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Viruses are tiny

@ Size of viruses:
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@ Size of viruses: 15-440 nm (80 nm); avg. cell size: 10-100 um
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Viruses are tiny

@ Size of viruses: 15-440 nm (80 nm); avg. cell size: 10-100 um
@ Size of viral genome:
3.400-31.000 nt (RNA viruses); 3 - 10% nt (DNA viruses)
@ Number of virus particles on earth
Cells@human ~3.72-10%8
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Viruses are tiny

Al of the

bacteria in our body

collectively weigh

about 4 pounds.

@ Size of viruses: 15-440 nm (80 nm); avg. cell size: 10-100 um
@ Size of viral genome:

3.400-31.000 nt (RNA viruses); 3 - 10% nt (DNA viruses)
@ Number of virus particles on earth

Cells@human ~3.72-10%
Bacteria@human > 104
Stars ~ 1023
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Viruses are tiny
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Viruses are tiny

@ Size of viruses: 15-440 nm (80 nm); avg. cell size: 10-100 um
@ Size of viral genome:

3.400-31.000 nt (RNA viruses); 3 - 10% nt (DNA viruses)
@ Number of virus particles on earth

Cells@human ~ 3.72-10%3
Bacteria@human > 104
Stars ~ 105

Postions on a Go board 1.7 - 10172
Virus,@earth
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Viruses are tiny

@ Size of viruses: 15-440 nm (80 nm); avg. cell size: 10-100 um
@ Size of viral genome:

3.400-31.000 nt (RNA viruses); 3 - 10% nt (DNA viruses)
@ Number of virus particles on earth

Cells@human ~3.72-108
Bacteria@human > 1014
Stars ~ 105
Postions on a Go board 1.7 - 10172
Virus,@earth ~ 103!

M. Marz (University of Jena) Virus Bioinformatics

Bledx, 12.02.2018

2/34



Viruses are tiny

@ Size of viruses: 15-440 nm (80 nm); avg. cell size: 10-100 um
@ Size of viral genome:

3.400-31.000 nt (RNA viruses); 3 - 10% nt (DNA viruses)
@ Number of virus particles on earth
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Stars ~ 1023
Postions on a Go board 1.7 - 10172
Virus,@earth ~ 103!

@ 3,186 virus species
@ 320,000 (unknown) viral species (only @ mammals)
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Viruses are tiny

@ Size of viruses: 15-440 nm (80 nm); avg. cell size: 10-100 um
@ Size of viral genome:

3.400-31.000 nt (RNA viruses); 3 - 10% nt (DNA viruses)
@ Number of virus particles on earth

Cells@human ~3.72-10%
Bacteria@human > 104
Stars ~ 1023
Postions on a Go board 1.7 - 10172
Virus,@earth ~ 103!

@ 3,186 virus species

@ 320,000 (unknown) viral species (only @ mammals)

@ just 95 years old viruses known (1)

@ Human genome (proteins, ncRNAs, viral elements?)

@ less than 1% of bioinformaticians deal with viruses
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European Virus Bioinformatics Center
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European Virus Bioinformatics Center

www.evbc.uni-jena.de
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How to detect novel viruses?

read coverage
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YEAH! Found something!
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New generation of sequencing methods (2 CoV)
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New generation of sequencing methods (2 CoV)
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New generation of sequencing methods (3 CoV)

(c) B = 20, number of nodes =
289, number of edges = 381

(a) k = 16, number of nodes =

609, number of edges = 807 (b) k = 16, detail
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New generation of sequencing methods

2

(a) error-probability: 0.5%, k = 16, number of

nodes = 6170, number of edges — 7840 (b) error-probability: 0.5%, k = 16, detail
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New generation of sequencing methods

(c) error-probability: 5%, k = 16, number of nodes
= 27017, number of edges = 34084

(d) error-probability: 5%, k = 16, detail
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New generation of sequencing methods

Minion
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Klebsiella pneumoniae carbapenem
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Klebsiella pneumoniae carbapenem

1
5.372.200 bp
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Minion — 2 viruses (BVDV)
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Minion — 2 viruses (BVDV)
e=0.10 k=20
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Minion — 2 viruses (BVDV)
e=0.10 k=20 e=0.10 k=30
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Minion — 2 viruses (BVDV)

e=0.10 k=20 e=0.10 k=30
e=0.15 k=20
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Minion — 2 viruses (BVDV)

e=0.10 k=20 e=0.10 k=30
e=0.15 k=20 e=0.15 k=30
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Secondary structures in RNA viruses:
Coronaviruses
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Secondary structures in RNA viruses:
Coronaviruses

Types of pairs

Incompatible
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Clustering of secondary structures
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Clustering of secondary structures

— Avian_infectious_bronchitis_virus [9626535]

[—'l— Beluga_Whale_coronavirus_SW1 [187251953]
I Thrush_ci irus_HKU12-600 [212681378]

L — Bulbul_coronavirus_HKU11-934 [212377306]
L——— Munia_coronavirus_HKU13-3514 [212681388]
- I Bovine_c irus_strain_Mebus [30061510]

L —— Human_coronavirus_HKU1_genotype_ A [85068130]
‘ L——— Murine_hepatitis_virus_strain_A59 [9629812]

—— SARS_coronavirus_TOR2 [30248028]

| —_ Bat_coronavirus_HKU9-1 [124389477]

,—’| T Human_| irus_2c_jordan-N3/2012 [469569405]
] —— Bat_coronavirus_HKU4-1 [124389397]
L Bat_coronavirus_HKU5-1 [124389437]
issible_gastroenteritis_virus__genomic_RNA [13397900]
| — Bat_coronavirus_1A_strain_AFCD62 [169260919]
| I L— Bat_coronavirus_HKU8_strain_AFCD77 [169260927]
Ii Bat_coronavirus_HKU2_strain_HKU2/GD/430/2006 [148283139]
|_, — Porcine_epidemic_diarrhea_virus_strain_CV777 [13752444]
I I — Scotophilus_bat_coronavirus_512 [152994036]

I — Human_coronavirus_NL63_isolate_Amsterdam_496 [93004452]
— Human_coronavirus_229E [12082738]

Gammacoronavirus

Deltacoronavirus

Betacoronavirus

Alphacoronavirus

M. Marz (University of Jena) Virus Bioinformatics Bledx, 12.02.2018 14 / 34



Secondary structures in RNA viruses:
Long-range interactions

M. Marz

step size (-, —-step)

multiple genome alignment (-£, --£ile)

double
sliding window

R,
GCUGUGA
Filter LRI
LRI score
RNAalifold probability matrix
(Bernhart et al. (2008)) 100)
80f

mean sequence accessibility with "
RNAplfold on each sequence 6ol
(Bernhart et al. (20062)) *

ORISR,
SL5EREKIELIK,
SREERRRLRLE:

University of Jena) Virus Bioinformatics

olo) fe) foa}

5 3
R, R, | Minimum size
of seed interaction
I (-m, —-size)
R
B Us

E: -15.41
Recalculate LRI MFE

5000
4000
3000
2000

1000




Impact of secondary structures in RNA viruses:
Long-range interactions in HCV

1d
MFE 953 555
#lsolates 82 84 102 104 104 19
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Secondary structures in RNA viruses:
Circularization of HCV
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Packaging in Influenza
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Packaging in Influenza
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Packaging in Influenza
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Use Minion: Location
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Use Minion: Location

Coverage and candidates for long range compensatory mutations
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Use Minion

Genomic coordinate

: Location
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Hackathon — Virus-Host Interaction — Ebola
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Hackathon — Virus-Host Interaction — Ebola

~ 50% of reads map onto viral genome

3h 7h

Mock vs. MARV expression (l0g2)
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systematic approach in understand host reactions
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Give me your virus and | tell you the host
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Give me your virus and | tell you the host

Avian Swine
20 Host
LN) ® Avian
e 0 ® Human
-20 ® Swine
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Give me your virus and | tell you the host

y\y Avian Human Swine All metric \ host | Avian | Human | Swine | All
Avian 3207 49 13 3269 accuracy 0.95
Human 6 4470 82 4558 recall 0.99 0.95 0.94
Swine 9 10 849 868 precision 0.88 1.00 0.89

All 3222 4529 944 8695 Fl-score 0.94 0.97 0.93

Codon usage Dinucleotides

y\y Avian Human Swine All y\y Avian Human Swine All

Avian 5524 227 576 6327 Avian 4294 1048 985 6327

Human 168 11314 1251 12733 Human 173 8376 4184 12733

Swine 25 800 995 1820 Swine 17 630 6342 1820
All 5717 12341 2822 20880 All 4484 10054 6342 20880

Bledx, 12.02.2018
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A database of viruses?
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A database of viruses?

zitat: 'NEIN NEIN NEIN"

data structure
various viruses
'pan genomics’
photos
alignments
links

data policy

partial update
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A database of viruses?
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A database of viruses?

# Create a JSON schema from zoo’'s templates to validate any data cell
insertions

zoo schema (core{metadata(influenza) ,b annotation)) \

> schema. json

# Or use your own

zoo schema --fp path/to/file (a(b,c)) > schema.json

# Stream GenBank records to data cell, and validate schema

zoo load --source ncbi --fmt json \

--ids accessions.txt --stdout - | \

zoo init --db mockA --cell foo --validate schema.json -
# Initializing data cell

# 42 entries inserted into cell "original"

# ... Primary key assigned to field " _id"

#* inspect cell and commit

zoo status --db mockA --cell foo --example

# Make and commit changes (like you would with Git).
zoo commit --db mockA --cell foo original

# ... Dumping data cell

iversity of Jena)



A database of viruses?

# share

mkdir send

cp original.json send/

dat share send/

# ... Syncing Dat Archive: ../ send
# Link

# dat://73401elb931164763eccsomelonglinkcefc718ebf49f6b4feddbad?

# In a faraway place, our collaborator (B) clones a copy of our
cell and adds it to her "zoo" of other data cells.
mkdir receive

dat clone <link> receive/

zoo add --db mockB --cell foo --primkey genbank.accession \ receive/original.
json

# Loading data cell

# Index created on field "genbank. accession".

# ... 39 documents inserted in cell "foo".

# 3 duplicates skipped

# Meanwhile, original.json was modified. B want his zoo to reflect
# the changes:

dat pull receive/

M. Marz niversity of Jena) Virus Bioinform




A database of viruses?

# diff it

zoo diff --db mockA --cell foo bar.json > diff.json
# Searching for changes (delta)

# Done

# We can pipe this, too

zoo diff --db mockA --cell foo bar.json | head -n2
# Apply changes to data cell.

zoo diff --patch --db mockA --cell foo diff.json

# Loading and applying delta
# . Done.
# pull

zoo pull --db mockB --cell foo receive/modified.json

#* . Updating cell s mds hashes
# / 0 Elapsed Time: 0:00:00
#

#* 38 entries unchanged.

#* 4 entries replaced.
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A database of viruses?

# Now put data cells into your favourite analysis workflow,

# then use zoo’s API to import/ export the results, like

# multiple sequence or reference -based alignments, phylogenetic
# trees, secondary structure ... happy exploratory

# data analysis. Also, set global wvars to reduce typing.
ZOODB=mockB

ZOOCELL=foo

zoo digest --encode tree.nexus

zoo digest --decode msa.mafft.fa

# Not yet implemented: Send metadata about cell to a registry,
# so others can discover it.

zoo push

# Create a sequence Bloom tree (SET) from the minhash
# signatures of a given cell
zoo sbt_index --db ref --cell virus --ksize 16 --nsketch \

1000 wirusref

# Initialize SBT

# Compute minhash signatures for selected documents
# k-mer size: 16, sketch size: 1000

# % 9158 Elapsed Time: 0:01:45

HE Save SBT.
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A database of viruses?

# Export, e.g. to fasta, JSON or stdout
zoo dump --query q.jsen --selectien \

_id ,meta.date ,meta.geo.cou, seq \

--delim "|" --fmt fasta dump.fa
zoo dump --query q.json --selection _id,seq \
--fmt fasta - | head

# Pipe into sourmash
zoo dump --query q.json --selection _id,seq --fmt fasta

sourmash compute -k 16 -n 100 --singleton --out q.sig -

# Done, lets get some coffee.
zoo drop --db mockB --cell foo --force

zoo destroy --db mockB --force
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