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QUALITY CONTROL (QC)

Post sequencing QC ensures integrity and quality of data before downstream analyses and interpretation
Varies based on sequencing technology ¢ sometimes requires additional steps

Advancement in technology ¢ variety of freely available and downloadable tools

lllumina sequencing ¢ FastQC

ONT sequencing ¢ Nanoplot, FastQC

ILLUMINA SEQUENCING

Changes in fluorescence intensities

FASTAQ files
Short read technology

: e
® __C

MultieC

Label
Sequence

@FORJUSPO2AIWDL
CCGTCAATTCATTTAAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGT

+
AAAAAAAAAAAA: :B9@: & 1 : P2@@: : FFAAAAACCAA: : : : BB@@PA?

| @ scores (as ASCII chars) |
|

Base=T, Q=":'=15

ONT SEQUENCING

Changes in electric signals
Pod5 files / fast5files + fastq files

Long-read technology

bioconda / packages / nanoplot 1441

Porechop
SOVOVOVOVOT SOV0R
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QUALITY METRICS

Q=-101log 10 (P) ; P € probability that a base is called incorrectly

Q scores € bottom line of fastQ files ¢ assess accuracy and reliability of sequencing data

Sequencing depth / Depth of coverage / Read depth € number of times a particular nucleotide in a DNA sequence is “read”

during sequencing [ i.e. if a specific nucleotide is sequenced 30 times = 30x coverage ]

[i.e. 95% coverage indicates that 95% of the bases in the total DNA sequence have been sequenced atleast once ]

Sequencing coverage ¢ percentage of a genome that has been sequenced at a certain depth

N50 < length of the shortest contig needed to cover 50% of the assembly ? N50 = good assembly

L50 € number of contigs required to cover 50% of the assembly * L50 = good assembly

GC content = { number of (G + C) / numberof (A+T+G+C) } *100 = GC% ; Range from 20%— 70%

Why is it important for bacteria ? Because GC% is already identified on the website € correlate and identify the strain you have

17-06-2025 Technical University of Denmark Quality control of Raw data
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QUALITY METRICS

« Qscores € bottom line of fastQ files ¢ assess accuracy and reliability of sequencing data

Q=-101log 10 (P) ; P € probability that a base is called incorrectly

@FORJUSPO2AJIWD1

CCGTCAATTCATTITAAGTTT TAACCTTGCGGCCGTACTCCCCAGGLGGT
+

AAAAAAAAAAALA:|:

‘ Sequence ‘

9@: :::??@@: : FFAAAAACCAA: : : : BB@a ?A?

| Q scores (as ASCII chars)

Base=T,0="."=25
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QUALITY METRICS

Sequencing depth / Depth of coverage / Read depth ¢ number of times a particular nucleotide in a DNA sequence is “read”

during sequencing [ i.e. if a specific nucleotide is sequenced 30 times = 30x coverage ]

 GOTA_
TTITTT
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= QUALITY METRICS
10%
80% I I
reads N I 10% 1

Reference

« Sequencing coverage ¢ percentage of a genome that has been sequenced at a certain depth

[i.e. 90% coverage indicates that 90% of the bases in the total DNA sequence have been sequenced atleast once ]

17-06-2025 Technical University of Denmark Quality control of Raw data
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QUALITY METRICS

0] o | s | s ] a0 | e [ n

200

>

400

N50 < length of the shortest contig needed to cover 50% of the assembly

L50 € number of contigs required to cover 50% of the assembly

17-06-2025 Technical University of Denmark

TNSO = good assembly

*LSO = good assembly
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QUALITY METRICS

0] o | s | s ] a0 | e [ n

s | s | e | a0
#4 #5 #6 #7

100 70 60
I I
<€ >

200

400

N50 < length of the shortest contig needed to cover 50% of the assembly

L50 € number of contigs required to cover 50% of the assembly

17-06-2025 Technical University of Denmark

TNSO = good assembly

*LSO = good assembly
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QUALITY METRICS

=cv Adenine
Thymine 2"/_<NH NWﬁdembme

GC content = { number of (G + C) / numberof (A+T+ G+ C) } *100 = GC% ; Range from 20%— 70%

Why is it important for bacteria ? Because GC% is already identified on the website € correlate and identify the strain you have

17-06-2025 Technical University of Denmark
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- FASTQC
, @ FastQC FastQC aims to provide a QC report which can spot problems which originate either in the
File Help

sequencer or in the starting library material.
bad_sequence. txt l g?ad__f&ﬂu&ft__ﬁ

Basic Statistics FastQC can be run: 1) as a stand-alone interactive application or 2) it can be run in a non-

Per base sequence quality interactive mode

Per sequence quality scores

Per base sequence content

@ - - -
' .'I Per base GC content “ BaSIC StﬂtlStlcs
q | Per sequence GC content Measure Value

0000

Per base N content Filename Movl0 oe l.subset.fq

GinyTics LG NN File type Conventional base calls

00

| qu P nLe =

Total Sequences 305900

._: Overrepresented sequences
Sequences flagged as poor guality 0O

o

Kmer Content
Sequence length 100

8CGC 47
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ILLUMINA SEQUENCING - QUALITY CONTROL

— W

A good per base quality graph A bad per base quality graph

Quality scores across all bases (Sanger / lllumina 1.9 encoding) Qualty scores across all bases (Sanger / lllumina 1.9 encoding)

@SEQ_ID_1

o e AR LTI I T I I T I I TITIITITT . GATAAAGCAGTATCGAT
0 it 54 | TTTTTTTTTT

36 J J . i [} : I +

34 = T n 1L | e :__“-—:"\—.,,_“\ || o L ..“' .‘..“

2= a0 LJ e CULIOHHL | i !"*%%%)_1 ***+*n))**

30 i 2 b - I~

28

e s g | @SEQ_ID_2

26 24

~ TTTGGGGTTCAAAT

4. B

o 20

20 18 +

18 16 I__ AL ME M0 (MEIIUILAE! HE T L -

i - Tl | A | %%%).1***CCF>>>>>>CC

2 ” M @SEQ_ID_3

10 : L r

8 ’ GATCAAAGCAGTATCGAT
8 -1

[

¥ : LU +

: i ® 1236567601510 3034 4549 60-64 80-84 100-104 120-124 140-144  165-160 185-189 205-200 225-229 245-249 !"*(1***+*"))**55CCF>>>>>>

S 123456789 1519 30-34 45-49 6064 75-79 90-84 105-109 120-124 135139 150

Position in read (bp)
Position in read (bp)

1) Analyses quality score at each position within a sequence to identify potential degradation or bias

« X-axis ¢ base position in read ; Y-axis ¢ quality scores
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PER SEQUENCE QUALITY GRAPH

A good per sequence quality graph A bad per sequence quality graph
Quality score distribution over all sequences Quality score distribution over all sequences
Average Quality per read 1000
80000
70000
800
60000
3000 0
40000
400
30000
200
1000
g 23456768910 1213 14 L] 18 20 22 23 24 i} 8 30 32 33 34 36 38 0 23456768 910 121314 16 18 <0 22 23 24 2% 8 3G 32 33 34 36 38
Mean Sequence Quality {Phred Score) Mean Sequence Quality (Phred Score)

2) This plot reports the percent of bases called for each of the four nucleotides at each position across all

reads in the file. Again, the X-axis is non-uniform as described for Per base sequence quality.
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DNA LIBRARY PER BASE CONTENT

3)

DNA library per base content RNA library per base content

30 AR

3) Plot of the number of reads vs. GC% per read. The displayed Theoretical Distribution assumes a uniform GC content for

all reads
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PER SEQUENCE GC CONTENT PER BASE N CONTENT LIBRARY SEQUENCE DUPLICATION
4) 5) A bad per base N content graph 6) DNA library sequence duplication

Per sequence GC content
GO dist i il uences t &5 all bases

stribution over all seq N contart acro
. Percent of seqs remsining if deduplicated 99.31%
o 100

----------

500000

25 27 3 E 3 7 s =
Pasition in read (bp) Sequence Duplication Level

4) Plot of the number of reads vs. GC% per read.
5) Percent of bases at each position or bin with no base call, i.e. ‘N’.
6) Percentage of reads of a given sequence in the file which are present a given number of times in the file. (This is the blue line. The red line is

more difficult to interpret.)

17-06-2025 Technical University of Denmark Quality control of Raw data



=
—]
—

i

ADAPTER CONTENT

7) Adapter content graph

0
1234567891213 18-19 24-25 30-31 36-37 42-43 4840 54-55 60-61 66-67 72-73 78-70 84-85 90-01 96-07 104-105 114-115 124-125 134-135
Position in read (bp)

7) Cumulative plot of the fraction of reads where the sequence library adapter sequence is identified at the indicated base position. Only

adapters specific to the library type are searched.
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(" ot = \\ Single. Human-readable.
| L . WAL report
M U L I IQC o B O\ /] Maltior @ | v1.20
experimert | 7 | | /\‘s\' > |
e — multigc Search path : /demo/data
searching 1ee% 121/121

feature_counts Found 8 reports

star Found 8 reports

|
|
|
|
cutadapt | Found 16 reports
|
|
|
|

fastqc Found 32 reports

multiqc Report : multigc_report.html
multiqgc | Data : multigc_data
multiqc | MultiQC complete

MultiQC - reporting tool that parses results and statistics

from bioinformatics tool outputs Multice. MUltIQC

é helps to summarize experiments containing mUItiple B A modular tool to aggregate results from bioinformatics analyses across many samples into a single report.

QualiMap
Report generated on 2019-05-06, 15:58 based on data in: /users/bi/lcozzuto/RNAseq_2019/Q

samples and multiple analysis steps

Shirah © Welcome! Not sure where to start?

Q-

placed at the end of pipelines / run manually in the end

STAR

= General Statistics
MultiQC recursively searches through any provided file e

Q-

Siawar Sample Name 5-3'bias MAligned %o Aligned M Aligned % Aligned M Aligned %% Trimmed < Dups %GC Length M Seqgs

paths and finds files that it recognizes e WIS B e p—

a generates a single stand-alone HTML report file i o ——— = § R
sl bl subsample_to_trim s S Rl A

Q-

also generates a directory of parsed data files i prove ey sy | BT

QualiMap

QualiMap is a platform-independent application to facilitate the quality control of alignment sequencing data and its derivatives like feature counts

Genomic origin of reads OHelp

Classification of mapped reads as originating in exonic, intronic or intergenic regions. These can be displayed as either the number or percentage of mapped reads.

Counts | Percentages

17-06-2025 Technical University of Denmark Quality control of Raw data
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TRIMMING READS AND ADAPTER REMOVAL
i | |
Can do read trimming and/or adapter trimming ‘ | s\ ‘
Ensure accurate and reliable downstream sequencing results P7 Adapter |

Read trimming 7777'!7777 7”7!”77 J77777777£ 7777!7777
Adapters contains the sequencing primer binding sites, index
sequences, and sites that allow library fragments to attach to | |
P5 Adapter

the flow cell lawn ‘ l

Require adapter trimming only on 3’ ends of reads

P7 Adapter ’

FT11rrsrrrz 7777!7777 YA EEETTTE; 111777777
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TRIMMOMATIC

unpaired

Helps remove low quality reads and adapter sequences after assessing quality of reads

Command line tool ¢ trim and crop FASTQ data and also remove adapters

Single end data: 1 INPUT FILE < 1 OUTPUT FILE

Paired end data: 2 INPUT FILES < 4 OUTPUT FILES ; forward paired, forward unpaired, reverse paired , reverse

Several trimming steps available

COMMAND lection |

ILLUMINACLIP
SLIDINGWINDOW
MAXINFO

LEADING
TRAILING
CROP
HEADCROP
MINLEN
AVGQUAL
TOPHRED33
TOPHRED64

Cut adapter and other illumina-specific sequences from the read
starts scanning at the 5" end and clips the read once the average quality within the window falls below a threshold

An adaptive quality trimmer which balances read length and error rate to maximize the value of each read

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

Cut bases off the end of a read, if below a threshold quality

Cut the read to a specified length by removing bases from the end
Cut the specified number of bases from the start of the read

Drop the read if it is below a specified length

Drop the read if the average quality is below the specified level
Convert quality scores to Phred-33

Convert quality scores to Phred-64

17-06-2025 Technical University of Denmark
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Adapter trimming

|

Quality trimming

1}

Read filtering
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CUTADAPT

cutadapt -a AACCGGTT -o output.fastq input.fastq.gz

cutadapt = AACCGGTT -o output.fastq input.fastq.gz

Finds and removes adapter sequences, primers, poly-A tails

€ done after quality trimming and before length trimming

Allowed to modify and filter reads to redirect them to various output files

Adapter location in read
Full adapter sequence anywhere

Partial adapter sequence at 3
end

Full adapter sequence at 3’ end

Adapter location in read
Full adapter sequence anywhere

Partial adapter sequence at 5’
end

Full adapter sequence at 5’ end

17-06-2025

Read layout
acgtacgtADAPTERacgt

acgtacgtacgtADAP

acgtacgtacgtADAPTER

Read layout
acgtADAPTERacgtacgt

PTERacgtacgtacgt

ADAPTERacgtacgtacgt

Technical University of Denmark

Found by regular

yes

yes

yes

Found by regular

yes

yes

yes

3’
-a ADAPTER

5
-g ADAPTER

Found by non-internal
3
-a ADAPTERX

no

yes

yes

Found by non-internal
5
-g XADAPTER

no

yes

yes

Found by anchored
3
-a ADAPTER$

no

no

yes

Found by anchored
5
-g “ADAPTER

no

no

yes

ERROR TOLERANCE
Allowed errors :
ADAPTER - matches
ADABTER - mismatches
ADAPTR - deletions
ADAAPTER - insertions
--no-indels ¢ only mismatches detected
Maximum error rate = 0.1 (10%) default
Actual error rate = number of errors in the match / length of
matching part of adapter
Adapter occurrence is found only if actual error rate of the match
does NOT exceed maximum error rate

Eg 1: adapter match of length 8 containing 1 error ¢

errorrate =1/8 =0.125

Default maximum error rate = 0.1 Will this be detected or not?
eg 2: adapter match length of 10 containing 1 error ¢

error rate =1/10 = 0.1  Will this be detected or not?

-e ¢ allows to change maximum error rate between 0 - 1

Quality control of Raw data
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ONT SEQUENCING - NANOPLOT

Plotting tool for long read sequencing data and alignments

Also available as a web service ¢ submit the summary .txt file

INSTALLATION: pip install NanoPlot

Upgrade to a newer version using:

pip install NanoPlot --upgrade
(or)

conda badge

conda install -c bioconda nanoplot

NanoPlot creates ¢ a statistical summary, a number of plots, a html summary file

ManoPlot --summary sequencing_summary.txt --loglength -o summary-plots-log-transformed

NanoPlot Online

You can create NanoPlot reports online using this simple tool.

[Select summary]

FAQ

How do | use the online tool ?
Albacore/Guppy creates a summary, sequencing_summary.txt. This summary is used by nanoplot to generate it plots. You can upload the data using
the upload-field above. Once the run is completed, a report will be generated.

How long is my data stored ?

The uploaded summary is stored untill the run is finished and is then removed from our server. The resulting report is only removed upon user request.

Can | upload bam/sam/fastq files ?

No, this tool is aimed at exploring NanoPlot. If you wish to use more features, install it locally. (see github.com/wdecoster/NanoPlot)

ManoPlot -t 2 --fastq readsl.fastq.gz reads?2.fastq.gz --maxlength 40000 --plots dot --legacy hex

ManoPlot -t 12 --color yellow --bam alignmentl.bam alignment2.bam alignment3.bam --downsample 18000 -o bamplots downsampled

17-06-2025 Technical University of Denmark
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https://github.com/wdecoster/NanoPlot
https://nanoplot.bioinf.be/
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= NANOPLOT EXAMPLES
B
A) )
. 600
2000
500
2 1500 g 400
E E 300
£ 1o 5
200
500
100
€ 0 5000 10000 15000 20000 25000 " 1 10 100 1000 10000 100000
Read length Read length
A) This plot shows a simple histogram with read N50 metric. B) Similar but here with log10 transformed read lengths.

Quality control of Raw data
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C) D) E)

00000
nnnnnnnnnnnn

C) This bivariate plot shows with a kernel density estimate the read length compared to the average read basecall Phred quality.
D) This plot contains the same as C) but with a log10 transformation on the read lengths.

E) This plot is the same as the C) and D) but instead of a kernel density estimate here hexagonal bins are used to show the
distribution of the data.

17-06-2025 Technical University of Denmark
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PORECHOP

Porechop is a tool for finding and removing adapters from Oxford Nanopore reads
performs thorough alignments to effectively find adapters, even at low sequence identity
Adapters on the ends of reads are trimmed off

If read has an adapter in its middle ¢ treated as chimeric and chopped into separate reads
Porechop also supports demultiplexing of Nanopore reads that were barcoded with

the Native Barcoding Kit, PCR Barcoding Kit or Rapid Barcoding Kit.

WORKING:

i. Find matching adaptors

ii. Trim adapter from read ends
iii. Split reads with internal adaptors
iv. Discards reads with internal adaptors

v. Barcode demultiplexing

17-06-2025 Technical University of Denmark

Porechop o

OVOVOVOV0OT OQVO0K

Basic adapter trimming:

porechop -i input_reads.fastg.gz -o output_reads.fastq.gz

Trimmed reads to stdout, if you prefer:

porechop -i input_reads.fastq.gz » output_reads.fastqg

Demultiplex barcoded reads:
porechop -i input_reads.fastq.gz -b output_dir

Demultiplex barcoded reads, straight from Albacore output directory:

porechop -i albacore_dir -b output dir

Also works with FASTA:

porechop -i input_reads.fasta -o output_reads.fasta

More verbose output:

porechop -i input reads.fastg.gz -o output reads.fastq.gz --verbosity 2

Got a big server?

porechop -i input_reads.fastq.gz -o output_reads.fastq.gz --threads 48

Quality control of Raw data



https://github.com/rrwick/Porechop
https://store.nanoporetech.com/rapid-barcoding-sequencing-kit.html
https://store.nanoporetech.com/pcr-barcoding-kit-96.html
https://store.nanoporetech.com/native-barcoding-kit-1d.html
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PORECHOP - WORKING

WORKING:

i. Find matching adaptors ¢ aligns a subset of reads to known adapter sets

ii. Trim adapter from read ends ¢ first and last bases in each read are aligned to each present adapter set ¢ if a long & strong match is found <
adapter trimmed

iii. Split reads with internal adaptors ¢ entire read is aligned to present adapter set to spot cases where adapter is in the middle of the read ¢ if
match is found — adapter trimmed

iv. Discards reads with internal adaptors ¢ reads with internal adapters are thrown out

v. Barcode demultiplexing ¢ can demultiplex the reads into bins based on which barcode was found (- b)

OUTPUT:
If —o is specified ¢ stdout: .fastq, .fastq.gz, .fasta and .fasta.gz
. vp ) ) --verbosity 0 No output progress
If =b is specific ¢ directory for barcode bins eg: BC01.fastq.gz, BC02.fastq.gz, none.fastq.g
_ - ] --verbosity 1 Summary info about end adapter trimming and
If —-o & =b is not specified ¢ output to stdout and prints progress to stderr middle adapter splitting
- format ¢ to specify output type --verbosity 2 ir;c:jws actual trimmed/split sequences for each
--verbosity 3 Tons of data

17-06-2025 Technical University of Denmark Quality control of Raw data
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LIMITATIONS

number of kits/barcodes has increased ¢ adapter-search became increasingly slow
does adapter search on a subset of reads ¢ which means there can be problems with non-randomly ordered
read sets (e.g. all barcode 1 reads at the start of a file, followed by barcode 2 reads, etc).

Many ONT adapters share common sequence with each other, making false positive adapter finds possible.

17-06-2025 Technical University of Denmark Quality control of Raw data
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FILTLONG

Filter out low-quality reads from Long read sequencing data (ONT)
Read length + quality metrics data to filter out

Features: Length filtering, Quality filtering , Read trimming

Requirements :

* Linux or macOS

« C++ compiler (GCC 4.8 or later should work)
* zlib (usually included with Linux/macOS)

17-06-2025
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https://github.com/rrwick/Filtlong
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Figure A)

read identity (%)

25000 50000 75000 100000
read length (bp)

FILTLONG - WORKING

filtlong --min_length 1000 --keep_percent 90 --
target_bases 500000000 input.fastq.gz | gzip >
output.fastq.gz

Figure B)

95+
904
854
804

754

read identity (%)

704

65

0 25000 50000 75000 100000
read length (bp)

filtlong -1 illumina_1.fastg.gz -2 illumina_2.fastq.gz --
min_length 1000 --keep_percent 90 --target_bases
500000000 --trim --split 500 input.fastq.gz | gzip >
output.fastq.gz

Dot = a single read
Length distribution (top) / x axis

Identity distribution (right) / y axis

Figure A) Reads before Filtlong ¢ 1.3 Gbp data
Length N50 = 24,077 bp

(i.e. half the bases are in a read 24,077 bp long or longer).
Identity N50 = 85.60%

(i.e. half the bases are in a read with 85.60% or higher identity).

Figure B) without an external reference

Filtlong has cut the original 1.3 Gbp of reads down to a much
better 500 Mbp subset.

Short reads and low identity reads have been mostly removed.

Length N50 = 36,827 bp
Identity N50 = 88.53%

Figure C)

759 -

read identity (%)

704

65 T T T
0 25000 50000 75000 100000

read length (bp)

Figure C) with lllumina read reference

Length N50 = 28,713 bp
Identity N50 = 88.94%

filtlong -1 illumina_1.fastq.gz -2
illumina_2.fastq.gz --min_length 1000 --
keep_percent 90 --target_bases 500000000
input.fastq.gz | gzip > output.fastq.gz
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read identity (%)

754

704

65

read length (bp)

T T T
0 25000 50000 75000 100000

Figure D) With trimming and splitting

Length N50 = 28,407 bp
Identity N50 = 89.37%

filtlong -1 illumina_1.fastq.gz -2
illumina_2.fastq.gz --min_length 1000 --
keep_percent 90 --target_bases 500000000 --
trim --split 500 input.fastq.gz | gzip >
output.fastq.gz

17-06-2025
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FILTLONG - WORKING

read identity (%)

Figure E)

65

read length (bp)

0 25000 50000 75000 100000

Figure E) Length priority

Length N50 = 43,877 bp
Identity N50 = 87.89%

filtlong -1 illumina_1.fastq.gz -2
illumina_2.fastq.gz --min_length 1000 --
keep_percent 90 --target_bases 500000000 --
trim --split 1000 --length_weight 10
input.fastq.gz | gzip > output.fastq.gz

read identity (%)

Figure F)

S

754,

70 1

65+—
0 25000 50000 75000 100000

read length (bp)

Figure F) Quality priority

Length N50 = 14,127 bp
Identity N50 = 89.83%

filtlong -1 illumina_1.fastq.gz -2
illumina_2.fastq.gz --min_length 1000 --
keep_percent 90 --target_bases 500000000 --
trim --split 100 --mean_q_weight 10
input.fastq.gz | gzip > output.fastq.gz
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HE

THANK YOU FOR LISTENING, ANY QUESTIONS ?

Kindly ensure to drop your email address on the chat to receive the certificates
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