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siblings versus non-siblings is dynamic,

but the developmental regulatory

mechanisms have been unclear. Dulcis

et al. found that sustained exposure to

olfactory cues converts non-kin aversion

to attraction via neurotransmitter

switching coordinated by microRNAs.
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SUMMARY

Changes in social preference of amphibian larvae
result from sustained exposure to kinship odorants.
To understand the molecular and cellular mecha-
nisms of this neuroplasticity, we investigated the
effects of olfactory system activation on neurotrans-
mitter (NT) expression in accessory olfactory bulb
(AOB) interneurons during development. We show
that protracted exposure to kin or non-kin odor-
ants changes the number of dopamine (DA)- or
gamma aminobutyric acid (GABA)-expressing neu-
rons, with corresponding changes in attraction/aver-
sion behavior. Changing the relative number of dopa-
minergic and GABAergic AOB interneurons or locally
introducing DA or GABA receptor antagonists alters
kinship preference. We then isolate AOB microRNAs
(miRs) differentially regulated across these condi-
tions. Inhibition of miR-375 and miR-200b reveals
that they target Pax6 and Bcl11b to regulate the
dopaminergic and GABAergic phenotypes. The re-
sults illuminate the role of NT switching governing
experience-dependent social preference.

INTRODUCTION

Many animals use olfactory-mediated sibling and non-sibling

recognition via kinship odorants to distinguish between siblings

and non-siblings. 4-day-old (stage 44) X. laevis larvae display

attraction and aversion behavior to water-borne kin and non-

kin odorants, respectively (Waldman and Adler, 1979). Kin and

non-kin refer to odorants while sibling and non-sibling refer to

raising conditions. The olfactory basis of kinship recognition

was demonstrated by showing that larvae with external nares

blocked by a gelatinous paste did not discriminate behaviorally

between siblings and non-siblings (Waldman, 1985).

This social preference of Xenopus tadpoles can be altered by

their exposure to kinship-signaling molecules from non-siblings

versus siblings during embryonic development (Waldman,

1981) and at later stages (Yamazaki et al., 1988) as well as by

major histocompatibility complex (MHC) genotype differences

(Villinger and Waldman, 2008). Self- and non-self-recognition,

which lie at the core of social behavior, are mediated by activa-

tion of vomeronasal organ (VNO) neurons inmice and frogs (Ben-

Shaul et al., 2010; Chamero et al., 2012; Hagino-Yamagishi et al.,

2004). These olfactory neurons express receptors that are acti-

vated by peptides cleaved from major urinary proteins (MUPs)

or MHC proteins (Kaur et al., 2014; Manning et al., 1992; Sturm

et al., 2013). The larval frog olfactory system has been the object

of extensive studies (Jungblut et al., 2012; Manzini and Schild,

2010; Sansone et al., 2014). VNO receptor cells project to the

accessory olfactory bulb (AOB). These findings suggest that

sibling recognition may result from activation of VNO neurons

by kinship-signaling odorants, generating activity patterns that

lead to circuit plasticity.

Electrical activity and calcium signaling have significant roles

in directing several aspects of neuronal differentiation, including

neurotransmitter (NT) respecification. Sustained changes in

electrical activity by experimental manipulations or by natural

sensory stimuli cause the expression of NTs in CNS neurons

that otherwise produce different ones, both during development

and in the mature nervous system (Borodinsky et al., 2004; Dul-

cis et al., 2013; Dulcis and Spitzer, 2008; Gu and Spitzer, 1995;

Gutiérrez et al., 2003). Transmitter respecification during devel-

opment occurs in reserve pool neurons characterized by

distinct patterns of calcium signaling that combine with tran-

scription factors to create responsiveness to activity manipula-

tions (Demarque and Spitzer, 2010; Dulcis and Spitzer, 2012;

Guemez-Gamboa et al., 2014; Marek et al., 2010; Velázquez-

Ulloa et al., 2011).

Here we examine the mechanisms underlying plasticity of so-

cial preference in the developing accessory olfactory system of

Xenopus larvae and the behaviors that ensue.We discover social

experience-dependent changes in dopamine (DA) and gamma

aminobutyric acid (GABA) expression in granule and periglomer-

ular interneurons of the AOB affecting kinship recognition and

preference. These findings may shed light on the olfactory

imprinting of fish (Gerlach et al., 2008; Harden et al., 2006;

Hino et al., 2009; Johnstone et al., 2011) and neonatal attach-

ment in mammals (Janus, 1993; Kendrick et al., 1997a; Porter

and Etscorn, 1974), potentially including humans.
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