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Summary

The human neocortex differs from that of other great apes in several
notable regards, including altered cell cycle, prolonged corticogenesis,
and increased size [1, 2, 3, 4 and 5]. Although these evolutionary
changes most likely contributed to the origin of distinctively human
cognitive faculties, their genetic basis remains almost entirely
unknown. Highly conserved non-coding regions showing rapid
sequence changes along the human lineage are candidate loci for the
development and evolution of uniquely human traits. Several studies
13 and 14], but none have linked an expression difference to a
specific organismal trait. Here we report the discovery of a human-
accelerated regulatory enhancer (HARES) of FZD8, a receptor of the
Wnt pathway implicated in brain development and size [ 15 and 16].
Using transgenic mice, we demonstrate dramatic differences in
human and chimpanzee HARES activity, with human HARES
driving early and robust expression at the onset of corticogenesis.
Similar to HARE)S activity, FZD8 is expressed in neural progenitors
of the developing neocortex [ 17, 18 and 19]. Chromosome
conformation capture assays reveal that HARES physically and
specifically contacts the core Fzd8 promoter in the mouse embryonic
neocortex. To assess the phenotypic consequences of HARES activity,
we generated transgenic mice in which Fzd8 expression is under
control of orthologous enhancers (Pt-HARES::Fzd8 and Hs-
HARES::Fzd8). In comparison to Pt-HARES::Fzd8, Hs-
HARES5::Fzd8 mice showed marked acceleration of neural
progenitor cell cycle and increased brain size. Changes in HARES
function unique to humans thus alter the cell-cycle dynamics of a
critical population of stem cells during corticogenesis and may
underlie some distinctive anatomical features of the human brain.



M| NEEEEAYNER] - — AREARBEEIERMERAIARMN -
R AT EIERELLE - RIS BB AT BT - Bl
AHREAERA IR - BZJE@H4E (corticogenesis)BFHAZE R » DU ARHIHT
FZJ&(neocortex) o #ESRFIE19754E King B2 WilsonFE e H 718 Eo G 4F 1Y
BLTITERHNERTZENNE  MIFEERAEHEISESCEATE
B > 2SS HEABN ABISE R EAEEERIAFTAER -

IR FEEER » A2 E R TRIFERISHETE @ BIIRE T
(promoter) 8258 (L T-(enhancer) » £ NJHRE R A REE(LHVIRS
BEAh - 3B SRR B Y SHRR - &L A h B AT S A7 R A R AV
i - BESRRIP TR - (BN TR ERRENIERRE
HRNERMERAISEERENER - RESRERREZHEER
5T AE N LR T R B By ERASER RN R K » WA ZETh
fE > T H DU NBANSRHEZ 3 -

B EEBRHEREEY1,200 bpAyiE{EFHARES (human-accelerated
regulated enhancer) - £ AJHEBRIBIE T EBR 1% » EATE BE
TI10(EERE - BEEEREENER(EERE - EERARFS LIz
ERIEZ - BRI 24 - HARESBEAEMEESESRIHT |
(DHARESH] DATEH#T 7 @& B HAVE{E T VAN  (2) HARESfI?
Frizzled 8 (FZD8)EHRH_EJiF ° FZD8E WntsHEE IR R tH Y —1{&
A T WotsRSH RS RN N ER B B EE BRI AR -
RILSEAHEH - HARESTE ARV RS (ERVEE R B DABE IIFZDS
HERER » M A B EE -

F T B HARESTE NS ESERVA R » IS AR B Femnlid AJH
BURIRIERTHARESERIE /N W BIRAE R E#T AR BET » A
HYHARESTEM SN BIEEHVHARES - E— S EERISEHEHARES
W& R B FZ D8RRI BN T 1 -



MRABRETEEZ A - FIEIE - DU/NEHARESTZERIHY
/NERFZDSEER R B - I B AR NEIE/ NG, - ERET - HTAA
JHHARESHYERESIE B VB 420 - e T /o RediiEr<HrE S
SHAINRAVEESR - BEA1 > ARV B B T » BT EEd
REEHIIERARE - &% - B2/ BRI EBLERERIEE

HARESHYEREIHE B3 A&y12% -

E(ERTFESZRF 165 ATPasko Rakic FrigtHAyERAL : 1T /LRR4RE
HEREERASRENEEEREISEIHIBNE - HARES/IZEA
REAEHA T A p A T SRR DA B ARG SR A - 8 2R taE Al
HEE R BT DA &5 - S RE B0 SR -

ER > NEAENRHE—EEDTL EHEAINE - NIEHARESHY
WER I RERRFTE YIRS - AR EEFFEREE RSB IER A
bRy — @B -

Graphical Abstract

~7 mya
o\
VIN §A
(( 4™ Y|
chimpanzee (d__i,) human

FZD8 FZD8
iy —— a1 1/ —

P o~

/@ ! @

| 7 ~  p—

| SESx | 7/ N

/ ~ 77 \ ( )

\ -~ )  actvi y \ S s

N TR S R P4
v}:‘;;?(t;-\_ Y a L N
TN (L) celieycetength, 4 N\ PN

) : ) 2 ( I\ )]

N IR g neocortex size \»( N L N gt
V= O >

http://www.sciencedirect.com/science/article/pii/S0960982215000731



