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Genomics and the accelerated evolution of the cluster region of venom phospholipase A2
isozyme genes of Protobothrops flavoviridis
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Structural characteristics and evolution of a novel venom phospholipase A2 gene from
Protobothrops flavoviridis
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To elucidate the multiplication and the accelerated evolution mechanisms of Protobothrops flavoviridis venom
phospholipase A2 (PLA2) genes, a 44,581 bp genome segment harboring eight novel venom PLA2 isozyme genes was
isolated from Protobothrops flavoviridis (Crotalinae snake) liver and completely sequenced. A comparison of the
aligned nucleotide sequences of Viperidae (Viperinae and Crotalinae) venom PLA2 genes, including the eight novel
P. flavoviridis PLA2s, revealed that the 3’ end of four PLA genes were linked to the 5’ truncated reverse
transcriptase elements and the recombination hot spot of a 37 segment, named Scomb, was found in the region 548
bp upstream from the TATA box of each PLA2 genes. In addition, according to the presence or absence of the
particular indels found in exon 1 and intron 2, Viperidae venom PLA2s were found to be classified into three types,
A, B, and C types, and A type was the most ancestral construct among them.
The comparison analysis of venom PLA2s between Okinawa island and its outlying small islands, Iheyajima and
Kumejima, showed that the components of venom PLA2s were different from them and caused allopatric
substitutions of PLA2 genes, except for the most ancestral A type gene PLA2. Such results might suggest that the
sizes of the islands were related to the difference in prey species to have affected on the venom components.
Furthermore, the nucleotide sequence of the gene encoding Protobothrops elegans (Crotalinae) pancreatic PLA2 was
determined. A comparison of the nucleotide sequences of pancreatic and venom PLA2 genes from Laticauda
semifasciata and Protobothrops genus snakes suggested that Elapinae group IB (pancreatic) PLA2 gene and group IA
(venom) PLA2 genes appeared after Elaponae had been established and that Crotalinae group II (venom) PLA2 genes
were brought into existence before Elapinae and Crotalinae had diverged.


