
Welcome to
Introduction to Bioinformatics

Wednesday, 7 March
Sample Research Project (Part I)

It's difficult to introduce you to your research 
project, since each one will be different, and it is 
the differences that make them interesting. What I 
try to do here is to present an example of a 
research project, one that might be quite different 
from yours but at least will almost surely share 
with yours the elements of confusion and surprise.

As always, you'll gain the most from this tour if 
you follow along, doing what's shown with your 
own fingers.



Viral Genomes Project

Our story begins…

I’m in the Mobile Element Group. The first step was 
for us collectively to decide what subtopic each of us 
would focus on. There was talk about transposases, 
introns, but I missed out on the discussion…



Viral Genomes Project

I had a lot of things to do that week…



Biological interest of topic

…so I got what was left, something about 
restriction and modification.

Fortunately, I had a review article that 
defined the topic (I hoped).

Skimming through the article…



Biological interest of topic
Restriction-modification

Kobayashi I (2001). Nucl Acids Res 29:3742-3756

I found this figure. 

I learned that restriction enzymes recognize specific sequences 
on double-stranded DNA. (Hah! It’s a palindrome!)

The enzyme cuts both strands of the DNA. Sounds suicidal…

SQ1. Would the 
enzyme shown 
in the figure be 
expected to cut 
the sequence

CTTAAG
GAATTC



Biological interest of topic
Restriction-modification

Kobayashi I (2001). Nucl Acids Res 29:3742-3756

The cell avoids suicide by the action of a second 
enzyme, one that modifies the cell’s DNA so that it is 
impervious to the effects of the restriction enzyme.

If the net effect is no cutting, then why do restriction 
enzymes exist?



Kobayashi I (2001). Nucl Acids Res 29:3742-3756

Biological interest of topic
Restriction-modification

Not all DNA is modified. If a phage injects it’s 
DNA into a cell, it’s attacked by restriction 
enzymes, before the modification enzymes have 
time to modify it…

SQ2. Would you 
expect to find the 
restriction recognition 
sequence GAATTC 
in the genome of a 
typical phage?



Biological interest of topic
Restriction-modification

Kobayashi I (2001). Nucl Acids Res 29:3742-3756

…and the phage is chopped to pieces. With DNA 
fragmented, lytic proteins can’t be made, and the 
infection is stopped. But the cell DNA remains safe 
through modification.

How then do phage persist – nay, thrive! -- if there’s 
this potent defense against them?

SQ3. What defense 
can you imagine that 
phages could employ 
against restriction?



Kobayashi I (2001). Nucl Acids Res 29:3742-3756

Biological interest of topic
Restriction-modification

Phages also have their tricks. Lots of them. One 
defense is to encode a modification gene themselves. 
Then they’re not affected by the corresponding 
restriction enzyme.

SQ4. What other 
defenses can you 
imagine?



Kobayashi I (2001). Nucl Acids Res 29:3742-3756

Biological interest of topic
Restriction-modification

This is a valuable enzyme! You can see why it might 
spread amongst phage if there were a mechanism by 
which that could happen.

Is there any reason to believe that there is such a 
mechanism? Maybe the article has an opinion on this…



Biological interest of topic
Restriction-modification

Further along in the article I saw 
this section, which certainly 
sounded like it has to do with 
mobility.  Restriction-modification 
genes have been transferred 
horizontally? What’s that? 
…and “lateral gene transfer”?

(A trip to the net…)



Biological interest of topic
Restriction-modification

…OK, now I saw that the two terms 
(horizontal/lateral gene transfer) 
are synonyms, and both stand in 
contrast to the more conventional 
vertical gene transfer.

In vertical gene transfer, genes are 
passed from parent cell to daughter 
cell through replication/division.



Biological interest of topic
Restriction-modification

In horizontal gene transfer, one or 
more genes (but not the whole 
genome) is transferred to a wholly 
different cell by one of several 
mechanisms, and there the gene may 
become part of the genome.

If RM genes are somehow more 
prone to this than others,...

SQ5. You know of one of the several 
mechanisms available to move DNA 
from one organism to another,… 
what is it? 



Biological interest of topic
Restriction-modification

…but are they more prone to move? 

A germ of a project was beginning 
to form in my mind:

1. Is self modification of DNA a
common strategy employed by
phages?

2. Have the genes for modification
moved amongst phages by
horizontal gene transfer?

3. If they have, what enables them 
to do so?

SQ6. What kinds of information could 
we seek that might answer each of 
these questions? 



Biological interest of topic
Restriction-modification

One of the main benefits of a review 
article is to point you to research 
articles that tell you what the truth is 
regarding some point of interest, 
and the truth is always more 
complicated (and more interesting!) 
than the bland generalities that can 
fit into review articles.

So what were those research articles 
that talk about the mobility of RM 
genes? References 29…36…37,… 
now a trip to the end of the article.



Biological interest of topic
Restriction-modification

29, Nobusato et al… specific to 
Helicobacter… not sure about this.

36, Jeltsch et al… Interesting if 
type-II restriction endonucleases
are important.



Biological interest of topic
Restriction-modification

37, Bujnicki & Radlinska…ditto, 
if 5mC-methyl-transferases are 
important…

How do I decide what’s important?



A call for help… a hand extended?



Let me take a look at this.

As it says, what’s most important is that my project is 
interesting, and maybe the most interesting direction will 
have nothing to do with what this document suggests.

But let’s play a long for a while to see where it goes…



I should identify a specific protein? From a review article? But my review 
article doesn’t mention any specific proteins, just “restriction-modification”

I figured I needed to look for a different review article…

SQ7. We’re talking about amino acid 
sequence motifs, but what about DNA 
sequence motifs. You’ve come across a 
couple. Do you know of any?



I went to PubMed, of course through the library web site 
(since I was off campus) so that I had access to all of VCU’s
subscriptions.
Clicking on the advanced interface link…



I decided to use ‘restriction-modification’ as the search 
term, and I confined the search to review articles using the 
Publication Type field.
Rather than go directly to the references, I prefer to see 
how many hits I get first, so I clicked Add to history.



78,… seems like a lot, but I wasn’t plannig on reading 
them, just skimming the titles. So I gave it a try, by 
clicking the number.



Didn’t sound like it was going to tell me 
what proteins are involved in RM.

Same, in fact they all sounded too 
specific.

Although this one sounded like it could 
tell me more about the biology.



Near the end of the list, I finally found 
some review articles (from 20 years ago) 
that sounded like they might describe 
RM proteins.
I suppose that’s reasonable: there’s 
more need for a review when a field of 
inquiry is new. 
I decided to try the first, a free PubMed
Central article, since that one will surely 
have full text.



Skimming through the article, I came 
to a section that described restriction 
enzymes and modification enzymes.
Hey, enzymes are proteins! This 
looked like it was just what I needed.
Start with restriction enzymes…
…uh oh. They’re described as 
dissimilar from each other. Maybe I 
should move on.

You’re looking particularly for a protein 
that has conserved sequence motifs…



Much better!
Evidently modification enzymes are 
better conserved. And I learned that 
they’re called methyltransferases.
And that there are different types. 
The first one described puts methyl 
groups on cytosines at position 5.
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These cytosine methyltransferases
turn out to have the most similarity 
amongst themselves, so I chose  
tentatively to start with them.
I modified the questions I had asked 
earlier…
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1. Is modification of DNA by 
cytosine methyltransferases a
common strategy employed by
phages?

2. Have the genes for cytosine
methyltransferases moved

amongst phages by horizontal
gene transfer?

3. If they have, what enables them to
do so?

Maybe I can find an article about 
them that will help…

SQ8. Do you have a bit clearer 
idea of how these questions 
might be answerable?



I was going to find an article about cytosine methyltransferases,… now 
I'm advised to find every article that’s ever been written about them???
That sounds like it could be a lot. I hoped to cut down the number 
by confining the list to those articles focusing on bacteriophages.
Back to PubMed…



I hoped that limiting the search to these three terms 
wouldn’t give me too much, maybe one or two dozen 
pertinent articles.



Oof! 205 articles! Are there really that many articles 
related to cytosine methyltransferases in phages? 
If so, then I would need to constrain my search further. 
If not, then maybe my search strategy wasn’t good 
enough. 
First step was to see what I got…



Adenine! Wrong methyltransferase.

Didn’t sound like a phage.

This one sounded good! Check it.



A biochemical method… I excluded this one.

C5? …Ah yes, check it.

SQ9. C5,… What does 
this mean? Why did I 
like it?



When I had gone through the list, I 
clicked Send to, choose the clipboard, 
and clicked Add to Clipboard.



I evidently had checked 7 
articles so far. To see what 
I had,I clicked those items…



Of course I should have gone further and try 
to find more pertinent articles, but for now, 
I clicked Send to, File and then Create File.
I could also have e-mailed the articles to 
myself.
So far I had just collected articles, so I could 
know what has been done. At some point I 
would have to read an article or two.
Which ones? What was I looking for?



I needed to be able to identify cytosine methyltransferases in phage genomes, 
without relying on the English description of the gene (which can be wrong).
Sequence, not description, determines a protein’s function. 
Are there common sequence features – motifs – in the sequences of cytosine 
methyltransferases?



I didn’t know. Time to find out.



131 articles is a lot, too much in fact, since I probably would have 
to read part of the article to determine if they said anything about 
sequence motifs.
Maybe looking at the results of this search would tell me how I 
could refine the search strategy.



Histones,… human viruses,… human DNA and diseases,…
Looking into this, I find that I have the misfortune that my 
chosen protein has a relative that’s involved in human health. 
However interesting that may be, it’s getting in the way!

SQ10. What IS the 
relevance of cytosine 
methyltransferases to 
human DNA?



I tried to get rid of these human-related articles by ridding the 
results of my last search (#6) of any hits that mentioned 
“human” or “histone”. 
That should increase the fraction that are pertinent to the 
proteins involved in bacteria and phages.



77. Hmmm….didn’t do as much good as I had hoped. 
I could certainly go further in this direction, excluding more 
articles, but for now, I chose to make do with what I had.



This article looked promising! 
“... analysis of conserved motifs” 
That sounded like what I was looking for.



Lots of good words from Neely and Roberts.
I signed on for the full article.



I skimmed the article to see if there 
was anything interesting enough to 
warrant a more careful reading…
First of all, was the methyltransferase
of this restriction-modification system 
a cytosine methyltransferase?
Easiest way to find out was to search, 
so I opened up Advanced Search from 
the Edit menu.



This allowed me to rapidly examine all instances 
of the word ‘cytosine’ in the article.
I soon came to a winner.
No doubt about it. There was good reason to 
believe M.BsaHI is a cytosine methyltransferase.

…and look what else I found:



This was wonderful! Motifs! I could now see which amino 
acids are found in many cytosine methyltransferases. These 
might help me identify undiscovered methyltransferases.

SQ11. What’s a region 
that is not highly 
conserved? Why do 
you think some regions 
of the protein are more 
conserved than others?



But before I left this PubMed search,… was there 
anything else that might be valuable?
Hey, there’s my friends Bujnicki and Radlinska! 
This had become an article to read for two reasons: 
mobility and motifs.
I resolved to give it a try.



Bad news. No link to the full article.
Was that the end of the road? 
Did I need to give up finding this article? 
BY NO MEANS!
Try the journal route through the library…



I found the journal in the library’s 
journal collection, and clicked
get it at VCU.



…but I couldn’t get it at VCU. The 
library has full text access only for the 
year 2003.
If I were lucky…no, Bujnicki’s article 
is from 1999.
I could always get the article through 
the interlibrary loan service – that’s 
always a possible solution at the cost 
of a couple of days  – but I hadn’t 
given up yet on getting the article now.
I tried the journal directly…



Google got me to the journal, and I navigated 
through the archives to the proper issue.
Victory! The table of contents provided a link!



Unfortunately, the link took me 
to a single page. They just had 
abstracts on-line.
Now give up? ...Never! 
(well, almost never)
Maybe Bujnicki or someone had 
posted a full length version of 
the article somewhere?



Indeed! Someone had!
Click the link…



…and there I was!
As usual, I skimmed the article 
first, looking for something 
pertinent regarding motifs.



…and found motifs galore! From 
the title of the figure, I gathered that  
the motifs were derived from 88 
methyltransferases, far more than 
the paltry 7 sequences used by 
Neely and Roberts. 
But what did the display mean?



The figure legend called the 
display “sequence logos”. From 
the legend and some exploration 
on the web (including the cited 
article by Schneider & Stephens), I 
understood that the tall letters are 
highly conserved, the relative 
height corresponding to their 
frequency at the given position in 
the protein.
By comparing the rendition of 
Motif I from Neely & Roberts’ 
figure with that from Bujnicki & 
Radlinska, the nature of logos 
became clear.
I now had sequence motifs for 
cytosine methyltransferases.

Neely & Roberts (2008), Fig 5.



How to identify these motifs in phage cytosine 
methyltransferases?
Before taking that step, I first needed to make 
sure that I could find them in proteins in 
which they are known to occur, i.e. the 
proteins used by Neely & Roberts. 
How to get the sequences of these proteins?



These are bacterial sequences, so 
PhAnToMe/BioBIKE may have them.
I copied the sequence of the most 
conserved region of one of the 
proteins into the query box, and 
executed the function.

SQ12. Which protein 
sequence did I choose? 



The function returned proteins. Three 
of them had names similar to those in 
Neely & Roberts’ figure. I confirmed 
that they were really the same.

SQ13. How could I 
confirm I had the right 
three sequences?



I now had three of their seven 
proteins, but I wanted at least a 
couple more. I  defined a set of 
cytosine methyltransferases that would 
eventually consist of the three I found 
plus two more. To start, I dragged in 
the result of my search and then edited 
out the fourth sequence not in the 
Neely & Roberts collection. 
Now I needed to get the other two 
(I choose M.BsaHI and M.HaeIII)…



There are many places one can 
find protein sequences. The NCBI 
site is amongst the most general. 
I went to the course web site, 
Resources & Links, and followed 
the link to NCBI.
There I chose the Protein database, 
and specified M.BsaHI (the name 
given by Neely & Roberts).



After verifying that this site had the 
right sequence, I wanted to copy the 
sequence and paste it into BioBIKE. 
To get it into a format that has just 
sequence, I clicked FastA, copied 
the resulting sequence (not the 
header), and returned to BioBIKE.

SQ14. How did I verify 
that the site had the 
right sequence?



I defined a variable called M-BsaHI
(no periods!) as the SEQUENCE-
OF the sequence I got from NCBI. 
Then I pasted the sequence into a 
multiline input box, Entered it, and 
executed the definition.

SQ15. Is SEQUENCE-OF 
necessary? Define two variables, 
one using that function and one 
not. What’s the difference in the 
variables? For example, do they 
have the same lengths? 
Why not?



After getting the M.HaeIII sequence 
and defining M-HaeIII, I added both 
to the set, c-methyltransferases.
The first step was to create another 
box for the second protein.



Then I filled the two boxes with the 
two variables I had defined.
Finally, I executed the definition.



I brought down the MOTIFS-IN 
function, setting it up to look for 
motifs in the set of c-methyltrans-
ferases, telling the function that they 
were protein sequences, and I wanted 
the 12 most conserved motifs.
Then I executed the function and 
waited.



MOTIFS-IN calls Meme (just as 
SEQUENCE-SIMILAR-TO calls 
Blast).
First I confirmed that Meme 
considered all five of the sequences 
I gave it, then I scrolled down to the 
end of the output…



…where I found a summary of the 
motifs found. The motifs are number 
in the order they were found (most 
conserved to least conserved).
Meme’s numbering has nothing to 
do with the motif numbering of 
Neely & Roberts. Meme called the 
first motif (geographically) Motif 3.
I scrolled up to the section of the 
output concerning Motif 3.



This section tells me about 
the motif Meme found. The 
consensus sequence is the 
most common amino acids 
at each position in the motif.
The E-value is defined 
similarly to the E-value of 
Blast.

SQ16. The E-value of 
Motif 3 is given as 
2.7x10-46. How would 
you use this value in a 
sentence that describes 
what it means?



Scrolling down…
The section also provides the 
actual sequences for this motif 
in each of the five sequences.
I confirmed that these are the 
same sequences reported by 
Neely & Roberts?

SQ17. Are they? Check.



SQ18. Find a similar 
equivalence with 
another motif found 
by MOTIFS-IN.

No doubt about it. 
Meme’s Motif 3 is 
the same as Neely & 
Roberts and Bujnicki
& Radlinska’s Motif I.



So I’ve proved to myself that I can find 
motifs in proteins that have been shown by 
others to be cytosine methyltransferases.
Does that get me any farther in my 
project?

1. Is modification of DNA by cytosine
methyltransferases a common
strategy employed by phages?

2. Have the genes for cytosine methyl-
transferases moved amongst
phages by horizontal gene transfer?

3. If they have, what enables them to
do so?



I re-examine my first question…
"Common strategy" seemed difficult to 
address, but I saw now how I could 
translate this into something within my 
grasp…

1. Is modification of DNA by cytosine
methyltransferases a common
strategy employed by phages?



This new version posed a question that I 
could answer, because now I had an 
operational definition of a modification 
gene. 
But for this to work, I needed to find phage 
proteins whose motifs I could examine. It 
didn't seem likely I could do this visual 
analysis with every protein of every phage!

1. Is modification of DNA by cytosine
methyltransferases a common
strategy employed by phages?

1. Are genes encoding proteins with
all the universal motifs of cytosine
methyltransferases commonly
found in phages?



First I needed to find a candidate protein. Suppose I were particularly 
interested in the mycobacteriophage called Wile. I could use Blast 
(SEQUENCE-SIMILAR-TO) to determine if there is a protein in Wile 
similar to one of the proven cytosine methyltransferases.
Note: Wile is not currently in Phantome. I had to load it via:

(LOAD-PRIVATE-ORGANISM “mycobacterium-phage-wile” SHARED)



Blast found a protein that is similar to 
the cytosine methyltransferase M.HaeIII. 

SQ19. What does 
the E-value mean?

SQ20. Would you conclude 
from it that p-Wile0074 is a 
cytosine methyltransferase?



Now that I had a candidate cytosine methyltransferase, I added 
it to the set c-methyltransferases...



With Wile's candidate protein in place, I re-executed the 
definition of the set and re-executed MOTIFS-IN.



Sure enough, Meme reported that it 
now was considering six proteins. 
Well, this was the magic moment: 
Did p-Wile0074 have the same 
motifs as the proven cytosine 
methyltransferases?
I scrolled down to the bottom…



Well, that was surprising. I wasn't so concerned that p-Wile0074 lacks the motifs 
labeled here 7, 8, and 1. After all, M.HaeIII also lacks those motifs and it works 
fine. But everyone (so far) has motif #2,… except for p-Wile0074. Furthermore, it 
can't' have any motifs beyond #4, because the protein stops!

SQ21. Considering the 
evidence you've seen, do 
you think wile0074 encodes a 
cytosine methyltransferase?

SQ22. How can you explain 
the structure of p-Wile0074?



Welcome to
Introduction to Bioinformatics

Wednesday, 7 March
Genome Analysis

So the curtain comes down just as things are starting to 
become interesting. We'll return to our story in Part II, 
but before that let's step back and notice:

- The project was focused (eventually) on a question
of scientific interest

- That question took shape gradually, becoming ever
closer to something that could be answered with
available tools

- At each stage, what could be checked was checked


