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A Genetic Element Common 
to Tumor Viruses and Human
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Background

• Research Risks
• Virology & Evolution
• Mutation Rates
• Evolutionary Perspective
• Exogenous/Endogenous viruses
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Research Risks

• ~ NIH R21 
– New, exploratory, developmental research
– High risk/payoff

• ~ Wildcatters
– Drill in low(?) possibility geology

• Gusher
• Dry Hole

• Great learning experience Lakeview 18k bp/day – 18 mn
©www.sjgs.com
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Virology & Evolution

• Virus – infectious, non living agent
– Oncogenic – uncontrolled cell growth

• Antiviral agents difficult
– Virus variants, mutation (evolution)
– Distinguish viral vs cellular processes

• Viral Evolution Theories
– Intracellular parasites – essential replication, xmission
– Normal cellular components – replicate autonomously
– Self-replicating RNA molecules
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Virology & Evolution

• Viral processes ~ Cellular Processes
– Viral mechanisms Æ treat viral illnesses

• Directed (Virus) Evolution
– Designed, avoided human immune system
– Virus as genetic delivery vehicle
– Adeno-associated virus: infects 90% humans

• Maheshri, N., et. al. Nat Biotechnol. 24, 198-204 (2006). 

• RNA Viruses model system
• Quasispecies model

– Depends on own replication rate 
– Mutant sequence replication rate
– Predecessor sequence replication rate
– Predicts mutational clouds: in vitro RNA viruses
– System of linear equations
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Parseval, Heidmann, Cytogenet Genome Res. 2005;110(1-4):318-32 

Evolutionary Perspective
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Virus Mutation Rates

• 80K proviruses human
• 6-8% of Genome
• 2-4 bp muta/1000 bp

/million years

Endogenous                  Exogenous

Drake JW, Proc Natl Acad Sci U S A. 1993 May 1; 90(9): 4171–4175
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Coffin JM, Proc Am Philos Soc. 2004 Sep;148(3):264-80. 
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HIV Coevolution

… No doubt, the end point of the 
coevolution of HIV and humans will 
be a more-host-friendly interaction, 
but no one should want to participate 
in the process of evolution that will 
take us there. (J. M. Coffin – 2004)
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Project Overview – The Hunt Is On

• Curated Genome List
– Viruses, bacteria: associated with cancer

• BLAST of Genomes Æ Interesting Set(IS)
• BLAST of IS 
Æ nr, REF_SEQ genome, EST, Human genome

• Mfold Secondary Structures Æ
miRNA encoded, ala KSHV ?

• CLUSTALW Alignments Æ
Phylogeny ?
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Oncogenic Pathogen Genomes

• Books – Creative Titles
– Online book sites
– U Pitt Library
– Serendipity

• Peer Review Literature 
– PubMed Entrez

• Several Genomes
– 29 viruses
– 2 bacteria

Search: Results:
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12 Viruses
10 Groups

2 Helico
Bacteria

Human
Genome

Drosophila 
Melanogaster

91

12
212

2

Initial BLAST Experiments
Command Line: Perl Scripts/Linux
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BLAST Hits Between Genomes

Drosophila melanogaster DROS_MELA = Intersection of interest …
Hepatitis B virus HBV
Hepatitis C virus HCV
Human herpesvirus 4   
(Epstein Bar Virus) HHV4_EBV
Human herpesvirus 8         
(Kaposi Sarcoma) HHV8_KSHV 9
Human herpesvirus 16 HPV16 1
Human papillomavirus 5 HPV5 1 4
Human papillomavirus 6 HPV6 1
Primate T-lymphotropic      
virus 1 HTLV_1
Homo sapien HUM_GENO 1 1
JC polyomavirus JCPV
Mouse mammary           
tumor virus MMTV 1 28 1
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MMTV Genome
Retroviruses: 1 RNA genome strand
gag = capsid, matrix, nucleocapsid proteins
pol = reverse transcriptase, protease, RNaseH, integrase
env = viral envelope proteins
LTR = promoters, enhancers
Package viral DNA, RNA splice cites
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BLAST Objective:
Seek Annotation Absence

Annotated Annotated

Annotated n/a X

Annotated X X

Target

Q
ue

ry
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Follow-up Blast Experiments
NCBI Server

• 3 MMTV pol sequences

• 1st MMTV Sequence(   ) Æ Human EST => 4 Hits !
– neuronal precursor 
– DKFZ (synonym: hlcc3) mRNA
– NCI_CGAP_Phe1 mRNA 
– NCI_CGAP_GCB1 mRNA 

‘nr’ 264

REF_SEQ 
Genome

15 =  Nothing significant apparent

pol
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Follow-up Blast Experiments
NCBI Server

• MMTV Genome Æ All Virus Genomes

– Goat Enzootic Nasal Tumor Virus (RV)
• Hit = 

– Sheep Enzootic Nasal Tumor Virus (RV)
• Hit =

– Sheep Pulmonary Adenocarcinoma Virus (RV)
• Hit = 

pol
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Representative Blast Data
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Recall: µRNA Æ KSHV

Esquela-Kerscher et al. Nature Reviews Cancer 6, 259–269 (April 2006) | doi:10.1038/nrc1840
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Stem – Loop Structures

20 nt’s

20 nt’s

17 nt’s
(short)

Mfold:
- 2º Structure
- Energy minimum

Issues:
- dG <= - 25
- double loop
- 19 – 26 nt’s
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Funky symmetry
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CLUSTALW Analysis: Human Closer to Sheep & Goat
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CLUSTALW Analysis: Goat & Sheep NTV Similarity
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Mouse MTV ?

Sheep PAV

Goat NTV

Sheep NTV
Human MTV ?

Mouse MTV ?

Human MTV ?

HMTV Evolution ?

Milk ?

Milk ?
?

?

Phylogram: length ~ change
Cladogram: ancestry *
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MMTV
Query:

5’ 3’

? ?

? Adjacent Sequences of Interest . . .
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? Significance of 28 ‘Hits,’
18 Human Chromosomes 1 28 1
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? Significance of evolutionarily 
preserved sequences between:

Human Genome,
MMTV, SNTV, GNTV
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Tools

The MAVID/AMAP multiple alignment server 

ClustalW mfold

blastall
formatdb

Jalview

http://www.ncbi.nlm.nih.gov/Entrez/
http://www.ebi.ac.uk/
http://www.ebi.ac.uk/
http://www.hsls.pitt.edu/
http://www.pitt.edu/
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Thank you ☺

Dr. Ivet Bahar Dr. Rajan Munshi Dr. Bino John

Mr. Robert Baird
Dr. Timothy Beagley

Dr. Tamara Goetz
Dr. Deborah Neklason

SLCC Study Buddies – Lots!
Dr. Judy Wieber Mr. Jason Boles  Ms. Sandy Yates

Many program instructors, guest lecturers

BBSI Interns
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Common Thread ?

Stairway To Heaven

“Walking to the Sky”
Jonathan Borofsky
@Carnegie Mellon

John Climacus
Ladder of Divine Ascent

Cathedral of Learning
U of Pittsburgh
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Your questions…
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