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Dealing with NGS data:
Aligning/Mapping reads
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Topics to be addressed on the 2023-24 season - Survey Result

Deaing with schnA-seq in % N (57 1%)

Deaing with NGS data: Mapping I (")

Reads (alignment)

Deating wih NG dars: [ (-0)

Differential Splicing

Desing with NGS data: qC and. [  (+29%)

trimming

Deaing with NGs data: NN (<2 %)
Differential Expression

Dealing with Proteomics data N <)

ggplot2 for nice charts within [ A AR 2%

R

Accessing & downloading data [N 57

from online databases (eg.
ensembl, Uniprot, ENA, SRA,
GEOQ, etc)

Dealing with ONT drNA-Seq | ENENENNE (3 7%
analysis
Basic statistcs witnin % | (35 7
Regular expression and pattern _ (28.6%)

search on Biological Big Data

Handling TCGA expression data _ (28.6%)

for ad-hoc meta-analysis

Buiding computations! N (25 &)

pipelines (BASH, SnakeMake,
Nextflow)

Data submission to public _ (21.4%)

repositories (SRA, GEO, PRIDE)

Dealing with Ribosome _ (21.4%)

Profiling data

Co-expression networks: _ (21.4%)

construction and
interpretation (Cytoscape)

Unix Command line and Using ||| | | I (143%

our UoL HPC

using BLAST to carry out ||| NI  (43» \
homology searching X

Phylogenetic analysis: MsA, [ [N (43 LEEDS
phylogenetic trees, O I\/I | CS )
PhastCons/PhyloP scores
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Important steps on NGS data analysis workflow

Data QC and preprocessing FastQC, Trim_Galore, Trimmomatic

® & )

: : NSt }V'app'”g oarel. K NEPESUNSETSCPIN

DNA-seq: variant calling GSNAP, Minimap2,

BWA, GATKA4 pipeline \ oYyl EESSTNLIAE K allisto, Salmon, Trinity*
WGS DNA-seq: Genome SAM/BAM Samtools. I
Assembl manipulation/visualization Picard Tools I
Velvet, SPADES, HGAP3, Falcon,

Minimap/Miniasm I

HTSeq, FeatureCounts
RSEM, StringTie, Salmorl

Differential peak Differential expression
calling (ChIP-seq) (RNA-seq)

MACS2, Clipper, HOMER DESeq2, EdgeR, NOISeq, CuffDiff



Which aligner should | run on my RNA-seq samples?

Functionality

Bowtie2 Non-splice-aware local alignment against a ref. lacking introns
genome

Tophat2 Splice-aware local alignment against a ref. genome  Any
GSNAP  Splice-aware local alignment against a ref. genome  Any
STAR Splice-aware local alignment against a ref. genome  Any
HISAT2 Splice-aware local alignment against a ref. genome  Any
Trinity DBG de novo assembly lacking a ref. genome

Salmon Pseudoalignment against a ref. transcriptome  Wwith a robustreliable _
transcript isoforms annotation

Kallisto  Pseudoalignment against a ref. transcriptome  Wwith a robust/reliable _
transcript iIsoforms annotation



Aligners performance on RNA-seq data

Default parameters (d)
Tuned’parameters (t)

u Aligned ambiguously

W Aligned correctly
B Aligned incorrectly
Unaligned

Measurement
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Baruzzo et al., 2017 — Nat. Methods



STAR command line

1. Generate your indexed reference genome
2. Run the alignment: sequencing reads (fastq format) -vs- reference genome

rt PATH=/nobackup/leedsomics tools/STAR-2.7.10a/bin/Linux_x86 64 static/:$PATH

STAR --runThreadN 24 --runMode genomeGenerate --genomeDir HsapSAindexedGenome --genomeFastaFiles Homo sapiens.GRCh38.dna.primary_ mbly.fa --sjdbGTFfile Homo sapiens.GRCh38.105.gtf

STAR --ru alignReads ir HsapSAindexedGenome/ --readFilesIn sampleX_R1.fastq.gz sampleX R2.fastq.gz --readFilesCommand zcat --cutFileNamePrefix sampleX-vsGRCh38_  --cutSAMtype BAM Sor
tedByCoordinate --outSAMatt tes All --runThreadN 2

mand zcat --outFileNamePrefix “echo




Read Counts and Normalization Metrics

Gene or feature: A B C
e e -
Sample 1 =205 C=24 C=11
N=6M
Sample 2 e [ ¥ S T L
C=19 C=28 C=16
N=8M

= Reads or Fragments per kilobase per million (RPKM or FPKM)

_ #aligned reads onto feature (C)
RPKM =¢eature length in kb x #total reads on sample (N) x 1,000,000

= Transcripts per million
TPM = (RPK / sum of all RPKs on sample) x 1,000,000
- where RPK = #aligned reads onto feature (c) / feature length in kb

More details at https://www.rna-segblog.com/rpkm-fpkm-and-tpm-clearly-explained/ (reliable source for consultation purposes only)



https://www.rna-seqblog.com/rpkm-fpkm-and-tpm-clearly-explained/

RPKM Example

Gene A 600 bases Gene B 1100 bases Gene C 1400 bases

RPKM =12/(0.6*6) =3.33 RPKM =24/(1.1%6) =3.64 RPKM =11/(1.4%6) =1.31

C=19 C=28 C=16

RPKM = 19/(0.6*8) =3.96 RPKM = 28/(1.1*8) =1.94 RPKM =16/(1.4*8) =1.43

https://izabelcavassim.wordpress.com/2015/03/09/rpkm-and-fpkm-normalization-units-of-expression/



https://izabelcavassim.wordpress.com/2015/03/09/rpkm-and-fpkm-normalization-units-of-expression/

Bring your issues on!



