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Minireview
From lymphocytes to sharks: V(D)J recombinase moves to
the germline
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Abstract

The antigen-receptor genes of vertebrates are rearranged by a specialized somatic recombination
mechanism in developing lymphocytes - and, unexpectedly, also in the germline of cartilaginous fishes.
The recombination system that carries out these DNA rearrangements may thus be a significant
evolutionary force, perhaps not limited to rearrangements at antigen-receptor loci.
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The basics of V(D)J recombination
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Surprises from sharks and skates
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Figure 1
V(D)J recombination occurs in several steps. First, the RAG
proteins bind to the RSSs (triangles) and bring them
together into a synaptic complex. Cleavage ensues,
generating a pair of blunt signal ends and a pair of DNA
hairpin coding ends. Joining of these ends generates signal
and coding joints, respectively. The boxes represent V, D or
J coding elements.

Synapsis

Cleavage

Joining

Signal jointCoding joint

Signal ends

Coding ends

RAG-1/RAG-2

Figure 2
Transposition catalyzed by the RAG proteins. A fragment of
DNA generated by RAG-mediated cleavage, with RAG
proteins bound to the signal ends (the donor), can capture
another DNA duplex (the target). The RAG proteins bound
to the signal ends catalyze integration into the target,
generating a characteristic duplication of the target sequence
at the integration site (arrowheads). Other symbols are as
described in Figure 1.
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Could the V(D)J recombinase aid the
generation of evolutionary diversity on a
genome-wide scale?
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