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Fighting fish (Betta splendens) provides an excellent platform for 
investigating the neurogenomic state of aggression. 
 
 
Abstract 
 
Aggressive behavior is prevalently observed in many animal species and it 
finally contributes to the animal’s survival and fitness. To get insight about how 
fighting experience interacts with information in the genome to modulate brain 
activity, we newly generated RNA-sequencing data from brains of fighting fish 
(Betta splendens) and performed transcriptome analysis of their fighting 
processes. Their typical fight continues for more than 60 mins, long enough for 
the state to be neurogenomically distinct, finally to yield the outcome of a loser 
and a winner. Massive changes of the brain transcriptome were observed, and 
the analysis of differential expression of genes (DEGs) exhibited the specific 
pattern of each neurogenomic state of fighting (i.e. “Before fighting”, “During 
fighting”, “After fighting”). When the time for “During fighting” was divided into 
two stages, i.e. early (20 mins) and late stages (60 mins), each stage can be 
characterized as the specific expression of several-tens immediate early genes 
(IEGs). Interestingly, the neurogenomic state of each opponent in a pair is 
becoming very similar to each other in a later stage of fighting, whereas that of 
the earlier stage is not differentiated to each other, suggesting that opponents in 
a pair are becoming to think very similarly to each other or to adapt to the same 
fighting circumstance during the process. The neurogenomic states of the loser 
and winner are almost the same just after the outcome of fighting and are 
differentiated after 30mins of the outcome, suggesting that the decision making 
for the end of the fight does not reflect to the global expression pattern of 
transcriptome. Our systems biological method using weighted gene co-
expression analysis (WGCNA) essentially supports DEGs data and several 
modules correlate very well with the expression of “After fighting” and “Time”. 
This is the first report, to our knowledge, in that a distinct neurogenomic state of 
“During fighting” is precisely characterized. Such neurogenomic state potentially 
includes the procedure of opponents’ mutual assessment about their fighting 
ability, mediating transition from neurogenomic state of “Before fighting” to that 
of “After fighting”. The fighting fish thus provides an excellent platform for 
investigating the neurogenomic state of aggression given its remarkable fighting 
characteristics in terms of its fighting spirit and duration.  
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