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The trappist’s approach to pathfinding: elucidating brain wiring
using secretory-trap mutagenesis
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Abstract

A key problem in using genetics to dissect the wiring of the mammalian brain lies in discovering which
of the billions of neural connections have been disrupted by a particular mutation. A novel gene-trap
approach targets the genes involved in brain wiring and labels the axons of neurons expressing those
genes, enabling the effects of mutations to be observed directly.
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Figure 1 
Mechanisms of classical and secretory gene traps. (a) In this example, the classical gene-trap vector inserts into a gene (in
this case encoding a protein without a leader sequence) between exons 2 and 3. During transcription from the target-gene
promoter, the splice-acceptor site (SA) at the 5� end of �-geo is spliced to the next upstream splice-donor site (SD). The
vector polyadenylation signal (pA) stops transcription; a truncated transcript is thus produced that encodes a fusion
protein between sequences encoded by exons 1 and 2 of the target gene and �-geo. UTR, untranslated region. (b) The
modified secretory-trap vector incorporates a transmembrane (TM) domain, an internal ribosome entry site (IRES) and an
alkaline phosphatase (PLAP) gene. Only the situation after insertion of this vector into a gene encoding a protein with a
hydrophobic leader sequence (S) is shown. A bicistronic transcript is produced, encoding first a fusion between the
endogenous protein and �-geo that localizes to the neuronal cell body and second the PLAP protein, which localizes to the
entire cell surface, including the axon. (c) Classical gene-trap insertions apparently result in fusion proteins that are
inserted into membranes in a type I orientation (left) [12], placing the �-galactosidase domain of �-geo (blue) in the
cytosol, where it is more active than in fusions with leaderless proteins as in the modified secretory trap (a), which result
in a type II orientation (right) with �-galactosidase in the lumen of the endoplasmic reticulum (ER). (d) Expression of �-geo
(blue) and PLAP (purple) in a neuron.
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Figure 2 
Coronal sections through the forebrains of six different example secretory-trap mouse lines at birth, showing the variety of
axonal pathways labeled by the PLAP marker. The genes trapped in each case are indicated; LST16 and KST37 are examples of
traps in new genes. Abbreviations: ac, anterior commissure; cc, corpus callosum; co, cortex; f, fimbria; fx, fornix;
h, hippocampus; ha, habenula; pc, piriform cortex; st, striatum; str, stria terminalis. See Leighton et al. [6] for further details.
Reproduced with permission from [6].
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