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Finding Patterns in DNA
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1) Login to your Comp555 account

2) Your username is your UNC ONYEN and password is your PID

Login to Course Website 
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Next Steps
3)  Once you are logged in, press "Course" and then a “Setup” button should 
appear. Press "Setup" and you should see something like:

4) (BTW, you can also change your password here if you want).
3
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For those without a login...
● Go back to the login page, and click "registered"

● Then enter the following information:
● Once registered a screen will indicate

you've been verified; then click "Course"
and "Setup" as before.

● Don't repeat this again, 
for example if you forget your password 

4

MUST be your ONYEN

Your UNC email
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You've seen a small genome… now let's scale up
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This is the same FASTA 
format file parser from 
last lecture

This is a recent version 
of the human genome. 
But, we're only going to 
look at part of it. 
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What's inside
Human DNA
● Is distributed across 23 primary 

chromosomes named 1-22, an X.
● We actually have two copies of of the 

numbered chromosomes, and two copies 
of X if you are female or one X and one Y if 
you are male.

● There is also a short DNA sequence that 
appears in a cell organelles called 
mitochondria.

● There are also 430 other "unmapped" 
sequences

6
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Missing Puzzle Pieces
There are still missing, partially assembled, pieces, that we don't yet know where they are placed.
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What it's sequence looks like
As with SARS-CoV-2, we can get some 
insights into a genome by examining 
its k-mer distributions. But before we 
start, let's look consider the genome's 
size?
● In total, there are 3,272,116,950

base pairs in the primary (forward)
sequence

● Many of these are unknown, 
and are indicated  by 'N'

● There are also a small number of
ambiguous bases indicated using 
a standard called UIPAC
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Let's reformat our sequences
It's a little annoying to load a series of sequences from FASTA files over and over 
again. Especially when we will mostly deal with a subset, and of those we will 
consider them one at a time.

So I decided to write out each sequence as a single string to its own file.

You might want to wait and do this later.
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A quick helpful function
● DNA is actually two sequences, a primary and reverse-complement version
● Genomes report only one (the primary one), and the reverse complement 

version can be derived from it.
● When we consider k-mers, in most cases, we don't care which of the 

sequences they come from
● Here's a simple function that maps back and forth

● Here's an example:

10

We didn't consider the 
reverse complement 
sequence of our viral 
genome because it was 
an RNA genome.
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Let's consider some k-mer statistics
For what value of k?
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This is similar to our kmer counter from 
last lecture, except every k-mer is 
consider twice. Once as it appears, and 
once as it's reverse complement.

We'll also skip over any k-mer with an 'N' 
or with one of those strange IUPAC bases.

A "for-else" 
statement.
Have you seen 
one of those 
before?
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DON'T RUN IT!

12

'1', 248956422, 4133410, '1388.88 secs'
'2', 242193529, 4175438, '1364.77 secs'
'3', 198295559, 4184312, '1064.28 secs'
'4', 190214555, 4188228, '1155.32 secs'
'5', 181538259, 4190446, '1031.80 secs'
'6', 170805979, 4191700, '930.77 secs'
'7', 159345973, 4192490, '1025.24 secs'
'8', 145138636, 4192908, '931.29 secs'
'9', 138394717, 4193190, '751.69 secs'
'10', 133797422, 4193464, '827.02 secs'
'11', 135086622, 4193648, '780.05 secs'
'12', 133275309, 4193788, '724.03 secs'
'13', 114364328, 4193862, '635.01 secs'
'14', 107043718, 4193926, '534.36 secs'
'15', 101991189, 4193988, '530.65 secs'
'16', 90338345, 4194048, '478.42 secs'
'17', 83257441, 4194088, '447.81 secs'
'18', 80373285, 4194110, '448.31 secs'
'19', 58617616, 4194136, '345.26 secs'
'20', 64444167, 4194158, '363.14 secs'
'21', 46709983, 4194166, '251.95 secs'
'22', 50818468, 4194182, '253.91 secs'
'X', 156040895, 4194200, '866.71 secs'
'Y', 57227415, 4194200, '189.44 secs'
'MT', 16569, 4194200, '  0.10 secs'
3088286401, 4194200

● It takes a while to run (there are actually 
faster ways to do this!)

● 1000 secs is around 16 minutes
● And we still don't see every possible 11-mer
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What does the distribution look like?
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It looks like the sum 
of at least two 
binomial distributions.

One with a mode 
around 20 and a 
second with a mode 
near 125. 
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What could we learn from other values of k
● Our genome includes every possible 11-mer
● How large should k be so that we'd expect most k-mers to be  unique?
● Recall the genome has 3,272,116,950 bases

There are 4,194,304 11-mers
There are 67,108,864 13-mers
There are 1,073,741,824 15-mers
There are 17,179,869,184 17-mers
There are 274,877,906,944 19-mers
There are 4,398,046,511,104 21-mers
There are 70,368,744,177,664 23-mers
There are 1,125,899,906,842,624 25-mers
There are 18,014,398,509,481,984 27-mers
There are 288,230,376,151,711,744 29-mers
There are 4,611,686,018,427,387,904 31-mers
There are 73,786,976,294,838,206,464 33-mers
There are 1,180,591,620,717,411,303,424 35-mers
There are 18,889,465,931,478,580,854,784 37-mers
There are 302,231,454,903,657,293,676,544 39-mers
There are 4,835,703,278,458,516,698,824,704 41-mers
There are 77,371,252,455,336,267,181,195,264 43-mers
There are 1,237,940,039,285,380,274,899,124,224 45-mers 14

What's with all the 
odd numbers?

The genome is much smaller 
than this, thus, repeats are 
unlikely by chance
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While I was bored last night...
I broke the human genome into non-overlapping 45-mers, and counted how many 
times each appears in the genome...
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TGGCCGAATAGGAACAGCTCCGGTCTACAGCTCCCAGCGTGAGCG|ACGCAGAAGACGGTGATTTCTGCATTTCCATCTGAGGTACCGGGT|TCATCTCACTAGGGAGTGCCAGACAGTGGGCGCAGGCCAGTGTGT|GTGCGCACCGTGCACGAGCCGAAGCAGGGCGAGGCATTGCCTCAC|

CTGGGAAGCGCAAGGGGTCAGGGAGTTCCCTTTCCGAGTCAAAGA|AAGGGGTGACGGTCGCACCTGGAAAATCGGGTCACTCCCACCCGA|ATATTGCGCTTTTCAGACCGGCTTAAGAAACGGCGCACCACGAGA|CTATATCCCACACCTGGCTCGGAGGGTCCTACGCCCACGGAATCT|...
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Most places look like this...
As you'd expect, most 
45-mers are unique.

But, occasionally, we 
run into a series that 
are repeated all over 
the genome.

And, they aren't trivial 
repetitive sequences.

16
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Zooming out

17

These repeated sequences appear 
to be clustered

log2(repeats)
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Repeated regions of our genome
Our genome is full of copies… either Tandem Repeats or Transposable Elements

About 45%

Cut-and-paste 
DNA transposons

Copy-and-paste 
Retrotransposons

18

From Koito and Ikeda, Frontiers in Microbiology, February 2013
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TEs are everywhere

19
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Let's find all copies of one of our repeats
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And look around where we found them
Here's one of the copies of 
"AGCACGCAGCTGGAGATCTGAGAACGGGCAGACAGACTGCCTCCT"

Not surprisingly, it is surrounded by repeated 45-mers that
are similar to the ones on chromosome 4.

So, with what we now know let's go hunting for a particular type 
of Transposable Element.

One of Viral origin! Yes, our genomes have parasites.

21



Comp 555 - Spring 2022

One class of TEs: Endogenous Retroviruses (ERV)
One class of Transposable Element has its 
origin as a virus. In particular, a 
Retrovirus. 
Retroviruses replicate by incorporating 
themselves into an organism's DNA using 
a process called Retrotransposon.
Then they use RNA transcription 
machinery to make more copies of 
themselves.
Our immune system works to silence the 
expression of these ERVs. But 
occasionally, they reawaken. 

22
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One class of TEs: Endogenous Retroviruses (ERV)
Eventually many copies of ERVs are 
spread throughout the genome.
ERVs are common throughout all
vertebrate genomes.

The evolution of an organism is both
influenced and traceable from the
shared ERVs in common ancestors.
 

23
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ERV genome structure
The ERV genome is
generally < 10kB and
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.

24



Comp 555 - Spring 2022

Next Time
We will develop a strategy to find these LTR-like sequences in a genome. 
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