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An Introduction to deep-sequencing analysis for biologists 



NGS – What is the essence of this technology?



Illumina machines in Weizmann

Product MiSeq NextSeq NovaSeq

Run Time 4–55 hours 12–30 hours

~13 - 38 hours, FC: dual SP 

~13–25 hours, FC: dual S1

~16–36 hours, FC: dual S2 

~44 hours,  FC: dual S4

Maximum Reads Per Run 25 million 400 million 20 billion

Maximum Read Length 2 × 300 bp 2 × 150 bp 2 x 250

https://emea.illumina.com/systems/sequencing-platforms.html# FC: Flow Cell 



Primary data analysis workflow

• RTA – Real time analysis of images

• Images generation per color and per cycle (of all the flow cell)

• From the images we perform base calling & quality scoring 

• Images are stored only for the first cycles in order to identify clusters 
(for random flow cells only). 

• Once intensities per cluster are extracted the images are deleted.



Image analysis steps 

• Each single cluster is 
identified and quantified 
across all images of a 
cycle 

• In this case the highest 
base quantified is C 



Template generation

Fixed cluster locations on patterned flow cells
eliminates the need for template generation. 

Identifying 
cluster 
location is 
based on 
the first 5 
cycles.



Intensity extraction



Goal (simplified): identify base 

/ N  ?



Quality scores

A quality score is a prediction of the probability of an error in 
base calling.

P Log10(P)
0.1 -1

0.01 -2
0.05-1.30103

0.001 -3



Line 1: Unique ID for a sequencing read

Line 2: Sequences

Line 3:+

Line 4: Base calling quality score (Analogous to Phred scores but in ASCII value)

Example:
@HISEQ:126:H14YJADXX:1:1101:1118:2101 1:N:0:ATCACG

CTCCATAGTCAGAAACTTCAGCATGACAGTACCTCATGCTGCATCAGGTGATCATGAAAAGATTAC

+

@@?ADDDD?ADHDIIIIIIIEIIIGEFHC<?FH4C9E9BGAFIGH<DG9BD?@DGGEGHHG<DCBB

https://emea.support.illumina.com/bulletins/2016/04/fastq-files-explained.html

Sequence output format

FASTQ format is a text-based format for storing both a biological 
sequence (usually nucleotide sequence) and its corresponding 
quality scores. (From Wikipedia)



There is an ASCII character associated with each nucleotide, representing 
its Phred quality score, the probability of an incorrect base call. 

http://drive5.com/usearch/manual/quality_score.html

Quality score representation

https://en.wikipedia.org/wiki/Phred_quality_score


Storing sequence information

Stefan server

WEXAC cluster

The process of creating Fastq files  & demultiplexing
the reads can be done on Stefan 



Topics to be discussed

• Illumina sequencing technology advances

• Illumina primary analysis

• Sequencing quality control (QC) 



Quality Control

There are 3 main areas where QC should be 
applied:

• Starting at the nucleic acids

• After Library preparation

• Post-Sequencing



Sequencing QC 

Common sequence artifacts in NGS data:

• Read errors (base calling errors and small 
insertions/deletions)

• Poor quality reads

• Primer/adaptor contamination

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/

FASTQC gives a quick impression of whether your data 
has any problems of which you should be aware 

before doing any further analysis
Developed by Simon Andrews at the Babraham Institute in Cambridge

http://www.bioinformatics.babraham.ac.uk/projects/fastqc/


QC reports for NextSeq runs at LSCF

Example : http://stefan.weizmann.ac.il/fqc/181018_NB501465_0390_AHNCYJBGX7/



Report of Quality: FASTQC

Traffic light warning system:
• normal (green)
• abnormal (orange)
• bad (red)

Aims to provide a simple way to do some 
quality control checks on raw sequence 

data coming from high throughput 
sequencing pipelines.

https://galaxyproject.github.io/training-material/topics/sequence-analysis/tutorials/quality-control/tutorial.html

https://galaxyproject.github.io/training-material/topics/sequence-analysis/tutorials/quality-control/tutorial.html


Initial QC -
What does QC tell you about your library?

• # of sequences

• Base call qualities

• Base composition

• Potential contaminants

• Expected duplication rate



FASTQC
Per base distribution of sequence quality

This plots the Q-score of the raw sequence reads as a box-plot for each cycle. 
Higher is always better, and the characteristic decay of quality is seen in most runs. 

Position in read (bp)

10%

1%

0.1%

Error rate

For each position, a boxplot is drawn with:
• the median value, represented by the central red line
• the inter-quartile range (25-75%), represented by the yellow box
• the 10% and 90% values in the upper and lower whiskers
• the mean quality, represented by the blue line
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Over clustering of the flow cells: 

• Results in small distances between clusters and an 
overlap in the signals. 

• Two clusters can be interpreted as a single cluster 
with mixed fluorescent signals being detected, 
decreasing signal purity.

• It generates lower quality scores across the entire 
read.



• Instrumentation breakdown

Some issues can occasionally happen with the sequencing 
instruments during a run. Any sudden drop in quality or a large 
percentage of low quality reads across the read could indicate a 
problem at the facility. 



FASTQC 
Per base sequence content

• Is this plot problematic?

Position in read (bp)

Deviation from normal base content (equally represented) 
can be: 
• Library quality issues
• Genomes that are very GC biased
• NGS applications that introduce a strong GC bias (such 

as Bisulfite-seq).

This plots the proportion of each base 
at each cycle.



Bisulfite-sequencing (measures DNA methylation)
introduce a strong GC bias 

Image by Illumina



Bisulfite Informatics

CCAGTCGCTATAGCGCGATATCGTA
me me

TTAGTTGCTATAGTGCGATATTGTA

TTAGTTGCTATAGTGCGATATTGTA

...CCAGTCGCTATAGCGCGATATCGTA...
|||||||||||||||||||||||||

Convert

Map

52



Common result in Bisulfite -Sequencing
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Not observed in ‘normal’ libraries, e.g. ChIP or RNA-Seq
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Developed– Bismark - QC application specific for bisulfite methylation



FASTQC – Sequence Duplication Level
%
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Sequence duplication level
• Sample of the library
• Only look at the first 50bp

 What percentage 
of the library would 
remain if you 
deduplicated it  to 
keep only one copy 
of every different 
sequence.

 The two 
traces show the 
proportion of the 
library which 
comes from 
sequences with 
different levels of 
duplication.

Duplicated read = copy of exactly the same sequence

%Deduplicated sequences
%Total sequences



This is a good RNA-Seq library

low duplication levels (2-9 copies) which 
probably cover most of the ‘normal’ genes 

Moderate duplication (10 – 100 copies) 
which may cover things like rRNA and 
some repeat sequences

There are very few highly 
duplicated sequences 
which might be more 
indicative of a technical 
problem with the library.



Example

Explaining Deduplicated Calculation 

Look at the bin of sequences duplicated 6 times. 

We have 5 different sequences each duplicated 6 times.

How many reads do we have in this bin in total 

and after deduplication?



Two sources of duplicate reads can be found:

• PCR duplication in which library fragments have been 
over-represented due to biased PCR enrichment
It is a concern because PCR duplicates misrepresent the  
true proportion of sequences in the input.

• Truly over-represented sequences such as very 
abundant transcripts in an RNA-Seq library
It is an expected case and not of concern because it does 
faithfully represent the input.



• Many PhiX sequences are present thousands of times due to high coverage. 
• The red line shows that when we deduplicate the library the vast majority of sequences 

come from reads which were present only once in the original library.
• Why do we have sequences present only once?

Examples

Sequence Duplication Plots

PhiX is a bacteriophage 
with a well-defined 
genome sequence of 
5386 nucleotides. 
PhiX is commonly used 
as a control for Illumina 
sequencing runs.



Examples

Sequence Duplication Plots
What do you think on the quality of this RNA-Seq library?

http://proteo.me.uk/2013/09/a-new-way-to-look-at-duplication-in-fastqc-v0-11/



FASTQC
Over represented sequences

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/3%20Analysis%20Modules/9%20Overrepresented%20Sequences.html

For each overrepresented sequence the program will look for matches in a 

database of common contaminants

Finding that a single sequence is very overrepresented in the set means:
• It is highly biologically significant
• Indicates that the library is contaminated
• Library is not as diverse as you expected

https://www.bioinformatics.babraham.ac.uk/projects/fastqc/Help/3%20Analysis%20Modules/9%20Overrepresented%20Sequences.html


Summary

The more time and effort you spend on QC

the better quality 

your results and conclusion will be.



Questions?

Alignment


