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GENOME SEQUENCING - THE FUNDAMENT OF GENOMICS

ab initio / intrinsic methods: training required

Signal prediction Content analysis Ab initio gene
start, stop, splicing sites coding vs non-coding prediction
Augustus, GeneMark,
fﬁenesh

N

__Genome_

— Assembly

| Reads

~

Contigs

Scaffolds

| Chromosome /

Del Angel et al. (2018 ) F1000 Research 7(ELIXIR):148

CDNA, EST, RNA-seq,

¥

Eugene/Maker:
combiner

Swissprot/TrEMBL

Related genomes

Genome TE
consensus copies

Similarity / extrinsic methods, external evidences




HOW DO WE SEQUENCE DNA? | s 23

Hiseq

1000 2oou/zsooI/ J:
1st generation (1977) 100 I
Sanger method: Sequencing by synthesis = == |
Maxam-Gilbert method: chemical sequencing 10} ‘% ------ o
S5/S5XL
2"d generation (“next generation”; 2005) 1} -

Gigabases per run

454 - pyrosequencing B e
SOLIiD — sequencing by ligation o - 1 pacsi s
lllumina — sequencing by synthesis o1l oy
lon Torrent — ion semiconductor
Pac Bio — Single Molecule Real-Time sequencing, 1000 bp 0001}
: =]

34 generation (2015) 0.0001 l:
Pac Bio B SMRT’ Sequel SyStem, 20’000 bp t::(p'}jgijgiitggézgg:ﬁLQ.ﬁgshare.100940‘ .
Nanopore — ion current detection 0:0000%5 100 1000 16000
10X Genomics — novel library prep for lllumina Read length (log scale)

Del Angel et al. (2018 ) F1000 Research 7(ELIXIR):148



Gigabases per run

SEQUENCE DATA GROWS FASTER THAN COMPUTER POWER

Cost per Raw Megabase of DNA Sequence

J: H'seq X ... Hlseq 4000
Hiseq
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ﬁ
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DNA SEQUENCING TECHNOLOGIES

JL H'se‘l X __.Hiseq 4000
1000} S0/ I:J Quality How many reads are available?
Hised3500 RR Control Do they represent the genome?
a/® ¢ d Are there adapters present?
100l - NextSeq 500 - QC report
(7]
v 10} MinioN L. Trimming FASTQ
9 1 R . . Erroneous sequences and
2 I L F|Iter|ng adapters are removed ‘
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LIBRARY PREPARATION
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STRATEGIES TO SEQUENCE LONG DNA MOLECULES:
SHOTGUN SEQUENCING

1. Randomly break template DNA into pieces



STRATEGIES TO SEQUENCE LONG DNA MOLECULES:
SHOTGUN SEQUENTING

1. Randomly break template DNA into pieces



STRATEGIES TO SEQUENCE LONG DNA MOLECULES:
SHOTGUN SEQUENCING

L

Length filter | ¢ h

1. Processing of the template DNA

1. Random fragmentation
2. Size selection (-> Insert-size!)

1 typically several 100 Bp for ,short-read-Technologies (e.g.. lllumina)



STRATEGIES TO SEQUENCE LONG DNA MOLECULES:
SHOTGUN SEQUENCING

1. Processing of the template DNA
1. Random fragmentation
2. Size selection (-> Insert-size)
2. Append adapters! (DNA fragements with known sequence) that provide the necessary
binding sites for downstream wet lab experiments (amplification, sequencing), as well as
index sequences

1 each fragment gets the same set of adaptors



SHOTGUN SEQUENZIERUNG )
EIN ANSATZ ZUR SEQUENZIERUNG LANGER DNA MOLEKILE
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Read length > Insert length
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2xRead length > Insert length  2xRead length < Insert length

1. Processing of the template DNA
1. Random fragmentation

2. Size selection (-> Insert-size)
2. Append adapters! (DNA fragements with known sequence) that provide the necessary

binding sites for downstream wet lab experiments (amplification, sequencing), as well as

index sequences
3. Sequence the insert ends

1 typically, we sequence both ends of the insert -> Paired-End Reads

2 if read length > Insert length, you will seqeunce into the adapter



STRATEGIES TO SEQUENCE LONG DNA MOLECULES:
SHOTGUN SEQUENCING

Read Pair 1
Read Pair 2
Read Pair 3
Read Pair 4
Read Pair 5 Reconstruct template
Read Pair 6
Read Pair 7
Read Pair 8
Read Pair 9
Read Pair 10
Read Pair 11

Randomly break template DNA into pieces
Add adapters of known sequence to the fragment ends

Sequence (typically) the ends of the fragments

Identify and remove adapter part from the determined sequences
Reconstruct template sequence from the sequence reads

ke



The Template: Sanger Sequencing in a Nutshell

5’ -.CTGATCTATGCTCGCACT...-3' (Seq uencing by SynthESiS)
3’ -..GACTAGATACGAGCGTGA...-5'

Stepl: Template amplification Step2: Cycle sequencing

single template molecule DNA-Polymerase
g P Primer for starting the synthesis
Polymerase

% Chain Desoxinucleotides:
&7 Reaction dATP, dCTP, dTTP, dGTP

e 35 cycles Di-Desoxinucleotides (Dye-Terminators)
Millions of identical template molecules ddATP/‘, ddCTP

ddTTP® ddGT

3’ -..GACTAGATACGAGCGTGA...-5"' (ter_nplate )
5’ -.CTGAT>>—>—> (primer)
Repeat cycle of
primer annealing, ..CTGAT )
polymerization and ..CTGATCT  _@
1 fass el nals Trrsrr o . 11 .|strand:feparationn :::8%8%%“8%%&
3954 " 1050 1003 1ooe 1099 1013 3 imes LCTGATCTAT C/‘
..CTGATCTATG T/'
..CTGATCTATGC C/.

-CTGATCTATCCTC” T
A, /i , "CTGATCTATGCTC

Step 3: Size separation via electrophoresis
and detection of fluorescence markers

PR R R el e sttt latanl
: . s 1090 - ‘.u-_'.- .:£=:'. 1045 i C T A T G C T C G

0 B 1111

pI31 21103[3

Example for a chromatogram Base calling Detector



Cycle sequencing

3’ -..GACTAGATACGAGCGTGA..-5' (template) Bgse
5’ (primer)

-.CTGATS >

..CTGAT
.CTGATCT /Q'
.CTGATCTA
~CICATCTAT” @
~CICATCTATC @
~CIGATCTATCC @
~CIGATCTATCCT 1@
.CTGATCTATGCT
~.CTGATCTATGCTC

Size separation via electrophoresis
and detection of fluorescence markers

B il

Phred Base Quality

\

*P.: empirical error probability

Sanger Sequencing in a Nutshell:
quality values Q

394

A

B

Quality Parameters
*Peak Spacing (7)
eUncalled/Called Ratio (7)
eUncalled/Called Ratio (3)

ePeak Resolution

Q=-10logl0O( P, )*

Ewing B, Green P: Basecalling of automated sequencer traces using phred. Il. Error probabilities. Genome Research 8:186-194 (1998).



Cycle sequencing
37 -.GACTAGATACGAGCGTGA..-5' (template)

5’ -..CTGAT>3>> (primer)
Polymerase ...CTGAT
dNTPs Té
labelled ddNTPs ;;;gggggggng.
CTGATCTATG
" CTGATCTATGC” @ low degree of

.CTGATCTATGCT” @
..CTGATCTATGCTC” _@

~ CTGATCTATGCTCG ' para llelization=
Size separation via electrophoresis

and detection of fluorescence markers low thro Ugh put
CTATGCTCG

WAAMVAAR

Base calling

Detector

Main advantage of Next Generation Sequencing technologies: Parallelization
Bridge 001

i L i Analyzing
e : m]nl ﬂ ““[f : Millions of
Amplification 0 |[][| -> [] [l sequences

(lMumina) 10 I[jllﬂ 0y ll]'lu 0 Illfl[lll[I I |[]IIU at the same
time



ILLUMINA SEQUENCING TECHNOLOGY WORKFLOW

DNA
(0.1-5.0 pg)

\

Single molecule array

5 Cluster Growth

a

j:] Sequencing

> 6 7 8 9
AT

L WrcTacar.

Jj Image Acquisition

1:] Base Calling

18



As a first step, create the sequencing library
(There are many different kinds of libraries™)

) ) ) Seq

» Single read libraries: PS primer er P7

— Unidirectional Sequencing ! . —

— Single Read Flowcells ONLY P7

— Counting applications: ChIP or low coverage . ’ Nem—

resequencing projects P5-Adapter P7-Adapter

» Paired end libraries: PS  SP#1 .

— Uni- OR Bi-directional (paired reads) 5 I '

- Paired End Flowcells; Single: Unidirectional only Sp”_p?’

— Most applications, #1 whole genome shotgun assembly 5 v

— Tailor insert size and distribution per project: P5-Adapter P7-Adapter
» Tight size distribution — Assembly, structural
rearrangement detection
» Wide distribution libraries - Resequencing, high
coverage

» Multiplex Paired End (aka Indexing or

5

Barcoding)  E—— ——
- Uni- OR Bi-directional . —
— Allows multiple libraries per lane . .  SP.#2 LN
— 12 Index tags available x 8 lanes = 96 libraries per P5-Adapter P7-Adapter

flowcell

EEBROAD (|jumina

INSTITUTE

*Make sure you know what kind of library you are dealing with!



TEMPLATE HYBRIDIZATION AND EXTENSION

single molecules
hybridize to a lawn of
immobilized PCR
primers on the flow cell
surface




TEMPLATE HYBRIDIZATION AND EXTENSION

Bound molecules are g
then extended by 22:5?;0 e
polymerases e

ccce

v 0
“ ¥ o
v - -
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3 g ¢ 3
Q S 1 & M
v -
adapter 3 S ps
sequence L -4
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TEMPLATE HYBRIDIZATION AND EXTENSION

primers are then
extended by

polymerases



REMOVAL OF ORIGINAL STRAND

Double stranded

molecule is denatured

Original template is
washed away

newly synthesized

strand is covalently bound to

attached to the flow flow cell in

cell surface a random
pattern

molecules
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BRIDGING OVER

Single-strand flips over
to hybridize to adjacent
oligos to form a bridge

. Hybridized primer is

extended by
polymerases

Y

q
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DENATURATION

Double-stranded
bridge is denatured

Result: two copies of
covalently bound
single-stranded
templates

%(u((((((



BRIDGING OVER OF TEMPLATES

Single-strands flip over
to hybridize to adjacent
oligos to form bridges
. Hybridized primer is
extended by
polymerase ..00“0.
[

1
:
:

)

)
]
h—cccccccc Q@ =P - ....

.—c
fcccccccce

CCCCCCCCO00000000000000000

FCC“CC“W

b



AMPLIFICATION

Bridge ampilification
cycle repeated until
multiple bridges are
formed across the
entire flow cell

.:(ccu:u(c

€ CCO0000000000000
00000000000000000000000

h855ess55522282388828

1| H‘m
fcccccccce
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dsDNA bridges
are denatured
. complement
strands are
cleaved at P5
adapter and
washed away

LINEARIZATION



LINEARIZATION

dsDNA bridges
are denatured

. complement
strands are
cleaved at P5
adapter and
washed away

F((((((((..................................



BLOCKING

Free 3’ ends
are blocked to
prevent
unwanted
DNA priming

:
:
:
1I
:
| .-cccmcco
:
:
:
:
:
l

WQ



HYBRIDIZATION OF SEQUENCING PRIMER 1 :

Sequencing
primer is
hybridized to
adapter
sequence

.—tccccc«@

@

© :
sequencing 5
i primer 1 §



SEQUENUNG BY SYNTHES'S (SBS) Cycle 1: Add sequencing reagents (All 4 labeled

nucleotides in 1 reaction)
First base incorporated (reversible dye terminator)
Remove unincorporated bases

Detect signal

Unprotect/remove dye

Cycle 2-n: Add sequencing reagents and repeat

Key points

All four labelled nucleotides in one
reaction

Reversible dye terminator

Base-by-base sequencing

Real-time sequencing

r,\ Read length is determined by the
TA:
ol number of cycles!



PAIRED-END SEQUENCING - SEQUENCING THE INDEX o8

Align Index
sequencing
primer

®

remove se
sequencing ee
products o



@

unblock
3’ ends

PAIRED-END SEQUENCING — RE-SYNTHESIS OF 2NP STRAND
)

o
:
i

: i

remove ,;
sequencing 55
products °e
;s ® : 9
: : i
v
: i



PAIRED-END SEQUENCING — RE-SYNTHESIS OF 2NP STRAND

Bridge formation and 3'
extension



DENATURATION

Double-stranded
bridge is denatured

Result: two copies of
covalently bound
single-stranded
templates

.:u.(((((((



CLEAVAGE AND REMOVAL OF FIRST STRAND

Clip at P7 adapter

Remove unbound I ;

template.

g :
S -
! —~—



HYBRIDIZATION OF SEQUENCING PRIMER 2

Sequencing .
primer 2 is sequencing
hybridized to primer 2

adapter
sequence

Sequence of
the 2"d end is
determined

‘-------

‘-‘CCCCO

%((((((‘Q



THE METHODS DESCRIBED SO FAR AVERAGE THE SIGNAL OVER MILLIONS OF COPIES
OF THE SAME SEQUENCE. WHY IS THIS PROBLEMATIC?

* Errors during PCR amplification render copies not 100% identical. Especially errors at
an early stage of the PCR can mimic heterozygous positions.

* Not every copy of a pool of millions of sequences will incorporate a base in each cycle.
With increasing numbers of cycles the length heterogeneity of the already sequenced
fraction will increase and the sequencing will get out of phase.

Template: AGACTATTTA Template: AGACTATTTA Template: AGACTATTTA

TCT (9%) TCTGAT (5%) TCTGATAAAT
Template: AGACTATTTA Template: AGACTATTTA

(1x) TCTG (5%) TCTGATAA



SEQUENCE READS ARE STORED TYPICALLY IN FASTQ

FORMAT

Sequenzheader (-ID)
Sequenz
Separator!

Basenqualitaten

@D00689:288:CBUB7ANXX:2:2202:1336:1998#ATTACTCGTATAGCCT
CATCCTTCTCAGCTTGCAGGTCGGCGGCGCAGCTGGCGGATGTCTGTTTCTCGGCCTCCAGGT
CGGCGGCGCAGGCTCCAGAGTCNTCCTTTTCTATCTCCAGGTCGCCAGGACACTGCTCCAGC
+

<< /<< /FFFBBBFBFFFFF</<///BF/FFFFBFFFFFB7BFB7///7/BF/F/BFF/7FF/B
B//<///B</B/////77////#7<77///7/////7FFB7/7//7//////F/TBFFF<B/

1 — Forward«
2 — Reverse ==

@D00689:288:CBUB7ANXX:2:2202:1336: 1998#ATTACTCGTATAGCCT@
NNNNNNNNNNNNNNCCNNNNNNNCNGNNNNNNNNNNNNNNNNNNNNNNNNANNAGNNCNNNNN
NNNNNNNNNNNNTNGNNANNTGGAGNNNNNNAAGGANGNNNNNNNNNNNNNNNNNNNNNNNN

+

HHHHHHHAHHHHHHH B<HHHHHHH <R <HHHHHHHHHHHAHHHATHHAAHAH<IH< | ## | #HHHH
HHHHHAHHHHHAH TR | #H [ #H<< ) </ #HHHH# ] | [T TH T HHHHHAHAHHHHAAAAAH AN

1 Optional kann hier noch einmal die Sequenz-ld wiederholt werden



SEQUENCE READS ARE STORED TYPICALLY IN FASTQ
FORMAT

@D00689:288:CBUB7ANXX:2:2202:1336:1998#ATTACTCGTATAGCCT/1
CATCCTTCTCAGCTTGCAGGTCGGCGGCGCAGCTGGCGGATGTCTGTTTCTCGGCCTCCAGGT

CGGCGGCGCAGGCTCCAGAGTCNTCCTTTTCTATCTCCAGGTCGCCAGGACACTGCTCCAGC
+

<< /<< /FFFBBBFBFFFFF</<///BF/FFFFBFFFFFB7BFB7///7/BF/F/BFF/7FF/B
B//<///B</B/////77////#7<77///7/////7FFB7/7//7//////F/TBFFF<B/

Header Information:

D00689 the unique instrument name

288 the run id

CBUB7ANXX the flowcell id

2 flowcell lane

2202 tile number within the flowcell lane

1336 'x'-coordinate of the cluster within the tile
1998 'y'-coordinate of the cluster within the tile
ATTACTCGTATAGCCT index sequence

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



FILE

http://en.wikipedia.org/wiki/FASTQ format

FORMATS: FASTQ — QUALITY DECODING

@D00689:288:CBUB7ANXX:2:2202:1336:1998#ATTACTCGTATAGCCT/1
CATCCTTCTCAGCTTGCAGGTCGGCGGCGCAGCTGGCGGATGTCTGTTTCTCGGCCTCCAGGT
CGGCGGCGCAGGCTCCAGAGTCNTCCTTTTCTATCTCCAGGTCGCCAGGACACTGCTCCAGC
+

/<</FFFBBBFBFFFFF</<///BF/FFFFBFFFFFB7BFB7///7/BF/F/BFF/7FF/B
B/ //B</B/////77////#7<77///7/////7¥¥B7/7//7//////F/TBFFF<B/

w
|

Sanger Phred+33, raw reads typically (0, 40)
Solexa Solexa+64, raw reads typically (-5, 40)
I - Illumina 1.3+ Phred+64, raw reads typically (0, 40)

>
|

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

126

< ASCI| Value

< Base quality values


http://en.wikipedia.org/wiki/FASTQ_format

FROM SHORT TO LONG READ SEQUENCING

Short reads ]

J: s X __Hiseq 4000
Hiseq -
1000 zooo[zsot)f' J:
o Hiseq2500 RR
100 ®/ NextSeq 500 ﬁ
) 10}
©
&
o
o
~ 1 -
C
2
@
@ 01 T
u <t PacBio RS
3 @ acBio
% GS Junior
2
o 0.01f
0.001f
ol
0.0001} N ‘
‘Sanger’
Lex Nederbragt (2012-2016)
oY http://dx.doi.org/10.6084/m9.figshare.100940
0.00001 L v -
10 100 1000 10000

Read length (log scale)




CHROMIUM PLATFORM - 10X GENOMICS
Key points =

* Library Prep technique for

lllumina sequencing Gel Bead u ;’
* High throughput, low Emulsion (GEM) [ g%ﬂ’“ ”ﬁw
. i’ -
sequencing error = gDNA Molecules B
v il A N
* long DNA molecules are 10x Barcodes O perGEM Bl () ) —
ope . T Gel Beads ° & QO
partitioned into >1M individual Enzyme i —
. . . 4x10% Barcodes Genome 10x
reactions each containing a unique GEMs
Barcoded
barcode Fragments

* Short reads from each partition
have the same barcode

* Llibraries maintain haplotype and 10X Genomics :
other long-range information Hinked Reads

* The resulting datatype is called
Linked-Reads.



SINGLE MOLECULE REAL TIME SEQUENCING (SMRT)

Pacific Biosciences — Real-time sequencing

Phospholinked hexaphosphate nucleotides

Key Points
*Sequencing by synthesis
*Terminator free technology

*fluorescent labeled
phosphate chain

*Uses DNA polymerase
*Read length ~ 15 kbp

°Individual reads have a

substantial sequencing error
(~15%)
*Optimal for repeat

resolution and scaffolding



SMRT — LIBRARY PREPARATION

Key Points
*library of overlapping inserts

* hairpin adaptors create a
circular molecule

* adaptors contain binding site
for DNA polymerase

* sequencing results in a long
sequencing read

* can generate multiple
subreads from one template

* combine subreads to create
circular consensus read

microsatellites microsatellites
/ N / |

genomic DNA [ T — - — |

N
SMRTbell library library insert "

circular consensus
sequencing

N (
|

sequencing read subreads circular consensus
sequence (CCS)

1,457 CCS:
213 di-, 50 tri-, 28 tetra-, 25 pentanucleotide motifs identified

* single read accuracy
~85%

46



SMRT — CIRCULAR CONSENSUS SEQUENCES INCREASE
SEQUENCING ACCURACY

subreads (10x)

99.99999% (QV 70)
BACACE-CAGCGHCTCTGA G TCaCTCC GO TTGaACAATC = =G CAGAC T TC G AN TGCGRCGCAE GOTTGG-GATGATAG SCGAG CAATGS i e SE—
GACACGACAGC-ACCTCTGA C-CGTTCCGCG’Z‘CTTTGGACAATCGGGATTCAGACTTCG \TGCGGECGCAGG-T-GIEGEAT GATA 5 99.9999% (QV 60) f,"‘
GACACGACAGCGA-CTETGA CTI:IS’ZTCCGCGGC’."-TGGACAA-CGGGATTCAGA-TTCG T60d3CGCAGGCTTGEEEATGATAG -C < /w
GACACGACH3CGACCTC- CTCGTTCC-CGTC TTGGACARTCGGGA=TCAGACTTCG tsccscccz.\qsm-cscucamc 5 /
GRCACGACA-CGACCTCTGA -rcsch:Gcstct-Tosacmc-ccmmcnmq; P TGCGGCOLAGGC-TGGGGARGRTAGG & 99.999% (QV50) d
TACACEACAGCG-CCTCTG-QRGHRCTCGTTCCCHICTTTGGACAATCGGEATTCA-ACTTCGARAGRTGCGG-GCAGGCTTGGEGATGATAGGC = / -
GACACGACAGCGALCTCT=A CTCB‘ZTCCGCG’.‘CTTTGGA[:AATCGGGATTCAGACT[‘CG’.‘G-GGCGCAGGCTTGGGG‘XTGATAG,‘ 2 / == E coli
ALACCACAG-GACCT AP COT-CCCCOTC-TICGACRATCECEA TCRGACTIC AR (L CaCaCACECTTOCOCATGAT -G < 99.99% (QV 40) / ’
: 7
GAC-CGACAGLGACCTCT! CTCG‘STCCGCGTCTTTB-ACAATCGG-ATTCAGACT-CGTGCGGCGCA-GCTGGGGATG-TAG,. ' === S, aureus
GACRC-ACAGCGACCTCTGA TCGTTC-GCG'.“CTTTGG-CAATCFGGATTCAGACTTCGTFCGGCGCAGGCTTGGGGATGATAG,,, 0 y * Perfect
9 erfect consensus
. £ 99.9% (QV 30) -
(GACACGACAGCGACCTCT GTTCCGCOTCTTTGEACARTCGGAAT TCAGACTTCGARAGATGC GECGCAGGCTTGGGGATGATAGC 35 »
-
5 ‘
a| \o77TARCGTCET QRGACACGACAGCGACCTCTGACRGHACTCGTTCCGCGTCTTTGGACART CEGEAT TCAGACTTCGGRGER TECGECGCAGGCTTGRGEAT GATAGRCGAG CATGL. . o 9% (QV20) .
- Reference g {f
Reference Heterozygous Homozygous /
match SNP SNP 90% (QV 10) 44
reference
— N P AT S S
| 4 1
consensus 0 20 0 60 80 00
Coverage

* QV = phred quality values



PACBIO HIFI PROTOCOL USES CCS FOR GENERATING
HIGH QUALITY SEQUENCES!

B. Primary Sequencing Performance Metrics for a 15 kb HiFi Express 2.0 Library (Sequel Il System)

Movie | Pre Total | Unique Read Length Productivity
Sample Status Time exte_nsuon Bases | Molecular
P Time Polymerase Longest Subread
(hours) (hours) (Gb) |Yield (Gb)

Frac_4 15 kb

Complete 30 2 392.68 56.88 91960 181775 14514 15649 44.6% 53.3% 2.1%
HiFi Library

m >= NS0
B >= 95th percentile

2500000

2000000

1500000

Insert Read Length
Counts

1000000 4

Density (Bases Read per Unit Read Length)

500000

0 50000 100000 150000 200000 250000 300000 350000 S G ST g
Read Length (bp) HQ Read Length

H o
1 Sequencmg error < 1% Slide source: https://www.pacb.com/wp-content /uploads/HiFi-Library-Preparation-Using-SMRTbell-Express-TPK-2.0-Customer-Training.pdf



FULL-LENGTH RNA SEQUENCING USING 150-SEQ

mRNA isoforms <

r . -//A\\\_-/ : - / /A\\-
/\-”‘
" ““- -

Short-read
RNA-seq:

Iso-Seq
method:

Source: https:/ /www.pacb.com/wp-

e
._// s =
.

Reads
spanning
—_ splice
— — A junctions

Insufficient Connectivity
Splice Isoform Uncertainty

Full-length cDNA Sequence Reads
Splice Isoform Certainty — No Assembly Required

content /uploads/2018-10-NA-UGM-Iso-Seq-Method.pdf

49



OXFORD NANOPORE SEQUENCING : SINGLE MOLECULE
SEQUENCING

* Thumb drive sized sequencer powered over USB
* Capacity for 512 reads at once

* Senses DNA by measuring changes to ion flow




NANOPORE SEQUENCING

G-tube sense/antisense

DNA sample —— :\:gif;mdecul
constriction ——3 + F//\%‘: genomic DNA
2-minute
centrifugation
p—
//\\:::'
End-repair and
dA-tailing
-y
A /A//E A
Adapter ligation
A4
——
/\\//7%;::;:’

Motor attachment
Y

a

Current




OXFORD NANOPORE SEQUENCING : SINGLE MOLECULE

SEQUENCING

90+

<
z —p ATCGATCGATA
3 GTATTAGATAC
) Current levels GAC TAG C GAT
' ' CAG
0 10 20
Oxford Nanopore Google Hangt March Time (S)

2016 Deamer et al 2016, Nature

Thumb drive sized sequencer powered over USB

Capacity for 512 reads at once

Senses DNA by measuring changes to ion flow

Multiple base-pairs at a time (“k-mers”)

Characteristic current signature is converted to
nucleotide sequences

No theoretical upper limit to sequencing read

length, practical limit only in delivering DNA to
the pore intact

Predicted sequencing output 5-10Gb



SEQUENCING ERROR COMPARISON USING A REFERENCE

BASED MAPPING OF E. COLI SEQUENCING DATA

*  Map llluminan reads with bowtie2 and

minimap2 for Pachio and ONT alignment,

A\

use samtools to compare to reference. ﬂ
* Illumina reads align almost perfectly, l
with a per read median of 99.3% Pacbio -
correct. Indels almost never occur.
* PacBio reads which have an median of
89.2% of the read correct. Most | J\
frequent error type: insertions (7.45% ONT -
median) with mismatches only 1.5% (‘

median % of read. k
* ONT reads have a per read median of llumina 4 &
92.4% correct, with deletions (9%) and
mismatches (4.5%) both at a relatively

. . 1 1
high median per read. 0 25 50 75 100
Percent of Read



PRE-PROCESSING OF DNA SEQUENCING READS IS THE
FIRST STEP OF DATA ANALYSIS
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FASTQ
Quality How many reads are available?

Do they represent the genome?
Control Are there adapters present?

QC report

Trimming FASTQ
X X Erroneous sequences and
Filtering adapters are removed ‘
[If required before assembly]
Data Clean reads

Sequence Reads are assembled into
Assembly contiguous sequences

FASTA contigs

Assemb|y Is the result better or worse
Validation

FASTA contigs

compared to other assembly
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Assembly report




FASTQC AND CUTADAPT HELP TO VISUALIZE AND
CLEAN HIGH THROUGHPUT DNA SEQUENCING DATA

@Basic Statistics

Filename good_sequence_short.txt
File type Conventional base calls
Se uence fIIe Encoding Illumina 1.5
q FASTQC S u m m a ry Total Sequences 250000
( Fa StQ FO rm at) Sequences flagged as poor quality 0
Sequence length 40
@Sequence Duplication Levels @ Basic Staﬁsﬁcs $GC 45
o0 Percent of seqs remaining i deduplicated 94 81% - @per sequence quality scores
- I @ Per base sequence quality
" @ Per sequence quality scores
* ' Per base sequence content
@Adapter Content | Per base GC content @Sequence Length Distribution

' Per sequence GC content N

7 8 8 510 >50 >100 >500 >1k 55k >l
Sequence Dupiication Level

@ Per base N content

@ Sequence Length Distribution

' Sequence Duplication Levels

' Overrepresented sequences

10 ° 59 a0 a

Sequence Length (bp)
C T 7353456 G z ; veadbn7 615 20 21 22 B 24 5 26 27 78 9 @ Kmer Content
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REMEMBER - SEQUENCING READS ARE NOT ERROR FREE

Q Per base sequence quality

Quality scores across all bases {lllumina 1.5 encoding)

* ﬁrTTﬁﬁ‘TﬁﬁTTT T There are two main error sources

32 |

» \ \HHHH\ ST nn * Misinterpretation of the signal by the

2 il basecaller. This type of error results in
2 4 I low base qualities

. LE T * PCR error during template preparation
and /or amplification. This error can

; result in high quality but wrong base

: 11 calls!

12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Position in read (bp)

Base quality distribution for an lllumina short read

run. The plot shows the typical decay of average
1 remember, each sequencing reaction starts from a single molecule. Early PCR errors will be

base qUOIITy towards the end of the reads propagated to (almost) all amplificaiton products
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REMEMBER - SEQUENCING READS ARE NOT ERROR FREE

Quality scores across all bases (lllumina 1.5 encoding) Quality scores across all bases (lllumina 1.5 encoding}
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: Good quality! Poor quality! [I1] [
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QUALITY TRIMMING USING TRIMMOMATIC

Before quality trimming After quality trimming

Quality scores across all bases (Sanger / lllumina 1.9 encoding) Quality scores across all bases (Sanger / lllumina 1.9 encoding)
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http:/ /www.usadellab.org /cms /2page=trimmomatic



RECONSTRUCTING THE TEMPLATE SEQUENCE — THE
ASSEMBLY OF SEQUENCING READS

FASTQ
Quality How many reads are available?

Do they represent the genome?
Control Are there adapters present?

g QC report
<
L Trimming FASTQ
' SERTEA X X Erroneous sequences and
© N Filtering adapters are removed ‘
L [If required before assembly]
(T Data Clean reads
©
©
o

Sequence Reads are assembled into
Assembly contiguous sequences

FASTA contigs

FASTA contigs
Assemb|y Is the result better or worse

. . compared to other assembl
Validation ’ Y
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HOW BIG A PROBLEM IS SEQUENCE ASSEMBLY?

Human Chr 8: 146,000,000 bp

[llumina Sequencing by Yes 125 bp 1000 Mb ~0.02
synthesis

" 253
gN"th” Bad Laasphe
_Osiegen

2 Dautphetal col

150,000,000 Km

In fact, the problem is at least 2 orders of magnitude larger since:

Wettenbérg

B, * The entire human genome consists of approx. 3.2 Billion base pairs

s * 1-fold coverage is not sufficient. Typically at least 10 x coverage*
P e should be achieved. Thus, we need to sequence 32 Billion base pairs.

Usingen FriedBerg (+
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