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Actually, that’s the coffee machine...this is the next-gen sequencer.
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Next (Next) Generation Sequencing Hype

~
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The First Law of Technology says we invariably overestimate
the short-term impact of a truly transformational discovery, while

underestimating its longer-term effects.

https://www.scientificamerican.com/
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Seapiencing Techinologies
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Sanger (chain termination)

Roche 454 Pyrosequencing (pyrophosphate)

on Torrent (semiconductor technology)
2 lllumina (fluorescent - sequencing by synthesis (SBS))
Singu\ar Genomics (fluorescent - rapid SBS)

Aviti (fluorescent - sequencing by avidity)

PacBio (fluorophore)
3 Nanopore (ionic current)
HG“COS - Seq LL (fluorescent)

Bionano - Saphyr (third-generation optical mapping)
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Massive Parallel Sequencing

_ddATP_ddGTP_ddTTP_ddCTP

% The Nobel Prize in Chemistry 1980
@4 Paul Berg, Walter Gilbert, Frederick Sanger

Paul Berg Walter Gilbert Frederick Sanger

The Nobel Prize in Chemistry 1980 was divided, one half
awarded to Paul Berg "for his fundamental studies of the
biochemistry of nucleic acids, with particular regard to
recombinant-DNA", the other half jointly to Walter Gilbert
and Frederick Sanger "for their contributions concerning the
determination of base sequences in nucleic acids".

UniBS | EvoGen | JCW
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Massive Parallel Sequencing
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Condensation

O OH reaction
~ 0]
+ H
Ok Phosphodiester{ -0—P—=0 2
-0—P—0 linkage

OH OH

© 2011 Pearson Education, Inc.
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DNA

(+) forward strand

5"'-ATGCGTCACT.. TGGCACTGGCA-3"
3"-TACGCAGTGA..ACCGTGACCGT-5"

(-) reverse strand

17 UniBS | EvoGen | JCW
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Primer Sites

forward primer site reverse primer site

5"-ATGCGTCACT.. TGGCACTGGCA-3"'
3" -TACGCAGTGA..ACCGTGACCGT-5"

18 UniBS | EvoGen | JCW
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PCR Amplification

Reverse Primer

<'3-CGTGACCGT-5"
5"-ATGCGTCACT..TGCACTGGCA-3"'

3"'-TACGCAGTGA..ACGTGACCGT-5"'
5"-ATGCGTCAC-3'>

Forward Primer

19 UniBS | EvoGen | JCW
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Amplicon Primer
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00 0
HO—P—0—P—0-P—0 HO—P—0—P—0—

P
} _ | _ | _ | _
0 0 ) \/O BASE 0 0 0 }O BASE
@ Hydroxide @ Hydrogen > STOP

deoxynucleotide triphosphate dideoxynucleotide triphosphate (ddNTP)
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4 x PCR (+ one dideoxynucleotide)
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A Reaction mixture
» Primer and DNA template » DNA polymerase

» ddNTPs with flourochromes » dNTPs (dATP, dCTP, dGTP, and dTTP)

Primer

T T T

T dei——————————— 5

Tempiate
|_

odTTP @
dICTP —@

g 3

2 Primer elongation
and chain termination

AN

\

3]

I Capillary gel

A
Laser

3 Capillary gel electrophoresis
separation of DNA fragments

4 Laser detection of flourochromes
and computational sequence analysis

UniBS | EvoGen | JCW
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24

GS Junior

Pyrosequencing

Roche 454

The PyroMark uses Pyrosequencing technology for
real-time, sequence-based detection and quantification
of sequence variants and epigenetic methylation. The
PyroMark Q24 is highly suited for the analysis of CpG
methylation, SNPs, insertion/deletions, STRs, variable
gene copy number, as well as for microbial identification
and resistance typing.

UniBS | EvoGen | JCW
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Pyrosequencing (pyrophosphate)

Template I

New Sequence

Enzyme
Catalyst
Label

B - m
APS ‘ o Luciferin ’ ATP
> | > L ' >
1. Polymerase 2. Sulfurylase 3. Luciferase | Light Peak

The first step cleaves the triphosphate

. nucleotide after an addition, releasing
L I
— Ayrase pyrophosphate. The second step converts

pyrophosphate into adenosine triphosphate
(ATP) via the enzyme ATP sulfurylase. The
third step uses the newly synthesized ATP
to catalyze the conversion of luciferin into
oxyluciferin via the enzyme luciferase and
this reaction generates a quanta of light
that is captured from the picotiter plate by
a charge- coupled camera.
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lon Torrent (semiconductor technology)

A

VY,
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Massive Parallel Sequencing

lllumina Sequencing by Synthesis (fluorescent)

MiniSeq System MiSeq Series NextSeq Series HiSeq Series HiSeq X Series NovaSeq Series

1.8-7.5 Gb 0.3-15 Gb 20-120 Gb 125-1500 Gb 900-1800 Gb 134-6000 Gb

8-25 million 1-25 million 130-400 million 2.5-5 billion 3-6 billion Up to 20 billion

2 x 150 bp 2 x 300 bp 2 x 150 bp 2 x 150 bp 2 x 150 bp 2 x 150 bp
50 384 96 12 16 48

http://www.illumina.com

UniBS | EvoGen | JCW
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Sequencing by Synthesis (SBS) (fluorescent)

computer readout
/) orange = G —>» AGTG

primer
attaches
here

optical
sensor

Cleave
fluorescence,
wash away
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Massive Parallel Sequencing

Singular Genomics (fluorescent - rapid SBS)

G4

A highly versatile benchtop

sequencer targeting
applications where

accuracy, speed, flexibility,
and scale matter most

Key milestones

PX

Integrated in situ platform
for multiomic analysis in
single cells and tissues

- Early access program to
. L.'aunchc'ed 2021 N Key milestones begin 2022
+ First units expected ship in Q2 2022 « Commercial launch
expected in 2023

PR image is for iBustratve purposes only
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Massive Parallel Sequencing

Element Biosciences (fluorescent - sequencing by avidity)

A benchtop sequencer with
unprecedented performance,

cost, and flexibility.

Meet AVITI

Performance

%Q30 > 90 at 2x150
1B reads/flow cell*

600 Gb+ output/run

Flexibility

Dual flow cells
Flexible start

Tunable read throughput

Cost

$289K/instrument

$1680/300 cycles
$1080/150 cycles

Leasing/financing options
available

UniBS | EvoGen | JCW
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Massive Parallel Sequencing

Pacific Biosciences

Over a decade of on market technological innovation

=
"". - .
— =
RS I/RS Il Sequel HiFi Sequel ll/lle
75k/150k ZMW 1M ZMW 8M ZMW

2011-2013: PacBio 2015: PacBio 2018: HiFi enables ultra- 2019 | 2020: PacBio
launches launches the high accuracy at long read launches Sequel Il
groundbreaking single- Sequel system lengths and establishes and Sequel lle

molecule sequencing PacBio as leader in
platform; named top sequencing accuracy
innovation by The

Scientist magazine

Revio
25M x4 ZMW

2023: PacBio expected to
launch Revio enabling the
sub-$1k long-read
genome at scale

Increased throughput >4 ,OOO-fold Increased read length >4 00-fold

UniBS | EvoGen | JCW
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PacBio (luorophore) R

33

PacBio RS Il

Long Read Lengths =4

Read lengths > 20 kb
Data per SMRT Cell: 750 Mb - 1.25 Gb

Half of data in reads: > 20 kb

_____________ »
2.500 )- —
s N
Vo
2,000 ( ‘ ———
Top 5% of reads: > 30 kb : e
P eocoe- > b == :

Reads
g

Maximum read length: > 60 kb
r b
I

)

|
|
|
|
|
'
0

—— ... . -
Read Length
Read-length data shown above is from a 20 kb size-selected
human library run on a PacBio RS Il (6-hour movie, P6-C4 /,. R
chemistry). The PacBio RS || SMRT Cells generate ~55,000 reads. / ‘L .
The Sequel System generates ~370,000 reads per SMRT Cell. | g
?\b —

http://www.pacb.com
UniBS | EvoGen | JCW
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@ PACBIO"

(Pacific Biosciences)

https://www.pacb.com

Half of bases in reads:

20000001 [ N\ r"TTTTTTTTmommmmsmmomee- >

1,500,000 -

Density
(Bases Read per Read Length)

1,000,000 -
Top 5% of bases in reads:

500,000 -

Longest
read lengths:
>175 kb

0 50,000 100,000 150,000 200,000

Read Length (bp)

Data from a 35 kb size-selected E. coli library using the SMRTbell
Express Template Prep Kit 2.0 on a Sequel Il System (1.0 Chemistry,
Sequel Il System Software v7.0, 15-hour movie)*.
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PacBio (fluorophore)

Intensily mp

Time mmp
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Homoduplexes
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Massive Parallel Sequencing

The Onso system is an advanced benchtop platform for
short-read DNA sequencing, known for achieving
exceptionally high accuracy through PacBio’s
sequencing by binding (SBB) technology. It generates
over 100 Gb of ultra-high-quality Q40+ data,

empowering researchers to surpass traditional detection
limits.

Vega provides individual labs with 60 Gb of long-read
data per run, offering best-in-class, highly accurate HiFi
reads. This platform enables comprehensive, high-
resolution sequencing suited for complex analyses, such
as de novo genome assembly, transcript isoform
detection, and full epigenetic profiling, giving
researchers a robust tool to explore intricate biological
questions with confidence.

UniBS | EvoGen | JCW
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SmidgION

Massive Parallel Sequencing

{YNANOPORE

Flongle MinlON

https://www.nanoporetech.com

GridION

PromethlON
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Current

Time
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/\ Helicos

BioSciences Corporation

UniBS | EvoGen | JCW
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Massive Parallel Sequencing

bionano

GENOMICS

UniBS | EvoGen | JCW
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Customer Sample
* Blood -« Tissue

* Cells * Microbes
N
Isolate Label Specific Transfer Labeled DNA Load, Linearize & Image Labeled
High Molecular Sequences Across into Cartridge DNA in Repeated Cycling
Weight DNA the Entire Genome

it
=~
N

i
X

@ J
@ : saphyr
U J

for Scanning

to Scan Whole Genome

High-throughput, High-resolution Imaging of Megabase Length Molecules

Algorithms
Convert Images
into Molecules

gasEs

ul wmoun
w rom "noom
moowoonn o ——
ornn umonun
1 uwmoun

Assembly Algorithms Align
Molecules de novo to Construct
Consensus Genome Maps

Cross-Mapping Across
Multiple Samples or
to a Reference

* Automated SV Detection
» Scaffolding

42
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Massive Parallel Sequencing

Proximity ligation methods connect sequence and structure

Crosslink DNA Cut with Fill ends Ligate Purify and shear DNA;  Sequence using
restriction and mark pull down biotin paired-ends
Hindlll enzyme with biotin

¢ ? —a
i;-':_
-'l‘-'\

Source: Lieberman-Aiden et al. (2009) Comprehensive Mapping of Long-Range Interactions Reveals Folding Principles of the Human Genome.Science326,289-293.

Hi-C sequencing, which captures the 3D organisation of chromatin, enables genome
scaffolding by linking DNA sequences that are in close physical proximity. For example,
Dovetail's Hi-C solutions work well with non-model organisms, helping to assemble
chromosome-scale genomes without the need for high-molecular-weight DNA or species-
specific protocols.

UniBS | EvoGen | JCW
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Massive Parallel Sequencing

The
L Il Open-source Dealing with Burt Rutan, a
medical devices nuclear waste maverick in flight
VA y
! December 132 2012

1ec cal tricorder

the hand held devices inspiring medical
3 add-ons for smartphones

MinlON Mk1C
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ENA> s/

European Nucleotide Archive

Reads growth

31Jan-2022
' ' lel?7
leld lel6
lel3 als
lel2 leld
3
5 lell lel3
Q
= 1lelO
3 lel2
i le9 lell
le8 lelO
le7 1le9
leb le8

2006 2008 2010 2012 2014 2016 2018 2020 2022
Year

— Sequences (172.3 trillions) —Bases (30,233.7 trillions)

soseq
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1995 1996 1997 1998 2000
SCIENCE Science 1

RV,
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nature

&

The chicken genome

nature

genetl C ’\ g

THE POTATO
GENOME
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Secuiencing Headl
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Massive Parallel Sequencing

target with adapters
— g P

forward read

R1 insertion size R2
_) (—

reverse read

—_ <~
HE |
—_ P 2—
[ .| I .
—

Single Reads (SR)

Paired-End (PE) Reads

Overlapping Paired-End (PE) Reads

Single Reads (SR) with Index
Paired-End (PE) Reads with Index

Paired-End (PE) Reads with Dual Indexing

Extended Single Reads (SR) with Index

UniBS | EvoGen | JCW
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paired-end (PE)

DNA
paired
ends
short fragments
> _ > N
T - 7_:.. - -
q
- -
- T -

49

L 200~ 500bp

~—-

mate-pair (MP)

DNA
mate
airs
P long fragments \ F/R, short
)} insert length
" (PE)
circularized & cut the circularized fragments,
fragment sequence both ends, and you end up
| with a mixed population
~ R/F, long
<=2 insert length
(MP)
2~ 5 kbp
) MP (rev)
MP (for) PE
—ef—

UniBS | EvoGen | JCW
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Bate Formatls)
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> Fasta

g Fa Stq (Fasta with Quality - lllumina)

g Bam (PacBio)
> Fastd HoFs - onT

51
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Massive Parallel Sequencing

Fasta (>) Sequence Data Format

Start Unique Sequence Header

Y999847.1 BY999847 Moon Jellyfish cDNA library Aurelia aurita cDNA
clone Aa plW 142145 H14, mRNA sequence
AAAATACCGCATGATTGTTCGTTTCACAAACAAAGATATAGCTTGCCAGATAGCGTATGCCAGATTGCAA
GGAGATGTGATCATTTGTGCAGCTTATGCTCATGAACTCCCAAGATATGGTGTCAAGGTCGGGTTGACCA
ACTATGCAGCTGCTTATTGCACTGGCCTCTTGCTCGCAAGAAGGCTCCTTTCAAAATTGAAATTGGCTGA
CACTTACAAAGGTTGTGAAGAAGTGAATGGTGATGAATACCTTGTGGAAGGAGAGGAGGGACAGCCTGGA
CCTTTCCGTTGTTACCTTGATATTGGCCTTGCCAGAACCTCAACTGGTGCCAAGATCTTTGGTGCATTGA
AAGGTGCAGTTGATGGTGGACTTGACATCCCACACAGCAACACGAGATTCCCTGGTTATGACAATGAAGC
AAAGGAATTTGACCCAGAGGTGCACAGACAACACA..

\ Sequence (nucleotide or protein)

File Suffix: sequence(s).fa, sequence(s).fasta

Special cases: sequences.mfa (multiple sequences)
sequences.afa (aligned sequences)

UniBS | EvoGen | JCW
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Fastq (@) Sequence Data Format

Sequence (Read) Header

Start / Nucleotide Sequence (A, C, G, T, N) +Sequence ID

/

I ST486:166:CO06KI9ALXX:7:1101:1443:1995 1:N:0:ACAGTG
— GCCCAGCGTGGGCGAGCCGCACGGCACCATCCTCTGGCACACCCTCTCCTC
I
— BCCFFFFDFHHHFJJJJJJJIIJJJJIJITJIJGIHHHHHHFFFDDDEDDDC

B W N

ASCIl encoded quality scores per base

File Suffix: reads.fq, reads.fastq
Special cases: read_R[12].fg (> paired reads)
read_I[12].fqg (> index)

53 UniBS | EvoGen | JCW
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Current Fastg Header Format (version > 1.8)

Sequence Header +Sequence ID

a b C d e f g hi] k
@HWI-ST486 {166/ CO6KIACKX }|7|:|1101|:{1443 11995/ [1]:[:(0

ACAGTG

. unique instrument name
run id
flowcell id

. flowcell lane

. tile number within the flowcell lane
x-coordinate of the cluster within the tile
. y-coordinate of the cluster within the tile

. the member of a pair, 1 or 2 (paired-end or mate-pair reads only)
Y if the read fails filter (read is bad), N otherwise

0 when no control bits are on

. index sequence

SRR (= B O S« B o B o .

54 UniBS | EvoGen | JCW
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Older Fastg Header Format (version < 1.8)

a b ¢ d e f g
@HWUSI-EAS100R }|6[:[73[:(941:{1973#0//|1

a. unigue instrument name

b. flowcell lane

c. tile number within the flowcell lane

d. x-coordinate of the cluster within the tile

e. y-coordinate of the cluster within the tile

f. index number for a multiplexed sample (O for no indexing)

g. the member of a pair, /1 or /2 (paired-end or mate-pair reads only)

55 UniBS | EvoGen | JCW
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Nucleic Acids Research Advance Access published December 16, 2009

Nucleie Aclds Research, 2009, 1-5
doi: 101003 'nar g’r'.,'U' 137

The Sanger FASTQ file format for sequences
with quality scores, and the Solexa/lllumina
FASTQ variants

Peter J. A. Cock'*, Christopher J. Fields®, Naohisa Goto®, Michael L. Heuer® and
Peter M. Rice®

ASCII encoded quality scores

@HWI-ST74L_0085:1:1101:1444:1939#0/1
ATAGTTACAATCGATCCATTTGCAGAGTACAGATACATGATACGGGAAT

+HWI-ST741 0085:1:1101:1444:1939#0/1
igafaffw*a]

ffffdfdfffffgggfafffcdfcfffbfdddeaegfqg
39333833383823303329

UniBS | EvoGen | JCW
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SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS..Q.....‘..............‘..QC....‘............l.‘..'..
P 9 9.9 9 9.9 99 0.990.0.90.0.00.9.090.09090.0.0.0.0.0.0.0.0.0.0.0.0.0.0.9.0.9.9.9.0.9.0. I -

................................. J-J‘\-.IL—I-J-k.lhj-J’k.lpI.J-LJ;_“.J'LJL.‘I.J-L.I;.‘T.J-k.'s.}.J-L.Ig..T.J-L.I;.‘I.J-LJL.‘I.J-L.];.,T-J-LJL—I-J'L.I. L L I L I I L L D I L I I L

.. .LLLLLLLLLLLLLLLLLLLLL L L L L L L L L L L L L L L L LI . c c c ccceeceecscsccccscscsnsnssscsossssscssssssssssssssssnnasss
L"#$%&" ()*+,~-./0123456789: ; <=>?RABCDEFGHIJKLMNOPQRSTUVWXYZ([\]" ~abcdefghijklmnopgrstuvwxyz{|}~

33 59 64 73 104 126
i i i 74 e i R 40
L ) P e e e e 40
| PR Dececcscsccscscescesenscncannes 40
B.2.ccccccnncnsansannanns 26...3)cccccnna 41
S - Sanger Phred+33, raw reads typically (0, 40)
X - Solexa Solexa+64, raw reads typically (=5, 40)
I - Illumina 1.3+ Phred+64, raw reads typically (0, 40)
J = Illumina 1.5+ Phred+64, raw reads typically (3, 40)

with O=unused, l=unused, 2=Read Segment Quality Control Indicator (bold)
(Note: See discussion above).

L - Illumina 1.8+ Phred+33, raw reads typically (0, 41)

57 UniBS | EvoGen | JCW
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Encoding | ASCII \ Q P

! 33 0 1.00000
. 34 1 0.79433
# 35 2 0.63096
$ 36 3 0.50119
% 37 4 0.39811
& 38 5 0.31623
39 6 0.25119

( 40 7 0.19953
) 41 8 0.15849
* 42 9 0.12589
+ 43 10 0.10000
44 11 0.07943

- 45 12 0.06310
. 46 13 0.05012
/ 47 14 0.03981
0 48 15 0.03162
1 49 16 0.02512
2 50 17 0.01995
3 51 18 0.01585
4 52 19 0.01259
5 53 20 0.01000
6 54 21 0.00794
7 55 22 0.00631
8 56 23 0.00501
9 57 24 0.00398
: 58 25 0.00316
; 59 26 0.00251
< 60 27 0.00200
S 61 28 0.00158
> 62 29 0.00126
? 63 30 0.00100
@ 64 31 0.00079
A 65 32 0.00063
B 66 33 0.00050
C 67 34 0.00040
D 68 35 0.00032
E 69 36 0.00025
F 70 37 0.00020
G 71 38 0.00016
H 72 39 0.00013
I 73 40 0.00010
J 74 41 0.00008

Phred Quality Score

Q0 =-10log,, P

Base-Calling Error Probability

—0

P=1010

Q P Accuracy
10 1in 10 90%
20 1in 100 99%
30 11in 1,000 99.9%
40 1in 10,000 99.99%

UniBS | EvoGen | JCW
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## R - Function

# ascii character > decimal wvalue

asc <- function(x) {
strtoi(charToRaw(x),16L)

}

asc("!")

# decimal value > ascili character

chr <- function(n) {
rawToChar(as.raw(n))

}
chr("33")

UniBS | EvoGen | JCW
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Expected
Erreor Wate
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Schirmer et al. BMC Bioinformatics (2016) 17:125

DOI 10.1186/512859-016-0976-y BMC BioinformatiCS

lllumina error profiles: resolving fine-scale @
variation in metagenomic sequencing data

Melanie Schirmer'24", Rosalinda D'’Amore?, Umer Z. ljaz*, Neil Hall® and Christopher Quince®

Abstract

Background: Illumina’s sequencing platforms are currently the most utilised sequencing systems worldwide. The technology
has rapidly evolved over recent years and provides high throughput at low costs with increasing read-lengths and true paired-
end reads. However, data from any sequencing technology contains noise and our understanding of the peculiarities and
sequencing errors encountered in Illumina data has lagged behind this rapid development.

Results: Weconductedasystematicinvestigationoferrorsandbiasesinllluminadatabasedonthelargestcollection of in vitro
metagenomic data sets to date. We evaluated the Genome Analyzer II, HiSeq and MiSeq and tested state-of-the-art low input
library preparation methods. Analysing in vitro metagenomic sequencing data allowed us to determine biases directly associated
with the actual sequencing process. The position- and nucleotide-specific analysis revealed a substantial bias related to motifs
(3mers preceding errors) ending in “"GG”. On average the top three motifs were linked to 16 % of all substitution errors.
Furthermore, a preferential incorporation of ddGTPs was recorded. We hypothesise that all of these biases are related to the
engineered polymerase and ddNTPs which are intrinsic to any sequencing-by-synthesis method. We show that quality-score-
based error removal strategies can on average remove 69 % of the substitution errors - however, the motif-bias remains.
Conclusion: Single-nucleotide polymorphism changes in bacterial genomes can cause significant changes in phenotype,
including antibiotic resistance and virulence, detecting them within metagenomes is therefore vital. Current error removal
techniques are not desighed to target the peculiarities encountered in Illumina sequencing data and other sequencing-by-
synthesis methods, causing biases to persist and potentially affect any conclusions drawn from the data. In order to develop
effective diagnostic and therapeutic approaches we need to be able to identify systematic sequencing errors and distinguish
these errors from true genetic variation.
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Substitutions lllumina
e Subsons I R Rea o Fstes T Subsiiutons in Rz Resee Average Su bStItUtIOﬂ rates
W: Park :8 ME xTr 58 Naxt g xT 53 “E Park ES HE XT 58 Neoxt . XT ES
' Platform R1/R2 A c G T

0.015-
GAIl R1 0.0015 0.0010 0.0008 0.0018
. GAIl R2 0.0035 0.0029 0.0019 0.0026
HiSeq R1 0.0004 0.0004 0.0004 0.0008
. E W I ‘ ‘ ‘ . 5% HiSeq R2 0.0007 0.0007 0.0007 0.0012
H ‘HHH MiSeq R1 0.0012 0.0009 0.0009 0.0012
0.000 : IH“IM il 1 il “ | ‘ BCAU800000GIC | ||| | MiSeq R2 0.0033 0.0021 0.0015 0.0031

. NP ‘:uq

l
SEHRERRER
L RRE8 IS8 8seeeE3s rred3v2RAARBENSI S RL""’:2$<>§E

Data Sats " Data Sols .
Orig.nuc. AABCHEGHET . Orig.nuc. ZABICAGET
Insertions
Error Rates for Insertions in R1 Reads Error Rates for Insertions in R2 Reads
GAl HiSeq MiSeq GAll HiSeq MiSeq
Net Pwk S Ned  XT S Net Xt .8 Net  Pauk S Ned XT S Net Xt 8

0.00025 : :
0.00020
0.00015
0.000 I
. (o)
- «0.005%

Orig.nuc. AABMCHEAGHT D e | et| O n S Orig.nue. ZABICAGHET
Error Rates for Deletions in R1 Reads Emor Rates for Deletions in R2 Reads
GAN HiSeq MiSeq GAll HiSeq MiSeq
Next Pak 8 Ned  XT 8 Net Xt 8 Net Pwk S Next xT S Nea XT 8
0.00025 - 2 2 H :
0.00020 «
00015
0.00008 m
.:.cmc.:.ll_lhﬂnlﬁqnlﬂlh Mhadie Ll
] ' :1 ' ' .: 1] |: ' ] ] ' l‘:| ' v: ' ' ] : ' ] 1 x: 1) ' ) 1) '
Cl“m‘»-ﬂ"& E R EAFARIEAES B F B LS ”\“ “cm D‘;‘«Mr-z.x 2|<|N|S &*:cxﬁgr?‘s’sssgy
| '
TReHIv2RIRANBENCISRBTIRREES TEeHBT2RINEBEIVIISRBGIRREES
Data Ssts Data Sets
Orig.nuc. AABCEAGHET Orig.nuc. AABMCEGHET

UniBS | EvoGen | JCW



PopGen » Massive Parallel Sequencing

Error Correction
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Read quality

Number of reads (coverage)
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Error Correction

A
clojririclelalcfrialririalalr|T]a
vVwvyy VVY VYV VY VYV V VYV VYVYyVyVYyVVYVVY

pEADGEERNENENEENEOEOGRNAE

Read quality
Number of reads (coverage)
Phred score

35

A VI ¢ PBI
c [l ¢ QE
\4 \4

64 UniBS | EvoGen | JCW



PopGen P Massive Parallel Sequencing

Error Rate

BAM = FASTQ
BAM = CCS.FASTX
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Circular Consensus Sequences (CCS)

Start with high-quality e Circularized DNA i 3
double stranded DNA is sequenced in % i
repeated passes /j
l \""mn‘-—.
— |
g }
'«-+ e . * En-,
Ligate SMRTbell ¢ ™ o ) & .
adapters and size select \ o ".\-...-" The polymerase reads S P R — T
are trimmed of adapters o o
to yield subreads | o IO i S A e en ooy ey
] }
- e :~ .
‘ S + . . » -+u
]
'h .

...........

)
Anneal primers and * i1, TR Too— ’ ¥ j Consensus is called

bind DNA polymerase from subreads

HiFi READ
(99% accuracy with 4 passes)

Advanced scientific discoveries require sequencing data that is both accurate and
complete. Single Molecule, Real-Time (SMRT) Sequencing technology has evolved to
a different type of long read, known as highly accurate long reads, or HiFi reads.
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F7oR, cold ) °

g % spring

fosry i o \Y/
THE PREPRINT SERVER FOR BIOLOGY

Wenger et al. (2019) Highly-accurate long-read sequencing
improves variant detection and assembly of a human genome.

%:: p0.001%%%%%T%%%‘P%E{’%%%é[{]%eo
32 149
5‘;’;10 é%%’

A SMRTbell library tightly distributed at 15 kb was chosen for circular consensus
sequencing based on estimates of 150 kb polymerase read length and a
requirement of 10 passes to achieve Q30 read accuracy. CCS reads with a predicted
accuracy of at least Q20 (99%) were retained. The total CCS read yield was 89 Gb,
an average of 2.3 Gb per SMRT Cell, with an average read length of 13.5 kb + 1.2
kb. The predicted accuracy of the CCS reads has a median of Q30 (99.9%) and a
mean of Q27 (99.8%).
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Quality

(Single or Multi-molecule)

70 -

40 -

30 -

20 -

10

Why does it not improve anymore?

20 40 60 80 100 120
Coverage

Q50 =» p=1e-05 =» 40 x coverage
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JNANOPORE

template template
complement complement
2D 1D?
oy , . e o it

Mappable length (bp)

Read
WP  lean Median x'l':;;:'; Maximum | Overall

Insertion Deletion

Error rate (Proportion of overall error) (%)

Mismatch

PacBio CCS 1772 1464 1132 8006 0.087 (5.06) 0.34(19.48) 1.30(75.46)
PacBio

subread 1570 1299 1076 16040 592(41.71) 3.01(21.17) 5.27 (37.12)
ONT 2D 1861 1754 882 9126 3.12(23.30) 4.79(35.70) 5.50 (40.99)
ONT 1D 1602 824 9345

69
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MITOCHONDRIAL DNA PART B: RESOURCES T. I & F .
2019, VOL. 4, NO. 1, 408-409 e aylor & Francis

https://doi.org/10.1080/23802359.2018.1547133 Taylor & Francis Group

ARTlCLE 8 OPEN ACCESS '.) Checkforupdates‘

Long-read sequencing of benthophilinae mitochondrial genomes reveals the
origins of round goby mitogenome re-arrangements

Silvia Gutnik?, Jean-Claude Walser® and Irene Adrian-Kalchhauser®

“Biozentrum, Department Growth & Development, University of Basel, Basel, Switzerland; "Genetic Diversity Centre Zurich, ETH Zurich,
Zurich, Switzerland;*Program Man-Society-Environment, Department of Environmental Sciences, University of Basel, Basel, Switzerland

Density of single nucleotide polymorphisms
(SNPs) observed in the novel round goby non-

coding insert, the adjacent D-loop, and adja-
cent expressed coding and non-coding
sequences.

(' CytB M D-loop ~ Inset ) 128 ) 16S >

* SNP —— SNP density (bandwidth: 500bp) » tRNA non-coding insert reported in Adrian-Kalchhauser et al, 2016
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MITOCHONDRIAL DNA PART B: RESOURCES Tavl &F .
2019, VOL. 4, NO. 1, 408-409 e aylor & Francis
https://doi.org/10.1080/23802359.2018.1547133 Tayior & Francis Group
ARTICLE a OPEN ACCESS '.) Check for updates‘

Long-read sequencing of benthophilinae mitochondrial genomes reveals the
origins of round goby mitogenome re-arrangements

Silvia Gutnik?, Jean-Claude Walser® and Irene Adrian-Kalchhauser®

“Biozentrum, Department Growth & Development, University of Basel, Basel, Switzerland; "Genetic Diversity Centre Zurich, ETH Zurich,
Zurich, Switzerland;*Program Man-Society-Environment, Department of Environmental Sciences, University of Basel, Basel, Switzerland

£ Ponticola kessleri
® Babka gymnotrachelus*
%’ Proterorhinus semilunaris*
K [0 Neogobius melanostomus
Neogobius fluviatilis*

O Zosterisessor ophiocephalus™

ND1 ND2

Gin lle

10-31nt”
22-34nt"
22-47nt”

* see supplementary information
for spacer sequences

‘ Benthophilinae

( O Gobius niger*

O Odontobutis obscura

ND1 e onmeb ND2 <

O Gillichtys mirabilis

O Pomatoschistus minutus

/1

Origin of the re-arranged tRNA cluster Gin, lle,
Met. Most Gobiidae carry the arrangement lle,
GlIn, Met without spacers. Benthophilinae
(subfamily of gobies) however carry the
arrangement Glin, lle, Met, and feature variable
length spacers between the genes.
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72 UniBS | EvoGen | JCW



Massive Parallel Sequencing

Model 377
Yersion 3.0
Semis daptive
Yersion 3.0
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Quality Scores per Base
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Quality scores across all bases (Sanger / Illumina 1.9 encoding)

40 S T 17 == BOXplOt

38

36 —|— —

34

32 250/0

30

28 | = | L]

snYsd T 25%
22 _—x‘““‘m Median

20 B o
18 25% [~
16
14

12 25%

Mean

o N & O

1 2 3 4 5 6 7 8 9 15-19 25-29 35-39 45-49 55-59 65-69 75-79 85-89 95-99
Position in read (bp)
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Massive Parallel Sequencing

Quality scores across all bases (Sanger / lllumina 1.9 encoding)
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Position in read (bp)

>10%
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1%
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Error Rate
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77

FastQC

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

FASTX-Toolkit

(http://hannonlab.cshl.edu/fastx_toolkit/)

USEARCH

(https://www.drive5.com/usearch/)

PRINSEQ

(http://edwards.sdsu.edu/cgi-bin/prinseg/prinseq.cgi)

Galaxy
(http://galaxyproject.org)

Rqgc

(https://bioconductor.org/packages/release/bioc/vignettes/Rqc/inst/doc/Rqc.html)

CLC Genomic Workbench

(http://www.clcbio.com/products/clc-genomics-workbench/)

Geneious
(http://www.geneious.com/)

UniBS | EvoGen | JCW
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ssh -Y <student?>@gdcsrv2.ethz.ch
fastqc -v
fastqgc

FastQC High Throughput Sequence QC Report

Version: 0.11.2
www. bioinformatics.babraham.ac.uk/projects/

© Simon Andrews, Pierre Lindenbaum, Brian Howard, Phil Ewels 2011-14,
Picard BAM/SAM reader ©The Broad Institute, 2013
BEZip decompression ©Matthew |. Francis, 2011
Basetd encoding ©Robert Harder, 2012

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

1.S1_L001_R1_001.fastq.gz | 2.2 _L001_R2_001.fastq.gz

FastQC

@ Basic Statistics

@ Per base sequence quality

@ Per sequence quality scores
@ Per base sequence content

@ Per base GC content

@ Per sequence GC content
@ Per base N content

@ Sequence Length Distribution
@ Sequence Duplication Levels

@ Overrepresented sequences

@ Kmer Content

Basic sequence stats

'Measure |value

Filename 1 S1 L001 R1 001.fastq.gz
File type Conventional base calls
Encoding Sanger / lllumina 1.9

Total Sequences 841152

Filtered Sequences 0

Sequence length 35-151

%GC 49

Basic Statisitcs never raises a warning nor an error.

@ Good
@) Warning
@ Error

The traffic lights are context dependend!
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File Help

FastQC

]1_51_L001_R1_001.fastq.gz 252 L001_R2_001.fastq.gz

@ Basic Statistics

@ Per base sequence quality

@ Per sequence quality scores
@ Per base sequence content

@ Per base GC content

Per sequence GC content

@ Per base N content

Sequence Length Distribution

0 Sequence Duplication Levels

Overrepresented sequences
Kmer Content

40
38
36
34
32
30
28
26

22
20

Quality scores across all bases {(Sanger { lllumina 1.9 encoding)

PO

[ARAE==NR NN

SRR EEEEE

Ty

yellow box: 25-75 quartile
black whisker: min-max

red dash: median
blue line: mean

Warning: lower quartile < 10 or median < 25

Red: lower quartile < 5 or median < 20

123456789 1519

30-34 45-49 60-64 75-79
Position in read (hp)

90-94 105-108

125-129 145-149

A warning will be issued if the lower quartile for any base is less than 10, or if the median for any base is less than 25.

This module will raise a failure if the lower quartile for any base is less than 5 or if the median for any base is less than 20.
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good acceptable bad

Quality scores across all bases (Sanger / lllumina 1.9 encoding) Quality scores across all bases (Sanger # lllumina 1.9 encoding} Quality scores across all bases (Sanger /lllurnina 1.9 encoding)
IIIIIIIII|I||I|IIIIIIIIITTTHII"]J_J_I 10 Ul“,[""“"]H 40 |||||]|J_I
IR LTI = maua T E i
00000 il oot | 00000 A i I s T1
] - L] 54 ] S |l | J 54
JJ LIt 52 Ry H |52
= S ] 50
28 = 28
26 -\.—~\\ 26 AT —"‘“-‘*~«"'\,-—x¥ 1
24 L | |24 | A ==t H
22 22 Bimis
20 20 N
18 18 Nt
16 16
14 i 14
12 7] 12 -
10 i L0
& il 5
6 - 6
4 4
i ] 2
123456780910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 |° 12345678010 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 12345678910 12 14 16 18 20 22 24 26 28 30 32 34 3 38 40 42 44 46 48
Position in read (bp} Position in read (bp} Position in read (bp}
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File Help

1_S1_L001_R1_001.fastq.gz | 2_S2 L001_R2_001.fastq.gz

FastQC

@ Basic Statistics

@ Per base sequence quality
@ Per sequence quality scores

@ Per base sequence content
@ Per base GC content

@ Per sequence GC content
@ Per base N content

@ Sequence Length Distribution
@ Sequence Duplication Levels

@ Overrepresented sequences

@ Kmer Content

300000

250000

200000

150000

100000

50000

Warning: mean quality < 27 (0.2% error rate)

Quality score distrilfution over all sequ@nces

Red: mean quality < 20 (1% error rate)

2345678910

12

14 16 18 0 22 24 26 % 28
Mean Sequence Quality {Phred Score)

30

Average Quality per read

32 34 36 38

A warning is raised if the most frequently observed mean quality is below 27 - this equates to a 0.2% error rate.
An error is raised if the most frequently observed mean quality is below 20 - this equates to a 1% error rate.
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14000

12000

10000

8000

6000

4000

2000

Quality score distribution over all sequences

Average Quality per read

Multiple peaks - Reads
cluster accoring the
quality. > Have a closer
look at the clusters.

9 10 11 12 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39
Mean Sequence Quality (Phred Score)
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File Help

FastQC

1.51_L001_R1_001.fastq.gz | 2 S2_L001_R2_001.fastq.gz

@ Basic Statistics

@ Per base sequence quality
@ Per sequence quality scores
@ Per base sequence content
@ Per base GC content

@ Per sequence GC content
@ Per base N content

@ Sequence Length Distribution
@ Sequence Duplication Levels

@ Overrepresented sequences

@ Kmer Content

100

g0

gl

70

60

S0

40

30

20

10

Sequence content across all bases

Biased sequence content at
the beginning of the reads.

This is not necessarily bad

but quite charateristic for
RNAseq data.

123456789 1519 30-34 4549 60-64 75-79 90-94 105-109 125-129 145-149

Position in read (bp)

%T
%C
%A
%G

This module issues a warning if the difference between A and T, or G and C is greater than 10% in any position.

This module will fail if the difference between A and T, or G and C is greater than 20% in any position.
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100

90

80

70

60

50

40

30

20

10

L

|

1 2 3 45 6 7 8 9

Sequence content across all bases

The first 9 nucleotide are all
the same.

This could be an adaptor or
primer region.

15-19 25-29 35-39 45-49 60-69 80-89
Position in read (bp)

150-199 300-349 450-499 600-63:
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Sequence content across all bases

Short and somewhat biased reads.

1 2 3 45 6 7 8 910

12
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Position in read {bp)
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36

UniBS | EvoGen | JCW



87

Massive Parallel Sequencing

File Help

FastQC

1.51_L001_R1_001.fastq.gz | 2 S2_L001_R2_001.fastq.gz

@ Basic Statistics

@ Per base sequence quality

@ Per sequence quality scores
@ Per base sequence content

@ Per base GC content
Per sequence GC content
@ Per base N content

0 Sequence Length Distribution

Sequence Duplication Levels
Overrepresented sequences
Kmer Content

100

g0

10

70

S50

40

30

20

10

GC content across all bases

123456789 1519 30-34 45-49 60-64 75-79 90-94 105-109 125-129 145-149

Position in read (bp)

%GC

In a random library you would expect that there would be little to no difference between the different bases of a sequence run, so the line in this
plot should run horizontally across the graph. The overall GC content should reflect the GC content of the underlying genome.
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GC content per base:

good 2?27
L] L] L ]
GC content across all bases GC content across all bases
100 100
%GC %GC
90 90
80 80
70 70
50 \/’M—W‘WW "
50 50
40 40
30 30
20 20
10 10
0
12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 0 123456780910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

Position in read (bp}

Zociioninread (bp)

38
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FastQC - 0O X
File Help

[1_51_L001_R1_001.fastq.gz 252 L001_R2 001.fastq.gz
@ Basic Statistics GC distribution over all sequences
@ Per base sequence quality

@ Per sequence quality scores
@ Per base sequence content

GC count per read

50000 ) o )
Theoretical Distribution

@ Per base GC content
40000
Per sequence GC content

@ Per base N content

Sequence Length Distribution

o Sequence Duplication Levels 30000

Overrepresented sequences
Kmer Content

20000

10000

\
0 36 91216 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96

Mean GC content (%)

In @ normal random library you would expect to see a roughly normal distribution of GC content where the central peak corresponds to the overall
GC content of the underlying genome. Since we don't know the the GC content of the genome the modal GC content is calculated from the
observed data and used to build a reference distribution.

UniBS | EvoGen | JCW



PopGen P Massive Parallel Sequencing

bad

GC distribution over all sequences GC distribution over all sequences
GC count per read GC count per read
Theoretical Distribution 1200000 Theoretical Distribution
800000
700000 1000000
600000
800000
500000
400000 \\ 500000
300000

400000
200000

200000
100000

0

0246810 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97 100 02468 LL 14 17 20 23 26 29 32 35 38 41 44 47 50 53 56 50 62 65 68 71 74 77 80 83 86 89 92 95 98
Mean GC confent (9] Mean GC content (%)
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GC distribution over all sequences

S00000

] GC count per read
I\/Iultlple GC clusters. Theoretical Distribution
400000
Host & Parasite?
300000
200000
100000
0

02468 11 15 19 23 27 31 35 39 43 47 51 55 59 63 67 71 75 79 83 87 91 65 696
Mean GC content (%)
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File Help

FastQC

1 S1_L001_R1_001.fastq.gz | 2_S2 _L001_R2_001.fastq.gz

@ Basic Statistics

@ Per base sequence quality

@ Per sequence quality scores
@ Per base sequence content

@ Per base GC content

Per sequence GC content
@ Per base N content

Sequence Length Distribution
Sequence Duplication Levels
Overrepresented sequences
Kmer Content

100

90

310

70

S0

40

30

20~

10

N content across all hases

%N

123456789 1519 30-34 45-49 60-64 75-79 090-94 105-109 125-129 145-149

Position in read (bp}

This module raises a warning if any position shows an N content of >5%.
This module will raise an error if any position shows an N content of >20%.
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GTCGGGTTTTACCATTGGGTTTGGGTATTTCCACCCCCCGAATGGCTTGCGGT
TCTTTAGTAAAAGGCGAAAGATTTATTCGTTCTGTATTGACGCCATGCCGGGT
AAAAATAGTACTTCAGAGGTAATAAATAAAATTATACCTCACCGTAAGCCTAC
TCCCGGGCACAGAAGTGCCCTTTCCACTGGGAAAGACTCATTTATTAATTACT
TGACAGAGTTACAATTGACTTCGTCCAAATCCAGAGAGGCATAGTTGACCATA
CCCCGTCCCCTTAACAGTGAGTCATCAACAAAGAAATTGAGGTACACTTTTAC
TGTTGGCTTTGCCGAGATATACTGAGTTTATAGTTTCTGGCTTGGATGGCAGG
ACCTACAAGAGTTTTAAACTCTAAATGCAACTGGTTTCTAATTATTGAAAATA
ATCGAGTTTTTGGACGAAGACGATGACGCAGCTGTGCATACTCAGACCACGCA
CTAAATATTGTTTGGAGTGGCAATGTGCCCAGCTGAAACACTGGGCACTTCAA
CGTCCAATTACGATCGCCAGTTTTTTTTTTTTATATATTTTTTTTTTTCTTAT
GTGTGTCACACTCCAATGAAAAAGAGATAAAATCCTGGTGTAATTGAGACAAT
TTCATGCTAGAAATGAAGGAGACTGCTGCCATTCTGAAACACGCCACCAAGCG
CCCCTTGGCCAAATACCTAGAATTGATCTTGAGCTTAGACGCATTCCGGCTTT
GAGAACGTTATTATTTACGAACATAGTTACGAACTGCAGGATAATATTATTGT
CTTTAATCCAGGGGCTTTACGCGCCAATTGCCTCTGCTTTCCAATGGTATACT
CTCTTTTTGAGCCCCTTTTGCCTTTTTTTAAACCTAACTATGGGACACTTATT
CCATAGAGAGAGGCATAAAGCTCAACAGCCGTTTGAAGAAAACTTTTTTGTGC
GTGGTGAAGACGTTTACACTCGTCCGTTCCACATTCCTTTTCCTTCGTACACT
CATCATCCACATCTGCTGCCGCAAGCATTGTTGGTCATCATCATCATCGCGT(C
GAACAAACAGCTCCTATACGTGAAAATACCAAAAGGGTCGTTGCATCATTGAA
CTTCCCCCAACTCCATATCATCATCTTCCAATATTTATAATACAACATCTTGC
CTTGTAGACCTCGGCACCGAATGCTTCAGAGGTGACGAGAGACGTGAGAGCGA
ACTCAACAGGATATGTACTCTGCAGAAGAATAAGAAGTTAAACAATATCACCA

NTGTACNNNNNNNNNNNGNNTNNN
NNCTTTNNNNNNNNNNNCNNTNNN
NNCNANNNNNNNNNNNNNNNNNNN
NNTNTTNNNNNNNNNNNNNNANNN
AAAGACNNNNNANNNNNGNTGNNN
NNTNTTNNNNNNNNNNNNNNNNNN.
NAATTTNNNNNCNNNNNTNCANNN
INTTTATNNNNNCNNNNNGNCTNNN
INNANCNNNNNNNNNNNNNNNNNNN
INCTGCCNNNNNGNNNNNGNTGNNN
GTATTTNNNNNCNNNNNGTTCNNN
NNTNCANNNNNNNNNNNNNNNNNN
TTCGTTNNNNNTNNNNNATTANNN
NNTCCANNNNNNNNNNNNNNANNN
NGCTGANNNNNTNNNNNTNTCNNN
NNNNTNNNNNNNNNNNNNNNNNNN
NTTAAANNNNNNNNNNNANNANNN
NATTTTNNNNNNNNNNNANNTNNN
NTGAACNNNNNNNNNNNTNNTNNN
NTATCTNNNNNNNNNNNTNNTNNN
' TGTTTATNNNNCANANGCCACTNN
NNCNATNNNNNNNNNNNNNNTNNN
' TGAAGANNNNNGNNNNNTNTGNNN
INNANANNNNNNNNNNNNNNNNNNN

TAAATAAACTTTCTGGATGGTGT
TATACAGCTTTGTGGAAATTTAC
TGATAAGTTCCTTCACGTACTAC
TTAAATCATCTCACTCTTTAT
TCGTCGTCGGCCTAGGCACTGAC
GCTTAGGTTCATCTGTGTCTTCT
TCTCAATGCCTTTATTCCAGAAA
TCAGTAAACTCAGGGGAGTAGAA
GACTCTGCCTCGTCGTTGGTCGA
TCTCTCATTAATGTTCAATGAGA
GCAGAACTTTTTATGTCTCCACT
CATTGAGCAAGTATGGTAACGAT
GGGCGAGGAACAAGGCCATCCGA
TGTGCGTAGGCTGTGAGTAGGGT
TCACCCGATAAGAACAAATTATT
CCATTCTATGGACCATCTCTTGG
TTTTAGCAGTAAAAGCTGTAACC
CGCAGTATCCTCGATATACTTA
ACACCGGTAACAGCATCTTTTTT
ATTTCATTGCCCGTGTCATGCAG
TATGGCATGAAGGTGCTTAACGA
TGTTTTCTAATACCAACATTATG
TGAAGGGGTCATGCGGGGTTTCT
TAAAACAATAAATTCAACGCGTT
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Massive Parallel Sequencing

File Help

1.51_L001_R1_001.fastq.gz | 2_S2_L001_R2_001.fastq.gz

FastQC

@ Basic Statistics

@ Per base sequence quality

@ Per sequence quality scores
@ Per base sequence content

@ Per base GC content

Per sequence GC content

@ Per base N content

Sequence Length Distribution
0 Sequence Duplication Levels

o Overrepresented sequences

Kmer Content
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100000

Distribution of sequence lengths over all sequences

Sequence Length

30? 40-44 50-54 60-64 70-74 80-84 90-94 100-104 115-119

Sequence Length thp)

130-134 145-149

This module will raise a warning if all sequences are not the same length.
This module will raise an error if any of the sequences have zero length.
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Massive Parallel Sequencing

FastQC - 0O X
File Help
1 S1_L001_R1_001.fastq.gz | 2 S2 _L001_R2_001.fastq.gz
@ Basic Statistics Sequence Duplication Level >= 31.41%
. 100

@ Per base sequence quality %Duplicate relative to unique
@ Per sequence quality scores -
@ Per base sequence content
& Perbase GC content 80 Sequence duplication can be high for
@) per sequence Gc content various reasons e.g. small genome,

70

@ perbase N content amplicon sequences.

@ Sequence Length Distribution -

@ Sequence Duplication Levels

@ Overrepresented sequences |50
@ Kmer Content
40
30

20

10

1 2 3 4 S5 6 7 8 9 10+
Sequence Duplication Level

Because the duplication detection requires an exact sequence match over the whole length of the sequence any reads over 75bp 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.
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Massive Parallel Sequencing

FastQC - 0O X
File Help
1.S1_L001_R1_001.fastq.gz | 2 S2_L001_R2 001.fastq.gz
@ Basic Statistics ‘ 5 Overrepresented sequences - .
'Sequence | Count | Percentage | Possible Source
@ Per base sequence quality ~ |NNNNNNNNNNNNNNNNNNNNNNN... | 1531 0.182|No Hit

@ Per sequence quality scores
@ Per base sequence content

@ Per base GC content

@ Per sequence GC content
@ Per base N content

@ Sequence Length Distribution
@ Sequence Duplication Levels

@ Overrepresented sequences

@ Kmer Content

This module lists all of the sequence which make up more than 0.1% of the total. To conserve memory only sequences which appear in the first
200,000 sequences are tracked to the end of the file. It is therefore possible that a sequence which is overrepresented but doesn't appear at the start
of the file for some reason could be missed by this module.
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Massive Parallel Sequencing

File Help

1.51_L001_R1_001.fastq.gz

@ Basic Statistics

@ Per base sequence quality

@ Per sequence quality scores
@ Per base sequence content

@ Per base GC content

@ Per sequence GC content
@ Per base N content

@ Sequence Length Distribution
@ Sequence Duplication Levels

@ Overrepresented sequences

@ Kmer Content

Position in read (hp)

FastQC — [a]
2_S2_L001_R2_001.fastq.gz ‘
Overrepresented Kmers
Relative enrichment over read length
100
38 CCAGC
70 CTGGC
60
50 = = - = ————a———————CAGCA
20 TGCTG
%0
123456789 1519 30-34 4549 60-64 75-79 90-94 105-109 125-129 145-147

'Sequence | Count |Obs/Exp Overall |Obs/Exp Max |Max Obs/Exp Posit...| |2
CCAGC 281950 2.702 5.637/8
CTGGC 282510 2.678 5.009(9
CAGCA 269690 2.507 6.055/4
CAGCG 263660 2.486 8.147/9
TGCTG 265340 2.453 5.861|2
GTTTT 207350 1.853 5.5471
TTTAT 208990 1.841 6.007|3
ATAAA 210220 1.823 6.782|3
ACCAG 191440 1.78 5.004|7
CTGAT 189860 1.73 5.124|9
TTATT 193035 1.701 5.074
TCCAG 181490 1.696 6.317|2
TTCAG 185355 1.689 5.476|2
CTGCG 178165 1.689 6.407|9
CTGGA 183225 1.685 5.873/4
ACCGC 172635 1.654 7.21)8
AATAA 1950560 1.652 5.364/|2
CACCG 170430 1.633 6.598/7
ACTGG 175070 1.61 5.024/8
TTTTA 180640 1.591 5.375|2

This module will issue a warning if any k-mer is enriched more than 3 fold overall, or more than 5 fold at any individual position.
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PopGen P Massive Parallel Sequencing

Choose the NGS technology ana
sample design according to your
needs.

Keep your raw data safe and
submit it as early as possible.

Coping one file (archive) is safer

than coping multiple files.
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