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Garber, M., Grabherr, M. G., Guttman, M. & Trapnell, C. Computational methods for transcriptome annotation and quantification using RNA-seq. 
Nat Meth 8, 469–477 (2011). 



Data presentation 

Data retrived from the ENCODE project 

 

• 2 human cell lines : 
– Gm12878 (lymphoblastoid cell line) → 2 replicates 

– Hct116 (colorectal carcinoma cell line) → 2 replicates 

• Illumina paired-end 2x75bp, insert size ~400bp 

• Working only on the chromosome 22 

 

Objective : 

 Identify differentially expressed genes in 2 human cell lines 
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Export all data in a new history and choose a name (ex: rna-seq reference analysis) 
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Obtain some statistics and information of a fastq file 
 
Check the quality of the data contained in fastq file 
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Launch FastQC analysis only on : 
 

• Gm12878_rep1_R1.fastq 
• Hct116_rep1_R1.fastq 
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Cleaning: PRINSEQ 

 

With a reference genome, the cleaning step is not 
necessary.  

 

The use of genome allows filtering reads with a poor 
quality and contamination. 

 

Can be problematic with Illumina reads → diminution 
of the quality at the end of the sequence 
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High quality 

Low quality 

Raw read Mapped ? Cleaned read 
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Launch PRINSEQ on all fastq files 



Cleaning: PRINSEQ 

 

Launch FastQC analysis only on : 

 

– Gm12878_rep1_R1.fastq_good.fastqsanger 

– Hct116_rep1_R1.fastq_good.fastqsanger 

 

Compare results with raw reads 
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Mapping with TopHat 2 
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TopHat is a fast splice junction mapper for RNA-Seq reads. It aligns RNA-Seq 

reads to genomes using the ultra high-throughput short read aligner Bowtie, and 

then analyzes the mapping results to identify splice junctions between exons 
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Garber, M., Grabherr, M. G., Guttman, M. & Trapnell, C. Computational methods for transcriptome annotation and quantification using RNA-seq. Nat Meth 8, 
469–477 (2011). 
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Faster (~x8) and less 
greedy 

Better for 
polymorphic species 

A little bit more 
exhaustive 

Garber, M., Grabherr, M. G., Guttman, M. & Trapnell, C. Computational methods for transcriptome annotation and quantification using RNA-seq. Nat Meth 8, 
469–477 (2011). 
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Garber, M., Grabherr, M. G., Guttman, M. & Trapnell, C. Computational methods for transcriptome annotation and quantification using RNA-seq. Nat Meth 8, 
469–477 (2011). 



TopHat2 | Input 

 

• Fastq file(s) 

• Genome 

 

One mapping per replicate 
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…
 

1: By default: 20 



Insert size 10/06/2014 

Mapping 

42 



Default parameters 10/06/2014 

Mapping 

43 

TopHat 2 is optimized for: 
 Human 
 Mouse 

If you work on these species, you can use default parameters 
 
Else, you need to input all of the specie specifics parameters, such as 
intron size. 



Multiple mapping reads 

• Some reads will align to more than one place in the reference, because: 

 Shared exons (if reference is transcriptome) 

 Common domains, gene families 

 Paralogs, pseudogenes, etc. 

• This can distort counts, leading to misleading expression levels 

• If a read can’t be uniquely mapped, how should it be counted or ignored? 

• Should it be randomly assigned to one location among all the locations to 

which it aligns equally well? 

• This may depend on the question you’re asking... 

• ...also depends on the software you use… 

• …and also depends of your data (read length, quality, etc) 
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TopHat2 | Output 

• BAM: compressed binary version of the SAM 

 

BAM to SAM 
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SAM file 
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@SQ SN:sctg_997 LN:6840 

@SQ SN:sctg_998 LN:6818 

@SQ SN:sctg_999 LN:6999 

 

@PG ID:TopHat VN:2.0.3 

 

HWI-ST132_0435:3:63:3889:100528#GATCAG 

 

0 

sctg_0 

476 

3 

73M 

* 

0 

0 

 

CCCGCCGCTCCATGATCTCCAAGAGGCGCAGCTCTCGCAAGGCTTCCGCCAAGGTGGTGGCTT 

gggggggggggggggggggggggggggggggeeeggeeggYb^ce^bbbc_cac[ddacaa_c  

 

AS:i:0 XN:i:0 XM:i:0 XO:i:0 XG:i:0 NM:i:0 MD:Z:73 YT:Z:UU XS:A:+ NH:i:2  

CC:Z:sctg_861 CP:i:9032  HI:i:0 

Reference sequence dictionary 

Program 

Sequence ID 

Flag 
Reference sequence name 
Leftmost mapping position 
Mapping quality 
CIGAR string 
Reference of the mate/next read 
Mapping position of mate/next read 
Insert size 

http://samtools.sourceforge.net/SAMv1.pdf 

Sequence ID 
Quality 

Mapper tag 
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http://picard.sourceforge.net/explain-flags.html 
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Cufflinks assembles transcripts, estimates their abundances, and 

tests for differential expression and regulation in RNA-Seq samples. 
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Cufflinks 
Precision ↗ 

Scripture 
Sensitivity ↗ 

Trapnell, C. et al. Transcript assembly and quantification by RNA-Seq reveals unannotated transcripts and isoform switching during cell differentiation. Nat Biotech 
28, 511–515 (2010). 
Garber, M., Grabherr, M. G., Guttman, M. & Trapnell, C. Computational methods for transcriptome annotation and quantification using RNA-seq. Nat Meth 8, 469–
477 (2011). 



Cufflinks | Input 

 

• BAM 

• Genome 

• Annotations 

 

One assembly per replicate in case of DE 
analysis 

 

10/06/2014 

Cufflinks 

52 



Cufflinks | Parameters 10/06/2014 

Cufflinks 

53 



Why use annotation? 10/06/2014 

Assembly 

54 
Roberts, A., Pimentel, H., Trapnell, C. & Pachter, L. Identification of novel transcripts in annotated genomes using RNA-Seq. Bioinformatics btr355 (2011). 
doi:10.1093/bioinformatics/btr355 

Spliced reads 
(dashed line) 

Read pairs 
(solid line) 

RABT: Reference Annotation 
Based Transcript assembly 
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Roberts, A., Pimentel, H., Trapnell, C. & Pachter, L. Identification of novel transcripts in annotated genomes using RNA-Seq. Bioinformatics btr355 (2011). 
doi:10.1093/bioinformatics/btr355 
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Roberts, A., Pimentel, H., Trapnell, C. & Pachter, L. Identification of novel transcripts in annotated genomes using RNA-Seq. Bioinformatics btr355 (2011). 
doi:10.1093/bioinformatics/btr355 

RABT: Reference Annotation 
Based Transcript assembly 
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chr22 protein_coding gene 19701987 19712295 . + . ID=ENSG00000184702;Name=SEPT5 
chr22 protein_coding mRNA 19707711 19708397 . + . ID=ENST00000413258;Name=SEPT5-016;Parent=ENSG00000184702 
chr22 protein_coding protein 19707711 19708397 . + . ID=ENSP00000404673;Name=SEPT5-016;Parent=ENST00000413258 
chr22 protein_coding CDS 19707711 19707761 . + 1 Name=CDS:SEPT5;Parent=ENST00000413258 
chr22 protein_coding CDS 19707843 19707977 . + 1 Name=CDS:SEPT5;Parent=ENST00000413258 
chr22 protein_coding CDS 19708165 19708189 . + 1 Name=CDS:SEPT5;Parent=ENST00000413258 
chr22 protein_coding CDS 19708291 19708397 . + 0 Name=CDS:SEPT5;Parent=ENST00000413258 
chr22 protein_coding exon 19707711 19707761 . + . Parent=ENST00000413258 
chr22 protein_coding exon 19707843 19707977 . + . Parent=ENST00000413258 
chr22 protein_coding exon 19708165 19708189 . + . Parent=ENST00000413258 
chr22 protein_coding exon 19708291 19708397 . + . Parent=ENST00000413258 

Seqname Source 

Feature Start End 

Score Strand Frame 

Attribute 

GFF (general feature format) is a file format used for describing genes and other features of 
DNA, RNA and protein sequences. 

gff3 
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• GTF file (x4) 
Seqname Source Feature Start End Score Strand Frame Attributes 
chr22 Cufflinks transcript 16122830 16124132 1000 . . gene_id "CUFF.1"; 
transcript_id "CUFF.1.1"; FPKM "148.5475880585"; frac "1.000000"; conf_lo "130.187774"; conf_hi "166.351044"; cov "16.147352"; 
full_read_support "yes"; 
chr22 Cufflinks exon 16122830 16124132 1000 . . gene_id "CUFF.1"; 
transcript_id "CUFF.1.1"; exon_number "1"; FPKM "148.5475880585"; frac "1.000000"; conf_lo "130.187774"; conf_hi "166.351044"; cov 
"16.147352"; 
chr22 Cufflinks transcript 16256332 16287937 1 - . gene_id 
"NM_001136213"; transcript_id "NM_001136213"; FPKM "0.0000000000"; frac "0.000000"; conf_lo "0.000000"; conf_hi "0.000000"; cov 
"0.000000"; full_read_support "no"; 
chr22 Cufflinks exon 16256332 16256677 1 - . gene_id 
"NM_001136213"; transcript_id "NM_001136213"; exon_number "1"; FPKM "0.0000000000"; frac "0.000000"; conf_lo "0.000000"; conf_hi 
"0.000000"; cov "0.000000"; 
chr22 Cufflinks exon 16258185 16258303 1 - . gene_id 
"NM_001136213"; transcript_id "NM_001136213"; exon_number "2"; FPKM "0.0000000000"; frac "0.000000"; conf_lo "0.000000"; conf_hi 
"0.000000"; cov "0.000000"; 
chr22 Cufflinks exon 16266929 16267095 1 - . gene_id 
"NM_001136213"; transcript_id "NM_001136213"; exon_number "3"; FPKM "0.0000000000"; frac "0.000000"; conf_lo "0.000000"; conf_hi 
"0.000000"; cov "0.000000"; 
chr22 Cufflinks exon 16268137 16268181 1 - . gene_id 
"NM_001136213"; transcript_id "NM_001136213"; exon_number "4"; FPKM "0.0000000000"; frac "0.000000"; conf_lo "0.000000"; conf_hi 
"0.000000"; cov "0.000000"; 
chr22 Cufflinks exon 16269873 16269943 1 - . gene_id 
"NM_001136213"; transcript_id "NM_001136213"; exon_number "5"; FPKM "0.0000000000"; frac "0.000000"; conf_lo "0.000000"; conf_hi 
"0.000000"; cov "0.000000"; 
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 Fragments Reads Per Kilobase of exon model per Million 
mapped fragments 

C= the number of reads mapped onto the gene's exons 
N= total number of mapped reads 
L= the sum of the exons in base pairs (transcript length) 

NL

C
FPKM  910

Mortazavi, A., Williams, B. A., McCue, K., Schaeffer, L. & Wold, B. Mapping and quantifying mammalian transcriptomes by RNA-Seq. Nat Meth 5, 621–628 (2008). 
Trapnell, C. et al. Transcript assembly and quantification by RNA-Seq reveals unannotated transcripts and isoform switching during cell differentiation. Nat 
Biotech 28, 511–515 (2010). 
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Cuffmerge is used to merge together several Cufflinks assemblies. It 

also handles running Cuffcompare for you, and automatically filters a 

number of transfrags that are probably artifacts. 



Cuffmerge | Input 

 

• gtf from Cufflinks 

• Genome 

• Annotation 
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• gtf (x1) 
Seqname Source Feature Start End Score Strand Frame Attributes 
chr22 Cufflinks exon 16162066 16162388 . + . gene_id "XLOC_000001"; 
transcript_id "TCONS_00000001"; exon_number "1"; gene_name "NR_073460"; oId "NR_073459"; nearest_ref "NR_073460"; class_code "="; 
tss_id "TSS1"; 
chr22 Cufflinks exon 16164482 16164569 . + . gene_id "XLOC_000001"; 
transcript_id "TCONS_00000001"; exon_number "2"; gene_name "NR_073460"; oId "NR_073459"; nearest_ref "NR_073460"; class_code "="; 
tss_id "TSS1"; 
chr22 Cufflinks exon 16171952 16172265 . + . gene_id "XLOC_000001"; 
transcript_id "TCONS_00000001"; exon_number "3"; gene_name "NR_073460"; oId "NR_073459"; nearest_ref "NR_073460"; class_code "="; 
tss_id "TSS1"; 
chr22 Cufflinks exon 16414985 16415982 . + . gene_id "XLOC_000002"; 
transcript_id "TCONS_00000002"; exon_number "1"; oId "CUFF.3.1"; class_code "u"; tss_id "TSS2"; 
chr22 Cufflinks exon 16414987 16415562 . + . gene_id "XLOC_000002"; 
transcript_id "TCONS_00000003"; exon_number "1"; oId "CUFF.4.1"; class_code "u"; tss_id "TSS2"; 
chr22 Cufflinks exon 16415764 16415930 . + . gene_id "XLOC_000002"; 
transcript_id "TCONS_00000003"; exon_number "2"; oId "CUFF.4.1"; class_code "u"; tss_id "TSS2"; 
chr22 Cufflinks exon 17082801 17083105 . + . gene_id "XLOC_000003"; 
transcript_id "TCONS_00000004"; exon_number "1"; gene_name "NR_001591"; oId "NR_001591"; nearest_ref "NR_001591"; class_code "="; 
tss_id "TSS3"; 
chr22 Cufflinks exon 17092548 17092783 . + . gene_id "XLOC_000003"; 
transcript_id "TCONS_00000004"; exon_number "2"; gene_name "NR_001591"; oId "NR_001591"; nearest_ref "NR_001591"; class_code "="; 
tss_id "TSS3"; 
chr22 Cufflinks exon 17094967 17095068 . + . gene_id "XLOC_000003"; 
transcript_id "TCONS_00000004"; exon_number "3"; gene_name "NR_001591"; oId "NR_001591"; nearest_ref "NR_001591"; class_code "="; 
tss_id "TSS3"; 
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Cuffcompare is used to compare assembled transcripts to a reference 

annotation. 



Cuffcompare | Input 

• gtf from Cufflinks / Cuffmerge 

• Reference annotation 

• Genome 
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Priority Code Description 

1 = Complete match of intron chain 

2 c Contained 

3 j Potentially novel isoform (fragment): at least one splice junction is shared with a reference 

transcript 

4 e Single exon transfrag overlapping a reference exon and at least 10 bp of a reference intron, indicating a 

possible pre-mRNA fragment 

5 i A transfrag falling entirely within a reference intron 

6 o Generic exonic overlap with a reference transcript  

7 p Possible polymerase run-on fragment (within 2Kbases of a reference transcript) 

8 r Repeat. Currently determined by looking at the soft-masked reference sequence and applied to transcripts 

where at least 50% of the bases are lower case 

9 u Unknown, intergenic transcript 

10 x Exonic overlap with reference on the opposite strand 

11 s An intron of the transfrag overlaps a reference intron on the opposite strand (likely due to read mapping 

errors)  

12 . (.tracking file only, indicates multiple classifications) 

The following table shows the code used by Cufflinks to classify the 
transcripts in comparison with the reference annotation 
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Read counting per gene with HTSeq-count 
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HTSeq is a Python package that provides infrastructure to 

process data from high-throughput sequencing assays. 



HTSeq | Input 

 

• BAM 

• gtf/gtf annotation file 

 

One counting per replicate 
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chr22 hg19_refGene CDS 17443626 17443766 0.000000 - 0 gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene exon 17442827 17443766 0.000000 - . gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene CDS 17444615 17444719 0.000000 - 0 gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene exon 17444615 17444719 0.000000 - . gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene CDS 17445656 17445752 0.000000 - 1 gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene exon 17445656 17445752 0.000000 - . gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene CDS 17446068 17446158 0.000000 - 2 gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene exon 17446068 17446158 0.000000 - . gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene CDS 17446990 17447254 0.000000 - 0 gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene exon 17446990 17447254 0.000000 - . gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene CDS 17449188 17449273 0.000000 - 2 gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene exon 17449188 17449273 0.000000 - . gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene CDS 17450833 17451083 0.000000 - 1 gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene exon 17450833 17451083 0.000000 - . gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene CDS 17468850 17469057 0.000000 - 2 gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene exon 17468850 17469057 0.000000 - . gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene CDS 17472763 17473066 0.000000 - 0 gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene exon 17472763 17473066 0.000000 - . gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene CDS 17488831 17489004 0.000000 - 0 gene_id "NM_001037814"; transcript_id "NM_001037814"; 
chr22 hg19_refGene exon 17488831 17489112 0.000000 - . gene_id "NM_001037814"; transcript_id "NM_001037814";  

Feature Attribute 
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• Tabular file (x4) 

NM_000026  1256 
NM_000106  0 
NM_000185  2 
NM_000262  3164 
NM_000268  0 
NM_000343  4 
NM_000355  16 
NM_000362  181 
NM_000395  0 
NM_000398  450 
NM_000407  0 
NM_000487  0 
NM_000496  38 
NM_000631  0 
NM_000675  262 
NM_000714  247 
NM_000754  149 

gene ID 
Read 
count 
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• A matrix 
    Gm12878_1 Gm12878_2 Hct116_1 Hct116_2 
NM_001003891  86  98  140  139 
NM_033200   1379  1639  3499  3583 
NM_152513   523  589  36  33 
NM_015330   7  8  17  19 
NR_046423   0  0  2  1 
NR_026815   58  73  256  238 
NR_001283   22  44  20  31 
NM_001198726  0  0  0  0 
NM_032050   0  0  0  0 
NR_037611   0  4  19  10 
NM_177405   1  2  0  0 
NM_019008   2433  2789  4233  4494 
NM_014292   1927  1874  5186  5120 
NM_024821   157  178  278  298 
NM_018943   11  13  0  0 
NM_033070   48  63  180  182 
NR_038949   2  4  0  0 
NM_001130921  0  0  0  0 
NM_001130919  0  0  0  0 
NR_024448   448  519  893  947 
NR_002727   4  2  1  0 
NM_019106   24  42  707  765 
NM_001164501  1  1  0  0 
NM_004810  869 1039 4 4 
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