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The evolutionary dynamics of molecular populations are
strongly dependent on the structure of genotype spaces. The
map between genotype and phenotype determines how eas-
ily genotype spaces can be navigated and the accessibility
of evolutionary innovations. In particular, the size of neu-
tral networks corresponding to specific phenotypes and its
statistical counterpart, the distribution of phenotype abun-
dance, have been studied through multiple computationally
tractable genotype-phenotype maps. In this work, we test a
theory that predicts the abundance of a phenotype and the
corresponding asymptotic distribution (given the composi-
tional variability of its genotypes) through the exact enu-
meration of several GP maps. Our theory predicts with high
accuracy phenotype abundance, and our results show that,
in navigable genotype spaces —characterised by the pres-
ence of large neutral networks—, phenotype abundance con-
verges to a log-normal distribution.

It has been suggested that the abundance Sest of a pheno-
type can be estimated as follows [1]. If, for a given phe-
notype, a variable vi could measure the average number of
different letters of the alphabet that show up at site i of its
sequences, then

Sest = v1v2 · · · vL (1)

if the genotype is a chain of length L. Suppose an alphabet
of k letters, choose a phenotype and count in how many of
its genotypes, mα,i, letter α shows up at site i. A suitable
definition of the versatility of site i is

vi =
1

Mi

k∑
α=1

mα,i, Mi ≡ max{m1,i, . . . ,mk,i}. (2)

In order to evaluate the goodness of this definition, we
have tested it for different GP maps regarding how well it
predicts the abundance of a specific phenotype component
and its relationship with the distribution of phenotype abun-
dances. First, we have folded all RNA sequences of length
L = 16 and classified them according to their secondary
structures (a proxy for their phenotype). Second, we have
analysed a variant of this model, made of RNA sequences
containing only two complementary bases, in this case G
and C. Third, we have analysed the HP model for lattice
proteins, where a protein is represented by a self-avoiding
chain of hydrophobic (H) or polar (P) beads on a lattice, in
its compact and non-compact versions. Finally, we have also
analysed toyLIFE, a multilevel model of a simplified cellu-
lar biology [2] in which binary sequences are first mapped
to HP-like proteins that interact between themselves, with
the genome, and with metabolites. The phenotype is defined
by the set of metabolites that a given sequence is able to
catabolise. Figure 1 compares the abundance of phenotypes
in exact enumerations of genotype spaces with the predic-
tion of Eqs. (1) and (2). A description of all variants of the

Fig. 1. Log-log-log histograms of the estimated abundance
[Sest calculated as in Eq. (1)], versus actual abundance (S)
of the connected components of different GP maps: (a) four-
letter RNA of length L = 16, (b) two-letter GC-RNA of
length L = 30, (c) compact HP model 5×6 with U(HH) =
−1, and (d) toyLIFE for two genes.

former GP maps studied and a full discussion of the results
can be found in [3].

The vastness of genotype spaces prevents a complete
characterisation based in computational approaches. Astro-
nomically large numbers are involved in calculations with
sequences of length well below that typically found in bio-
chemical processes. An understanding of the structure of
realistic GP maps demands further theoretical developments
that can be extrapolated to arbitrarily long sequences. The
definition of useful quantities such as versatility allows for
reliable estimations of the abundance of phenotypes and for
the derivation of the expected distribution. Our results yield
that distribution in RNA of any length, as well as an esti-
mation of the number of genotypes folding into an arbitrary
(typical) structure. Similar derivations should be possible
for other GP maps endowed with consistent definitions of
phenotype.
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