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" S REZENE 12 7BA%4E | E3THIAAT

O S . FREFELI-DIIR—UNE
‘ ] » O N
/ \‘J‘7 Vv MY ICTS—MNHAZENBHYFT
‘® R Console E=REEEEXT
|R version 3.4.3 (2017-11-30) —-- "Kite-Eating Tree" )

Copyright (C) 2017 The R Foundation for Statistical Computing
Platform: x86 64-wéd-mingw32/xed (€4-bit)

R I, BEEGYIFDIFTHED [EEC®BFRIIITY,
—EOFRHFCELE. BRCCNWEBERTAIC0TELT,
BRSO s BCRELT}. "1icense () ' H20E "licence ()" EAFLS

R & DEmMECIHETINVIN-TY.

FHL4E "contributors () ' EAALTUEE,

FE.R o R O -UE BT | BEAEOR I ONTIE
"citation ()" =ADLTIEEN.

"demo () " CADNTNET ERHBEHNTELT.
"help ()" cFhEASA AL THEHET.
'help.start () ' T HTML JSO¥CLaALTHBLNTET.

"g()! tlﬁii R &#TLIT.
> ?subseq

No documentation fon Jlsubseq’ in specified packages and libraries:
you could try ‘??suli‘

> 7alphabetFrequency

No documentation for ‘alphabetFrequency’ in specified packages and$
you could try ‘??alphabetFrequency’

>

< >
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= | Dr7alphabetFrequency IEATERAL &S IZEIH BN
o 5 CNBDTHoTHD, REEED DT R—Uhis
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RENBEDT. QEN2FNEHBDECAHZED )Y

R R Console

> ?s5ubseq
No documentation for

you could try ‘??subseq’

> ?alphabetFrequency
No documentation for

you could try ‘??alphabetFrequency’

(=] O |wS)

-

‘subseq’ 1in specified packages and libraries:

‘alphabetFrequeglcy’ 1in specified packages and$

> ?7alphabetFrequency
starting httpd help server ... done -
> | i
4| ]
Search Results
D
Help pages:

May 07 2018

Biostrings::class:MultipleAlignment MultipleAlignment objects

Biostrings:-letterFrequency Calculate the frequency of letters in a biological sequence, or the

ﬁ consensus matrix of a set of sequences
BSgenome::class:BSge "tews BSgenomeViews objects

GenomicAlignments::stackStringsFromBam Stack the read sequences stored 1n a BAM file on a region of interest
ShortRead::QualityScore-class Quality scores for short reads and their alignments




= (DalphabetFrequency B # L @Biostrings&L Y573y
\0“ '7__:“ T—UBiREESN TS D= EFEAfEL, 17?76
AV M 113 BB XBEAITEAE D Sl — S iR

letterFrequency {Biostrings} HENTWDLDMZERMYE=WEREEICFIRAT S

Calculate the frequency of letters in a biological
sequence, or the consensus matrix of a set of sequences

Description ‘l
Given a biological sequence (or a set of biological sequences). the a1phabetFrequency
function computes the frequency of each letter of the relevant alphabet.

letterFrequency is similar, but more compact if one is only interested in certain letters. It
can also tabulate letters "in commeon".

letterFrequencyInsSlidingView i1s a more specialized version of letterFrequency for
(non-masked) XString objects. It tallys the requested letter frequencies for a fixed-width
view, or window, that is conceptually slid along the entire input sequence.

The consensusMatrix function computes the consensus matrix of a set of sequences, and the
consensusString function creates the consensus sequence from the consensus matrix based
upon specified criteria.

In this man page we call "DNA input" (or "RNA input") an XString, XStringSet,
XStringViews or MaskedXString object of base type DNA (or RNA).

Usage

alphabetFrequency(x, as.prob=FALSE, ...}
hasOnlyBaseletters (x)
unigueletters (x)
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A0 | —#
R0 | —#

: (last modified 2013/09/12)
2015/04/06) NEW

By

@i’ﬂ'ﬁ?"&

#sRACH (translate P& EEH(EE%) | Biostrings (last mo

multi-FASTAD 7 A )Lz 5 A 1A A THR R TZFRHT AT

=AM IE. DBiostrings o 2seqinry & D5 EFL 5|

ﬁ’i*ﬁﬁﬁ/ W —ODEMTFTT , Qrcitation(“s v
— A TEI AT REFXDOMNYET

15 (last mo fied 2014/03/10)
2015/03/09)
modified 20135/03/09)

Biostrings! Vo7 — 3 E L TR BB FAGAA TF 2/ BECHI SRR T 2 U A& mL EF . FlRD
"Vertebrate Mitochondrial", "SGC1"73 &L AL 5 B~NEL 5T .

A0 | —
o {0 | —#% | FHERECH (translateFE AR {5 (15 FH) | seqinr Chanif 2005)
» (0O —f% iﬁ}ﬁiﬂlcomﬂemenﬂ%ﬂfq {last m0d1f1ed 2013/06/14)
» -1”:/|~ O | —ﬂﬁ 1__7; B Mact snodified 2013041 4%
b0 —8E ) -'I'_./H:I | — % | BHEREEH(translate)ZIEH(ELTR) | Biostrings
C RO 82
» b0 | —f#% | 3{Blosto ' x _ L= - !
oAb O | — i O 1B1E3—F (genetic code)ld., Standard Genetic Code?CT 2T, L5 DA EMREY L - T 430
(variants)o' % Ad: 5. "Standard", "SGCO".
(27T gL ORI ER TR D7 BT HR AT 1L Ok DT EIL LI e O~
1. FASTAJER 77 Jl-(samplel fasta}D 355 <
multi- FASTAT| 373 v single-F
lrl_'F Q- Ssamplel
out_f <- gel
R R console

|} library(seqginr)
> citation("seginr")

To cite seginR in publications use:

Charif, D. and Lobry, J.R. (2007) i_-'_=_=—_5“ #LHh 277 18 Tout_fICHEiM
- - JEO—
A BibTeX entry for LaTeX users 15 | £y T — DR A AR
. T EAIAA
~ ista(in_f, segtype="DNA")#in f TIEEL T2 7 7 1 ILDFTA AR
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“atefA D A T g7 KL T ambiguous=T& o & &, FERTE 20D 13 o] g fRY #HsRL
o 5 B i ), Tamg o BEEE O o) 5 (B8 T o FEAR A4 sanoly B
- FHREHEEETLET,

O EE) TRIFL IV D7 LA BT HBT LIk U TBEIL L~

L-(samplel.fasta)yD 155 :
Jsingle-FASTAFER 7L T,

Fasta™ # 77 1 IEBEIEEL Tin_fICfEN
FHEEL

A0 | —f& | BIFRE H(translate) 2 I & (- ) | seqinr(Charif 2005)

f stalseqinr) o7 —2% BT IR B ECIE S0 A T 2 /BRECH CHiERT 240w R mL Y . 5 THlaRAC
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A+ A | —i% | FEEL/ZIDE description )™ {£ (last modified 2014/03/10)
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s A0 — iﬁ}ﬁfﬁucomﬂlememlj&ﬁﬂfq (last m0d1f1ed 2013/06/14)

« R0 | — 1__7; B Mact mndified 20130641 4%

crobn =10 Ao kA | —#% | SRE S (translate) Z IS (FLEE) | Biostrings

e RO —8 ]2

+ k0| —#% | 3{Blostringss =y — U F L TR EACFIFSTA0AA T 2/ BECH| | SRR T 2 W A mL 9, RO 7o
oAb O | — i O 1B{E3—F (genetic code)l3. Standard Genetic Code/=F 2T, BE5 A S MIEN L - T &8

(variants)0°d &4 5. "Standard”, "SGCO",

"Vertebrate Mitochondrial”, "SGC1"7d 11515 FE~EL 5T,
(D7) LI D ERE | TR I B THST L9 UICEEEIL L e~

1. FASTAJER, 27 )l (sample

. fasta)D B S:

multi- FASTAT| 373 v single-F

A0 | —f& | BIFRE H(translate) 2 I & (- ) | seqinr(Charif 2005)

2518 seqinn Yo7 —V% O TIREBLINE e 2 A T 2 /BBBETI C8RERT & oW e LT . AT THHRAL
TS 2Btz 2500 RHESELET . Fish T aF 37 I EEXCTER G I EICE
LT CNY, translatef #0004 7297 ¢ T ambiguous=T+d & &, R TZ 2500 |3 o1 575 R ERERL

#LEE) LT —U% 0 — |
library(Biostrings)

#ANT T A IDEFEAIAR
fasta <- readDNAString

TNET (S5 L RIEETER). lapplyBEErs B & ¢ A(E T [RR IR 1E 36E) & sapplviins H

Ly B0 A (S B BRI e mL 39,
2717 gL DD E B TR D27V EENTH ST 4L OIS EL LITEIl~,

1. FASTATER 27 )b (samplel.fasta)D 155
multi-FASTATIZ% vsingle-FASTATER 77 1L TH .

# D771 IB%HE
#LH 77 1 IEB% s

in_f <- "samplel.fasta™
out f <- "hogel.fasta"

TEL Tin FICt5AH
TE L Tout FICHEHN
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#LET T —UEO -
library(seginr) #) 5w T — DL AMAR
#ANT T A IO IR
hoge <- read.fasta(in_f, segtype="DNA")#in f TIETE L /= 7 7 1 DL A A
#lEE L T AREITTY
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51 Z [£DBiostrings&E L NS/ N\ — Zlibrary B %% FB
WTERAIAL ZEIZLD T, alphabetFrequency® &5
%iBiostrings MBI SR ZFIHTELNDTY

R R Console

> library(Bicstrings)

BEikEhi )i - BiocGenerics #O-F9PTT
FRENE S0 =3 parallel #¥O-RFHTT
‘BiocGenerics'

AR S =R AR E T

The following objects are masked from ‘package:paral

RSB (ECRES

rs

el’ .

clusterCall, clustd
parCapply,
pajy

clusterapply, clusterZpplvyLE,
clusterExport, clusterMap, paripply,

rarLapply, parlapplylB, parRapply, parSapply,
The following object is masked from ‘package:stats’:
xtabs
The following objects are masked from ‘package:base’

anyDuplicated, append, as.data.frame,
colnames, do.call, duplicated, eval,

as.vector,
evalg, Filts

get, intersect, is.unsorted, lapply, Map, mapply,
mget, order, paste, pmax, pmax.int, pmin, pmin.iy
Position, rank, rbind, Reduce, rep.int, rowhnames)
setdiff, sort, table, tapply, union, unigue, unlj
unsplit

ERENE ) -3 54Vectors EFO-FHTY

EHRENL )T -2 statsd FO-FPTY

ZRENE S0 —Y IRanges EO-PHTY
ERENE i -3 XVector FO-FHTY
> library(Bicstrings)
> ZPalphabetFreguency

letterFrequency {Biostrings} R Documentation

Calculate the frequency of letters in a biclogical
sequence, or the consensus matrix of a set of sequences

Description

Given a biological sequence (or a set of biological sequences), the a1phabetFrequency
function computes the frequency of each letter of the relevant alphabet.

letterFrequency is similar, but more compact if one is only interested in certain letters. Tt
can also tabulate letters "in common".

letterFrequencyInSlidingView is a more specialized version of letterFrequency for
(non-masked) XString objects. It tallys the requested letter frequencies for a fixed-width
view, or window, that is conceptually slid along the entire input sequence.

The consensusMatrix function computes the consensus matrix of a set of sequences, and the
consensusString function creates the consensus sequence from the consensus matrix based
upon specified criteria.

In this man page we call "DNA input" (or "RNA input") an XString, XStringSet
XStringViews or MaskedXString object of base type DNA (or RNA).

Usage

alphabetFrequency (x, as.prob=FALSE, ...)
hasOnlyBaselLetters (x)
uniqueletters (x)

4 T
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R R Console

ZZTIE.DE
T2EBIEAERRENGNENSTEEZRBOVESIET
AV
MSTab¥—Z RS EL TR TR ITIEEIF A

Bl library(Biostrings) 1Z2[B1 = {T7L

EIRZFIEDHTRLK, @ 7alp | FTH ST

> library(Bicstrings)

BEikEhi )i - BiocGenerics #O-F9PTT
FRENE S0 =3 parallel #¥O-RFHTT
‘BiocGenerics'

AR S =R AR E T

The following objects are masked from ‘package:paral

el’ .

clusterCall, clustd
parCapply,
pajy

clusterapply, clusterZpplvyLE,
clusterExport, clusterMap, paripply,

rarLapply, parlapplylB, parRapply, parSapply,
The following object is masked from ‘package:stats’:
xtabs
The following objects are masked from ‘package:base’

anyDuplicated, append, as.data.frame,
colnames, do.call, duplicated, eval,

as.vector,
evalg, Filts

get, intersect, is.unsorted, lapply, Map, mapply,
mget, order, paste, pmax, pmax.int, pmin, pmin.iy
Position, rank, rbind, Reduce, rep.int, rowhnames)
setdiff, sort, table, tapply, union, unigue, unlj
unsplit

ERENE ) -3 54Vectors EFO-FHTY

EHRENL )T -2 statsd FO-FPTY

EFENE 9T -2 IRang
ERENTZ )l -3 KVecto
> library(Bicstrings)
> ZPalphabetFreguency

Py
Py

letterFrequency {Biostrings} R Documentation

Calculate the frequency of letters in a biclogical
sequence, or the consensus matrix of a set of sequences

Description

Given a biological sequence (or a set of biological sequences), the a1phabetFrequency
function computes the frequency of each letter of the relevant alphabet.

letterFrequency is similar, but more compact if one is only interested in certain letters. Tt
can also tabulate letters "in common".

letterFrequencyInSlidingView is a more specialized version of letterFrequency for
(non-masked) XString objects. It tallys the requested letter frequencies for a fixed-width
view, or window, that is conceptually slid along the entire input sequence.

The consensusMatrix function computes the consensus matrix of a set of sequences, and the
consensusString function creates the consensus sequence from the consensus matrix based
upon specified criteria.

In this man page we call "DNA input" (or "RNA input") an XString, XStringSet
XStringViews or MaskedXString object of base type DNA (or RNA).

Usage

alphabetFrequency (x, as.prob=FALSE, ...)
hasOnlyBaselLetters (x)
uniqueletters (x)

1 | m
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Bioconductor: 1,477/ \v4—

(2)CRAN (The Comprehensive R Archive
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@ F [ZBioconductorig it/ Sy r— % FI
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EE
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ROCHR#E | BT | 8 FLIAFF 18 0(legend) (last modified 2015/02/15) NEW
ROCHE 3% | [ZHiF (last modified 2015/02/07) NEW

SplicingGraphs (last modified 2013/08/07)
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» Biostar: Pamnell et al . PLoS Comput Biol . 2011

» SEQanswers: L1 et al | Bioinformatics, 20172

» NGS WikiBook: L1 et al.. Brief Bioinform., 2013

» HT Sequence Analysis with R and Bioconductor
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Orchestrating high-throughput genomic analysis with Bioconductor.

Huber W1, Carey VJ¢, Gentleman R?, Anders 5, Carlson M*, Carvalho BS®, Bravo HC®, Davis §7, Gatto LF,
Girke T°, Gottardo R'"?, Hahne F"', Hansen KD, Irizarry RA'®, Lawrence M*, Love MI"?, MacDonald J'*,
Cbenchain V¢, Oles AK', Pages H*, Reyes A'. Shannon P*, Smyth GK'S, Tenenbaum D*, Waldron L1#,

Morgan M*.
+ Author information

Abstract
Bioconductor is an open-source, open-development software project for the analysis and

comprehension of high-throughput data in genomics and molecular biology. The project aims to
enable interdisciplinary research, collaboration and rapid development of scientific software. Based
on the statistical programming language R, Bioconductor comprises 934 interoperable packages
contributed by a large, diverse community of scientists. Packages cover a range of bioinformatic and
statistical applications. They undergo formal initial review and continuous automated testing. We
present an overview for prospective users and contributors.
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TGB! (last modified 2015/05/25)

modified 2015/06/10)

st modified 2016/02/21)

May 07 2018

Z (N BSgenome) LT — 2595 TaDbFED ) Loy —243, NEIF 2T DOFIETIZ 2 —ILENER
Ao TEAIE. BSgenomeld7 . LACTITEIRD ) ST =D T BT LD e i —23 TR
AL Sk A e A N AL AN D M THAEE T, ENTOE Ll v T E e
haBmbE 2 BLEFdOT, ZITIERD T —UE@RIC A2 —Id 249w FETRLET,

1. V7524322 A0 T —2/ (BSgenome. Drerio. UCSC.danRer 7P 1 22 A — LT i8S

A2 AL | R/ — | {HR] NEW

40OMBFEERVET .

param <- "BSgenome.Drerio.UCSC.danRer7"#)%w T —/E%*I5F

s E @~

source("http://bioconductor.org/bioclite.R")#H F 73l
biocLite(param, suppressUpdates=TRUE) #& Z 70l
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Contents

m I\VT—D
0 CRANéE&EBioconductor
O #R/NNT—D A A= LFIBOHE IS
O 47/ LG \w/r—BSgenome DL &R
0 ENT/ LESR NV —D DT

m 2:EfniE E HINEEAENT(CoGEEHT). k-merfiZHT
O RET—4
0 ET—%(ERE)
O {E=
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Bl FO W ECIE | 5 LBCsl | BSsenome DEIREY, @k RS/ L(GRCh38) DR/ Sy r—H A A
@multi-FASTAZ 74 IILZH HELTHS EETAL
BSgenome HRJIEE S THEWA, ERET ZY My T £ Dhoge.

A2h0 | —f | BHIME | 5°/ LRSI | BSgenome 2 MM SHHY. $I33GBDI7AILMNERINDS, (B
BS penomel oy /T — I FRLY THE A Ui nECsIE T aou 51 TEDVIESKZES D T) THF AT T2 TRHMELT!

lyrata), 2737 22048 F (A mellifera). 30O+ ZF ZF (A thaliana). 73 (B faurus) . 7 B 1C elegans). .
(C familiaris), F-/03/37 /37 )4 T (D melanogaster), ¥ 7571+ 2 (Dreno). ZREE(E. colt). +3
(G.aculeatus). 7 F99F4  (G.gallus). F (Hsapiens). 7471 (Mmulatta). 77 2 (Mmusculus) . F
L2 — (Paroglodytes) . St (Ronorvegicus). HEFEFEL(S cerevisiae). +F2 752 (T gondn) X Tk 2

PEEEIEDF DT RERE 2 2 e i T, getSeq]#|d BSgenome L £t P [single sequences] &1 3
FI I CU Rk T Ly Zonbe bl W SR M Tl 7l vE | Fhhe 7 (IS (Fr1 2 20t Lot |

LA T chrl_rand 0. 1 RF — I BEADE | ("BSgenome Hsapiens NCBLGRChIS"MD T LELYEmulti- FASTAZ 7 )L CTHREFLIEWLIGES:
27 LI-T5 11D 2013512 RIS ) — 22 175 Genome Reference Consortium GRCh38Td . R ver. 3.1.0&Bioconductor ver. 2,141 _HDIRIET
1. FIFOIaY 4 iEr R =10IAEC Y . \

out f <- "
param <- "BS

#1277 1 IABERRE L Tout fICFEEN

FULFI T — R o
genome . Hsapiens .NCBI .GRCh38"#/% w T — L/ BF 5 F

library(BSgenome
#£%F (FIFH0IRE%

#FLE) T O

available.genomes| |library(param, character.only=T) #param TISE L 7048w T — DD ST A A P
#FE (A A #RIE (param THEEL fo/ i T =P OF F 2 9 b B ¥ genomel ZH#i—)
installed.genomes #param TIEEL I XFRS T 727 O F HEIRIFL
SR ()y r_s] | WP < 1s(paste(“package”, param, sep=":"))#param TigE /)i — 2 THIATIgEG T F 272 7 F BF
t < “1 | genome <- eval(parse(text=tmp)) #3FHtmpFRA F 2 O b 2 L Tgenomel CFEHA() Lo 7 — 2/ 13
#HEEEL T ARITTE
# A .
fasta <- getSeq(genome) #7 0 LR EACP 8= 4 L 7o i8R fastal 134
names(fasta) <- segnames(genome) #description(BsEr B0l Tlva

#2774 ILICRT
writeXStringSet(fasta, file=out f, format="fasta", width=50)#fastaDPHFIEFL 77 1/ & THEF

£ >
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BSgenome

D AT7AILDRAR ELfastaA T o M H 4k
ShTW3E, @QENnNnEfastaATozobOB G
#RETEEDBIFSINEEBEEDODNADLOT LY

0. (2 RF — I AADOE | ("BSzenome Hsapiens NCELCRChIZMOT . LALYEmulti- FASTAZ 7L THRELIEWLIGS:
2013812 BIT)) — 2 ZF N7z Genome Reference Consortium GRCh38Td ., R ver. 3.1.0&Bioconductor ver. 2,141 FDIGIET

EITOIRET T .

out £ <- "
param <- "

#FLBIL T —EO—F

library(param, character.only=T)
#ATAIE (param TISEL 7o) e T =2 hdDA Fuiz

tmp <- ls(paste("package", param, sep=":
genome <- eval({parse(text=tmp))

#EE

fasta <- getSeq(genome)
names(fasta) <- segnames(genome)

#2727 A IV CfRTF
writeXStringSet(fasta, file=out f, format=

£

.GRCh38"#/

ug U5

‘R R Console | = ” (=] ||ﬁ|
"
# a glven sequence)
>
> #AE
> fasta <- getSeq(genome) #47) LISES
> names (fasta) <- segnames (genome) #description$
>
> #771IICIFRTE
> writeXStringSet (fasta, file=out f, format="fasta", 5
> fasta
L DNAStringSet instance of length 455
width seq names S

] 248956422 NNNNNNNN...NNNNNNNN 1
] 242193529 NNNNNNNN. ..NNNNNNNN
[3] 1982595559 NNNNNNNN...NNNNNNNN
] 190214555 NNNNNNNN. ..NNNNNNNN
] 181538259 NNNNNNNN...NNNNNNNN

L. Y < P N

May 07 2018

200773
170148
215732
170537
177381

TCTACTCT. .
TTTCTTTC. .
TGTGGTGA. .
TCTACTCT. .
GATCTATC. .

. GGGAATTC
. GGGRAATTC
. GGGAATTC
. GGGAATTC
. GGGRAATTC

HSCHR19KIR FHO8 BS
HSCHR19KIR FH13 RS
HSCHR19KIR FH13 BS
HSCHR19KIR FH15 AS
HSCHR19KIR RP5 B §
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BSgenome

D1 ~22F L BADAHBIZL=LMEE
QB RB B DHMNKRELLBIFER
| EMNELGH>TUOAERAN— B A

0. A2 — IWBAOE | ("ESgenome Hsapiens NCBLGCRChASMMA  LECYFFE multi- FASTAZ 7 I CTHRELIEWIES:
2013F 12 AT —2ZF 17z Genome Reference Consortium GRCh38Td ., R ver. 3.1.0&Bioconductor ver. 2,141 D IFIET
EITOJREC T .

out £ <- "hoge9.fasta" #8277 A ILBEEEL Tout_fICiEiA
param <- “BSgenome.Hsapiens.NCBI.GRCh38"#)%\ T — 3/ B&IEE

#FLBIL T —EO—F

library(param, character.only=T e '
v (paran, D RiRconso E=pey
#RAIE (param TISEL fo /S T — 7D | S
[454] 170537 TCTACTCTC...GGGGAATTC HSCHRI1SKIR FH15 A...
tmp <- ls(paste("package", param, [455] 177381 GATCTATCT...GGGGAATTC HSCHRISKIR RP5 B ...

genome <- eval{parse(text=tmp)) > fasta[l:22]
A DNAStringSet instance of length 22

#A width| seqg names

fasta <- getSeq(genome) [1]]248956422 | NNNNNNNNNN . . . NNNNNNNNN 1
names(fasta) <- segnames(genome) [2] 1242193529 | NNNNNNNNNN . . . NNNNNNNNN 2
[3]1]198295559 | NNNNNNNNNN . . . NNNNNNNNN 3
#2771 VI fRiF _ [41]190214555| NNNNNNNNNN. . . NNNNNNNNN 4
writeXStringSet(fasta, file=out f, f¢ (51| 181538259 | NNNNNNNNNN. . . NNNNNNNNN 5
[18 80373285 | NNNNNNNNNN . . . NNNNNNNNN 18

]

1] 58617616 | NNNNNNNNNN. .. NNNNNNNNN 19
[20]] 4444167 | NNNNNNNNNN. ..NNNNNNNNN 20

Il 467095983 | NNNNNNNNNN. . . NNNNNNNNN 21

1] 50818468 | NNNNNNNNNN. . . NNNNNNNNN 22

i >
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W CO RGNS 5 LB sseenonc [ DX, Y, BRUVEAVFUTEIIBE OGS . QECS
B S DIV DHERILEAITER, QRN L25FBBDERMN
genome MT(SFaVRU7) EEbh>TO b TlEHYER A

0. A2 — IWBAOE | ("ESgenome Hsapiens NCBLGCRChASMMA  LECYFFE multi- FASTAZ 7 I CTHRELIEWIES:
2013812 BI2) ) — 2 172 Genome Reference Consortium GRCh38T 9 . R ver. 3.1.0&Bioconductor ver. 2.141_ D IRIET
EITO[RECY

out_f <- "hoge9.fasta" #1277 1 II-BFEFEL Tout_fITHH
param <- “BSgenome.Hsapiens.NCBI.GRCh38"#)%\ T — 3/ B&IEE

#FLBIL T —EO—F

library(param, character.only=T) RLRE';n;I:*E:” Tt T S e ies
#RAIE (param TISEL fo /S T — 7D | i
[21] 46709983 NNNNNNNNNN...NNNNNNNNN 21
tmp <- ls(paste("package", param, [22] 50818468 NNNNNNNNNN...NNNNNNNNN 22
genome <- eval({parse(text=tmp)) > fastal[l:25]
L DNAStringSet instance of length 2*
A width seq Names
fasta <- getSeq(genome) [1] 248956422 NNNNNNNNNN...NNNNNNNNN |1
names(fasta) <- segnames(genome) [2] 242193529 NNNNNNNNNN...NNNNNNNNN |2
[3] 198295559 NNNNNNNNNN...NNNNNNNNN |3
#2771 VI fRiF _ [4] 190214555 NNNNNNNNNN...NNNNNNNNN |4
writeXStringSet(fasta, file=out f, [5] 181538259 NNNNNNNNNN...NNNNNNNNN |5
- [21] 46709983 NNNNNNNNNN...NNNNNNNNN |21
[22] 50818468 NNNNNNNNNN...NNNNNNNNN |22
[23] 156040895 NNNNNNNNNN...NNNNNNNNN |X
[24] 57227415 NNNNNNNNNN...NNNNNNNNN |Y
[2|5] 16569 GATCACAGGT...ATCACGATG |MT
=
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BSgenome

0. (2 RF — L AADOEF ("BSzenome Hsapiens NCBELCRCh3E" D

DX, Y, BLUSraVRYFEIIETOY T ubeE

hogel0.fasta& L\ R BI CTHRIFLI=LNME S, @ L KH]
F—ZAEMNMELTIF7SILIZRES H=HNDaTY
FEHL. Q/KE TR D2HOMELEE I NIL KLY

2013F 12 BIC ) — 2 & 7z Genome Reference Consortium GRCh3§
E{TOIRET I .

out £ <- "
param <-

Ll ]y

ug U5

#FLBIL T —EO—F

library(param, character.only=T)

BT T T 3 ] s |

IR R Console
#BTAIE (param THETEL fo) i T =D | 211
tmp <- ls(paste("package", param, [22]
genome <- eval({parse(text=tmp))

#8777 1 IBEEEL Tout TN
NCBI.GRCh38"#)% w T — Y E# $5F

d ., R ver. 3.1.05Bioconductor ver. 2. 140 FD |

+_ L F

46709983 NNNMNNNNNNN. ..NNNNNNNNN 21
50818468 NNNNNNNNNN...NNNNNNNNN 22
> fastal[l:25]

A DNAStringSet instance of length 25

A width seq names
fasta <- getSeg{genome) [1] 2489556422 NNNNNNNNNN...NNNNNNNNN 1
names(fasta) <- segnames(genome) [2] 242193529 NNNNNNNNNN...NNNNNNNNN 2
[3] 198295559 NNNNNNNNNN...NNNNNNNNN 3
#2771 VI fRiF _ [4] 190214555 NNNNNNNNNN...NNNNNNNNN 4
writeXStringSet(fasta, file=out f, f¢ [5] 181538259 NNNNNNNNNN...NNNNNNNNN 5
- [21] 46709983 NNNNNNNNNN...NNNNNNNNN 21
[22] 50818468 NNNNNNNNNN...NNNNNNNNN 22
[23] 156040895 NNNNNNNNNN...NNNNNNNNN X
[24] 57227415 NNNNNNNNNN...NNNNNNNNN Y
[25] 16569 GATCACAGGT...ATCACGATG MT

> writeXStringSet (fastal

4

May 07 2018

file=out f, format="fasta", widt$s
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- e EE | Do AGBUTEELTRA, ©5HCTA, B

fT#(Zhoge9 fastakYELETFI7AILH A XD/

BsgenOme L \Qhoge 10 fastahNER SN TLNS DO FEFR T

0. 2} — ILBEAOE | ("BSgenome Hsapiens NCBLCRChISMODT A H ZTFE G ﬁbfﬁ-#}blﬁ-‘,{@'@ﬁﬁ]b\#l,\'@'

2013F 12 BIC ) — 2 & 7z Genome Reference Consortium GRCh38Td . K ver. 3.1.0-Bioconductor ver. 2. 121 P Imig
E{TOIRET I .

out_f <- "hoge9.fasta" #1277 1 II-BFEFEL Tout_fITHH
param <- “BSgenome.Hsapiens.NCBI.GRCh38"#)%\ T — 3/ B&IEE
#AEI ) T = O - F
A — BT - | ol e Y I T LA "~ IR i e T - T
library(param, character.only=T) R R Console e
#RAIE (param TISEL fo /S T — 7D | i
[22] 50818468 NNNNNNNNNN...NNNNNNNNN 22
tmp <- ls(paste("package", param, se; > fasta[l:Z25]
genome <- eval(parse(text=tmp)) A DNAStringSet instance of length 25
rra A ey T e e
#A | | hogelQ.fasta 2017/04/1213:33 3,136,542 KB FASTA J71)l
fasta <- getSeq(genome .
names(fasta) <- segnames hogetf.fasta 01704012 13:2¢ 312504471 KB FASTA J71 )
L §LE
#2771 VI fRiF [5] 181538259 NNNNNNNNNN...NNNNNNNNN 5
writeXStringSet(fasta, file=out f, f¢
[21 46709983 NNNNNNNNNN...NNNNNNNNN 21
< [22 50818468 NNNNNNNNNN...NNNNNNNNN 22

[24 57227415 NNNNNNNNNN. ..NNNNNNNNN Y

]
]

[23] 156040895 NNNNNNNNNN...NNNNNNNNN X
]

[25] 16569 GATCACAGGT...ATCACGATG MT

> writeXStringSet (fasta[l:25], file="hogell.fasta"™, forma$

> |
4 I
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Wl TO I EIEE 7 LESI | Bsecnonc RIS DBIE10, FRA LR A2

AHYEYT . Lo TEL

BSgenome

1200 | —f | EHRE | 7/ LS | BSgenome NEW

BSgenome! {v T —3 T IR0 DT LECFFERRIST & U AT AL, s P2y (A
lyrata), 2437 2205 F (A mellifera), /07 FF A+ (A thaliana). 73/ (B taurus). $F(Celegans). #:
(C familiaris), F-/Ni/37 /37 )1 T (D melanogaster), ¥ 7571+ a2 (Dreno). ZREE(E colt). -+3
{G.aculeatus). 12 AT 4 (Geallus). EF (H sapiens). 7347 )1 (M mulatta), ¥ 2 (M musculus) . F

13— (P trog
T gD FI| T
iR pl o R D SRl oF
LI#HM T chrl random) |

(271 ]=TF 4L}
1. FIIFH oI &3 4 i)

#F I T — 2
library(BSgenom|

#£%F (FHTIEEYY

available.genomy

#EE (2 F

installed. genomy

#EMIF (% T

10. 1222 F — I BEAOEF ("BSgenome. Hsapiens NCBLGRCh38™MMF A L ECAIO multi- FASTAD 7/ W THREFLIEWIRE:

—EFE L TiRFd 27U ATT . 2003wy — 27 0m 2@ 0 TR0 A5 BEED(chrl, 2, . chr22, cheX, chrY, and MT) T & &
L ZRETT .

out f <- "hogel®.fasta" #ﬁ}"_l?‘; A B FIBEL Tout_FIHE 3 i
param <- "BSgenome.Hsapiens.NCBI.GF gy T — B IETE
param_range <- 1:2° #?EH.‘:I:.'LJLL‘?.%T

FLE N T UEO—F
library(param, character.only=T) #param TIETE L 7o) % o 7 — /D FEAradh 24

#A IR (param THEEL Jo) by 7 —VHPOF F/ 2 T + & %Egenomel Sif—)

#param TIEEL IoXFI S /2 O FBERIFL
tmp <- ls(paste("package”, param, sep=":"))#param TigEL o/t~ T — I TH|BEOgEGA 7/ 0 FEEHY;
genome <- eval(parse(text=tmp)) #3 FhlltmpERA Z 2 2 2 b & L Tgenome | SR/ 4w 7 — 2/ RICIE

AL TARTTE

May 07 2018

#HE
fasta <- getSeq(genome) #7  LIBEACAI IR = L L FofiEFR E fastal CHEHA
names(fasta) <- segnames(genome) #descriptionfBzR= 1800l Tl &
$FRIMIP(T I E U )
obj <- param range #Hhd Lol U — PO E TEEE F obj | 1 i
fasta <- fasta[obj] #obj D TRUEE 73 2B Z DAL L FoitFR = fastal CHiA

#EEIL T ARITTE W

< >
36




BSgenome

0. (2 RAF — I AADE | ("BSgenome Hsapiens NCELCRC]
2013F 12 AT ) — 2 1 7= Genome Reference Consortium (

EITOIRET T .

D26F B LI DEFIIE. ERT /LD —EBTIEHZEDD.
QBT EYLEToNSIEBENEET>TLVENELDE
ETY A5 ) LEEBHEETEN J LIZTy TSN
)—RDHEFRN=UMESIZIE., FIRR R 2B E <Y
EVIBED)I7LUORELTRWSAONBAER KT

L DNAStringSet instance of length

out_f <- “"hoge9.fasta” #L 77 A II-BFIEEL Tout FICHEH
param <- “BSgenome.Hsapiens.NCBI.GRCh38%#) 4\ /T — /2% 55
IR R console
H#WBIG ) T = O — F |
library(param, character.only=T) ;> fasta
#ﬁﬁi&ﬁ{par‘am_ﬁ“%ﬁb To i ir—aiA e width
" " . [1] 248956422
5 LeGusteCoakanes, patam, S| (3 22103520
¥ i i ' [3] 198295559
[4] 190214555
# [5] 181538259
fasta <- getSeg(genome) i .. L
names(fasta) <- segnames(genome) © [451] 200773
#7771 JLIC{RTE [452] 170148
writeXStringSet(fasta, file=out f, form [453] 215732
[454] 170537
< [455] 177381

[1]

TCTACTCT. .
TTTCTTTC. .
TETGETGA. .
TCTACTCT. .
GATCTATC. .
> names (fastal[Z26:27])

. GGGAATTC
. GGGAATTC
. GGGAATTC
. GGGAATTC
. GGGAATTC

HSCHR19KIR FHO8 B...
HSCHR19KIR FH13 A...
HSCHR19KIR FH13 B...
HSCHR19KIR FH15 A...
HSCHR19KIR RP5 B ...

"HSCHR1 CTGl UNLOCALIZED" "HSCHR1 CTGZ UNLOCALIZED"

> names (fasta[454:455])
"HSCHRIEKIR_FHIE L HAP CTG3 1™

[1]

[2] "HSCHR19KIR RP5 B HAP CTG3 1"

> |
4

May 07 2018
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Contents

m/\VHT—D

0 CRANéE&EBioconductor

O #HRE NNV T—DA VXM= ILFIEDOH IS5
O 47/ LG \w/r—BSgenome DL &R

O ENT/ LR/ NV T — DfET

n 2:EHGIEE HIRE
0 RET—4
0 ET—XGERE)
0 £
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[ Y AR O | 8 | kmerBB | k=2(2 B R B th IR BB ARHT) | Biostrines RCHARBCENTEET

ErS /LR OCPpGHIRFER (LKL

O é“ﬁfl&éu0)2@%&*#@51@%@?“%?& SHRDE. CGELDIERED
52 ;81{E(0.986%) X HAFFIE(4.2%) KXY EH M EYELY

n HifFE
) LB DGCEEFEEL-EE  $341%(A:0.295, C:0.205, G: 0.205, T:0.295)
1R T. 0.205 % 0.205= 4.2%

) LB NGCEEEZEE LSS 50%(A:0.25, C:0.25, G: 0.25, T:0.25)% M
T.0.25%0.25= 6.25%

Ak 0 | —8% | 15 FETEE (reverse complementFF A¥75 (last modified 2013/06/14)

A+ A | —#% | 15 (reverseyir f2{5 (last modified 2013/06/14)

A0 | —f | ke-merBET | k=1(1BE D &0 1 IRHEE BFT) | Biostnings (lagfimodified 2016/04/27)
A0 | =% | ke-merfF57 | =2(20EF0E &0 1 IFH8E RF4T) | Biostrings modified 2016/01/28)
A0 | =82 | ke-merBET | k=300 E MR ED L IRSAE BFHT) | Biostrings (st modified 2016/01/28)
A0 | —#% | k-merBF37 | ken(mEFIEED ijﬁﬁrﬁﬁﬁ} | Biostrings (last modified 2016/05/01)
(B FE) 0O | —i% | LEFEED : {2 (last modified 2015/04/20)
(HEEFE)-+0 | —#2 | JEFEED & IRHEE E3F V1T (last modified 2015/02/19)
(EFFE) 0 | —8% | T25D ESC EiFEED BIFEE EEF V{5 (last modified 2015/02/19)
Ak 0| —8% | Tips | EEDEAEF T 27 1)L {R1F (last modified 2013/09/26)

A0 | —f | Tips | ILAEFI2EL T HEED 2 F B 00 T {%F (last modified 2013/09/26)
A0 | —#% | BoF|ERiS | LECH | 24 EDBS S (last modified 2017/04/11) NEW

1+ 0 | —#% | BoFIERF |7 LEBCY] | BSzenome( last modified 2015/04/22)
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O s TN O | B | kmerBR i | k2 (OB iR B 30 SAE ARH) | Biostrings DFIET1, £IRZIBIERIEELZ@hoge4 fa

Zﬁ%ﬁiﬁgm Hjﬁ}iiﬁg FIEETALIUMN)IZRIFELTEST

4200 | —f | k-merf&#r | k=22:ESEIRE O L BUARE #4T) | Biostrings

Biostrings! {7 — U F LT, multi-FASTAT B 77 1L 5T A4 T, "AA" "AC", "TAG". "AT". "CA", "CC",

"CGU,"CT, "GA", "GC". "GG", "GT", "TA", "TC", "TG", "TT" M 5t4% = 168 D 2B B £ IR HEE 5~
AU EETLET , kmerfBHOE=0D I8 S I CFBLEL I, BT L TCGD RIS AR ELU S {5 y(Lander

tal  2001; Saxonov et al 2006V Td 7%, TN el EICHEITIEd .
m—r?«fb%tmEEI‘E“%E*HLJ;L%??%JH&ELw‘iaﬁ%ﬁefbﬁ‘k'JIﬁﬁ:ﬁ]bL:l‘F%:ﬂ:“”ﬂ
1 —fg | 7oA LI i BN ERRD 4.5 ST TS5 Mo multi-FASTAZ 7 -f o (hoged.fa)D 55

A V5B O BIREET T, ‘

in f <- "hoged.fa" #ANT 7 A IBEEL Tin_fICEA

out f <- “hogel.txt" #1277 A IBEIEL Tout_fITTEA

oy -k b Y
library(Biostrings) 14w AT— _0994;;&_5 R —

I7IUF) WE(E) |/TO0) FTR(V) ~LI(H)

#ANT T A ILDEEAIL P
fasta <- readDNAStringSet(in_f, format="fasta")#i >cont1g__1

#H#:2 L T 4 || CGGACAGCTCCTCGGCATCCGGAT

s >contig 2
out <- dinucleotideFrequency(fasta) #EHEED| GTCTGCCTCAAGCGCCCCAAGTGGGTTTGGAGGCCTAACATCGCAAGTCG
= LR ACACTCAGTCCGGCCGTCTGGTTGGCAGGGGCAGAGACCCAGCACACCCT |
tmp <- cbind(names(fasta), out) #HrEL 2| GTC P
write.table(tmp, out f, sep="\t", append=F, guote >contig_3
< TGTAGGAGAAGGGCGGTATCAGCGTCCACTTACACGATCCGTTACTAATT
GTATGAGGTCGGGCA
>contig 4

CGTGCTGATTCCACACAGCAGTAAACGCGGACCTCTACCTATGAACATG
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] JMIEEFMH) | Biostrings ®E7 U “Jb-t‘:{%ﬁ L/\ @VF %7__\\’([/
/— IR R(Thoged fap dh B EXHER,
ZE%)Li H:ll I,%ﬁ:ﬁ J-I_ MacDER L txth Mt ESNTLED

A200 | —# | k-merf@HT | k=2(2ﬁﬁﬁﬁmﬂiﬁﬁﬁﬁﬁ) | Biostrin| JL5R FRIBEDFERELENT (2!

Biostrings! § w7 — 3% LT, multt-FASTATE 77 1 )L F Fids A4 T, "AA", "AC", "AG", "AT", "CA", "CC",

"CGU,"CT, "GA", "GC". "GG", "GT", "TA", "TC", "TG", "TT" M 5t4% = 168 D 2B B £ IR HEE 5~
2 EETLET  kmef3HOk=00 2SI CFHLLE T, bR T LT 'CG'D ESH VBRI EL Y S BL v (Lander
etal . 2001: Saxonovetal 2006)T 4 2%, TR EEE|ICHEITEET .

(D74 L] =TT 4L OO EE | TRIFLIL D71 L% BOTHAT L9 I CBEL L e ~,
1 A0 —f% | So-4 LA BRHE fERRM 4.5 7L T i35 /o multi- FASTAD 7 -1 M (hoged. fa¥D 355

21+ LB O HIRERETT BAD)
A B T e
in_f <- "hoged.fa" # T A §EL Tin_fIC
out_f <- "hogel.txt" #2177 1 ILBEEEL Tout_fICHEH SR B
TEZE T 7 A ITFREF(A)...
#LBEID) = EO - F &% FORI(P)
library(Biostrings) #)5 0 T — DT AP
#0277 A IDEEA A A i
fasta <- readDNAStringSet(in ¥, format="fasta")#in fTIEEL =2 7 1 I-DF :
BT BT TE >3— My rOaL—(T)
#RE ‘
out <- dinuclectideFrequency(fasta) HEFIEED PIREE R Fout [T | €5 pina muzmzo
R R Console [ |- | ]

27 A ILICRTE
tmp <- cbind(names(fasta), out) #RTE L 72| 1R E tmp | ST e
write.table(tmp, out f, sep="\t", append=F, guote=F, row.names > gEt""'d{}

[1] "C:/Users/kadota/Desktop/hoge™

-~

<

> list.files ()
[1] "hoged.fa”
> |

1 [

F |
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i o b0 | — 8% | k-merBF T | =222 50 B0 L IR S8 BEET) | Biostrings
2 8 fnis B

D H IR

Internet ExplorerE R FXCTRLEALTF—%
LN SO—FDOBATEIIVITHEE
EBIRTEFT . ERIFOER, DEHT7A

Aor0 | — | k-merﬁﬁ | k=2(2REH G T o) H B4 RE fEHT)

Biostrings! § o7 — 3% LT, multi-FASTAT 07 1 L F Fids 1A T
"CG'"CTY. "GA". "GC". "GG", "GT", "TA". "TC". "TG". "TT" M 5ta? =

2006)TdA, TN ERBEICHAITEET .

et al, 2001; Saxonov et al.

(271 )] W Al OFUOEE | TR ILE BT HE ST 2R ) CREEL LITFE e~
1 {20 | —fE | -4 LB B ARSI ERRD 4.5 7L TiFo N/omulti- FASTAZ 7 - ) (hoged.fa)YD 155

"AAT UACT "AGT AT,

16288 D 28 e D ) IR S g
20U EETLET, kmerfB D=0 BS|CHRELE T, BT AL TCGD &0 BRI EL W S EL v (Lander

ILDHRFEQtmpA TV DR HERFL

"CA", "CCT,

=l LI oF: o
1t HIRERETT N Tor? s
in_f <- "hoged.fa" #)\j]?‘?’fll,»%| , , -
out f <- "hogel.txt" #BH 77 LG > out <- dinucleotideFrequency (fasta) #EREIE S
>
#LFIL L T — O - F . -
library(Biostrings) #1007 JDE 7 #j‘?ffjlj[d%ﬁ,
> tmp <- cbind(names (fasta), out) #{FITLS
#ATT T A I DEEAA > write.table(tmp, out £, sep="\t", append=F, quo$
fasta <- readDNAStringSet(in_f, format="fasta")#i > tmo — -
#EEL T3 P
AA AC AG AT CA CC CG CT
#$§ [1 ; ] '"{:Dntig 1 m " [:I m m 1 m " 1 m m 2 m " 2 m m 2 m m 3 m m 2 "
out <- dinuclentideFr‘equency{-FaSta} #ﬁ?ﬁﬁi}}%@.ﬂjiﬁ [2{] "Contig_E" 11411 "6" 11911 11'111' Hllu Hlln 11511 "6"
jT{JL“ll:{%ﬁ [3,] 'I'F{:Dnt:?_g:a'" '"2'" 114'" '"5'" 114'" '"4'" '"2'" 115'" '"2'"
‘tmp {_ cbind{namES(fagta}_‘ Dl_jt} #{%ﬁbﬁ:L‘l'[ﬁ%E [4;] "{:Dntlg_qﬂ '"3'" '"6'" '"2'" '"3'" '"5'" '"3'" 173'" '"4'"
write.table(tmp, out f, sep="\t", append=F, quote=F, CchA oC G T TA TC T OTT
[1,] '"2'" '"2'" '"3'" 'I'F[:I'I'F '"[:I'" 113'" '"[:I'" 'I'F[:I'I'F
( [2;] '"4'" '"9'" '"1[:"" 'ITB'I'F '"l'" 'ITB'I'F '"6'" 113'"
[3[] '"4'" '"3'" '"?'" 116'" '"6'" 114'" '"3'" 113'"
[4,] '"3'" '"3'" '"1'" 172'" '"3'" 172'" '"4'" 'Hl'"
> |
Fi 111 3
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o A0 | —#% | k-merBET | k=2(20E R B0 1 IR FEE BRI | Biostrings

2:EfRIE XD HIRMEE

A200 | —f# | k-merf@HT | k=22QEKIE RO BUAER

Biostrings! 4o T =% LT, multi-FASTAT T2 7 1 LF 557 12

"CG',"CT". "GA", "GC", "GG", "GT", "TA", "TC", "TG". "TT" T 51
S AETLET L kmerfF D=0 B S LU ET ., BT
etal 2001: Saxonov et al 2006V T @ A%, TR EHE| EITEE

[Z7A I ]-TF 4L OO EE | TEAL O P I F BT HS
1L Ak0 1 —§% | 525 LB BALSIE fERRD 4.5 RITL TiF5 T

HAF I D KIFEETT .

in f <- "hoged.fa" #ANT7T7 A
out f <- “hogel.txt" #ENT7T7 A
LB TV O F

library(Biostrings) #FI4 o T —

#ANT T A ILDEEAIL P
fasta <- readDNAStringSet(in_f, format="fasta")#i
#HEED L T2

#E

out <- dinucleotideFrequency(fasta)

hoged.fa - AE®

DEAT7AILIE. BBHICE(ZDIE
BaAT4H5 ) 2165 E D2 EEIE
HEOHBREEZHIUNI-EDTY

I74IUF) BEE) BFO0) FR(V) ~LI(H)

>contig 1

CGGACAGCTCCTCGGCATCCGGAT

>contig 2

GTC
>contig 3

GTATGAGGTCGGGCA

>contig 4

GTCTGCCTCAAGCGCCCCAAGTGGGTTTGGAGGCCTAACATCGCAAGTCG
ACACTCAGTCCGGCCGTCTGGTTGGCAGGGGCAGAGACCCAGCACACCCT |

s}l TGTAGGAGAAGGGCGGTATCAGCGTCCACTTACACGATCCGTTACTAATT

CGTGCTGATTCCACACAGCAGTAAACGCGGACCTCTACCTATGAACATG

ﬁ! | Bins’rrinﬁs
- S lM

#HEFRIRED BIRMBE IR Tout | _HE i

#2727 ILICRTE
tmp <- cbind(na

t 73 :hogel.txt

write.table(tmp AA AC AGAT CACCCGCT GAGCGGGT TATC TG TT
< contig1| 0 1 1 2 2 2 3 2 2 2 3 0 0 3 0 O
contig2 4 6 9 11111 5 6 4 910 8 1 8 6 3

conticd 2 4 5 4 4 2 5 2 4 3 7 6 6 4 3 3

contig4d 3 6 2 3 5 3 3 4 3 3 1 2 3 2 4 1
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L] b O | —B% | kemerARH | ke2(2E i LD i T3 587 AEH) | Biostrings DEAI7Z7AILIE. BEIICE(CDBEEST

s VT4 2 &) 116 AN 2E R
2:EHnIE EDHIRMER | haseriirtocr.o

2 (b0 —ff | S8 W IR RACHIE PERD 4 EFITL T 35N cmulti- FASTAD7 (W ag probA 73 ZTRUEIZL TULNSTE(T

HIBETII N BREER 50U A TT ., hogedfa - xR Se— Gt
in f <. "homed fa" ey o | 27U RE(E) 8(0) ER(V) ~LIH) m— '
out_f <- "hoge2.txt" #tH =77 >contig 1

BTy — i O — CGGACAGCTCCTCGGCATCCGGAT

library(Biostrings) #1400 T >con‘tig_2

AT DR GTCTGCCTCAAGCGCCCCAAGTGGGTTTGGAGGCCTAACATCGCAAGTCG
fasta <- readDNAStringSet(in_f, format="fasta"] ACACTCAGTCCGGCCGTCTGGT TGGCAGGGGCAGAGACCCAGCACACCCT |

##2L Y oTC

#AE >contig 3

out <- dinucleotidefrequency(fasta, as.prob=T){ TGTAGGAGAAGGGCGGTATCAGCGTCCACTTACACGATCCGTTACTAATT

#7741 WICRE ? GTATGAGGTCGGGCA

tmp <- cbind(names(fasta), out) #FRELT >contig 4

write.table(tmp, out_f, sep="\t", append=F, au{ - 1GCTGATTCCACACAGCAGTAAACGCGGACCTCTACCTATGAACATG .
< ==

t 71 :hoge2.txt
AL AC AG AT CA CC OG CT GA GC GG GT TA TG TG 1T
contig 1 [ 0.0% 43% 43% 87% 87% 7% 130% 87% 87% 57% 130% 00% 00% 130% 00% 00%
contig? 39% 59% 88% 10% 108% 108% 49% 59% 39% 88% 98% 78% 10% 78% 59% 29%
contig3 3.1% 63% 78% 63% 653% 3.1% 78% 31% 63% 47% 109% 94% 94% 63% 47% 47%
contig 4 B.3% 12.5% 42% 6.3% 104% 6.3% £3% 83% 63% 653% 21% 42% 653% 42% B83% 2.1%

May 07 2018 44



|
o

Contents

m I\VT—D
0 CRANéE&EBioconductor
O #R/NNT—D A A= LFIBOHE IS
O 47/ LG \w/r—BSgenome DL &R
O ENT/ LR/ NV T — DfET

m 2:EfniE E HINEEAENT(CoGEEHT). k-merfiZHT
O RET—4
[ ET—2(ERRE)
O {E=
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L] J TR | —BR | kmerRER | k=2(2E 5 0D it 37 SA/E BRHT) | Biostrings

2 EmIs E ) HIRFESR

2 k0O —§5 | S8 L HACHFEFERRD 4 F E2iTL T35 fomulti-FASTAZ 7

DOBIET, QT / LRINY T —DF A D
EFTHIEETEFT , —RPOPILLVT
I hY., QfastaA T IVMDIERETEH
[BHERDFIEIFEEBRZEZWONLDDTY,

BRIRETITEC BREFEFSPYILTT . (r B2 KiRIHI1FHR) . EITHRMITHI35
in_f <- “hoged.fa" #AT T T A IABEEEL Tin_f| FEi
out_f <- "hoge2.txt" #1077 B EREEL Tout_fITTE i

BRI T —EO-F

library(Biostrings) #) 50 T — LD A AR

#A N7 7 A I DETAIA R

7. B4 2 A BEY AT — 2 (BSgenome. Hsapiens. NCBLGRCh38)D I 5

fasta <- readDNAStringSet(in {1,

out £ <- "hoge?y.txt"

#RE

out <- dinuNleotideFrequency(fas
27 ILICRTE

tmp <- cbind(namesW\fasta), out)
write.table(tmp, outN, sep="\t"

LRGN T —UEOD—F
library(Biostrings)

#RIAIE(f5
<

genome <- eval(parse(text=tmp))
fasta <- getSeq(genome)
\nameS[fasta} <- segnames(gsnome)

#21:%’

77 A IICRE

tmp <- cbind(names(fasta), out)

<

2013F 12 A2 — 2 F N7z Genome Reference Consortium GRCh38 T4, £ NIF L IREETT .

param_bsgenome <- "BSgenome.Hsapiens.

library(param_bsgenome, character.only=T)#5F

FEL I T—30DF Fiis 2 | E % genomel CH—)

tmp <- ls(paste(“package"”, param_bsgenome,

out <- dinucleotideFrequency(fasta,

write.table(tmp, out_f, sep="\t", append=F, quote=F, row.names=F)#tmpDPHF*IEEL /=

#.‘:I:.'J'"_I ?‘ *f IBFIEE L Tout FICFEHA
i 3" #)3 T — 378 % F5°F (BSgenome D T/ L3

#J"?-j’j' TG A 1A
FEl i) T — DR AA R

sep=":"))#EEL o A — S THHTIgES 7 &
#FtmpERT F 2 O F & L Tgenome| SFEHA( /5w
#47 LIS EACT|EERE L L TSR E fastal D2
#description&E=1BhL Tlvad
#ESIL T AIZITTY

as.prob=T)HERIBED B IEE 15 % out | CHiN

#{w1E L T2 L IEEE = tmp | TR

>
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B D T8 komerbin | k2B R ED d R BER | Bosines | (DIFIREIIE . @BIRET DR A KIZIEDHERH,

E%JI..:I:/[_

II:I:lI I,% ﬁE $ INVT—DZERITEVNTVET , @Dtmp
D B [IBSgenome.Hsapiens. NCBIL.GRCh38

7. A L ACHI T — 2/ (BSgenome. Hsapiens. NCBLGRCh38)D 155 I:FI 'G*IJ Fﬁ Ej'ﬁgf:;j- 7\“)17 I\% 'G"d"
ﬁl!ﬁl:'} ) — 2 X 1= Genome Reference Consortium GRCh38Td , R hI3 w4,
out_f <- "hoge7.txt" #.“|_".3'"_|?‘ ffJL»—'%%T E L Tout ICHH

param_| ngEﬂDmE <- "BS5genome.Hsap3i

#RE - RO F
library(Biostrings)

library(param_bsgenome, character.only=T)#I8FEL 7o/t — P DFEAAR

ens .NCBI.G 3% T — U FHETE (BSgenome D T L

#1507 — U DFEAAP

#ATAIE(ISTEL o) 7 — /D i O+ B % genomel C3—)
tmp <- ls(paste("package"”, param bsgenome, sep=":"))#f5FEL o/~ T = THHTTEETA

genome <- eval(parse(text=tmp)
fasta <- getSeq{genome)
names(fasta) <- segnames(gen

#E

out <- didycleotideFrequency(fas

27 TR
tmp <- cbind(nages(fasta), out)
write.table(tmp,\out f, sep="\t"

F T atmpeRA ZW 2 F &L Tgenomel SRR 1+

A o ) 4 ERITILkEEAE b 1l oo BB 2 - P Bl <+ 51

May 07 2018

0, 4.2 LACHI =T —2F(BScenome. Hsapiens. NCBLGRCh3SYD 85

EFENC7 &ECTE . 7.0 FIE > Z L B AM T DR TE . MEICSAIE., ST EE20F
P TR T 2w O LT AT T . 2L ZF< & BSgenome! T — 3| 3 libraryE #4775t
lﬁ.ﬁ_ﬁlu‘u"}r J%iﬂb-‘%ﬁl@?T?Jli?l"%ﬁlﬁﬁfgf%:tjl ?T:L'*Jiﬁ' il A

 NCBIGRCIES /7~ DIBSI, BSeenome Huapiens NCBI GRCEIS S SBEIDT
JI?F%*'J%T%%J?I JaWET, ﬂfj‘f%‘i&”@:::::"-* H BLC uﬂﬁﬁ'%ﬁﬁﬁﬂfﬁ
Afcth MhEOHEY LRLET. 7O L3I —ﬁﬁﬁ_b{%ﬂi %*%E’Jln_—*r@c?}@ LR TIELODTY,
out_f <- "hoge9.txt" #1077 1 IBEIEEL Tout_fIIHiH
#FLEG T —UEO—F

llhr-ar*y(BmStr:Lngs]l #1% o T — L DFL A AR
library(BSgenome.Hsapiens.NCBI.GRCh38) #/% « T — 3 DFL A1 A

#HIALEE (param THEEL T._J‘a " "J" JEPL’DH' ER S F%?‘&genumel i)

tmp <- 1s{“package:BSgenome iens.NCBI C)HEEL oty T — ,/T%ljﬁﬁ_IﬁE?EFT?J:
genome <- eval{par‘se{text tmp}) #K%?'ltmp’i’ﬁ‘? Zir k&L Tgenomel SRR 4
fasta <- getSeq(genome) #7 4 LIBEACEESRE i L FofE AR & fastal CHEiN
names(fasta) <- segnames(genome) #description(&FEBhL TLa

#E2ZL T AHIETTT
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] o A0 | =8 | k-merfE T | k=2(0EHHE BEO B IREE RET) | Biostrings

BIETETHERI7M4I)L, CGOELIER

ZE%D:LE iﬁﬁ D II:I:lI Eﬁ,ﬁﬁ% P IZ R TR IR EAS OIS
m ==

t 7 :hoge7.txt

0 =~ G 0 = W KN =

11
12
13
14
15
16
17

19

AA AC AG AT

9.5% 5.0%
10.0% 5.0%
10.1% 5.0%
10.6% 5.0%
10.2% 3.0%
10.2% 5.0%

9.8% 5.0%
10.0% 3.1%

9.7% 5.1%

9.6% 5.0%

9.5% 5.1%

9.8% 5.0%
10.5% 3.0%

0.7% 5.0%

9.4% 5.1%

8.6% 35.1%

8.5% 5.1%

1N 40/ B 40/

7.1% 7.4% 7.3%
7.0% 7.9% 7.2%
6.9% 8.0% 7.2%
6.7% 8.9% 7.1%
6.9% 8.1% 7.2%
6.9% 8.1% 7.2%
7.0% 7.7% 7.3%
6.9% 7.9% 7.2%
7.0% 7.6% 7.3%
71% 7.3% 7.3%
7.1% 71.3% 7.3%
7.0% 7.7% 7.2%
6.8% 8.4% 7.1%
7.0% 7.7% 7.2%
7.1% 7.3% 7.3%
7.3% 6.7% 7.5%
7.3% 6.4% 7.4%

T Aol F QoL F 0L

CA CC CG CT GA GC GG GT TA TC TG TT

2.4% 1.0%
3.0% 0.9%
4.9% 0.8%
4.5% 0.8%
4.8% 0.9%
4.8% 0.9%
3.1% 1.0%
2.0% 0.9%
2.3% 1.0%
3.3% 1.0%
2.3% 1.0%
2.1% 1.0%
4.5% 0.9%
2.1% 1.0%
2.4% 1.1%
6.1% 1.4%
6.3% 1.5%

A TFoL N QoL

7.1% 6.0% 4.4% 5.4% 35.0% 6.3% 6.0% 7.3% 9.6%
7.0% 5.9% 4.1% 5.0% 35.0% 6.7% 5.9% 7.2% 10.0%
6.9% 5.9% 4.0% 4.9% 35.0% 6.9% 5.9% 7.2% 10.2%
6.7% 5.9% 3.8% 4.5% 35.0% 7.3% 5.8% 7.1% 10.6%
6.9% 5.9% 4.0% 4.8% 35.1% 6.9% 5.9% 7.2% 10.3%
6.9% 5.9% 4.0% 4.9% 35.0% 6.9% 35.9% 7.2% 10.2%
7.0% 6.0% 4.2% 5.1% 3.1% 6.5% 5.9% 7.3% 10.0%
6.9% 6.0% 4.1% 5.0% 35.0% 6.7% 5.9% 7.2% 10.0%
7.0% 6.0% 4.3% 5.3% 5.0% 6.4% 6.0% 7.3% 9.7%
7.1% 6.0% 4.4% 5.3% 35.1% 6.3% 6.0% 7.4% 9.7%
7.1% 6.1% 4.3% 5.4% 35.0% 6.3% 6.0% 7.3% 9.6%
7.0% 6.0% 4.2% 5.2% 35.1% 6.6% 6.0% 7.2% 9.9%
6.7% 5.9% 3.8% 4.6% 35.0% 7.2% 5.8% 7.1% 10.6%
7.0% 6.0% 4.2% 35.2% 35.1% 6.6% 35.9% 7.3% 9.9%
7.1% 6.0% 4.5% 5.5% 35.1% 6.1% 6.0% 7.4% 9.5%
7.2% 6.1% 5.0% 6.1% 5.1% 5.4% 6.1% 7.6% 8.8%
7.4% 6.2% 5.1% 6.4% 3.0% 5.2% 6.1% 7.9% 8.6%

BQY f40 AN AQ0 B 40 g FoL B Qol T 20 40 208
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o kO | —B | kemerBRHT | k=2(2E R R I IBRE RRH) | Biostrings 25 .

& e ie B D H IR 48 S

. E5Pxnome) 3w/T — M kY LECP("BSgenome Hsapiens NCELGRChAS"MMIES:
SEBIFSEL T, EHREE D A0 LR E (frequency) & 1 TR 2 (probability)& B T 24U HTT .

Jriﬂ

LI |

DHIRES, FBIRT ETIERL,
ETHEVEEEDIZTBOYA
T, QEHIEREDHIFMEE
IBIZY—kLTCGA DN

# % w T— DT AR

library(Biostrings)
#param THEE L 7o) 8 o 7 — D EE A AP

library(param, character.only=T)

HATILER (param TIEEL 7o) w7 =D A F/ 2 9 F B ¥ genomel ZiT—)
tmp <- ls(paste("package”, param, sep=":"))#pacam T | =15 T — = TF |[FHETEEZ

77 A INCRE

tmp <- cbind(names(frequency), frequency, prol TT
write.table(tmp, out_f, sep="\t", append=F, @ 299351073
< . _

# 7 AICIRTT

write.table (tmp,

out £,

WoOow N WY

I

A

May 07 2018

tmp <- cbind(names (frequency),

\ \
dinucleotideFrequencyf3E# PO lsimplify as="collapsed" | 7 F i3 TH —[GEITUZETH. H1H 2700 tEﬁEh &)TL 35_3_
TIEH A — =270 — R EF-OTdTET.
LB T =W O F ~

genome <- eval(parse(text=tmp)) #3735 [R R Console =x =R
fasta <- getSeqg(genome) #4/ Jh| ~
names(fasta) <- segnames(genome) #descr: IT
#lEE2N 299351073
> sort (fregquéncy, decreasing=F) FIBD NS
i CG GC AC GT cC
hoge <- dinucleotideFrequency(fasta, as.probfl
probability <- frequency / sum(frequency)#4:I% [ TC GA TA CT
#E_E_%% 159302235 181782675 182772932 197567087 213517855
#ED:] AG CcA TG AT AR
213785914 221181041 222266728 233904527 256763858

frequency, probabil$

sep="\t", append=F, quote=$%

m
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= 2EFIERDEENTIL., k=20 EE=DKERE
N + 1/~ R DB (k—merfZ#T)ERLETT . DDER
k@ ﬁ‘ﬁ'. iﬂ%(k' mer) ﬂ’q’: *ﬁ D, THIBEENGS \o KA

m LEEAS  LER BERTA20HDOEEZEHPICEHYET
k=3 or 4HIEDEZXZRAWNTY /L LEDBEEFEREMEL. HUEREELLTHA

m 7TV (T /LSO RG) Th—L)
k=25~2001F32 D EZ AL Tde Bruiiny 5 7% {ERK >‘
k-merf8E D 5 7% F L TBE® . Heterozygosity D B LG EZRAE |

m EF—JH

SRR A0 ERECY fEAT, D E O LRS00 RITK > Thk=4 THIRHEE 4T
F5E BELTATAN EGLIZS V1Y

n RIEEHET
RNA-seqf#BfT T, UI77L U RIZ—REIYTLT)—F#ENDUNTHONER
Zh. RYE T EEET >RIEL Thk—merl2E DL HETEE, Sailfish (Patro et
al., Nat Biotechnol, 2014)X>RNA-Skim (Zhang and Wang, Bioinformatics, 2014),

May 07 2018 50



AR e

AmHE (TH30FR)

1.

TREI0E04R168 (PCER)

e : IE[ =

SHEP - FIEE—

I AAA I AT A B
HBEEPDF(WinkR ; B2iR)

HEEHPDF(Machl ; ROFFAEFDIDH)

TRE30E04H238 (PCER)
SHEP - F9E=E—
HBEHPDF
(RT)IESEEMFN
hoge7.fa (F5EH)
TREI0E0SHO7E (PCER)
SHEP - 1B =

e - FIEE—
HBEHPDF
(RT)ISEHEHN
kadai_20180507.fasta
TR30F05H148 (PCE
SHEP - BBRE &

multi-FASTAZ 74 JL(kadai 20180507 fasta)lZ
DT, BIEEKRIFR. BLU2EFRERDOHL
NEEREZRAXR, FONHKRICOVWTEEE L

o . . — - . -
& http://www.iu.a.u-tokyo.ac.jp/ ~kadota/R_seq/kadai_20180507.fasta

=2 iu.a.u-tokyo.ac.jp

el

TTTTCTTATTT T TATATALCOA A TGTETTTOCTTGATAACT TTRTTT GO
TOA A0 CT CALAACCALGALTTGT TCAAT TGAAGT TAACTTACTCATTT
oA CTOT AT CCAT AR TGT CTGTCT TCCTATTTAL TGT CATGT COAA T
CATCTGTAT GACT TT TGACTGOAT TTAGTAGEA A TOT G A TACAATGE0T
TATTGA A A GRGAT ATATAT T TOT O CE0AGH A MG AT TG GECAG
COAGTGCAT GERACTCATTOCACTATGET CAT ARGGEA CTCAGTCTTCTTTT
CTTTCTGOCTCTTTAGCT TGT GECTGTGTCTTCATTCTGROCATATGSETT
GOTACATTGRCAGTCACALTT GACAAGT TREGRAAGA T GOT GACCATTTGT
CTGAACTGT CTGTTTTTACTTTTT AAACAGGAAAMGGAT AGLTTTTCCAG
AT CT TG T TTGAT TTAA G AT AGTCTTTCATATATATTTAATT A
TOTGTALCT TEETCAAAGGEEAAT TEAT TEOCA AL GTGAGT ACT TGRS
GGETATTTECAARTATACACTTTTCT ARCTOOAN A C A A T GEGETCTETT
GG AN GO GAT AATGATCTGART ACT AAGGAGATAATGAGLAGATATAT
TTGGAT TTGAAT CATGATACT TTGATT TACT TACAGAGACTT TTAATAGS
TTTTTCT AGT CACTT TRA A CAGAT CTTCTCATCTCOT AR ATGT TGARAT A
GOATCTATTTATCTGOATGOT TAT GAGAAGT TAATAL G AR T AT CAATC
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+ {F 0| NGS | 57 A | BSgenome | Rl inis| e | A J1HDBSgenome DR/ —U THGCE =

tbbﬁ/A@iﬁA EUERFERZTMGIDIENTED, OFIRET

1O | NGS |7 A7 =33 B3NS | TxDb | DLy T (last modified 2014/03/28)

{/F0 | NGS
{-0 | NGS
« {F0 | NGS

» {2k 0| NGS FASTQ3\ | [2H

A/F 0O | NGS | 7 /T —i3./83FIN{F | TxDb | TxDb_*% (last modified 2015/02/19)
A0 | NGS | 7 /7T —i3. 1§ LT | TxDb | GenomicFgatures(Lawrence 2013) (lasf
A0 | NGS | 7 A7 —i31§5EHY{5 | TxDb | GEE/G
BSgenome | B (FEFN{S
FASTAT:, | B [EEF 7 5\ast modified 2016/04/21) N
FASTAF:T, | description{ T 571 % ¥2H2 (last modified 201

. 7LD (last modif]
odified 2015/09/12)

last madified 201506180

o AR 0O | NGS FASTQF:F, | descrf
o R0 | NGS Hlumina™ * seqtxt

o 1M
Bk 1A
i
o RO NGS | 5524 2% | FASTQFR, | B1% (last modified 2015/07/26)
S G
I 1A
i

» {0 | NGS | FiAs 122 | Hlumina® * _gseq i
s 4O | DAL EFOE 12200 T (last o
o A0 PFILEFOER | BAM = BED |

A2 MO | NGS | 7527 | BSgenome | £AfEHEME NEW

BSgenome! § T — 3 F P 2L T, Total length¥> average length?s 0 Z 1B [FRER IS I T2/ b oL 78 R &

G L =V A I EN T ENESIE. A2 — I [ Ry —3F BRI EEFI LT A — L TH
CHEDMERUETT . O AT A LARRIOSRSICTE R — 0 —70 — | RREDVEL T E LTSN, Total_lenD & =5
T sum(width{fasta)) | % sum(as numenic(width(fasta)))||1Z. T T sorted™ & Z AT [rev(sort(width{fasta)))] % [ rev(sort
(as numeric(width(fasta))))] & FF @3 - S TOETTRETH &L IFFEFEFEL 2O T, 2015F5H278ICE
O L2ICEEL FLI (FFEOEF R EHEE .

7 =TF L O D ERE| THEINEFRI7ILE FFELELT oL O UICIEEIL LT3R~

1. EF4 2 L AL T — 2/ (BSgenome. Hsapiens. NCBLGRCh3SYD I8 5
GCEZEITF41%Ea FT . Thid, GECH E205%E Geh, D ALTH E29 5% Gha & Bl ET .

out_f <- "hogel.txt" #.‘:l:.'j'_l?' {JL’%’E’? L Tout fICHE54
param_bsgenome <- "BSgenome.Hsapiens.NCBI. S AT — /JE.’E# F (BSgenomeF M 4./ INLa

#HET AT —UFO—F
library(Biostrings) #1500 T — DDFL AR
library(param_bsgenome, character.only=T)#EF L 7o/ v — DA

#RIE(F5FEL fo i T =D FLi s I b B F genomel CH—)
tmp <- 1ls(paste("package"”, param_bsgenome, sep=":"))#EEL fz/ i« T - THIHTIEE G 7/ :

genome <- eval(parse(text=tmp)) 3 FH|tmpERT F 3 9 b & L Tgenomel SFEHA( ) S w 4T -
fasta <- getSeq(genome) #7  LIREACYTEEEE L L FoiSF E fastal i
names(fasta) <- segnames(genome) #descriptiong¥E=1800L TLa

BEZRLTARITTHT
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v b 0| NGS | 557327 | BSgenome | B4 54+ 7{8 ﬁ%

|:|~/7“/1.\0>i@-4‘

O r—=1/,

EXRETHEER, DA D BSgenomeD /Ny
—SDGZEE. AN T7AIL T 50, @OHF
ﬁ774)b®¢5fl-$ﬁé'§'étmp’éi§mo®

1. B R4 2 LACHI S+ — 2/ (BSoenome Hsapiens NCBLGRCh3S)D g5

BR5I (345518 . DEARDGCE = (L£941%

GCERBIIM41%t7aEzd ., Zhid, GECH B20.5%F b ih, 38D AFTH 29

Shroe T ERLET .

g AL

out £ <- "
param_| ngEﬂDmE <-

S
=l =
Lk

=15 8 -
ot LE

#FLBIL T —EO—F
library(Biostrings)

library(param bsgenome, character.on

#RIAIE(FEEL T2 i T =P Od iz
tmp <- ls(paste("package”, param_bsg
genome <- eval(parse(text=tmp))
fasta <- getSeqg(genome)

names(fasta) <- segnames(genome)

#RE(EFHHEATIF)

Total len <- sum{as.numeric(width
Mumber of contigs <- length(fasta
Average len <- mean(width(fasta))
Median_len <- median{width(fasta))
Max_ len <- max(width(fasta))

Min len <- min(width(fasta))

<

1

#.‘:I:.'J"_I?‘ {Jb-‘%%? L Tout flZiE5
RCh38™#) % T — ;%%?E;E(B‘_:.gen@meﬁz‘ﬂﬁﬁ',f L

#15 o T DEE AP

pThRIET ] F g A 2 ST EE 00

May 07 2018

R R Console = Eeh <
|> tmp <- rbind(tmp, c("Median length", Median len))

> tmp <- rbind(tmp, c("Max length", Max len))

> tmp <- rbind(tmp, c("Min length"™, Min len))

> tmp <- rbind(tmp, c("N50", N50))

> tmp <- rbind(tmp, c("GC wjntent", GC content))

> write. tahle{tmp, out f, sep="\t", append=F, quote=F, rof

= tmp

[, 1] [,2]

[1,] "Total length (bp)" "32092 as"

[2,] "Number of contigs" "455"

[3,] "Average length" "J0533' . 054594506

[4,] "Median length" "le1218"™

[5,] "Max length" "248956422"

[6,] "Min length" "g7an

[7,] "N50"™ "145138636"

[B,] "GC content™ "0.405548515653618"

> | =
4 WL 2
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N {2} O | NGS | #5727 | BSgenome | A E{E (2) EIANDGCEEIF0410f=of-, ChIECEG
t I‘/72/-[A 0) iﬁA DHIBHERDEHMN0410ENSTEEERT S
cBENWZ. BRDIHERIZHET BE.

(1) B2 EhIE455{E(BSgenome - DI E)
(2) 2{ADGCE

=(35941%

W (DEREFIIZFERCGEDTRLHLTELY)

0.410/2 = 0.205¢755%, EHAADHEESEIC
LTEEZEDHIRERDEAEZROHTEHE

(3) £1BE(A, C, G, D HIRHESR: (0.295, 0.205, 0.205, 0.295)

May 07 2018

A+ O | —#2 | 157878 (reverse complementy¥ AYE (last modified 2013/06/14)

Ak O | —#3 | i%5#(reverse/F B715 (last modified 2013/06/14)

O | — B8 | k-merBRHF | k=1(15E 2 &0 H LB RFHT) | Biostrings @ modified 2016/04/27)
b O | =88 | k-medfBH7 | k=2(23E 548 50 1 ISEE ARIF) | BiostringN{fast modified 2016/01/28)
A0 | — 8% | k-merBFHT | k=3(3E #1880 1L IR HBE AFHT) | Biostrings (last modified 2016/01/28)
b0 | —88 | k-merfRH | ken(mEFE1R 5D & 4B AFHT) | Biostrings (last modified 2016/05/01)

BT R A | — | 2EHE B 438 AT [H 375 B3 (last modified 2015/04/20)
o (HIS TR O | —B | 3B B i, 3 BB (837 1918 (last modified 2015/02/19)

. ERTD 0| — | EEO EXOEEIEED LIPHEEEEE IS (last modified 2015/02/19]

A0 | —B8 | Tips | (FEC {IAEF T o7 ()L {27F (last modified 2013/09/26)
Ak 0 | — B8 | Tips | {138 FIZEC THFEO X FFBAL T{F7F (last modified 2013/09/26)
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W T O I NGS B | FASTATER | & lpsre s ODa—kETUTL—HILT

(1) B2 A 2 1F455{E(BSgenom
(2) RN GCEEITHI41%
(3) HIEE(A C, G D HIRMER

ral

HED(1)~((3)I% e LR

DiZH)

: (0.295, 0.205, 0.205, 0.295)

A0 | NGS | 7 AT —332 154EEY {8 | biomaRt(Durinck 2009) (last modified 2013/09/26)
1ob 0O | NGS | 7 AT —3 15$ERY{S | TxDb | |22 T (last modified 2014/03/28)

Ak 0O | NGS | 7 /T —33 [&$EEY{S | TxDb | TxDb.*45 (last modified 2015/02/19)

A0 | NGS | 7 AT —i3. [54EEY {8 | TxDb | GenomicFeatures(Lawrence 2013) (last modified 2015/
12+ 0O | NGS | 7 /7 —23. [§468E718 | TxDb | GEE/GTFE 27 A L85 (last modified 2016/02/09)
4/ 0O | NGS | §5d+ 127 | BSgenome | B A{EFsE7 VS (1 ified 2016/04/22)

4k 0O | NGS | 5T 127 | FASTAT:R, | B iFeEw B odified 2016/04/22)

4k 0 | NGS | it 127+ | FASTAR:T, | descniption{ 700 52 = (last modified 2014/04/05)

Ak O | NGS | 55 127 | FASTQR:aS | E 8 (last modified 2015/07/26)

Ak O | NGS | 55 127 | FASTQFER | [2H (last modified 2015/06/18)

Ak 0O | NGS | 554 127 | FASTQH:3., | descriptioni T 51 % #EH2 (last modified 2014/08/21)
A0 | NGS | §oa A3 | SAM/BAMP, (last modified 2016/09/14)

4k 0O | NGS | §%e4 127 | HluminaD * seq txt (last modified 2013/06/13)

Ak 0O | NGS | 55 127 | Hlumina® * gseq txt (last modified 2013/06/17)

O 27O EROER 1220 T (last medified 2014/06/09)

A | 77RO E R | BAM —= BED (last modified 2014/06/21)

May 07 2018
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[ + {0 | NGS | 57327 | BSgenome | B E$F#EV{S

ENT/ LDIGE

(1) BE3%L455{E(BSgenome- - D15 E)

DALETOHIBEERDEEHE. GCEE0410)M 5, 1 -
0.410 = 0.590&7%5 %, TN A AETE R DIEERIZH
|9 BH&.0.590/2 = 0.295¢7%:5, 2:EFIEE D HIRME
(I, BIEEOHIREEDENTE TEETIRE, AA,
AT, TA, TTO HIRFER D RARFE(expected)[d, ENE
0.295 % 0.295 = 0.087025 ($398.7%) %45, bt EHk

(2) £ADGCE=IT5941%

(3) BIEE(A C, G, T)DHIFHESS: (0.295, 0.205, 0.205, 0.295)

(4) AA, AT, TA, TTO HIRFEZ DO HAFE

= 0.295 X 0.295 = 8.7%
(5) CC, CG, GC, GGO HIRFEX D HA{FE

= 0.205 % 0.205 = 4.2%

(6) AC, AG, CA, CT, ,GT,TC, TGCOHIBEEDEAFF{E = 0.205 %X 0.295 =

May 07 2018
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L] e b0 | NGS | #7507 | FASTATES | B [53p% I7is DDEHBEAWNTETE T nIX LKL

el (D (4)~ (6)13

(1) BEH 2455 (BSgenome - DG E)

(2) £EIADGCE=(LFI41%

(3) FIEE(A C, G D HIFHES: (0.295, 0.205, 0.205, 0.295)‘
(4) AA, AT, TA, TTO HIRFEZE DO HATFE = 0.295 % 0.295 = 8.7%

(5) CC, CG, GC, GG HIRHEE D HAFF{E = 0.205 X 0.205 = 4.2%

(6) AC, AG, CA, CT, GA, GT, TC, TGO HIFHEERDAARFE = 0.205 X 0.295 =

May 07 2018
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] » /0O | NGS | i+ 127 | BSgenome | B {F 3RS ﬁﬂz rﬁﬁﬁo)'ﬁ:ﬂ ?#1EOT1E_|-—GT75\OJ

ﬁ%: 2= (D BR 13 {iE 2! EWSEREREBRENLZITE0
- H

v

T.hIZDOWWTERIALET
(1) BEH 2455 (BSgenome - DG E)
(2) £EIADGCE=(LFI41%
(3) HIEE(A C, G TH)DHIFFEZ . (0.295, 0.205, 0.205, 0.295)
(4) AA, AT, TA, TTO HIRFEZE DO HATFE = 0.295 % 0.295 = 8.7%
(5) CC, CG, GC, GG HIRHEE D HAFF{E = 0.205 X 0.205 = 4.2%
(6) AC, AG, CA, CT, GA, GT, TC, TGO HIFHEERDAARFE = 0.205 X 0.295 =
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[ + k0| NGS

siees 1A | BSgenome | 2 EFFER IS ij:s @@%fﬁl%ﬁ%‘i,

HEZEDS

(1) BEH 2455 (BSgenome - DG E)

(2) £EIADGCE=(LFI41%

(3) FIEE(A C, G D HIFHES: (0.295, 0.205, 0.205, 0.295)‘

(4) AA, AT, TA, TTO HIRHEE O HIF{E = 0.295 X 0.295 = 8.7%

(5) CC, CG, GC, GG HIFFEFR D HEATFE = 0.205 x 0.205 = 4.2% ‘
(6) AC, AG, CA, CT, GA, GT, TC, TGO HIFHEERDAARFE = 0.205 X 0.295 =

May 07 2018
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] » (/RO | NGS | #5701A7 | BSgenome | B FEETIR IS -ts\ @'j:\ @0)5%55\'”@ (ﬁ‘,‘J41 %«"_‘L"B?'ffnt%

2 )&ITIZ. TC = =THDT. Z
FERDEAFFE?! SR BT 1L SBTT

v

(1) BEFI % E455{E(BSegen - DIFE)

(2) £EIADGCE=(LFI41%

(3) FIEE(A C, G D HIFHES: (0.295, 0.205, 0.205, 0.295)‘
(4) AA, AT, TA, TTO HIRFEZE DO HATFE = 0.295 % 0.295 = 8.7%

(5) CC, CG, GC, GG HIRHEE D HAFF{E = 0.205 X 0.205 = 4.2%

(6) AC, AG, CA, CT, GA, GT, TC, TGO HIFHEERDAARFE = 0.205 X 0.295 =
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] » /0O | NGS | i+ 127 | BSgenome | B {F 3RS @[i CC&CG&GC&GG&L\SZE%JLLEE

6%40) -q.f#f'gm DHBEEARCELRELEES.

v

SN HIRFER(FIBR L4 2% TRICIXTHD
T, HEEROHRAFEIEENTLVET

(1) B2 H % F455{E(BSgenome - DIHZE)

(2) £ADGCE=IT5941%

(3) HIBE(A, C, G, TIDHIRFER: (0.295, 0.205, 0.205, 0.295)

(4) AA, AT, TA, TTO HIRFEZE D HAFFE = 0.295 % 0.295 = 8.7%

(5) CC, CG, GC, GG HIFFEFR D HEATFE = 0.205 x 0.205 = 4.2% *

(6) AC, AG, CA, CT,GA,GT,TC, TGO HITHEERDHAFFE = 0.205 x0.295 =
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" JEE—
ZEDERNGBEZT

n BH):2ERIERDHIRERE (or HR)ZH~. RYDHET

ORI L2EMEDGCEEZTIEEL.
HFENSDERICHAT BRI EE

B3R E

ERT/ LIECGELDERIEE D HIFMEE A (4F(ZCC, GC, GG) [TEE R T
EEONTEY., KENMIZDIER IHEREH . MOEMFETIEESLIERIZH

n ISR CEMEILICGCEENELGS

DM ? &L\:)Ce‘:(:ﬂ*’é%é%ﬁ’*‘é:’)&bit\éo

GCEEMNFLVELVDZ LT, CEGHHIRSE

DHIRBEDHERMHNFETZEZERT S,

GCEESMDEMIENIZE A C, G TOHEER(LZELLV0.25, 0.25, 0.25, 0.25)
o TN Z | ET16FFFEN 2:EMFIEE D HIRERDIAFIEIFET0.25%0.25 = 1/16,
(AA, AC, AG, AT, CA, CC, CG, CT, GA, GC, GG, GT, TA, TC, TG, TT

(1/16, , , 1/16, , 1/16, 1/16, : , 1/16, 1/16, , 1/16,

ENEWNCEEZTERT Do TNILALT

, 1/16)

BigZgHlEL T, ETCCERIZGOHAMNLLEAGCEEZ 100D EMIEDIZE . (A C,
G, YOHEEZR(X(0.0,0.5, 05, 00)E45, CO2EGIE R HIREROHAFE:
(AA, AC, AG, AT, CA, CC, CG, CT, GA, GC, GG, GT, TA, TCc, TG, TT)

May 07 2018

(0.00, , , 0.00, , 0.25, 0.25, , , 0.25, 0.25, , 0.00,

, 0.00)
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DGCEE100%NHE (X, CEGHHIRFERE
[ZFNFh0.5, £-T.@CC, CG, GC, GG
DHEIRFER(LLT0.5%X0.5=0.25¢%45,
NHEAFE, LLHIREEDOERAENF 2
[ZCCOHAE N (or{ELN) FZof=5, AIMZFD

" JEE—
ZEDERNLEEZ

n B 2B E O HIRMEE (or HER

BT/ LIFXCGEWSESFIEREDHIRSER £MICETEKRDH I EHEDEAS, Th
EEONTEY . KEMNZFDMER LD NMERICEAT LERNEE|ELOIEKRTY

HDM? EVDCEICEIRFBBRAREHEL TNV,

R TE A AEYMEZLICGCEENELS
GCEENTWLELVOZEIL,. CEGOHIRMENS N EEEKRT D, TN, AET
DOHINFEEDHEMHNTIETEERT S,

GCEESMDEMIENIZE A C, G TOHEER(LZELLV0.25, 0.25, 0.25, 0.25)
o TN Z | ET16FFFEN 2:EMFIEE D HIRERDIAFIEIFET0.25%0.25 = 1/16,
(AA, AC, AG, AT, CA, CC, CG, CT, GA, GC, GG, GT, TA, TC, TG, TT

(1/16, , . 1/186, . 1/16, 1/16, , . 1/16, 1/16, , 1/16, : *j\)
BiR7EHEL T, ETCCERIIGDAMNBEAHGCEE=100%DEMIEDIFZE. (A C,
G, YD HIFHEZE(X(0.0, 0.5, 0.5, 0.0)&% 5, CD2:EHFIE R HIRHERDHAE:

(AA, AC, AG, AT, CA, CC, CG, CT, GA, GC, GG, GT, TA, TC, TG, TT)

(0.00, , , 0.00, ,0.25, 0.25, , , 0.25, 0.25, , 0.00, , , 0.00)

s = s =

May 07 2018 63




B O R ke | 2 CERERG SRR R | Bownes | | BBUOQBIRETD . @2BHFIEE D H IR R

thbg/Ad)‘f‘*%

HEHETI7AM ) (hogel txt)DEERIZERES

« {0 | —#% | 12 TE R (reverse complement P+ B¥18 (last modified 2013/06/14)

o A0 | —#% | i (reverse i B2 {2 (last modified 2013/06/14)

o b0 | — 82 | k-merBET | k=118 E D 20 B IRSEE RET) | Biostrings (laglkeodified 2016/02/07)

o b0 | — 8% | k-merFT | k=2(20F R 20 L IR HEE BRI | Biostrings modified 2016/01/28)
o O | — 88| k-merBEHT | k=300E R B0 L IR 48R BRA) | Biostrings modified 2016/01/28)
o b0 | — 8% | k-merBFT | ken(BE5EiE B0 1 IR $8/E BET) | Biostnings (laSt modified 2016/01/28)

(AR ¥ TEM
* (BFEFE)
(Al FE)1

A0 —hR
AR
A0 —hR
A0 | —8R

A200 | —# | k-merf@#T | k=22:E&HEIRIL O HBIARE i24T) | Biostrings

o g e g VT e P - . B . i

Biostrings) § v T —3.5 %
"CGET"CTY, "GAT, "GO,
o) e L 7 L -merBEYI
al.. 2001; Saxonov et al., 2006)
[ZFA I =TF 4L DR DA E

LAEO1 —8 | S8 L]

S I0AY O HIREETE

in £ <- "hoged.fa"
out ¥ <- "hogel

+ W

FULBTE T — VO
library(Biostrings)

#A N7 7 A DA
fasta <- readDNAStrin

May 07 2018

7. I‘_'I= Y 2 L BES AT — 2/ (BSoenome. Hsaplens \CBI GRC]HS}(D iﬁ‘ﬂ‘

2013 F 12 RIC)) =2 ome Reference Consortium GRCh3879 . 1 HI3 L IRWEETT .,
out_f <- "hoge7.txt" #1077 A ILBEIEE L Tout_fITiEH
param_bsgenome <- "BSgenome.Hsapiens.NCBI.GRCh3I8"#/i T —/E %5 ;E{BSgenome%«‘@’T'Ji-

#LEG TV EO—F .
library(Biostrings) #15 s AT — DNDFE A AP
library(param_bsgenome, character.only=T)#35%FE L 7o)t T — FDFEA0A R

HFAIAIR(FEEL T2 T =3P M ZF i1 O | EF genomel CH—)
tmp <- ls(paste(”package”, param bsgenome, sep=":"))#ETEL =i w T TH|HTIRE ST 7

genome <- eval(parse(text=tmp)) #3FHtmpERAT F 2 O F & L Tgenome| THEFA() Sy
fasta <- getSeqg(genome) #47 / LIBEBECH TSR 1 L 7oidF E fastal SHE 4
names(fasta) <- segnames(genome) #description&E=1BhL Tlvad

#ESIL T AET T

#HE
out <- dinuclectideFrequency(fasta, as.prob=T)#EiG1EED L IR FERFout! SN

77 A ICRTE
tmp <- cbind(names(fasta), out) #F1F L 7o\ 15 tmp | Z R M
write.table(tmp, out_f, sep="\t", append=F, quote=F, row.names=F)#tmpDPHF*IEEL /=

< >




o e (RO | — 3 | kemerBHT | k=2(2E iR B o A AR

ENT/LDFEE

7. R4 LB ST — 2/ (BSgenome. Hsapiens. NCBL.GRCh38)D 35
201312 BRI ) — 2 F - Ggnome Reference Consortium GRCh387T]

#&:h:u A 5
Ch3g™#.)% .

out_f <- "hoge7.txt"
param_| ngEﬂDmE <- "BSA

Hecamtanc ~R

DOFBOEIEN. QB HT7A)L(hogeT txt) RN AA,
AT, TA, TTO HIRFEZR D EBI{E(observed), Hi1a 1A
FEGIVEEDEIZHE-O TSI EN LI D, BE
(discussion)&EL Tl B—TEFH D EHTIEE(AA and
THDIFESH, BIGHIEFEDEFFIEE(AT and TA)IZ
LERTHIREENSOHTHLH. KEZADLDTIEL: -

# TSy T — RO - F

library(Biostrings) #1507 — U DFEAAP

library(param_bsgenome,

#HAMIP(IETEL 7o/ T =2 M Fu 2 9 F B F genomel TH—)
tmp <- ls(paste("package", param_bsgenomes, sep="
genome <- eval(parse(text=tmp))
fasta <- getSeq{genome)

names(fasta) <- segnames(genome)

#EDLTCAHLETTT

character.only=T)#{57F | 7o/t o T — DV DFLAA P

NHEE LT e T U TR RS A T
# Folltmp®FRAT S O F & L Tgenomel CFREFA()
#.7  LIR BB = L 7o iE R & fastal C184A
#description(g$E= 1Bl Tha

BR{F{E 97 60 60 87 B0 42 42 B0 B0 42 42 60 87 60 B0 87

HislEHE o aAa AC AG AT CA L CC G CT GA L GCD GG GT O TA L TC TG TT
1 a5% | 50% T1%[ 74% | 73% 54% 10% 71% 60% 44% 54% 50% |63% |60%  73% [ 96%
2 100%[50% 70%] 79% | 72% 50% 09% 70% 59% 41% 50% 50% |67% | 59% 72% [100%
3 101%(50% 69%| s0% | 72% 49% 08% 69% 59% 40% 49% 50% |69% | 59% 72% |[102%
4 106%(50% 67%| e5% | 71% 45% 08% 67% 59% 238% 45% 50% | 73% | 58% 71% |106%
5 1026 50% 69%| 1% | 72% 48% 09% 69% 59% 40% 48% 51% |69% | 59% 72% |[103%
i 102%(50% 69%| 1% | 72% 48% 09% 69% 59% 40% 49% 50% |69% |59% 72% |[102%
7 98% [50% T70%| 77% | 73% 51% 10% 70% £0% 42% 51% 51% | 65% | 59%  72% |100%
8 100%[51% 69%| 79% | 72% 50% 09% 69% H£0% 41% 50% 50% |67% | 59% 72% [100%
9 97% [51% T0%| 76% | 73% 53% 10% 70% 60% 43% 53% 50% | 64% | 60%  73% | 97%
10 9% [50% T1%| 75% | 73% 53% 1.0% 71% 60% 44% 53% 51% |63% | 60%  74% | 97%
11 H1® T 1% [EL Hor 1 0% 71% O S1% A FAY AL w 5% el
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] RO | B | kmerfRl | k=2 DB SRR B0 i IR BE AR | Biostrings | (1)CC, CG, GC, GG HIRFEHR D HAEHE (L
I: I‘ /72 / -A 0) =P 4.2%, QCG O Hi TR #E 22 0D 3B (£91.0%) (.
i’a‘ = HAFE ($94.2%) KYEHEYIEWN T EIXERSH

o TNLSMIELK OMBETETLHLEEANET

(1) BEH 2455 (BSgenome - DG E)

(2) £EIADGCE=(LFI41%

(3) £18E(A, C, G, D HIRHESR: (0.295, 0.205, 0.205, 0.295)

(4) AA, AT, TA, TTO HIRHEE O HIFE = 0.295 % 0.295 = 8.7%

(5) CC, CG, GC, GG HIRHEE D HAFFE = 0.205 X 0.205 = 4.2%

(6) AC, AG, CA, CT, GA, GT, TC, TGO HIFHEERDAARFE = 0.205 %X 0.295 =

BR{F{E 97 60 60 87 B0 42 42 B0 B0 42 42 60 87 60 B0 87
HiEERE O AA AT AG AT A CC CGCT GA L GC GG GT O TA T TG TT
1 95% 50% T1% T74% 73% [54% 10%|71% 60% [ 44% 54% | 50% 63% 60%  73%  96%
2 100% 50% 70% 79% 72% |50% 09%|70% 59% [ 41% 50% | 50% 67% 59% 72% 100%
3 101% 50% 69% 0% 72% |49% 08%|69% 59% [ 40% 49% | 50% 69% 59% 72% 102%
4 106% 50% 67% &85% 71% | 45% 08%|67% 59% [ 28% 45% | 50% 73% 58% 71% 106%
5 102% 50% 69% &81% 72% | 48% 09%|69% 59% [40% 48% | 51% 69% 59% 72% 103%
i 102% 50% 69% S81% 72% | 48% 09%|69% 59% [ 40% 49% | 50% 69% 59% 72% 102%
7 98% HO0% T70% T77% 73% | 51% 10%|70% 60% | 42% 51% | 51% 65% 59%  72% 100%
8 100% 51% 69% 79% 72% |50% 09%|69% £0% [ 41% 50% | 50% 67% 59% 72% 100%
9 97% 51% T0% T6% T3% | 53% 10%|70% 60% | 43% 53% | 50% £54% 60% 73%  97%
10 9% BO0% T1% T7B% 73% | 53% 10%|71% 60% | 44% 53% | 51%  £63% 60%  74%  97%
11 QR  H1%  Fie 7 RE el Hak 110 J1% 51 £y A AK L AL 5% el g R
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] J TR | —BR | kemerRER | k=2(25E e D it 35 S RRHT) | Biostrings
FrED (7))

k0O | —#% | 25 1BHE (reverse complement¥r B¥{S (last modified 2013/06/14)

k0 | —i% | 1F§E (reverse Fr 75 (last modified 2013/06/14)

Ak 0 | — 8% | k-merfFiT | k=18 E D 20 HIRSEE RFT) | Biostrings (laglaodified 2016/02/07)
Ak O | — 8% | ke-merAF T | k=2(2:8 5518 20 P IR H8/Z BFHT) | Biostnings modified 2016/01/28)
A b0 | —#% | ke-merRF T | k=303 F0E B0 P IR H8/E B3 1) | Biostrings modified 2016/01/28)
Aok O | —#% | ke-merF T | k=n(n)B551E B0 1 IR H8/E B34 | Biostnings (1aSt modified 2016/01/28)

THWWNIE, @2EHKIEEDH
REEDRAMENFONET

DD . QBIE2%#TTL—REL

(AT TE)1 1

D=8 Tuegr vere Gar "
AR =R TeumarE57.

GPRTEHE g b0 | —#8 | k-merf@HT | k=2QESIE R O HBARE

(A% E)1 M Biostringss w7 — /% AL T, multi- FASTATER D7 JLE A IR T, "AAT ACY "AGT "AT", "CA", "CC",

" "GG", "GT", "TA", "TC", "TG", "TT" M &t4* = 16:@ O 2iEHEE 20 HIBEFE~ 5
et RO =20 B EICELLET . B - LT CED B S0 BB L Y BB 1 (Lander et

fiZ#7) | Biostrings

A0 | —h% | Blal 2001; Saxonov
A0 | =B BT o5 1L -TF 4L

| RIRWEETIIE LIREFEF S ATT .,
LAk0 — | S5 i

=) in_f «<- “I':g.:-’l fa™
. out ¥ <- "hoge2.txt"™
in ¥ <- "hoged.H . . ) .
out_f <- "hogel #LBIZ T O—F

library(Biostrings)
FPHEIG ) —
library(Biostrinl |gA 07 7 1 IL-D5EA0A R

#AN7 7 7INDEE
fasta <- readDM]

#

27 ILICRE
tmp <- cbind(names(fasta), out)

£

2. k0 | —ffg | T H LIS B RCYIF RN 4.7 1T T i55NIcmulti- FASTAZD 7 - M (hoged.fa)D g5

# N 27 1I8B* Ebfln FICTE N
#1077 A LB EISE L Tout £l

#1507 — U DFE A 1P

fasta <- readDNAStringSet(in_f, format= "fasta” }#:m FT? ELI2T7 7 DA

]

out <- dinucleotideFrequency(fasta, as.prob=T e B P IRTEEE (H4E % out | CHEEA

#FR T L T2 L 53R tmp | CTEEA

write.table(tmp, out f, sep="\t", append=F, quote=F, row.names=F)#tmpl P& *=I5FE L 73

>
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0 4/ LE#ER/ Sy —BSgenome D HLER
O ENT/ LIEER/ ST —2 DR
m 2:E IR A H IR E AR T (CoGREAT).. k—merfiZ 4T
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0 EX
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i o A0 | =B | k-merBE T | k=2(0EFHE RO B IREE ) | Blostrings

@P518E10, box plotZPNGR: X 77

1’I5-(box plot):

AILTHNT HPYFDELRR

VNI

15 TR H#H (reverse complementy® 7S (last mndl:lied 2013/06/14)

k0| —#% ﬁfﬁfrﬂerse}"&ﬁﬂf% (last modified 2013/06/14)

Ak 0 | =88 | k-merREHT | k=1(18E 4O HIRSEEAFA) | Biostrings (1
A0 | —8% | k-merRFHT | k=2(2E %18 20 1L IR 4EE BFHT) | Biostnngs
A0 | —8% | k-merFHT | k=3 E 1R 20 11 IR HEE BF4T) | Biostrings
Aok O | —#% | k-merF T | k=n(nB55iE B0 1 IR H8/E BF47) | Biostnings (1ast modified 2016/01/28)

odified 2016/02/07)
modified 2016/01/28)
modified 2016/01/28)

A0 —R
* (AR FE
* (AFE
 (AfFEFE)
A0 —f
A0 —B
A0 —B
b0 — 8

May 07 2018

al_

4200 | —# | k-merf@#T | k=2Q:E&HEIRIL O HBIARE 24T) | Biostrings

Biostrinoz! Lo T — LT, multt-FASTATE T 271 ILEFRA AT,

"CGE,
tob) FE L ET . km ﬁﬁﬁ@k—’*@iﬁﬁl PELSLES ., B LTICGD EAD RTFELY HIEL (Lander et

"CT", "GA", "GC",

2001; Saxonov et &

774 1l1-TF 4L 2H

1.

"GGE",

b0 | —f | S5 ¥ L
B+ ILIBY O BIRSEE
_"LI'I_'F L “":E—_:_ _'_:rr
out f <- "hogel.t:

#FLEIL T — V%]

library(Biostrings

#A N7 7 A IDFEA]
fasta <- readDMNASt

"AA TACY "AGT "ATY, "CAY, "CC",

"GT". "TA". "TC". "TG", "TT" D 14 = 168 O EFEE 2O B EEH A~ 2

AP TEEE .

10. B M 2L BCH 2 ST —2F (BSgenome. Hsapiens. NCBLGRCh3SYD I8 5

TEEFEECELTE AL box plotD PNGZ 7ML B DL TN ET,

out f1 <- "hogel®.txt #1727 1 ILBFEEL Tout 1|25 -
out_f2 <- "hogel®.png" #.‘:l:'.j"_l? ffJb%"& EF L Tout_f2|-HE i
param_bsgenome <- ”EE-;e-': e .Hsapiens. .Z- "$IN e T — RS {EEgenomeF‘@ﬁ"J
param_fig <- c(700, 488) {Jbﬁﬁﬂﬁﬁﬁmmtﬁmm%it E(EuIZE 212l

# LBy T — VRO — F
library(Biostrings)
library(param_bsgenome,

#1350 T — DADEE A AR
character.only=T)#f57F L 7=/ %« 7 — /DL A&
#RALIE(FEEL fo i T =M F i O b B genomel JET—)
tmp <- ls(paste(”package™, param bsgenome, sep=":"))#sEL o/~ T -/ THHTEET -
genome <- eval(parse(text=tmp)) #LF B empERA F 2 D F & L Tgenomel CHEEA( ) 4
fasta <- getSeq(genome) #47 ./ LIBEECH|EE L L FoiE AR = fastal CHEEA
names(fasta) <- segnames(genome) #descriptionfBF=1BH0L Tla
#EER L T AT TY

#HE
out <- dinucleotideFrequency(fasta, as.prob=T)#EiTtEED P IREZE R Tout! ZHEN
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B N0 |8 kmerkEh | k2B ARRED BIRIBE AR | Biostrines DOPNGIZ7MILDH A RXE_TETHETH

1’I5l(box plot) : B A

10. E 7 A A BCH ST —3/ (BSgenome. Hsapiens. NCBLGRCh38YD 185
TEEFEHNCEL TEHY box plot D PNGZ 7 b AL T ET .
out_f1 <- “"hogelB.txt" st h>F {Jb%%?'ﬁﬁbfout_fll[%%ﬂ -~
out_f2 <- "hogel®.png" #&.3‘]?‘ *fJLs-‘Eu’E‘? L Tout f2I12#5M
param_bsgenome <- "BSgenome.Hsapiens. .I- B4 AT — J%%?E;E{E‘jgenomeﬁz’-@’j'f
param_fig <- (700, 46@) {Jb&ﬁﬂ#mﬁmmtmmmﬁ FE(EMIIE 7)1
LB T O — b’ -
library(Biostrings)
library(param_bsgenome, charac hoge10.png
#ATAMIB(FEEL o/ i T =Rl ] 2
tmp <- ls(paste("package"”, par o
genome <- eval(parse(text=tmp) & - @
fasta <- getSeq(genome) = “ 2 5 g
names(fasta) <- segnames(genom o ;g; g ) . % 1
= o | i © g F )
E : el o o L] 1 ><
#jiﬁ ﬁ : = g o g . & : .a
out <- dinucleotideFrequency(f|d 2 = ﬁ_ e JRE - S S-S ﬁ >C)
s : == o & 1 ¢ | i i i == =
T ATETE, TTaETeT T N
. ! I % . E — (mm— i
N L g 3 e ! jf . g 0§ 8 =
o o ¢ o = & —g— ' _c:I:-_ o
L Ie) 1 -e— o
= T T T | I T T T T I T T T T | T
Ad AC AG AT CA CC CG CT GA GC GG GT TA TC TG TT
\ IJ
Y -
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o AEO | = | emerBET | k=2(0EFEIEED W IRME EFT) | Biostrings

ﬂ’ﬁl(box plot): D[+

AL ECH AT —2/ (BSgenome.Hsapiens. NCBLGRC I:ISS](D Ba:

102 B CRILTE 05 EFIEEOERT Z0 BRiFE S 22 F 0w b (box plot) T
27 M (human 2mer tete A 18T FI L. BIEERD AR L THIFHLTLvES .,

DHIRELL, @colorELVS55| B D EAI
EHIERDIEFELICBREFIEEL.

@F2TRYYT7AI)L(human_ 2mer.txt)
52 TCHRA, D771 L DIEHRE
FALTWADIE, I—FDTDIES

in_f <- "human_2mer.txt" #AN D7 A IBEEE L Tin_flctEif

#LBT T —EOD - o
library(Biostrings) #1500 T — VOFEAIAR
library(param_bsgenome, character.only=T)}#¥s5E L 7o/t T — DEEA0A A

#ANT T A ILOEEAIA R
data <- read.table(in_f, header=TRUE,

#RAIE($5FE
tmp <- ls(paste(“"package™, param_bsgenome,
genome <- eval(parse(text=tmp))
fasta <- getSeqg(genome)

names(fasta) <- segnames(genome)

row.names=1, sep="\t", guote=

Lo fodie 7 =M Fu 9 LB #F genomel 23—)

sep=":

#descriptionfBEHEBHIL Thva
#EEL T ARTTY

out_f1 <- “"hogell.txt" # BN 77 1 IEBEIFEL Tout_f1ICHE A
out_f2 <- “"hogell.png" #.ﬂj]?‘,l ffJb%’i‘? L Tout_ 215
param_bsgenome <- ”EE-;E-': e .Hsapiens. .I "N AT — J%%?E;E(BSgencmﬂ--‘_?@
param_fig <- c(7008, 400) fflbﬂjj]E#@ﬁmmt%[iEmm%? E(EMITE S

" Y#in f TIET

“V)#FHEEL Fo s T — U TH | O] HE
#FRtmpERA T O F & L Tgenome | TREHA
#7 ./ LIBEEC G E L L oA Efastal Cfg

#A4E
out <- dinuclectideFrequency(fasta, as.prob=T)#EiiEED 1 IR F2EFout! Cf#EHN
< >

[y

@
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type expected

AA
AC
AG
AT
CA
e
e
CT
GA
GO
GG
GT
TA
TC
TG
T

0087025
0060475
0060475
0087025
0060475
0042025
0042025
0060475
0060475
0042025
0042025
0060475
0087025
0060475
0060475
0087025

color
red
skyblue
shkyvblue
red
shkyvblue
black
black
shkoyvblue
shkoyvblue
black
black
sloyblue
red
skyblue
shkyvblue
red
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= OO B kmerR | 2 (ORI EE AR | Biosy| (DDOXPIOtRIEIZE TR D QcolA T a &5 TR

{EX (box plot): 8D

]

colorFIDIEHRZEZFIAL TR ENR LN D, @D
expectedFIEER (L. FIRELLTIXF AL TLVELY

11. B4 2 L AL 3wy —2/(BSgenome Hsapiens NCBL.GRCh3syD ig 5

108 BEFRNCEICTE A5 (@it EOEIRZ &0 8iFE S w22 70wk (box plot) FT0 B 153F= 2T
27 ) (human 2mer tet)® A NSLTHAHL . BESHED A B THIHO T ET .,

data <- read.table(in_f, header=TRUE, row.names=1, sep="\t", quote="”]#in_-F'ﬁ“1"a:EA

#AMIR(IEFEL T2 i =20 F2/ s 2+ B Fgenomel Ji—)
tmp <- ls(paste("package™, param bsgenome, sep=":"))#ig7FE 7o/t 7 —i THIHTIEE
genome <- eval(parse(text=tmp)) #3 FH|tmpERT F iz O+ & L Tgenomel T 5
fasta <- getSeq{genome) #7  LIBEACY|IESFE Hhd L o iE R fastal o8
names(fasta) <- segnames(genome) #descriptionf&3izB00L TLva

#TESEL TARITTT

#H
out <- dinucleotideFrequency(fasta, as.prob=T)#EiRIEED B IFHFZ1HEF out] JHEHM

$ 77 IICRE(FER 77 AL

tmp <- cbind(names(fasta), out) #F7F L F2 ) 1R = tmp | 12
write.table(tmp, out f1, sep="\t", append=F, quote=F, row.names=F)#tmp® P 55"

#27T C{RTE(png 2 T A L)
png(ou pointsize=13, width=param fig[1], height=param fig[2])#3+h 7 7 1L

boxplot(o ylab="Probability"”, col=as.character{data$color))#imH
grid(col="gray", lty="dotted") #5FE LTINS ) FERTR
dev.off() #5F L0y

< >

h
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type expected

AA
AC
AG
AT
CA
e
e
CT
GA
GO
GG
GT
TA
TC
TG
T

0087025
0060475
0060475
0087025
0060475
0042025
0042025
0060475
0060475
0042025
0042025
0060475
0087025
0060475
0060475
0087025

color
red
skyblue
shkyvblue
red
shkyvblue
black
black
shkoyvblue
shkoyvblue
black
black
sloyblue
red
skyblue
shkyvblue
red

@~
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i Ak 0O | —h% | kemerBE 4T | k=2(2E 5518 B I IRHEE BFAT) | Biostrings

1’I5l(box plot): D[+

DCC D HIRMERHMEATFE(4.2%)
FYLLLDIE, @CC, QGC, @
GG EZMNSELEAR

11. B M7 2 A BEH 3 —3/ (BSgenome. Hsapiens. NCBLGRCh38)YD 85 :

102 B C[RILTE 05 EFIEEOERT ~0 2R E S 22 F 0w b (box plot) _F T & 158+ &
27 M (human 2mer tete A ST FHL . BIEERD A0 L THIFHL T vES .

irl_'F g - " Ll 5-_;.~--:_.I
out_f1 <- "hogell.t
DUt_‘FE '(— " h _' E__:—— __._.

param_bsgenome <- "BSgenome.Hsap3

param fig <- c(7860, 408)

# AN 77 1 IBEIEFEL Tin_fICHEN
# BN 77 A IEBEFIEEL Tout F1ICHEHA
#&:h? «fm%% ETEL Tout_f2|2#E3M

ICBI "#)4 e T — 10 % $5°E (BSgenome @ -

#7 7 JI;*ﬁHiG’)M#—#E”—EEE{#Ii i,

#LBT T —EOD -
library(Biostrings)
library(param bsgenome, charac

#ANT T A ILOEEAIA R
data <- read.table(in_f, heade

#RIR (5L To i 7 — /R
tmp <- ls(paste(“"package™, pan
genome <- eval(parse(text=tmp)
fasta <- getSeqg(genome)

names(fasta) <- segnames(genom

#R T

out <- dinucleotideFrequency(f

<

hogel1.png

&4 .o :

o o g

0| % ; ' ° : K%
z © | : 3 ¢ 1 o
3 i o & o ‘ ;¢ ol
§ S S R e i T G S S e | — =
. -ii-?-oiélﬁii? S

T4 § g ' . g E “ § g 5 4

= o . . 6+ 4 T o o

AIA I

AC AG AT CA CC CG CT GA GC GG GT TA TC TG 1T

S =
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i Ak 0O | —h% | kemerBE 4T | k=2(2E 5518 B I IRHEE BFAT) | Biostrings

1’I5l(box plot) : EE#

12. B 7 2 L B3 3T —3/ (BSgenome. Hsapiens. NCBLGRCh38yD 155

1.2 EFFNCELTE A5 human 2mer et 22777 ILFEANELTEET, &R
D27 0wk (box plot) ETO REFEHHL T EH . iz, EEGO T EAFEDS
1% l(expected)& [FREED §AHE(observed) THE NIF E 0. FANED I3 AZITNIZ IS, BBIEDITSH ]
SthlE=w4F Al -t EESTHRIELEIF D AT T9 . TNHE, box plotD #t ¥l log(observed expected)
FLTFRIELTET , COLIADERIBEI M tTHomAICuEL TS 280 m ET .,

in f <- " " # A7 A IBEREE L Tin_fIofE iR ~
out_f1 <- " " #HH 277 A ILAFEFL Tout £1128235H

out_f2 <- "
param_bsgenome <- "
param_fig <- c(/00, )

hogel12.png

HFBELEDER I T L, DiftEhE

log(BRAME/H#ATFE)ELTTOvk, @Q0fHE
[2dH52:EFER (., FAME (EASIni-H
INFER) NEFELIRERILZEEZEKRT S,

N CORIO LSHERAEE—BOTT

#LEE T VO N T &
library(Biostrings)

# A N7 T A I DFEA AR
data <- read.table(in_f, heade

HETALIE (F5EL Tos b T — /P (D
tmp <- ls{paste("package"”, par
genome <- eval(parse(text=tmp)
fasta <- getSeqg(genome)

names(fasta) <- SEQHEmES[g‘
o

& -

library(param_bsgenome, charac - T |—_—|-
g
o

log2{ohsery edfexpected)

HAEE T T T T
out <- dinucleotideFrequency(f AL AC AG AT

<

CA  CC

| | | | | | | | | |
CG CT GA GC GG GT TA TC TG TT
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