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provide much greater resolving power in determining
such relationships, because the raw information within
the three-dimensional coordinate file is used to perform
more advanced calculations regarding the positions of
side chains and the thermodynamic nature of the inter-
actions between side chains. Reducing a structure to a
series of vectors necessarily results in a loss of informa-
tion. However, considering the magnitude of the prob-
lem here—again, the number of pairwise comparisons
that need to be made—and both the computing power
and time needed to use any of the more advanced meth-
ods, VAST provides a simple and fast first answer to the
question of structural similarity. More information on
other structure prediction methods based on X-ray or
nuclear magnetic resonance (NMR) coordinate data can
be found in Chapter 9.

Weighted Key Terms. The problem of comparing se-
quence data somewhat pales next to that of comparing
PubMed entries, free text whose rules of syntax are not
necessarily fixed. Given that no two individuals’ writing
styles are exactly the same, finding a way to compare
seemingly disparate blocks of text poses a substantial
problem. Entrez uses a method known as the relevance
pairs model of retrieval to make such comparisons, re-
lying on what are known as weighted key terms (Wilbur
and Coffee, 1994; Wilbur and Yang, 1996). This concept
is best described by example. Consider two manuscripts
with the following titles: BRCA1 as a Genetic Marker
for Breast Cancer and Genetic Factors in the Familial
Transmission of the Breast Cancer BRCA1 Gene. Both
titles contain the terms BRCA1, breast, and cancer, and
the presence of these common terms may indicate that
the manuscripts are similar in their subject matter. The
proximity between the words is also taken into account,
so that words common to two records that are closer to-
gether are scored higher than common words that are
further apart. In the current example, the terms breast
and cancer would score higher based on proximity than
either of those words would against BRCA1, because
the words are next to each other. Common words found
in a title are scored higher than those found in an ab-
stract, because title words are presumed to have more
importance than those found in the body of an abstract.
Overall weighting depends on the frequency of a given
word among all the entries in PubMed, with words that
occur infrequently in the database as a whole carrying a
higher weight.

Hard Links

The hard link concept is much easier conceptually than
is neighboring. Hard links are applied between entries

in different databases and exist everywhere there is a
logical connection between entries. For instance, if a
PubMed entry talks about the sequencing of a cosmid,
a hard link is established between the PubMed entry and
the corresponding nucleotide entry. If an open reading
frame in that cosmid codes for a known protein, a hard
link is established between the nucleotide entry and the
protein entry. If, by sheer luck, the protein entry has
an experimentally deduced structure, a hard link would
be placed between the protein entry and the structural
entry. The hard link relationships between databases are
illustrated in Figure 3.1.

Searches can, in essence, begin anywhere within
Entrez—the user has no constraints with respect to
where the foray into this information space must be-
gin. However, depending on which database is used as
the jumping-off point, different fields are available for
searching. This stands to reason, inasmuch as the entries
in databases of different types are necessarily organized
differently, reflecting the biological nature of the entity
they are trying to catalog.
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FIGURE 3.1 An overview of the relationships in the
Entrez integrated information retrieval system. Each
sphere represents one of the elements that can be
accessed through Entrez, and the lines represent how
each component database connects to the others.
Entrez is under continuous evolution, with both new
components being added and the interrelationships
between the elements changing dynamically. (Reprinted
from Ostell, 2003.)
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Important resources

• Pubmed
http://www.ncbi.nlm.nih.gov/entrez/
query.fcgi

• Electronic Journal via UT.
http://www.lib.utexas.edu:9003/sfx_local/
azlist
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Step 1. Clearly decide what you are trying to 
discover/determine/measure. Ask it as a 
question.

Step 2. Now rewrite the question as a ONE 
SENTENCE QUESTION. This forces you 
clearly understand what it is that you want to 
know.

How to design an 
experiment #1 of 4
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Step 3. First, let yourself think of anything. 
Don’t be limited by what is possible. Take time 
with this.

Step 4. Keeping your question in mind, go and 
read the scientific literature (journal articles) or 
relevant scientific books. This will give you 
new ideas.

How to design an 
experiment #2 of 4
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Step 5. Design the ideal experiment regardless 
of what is possible or practical.

Step 6. Now examine your design and impose 
the limitations of reality. This may mean 
throwing out the experiment because it is 
impossible, or it might mean making a 
modification.

How to design an 
experiment #3 of 4
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Step 7. Ask yourself if the experiment answers the 
original question. If it does not, then discard and go 
back to step 1.

Step 8. Study your proposed experiment and add as 
many controls as possible (see next section for tips on 
designing controls).

Step 9. Determine if, in light of the controls, the 
experiment still answers the original question. If it 
does not, then discard and go back to step 1.

How to design an 
experiment #4 of 4
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What is a Control? #1

What are controls? A control is slang for a control 
experiment. It is used as a noun.

OK, but what are control experiments?

A control is an experiment performed to rule out 
doubt, to answer the annoying “Yea, but what 
if ....blah, blah, blah ...... happens.” To non-scientists, 
the person saying this is being annoying. The purpose 
of controls are to make your experimental conclusions 
“air-tight’.
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What is a control?

Textbooks rarely include control experiments. Your 
text is better than most, in this regard, but it is not 
perfect.
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How to Design controls 

1. Ask yourself, how can my conclusion 
possibly be wron?.

2. Ask yourself, what other alternative 
explanations are there?

3. Imagine giving a seminar in public. Ask 
yourself: Could someone in my audience 
suggest an alternative explanation for my 
data?
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How to Design controls 

4. Try to disprove your own theories.
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Things you are expected 
to Know

What is a plasmid?

What are restriction enzymes?

Look in your book or check out the definitions section on 
the website.
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