
Comp 555 - BioAlgorithms - Spring 2022

Looking for Fossils

Problem set #1 is Now Posted 

and is due on 2/3/2022.
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One class of TEs: Endogenous Retroviruses (ERV)
During evolution various Retroviruses 
have incorporated themselves 
permanently into vertebrate genomes.

These "Endogenous" Retroviruses are 
generally dormant, but they occasionally 
awaken and, rather than leave the cell, 
they incorporate new copies of 
themselves back into the host DNA.

Thus, they are a form of Retrotransposon.
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ERV genome structure
The ERV genome is
flanked by two
"Identical sequences"
called Long Terminal Repeats,
LTRs.

These LTRs contain the transcription start and end sites that are used when the 
ERV is copied (retrotransposed). These are
parentheses enclosing the "proviral" sequence.

LTRs are required for the ERV to activate.
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LTRs can lose their virus
Active ERVs are bad news.
They tend to insert themselves into 
genes, and generally reduce the fitness
of their host.
One way of cleaning the genome of ERVs is to remove their viral sequence.
The genome has a natural way of doing this, through a process call 
recombination (the same mechanism that exchanges sequences between the two 
chromosome copies).
The "identical" sequences of the two LTRs are their Achilles Heel. Sometimes, 
they pair up and recombine, and as a side-effect the viral sequence is excised.
The genome is full of these vestigial LTRs.   

4



Comp 555 - Spring 2022

Let's look for some ERVs
There are several ways that we could proceed.
1. We could start by looking at all those 45-mers that are over-represented in 

the genome. But, not all of these sequences are ERV LTRs
2. We could start with a viral template. Where do we get one?

Luckily, biologists have used the first method to give
us templates that we can use for the second approach.

There are databases with these "approximate" sequences. 
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Getting started
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Some 
old code...
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Looking at an LTR sequence
Let's get some sense of what we're looking for.
● 344 base pair consensus LTR sequence for an ERV class
● What is a consensus? (We'll quantify this concept next lecture)
● There are 0 exact matches in the genome
● Tyranny of consensus--  being close to many, but having no perfect match
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Then what do we search for?
● Find clusters of genome subsequences that are shared with the LTR
● In the same relative order
● "Signature" k-mers
● LTRs can be on either strand
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Let's go fishing
Now scan the genome looking for LTRs...
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Big Picture
The LTRs of ERV14's are everywhere
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Let's take a Zoomed-in look
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These are potential 
LTRs on chromosome 1.

Note, many have 
accumulated mutations, 
in fact, none are an 
exact match for our 
template.

The most likely LTRs 
are those that share 
many k-mers in the 
expected order.
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Going directly to the sequence
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These is an ERV that includes an 
ancient version of the viral 
sequence. Note: it is on the 
reverse DNA strand…..

+TGGGAGAAAAGCTGAGTGTTGGGAGAGAAGCTGAGGCAGGG
CTTGCATGTCTGCTAGACTTGCTGGCTCCTTGCTTCTAGCAC
TCCCATTATCTCAAGCAGCCATATGTTTCTCATTCACTTGAT
ACACCGTTTCCTTTCAACCCCCACATCCTCACCACCTGTTTC
TTTGTTTGAGCACCAATAAATAGCGTGGGCTCCCAGAGCTCG
GGGCCTTCGCAGCCTCCACACTCGCGATGGCCCCCTGGTCCC
ACTTTCTCTCTCAAACTGTCTTTTTCTCATTCCTTTGACTCC
GCCGGACTTCGTCGCCCCCACGACCTGGTGTTGGGTCTGATC
ACCCCAACA



Comp 555 - Spring 2022

Next Time
Looking for hidden patterns in DNA without a template 
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