Advanced NGS: Nanopore sequencing
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Lu et al. https://doi.org/10.1016/j.epb.2016.05.004

Nanopore Technology

Nanopore sequencing utilizes
interruptions in electrical (resistance)
current to identify the sequence of a
nucleic acid when it more through a

pore.



https://doi.org/10.1016/j.gpb.2016.05.004

Nanopore Seq: Details

https://labiotech.eu/medical/ngs-selective-nanopore-minion/
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Assessment of new sequencing technology

* Benefits
 How is the technology best utilized?
* What question do you want to answer?

e Validation

* Accuracy- New sequencing chemistry/process, how does that effect the
error?

 What is the instrument measuring? How may that impact the error?
* Library construction?
* Assembly effects?



MinION Portability and field use




Expectation...

Mobile Sequencing Lab




External hard drive for
read storage in case of
loss of connection

Shaker with
USB mouse
for keeping
computer
awake

Painfully slow
Data Transfer

Base calling
quintuples the
size of the data

Chemistry not
stable

Base calling
keeps changing

Instrument may
or may not want
to initialize to the
computer




Homopolymer error

}’ EBioEdit Sequence Alignment Editor - [Muscle Output]

}"File Edit Sequence Alignment View Accessory Application RNA  World Wide Web  Options  Window  Help

= 0

H |Courier Wew ﬂlﬂ j B 2 total sequences
Mode: | Select / Slide + Selection: 0 Sequence Mask: Nons = 1

I DIDI

=]
=

2 HA H3N2 co|lTTCAGGCATCRRARATTCTGAGGGRAGRAGCGACRARRGCAGCRAGARTCTY

Positior: Mumbering Mask: Mone ruler at:

& GD| -+ E @%ﬁﬁ il I Els!ﬁ- %E: E%%Evi% '::'__| @3[['3 sspcéglll sl‘ow T - fastJ

TpTTUrTrirrrrrrvrvrrrorrTrr | vUrrr | rrar[aTan

1140 1150 1160 1170

TN TTOr T TTIO YT TTTT[rTIOTTYL [ TTTO[TTIOL[TUTT [ TETI [ XTTY [ TITT [ TTTT [ TUUTT [ TTOT[TTIT TUIT [ TTCT [ TTTT[TUTT 1O TT[LTUT[TUIL|[TIT[TYUL[TIOT|Tovrviouu |y

1150 1200 1210 1220 1230 1240 1250 1260 1270 1280 12%0 1300 1310 1320

-

AGCRACTCRAGCAGCARTCGATCRAARATCAATCGCGAACGCTGAATCGGTTGATCYH VAAACCARCGRAGRARTTCCATCAGATTY ALGRATTCTCAGRACGTRAGAAGGRAGAGTTCAAGACCTTGAGARATATGTTCGACGACACRR.

= 5

-ﬁ'xl

[ERNERIN
1330J

i - R | T - R e R L% R Fo ) e TR L I
}‘ BioEdit Sequence Alignment Editor - [Muscle Output] — P | S
}4 File Edit Sequence Alignment View Accessory Application ENA  World Wide Web  Options  Window Help = (= = I
= 0
E |Enurier New ﬂlﬂ j B 2 total sequences
Mode: Selection: 0 Sequen_ce Mask: Hone Start
Select / Slide [ Positior: MNumbering Mask: None ruler at|1
) @%ﬁ% i. I !I:l aEEE g ipl(arGRTTrec 1 E Serall = —1
g I DITD cn| - B R R IR ERTcRT ) ¢ MI speed slow (- fast
LT TT R TR T [ R E PR T E [P I R [ r T T TR [ rar [ rra [ rrrrrarn T T e T E T T Dt T E R [t IO R [t TRt T a1y
| 760 770 780 790 800 810 820 830 840 & 860 870 880 850 So0 510 520 530 540 S50
2 M H3INZ2 conBRATGGGGGTGCAGATGCAACGRATTCAAGTGACCCGCTTIGTIGTTGCCGCGRAATATCATTGGGATCTITGCACTTGATATTGTGGATTCTTGATCGT ¢RAATGCGTCTATCGACTCTTCARRCACGGCCTTARRAGAGGCCCTTCTACGGAAGGAGTACCTGAGTCTATGAGGGRARAGAATATCGAARGGRACAG
FOO0ATEALT B e o v =2 m @ o o 22 s s s mm s asmmassmmsssoessssessncomesnssnnscssnsanssnssasnnssennansanecnennonaneonennnnas e e e e i e e e e e e ammaeaeeoaanmeannmeaeemenanmmneaneeeaneeneneneeneeeneeaeaneeeeneeeeneeanneeeaneann

MinlON struggles with strings of the same base AAAAA, TTTTT, etc. Often has very
high Indel error in individual reads which can impair quality of the consensus!
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Median Q score ~10

Not great for variant
detection

Evidence for some
confidence on single base
accuracy on consensus

TAC - Tyrosine:
Oseltamivir Resistant
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Improvements in read quality
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Devalopments in base calling algorithms Transducer

Developments in nanopore chemistry

Transducer Raw base calling
MinlON released (Nanonat) {Scrappie) (Albacore v2.0.1)

Genome Biology 19(1) - December 2018



https://www.researchgate.net/journal/1474-760X_Genome_biology

Other issues

* Ever changing basecaller

* Ever changing chemistry

* Inconsistent quality in flow cells
* High error

* Connectivity issues

* Changing directory structure

* Etc...




Benefits of Nanopore sequencing




RNA sequencing
The hard way

Base specific chemical degradation

32P

5’ :
55 rRNA s
121 nt -

“Most of the chemical reagents are hazardous and
should be treated with due caution”

Peattie. PNAS (1979)

The cDNA way
RNA-Seq
> >
RNA cDNA NGS

Wang, et al. Nature Reviews (2009)



RNA sequencing
The hard way

Base specific chemical degradation

32p

5’ :
5S rRNA o
121 nt

“Most of the chemical reagents are hazardous and
should be treated with due caution”

Peattie. PNAS (1979)
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The indirect way

RNA
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Ozsolak. Nature (2009)



RNA sequencing

The nanopore way _
Direct RNA

RNA Adapter
Ligation

Nanopore
sequencing




Direct RNA sequencing
Nanopore Workflow

Adapter .
S AAEAnA(A)lAiiAe mRNA: 500 ng in 9.5 pL
1) Reverse Transcriptase Adapter Ligation l
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2) cDNA Elongation l
AAAAAAAAAA
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3) Sequencing adapter ligation l
€
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, TTTTTTTTTT

4) Nanopore Sequencing
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Direct RNA sequencing

Enolase mMRNA results
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Direct RNA sequencing

Workflow modification

Flu adapter

AGC RAA AGC AGG

1) Adapter Ligation

2) cDNA Elongation

3) Sequencing adapter ligation

4) Nanopore Sequencing
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Influenza A viral RNA genome
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MinION direct RNA

Crude
Crude virus sequencing results
t Read Length
3 UCG YUU UCG UCC Segment: actual length
I AGC RAA AGC AGG
NS: 890
MinlON | Crude 2K
PB2 PB1 PA HA NP NA M NS
10K Coverage
g 8K ®
g 6389 &) 1K NA: 1413
o 6K M: 1027
8 NP: 1565
< PA: 2233
S HA: 1778 PB2: 2341

PB1: 2341

4K l k 3249I 1 18 4017
OK IM[M]’M ‘ h OK <=

0 500 1000 1500 2000 2500

Length
engt

Identity 99%



MiSeq cDNA & MinION direct RNA
Reads and accuracy

| Pure(Flu) | Crude(Flu) | Control (Enolase) | Pure (Flu) | Crude (Flu)

Total Reads (QC passed) 163,264 143,572 72,977 66,854 54,353
% Mapped Reads 99.9% 99.9% 95% 99.3% 98.8%
Read Direction 50/50 50/50 100% (+) 100% (-) 100% (-)
Read Accuracy 99.6% 99.6% 90% 85% 86%
Consensus ldentity =100% =100% 99.7% 99% 99%




A/chicken Ghana/20/2015 (HPAI H5N1)

A/Florida/20/2018 (HIN1pdmO09)

MinlION

MiSeq

MinION

MiSeq

088t

692'S

291’9

Zr9'z
0192 m
z6e's
GS0'T m
2z
£05'T |m
A BE N
yidaqg abesano)
¥£0°9,
1
LST Ly
Lﬂ{
SE9°2
48> s
-
286’2y
2
i.l""im.mll“
e}
(816
OvT'ST w
6109

8L2'F% ..Im
o¥t's ”m
6¥9°E w
8052 .“
€972 m
N N v N
n o n o n o
NN B -

yydaqg abeusno)

Segment

Segment

B PB1 ®PA B HA NP NA = NS

m PB2

B PBl1 mPA B HA NP NA = NS

m PB2

A/British Columbia/1/2015 (LPAI H7N9)

A/Texas/50/2012 (H3N2)

MiSeq

MinION

MinION

25K

¥ ¥
~ woown

SLEZ L wer=

x

688°0T;

-~

rev

p
—l

0

p >
o [p] o
[aV] i

62.°T

T9ST M

L

>
™
—

—
yidaq sbeuano)

20 M
m.va
6
Tz
6
2cs

o
x >
wn
£
6Le
or
o o
o
wn

2000
1500
000

8/t'e Im

SL0°2 Im

€95°T
M%mm

yideq ebesano)

Segment

Segment

B PB1 ®PA B HA B NP NA = NS

m PB2

=Pl mPA  wmHA mNP NA = NS

m PB2



Mobile Influenza Analysis (Mia): Rapid and Portable
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62 GB Ram

1 TB Linux Partition Ubuntu 16.04

1 TB Windows Partition



Developing Deployable
NGS For Outbreak
Response
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Flu Mapping
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Nanopore Sequencing Summary

* High potential * High risk
* Fast * Fast moving technology
* Long read length * High error
* High throughput * Requires significant development
* RNA seq * High variability in reagents

* Portable-outbreak response

Nanopore sequencing has the potential to be a transformative but
the platform is not stable and requires significant maintenance!



