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A workshop on “Horizontal gene flow in microbial communities” was convened June 14 
– 16, 2004 in the Airlie Conference Center, Warrenton VA.  Forty scientists, including 10 
postdoctoral fellows, whose expertise spans molecular evolution, molecular biology, and 
microbial ecology/environmental microbiology and whose research is focused on 
horizontal gene transfer (HGT), exchanged intellectual, conceptual, and technical 
information with the purpose of promoting knowledge on the role of HGT in microbial 
evolution, in shaping the structure and function of extent microbial communities, and in 
controlling a myriad of environmental and public health problems.  The major outputs of 
this workshop are summarized here.   
 
The major message to have emerged from the discussions is that the interface created by 
integration of the disciplines represented in the workshop maybe considered a “new 
modern synthesis”.  In analogy to the integration of Mendelian genetics with classic 
evolutionary theory which occurred in the early decades of the 20th century, the interface 
between evolutionary biology, molecular biology, and microbial ecology is now on the 
verge of synthesizing HGT into our understanding of the processes and mechanisms that 
shape microbial evolution and the function of microbial communities.  The revelations 
likely to emerge from this “new modern synthesis” will impact our ability to manage the 
environment, combat animal and plant diseases, and safely harvest the benefit of 
advances in biotechnology. 
 
Workshop participants identified knowledge gaps, research needs, technological and 
conceptual advances, and educational tools needed to fulfill the promise of the “new 
modern synthesis”.  These are: 
 
1. The entire gene pool can be divided to informational, operational, and accessory 

genes. Molecular evolution, by examining genes in the context of their position 
within given genomes, has revealed much about HGT’s role in the evolution of 
informational and operational genes.  However, little is known about the evolution of 
accessory genes, those most likely to participate in HGT in extent communities 
enhancing adaptation in changing environments.  Specifically, the role of “orphan 
genes”, those with no assigned function and which are often found in the accessory 
gene pool, needs to be understood because they are thought to be involved in the 
evolution of adaptive traits. 



 
2. There is an urgent need to characterize the mobile genetic pool in extent 

communities.  This effort would require development of methods for the isolation of 
plasmids from environmental biomass, the large scale sequencing of plasmids and 
phage genomes, and an investment in the development of high-density DNA arrays 
for the detection of mobile genetic elements and their expression in intact 
communities. 

 
3. The lack of databases of mobile genetic elements currently hinders progress in 

research on HGT.  Only large organizations such as NCBI or EMBL offer the 
resources needed for the establishment and curation of such databases.  An interface 
between databases, such as exists between NCBI and SwissPort, could enhance the 
utility of this tool. 

 
4. Currently HGT in extent microbial communities is mostly in the “discovery” phase or 

in an observational mode.  Advancement to a predictive mode is essential, while 
efforts to describe the environmental mobile genetic pool are to continue (see above).  
To achieve this goal HGT must be examined quantitatively.  Methods must be applied 
to measure rates of HGT, including the interrogation of intact microbial communities 
in situ.  The role of selection and cost of fitness need to be evaluated quantitatively.  
The development of methods to detect and measure HGT in single cells and the 
application of mathematical modeling approaches are needed.  Collaborations 
between experimental scientists and modelers are therefore needed. 

 
5. Research on HGT needs to be expended to groups where it has not been examined to 

date such as eukaryotic microbes and obligate intracellular parasites.  These are 
important members of diverse microbial communities and such studies can shed light 
on the evolution of eukaryotic organisms. 

 
6. There is a need to examine HGT in microbial communities representing a gradient in 

complexity from relatively simple communities such as those found in extreme 
environments to those approaching climax status.  However, to make such efforts 
feasible “model communities” need to be selected.  If selected carefully to represent 
environments with a defined geophysical and geochemical histories determination of 
“true” rates of microbial evolution, i.e., mutation, recombination, gene gain and loss, 
are possibly attainable. 

 
7. Finally, several mechanisms for the education of future scientists versed in the 

various scientific disciplines of HGT in extent communities will have to be created.  
In particular, opportunities in undergraduate and graduate learning can be created by 
holding hands on workshops focused on topics such as bioinformatics of HGT, 
mathematical modeling of HGT, and methods for the detection and quantitation of 
HGT. 

 
Two major products resulted of the workshop: 
 



1. A special focus on Horizontal Gene Transfer was published in Sept. 2005 in Nature 
Reviews Microbiology 
(http://www.nature.com/nrmicro/journal/v3/n9/index.html#focus).  In this special 
issue several reviews were prepared by workshop participants and the PI and co-PI, 
the guest editors of this issue, wrote an introductory article. 

 
2. An article, “Horizontal gene flow in microbial communities”, was published in the 

Sept. 2005 issue of ASM News, the formal monthly publication of the American 
Society for Microbiology (vol. 71, p. 412- 419). 

 
 
 


