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Functional approaches have been successful in elucidating the role of behaviour as a component of fitness, but it is now evident that a full understanding of how natural selection acts on such behavioural traits requires information about the mechanisms that cause them. Competitive interactions between conspecifics contributes to individual fitness and survival and is of fundamental theoretical interest. Many animals form dominance hierarchies or pecking orders where the dominant individual obtains exclusive or priority access to resources. Other studies have shown profound behavioural and physiological differences between individuals with differing dominance status. Dominance hierarchies can be problematic in aquaculture with one or a few dominant animals obtaining the majority of food and showing higher growth rates than animals lower in the status and, therefore, they have limited access to food, show poor growth and suffer stress. This study was designed to understand the phenotypic correlates of dominance position by using microarray screening technology to define genes whose expression differs between dominants, subdominants and subordinates within rainbow trout dominance hierarchies. 

Methods

Size matched rainbow trout were kept in groups of three in uniform conditions. The behaviour of each fish was assessed to record number of attacks and number of retreats to calculate the dominance score for each individual in order to discern a linear dominance hierarchy for each group. Only fish which showed a clear pattern of behaviour with the dominant, rank 1, having the highest score, rank 2, the subdominant, having an intermediate score and the subordinate, rank 3, having the lowest score were used in the study. Once the hierarchy was stable for 7 days the fish were killed and brain, liver and muscle were removed. These tissues were stored at -80(C and RNA was extracted using a Trizol method. The RNA was reverse transcribed to cDNA with amino allyl labelling. Two fluorescent dyes, Cy3 and Cy5, were coupled to either an individual sample or to a common reference and then these are hybridised to a rainbow trout microarray in a forward and reverse reaction (dye swap). The library used for the array comprises cDNAs collected from rainbow trout. Data analysis is performed by the GeneSpring software using hierarchical cluster analysis and ANOVA with a multiple testing correction factor

Results

The results for brain gene expression were assessed and approximately 1165 genes were consistently found to be differentially expressed between the ranks. Two major patterns of expression were seen with genes either showing up-regulation in the subdominant and down-regulation in the subordinate relative to the dominant, or a profound down-regulation in the subdominant and an up-regulation in the subordinate relative to the dominant. The majority of genes were significantly different in expression between rank 2, the subdominant, and rank 3, the subordinate. These gene expression profiles were similar between the hierarchies with fish of the same rank showing the same profile across hierarchies.

Discussion

Major differences were consistently observed in the gene expression profiles of brains from fish with differing dominance status.  This demonstrates that these behavioural states give rise to discernible transcript phenotypes at least in the brain, and probably in other tissues.  This  indicates that the microarray screening technique will prove useful as a profiling and phenotyping tool.These gene expression differences may be correlated with documented differences in behaviour and physiology of individuals of different rank, and might provide insights into the functional significance of the physiological differences between hierarchical states. By identifying these genes it may possible to manipulate these in future studies and unravel the causes and consequences of dominance in future studies.
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