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What is a virus?

A discovered at the end of the 18entury byLouis Pasteur

A virus - Latinpoisonor slime

A only 3186 viral species are knovioday (ICTV 2014)

A atleast in mammalian hosts 320,000 virusee unknown (anthony2013

[ DNAviruses ) ( RNA viruses | [ Retro-transcibing viruses |

Group | Groupll Group Il Group IV Group V Group VI Group VI
dsDNA  ssDNA+ dsRNA  ssRNA+  ssRNA- ssRNA+ dsDNA

dsDNA SSRNA- SSDNA- SSRNA+
dsDNA ssDNA-
dsDNA
mRNA ’
Baltimoreclassification (1970)
Capsid
Membrane ICTV classification

protein Order(-viraleg
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Subfamily {virinag

Envelope Genus {virus)

Genome (RNA/DNA) Nucleoprotein Species
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ICTV species and level classification

Species:

Gl Y2y 2 qdsup df Grisksvhose properties can be distinguished from
those of other species by multipleriteriaé

Criteria;

GONROGSNALF YI & AyOfdzRSET odzi I NB y2i
range, cell and tissue tropism, pathogenicity, vector specificity, antigenicity,
and the degree of relatedness of their genomes or genes. The criteria used
should be published in the relevant section of the ICTV Report and reviewed

periodically by the Study Gro&p

VIROLOGY DIVISION - IUMS

15.02.2016 Markus Fricke // RNA Bioinformatics and High Throughput AnalyBisedrich Schiller University Jen

f A



Hepatitis Qvirus andCoronaviruses

Classification

Genus

Genome

Transmission

Diseases

Hepatitis C virus (HCV) Coronaviruses@o\j

Order Unassigned Order  Nidovirales

Family Flaviviridae Family Coronaviridae
SubfamliyCoronavirinae

Hepatitis C virus Alpha, Beta,
Gamma and Deltacoronaviruses

plusstrand RNA (9.6 kb) plusstrand RNA (30 kb)

Sexual contact, blood Respiratory ofecaloral in humans

acute or chronic liver diseases Mainly respiratory diseases
liver cirrhosis (pneumonia) and gastroenteritis
hepatocellular carcinoma




More than 1 MILLION PEOPLE DIE each year
from disease caused by hepatitis B & C.

© World Health Organization 2014
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CONFIRMED GLOBAL CASES OF MERS-COV 2012 - 2016
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Total number of reported cases: 1636

The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever on Data Source: World Health Organization ’1 N WOI'|d Health

the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, or N 1V 2 -t
conceming the delimitation of its frontiers or boundaries. Dotted and dashed lines on maps represent approximate border lines for © WHO 2014. All rights reserved. )’} Organ|zat|0n
which there may not yet be full agreement. Map date:05/02/2016
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Replication of HCV aiibV (Group V)

5 NS48 RdRp,
vrRi c |EL| E2 [[NS2| Ns3 || | NS5A [ Ns5B v

HCV 5 ggrvannnBorannt 08 5.

AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVERY
SIANAA A AAAAAAAAAAAAAAAAAAAAAAZE

Lelader sequence 4 b RTC
SIJ ole [ - 3|
urR| ORF1a | ORFib S ElM] N | v=
¢ 4Ia
3 5
5'?-—| ORF1a | ORF1b INANANANANANANNNN
Cap
T ~ CoV
@ TRS-L C oNANANANANAN
® TRS-B RTC oPNANANNAN 21
~ ?NRA\JA+ s PR A A A i .
Y | s ¢ O MNANN

15.02.2016 Markus Fricke // RNA Bioinformatics and High Throughput AnalyBisedrich Schiller University Jen



Known RNA secondaryHiCV
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ConservedRNA secondary in HCV
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Conserved RNA secondary in HCV
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Longrange RNARNA interactions

L RIS

Longrange RNARNA interactions

100nt < LRI < ft

According to theidefinition a LRI spardistances between
a few hundred andeveral thousandef nucleotides
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Conserved.RIs IHCV
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Possible HCV circularization
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LRIscan

HCV (0 - 1000 nt)

5 —— 3 BIOINFORMATICS oo 18
0:3 _ i Prediction of conserved long-range RNA-RNA interaction
0.6 in full viral genomes
0:4 i 1 Markus Fricke !, Manja Marz ':2*
02 Lk ‘ coverage ~ e -
%0 | A A A complexity L e
200 400 nt position 600 800 1000
S o 1. Calculatealignment complexity
oo T 200 andcoverage
BRI 2. FindLRI seeds with a sparse
Ty L dotplot method
—————a0- 3. FilterLRI candidates based on
c T s MFE; calculate-gcore/pvalue

seed . ((((((...)))))).

G IGUCNNNGC] -
C GNNN

G

C

andcompensatory score.
4. Extendseed interaction

Compression:
AAAAGUUUCEAGUC
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LRIscan

B
00 - - -
2 a b c
El MFE -10.84 -16.31 -16,17 -14,75
p-value 0.00014 4.61e-06 0,00024 0,00086
# 77/106 26/106 104/106 104/106
rank 53 19 75 111
name S'UTR-core  5BSL3.2-3'SLl  5BSL2-5BSL3.2  SLIlld-5BSL3.2
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p7  C q
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4000 sz
- % g e e e
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200 . . ! 3000 ] ]
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60 L 1000
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B 500 .
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0 1 | | 0
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id a
MFE  -19.18
pvalue 0 2000

id
# 6/6 MFE  -10.84 1631 16,17 14,75
rank 1 p-value 0.00014 4.61e-06 0,00024 0,00086
name  CS # 77/106 26/106 104/106 104/106
rank 53 19 75 111
name 5'UTR-core  5BSL3.2-3'SLll  SBSL2-5BSL3.2  SLIld-5BSL3.2

1R

id b
MFE 41262 -10.88  -1544  -11.98 id e f g h
R p-value 4.04e-07 2.44e-07 6.77e-06 0 < Z MFE -12,71 -12.03 -11.08 -15.66
o = 2 # 6/6 6/6 6/6 6/6 Uw; n U\:} p-value 1.56e-06 0,00027 0.0004 1.15e-08
13 5 °© rank 8 7 24 2 = 3 # 26/106 106/106 106/106 86/106
© o rank 1 77 97 1

B
A B
4000 é g
id a b c N < 3 ry T
9000 MFE -24.22 -26.32 -15.31 MFE 11 2 -21.98 -10.7 -16.72 -13.78 -12.4
p-value 3.71e-06  0.00015  0.0016 p-value 8.25e-08 9.21e-07 2.17e-05 0.00012 4.78e-05 0.046
# 81/200 41/200  90/200 # 13/13 13/13 13/13 13/13 13/13 13/13
rank 18 67 162 rank 27 a8 116 183 138 501
ENV 3000name US-AUG  TARTAR DI name PRTE-DRTE uLoL 5g2-5LB AS1-RS1 sg1-SLB AS2-RS2
c .
T
-
90®°
@
id 3 ¥ i
MFE  -1293 1096 -17.02 MFE 11 64 13 05 -15.29
pvalue 218e-05  510e-08 8.08e-07 p-value 0.0022 0 0
# 200/200  200/200  200/200 # 13/13 13/13 13/13
rank 34 1 7 rank 362 2 1

HIV (314 LRIs)
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L R I sScan LRIscan Output

Options

[T 111)))

[BSF R WY RN

LRI Table

Alignment
downioad )

position seed values (alignment based) extended seed values (alignment based)

ide aln ¢ Al ¢ Al ¢ BI ¢ B ¢ lengthe distances complexs cov mfe ¢ comp pvalue 4 length_ex® mfe_exs comp_exs p-value_ex B

2 701 706 8838 8843 6 8132 08 6 -1198 024 0 12 -17.53 022 0.09092548502410791

105 [‘ghow | |2322 (2326 [7173 (7177 |5 4847 07 8 -1013 (023 0 8 1159 023 0.20453541501857275

112 show 5550 5927 5934 8 370 064 6 -12.96 0 15 14.15

88 show | | 9215 10439 | 10445 |7 1218 0.87 6 1095 (0.2 418120661787e-09 9 1129

138 show 160 169 11060 11062 10 10891 087 8 -19.18 018 3.4558015338248538e-09 17 -3551 021 0

a7 show 9069 9975 [10171 10177 |7 196 0.78 [ 19 2377 019 0

27 show 85 92 10990 10997 8 10898 0.75 6 104 03 1.9047160548790742e-07 14 129 029 0.021589618486253737

67 show 080 | 5064 5 4704 )88 6 1071 1025 3.43175590500344, 16 -13.93 024 0.034892

30 chaw 4814 4818 5 539 069 8 -1024 023 3.47613101858712 14 16.36 0.102301405 b o
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Graphdistance

Qin et al. Algorithms for Molecular Biology 2014, 9:19 .

http://www.almob.org/content/9/1/19 AMB a I&(EEIJ&P;SJg EOGY
Oa® Graph-distance distribution of the Boltzmann
9 @ ensemble of RNA secondary structures
@ @ Jing Qin', Markus Fricke?, Manja Marz®, Peter F Stadler?57#9 and Rolf Backofen***
(Q)-+v 0 - P
Q ............. @ —
@ ............. e
Sy RNA secondary structure can be
@ packbone transformed in a undirectedraph.
(U U base-pair
® ®
S S b<3a
o closingbase paimust beshorter
O o6 than a hairpinloop
© @ o L) -W
@ ............. @ @ ............. @ b < b +2a
©—@ @) closing base pair must be shorter
@O @ © than a stackegbair
@ ............. @ Q ............. 0
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RNAgraphdist

5 A 2 | dgoridm@scombinatiorwith a Fibonacci heajm O(n log n}ime

Input: sampleof Boltzmannaweighted secondary structures created wRINAsubopt

A 800
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mean graph-distance: 13.64
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2 400 B
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LRI infombusviruses
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5'-adapter

A Tombusvirugight LRIs arknown:
SL3SLBPRTEDRTE, UDL, sg1iSLB
Sg2SLBAS1IRS1, ASRS2, DEE

A graphdistancefor the complete
genome ofPearlatent virus

A startingat the firstinteraction siteof
eachLRI
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Conserved RNA secondarCoV¢5Q | ¢ w
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