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RNA molecules in a cell play very important roles so that genetic
information encoded in the genome is instantiated as proteins and exerts actual functions. Three
dimensional structure of an RNA is understood by its arrangement of stem structures, and it is
important to investigate the properties of this secondary structure to understand the functions of
RNAs. In this study, we have succeeded in developing an algorithm (ParasoR) for computing several
properties of RNA secondary structures of very long RNAs such as messenger RNAs and long non-coding
RNAs for the first time. We have also succeeded in developing an algorithm (CapR) for computing
secondary structural context around the binding regions of RNA binding proteins.

RNA  RNA RNA RN



B X C—19, F—19—1, Z2—19, CK—19 @)

1. BRSO 5

(1)DNA > —H v ZHo BN K=
A MEIZEDY, KREERBANT ) LD —
YU T BMTbi, &4 LB Sl
v, FERICEES S HIEZA (SNP) ©
BRDIL AT, ZO/EFEE L TH0 -
7eDix, %< OFEERE SNP X, 7 /B4
a— FL7aWHEa— RiERich b ) Z &
2oz, BlzIE, EE0EER-E SNP ©4
0%LhEix, 4> hargEikic, FHETSZ
EWRTRBREINT, oI EBrEa—RL7gn
) RE ET,. ZNBD SNP R ED X H 7
P Fr CHR B M B % 52 D O )% fif ]
THZLEREERFEE 2o T,

(2) BHEERF 1L, BF RNA fF @Y —
IVDOBRFEEIT> T 5D, RNA fifTOHFTH,
RNA O R M X, M8 SOk A H S0k & e
NDWHEEBLRTIEICEY 9 2T ML
TELH2ENHMOLNTEY, ZOHME2IEH
L . AR SNP ORRE 2 B3+ 5 BF 421
BfETez Lz LT,

2. WHEOHB

o — FEEGHE O SNP 1L, i5 S -3k
21— R RNA X, A vt P ¥ —RNA O
FAvZziE LT, EmITENc % 5 2 % A6
PREZEND, ZORBMDO Y &I, Fexid,
N6 RNA O kAN, fEEEf e 2
WZX 0 ED XD B EZT D0 E RN
HET Y= VOB EIT, 7 A EDIE
o— NREEICE < . SREER IR A S
NCTHZ L AEE LT,

3. WFgED Hik

(1)RNA “REEET LY RAHHEL, A
vV —RNA, REHIE— R RNA R E DK
K72 RNA 73 F12xF LC, IRIEEFH % EfE
IZATH ZENTE DHMOASFHE T LY
AL (ParasoR) #BHET 5,

(2) ParasoR ZH T, EWEAIZRTT 5
WAESE TR OME 2 H~, BEFETIECRT S
HEMEZRT,

(3) ParasoR #t b7 A 2IRIZEEHA L, &7
J AOEEREEI T E D X 5 7 TR EM 7
FRDNENTNDONEFRD,

(4) RNA k&7 v =) XAz AL,
RNA BRAID BB & D L 5 70 ZRAEEH) S
IR & 2 0 A BRI E E T 2o T v
Y XL (CapR) %I D,

(5) CapR #. CLIP-seq 7 —ZIZ X W JlE &
B RNA FEE & v B G aE3E 2 O RNA
BEANCEH L, RNA 5B X 0 BR YD X
372 CRIEERI R RS A L o THRA T A X —
Ty NERETDHIONEHRND,

4. WFFERE

(1) ParasoR D¥EEZFAI= L 2 A kD
V7 o7 «V— L ERERIEBREEIZIEN
I EDIEEMEIS ZFOZ Lo Tz,

(2)ParasoR DA —F E U F ¢ B L
A Ayt ¥ —RNA, FET— RRNA 72 &,
PERFHRE DR AIRETS - 72 K K72 RNA 24T
BUEREE DAY 72 ZIRMEER A EZ T2 L
MNT&E, RLICE N7 294 XD ALK
a2 T “RiEEEHET D LN TE
DT ENGINoTZ, T, RIS
BTN IAVZXLDAr—58 )T 4 DR
HRTHD TRIRT D ENTEZLEEZT
W5,

(3)ParasoR%& b h47 /) AOEfEICEA L

T, BEIBOAT AMEREHA LI Z A,
v N7 AOBERETEIIC IR TR AE IS A ]
KINEBNTNDZ ERHALNTR T2, Bz
X, B hOA » brUEK T, £FICE-S
T, AT AEAEA D & T D50 IR & il
FIDMBNT WD Z ERN otz (K1) 7=,
AT AT A NEAATIE, AT T4
VI X 0 REE A ELD 1T < WEHITREE A~ &~
WINT D ENGMNY ., T BRI &
b B AN N ek RV X A DRA N OV AN
WA I EDBIRIE S T,

— Z45
— Z+a

X1:b N JADA Y b fERICES
WHEER 22 HIK, « BREX, X7 F 407
B A SO DEETF FOMEERT, 0LV
N a— Rk, G034 2 b e Uik,
X, BT REEERIC R, AT A E T
NIRNDPFFNNERLTWD, BENLL, A
vhuero&&icEY . CREEEZMS 5 &
THRUVMAB N DD Z & D035, FRERIEA
v ha UEFIOMRBEEEL, ZHbbik, A
vhu b o REEIEIN 2RO Z &
%ﬁ—\‘ LTb\éO

(4) BES RNA A& DT — X ~_X— X Rfam DT
— X ZHAWT, CapR OMEREZFH /=& 2 A,
AT BV AT A NERA—T SERA—T D
K ZIRIEIER SUIR 2 FEH I @S E I
XHZ BT,

(B)ABENTUWA CLIP-seq 7 —# & CapR
ZHAWT, RNA S & o7 oA EEE
WANED X D 70 “IREEGERMEZ & 5 2 &N
SN EHRZE A RNA A X0 E



DRFIKTF LT, AT ATHEA LT VG
O, W=7 E LT b0, ~T Y
YIA=TIREE LT Vb O Y e
ISR R R R 2R D 9 D Z LN Tl S
7o

(6) RNA &HEA L7z X M Ermbh
TWBEONDHE X7 (B2 1E, MTH
HPJZHRB L, RNA DR 7T A > ZHIEIC
B 5925 Nova # /X7 &) Ip L L b4 5 &
CapR |2 & 2 Tl & X #RfE &L, AWVIcr

JEDORWFEREZEL Z Enghot-, (X2)
B
8- " H
« |
. U
21 =S
o
=
o
3 |
3]
N
‘ ‘ - ‘
-20 -10 0 10 20

position

X2 : (k) : CapR 2L 5 Nova # /&
O SR O R YER 7o BRI, BRI AD
Bl LEONLE T, HEdhids A ER SR (B :
NV H:~T By INEAL—, Ubiid
2L, SSATA) OWMYT S ERT, Bo
R Con Lz, FEAELSE T — 7 O BT CHF
W2, ZRAEE A NZ EEZR LTV D,
(F) X BEEMATIZ K% Nova & RNA @
AR, BARYIEF—T7 OERNL. TE
KRB ORYT v MERICA->TERY, Z
O BREEEMHE RV &iX, Nova D
RNA GE#ICB T 5 EHEMZ RE LTV 5,

5. FE/pFEKFmCE
(W T H . BFFE D HE K O 3E38 12
IR

UEREsmC) (R e 1)
(D Hirotaka Matsumoto, Hisanori Kiryu,
Chikara Furusawa, Minoru S. H. Ko,
Shigeru B. H. Ko, Norio Gouda, Tetsutaro
Hayashi, Itoshi Nikaido
SCODE: An efficient regulatory network
inference algorithm from single-cell RNA-

Seq during differentiation.
Bioinformatics; btx194 (2017)
doi: 10.1093/bioinformatics/btx194 £ H A

@ Hirotaka Matsumoto and Hisanori
Kiryu

SCOUP: a probabilistic model based on the
Ornstein—Uhlenbeck process to analyze
single-cell expression data during
differentiation

BMC Bioinformatics 17:232 (2016)

doi: 10.1186/s12859-016-1109-3 £ 5t

@ Risa Kawaguchi and Hisanori Kiryu
Parallel computation of genome-scale RNA
secondary structure to detect structural
constraints on human genome

BMC Bioinformatics 17:203 (2016)
doi:10.1186/s12859-016-1067-9 i

@®Michiaki Hamada, Yukiteru Ono,
Hisanori Kiryu, Kengo Sato, Yuki Kato,
Tsukasa Fukunaga, Ryota Mori, and
Kiyoshi Asai

Rtools: a web server for various secondary
structural analyses on single RNA
sequences

Nucleic Acids Res. gkw337 (2016)

doi: 10.1093/nar/gkw337 & i A

(® Hirotaka Matsumoto, and Hisanori
Kiryu

Integrating dilution-based sequencing and
population genotypes for single individual
haplotyping

BMC Genomics 15:733 (2014)
doi:10.1186/1471-2164-15-733 &5t

® Tsukasa Fukunaga, Haruka Ozaki,
Goro Terai, Kiyoshi Asai, Wataru Iwasaki
and Hisanori Kiryu

CapR: revealing structural specificities of
RNA-binding protein target recognition
using CLIP-seq data

Genome Biology 15:R16 (2014)
doi:10.1186/gb-2014-15-1-r16 & #i A

(ra%E) Grefh)
(D Hirotaka Matsumoto, Inference of gene
regulatory network and drivers of
differentiation from time-course single-cell
RNA-Seq, % 5 [\]4 iy = 3 4E #oE & K
(IIBMP2016), H 5t [E B 22 i #F 77 7 - Bk
(CROCHB + JLRIX) 2016 42 9 H 30 H

@ Risa Kawaguchi, Hisanori Kiryu.
“Parallel computation of genome-scale RNA
secondary structure to detect structural
constraints on human genome”. % 5 [F]4: A
P SR ol A K& (IBMP2016) 3T [E BE 22




VEEE 77 Rk (ROHR - LX) 2016 4F 9
A 80 H

@ IARYEE  1HMRBET — & & FiEE
2> B g AR < SRR AL P, AL i il AR
FORE 7RIS, BERBRFERNZ ¥
VX ¥ L RA TTCK L7 F¥—A&/— (Il
JEE - #BRATH) 20154210 H 1 H

@ Risa Kawaguchi, “Genome-wide
computational analysis of local RNA
secondary structure Computational

Analysis of RNA Structure and Function,
Centro de ciencias de Benasque Pedro
Pascual (Benasque, Spain), 2015 4 7 A 30
H

® Risa Kawaguchi, Hisanori Kiryu. “A
comprehensive analysis of RNA secondary
structure with deletion, insertion, and
mutation” RiboClub meeting, Hotel et
Villegiature Chéribourg (Québec, Canada),
201349 H 25 H

® Risa Kawaguchi, Hisanori Kiryu. “An
algorithm for evolutionary analysis about
the influence of single nucleotide variants
on RNA secondary structure landscape”.
Asian Young Researchers Conference on
Computational and Omics  Biology
(AYRCOB), 7th meeting. PEEIITHR SIS
AT ARt L o 2 — GRS - TR
X) 201349 7 10 H

(ME) Gtor)
ML

(PEZEHT PEFE)
ML

OHiFaRIL Gt o)
ML

ORI (BE O 14)
ML

(ZF D)

R— b — 5

DSCODE:  —Hlfj s —r v 77—,
Bl fORBMEAEZRETL2Y 7 by =T O
A1 b -

https://github. com/hmatsul226/SCODE

@Branco: SAFEA T ERTEE O WFE
EHET LY 7 MU T OFAYA b
https://github. com/izziiyt/phylozzii

@SCOUP: —Hffs —/r v v v T =AM,
BAL DI EEITESR, BB L OREE
LEOMEEHTETHY 7 by =T Ol Y

Ak
https://github. com/hmatsul226/SCOUP

@DRtools: RNA BE&7>5, RNA —RAEIEICEE T
DRk A IR A GRS U =2 T — X —
http://rtools. chre. jp

(®ParasoR: £ WELAIIZ % LC, WHIFH T
WG AT DY 7 b= T O A
b

https://github. com/carushi/ParasoR

@®CSP: kA —4r v 7T — B v | SNP
TITANDOZT—ERETDHY T MU=
7 OfRART A b
https://sites. google. com/site/hmatsul226
/software/csp

(DCapR:RNA FRF DB ELIZ DWW T, £D K
R Ra XA NEMATHY 7 b
7 OEARY A R

https://github. com/fukunagatsu/CapR

6. WFTCRERE

(D) BFefe ks

KRS W2 (KIRYU Hisanori)

WK « RPPEF EIRA B 5o 8t -
B

Mtz E 80415778

(2) W7oy i3
ML

(3) R e
ML

(4) WF5et 17
B OE
H E
g s
g Ao

(ASAI, Kiyoshi)
(HAMADA, Michiaki)
(SATO, Kengo)
(KATO, Yuki)
E=f o (IWASAKI, Wataru)
/NEF o SEHE (ONO, Yukiteru)
FH $BBA (TERAI, Goro)
IR %  (0ZAKI, Haruka)
WA ¥EE (MATSUMOTO, Hirotaka)
Ak s (FUKUNAGA, Tsukasa)
& K (MORI, Ryota)
L At (KASHIHARA, Yuki)
W E E#Y (KAWAGUCHI, Risa)



