Sekvenovanl viromu pomoci NGS:
' PROC a JAK

Mgr. Lenka Kramna
doc.MUDr. Ondrej Cinek PhD.

Laboratoi molekularni genetiky, Pediatricka klinika a Ustav lékaiské
mikrobiologie, FN Motol a 2. Iékarska fakulta Univerzity Karlovy v Praze




Sekvenovani viromu je slozité
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Sekvenovani viromu je slozité

Bakterie:

Ize odlisit pomoci vybrane variabilni oblasti genu pro
16S
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Prvni uziti metody
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ProcC jsme to zacali delat:

Enterovirus: jedna z pricin Diabetu 1. typu?‘

1. Vzorek stolice:
- vSechny enterovirove kmeny

- podivat se také do oblasti mimo VP1
(cely genom)

- na nalezené konkrétni genotypy
navrhnout primery

2. Vzorek krve:
- nalézt tento konkrétni virus

- porovnat, zda odpovida obdobi nastupu
diabetu u pacienta




ProcC jsme to zacali delat:

‘ Enterovirus: jedna z pricin Diabetu 1. typu?‘

Supernatant stolice:

- Pokud infekce, velmi
vysoka virova naloz.

Zdrave déti:

Enterovirus: 97mil. kopii/ ul

Adenovirus: 2,5mil. kopii/ ul

BKV v mocdi: 102 kopii/ ul

Lidskych bunék: O

Stolice:

- 1/3 materialu jsou lidské
bunky

Krev:

Pokud infekce, nizka virova
naloz (do 100 kopii/ ul = a to
uz je problém)

Vysoka kontaminace lidskou
DNA




ProcC jsme to zacali delat:

Enterovirus: jedna z
pricin Diabetu 1. typu?
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Jak to probiha v nasich rukach

Vzorek

stolice: Izolace RNA/ DNA:
zbytky potravy, . .
stfevni epitel, Qlagen Viral RNA

hakterie, vir

. Viry Mini Kit
Centrifugace, + bunécné
filtrace pres struktury = —
bakterialni ribosom proCisténé
\filtr (0,45 um) viroveé castice

+ bunécné struktury
= ribosomy

(Filtrat #*HBBS
Vysokorychlosti
centrifugace:
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Rnaza + Dnaza:
virové castice

chrani kapsida
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Jak to probiha v nasich rukach
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Produkt k sekvenoyé

Nextera XT
Sample 1 Sample 2 Ladder ] .
— MiSeq Illumina
24 vzorkd / run
pFibl. 15 mil.

sekvenci na run

K separaci spravnych
délek pouzivame
Ampure beads v
pomeru ke vzorku 2:1




Nextera XT DNA
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de-novo assembly
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Analyza

Netr,anslatovan Oblast zvétseni Cely pokryti
a oblast

198 10 & 168 (4,




Analyza

Kvazispecies.
evoluce
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Ziskani celych virovych genomu

1. Assembly kontigu na referencéni sekvenci
2. Navrh primeru
3. Dosekvenovani mezer




Typizace picornaviru

Lidsky parechovirus:

Human parechovirus 1, 40 000/ 100 000
reads
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Typizace picornaviru

Lidsky enterovirus:

Echovirus 25, 124/ 100 000 reads
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Nasledna analyza

translace
oprava chyb assembly
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Nasledna analyza

translace
oprava chyb assembly
identifikace zmén v AMK
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U ceho jsme nakonec skoncili:
Pilotni studie

930 Diabetes Care Volume 38, May 2015
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Pilotni studie

Finska DIPP (Diabetes Prediction and Prevention)
kohorta

19 pacientu: nasledné T1D

19 kontrol: stejné geneticke riziko, pohlavi, datum a
misto narozeni

Celkem 96 vzorku stolic

Stool Stool Stool
sample sample sample autoimmunity
r D (-9 months) (-6 months) (-3 months) onset T1D
patient — ¢ ¢

‘control 0 0 0




Obsah sekvenci: MEGANS

200 000 to
1 500 000
reads per

sample

M no hits: 67%

M not assigned: 6%
M bacteria: 14%

M viruses: 2%

M eukaryota: 10%

W others: 1%




Obsah virovych sekvenci

1%

0.1%

m dsDNA viruses, no RNA stage:
53%
M ssRNA viruses: 37%

W ssDNA viruses: 9%

M unclassified viruses: 0,1%

M others: 1%

m dsRNA viruses: 0%

W retro-transcribing viruses: 0%



Vysledky
NGS: lidske viry

Virus Pripady | Kontroly Asociace:
(n=48) (n=48) OR [95% CI]

Enterovirus
Parechovirus
Bocavirus
Sapovirus
Anellovirus
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-9 months | -6 months |-3 months

_ , . Matching § % § 3 § 3
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Vysledky:
potvrzeni vysledku NGS pomoci PCR

Virus Pripady | Kontroly Asociace:
(n=48) (n=48) OR [CI 95%]

Enterovirus
Parechovirus

Bocavirus Nas NGS protokol
Sapovirus detekuje viry v kvantite
100 kopii / i

vyizolovaneé NK a vyssi




Bakteriofagy

E. coli fag

fagy ve streve jsou
témer vyhradné
temperatni a
pretrvavaji dlouho
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Co jsme si z toho odnesli

Bakterie a fagy ve streve:
Strevo = nejvetsi imunitni organ...

Strevo: polouzavreny systém,

nejvice lysogenni fagy (temperatni)

V otevienych prostfedich: Infekce jednim fagem pusobi
zejména lytické fagy: protektivné proti infekci jinym fagem.
JKill the winner* Bakterialni imunitni systém:
,red queen coevolution” (CRISPR-CAS = Casti

fagovych genomu do
bakterialni DNA)
Nedokazeme rozlisit.
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Phages and the Evolution of Bacterial Pathogens:
from Genomic Rearrangements to
Lysogenic Conversion
Harald Briissow,'* Carlos C'anﬂcha}-‘a.' and
Wolf-Dietrich Hardt™*
Nestlé, Research Center, Vers-chez-les-Blane, Lausanne,

and Institute for Microbiology, D-BIOL,
ETH Ziirich, Ziirich,” Switzerland

We currently have only about 200 complete phage genomes.
This number may seem large, but actually it is extremely
small considering that phages outnumber bacteria in
many environments by a factor of 10 and represent, with approximately
1031 tailed phage particles, numerically the largest
share of biological material on Earth (240). Up to 107 particles/
ml were found in ocean water and sediment (30, 36, 176,
238, 240). Considering these vast numbers of phages and the
number of bacteria coexisting in these niches, it has been
estimated that 1025 phage infections are initiated every second
worldwide (177); this has probably occurred for the last 3
billion years.



Co jsme si z toho odnesli

Velky podil neznamych sekvenci:
- ne vSechny je dulezité identifikovat

- vybrat jen ty, které jsou vyznamnée zvyseny
u pripadu oproti kontroldm
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Co jsme si z toho odnesli
Srovnani NGS a klasicke PCR:

Prazdné tecky: vzorek byl
pozitivni pouze v NGS

GS reads per 100,000

PIné tecky: vzorek byl
pozitivni

Pod sedou zonou: pouze

pomoci PCR

Parechovirus

10% 4

1é
:
(]
[0
[0
(

neg

Threshold for
positivity at 50
reads

L o p

[}

/

neg 40 35 30 25 20

QCR threshold cych
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Co jsme si z toho odnesii

Da se predejlt uzitim unikatni kombinace
indexd...




Problémy vs. vyhody

Umoznuje identifikovat viry
,nezkreslené" (bez predchozich
znalosti, co ocekavat)

Bez predchozi izolace viru na bunécnych
kulturach

Krome virovych sekvenci je pritomna i
bakterialni 16S

Mene citliva nez specificka PCR, zatim
nevhodna pro klinické ucely



Zajimave: CrAssPhage

COMMUNICATIONS

Metagenomics, or sequencing of the genetic material from a complete microbial community,
is a promising tool to discover novel microbes and viruses. Viral metagenomes typically
contain many unknown sequences. Here we describe the discovery of a previously uni-
dentified bacteriophage present in the majority of published human faecal metagenomes,
which we refer to as crAssphage. Its ~97 kbp genome is six times more abundant in publicly
available metagenomes than all other known phages together; it comprises up to 90% and
22% of all reads in virus-like particle (VLP)-derived metagenomes and total community
metagenomes, respectively; and it totals 1.68% of all human faecal metagenomic sequencing
reads in the public databases. The majority of crAssphage-encoded proteins match no known
sequences in the database, which is why it was not detected before. Using a new co-
occurrence profiling approach, we predict a Bacteroides host for this phage, consistent with
Bacteroides-related protein homologues and a unique carbohydrate-binding domain encoded
in the phage genome.




Zajimaveé: CrAssPhage

95,000 o
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I ORFs on forward strand

N ORFs on raverse strand

— F2T1 metagenome (ref. 8)

— Gut mataganomes (n = 448)
—— Othar metagenomeas (n = 2,440)
== PCH amplicons

== Amplicon with saquanced region
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Prakticke vyuziti

- Nezndma epidemie prujmu u déti v Motole
— na oddéleni XY &asty vyskyt prujmu nezndmého

pUvodu

— v léte, horko, otevrené okno, na parapety sedali
holuby

— po instalaci bodcu holuby prestali Iétat a prujmy
ustaly..

— PCR negativni na vsechny zname viry. V
elektronovém mikroskopu castice podobne
. « =« O
Calicivirum



Prakticke vyuziti

. Identifikace puvodu adenovirovych infekci v
Motole
— velmi podobné genomy = ziskani v nemocnici
— rozdilné genomy = prinesli si z domu

— Sangerové sekvenovani (jen VP1), neni schopno
odhalit
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