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T Large-scale forward genetics screening identifies Trpal as a chemosensor for predator
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Fear is induced by innate and learned mechanisms involving separate pathways. Prior presentation of innate-fear
stimuli inhibited learned-freezing response, but not vice versa. Whole-brain mapping and pharmacological screening
indicated that serotonin-2A receptor (Htr2a)-expressing cells in the central amygdala (CeA) control both innate and
learned freezing, but in opposing directions. In vivo fiber photometry analyses in freely moving mice indicated that
innate but not learned-fear stimuli suppressed the activity of Htr2a-expressing CeA cells. Artificial inactivation of
these cells upregulated innate-freezing response and downregulated learned-freezing response. Thus,
Htr2a-expressing CeA cells serve as a hierarchy generator, prioritizing innate fear over learned fear. Innate behaviors
are genetically encoded, but their underlying molecular mechanisms remain largely unknown. Predator odor
2,4,5-trimethyl-3-thiazoline (TMT) and its potent analog 2-methyl-2-thiazoline (2MT) are believed to activate
specific odorant receptors to elicit innate fear/defensive behaviors in naive mice. Here, we conduct a large-scale
recessive genetics screen of ethylnitrosourea (ENU)-mutagenized mice. We find that loss of Trpal, a
pungency/irritancy receptor, diminishes TMT/2MT and snake skin-evoked innate fear/defensive responses.
Accordingly, Trpal -/- mice fail to effectively activate known fear/stress brain centers upon 2MT exposure, despite
their apparent ability to smell and learn to fear 2MT. Moreover, Trpal acts as a chemosensor for 2MT/TMT and
Trpal-expressing trigeminal ganglion neurons contribute critically to 2MT-evoked freezing. Our results indicate that
Trpal-mediated nociception plays a crucial role in predator odor-evoked innate fear/defensive behaviors. The work
establishes the first forward genetics screen to uncover the molecular mechanism of innate fear, a basic emotion and
evolutionarily conserved survival mechanism.




