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De novo transcriptome assembly: A comprehensive cross-species
comparison of short-read RNA-Seq assemblers. ‘

Hilzer M2, Marz M2 ‘

[+ Author information

Abstract

BACKGROUND: In recent years, massively parallel complementary DNA seqguencing (RNA sequencing [RNA-
Seq)) has emerged as a fast, cost-effective, and robust technology to study entire transcriptomes in various
manners. In particular, for non-model organisms and in the absence of an appropriate reference genome, RNA-
Seq is used to reconstruct the transcriptome de novo. Although the de novo transcriptome assembly of non-
model organisms has been on the rise recently and new tools are frequently developing, there is still a
knowledge gap about which assembly software should be used to build a comprehensive de novo assembly.

RESULTS: Here, we present a large-scale comparative study in which 10 de novo assembly tools are applied
to 9 RNA-Seq data sets spanning different kingdoms of life. Qverall, we built =200 single assemblies and
evaluated their performance on a combination of 20 biological-based and reference-free metrics. Our study is
accompanied by a comprehensive and extensible Electronic Supplement that summarizes all data sets,
assembly execution instructions, and evaluation results. Trinity, SPAdes, and Trans-ABySS, followed by Bridger
and SOAPdenovo-Trans, generally outperformed the other tools compared. Moreover, we observed species-
specific differences in the performance of each assembler. No tool delivered the best results for all data sets.

CONCLUSIONS: We recommend a careful choice and normalization of evaluation metrics to select the best
assembling results as a critical step in the reconstruction of a comprehensive de novo transcriptome assembly.
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De novo transcriptome assembly: A comprehensive cross-species
comparison of short-read RNA-Seq assemblers.

Hilzer M2, Marz M2

[+ Author information

Abstract

BACKGROUND: In recent years, massively parallel complementary DNA seqguencing (RNA sequencing [RNA-
Seq)) has emerged as a fast, cost-effective, and robust technology to study entire transcriptomes in various
manners. In particular, for non-model organisms and in the absence of an appropriate reference genome, RNA-
Seq is used to reconstruct the transcriptome de novo. Although the de novo transcriptome assembly of non-
model organisms has been on the rise recently and new tools are frequently developing, there is still a
knowledge gap about which assembly software should be used to build a comprehensive de novo assembly.

RESULTS: Here, we present a large-scale comparative study in which 10 de novo assembly tools are applied
to 9 RNA-Seq data sets spanning different kingdoms of life. Qverall, we built =200 single assemblies and
evaluated their performance on a combination of 20 biolggical-based and reference-free metrics. Our study is
accompanied by a comprehensive and extensible Elec‘l*ﬁplemem that summarizes all data sets,
assembly execution instructions, and evaluation results. Trinity, SPAdes, and Trans-ABySS, followed by Bridger
and SOAPdenovo-Trans, generally outperformed the other tools compared. Moreover, we observed species-
specific differences in the performance of each assembler. No tool delivered the best results for all data sets.

CONCLUSIONS: We recommend a careful choice and normalization of evaluation metrics to select the best
assembling results as a critical step in the reconstruction of a comprehensive de novo transcriptome assembly.
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Werview of the different de,'embly tools evaluated in this study

Assembler Version MK Setup Usage Runtime Memory (GB) Source Year
Min Max Median Min Max Median
Trans-ABySS 201 Yes @ © 16m 2d6h23m 11h1lm 0.6 49.2 19.7 [9] 2010
Trinity 284 No @ 28m 1d20h10m 6h40m 7.2 2439 27.7 [10] 2011
Dases® 0.208 Yes @ @ 25m 8d15h45m 6h4/m 3.1 110.2 31.3 [11] 2012
SPAdes-sc? 3130 Yes 16m 7h52m 2h26m 5.0 37.4 25.3 [18] 2012
SPAdes-rna” 3130 Yes® 11m 7h24m 2h1/m 5.0 442 19.5 [17] 2018
IDBA-Tran 1.11 Yes @ @ 7m 8h49m 2h44m 0.6 29.1 9.6 [12] 2013
SOAPdenovo-Trans 1.03 No @ @ 1m 1h48m 24m 21 45.6 26.4 [13] 2014
Bridger? 14-12-01 No @ @ 11m 21h11lm S5h9m 1.6 109.3 30.4 [14] 2015
BinPacker® 1.0 No @ 5m 15h57m 3h3m 1.5 96.2 27.9 [15] 2016
Shannon 0.0.2 No @ © Sm 10h45m 3h18m 3.8 1214 83.6 [16] 2016

We rated our experiences regarding the installation and usability of each tool : excellent; @: good; @: unsatisfactory). These experiences might be subjective;
nevertheless, we want to share them to give non-experienced users an idea of how difficult it is to get each tool installed (Setup) and executed (Usage) (see Methods
for details). For Trinity, we observed high memory peaks at the beginning of the calculations for large (human, mouse) data sets, which immediately returned to
moderate memory levels after a few minutes. More details about runtime and memory consumption can be found in Electronic Supplement Fig. S11. MK: presence of
a built-in multiple k-mer approach and the ability to automatically integrate the output of different k-mer runs.

?Dases was used on top of the de novo genome assembler Velvet (v1.2.10) [45].

YSpades, originally designed as a de novo genome assembler for single-cell data, was used in single-cell modus (--sc) and RNA-Seq modus (--rna).

“When running SPAdes in RNA-Seq modus, 2 k-mer values are used by default.

4Bridger and BinPacker are based on a splicing graph construction instead of de Bruijn graphs,
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Table 3: Overview of the different de novo assembly tools evaluated in th).

Assembler Version MK Setup Usage Runtime Memory (GB) Source Year
Min Max Median Min Max Median
Trans-ABySS 201 Yes @ © 16m 2d6h23m 11hi1lm 0.6 49.2 19.7 [9] 2010
Trinity 284 No @ 28m 1d20h10m 6h40m 7.2 2439 27.7 [10] 2011
Dases® 0.208 Yes @ @ 25m 8d15h45m 6h4/m 3.1 110.2 31.3 [11] 2012
SPAdes-sc? 3130 Yes 16m 7h52m 2h26m 5.0 37.4 25.3 [18] 2012
SPAdes-rna” 3.13.0 Yes® 11m 7h24m 2h1/m 5.0 442 19.5 [17] 2018
IDBA-Tran 1.11 Yes @ @ 7m 8h49m 2h44m 0.6 29.1 9.6 [12] 2013
SOAPdenovo-Trans 1.03 No @ @ 1m 1h48m 24m 21 45.6 26.4 [13] 2014
Bridger? 14-12-01 No @ @ 11m 21h11lm S5h9m 1.6 109.3 30.4 [14] 2015
BinPacker® 1.0 No @ 5m 15h57m 3h3m 1.5 96.2 27.9 [15] 2016
Shannon 0.0.2 No @ @ Sm 10h45m 3h18m 3.8 1214 83.6 [16] 2016

We rated our experiences regarding the installation and usability of each tool : excellent; @: good; @: unsatisfactory). These experiences might be subjective;
nevertheless, we want to share them to give non-experienced users an idea of how difficult it is to get each tool installed (Setup) and executed (Usage) (see Methods
for details). For Trinity, we observed high memory peaks at the beginning of the calculations for large (human, mouse) data sets, which immediately returned to
moderate memory levels after a few minutes. More details about runtime and memory consumption can be found in Electronic Supplement Fig. S11. MK: presence of
a built-in multiple k-mer approach and the ability to automatically integrate the output of different k-mer runs.

Y0azes was used on top of the de novo genome assembler Velvet (v1.2.10) [45].

YSpades, originally designed as a de novo genome assembler for single-cell data, was used in single-cell modus (--sc) and RNA-Seq modus (--rna).

“When running SPAdes in RNA-Seq modus, 2 k-mer values are used by default.

4Bridger and BinPacker are based on a splicing graph construction instead of de Bruijn graphs,
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Table 3: Overview of the different de novo assembly tools evaluated in this study '
Assembler Version MK Setup Usage Runtime Memory (GB) Source Year
Min Max Median Min Max Median

Trans-ABySS 201 Yes @ © 16m 2d6h23m 11h1lm 0.6 46.2 19.7 [9] 2010
Trinity 284 No @ 28m 1d20h10m 6h40m 7.2 2439 27.7 [10] 2011
Dases® 0.208 Yes @ @ 25m 8d15h45m 6h47m 3.1 110.2 31.3 [11] 2012
SPAdes-sc? 3130 Yes 16m 7h52m 2h26m 5.0 374 25.3 [18] 2012
SPAdes-rna’ 3.13.0 Yes® 11m 7h24m 2h17m 5.0 442 19.5 [17] 2018
IDBA-Tran 1.11 Yes @ @ 7m 8h49m 2h44m 0.6 29.1 0.6 [12) 2013
SOAPdenovo-Trans 1.03 No @ @ 1m 1h48m 24m 21 45.6 26.4 [13] 2014
Bridger® 14-12-01 No @ @ 11m 21h1lm Sh9m 1.6 109.3 30.4 [14] 2015
BinPacker? 1.0 No @ 5m 15h57m 3h3m 1.5 96.2 27.9 [15] 2016
Shannon 0.0.2 No @ @ OSm 10h45m 3h18m 3.8 1214 83.6 [16) 2016

We rated our experiences regarding the installation and usability of each tool : excellent; @: good; @: unsatisfactory). These experiences might be subjective;
nevertheless, we want to share them to give non-experienced users an idea of how difficult it is to get each tool installed (Setup) and executed (Usage) (see Methods
for details). For Trinity, we observed high memory peaks at the beginning of the calculations for large (human, mouse) data sets, which immediately returned to
moderate memory levels after a few minutes. More details about runtime and memory consumption can be found in Electronic Supplement Fig. S11. MK: presence of
a built-in multiple k-mer approach and the ability to automatically integrate the output of different k-mer runs.

Y0azes was used on top of the de novo genome assembler Velvet (v1.2.10) [45].

YSpades, originally designed as a de novo genome assembler for single-cell data, was used in single-cell modus (--sc) and RNA-Seq modus (--rna).

“When running SPAdes in RNA-Seq modus, 2 k-mer values are used by default.

4Bridger and BinPacker are based on a splicing graph construction instead of de Bruijn graphs,
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[ FastQC j [ Prin‘Mapping rate

We used HISAT2 v2.0.4 (RRID:SCR_015530) [41] to map the quality-
controlled reads back to each assembly. The re-mappingrate can
give preliminary insights into the quality of a transcriptome as-
sembly (Fig. S4); however, further metrics are needed to assess a
more complete picture of each assembler’s performance.
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Table 4: Selected evaluation metrics applied for each assembly and data set

No. Tool Selected metric Source
1 HISAT2 Overall mapping rate [40]
2 rnaQUAST Transcripts >1,000 nt [39]
3* Misassemblies

4+ Mismatches per transcript

5* Average alignment length

6* 95%-assembled isoforms

7* Duplication ratio

8 Trinity/Salmon ExS0NS50° [10,53]
9* Trinity/Blastx Full-length transcripts® [10,48]
10* TransRate Reference coverage [42]
11 Mean ORF percentage

12 Optimal score®

13 Percentage bases uncovered-

14 Number of ambiguous bases

15 DETONATE Nucleotide F1 [41]
16 Contig F1

17 KC score

18 RSEM-EVAL

19* BUSCO Complete BUSCOs? [43,42]
20* Missing BUSCOs

Metrics marked with an asterisk are biological/reference-based. All other metrics only rely on the reads used to build the
assembly and/or the resulting contigs. Details can be found in the Methods. ORF: open reading frame.

TNS0 statistic limited to the most highly expressed transcripts, which account for 90% of the total normalized expression
data, calculated with the Trinity toolkit utilities.

"Number of proteins covered by =90% by assembled transcripts.

“Not available for the E. coli and A. thaliana data sets because only calculated by TransRate if paired-end data are available.
4Sum of complete single-copy and complete duplicated BUSCOs.
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Genome Biol 2019 Apr 23;20(1):81. doi: 10.1186/513059-019-1688 A > O—KL CLinuxXIZiETA 2 A —)L T 5,

TransLiG: a de novo transcriptome assembler that uses line
graph iteration.

LiuJ" vuT' MuZ' LiG2

# Author information

Abstract

We present TransLiG, a new de novo transcriptome assembler, which is able to integrate the
sequence depth and pair-end information into the assembling procedure by phasing paths and
iteratively constructing line graphs starting from splicing graphs. TransLiG is shown to be
significantly superior to all the salient de novo assemblers in both accuracy and computing
resources when tested on arificial and real RNA-seq data. TransLiG is freely available at

hitps://sourceforge.net/projects/transcripto meassemblwﬂles.f’
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TransLiG: a de novo transcriptome a:
graph iteration.

LiuJ" vuT' MuZ' LiG2

Author information

Abstract [ Feature Extraction 2019-04-27 0
We present TransLiG, a ney )
i [Baseline Correction 2015-01-14 2 Laa
sequence depth and pair-er
iteratively constructing line { t.nsic 1.0terer 2018-08-12 2.4 MB 5l @
significantly superior to all 1l
resources when tested on g TransComb_v. 1L.0.tarzz 2018-04-06 40MB 2 LA @
hitps://sourceforge.net/proje
Readme.txt 2016-11-26 14 kB 7 hia @
BinPacker 1.0:targz 2016-10-19 2.3MB 3 [aaa @
BinPacker binary.tar.gz 2016-09-27 88.3MB 4 [ da @
Totals: 7 Items o7AMB 23

May 27, 2019 60



Contents
n FSURDYT— LB E T O RE A
0 RNA-seq(lluminaDi5 &) . BIEF =5
m RNA-seqT—2EET DA A=
0 IvE T —-FHBREEYMDRETE
m BRAGHEENTE R
O EREYIELAIENS . FIA RSO . oz T Y—)L (Maser)
O T—3BFTOEEREB (AL DOREBRPRERMLZY—IL)
m 7/ T—2a 0074 ILDERAIAH EFRRE
O RTEEYIEEHIERIGFD A~
m RCELEYECHIINGEERRE2
O F7/T7—2avI74ILET / LIERI7AILDD
n NHET—ERN—X
0 NGS£{A (NCBI SRA, EMBL-EBI ENA, DDBJ SRA)
0 DRADBIE ., VA )T4RATIE

May 27, 2019

61



" JE—
yhwAYES )LI\/Iaser

—kLTREVZRTF

PublQed ¢ PublMed

B (R R =5™H) TERASN TSIV E

IRIETHADMaserlZ. Linux—free (7 —4% 7T

RFLTLITIEERTTES

ELVDELE) ODNGST—28 T FEXTY,

US Nationa! Library of Madicine
Nstional Institutes of Health

Advanced

Format: Abstract ~ Sendto ~

Database (Oxford). 2018 Jan 1,2018. doi- 10.1093/database/bay027.

Maser: one-stop platform for NGS big data from analysis to visualization.

Kinjo S', Monma N2, Misu 82, Kitamura N', Imoto J", Yoshitake K* Gojobori T2, lkeo K€,

@ Author information

Abstract
http://cell-innovation.nig.ac_jp/maser/.

PMID: 29688385 PMCID: PMC5905357 DOI: 10.1093/database/bay027
Free PMC Article

[Indexed for MEDLINE]

:-j’_‘..
o

Images from this publication. See all images (3) Free text N

s - A — —_
+ —
3
= me S
s oo e o= =
P - . —
e = B — —
SiwaITT
a— S
= — il ¥
|

Help

Full text links
OXFORD

ACADEMIC

PMC Full%a

’ ..

Save items

Add to Favorites v

Similar articles 2
Epigenomic annotation of genetic
variants using [Nat Biotechnol. 2015]

Epiviz: interactive visual analytics for
functional genon [Nat Methods. 2014]

D3GB: An Interactive Genome
Browser for R, [J Comput Biol. 2017]

Cytogenetic Resources and
Information. [Methods Mol Biol. 2017]

Implementing WebGL and
HTML5 in ! [Trends Biotechnol. 2017]

May 27, 2019

62




" JEE—
yhwAYES )LMaser

—F‘L'C

PublQed g

US National Library of Madicine
National Institutes of Health

PubMed

Advanced

Format: Abstract ~

IEBHBYFET,

Bt (FEIE=EmH) CERAIN TS IS NEE
RETHADMaserld . Linux—free (T—R3E T v
AT TRTF

RFLTLITIEERTTES

VSEIK) DNGST—RETFERTY , Q2 EH
Abstracth‘MaserO)URL'|'§$|§0)J%IZUO'CL$OTL\
F3 A, QFull textD) I FEIZIFIELWLVZ T RS

Maser: one-stop platform for NGS big data from analysis to visualization.

Kinjo S', Monma N2, Misu 82, Kitamura N', Imoto J", Yoshitake K* Gojobori T2, lkeo K€,

@ Author information

Abstract
http://cell-innovation.nig.ac_jp/maser/.

PMID: 29688385 PMCID: PMC5905357 DOI: 10.1093/database/bay027
Free PMC Article

[Indexed for MEDLINE]
ki

N

Images from this publication. See all images (3) Free text A';

s - a — [ —
= E R .
ey s

OXFORD

ACADEMIC

| PMC Full%a

Save items

' Add to Favorites v

Similar articles
Epigenomic annotation of genetic
variants using [Nat Biotechnol. 2015]

Epiviz: interactive visual analytics for
functional genon [Nat Methods. 2014]

D3GB: An Interactive Genome
Browser for R, [J Comput Biol. 2017]

Cytogenetic Resources and
Information. [Methods Mol Biol. 2017]

Implementing WebGL and
HTMLS in I [Trends Biotechnol. 2017]

May 27, 2019

63




-._ MaserD by T R— (HAREIR) , DTRSINTULNS
> KO, BRI EEHT A A] BE, @QR— T ERIZFEEY,

) —)LMaser

@ Maser_ja X +

¢« 2> C {0 © REENTWELWEE | cell-innovation.nig.acjp/maser/index_ja.htm| e [3]

Platform for Drug Discover b
Informatics, and Strnctgral Life Si cmnc!’ Cell |nnOVOTIOH TQB plpellne Menu wiki

National Insfitute of Genetics
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IMaser

What is Maser

Maser(Management and Analysis System for Enormous Reads)iz. $FICUL\DRDBRERT -T2 H— (NGS5
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system

User Registration

Notional Institute of Genetics
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I RNA-seq

Quality Control Sampling
FastQC Sormer(a [¢.8 \mu@ncn data
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Maps read Transcript Map genome Nap genome
mapping -splice junction +splice Junction De nevo
A 4 transcript
seqmap BWA TOPHAT assemble
Aggregate‘“"__-‘. sl i
and identify [ Reads density on exons ] iy
Seq Similarity search
Cufflinks
getGensExp Identify splice isoforms Blast
HTSeq (known/novel)
Analyze [ | ——. T T
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DESeq {including normalization}
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[ | - Software name | |- Process name 3

@ Recommendation list

[ Amsiysis s | Trinity, Bowtie, eXpress, DEGseq, clustering and GO analysis (PE)

Analysis + | Trinity, TMAF, eXpress, DEGs=q, clustering and GO analysis (SE)

mﬁpHat, HTSeq, DESeq multi samples differentially expressed gene detection analysis (less than 10 N=1 samples]

? Related list

el cuffdiffoutToHtmIWithChIPpeakAnnotation (for multi comparison, add extra inf from GTF, with link for GE list, max 10 peaks)

Analysis + FoIVTTN HTSeq, DESeq multi samples differentially expressed gens detection analysis (PE)
Wlld BWA-DEGseq:getGeneExp-DEGseq: FET (PE)}

il DEGseq:FET for rSeq

el DEGseq (FET)_for miRNA

bl bl FastQC (SE) ’
il rseq (SE)

Mote "SE": For single-end read, "PE": For paired-end read, "GE": Genome explorer which is our original genome browser.
It is necessary to register to analyze your own data.
Recommended!! ; The popular pipeline or the latest one that the developer recommend.

Motice: Unrecomend not & tool used by the pipeline but the workflow of the pipelie.

References:

]
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el TopHat, HTSeq, DESeq multi samples differentially expressed gene detection analysis {less than 10 N=1 samples)

@ Related list

e el cuffdiffoutToHtmIWithChIPpeakAnnotation (for multi comparison, add extra inf from GTF, with link for GE list, max 10 peaks)

e Ll pWA, HTSeq, DESeq multi samples differentially expressed gene detection ana lysis (PE)

e Ll BWA-DEGseq:getGeneExp-DEGseq:FET (PE)
el DEGseq:FET for r5eq

el DEGseq (FET) for miRMA

el FastQC (SE)

il rSeq (SE)

Mote "SE": For single-end read, "PE": For paired-end read, "GE": Genome explorer which is our original genome browser.

It is necessary to register to analyze your own data.

Recommended!! : The popular pipeling or the latest one that the developer recommend.

Motice: Unrecomend not & tool used by the pipeline but the workflow of the pipelie.

References:
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cell-innovation.nig.ac.jp/maser_cgi/cip-pl_list_violin_ja.cg »
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® Maser ja

< &

Platform for Drug Discovery,
Infermatics, and Structural Life Sicience

Analysis

=8
[ Anaiyeis + |
[Analysis + |

= W P =

(% 5]

All pipelines

Total: 493 pipelines

X (® All-Pipelines

ﬂ- GO FEEINTVELEE | cell-innovation.nig.ac,jp/maser_cgi/fcip-pl_list_violin_ja.cqgi w 9 :

Data Analysis Center

Cell Innovc:hon MES pipeline —Menu wiki

Mational Institute of Ge

User Guide ¥

Name

Name

1000genomes annotation (indel.vef)
1000genomes annotation (snp.vcf)
ARTADE2-FA (Toyoda lab.)

Add base variation information to BAM
with SAMtools v0.1.16 samtools calmd

Add sequence to fastg (SE)
Assemble: Trinity (PE)
Assemble: Trinity (SE)

BLAST-based clustering of putative
families of orthologous genes by Putnam
et al. (Science 317: 86-94, 2007}

x|+ TEUVIDVERDOEEMATIOY 5 LBUSCOFIEY

Tools ¥ MGS Applications ¥ All Pipelines ¥

lDescription |
Description Num. of uses R
(hours)

1000genomes annotation (indel.vcf) 22 1.7
1000genomes annotation (snp.vcf) 26 1.6
ARTADEZ-Factor analysis (Toyoda lab.) 4
Add MD tag infnrmatiqn which is used for basal level displaying in g0 27
the several genome viewer.
To =ach lead of fastq, to add the specified array (SE) 255 0.3
Assemble: Trinity (PE) 606
Assemble: Trinity (SE) 175

The clustering method repeatedly executes two cluster-merging

steps based on the BLASTP result. In the first step, two gene

clusters between in-groups are merged when they are mutual best 59 239
hits. In the second step, clusters of genes are merged if they have

better hits to each other than to any outgroup genes.

blastn with nt DB or camera OB or your original DB. [input1:one -

oW a0 o _x EN SV _xf Wb . ' L _x_ £
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@ Maser_ja X (@ Al-Pipelines

12 RN BLAT + GE
13 BMap (PE considered as two SE)
EMap base multi sample comparison
14 QEEE pipeline(PE considered as two SE, with
Refflat annotation)
3 BMap base multi sample comparison
15 Wil pipeline(SE, with RefFlat annotation)
16 BUSCO v1.1(input : fasta(amino acid)}
17 Qo BUSCO vi1.1{input : fasta{nuclectide))
18 BUSCO v3.0.2(Gene set [amino acid])
mmm  BUSCOv3.0.2(Genome assembly
19 [nucleotide]}
20 BUSCOv3.0 2(Transeriptome [nucleatide])
21 BWWA (PE) + GE
22 ey BWA (PE, custom genome)
23 BWA (PE, custom genome) + GE
24 Qi BWA (SE) + GE

AIREMHN B EMTEET , CALRLIZIHYET,
Qr—%2ILT43EHYET . QR—C T ERIZFEEIL

x o+ TEVIVERDFHERT Y 5 LBUSCOERY
< C 0 @ FEINTWVEWEE | cell-innovation.nig.acjp/maser_cgi/cip-pl| © @::':%Lji-d—no ‘—AJ7:J~I|_.\ ergéhké*ﬂgﬁ
s LTBKEEWTLED,

Map reads to reference genome by using ELAT, and the result is
visualized by Genome Explorer{GE) on the web. [IN: fasta (single-
end)]

Map bisulfite treated short reads to reference genome by using
BMap. [IN: fastq (paired-end)]

Methylation rate comparison pipeline among multi sample all
combination tests.
BMap is used to map bisulfite treated reads.

Methylation rate comparison pipeline among multi sample all
combination tests.
BMap is used to map bisulfite treated reads.

BUSCO: assessing genome assembly and annotation
completeness with single-copy orthologs

BUSCO: assessing genome assembly and annotation
completeness with single-copy orthologs

BUSCO: assessing genome assembly and annotation
completeness with single-copy orthologs

BUSCO: assessing genome assembly and annotation
completeness with single-copy orthologs

BUSCO: assessing genome assembly and annotation
completeness with single-copy orthologs

Map short reads to reference genome by using BWA, and result
is visualized by Genome Explorer(GE) on the web. [IN: fast
(paired-ended)]

Map short reads to custom genome by using BWA. [IN: fastg
(paired-ended)]

Map short reads to custom genome by using BWA, and the result is
visualized by Genome Explorer(GE) on the web. [IN: fastq (paired-
ended)]

Map short reads to reference genome by using BWA, and the result
is visualized by Genome Explorer(GE) on the web. [IN: fasig
(single-end)]

- [

a4 145

4 86

12 T08
15 0.

3 0.1

21 2.2

35 0.8

2197 165

B 16
1,736 71

g
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Mat Commun. 2017 Jul 5;8(1):59. doi: 10.1038/s41467-017-000:50-4.

Gaining comprehensive biological insight into the transcriptome by
performing a broad-spectrum RNA-seq analysis.

Sahraeian SME', Mohiyuddin M', Sebra B2, Tilgner H?, Afshar PT#, Au KF*®, Bani Asadi N', Gerstein MB®, Wong WHT,
Snyder MP?, Schadt E2, Lam HYK®.

+ Author information

Abstract

RMNA-sequencing (RNA-seq) is an essential technique for transcriptome studies, hundreds of analysis
tools have been developed since it was debuted. Although recent efforts have attempted to assess the
latest available tools, they have not evaluated the analysis workflows comprehensively to unleash the
power within RNA-seq. Here we conduct an extensive study analysing a broad spectrum of RNA-seq
workflows. Surpassing the expression analysis scope, our work also includes assessment of RMNA
variant-calling, RNA editing and RNA fusion detection techniques. Specifically, we examine both short-
and long-read RNA-seq technologies, 39 analysis tools resulting in ~120 combinations, and ~490
analyses involving 15 samples with a variety of germline, cancer and stem cell data sets. We report the
performance and propose a comprehensive RNA-seq analysis protocol, named RNACocktail, along with

a computational pipeline achieving high accuracy. Validation on different samples reveals that our
proposed protocol could help researchers extract more biologically relevant predictions by broad analysis
of the transcriptome RNA-seq is widely used for transcriptome analysis. Here, the authors analyse a wide
spectrum of RNA-seq workflows and present a comprehensive analysis protocol named RNACocktail as
well as a computational pipeline leveraging the widely used tools for accurate RNA-seq analysis.

Sanraeran et ar, INat Gommun.,, 8\1/. 99, ZUT7
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FEi(gzip) 27 IR TT . EFRIIFIPY A T . (AFREFSHDELITFICUAF P LT ET,
= £} ; Human(H sapiens)
Zw | Rat{R_norvegicus)
F 3; Cat(F.catus)
7 1 3 Rabbit{ O.cuniculus)
—FJ: Chicken(G.gallus)
- R; Dog(C.familiaris)
) <7 : Horse(E caballus)
w1 7 Zebrafish

Lerno

rFI=7

[£] [£] o o [£] [£] a [£]

s A% :RAP-DB (Sakai et al  Plant Cell Physiol  2013)
= [H 77 0—F]- [ Gene set] -l Gene structure and function information in GFF format] -l Download] .
IRGSP-1.0_representative 2014-03-05 tar.gz (12 AMBIEE YD B 77 LOV§SNET,
« O+ R+ Z 7 The Arabidopsis Information Resource (TAIR) (Lamesch et al . Nucleic Acids Res._ 2012)
o [H 3 O0—F|-Genes]- [TATR10 genome release]- [TAIR10 gff3| D TAIR10 GFF3 genes gff (42MBIEE)
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o 0O NGS |7 /7 —a [G4RER S

GFFIGTFR2X 771 IL D

GFF/GTFED 2Tl

falZrefFlatfie GmERR L%
I7MIVEANTFELET

GFF3ﬁ/‘t(/|:|»rszd-7<“d- TAIR10_GFF3 genes. gFF)

Ld FJ

=] LN

]

8
10
ll

TAIRO CDS
TAIF1 O exon
TAIR1O CDS
TAIR1 D exon
TAIRIO CDS

TATOE N ey

Chrl TAIR1O chromosome
Chrl TAIRTO gene

Chrl TAIR1 0 [mRMNA |

Chrl TAIR1 O protein

Chrl TAIR1O exon

Chrl TAIR1O five_gprirne_LUTR
Chr
Chr
Chr
Chr
Chr

Y |

F G H

1 30427871 .
531 BEE5 .
3531 o288 .
3760 2830 .
3531 3813 .
3631 3758 .
3760 3813 .
38845 427§ .
JR8G 4276 .
4485 4505 .
44885 4505 .

A TS

EGF

b+ A+ A+

I0=Chr Mame=Chr

[D=AT1 G0 01 O:Mote=protein_coding gene;Mame=AT1 G011 0
ID=AT1 G0 01 01 Parent=AT1 G0 01 O:Mame=AT1 G001 0101 Index=1
ID=AT1 G0 01 -ProteinMame=AT1 G011 01 ;Derives_from=AT1 501 0101

Farent=AT1G01 0101
Parent=AT1G01 0101

ICI Parent=AT1GE01 0101 AT1GM M 01 -Protein;

Parent=AT1G01 0101

2 Parent=AT1G01 01 01 AT1 GO 01 01 —Protein;

Parent=AT1G01 0101

0 Parent=AT1GM M 01 AT1 G0 0101 —Protein;

Do b — T 2y 714 51 4

GTFﬁ/Et (‘57 77»{‘/ /:L Danio rerio.Zv9.75. gtf)

Ld B3

= h o

#!ge no me—huild £wS
#oenome—version Zud
#oenome—date 201 004
# g2 nome—huild—accession MNCBLGCA_QQOO02035 2
# oo ne build—-last—updated 201 4-02

FG H

7 protein_coding gene 100958 101715 . + "EMSDARGOO0O007E051 " sene name " CABZ0 06285417 oene

T protein_coding 100958 101715 .+ oene id “EMNSDARGOO00007E051 ™ transcript_id * EMSDART 000001 1 3409
8 7 protein_coding exon 100953 100975 0 + gene id T EMNSDARGODO0D0TE0S1 ™ transcript_id © EMSDART 0000011 3409
g 7 protein_coding CDS 100858 100975 . + 0O gene_id "ENSDARGOOD0007E051 " transcript_id " ENSDART 000001 1 3409
10 | 7 protein_coding exon 101077 101 7s . + gene id " EMSDARGOOO0007E051 ™ transcript_id " ENSDART 000001 13409
11 | 7 protein_coding COS 101077 101715 .+ 0 gerne_id "EMSDARGOODD007E051 ™ transcript_id ~ ENSDARTOO0001 1 3408
12 | 7 protein_coding gene 116160 117573 . + mene id " ENSDARGOO000O0S86531 ™ gene name " BXE110271": oene sour
13 T nmtein coding  transcrint 116160 117573 + oene id T ERSDARGOOOON0RSES - transsrnt id T ERSDART 00000 #9330
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L] J kO | NGS | 7 /7 —ia 1E4REY S | TxDb | GFE GTFR Z o7 (Lhs| Sedd AR ERIE Car 5. 5 A A [FHFELLY

GFF@) |:|Jl.37“3_37~

ST=H. TDERDEMEBE TS L.
Linux £ TO BRIk, — iR TIILEEE

k0 | NGS | 7 A7 —3321§5EHY{F | biomaRt(Durinck 2009) (lgst modified 3013.-"09.-"2 AJo ﬁ%@ .‘—‘11 957:'*& gjj-ﬁb\ > 0)" 5 *&*E

A0 | NGS | 7 A7 —ig1EEEYS | TxDb | 22U T (last modified 2014/03/28)
A2+ 0O | NGS | 7 /7 —i3.-{§$EY{5 | TxDb | TxDb.*#"5 (last modified 201
b0 | NGS | 7 /T —33 [§$ER1F | TxDb | GenomicFeatures(Lawrence
0O |NGS | 7 /T —i3.-153R{F | TxDb | GEE/GTFRT 2 7 JLis
A2k 0O | NGS | w?;t 17 | BSgenome | B Fﬁ#ﬁ’fi‘ﬂﬂf? (last modified 2016/0

k0
s
b0
{0
b0
b0
0
b0
0

soo19) | 0)3575\('}"(7"’(,\ SAMh-oTEELT=,

3) (last niooITET 20T
modified 2016/02/09)

)

B oot wadifid Aind £V A MY

(kO | NGS | 7/T_?3szﬁﬁm #F | TxDb | GFF/GTFIERX 771 JLHhb NEW

QuasE) 4T —2 5 AT Dol A RN D RIS AL, "TxDb " SRR A T o O R AT 0B Y
Fd ., T3, GenomicFeatures ) o T —U 5 BN T FI CHESGFF/GTFREZR 77/ L E A DAL T T=DbAF 2 DL F {8 AR RLET .,
E 8] C13 GenomucFeatures/ $ +T — 3/ P D make TxDbFromGFFR#rPE . T GFF/ GTFE R 27 1/ e g AL Z &7 TaDbA F /2 Db T

ST U BT E CTEET L LAL, IS N TxDLA ./I’Jl"?_”;"z'i-n? A TR AIERLT D A R 8 18
Elo, T LRSS ST g SRR B T BET S— M E9, BE{FERIZIZ. GFF/GTF 77 - PIor /L EDY| I 27
LWBEEFEESFLIIS-DEEEBESYEVET.,

1. TATR(Lamesch et al. Nucleic Acids Res., 2012) o2& T v& Arabidopsis®@ GFF3E, 77 -1 JL(TAIR10 GFF3 genes.giDIFS:
EFfETd. 513 LFFAN. 20158348 I0T. ChuC BT EEREeNTLE T ET .

in f ¢- " #A 77 A IBEEEL Tin_fICHEM(GFF/GTF 7 7 1 1)
# ALV T — O —

library(GenomicFeatures) #) 5w T — DA AR

#4%(TxDb 729 = 2 + DFERE)

txdb <- makeTxDbFromGFF(in_f) #txdb 73/ £ 2 b OERY

#ESEL THRIFTY
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[ MEEGHFﬁ??ﬂL OBIET, QZZTHWLWTWAGFFEEXD A7
GFFO) 37* J% 74Mi QoI BLELZ, @F0)vIL
SV DAP. A F=DLYTRDASAREBD D, T AT L

k0 | NGS | 7 A7 —3321§5EHY{F | biomaRt(Durinck 2009) (1;51: mod;iﬁﬂdil_ﬂlf @hOng?}')le\\W (:®®gﬁ77,{)[/‘i% [,)i-d—

A2k 0O | NGS | 7 /T —33[B$EEY {8 | TxDb | |2 DL 1T (last modified 2014/03/28)

4 b 0O | NGS | 7 47— [§ERER {5 | TxDb | T=Db_*1"5 (last modified 2015/02/19)

k0 | NGS | 7 /7332 153FEY 1] | TxDb | GenomicFeatures(Lawrence 2013) (last modified 2015,

k0O | NGS | 7 /T —23.-1§3FIR8 | TxDb | GEE/GTFE T2 7 )14 (last modified 2016/02/09)

A2k 0O | NGS | w?;t 17 | BSgenome | Eﬁﬂﬁ#ﬁ%ﬁﬂf? (last modified 2016/04/22)

_1"__/;'.“ l:l B Mend s Ao A 01 &S 0004 599

“iall 4>k0 | NGS | 7}7—:«'3;’(%%& | TxDb | GFF/GTFIERX 77/ Lo NEW
kO

1;2::[1 QuasR) 1T —VEFNTH S LAD2 ot S SRS EFEISI L EFIC, "TxDb EL IAD A FV O AT LB EY

{40 F9, T3, GenomicFeatures Mo T —U % T FalcB S GFF GIFED 71 ILE A NEL T TxDbAF 2 2 D Fi§ 52U BE T LT,

£k 0 E78)| - |3 GenomicFeatures! 1T — 3/ D make TxDbFromGFFRIHTE FL T GFF/GTEE R, 77 IV E Fedm AU UC TaDbA D/ s D1 T
: Sl AR U B I EICTEE T L, 130N TxDbT ,/IS'H_”:UL?' A HERI T RNTHY - 515515

AR D a1z 5oL BRI 7 /T — 2 BT B TV BET S— & E9, EERICIE, GFF/GTF7 )Lt o4 s L B ol o7g

1HO L EEEsE S LTS RE AN EYET.

Ak 0 . .
1. TATR(Lamesch et al. Nucleic Acids Res., 2012) o2& T v& Arabidopsis®@ GFF3E, 77 -1 JL(TAIR10 GFF3 genes.giDIFS:

BEFFTT, 2513 LFEFAD. 2015F3 H4HIRTE. ChrC RT3 0L v 58dis N TLE T ET .

in_f g¢- "TAIR1@ GFF3 genes.gff" #A N7 A IBEEEL Tin _fICHEIMN(GFF/GTF 2 7 1 1)

T«Eb 7. GFF3E 77 - ). (Lactobacillus hokkaidonensis jem 18461.GCA 000829305.1.30.chidmosome.Chromosome.gff3)D 155::
' Ensembl (Flicek et al., 201438821 T 1% Lactobacillus hokkaidonensis JCM 18461 '

#AE(T

txdb <-| |in_f <- "Lactobacillus_hokkaidonensis_jcm_1846

— —_ =

#FLE = O — )
library(GenomicFeatures) #1% o AT — LA DFL AN

#HFE(TxDbA F 2/ = I + OFERE)
txdb <- makeTxDbFromGFF(in_f, format="auto")#txdb7 7/ 2 | DO{ERY
#HEEEL TARIFTY
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6.’ EnsemblBacteria

Lactobacillus hokkaidonensis JCM 18461 (ASM82939v1) -

Lactobacillus hokkaidonensis

@ v Search Ensembl! Bad

DGFFI7AILIZZIHSEE ., QDezipEHET 7
ANEZ O A—FLTHRELIZEDNANT7A
W @D HI=-YUNN—30BS i, #m A

BRTN—30B SN ELB EEZTHRTS
D 1%£20164E5 8 Drelease 30N T 74 ILIZIEYET

JCM 18461

Lactobacillus hokkaidonensis JCM 18461

Provider European Nucleotide Archiveg? | T

Search Lactobacillus hokkaidonensis JC!

e.g. rpsO or Chromosome:1324161-13244

About Lactobacillus hokkaidone]

o Information and statistics

Genome assembly: ASM82939v1

0 More information and statistics

&] Download DNA sequence (FASTA)

FTP T«14L-2k') /pub/bacteria/release—
38/gff3/bacteria 93 collection/lactobacillus hokkaidonensis jcm 18461 /
ftp.ensemblgenomes.org

ITOATO—5—TZ0 FIP YA MEFRTRT L2, Ak 5T, TRl Z5)vo0., [T22370—5—TFTP Y1}
K] TS ) SUTEE

1B DT R

01/16/2018 12:

Fig

386 CHECKZUMS

ol

ﬁ Display your data in Ensembl Bacteria

Comparative genomics

What can | find? Gene families based on
HAMAP and PANTHER classification

0 More about comparative analyses

1

010672018 07 1958 955 Lactobacillus hokkaidonensis jom 18461 .05M3%939y1 .38 .abinitio.sff3.22

010652018 07 :195®/] 148,489 Lactobacillus hokkaidonensis jom 184671 .A5M37959y1 .33 . chromosome . Chromosone .&f 3. &=
017062018 07 :1 H 6,931 Lactobacillus hokkaidonensis jom 18461 .05M329358v] .55 . chromosome.. pLOOCERED-1 .2f {3 . 0=
01/06/2018 07 il 3,017 Lactobacillus hokkaidonensis jom 18461 .05M329358v] .55 . chromosome.. pLOOCRRD-2 . 2f {3 . o=
010652018 07 :195®/] 11,327 README

m— v MOoTE aouUatrT NS SCIIUUUIIU
— : &] Download genes, c¢D RNA, o l
— proteins - FASTA - GFF3 v W

Example region

A

Gene families

0 Phylogenetic overview of gene families

Ensembl Bacteria release 34 - December 2016 © EMBL-EBI
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‘\ Update your old Ense s

Variation

This species currently has no variation database. However you
can process your own variants using the Variant Effect Predictor:

Variant Effect Predictor

Vel

Ensembl: Zerbino et al.,

Example transcript

Nucleic Acids Res., 46: D754-761, 2018 88
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H A X H$2.4MB., 52,344 coding genes’iE DIE
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Ensembl##

v  BLAST | Tools | More » &)~ Search Ensembl Bad

Lactobacillus hokkaidonensis JCM 18461 (ASM82939v1)

Lactobacillus hokkaidonensis
JCM 18461 Login/Register

Fectobacilus hoki@donensis JOM 15401 v  HMMER | BLAST | More v - Search Ensembl Bacteria... Q

Provider European Nucleotide Archive | Taxonomy ID 1291742 &

Search Lactobacillus hokkaidonensis JCM 18461... m Lactobacillus hokkaidonensis Jcm 18461
e.g. rpsO or Chromosome:1324161-1324484 or synthetase . - . .
. . Lactobacillus hokkaidonensis JCM 18461 Assembly and Gene Annotation
About Lactobacillus hokkaidonensis JCM 18461
Lactobacillus hokkaidonensis JCM 18461 Statistics
o Information and statistics ;
Organism Summary
Taxonomy 1291742 Assembl ASM82939v1, INSDC Assemb
; y . embly
Genome assembly: ASM829394 & Gene an ID GCA_000829395.1, Nov 2014
0 RO P What can Name Lactobacillus hokkaidonensis JCM 18461 Database version 911
: @. codin.g gel| Aliases Lactobacillus hokkaidonensis JCM 18461 sir. Base Pairs 2,400,586
I'!I Download DNA sequence (FAST. = protein sef LOOC260
View karyotype © Vo Lactobacillus hokkaidonensis LOOC260 2,400,586
a Disp nsembl Bacteria Lactobacillus sp. LOOC260
- — &] Dow| (Classification > root Genehu:ld by ENA :
e proteins - > cellular organisms ﬁi?l?:slld Generated from ENA annotation
: U + Bacteri
Esample ragion ‘\ pdy actena . Data source European Mucleotide Archive £/
* Terrabacteria group
* Firmicutes
Comparative genomics = Variatio > Bacill Gene counts
What can | find? Gene families based on o This specil » Lactobacillales 2,344
HAMAP and PANTHER classification. can proce: ¥ Lactobacillaceae 68
o More about comparative analyses Gene families Variant Ef{ » Lactobacillus
* Lactobacillus hokkaidonensis &8
o Phylogenetic overview of gene families » Lactobacillus hokkaidonensis
JCM 18461 Gene transcripts 2,412
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EnsemblfZ:iq

FTP T4L-2K) ,«”lzuuhz’bﬂr;tnaneu'rnalf'.-.alsi [F1DDEEAKREQ2DNDTFAIR(pLOOC260-1&

38/fasta/bacteria 93 collection/lact

ftp.ensemblgenomes.org

IO2A70—>—T_h FTP 4 taFrnd olll At ¥ merst oo = r~rm

o| PLOOC260-2)A57E>TVET . DIXZEDSH D

hb\3’3®ﬁaﬁub\it&bbhf—%waw'cuto

WAABEDMRH TR LMY FEE AN, GFF
TJ7AILE—FEIZIYIRLN=L\EEIZIE, GFF 74 )L
EL-RBIDOZEHREBLET  EFEIZIZ. CDY / L

BAERIDAHIZHYEST , Q7ML A XBIIZ, C

J L TTITF 7711
K] =0 ) LTI,
1 BEE LT L ZE
01/15/2018 095694 1,132 CHECESLMS
01/08/2018 12:2494& 706,219 Lactobaci | lus hokkaidonensis jom 18461 .45M82539v] .dna.chromosome . Chromosone.fa. 22
0170872018 12:24591% 26,014 Lactobaci | lus hokkaidonensis jcm 18461 .45M825939y] .dna.chromosome . pLOOCEED-1.fa. 22
01/08/2018 12:2494& 13,347 Lactobaci |l lus hokkaidonensis jom 18481 .45M82939]1 .dna.chromosome . pLOOC2RD-2.f 8. g7
01/08/2018 12:2494& 745,580 Lactobaci | lus hokkaidonensis jom 18461 .45MB2939v] .dna.toplevel .fa.gz
01/08/2018 12:249& 706,228 Lactobaci | lus hokkaidonensis jcm 18461 .45M3259359 ] .dna rm.chromosome . osome.fa. gz
01/08/2018 12:2494& 26,023 Lactobaci | lus hokkaidonensis jom 18461.45M825939v] .dna rm.chromosome CC2R0-1.fa. g7
01/08/2018 12:2494& 13,355 Lactobacillus hokkaidonensis jom 18461 .A5ME2H34y] .dna rm.chromosome” pLOOCRED-2.f 3. 27
0170872018 12:24591% 745,606 Lactobaci | lus hokkaidonensis jcm 185461 .45M8259359v] .dna rm-toplevel .fa.gz
01/08/2018 12:2494& 706,228 Lactobaci | lus hokkaidonensis jcm 18451 .AEM32939v] .dna sm.chromosome . Chronosone.fa. g2
01/08/2018 12:2494& 26,022 Lactobaci|lus hokkaidonensis jom 18461 .ASMEZH34v] .dna sm.chromosome . pLOJCYED-1.f 5. 22
0170872018 12:24591% 13,355 Lactobaci | lus hokkaidonensis jcm 154681 .85MB2534y] .dna sm.chromosome . pLOOCYRED-2.f 8. 22
01/08/2018 12:2494& 745,605 Lactobaci|lus hokkaidonensis jom 18461.45M825939v] .dna sm.toplevel .fa.gz
01/08/2018 12:2499& 4,323 EEADME
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[ s AR 0O | NGS _*‘J:T-—ifalx'rﬁiﬁﬁﬂfﬁ TxDb | GFE/GTFH: 7]

GFF®D A FH

7. GFF3¥E, 77 1 )l (Lactobacillus hokkaidonensis jem 18461.GCA 000829

DBIETH R A IAH D E KR, @GenomicFeatures

EWLNS I\ —U AR T H@make TxDbFromGFF
A% Z FLNTCGFF 74L& AIAA T, TxDb&lLY
SHFDHA TRYIRZSEIIZTH

LA Issbl [ Iamzawa et al., SOl T =309,

Ensembl (Flicek et al_ 20145 3B EE 1 TL 1% Lactobacillus hokkaidonensis

2 em 1RAG =T NARRIG2I05 36 .....:..:::._:I:...:.x.:_::x.%l_;_'_':"#/'.l\

in f ¢- "Lactobacillus hokkaidonensis jom 18461.GCA 9888297

BTV O—-F
library(GenomicFeatures) #) % T — VOEL A IAR

#4E(TxDb T3/ 2 2 + OTERR
txdb <- makeTxDbFromGFF(in_f, format="auto™)#txdb T i z 2

kD 1ERY

‘ #ESEL T AT TY
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] J A0 | NGS | 7 A7 —33 1§5EEY{S | TxDb | GEE GTEREF 7 /L8 @Eﬁﬂﬁﬂfﬁo)txdbﬂ'

OO DREERTR
GFF® 35 A 3A & U i T

7. GFF3¥3. 77 - )l (Lactobacillus hokkaidonensis jem 18461.GCA 000829395.1.30.chromosome.Chromosome.gff3)D 185
Ensembl (Flicek et al . 2014 S B HE 1 TL % Lactobacillus hokkaidonensis JCM 18461 (Tanizawa et al. 2015) DT —42 T4,

in_f <- "Lactobacillus_hgigsssssssmmesmanbidainteinfattatntaninns b =n e
" P — =y — . L)
?HEQJ\”q-;“%D F |> txdb <- makeTxDbFromGFF(in f, format="auto")#txdbA < 1O+O{ER
ibrary(GenomicFeatures) , — .

Import genomic features from the file as a GRanges object ... OK
#2FE(TgDbA 7/ 2 0 +F OfF Prepare the 'metadata' data frame ... OK
sale akeTxDbFromGFF(: Make the TxDb object ... OK

> txdb #ESHLTAZHTY

TxDb object:

# Db type: TxDb
# Supporting package: GenomicFeatures
# Data source: Lactobacillus hokkaidonensis jcm 18461.GCA 000829395.5
# Organism: NA
# Taxonomy ID: NA
# miRBase build ID: NA
# Genome: NA
# transcript nrow: 2262
# exon nrow: 2262
# cds nrow: 2194
# Db created by: GenomicFeatures package from Bioconductor
# Creation time: 2018-04-13 16:12:15 +0%00 (Fri, 13 Apr 2018)
# GenomicFeatures version at creation time: 1.30.3
# RSQLite wersion at creation time: 2.1.0
# DBSCHEMAVERSION: 1.2
> |
W
< >
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] J OO NGS | 77— 1B eRERiE | TxDb | GEEGTFE | DT/ LlE A DDEBKRE2DDTSAZR
= E’?l (pLOOC260-1&pLO0OC260-2)M B> TLVET ,

DOFERIFZEEBAERDHADEIETT , @DEnsembl

7. GFF3J2 77 - ) (Lactobacillus hokkaidonensis jem 18461.GCA 0008203 )T JH A EF TR SN AMEE—BLTLVFEHA

Ensembl (Flicek et al_ 20145 12 EHE M TL 1A Lactobacillus hokkaidonensis JCR T8301 (I anizawa et al
in_f <- “"Lactobacillus_hgiisscenesniminnniidaintainiatsadatminlGeshnanesans Assembly ASME2939v1, INSDC Assembly
S o] GCA_000829395.1, Nov 2014
LB T — VRO - F _ male T e - o 4 i
1ibrary(GenomicFeatures) > txdb < mc_}lquxDI:Fr:ﬁm,_-.FF{ln_f, fD:F‘mat Database version 871
Import genomic features from the file 3 Base Pai 2 400 586
#£F(TxDbA 7/ = 0 F OfF Prepare the 'metadata' data frame ... ( ase Fairs S
txdb <- mEIkETKDbFr‘DmGFF(] Make the TxDb Dbje{:t ... OK Golden Path 24{][]536
> txdb Length
TxDb object: Genebuild by ENA
# Db type; TxDb , Genebuild Generated from ENA annotation
# Supporting package: ngomlcFeatu;es method
i gi;gnigi%{:;i Lactobacillus hokkaldong Data source European Nucleotide Archive &/
# Taxonomy ID: NA e ¢
# miRBase build ID: NA ene counts
# Genome: NA
transcript nrow: 2262 2,344
exon nrow: 2262 6d
cds nrow: 2194 genes
# Db created by: GenomicFeatures packad| 68
# Creation time: 2018-04-13 16:12:15 +(|*
# GenomicFeatures wversion at creation 1|Gene transcripts™ 2,412
# RSQLite wersion at creation time: 2.1.0
# DBSCHEMAVERSION: 1.2
> |
W
< >
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[ J A7+ 0 | NGS | 7 A7 —33 15515 | TxDb | GEE/GTER= 7]

kRl

7. GFF3¥2. 77 - )l (Lactobacillus hokkaidonensis jem 18461.GCA 0008293

Ensembl (Flicek et al_ 20145 12 EHE M TL 1A Lactobacillus hokkaidonensis J(

in_f <- "Lactobacillus_hgisssssraimeeebidaintaindaanai
HRRIG w7 RO F |> txdb <- makeTxDbFromGFH
library(GenomicFeatures) .

Tmport genomic features f
#HE(TxDbA 7/ 2 2 +DfF Prepare the 'metadata' ds

txdb <- makeTxDbFromGFF(: mote the TxDb object

DT/ LIE NADDEBKRE2DDT SRR
(pLOOC260-1£pLO0C260-2)MN %> TLVET ,
DOFERIFILBAERDAHDEIETYT , @DEnsembl
D7 YAFETRONDZBELE—HBLTLEREA
s TTRZRDeff 774 )L (plasmid1.gff3&
plasmid2.gff3) ZNZE NFHEAHAATD
transcript_nrow (Gene transcripts)&@)cds_nrow
(Coding genes)D1EHZE1FT. @Ensembly T4
A EDBHIELIEOTHEIZERE X

> txdb
TxDb object:
Db type: TXDb

Organism: NA
Taxonomy ID: NA
miRBase build ID: NA
Genome: NA
transcript nrow: 2262
exon nrow: 2262

cds nrow: 2194

H= S HE S S

Db created by: GenomicFeatures packad
Creation time: 2018-04-13 16:12:15 +(*=
GenomicFeatures version at creation {1 Gene transcripts™ 2412
ESQLite wversion at creation time: 2.1.0

DBSCHEMAVERSION: 1.2

VoSE S HE 9

]
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Length
Genebuild by ENA
Genebuild Generated from ENA annotation

Supporting package: GenomicFeatures | method
Data source: Lactobacillus hokkaidonsd

Data source Eurcpean Nucleotide Archive &

Gene counts

2,344
65

genes
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EROBIE - #i=

HEEFTERULTVSRESY (FIXAZUT ML) BRFHRCDVT. HICEERFIEN
BnTEhLIcERLET. £ ROAFILFY IEEELET.

LR

FIEEC (F4- 8- 7oA ESE)

BM5E

EETIE ROBA/ W IT—SEARLET. FERAHEPCHIRTEE R 1AL | [E
DWT ZEZCLTREFSFUBED) (Wi —DBEB T AR LTENT UL SST

UV I I FROEFNEFRGEEEEH TOELTRRLLTDPT 0T, EX
HIRFIAG® 28 CLTERNISATEEL TSV TILEY

ZEZEE

FHE=" & (888 &8). X
2014, ISBN:978-422#°12370-0

Useful R @ FZ2ADUT h—ABRIR] . iR,

HEE T ESEET— 98I MEDSI. 2017

BEOE (2019FF)

1. 2019055278
HEBENPDF
gff327 1)L (¥11.3MB)
faZ7 I ($12.2MB)
(RTMEERTIREN
(RTYTA 0P LA T — 58
plasmid1.off3(385EH)
plasmid2.gff3(3EEA)
de Lannoy et al., FI000Res., 2017
Garalde et al., Nat Methods, 2018
RMNACocktail : Sahraeian et al., Nat Commun., 2017
2. 20195068038
3. 2019068108
4. 20195F068178

May 27, 2019

DT SRR DeffFI74IL(
plasmidl.gff3&plasmid2.gff3) (FTH S

1. 20195058278

AREEPDF

.gff3277 )L (§11.3MB)

fad 7 (§12.2MB)
(RT)IEERTIAEN
(RT)TAIOF LA F—F @i
plasmidl.qff3(ZER)
plasmid2.gff3(FZEH)
de Lannoy et al., F1000Res., 2017

Garalde et al., Nat Methods, 2018

RMNACocktail : Sahraeian et al., Nat Commun., 2017
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Jmﬂ Genof multi-FASTAZ 74 )L (7 / LEEHIIRHR) EGFFI7 1)L
(7/T—2a ) ERBCERARATIET, O
EK q:% @E 5 IJ Hy Y A9)Th—L (EEY) BSlEHE—KISMETS

o A0 —8 | BOYIERS | 7 0E—2—A0F E’SgﬂlnmethDbﬁ“b{lam B i -

o (0| —#% | BOFIERS | 70T —S%— 805 | GenomicFeatures(Lawrenc ht:bﬁ'rﬁ"éo ®1§IJLESO ®‘ihogej7‘|_}l/9 I:FI "% )35-9-
o A0 | —f% | BLPERNF | F S22 00T — LELY | 25 DBO S (last modified 2015/05

» (0| —#8 | BoFIENS | FZ2 00U F — L B0F | GenomicFeatures(Lawrence 2013) odified 2016/02/09)

0| —fx | BLFIERIS (3R 00T — LECDFI | biomaRi(Durinck 2009)(last modifiq2015/02/20)

« /R0 |— S22 | wlew T | anenvlaw(lact modified 201511151

RO ING A0
« A F0 | NG NEW
» R0 | NG -

+ A0 | NQGenomicFeatures) ST — UF EICHL TS AU — LECHIFISS U A% TLE T, [MextractTranscriptSeqs] #{T52 5T, e
o AR E | NG5 EEE %)._EJ{'J T Eﬁ' transcriptsBy¥# ER 7313, exonsBy, cdsBy, intronsByTranscript, fiveUTRsByTranscript,
+ {2 O [ N(threeUTRg RAY HTEX B A AN TEET .,

—i% | BRI | b5 X9 T—LESI | GenomicFeatures(Lawrence 2013)

o ARO[ NQIZ7A L 5. G]F"_Ff_'nﬁit@?h'—:faf??*f JLEFASTATERDY 7 LECSI 271 I ESa AU 55
» b0 NG

1.}k (BS GFF3fz3\ 77 1 Jl(Lactobacillus hokkaidonensis jem 18461 GCA 000829395.1.30.chromosome Chromosome off3) *FASTAF:,
_ | Z7-)l(Lactobacillus hokkaidonensis jem 18461.GCA 000829395.1.30.dna chromosome.Chromosome. fafr oAU /AT,
Eﬁg ’59;0’ Ensembl (Flicek et al . 201475 32ES T\ 1A Lactobacillus hokkaidonensis JCM 18461 (Tanizawa et al . 2015) DF — 2T .

: in f1 <- "Lactobacillus hokkaidonensis jc '_'_-5—5_ GCA ©88829395.1 E-Z' .dna.chromosome .Chromosome.fa"
out_f <- in f2 <- "Lactobacillus hokkaidonensis j 1.GCA 88e829395.1.30.c ome.Chromosome. gff3"# A
param_bs§ | ot £ <- "hogeS.fasta” #.‘i".jfl? *fJL}%"&? L Tout -FIJ%—?‘P?
param_txg

| | seEG L r—vEO-F 1. 20195058278
T_J’—-;ETME{ library(Rsamtools) #50T|  BEBEPDF
ibrary library(GenomicFeatures) #)5wT - .
. library(Biostrings) #1500 4T -gff377 )b (#11.3ME)
#AIALEE (] faJ2 7+ (#12.2MB)
irlngr‘i "Fif #7717 IOFEA AR (RT S EEFI T
o ] txdb <- makeTxDbFromGFF(in_f2, format= :ilf:é?ﬁl E)# (RT)TAIOF LAF— SR
. plasmidl.gff3(:3EMH)
#ﬁﬁﬂfi(zﬁj{bUﬁEiﬁ@Eﬁgrﬁ$ﬁmf%} e plasmid2.gff3(z28/H)
hoge <- transcripts(txdb) #155E L '
4T, de Lannoy et al., FI000Res., 2017
Garalde et al., Nat Methods, 2018
L | sdrHermO R AGIS Y
RNACocktail : Sahraeian et al., Nat Commun., 2017
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J o A0 —f | BOPIERIS [ F S22 00T — JAEE@] | Genomiy

EK%fF%EEﬁIJ g

DIE. GFF77 A/ ILIERERFLItxdbA Tk hH
5. transcripts&ELV OB Z ALV THE L=\ EY)
D EEFHRETIFLI-HE R ZDhoge[TRFEL TLVS

~

5. GFR3ERM 7 /732271 ILEFASTAERD Y /L Eﬂﬁll?? 1% SR AL RS

GFF3F27. 77 1 Jl(Lactobacillus hokkaidonensis jem 18461 .GCA 000829395 1 30 chromosome Chromosome_ off3) #FASTATET,

77 - Jl-(Lactobacillus hokkaidonensis jem 18461 GCA 0008293951 30 dna chromosome Chromosome fa¥e FraaAT 1oYW AT,

Ensembl (Flicek et al.. 20145 2S5 1 TL 1% Lactobacillus hokkaidonensis JCM 18461 (Tanizawa et al. 2015 DT —27Td,

in f1 <- "Lactobacillus hokkai ensis_j 18461 GCA 88es529395.1 : O Chromosome :EII#’JA
in 2 <- "Lactobacillus hokkai ensis 1.GCA BOBE29395.1.308.c ome omosome . gFF3"# AL
out_f <- "hoge5.fasta" #&3‘]?‘ *fJLJ%’E’? L Tout -FIJ%%W
FLEL N T -V O-F R R Console ==y
T > #BIAE (BRLUVRIED EE IEHRARS )
iggggggfgzﬁi;gwesj > hoge <- transcripts (txdb) #18TE LIz EEEID IR IR #RE A4
> hoge #IESALCAZOTT
#FANT T A ILDF AR GRangﬁject with 2262 ranges and 2 metadata columns:
Exdb <- makeTxDbFromGFF (in] seqnames ranges strand | tx id tx name
<Rle> <IRanges> <Rle> | <integer> <character>
#H] IR (EF L LB EETE R 3R [1] Chromosome [ 360, 1le76] + | 1 dnan-1
hoge <- transcripts(txdp) [2] Chromosome [1852, 2991] + 2 dnaN-1
[3] Chromosome [3233, 3457] + | 3 <NA>
#4 HIER{F) [4] Chromosome [34€7, 4588] + | 4 recF-1
fasta <- getSeq(FaFile(in_j [5] Chromosome [4588, 6531] + 5 gyrB-1
#1% 3P (descriptionBfsy & 2§ [2258] Chromosome [2273%924, 2275312] - | 2258 trmE-1
< [2259] Chromosome [2275488, 2276288] - | 2259 <NA>
[2260] Chromosome [2276455, 2277288] - | 2260 <NA>
[2261] Chromosome [2277304, 2277648] - | 2261 <NA>
[2262] Chromosome [227771%, 22777853] - | 2262 rpmH-1
Feqinfo: 1 sequence from an unspecified genome; no seqglengths
>
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J o A0 —f | BOPIERIS [ F S22 00T — JAEEE] | GenomicFeatures(Lawrence

$£ 2y,

##off—version

Hisequence—region

Chromosome 360 2277853
#lzenome—builld European Mucleotide Archive ASMEZ93Y

#lgenome—version GCA 000829395 1
tlzenome—date 201411

#lgenome—builld—accession GDF&_C‘C‘WJ
tlzenebuild-last—updated 201 4-11

Aoz
i(n)l.

GFF774ILD R ANKLH Mo TLVEL
TH.GFF774)LBDOD HT=Y Ehoge
S DQELLE T HZET. D

ADHTNSLLLZEEDIDS

=l =
Chromosome ena  gene S60 1676 0 + | [D=gd, - .5
Chromosome ena transcript| 360 1676 + ID:trErﬁﬁHw?} . p

: ' s (txdb) #187E LI SEEOD E R ERRE HViF
Chromosome ena  exon S60 1676 . + | Pare s T ARG T
Chromosome ena  CDS 360 1676 . + ID=C} 2262 ranges and 2 metadata columns:
wiH ranges strand | tx id tx name
Chromosome ena  gene 1862 2991 . + | ID=gs <IRanges> <Rlex> | <integer> <character>
Chromosome ena  transcrpt| 1892 2991 . + | D=ty [ 360, le7é] + | 1 dnaA-1
Chromosome ena  exon 1852 2991 . +| Pare [1852, 2991] + | Z dnaN-1
Chromosome ena CDS 1852 2991 . +|0ID=C [3233, 3457] o 3 <NR>
it [3467, 4588] + | 4 recF-1
Chromosome ena  gene 3233 3457 . + | ID=g3 [458* ] * | 2 gyrB-1
Chromosome ena  transcript| 3233 34527 . + | D=ty (2273924, 22?5312] B | 2258 trrELE—l
Chromosome ena  exon a3233 3457 0 + | Pare [2275488, 2276288] _ | 2259 <NL>
Chromosome ena CDS 3233 38457 . +[01D=C| (2276455, 22772881 _ | 2260 <NA>
HHH [2277304, 2277648] - 2261 <NA>
Chromosome ena  gene 2467 4588 .+ ID=g4 [2277719, 2277853] - | 2262 rpmH-1
Feqinfo: 1 sequence from an unspecified genome; no seqglengths
>
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B N P
EK%fF%EEﬁIJ 15

5. GFR3ERM 7 /732271 ILEFASTAERD Y /L Eﬂﬁll?? A L%

GFF3f=3. 77 - J-(Lactobacillus hokkaidonensis jcm 18461.GCA 00082934
7 Jl-(Lactobacillus hokkaidonensis jcm 18461.GCA 000829395.1.30.dn3

@in fAITIEELY / LERSIERIIQIZTEIS,
DODY / LEEFIMNS, @Dhoge TIHEL-EZENIE
F ER 51| & @ (Biostrings/ \'w/ 7 — hM 29 B)getSeq
RS #1%& ALY TEUH . B®(Rsamtools/ \'wir—U i ig{it

9 H)FaFileBAZIE. getSeqfd#FI AEFICIAE

Ensembl (Flicek et al.. 20145 S 1 TL 1% Lactobacillus hokkaidonensis JCM 18461 (lamzawaetal_ 2015 r — = g,

in f1 <- “"Lactobacillus ai ensis_jcm_18461.GCA_ 2
in f2 ¢- “"Lactobacillus hokkaidonensis jc 1.GCA 080828
out_f <- "hoge5.fasta" #&3‘]?‘ *fJLJ%’E’?
FLBEE T —UEO—F

library(Rsamtools) #15 wy T — D DFE A 1A
library(GenomicFeatures) #15 wy T — D DFE A 1A
library(Biostrings) #1150 T — D DFL A 1A

#A 77 A I DFEAIA R

txdb <- makeTxDbFromGFF(in_f2, format="auto™)#txdb= 7%z 7 | D{ER

#EALTARITTHT

#RTAIE (BL L | e kD EEAE I $R AV )
hoge <- transcripts(txdb) #157F L 7o gD EE

#EEL TARETTE
#E(BOTIERIS) '
fasta <- getSeq(FaFile(in_f1), hoge) #BCPI1ER*HRIGL /-85

- #HESEL TRETTY
#1EWIE (descript ion%ﬁﬁm

<

L Tout -FIJ%%W

R R Console E'@

-~

> FaFile(in f1)

class: FaFile

path: .../Lactobacillus hokkaidonensis jcm S
index: .../Lactobacillus hokkaidonensis jcm$
1s50pen: FALSE

yieldSize: NA

H

May 27, 2019
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J o A0 | —f | BUFIERF | F SR DU — hﬁﬂﬂ | GenomicFeatures(L

DgetSeqEITE D DfastaA T IR, BRL
WSRO Th—LEFIIEHR TIEHSHH -

EK%fF%EEﬁIJ g

5. GFR3ERM 7 /57— 3271 ILEFASTAERD Y A L EEEEII:-'? I EEA AL RS

GFF3f:7. 77 1 J-(Lactobacillus hokkaidonensis jem 18461.GCA 000829395.1.30.chromosome Chromosome. gff3) *FASTAF:T,

27 J/(Lactobacillus hokkaidonensis jem 18461 GCA 0008293951 30 dna chromosome Chromosome fafr FraaAt 90U HTH,

Ensembl (Flicek et al . 20145 B HE 1 TL %S Lactobacillus hokkaidonensis JCM 18461 (Tamizawa et al.. 2013) DT —42 T4,

e

library(Biostrings)

i

#1450 AT — LA DFL A AP

™
# AT 7 A I DFEA IR
txdb <- makeTxDbFromGFF(in_f2, format="auto™)#txdb F/z & | DIERE
#HERL T AREITTT
#RAIE (AR L | pE kD EEEE SR AYIF )
hoge <- transcripts(txdb) R R Console ][0 ]
|::- fasta <- getSeqg(FgFile(in f1), hoge) #BCSI B ERT BRELES i
#A (USRS ) — > fasta B #IESEL TAIZHTY
fasta <- getSeqlfgggle(in f1), hoge) il DN’ingSet stance of length 22e&2
ﬁ dth seqg names S
#1& escripgtiongfd T HE) [1] 1317 GTGACTGATTTAGAA...AGCTAAAGCCATAG Chromosome
[ EEESiEE | i F‘a“e(zﬁg?ﬁgi-"g:ﬁ?; [2] 1140 ATGAAATTTACAATT...TTAGAACTTACTAA Chromosome
s s [3] 225 GTGCAAGRAGCAARA...TTCAAAATGAGTAG Chromosome
[4] 1122 ATGATTTTARAAGAA...AGGAGGAACCATAG Chromosome
#2727 VIR E _ [5]1 1944 GTGAGCGATARAAAA...ACTTAGATCTATAG Chromosome
writeXStringSet(fasta, file=out_f, fg
< [2258] 1389 GTGGCACAGACAGAG...GTTTAGGTAAATAG Chromosome
[2259] 801 ATGGCAATTTTTACT...CTAGTGAGATGTALA Chromosome
[2260] 834 GTGAAAAAGCACTTA...GTAGGCGCAAGTGA Chromosome
[2261] 345 ATGAGAAAGTCATAT...TAGATGAGCATTAL Chromosome
[2262] 135 ATGAAGCGCACATTT...TATTATCTGCATAG Chromosome
> |
L I F
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Wl T B F oo oU — B0l | Genol (DDfastat T DTV E T DEFFASTARRK TRET

IRCR Y EVES)

5&.QTRATULSNEFEDdescription|FIRMEE
f-zasnsd, DFY. I XT’Chromosome”’[ZZE->TLED

|HR{F )
getSeq(FaFile(in_f1), hoge)

#A05)| 1E5RE VS L I-fE R T fastal & iA
#ESIL TAITTE

escriptionEin=EE)

names(fagta) <- paste(segnames(hoge), start(ranges(hoge)),#"$EFH start end"|CEFEE

end(ranges(hoge)), sep="_")#"HB{FH_start_end"|CERE
gL TARRETTT

#7714 IICRE

writeXStringSet(fasta, file=out f, format="fasta", width=50)#fastaDPEH*IEEL =77 1 I& THFE=F W

4 R R Console o=
|::- fasta <- getSeq(FaFile(in f1), hoge) #BCIIBERT ARELES
> fasta #IESHL T
A DNAStringSet instance of length 2262 @
width seq names S
[1] 1317 GTGACTGATTTAGAA...AGCTAAAGCCATAG |Chromosome
[2] 1140 ATGAAATTTACAATT...TTAGAACTTACTAA |Chromosome
[3] 225 GTGCAAGAAGCAAAL...TTCAARATGAGTAG |Chromosome
[4] 1122 ATGATTTTAAAAGAA...AGGAGGAACCATAG |Chromosome
[5] 1944 GTGAGCGATAARARRA...ACTTAGATCTATAG |Chromosome
[2258] 1389 GTGGCACAGACAGAG...GTTTAGGTAAATAG |Chromosome
[2259] 801 ATGGCAATTTTTACT...CTAGTGAGATGTAL |[Chromosome
[2260] 834 GTGAARAAAGCACTTA...GTAGGCGCAAGTGA |Chromosome
[2261] 345 ATGAGAAAGTCATAT...TAGATGAGCATTAA |Chromosome
[2262] 135 ATGAAGCGCACATTT...TATTATCTGCATAG |Chromosome
> |
L L} I
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J- kO | —#F | BESIANE F 522 9Tt — G5l | Genod IRARERSD

$r\ YIBC 5 BN 15

#4FE(ACY|ERR)
fasta <- getSeq(FaFile(in_f1), hoge) #BO%I1&$E*HENISL

#EIL TARITT

1THoTULVADIL. descriptionZp D ECE N

5% Chromosome_start_end LT ECOEEZRR
DIEEEF MDA HMDEIIZLTLVS, Dpasteld, X
F5|%QsepA T3V THEELIZXFEMICERATE
a9 S, QDHEANITEEN LM SHEHEF

#EMNIP(descriptionBin T EE)
names(fasta) <- paste(segnames(hoge), start(ranges(hoge)),#"$E#5
end(ranges(hoge)), sep="_")#":B{FE start_en

#ﬁ%%ﬂﬁ?&n‘??
#7714 IICRE

writeXStringSet(fasta, file=out f, format="fasta", width=58)#fastal

4

May 27, 2019

(o] & |wes]

-~

R R Console

= paste {"U.ge "r "EgE“,
[1] "uge age"

> sednames (hoge)
factor-Rle of length 2262 with 1 run

5 ep="_" }

Lengths: 2262
Values : Chromosome
Levels (1) : Chromosome

> ranges (hoge)
IRanges of length 2262

start end width
[1] 3e0 le7e 1317
[2] 1852 2991 1140
[3] 3233 3457 225
[4] 3467 4588 1122
[5] 4588 €531 1944
[2258] 2273924 2275312 1389
[2259] 2275488 2276288 801
[22€0] 2276455 2277288 834
[2261] 2277304 2277¢48 345
[2?62] 2277719 2277853 135
>
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J o A0 —f | BLFIERIF (S22 0T — LBCF | GenomicFeatures(Law

$r\ YIBC 5 BN 15

#4F(BCHIERIF)

fasta <- getSeq(FaFile(in_f1), hoge)

(DdescriptionZf

PIEHLTLNAIEAHH
BHo NZEBKDDIEITT, HAT7AILEHL
CTEHOFELUND TS EHIBRTES (EHETL

TWAERFRZFEELELIWDIHLADTER)

#A05|1EEE BN S L /1iE R fastalmomm
#ESIL TAITTE

#EMNIP(descriptionBin T EE)
names(fasta) <- paste(segnames(hoge), start(ranges(hoge)),#"$EFH start _end"|FEE

end(ranges(hoge)), sep="_")#"HB{FH_start_end"|CERE

#EEL TAHREITTT

#7714 IICRE

writeXStringSet(fasta, file-out f, forma

4

-~

May 27, 2019

1

R R Console o[- & | e
> #1238 (descriptionEinE®EE)
> names (fasta) <- paste(segnames (hoge), 5tart{ranges{h3ge}$
+ end (ranges (hoge) ), sep="_")#"&RES
> fasta #1ES LJ_(_'%.)?J[TT'..'EJ
A DNAStringSet instance of length 2262
width seq names
[1] 1317 GTGACTGATTT...RAAGCCATAG Chromosome 360 1l&76
[2] 1140 ATGAAATTTAC...AACTTACTAA Chromosome 1852 2991
[3] 225 GTGCRAAGAAGC...RAATGAGTAG Chromosome 3233 3457
[4] 1122 ATGATTTTAAA...GGAACCATAG Chromosome 3467 4588
[5] 1944 GTGAGCGATAA...AGATCTATAG Chromosome 4588 &531
[2258] 1389 GTGGCACAGAC...AGGTAAATAG Chromosome 227392...
[2259] 801 ATGGCAATTTT...TGAGATGTAA Chromosome Z27548...
[2260] 834 GTGAAARAGCA...GCGCAAGTGA Chromosome 227645...
[2261] 345 ATGAGARAGTC...TGAGCATTAA Chromosome 227730...
[2262] 135 ATGAAGCGCAC...ATCTGCATAG Chromosome 227771...
> | lii
1| mn 3
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R REE 2

J o ARO | —f% | BoPIERR | F S22 00T — L BT | GenomicFeg

D MDfastaA

o

Oz ANELT. EEEYHL.
IEER D KR(max) 5x/Mmin)- FH(mean)Z Rt

#43 (BU| BRI )
fasta <- getSeq(FaFile(in_f1), hoge)
#EIL TAREITTYE

#BMNIF (descriptiontBH T HEE)

#A05)| 1E5RE VS L I-fE R T fastal & iA

names(fasta) <- paste(segnames(hoge), start(ranges(hoge)),#"$EFH start end"|CEFEE

end(ranges(hoge)), sep="_
#MESI L TARRITTT

"VERBEEFES start end"|CEER

#2771 ILITRT
writeXStringSet(fasta, file-out f, forma

IR R console

| > #1238 (descriptioninEZEE)
segnames (hoge) ,
end (ranges (hoge) ),

< > name asta) <- paste(
+
> fasta

width

[1] 1317
[2] 1140
[3] 225
[4] 1122
[5] 1944
[2258] 13E€95
[2259] 801
[2260] 834
[2261] 345
[2262] 135

seq

GTGACTGATTT. .
ATGAAATTTAC. .
GTGCAAGAAGC. .
ATGATTTTARAA. .
GTGAGCGATAA. .

GTGGCACAGAC. .
ATGGCAATTTT. .
GTGRARALGCA. .
ATGAGARAAGTC. .
ATGAAGCGCAC. .

I

LAARGCCATAG
LAACTTACTAA
LAAATGAGTAG
. GGAACCATAG
LAGATCTATAG

LAGGTAAATAG
. TGAGATGTAA
. GCGCAAGTGA
. TGAGCATTAA
LATCTGCATAG

Fol-E ]

RES

SEP_TT m :lT__'I"I'

$HEFLTAE [Tffp

A DNAStringSet instance of length 2262

names
Chromosome 360 1&76
Chromosome 1852 2991
Chromosome 3233 3457
Chromosome 3467 4588
Chromosome 4588 €531

Chromosome 227392...
Chromosome Z27548...
Chromosome 227645...
Chromosome 227730...
Chromosome Z27771...

-~

5tart{ranges{h3ge}$
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= BN BEOMESH SOV THE, BEITHER

o ETA w1 TAS R0 Th—LEBH Dmulti-FASTA
RNACOthaIIE] Io) 77’()71/-7;\ @@Reference trann;zm;)t'C?'

=N

Bhorternsd teoform delaciion /-"' Long-read Isoform detection \
Y \
Genomic variants
s oW~ ~ ~ ccsferrorfree
TS RNAseq
~
e+ Long-read correction lsc/‘ \
s LoRDECN
L/ Genome-aware “\ |
’ methods v '.
RNA-uditing detection Variant detection \ { /)
\ - s’
GIREMI/ \ \ / Mappin AP
multiple- sarmlcs/ GATKI/SAMoals 2 : 4
pooled-samples | TR { e
7 ' ' ~ Aignmont.
S l
— Onies/ Isoform detection
Gene fusion detection trinity/ *
IAFFAfFusionCatcher/ | 1DP-fusion g SOARSMONO-Ty e o
SOAPfuse/STAR -Fusion/ Transcript |
TopHat-Fusion ’\ assembly assembly , Y
1 v _ = Transcript merging
{ v 1]
o~ v
Reference transcript [\\r\— A :
- - . > l
Vo r e \ \\‘\i -
Al e e e e e \ | i ,’I/ A
- g T ————— -.: Abundance estimation |
/salman-SMEM le |
Fealmon-Guas! Differential analysis - CufflinksIOP/
Eaapsodi. 8% cwm/m StringTie
B Alignment-free | m.lbovm/llma :;;ﬂij
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HIEO DB, Q36IEREIZEELMFEOHLEMNOT-
o TNM, a—M)—FEEESNTULV=RTLL T

Sedl LTT TTUTITE

Navigation

Submission DRAQ00O011 FTP

Study
Sample
Run

DRPOCOOO1L
DR5000011
DRROO0031 FASTOQ

Navigation

Study
Experiment
Sample
Run

LURATTUTITE M)

SRA

DRPO0OOO11
DRX000011

DR5000011

DRROOOD21
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DRS000011

@ http://ddbj.nig.ac.jp//DRASearch/samplefacc =DRS0O00011
(2 DRS000011 - DRA Search

2DRASearch

Sample Detail
Title DRS000011

Description none provided

Organism Info

Taxon ID 58606
Common Name

Scientific Name Homo sapiens
Anonymized Name

Individual Name

Website policy | © DNA Data Bank of Japan

o~

@MDRS...[&Sample ID, 2DT—42®D
BEIX. FRENDVLGLTI R, QD
Do OEICOITIEDOMYET A ERD
HBUTILFZENSZELIDMYEEA

Search Home DRA Home

Navigation
Submission DRA0000O11 ETP

Study DRP0O00011
Experiment DRX000011 FASTQ

Navigation

Study
Experiment
Sample
Run

SRA

DRPO0OOO11

DRX000011 FASTQ SRA
DR5000011

DRROOOD21 FASTO SRA
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DRR0O00031

« 0| NGS | BCFI| 7§ | FASTQ or SRA | 25 £DBAS 55%

DRASearch/run?acc=DRRO00031

@& http://ddbj.nig.ac.jp
(2 DRRODDD31 - DRA Search

2DRASearch

FASTQ SRA
Run Detail
Alias DRROODO31
Instrument model
Date of run 2008-04-01
Run center UT-MGS
Number of spots 4,653,053
Number of bases 167,509,908

READS (joined)

qualityl | show rows

>DRRO00031.1
TTTAAAAGATAATGTCATCACAACGCAACATATAGA
>DRRO00031.2
TGTAATGATTATGATTCTCAGGGAT TGGGGAAAGGT

>DRRO0O0031.3
TCAAAAAATACGAAGTTAGGGTGACAAAGTTTGACA

>DRRO00031.4
TGAGGTGGGAGTTTTAGCTAGCTTTGTTGTGGETGT

>DRRO00031.5
TTCAGGAAGCTGGTGATGGAGCACCAAGAGGGTGGT

>DRRO00031.6
TTTTTTTAAAATAGCACTTTAAATATTTATTTTTTT

>DRRO00031.7
GGAGGGTTAATTCTGAGGCAGTATAGTAACTTAAGG

>DRRO00031.8
TTATCATCTTCACAATTCTAATHNNHACTGACTATCC

>DRRO00031.9
TTTTAAATTGTAATTTTTTTATTGGAAAACAAATAT

>DRR000031.10
TGETAACAGCCTGATGGGTTATTTGACTGCACTAAG

Website policy | © DNA Data Bank of Japan
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NGSDIFE I, EERDEAZT (Run) ELWNVE
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Sedl LTT TTUTITE

Navigation

LURATTUTITE M)

Submission DRA000011 FTP
Study DRPO0OOO11
Experiment DRX000011 FASTQ
<

Navigation

Study

Experiment

Sample

Fumn

SR

DRPO0OOO11
DRX000011
DR5000011
DRROOOD21

FASTO SRA

&
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« 2+ 0 | NGS | BLFIHRS | FASTQ or SRA | 22 DB %%%pl& 7

DRASearch/run?acc=DRRO0003

@& http://ddbj.nig.ac.jp
(2 DRRODDD31 - DRA Search

2DRASearch

FASTQ SRA
Run Detail
Alias DRROOO031

Instrument model
Date of run

Run center

Number of spots 4,653,053

Number of bases 167,509,908

READS (joined) quali
>DRRO00031.1
TTTAAAAGATAATGTCATCACAACGCAACATATAGA
>DRRO00031.2

TGTAATGATTATGATTCTCAGGGATTGGGGAAAGGT

ho' rows

>DRRO0O0031.3
TCAAAAAATACGAAGTTAGGGTGACAAAGTTTGACA

>DRRO00031.4
TGAGGTGGGAGTTTTAGCTAGCTTTGTTGTGGETGT

>DRRO00031.5
TTCAGGAAGCTGGTGATGGAGCACCAAGAGGGTGGT

>DRRO00031.6
TTTTTTTAAAATAGCACTTTAAATATTTATTTTTTT

>DRRO00031.7
GGAGGGTTAATTCTGAGGCAGTATAGTAACTTAAGG

>DRRO00031.8
TTATCATCTTCACAATTCTAATHNNHACTGACTATCC

>DRRO00031.9
TTTTAAATTGTAATTTTTTTATTGGAAAACAAATAT

>DRR000031.10
TGETAACAGCCTGATGGGTTATTTGACTGCACTAAG

Website policy | © DNA Data Bank of Japan
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Search Homg

DOZnh)—FDERK, @QDRR000031
DEEE. #21)—F#HB)4,653,053(E
HHENHMI DB (F9465F)—K) , 1)—
FRIZ36 bp/a D T, #RIEEHMN
4,653,053 X 36 = 167,509,908 bp&7i
%, @D Number of baseséFZE£(Z—H

Navigation
Submission DRA000011 FTP
Study DRPO0OOO11 ~
Experiment DRX000011 FASTQ ﬁv
< >
Navigation
Study DRPOOOO11
Experiment DRX000011 EAST SRA
Sample DR5000011
Run DRROOOOZ21 FAST SRA
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DA V) T4

READS (joined)
>DRRO00031.1

@ http://ddbj.nig.ac.jp//DRASearch,/run?acc =DRRODDO
(2 DRRO00031 - DRA Search
2 DRASearch
FASTQ SRA

Run Detail

Alias DRROODO31

Instrument model

Date of run 2008-04-01

Run center UT-MGS

Number of spots 4,653,053

Number of bases 167,509,

quality] show rows

TTTAAAAGATAATGTCATCACAACGCAACATATAGA

40 40 40 40 40 40 40 40 40 40 40 40 40

40 40 40 40 40 40 40

>DRRO00031.2

TGTAATGATTATGATTCTCA
40 40 40 40 40 40 40
40 40 40 40 40 40 40

>DRRO00031.3
TCAAAAAMNTACCAAGTTAS
40 40 40 40 40 40 40
40 40 40 40 40 40 40

>DRRO00031.4

TGAGGT AGTTTTAGCTA
40 40 40 40 40 40 40
40 & 40 40 40 40 22

>*DRRO0O0031.5

TTCAGGAAGCTGGTGATGGA
40 40 40 40 40 40 40
40 40 40 40 40 40 40

>DRRO00031.6

40 40 40 40 40 40 40
40 40 12 Ze 40 40 40

40 40 40 40 40 40

ATT AAAGGT
40 40 40 40 40 40
40 40 40 40 40 40

TCACAAAGTTTGACA
40 40 40 40 40 40
40 40 40 40 40 40

CTTTGTTGT:! TGT
40 40 40 40 40 24
40 40 40 40 5 40

CACCAAGHA TGGT
40 40 40 40 40 40
40 40 40 40 40 40

TTTTTTTAAAATAGCACTTTAAATATTTATTTTTTT

40 40 40 40 17 40
5 17 27 40 40 40

40
40

40
40

40
40

40
35

40
40

40

[T Y
[SI=1
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o

T
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40

40
40

40
40

40
40

40
40

40

40

410

40

40

40

40

40

40
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40
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Study
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TELI=EDTHY . HLEFELL
Navigation

DRPO0OOO11
DRX000011
DR5000011
DRROOOD21

FAST SRA

&
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) T4k

& http:
(= DRROOD031 - DRA Search

2DRASearch

idbj.nig.ac.jp//DRASearch/runTacc=DRRO00031

- ¢ BE.

Bl IE Q—BZHMD)—F(J—KID
AYDRRO00031.1) DQEREDIEEDY

» Search Home " DRA Home a

FASTQ SRA
Run Detail Navigation
Alias DRRO0O0O0O31 » Submission DRAQQO011 FTP ~
Instrument model 2 Study DRPO00O11 v

o Experiment DRX000011 FASTQ SR

Date of run 2008-04-01 < >
Run center UT-MGS
Number of spots 4,653,053
Number of bases 167,509,908
READS (joined) quality@ show Frows << < / 465306
>DRRO00031.1 AN
TTTAAAAGATAATGTCATCACAACGCAACATATAGA

40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40

=D -2

TGTAATGATTATGA GGGATTGGGGAAAGGT

40 40 40 40 40 40 40 40 0 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40 40
>DRRO00031.3

TCAAAAANTACCAAGTTAGGCTGACAAAGTTTGACA

40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
>DRRO00031.4

TGAGGTGGGAGTTTTAGCTAGCTTTGTTGTGGETGT

40 40 40 40 40 40 40 40 40 40 40 40 24 40 40 40 40 13 40 40
40 & 40 40 40 40 22 40 40 40 40 5 40 35 40 40
>*DRRO0O0031.5

TTCAGGAAGCTGGTGATGGAGCACCAAGAGGGTGGT

40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
>DRRO00031.6

TTTTTTTAAAATAGCACTTTAAATATTTATTTTTTT

40 40 40 40 40 40 40 40 40 40 40 17 40 10 40 5 27 23 38 40
40 40 12 Z6 40 40 40 5 17 27 40 40 40 40 40 40

>DERO00031.1

AVT4RATIE, QA0LFEAREET

TTTAAAAGATAATGTCATCACAACGCAACATATAGA
40 40 40 40 40 40 40 40 40 40

40 40 40 40 40
40 40 40 40 40

40 40 40 40 40
40 40 40 40 40

40 40 40 40 40 40
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) T4k

& http:
(= DRROOD031 - DRA Search

2DRASearch

>DRRO00031.1
TTTAAAAGATAATGTCATCACAACGCAACATATAGA

idbj.nig.ac.jp//DRASearch/runTacc=DRRO00031

FASTQ SRA
Run Detail
Alias DRROOO031
Instrument model
Date of run 2008-04-01
Run center UT-MGS
Number of spots 4,653,053
Number of bases 167,509,908
READS (joined) quality] show rows

Ff-. D4FB D')—F (DRR000031.4
YD, QAEISEEDIEED AT

- ¢ || BE. o~ 7@

» Search Home " DRA Home a

Navigation

.+ Submission DRA000011 ETP

~
2 Study DRPO00011
o Experiment DRX000011 FASTQ ﬁv
< >

<< <[l ]/ 465206 pagd 5] >>]

>DRRO0D031. 4

(AT L. QLinHfRAEET

.

TCAGGTGGGAGTTT TAGCTAGCTTTGTTGTGGGTET
40 40 40 40 40 40 40 40 40 40

40

& 40 40 40 40 22 40 40 40

40 40 24 40 40 40 40 13 40 40
40 5 40 35 40 40

40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
>DRRO00031.2

TGTAATGATTATGATTCTCAGGGAT TGGGGAAAGGT

40 40 40 40 40 40 40 40 40 40 40 40 40 40_4&# 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 4 40 40 40
>DRRO00031.3

TCAAAAANTACCAAGTT, STGACAAAGTTTGACA

40 40 40 4 O 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40 40
>DRRO00031.4

TGAGGTGGGAGTTTTAGCTAGCTTTGTTGTGGETGT

40 40 40 40 40 40 40 40 40 40 40 40 24 40 40 40 40 13 40 40
40 & 40 40 40 40 22 40 40 40 40 5 40 35 40 40
>*DRRO0O0031.5

TTCAGGAAGCTGGTGATGGAGCACCAAGAGGGTGGT

40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
>DRRO00031.6

TTTTTTTAAAATAGCACTTTAAATATTTATTTTTTT

40 40 40 40 40 40 40 40 40 40 40 17 40 10 40 5 27 23 38 40
40 40 12 Z6 40 40 40 5 17 27 40 40 40 40 40 40

. —
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+

@ hitp://ddbj.nig.ac.jp//DRASearch/run?a

(2 DRRODDD31 - DRA Search

2DRASearch

FASTQ SRA
Run Detail
Alias DRROODO31
Instrument model
Date of run 2008-04-01
Run center UT-MGS
Number of spots 4,653,053
Number of bases 167,509,908

READS (joined)

>DRRO00031.1
TTTAAAAGATAATGTCATCACAACGCAACATATAGA

40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
>DRRO00031.2

TGTAATGATTATGATTCTCAGGGAT TGGGGAAAGGT

40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
>DRRO00031.3
TCAAAAANTACCAAGTTAGGCTGACAAAGTTTGACA

40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
>DRRO00031.4
TGAGGTGGGAGTTTTAGCTAGCTTTGTTGTGGETGT

40 40 40 40 40 40 40 40 40 40 40 40 24 40 40 40
40 & 40 40 40 40 22 40 40 40 40 5 40 35 40 40
>*DRRO0O0031.5
TTCAGGAAGCTGGTGATGGAGCACCAAGAGGGTGGT

40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40
>DRRO00031.6
TTTTTTTAAAATAGCACTTTAAATATTTATTTTTTT

40 40 40 40 40 40 40 40 40 40 40 17 40 10 40 S5
40 40 12 Z6 40 40 40 5 17 27 40 40 40 40 40 40

40

410

40

40

40

quality] show rows

40

40

40

13

40

- ¢ BE.

Navigation

Search Home

IF)TARATqDEEIL. 208030 B &
o = 20[FIR—RO—)LEER A EE - TLY
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DRA Home A

Submission DRAQDD0O011 ETP

Study

Experiment DRX000011

<

<< <[l ]/ 465206 pagd 5] >>]

40

40

40

40

40

36

DRPOOOO1L
FASTO SR

>DRRO0D031. 4

TCAGGTGGGAGTTT TAGCTAGCTTTGTTGT GGG

40 40 40 40 40
40 & 40 40 40

40 40 40 40 40
40 22 40 40 40

=T
40 40 24 40 40
40 5 40 35 40

40 40 13 40 40
40
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e O — X TRENFT, —ROOILLTIH. Q
}frﬂ :_Et —CiKT & - . P=0.1%=103F2LZEANIXENEB[ET
T, QLT—RHIREWNXEIAYT4RTT 0

FEMNYET,

q = —10x log,(p) §

g =—10 X loglo(10'3)‘
g = —10 x (=3)=30

g=—10X loglo(lo'S)‘
g =-—10 X (=5)=50
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e O — RTRENFT, —ROOILLTTIA. @
}frﬂ :_Et —CiKT t - . P=0.1%=103F2LZEANIXENEB[ET
T QIT—FEMNEWNFEEIAYT4RA70
XENVEST, DIS—FENFLIEITY

q = —10 X loglo(p)‘ TAAXATIETAYET,

g = —10 x 10910(10-3)‘
g = —10 X (—3)=30

g =—10 X 10910(10-5)‘
g =-—10 X% (—=5)=50

g=—10 X loglo(lo'l)‘
g=—-10x (=1)=10
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>DRRO00031 . 4 '

TCAGGTGGGAGTTT TAGCTAGCTTTGTTGTGGGTET
40 40 40 40 40 40 40 40 40 40 40 40 24 40 40 40 40 13 40 40
40 & 40 40 40 40 £2 40 40 40 40 5 40 35 40 40

= —10 X log,,(10">)
—10 x (=0.5)=5
A= =

<
I

SN
|

May 27, 2019 141




] + {0 | NGS | BL¥| BV | FASTQ or SRA | 25 HDBOS

L 3

10—0.5)

g =-—10 X (—0.5)=5
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DTHNSETY, 2FEL TL10I12%HS
D H'3.162278BLNTHAHZEZX ALY
HeEnlX, TAENBIETEETLLES

|} 10~ (-0.5)
[1] 0.3162278
> 1/(10~0.5)
[1] 0.3162278
> sgrt (10)

[1] 3.162278
> sqgqrt(1/10)
[1] 0.3162278
> 1/3grt (10)
[1] 0.3162278

> 0.3162278*0.31e2278

[1] 0.1

> 3.162Z278*3.162278

(1] 10
> |

R R Console ‘ (o ]| &S]
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1AL D T204030H B

7S

(= DRROOD031 - DRA Search X

2DRASearch
DRRO00031 FASTQ =~ SRA

Run Detail

Alias DRRO00031

Instrument model

>DRRO00031.1
TTTAAAAGATAATGTCATCACAACGCAACATATAGA
40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40

>DRRO00031.2
TGTAATGATTATGATTCTCAGGGAT TGGGGAAAGGT
40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40

>DRRO00031.3
TCAAAAANTACCAAGTTAGGCTGACAAAGTTTGACA
40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40

>DRRO00031.4
TGAGGTGGGAGTTTTAGCTAGCTTTGTTGTGGETGT
40 40 40 40 40 40 40 40 40 40 40 40 24
40 & 40 40 40 40 22 40 40 40 40 5 40

>*DRRO0O0031.5
TTCAGGAAGCTGGTGATGGAGCACCAAGAGGGTGGT
40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40

>DRRO00031.6
TTTTTTTAAAATAGCACTTTAAATATTTATTTTTTT
40 40 40 40 40 40 40 40 40 40 40 17 40
40 40 12 26 40 40 40 5 17 27 40 40 40

40
40

40
40

40
40

40
35

40
40

10
40

40
40

40
40

40
40

40
40

40
40

40
40

@ nhitp://ddbj.nig.ac.jp//DRASearch/run?acc=DRRO00031

40
40

40
40

40
40

40
40

40
40

40

40

410

40

40

40

27

Date of run 2008-04-01

Run center UT-MGS

Number of spots 4,653,053

Number of bases 167,509,908

READS (joined) quality] show rows

40

40

40

13

40
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40

36

40

40

40

40

40

40
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" Search Home © DRA Home a

Navigation

) Submission DRAQOO0O011 FTP ~

W Study DRPO00011

' Experiment DRX000011 FASTQ ﬁv
< >

>DRRO0D031. 4

TCAGGTGGGAGTTT TAGCTAGCTTTGTTGTGGGTET

40 40 40 40 40 40 40 40 40 40 40 40 24 40 40 40 40 13 40
40 & 40 40 40 40 £2 40 40 40 40 5 40 35 40 40

40
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FASTQ SRA
Run Detail
Alias DRROODO31
Instrument model
Date of run 2008-04-01
Run center UT-MGS
Number of spots 4,653,053
Number of bases 167,509,908

READS (joined)
>DRRO00031.1
TTTAAAAGATAATGTCATCACAACGCAACATATAGA
40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40

>DRRO00031.2

TGTAATGATTATGATTCTCAGGGAT TGGGGAAAGGT
40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40

>DRRO00031.3
TCAAAAANTACCAAGTTAGGCTGACAAAGTTTGACA
40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40

>DRRO00031.4
TGAGGTGGGAGTTTTAGCTAGCTTTGTTGTGGETGT
40 40 40 40 40 40 40 40 40 40 40 40 24
40 & 40 40 40 40 22 40 40 40 40 5 40

>*DRRO0O0031.5
TTCAGGAAGCTGGTGATGGAGCACCAAGAGGGTGGT
40 40 40 40 40 40 40 40 40 40 40 40 40
40 40 40 40 40 40 40 40 40 40 40 40 40

>DRRO00031.6
TTTTTTTAAAATAGCACTTTAAATATTTATTTTTTT
40 40 40 40 40 40 40 40 40 40 40 17 40
40 40 12 26 40 40 40 5 17 27 40 40 40

40
40

40
40

40
40

40
35

40
40

40

& http://ddbj.nig.ac.jp//DRASearch/runfacc=DRRODD03 1
=2 1 - DRA Search
worasear G

[T Y
[SI=1

e
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e
o

T
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W
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e
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40
40

40
40

40
40

40
40

40
40

40

40

410

40

40

40

quality] show rows

40

40

40

13

40

- ¢ BE.
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40 40

40 40

40 40

40 40

40 40

36 40

Navigation

Sed

DODRAMD B E X, QFASTOH. K . @QSRATE
RI7AMILDONTNTEA D A—
LEBEDECALL, ELBED)vILTHEL
s DZDT—RILI0FLLLERIDLDMNSIFE
'3'%)0)’6*, FASTQLESRADEAMA o O—
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Submission DRAQDD0O011 FTP
Study
Experiment DRX000011

DRPOOOO1L
FASTO

Navigation

Study
Experiment
Sample
Run

SR

DRPO0OOO11
DRX000011

DR5000011

DRROOOD21
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BHDT

2f-E&...

ASearch/quer

Transcriptome Anal

(2 Result List - DRA Search

2DRASearch

- ¢ BE.

Search Home

[Transcriptome Analysis

Accession : |

Organism : | | StudyType :
CenterName : | | Platform :
Keyword : |

Show records Sort l:n,f|5tuc|\,-r V| [ search |[ cClear |

Search Results ( 19035 studies )

#

STUDY SUBMISSION STUDY_TITLE

| Vi
<< <
STUDY_TYPE ORGANISM

1 / 952 |Page|| > >

NETRTWV=DIEF. DOT—4
BDT,. QWL TEHDT—EMN

DRA Home A

HDERONDHRMER—IITHRA

BASES SUBMITTED CENTER_NAME

Comprehensive identification and Transcriptome Homo e .
1 DRPO000OS DRAQ00003 (1 3racterization of the nucleosome structure Analysis sapiens 7.5G  2005-07-02 UT-M&S
Comprehensive identification and Transcriptome Homo
R X . p
2 DRP0O0O0D0D4 DRAQDO0D04 characterization of the transcripts, their Analysis saniens 2G  2009-07-02 UT-MGS
expression levels and sub-cellular localizations Anglysis saplens
Comprehensive identification and T ot u
3 DRPOD00DS  DRAQODD00S characterization of the transcripts, their ﬁsg;m ﬁ]s 1.7G  2009-07-02 UT-MGS
expression levels and sub-cellular localizations analysis saplens
Comprehensive identification and .
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