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Calculating conservation and specialization scores in Cube-DB
In this Supplement we list explicitly the algebraic expression evaluated by the application
behind the Cube-DB database. For details, see (1)
Premliminaries
Let the distribution of residue types acceptable at position i, in the group of orhologous
sequences s be given be given by Fs = (fs1 , . . . , fs20 ), where fsa stands for the frequency of
occurence of type a at position i, in the group s. In the average case, this distribution is
expected (therefore the superscript x) to evolve as


Fs(x) (t) = P (t)Fs (0) =



 fs1 (0) 

.. 

P (t) 

.
. 





(1)

fs20 (0)

Pba (t) is the probability of the amino acid type indexed by a mutating to the one indexed
by b in time t. The matrix P , in turn, is generated by the rate matrix A (2),
P (t) = eAt ,

(2)

A used in Cube-DB is from Veerassamy et al. (3).
Conservation
Observed conservation (superscript o) is evaluated as c(o) = 1 − S (o) , with
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S (o) = −

X

fa logfa .

(3)

a

To include the exchangeability of types we use the difference of observed entropy from its
expected valuei in the average case:
S (m) = S (o) − S (x) = −

X

fa logfa +

a

X

fa(x) (tef f )logfa(x) (tef f ),

(4)

a

where fa stands for the frequency observed in the alignment, and fa(x) (tef f ) for the expected
frequency of the type a in time tef f
The effective time tef f is estimated by comparing all positions in the alignment (1).
Overlap in the amino acid types
In Cube-DB, overlap in the amino-acid types in paralogous groups s and t is evaluated as

(o)

ost =

20
X

fsa fta , such that

X

fa2 = 1,

(5)

a

a=1

where index o again stands for the observed value, and fsa , fta are the frequencies of residue
type a in protein groups s and t respectively.
Including similarity:
(o)

(m)

(x)

(x)

(o)

ost (t) = ost − ost = ost − Fs(x) (t)T Ft (t)

(6)

(x)

where T indicates transpose, and Fs(x) (t)T Ft (t) is the size of the overlap we expect in the
average case.
Discriminants
The specialization score for positions behaving according to discrimanant model (conserved
within each group of orthologues from different species, different in paralogues from the same
specie) is evaluated as
!

dis(l) =

X
g1

(1 − cg1 ) +

X

og1 g2 .

(7)

g2

Determinants
The specialization score for positions behaving according to determinant model (conserved in
the reference group, different but of arbitrary degree of conservation in non-reference groups)
2

is evaluated as:
det(l) = (1 − ct ) +

X

otg .

(8)

g
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