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Mapping NB:S SciLy%Lab

Enchancer Promoter TFBS TSS Exon Intron Exon Intron Exon TSS
--//-—-—-:—:I—:-—I— 3
Genomic DNA Gene
v
5 UTB CDS CDS CDS Cé UTR
Primary RNA sE 1 T ks
v < S
Mature mRNA Pre-processed RNA
Isoform 1 Isoform 2
5 cap PolyA Stert Stgp PolyA
5 T | | [ ] |3 5[ | [ ] |3
) CDS ' - cps
v
Protein

H| | | C H| | C

4/20



Mapping NB:S SciLy%Lab

T§S Exon Intron Exon Intron Exon TSS

— He]HH

JB== Y
JIB=
A Y
A Y

|
]

b Y
ol 17
N
A= =Y
=
AT Y
A .Y

4
Paired-end reads I_ﬂ D_DU _________ H_D H __________ U‘D D‘I
v
Adapter trimming Mapped to genome
M 5’$ap . c€Ds > PolyA

A B3y
A0 ==y
A /3y
A /3y
A3y
A1 /Y
Al @Y
A0 /Y
A0 /3
PN S e
A3 /3O
A0 37

wn

W

>
Vaooing HIH
[H
Trimmed reads Mapped to transcriptome

¢ Aligning reads back to a reference sequence
e Mapping to genome vs transcriptome
e Splice-aware alignment (genome)
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Aligners NB:S Scil.ifcLab

Considerations

Speed

Accuracy

Resources

Settings

Purpose (General/Specific)
Support & Community

Features

Reference index

Read pair alighment

Consider base quality scores

Sophisticated indexing to decrease CPU and memory usage
Resolving multi-mappers

o Report first X alighments and flag read as multi-mapping

e Use known annotations (junctions)
e 2-pass approach



Aligners | Speed NB?S ScilifcLab

Program Time_Min Memory_GB
HISATx1 22.7 4.3

r2
-

| HISATx2 47.7 4.3
1 HISAT 267 4.3
- STAR 25 28
u_______......ﬁlill STARX2 50.5 28

I l\l i I c: lI I I i i I ] I
@é"\i&;&%ﬁ%ﬁifﬁﬁ?@% F GSNAP 2919 202

TopHat2 1170 4.3

& Baruzzo, Giacomo, et al. "Simulation-based comprehensive benchmarking of RNA-seq aligners." Nature methods 14.2 (2017): 135



Aligners | Accuracy
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- Novel variants / RNA editing

- Allele-specific expression

- Genome annotation

- Gene and transcript discovery
- Differential expression

Increasing Accuracy

& STAR, HiSat2, GSNAP, Novoalign (Commercial)
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NB:S SciLy%Lab

Measurement

H Aligned correctly

m Aligned ambiguously

B Aligned incorrectly
Unaligned

& Baruzzo, Giacomo, et al. "Simulation-based comprehensive benchmarking of RNA-seq aligners." Nature methods 14.2 (2017): 135
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Mapping

e Reads (FASTQ)

@ST-E00274:179 :HHYMLALXX:8:1101:1641:1309 1:N:0:NGATGT

NB:S SciLy%Lab

NCATCGTGGTATTTGCACATCTTTTCTTATCAAATAAAAAGTTTAACCTACTCAGTTATGCGCATACGTTTTTTGATGG

+

#AAAFAFA<-AFFJJJAFA-FFJJJJFFFAJJJI-<FFJJJ-A-F-7--FA7F7----- FFFIJFA<FFFFJ<AJ--FF-

@instrument:runid:flowcellid:lane:tile:xpos:ypos
read:isfiltered:controlnumber:sampleid

e Reference Genome/Transcriptome (FASTA)

>1 dna:chromosome chromosome:GRCz10:1:1:58871917:1 REF
GATCTTAAACATTTATTCCCCCTGCAAACATTTTCAATCATTACATTGTCATTTCCCCTC
CAAATTAAATTTAGCCAGAGGCGCACAACATACGACCTCTAAAAAAGGTGCTGTAACATG

e Annotation (GTF/GFF)

#!genome-build GRCz16
#!genebuild-Llast-updated 2016-11
4 ensembl_havana gene 6732 52059 5 =

|

chr source feature start end score strand frame attribute

@ lllumina read name format, GTF format

gene_id "ENS
>



Alignment NB:S Scil.ifcLab

e SAM/BAM (Sequence Alignment Map format)

ST-E00274:188:H3JWNCCXY:4:1102:32431:49900 163 1 1 60 8513
| 4

query flag ref pos mapq cigar mrnm mpos tlen seq qual opt

& SAM file format



Alignment formats NB:S SCiLB%Lab

Format Size_ GB
SAM 7.4
BAM 1.9

CRAMIlosslessQ 14
CRAMS8binsQ 0.8
CRAMnoQ 0.26



Visualisation | tview NB:S Scil.ifeLab

samtools tview alignment.bam genome.fasta

911 1 941 951 961 a7 981 901 1801 1011 1821 1831 41 1861
GTAGGTTTAATTTCATCTTCTAATTTAGAATCTTGCCARTCAAGCCCTCTCGAAGTTGGCAATATCTATAACTCAACCTCTGCTTCTGAGAT TCTAAGTACCTTAGATGCCAAGTACATTACTATAATTGGTGT TATCGGGTCTTCCAACTCCTCCATTCAAGACTTAATTGACTCT!
GTTTAATTTCATCTT TMF TAGAATCTTGCCAATCAAGCCCTCTCGAAGTTGGCAATATCTATAAC ctgcttctgagattctaagtaccttagatgccaagtacattactataattggtgttatcgggtcttce ctcctccattcaagacttaattgactc
AT‘I‘FC;‘-TC'TCTMT._.’AM.,-TC'.TGCCAAT\'.AAGCC(TCTC{:AAuTI’GGCAATA?CTA TAACTCAAC  tgcttctgagattctaagtaccttagatgccaagtacattactataattggtgttatcggotcttcca  cotccattcaagacttaattgactctg
atttcatcttctaatttagaatcttgccaatcaagccctctcgaagttggeaatatctataactcaac GCTTCTGAGATTCTAAGTACCTTAGATGCCAAGTACATTA TAATTGGTGTTATCGGGTCTTCCAA cctccattcaagacttaattgactctgt
atttcatctictaatttagaatcttgccaatcaagccctctcgaagttggeaatatctataactcaac GCTTCTGAGATTCTAAGTACCTTAGATGCCAAGTACATTACTATAATTGGTGTTATCGGGTCTTCCAA cctccattcaagacttaattgactcte
aatcttgccaatc agttggcaatatctataactcaacctctge agattcta CTTAGATGCCAAGTACATTACTATAATTGGTGT TATCGGGTCTTCCAACTCCTCCATTCAAGACTTAA
tcttgccaatcaagcecctctogaagttggeaatatctataactcaacctetgcttctgagatictaag  CTTAGATGCCAAGTACATTACTATAATTGGTGTTATCGGGTCTTCCAACTCCTCCATTCAAGACTTAA
TAGGTTTAATTTCATCTT cttgccaatcaagccctctcgaagttogeaatatctataactcaacctctgettctgagattctaagt TTAGATGCCAAGTACATTACTATAATTGGTGT TATCGGGTCTTCCAACTCCTCCATTCAAGACTTAAT
GTAGGTTTAATTTCATCTTC TGCCAATCAAGCCCTCTCGAAGT CAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTAC ATGCCAAGTACATTACTATAATTGGTGTTATCGGGTCTTCCAACTCCTCCATTCAAGACTTAATT
TAGGTTTAATTTCATCTTCTAAT TGCCAATCAAGCCCTCTCGAAGTTGGCAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTAC GCCAAGTACATTACTATAATTGGTGTTATCGGGTCTTCCAACTCCTCCATTCARGACT
gtaggtttaatttcatcttctaatttag TGCCAATCAAGCCCTCTCGAAGT TGLCAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTAC CATTACTATAATTGGTGTTATCGGLTCTTCCAACTCCTCCATTCAAGACTTA
GTAGGTTTAATTTCATCTTCTAATTTAG GCCAATCAAGCCTTCTCGAAGTTGGCAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTACC cattactataattggtgttatcgggtcttccaactcctccattcaagacttas -
GTAGGTTTAATTTCATCTTCTAATTTAG CAATCAAGCCCTCTCGAAGT TGGCAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTACC tgttatcgggtcticcaactcctecattcaagacttaatigac
GTAGGTTTAATTTCATCTTCTAATTTAG CARTCAAGCCCTCTCGAAGTTGGCAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTACCTT gggtcttccaactcctce aagacttaattgactc
TAGGTTTAATTTCATCTTCTAATTTAG gcectectegaagttogeaatatctataactcaacctotgettctgagattctaagtaccttagatgec GGTCTTCCAACTCCTCCATTCAAGACTTAATTGACTCTGT
TTAATTTCATCTTCTAATTTAGAAT CCCTCTCGAAGTTGGCAATATCTATAACTCAACCTCTGCTTCTGAGAT TCTAAGTACCTTAGATGCCA tcttccaactc attcaagacttaattgactctgt
AGGTTTAATTTCATCTTCTAATTTAGAATCT ctctegaagttogeaatatctataactcaacctctgettctgagattctaagtaccttagatgecaag ggtcttccaactcctccattcaagacttaattgactcty
CTCGAAGTTGGCAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTACCTTAGATGCCAAGTA GTCTTCCAACTCCTCCATTCAAGACTTAATTGACTCTE
AGAATCT CGAAGTTGGCAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTACCTTAGATGCCAAGTACA gtcttccaactcctccattcaagacttaattgactctgt
AAGTTGGCAATATCTATAACTCAACCTCTGCTTCTGAGAT TCTAAGTACCTTAGATGCCAAGTACATT cttccaactcctccattcaagacttaattgactct
atcttgce CAATATCTATAACTCAACCTCTGCTTCTGAGATTCTAAGTACCTTAGATGCCAAGTACATTACTATAA cttccaactcctccattcaagacttaattgactctg
’TAG{]W!\AﬁCATC'TCTAAT"AGAHT("—GC CA CTATAACTCAACCTCTGCTTCTGAGATTCTAAGTACCTTAGATGCCAAGTACATTACTATAATTGGTG CTTCCAACTCCTCCATTCAAGACTTAATTGACTCT!
TCATCTTCTAATTTAGAATCTTGCCAA cttctgagattctaagtaccttagatgccaagtacattactataattggtgttatcgggtcttccaac CTCCATTCAAGAC
tcttctaatttagastcttgecaatcaagee cttctgagattctaagtaccttagatgccaagtacattactataattggtgttatcgggtcttccaac cattcaagactta s
CTAATTTAGAATCTTGCCAATCAAGCC Lttctgaca’htaaotd(’(tagatm(aagta[atta(ls*eatm gttatcgggtcttccaac  tccattcaagacttaattgactcig
tt u!g«\ atct \grr aatcaagccec ttctgagattctaagtaccttagatgccaagtacattactataattggtgttatcgggtcttccaact tccattcaagacttaattgactctg
tgagattctaagtaccttagatgccaagtacattactataattggtgttatcgggtcttccaactce ceattcaagacttaattgactcet
ttctaagtcccttagatgeccaagtacattactataattggtgttatcgggtcttccaactcet cattcaagacttaattgactctgt
"TA(:(.F'TAA"[TCMTC'T(.THAT*A(%TCW((CMTCM\:EC(TCTC"MG g ttctaagtaccttagatgccaagtacattactataattggtgttatcgggtcttccaactect tcaagacttaattgactctgt
GTAGGTTTAATTTCATCTTCTAATTTAGAATCTTGCCAATCAAGCCCTCTCGAAG gagattctaagtaccttagatgccaagtacattactataattggtgttatcgggtcttccaactecte
ATTTCATCTTCTAATTTAGAATCTTGCCAATCAAGCCCTCTCGAAGTTGGCAATATCTATAACTCAAC agattctaagtaccttagatgccaagtacattactataattggtgttatcgggtcttccaacteetce
TTCATCTTCTAATTTAGAATCTTGCCAATCAAGCCCTCTCGAAGTTGGCAATATCTATAACTCAACCT AGATTCTARGTACCTTAGATGCCAAGTACATTACTATAATTGGTGT TATCGGGTCTTCCAACTCLTCC
gattctaagtaccttagatgccaagtacattactataattggtgttatcoggtcttccaactecteea
gattctaagtaccttagatgccaagtacattactataattggtgttatcgggtcttocaactcctoca
gattctaattaccttagatgccaagtacattactataattogtgttatcgggtcttccaactcecccea
aagtaccttagatgccaagtacattactataattggtgttatcgggtcttccaactcctccattcaag
cttccaactcctccattcaagacttaattgactctot)
TTCCAACTCCTCCATTCAAGAC
TCCAACTCCTCCATTCAAGACTTAATTGACTCTG
caactcctccattcaagacttaattgactctyg
caactcctccattcaagacttaattgactctgt
aactcctccattcaagacttaattgactct
aactcctccattcaagacttaattgactctgt
tccattcaagacttaattgactct
ccattcaagacttaattgactctg
ccattcaagacttaattgactct




Visualisation | IGV

NB:S SciLy%Lab

& |GV, UCSC Genome Browser
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NB:S SciLy%Lab

Visualisation | SeqMonk
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Quantification | Counts NB:S Scil.ifcLab

Read counts = gene expression
Reads can be quantified on any
feature (gene, transcript, exon etc)
Intersection on gene models
Gene/Transcript level

i-0 0 0O0°00 oog--oe

E-HE—

Gene A GeneB Gene C

& featureCounts, HTSeq



Quantification | Counts NB:S Scil.ifcLab

e Read counts = gene expression Union
e Reads can be quantified on any Read
feature (gene, transcript, exon etc) = Gene A
¢ Intersection on gene models ene
e Gene/Transcript level . |:|| Gene A
-8 0 0000 0m 000 —
o N I Gene A
-
Gene A GeneB GeneC - I Gene A
& featureCounts, HTSeq [—
[a | Gene A
T
A | Ambiguous
/T
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Quantification | Multi-mapping NB:S Scil.ifcLab

Added (BEDTools multicov)
Discard (featureCounts, HTSeq)
Distribute counts (Cufflinks)
Rescue

o Probabilistic assignment (Rcount, Cufflinks)
o Prioritise features (Rcount)
o Probabilistic assignment with EM (RSEM)

& Fu, Yu, et al. "Elimination of PCR duplicates in RNA-seq and small RNA-seq using unique molecular identifiers." BMC genomics 19.1 (2018): 531
& Parekh, Swati, et al. "The impact of amplification on differential expression analyses by RNA-seq." Scientific reports 6 (2016): 25533
& Klepikova, Anna V., et al. "Effect of method of deduplication on estimation of differential gene expression using RNA-seq." Peer) 5 (2017): €3091



Quantification | Abundance NB:S Scil.ifcLab

e Count methods

o Provide no inference on isoforms
o Cannot accurately measure fold change

¢ Probabilistic assignment

o Deconvolute ambiguous mappings
o Transcript-level
o cDNA reference

Kallisto, Salmon

¢ Direct from FastQ to counts

Ultra-fast & alignment-free

Uses transcriptome reference

Subsampling & quantification confidence

Transcript-level estimates improves gene-level estimates
Kallisto/Salmon > transcript-counts > tximport() > gene-counts

& RSEM, Kallisto, Salmon, Cufflinks2

& Soneson, Charlotte, et al. "Differential analyses for RNA-seq: transcript-level estimates improve gene-level inferences." F1000Research 4 (2015)
& Zhang, Chi, et al. "Evaluation and comparison of computational tools for RNA-seq isoform quantification" BMC genomics 18.1 (2017): 583



Long-Read RNA-Seq

e PacBio, Nanopore etc
e Longreads, full transcripts
e Higherror rate
e Expensive
aligner [ STAR [ BBMap Il GMap

CPU RAM Aligned

GMap I .
BBMap || ]

0 50 100150200250 0 20 40 60 80 0 20 40 60 80
Hours GB %

e Results are comparable with MinlON data.

& GMAP, BBMap, STAR

NB:S SciLy%Lab

Genes detected

0 30006000 9000
Number of genes

& Krizanovic, Kresimir, et al. "Evaluation of tools for long read RNA-seq splice-aware alignment." Bioinformatics 34.5 (2017): 748-754
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Summary NB:S SciLy%Lab

e STAR, HISAT2 and GSNAP are good general purpose aligners

e Use HISAT2 if RAM is limited

e Consider using 2-pass mapping

e Be stringent with junction discovery criteria

e Map to genome for annotation/discovery

e For well known transcriptomes, Kallisto/Salmon offers ultra-fast quantification
e Forlongreads, GMAP and BBMap are good choice of aligners
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