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Jumping into Genomes
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     www.csbio.unc.edu/mcmillan/index.py?run=Courses.Comp555S21
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A simple genome

●
●
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Today's Virus

●
●
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How viral life works
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Time to get serious
●

●

○ Includes an isolated environment, an IDE, common packages, and a package manager

●
●

●

●
○ You should go back through today's 

Notebook to verify your setup
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Let's look at it

●
●

○ For DNA, alphabet = “ACGT”
○ For RNA, alphabet = “ACGU”
○ For Proteins, alphabet = “ACDEFGHIKLMNOPQRSTUVWY” 

●

●
●
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An Example
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“head”, by default 
prints the first 
10 lines of a file 

“tail”, prints the 
last 10 lines
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A little code for reading FASTA

8

“splits” the file at every header 
line. Then each of those sections 
is split at each return ‘\n’. “pop()” 
is used to remove the header line. 
The sequence is formed by joining 
together the remaining lines of 
sequences. A “+” is added to the 
front to give the string an offset 
of 1.  
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Let’s take a minute to explore
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ATGGAGAGCCTTGTCCCTGGTTTCAACGAGAAAACA
ATGGAG  CCTTGT  CTGGTT  AACGAG
 TGGAGA  CTTGTC  TGGTTT  ACGAGA
  GGAGAG  TTGTCC  GGTTTC  CGAGAA
   GAGAGC  TGTCCC  GTTTCA  GAGAAA
    AGAGCC  GTCCCT  TTTCAA  AGAAAA
     GAGCCT  TCCCTG  TTCAAC  GAAAAC
      AGCCTT  CCCTGG  TCAACG  AAAACA
       GCCTTG  CCTGGT  CAACGA  
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Genome “k-mer” statistics
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There is one 5-mer, 'CGGGG',
missing from this genome

There are nine 24-mers that are 
repeats of another. (BTW, they 
are copies of a single 24-mer, 
'AAAAAAAAAAAAAAAAAAAAAAAA', 
which appears 10 times.)
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What do k-mer statistics look like?
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Okay, there are 432 6-mers that appear 
only once, 430 that are repeated twice, 
and the fewer and fewer are repeated 3, 
4, 5, and so on.

Meanwhile there are two 6-mers that are 
repeated more than 40 times 
("TTGTTA" 42 times, and "TGTTAA" 41 times)

But are these counts typical? 
. 
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How does it compare to a random sequence?
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In a random sequence of the same length as 
SARS-CoV-2, there would be far fewer unique 
6-mers (typically around 20). Also, most 6-mers would 
appear approximately 7 times (roughly 29903/4096 = 
7.3 times). 

Also it would be rare for any 6-mer to be repeated 
more than 25 times.

Conclusion… virus sequences aren't random patterns
. 
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Let's look at some key genes
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Let's look at some key genes
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How an mRNA vaccine works 
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https://www.youtube.com/watch?v=LcTEmHlvY10
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How a vaccine works
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A look at the Spike, 'S', gene sequence
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A look at the Spike, 'S', gene sequence
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Maping to Amino Acid Residues
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"Spike" as a peptide sequence
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Next time
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