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Research Progress in the Approaches to in vivo RNA Secondary

Structure Profiling in Plants

ZHOU Xi-wen CHENG Ke ZHU Hong-liang
( College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083 )

Abstract: RNAs fold into complex secondary and tertiary structures via hydrogen bond pairing to enable their diverse functions in
cells after dynamic changes according to environment. RNA structure is considered to be related to the regulation of gene expression and
ligand sensing in plants, and is also considered to be an important factor in post-transcriptional regulation. Structured RNA can also affect the
dimensional structure of RNA binding proteins and their functions. Thus, the analysis of RNA structure is particularly eritical in the study of
RNA function. At present, various detection methods for RNA secondary structure ( RSS) has been developed from X-ray to enzyme digestion
and chemical probe labeling, which can be combined with high-throughput sequencing to construct models. In addition, machine learning and
other methods also provide new ideas for the detection of RNA structure. In this review, we summarize the factors affecting the RNA structure
in vivo and recent reported methods for probing RNA structure in vivo, discuss the significances of developing novel prediction methods for RSS
under the limitations of current methods as well as the issues, and prospect the future development trend of computer prediction methods and
experimental methods, aiming to provide a methodological reference for subsequent research on RNA structure.

Key words: RNA structure; secondary structure; detection methods ; plant physiology
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I, RNA AR S5 H R BT 2 XA RNA 25092 5 1
HATTE S TR L B Z B . f#HT RNA Z 045 H
( RNA secondary structure, RSS ) Taj I P> B 2L [A] 5 .
H—J2 WM Ah RNA Z5H T AR AP0 5 1 5
& RNA S ER N 2 5 1 A Y1 B b 7 A (1 3l
S RNA S50 BBIF5E 07 ik A ad B4R TSR
MR XOCFZ R R AR B e B R BE, %)
B DIbRIC 5 4 2 PR ET bR m A e s b 5 AR 4
DT RIS P4 TIC DU P AR KA 254, LA SR AL &2
2 UREE AR ARG IR SRR T RO, B ) T
ARSI . PR IHOR B 2RI A= W IR N
(9 RNA "G E5HE L) R =2ttty , (RRXT TR NS
ACHE R RNA (LRER IR ALBON AR E RS, il B
TIOR8 3 S /AR RNA 548 (9 455 LA K G PR A=
PRVEFE R RNA BORSTRZSH 2 3 T R R DFFE B A
1 EYMERE RNA R4

RNA ) Z 25 2 LIAZ R Fr 51 o AR g, i ad
BsEE ELAMEC RS DL K o3 [a) A B R . AR N Y
RNA fA7ETE A A HE XS (dsRNA ) FIELEE (ssRNA ),
HETC) 2 TiRa5 45 & J2 (hair-pins ), 2234
(stem-loop ). 1{B& %5 (pseudoknot ), = &% (triplex ).
G- UEAA ( G-quadruplexes ) SFZFh5#) L7, XLk
SER R M AARA AZ H R A BAE DB L, A4S AElR]
— RNA 43N AR B AT RN 2 A AR ) o+
(41 RNA \DNA R (1R )2 509 5 F AR

RNA (R RIFIINREL AL, G RILE firist 52
P99 mRNA, - & fith 5% 53 20 1838 70 9 tRNA AT rRNA |
snoRNA . siRNA. miRNA LI % IncRNA ¢, H
rRNA 2 58, RN B AR A AE )
AE DX SR i FE LR AT, BRI XU 4 28 i
PRI o tRNA B2 d5 P ) I Ry =it
5K R VAR - SRR A EAE AR
XFAE P snoRNA KR, i 4 M AL il
i RNA X F RNA H S AR E I b,
B2 EAR RNA BEXHE M T RIZ5H . siRNA A
miRNA #B /& EL% RNA YUERBL ] 19 20 B 43, i 2k
/I RNA AT LR B e DU e A R B
TEREYI Y, X4/ RNA [FAEE L RNA 22 [0 () DNA
FREAR R Y FUs AL ARIE 7 45 Rh RNA JiEr A K

JERZAT RSP T AN RNA A 4% H 045
FRAE, T EAREI RS RNA 1450 FBA — & 1A
oIk, PR AE S A AT IR T 2243 B e
1.1 RNAZBZMey#aRE

RNA 204512 51R¥ ZFA N RNA A ¢
B2, HJE RNA M85 2R 58 I R 0 AR 1k 1+ ik
RNA B8 5E T RNA JE 25075 L, e &
LA S5 () RNA I AR P25 0 5 P L g vk, 7
WA HAB P R 15 LT BB B 50 1 2540 . (R
APIRN I RNA G5H R 2 B R R LR 45
o FEHRNA G572 fL PR R AT LUA 98 R A= A
W R MM AR ZR, Ho AN ERE G 250
fii BHL. RNA %% & % 1 ( RNA binding protein, RBP )
TR AR T, AR R AR B iBEE
1.1.1 520 RSS RN ZR  RNA B R FEAE
Yt N 52 B ROV . 2SR BH . RBP FIAH BLAE
BB Sl RNA 7E9T & 2 0152 2124 RNA ££18
TR ARNE]S, B UERTIE K A H g
ARG, AR SRR B 3T Bk T RE 5 20
& RNA JE S ST G Re iR A5, MELL™ 2R
FaTELEM . YFRATHFIFH RNA T 51 F500 25 ke Bl X LA
FIT A B AR TR 2 5 DB IE 4544
Ub, RNA ELSZIAR N 2540 T RE SRS B & TE B0 45
ML G fe R A R RESS PR k22 5 1,

RBP 5 RNA FHE.AEH AT LA RNA 2549, 1F
Z RBP HA7 RNA 255 D685, RNA J¥ 4 FIZ5H4FF
TEAEE AT 8 RBP PR3 2 1 25 6. RNA T & B Al
SOEEME R TR RBP 2, ORI s
P LB AT A IR N R g, AN tRNA B
1) = M 2 2 B 2 S B T A LB
SYEEER, A AR LRI AL A S SR
. R4 A2 MRPS21 A% IR Z (57 S DMS-
MaPseq £ 17 2 [7] F1ER B O3 By s 2 B, 7E RBP
S RE RNA g5 FHE,  BIEA» X 3™ A A A% R
ZEMIRTERE, RNA T8RS HA B E LR

b2 F G A AR AT LA AE RNA 2544, RNA &1
3 IEAL . BH AL, ZBEE%E 0 RNA 21
I M 5 W RNA 5 RBP 45 & FL 4S5 #9E i, w
UL RNA ABM A7 S A5G 5- H L M B E (5-methyl-
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cytosine, m’C ) LT .2~ 8 H 24k ( 2"-O-methylation ),
8% PR 1% & ( pseudouridine, ) FIN® -+ 35 fijt 122 4
(N° - methyladenine, m®A ) & o ]o H 1 & F mRNA
(RSB F C A T Iz i, ok m®A 1B 2
IRz I —FE M, m°A i F IR R AL,
EHILALRE R, JES m°A S5EEMEER ",
X R )y XAEVF 2B P AR, Rl e i
FAMTE B m®A WL BEIE B 5 40 o fh A A Py 4
Wil 5, MM 5 1 RNA Wi L 48 728 B8 5 15 #k 7
i 7 R B A AR TR 2K RE RS S 16 M B A
RNA H2EEEHIE,  RNA AZSHI MR L 1

BLENT RNA 2580 AR FRIRE , w75 25918 RBP
FALF B 4 9 520 . Tomezsko 25 ') 3£ F DMS-seq
K IREREAAR N 25K 16 mRNA XI5 LR S 22 /015
%, Jf H RNA 572846 15 ATP & HEAHIG, 24 ATP
WEASARIY RSS WL 2stHI A 284k, IXUEH] RNA (1)
LER AL T Eh SRR . RNA ZEMRSME LSRG 5 44
IR AR RBP RS F-450F, HARSMSEgRELLIA
1) 5 B AR W] 9 P SR B, BT AARO R T Y RNA
SEFPRMINELASE JF RNA FEAE IR N A B 42
112 520 RSS AN IN R BB T8 1 IR0
JESIE RNA A5 AP R 3R . BT 2 i B iy
RNA g5tz s 7e il b & AR 72 1, AN U
Xt RNA G547 R T S L SRR A W R A A —
Bl L7 (%) RNA 35 & 31 ( RNA thermometers ), X fift
RNA X AR PR fgUsk, L5 M BE L A8 A & A ek
A AR A R BRI B e B, R TR S A
P AP A IR RE, R RS S5 A PR A
1A RNA S5 S50 R 0 eah, AR
[ AR RNA SRR B Z5H (RNA switch ) 7E
B P R A TERI R, R R AR AR T
YIHARN ) RNA S5 P RAFIEE R, Siia
FCN AR L ) mRNA ZE BT H B
) B REECE R IR R, X E A I A2
AR T RS E 1T S AT SE AR (RNA
Y GEHTR A JIT

PLPE IF rh— 28 4 G 15 5% S A COOLAIR 38 #F
smStructure-seq # IiE 5% 75 ifit 12 5 55 F0 ¥ &b 7 BF 5
d, B AT K [A] 9 RNA ) 4. COOLAIR 2 5 FIC
( FLOWERING LOCUS C) W% 3:0a¥, Liue 5l

R4 24 ol PR A1 20 1) BB o e, s e ik
IR S AL 5P 0L Y RE TR R ¥4 Kb TR I K 5 1
FEYIFEA RNA 2548 22 T AL #R I B T RNA 4544
255, (R b B SR BE AR DG RNA 254448
BRI RSB 2 iR, A4 RGPy
RNA FFAF 2546 8 AT B 4l 00 0 R 58 2 A% Sk 1
HAHLHR YRR

BB AT RNA 045 0 3 B 52 1 [) A 76 AE
Y peErp A B L bRz Sk . TR
1 R AR SRS B A R, 20 N B VR
A RRUAEAS AL . R e i FL RS TG SR A B A
A6 55 J0ir38 175 5 (R AR R 2o 0 R S B AR Ak S AR OG, HE
XTI, eSS T RNA ESTE, LR
SR SE A mRNA, 1 RNA B E S8 1% 5t
Zliﬂiﬁ [20-21 ]o
1.2 Hih PRSSH F 4k

Y ) mRNA AMUE R8G5 B ik, i
Z 5 SRR AR . MR N IncRNA FlI miRNA
GEHEASGWRE 2= RAM, kN2
PR B RS RI R A A PRI BE P A AR, B
BEIR rRNA LA 24 — R shth, HATE K
B35 25 F A R A5 AE B A A v AL B 11 T
IncRNA /)y RNA W9 iE Bl 2 5048 . 2 -
EAEARLE P, HERME AR, MYEN
RSS HA MU R g MR A AT 58, T SCRHEY)
o RSS HAT I IIREIE T4
12,1 FHY)H RSS S e s FIRHE FE Y RNA
THEEH S mRNA W SEIN Tl BRI A OG ., 2R
FRtrig il ( Polyadenylation ) & mRNA T —42%
BT, X FEYE mRNA BRI, Ff7E mRNA
(¥ 3" SR poly (A) B ZEMBTFH, 2 60%
[ mRNA HAT ZRMRAFIRA 2o —Fh T IZ WA ALR
pre-mRNA 2L AR MR TR ALK T poly( A T4,
B Y 7y 41 4 AAUAAA 35 AUUAAA. #8LRE JF 19 %
RNA | poly (A ) Z5FA 5 R4S LAV o5 AT AN B
BEXI, 3BT -28 nt F) -17 nt Z[EF -4 nt ] +1
nt 2Z[8] . 17 -28 nt F -17 nt f)_FIFXIREAE S poly( A )
fFoMEEXE, XRHUZER (A) FSMEER (A)
{37 s B 1) TR 0 I EL mRNA 1 3 3 X
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WA T HALX IS E 5 5 P& . W58, mRNA 37
IR YT RN poly (A) 155 FIZLARAL S [ 7 e fE:
BEEY, fEHET mRNA BRI 2 Liu 25 12
TERARE ST TP A SHAPE Fric 350 mRNA 3" vl 57
Uity RNA Z5 55 ME & 38, # mRNA L fi mRNA 7¢
Ve G R L | o VAW K=y =W N [ I L s D5 |
AHIF K% mRNA LT mRNA 7] GBI AN [ 0
SRR TES A AP F DIRE
RNA R E5R 0T LIRS B, I Bl
mRNA B BEAS S0 BIF A9 RNA 254 2 12l
IERIKFE EBIBFSE 0, mRNA AN HAG &2 Ze g5 Fg it
AR A mEIEAE ST, X UL mRNA BZ54 T BETE
T A BT IRE 0L AN, R
RS U A7 pst, RV AR AR 455 007 0 1) 65 M AR TE 2 PR ST 1
TEMFLEN P AAE Y o, mRNA R IG %S 13 5 nt
ALEWAIE A B a5 H ) TReaE iy, X mh
7 A S H (o A B ) S A B R A G 7 52
Br b, RNA MS5H LA AE gl o e —F 2 3
3P R S S PR B P R s 2
122 FHY T RSS 2 Al A8 8742 WF5EIAH RNA 45
FAEALRZ mRNA TR B9 4E . B 32 mRNA Jii T
(DGR, T AR BY R o5 IR BT 252 RNA 254 FF
K5, HEAY R AN TR SR AR
B9, pre-mRNA 5% K 528 mRNA (1913 72 75 22 40 44 57
HEBRN T, KA BT PHEREE . RNA 5T
TRARHA BT 34K . RBPs 12 mRNA I =4 i o f4: iy 4t
M 2, Horb, RNA G50 1 S =X 3 5 T 14047
SEEE BT RNA 8945, R4 5 s th ANl sl
fI38 43 . Ding % 1) F| ] DMS-MaPseq WL < 8 B %
KIS B FUF 40 e K3, BYRERL SEAR
(285 K6) B S PU R BT H 5 S AR R 45 A B i 3R 3%, X0t
HAE 5" BTEAL5, A5m Ay RSS BHAS T BHEMRS—H4 .
123 H¥H RSS20 RBP 454 RNA 2% 4%
520 RNA-RBP 254 W EArid, RBPs 25 RNA
SERIE Y, [A) I 32 1) RNA 4544 1R 4. RNA
PEEFITERINNR N ERREAZ S 0 RBP 145G, HEl
X T RNA 2445445 RNA-RBP i 7843 (I IEdE &
I FL B Y IncRNA, Xist, ‘B 7EMEME & & 3ol fi
RiKJG, SRR ES G, EdEk

PR AE LA BAE SR Y AR DTER i
Y RBP-RNA Rt &+ 7845, [Al— mRNA
TE AR R a5k 5, R RS 25 G A R i &
Ji, EIIREARR T B R B RNA 454y
KU AEYIRN G TR AR, 5 RBP 454G
S5 & LR B, AT JE 5 RBP 945410 4
T B 11 D 45 W 0% 42 sl TE 3 DI RNA 254 2308055
ERMIER , T HESE B [ RS L

R LV T AR B0 A b 5 R AR )
o2 R B UESE 5 RBP S AH2C, T RNA 2544 38
1 255 AN S5 A RBP [RIFE S 5 0 (9470 335 R D
FNE o £ e 45 22 Bl braa BB 6515 TR T RNA,
i 1) 2 5 30 A G A9 mRNA A9 472, RNA 197
Pr& B 15 AR F 02, AT 5 HE 4 04 B g
Jio ANFEFWEELEY, 1ERAREITHUKET RNA 2544910t
S8 R BE UTR X ARES CDS [X B A B /b a2 tly, %
W] RNA 4544 5 BR GRS 0L ZErY B4 1
e, SR TR SR OC TR, R AR
N VR SRR A S B e T &, Rt
V22 5 B 45 44 16 19 mRNA % % 1 DEFENSIN-LIKE
(DEFL) [, KT S EamErn . ik
FHSE 8 A ERAE RIS IS 24 P ARV E AR
2 ETFIIEH RNA ST 75E

RNA A5 G J4 () a5 A 22 A= W IR & #5 2 Fh
Tifie, SR RNA S5 K 704 4 1) 2l 25 78 Ak 25 P 2
RARSHMEE . I At 8 — AR P H AR B 12 B
F, RNA G50 (BRI 5 2 A R 5 o e )
R T AR T HOAR SR, © T LSRR
J°F-47 DNA WP, [RI A R E LT J7 179 DNA J¥
SR B o ol I e R DAAE — N SE 06 7 s 4t
PHIZH RNA Z5F - RAEECTFl RNA 1) ZREERIFHE,
1 RNA Z5F RN AN T RE S 455 AR ST $R 6 3
R 10 3 50 56 L ol A2 3R B RNA 119 25 44 J2: 1t
HF RNA B AI{5 7k, BT RNA A S5 A 7E 1A N R A1
HA 25, Pl Sem 85 7 Uik RNA (9 52kRgs
IR F9E RNA J2 RNA-RBP & & ATheeEmy b &2
H, THENT RNA RS54 (19 7 98 sl 785
RNA S5 Z—
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2.1 ARIFHHTRNAL M 7 ik

20,1 YRk EREHITE RNA Z5MERR ERIEOR
& X- JF 48 (Xeray )o Chao %5 20 | I X- 55 4R 407 5t
VIEHAE T (RNA II45H . tRNA = BEZ5 R 1 4 )
N RNA SR ASCHETE 58 5E T B LAk, B RNA AJ
RE 2B RS E R SS HDR AT AE W) 2 D RE . R BT
B —BEBF R N, el RNA 2546 (R S50 7 1k £ 2N
IR AR (nuclear magnetic resonance, NMR ) 7l
X- SR R RAT ST H AR . X- SFZ A NMR 55 700
EIGEERD, AR P TE RNA 251 s
ISR TR IS 2251, X- SR RS T8 i R I 20
Prrh SERZ IR S B R A e B A5 R,
FLPRARI RNA 2544 L X- SRR R B B 2 1)
2 ) wh g IR G S 1 A S PR A
PR SO HEpRIC, XS A 51FT RNA R
BEORER, HAHT s — RNA 258 T X 6
SRR R A o AR, VR VR AR AR
RNA- 8 U AR A i 4RI ik, R —
G 1455 19 RNA PRI 7 /)y HA5 R B — 1T
SR VS VR R BEEA T 20 A o RIS AT (RSP S50 T
PERR . XMELURZR RNA 7EAE YA N 1Y LI 25 0 A5 FR
i, SRAPEE T RS EOW MR /s RNA A A] 4 =4k
ghKy, HATIRJE RNA S5 A0 B SR IG 1845 .

212 MEUIEREARICHE  BERE ML 52 35 % F RNA
B AFE + 4 K # o ol F 4% R (next generation
sequencing, NGS ), T NGS if & H BLR, J7 iz R H
SEEH R KAy SR S A TR . ekl L
3 50 38 H W FR A Sanger M7, B # FHEE IR BB
08 HL UK 7R RNA SRET 7 A, — I H R #R A IR
B aE e, XRE 7TiZ0rk LB TR
RNA JF41 ., RNEBEREEERS UK ( polyacrylamide gel
electrophoresis, PAGE ) 12 WU 1 1) 7 72 128 v w28
¢ (reverse transcription, RT) JF#EA7 I P B4, H
FEX) RNA (S5 MR AR EA T A 12 &5 40 o S PR AZ OB
R TR T 5 A S AR AT 0 BB FDMEE X, Tl
i i 3R £ £ F5 RNase V1, RNase S1, RNase T1 Fl
RNase T. J:H' RNase S1 fl P1 X} ssRNA ] &) A 4%
Sedk, T RNase V1 BT dsRNA 0% D0 1 4 o il
PREF 3 U0 H RNA 857 A= 5" BIR A 2E 37 iR 4

M, BRI Z IR 5| AKmbRIE, FREL I kT L3R
F| cDNA 41 _E 1Y R 5 St W0 S X Tl
ZA HAR RNA, B— W RFREHELLA B Y,
i H 22 B0 N [ Y i [ D) ) RNA, P
RNA EATASRERIC . SR, ARG Z 2 (A5 LS 1
ek, EELLE I AN, S A R i Mg
WAl HER I RNA $18, DL AR P ELSE R RNA 2544
SME L FH B AR SY

2.1.3 fbrEBRERICEE AR FHIRE AR IC B 12
PRI T35 PRA R 2 T4/, A2 Bl Sy B 1 4
Wmie N . B, S8 T RNA Frid ik
FI AT REAL IR I 2 3L RS LR (ENU ), iz —
R (DMS). fkfb =& (CMTC ), 1- (3- —H2g
FENIE ) 3- KR (EDC ), & & 0 H 1o
(NAz) FIEERIRERSE 1 ALt SUAT LS A
LR SRR ET FAER L AR SR A, RIR R
MBS AL B R 22 . SHAPE 57 2- HY SE AR Rk na
(NAL) =% 1- L -7- L SRR IR I (1M7) ¥
4AATIRIL A AY 2'- F3E (27-0H) Mkfk, ik —
R (DMS) H5ARIERS (N-A) A9 JICAE P AHE R L
BOXE N' A7 M E R N ALE (N-C) S I
(N-G) By N7 (i Bkt (£ 1), M XM
15 7 A G0 0 390 S A% R, PRUBE X SR A A&
AT IR W] LAE o PAGE ¥ 3 52 I3 4 I 21 b i Ay
WL SRS 1k T X BEREH AR ME LSS 5 BBk RBP 45
A B9 RNA, DR AT DL 2o 48 i 9 132 UK T RNA 25
4 RBP BYIXI, 75N RNA 5 RBP %54 3L ¥ (1
BIEFB (1), TP B ENEZ, CMCT 4
MELAE AL, — B FAARSMIESE RNA 2544
2.2 ARAIRMRNAL #F %

221 AE2EERENFRIC RNA ik BH—JNrFhsid
AN BEAEIE A W AE A D R N ARIE RNA, bk
RAYIRN I RNA 50005 5, 8B I RNA 76
A IR Y SEBREE R AR . H A A AR AR
514345 SHAPE . DMS fl EDC %5, E4E3k, —Rhak
PR Ry 5 A8 T oy AT A 1) iR T &, 2 il A
300 B 53 S ok R T ARV A 5 | AR T Tl 50 1
B SRR E AL 2B R AZ TR, DT s 0 b )
PP S BRAHE L 5 A5



NAIL IM7, NMIA,

In vivo & in vitro

TRPY & PRSE

2"-OH

BzCN, \,I-N3 In vivo & in vitro
FJk g, WP & H#sh CN’, 4-NH,, AN'6-
Methylglyoxal In vivo & in vitro NH,, G N'2-NH,
EDC P & 14N GN', UN’
In vivo & in vitro
PDS, NAI [N
In vitro
CMCT H4h UN’, GN1
In vitro
CMCT, DMS 4 CN’, AN', UN,GN
In vitro
RNase V1, RNase S 44}
In vitro
RNase P1 #4h
In vitro
RNase V1 and &AN
RNase One In vitro

seq, DMS-MaPseq,
Dance-MAP

SHAPE-seq, icSHAPE,

SHAPE-MaPseq

RIC-seq

Structure-seq

rG4-seq

CIRC-seq

CIRS-seq

PARS

Fragseq

ssRNA-seq, dsRNA-
seq, PIP-seq
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&1 HFT RNA #RiCSRHHIEBFERET
Table 1 Probes and enzymes for RNA labeling
1 MRyl SR BRI Jiik: RIS
Reagents In vivo or in vitro Targeted sites Methods Species
DMS RN & A4 CN’, AN', UN DMS-seq, Structure-  BLR§SF Arabidopsis thaliana

KIAHTE Escherichia coli >
BELEANAE Saccharomyces ' 3
BRI Vibrio vulnificus 139
BETL 4 Danio rerio

JINEL Mus musculus

HURFTT Arabidopsis thaliana

IKFG Oryza sativa (2]

JINEL Mus musculus
MR Bacillus subtilis
KIAHTFEE Escherichia coli **"

JINE Mus musculus '

HeLa #iiitl HeLa cells
KIGHFFIA Escherichia coli
HIRTT Arabidopsis thaliana [43-44]

45-46
JNER Mus musculus '

JINER Mus musculus 7

WEE): Saccharomyces (6]
AR EAIAE Human lymphoblastoid cell® o)

JINEL Mus musculus

Py Drosophila melanogaster
F5HBATZE AL Caenorhabditis elegans (]

FEIT Arabidopsis thali™ (sl

Note : DMS, dimethyl sulfate ; NAIL 2-methylnicotinic acid imidazolide; 1IM7, 1-methyl-7-nitroisatoic anhydride; NMIA, N-methylisatoic anhydride; BzCN, benzoyl cyanide;

NAI-N3, 2-methylnicotinic acid imidazolide azide; EDC, 1- ( 3-dimethyl aminopropyl ) - 3-ethyl carbamide; PDS, pyridostatin; CMCT, 1-cyclohexyl-3- ( 2-morpholinoethyl )

carbodiimide metho-p-toluenesulfonate. Methods : DMS-MaPseq, dimethyl sulfate mutational profiling with sequencing; Dance MaP, deconvolution and annotation of

ribonucleic conformational ensembles; SHAPE-seq, selective 2'-hydroxyl acylation followed by primer extension; icSHAPE, in vivo click selective 2-hydroxyl acylation and

profiling experiment; RIC-seq, RNA in situ conformation sequencing technology; rG4-seq, RNA G-quadruplex sequencing; CIRS-seq, chemical inference of RNA structures

followed by massive parallel sequencing; CIRC-seq, Circular RNA-Seq; PARS, parallel analysis of RNA structure; Fragseq, fragmentation sequencing; PIP-seq, protein

interaction profile sequencing

A SHAPE 325 bR ic o3 9 ik« SHAPE-
seq ( selective 2'-hydroxyl acylation followed by primer
extension ), icSHAPE (in vivo click selective 2-hydroxyl
acylation and profiling experiment ), SHAPE-MaPseq
% (3 1), SHAPE i 4 XF RNA _E 9 2'-OH i
frtwic, M SHAPE Jr ikl il LARI 3145 4 Rt
PRI 45 F 5 B o 1E icSHAPE W1, ZH i N A9 RNA #¢
NAL-N, &4, fHAE YR, NS EMRESS
BRalift.. SHAPE AR & WIBHIET NAT AL b Y

WG SRAEN, AR — S BAT AN cDNA BT 4 S0%
%} F SHAPE-MaPseq, i i3 I8 5 0 7 76 39 5 5 i A
TR S BIRZ RO AL, @it SHAPE i
BIVET AR EME S BT IR o

H I DMS 3R bR 12 I BEAT 20 B 89 07 15 A
DMS-seq, Structure-seq, DMS-MaPseq #1 Dance MaP
5. DMS Ak a5 2 B H RE SR LR ISR 1 g e |
BCRE T X B, ke T ) I R R BRI B i e
YRR, T ARAS Y RNA 25449 R 4x1h B n] S
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m— RNALSAEAMEH <+  RERONA
’ RNAZEEEE = = = REFEDNA

1 RBP #ZMafR REREHE AL =

Fig. 1 RBP affects modification sites in vivo

2. DMS HUAAVE AR ICREHE ], BRI T
DMS TEAURGIT . WL Sl R B v R A 4 42 BE A 21
RNA &5 ¥ 0 M i 7734 & 3%, i DMS £E A8 9 H 0
A ARACTN 5 ¥ 1 8350 22 JR 43 BT RNA 45442
HERE N 1 R AT S S R, A
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