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ABSTRACT 
 
 

Chromosomes evolve by the modification, loss, gain, duplication, and rearrangement of 
the DNA sequences that comprise their genomes. Comparisons of complete genome sequences 
should illuminate the evolutionary dynamics that gave rise to a group of organisms, but except for 
closely related species or bacterial strains, the true evolutionary path is complex, ambiguous, and 
by its very nature, irreproducible.  

A necessary first step is the identification of orthologous regions: DNA sequences that 
descend vertically from an ancestral genome. Historically, conserved gene order across a wide 
spectrum of species has been a litmus test for orthology. But breaks in the conserved order among 
orthologous sequence occur frequently, the product of genomic rearrangement, gene duplication, 
gene loss, or lateral gene transfer.  Of these, only genomic rearrangements break order while 
preserving orthology.  

We present a methodology to construct orthologous regions from a dense set of DNA 
markers that appear once and only once in each genome of interest. We cast this as a spatial 
problem in K-dimensions (K is the number of genomes) and each marker is a point in K-space. 
Dually, each genome is represented as a signed permutation induced by the order and orientation 
of the complete set of markers. Orthologous regions are K-dimensional analogs of the diagonals 
and anti-diagonals present in the global dotpots for pairs of related genomes, such as those 
generated by MUMmer (Delcher et.al., 1999).   

All automated marker schemes interject a certain level of noise, or false orthologs. Noise 
increases with evolutionary distance among the organisms being compared, as one is forced to 
lower thresholds in order to extract weak signal. Our approach is able to identify orthologous 
signals from spatial context, despite the random noise generated by gene duplications, convergent 
evolution, and random bits of sequence similarity.  

Indicator random variables at each marker define a configuration space of zeroes and 
ones. A ‘one’ at a marker site represents a true ortholog, whereas a ‘zero’ denotes a false 
ortholog. A pseudo-Gibbs sampler simulates configurations by picking markers at random, then 
computing a score conditioned on the breakpoints formed by active (=1) markers in the current 
configuration. This score is transformed into a binomial probability, and the current marker’s 
status is updated by drawing a uniform random variate. In this manner, the pseudo-Gibbs sampler 
explores the configuration space, activating (“turning on”) or “turning off” markers one at a time. 
Some markers are consistently “turned on”, while others are routinely de-activated. The former 
coalesce into locally collinear blocks that form the backbone of orthologous regions.   

By recording the relative frequency with which each marker is updated to a one, a 
posterior probability of orthology is assigned. Although these probabilities are very sensitive to 



parameters in the sampler, their stochastic order is quite robust. Hence, the dimension of the 
problem is dramatically reduced from exponential in the number of markers to being equal to the 
number of markers. As we shall demonstrate, the choice of partition often depends on the 
biological question being asked.  

The problem we address bridges the gap between two topics where much progress has 
been made: a) the automated identification of unique DNA markers for a group of organisms, and 
b) inferring the phylogeny and history of genomic rearrangements based on the order and 
orientation of orthologous markers. Phylogenetic inferences premised on genome rearrangements 
are not at all robust to the false classification of random sequence similarity as orthologous. 
Protecting against such errors without sacrificing legitimate but weak orthologies is the prime 
directive of this research.     

The pseudo-Gibbs sampler is applied to several groups of bacterial genomes, illustrating 
the range and some of the limits of this approach. Finally, the method of applied to the eukaryotic 
troika of human-rat-mouse complete genomes. 
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