HGT and innovation of Genome Systems Complexity: Where do
the selective pressures originate from?
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Introduction

The importance of Horizontal Gene Transfer (HGT) in the innovation of early genomic
complexity has come to be increasingly appreciated. Goldenfeld and Woese [5] suggest that
“gradual refinement through the horizontal sharing of genetic innovation would have led to
the generation of a combinatorial explosion of genetic novelty”. In [12], it is argued that
HGT may also be responsible for the universality and optimality of genetic codes. Going
from the ancient to the modern, HGT is again poised to play a major role in the new field
of synthetic biology. As observed in [6] and elsewhere, an important distinction between the
engineering in synthetic biology and other engineering disciplines is that the products of
this engineering are evolving. Thus, it is crucial to understand the mechanims and selective
forces involved in HGT.

Back-amelioration and origin of selective pressures

Genes transferred to a new environment will no longer be in a steady state, and will therefore
start changing towards a new steady state, a process called amelioration. Genes in the process
of amelioration will display characteristics intermediate to those of their original and their
new environment. In order to use a mathematical model of amelioration, it is necessary
to know the direction of amelioration. In some cases this is not at all trivial. When a
gene enters a plasmid by transposition, and the plasmid is introduced into a bacterium by
conjugation, the question is towards which genome will the gene ameliorate? The answer to
this question depends on which mechanisms are responsible for the selective pressures that
the gene experiences. It is not clear which these mechanisms are. Several possibilities have
been discussed [2, 4, 7].

A model of amelioration, based entirely on codon-position-specific GC content was developed
by Lawrence and Ochman [9]. We applied their back-amelioration technique twice for each
coding region investigated, assuming amelioration towards the plasmid and towards the host
organism, respectively. The assumption indicating an origin with the least deviation from
the GC content distribution calculated by Muto and Osawa [10] was taken to be the better
explanation (Figure 1).

Results and discussion

Looking at coding regions situated on transposable elements in 22 different plasmids from
18 different hosts, we found 33 cases where amelioration towards the host organism is more
likely, and 54 cases better explained by amelioration towards the plasmid. Using the null



hypothesis that the direction of amelioration is in neither direction (giving equal probability
for both outcomes), and applying a two-sided binomial test, the null hypothesis is rejected
in favor of the hypothesis that amelioration goes towards the plasmid (P =~ 0.0157).

A possible explanation is that amelioration is shaping the genes in accordance with needs
for secondary DNA structure. The potential to form stem-loops is widespread [1, 2, 3].
Stem-loops are known to be important for the control of copy number of the ColE1 plasmid
8, 11].
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Figure 1: Top: Sum of squares deviation of a gene, from the Muto-Osawa GC lines [10],
during back-amelioration. Bottom: GC content of the three codon positions.
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