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Experimental apgrogch to understand the mechanism mediating epigenome formation
in the primate brain by the evolutionary acquisition of non-coding RNAs
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In this study, we focused on the regulatory mechanisms that differentiate
the gene expression patterns in primate and rodents, that possibly lead to the differential
morphology and functions of organs depending on species through epigenetic mechanisms. Utilizing the

neural stem cells, we identified a fraction of species specific promoter-associated non-coding RNAs
(pancRNA) that can specifically upregulate the partner genes. Among them, most of the
human-specific pancRNAs were related to the cell cycle progression, and the mimicking the human type

expression in the fetal mouse neural stem cells by in utero electroporation frequently showed the
enlargement of the neocortex.
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WFEOEMBFOREIZ LV, FABFRCHMRIE T MR OV T b2l 5, i<
PRAFSNTZBGIIKI T 501 - BE T LV OANRKRESER L, LrL, #BlziE, 740
FEGIHMER THDIOICK L, vUEHBRAITHY, 2, B b ADBBRIIBIRTH LD
WXL, £ X - 32 IHIRTHY, U~ THIHAENZ RS E, BEAIRE D L cZiIkich
1250, ZONFFEBIIRACH S L EDI D52 220, IFHHEICB O TEHE LI RELE
HEREAR XX DMOBLA BIREETH Y, & b TN - MREIRSH DT, ~7 2 TIEW bW 5 g
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1L 85%, b h&EF LR =TI 99%72 &, Kb TEVWHIREIMEZ RIS D0, MR RE O/ -
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WFER L DZERIIMTHDH DD, ZEHATE TRV, IS DORIVICIRZE T L 700, FEfER
B2 HIERAE Ot - ERBAED B2 B9 A 287 MIFH Y v,

Bty PO LS BEESNTWAICH D ST EMR CHII « BRI 5 2 728158
ORI DA EZRTHA & LT, 85 - FER - & 2T HOEMR 0 fRIEE OEVY, ncRNA
DIBFERENEZ BNLDH, WTHO T ot 2 GEREN 2T IVUTAIE T, Z vk TO KA
FERE I LIRREME ) T OREN I TR BRI S K F R BB 2 2T 2 L 2R L TC0D, (@5 L X
ERUET BB FRBSIE OIS & U, RN YT MEMC, TR EHET L2 BET
HIEIEIR D 7 ) ARSI RV EDOFENEE TEX 50, T TRFEFRIEE, 7/ 20D 98%% b
HOAELFIMERICHEZRAIT A ZETHDLEEZTEY, B FEE O ON/OFF /R E % i
9% ncRNA, & 5213 OEHHRE OMRIR Z 5 8 s TR BUHIEERAEY] (L ke hT R
R AN BE T BROEELY ZT) ICEHT5 2 & T, B OhlEE DR A & <
2D ENAFEL 72, FEREEOL—IHHIZET A EEZX NS,
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AFRETIX, BREE - BEEAE DT 28GRI CE B L, MICER OMIRRI %
L7 OTHIOEZE S ) AOEWE, Ziue sl Ui o REZE A B VEH OEW
Z, BRIHIPS Ml - AT ) A R~ 2MEEROEERAIC LD EEMICIET 52 L& L
7o HRlT, FEEFEM) ) o a—F 4 7 RNA (ncRNA) LFEIZHE- CTRIEDER D4 ) MFEIC
EHL, TN DFEOHERSHIE FTEEFRCLT-6T 1 037 MEaiElicEskL, 1~
NI RNDORENT ) LT LA NEBECRET D, DI, 7 MREICED T ) AL A0 b
ARHUFEBRIZ AT C, BIEISNAMIBOED O OWNEE Y L@ IcE-> CERILT AL % H
R

3. WEDIiE

AL F 4D Hiseq2500 & HiseqX (21 Y, pancRNA & mRNA F&EUEE# A4 Bif3 L7=, pancRNA 7%
E MZHY TR WEET & LT, MEIST, UCP2, NRSN2, CD63 A 1%KL, b ~RREpiiaIc
BFs /v a2 KD) EBE in uterom L7 haRL—3 3 1l X B~ 7 AM~Dlt 5.9
BRAE1To7,

4. HFFERE

1. UCP2i3t k&= U RDOMREEHME (NSCs) ICBWTHREARP R RRD

t k&~ AD NSCs IZHBWTHBLEN R HBIE 2572912, Florioetal. (2015)
5® RNA-seq 7— X #H\W\ 2, ZOT —% ¥ v M, ~ 7 AEFRIMIZE W T, Dil+, Prom1+,
Tubb3-GFP-D#fifid & apical ragial glia (aRG), Dil+, Proml-, Tubb3-GFP-Dfifii% basal
ragial glia (bRG), Dil+, Tubb3-GFP+, Proml-% ==—n & LGRS TWVWD, B D
BB B HEE L 72 MIcBVWTH aRG & bRG 1L, EfE~— DT —THEE#HL, 512 GO MIZHFEET
H=a—nm b, S-G2-M MOk RiBEAE 72 & 4 DNA Yefall L 0 8ok Tl ST s,

B EPKE B H8E T EAL 250 fHld 5 5, Gene Ontology ® Human Phenotype 77 7
FY—lZ@En, REHCEb> TV OBIEFIFE 18 BisFdho7c, B hE~vU Az L
X2, & h NSCs THREENZ VRT3 11, ¥ A NSCs THRELENZWEETN 7T Tho



2o ZORHFEDEBMLRTOH T, PR LICEICE< & Evbd UCP2 125 H L7z, UCP2 O¥Hl
BT b b oMl (aRG) T 396.7+12.75(TPM) (n=4) T®H v, ~ 7 2 O AE (aRG)
T1310.62+1.21 (TPM) (n=4) Th o7, 2FV, B FTIE~U ADOK 40 2O BEL T L
7D, B MEIRICRWT UCP2 MEEMEEZ K- alett s flE ez, £/, &
MZBW T bEM OPRERTHR T UCP2 ORBLENEAT 20 b, ZO/E, & o=
2—1 TORBEE, 236.2 (TPM) (n=2) TH Y, ZIIUTHAREEMEORITED 57.7% TH
STz, TOZ EMND, B MZEBWT UCP2 IFEMIIEIZIBWTENESBHAL WD Z Eboh
STy — 7, v T ATOUCP2 D==o2—u  TORBEEIL 28.61+1.25 (TPM) (n=4) TH Y,
T AVTARREESIIE O 3 [FOMMTHo7-, & M~ A THMIE & =2 —n U TOIRBER
KRR -T2 D, BE M TRATENENRZDHEA =X LDBFET D EEX
bz,

2. UCP2 @ KD IR s B\ W TRl 2B S8 5

t ~iPS itk b MRRRESHIIA TH H AF22 Z vy, UCP2 23kl R 5 Iz
B2 AEBIZHOWTHREE LT, FD7=HIT, shRNA 2L % UCP2 ® KD %47\, EdU OV
IABFEERIT X o TR BESE R 2 374 L 72, shRNA (2 X % UCP2 D382 1kix qRT-PCR IZ & -
Tl L=, ZOfE5%E, UCP2-shl T 95.4+0.250%FBEMET L, UCP2-sh2 Tl 79.9+
4.70%FEEIMET L7z, OF 0, UCP2_shl TIXHIEEFENK 44% > L, UCP2_sh2 Tix
5% LTmZ bic7ed (n=6: X 1), FaHEORER, UCP2 # KD 3% = & CHlfuiEsH
DA BN LTz it 0 72, LA ED Z &35, UCP2 & B AR Al oD Al HE 5 oD TU
Wb TWnb EEZLNT,
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X1. UCP2KDIC L % flfussh =R 251k
a) AF22|2 3317 5 HUik e et 05 5, £% % Hoechst TYeth, GFP
iXsh 7 Z—% &t A N AHERYE L-fifa, EAUSHSE L <
WHRINE, (A4 —b 38— : 200 pm)
b) HlaEESERD 75 7, Controll%13.6+0.43%, UCP2_shlix
7.52+5.31%, UCP2 sh2i%6.07+0.88% T& - 7-, n=6,
*P<0.05, **P<0.01, 7 2 —F —DLRERE, =7 — —([TEYE
RAEETRT,

3. WBRABLFRET —#1X UCP2 OMIEFERE & M fFE 2 X+ 5

UCP2 % KD L7=%;6 OG- 3BIE L% f.5 72912 RNA-seq fif#lr 217 > 7=, q fEA 0.05 LA
T ER T REBEATES A OWT GO T 21T -7 (n=4) . K 2 TRL7Z & D12, UCP2
# KD 9752 & CREEN LA LZ8ET1E, ROS W%, TORC1 ¥ 7oA HE, #id
HAGEEAE, = L AT v Lk - JRHSCT X BISE R SICBE LT e, FERERICEBLEN |
HLIBE T ERATHRDE, ARLVRALNEICEID S Sestrin (SESN) B +7 7 I U —, Hilg
FEIZ BRI D Fas cell surface death receptor (FAS) 7223 -7-, £7=, UCP2 ® KD iZ &
S TRIEDNBD UIsE a2, Ml B o7, DNAERIZEED 5 L 0oRE < FiF bz,
FEEICRBEN D L& n &2~ TH D E, chromatin licensing and DNA replication factor



1 (CDT1), cell division and cycle associated 5 (CDCA5), DNA primase subunit 1 (PRIM1),

cyclin dependent kinase inhibitor 3 (CDKN3) 72 ER3H 7=, 26D Z e, UCP2 @ KD

WK o Tl > 7 228 (& U CHERBESE S BN 2 D, MIRZEDS T L 72 & & 2 BTz,
X2. RNA-seq7 — & DGO ¥ — LfEAT

regulation of response to reactive oxygen species (GO:1901031)

negative regulation of TORC1 signaling (G0:1904262)

extrinsic apoptotic signaling pathway via death domain receptors (G0:0008625)
regulation of cell proliferation (G0:0042127)

reverse cholesterol transport (G0:0043691)

cellular response to amino acid stimulus (G0:0071230)

cholesterol efflux (GO:0033344)
phosphatidylinositol-mediated signaling (G0:0048015)

Up regulated GOterm

tumor necrosis factor-mediated signaling pathway (G0:0033209)
regulation of phosphatidylinositol 3-kinase signaling (GO:0014066)

T T T

-logy, of p-value

G1/S transition of mitotic cell cycle (GO:0000082)

DNA replication initiation (G0:0006270)

DNA replication (G0:0006260)

DNA synthesis involved in DNA repair (G0:0000731)

regulation of ubiquitin-protein ligase activity involved in mitotic cell cycle (GO:0051439)
strand displacement (GO:0000732)

microtubule-based movement (GO:0007018)
antigen processing and presentation of exogenous peptide antigen via MHC class Il (GO:0019886)

Down regulated GOterm

negative regulation of ubiquitin-protein ligase activity involved in mitotic cell cycle (GO:0051436)
positive regulation of ubiquitin-protein ligase activity involved in regulation of mitotic cell cycle transition (G0:0051437)
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4. UCP2 ORBUIITNZ I VU REBRORBICEREEX D

UCP2 Iy 7 FEETIRNF+TH D L EZ LTS, DARMIIIZIBWT UCP2 @ Rl
1%, R OEERER TH D PFKFB2 OIEMALRE N FAET D, Fiz, 7 a—X@boZ4L
WX, BIZIE7 V2 2 ORI BB L CTREL 52 B[R E 2 H5d, L L, RNA-seq
fRHT CIL, fRKER DICHIEESE DAL EATICEN - TR hotz, £ 2 C, MRREHic s\
UCP2 MbE Rl ORBUEE LY 5 2 D[Rt 2 metd 5729, UCP2 & KD L7z AF22 |2
BT 2 bt R B R O R BL & 2 5 X7, fifFERICB b 2B & LT HK1, PFKFB2, LDHA,
INE I RN BEEFE L LT GLS, GLUD1 ##~7-, ZOFEBRTIE, KD ENEN
UCP2_shl ZHWCTH I NEER LT, ZOFER, =20 he— L TORIEE 100% & L&
=%, HK1 Tl% 1083+12.5%, PFKFB2 Ti% 120+16.9%, LDHA Ti% 71.1+8.68%, GLS T
1% 64.9+112.2%, GLUD1 1% 88.1+9.36% & 72 o 7= (n=3) , fEH#EAE3 K& 3, LDHA & GLS
1L UCP2KD |Z L » THIENWDT DL WIFERPE LN, ZO/RIE, UCP2 %2 KD L7z
AF22 ® RNA-seq it —42 & b — L7,

5. b MR pancRNA 257 5 CD63 O~ 7 A KH~DBHIBRHRIIFTEH KL =0T

LIZR L2 & 970 b iPS Mifaf sk ok Etfifaik AF22 % v 72 EAU OELY A& I8k &
active Caspase3 PLiAYefald, UCP2 LIAMZ HEHITL CH#ESHTEH Y, MEIS1, NRSN2,
CD63 12D\ T %, KD 3 % & it si oA 22 5l & M FE O HE M R 2358 60 & A7z, ),
FTEHNTLZ haRlb—y a3 AL D~ U AP~ OREPEBL) & e - Gkl o 80
fHA 27D BT,

BIZIE, =7 VY —ABETHRET 2 Z E RO D b MR pancRNA BE & (51 CD63
[ZDWNWTC, ¥ 7 AR ORI W T MBI T 5 &, KIGHTRE O gtk
EOIL, E=a—nrr (Ctip2+) OFIIELIETIZ, KE==2—nr (Sath2+) DN
HRL, &6I2, v TATEALNRWITO LbOFIED X 5 7o fEiEAS, ooz Y Rerh ity
FPoloa—nm Al g a7 (M3), L7zdd> T, pancRNA BEICEE Y 2 b DELF



DOFBEFEAT, KRR Z L 2 L CERBAAOBEVCH S L TE I LM R
’n,

Control CD6353FlIFIR

X3. ~ U AP RIKICE T 5 NMFEBA RO F
~ U A CD63 & Itk 13 H il o KAt el - b e B9 2
&, KOG =2 —m COENERT D, (RT7—s3—:
200 um)

1R L7ZE 912, UCP2 %# KD 7% Z & CHIfREFEA M 2 Hiviz, UCP2 ORBLILHM
W ATP L L %4 L 7= AMP-activated protein kinase (AMPK) #&EDZ{kiz & - CHjuE
ZEILSDHZENHEONTND, EEEIZHAIZEBWT, UCP2 OIHA AMPK #£58 O7E M 4 ]
L, HIREGE A REET 2 S WO FERIVRENT WA, LasL, BAEDBERRICE N TH UCP2 2
A OHFEIZHERE T 2 ONFI A TH -7, A, X2 O GO i ofER 16, UCP2 @ KD
2k o T, HlxiE ROS OiEMHAINZ % SESN B TF+7 7 I U —0OFBREN EFH LTWED
LT, ERARFEAEICBWLT S UCP2 AEE D AMPK #REEHITIAHERE L TWD Z & AR LTV
%, Z® SESN /X DNA H{EIE %25 il =4 pb3 O TIIZAFIE L, AMPK > 7 /L% 1EIZH
#4252 & T, mTORCL ¥ 7 vzl L, MlaEmsMmzCLE o, FEE, GO @irn»s
regulation of response to reactive oxygen species & negative regulation of TORC1 signaling
(BT BN v F L T2 E0n, UCP2 BFEE L7ARWEEAITIE, AMPK fEE M
5DOmTORC1 > 7 F /il & ROS BEEANIA L TREZ VD, b MEREEIE OB A HIE
ENTLEIDOTHD, LT=AR-T, UCP2 It MR W THEBE R 2 BAICT 5 2 &
TEOBEEME 2R 5 2 LITHEL Cnb EE X BN D,

25, UCP2 %2 KD 5L alb A7 a— OB IAARIZEL D ELEFOREN LR L,
RRERIIZ 31 D UCP2 IFMEAREMEHC L EIMR T2 2 L AR STz, ARfRERHaE 003 AUHE
fa7e & O¥ETEDE AR TIX, 7 a—Z 20 TR < B 7/ v 2 2 oR# b A
1792 &T, ZRXAX—FEERMIANS A FAZ A (BBEBRITL AT R) ZHEE LTS,
UCP2 XIS 722 SI2BWTC, Zva— 2R A0 SRR DR H 2 etk 2@ 28 H v, UCP2
DIEMEDOI hay R T ~OMRV IAREEMT HAREELZ LMD, ZNHDZ LD,
UCP2 DOIRER B 2 DI2H 7=~ TiX, fRFER EILM ) VB LD NT 2N 2 THRE R E
TIRHIZ DTG ) 7 77 I v V& BB AN ETERm L COhidebenizs 9,
BUEZE DA = AL EFEMMET 272012, IBERFOEA, SCARB1 BEFICEH LTV,
ZOBEBETI, VAT R VOV IAREMNNT L2 ETHY, UCP2 % KD Lz
TR ILENWD Lz, HBIfE, UCP2 % KD L7-%1% 7 SCARBI i&fn+ D FEEIZ L A% 2
—TCEXDLINETMET A Z LB LTEBY, ZOMFRELGFOERIIOVTHRNDLZ LK
0, R#Y 7m0 7O TEREPALNIRDEEZ TS,

BIRLTEEDIZ, B MZH Y~ AT/ pancRNA % 4 DiBa T ORBLEZ~ 7 A
IZBWT e MUIZEHT 5 &, iefia OHFEEEZ I LT, IMOEERE KT 52 &%
NI LoD H D, BRI IS L CWA B I, K232, S kv RY
TR RTE, BRERT, M EREBEE ST E ZIRIZIES TERY, v v AL NORNERE
T B ERITAEBLL EICZHOBETFOREREICH L ZNBLOND, o, FEFFRA
J v a—7 47 RNA OBESITMROBT T TIlE7e <8 (X ZRE2/MnY 7 % A 7 DA
H) IO HEEZRIFLTCWDAEEEL B2 NS, 5%ITT 7B LUV OfiENT 28 L
T, MOBERACEZH S D TFRHEOERAZHLNIZL TN 22T, v 7R ICfHfflce NEE A
XG4 25 Z LA AREL 720, AIEREINOMBAORBICET 20D EEZ TS,
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