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The composition of biological sequences is both non-random, and characteristic for 
individual species. 
Global trends may be due to the time a particular codon was “assigned” as the 
genetic code evolved, the number of codons for an amino acid, and the metabolic 
cost of synthesizing it (resp. the fitness cost in assimilating it). These factors are not 
independent! 
But with respect to species-specific differences, these may simply be contingent on 
chance characteristics of the biochemical machinery of replication and translation. 
Just as an enzyme has a precise an characteristic turnover rate, e.g. a polymerase 
assembling polynucleotides will have slightly different rate-constants for the 
individual nucleotides. Notwithstanding, minor phyico-chemical effects play a role as 
well, for example, thermophiles have somewhat increased counts of charged amino 
acids since salt-bridges in proteins provide stabilization that is lost to the reduced 
hydrophobic effect at elevated temperatures. 
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(# here means “number of”)  
A protein's isoelectric point depends on the pK values of the amino acids; the pK 
values characterize the propensity for an amino acid sidechain to dissociate, which in 
turn depends on how energetically favourable dissociation is. For example: since a 
negatively charged amino acid will be stabilized in a positive electrostatic field, such 
a field will shift a pK value down. This means the pH value at which the side chain 
will be 50% ionized is lower, or in other words, in a positive electrostatic field the 
concentration of protons must be higher to keep a proton associated to the sidechain. 
Compositional properties of nucleic acids include hybridization temperature and helix 
structure. 
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Let us discuss a simple example of composition analysis for a given protein sequence, 
the yeast Nab3 protein. 
The atypical distribution and clustering of particular amino acids suggests 
consequences for folding and interactions of the encoded protein. 
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Here, R was used to tabulate the counts of the different amino acids in the sequence. 
The values are shown in a barplot, ordered by one-letter code, alphabetically. This 
ordering makes it hard to evaluate trends quickly. 
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Converting the counts into frequencies, and ading a line to display an expected 
value, gives us a little more information. We can begin to understand which amino 
acids are over- and underrepresented.  
But what is the “expected value”? The red line in the plot is simply taken as 5% 
(0.05) – the expected frequency if all 20 amino acids would occur in equal amounts. 
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Equal probability is a poor assumption. But we can access the large sequence 
databases to evaluate the frequency of amino acids in proteins in general. 
Is this a better assumption? Probably, but it has its own problems. It does not 
distinguish between highly- and poorly- expressed sequences. 
Other considerations may be to look at an organism’s total protein, or distinguish 
between membrane- and cytoplasmic proteins, nuclear proteins, secreted proteins. Or 
to take the metabolic cost of amino acids into account. Or other biologically 
motivated distributions we can come up with. 
You should note that the definition of an expected distribution is at least as 
important as to compile the observations. 
The inset frequencies are database averages. 
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Given this information, we can compare database values with the values in our 
sequence.  
Wait: what do the bars represent? Which is which?  
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We need to add a legend ... 
The amino acids that have a larger or smaller than average frequency are becoming 
apparent. But absolute values are not well suited for this type of comparison. It is 
much more convenient to express such differences as ratios. 
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Now we have a ratio of one if the frequencies are the same, a ratio of 0.5 if the 
observed frequencies are half that of the database reference, and a ratio of 2.0 if they 
are double. Therefore the values mean: how much more likely do we observe an 
amino acid than we expect it. 
But we really should make ½ and 2 times the expected frequency give the same 
distance on the plot – after all, which is which depends only on our arbitrary choice 
of which distribution should be in the numerator and denominator of the fraction. 
Therefore we express such relationships as log(ratio). 
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In a log ratio, when observed and expected frequencies are the same, the value is 
zero. Excesses are positive and depletions are negative. The same relative difference 
(2-fold more, 2-fold less) gives the same distance on the plot, regardless of whether 
the log-ratio is positive or negative in absolute terms 
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To further clarify what we are seeing here, we can sort by values. 
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Once we colour the resulig bars by property, we can extract important trends: our 
sequence has an excess of hydrophilic amino acids and of proline. This would be 
compatible with unstructured regions that can remain unfolded without aggregating. 
It also has an excess of negatively charged amino acids, with a depletion of postively 
charged amino acids. This would be consistent with binding to positively charged 
molecules. Hydrophobic (aggregation promoting) residues are depleted. That would 
be consistent with a protein that is natively, functionally unfolded over parts of its 
sequence. 
From this we can build a mental image that this protein might bind to a large, 
positively charged polymer in a conformation-independent manner. 
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These observations are entirely consistent with the annotated function of the protein, 
Nab3: a single-stranded nucleic acid binding protein. You would expect it to have 
 
-  Disordered regions that interact with disordered ligands; 
-  Negative charge that complements the positive charge of the exposed nucleobases 

in single-strand nucleic acid molecules; 
-  A reduced amount of aggregation-promoting residues to keep the disordered 

structure in solution in the cytoplasm. 

Specifically, we can also hypothesize that the protein coats nucleobases and avoids 
the backbone, keeping the RNA from forming double-stranded secondary structure, 
perhaps even promoting melting in the first place. 
It’s remarkable how far we can (sometimes) get with considering composition alone. 
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