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One way by which genes function properly is by ensuring RNA travels to intended locations within the
cell, a mechanism with important implications in health and disease. My results suggest a possible
underlying reason for some diseases and may also provide a point of intervention.

Our bodies function properly when our genes function as intended by nature.

Proper functioning of genes is controlled at many levels. One of these is ensuring that RNA,
molecules which carry information contained in genes, travel to proper locations inside our cells. |

investigated where RNA from every single gene occurs in the human cell and how that changes when
the cell is stressed from various stimulations. Where most RNAs keep their proper localization in
stressed conditions, | identified a group of RNAs which do not. Remarkably, different kinds of
stress induce different members of RNA to change localization, and in some cases, induce the same
members of RNA to change localization in different patterns. Upon many classes of RNA that exist in
our genome, a group of RNA called long non-coding RNA were the most dominant among those RNA that
change localization upon stress. With a chromatin-bound RNA, 1 have shown that change in
localization has functional relevance for the cell.

Genomics

RNA localization long noncoding RNA Gene expression Subcellular localization



BRXC-19, F-19-1, Z—19 (@)

1. WHZERiR 4 W O 5

BEFRHERIEIET AL cllfllc T Y, BEYOMIENFRTEDEY ZH#Hd Z0—D2oTh
b, 7/ 574 FTld, RNA OHIIENRBTE DR T Bl S T in w2 ¢ <. 2 alifg~
DAL ALHHIC L > TED LS I T 2O THFHICHEINTWEYL, 27 ek Rt
EDL L VEINRDO?E 72, B TREEZ AT B0 R A =X Lm0 NG EFEHT
22 L3, BEFRBEICOWTOHEMRZED 27217 Ch . FEPCHKEBICE T 2 IB1ER 7 i HIFERS %
ETE-01Ch, B2 Ao 3 _REEEALEMTH - 72,

2. 5t D HIY:
(1) oW HIIZ. RNA OfiIENEEEZ 7 ) L2800 CRE#E-oT. Zhasfliidzx b L xic k
STEDLIICEBLT 2 2RHEMN T ETH T2,

(2) d5—2oDHMWIZ. RNA OHIENBEICE T 2 2D & 5 B OBENERB S IE. ZhERd
ZETHoTz,

3. W3E D ik

(1) DNA 8L, #5, DNA i, bR b &, #R% & o0EHR K2 EN e 32 7 EEOEH)EEIC
X 2B T, RNA OMIlENBEZFAE L7z, 2D ORI L 725 CHE L7z & b SRR
MM %Z, Mg, KEsX 7 e~F VITmL7z, 2b o IcEl# 32 RNA 2 CAGE ¥
— % v ¥ v 7' (Shiraki et al,, 2003)I1C X - CaFfli L 7z, B L 7=fMifge =2 v e —aflild cohs 3 2
DE5r D RNA O % RS 2 2 & T, Hlic X o CREDZILL 7= RNA & 20 Z{L 2 ET 5720
DEIHEANA T T4 v %L LT,

Q) MFE X, B —4 78K in-situ ~ 4 7 U £ 4 € — 3 v (single molecule fluorescence in-situ
hybridization, smFISH) I X - CT{T» 7=,

Q)Z7u~F v TEEICEMIND X5 ICFENPEILT S long noncoding RN A (IncRNA) X, D7 1
~F VSO AT 5720ICCh I RP—seq (Chuetal,2011) iZkoTH#ENIZ, C
D IncRNA 1, / v 7 XY v B X PEBREFENA XA =2 v 71T K o TE O IR T 72,

4. e
(D #ifke t EERMEFHEOMEE. KB, L0727 a~F Vilind Cyt
5D RNA ® CAGE v =7 vy v 7 ) —=FZ#IEH{LL, ZH7a Yy b %
fELCHBL, P IV R2Z2 YT =274 FCHNEERZRLE
(K 1), mRNA (X3 2DHDICIEAR > Tn7zDixt L, IncRNA (37 v
~F VHSICEMEINTEY, Zhi IncRNA 2227 ve~F v EH LT
EEZHMT 2 L v UETOWE (Werner et al., 2017) & —E L T
(Werner et al., 2017)

chr % § & & SN
® mRNA @ [ncRNA others

1. MfeE, 8, /e~

> W DB G ORI FAE &,



(2) MBCHIEGC X 0 MIBEPRTEAZ{L 2 RNA 222 ) —= v 753 7-0iC, #Mildx 7 2 DR IE R
W (7275 7<4+ v D, 4EIRCat, ¥ 27 u~F L IF, v 27uRKY v A 5-TH-2-F+HFo v b v
v, v TalE, FEyaeyy) CUBEL 72, FHEucow T, ERft 7 CAGE iAMDY % &
7 AN DAV EE K L-, ZH7vy P Loz b i@ L <, il n-50F
TCREXZNTERNAZRZ YY) —= v T 23700, T4 vl (K 2), EEIZE
IfThi, FRNA X ZIH oy b ko 4208 (e avba—ins 2o, fEE»H 2 2)
TRz EREEBICONT, av e —LVOEHFETOREZRT N2 ORI N-FEToORELR
THEE COMEEE~ 27 b LPEEE (vector distance) EFEN, RIUEH T o 2 2D KESBOEE% ¥
v 7ihEfE  (gap distance) L WFEA S, fHICE 9 &, N7 b oftiiiE (ZH 7 v v b EoR K
1.0 5% >=0.2) &¥EHXT bl e FE ¥ v v 7R

HEDH (>=2.0) IR % 3%E L 72, Gap
i Distance 2
LR 742 ) v rH R LY KIEFBRECRELD :
7 b —E L7 RNA Z[EET 2 2 LB CTE 7z, HHT o Dstane 2
REC LI, HHIIE RNA B0 R 2% — v 25 & |
oL (X3). 2hdznZNofEDHBICR 2 K]IG Gap
Distance 1

THLIZLHBRBL, T7F /<>y DUWHTTO
RNA @z~ ThH, X7 bridza~Fvichm o - .
o CHE D b DAL o e CAURLE IS gy e oy P EeER LR AL
% (Hirabashietal, 2019) TH 3 7=, K54 7a v b
0=t LCHREL 72, X 51T, TRTCOMUMICEHE VLT, IncRNA 28, B X 7z RNA oo d Esh
RNAZ 7 2THY (K4), ftho RNA 7 7 2 & R L TifFo @2 — v 2R L7z (K5), i,
CHZ7uy b6 XY 7y POFAETTTRTORYZ b2 IERLT 5 2 & clififbc& -,

All expressed RNA

_________________________________

RNAD 7 4 L&Y V7

1.00

< mRNA
o
£ 075 B ncRNA
8' pseudogene
3 0.50 . sense overlap RNA
8 short neRNA
< B smaiRNA
0.25
é structural RNA

EmEnEmnl 5.

> O
S &S \\QY" o;*@*“
< <
» *°
o 0 2
o : SV s Displaced RNA
Chr =% & & & SNSChr § & & & SNSChr & § & & NS Chr § § & & ONS 100 e e e e wan aen o
® 5A2dC Vehicle VPA ® Vehicle ® DoxiuM Vehicle ®  Dox0.25uM Vehicle
mMRNA
075 W ncRNA

[ 3. KRBT CREHEX 72 RNA, A_—ZDHID7=D, X7 P L
KHNIBRAL I T 3

pseudogene
. sense overlap RNA

short ncRNA
Il smaiRNA
0.25
structural RNA

. uncertain coding

2]

RNA class proportion
g

distance (y)

0.00 = - -_--

Vector distance (y)

Vector
Vector distance

S f&(’ F LSS
N N
it &9

T S R T 0 S e 0
4, TRXTOFIX N7 RNA
o (fE) LB & Lz RNA () %1

Bt 3792,

Vector distance (y)
Vector distance (y)

Vector distance (y)
Vector distance (y)

X5 ZIH7w M%@ B X 1172 RNA @«7 lwv I. EX L m%
X0 XS HENT B DI xy 7uy FOFEEICH LTIER{LE N,
mMRNA & IncRNA [E~ 27 M/a)ﬁr’jrb i,



(3) Ml HBLXRCAGEY — 7 vy v 7250 RNADRENICE T 2 FRBR X N2t i
A4 z7-0ic, smFISH #%EfiL 7 (M6) o FIiC IncRNA 2B X 72 RNA 2 5 XA CTH B T & AR
N7z, HEOREE X CLHEOFKH L VvIcbz > T, Al 12 HoE# X 1172 IncRNA <X L T
smFISH # {7 L7z, 7ZA b, 12 ‘ 4
e L IR U R o R A
CAGE ¥— % & —5 L 7. 11 {f N ml i

DHb 2 HEUTFICREL %, Ll

smFISH I3, 2 Hilc b7 2 FHL
~ LD RNA O % BREEL 72,

Mean spot
count/cell

=
=
= 1000

MIAT

(4) RNA &0 ¥Eaer B ME: % 7R
472912, IncRNA MIAT (¥ 6)
IR L7z, MIAT I3, v X bV — B cex [ voce
W7 & FAACRERIIEAICH 2% g1 6 \ncqna D smiisH BEE, 12 FFOBEED 5 b 2 fh 2 Fm L
A7 RBRCHIRBELET S . 7 5

0w F VICEEICEM S Lz,

Mean spot
count/cell
o N & o

BCL10 CARD domain binding 1
MIAT X ! acetylation-dependent protein |
N ATAD2B binding

lysine-acetylated histone |
binding

<
phosphatidylinositol-3,4-bisphosphate |
\ binding
\ w UDP-glycosyltransferase |
ﬂ activity

phosphatidylinositol-3,4,5-trisphosphate |

SMARCA4

Odds
Ratio

binding
) - fructokinase activity 1
LIM domain binding 1

P

“© mannokinase activity
< phosphatidylserine flippase ]

activity

< _ 0 1 2 3 4 5
] || -log(p value
7 v 9(p )
CARD18 07 N
FCHSD2 6
GAB2

[X| 7. ChIRP-seq IC iofnménfWM@mDT%&/Ahﬁ%ﬁ&h<O#@hﬁ%ﬂ%ﬂ MIAT IZ
X o THEA E N BE RO L & =R (f

MIAT ® 7 u~F v 85—+ F—i, A7 v BRULEMIZ I L € ChIRP-seq (Chu et al., 2011) Z{T\>[d]
FE L, 7 LERCES>Tw3E %R L (M7), MIAT 23564 286 1 ORIKENT GE{m T4 v
fey—)icky, B3 209 F7Fuvzxe LT CARD F A4 Ve, 72 F MURTFEERSS. B X
PV TeFafbe 2+ vEEERRENTZ, ST afgld, H3K27 TOBEE T2 Fr{bz5 22§
v 2 b VBT v FMLEEEEERCH 2720, MIAT 2EET 22y TeFafbicBl532 2 o0
Bin¥. SMARCA4 5 X 8 ATAD2B # X L & L 7z, SMARCA4 353K CTH Y |
H3K27ac A4 % Z & BLUANICERE I T w 5 SWI/SNF E&EO LA v o3 —TH % (Alver et al.,
2017), MIAT % siRNA 2fiFHL </ v 7 £ v v L (X 8A), H3K27ac L VT3 % 2h R % i &
HA A=V T X THE L, 3, FPREEY, N 7olg icX20ic kb, v MHEFMED
H3K27ac L _ABER L7 (K 8B), FHHETRZZ Lo, "o 7 uBUlBEiidics iy s MIAT O/ v 7
X ik, H3K27ac LA D % b 7256 L 72 (% 8C),



A vehice B (5) Fewz b, coOWETaY
g 12 %‘2 . Vehicle VPA Eé = =7 M. RNA o E7Z 3 MEAN
gos 508 W B2 e JREL R EFR oM Z F L AT
: "' : ||I | B Scmois ;i: . $$ THAEL. IncRNA O CTRb —
e 22 i ch b L RR LTz, THIE,
\f& & & & & BETRBOEERECH A6

*Pmm *pmm " PEpsd & kb ic, Biyh 2RIk

siScrambled SIMIAT1 SIMIAT2 3 Sate FEo7uwvAThHhH, zhnickb,

B2 s A I3 43I IS U C B O T

0§ s % é # TEVOB LT LN TE S

| [hoaclin :a’&5 IncRNA MIAT o

@§&§§§ LEBRICK Y, Z LAkl

&S e

o i YU o H3K27 OF 7 & F
X8, (A)SRNA / v 7 X' D MIATFEBL, (B) EE ZABLUVPA - ALZBIT 5 LAVRE Nz, Bt
AN H3K27ac DRIEHIEA A=Y 7, (QMIAT/ 2 7 X7 jgic, ZofRrb. RNA O
V?%HE[H@&CZ‘S’L? 5 H3K2ac @%Eﬁ%’f A=V 70 ?:E’ﬂﬁ(‘: * @EEO f:ﬂiz”ﬁl]zx))%éi%kﬁ

HICBELCTW B30Tl e

HERIL 72 < 72 B,

5 | FH Rk
1. Shiraki T, Kondo S, Katayama S, Waki K, Kasukawa T, Kawaji H, Kodzius R, Watahiki A, Nakamura M,

Arakawa T, Fukuda S, Sasaki D, Podhajska A, Harbers M, Kawai ], Carninci P, Hayashizaki Y. Cap analysis
gene expression for high-throughput analysis of transcriptional starting point and identification of
promoter usage. Proc Natl Acad Sci USA. 2003 Dec 23;100(26):15776-81. doi:

10.1073/pnas.2136655100. Epub 2003 Dec 8. PMID: 14663149; PMCID: PMC307644.

2.Chu C, QuK, Zhong FL, Artandi SE, Chang HY. Genomic maps of long noncoding RNA occupancy reveal
principles of RNA-chromatin interactions. Mol Cell. 2011 Nov 18;44(4):667-78. doi:
10.1016/j.molcel.2011.08.027. Epub 2011 Sep 29. PMID: 21963238; PMCID: PM(C3249421.

3. Werner MS, Sullivan MA, Shah RN, Nadadur RD, Grzybowski AT, Galat V, Moskowitz IP, Ruthenburg
AJ. Chromatin-enriched IncRNAs can act as cell-type specific activators of proximal gene transcription. Nat
Struct Mol Biol. 2017 Jul;24(7):596-603. doi: 10.1038/nsmb.3424. Epub 2017 Jun 19. PMID: 28628087;
PMCID: PMC5682930.

4. Hirabayashi, S., Bhagat, S., Matsuki, Y. er al. NET-CAGE characterizes the dynamics and topology of
human transcribed cis-regulatory elements. Nar Genet 51, 1369-1379 (2019).
https://doi.org/10.1038/s41588-019-0485-9.

5. Alver BH, Kim KH, Lu P, Wang X, Manchester HE, Wang W, Haswell JR, Park PJ, Roberts CW. The
SWI/SNF chromatin remodelling complex is required for maintenance of lineage specific enhancers. Nat
Commun. 2017 Mar 6:8:14648. doi: 10.1038/ncomms14648. PMID: 28262751; PMCID: PM(C5343482.






