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The evolutionary process of gene loss, through DNA excision, pseudogeniza-
tion or other mechanism. is the obverse of novel gene acquisition by a genome
through processes such as tandem duplication, gene family expansion, whole
genome doubling, neo- and subfunctionalization and horizontal transfer. Loss
serves a number of functional and structural roles, mainly compensating for the
energetic, material and structural costs of gene complement expansion.
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Fig. 1. Coffea phylogeny. Fractiona-
tion operates in lineages coloured red.

A type of gene loss widespread in the
lineages of plant genomes is “fraction-
ation” after whole genome doubling or
tripling, where one of a pair or triplet of
paralogous genes in parallel syntenic con-
texts is discarded.

Quantitative studies have focused on
many aspects of gene loss In this poster,
we study the evolutionary history of the
allotetraploid Coffea arabica (CA)and its
two diploid progenitors, C. canephora
(CC) and C. eugenioides (CE) as depicted

in Figure 1. (Genome sequence and annotation produced by the Arabica Coffee
Genome Consortium [1].) We survey gene loss in three periods. These are: loss
from the ancestral lineage leading from the γ whole genome tripling event [2]
120 million years ago due at least partly to fractionation, independent losses
from the CC and CE genomes after speciation around 10 million years ago [3],
and loss from the CC and CE, and the subCC and subCE subgenomes of CA,
following the allotetraploidization event.
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Fig. 2. Inability of one-at-a-time model to fit Coffea data on runs of
zeros at various time intervals (steps)

.

Our main
analytical con-
struct is the
frequency dis-
tribution of gap
lengths within
syntenic blocks
calculated dur-
ing the com-
parison of chro-
mosomes from
two genomes
or subgenomes.
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In the simplest model, proposed over ten years ago [4–6], at each step a ran-
dom gene pair is selected to lose one member. In a new version of this model
that takes into account chromosome length, we develop a exact recurrence to
calculate the expected number of gaps of each length after a given number of
steps. The evidence from the Coffea data demonstrates a systematic departure
from this model, as in Figure 2.
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Fig. 3. Comparisons of the distributions of run sizes
(0’s and 1’s) with simulations of combined model in
the tetraploidization data).

In a competing class of
models [7], gene loss is ef-
fected by excision of a vari-
able length fragment of a
chromosome, often formu-
lated in terms of a gamma
distribution. In the Coffea
data, there are far too many
single-gene deletions for this
solution, but a mixture of
the two models, where the
gamma is actually a single-
parameter geometric distri-
bution, fits well (cf Figure 3).
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