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Herpesviruses

Enveloped ds DNA viruses
- 110 to 240 kbp
- 70 to >170 proteins (~40 conserved)

Primary infection → often symptomless
⇒ infected for life (latency)
⇒ reactivation → disease

8 herpesviruses in humans
α: HSV-1 / HSV-2, VZV
β: HCMV, HHV6, HHV7
γ: EBV, KSHV

Chickenpox (VZV)
⇒ 1° Varizella zoster infection

Herpes zoster
⇒ VZV reactivation

Herpes labialis (HSV-1)

Kaposi sarkoma (KSHV) 
in an HIV patient

Herpes Hits French 
Oyster Industry
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β-herpesvirus, prevalence 50% to >90% 

1° infection 
- during early childhood
- in 99% inapparent
- live-long persistance (latency)

Disease
- congenital infection (~1 : 1,000 infants)

⇒ brain, eye, ear
- immunocompromised patient

⇒ pneumonia, colitis, retinitis (HIV), . . .

Viral miRNAs (Sébastien Pfeffer et al., Science 2004)

• novel non-immunogenic stealthy tools
• potential drug targets (AntagomiRs)

„Blueberry muffin baby“ due to  
congenital HCMV infection

HCMV infected fibroblasts

HCMV retinitishealthy retina
(Hodl, S et al. 2001)

Human Cytomegalovirus



• MCMV – shares biology and pathology of 
HCMV - most genes have their HCMV 
analogs

• excellent model for HCMV infection for in 
vivo studies

• species specific

MCMV as a model for HCMV disease



Three temporal classes of genes

• MCMV genes are sequentially expressed 
in 3 phases:
• immediate early – independent of de novo

protein synthesis
• early – expression usually requires control 

from IE genes
• late – mostly code for viral particle 

components



HCMV Transcriptome
Antisense Transcription in the Human Cytomegalovirus Transcriptome

Guojuan Zhang, Bindu Raghavan, Mark Kotur, Jacquelyn Cheatham, Daniel Sedmak,
Charles Cook,, James Waldman, and Joanne Trgovcich (2007) J Virol

• poly(A) cDNA library (mRNA and some cis NATs)
• use of metabolic drugs to isolate cDNA libraries 

representing different temporal classes of viral 
genes (cyclohexamide and ganciclovir)

• Sequence analysis of viral cDNA clones:
– 45% cDNA clones derived from noncoding regions

– 55% completely or partially antisense to known or 
predicted HCMV genes

– viral gene products are far more complex that 
previously thought based on ORF analyses and 
comparisons to related genomes (cis NAT pairs were identified 
or predicted for 56 of the 191 genes)



RNA species

total cellular transcripts
(≈ 5-10% of mammalian genome)

coding transcripts 
(mRNA; poly(A))

≈1-5%
non coding transcripts

housekeeping regulatory

rRNA
tRNA

snRNA
snoRNA

miRNA
siRNA

lncRNA
...

up to 20 to 26% of 
human genes and 
72% of mouse genes
influenced by S-AS 
pairing



Functions of natural AS transcripts (NATs)

Lavorgna et al., Trends in Biochemical Sciences. 2004, 29: 88-94 

Transcriptional interference RNA masking of regulatory elements 

ds-RNA dependent mechanisms Methylation of associated CpG islands



S-AS pairs as regulators of viral genes 
expression?

• herpesvirus genes are densely packed:

• occurence of S-AS pairs may reflect dense 
organization of viral genes

• possible role in regulation of viral genes –
evolutionary pressure influencing function and 
orientation of adjacent viral genes

• role of S-AS pairs in pathogenicity, latency,...?

• new antiviral therapy targets?



MCMV cDNA library-goals:

• create a cDNA library containing all viral transcripts 
present in an infected cell – including both poly(A)
and non-poly(A) RNAs (cytoplasmic and nuclear 
fractions separately)

• sequence viral clones, compare to genome using 
mega BLAST and analyze

• develop publicly accessible database of MCMV 
transcriptome 

• create microarrays in order to follow:
– expression of viral genes in the course of infection in 

vivo in animal models and in vitro
– differential expression of viral genes in different tissues 

and infection conditions (immunosuppresion)



Strategy

• generate libraries for each temporal class from 
RNAs pooled from different time points (3 time 
points per temporal class)

• no metabolic inhibitors that could result in 
aberrant expression or transcriptional products

• isolate great number of clones (3000) to ensure 
all viral trascripts are represented

0 4 8 12 16 24 32 40 60 80 hrs p.i.

IE E L



cDNA library generation

Non-poly(A) RNA (regulatory RNA)Poly(A) RNA
(mRNA)

cytoplasmic RNA nuclear RNAcellular RNA

RNA isolation

reverse transcription & cloning into vector

standard cDNA 
libraries



Screening for clones

• 2 rounds of positive selection:
– colony lift and hybridization with DIG 

labelled viral DNA as a probe

– detect positives, isolate DNA sequencing
– make glycerol stocks
– restriction analysis on randomly selected 

positives (probe quality control)

pick 
transformants 
on a grid plate

colony lift 
on nylon 

membrane

lyse cells 
and cross-
link DNA

hybridize 
with viral 

DNA

Day 1 Day 2 Day 3



Positive selection

IE

E

L

southern blot restriction analysis



Milestones accomplished

• generation of all three cDNA libraries of sufficient 
quality to yield enough transformants – required major 
optimization of protocols from HCMV cDNA library 
generation

• developed a novel database that will allow us to not 
only store and analyze the vast amounts of data we are 
generating, but also to conduct relational studies to 
better understand the genome and transcriptome of 
these viruses.



Milestones accomplished
• 700 clones obtained and sequenced from 5’ and 3’ ends and 

analyzed using megaBLAST
– several new mRNA transcripts that include novel spliced transcripts. 

At least one of these novel spliced gene products appear to code for a 
novel protein and is the most abundant transcript we can detect in 
infected cells. This may represent a new viral protein that we can use 
to understand viral pathogenesis and the immune response to the virus.

– evidence for a substantial amount of antisense transcription for 
MCMV. Considering that we also discovered this for HCMV, it looks 
probable that abundant antisense transcription is a common feature 
for this group of viruses. These AS transcripts represent a novel 
class of gene products produced by these viruses. Further research 
into the function of these transcripts will undoubtedly advance our 
knowledge of these viruses, and possibly provide clues as to how to 
better control virus infections and treat viral diseases.

– analyzed the small RNA population in cells infected with MCMV. This 
work is ongoing but is likely to lead to new discoveries in how the virus 
can control the expression of host genes.





Perspectives for the future

• analyze more clones (3000 in total) so that we 
have covered the whole genome several times

• use tilling microarrays to obtain preliminary data 
on viral transcriptome in vivo in animal models in 
various conditions (latency, mutant viruses, 
different organs)

• generation of rationally designed (based on our 
libraries) microarrays (for use in animal models and in 
vitro)

• determining function of specific AS transcripts
• …
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