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Introduction: Due to the occurrence of horizontal 

gene transfer (HGT), it is sometimes argued that there 

is no tree for prokaryotes [1] and that a network picture 

is more appropriate. However, it is still possible to 

produce a concensus tree using conserved genes [2]. 

The definition of species in prokaryotes is made diffi-

cult by the presence of HGT. Nevertheless, there are 

many separate lineages of bacteria that are easily dis-

tinguishable. Genetic similarity is much greater among 

cells in one lineage than between cells in different li-

neages. Woese [3] has argued that early life was com-

munal with no separate species, and that distinct li-

neages emerged later when the rate of HGT decreased. 

He refers to this point as the Darwinian Threshold. 

Here we study a model for evolution of a population 

with a variable level of HGT. We ask whether HGT is 

beneficial to the organisms and show that a Darwinian 

Threshold is likely to occur in this model. 

Advantages and Disdvantages of HGT: HGT 

speeds up the spread of new advantageous genes 

through the population and assembles high-fitness ge-

nomes with many advantageous genes that originated 

in separate organisms. On the other hand, HGT leads to 

the accumulation of junk DNA and allows the spread 

of parasitic DNA that is detrimental to its host. Inser-

tion of a horizontally transferred sequence might also 

disrupt the function of an existing gene. Cells have the 

ability to influence their rate of acceptance of horizon-

tally transferred genes by evolving mechanisms of ac-

quisition of DNA and recombination, or by evolving 

barriers to import of DNA or mechanisms to destroy 

foreign DNA. We therefore ask whether cells will 

evolve towards higher or lower rates of HGT. 

Evolutionary Model: We study a model in which 

there is a selective advantage s for each new type of 

gene acquired by the cell, but there is a burden b for 

increasing the genome size. The fitness of an organism 

is w = (1+sm)/(1+bn), where n is the total number of 

genes on the genome, which may include duplicate 

gene copies, and m is the number of distinct types of 

gene, not counting duplicates. The disadvantage to 

HGT in this model is that it leads to acquisition of re-

dundant duplicate genes. We simulate evolution of a 

population of cells reproducing at a rate proprtional to 

their fitness. Each gene in the parental cell is copied 

correctly to the offspring with probability 1-u and is 

lost with probability u due to gene deletion, deleterious 

mutation or incorrect segregation. Cells can also ac-

quire copies of genes from unrelated individuals by 

HGT. The number of genes acquired is drawn random-

ly from a Poisson distribution with mean h. Finally, 

there is a very small probability v that a cell evolves a 

new beneficial gene from scratch. 

Results: We begin the simulation with only one 

gene per cell and continue till an equilibrium between 

gain and loss of genes is reached. When u is large, ge-

nomes remain limited to small numbers of genes by the 

inaccuracy of replication, as we would expect for the 

earliest cells. In this case we find HGT to be a benefit. 

Populations with large h acquire more beneficial genes 

and have higher mean fitness than populations with low 

h. If the gene loss rate u is decreased, the optimum h 

decreases. For very small u, as in modern cells, HGT is 

disadvantageous and the optimal h is not distinguisha-

ble from zero. This suggests that the disadvantages of 

HGT may outweigh the benefits for modern organisms. 

So far, the model does not include parasitic DNA or 

the disruptive effects of gene insertion. Addition of 

these features would make HGT more disadvantageous 

than in the current model. 

Genetic Similarity and the Darwinian Thre-

shold: We also ran simulations in which each cell had 

its own u and h value inherited from its parent with a 

small probability of increase or decrease. The popula-

tion was started with high u and high h, representing a 

population of early cells. There is strong selection for 

higher replication fidelity; therefore u decreases pro-

gressively. The decrease in u leads to selection for re-

ducing h; therefore the mean value of h in the popula-

tion also decreases with time.  

When h is low, evolution is roughly treelike, and 

cells can be divided into well-defined clusters based on 

the similarity of their genomes. When h is high, clus-

ters are not well-defined and the population consists of 

a continuum of partially related genomes. Thus the 

simulation follows the scenario given by Woese [3]. 

Initially HGT is advantageous and it allows the build 

up of larger, fitter genomes in early evolution. As ge-

nomes increase in size, there is selection for increased 

accuracy of replication and decreased rate of HGT. 

The reduction in h leads to the occurrence of a Darwi-

nian Threshold, where clusters of genetically similar 

individuals start to appear and where vertical inherit-

ance predominates over HGT. 
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