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BCL2FASTQ2

https://www.illumina.com/content/dam/illumina-marketing/images/company/newscenter/multimedia/nextseq500-flowcell/hires-nextseq500-flowcell.jpg?iframe&modal=hires

Multiplex Run = Sequencing of 
Multiple Samples in one RUN
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BCL2FASTQ2

Demultiplexing; 
Typically done by the 
sequencing facility
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FASTQ

Light intensities translated to TEXT; 
Derived from FASTA; 

Very large file, contains every single 
sequenced read for a given sample; 

Number of FASTQ files = Number of Samples 
( for PE x2 )



FASTQ

@NB500995:63:HC5GHBGX5:1:11101:22946:1063 1:N:0:CAACTAAT+AGATCTCG 
GCAACNTTGATCAGTTCTGACACAGTGTTTTGAACCATATCAGGATCCCTCACATCACACTGAATTGCATGAACCT 
+ 
AAAAA#/EEEEAEEEEEEEEEEEEEEEEEEEEAEEEEEEEEEE/EEEEEEAAEEEE/EEEEEAEEEEEE/E/EEEE

@<machine_id>:<run number>:<flowcell ID>:<lane>:<tile>:<x-pos>:<y-pos> 
 <read>:<is filtered>:<control number>:<index sequence> 



FASTQ FastQC

@NB500995:63:HC5GHBGX5:1:11101:22946:1063 1:N:0:CAACTAAT+AGATCTCG 
GCAACNTTGATCAGTTCTGACACAGTGTTTTGAACCATATCAGGATCCCTCACATCACACTGAATTGCATGAACCT 
+ 
AAAAA#/EEEEAEEEEEEEEEEEEEEEEEEEEAEEEEEEEEEE/EEEEEEAAEEEE/EEEEEAEEEEEE/E/EEEE



FASTQ FastQC

A poor RNA-seq run is characterized by: 

• PCR duplicates 

• Adapter contamination 

• rRNA and tRNA reads 

• Unmappable reads
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TrimGalore

• Trim for low quality reads; 

• Trim for adapter sequences; 

• Trim for noisy short fragments; 

• 2 color chemistry bias;



• Trim for low quality reads; 

• Trim for adapter sequences; 

• Trim for noisy short fragments; 

• 2 color chemistry bias;

TrimGalore
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MAPPING/ALIGNMENT : 

Assignment of FASTQ reads to most likely 
locus of origin in the REFERENCE GENOME 

This step has to be done for all FASTQ files 
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STAR*/HISAT2/
BWA/Bowtie2

*--quantMode FOR RNA SEQ READS

Tertiary QC

Preliminary Step for all Aligners: 

Generate genome index (per genome type)

Allows for computationally efficient mapping
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SEQUENCE ALIGNMENT MAP: SAM/BAM 

Consensus format to store alignment records; 

All aligners will generate results in the SAM 
format; 

There are 2 sections in this file: 

• Header Section 

• Alignment Section



Consensus format 
to store alignment 
records; 

All aligners will 
generate results in 
the SAM format; 

There are 2 
sections in this file: 

• Header 
Section 

• Alignment 
Section

SEQUENCE ALIGNMENT MAP: SAM/BAM 
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Could most reads be aligned? 

Are there any obvious biases of the read distributions? 

Are the replicate samples as similar to each other as 
expected?



STAR*/HISAT2/
BWA/Bowtie2

*--quantMode FOR RNA SEQ READS

Tertiary QC

Could most reads 
be aligned? 

Are there any 
obvious biases of 
the read 
distributions? 

Are the replicate 
samples as similar 
to each other as 
expected?
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DESeq2

Number of reads mapped to a gene depends on: 

• Its own expression level; 

• Its length; 

• The sequencing depth; 

• Expression of all other genes within the sample;

Normalization is done to eliminate  systematic effects;
DESeq2::estimateSizeFactors( )



DESeq2



DESeq2

Exploration of Global 
normalized read count 
patterns:



DESeq2

Exploration of Global 
normalized read count 
patterns:



RNA SEQ DATA SETS 

Count based (Discrete) RNA-seq data, suffers 
from non-uniform mean-variance relationships

Heteroscedasticity;

How do we best model this data 🤔 ???
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RNA SEQ DATA SETS



DESeq2

Once, mean-variance relationship is modeled, 
Wald test is used to report Differentially Expressed 
Genes! 



DESeq2

Once, mean-variance relationship is modeled, 
Wald test is used to report Differentially Expressed 
Genes! 



DESeq2

MA-plot 
Differentially 
expressed 
features are 
highlighted in 
red
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THANK YOU FOR 
LISTENING! 
Contact Info:        http://rnaseqcore.vet.cornell.edu/ 

E-mail List Serve: TREX-GENEREG-L 
Jen Grenier:          jgrenier@cornell.edu 
Faraz Ahmed:       fahmed@cornell.edu 
Christine Butler:   cab18@cornell.edu 
Ann Tate:               aef93@cornell.edu

http://rnaseqcore.vet.cornell.edu/
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