




this is not the case for the arcopallium, the re-
gion most often suggested to be similar to the
mammalian amygdala (34, 44).
Our study has identified molecularly analo-

gous brain regions that function in song and
speech in vocal-learning birds and humans. The
gene expression similarities we find across spe-
cies, combined with circuit and functional sim-

ilarities (40, 41), suggest that avian vocal learners
can be used as models for speech production at
a molecular level. Our experiments provide a
candidate set of genes involved in neural con-
nectivity and cell communication functions. Fu-
ture studies will be necessary to decipher the
specific function of these genes in vocal com-
munication and the mechanisms through which

they are differentially expressed and selected.
Insight into the latter question is beginning to
be revealed, as in our companion study we found
convergent mutations in the genomic regu-
latory regions of some of the genes we find here
with specialized expression in the RA analog
across vocal-learning lineages (33). Our com-
putational approach can also be applied to other
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Fig. 7. In situ hybridization
localization of the putative
dLMC/dLSC in the human
brain. (A) Surface image of a
human brain showing the
different cortical lobes
(colors) and the region
dissected for the in situ
hybridization analyses (box).
(B) Magnetic resonance
image showing the location
of the region dissected for
in situ hybridization analyses
in the right hemisphere
(box). ( C) Nissl stain of the
examined region. ( D)
NEUROD6down-regulation
in a distinct region of the
PrG, and in the upper layers
of the adjacent PoG. ( E)
SLIT1 down-regulation in the
same PrG dLMC region (see I
versus M), as well as in the
adjacent PoG. (F) SLIT2
control showing no notice-
able difference. ( G to N) Red
arrows correspond to the
boundaries of the regions
represented in the higher-
power images of (G) to (J);
black arrows correspond to
(K) to (N). Down-regulation
in dLMC is strongest in layer
3 (open arrow), but also in
layer 5 for NEUROD6.



anatomical molecular profiling experiments
across species. The fact that convergent neural
circuits for vocal learning are accompanied by
convergent molecular changes of multiple genes
in species separated by millions of years from a
common ancestor indicates that brain circuits
for complex traits may have limited ways in
which they could have evolved from a common
ancestor.
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