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What is a virus?
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• discovered at the end of the 19. century by Louis Pasteur
• virus  - Latin poison or slime
• only 3186 viral species are known today (ICTV 2014)
• at least in mammalian hosts 320,000 viruses are unknown (Anthony2013)

ICTV classification
Order (-virales)

Family (-viridae)
Subfamily (-virinae)

Genus (-virus)
Species

Baltimore classification (1970)



ICTV species and level classification 

“a monophyletic group of viruses whose properties can be distinguished from 
those of other species by multiple criteria”
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“criteria may include, but are not limited to, natural and experimental host 
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 Group”

Species:

Criteria:



Hepatitis C virus and Coronaviruses
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Hepatitis C virus (HCV) Coronaviruses (CoV)

Classification Order     Unassigned
Family   Flaviviridae

Order       Nidovirales
Family Coronaviridae
Subfamliy Coronavirinae

Genus Hepatitis C virus Alpha-, Beta-, 
Gamma- and Deltacoronaviruses

Genome plus-strand RNA (9.6 kb) plus-strand RNA (30 kb)

Transmission Sexual contact, blood Respiratory or fecal-oral in humans

Diseases acute or chronic liver diseases 
liver cirrhosis
hepatocellular carcinoma

Mainly respiratory diseases 
(pneumonia) and gastroenteritis
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Replication of HCV and CoV (Group IV)
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HCV

CoV



Known RNA secondary in HCV
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>8000 nt

5’ UTR 3’ UTRCoding 
region



Conserved RNA secondary in HCV
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5’ UTR 3’ UTRCoding 
region

alignment of :
106 sequences
7 genotypes
65 subtypes

96 sequences

86 sequences

19 sequences



Conserved RNA secondary in HCV
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Long-range RNA-RNA interactions
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LRIs
Long-range RNA-RNA interactions

According to their definition a LRI spans distances between 
a few hundred and several thousands of nucleotides

100 nt < LRI < ? nt



Conserved LRIs in HCV
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Possible HCV circularization 
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LRIscan
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1. Calculate alignment complexity 
and coverage

2. Find LRI seeds with a sparse 
dotplot method

3. Filter LRI candidates based on 
MFE; calculate z-score/p-value 
and compensatory score.

4. Extend seed interaction

Compression:
AAAAGUUUCC = AGUC



LRIscan
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• Tested with alignments of  HCV, HIV, 
Flaviviruses, Tombusviruses

• Found 14 out of 16 evolutionary 
conserved and experimentally verified 
LRIs

• Known LRIs are highly ranked 
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Flavivirus (157 LRIs)

Tombusvirus (529 LRIs)HIV (314 LRIs) 

HCV (311 LRIs)



LRIscan
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Graph-distance 
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RNA secondary structure can be 
transformed in a undirected graph.

b < 3a 
closing base pair must be shorter 
than a hairpin loop

b < b + 2a
closing base pair must be shorter 
than a stacked pair

 polynomial-time algorithms

a
b



RNAgraphdist
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Dijkstra’s algorithm in combination with a Fibonacci heap in O(n log n) time

Input: sample of Boltzmann-weighted secondary structures created with RNAsubopt



LRI in Tombusviruses
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• Tombusvirus eight LRIs are known:  
SL3-SLB, PRTE-DRTE, UL-DL, sg1-SLB, 
sg2-SLB, AS1-RS1, AS2-RS2, DE-CE

• graph-distance for the complete 
genome of Pear latent virus 

• starting at the first interaction site of 
each LRI

• local minimum at second interaction 
site 

Nicholson 2013



Conserved RNA secondary in CoV – 5’ UTR
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α

β



Conserved RNA secondary in CoV – 3’ UTR

15.02.2016 Markus Fricke // RNA Bioinformatics and High Throughput Analysis // Friedrich Schiller University Jena 22

α

β
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