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Biologicke pozadie problemu
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TTGCCGCGCACTCGATATTGCGCTGCCGGAC
CGAGATTGCGGCCTGTCGCTGGGGTTACCGA
GGCAATGCCGACAGCGGCAATATCGGCCGGC
GCGCGAAAATCTCGCCGACAAAACCAGCGCA
CGTCGCCTTAATCAATGCGCCTGAATCTGGC
GGGATATGCGCAGTCGCCGACAGCGGCAATA
TCGGCCGGCGCGCGAAAATCTCGCCGACAAA
ACCAGCGCACGTCGCCTTAATCAAGTGGAAG
GAGATAGAGGATATACACACCACCACCACTGA
GATTTAATCAATGCGCCTGAATCTGGCGGGAT
ATGCGCAGTCGCCGACAGCGGCAATATCGGC
CGGCGCGCGAAAATCTCGCCGACAAAACCAG
CGCACGTCGCCTTAATCAAGTGGAAGGAGAT
AGAGGATATACG....



Oxford Nanopore Technologies - MinlION
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https://www.genengnews.com/insights/first-nanopore-sequencing-of-human-genome/

https://www.yourgenome.org/facts/what-is-oxford-nanopore-technology-ont-sequencing/

<45g, 1000% 420 baz/s
kratke (500bp) az vefmi dlhé (>4 Mb = 4,000,000 bp ) Citania, 50GB dat/ 72h
10-30 kb bezne



Skladanie gendmov
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Citania (reads)

@6bfee659-58a2-4870-ad8f-f37b1f37279f runid=37ed0c95ec68e8222ec9d629d5e1715ef411b250 read=101 ch=394
start_time=2018-10-10T09:41:10Z
CCCGTCCGTTCCATTCATTCCGATCATTCCGGTCCATTCCATTCCATTCCATCCATTCCATTCCAGGAGTCCATTCCATTCCAT
TCCATTCCTCGAGATCCGGTCAGTCCGGTCCATTCCATCCGTCCA

+
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@910d707b-a589-487b-9766-fe40fa349ce0 runid=37ed0c95ec68e8222ec9d629d5e1715ef411b250 read=101 ch=293
start_time=2018-10-10T09:39:04Z
TTGCCGCGCACTCGATATTGCGCTGCCGGACCGAGATTGCGGCCTGTCGCTGGGGTTACCGAGGCAATGCCGACAGCGGC
AATATCGGCCGGCGCGCGAAAATCTCGCCGACAAAACCAGCGCACGTCGCCTTAATCAATGCGCCTGAATCTGGCGGGATAT
GCGCAGTCGATTTGAGGTTCAAGAACCAGAAGAATACCGAGACATCTGGTCAAGGACGCCGGAATGTTTTCGGTCGAGAGAG
AACAGCGTCAGGAT....

+
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Zarovnanie (alignment)
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Zostavenie (assembly) gendmu (chceli by sme)




Zostavenie (assembly) gendmu (méme)
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Staticky vs. dynamicky problém

DNA

e . &.*“:
e nanopore
protein

current @

current intensity

flle

time

membrane

®

ACTGCT..

https://www.genengnews.com/insights/first-nanopore-sequencing-of-human-genome/

https://www.yourgenome.org/facts/what-is-oxford-nanopore-technology-ont-sequencing/

“Kedy mame dostato€né mnozstvo dat?”
ciel prace: chceme odpoved’v realnom case



Minimap & Miniasm

Heng Li, Minimap and miniasm: fast mapping and de novo assembly for noisy long sequences ,
Bioinformatics, Volume 32, Issue 14, 15 July 2016, Pages 2103-2110,
https://doi.org/10.1093/bioinformatics/btw152

CiastoCne implementuje overlap-layout(-consensus) pristup
riesSi “staticky” problém - vSetky data dostane naraz
heuristiky + dynamické programovanie


http://www.st.fmph.uniba.sk/~cernikova6/diplomovy_seminar/diplomovka/clanky/btw152.pdf

Overlap-layout-consensus [Minimap, Miniasm]

e overlap: hladame zarovnania (prekryvy), budujeme contigy
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Overlap-layout-consensus [Miniasm]

e layout: ciel je zistit relativnu orientaciu contigov, vzdialenosti medzi nimi
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supercontig
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Overlap-layout-consensus

consensus: presnejSie urCenie baz na zaklade nejakého “vacsinoveho

pravidla’

TAGATTACACAGATTACTGA TTGATGGCGTAA CTA
TAGATTACACAGATTACTGACTTGATGGCGTAAACTA
TAG TTACACAGATTATTGACTTCATGGCGTAA CTA
TAGATTACACAGATTACTGACTTGATGGCGTAA CTA
TAGATTACACAGATTACTGACTTGATGGGGTAA CTA

T 4 Y i v

TAGATTACACAGATTACTGACTTGATGGCGTAA CTA

https://bio.libretexts.org/Bookshelves/Computational_Biology/
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Zarovnanie (alignment) [Minimap]

Citania k Citaniam Citania k assembly

contig 1

contig 2




Zarovnanie (alignment) [Minimap]

Citania k Citaniam

Miniasm pouzije

Miniasm zahodi

Miniasm pouZije

Citania k assembly

contig 1

contig 2

¢itania, ktoré si chceme nechat

(nova informacia)

zahadzujeme




Pokrytie (coverage)

contig 1
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reprezentativna vzorka
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contig 1
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Dynamicky pristup s vyuzitim minimap & miniasm

» N|  prvé &itania Minimap Miniasm Subsample
zacCiatok —/]  (prvych max 10 |:> (zarovnanie) I::> (prvé assembly) ::> (reprezentativna
stiborov) (&itania k &itaniam) P y \ vzorka)

__ \‘F/ Zober uloZené Minimap
e 1| ditania, [ (zarovnanie)
e & nezarovavneé, (Citania k Citaniam)
{} subsample {}
Miniasm
Minimap: (n-ta assembly)
zarovnanie k predo$lej
assemgly J {}
(Gitania k unitigom) Subsample
{} (reprezentativna
vzorka z novych
Uloz / ¢itani)
tie, ktoré nam {}
poskytuju novu
informaciu Pripoj novy subsample k

starému




Dynamicky pristup s vyuzitim minimap & miniasm

3 Gitani Minimap Sub |
" N/ prve Citania _ . ubsample
zacCiatok —/]  (prvych max 10 |:> (zarovnanie) I:> Miniasm II:> (reprezentativna

stborov) (&itania k &itaniam) (prva assembly) vzorka)

— \‘F/ Zober ulozené Minimap
nove citania J| ditania, ED (zarovnanie)
(daISICh max 10 nezarovavné (Citania k Citaniam)

suborov) % ’
subsample {5
% g Miniasm
Minimap: (n-ta assembly)
zarovnanie k predo$lej
assembly { E
(Citania k unitigom) Subsample

{} (reprezentativna

vzorka z novych

Uloz / gitani)
tie, ktoré nam
poskytuju novu

informaciu Pripoj novy subsample k
starému




Iny pristup: Zarovnanie (alignment) [Minimap]

Citania k Citaniam Citania k assembly
Miniasm pouzije
contig 1
I
S—
Miniasm zahodi contig 2
L]
Miniasm pouZije
e

Citania, ktoré si chceme nechat nie je dobry napad
(nova informacia) zahodit..




Dynamicky pristup s vyuzitim minimap & miniasm

(Citania K unitigom)
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Vysledky

e implementovana pipeline
e jednoduchy pravdepodobnostny pristup na vyber reprezentativnej vzorky,
hladame lepSi, porovnavame pristupy
e Vvizualizacie
e pipeline je Casovo pozadu oproti (beznej) rychlosti pribudania dat
o nemame odpoved (uplne) v redlnom Case



grafy pre kazdu iteraciu
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grafy pre kazdu iteraciu

zarovnanie assembly z predoslej iteracie k aktualnej assembly

assembly from it.2 mapped to assembly from it.3

g000001I_prev_it

—
—
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01l_prev_it

0 10000 20000 30000 40000 50000 60000 70000 80000



Dakujem za pozornost



(nepouzité/doplnkove slajdy)



zarovnanie assembly z predoslej iteracie k aktualnej assembly

assembly from it.2 mapped to assembly from it.3

0 10000 20000 30000 40000 50000 60000 70000

assembly from it.3 mapped to assembly from it.4
2c_this_it

2c_prev_it

0 10000 20000 30000 40000 50000 60000 70000



rézne pokrytie
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Saprochaete ingens

nepatogenna kvasinka
21,2 Mb

5 chrmozdémov



Dynamicky pristup s vyuzitim minimap & miniasm

(Citania k unitigom)

7
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poskytuju novu
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3 &itani Minima .
L adiatok N prvé itania P Miniasm Subsample
—/]  (prvych max 10 (zarovnanie) (prvé assembly) (reprezentativna
stiborov) (&itania k &itaniam) P y \ vzorka)
nové &itania \\F/ Zober ulozené Minimap
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stborov, { }
J\/L Miniasm
Minimap: (n-ta assembly)
zarovnanie k predo$lej
assembly <>

Subsample
(reprezentativna
vzorka z novych

Citani)

~

Pripoj novy subsample k

starému




Zarovnanie (Citania k Citaniam)

e (Citania k assembly - pomerne rychle

e (Citania k Citaniam - m&ze trvat d/ho
o porovnava sa kazdé Citanie s kazdym pomocou heuristiky ktora hfada zhody + dynamické
programovanie
o  ku koncu behu mdze trvat diho (pri gendme kvasinky 30+ minut)

e mozno sa da vyuzit informacia z predoslého behu - uz zarovnana

podmnozina Citani
o (zatial neimplementované)



Assembly graph [Miniasm] _

A-rT-THGHGHCHC—3

® G=(V.E}) 3-T-T-JA-A lclclHel Gl 5
V .... mnozina DNA sekvencii
E .... mnozina prekryvov (overlaps) medzi sekvenciami z V
o bez nasobnych hran
o [ ESR

Watson-Crick complete (i)Yo e V,v €V (ii)Vv—wweE, w—v€E

e Containment-free - ziadna sekvencia nie je obsiahnuta v ingj

overlap contained

e (special case:) De Bruijn - vSetky mozné substringy z danych sekvencii dizky k



Hladanie unitigov [Miniasm]

assembly graph na zaklade zarovnani

tranzitivna redukcia,

detekcia a odstranenie (malych) bublin (SNPy)

unitig = cesta, v grafe, ktoru je mozné “spojit” bez toho aby sme stratili nejaku
informaciu, resp. sekvencia ktoru vieme “precitat” z takejto cesty

Definition (unitig): Let G = (V. E,l) be a transitively reduced assembly graph.
Then a unitig is a path v; = v, — ... = v such that deg™(v;) = deg v, and at
least one of the following conditions is satisfied: (i) vy = v or (ii) deg~(v;) # 1 and
deg™t(vi) # 1.
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Ciastkové zostavenia gendmu (assembly) zarovnané k referenénému gendmu

:g000011c tgnoo0(
utg00o001!

asm_to_asm_2.bed I I I
asmn_to_asm_3.bed I

asm_to_asm_d.bed I -

asrn_to_asm_S.bed
asm_to_asm_6.bed I I _
asmm_to_asm_7.bed I I
asm_to_asm_8.bed I I
asm_to_asm_10.bed I I
asmm_to_asm_11.bed I I
asmn_to_asm_12.bed I I
asm_to_asm_13.bed I I
asm_to_asm_14.bed I I
asm_to_asm_15.bed I I
asm_to_asm_16.bed I I
asm_to_asm_17.bed I I
asm_to_asm_18.bed I I
asm_to_asm_19.bed I I
asm_to_asm_20.bed I I

asm_to_asm_21 bed N

vysledny subsample je ~25% vSetkych Citani



Reprezentativha vzorka

e kontig dizky ¢, chceme pokrytie t, mame r &itani, li je dizka zarovnani i-teho &itania
o chceme aby stredna hodnota suctu dizok zarovnanych Usekov z &itani bola ¢ - ¢, tj.:

d>ibi-li=c-t
c-i

e pravdepodobnost vyberu i-teho &itania p; Tl
o zvolena tak, aby Citanie ktoré ma dlhSie zarovnanie malo vy$Siu pravdepodobnost’ vyberu

sz Z_Ziﬁ:li'i:CtZl_z::-'f’:C-t

e problémy:
o  predpoklad rovhomernosti pokrytia (nerovhomerné pokrytie -> rozbitie contigu)
o  Citanie sa mbze zarovnat na viacero miest vo viacerych contigoch




