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1. Whole Genome Sequencing
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Whole Genome Sequencing: Sequencing Tech
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Whole Genome Sequencing: Applications

1. Viral/Bacterial Strain Typing
1. Contact tracing
2. Antibiotic resistance

2. Patient Diagnoses
1. Cancer
2. Genetic Diseases

3. Patient Treatment
1. Predict drug response
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2. Nanopore Sequencing



Nanopore Sequencing
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Nanopore Sequencing

Raw signal
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Nanopore Sequencing
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3. Read Alignment



Alignment: Edit Distance
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Minimum number of edits required to
transform one string to another

Reference: A TTAT CA

Read: T TTA A C
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transform one string to another
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Alignment: Edit Distance

27

Minimum number of edits required to
transform one string to another

uolINISINS
uolasu|
uona|a(



Alignment: Edit Distance

28

Minimum number of edits required to
transform one string to another
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Alignment: Edit Distance

29

Minimum number of edits required to
transform one string to another
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Alignment: Edit Distance
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Reference: Remaining Reference:
Read: Remaining Read:




Alignment: Edit Distance
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Reference: Remaining Reference:
Read: Remaining Read:

Insertion Deletion Match/Substitution



Alignment: Edit Distance
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0 (3!Rl) possible alignments!
|IR| = min( len(Read), len(Ref) )

Insertion Deletion Match/Substitution



Alignment: Edit Distance
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Solution: Dynamic Programming

Edit distance is independent of prefix already aligned
+1 +1 +0/+1

Insertion Deletion Match/Substitution



Alignment: Edit Distance
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Alignment: Affine Gap Scoring

One larger insertion/deletion
is more likely than many small ones

B G A G C T TTAC ABGEHNG A GCTTTATCA




Alignment: Affine Gap Scoring
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One larger insertion/deletion
is more likely than many small ones

Ref:

cer: IS

JXEHG A GC TTTACARNEIMGAGCTTTACA




Alignment: Affine Gap Scoring
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Alignment: Affine Gap Scoring
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Normal Inserting Deleting
[ [ [
T T T
T T T
T T T 5
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A A A
C C C
* 0 if match

3 if mismatch



Alignment: Affine Gap Scoring
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Alignment: Affine Gap Scoring
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Alignment: Affine Gap Scoring
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One larger insertion/deletion
is more likely than many small ones

Ref:

cer: IS

JXEHG A GC TTTACARNEIMGAGCTTTACA
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4. Variant Calling



Variant Calling: Overview
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Variant Calling: Overview
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Variant Calling: Pileup Calling
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Feature description
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2. n-Polymer Realigner
1. Motivation



Definition: n-Polymers are homopolymers and STRs
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T T TTT

ATATAT 2-polymer “simple tandem repeat
with repeat unit length 2”
A TTATT

1-polymer “homopolymer”

3-polymer



Definition: Copy number
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Motivation: INDEL Variant Calling Accuracy
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SNP (Single Nucleotide Polymorphism) INDEL (INsertion or DELetion)

o N
G NG

Nanopore R9.4.1 SOTA Accuracy
SNPs: 99.7% precision, 99.7% recall

INDELs: 92.8% precision, 76.0% recall



Motivation: Inaccurate calling in repetitive regions

R9.4.1

ATCCCAAAAAAAAATCACC-CCACC-TCCAAA
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Motivation: /naccurate calling in repetitive regions
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Motivation: n-Polymer INDELs are important
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Motivation: /nconsistent alignments

POS
REF

READ 1

READ 2

READ 3

MiniMap2 BAM
172 3 45 6 7 8 9 10 11
GAAAAATTITT|T
GIAIAIAIAAAT|T T|T
G ZA AIAIAAT T T|T|T
GGAIAAAAAAT|T|IT




Motivation: Alignment doesn’t reflect probability

Substitutions
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W W W
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0
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Insertions and
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start: 5, extend: 2
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2. Algorithm



Algorithm: Use actual probabilities

a)

Reference

Figure 5: a) substitution confusion matrix Cp, count in mil-
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Algorithm: Use actual probabilities

a) Basecall b) Basecall
A C G T A C G T
Al 2210 4.75 [17.99] 5.12 Al 0.01 | 6.16 | 4.82 | 6.08
D] ]
Q Q
S C|4.88 | 2058 |4.02 |17.43| & C|6.06 | 0.01 | 6.25 | 4.78
RS 2
~ G|17.31| 4.03 | 2064|491 | ~ G| 4.79 | 6.25 | 0.01 | 6.05
T|5.17 |18.23| 4.86 | 2215 T| 6.07 | 4.81 | 6.13 | 0.01

Figure 5: a) substitution confusion matrix Cp, count in mil-
lions, and b) resulting penalty matrix P.

Coli
~ —log P(x[i] — x[j]) ~ — log —FLbJI €

P[i, j] sum(Cp|[i:]) + €
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Algorithm: Context-dependent penalties
Original

Substitutions
A CG T

0 3 3
3 0 3
3 3 0
T 3 3 3

Insertions and

Deletions
start: 5, extend: 2

B O >
O W W W
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nPoRe
Substitutions
A C G T |nsertionsand
A O 6 5 6 Deletions
start: 7, extend: 2
C 5 0 6 4
n-Polymers
G 4 6 0 6 lookup table
T 6 5 6 0



Algorithm: Context-dependent penalties

Original .
Substitutions nPoRe
A CG T Substitutions
A 0O 3 3 3 A C G T |Insertionsand
Deletions
c 3033 Al0|B|o5|6 start: 7, extend: 2
G 3 3 0 3 C 5 0 6 4
n-Polymers
T 3 3 3 0 G 4 6 06 lookup table
Insertions and T 6 5 6 0
Deletions Cnlnij]+e

start: 5, extend: 2 Nin.i, j| ~ —log P(n. i, j) ~ —log sum(Cn [mi,:]) + ¢



Algorithm: Lookup-based gap penalties
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a) b)
1-Polymer Score Matrix 3-Polymer Score Matrix
3 4 5 6 7 8 9 10 3 4 5 6 7 8 9 10

3 4:6 7:1 9:4 3 6:2 9:5 16.

412.9 3.8 6.2 7.9 9.8 413.7 4.8 8.2 8.910.1

514.1 3.7 5.6 7.6 8.6 9.2 5- 4.4 7.3 7.710.111.8
T 6 3.2 5.3 6.3 7.4 T 618.1 5.6 3.3 4.2 6.5 7.5 8.8
£ 744.9 3.9 3.2 43 5.4 & 7{0.17.7 5.6 3.7 59 7.5

81{5.7 4.7 3.3 8§10.29.4 6.2 5.6

9{6.3 5.4 4.1 3.2 9{12.410.28.0 6.2 4.7

1016.9 5.8 4.7 3.9 2.9 1012.29.7 8.6 7.3 4.9 4.7

Called Called



Algorithm: Requires five state tables
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Algorithm: Requires five state tables
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Dm | K M % La
j1 j j 1 j j
. [ . . . . ) AN[n L1+ 1+
1 .Gextend *0 -1 ‘Gextend 1-1 *S[R[_,F], P‘[I]] ’Gopcn 1-Tun run,gn] if ¢q, c3
R *
i *0 i .anen .N[n: I: I - 1] j-fCZ
AN[n,I,l+1]ifca, 3
Se i-1
j-run SE T £ S ‘- j+n i *0

.| *N|nlIl-1 x
Y| —run/n)ife, | 0 o ¢

i+n A

ci1= [>0 start of repeat unit
c2= [>0andidx==0 start of n-polymer
c3= R[j+1:j+1+n]==

rli+1:i+1+n] next n bases of r match R



Algorithm: Properties
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Penalty depends on /, I’ Penalty depends on n,

only CNVs allowed
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Algorithm: Properties
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Sequence is not considered

12.5- Overlaps are allowed

10.0- 15

7.5

Penalty

5.0

2.5

0.0

AATAATAAT

TGGTGGTGG CAAACAAA LG
CAGCAGCAG




Algorithm: Banded alignment for efficiency
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Figure 7: Follow banding matrix transformation A — B



Algorithm: Goal is improving alignment consistency
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MiniMap2 BAM nPoRe BAM
POS 1 2 3 456 7 8 9 1011 POS 1 2 3 456 7 8 9 10 11
REFIGIA/A/AAATTTTT REF GGAAAAATTITTT
READ1 |G A A(A/A/A|A|T|T|T|T ReaD 1) G/"A| A A[ A A TIT|T|T
Reap2| G A A[A[A[A[T[T[T[ T[T Reap2| GI'A| Al AlA[A[T[T[T]T]T
READ3| G| A|A|A|A|A[A[A|T|T|T READ3| G/ A|A|A|A]A TIT|T
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3. Results



Results: Alignment consistency
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a) b)

. . clair3 —npore — hap .
Ratio: Ciair3 —hap s Ratio:

clair3 — npore — hap
clair3 — hap

0'%_.0 0.2 0.4 0.6 0.8 1.0 0'%.0 0.2 0.4 0.6 0.8 1.0 GP P( _)2
, - . . . - . . = l
10° Pileup Gini Purity Histogram 108 Insertion Gini Purity Histogram
[ clair3-hap 1 1=1
9 105! 10° clair3-hap 2
% 1 clair3-npore-hap 1
Y102 102 rr-f‘__—-—" [ clair3-npore-hap 2
P |

00 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0 00 0.1 02 03 04 05 06 0.7 0.8 09 1.0

Figure 9: Read concordance: Gini purity histograms for
a) pileup columns and b) insertions



Results: Alignment consistency example

Truth VCF
MiniMap2 Coverage

Minimap2 Pileup

nPoRe Coverage

nPoRe Pileup

P oy E £

Reference 7 ¢ = A & & & A A & & & A A &A1 11 1711 A&



Results: Accuracy improvements

100% “ ? °.... '-......-.......
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Results: GitHub code
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https://github.com/TimD1/nPoRe

& TimD1/ nPoRe ' Public L Notifications % Fork 0 € Star 11

<> Code @ Issues. Il Pull requests @ Actions E Projects o Security % Insights

¥ main - ¥ 5branches 2 tags Go to file About

nPoRe: n-Polymer Realigner for improved

4 TimD1 Updated Dockerfile. 6daldsa onJul 10 ¥D 158 commits pileup-based variant calling
. guppy5_stats Added final guppys_stats/ dir 7 months ago LEEEEp EEEnEy Gkt
wvariant-calling tandem-repeats
img Full README update. 7 months ago
copy-number-variation leng-reads
scripts Separated Sankey plots. 5 months ago e
src Fix "empty Sam File after realign” issue 2 months ago M Read
eadme
test Created Dockerfile, uploaded image to Docker Hub 7 months ago & View license
[ .gitignore Updated test/ directory 7 months ago T Tstars
& 1watching
[ Dockerfile Updated Dockerfile, 2 manths ago
% 0 forks
[ LICENSE Removed pre-appended GNU License 7 months ago
[ Makefile Updated README and default build process 2 months ago
Releases
[3 README.md Added BAM preparation instructions to README. 2 months ago
> 2 tags
[ requirements.txt Removed pandas requirement. 7 months ago
[ setuppy Moved all code to src/ directory. 7 months ago

Packages
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Thanks for listening!

If you’d like to talk about research, please reach out!
Email: timdunn@umich.edu
Twitter: @T1MD1
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