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www.bioinformatics.babraham.ac.uk/projects/fastqc/
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FastQC

Function A quality control tool for high throughput sequence data.

The main functions of FastQC are

Import of data from BAM, SAM or FastQ files {(any variant)

Providing a quick overview to tell you in which areas there may be problems

Ssummary graphs and tables to quickly assess your data

Export of results to an HTML based permanent report

Offline operation to allow automated generation of reports without running the interactive application
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www.bioinformatics.babraham.ac.uk/projects/fastqc/

FASTQC - PRZYKLADY

The main functions of FastQC are

« Import of data from BAM, SAM or FastQ files (any variant)
Providing a quick overview to tell you in which areas there may be problems
Summary graphs and tables to quickly assess your data
Export of results to an HTML based permanent report
Offline operation to allow automated generation of reports without running the interactive application

Documentation

A copy of the FastQC documentation is available for you to try before you buy (well download..).

Example Reports

Good lllumina Data

Bad lllumina Data

Adapter dimer contaminated run
Small RNA with read-through adapter
Reduced Representation BS-Seq
PacBio

454
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FASTQC - PRZYKLADY

The main functions of FastQC are

« Import of data from BAM, SAM or FastQ files (any variant)
Providing a quick overview to tell you in which areas there may be problems
Summary graphs and tables to quickly assess your data
Export of results to an HTML based permanent report
Offline operation to allow automated generation of reports without running the interactive application

Documentation

A copy of the FastQC documentation is available for you to try before you buy (well download..).

ample Reports

Good lllumina Data

Bad lllumina Data

Adapter dimer contaminated run
Small RNA with read-through adapter
Reduced Representation BS-Seq
PacBio

454
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FASTQC - PRZYKLADY
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The main functions of FastQC are

« Import of data from BAM, SAN
Providing a quick overview to t
Summary graphs and tables tc
Export of results to an HTML b
Offline operation to allow autor

Documentation

A copy of the FastQC documentation i

Example Reports

Good lllumina Data

Bad lllumina Data

Adapter dimer contaminated
Small RNA with read-through ¢
Reduced Representation BS-S
PacBio

454
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www.bioinformatics.babraham.ac.uk/projects/fastqc/

BASIC STATISTICS

@Basic Statistics

Filename bad sequence

@Basic Statistics

Measure Value

Filename good_sequence_short.txt

File type Conventional base calls File type Conventional base calls

Encoding Illumina 1.5 Encoding Illumina 1.5

Total Sequences Total Sequences 10528

Seguences flagged as poor quality

Sequences fTlagged as poor quality

Sequence length

Sequence length
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PER BASE SEQUENCE QUALITY

Quality scores across all bases (llumina 1.5 encoding) Quality scores across all bases (llumina 1.5 encoding)

!!-lll-lllllllllll.lllll..l..l=
TTI1TT1 TR THNT

1 23456 7 8 810 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 1 234567 8 810 12 14 16 18 20 22 24
Position in read (bp) Position in read (bp)
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PER TILE SEQUENCE QUALITY

e

2

Quality per tile Quality per tile

20 22 24 26 28 30 32 34 el 38 40 2345868 7 8 910 2 4 1§ 18 20 22

Position in read (bp} Position in read (bp}
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PER SEQUENCE QUALITY SCORES

Quality score distribution over all sequences Quality score distribution over all sequences

Average Quality per read Awverage Quality per read

234538 7 8 910 12 14 18 13 20 22 24 28 28 30 32 34 38 38 2 3 4 5 &8 7 8 9 1011 121314 1316 17 18 1% 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Mean Sequence Quality (Phred Score) Mean Sequence Quality (Phred Score)
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PER BASE SEQUENCE CONTENT

Seguence content across all bases Sequence content across all bases

1 2 345358 7 8 810 12 14 18 13 20 22 24 28 28 30 32 34 El:] 38 1 23453567 88510 12 14 1lg 15 20 22 24 2g 28 3d 32 24 35 38 40
Position in read (bp) Position in read (bp)
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PER SEQUENCE GC CONTENT

GC distribution over all seguences GC distribution over all sequences

GC count per read GC count per read
Theaoretical Distribution Theoretical Distribution

02468 11 15 19 23 27 31 35 38 43 47 51 55 38 83 67 71 75 79 83 87 81 85 99 02468 11 1% 19 23 27 31 35 39 43 47 51 55 58 83 67 71 75 79 83 87 81 85 88
Mean GC content (%) Mean GC content (%)
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PER BASE N CONTENT

N content across all bases M content across all bases

dahANEEREBE

1 23453567 8810 12 14 1l 15 20 22 24 2g 28 a2d 32 24 3G 38 40 1 2345678910 12 14 16 13 20 22 24 26 28 30 32 34 35 38 40
Position in read (bp) Position in read (bp)
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SEQUENCE LENGTH DISTRIBUTION

Distribution of segquence lengths over all sequences Distribution of sequence lengths over all sequences

Seguence Length Sequence Length

40 40
Seguence Length (bp) Sequence Length (bp)
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SEQUENCE DUPLICATION LEVELS

Percent of seqs remaining if deduplicated 94.81% Percent of segs remaining if deduplicated 69.11%

% Deduplicated seguences % Deduplicated sequences
% Total sequences % Total sequences

T T

7 2 G =10 =50 =100 =500 =1k =5k =10k 7 3 g =10 =50 =100 =500 =1k =5k =10k
Sequence Duplication Level Sequence Duplication Level

ANALIZA DANYCH NGS 2024/2025 MAGDA MIELCZAREK




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

SEQUENCE DUPLICATION LEVELS

To cut down on the memory requirements for this module only rercentofceqs fenaing fdeduplemedseae
sequences which first appear in the first 100,000 sequencesin | E——
each file are analysed, but this should be enough to get

good impression for the duplication levels in the whole file.

Because the duplication detection requires an exact sequence
match over the whole length of the sequence, any reads over
/5bp in length are truncated to 50bp for the purposes of this
analysis. Even so, longer reads are more likely to contain
sequencing errors which will artificially increase the observed
diversity and will tend to underrepresent highly duplicated
sequences.

=10 =30 =100 =300 =1k =5k =10k

Sequence Duplication Level
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www.bioinformatics.babraham.ac.uk/projects/fastqc/

OVERREPRESENTED SEQUENCES

Ostrzezenie — ktorakolwiek sekwencja wystepuje > 0,1%
Awaria — ktérakolwiek sekwencja wystepuje > 1%

Sequence Count Percentage Possible Source
AGAGTTTTATCGCTTCCATGACGCAGAAGTTAACACTTTC 3.52248391815587
:J’ GATTGGCGTATCCAACCTGCAGAGTTTTATCGCTTCCATG 3.5178582762542754

N0 Overrepre Se nted Seque nces ATTEGCGTATCCAACCTGCAGAGTTTTATCGCTTCCATGA J. 58956819327 688071

COATAAAAATEATTEGCATATCCAACCTACAGAGTTTTAT 3.48395894209759134

GTATCCAACCTGCAGAGTTTTATCGCT TCCATGACGCAGA 3.47534961 858680060

COGTTCAGCAGGAATGCCGAGAT COGAAGAGCGOT TCAGC 39 3.15153503328185878 Illumina Paired End PCR Primer 2 (96% over 25bp)
TCTGCAGGTTGOATACGCCAATCATTTTTATCGAAGCGCG 585 3.147993361882027%9 No Hit
COCTTAAAGCTACCAGTTATATGGCTGGGGGGTTTTTTTT 552 3.139645@81831575965 MNo Hit

CTCTECAGATTERATACGCCAATCATTTTTATCGAAGCGC 32 3.1345854162828698 No Hit

CTECETCATGEAAGCGATAARACTCTGCAGGTTGGATACG 5 3.1382 449691342 No Hit

CTECAGOT TGGATACGCCAATCATTTT TATCGAAGCGCGC g 3,12775495335846852 No Hit

GCTTAAAGCTACCAGTTATATGGCTGAGGEGTTTTTTITTG 417 3.1@307482341988626 Mo Hit
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ADAPTER CONTENT

% Adapter % Adapter

Nlumina Universal Adapter lllumina Universal Adapter
Nurnina Srall RMA 3 Adapter Nlurnina Small RMNA 3 Adapter
Nurnina Srmall RMA 5' Adapter llurnina Small RMA 5 Adapter
Mextera Transposase Sequence MNertera Transposase Seguence
SOLD Small RNA Adapter SOLUD Small RNA Adapter

g 10 11 12 13 14 13 16 17 18 18 20 21 22 23 24 25 28 27 28 g 10 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 28 27 28
Position in read (bp] Position in read (bp]
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FASTQC - PRZYKLADY

The main functions of FastQC are

« Import of data from BAM, SAM or FastQ files (any variant)
Providing a quick overview to tell you in which areas there may be problems
Summary graphs and tables to quickly assess your data

Export of results to an HTML based permanent report
Offline operation to allow automated generation of reports without running the interactive appli

Documentation

A copy of the FastQC documentation is available for you to try before you buy (well download..).

Example Reports

Good lllumina Data

Bad lllumina Data

Adapter dimer contaminated run
Small RNA with read-through adapter
Reduced Representation BS-Seq
PacBio
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FASTQC - PRZYKLADY

The main functions of FastQC are

« Import of data from BAM, SAM or FastQ files (any variant) o
L . . . : @Bablr Statistics
Providing a quick overview to tell you in which areas there may be problems
Summary graphs and tables to quickly assess your data @ I IR
Export of results to an HTML based permanent report Per base sequence quality

Offline operation to allow automated generation of reports without running the interact o
Per sequence quality scores

Documentation @ Per base sequence content

@ Per sequence GC content

A copy of the FastQC documentation is available for you to try before you buy (well dov

@ Per base N content

Example Reports
'ﬁ:___ ___:'Sequen: e Length Distribution

Good lllumina Data

Bad lllumina Data @qu uence Duplication Levels
Adapter dimer contaminated run

Small RNA with read-through adapter @1 werrepresented sequences

Reduced Representation BS-Seq
PacBio @Addptwr Content

454
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BASIC STATISTICS

@Basic Statistics

Filename

File type Conventional base calls
Encoding 5 er / Illumina 1.9
Total Sequences

Sequences flagged as poor quality

Sequence length

®aC
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PER BASE SEQUENCE QUALITY

Quality scores across all bases [Sanger f lllumina 1.9 encoding)

0-3390 4200-4399 5200-5398 6200-6389

Fosition in read |bp|
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www.bioinformatics.babraham.ac.uk/projects/fastqc/

PER SEQUENCE QUALITY SCORES

il Quality score distribution owver all sequences

Average Quality per read

4 5 <] 7

Mean Seguence Quality [(Phred Score)
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www.bioinformatics.babraham.ac.uk/projects/fastqc/

PER BASE N CONTENT

Q__‘, N M content across all bases

1 234506789 400599 1200-1389  2200-2388  3200-3399 4200-4399  5200-3399 6200-6399

Position in read (bp)
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SEQUENCE LENGTH DISTRIBUTION

Distribution of sequence lengths ower all sequences

Sequence Length

0-198  ©00-799 1400-1599 2200-239%9  3000-3129 3800-3999 4600-479% 5400-53598  65200-6399

Sequence Length [bp)
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FASTQC - PRZYKLADY

The main functions of FastQC are

« Import of data from BAM, SAM or FastQ files (any variant)
Providing a quick overview to tell you in which areas there may be problems
Summary graphs and tables to quickly assess your data
Export of results to an HTML based permanent report
Offline operation to allow automated generation of reports without running the interactive application

Documentation

A copy of the FastQC documentation is available for you to try before you buy (well download..).

Example Reports

Good lllumina Data

Bad lllumina Data

Adapter dimer contaminated run
Small RNA with read-through adapter
Reduced Representation BS-Seq
PacBio

454
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RRBS-Seq/scRRBS

RRBS-Seq/scRRBS
= <\ = s s Lo E— S

Reduced representation bisulfite Methylated Mspl Methylated Methylated End repair Bisulfite Converted PCR DNA
sequencing (RRB5-5eq) DNA digestion regions adapter and ligation conversion fragments
Single cell RRBS (scRRBS)

r

r

Reduced-representation bisulfite sequencing (RRBS-Seq ) or single-cell reduced-representation bisulfite sequencing (scRRBS ) is a protocol that uses one or multiple
estriction enzymes on the genomic DNA to produce sequence-specific fragmentation. The fragmented genomic DNA is then treated with bisulfite and sequenced. This i
he method of choice to study specific regions of interest. It is particularly effective where methylation is high, such as in promoters and repeat regions.

* Genome-wide coverage of CpGs in islands at single-base resolution

¢ Areas dense in CpG methylation are covered

ons:.

* Restriction enzymes cut at specific sites, providing bia seqguence selection

CpG islands are short stretches of DNA with an unusually high GC

* Method measures 10-15% of all CpGs in genome content and a higher frequency of CpG dinucleotides

¢ Cannot distinguish between SmC and ShmC

¢ Does not cover non-CpG areas, genome-wide CpGs, and CpGs in areas without the enzyme restriction site
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FASTQC - PRZYKLADY

The main functions of FastQC are

« Import of data from BAM, SAM or FastQ files (any variant)
Providing a quick overview to tell you in which areas there may be problems
Summary graphs and tables to quickly assess your data
Export of results to an HTML based permanent report
Offline operation to allow automated generation of reports without running the interactive application

Documentation

A copy of the FastQC documentation is available for you to try before you buy (well download..).

Example Reports

Good lllumina Data

Bad lllumina Data

Adapter dimer contaminated run
Small RNA with read-through adapter
Reduced Representation BS-Seq
PacBio

454
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PER BASE SEQUENCE CONTENT

Sequence cantent acrass all bases

14 16 18 20 £2 24

Pasition inread (bp)
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PER SEQUENCE GC CONTENT

ZC distribution owver all sequences

GE count per read
Theoretlcal Distributlon

10000
2000

6000

D2468 1114 17 20 22 26 20 32 35 28 41 44 47 50 53 56 59 62 65 62 71 74 77 20 83 36 89 92 95 93

Mean GC cantant (%)
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drwxr—-xr—-x 2 mielczarek users 4.0K Nov 8 08:23 Tmages

drwxr-xr-x 2 mielczarek users 4.0K Nov 8 09:23 Icons

—rw—-r——r—— 1 mielczarek users 818 Nov 8 09:23 summary.txt
—rw—r——r—— 1 mielczarek users 343K Nov 8 09:23 fastgc report.htm
—rw—r——r—— 1 mielczarek users 11K Nov & 09:23 fastqgc.fo
—Irw—r——r—— 1 milelczarek users 375K Nov 8 09:23 fastgc data.t=x=t
PASS Basic Statistics NG—-22253 E3 11ib357991 6555 1 2Z2.fastqg.g=z

PASS Per base sequence quality NG-22253 E3 1ib357991 6555 1 2. fastg.gz
PASS Per tile sequence quality NG-22253 E3 1ib357991 6555 1 2. fastqg.gz
PASS Per sequence gquality scores NG—-22253 E3 llb35T991 6555 1 2 fastqg.g=z
FATL Per base sequence content NG-22253 E3 1ib357991 6555 1 2. fastg.gz
PASS Per sequence GC content NG-22253 E3 1ib357991 6555 1 2. fastq gz

PASS Per base N content NG-22253 E3 1ib357991 6555 1 2. fastg.gz

PASS Sequence Length Distribution NG-22253 E3 1ib357991 6555 1 2. fastqg.gz
FATL Sequence Duplication Levels NG—-22253 E3 llb35?991 6555 1 2 fastqg.g=z
WARN Overrepresented sequences NG-22253 E3 llb35T991 6555 1 2 fastg.gz

PASS Adapter Content NG-22253 E3 1ib357991 6555 1 _2.fastqg. gz
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drwxr—-xr—-x 2 mielczarek users 4.0K Nov 8 09:23 Images
drwxr—-xr—-x 2 mlielczarek users 4.0K Nov 8 09:23 Icons
—rw—r——r—— 1 mielczarek users 818 Nov & 09:23 summary.txt
—rw-r——r—— 1 mielczarek users 343K Nov 8 09:23 fastgc report.html
—rw—-r——r—— 1 mielczarek users 11K Nov 8 09:23 fastgc.fo
—Trw—r—r—— 1 mielczarek users 375K Nov 8 09:23 fastgc data.txt
##FastQC 0.11.4

>>Basic Statistics pass

#Measure Value

Filename NG—-22253 E3 1ib357991 6555 1 2.fastg.gz

File type Conventional base calls

Encoding Sanger / Illumina 1.9

Total Sequences 19743654

Sequences flagged as poor quality 0

Sequence length 151

FGC 46

>>END MODULE

>>Per base sequence quality pass

#Base Mean Median Lower Quartile Upper Quartile 10th Percentile 90th Percentile
1 35.83468860424722 37.0 37.0 37.0 37.0 37.0

2 36.005622464818316 37.0 37.0 37.0 37.0 37.0

3 36.102991168706666 37.0 37.0 37.0 37.0 37.0

4 36.01433316244298 37.0 37.0 37.0 37.0 37.0

2 36.07038656572892 37.0 37.0 37.0 37.0 37.0

6 36.02822881721894 37.0 37.0 37.0 37.0 37.0
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http://multiqc.info/

MULTIQC

—> 1 RAPORT DLA WIELU PROB

MultiQC

@ Python Package Index

Aggregate results from bioinformatics analyses across many samples & Documentation
into a single report

sl 54 supported tools
MultiQC searches a given directory for analysis logs and compiles a HTML report. It's a

general use tool, perfect for summarising the output from numerous bioinformatics tools. B Publication / Gitation

www.youtube.com/watch?time__continue=>5&v=BhScv9TcaMg
www.youtube.com/watch?time__continue=1&v=qPhlI0_KWNO

2 YouTube ™
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MULTIQC

—> 1 RAPORT DLA WIELU PROB

Per Sequence GC Content NN

The average GC content of reads. Normal random library typically have a roughly normal distribution of GC content. See the FastQC help.

General Statistics

A Copy table | i Configure Columns  Showing "%y mo e Percentages \ Counts

Sample MName
Per Sequence GC Content

151114_1191_FCH3IY3ISBCXX _L1_wHAIPI023992-3T 1
151114 181 _FCHIVISBCXX L1 wHAIPIO23902-3T 2 151118 1137 FCH3KNJBBXX L5 wHAXPI023905-96 2

34% GC: 5.023743052088246
151114 _1191_FCHIYISBCXX_L2 wHAMPI0Z3991-66_1
151118_M3T_FCH3KNJBBEXX L5 wHAXPIO23005-08 2
160103_N37_FCHIVSYBEXX L3 WHOSTibkDCABDLAAPEI-B2_1
160103 _M3T_FCHIVEYBEXX L3 WHOSTIibkDCABDLAAPEI-G2 2
160103_1137_FCH3aVSYBBEXX_L3 WHOSTibkDCACDTAAPEI-TS_1

160103 _N37_FCH3VSYBBXX L3 WHOSTIbkDCACDTAAPEI-TS 2

160103_M3T_FCH3VSYBBXX_L4_WHOSTibkDCABDLAAPEI-&2_1

https://sr320.github.io/Qly-read-check/
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@HWI-1KL157:109:C448WACXX:7:1311:12007:37445 1:N:0:ACAGTG
AGAAATGCCAGGCTAGATGAGTTACAATCNAGTATCAAGATAGGC

+
@@ @FFDFFGHGHHFDDDGHHHDDDD44#$%&,344+400/01234
(..)

Quality scores across all bases (lllumina 1.5 enceding)

Fosition in read | bp
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www.usadellab.org/cms/?page=trimmomatic

USADELLAB.org Home Research Education Service & Software Publications

Supporting Info About Us NGS, DE and other things

Trimmomatic: A flexible read trimming tool for l[llumina NGS data

Citations

Bolger, A. M., Lohse, M., & Usadel, B. (2014). Trimmomatic: A flexible trimmer for Illumina Sequence Data. Bioinformatics, btul70.

Paired End:

java -jar trimmomatic-8.35.jar PE -phred33 input forward.fg.gz input _reverse.fqg.gz
output_forward paired.fq.gz output forward unpaired.fq.gz output reverse paired.fg.gz
output_reverse unpaired.fg.gz ILLUMINACLIP:TruSeg3-PE.fa:2:38:18 LEADING:3 TRAILING:3
SLIDINGWINDOW: 4:15 MINLEN: 36
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www.usadellab.org/cms/?page=trimmomatic

Description

Tnmmomatic performs a variety of useful trimming tasks for illumina paired-end and single ended data.The selection of tnmming steps
and their associated parameters are supplied on the command line.

The current trimming steps are:

o |LLUMINACLIP: Cut adapter and other illumina-specific sequences from the read.

» SLIDINGWINDOW: Perform a sliding window tnmming, cutting once the average guality within the window falls below a
threshold.

» LEADING: Cut bases off the start of a read, if below a threshold quality

» TRAILING: Cut bases off the end of a read, If below a threshold quality

» CROP: Cut the read to a specified length

» HEADCROP: Cut the specified number of basas from the start of the read

« MINLEN: Drop the read if it is below a specified length

« TOPHRED33: Convert quality scores to Phred-33

» TOPHREDG4: Convert quality scores to Phred-64

It works with FASTQ (using phred + 33 or phred + 64 quality scores, depending on the lllumina pipeline used), either uncompressed or
gzipped FASTQ. Use of gzip format is determined based on the gz extension.

For single-ended data, one input and one output file are specified, plus the processing steps. For paired-end data, two input files are
specified, and 4 output files, 2 for the ‘paired’ output where both reads survived the processing, and 2 for corresponding ‘unpaired’ output
where a read survived, but the partner read did not.
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Introduction

PRINSEQ is a tool that generates summary statistics of sequence and quality data and that 15 used to filter, reformat and trim
next-generation sequence data. It is particular designed for 454/Roche data, but can also be used for other types of sequence
data. PRINSEQ is available through a user-friendly web interface or as standalone version. The standalone version is primarily
designed for data preprocessing and does not generate summary statistics in graphical form

PRINSEQ is distributed under the GMNU Public License (GPL). All its source codes are freely available to both academic and
commercial users. The latest version can be downloaded at the SourceForge download page

Web version TOROF PAGE

The interactive web interface provides summary statistics for guality control that can help to choose parameters for data
preprocessing. PRINSEQ prowvides filter, trim and reformat options for data preprocessing

Necessary resources
rargware

- Computer connected to the Internet



http://prinseq.sourceforge.net/

PRINSEQ

—> AMBIGUOUS BASES

Sequences can contain the ambiguous base N for positions that could not be identified
as a particular base. A high number of Ns can be a sign for a low quality sequence or even
dataset.

Ambiguous bases can cause problems during downstream analysis. The different programs
deal with the problem in different ways. Some programs replace ambiguous bases with
a random base (e.g. BWA) and others with a fixed base (e.g. SHAHA2 and Velvet replace Ns
with As). This can result in misassemblies or false mapping of sequences to a reference
sequence and therefore, sequences with a high number of Ns should be removed before
downstream analysis.

Filtering reads containing more than 1% of ambiguous bases is advised.
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PRINSEQ

—> MINIMUM AND MAXIMUM READ LENGTH

Short sequences are more likely to match at a random position by chance than longer
sequences and may therefore result in false positive functional or taxonomical assignments.

In some cases, sequences can be much longer than several standard deviations above the mean
length (e.g. 1,500+ bp for a 500 bp mean length with a sd100 bp). Those sequences should
be used with caution as they likely contain long stretches of homopolymer runs. Homopolymers
are a known issue of pyrosequencing technologies.

A rule of thumb for sequence length thresholds of longer-read datasets is to filter sequences
shorter than 60 bp (20 amino acids) and longer than twice the mean length.
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