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NGS generation 7H&

1MICH sequencing

- Sanger sequencing : Dideoxynucleotide chain termination
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> 2MICH NGS (short read sequencing)

- Roche 454 GS FLX, Thermo Fisher lon PGM, Illumina genome analyzer, ABI SOLID platform
SZ a0 o2t 7 H
: lllumina, SOLID solid-pahse amplification (longest read length : 300bp, 75bp)
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> 3MICH NGS (long read sequencing)

- Pacific Biosciences PacBio ; SMRT (longest read length : 20,000bp)
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- Oxford Nanopore (longest read length : 200,000bp)
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Nanospace sequencing
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Roche 454, lon PGM — emulsion PCR (longest read length : 1,000bp, 400bp)
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PacBio vs Nanopore comparison
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PacBio vs Nanopore comparison

Oxford nanopore PacBio SMRT
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Pacific Biosciencs (PacBio) Sequel Il Sequencing

Q CCS Mode (Circular Consensus Sequencing) Pl = B
“Circular consensus sequencing (CCS) read: The consensus sequence resulting }msensmm .
from alignment bet [ : ' -
g ween subreads taken from a single ZMW. Requires at least ” 99% Accurate
two full-pass subreads from the insert. CCS reads are advantageous for amplicon :

: : : .. Single molecule;
and RNA sequencing projects and are highly accurate (>99% accuracy, Q>20).” ’ "e | )| Multiple reads
PacBio definition .1
Insert Size: 10-20 kb

Continuous Long Read (CLR)
Sequencing Mode

0 CLR Mode (Continuous Long Read)
“Continuous long reads (CLR) read: Reads with a subread length approximately _r <¥—* ) 90% Accurate
equivalent to the polymerase read length indicating that the sequence is generated s Multiple molecule;

single reads

from a single continuous template from start to finish. The CLR sequencing

CL.R n

mode emphasizes the longest possible reads.” PacBio definition '

Insert Size: 25-175 kb "




Introduction to Oxford Nanopore Technologies

* ‘Long read’ technology

« ADNAIibrary is prepared
(proteins are added)

..CGCTGGTAAGATGC... Fastq file
*  Nucleic acids are passed through a protein . T . Motor protein
asecaller

nanopore Mh

« As the different bases move through the Nanopore signzl [EENENN ~
nanopore, it creates a different electrical
signal

Membrane

*  These resulting changes in the electrical
signal is decoded(Fast5 file) to provide the
specific DNA or RNA sequence(Fastq file)




What is a nanopore?

© Nanopore = ‘very small hole’ 2 1.5nm ® =2 37|
© Electrical current flows through the hole

@ Introduce analyte of interest into the hole = identify “analyte” by the disruption or block
to the electrical current

Current
flow
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PacBio sequencing
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Real-Time DNA Sequencing from
Single Polymerase Molecules

John Eid,* Adrian Fehr,* Jeremy Gray,” Khai Luong,* John Lyle,* Geoff Otto,* Paul Peluso,*
David Rank,* Primo Baybayan, Brad Bettman, Arkadiusz Bibillo, Keith Bjornson,

Bidhan Chaudhuri, Frederick Christians, Ronald Cicero, Sonya Clark, Ravindra Dalal,

Alex deWinter, John Dixon, Mathieu Foquet, Alfred Gaertner, Paul Hardenbot, Cheryl Heiner,
Kevin Hester, David Holden, Gregory Kearns, Xiangxu Kong, Ronald Kuse, Yves Lacroix,
Steven Lin, Paul Lundquist, Congcong Ma, Patrick Marks, Mark Maxham, Devon Murphy,
Insil Park, Thang Pham, Michael Phillips, Joy Roy, Robert Sebra, Gene Shen, Jon Sorenson,
Austin Tomaney, Kevin Travers, Mark Trulson, John Vieceli, Jeffrey Wegener, Dawn Wu,
Alicia Yang, Denis Zaccarin, Peter Zhao, Frank Zhong, Jonas Korlach,t Stephen Turnert

We present single-molecule, real-time sequencing data obtained from a DNA polymerase
performing uninterrupted template-directed synthesis using four distinguishable fluorescently
labeled deoxyribonucleoside triphosphates (NTPs). We detected the temporal order of their
enzymatic incorporation into a growing DNA strand with zero-mode waveguide nanostructure
arrays, which provide optical observation volume confinement and enable parallel, simultaneous
detection of thousands of single-molecule sequencing reactions. Conjugation of fluorophores to the
terminal phosphate moiety of the dNTPs allows continuous observation of DNA synthesis over
thousands of bases without steric hindrance. The data report directly on polymerase dynamics,
revealing distinct polymerization states and pause sites corresponding to DNA secondary structure.
Sequence data were aligned with the known reference sequence to assay biophysical parameters of
polymerization for each template position. Consensus sequences were generated from the
single-molecule reads at 15-fold coverage, showing a median accuracy of 99.3%, with no
systematic error beyond fluorophore-dependent error rates.

(/) uses DNA polymerase to incorporate  exploits neither their potential for high catalytic
the 3'-dideoxynucleotide that terminates  rates nor high processivity (2—). Increasing the
the synthesis of a DNA copy. This method relies  speed and length of individual sequencing reads
beyond the current Sanger technology limit will
shorten cycle times, accelerate sequence assembly,

The Sanger method for DNA sequencing  on the low error rate of DNA polymerases, but

Pacific Biosciences, 1505 Adams Drive, Menlo Park, CA 94025,
USA.

*These authors contributed equally to this work.

1To whem correspondence should be addressed. E-mail:
jkorlach@pacifichiosciences.com (.K); stumer@pacificbiosciences.
com (5.T)

reduce cost, enable accurate sequencing analysis
of repeat-rich areas of the genome, and reveal
large-scale genomic complexity (5, 6). Altemative
approaches that increase sequencing performance

have been reported [(7-10), reviewed in (11, 12)).
Several of these methods have been deployed as
commercial sequencing systems (/3—/6), which
have greatly increased overall throughput, enabl-
ing many applications that were previously un-
feasible. However, because these methods all
gate enzymatic activity, using various termination
approaches, they have not yielded longer sequence
reads (limited to ~400 nucleotides), nor do they
exploit the high intrinsic rates of polymerase-
catalyzed DNA synthesis.

The use of DNA polymerase as a real-time
sequencing engine—that is, direct observation
of processive DNA polymerization with base-
pair resolution—has long been proposed but has
been difficult to realize (7, 8, 17-22). To fully
hamess the intrinsic speed, fidelity, and proces-
sivity of these enzymes, several technical chal-
lenges must be met simultaneously. First, the
speed at which each polymerase synthesizes DNA
exhibits stochastic fluctuation, so polymerase
molecules would need to be observed individually
while they undergo template-directed synthesis.
Because of the high nucleotide concentrations
required by DNA polymerases (20), a reduction
in the observation volume beyond what is afforded
by conventional methods, such as confocal or total
internal reflection microscopy, directly improves
single-molecule detection. Second, deoxyribo-
nucleoside triphosphate (dNTP) substrates must
carry detection labels that do not inhibit DNA
polymerization even when 100% of the native
nucleotides are replaced with their labeled coun-
terparts. Third, a surface chemistry is required that
retains activity of DNA polymerase molecules
and inhibits nonspecific adsorption of labeled
dNTPs. Finally, an instrument is required that can
faithfully detect and distinguish incorporation of
four different labeled dNTPs. Here, we provide
proof-of-concept for an approach to highly

www.sciencemag.org SCIENCE VOL 323 2 JANUARY 2009
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PacBio CLR read _ Continuous Long Reads

T As anchored fﬁi}é}\
L polymerases

A single molecule of DNA is \ incorporate ’ 113 ::l

immobilized in each ZMW i i labeled bases, -!_! L] i
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a L1
# ‘c . . . ]
2 ‘
SMRT Cells contain millions of % | H I
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& : : : Directly detect - | _— _—
& - - [ > :  DNA modifications
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\@) e Subreads:

Nucleotide incorporation kinetics
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- Single molecule real-time (SMRT) sequencing
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PacBio CCS read _ Circular Consensus Sequencing

- provide base-level resolution with >99.9% single molecule read accuracy

- HiFi Read : high-fidelity long reads

Start with high-quality

| The Benefits of HiFI Reads
adapters and size select l v" Long read lengths up to 25kb
i DA e & } v" High read accuracy >99.9%

v' Easy library preparation

Circularized DNA

ropemod passes v Low coverage requirements

— : v" Small file size to minimize computer time

1 1

The polymerase reads i == = T
are trimmed of adapters . essasn . " . ey /
to yield subreads

A single technology solution for a range of applications

[ — v Unmatched data clarity for rapid interpretation

Consensus is ca lled
from subreads




PacBio Sequencing — How it Works

SMRTbell® Library » Next, a SMRThbell library is created by
€ oo Adapters ligating adapters to double stranded DNA,
{j‘% -;“3 creating a circular template.
Single Molecule, e — . 22 .
Real-Time (SMRT°)
Sequencing
S » Primer and polymerase are added to the

library that is placed on the instrument for

<y ) sequencing.

» The PacBio Sequelll System, powered by
Single molecule, real-time (SMRT) XA RO
sequencing technology.

» At the core of SMRT sequencing is the
SMRT Cell, which contains millions of tiny

I ) ‘\ﬁi W - .
% ) ).‘ > %% e wells called zero-mode waveguides, or
O ZMWS.

» Here’s how SMRT sequencing works. ..

» From any sample type, ranging from
viruses to vertebrates, DNA or RNAis
isolated.




PacBio Sequencing — How it Works

Circular Consensus \fr
Sequencing (CCS)
for Highly Accurate
Long Reads

(>99% accuracy, )

» Use circular consensus sequencing mode to produce
highly accurate long reads, known as HiFi reads.

» Asingle molecule of DNA is immobilized in the ZMWs and as ; g
the polymerase incorporates labeled nucleotides, light is Ll
emitted. Continuous Long
Read (CLR) Sequencing
» With this approach nucleotide incorporation is measured in s LS R
real time. e
> With the Sequel system you can optimize your results with > Or use the continuous long read sequencing mode to

two sequencing modes. generate the longest possible reads




Introduction to SMRT Sequencing

SMRT™ Cell

Each SMRT Cell contains tens of thousands

SMRT™ Cell of zero-mode waveguides (ZMWs)

PacBio sequencing
- SEQUELII

» Each SMRT Cell contains tens of thousands of zero-mode waveguides.
(ZMWs)

[,

» The ZMW provides the world’s smallest > 28252 ZmMwe| Of2ljoj| A = H —jF— > Attenuated light from excitation beam
detection volume. S10| O] 7 A waveguideES S5l HH penetrates the lower 20-30nm of each ZMW...

H| a5t :

S = XO| L7 X2 » ...creating the world’s most powerful
microscope with a detection volume of 20
zeptoliters (10-2iters)




Introduction to SMRT Sequencing

PacBio sequencing process

1THA|

» A DNA template-polymerase complex is » Phospholinked nucleotides are introduced
immobilized at the bottom of the ZMW into the ZMWs chamber

» Each of the four nucleotides is labeled with
a different colored fluorophore

» As abase is held in the detection volume, a light pulse is produced
» This tiny detection volume provides 1000-fold improvement in the
reduction of background noise




Introduction to SMRT Sequencing

PacBio sequencing process

sTHA|
This process occurs in parallel in up
to thousands of ZMWs that make
up the SMRT Cell
» This process occurs in parallel in up to thousands of » This process occurs in parallel in up to thousands of

ZMWs that make up the SMRT Cell ZMWs that make up the SMRT Cell

™
SMRT™ Cell 8Pac Twelve Loaded SMRT™ Cell 8Pacs

» SMRT™ Cell 8Pac » Twelve Loaded SMRT™ Cell 8Pac



PacBio CCS read _ Circular Consensus Sequencing

Specifications

Revio™ system

100M 360 Gb

ZMW / run HiFi yield per run

24 hr 15-18 kb

Sequencing time Read length

5mC 90% 2Q30

DNA methylation Base quality

Four key benefits of the Revio system

Jl v £ $

Scale Ease of use = Compute power Affordability
1,300 human HiFi Simplified consumables Google DeepConsensus Cost-effective human
genomes per year and flexible run setup and more on board HiFi genome

Scale: 15x more throughput than Sequel Ile system

5 E

Sequel lle system Revio system Increase
Higher density 8 million ZMWs 25 million ZMWs 3x
Independent stages 1 4 4x
Shorter run times 30 hours 24 hours 1.25x
30% human HiFi 88 1,300 15x overall

genomes / year
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HASLR: Fast Hybrid Assembly of Long Reads_Long read assembly method

Short reads

Input

| s B s R s— | s— —

Long reads

Assemble
short reads

l

Align short read
contigs to long reads

Short read I Iil ] I
contigs = L= ' ‘

/’

| —

Idel‘ltiﬁ' ul.ll'liql-le” [ — — —

Build backbone graph from
alignment of “unique”
short read contigs and

"simplify" the graph

short read contigs and

eliminate alignment of

non-unigue short read
conitgs

Extract simple paths

and call consensus

&
consensus
consensus

Final assembly

iIScience

@ CelPress -

HASLR: Fast Hybrid Assembly of Long Reads

The read assembly process of HASLR consists of the following steps:
1. Assemble single reads (SR) using a fast SR assembler called Minia.

2. Identify unique SR contigs that are estimated to appear only once in
the genome.

3. Map long reads (LR) to unique SR contigs and build a new data
structure called backbone graph with edges connecting them.

4. Simplify the backbone graph to reduce the impact of misassemblies
and LR mappings to SR contigs.

5. Compute consensus sequences that fill gaps between adjacent SR
contigs for each edge.

6. Generate the final assembly using all SR contigs and consensus
sequences.



Pacbio long read sequencing 1%l (AZ}E)

gDNA QC with agarose gel

. Denovix
Qubit flex fluorometer Nl
No| Sample Con 1 ,60/280|260/230
(ng/ul)

1| AZ&E 42.4 1.79 1.23

2| ANEE 87.0 180 | 1.62

Library QC with agarose gel

"

mmm—

1.5% Agarose gel
200v, 35min

100bp marker(M) 5ul
5ul of library

Library QC Result of DNA

# Library Name Library Type (Cn;,':fl') ((3:1\]:1‘;' (Sbl;‘; Result*
1 A Z!'% ETC 46.29 158.62 449 Pass

2 A’ I—l'% ETC 43.24 162.26 410 Pass

v Library Size Check

- To verify the size of PCR enriched fragments, we check the template size

distribution by running on a Agilent Technologies 2100 Bioanalyzer using

a DNA 1000 chip.

[E——
- &8 § 8 § ¥
—

Ay

CI =

AXZ  (WGS-lib)

sg;ﬁ%‘
/
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;_i_l
/
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ol g g 8l o & o g o

A X2 (WGS-lib)
3ul used for library QC



Pacbio long read sequencing (A%E)

Statistics of sequencing raw data (short read)

Subread Stats (long read)

Cell Name

Samples  Sequencingfile  No. of reads Avgiblre);lgth Total length (bp) GC(%)" Q30(%)*2 Gf;\?g]e
AZE  1fastqg 175,321,935 151 26,473,612,185

AZE 37.73 91.79  =62.29X
AZE 2fastq 175,321,935 151 26,473,612,185

Total 2ea 764,234,058 115,399,342, 758

1) GC (%): GC content.
2) Q30 (%0): Ratio of bases that have phred quality score of over 30.

3) Genome cov.: Z+ M E 9| Total read lengthS expected genome size (850Mb)Z L=
7t
HA -

Subread Bases Subreads Subread N50 Average Read Length
229,508,101,506 18,459,167 13,715 12,433
ALE
258,085,627,470 23,257,062 12,467 11,097
Total 487,593,728,976 41,716,229 26,182 23,530
. Subread Bases : The number of bases in the Subread.
. Subreads : The number of reads in the Subread.
. Subread N50 : 50% of all bases come from Subreads longer than this value.
. Average Read Length : The mean length of the Subreads.
Statistics of sequencing raw data (long read)
No. of Avg. Avg. Genome
Sample reads length(bp) Total length(bp)  N50  Avg. Pass Quality oV *2
—_ 1Kt 750,952 13,117 9,850,531,514 13,036 11 Q32  =11.59X
A
o= 2Kt 955,034 11,795  11,265,292,873 11,965 15 Q35  =13.25X
Total 1,705,986 21,115,824,387

. HiFi Bases : Total bases of HiFi reads.
. HiFi reads : The number of reads in the HiFi read.
. HiFi N50 : A N50 means that half of all bases reside in reads of this size or longer.

. Avg Reads Length : The mean length of HiFi reads.
. Avg Pass : The mean passes of HiFi reads.
. Avg Quality : The mean quality of HiFi reads.



Pacbio long read sequencing (A%E)

Statistics of A ZFE genome assembly

Sample Total contigs Assembled genome size (bp) GC (%) MIN (bp) MAX (bp) AVG (bp) N50 (bp)

AL= 46,185 2,531,609,098 36.71 464 1,196,160 54,814 83,023

Statistics of A Z'E genome polishing

Sample Total contigs Assembled genome size (bp) GC (%) MIN (bp) MAX (bp) AVG (bp) N50 (bp)

AZXS 46,135 2,531,362,472 36.71 513 1,196,142 54,868 83,014

> Assembly polishing ZHE 77tX| Xl | F assembly 214, 46,13571 contig2 T =l 2F 2.5Gh2| ME S =&,




Pacbio Sequel Sequencing_General terminology

» SMRT Cell: Consumable substrates comprising arrays of zero-mode waveguide nanostructures.

» Adapters: Exogenous nucleic acids that are ligated to a nucleic acid molecule to be sequenced. For example,
SMRThbell-wadapters are hairpin loops that are ligated to both ends of the double stranded DNA insert to produce a
SMRTbell-wsequencing template. When adapter sequences are removed from a HiFi read, the read is split into
multiple subreads.

» Movie: Real-time observation of a SMRT Cell.

» zero-mode waveguide (ZMW): A nanophotonic device for confining light to a small observation volume. This can be,
for example, a small hole in a conductive layer whose diameter is too small to permit the propagation of light in the
wavelength range used for detection. Physically part of a SMRT Cell.

» Sequencing ZMW: A ZMW (zero-mode waveguide) that is expected to be able to produce a sequence if it is
populated with a polymerase. ZMWs used for automated SMRT Cell alignment are not considered sequencing ZMWs.

» Run: Specifies.

» The wells and SMRT Cells to include in the sequencing run.

» The collection and analysis protocols to use for the selected wells and cells.
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Long-read sequencing _ Nanopore

NANOPORE SEQUENCING

At the heart of the MinlON device, an enzyme unwinds DNA,

- X40| 1.5nm¢l a-hemolysin L= 2 0{E 0[&35t0 DNA =2 RNAZL

feeding one strand through a protein pore. The unique shape of ,\\
each DNA base causes a characteristic disruption in electrical - - =2 E < L o X=X
current, providing a readout of the underlying sequence. W Ll'."l:i O'I = o Il_l' Ol't Z-\I = —1 0O

DNA double

DNA base helix

Unwinding enzyme

Protein pore
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Long-read sequencing _ Nanopore

Current v ﬁb
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Oxford Nanopore Technologies

> PromethlON

Theoretical

No. flow cells Throughput maximum =LY 7}A
per run
output

MinlON 1 512 channels 50 Gb From Sl'oof .
(starter pack) 2500 M
, flow cell 17H)
From $4,000 (
Mk1C 1 512 channels 50 Gb (starter pacK)
GridION c 5x512 250 Gb From $49,000
channels (starter pack) 7400H8 W
(flow cell 47H)
10,700+ From $100,455

PromethION 24 or 48 2,596+ Gb

channels (starter pack)
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Nanopore_Nucleotide recognition nanotechnology

Continuous base identification for single-molecule
nanopore DNA sequencing

James Clarke’, Hai-Chen Wu?, Lakmal Jayasinghe'?, Alpesh Patel', Stuart Reid' and Hagan Bayley?*

a
<) N A =
) r\\/ 3 \"‘ J 60 - b 1200
L &, G A ¥ ! il H | ‘
« \,- N % MTI3R 50 } ‘ ‘ 2007
[ 1 -—
-\* ~ N\ (> \¥ TN5C 5< ] 5
7 ’ 77 AN Ve 25907 ‘ ‘ 8 600
4 4 T - - | S i
!b f SA% ( G119C (2.6 A) N139Q =] § 30 -I-_l-II _-m-u-n-lum.-llu—-ﬂ,-n- S | — dGMP
[ | N121C (29A) A $ 5 [\l —‘—--_l— A . S T Lﬁ "\ dTMP
s A 3 G137C (7.0 A) x O e hih L (| . | —— o _"r Kl ¥ M A
,,,,, 300 A ‘ i /\ dAMP
- ‘ jM139Q N123C (10.3A) AN sco1d) 20 4 I f — dCMmP
S Lizsc T125C (13.5 A) : 1l B T AT AA CGE TCACCETEC TGEA T | % . | L
! 4 G133C (17.0 A) i 1 0 Nl
———————r— v - r —— 1
304 30.6 30 8 31.0 31.2 20 40
A Time (s) Residual pore current (pA)

Structures of haemolysin mutants.

Nucleotide event distributions with the permanent adapter.
> 12 aE WT-(M113R/N139Q)s(M113R/N139Q/L135C), HO|d | F+ =

> WT-(M113R/N139Q),(M113R/N139Q/L135C),-amsamDP,bCD % O{ 0| A{ dGMP, dTMP,

E 20T U5, dAMP 2! dCMPO| B 2212 LIEFL= AHAMO| Z=7}E| SHAFO|HIE I} ST o] Q)

> QK| 1350 28 ZTH=l AfO| 22U AE 2D} 1399 FH7| Q] S RERI, Py
| St AS o] =
2l A0SR RS Oltiere 2uF o Ol A dets 7Y > 2 2 QE0|E0| R HE RS LIEHLYY| 98] 71 AR I Eo SAAM A B
| = =
TH 7RIS BOE. = HAIS O3 AJALO| Z7HEl dGMP, dTMP, dAMP X dCMP Zi3t O[#IE O Rt M2
> 12 b b B DTS 22 2H5t0], 0] UM HALE BO| SlAEME mBE|of ola

HEO| LIO|EZA-LIO|EZZ 72| E E O F.

So BE G 2X} of0| At BEE AFRSH0] 7| £ E S Ars .
> HOIMSE BE B8 X OOl A=S 8510 712 8. dGMP, 10mM dTMP, 10mM dAMP % 10mM dCMP7} ZXHSHS AFEHof Al SR,




Library preparation workflow for ONT sequencing

a Co®
%
Py Cells

HMW DNA
extraction

Fragmentation
(optional)

Size selection
(optional)

|

Spin column

(60 kb)

[

Sonication
(<20 kb)

7

Electrophoresis

E
|
;_,,‘

HMW DNA

\A DNA repair and adapter ligation /

Gravity-flow column
(100 kb)

i

Needle
extrusion
(60 kb)

/

Phenol—chloroform
(150 kb)

Magnetic bead
(150 kb)

Dialysis
(200 kb)

A

Transposase Full-length cDNA synthesis
cleavage
(100 kb)
Full-length poly(A)* RNA
——AAAAA
=TT T T T
First-strand synthesis
——AAAAA
€CC T T T T T—
SRE

Template switching

ﬁ GGG m— A A A A
€€C ——————————TTTTT—

PCR amplification
(optional)

e GGG e A A A A A
= CCC = T T T T T

Full-length cDNA

2D
Adapter
2. Template

Complement

Tether

Hairpin
— adapter

Adapter

& Motor protein

2
1D Special 1D
adapter
*_ _)/
* ( Special
pecial
Adapter adapler

Plug extraction
(>1 Mb)

@

Direct RNA sequencing

Full-length poly(A)* RNA
————————AAAAAAA

I~ TTTTTj

Primer annealing

AAAAAAA

TTTT T\

Reverse transcription
(optional)

AAAAAAA

TTTTTTT:
—

l

Adapter ligation

Adapter

AAAAAAA

TTTTTTT
-~

‘ Dual tether

|

Loading and sequencing

a, Special experimental techniques for ultralong genomic
DNA sequencing, including HMW DNA extraction,
fragmentation and size selection.

b, Full-length cDNA synthesis for direct cONA sequencing
(without a PCR amplification step) and PCR-cDNA
sequencing (with a PCR amplification step).

c, Direct RNA-sequencing library preparation with or
without a reverse transcription step, where only the RNA
strand is ligated with an adapter and thus only the RNA
strand is sequenced.

d, Different library preparation strategies for DNA/cCDNA
sequencing, including 2D (where the template strand is
sequenced, followed by a hairpin adapter and the
complement strand), 1D (where each strand is ligated with an
adapter and sequenced independently) and 1D2 (where each
strand is ligated with a special adapter such that there is a
high probability that one strand will immediately be captured
by the same nanopore following sequencing of the other
strand of dsDNA\); SRE, short read eliminator Kit
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Nanopore long read sequencing
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Nanopore long read sequencing (2.2 0f|A|)

Run Info
Experiment Name
Sample ID

Run ID

Flow Cell Id

Start Time

Run Length

Run Summary
Reads Generated
Estimated Bases

Run Parameters

Flow Cell Type
Kit
Basecalling

Specified Run Length
Initial Bias Voltage
FAST5 Output

FAST5 Output Options
FAST5 Reads per File
Active Channel Selection
Mux Scan Period
Reserved Pores

Versions
MinKNOW Core
Bream

Guppy

yeast

KJS_yeast
0e86de01-732d-4aa3-8af2-6df3594f52e3
FAP60700

March 17, 15:32

2d 20h 49m

1.34M
4.53 Gb

FLO-MIN106
SQK-LSK109

off

72 hours

-180 mVv

Enabled
zlib_compress,raw
4000

Enabled

1 hour 30 minutes
0%

3.6.5
4.3.16
3.2.10

Cumulative Output Reads

1.34 M

12 M-

1.1 M
1Mo

900 K- /

800 K- /

700 K~ /

600 K~ /

500K~/

400K+ /

300K /

200 K- /

100 K~/

ot

Reads

I B rotal Reads

O O -

Time

A Zbe AR = =4 output reads

Read Length Histogram Estimated Bases

Estimated N50: 7.45 Kb

674 Mb

600 Mb
550 Mb
500 Mb
450 Mb
400 Mb
350 Mb
300 Mb
250 Mb
200 Mb
150 Mb
100 Mb
50 Mb
0b

Total Estimated Bases

Cumulative Output Bases

453 Gb—
4Gb—

35 Gb|

3 Gb—

g 25Gb
& 2 Gb-
15 Gb|

160 /
500 Mb— /
0b—+

N . Estimated Bases

&

£ ° +°
D ] > © N
5 & AN P S L

25
s
6
6

Estimated Read Length



Nanopore long read sequencing (2 0f|A])

Channel States

Mux Scan Grouped

> 1X}2 check flowcell| A pore2| =7t 8007H O] 20| T A& A

Duty Time Grouped » Strand = Currently sequencing
100% 2,048
5 :E:: 1800 » Single Pore = Channel with the characteristics of a pore but
by 1,600 not currently sequencing
E 70% £ 1,400
£ 60% 3 1,200
g 50% ‘—5 1,000 » Unavailable = Stalled chemistry or contaminant in pore
£ g o
i 20%-] jﬁ’ + If channel is ‘unavailable’ then MinKNOW can reverse
10%-] 7 potential (‘active feedback’) for individual channels to free
% 200 them to sequence
o o
+ Saturated = popped membrane
Time
[ — | ® | Y \ @ e | [ y— Time ) ) )
® stive @ Inactive * Muiltiple = second pore inserted (occasionally happens),
channel switched off, turns zero
+ Zero = zero current flow. Switched off channel or one never
chosen. Spatial zero may be a bubble!
Duty time Categorised ' Mux Scan Categorised + Out of range 1/2 = bucket states for extras
100%— 2,048
2 :g:: 1,800 « Remaining classifications (unclassified,
T, 1600 pending_MUX_change etc) = MinKNOW yet to make a
£ g 1400 decision
£ o0% 3 1.200-
& 50% S 1,000
g a0%— : 800
5 30% 8 600 . = 7|-X|
5 o » Nanopore flowcell : max 2048 pore= /I
10%— 200~
0% o
& & & & &
O S S

g,é‘ & W 'Lh\c
* ~ 2 & S i z{‘é\ _
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Nanopore long read sequencing (2 0| A])

= Statistics of sequencing raw data (short read)

Sample File Name No. of reads Avg. Lenth (bp) Total length (bp) Trimmed/raw (%) Genome cov.
Paired 1.fastq 15,216,459 121.73 1,852,238,616 69.51%
Yeast 308.91X
Paired 2.fastq 15,216,459 121.89 1,854,733,374 69.60%
Total 30,432,918 3,706,971,990
= Statistics of sequencing raw data (long read)
Sample File Name No. of reads Avg. Lenth (bp) | Total length (bp) MIN (bp) MAX (bp) GC (%) Genome cov.
Yeast Nanopore 1,148,484 3,484 4,001,375,261 1 181,293 49,35% 333.45X
= Statistics of Hybrid genome assembly
Total Assembled genome 0
Sample contigs size (bp) GC (%) MIN (bp) MAX (bp) AVG (bp) N50 (bp)
Hybrid genome Yeast 14 27,244,164 50.78 525,906 2,615,776 1,946,011 2,241,297
assembly
':‘;Ti?iag Yeast 14 217,233,536 50.78 525,634 2,614,699 1,945,251 2,240,454

» Assembly polishing 2t&7tZ| {2l 2|& assembly Z1t= 14702] contigz &=l 2 27Mbe| A E = 2tH




PacBio vs Nanopore comparison

HASLR: Fast Hybrid Assembly of Long Reads_Long read
assembly method

PacBio Sequel-II Revio Nanopore

RN 10-15Gb 2 & 70-90Gb ‘At 10-20Gb ‘4 4
lcell H[E(VATE ) 79432 SE AR 294 2F3
ctol B8 2| A2} 7022 702+ & 15432

Base quality 99.9% > Q30 90% > Q30 99.9% > Q30

Run time(hours) 30 24 72
(A 2L fZEe| XH0] 7L U E =+ A=)
> X2 3MICH A2 7]=2l long readE 0| 832 249| SR240| &0FX|HA| PacBio2} NanoporeAte| A|& &S 225 A7} Of @ =t
S| e US.

> Long read sequencing®| 2™ 2 7t& 2 CHE O Z 0 7|5H= base quality?t 0t 0ff H|S| £ 2

it X|
== o = =
St assembleS Rl St= BHAIOl hybrid assembly tool HASLR =213 59| 7jet 2 Q1510] A

O
AgE 5 g

2 M E|0j7} 0 2, short read 2}
= draft A|€ A0 ECt QUM o2
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