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The production of wine from grape juice relies on the 

combined actions of both yeast and bacteria which shape 

the aroma and flavour of wine through the production of 

secondary metabolites and the biochemical transformation 

of many grape-derived constituents. Whereas the principal 

wine yeast, Saccharomyces cerevisiae, is primarily 

involved in the alcoholic fermentation in which glucose 

and fructose are converted into alcohol, the wine 

bacterium, Oenococcus oeni, is primarily involved in 

a secondary fermentation reaction where malic acid is 

decarboxlyated into lactic acid. This conversion, known 

as malolactic fermentation (MLF), results in an increase in 

wine pH and reduction in the sourness of the wine, while 

also providing microbial stability through the reduction 

of potential carbon sources for wine spoilage bacteria 

such as Lactobacilli and Pediococci1. In addition to its 

primary role in performing MLF, the metabolic by-products 

produced during the growth of O. oeni in wine have been 

shown to positively contribute to the flavour and mouth 

feel of wines which have undergone MLF1.

Both the history and ecology of O. oeni are interesting. Despite 

wine bacteria and the malic acid degradation pathway having 

been identified as early as the mid-nineteenth century, O. oeni 

was not formally classified until the 1960s when it was originally 

named Leuconostoc oenos and thereby recognising this species 

as a member of the lactic acid bacteria (LAB)2. This classification 

was ultimately changed on the basis of molecular phylogenetic 

data to O. oeni, thereby forming a completely new genus of LAB 

with O. oeni as its sole member3. Even now, despite a renaissance 

in the identification of bacteria through the application of next-

generation genome sequencing and metagenomics, there is 

only one other species of Oenococcus, O. kitaharae which 

has been identified to date4. Ecologically, despite O. oeni being 

readily isolated from wine, it has not been possible to find an 

‘environmental’ reservoir of this species outside of wine and 

fermenting grape must1,5,6. Due to the highly seasonal nature of 

wine production, it remains a mystery as to how this organism is 

able to rapidly appear in significant numbers in finished wine to 

undertake the malolactic fermentation.

Figure 1. The distribution of bacterial 
genome sizes. Genome sizes were 
obtained for bacterial genome projects 
lodged with NCBI (http://www.ncbi.
nlm.nih.gov/genomes/lproks.cgi). The 
frequency of individual genome sizes 
were then calculated based on a 0.1 Mb 
size bin with those greater than 10 Mb 
pooled into a single bin. The location of 
the O. oeni genome is indicated.
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Given the potential economic benefits that the study of O. oeni 

could provide through the development of improved strains for 

wine production, this species has received significant research 

interest. However, the general intractability of O. oeni for many 

classical bacterial genetic techniques such as transformation, 

conjugation and transduction, provides a barrier to determining 

the molecular basis of desirable phenotypic traits in individual 

strains. In order to overcome these shortcomings, recent 

investigations into O. oeni have used comparative genomics 

techniques to categorise genetic diversity in this species7,8. The 

first genome sequence of O. oeni, strain PSU-1, was published in 

2005 as part of a broad phylogenetic sequencing project which 

focused on the LAB group8. This showed that the genome of 

O. oeni was only 1.8 Mb and encoded about 1800 ORFs. This 

represents a streamlined genome, especially for a ‘free-living’ 

bacterium which is within the lower 10% of all bacterial genome 

sizes and at the bottom-end of what is observed in other species 

of LAB (Figure 1). This reduced genome size is at least partly 

due to the relatively predictable nutrient profile of wine, which 

contains significant amounts of many amino acids, carbohydrates 

(especially arabinose and xylose which are not utilised by wine 

yeast) and vitamins9,10. As such, O. oeni has been able to dispense 

with biosynthetic pathways such as those for many amino acids 

(strain PSU-1 appears to have the ability to biosynthesise only 

eight amino acids11), thereby reducing its overall genome size at 

the expense of reducing its potential environmental range.

This sequencing effort also paved the way for further 

investigations into the genetic diversity of O. oeni through the 

use of microarray-based comparative genome hybridisation 

(aCGH) analysis of genetic variation7. This investigation of 10 

commercial O. oeni strains uncovered several large deletions 

that were present in many strains of O. oeni with some individual 

deletions accounting for a loss of over 1% of the O. oeni genome 

each (Figure 2). The genetic variation indicated by the aCGH 

analysis was subsequently corroborated through the sequencing 

of an additional two strains of O. oeni, ATTC BAA-1163 and 

AWRIB4297. In addition to the deletions which were indicated 

from the aCGH work, whole genome comparisons of the three 

strains showed significant variation which was also present in 

the form of single nucleotide polymorphisms (SNPs) and large 

insertions. Interestingly, it was also observed for at least one of 

the large deletions, that this area also coincided with genomic 

insertions such that at least one large, strain-specific cassette was 

observed in each of the three strains.

Work is now under way to expand on the genomic information 

which is currently available for O. oeni. Genome sequences for 

at least another 13 strains are under way and expected to be 

Figure 2. Large deletions 
present in the O. oeni genome. 
Microarray-based comparative 
genome hybridisation (aCGH) 
results for 10 strains of O. oeni. 
Microarray signals are relative 
to the genomic reference strain 
PSU-1. Green areas represent 
genomic deletions while red 
areas represent genomic loci with 
increased copy number relative to 
the reference. Two major deletions 
were observed at high frequency 
across the strains (I and II).
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released soon and genome sequencing of O. kitaharae is also 

near completion (Borneman et al. unpublished). Systems biology 

experiments are also planned to attempt to link genetic variation 

with phenotypic data in the absence of molecular techniques. 

These data will provide a rich insight into the variation which 

exists within this enigmatic genus and how genetic variation 

within individual strains of O. oeni translates into important 

industrial phenotypes.
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