBOCERT, # IR read O
I readline OO , Fi# AT AL AR LI SCAE B, TG & WA BER—AT 5 X T XCAFEEREA, W
W wvrite O %K.

AP R R DL S AR M S U, X T A i Python PN EpR%L open K58 A N I/RBIH, FATITIF—
A1 30 mcold.fasta (AL MdE http://biopython.org/DIST/docs/tutorial /examples/m__cold.fasta
ARIL) A EIA -

>>> handle = open('"m_cold.fasta", "r")
>>> handle.readline()

">gi|8332116|gb|BE037100.1|BE037100 MP14HO9 MP Mesembryanthemum ...\n"

Biopython HAARH H K @A as (parsers) fZEBfFE. AN, H Biopythonl.54 iiA )5, Bio.SeqIO Fl
Bio.AlignTO ABHR Hh i 123 R HICAT AT DAGE I SCIF4% SR OB A A ik -

from Bio import SeqlO
for record in SeqIO.parse("m_cold.fasta", "fasta"):

print record.id, len(record)

11 B BioPython HUAR A, whZ0U I A4 :

from Bio import SeqIO
handle = open('"m_cold.fasta", "r")

for record in SeqIO0.parse(handle, "fasta"):

(R D)
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(8:EW)

print record.id, len(record)

handle.close()

AT A A H R, FEU e T — > gzip HE4A) FASTA S+

import gzip

from Bio import SeqlO

handle = gzip.open('"m_cold.fasta.gz")

for record in SeqIO.parse(handle, "fasta"):
print record.id, len(record)

handle.close()

0.2 T HEZ WRBIn 25, Hrp U d bzip2 R4 SCPFRTIEREL

22.1.1 \EFFrEREIE

A AT B TR A e L B SO S O, DA TR M Python Al 3
cStringT0 R UITILIN

>>> my_info = 'A string\n with multiple lines.'
>>> print my_info

A string

with multiple lines.

>>> from StringI0 import StringI0

>>> my_info_handle = StringI0(my_info)

>>> first_line = my_info_handle.readline()

>>> print first_line

A string

>>> second_line = my_info_handle.readline()
>>> print second_line

with multiple lines.

2.23 References

[1] Peter J. A. Cock, Tiago Antao, Jeffrey T. Chang, Brad A. Chapman, Cymon J. Cox, Andrew Dalke, Iddo
Friedberg, Thomas Hamelryck, Frank Kauff, Bartek Wilczynski, Michiel J. L. de Hoon: “Biopython:
freely available Python tools for computational molecular biology and bioinformatics” . Bioinformatics
25 (11), 1422-1423 (2009). doi:10.1093/bioinformatics/btpl163,

2.23. References 367



http://dx.doi.org/10.1093/bioinformatics/btp163

Biopython-cn Documentation, %% 0.1

[2] Leighton Pritchard, Jennifer A. White, Paul R.J. Birch, Ian K. Toth: “GenomeDiagram: a python
package for the visualization of large-scale genomic data” . Bioinformatics 22 (5): 616-617 (2006).
doi:10.1093 /bioinformatics /btk021,

[3] Tan K. Toth, Leighton Pritchard, Paul R. J. Birch: “Comparative genomics reveals what makes
an enterobacterial plant pathogen” .  Annual Review of Phytopathology 44: 305-336 (2006).
doi:10.1146 /annurev.phyto.44.070505.143444,

[4] Géraldine A. van der Auwera, Jaroslaw E. Kr6l, Haruo Suzuki, Brian Foster, Rob van Houdt, Celeste
J. Brown, Max Mergeay, Eva M. Top: “Plasmids captured in C. metallidurans CH34: defining the
PromA family of broad-host-range plasmids” . Antonie van Leeuwenhoek 96 (2): 193-204 (2009).
doi:10.1007/s10482-009-9316-9

[5] Caroline Proux, Douwe van Sinderen, Juan Suarez, Pilar Garcia, Victor Ladero, Gerald F. Fitzgerald,
Frank Desiere, Harald Briissow: “The dilemma of phage taxonomy illustrated by comparative genomics
of Sfi21-Like Siphoviridae in lactic acid bacteria” . Journal of Bacteriology 184 (21): 6026-6036 (2002).
http://dx.doi.org/10.1128 /JB.184.21.6026-6036.2002

[6] Florian Jupe, Leighton Pritchard, Graham J. Etherington, Katrin MacKenzie, Peter JA Cock, Frank
Wright, Sanjeev Kumar Sharmal, Dan Bolser, Glenn J Bryan, Jonathan DG Jones, Ingo Hein:
“Identification and localisation of the NB-LRR gene family within the potato genome”. BMC Genomics
13: 75 (2012). http://dx.doi.org/10.1186/1471-2164-13-75

[7] Peter J. A. Cock, Christopher J. Fields, Naohisa Goto, Michael L. Heuer, Peter M. Rice: “The Sanger
FASTQ file format for sequences with quality scores, and the Solexa/Illumina FASTQ variants” .
Nucleic Acids Research 38 (6): 1767-1771 (2010). doi:10.1093 /nar/gkp1137

[8] Patrick O. Brown, David Botstein: “Exploring the new world of the genome with DNA microarrays” .
Nature Genetics 21 (Supplement 1), 33-37 (1999). doi:10.1038/4462

[9] Eric Talevich, Brandon M. Invergo, Peter J.A. Cock, Brad A. Chapman: “Bio.Phylo: A unified toolkit
for processing, analyzing and visualizing phylogenetic trees in Biopython” . BMC Bioinformatics 13:
209 (2012). doi:10.1186/1471-2105-13-209

[10] Athel Cornish-Bowden: “Nomenclature for incompletely specified bases in nucleic acid sequences:
Recommendations 1984.” Nucleic Acids Research 13 (9): 3021-3030 (1985). doi:10.1093 /nar/13.9.3021

[11] Douglas R. Cavener: “Comparison of the consensus sequence flanking translational start
sites in Drosophila and vertebrates.” Nucleic Acids Research 15 (4): 1353-1361 (1987).
doi:10.1093 /nar/15.4.1353

[12] Timothy L. Bailey and Charles Elkan: “Fitting a mixture model by expectation maximization to
discover motifs in biopolymers” , Proceedings of the Second International Conference on Intelligent
Systems for Molecular Biology 28-36. AAAI Press, Menlo Park, California (1994).

[13] Brad Chapman and Jeff Chang: “Biopython: Python tools for computational biology” . ACM SIGBIO
Newsletter 20 (2): 15-19 (August 2000).

368 Chapter 2. Contents


http://dx.doi.org/10.1093/bioinformatics/btk021
http://dx.doi.org/10.1146/annurev.phyto.44.070505.143444
http://dx.doi.org/10.1007/s10482-009-9316-9
http://dx.doi.org/10.1128/JB.184.21.6026-6036.2002
http://dx.doi.org/10.1186/1471-2164-13-75
http://dx.doi.org/10.1093/nar/gkp1137
http://dx.doi.org/10.1038/4462
http://dx.doi.org/10.1186/1471-2105-13-209
http://dx.doi.org/10.1093/nar/13.9.3021
http://dx.doi.org/10.1093/nar/15.4.1353

Biopython-cn Documentation, A% 0.1

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

(22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Michiel J. L. de Hoon, Seiya Imoto, John Nolan, Satoru Miyano: “Open source clustering software” .
Bioinformatics 20 (9): 1453-1454 (2004). doi:10.1093/bioinformatics/bth078

Michiel B. Eisen, Paul T. Spellman, Patrick O. Brown, David Botstein: “Cluster analysis and display
of genome-wide expression patterns” . Proceedings of the National Academy of Science USA 95 (25):
14863-14868 (1998). doi:10.1073/pnas.96.19.10943-c

Gene H. Golub, Christian Reinsch: “Singular value decomposition and least squares solutions” . In
Handbook for Automatic Computation, 2, (Linear Algebra) (J. H. Wilkinson and C. Reinsch, eds),
134-151. New York: Springer-Verlag (1971).

Gene H. Golub, Charles F. Van Loan: Matriz computations, 2nd edition (1989).

Thomas Hamelryck and Bernard Manderick: 11PDB parser and structure class implemented in Python”
. Bioinformatics, 19 (17): 2308-2310 (2003) doi: 10.1093/bioinformatics/btg299.

Thomas Hamelryck: “Efficient identification of side-chain patterns using a multidimensional index
tree” . Proteins 51 (1): 96-108 (2003). doi:10.1002/prot.10338

Thomas Hamelryck: “An amino acid has two sides; A new 2D measure provides a different view of
solvent exposure” . Proteins 59 (1): 29-48 (2005). doi:10.1002/prot.20379.

John A. Hartiga. Clustering algorithms. New York: Wiley (1975).

Anil L. Jain, Richard C. Dubes: Algorithms for clustering data. Englewood Cliffs, N.J.: Prentice Hall
(1988).

Voratas Kachitvichyanukul, Bruce W. Schmeiser: Binomial Random Variate Generation. Communica-
tions of the ACM 31 (2): 216-222 (1988). doi:10.1145/42372.42381

Teuvo Kohonen: “Self-organizing maps” , 2nd Edition. Berlin; New York: Springer-Verlag (1997).

Pierre L’ Ecuyer: “Efficient and Portable Combined Random Number Generators.” Communications
of the ACM 31 (6): 742-749,774 (1988). doi:10.1145/62959.62969

Indraneel Majumdar, S. Sri Krishna, Nick V. Grishin: “PALSSE: A program to delineate lin-
ear secondary structural elements from protein structures.” BMC Bioinformatics, 6: 202 (2005).
doi:10.1186/1471-2105-6-202.

V. Matys, E. Fricke, R. Geffers, E. G7ssling, M. Haubrock, R. Hehl, K. Hornischer, D. Karas, A.E.
Kel, O.V. Kel-Margoulis, D.U. Kloos, S. Land, B. Lewicki-Potapov, H. Michael, R. Miinch, I. Reuter,
S. Rotert, H. Saxel, M. Scheer, S. Thiele, E. Wingender E: “TRANSFAC: transcriptional regulation,
from patterns to profiles.” Nucleic Acids Research 31 (1): 374-378 (2003). doi:10.1093/nar/gkg108

Robin Sibson: “SLINK: An optimally efficient algorithm for the single-link cluster method” . The
Computer Journal 16 (1): 30-34 (1973). doi:10.1093/comjnl/16.1.30

George W. Snedecor, William G. Cochran: Statistical methods. Ames, lowa: Iowa State University
Press (1989).

2.23. References 369


http://dx.doi.org/10.1093/bioinformatics/bth078
http://dx.doi.org/10.1073/pnas.96.19.10943-c
http://dx.doi.org/10.1093/bioinformatics/btg299
http://dx.doi.org/10.1002/prot.10338
http://dx.doi.org/10.1002/prot.20379
http://dx.doi.org/10.1145/42372.42381
http://dx.doi.org/10.1145/62959.62969
http://dx.doi.org/10.1186/1471-2105-6-202
http://dx.doi.org/10.1093/nar/gkg108
http://dx.doi.org/10.1093/comjnl/16.1.30

Biopython-cn Documentation, %% 0.1

[30]

[31]
[32]

(33]

[34]

Pablo Tamayo, Donna Slonim, Jill Mesirov, Qing Zhu, Sutisak Kitareewan, Ethan Dmitrovsky, Eric S.
Lander, Todd R. Golub: “Interpreting patterns of gene expression with self-organizing maps: Methods
and application to hematopoietic differentiation” . Proceedings of the National Academy of Science
USA 96 (6): 2907-2912 (1999). doi:10.1073/pnas.96.6.2907

Robert C. Tryon, Daniel E. Bailey: Cluster analysis. New York: McGraw-Hill (1970).
John W. Tukey: “Exploratory data analysis” . Reading, Mass.: Addison-Wesley Pub. Co. (1977).

Ka Yee Yeung, Walter L. Ruzzo: “Principal Component Analysis for clustering gene expression data”
. Bioinformatics 17 (9): 763-774 (2001). doi:10.1093/bioinformatics/17.9.763

Alok Saldanha: “Java Treeview—extensible visualization of microarray data” . Bioinformatics 20
(17): 3246-3248 (2004). http://dx.doi.org/10.1093/bioinformatics/bth349

370

Chapter 2. Contents


http://dx.doi.org/10.1073/pnas.96.6.2907
http://dx.doi.org/10.1093/bioinformatics/17.9.763
http://dx.doi.org/10.1093/bioinformatics/bth349

CHAPTER 3

Indices and tables

e genindex
e modindex

e search

371



	Biopython 教程与手册
	Last Update – 22 March 2013 (Biopython 1.61+)

	Contents
	第1章 介绍
	第2章 快速开始 —— 你能用Biopython做什么？
	第3章 生物序列对象
	第4章 序列注释对象
	第5章 序列输入和输出
	第6章 多序列比对
	第7章 BLAST
	第8章 BLAST和其他序列搜索工具(实验性质的代码)
	第9章 访问NCBI Entrez数据库
	第10章 Swiss-Prot和ExPASy
	第11章 走向3D：PDB模块
	第12章 Bio.PopGen：群体遗传学
	第13章 Bio.Phylo系统发育分析
	第14章 使用Bio.motifs进行模体序列分析
	第15章 聚类分析
	第16章 监督学习方法
	第17章 Graphics模块中的基因组可视化包—GenomeDiagram
	第18章 Cookbook – 用它做一些很酷的事情
	第19章 Biopython测试框架
	第20章 高级
	第21章 为Biopython做贡献
	第22章 附录：Python相关知识
	References

	Indices and tables

