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Outline

* Introduction into Oxford Nanopore
Technologies sequencing

«  Magnipore pipeline
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nanoporetech.com
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Nanopore signal
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Magnipore

» Find genomewide signal changes between two related

100 - CUGUCGAAUUAAUUCGCCCGGCGAAUGUGCC Samp'es (||ke Virus Variants)
== Unmodified
g — m°A « Task:
5 80+ » Samples should share alignable comparable regions
3 70 « Compare normalised ONT signal, aggregated from
- multiple reads
. - '  Find significant signal changes between two samples
210 220 230
Position in reference )
« Sources for signal changes
N f) » Bad signal segmentation
. * Molecular changes
W S « Mutations
N°®-methyladenosine (m°A) . Mod |f|ca‘t|ons
Garalde, D., Snell, E., Jachimowicz, D. et al. Highly parallel direct RNA
sequencing on an array of nanopores. Nat Methods 15, 201-206 (2018)
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Preprocessing

Input . . .
P signal segmentation & error correction

Sample 1 !
— ONT data (FASTS)[ '] Basecalling Mapping Resquiggling

— reference (FASTA)| .l Guppy, FASTQ Minimap2, BAM nanopolish eventalign, CSV | |
— (FASTQ) ! | y E

Sample 2

— ONT data (FAST5)
— reference (FASTA)
L (FASTQ)
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Preprocessing

Input . : ,
P 5|gnal segmentation & error correction
Sample 1 T
— ONT data (FASTS)[ '] Basecalling Mapping Resquiggling
— reference (FASTA)| .l Guppy, FASTQ Minimap2, BAM nanopolish eventalign, CSV
_ (FASTQ) !
Sample 2 Signal aggregation
— ONT data (FASTS) reference  AGCTCCGATG
— reference (FASTA)| —————— | T T T T e
— (FASTQ) RED aligned [\ 7 —
A Mo Ok read [ ][ [~ L |[Normalisation
G M1 Oy signals W S - Spedian
C My Oadt—............. 0 o 0 . X Shorm =W
- > :mean u
. base < ;
distribution £ §
normalised base signal
Alignment Magnipore analysis
MAFFT, ALN INDEL, MAGNIPORE, PDF
FRIEDRICH-SCHILLER- ™y T £
UNIVERSITAT N
JENA BIOINFORMATICS & HIGH-THROUGHPUT ANALYSIS

Jannes Spangenberg
7



Preprocessing

Input . : , Output
5|gnal segmentatlon & error correction
Sample . - . . i ) Basecalls FASTQ
— ONT data (FAST5)[ '] Basecalling Mapping Resquiggling ,
— reference (FASTA)| .l Guppy, FASTQ Minimap2, BAM nanopolish eventalign, CSV | | | Mapping BAM
L (FASTQ) ! |
Sample 2 teroToerretrorestoscirerroriroriercestoerorrescesceesoprcesdescessof | nanopolish
P Signal aggregation eventalign CSV
— ONT data (FAST5) reference  AGCTCCGATG
—reference (FASTA)| ———— |~ 7 A re_:fer_encg event
L (FASTQ) RED aligned "M WAL A distribution RED
A Ho Coq—  read W L, [Normalisation i
G M1 O1 signals W < S - S\edian Alignment ALN
C J'J-z Ot ........... > ........ :.rr;e.a.n.u. ... € >norm S, a TR
. base ¢ : alignment INDEL
Q .
signal 2 :
distribution & ’%H;H%ﬂﬁfe” Positions with a
normalised base signal significant signal
change
" . . MAGNIPORE
Alignment Magnipore analysis N
MAFFT, ALN INDEL, MAGNIPORE, PDF Data plots PDF
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Magnipore pipeline «  Compare distributions positionwise for
 aligned position i from sample 1

Signal aggregation  and position j from sample 2
reference  AGCTCCGATG  Significance threshold:

it oz
RED aligned W ° |U1,i‘llz,j|> ait 92))

A Ho Co—  read W l,_|[Normalisation 2
G H1 Oy signals W S - S g
C UZ 02‘1— ‘q_ Snorm = e————

Smad  Classify significant signal shifts

> :mean
base g : *  Mutation: reference mismatch around
. S'Qna', 15 stdev o o L.
distribution = 5 the significant position (+/- 3 bases)
normalised base signal
» Potential modification: references
Alignment Magnipore analysis i completely match around the
MAFFT, ALN INDEL, MAGNIPORE, PDF significant position
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29772 compared bases mean difference against
— average standard deviation

) 20001 ID1B.1.1.7 and ID 2 B.1.617.2
Magnipore

. mutation
1.2 matching reference
. . significant signals, TD(.,.)>=1
® Mean d|fference. |IJ.1’i_ IJ.Z’]'| in?;ignificant zignals, TD(.,.)<1
1.01
c
o
) ©
O+1i+ 0o i > 0.8
- Average stdev: (o1,+ 72,) ©
5
% 0.61
4
» Mutations show a strong shifts g 0.4
« Potential modifications show smaller °
shifts compared to mutations 02
0.04 i , i i . 1 !
0.0 0.5 1.0 1.5 2.0 2.5 0 500
mean difference
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Looking at multiple comparisons

Magnipore result for
ID 1 B.1.1.7 alpha compared to ...

92

B mutations in alignment
B Magnipore: found mutations

Magnipore: number of
potential modification signals

absolute counts

I o . A v Vv &
SRS DN e AT AT A 2 YN
0 A7 07 AR p A S S S S
Q N VN A il Q,‘?”(Q\ PSRN
2 T L TS N o o
ID1B.1.1.7

alpha compared to bined variants
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Looking at multiple comparisons

10
Magnipore comparison results ORFS2[E v E?aFB v Ll
B.1.1.7 all c10 compared to ...
O OTEY T UMW W
Signal changes
v reference mutations BA.1.17.2 4 » i & . =3
¥ -::Ieﬁrllr_'-q rr'-!.ntatlc-n : |
s et mutaton digna 25805 27790 29775
modification signal
& mod. near repsat deletion B.l.l.? genome pDEltan
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Signal changes

w reference mutations R )
w  defining mutation Magnipore comparison results
&  mukation signal ID 1 B.1.1.7 alpha compared to ...
& defl, mutation signal
»  madification signal 11
»  mad. near repeat deletion 10
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frequency

Base signal distribution not always normal

Sampled signal from 30 segments
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Preprocessing

— signal segmentation & error correction
Upcoming problems to solve R

» Resquiggling cannot distinguish between mutation
and basecalling error

* Improve signal segmentation

Sampled signal from 30 segments

« Find better distribution models (mixture) o mm——
 Find differentiating signals within a single
sample
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Signal segmentation 0.035 -

all
- fitted neg. binom.

« IVT RNA data (not modified)

* 5-mer segment lengths tend to
follow a negative binomial
distribution?

0.000 1 1 | 1 1
0 25 50 75 100 125 150 175 200
Segment length
FRIEDRICH—SCHILI_.I%R— "y i"“l ;“";
UNIVERSITAT REREIN Jannes Spangenberg
JENA RIOINFORMATICS & HIGH-THROUGHPUT ANALYSIS 17



Base signal distribution normal?

Sampled signal from 50 segments

Sampled signal from 50 segments

e signal for position 15
= Norm

Norm ) —— non-central Student t
—— non-central Student t
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Signal changes
reference mutations

.
¥ defining mutation Magnipore comparison results
4 mutation signal ID 1 B.1.1.7 alpha compared to ...
'y

def. mutation signal

modification signal 11
e mod. near repeat deletion 10
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Where are ditfferential signals with matching reference sequences?

Distribution of consistently reappearing potential modifications across SARS-CoV-2
11

AT neez | Nsp3 [ nspa [3cLlspofd 8 o] RdRp__ Helicase] nspi4 | 15 | 16
| ORFla ORF1b 1 S
25 -
20 -
€ 15 4
[s]
(@]
10
5—
| ol n .|.....||....|||.. .||.|.|.||||..‘. A n
o Sl T T — . o T
0 2500 5000 7500 10000 12500 15000 17500 20000 22500 25000 27500 30000
Genomic position
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Distribution of fractions of found mutations
in all pairwise comparisons

How many mutations  mean; 0.854
are found by Magnipore |
40 - |
30 - A0
a Z
3 !
& 20 A !
10 A
0 __|=—-|/4 | | .
0.5 0.6 0.7 0.8 0.9 1.0
fraction of found mutations
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Further classification of significant differential signals

Reference

Magnipore

alignment signal diff. Designation Symbol
: base & signal mismatch
mismateh ‘/ m?Jtation A
GGCCCUA X undetected mutation should not
GGCACUA or error in reference occur
mismatch . .
with gap v indel mutation A
GGCACUACUA X undetected mutation should not
GGCA---UUA or error in reference occur
match \/ potential modification
GGCACUA .
GGCACUA X bases & signals match standard
match \/ potential modification .
with gap near repeat deletion
GGCACUACUA .
GGCA---CUA X bases & signals match standard

magnipore significant -
signal changes

A

L XKXXXXL L
L XXXXX L

B.1.1.7 alpha agcugauaacu
B.1.617.2 delta agcugcuaacu

aHgnnjc_ent =
position
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Low coverage in ORFlab

SARS-CoV-2

5 S 3
ORF1b Genomic RNA
l (MRNAT)

* Ribosomal ,—

" frameshift L2 = - wanaaty MRNAZ
B2 svMumRNAZ
‘ PL proteinase v 3CL protease ﬂ aangy MRNAS

OE‘. aaangs MRNAS

L s MANAG

L mRNA7
Leaky scanning?----*|| 7

& B AnasAAARR MRNAS

= nanastifRAR, MRNAD
Leaky scanning?.--=| |9b

14
I | oRF107

ppla |sil ns2 [ ns4[3CL
pp1ab |nsl| ns2

Subgenomic RNAs

- different from SARS 2003

@ ViralZone 2020
SIB Swiss Institute of Bicinformatics

10°

10°

£

Coverage
2

10?

10°

[T ez
I

nsp3

Coverage at B.1.1.7:1-29788
11
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Coverage at B.1.1.7:1-29788
11

10
[1] nsp2 | nsp3 | nsp4 [3cL|nsp6[7] 8 [9]10) oRealE] [ b 1l
= 5 EAZiEe
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_ o
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Reference position

FRIEDRICH-SCHILLER-

UNIVERSITAT ﬁ m {.3 Jannes Spangenberg
JENA BIOINFORMATICS & HIGH-THROUGHPUT ANALYSIS 24



Coverage

Coverage at hCoV-19/Germany/SH-ChVir25702_4/2021|EPI_ISL_2500366/2021-06-031-29858
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SARS-CoV-2

SARS-CoV-2
Spike glycoprotein \
trimer (S) 3 5 3
ORF1b Genomic RNA.
Mucleoprotein (M) {MRNAT)
and RNA genome JF v v / l
ppla |nsi| ns2 ns4|3CL| ns6 7 8/910
. pp1ab [nsi| ns2 ns4/3CL nsé 7 8[g0 -
Membrane protein L Ribosomal s ]
{w frameshift L aanag, MRNAZ
€33 sMMAmRNAZ

{ PL proteinase 77 3CL protease ﬂ aang MRNAS
. saaay MANAS

_ maaaasntS MRNAG
Subgenomic RNAs PRNEL mRNAT
pentamer {a Leaky scanning?----*|| 7

® |B aaanstbAMAA MRNAB

= different from SARS 2003 el ML, o aanarsy MRNAG
Leaky scanning? --~||9b
S 2 ViralZone 2020
2 ViralZone 2020 SIB Swiss Institute of Bicinformatics |-| 14 ?I'I'IINM
SIB Swiss Instute of Bioinformatics | ORF107
—
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