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Phylogeny
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https://phil.cdc.gov/Details.aspx?pid=23312

Skoér nez zacneme sekvenovat..

e odobratie vzorky od pacienta
Laboratorium:

RNA -> cDNA

amplifikacia pomocou tiled PCR

pripojenie barkédovych sekvencii

pripojenie sekvenovacich adaptérov (sequencing adapters)
sekvenovanie
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Barkodovanie
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Sekvenovanie
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V. Boza et al.: Alternative base callers aid real-time analysis of

) V. BozZa et al.: Alternative base callers aid real-time analysis of
SARS-CoV-2 sequencing runs

SARS-CoV-2 sequencing runs

https://nanoporetech.com/products/minion



Base calling

GTAGATCTAAAGCTTACAA
” ATCGTTGACTGATCGTAG
TATGTACTGTTTAGTACGGATCGCG
> CTGATGTAGCTTGAATGCT
- ACTTGCTCTTTAGTCAGG

T I e TATATGCTGTGTAGTGCTAGTAGCG

V. Boza et al.: Alternative base callers aid real-time analysis of
SARS-CoV-2 sequencing runs



Debarkoding

GTAGATCTAAAGCTTACAA
GTAGATCTAAAGCTTACAA CTGATGTAGCTTGAATGCT
ATCGTTGACTGATCGTAG

TATGTACTGTTTAGTACGGATCGCG ATCGTTGACTGATCGTAG
CTGATGTAGCTTGAATGCT > ACTTGCTCTTTAGTCAGG
ACTTGCTCTTTAGTCAGG

TATATGCTGTGTAGTGCTAGTAGCG TAT GTACTGTTTAGTACGGATC GCG

TAT ATGCTGTGTAGTGCTAGTA GCG
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Zarovnanie

AGGTGCCACTACATGTGTT
TTACCCCAAAATGCTGTTG

—

AGGTGCCACTACTTGTGGTTACTTACCCCAAAATGCTGTTGTTAAAATTTATTGTCCAGC
AGGTGCCACTACATGTGGTTACTTACCCCAAAA
GGTGCCACTACATGTGGTTACTTACCCCAAAAT
GTGCCACTACTTGTGGTTACTTACCCCAA
GGTGCCACTACATGTGGTTACTTACCCCAAAA
GTGCCACTACATGTGGTTACTTACCCCARAA
TTACCCCAAAATGCTGTTGTT-AAATTTATTGTCCAGC
TACCCCAAAATGCTGTTGTT~-AAATTTATTGTCCAG
CTTACCCCAAAATGCTGTTGTT-AAATTTATTGTCC
TTACCCCAAAATGCTGTTGTT-AAATTTATTGTCCAG
ACCCCAAAATGCTGTTGTT~-AAATTTATTGTCCAGC

V. Boza et al.: Alternative base callers aid real-time analysis of
SARS-CoV-2 sequencing runs
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Detekcia mutacii

AGGTGCCACTACTTGTGGTTACTTACCCCAAAATGCTGTTGTTAAAATTTATTGTCCAGC
AGGTGCCACTACATGTGGTTACTTACCCCARAA
GGTGCCACTACATGTGGTTACTTACCCCAAAAT
GTGCCACTACTTGTGGTTACTTACCCCAA
GGTGCCACTACATGTGGTTACTTACCCCAAAA
GTGCCACTACATGTGGTTACTTACCCCAAAA
TTACCCCAAAATGCTGTTGTT-AAATTTATTGTCCAGC
TACCCCAAAATGCTGTTGTT~-AAATTTATTGTCCAG
CTTACCCCAAAATGCTGTTGTT-AAATTTATTGTCC
TTACCCCAAAATGCTGTTGTT-AAATTTATTGTCCAG
ACCCCAAAATGCTGTTGTT~-AAATTTATTGTCCAGC

AGGTGCCACTACATGTGGTTACTTACCCCAAAATGCTGTTGTT-AAATTTATTGTCCAGC

V. Boza et al.: Alternative base callers aid real-time analysis of
SARS-CoV-2 sequencing runs

zoznam mutacii:

snp, same_as_ref, mutated
C241T,4,81

G376T,2,103

T514C,9,90

C913T,17,79

C3037T,8,34

C3267T,4,63
C5388A,6,158

C5944T,0,7

C5986T,1,6



Detekcia variantov

zoznam mutacii:

(pre jeden konkrétny barkod)

snp, same_as_ref,
mutated

C241T,4,81 , .
537672103 :> variant Omicron (B.1.1.529.X)

1514C,9,90
C913T,17,79
C3037T,8,34

C3267T,4,63 %

variant definovany v konfiguratnom subore:

Omicron 7 A2832G T5386G G8393A C10029T C10449A A11537G T13195C C15240T A18163G
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Urcovanie variantov v zavislosti od mnozstva dat
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Zhrnutie

e |aboratorium: tiled PCR, vzorky oznaCené barkddmi, sekvenovanie

e Dbioinformaticka analyza

©)

o O O O

base calling
debarkoding
zarovnanie
detekcia mutacii
detekcia variantov
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Problém

fastb

Vela dat v kratkom Case

jeden novy .fastb5 subor kazdych ~ 5 sekund
radovo 10tky Gb dat na jeden sekvenacny beh

chceme vysledky v realnom Case

RieSenia?
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Casté problémy existujucich rieeni

e potreba podpory GPU, inak pomaly base calling zdrziava dalSie kroky analyzy

e problém so spracovanim velkeho mnozstva dat
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Motivation

Oxford Nanopore MinION is a portable DNA sequencer that is marketed
as a device that can be deployed anywhere. Current base callers, however,
require a powerful GPU to analyze data produced by MinION in real time,
which hampers field applications.

Results

We have developed a fast base caller DeepNano-blitz that can analyze
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Nase riesenie

fast5 \

Base-calling Debarkodovanie Pipeline

Zarovnanie
=a
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Variant calling

Avg amplicon coverage for barcodes

Processed reads per sample
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Snakemake

e nastroj na vyrobu reprodukovatelnych a Skalovatelnych analyz
e pravidla -> workflow
e DAG

S
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basecalling
batch: batch0

e - 4 —_
7

i debarcoding |

N e

‘(debarcodir;(;;v_summary)v N
( alignment ) ( alignment j ( ahgnment ) alignment ) ( alignment )
sample:'barcodeOI sample: barcode02 sample: barcode03 sample: barcode04 sample: unclassified
(count_bases_ia_alignment) (count_bases__i'n'_alignment) (count__bases_:in_alignment) (count_base.s‘,‘_in_alignment) (count__bast;;_in_alignment)
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Ako velkost batch-u ovplyvni Cas potrebny na spracovanie dat ?

Hours

o N B~ O

Run time on 1000 files using 1 core for each snakemake rule

16 B \Wall clock time for the whole pipeline

14 B Summed wall clock times for individual rules
12

10
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10
Number of files in a batch

23



Testovanie na behu v realnom case

o N b~ O

Run time on 12 barcodes run - real-time vs from data

I real-time
Bl from data

12 barcodes run
run
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coverage

Coverage per position (10 bases median with step 10)

30k

25k

0 5k 10k 15k

position

Flask

barcodes
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—— barcodell
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barcode05 | 54264 processed reads | 1863.0 avg read length | 54828 mapped reads | Omicron

Coverage per position (10 bases median with step 10)

10k

coverage

5k

variant: Omicron (A2832G, T5386G, G8393A, C10029T, C10449A, A11537G, T13195C, C15240T, A18163G, C21762T, G22578A, T22673C, C22674T, T22679C, G22813T,
T22882G, G22898A, G22992A, C22995A, A23013C, A23040G, G23048A, A23055G, A23063T, C23202A, C23525T, T23599G, C23604A, C23854A, G23948T, C24130A,
A24424T, T24469A, C24503T, C25000T, C25584T, C26270T, C26577G, G26709A, A27259C, C27807T, A28271T, C28311T)

---variant: BA.1 (A2832G, T5386G, G8393A, A11537G, C15240T, C21762T, C21846T, T22673C, C22674T, G22898A, G23048A, C23202A, C24130A, C24503T)
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variant

Omicron

BA.1

BA.2

Delta

AY.43

#samples
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N
samples Flask

barcode01 , barcode02 , barcode03 , barcode04 , barcode05 , barcode06 , barcode07 , barcode08 , barcode09 , barcodel0 , barcodell , barcodel? ,
barcodel3 , barcodel4 , barcodel5 , barcode47 , barcode48 , barcode53 , barcode54 , barcode55 , barcode56 , barcode57 , barcode59 , barcode60 ,
barcode61 , barcode62 , barcode63 , barcode64 , barcode65 , barcode68 , barcode69 , barcode70 , barcode71 , barcode73 , barcode74 , barcode75 ,
barcode77 , barcode78 , barcode79 , barcode80 , barcode81 , barcode82 , barcode83 , barcode85 , barcode86 , barcode87 , barcode88

barcode02 , barcode03 , barcode05 , barcode06 , barcode07 , barcode08 , barcode09 , barcodel0 , barcodell , barcodel?2 , barcodel3 , barcodel4 ,
barcodeb3 , barcode54 , barcode55 , barcode56 , barcode57 , barcode59 , barcode60 , barcode61 , barcode64 , barcode65 , barcode68 , barcode69 ,
barcode70 , barcode73 , barcode74 , barcode75 , barcode77 , barcode78 , barcode79 , barcode80 , barcode81 , barcode82 , barcode83 , barcode85 ,
barcode86 , barcode87 , barcode88

barcode62 , barcode63 , barcode71

barcodel6 , barcodel? , barcodel8 , barcodel9 , barcode20 , barcode2l , barcode22 , barcode24 , barcode25 , barcode26 , barcode28 , barcode29 ,
barcode30 , barcode31 , barcode32 , barcode33 , barcode34 , barcode35 , barcode36 , barcode37 , barcode39 , barcode40 , barcode4l , barcode4?2 ,
barcode43 , barcode44 , barcode45 , barcode46 , barcode49 , barcode50 , barcode51 , barcode52 , barcode58 , barcode66 , barcode67 , barcode72 ,
barcode76 , barcode89 , barcode90 , barcode91 , barcode92 , barcode93 , barcode94 , barcode95 , barcode96

barcodel6 , barcodel8 , barcodel9 , barcode21 , barcode22 , barcode24 , barcode25 , barcode29 , barcode32 , barcode33 , barcode34 , barcode35 ,
barcode36 , barcode40 , barcode4l , barcode42 , barcode44 , barcode46 , barcode50 , barcode51 , barcode58 , barcode72 , barcode76 , barcode89 ,
barcode91 , barcode92 , barcode95 , barcode96
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Phylogeny
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Zhrnutie

e rieSili sme problém monitorovania sekvenovania SARS-CoV-2 virusu

e navrhli a naprogramovali sme rieSenie v ktorom sme sa sustredili na
odstranenie beznych problémov podobnych nastrojov

e UuUspesSne sme otestovali naSe riesenie pri monitorovani sekvenovania vzoriek
zo SAV
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Dakujem za pozornost
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Viete odhadnit vplyv velkosti “batchov” na mnozstvo ¢asu, ktory potrebuje Snakemake na plinovanie
vypoctov? Kolko vypoétového casu celkovo zaberd plinovanie vypoétov tymto néastrojom (t.j. je to
zanedbatelné mnozstvo alebo nie)?

V pripade, ze by vypoctovy cas, pouzity Snakemake-om bol signifikantny, viete si predstavit nejakd

alternativu (napr. vlastny skript, alebo iny nastroj na planovanie tloh)?



time [h]

B sum of wall clock times for individual rules  [l] wall clock time for the whole pipeline *4
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B overhead (wall clock time for the whole pipeline *4 - wall clock time the individual rules)

time [h]
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base calling

batch size 1
batch size 5
batch size 10
batch size 25
batch size 50
batch size 100
batch size 250
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B overhead (wall clock time for the whole pipeline *4 - wall clock time the individual rules)

time [h]

8

25

batch size

50

250
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RAMPART

28 » RAMPART ctic Analysis Time

o« Experiment: EBOV_Amplicons | 438839 reads mapped | 177 reads/sec

Last server message: new data (t=2507s)

network

0bp

\p3s Vpac

https://github.com/artic-network/rampart
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minoTour

8th September 2021 14:18

Report for artic output of FAQ01023_CV197_25_M1 generated 8th September 2021 14:18

PROPORTION OF =
READS BARCODE

CLASSIFIED PASS READ COUNTS PER BARCODE

100k

MEAN PASS READ LENGTH PER BARCODE —

&
@
% B0
z
8 50k G
Unclassif...: 23.6 % 2 £
) l | | | | | I g
| 2
[ Ry I i ; o
b“\H &‘\ &"’Q IS > \-a‘? u"bﬁ & #\ a"\ c" &‘ °¢\" &\ S s §°’ F ‘*‘ \‘c
S &P \L 0& & & &S \&‘ \c:' & & p‘ @ ‘@ & & \@
£ S A A <« & A A A S R
~ Classified: 76.5 @ Read Counts © Average read length
# Success #Partial #Failed
Barcode Name Chromosome Read Len Read Count Yield Ci P p Lineage VoC found
barcode01 MN908947.3 388 34,489 13,393,773 43888 76 4 19 Currently unknown Not Tested
barcode02 MNS08947.3 388 49,127 19,051,766 6242 0 0 B1.17 0 VOC-20DEC-01 Name: phe-label, dtype: object
barcode03 MN908947.3 389 44,022 17,106,691 5604 5 0 Currently unknown Not Tested
barcode13 MN908947.3 388 32,321 12,537,233 41086 9 2 Currently unknown Not Tested
barcode14 MN908947.3 391 45,820 17,913,802 58757 0 0 B1.17 0 VOC-20DEC-01 Name: phe-label, dtype: object
barcode15 MNS08947.3 388 2415 936,286 3072 17 5 77 Currently unknown Not Tested
barcode25 MN908947.3 386 2,348 906,274 2977 8 2 89 Currently unknown Not Tested
barcode26 MNS08947.3 390 44,063 17,173,790 563.16 99 0 0 B1.17 0 VOC-20DEC-01 Name: phe-label, dtype: object

https://www.biorxiv.org/content/10.1101/2021.09.13.459777v2
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40000
—— f(x) =k -t and measured times for alignment

- = N A | Z
30000 fix) = k- tx and measured times for coverage per base
“©
v 20000
£
10000
0 * 2
20 30 40 50
batch size

k - num of files to be analysed

t - average time* for the rule for a batch
X - batch size

*(calculated as the sum of all the measured wall clock times for the rule divided by the total number of
batches)



Presnost urcenia variantu virusu

5 4 — A2832G —— A23013C
r barcode70 (Omicron variant) — GB393A —— G23048A
s — C10029T — C23202A
m e ——— — -— = — —— C10449A  —— C23525T
.% “" e e ————— —_— —— C15240T C24130A
0.9 e m— — T22882G — T13195C
8 — (322898A — C25584T
" — (22992A — C26270T7
B —— C22995A —— Al11537G
.00.8 —— A23040G — C26577G
3 — A23055G e G26709A
B A23063T — A27259C
80'7 — T23599G — C27807T
i — (C23604A — C245037
(o] —— (C23854A — 250007
°\° — (23948T — (22578A
0.6 — A24424T7 - T22679C
e T24469A G22813T
A28271T — T22673C
0 5 — C28311T — C22674T
2 — T5386G — C21762T7

0 1 7 3 4 5 S e

num of reads le7



Testovanie na sekvenacnom behu na kvasinke Candida orthopsilosis

Coverage per position (10 bases median with step 10)
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basecalling

{ : \
| debarcoding

\ )
) . ——

l debarcoding_summary l

alignment

(cnunt_bases_i n_alignment)
) ' find_SNPs l . - I
(surnmarize_coverage_per_base) Gummarize_SNPs) (summan'ze_basecalled) [summan‘ze_barcode_summaryj (summarize_aligned)

variant_calling I | summarize_batch




— e o= =
FASTA e uplead/2016/11/96/CHIKY_demo s
Schene ™ Anglicon lengh 40
Owrisp 73
Emad
= =3
Fasta .
i Primer Table
One or more viral reference genomes in FASTA format Rugion Ne. Poot Lot Primner Name Left Primer Sequence gt Primver Name ght Prieer Sequence
Amgficon length 1 i «n_3 ety CTTTTTGANGGLCCTGEANCST 00 _31_GHT ) ACGGCCATCACCTCTTGTANGY
o 2 2 0.2 et ) TOTCOCACAGGAAGTACCACTG 0 32 MoKt L CCGCCCAATTTGTCGAGTATGA
) ' @03 Loy GTACTGUGTAGGGTTCOACACA 0 3 MGHT L TAMGGCCTCOOCTCATCOTTA
Overlap . 2 AL A TCOGTGTTCCATCTAMAGGGCA 4 WGHT 4 CTTCATGGTGTICGTGTTECGT
L) ) 1 0.5 1 2 TOTOATCAMT GACCHUCATCC 0.5 ROHT 2 GTOCTCAACO GOATTGACAACL
. 2 “n_o L1 o ACAMGAGGOC TGATACCEAGTC “00_s_mGHT_0 GCOCCTCTCOAGTCTCTATTA
¥ Generate my scheme! ? ' PR AT TACAGGCAGCACAGGANGATGT “0_7_RGHT_L TTGTACACCATCGTTORGETTY
. 2 «n_8 ey GEAGCANGT GANGACGTGTACS 08 WGHT_) GOACANG CGGOGCOAATTTTTA
Want to try it out but no genomes to hand?
Download CHIKV_demo.fs 5 1 00 9 1677 3 TOCAMGAAGS AMGAMGCTOCAS 0 % RGHT ) GOCAMGTAMCGTTOCAGAGTGE
» 2 00 _10 LEFT 0 ATCTGCACGTACGGCTTRATION &0 _20_RGHT 0 GETTTTCTTGAGCCCGTAGTGT
3 5 11 13 15 17 19 21 23 25 27 29 31 33 35
Pool 1
2 4 10 12 14 16 18 20 22 24 26 28 30 32
Pool 2

https://www.nature.com/articles/nprot.2017.066 48




