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LA LS RIDIRE. XA T LU RN AR ARk |
ARG LA AR EAE, TR RGE . RNARY B
P AR R AR AR AR RNABMT 12
FAAEAFIRNAS, W{E{FRNA(mRNA). #ZHEARNA
(rRNA). KBEIE4BRNA(IncRNA). #BRNA
(tRNA). #/NRNA(snRNA)FIHRNAmMIRNA)". 7549
2, B4 %E T I 160F AR RN AE AT
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XEETTER I SER LR B b LA e A
PAEAITFE N G S -4 1 i R 45 3 O RN A A A
TR, HERAFHERNAF VAL B ) D RS AL Be
22l

1 RNAEWTE Sk

RN A4 ) 5 H A I 2 15 R RN A1 1 i B i it
g B AR, X PEERNABMIRIDIRE . & U
I I R RIAE s DL BPPAS A K 1 R A (i 4
PLAA B2 X

1.1 HEipA g

)2 (A% (thin layer chromatography, TLC)/&—
i HPR ENOTE, T T iR . &
AL % TRNAMM, TLCHERT LA LR i &
FCAENT R AR S R HEA T 1, SOAT A3 3 i e 2
SRR TE R, HH, Consden. GordonFlIMartin
TE19444F KB, —Yi)Z2 (3% (2D-TLC) Al FH T4 B 1T
ZIER L TLCE I ik B k&), Reidr
Mooy B RE AT PRI, AR R (3 A EL
@RIEZ —, IO Z T HRNABM

2D-TLC A%/ 8 URNA(50~200 ng) B Al HE4T,
FEZSH 7 B BIRNAFIFRNase A T18{ T2 734
HAIS B AT TR, HHTARE R (T4 PNK)
i PARIC, RS 2 RREP 1 L) 15515 P-NMP,
Y2 aps i T it — 20 ey, Gl LR S
HR SR H BRI K 7 (ROMH, AT LU & &%
TR SRS, AT DL3E i i 5 TLCAR HoRR 0 B A i
SHPEIG R, SR A MR, 2D-TLOART 32
FORALAS, ARG, AR X O R A K
RNaselii U175 [ i) B LA RAB G B H IR PRRic AL
IS A BV R B,

1.2 BEsiEIE

BERLERIE(dot  blot)&—Fh | FRR & f Ak A Fn
SERRNABIRR T3, AT 2 0 F T4 FRNAZE
IR T, ahm’ OB . me A4, %
7R B 203 B RN A 1 3545 BA 7 B8 0 91 2 075 B
FREFAERL I, SRJEH H MBI R S PR S i
T —hiAesg, ilad AR Rl SE sl A AR, BT 3R
(EE Sy ol 1ty S EEYSH

38 1 BE AT BN T YR AN AT LA 22 Fh i i v T E
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RN & R A, b N T R, kT A
R S, KRB ORI 74 A, BERTED
W B B ERR AN R AU, AR AR,
{EL s BEART T HU A4 e, e = 2 060 5 S A A o1
mfE R

1.3 R Ad g

SR (7% (high  performance liquid chromato-
graphy, HPLC)&# MBIk, vl LIARYERZH
AR PR AT 208, Ay BBkl f
L PRI Tz

HPLCH U AR B AH L AVEH, Ay
G WA [ e AR R Sl AR =2 18] A A A e AT, DA
TIKE S B b A B 5%, L4 THPLC /M
Z T, RNABLEEAL TR AZ RGP LRI : IR B 1k,
S5 ARG #4838 3 T SR AZ AT 2R A B R B ],
AR BRI A 5 A AR B, Sl A DU 2% T XA
st PR AN TR o0t A7 A6 T O 2 o 6 P13, o ] iy o A
i HH A R IO 5 A AN & 5. HPLCRERE XS AL i R il e 1)
BLAT AT 2 U B RUE S A, A TR e R VRO €
Tk, LA TP A R L T ) R R IR ) )
B, Bz T AR 2900 R
W TR W4 RN J3 125 2 S0

52D-TLCAHLL, R0 (g 7 B B PRl AN
SO EARIC, (H iR T2 AMEG I S BRI, 207k R
A FH TR 4 0 32 5 B RN AR IS v s 3 2 B A9 1
B, WIrRNA. tRNAFIMRNA, HE KR4S KT
1 ughIRNA.

1.4 JFikik

Jii 43 BT (mass  spectrometry, MS)J/Z&19624F
McCloskeyFlIBiemannfEWF 57 ZFMRNAE BT, B IR
TR AT T ED 2, Ve —FhiR KA AT A,
JIEREAE X Z 2R AW o R TR A, T
T AT o, WP B s AR
. BRIAESE, RAEYIRE SR SRR A Y 5 kRl
Ko AT s ey TR KBILSE, B R
SE R B 2 R A B/ N (R B A pmfie .
ZRUINT I R BOEE  XB 0 B APIR, DAREAR
AWM ZebE, IR s,

1.4.1 7O & 3% - g B R
T RNARPIRS 2 & B8, BB K2



Bt A5 Ak, QA T mC AR SR K T 2578 32 B iha
WA, (A7EIE# A K R T R & T, A IE
w240 ML 9 0 2 I 4 m A B K T 4 AR A 2
ST D b, RINABS A P R A1 T LA B 4 M B
LR FRIN . RPEN DU S AR S . Tz 3
LA AR R R, AR (g A B B iz H TR
MR F- 5 FRNAFPE R BB, WIRNA, tRNA
FIA BIRNA. PRI, 3 sk ) R SR MR AR, &
SO AR 1k 5 BT R I HH N 3z 1T A — YRR €335 - BT i
X% (liquid chromatograph-mass spectrometer, LC-
MS). ELC-MSH?, WRAR T (LC) I TR A i 43 23 F 2l
b, TS U X438 A W idE A T 2 e A R
53T

LC-MS EZH THIFAZ T RRK-F IIRNAE A, fiE
%38 5o RN AR A s 1 5 85 P ] o Aar T 22> RNAVE
i, HA R EE A R e [k, Le-MSik
A mRNAFIncRNA IR R BB 4700 1 e i,
CL B RN ARG I A1 B A 6. fALC-MS TG
RN A A RNAG E, HASBEX /3 EmRNA [
Iid ErRNA B snRNATS 3e ) [, AL, b 20
mRNAEFT 5 4 Fa fe b #t,
1.42 AR - 5 BE T35 BR

TRORF 2,33 B B T 15 1 AR (liquid chromatograph-mass
spectrometry/mass spectrometry, LC-MS/MS)J&if i
AR LTS TSR RS Ak, AR Sk &
SreEmnssE™. SLC-MSHILL, 75 AR E bR s
T, LC-MS/MSH]LLRBUEMECR B, Le-MS/
MSH] ISR TR S B PR RN B, el TP i)
S, DT S 3 MR Ak A5 A T RN 2 £ oA, (EA5:
Vs, MHEARZ SRR, Pan® A\l it LC-MS/MSX
SR/ NRNAFRWEAEAE AT R G50, VS T 41
WP /NRNA_F LR EAT ARRM BT, Guods
NLE S LC-MS/MSE IR, Bt CrylAcHitE/Ngigk h i
A I A K- B T

2 RNABRA AR A

AB A 57 A5, ARG J2 35 ) i AT 2 e S A P A
FE MBS TS E, R — DR AR
AR, W LB A SRR TR S 5 k. i e
PLA BRI, AT IR T RN AR R 1) Z2 B
MU, PRFERNAG TAEFEN I . A BHiEA
Wee igp 25 7 TR/ IBILY, 2E— 2D AR RN A A 7E 41 i

Hh R R 248 AR 2 R

2.1 SCARLETHAR
LivZ NI & T —FhFr i SCARLET (site-specific

cleavage and radioactive-labeling followed by ligation-
assisted extraction and thin-layer chromatography) /7
2, ZOTEEA AR R IR ORI R
B BRIV 2 (233 KA M mRN A FlIneRNA H Y m° A 1S
BEUY, 20 TR IR S O A O IR B mC A4,
HRHER.

FESCARLETJy 41, RNAIRAYIh AT LIE Rk A
FHEE, SCARLETEE AT L fEmRNAFIIncRNA )& 1fii,
AT LU fbmRNA FHm AR RIS, Heah, %
J5 136 7T ATE SRR 43 AR G A I RN A M (o2
A SCARLET Wb 7 R, PRI AT /Rl BiE
LRSS 707 B E BT IESS T . AR
IMSCARLETH K& Z R EEFE AL M T B 0R, R2)¥ 5%,
PRAEXERE A, B idon B s, HEA U™,

2.2 SELECTHiA

FHEFSCARLET, SELECT(single-base elongation-
and ligation-based qpcr amplification method)j&—7F%&
T AR AL A FIE 2 () qQPCRY HE i, ARG HLE
PO SELECT 2 /23 1 DNA S A i A 4 B i W
NEAMYDNAG )RR BArhi s, 7E T4 L9
(R SEAR g [T EsF, RELASH T 305 | 00 4422, DTS R R/ b e
LY ACEE, PRI qRT-PCRAMHTHE A £ A A1 2R 5

{E(COS X RRZLAY 225, MTTAS: I B A 1 A8 B
st 0,

SELECT/&— N3k FqPCRIYGRA S T B, wlidid
m® ARH DN A 58 45 I 12 R FRsit HbAG: ) 1 4 52
JSIURNA meAH K H s iR g, 4k, SELECT

BB, PR, TS| AXTRRAL, Az plihnifeih
%%[52,53]_

2.3 ESI-MSHEiAR

HL 5 55 B AL T3 (electrospray  ionization-mass
spectrometry, ESI-MS)&—FhiE R B M ITEHRAR, RE
P RNASN T4 T (4 B i 00 28 NS5 R 2040, B
FERW], ESI-MSEARAA] LLAER I & RNA ST 1)
[t 3 AT DARHIN AN R 7 B A 6 14T, AATTRTRNA
WM HEA TS REAE PR, 1207 i 1B IRNA
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FES AT B AL AL B, AR5 A F SR B AR
RNAG | A TG T AT, LA HAB 7 25207,

LA SRR A E,  ESI-MSHERS M KT
TR ARSI AT AL RN AR . R, 1207380 2 N TR
HRNAMERI, HERNA. rRNAFIsnRNAPY, it
Ak, %05 B8 ] TR miRNA A& FImRNA H )
capf&Hfii, XTHFFERNAMBME A W2k fe b fE L BAT
i X ESI-MSH AR AT LA F T RNAB Y
AT RV AEYIAR S B, HiZ ke R R
TR MR YIRL R & R ESI-MS.

3 RNABHEMIFEA

TR SR (TLO)! S, BE A ELE P N Rk £
- B T (LC-MS/MS) ' L& T3z ] Tl S RN A& i
IR T3, SR, X T AN RE T RN AMB A 7R 5% 5%
KT FRA A, WAREIR B E S K T AYRNA m°A
et Y. SRR, BEEIFHORIIEL, ST
AR B B AT fb 22 A PR A RN A I 7 A AR T &
R (A ).

3.1 JETHUARE BRI A

FEFHUAR BN 5 AR TERN A i 0 55 S AL IR b
O3 M, Im'A. m°A. m°Am. ac’C. hm’
CAIm' G2 e il e A, 43 B ORNA B
Fr BAEEI100~200 nt, FF 1 RFE OB R BRI B2 TR
TEBIIRNA F B, SR 5 #EA 700 7 A (IE11). B T4 T
TR, ETHURIFHRTEAR I mRNAFIHAD
A RN AW BB AR =F B2 & 1 R 25 R S 45 i R
T
311 RERFIZIE

AR APEYIVE (cross-linking and immunoprecipita-
tion, CLIP)&—FH] T-BF5¥RNA 52 (1 JBUAH B 1
AR, XTI AR A ERNAS T 5 HA EAEHNEA
J B AR 5 Y. Ule® NI T CLIPTE
BELA AR OIS VR E A0S RU R 5T . Blazie Al
Tin' R T 7 BT s 4T S P se CLIP-seq )y
4. Darnell%E N\ ™48 T IHFL S 20 SR F7 40 i e
M ERGUE Y RS

HH BE A B B2 4 PR 38 S8 IR A% TTUTE (methy la-
tion individual-nucleotide-resolution crosslinking and
immunoprecipitation, miCLIP)J&—Fi# g7 PR R
HH AR, FETENLBAIRNA SRR ETURNZE A,
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SEI R3S S [ E RNA S HUR A AR, SR 5 E
FTRVIFIRNA RS 550 TR, FRNAFL L J7cDNA,
FIAFEE FIDNA SRS LIS THRIC,  fem it Py HAR
XIFRIC A cDNAMA TN, LAFRTS i 2 B i E I A4
{5 B miCLIPREASH AL AL BRI 37 5 1)
SENE, MmO mCABHi . m°Amigif. m'GE
W hm CIB M LA B PB4, AT B 4
RNAMBH A & AL, [EmiCLIPWATE—E A2,
TR R, 72X RNAM T 2 R E RN BT, 755
PURZE RTINS N 1) A5 R B) 45 PR 22 45k
R, T AT AR . KanZe A7 H) FmiCLIPZEAE
TmA“GAF AW, WAL T YTH W 327 CG6422
FYT521-B, JAE A m AR TR ) T 27844 Horla-
cherE \2HR AT R SRR 23 R T TN SE I 07 45
TERNAJTA A5 At e, DA 50 & 11 BT-RN AR AR
HAEH.
3.1.2  F HEAWRNA % I E

I 5 AL RNA 8 41 3 (MeRIP-Seq/m° A-seq) f&:—
ARTEATIAR AL AL R, FTASIIRNA E A m°A/m* Am{g
Wi, ) TR me AR IE A KR B B4R
M

MeRIP-seq/m°A-seq /& /Ml I m  ABT AT & Al
FFHOR, mRNAH BAEA100~200 nt, 5m°ABLIAGRE
A, F U FRNAF T SO F . MeR-
IP-seq/m*A-seqBRVE T B, 43 HE%245200 nt™). 3 T-MeR-
1P-seqff) 2 - m AT P45 R AR IR P s, fuds
BB IF (Arabidopsis thaliana)’®. KEG(Oryza sati-
va)''\. EXK(Zea mays)">"). Fili(Solanum lycopersi-
cum) . B (Sorghum  bicolor)™. K3 (Hordeum
vulgare)[m]\ SER (Malus pumila)m]\ W43 (Fragaria
vesca)™\ A WE(Chlamydomonas  reinhardtii)*" A}z
B (Populus trichocarpa)™. {AMeRIP-Seq/m°A-seqtl
A7 JRBRAE, A BN, ARG I, Hom A A
AEJRIFR T-100~200 ntf X5, Toukii & Wi N me AL
RS B A

3.2 FE TR A

3.2.1 MAZTER-seq
Garcia-CamposZ5 N *IF % T —Fh i i BB I 12

YT EMazE X mC A F A A7 25 HEAT B R 2 R )

SE /M T(mA-sensitive RNA digestion via mazf fol-

lowed by RNA quantitation and sequencing, MAZTER-



Y
\/9\/\\/\//\\/9\ N A oA~ \/\/ge\/\/ AN
N AQSACANNAS AN CANS A2 VaVall
BTN A A Ao AL AN
l NNSCNNS NAAA A Ao, I
itk l l THBEHLE l T ELE
%\ Q 8
\/Q\/\/\ f WSG\/\/ “UN\UACA NN w-BS
2 Vs
A 4 Vg\/ N S~ FCA A~ ) A A AN
i WO LWL WLN
AV VaVaN NN UVUGN A NN ACAANNS \/\/86\/\/
l NN\ FACAN A - l s
25 l PCR
l‘)ﬂlﬁﬁﬂﬁ vBs
TGN/ NN
\A/\\}Z/\;\Q/\ ISR —|ACA A gl by
—|ACA N AN AVAVAVAN
L~~~ ngw T — NGNS NS
o . PCR
l MBI l;mugﬁﬂﬁ = l WP l
N\ e = =
E%— CG
M —CG —R
— —T6
IEER 58IR3 R
‘ Q@ RNAET i&m f L] ‘

B 1 (MR () RNABHREII AR 2R

Figure 1 (Color online) Diagram of the detection technologies for RNA modifications

seq). Kk, MAZTER-seq & Fl| HHMazF X RN A& 45
AT BEME DRI R B, B RNABIA S 57515 2
RS, SCERRNA M (A 75,

MAZTER-seq G i AR P iR ol fb 24 bR ic s vl Bl 42
KRN A, F L A5 3 FURSf E #RA B A8 K, IF
FLR AT LIS [ A7 s AT D18, DT S 30 2 Fp
RNA 09[R N(& 1), B Tz AR MazF i T1&
T A7 et e B D, DRI T L G 0 st B
FVEBEE, 428 T 8 0l SabE s b, REE b T
fERNABIRE O E . KRl 0L. Pandey MIPil-
lai"*" FIHIMAZTER-seq#8 7~ T VP07 4, FHRH T
SRR T2 ph R FE AR 551 8 P 37 R R 5
3.2.2 DART-Seq#t &

2 [E AL TR E A B I Meyerif 20 T & T —F
XFRNA  mAMBEHiEATHG I 49 )7 :——DART-Seq, Bl
RNABHGHE 5 T A", APOBEC 12—l 1/
S, Few) & PUHELA i ApoB mRNARIFE S, BT
CRISPR/cas9 Ay FEAtt (1) 35 R 2 i v, e 0L ) B

DNA 5 R CE U7 (1#1). RNA-Seqdi A AT
LUK E APOBECT S mALE & (45 A&, 7EFb
i 2 S B ABRIEARAR A7 5 R A CRIURI B A,
BRI R kA 1 H R4 B M. DART-Seq ] LA
10 ngFY M RNA R AL T E 7 A4 b iy mC A7
SISO R AT AT AN SEARHURNA m° A
100, $25 T RNA m® ARG 4 i ) A A
3.2.3 eTAM-seq# K

Xiao%E N\ Wl T —Fh B DI FE AR, Bl TadA
L BING-H LRI (e TAM-seq), i {#f FHHEFSRNA
BRI 2 Bl (Tad A) 28 A4, AR BR T 2L 0954 fb
51%99%, I ELAT A EOVLAY 7 10 HEA T A 07 45,
FRRG IR 2 i, DA 25 B 0 B SRR A T m A Y 43 A
XiaoHIZhu""'F| JHeTAM-seq, & T HeLaZil i Fl/IN L
JERJG T 4R L (mESCs) A% 4L P AImEA, & B[] R 3
MK fm° AL S5 A3 TLP- 44109, 64k, eTAM-seq
AMLEATEEER A EE M, Bl A S R T 1
mlAE R, TEA FRAYRNA T HE17me ARk I Ane ),

5133



M %8B 20245128 %695 H£35H

{HeTAM-seq XM Ik FH S AL AT 17 s AN KB, HORIE
FH T B AL RNA . A, AR T Hifh gy 5,
eTAM-seq R FH B it I ML, BEWEPRFFRNARY 5E5E
PEPY e TAM-seq I HGATE T H 75 /20 st vl L 3ok
FTRNA mCARYKCI AN GE B, ELAIAT ST 1E A5 B 4
HE K S F G P

3.3 JEFARY T AR AR
3.3.1 UBS-seq# &

5- LA 15 5 (5-methylcytosine, m’C)/&—F i 22
IRNARE SR B, 25 2R A2, X424 fn
HER G IE A BB S T . DaifE AR T
o PRIV At 7R S R T £ R (UBS-seq) K Kl DN A/
RNAH Y 5-F L MM (80, 122-H AR 1 e I
iR S R 70 AR v ) S I TR AR 75 S R S s oz i
FE T 291345, ITTs /DN A B G FIRE LTS S

TELMERAETR T, WALRR SR T (BS-seq) & il
5-H L msngE (SmO) A brife, AMEABERAE. L
B, T ELEAT = R A, BICH R IR
B, BB — 2 p s R, W vt G . DNAT
FUEE L IR SRS, X S0 T m’ C/ERNA
FIDNAH UHER E . Dais AU ikBS-seq UBS-
seq, I iR 4 S B P S vk 5 A B 7 IR BE TN 1
N, {HUBS-seqtfFfE—ERIA L, WFEART R K.
WA BOARSE ZLFIBER 2 LU R4 A, Dai%:
A % B T UBS-27£98°C R 3 min N B AT 4+ F:CEU
(7 BEEAL, AT LA FTRNA m’CHIRIN. 104h, ik
J& BJUBS-seq7ERNA F REA S MB FHE,  HALH
10~20 ng mRNA, RA]7EHeLafIHEK293TmRNA
Rl EETAN T HE A m O . AN, Daiss A Pia
T UBS-seqi@ s T mRNAT m’ CA7E TSR,
SE TNSUN2K F A m CHI SR BE, {23 TRNA
m’ CHYTIRERFSE.

332 fC-seqft £

5- F ik JEC L 1% 4% 1 (5-formyleytosine, £°C)J2&—Ff
R GRNABM, XRBAEA RS RELTED
LyuZ AR T —F T2 SERNA P £ O i 458 1
M7, B C-seq, & Tb24 53, RNAHFRYLCHT L
T 558 TG R B TS 3 ek M A e 9 3 Dk A R
(DHU), 78 st = A C-TI B 2848 3, i 52 8
RNAHHCHRINFIE fE

Lyu%s A8V % 5075 He LaZi g A1 /N BUE 8 T 41 i
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(MESCs)ffcaRNA A 2 S AEEf CI6st,  ELIGI
BT IR B CH S, £ C-seqff —Rirks I
SERPCBEMIIMT I, MURR., s, SRR
B HER LA Bl S, E RIS A — R B,
AR, FEATR R KA.
333 m°A-SAC-seq# &

GeSE N & T —FH T2 SERNA - me AR T
J7 Hi—m  ARE BRI LA A AR T I T (m° A-selective
allyl chemical labeling and sequencing, méA-SAC-seq),
IR IIRNA meARYEHM. m°A-SAC-seqifiid 76/ Mt
TR ED, MHRNARE S CDNA, #5
THXFR, BTN T H S (DMSO) RN IR E S
Eh (N5 AEH(Co(NH;)Cly), T BABEDNARY TSRS
PR EH . AN, BRI A E AR T ER.
RJRAZ 7 TR R B R A v, HAR b A &
%, BAT—E R H AR PR

m®A-SAC-seqff: by — G HE A (07 4 S 0 )3 7
25, HA T A I B A, X REAR T
KA ARSI mO AR 2, HA T 12 (R AP
M FHA BRAOFEARRNARYS, 0] DU b 88 mil 5 U8 2ok
PERBAE . AN, TN T B A A TR R

WCEEY, AT AR eE . [ E B R SRR AR Y
RNAVEFT4MT.

33.4 BID-seq &

IR W E (P A —Fh = & RN A, ANMUAATE
FrRNA. tRNAFIsnRNAH, i F7E T FL 3 mRNA
. Zhang%E ANV HINE B AR SR TEW b BAL AR R,
T & T — g 87 ik — R RR &R 5 B 25 I 7
(BID-seq), HETEA e s /KF L LU SR IE 4 PR 2
RNA i > ),

BID-seq ] # /8 BURTFALI R SISE R, BGBRTEA
BB 27 5, 1A, BID-seq s e i AR,
RN REA A B TR g5 e, EL VO BB — RE Y =)
BRPE. Zhang® \""'iE 1 BID-seq7EHeLaZififl . 37 A
AT 2R N S IR N B T 247, s
TRUBI17EHeLadi i hiE i mRNAFEEME. A, @it
BID-seqif iIEW] | I 3 ) mRNAZ L% S N A AEY
B4, AR TEmMRNA FABRNA ) 2 422 1)
RS T BB SLAT.

&G ITEAR 2, BID-seq A5 %5:10~20 ngl)
RNARIAT AT, HICTHIETHURM FRE 4, AT
BAR. Ik, BID-seq /N A] LAKG N RN AFZ5#44k



RNAHY, b o] IFERE R RNAR 26, H
TEE f A AT LI 8 a5 284k, SR AN ] AR
Y B WY SIS BEE T HER.
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Table 1 Detection technologies and characteristics of RNA modifications
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RNA is a single-stranded macromolecule that consists of adenosine (A), guanosine (G), uridine (U), and cytidine (C)
nucleotides. It has been demonstrated that RNA can participate in the flow of genetic information and regulate gene
expression. RNA modifications, referring to the addition of chemical groups at specific positions, can increase the
complexity and modify the function of RNA molecules. These modifications are widely found in various types of RNA,
including messenger RNA (mRNA), long non-coding RNA (IncRNA), transfer RNA (tRNA), ribosomal RNA (rRNA),
and micro RNA (miRNA) in both prokaryotes and eukaryotes. Previous studies have shown that RNA undergoes extensive
dynamic and reversible modifications that participate in biological processes, including gene expression regulation, RNA
translation, cell differentiation, and disease development. Over 160 different types of RNA modifications have been
identified through biological research, including Nl—methyladenosine (m]A), N4—acetylcytidine (ac4C), N6-methyladeno-
sine (mGA), N7—methylguan0sine (rn7G), 2'-O-dimethyladenosine (mGAm), 2'-O-methylated nucleosides (Nm), 5-
methylcytosine (mSC), 5-hydroxymethylcytosine (thC), inosine (I), and pseudouridine (V). Additionally, research on
the functions of RNA modifications has been promoted by the development of detection techniques. Therefore, techniques
that detect RNA modifications can provide evidence for a comprehensive understanding of the epigenetics and offer
powerful tools for functional studies.

Over the past several decades, researchers have developed unique methods to detect the various forms and distribution of
RNA modifications. Existing detection techniques for RNA modifications can be grouped into three categories based on
different detection principles, including quantification methods, site-specific detection methods, and sequencing methods.
Due to the diversity of chemical modifications in RNA metabolism and functional regulation, detection techniques for
RNA modification provide comprehensive insights into the modification status of the transcriptome and further lay the
foundation for studying the functions of RNA modifications. In this review, we systematically introduce the principles,
procedures, benefits, and drawbacks of different detection techniques for RNA modifications. Moreover, we summarize the
latest research progress in RNA modification detection techniques, providing better insights and approaches to further
study the biological functions and mechanisms of RNA modifications. Taken together, the continuous growth of detection
techniques will improve the study of the functions and mechanisms of RNA modifications, providing a theoretical basis for
further exploring the roles of RNA modifications in epigenetics. Therefore, it is crucial to develop more efficient, high-
throughput, and high-resolution detection methods for detection techniques of RNA modifications in the future.

RNA modifications, detection techniques, quantitative, site-specific, sequencing

doi: 10.1360/TB-2024-0097

5141


https://doi.org/10.1360/TB-2024-0097

	RNA修饰检测技术的研究进展
	RNA修饰的定量检测 定量检测
	二维薄层色谱 二维薄层色谱
	斑点印迹 � 斑点印迹
	高效液相色谱 高效液相色谱
	质谱法 �� 质谱法
	液相色谱-质谱联用 相色谱-质谱联用
	液相色谱-串联质谱联用 谱-串联质谱联用


	RNA修饰位点的检测技术 检测技术
	SCARLET技术 RLET技术
	SELECT技术 LECT技术
	ESI-MS技术 I-MS技术

	RNA修饰的测序技术 测序技术
	基于抗体富集的检测技术 集的检测技术
	交联免疫沉淀 � 交联免疫沉淀
	甲基化RNA免疫共沉淀 RNA免疫共沉淀

	基于酶的检测技术 酶的检测技术
	MAZTER-seq ZTER-seq
	DART-Seq技术 RT-Seq技术
	eTAM-seq技术 AM-seq技术

	基于化学方法的检测技术 法的检测技术
	UBS-seq技术 BS-seq技术
	f .3.2�� f5C-seq技术
	m .3.3�� m6A-SAC-seq技术
	BID-seq技术 ID-seq技术
	GLORI技术  GLORI技术
	PRAISE技术 PRAISE技术


	总结与展望 结与展望


