201656 178 #HEtHEMREN A—T2/\DR

2SRV Tr—LERICEKEERREES KFURT I RNE—20F R

AN B

Total RNA-seq (Total RNA-sequencing without poly(A) selection) &WSFEZHR
WBZET, HBEFRORNASD T (FTERNAZED) O2ZMBEN(CFHATD &
NTED. AR T(E, Total RNA-seqDFETHNNS, RNARUAS—E I (IUTF,
Pol 1) OESHEKRIOTCAZEEBRTEDZEEZRT. Pol |l (&, IS (RNAD
apk) ZfR TSR T, DNALDOERFRGESHS3HBEICBE LN S,
ERPERI (CMRNAD SRR EEDD. COERTOTAD EZEEMREEND. K
B3T(E, Total RNA-seqZ VW TCEEHRRDREDCP I TS AR - NI—ERAET
BT —IFRNMFLEZERBL, EMZCHIDIEAMERINITDIETHD.

wa

DisplacementofPoll o mewsmeme

—

exan 1 exon 2 exon 3 cxon 4 1 i
bl
Co-(ranscrip(ionalSnlicing =3 =3 v o = 3
=-;7 Measurement of nascent T

transcripts using total RNA-seq

[inverse problem |

Modeling
\

W Decreasing signals from exon 110 exon 4
® Reducing gradient in each intronic region

3. IAREZERIZRIR
HIF T+ )L (ph TPol IDFIEFEREHETE

m HAETIL

U— R [ I571mLE7L |
™y, =, (2, .8,)w,. w, ~lognormdip ) v B von Uy
HEU—REC A (7,.8,) =iz1 (s,sn)
n (=1 ,N): 48 (RNADSEIEE) . .
X, & Pol lDTFAERER
T,, T, Tpy Ty

S0 AT SAREML (H1E N DIEBHRESNBATE)
B SRTLEFIL [ Pol IDFEREEFESNCEL |
(2) logz,, = logz,., +v, , v, ~N Oy)

5. BIF T 1 )L LK DIREEHETE (Pol Il density, splice pattern)

T T+ )LD (FREZERETIILORBHEERITI DS Z1L -3 R-ADOFITUXLTHS.
T2 IRRIF I A I —IUTDESBTILIT VXA TEHSD. NG ERIFDAIE)H S 1(5 RIHDALE)
ABEBE (CRIF T I U DZITS. HREZE (pol I) 'C?i)be,M(JDL\'Cﬁ*_L?tL_ ELSRTLI

ARV, BRESE, n+THBnOTRRITFEELT. BE)— R#A,(E, REZE (splice site) s,/ Read count atpositionx - Distance from the intron terminal

SnFETDIREESK,DBFHNC K> TRRENSD. 5, [FET>3 S4TRURE £3IE, 3 KIHDALIE (s
=N), RSODAIE, 357' [FA> hO>OBKRRERD. RSOFEESHEE (FF1— T ZITVRELE.
DERIT —Fy, NSAEEZITV, SNFIOEHWHETEEND. EHCEDNWTh: N@U"j’/ju
SO%TV, BEEOEVLEONETHEENT, *ﬁ?j'()b@[Cck%q*%}EEb‘.ﬁ_'Dﬂ%.
KSr—sgriconTt [ RNDEAIETILER QDI RFTLAETIVEE D TINSA—FIHEEITOIZ.
B XMHS m _t('l)ﬁ‘b m XQ)h5
w, = f(n) IogZa: v, =logz, -

- ;";I‘
exp(f ()= Zw
#, =max{0.0001,expf £ )y explr(+ 1)

7. ATSA YA hOHEERER

Drosophila®recursive splice sites (RSS)

logz, .,

MEXFRAF EEREHRE R HFER BLRY

JFRIE2F (FBEH B THRAEZR)

=) =—§

ER&EE'J

AR TI(E, Pol IIDFEHERE D — ROMOBFRZIREZEMETILTRRL, N1
X?EIE(LJQDPOI NOEFEEE (BREMROEXRE) t7\7°747\35147iﬂm3‘5
CEmEAHD.

Total RNA-seq&W\\STTAICL DT, HIMEHICIFIET SRNAD FOMEZEETAITS
ENEIREE D, T—HIE, BEHRERTORNADFORREDIAFv I 3w ~
[CIZDTWB. T—H&, U—RATY REVWSERTRIRESNS. SNlE, RNA
OSSR OB ZEE(C, B2 (U—RE) ZifEhcE>eBDTHD. U—R
DRFE, ERICTRESND K DRFEEIRDI i (saw-tooth pattern)HERN S Z EHYAD
BNTWS. CDpol INHAENGEREREERMLTHD, ZD/NF-—EEFT
JIMELT, PRIEZERE, EEREOTOCAEBIEBR TEIEEZENS. #
ESNEREDMICEDSE, GEHREREEEX N A, OXF>0RE (T
ESIRTAUR) , ATSASIBEEOBMGRZERAN, £EHRECKIEE
RRIBIEDENEZBASHC LIz,

Pol IDFEEE L U — RAHBOBMRICDOWVT

U — ROMOIRERES DEER TS, 1EEEFIDOME EICSX S5NSPol IDTF
EHEXRTHD. BT —5THD, J— R Spol IDFEERZHET D, {iI
BB T Bpol IDFEERZp()ETD. Pol IOBRENRE (GERERE) (&, 7
TERERDPERICLELH T D, Fiz, %u%o)ﬁﬂﬁu REL(Ep(t) o)ifaﬁﬁ‘c'—-}xbn

""""" p(s)ds =OI,

Transformation formula

p(s)ds z0E,

4. AT S5A AT+ ~OHETE

BRAETIL
yn =An (mn:N’s )w
U — Kk

. w, ~lognamal(u o)
A(o0.)= 5 (5,5)

s, (& n BEOEENMIR (RTS5/4X) en3iE
RIS A—=FTHD, GBEHRRRE EREFCHE

REEZBDHM (15 s,) |

BWRRT AT )\ =2 THRIAINIFTT A TRTSA2 20, BEEIDR TS 2IR
BRI ID—STRTSAS U IRYREND D8, AT 5+ XEMILFHKMTHD.

AR — R#RA, (3, s, D SnETORBEROBINICL > TRREND. s, (HMUBNDEENTRES=N
BEZRY. BN IFY>DHBE, BRTIFY I DOBRENRFNL, s, [E3FKKDMUE (s,
=N)IZ72B. nh' > bO>DBE, RIOBVERETIUE, s,E1> bO>DRRRERD.

RSSODIEFEFER (number of pf = 100,000)

6. Total RNA-seqJ — RODETE

Total RNA-seqJ — R(Z-1 > hO> AN R SNDEDDHZ T ROBELEF & U TEAT.

Read count level vs length of intron

Correlation

= P[R .mm,(:t), (t'"lmn _"3)}

Ripgon () = G g ™™ ~ )

o

Constant
(intrinsic gene expression level)
A2 hO>DEREMSDRESEYU— RLAL
MEEL TV, 7> bOYARLS, U—RL
NILDENEDEEEUTZ.

orteIaon | LognU(p Vale)) (1530 COUIT Vet VS kgt ot o)

Ioton angth

8. Pol Il densityDHETEREER

Human fetal (ERR042386)DIHETERER

3R FBgn0003944 Ubx -

b Uttrabithoras (Ut

., 74 kb intron ) N i =1 — True 0 , il
.l‘. T e 3{EDRSSZEHETE g i Estimated —— Estimated N e |
: lT.u.‘ s o Mo g é s == = ey e
e =] ) ii . —— chea o2

il o P £x RF T« I CRDREEEZITOEE = 7 = ]
e 108 kb ntron H 23, pol Il densityZHFETETz. n
qurslvnmmnuﬂs i

B — SR —— ok M i L
m.m e position e +‘

Duff et al. (2015)Nature 521, 376-379. Fig.1 2R FBgn0040765:luna -

b, Example of total RNA-seq data for the

Ubx gene which is known to contain three

S{EIDRSSEHEE

chra LDB2 -

(Chr4 LDB2 -, number of pf = 100,000)

.._mm...m

chra LDB2 -

Read level

chra LDB2 -

1000

recursive splice sites.

‘ﬁ\‘

p—

¢, Example of five recursive splice sites
identified in luna.

“1050080

state parameter (Sn)

11000000

'
000000 11020000 11080000 11100000

position ! i
Drosophila Ubx®RSSIF3ME, lunal@5ENEEZNTLND. HFIT1ILY
[CRBREHEZITORETD, INSZEMETSE.
SEXHR
« David L. Bentley. Coupling mRNA processing with transcription in time and space. Nature Reviews Genetics 15, 163-175 (2014)
* Adam Ameur et al. Total RNA sequencing reveals nascent transcription and widespread co-transcriptional splicing in the human brain. Nature Structural & Molecular Biology 18, 1435-1440 (2011)
« Churchman LS et al. Nascent transcript sequencing visualizes transcription at nucleotide resolution. Nature 469, 368-373 (2011)
« Michael O. Duff et al. Genome-wide identification of zero nucleotide recursive splicing in Drosophila. Nature 521, 376-379 (2015)
« Christopher R. Sibley et al. Recursive splicing in long vertebrate genes. Nature 521, 371-375 (2015)
« Iris Jonkers et al. Genome-wide dynamics of Pol Il elongation and its interplay with promoter proximal pausing

Jro——

, chromatin, and exons. eLife Sciences 3 e02407 (2014)

AFHETRBBAA 1R AT LTS

B IR PR The Institute of Statistical Mathematics

o



