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AMUREE T A IR, HAS Bt AE 4 Y 25 Fh
Al R EEEAEH . RNAZSS T (RBP)
TE RNA J3 5 5 56 sk Ja n T &4 )2 2 A H
TREEAEA, W mRNA G I T, (55482,
BB AN ) . RNA 73T R4 Fsim . & 10 e i) #H
PE. RNATELHME A AL . o P Y 44 M B 1
SRR, HSEINIT RBP AT o B LAY RNA 25
A 45Ky, (RNA binding domain, RBD) fiu$§ RNA
PSP (RNA-recognition motif, RRM) ., K [r]Ji
25Ky (K-homology, KH) . XUi# RBD (double-
chain RBD, dsRBD). &K 7i45#93% (cold shock
domain, CSD) . 1§24 & - T 22 - T 24 R 45 #4 1Y
(arginine-glycine-glycine, RGG) . T %2 iR 45 F4 3,
(tyrosine-rich domain) 1 % #§ 45 #4 4 (zinc
fingers, ZnF) %% 0 AN[FAY RBD £k FHES ]I
¥ EAFEZHENA S, 5RNA R ey —
WEEMAGE S, SEP T RBPIIRERY ZAEME .
ST, WG AR AR b 4 e
1 000 FHAE-5 RNA &5 & Ay H i, Ho a6 —2
RNA fiff {5 = $1L5 RNA 45 AU R 5 B ek
ANF SiH PSS GE KRR RBP (R AR T3], AT DU 42
RS 1 IRe .
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Table 1 Classification of CLIP technologies
F1 BHLBEBTERARSZE
[lag iy AR EE BTN
FFCLIPE A HITS-CLIP AN P TUE 25 vl i 0 e R [7]
PAR-CLIP e PRI SR AL B AL T 5 AN Ik S P e B AR (8]
iCLIP BRI Oy 2 SR AN R S DT R (9]
eCLIP HASR AL AN IR S UL H AR [10]
irCLIP ARNNER & B SRS TRE S N [11]
ATECLIPH A PAPERCLIP PolyA% 5 8 A/ F ImRNA 33 3R ELCLIPE A [12]
cTag-PAPERCLIP KA PEFRIE PAPERCLIPH A [13]
hiCLIP RNAZATFI AL TR 73 % CLIPER [14]
tiCLIP 201 ] AC LIPS A [15]

1 FERCLIPEA

1.1 HITS-CLIP

&R YN W SVA s 7N S N SR LT
2t &l I P R (high-throughput sequencing
with  crosslinking-immunoprecipitation, HITS-
CLIP), X KM CLIP-seq, 7E4x%E 2 /K F-48 7
RNA 5 RBPAHEAEH, #4540 (UV) A28k
U5 BB 5 8 e i AR L BT -RNA 25 5 il . H:
SEGHR A EAALEE BR 1B-RNA SS IR IR il
24 R e 30 U P R 40 o #E HITS-CLIP B AR EE N 2
Hr, AATTEZENH RIPEAR T X RBP 5T, H
RIP fEFERE S AR AN 3 B AR [ 8, AR HERA
PR 9 AR B 451 F RBP 5 RNA 45 SR 4 1o,
5 RIPH ARML, HITS-CLIP AN T £24h 325k
FIRNA BHHALALTR, BHARE I HIRNA Z 455
HhNE %, I HEFR1S RBP 7E RNA b (454 1 5
FE.

HITS-CLIP {9 SEA A0 B 1 1 s, A4 -
a. UV-C (254 nm) X} 240 1L 150 m)/cm® [ fiE
HISTZ40 s, 4E5HFRNA 5 RBP4 45 & HpIRE
b. 72 [l 22/ T RNase T4 4L 55 RBP 45 4 /Y
Ui % RNA, RBP B & X 9l (1) 5 5% RNA b 8
RNase [7HAk,  JfEH: 5" A 3" 40351 B8 F 2 A
B2 55 o W5 RBP 47 5 45 G BP0 50 5 DL e
RBP-RNA & &%, LLAPP-y-ATP NJEY), HT4%
REAFREES (PNK) B P55 2 RNA 1 572 3
Auigs d. fff A RNA JE 385 17 RNA (9 5" s a2z sk
(adaptor) ; e. B4 i 192 il Ak A RNAL 3" g 12 35 7%
AFREL £ EYk . B BUH A B

9%, XFRBP-RNA B &Wilt17 0 E4ifl; g EAH
K 1t RBP, B RNA; h. i H] RNA % #2 [ilff 7F
RNA 3'%i 45 Il 4% 3k 5 1. W H urea-TBE gel 41 {k
RNA, EBRZaR1EL; j. WS HELPH T AMY
149, RT-PCRFHIM Y SCH s k. @ it iy 4 58
5 RBP R 7456 1 RNA 431

HITS-CLIP £ ARSCHL 1 444 544 )2 1 I RBP 45
A EAE BRI, X RBP BFSTE S T E KK
HeshVEH . 2003 4F Ule 55 " i k#8787 NOVA &
FIAE /I BRI 28 S 4 L 2 5 pre-mRNA /Y 57
e, IR E T 52 NOVA & 1 8 ¥ A% RNA Al 2% .
2008 4F: Licatalosi % """ i F HITS-CLIP #F— 47~
T NOVA & 12 5 RNA 3 '3 in T 4% F AL .
2021 4 O’ Connor %5 "' sl 1L i F KR BB T H (4 F1
PR G 7 41 e H Argonaute (AGO) HHZS 5L
miRNA 5 mRNA M EAEH B 3 FHLE. 535h,
HARBHE TR, MMEZIE (ERa) AMUHE
5 DNAZ S S5, EibjE—FRBP, i
i1 25 RNA AT 4EF5 2L B g 40 M 1) A= A7 Re ) 2
Hyrgtk:

HITS-CLIP #f R TFE M RIAFE AR SR, S
AR A E I HLAR BB ERIALZR , X SE0 3 5%
Pk m . weAh, #HHMEAT S ZH RNA 45
4, HITS-CLIP A 43 HE 45 Bl RNA 431 LL A5 il
LN DA U
1.2 PAR-CLIP

R P HITS-CLIP 32 HRASCRAKAY [A] &, Hafner
SEPUJF R T R W M B SR ) K% BE B 4F CLIP
(photoactivatable-ribonucleoside-enhanced CLIP,

PAR-CLIP) $AR . A OAE TR HEA
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Fig.1 Basic experimental process of HITS-CLIP
Bl ZHTEHERTEFASEBENFRA ( HITS-CLIP ) BALKRE

TP PR SR AR R N IR R AT B A BT AE A
(iAW 4-aACR T (4-SU) 5% 6-Bi A
54 (6-SG) 5 A RNA ff P ACE FA M U B G,
B A0 IRFEAF P RAHE 1 AR 4-SUBMR, 78
SR IR T RES U ) C s, Y5 —J5 1,
i 28 B A A5 % O A 1 R A PE, UV-A
(365 nm) HEHH# RBP 548 A T 4-SU 1§ 6-SG AY#L
FRIPoNaE A R, Hm TR A6 ag s
SRR GE Ty, I8 i BT e B RS T R
¥R, Hafner 5 2V N B AR K2 T ZFh
Al 5 RBP 454 194 5 RNA J¥%1, I & P RBP B {ii
] T 5 RNA H 1) 8 1 Bt e 0 4560 Matk X g
o, 1A 255 A F S50 JE Rl FMR 1 4 5 1 26 11 o J2 —

RNA 4544 H, AscanoZ% 2 Jfl PAR-CLIP 3 R %
FE T HZ 5PN mRNA F2&, b — 25 W T %
FERAE SR ) oL

PAR-CLIP {45 H FARSME TR >, #%
TR B A2 A i sg v, xERLCUAR N H
TESNY LS, H T PCRAT R YY1 i i P AT5 5%
FETE, PRy LA TR s
1.3 iCLIP

itk — L4 CLIP BRI 3 F, B R
439E% CLIP (individual nucleotide resolution CLIP,
iCLIP) AR NZTIA: ', iCLIP fij 2384 5L 46 25
PR HITS-CLIP EEAAANR], Jo>F 50 W kAT 1 St
(I512). SDS-PAGE K A% )m , HIEE H Ml K IH LR
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PATE RS TR 4T 4 25 55 1 1 RBP-RNA -5, M
— Bt 5 RNA B 454 W IKEEOR B 76 T )5 4 L
FRNAFEA | 2 fEF — 2D i i sl fe v,
FIt R FH A 514 AR A AT DL RNA A 3734 Sk B AR,
EG1Y) S hny | —BBilbR2s 751 (barcode),
BB P AEAE—A BamHIAZIR N YA 5 2,
W5 S Y cDNA FESE it FEvp, — H B2 5
RNA B% 245G K, HEPRIZ 72 T 5 RBP AC
IR SR AT — AR . FHERLEE DNA ML i 2
H4 5% 5 1Y cDNA 47304k, BamHIAZ IR N VI
FETE G SR | ) E 91 o (B)Ks 3R 4L DNA DI, F3i S
FIL M DNA FREE 0 Ik B D) 9 20 B8 1 4 Mot
W S AE A ) Y cDNA R R 2 1 B %% DNA
(R FR TR, DT S 62 P v 3 ) 235 SR A5 30
AT B P EE R, BIFE AT R KT A

i—» RT%I%«-E

WA

o

7 1
——> cDNA

g—» RT5|4

Bal |
L sabursrs

(barcode)

)

8
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BamH1

£ 7 2 11 5T RNA 9 45 & 07 3 27, 2020 4F
Buchbender %5 ' Xf iCLIP #F 17 ek #f , &7 T
ICLIP2 AR, b AT #4222k 32 42 80 R g 42 2k
B, HRRACE LI L VKX cDNA P27 7 i i
Halifk, #2207 iCLIPEIAR .

iCLIP B AR RNA 58 B Zs A w1 50545
) THCRRE R, I B REPERZEFIIMA, AT
FEIM 5 543125 BRI B PCR 338 By S (14 A 475
{HHOR B Z A TS50 0 R LA Bl PRt FERk
AL, M FBCEERIIRAL,  BATYRE N
PRI ZR 2 DL RE 2 —FloH B R RS FE 1 =
S BRI AL S SR P B — AP, iR
T HESR AR A R IR G E DT E R R (enhanced CLIP,
eCLIP) HiA )]

5 B SEIRNA
(O fRFHE ARKIHE GG R4 1 2 1K)

RBP-RNA
) FTrr @ g4
cDNA 1L
t BamHIE; 1)
9 cDNAZ:M:AL
710 PCREE

Fig. 2 Basic experimental process of iCLIP
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14 eCLIP

g fiftk iCLIP % AR cDNA 34k 24 35 1 e 5
eCLIP B ARBE B2 3L TR IR Ry Al ST 20 98 - a.
RNA 3535 BRI A2HE Y RNA F B 30 s b, i 5%

BREBRSPREIITBHEEBIUERA (iCLIP ) BAXRRE

SERLE . FF ssDNA 23k % 42 8| cDNA 9 3'%i 1
I B SCRTIR, 3 ST R T RBP Y455

[A I ssSDNA 223k 5 H: 395 (1 cDNA F B8 3 557 o5
[Al#E A RBP &5 &7 i _LiiFn— 4R, 5iCLIP
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— B EA AT IR KA RBP 455 (05 s 27
BEAl, ssDNA 423k it & MR BENLAR 25157 51 (4
JE 4350k 5 nt F110 nt), DA A] LD 2000 Ji 45 2]
PP FHE B 124 (reads) 2R IR T AR (1)
cDNA £ J& A I T [7]l—4~ cDNA 43T PCR 4 14 7=
Yoy Jihh, fEHEESk R, Shishkin 55
PER T T4 RNAGESZIMWRE, FRINERER
B (PEG8000) A1 —HJELFH (DMSO), f#i%
FERCR Y T 90% A1 70%, W8/ 1 IR 34 48 4% ik
M B RNA | Bedii 2% . eCLIP L R IL 44 BE T
RNA G PEFRIC FUEUR B B AP IR, Xkt
SRR ER A 4 d 1
1.5 irCLIP

eCLIPE RIS TS A i D IR, HER R
fATAE AR5 AE SCIR R A TOTL DAl e TTE AL
K, Zarnegar %5 " YE 2016 AEHE N T LA AR 2R A1
AEWRARPEDTTEFR A (infrared-CLIP, irCLIP), XTit
#EAT T ek, irCLIP F AR I i A RNA 3'id% 3k
Wi B AW 55 AR (DBCO) AL
difb2: W (click-chemistry) , fH B T 21 #h Je kst
(IR 800) ([&3). ¥ RBP-RNA-i& it 752 G Wik
SDS-PAGE Hi 7k J5 , 7F LI-COR Odyssey 2T 4 i 1%
I EBIRT RS, FF kil B a4ty . SR
KiHfERBP Ji5, i8] DIARIEREHD AR RS R AT 4k R I
S B A 2 A8 S LA G SE AR Y RNA #1721
I3 HE B AN, irCLIP % — SR R 4035 P17 1 ok
e a A RNA B BN A B 5 5P 381K 1) 4H i
gt MURSEIE T REEDINE, K RBP-RNA K
A YR BB TERGER T HETT RNA B AL, SXRET LA
FHEE RNA M55 b, P T 0CR 0 0 5 it
fifg, 1 TGIRT-III, 75 %!/ cDNA i [t SuperScript
T30 2 SR 3 1 4~8 1% o SR K fhad 72
1, I SDS BUIRE, AR S T RNA 1Y [Fi
A BRI, LR SCI TG ) 46 A A R
JEREA, BN iCLIPE AR, MATHRE 50 J54~41
Ja b, e 2R A I AR A 24 20% 1004 52
K, T irCLIP £ AR F A% AR £ it 1 AR 2
T AHI 40 Y . Kaczynski 25 2 7 2019 4F %t
irCLIP iy SEgeymfE it — 20004k, #5717 IR 1)
Quick-irCLIP £ AR .
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L3IERL T /751 f\oo0 990 000 A,/iAZideN/A A,
ma A RN
+IRdye-800cw-DBCO
L3I&HL 75751 Apr  ApAA Ay

% IR 800

Fig. 3 Preparation of 3’ adaptor for irCLIP
E3 IOMRGEMZEREZITERA (irCLIP) 3'in#k
SOEIR=

2 HTHEHBCLIPH A

2.1 PAPERCLIP

] — L DR 5% 55 H ) pre-mRNA 43T, FEAN[A]
R LA, 3RS A2,
M- FE3 IR (UTR) TR R R r AR
TR ZE S, XML AR e 22 IR IR
(alternative polyadenylation, APA). APA 1] LlsNi
mRNA S E PE AN BRSO, A RSB 4 i 14
PEBEA R B 1 — R R 520, poly A i s i
AT LU IE R AEMOI 58 . o1k, i85
FEBEPRR ) K A R ARG . RNA-seq 7E KRG i 7€ i
polyA v s J7 W HY RE JI AT BR L DR AR T BT 1Y
polyA {3 s, >k 51 7 78 1) APA A% £k Fil It F oligo
(dT) 51¥I0) APA SENL T I AFAE—E SR R 1

Ry bR AT, Hwang 55 " JF & T polyA
A E AN T mRNA3 AR CLIP AR (polyA
binding protein-mediated mRNA 3' end retrieval by
CLIP, PAPERCLIP) . polyA %54 %& I1 (polyA
binding protein, PABP) #& I %l i 24 mRNA 1Y
polyA R Jf 52 45 . ARG, 1 PABP 4
PRIATRIEDINE , FFIEAT i S0 5% S e i 1)
¥ o HARNT AL SR A KP4 2 A 41 P ek
I mRNA, ¢l 2 BEHER AT polyA L7 i 3'UTR
Fea, DT ] TR W 40 APA Y22 4L, IF
PREFRE 4 L b 3"UTR v & 458 4E FH 8 i =X 4 FH o
F, GnFFP miRNA 45507 5 12
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T£ PAPERCLIP [ 3k [, IXIRBIL sy |
2% 14 P A% ic PAPERCLIP £ & ( “conditionally”
tagged PAPERCLIP, cTag-PAPERCLIP) ¥, i it
P AL FE /N, TR B/ N R AL i S A v 2%
{4 i A PABP-GFP il 5 3L [H, i ] GFP Hiikittf T
BPETUHE, M ASTEFT 4053 e 5k T LA B J b
ZH AU T A Y APACIRAS o AT RN K
S AP/ 0 2D W 111Kl R T3 21 1) LA
2 I 440 L 0 ) S A PR AN, 8 5 cTag-
PAPERCLIP R RV AJ b #5033k 4 240 o v A [] 25 A
) APAIRZS 22 5 1, DATATEE IR A BB A 3"UTR X
Z 55535 M R AL
2.2 hiCLIP

RNA 7 T35 53 J5 BT i) — 454, [RAE =
SN EE IR AR R R . i UL R
FJ /= RNA XUsE (RNA duplexes), flfG5rFWNF71
BOXH T B AU QN5 8454, LA 73T R A
i W BE , 1 miRNA-mRNA. IncRNA-mRNA .,
mRNA-mRNA 2 [b] ¥4 0] f8 & A= B AL X
Sugimoto & ! #HE 3. T RNA 2238 FILHAZ H R 73 HER
CLIP ## R (RNA hybrid and individual-nucleotide
resolution CLIP, hiCLIP), FT% %5 RBPZEA Y
RNA #5% . hiCLIP R A A0 B2, I lilE)s,
¥Rk 5 RBP HLEEZE A 135> RNA B4k,
FEAE B3k P 5K P BE S RBP EL#E45 45 1 RNA &
e —RIE i — &t . et lmsealifh . Wikt
EEEIT S, B4R S SR ),
117 B 5 1% RBP A4S G (1) BiT A BUE RNA H B2 3L
DR 2y, T S NGEE 1 PR 2 B R TR T (] — S S R A
AR

% FhiCLIP 4 A&, Sugimoto 45 ™ & ¥ STAU1
>4 RBP 1] 53T 3 000 Flt mRNA Ff (1) XUBE 45 ¥4 45
A, %S BUEE 45 M A 75% 17 T mRNA 19 3'UTR,
20% L FoutF o iE—L oA kB, R A T g
T X AETEAUEEZE A 1Y mRNA , FLFIPE R 2R 14 5 1%L
RIAR . MANAE 3" UTR A7 78 WUEE 25 #4 ) mRNA I
PERCR R . XS R, MRS mRNA
IR IX 4551, STAUL 5 XUBESS My ff 55, AT
TR B M PABE 52 mRNA I8 T EE
2.3 tiCLIP

T SCHT IR T 9 40 3R A5 T — > R B ] e
RNA-RBP 45 AR, Toik 4 RBP FlIRNA
SEAMAAR L. A TR —E S AR,
J O &% S B By BE B9 RNA-RBP 45 & 3%

Cordiner 5§ ' 7£ 2023 4F- % 3 T Z i 8] 45, iCLIP 4
A (temporal-iCLIP, tiCLIP). 5 F %% &4 il 7
5,6- —5-1-B-D-MK IR AZ A FE R - Wkt (DRB) 4b B
YA, TCOMIFRI0 5L, JFTEMLI HETT2RAMCHK, Ik
ERESL . KPR DRB, FIE® B IR IK 2 40 10 5%
eIt AR, JFAES. 10, 15, 20, 40 A2 60 min B [A] 25
AT A S BRI WL SEAE B . ALYREF, RBM7,
CBP20. CBPS80 ] 5 RNA B4 (RNAPIL) 2
S s AR UIA G, AR XT B3k 4 F RBP (1)
U A B S AR AT I DLNE , IS
BAES A RNAJPFRRAE, U4 2 X JLFF RBP
FEAFIRS ]2 T 2 5 05 A DR . S5 kR,
X 4 Ff RBP 45 3 7 5% i RNA e A EAE T, (5
BS54 B ]SS A 2z ), a0
ALYREF F1 RBM7 #2555 RNA 5§ $ th [ {R 45 &,
B3 5125 T 3y Ead R I 5 — ORI SE IR R AC
A, 5 AN, RBM7 &2 5 T /NE {7 RNA
(snoRNA) 3 T # .

3 REERE

SRS, HITS-CLIP $7 A 1 YO e 8
5 CLIPH ARAASS 4, 254 nm SEAME I AT RNA Rl
A28 B Ad I B AR AT LA 42 40 B 9 RNA FILER 11 T 1)
WA IR, (AESRAMCHR A 2B . RO TT
A — &R RM, 3PREL ", PAR-CLIP fii ]
A RO P WA A% BR 17 A= WA 12 1 1 365 nm
SHMRACIR, e T ACHRRCR AR, KA
() PRI S AR RAIE T LA R R 45 S s A B, ik
DT E ST, BREBERETRE A S
AR, PTRBLLSC IR A R e A 2= P, iCLIP
i L cDNA MR 2Rk Ze AR AP B8, 85t T
SPHER, TEAZAT IR KF LA RBP-RNA Z2HX v
M RHR N PR Z , MERCEAE . eCLIP
A WA B B S A IRk, BRI T RNA $i
X, MORPEE THENIIE, W T PCRY M
KemyiR2E, AR P . FE LA
20174 X HIB T seCLIP, & eCLIP (AT fk ik KR,
AP Y, BEAR T A Y irCLIP BR FH 2T
ANGRMRER TR PRI ZR , SER T B RIER AN
B RIREE AR, (H3R R R R 2 R 20 A
BHE A A, AAMTE IR T W
PAPERCLIP, hiCLIP, tiCLIPZAi B A, HT#
P Ry BAR R 22 m R, R 2 o T LR
CLIP H AR B H AR
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Table 2 Comparison of 5 mainstream CLIP technologies
R2 SHMEREMZEKERTIERALLER
HITS-CLIP PAR-CLIP iCLIP eCLIP irCLIP
KL I o 1§ JH4-SUEL6-SG & &
F
EVISIRIES 254 nm 365 nm 254 nm 254 nm 254 nm
P IR0 P St 75 0 SRS EN PSRN PSRN0
R AR 7 UF|CEGEIA cDNAH Wi b 7 7
e AR TAN UVASERSCRE s SE s A hnnnt  RET UMD IR, 4% RNAFZE. RNAFRIRMAG
M. A AL R B E ARG 7SI, B IR F[FcDNAR B2 =
E2E SEMAMRE HHREFUMMAE HAREER, # S R — FERR I HORE WA
IR FEEEME PEAERER

g5 Bk, JUR R CLIP BORTE 2 Prif i

37(4): 376-386

':Pigﬁ;ﬁ\:’fjﬂﬁﬁ[[z:/@ , Eﬁﬁ%&* E%%%Hd‘, mg% /a\ [8] Danan C, Manickavel S, Hafner M. PAR-CLIP: a method for
o o = transcriptome-wide identification of RNA binding protein
23 SEa GRISC S At = A
%% E Efij:q\{i\ H E/J% %zﬁ;‘ /ﬁ:a f%%?ﬁ% H ﬁ interaction sites. Methods Mol Biol, 2016, 1358: 153-173
L:j RBPZi 5 EI’*J?I%ET]E RNA 11““ 3E ﬁﬁﬁ%’fﬁﬁiﬁﬂ"rﬁ 9] Konig J, Zarnack K, Rot G, et al. ICLIP reveals the function of

[0 28 B S B0 A5 Bt TLT AN AR G 255 WAk
AL EL . BAN, CLIPE AR M IRAH R 5
KZ, HARI A SR i, aTLI2ER
ZRG LR ER B MO 2 A O 1YL 20K,
X HORWr e st F5E38 , ARYEIFIE A e B o A
YR A CLIP 4R . RBP 5 AR FP2E | AN [H 45
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Principle and Application of Ultraviolet Crosslinking
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Abstract The UV cross-linking immunoprecipitation (CLIP) technique was first established in 2003. Sequences
of target RNAs and binding sites of specific RNA-binding proteins (RBPs) were identified within the entire
transcriptome by UV cross-linking, immunoprecipitation, reverse transcription, and subsequent high-throughput
sequencing. Over the last 20 years, CLIP has been continuously modified and improved. Advanced operability
and accuracy have extended its application category. Currently, the widely used CLIP technologies include high-
throughput sequencing with crosslinking-immunoprecipitation (HITS-CLIP), photoactivatable-ribonucleoside-
enhanced CLIP (PAR-CLIP), individual nucleotide resolution CLIP (iCLIP), enhanced CLIP (eCLIP), infrared-
CLIP (irCLIP), efc. HITS-CLIP combines high-throughput sequencing with UV  cross-linking
immunoprecipitation. The 254 nm UV cross-linking and RNAase digestion steps allow the technology to capture
transient intracellular RBP-RNA interactions. However, there are limitations in the efficiency of UV cross-linking,
with low resolution and high intrinsic background noise. For PAR-CLIP, photoactivatable ribonucleoside was
incorporated into RNA molecules, and RBP cross-linked with RNA by 365 nm UV light to improve cross-linking
efficiency and resolution. Cross-linking mediated single-base mutations provide more accurate binding site
information and reduce interference from background sequences. Long-term alternative nucleotide incorporation,
on the other hand, can be cytotoxic and may skew experimental results. iCLIP can identify RBP-RNA cross-
linking sites at the single nucleotide level through cDNA circularization and subsequent re-linearization steps, but
it has more experimental procedures, and partial cDNAs lost in the circularization step are inevitable. eCLIP
discards the radioisotope labeling procedure and reduces RNA loss by ligating adaptors in two separate steps,
greatly improving the library-building efficiency, and reducing bias associated with PCR amplification; however,
the efficiency of immunoprecipitation cannot be visually assessed at the early stage of the experiment. The irCLIP
technique replaces radioisotopes with infrared dyes and greatly reduces the initial number of cells required for the
experiment; however, an infrared imaging scanner is essential for the irCLIP application. To address more
particular scientific issues, derivative CLIP-related techniques such as PAPERCLIP, cTag-PAPERCLIP, hiCLIP,
and tiCLIP have also been developed in recent years. In practice, the aforementioned CLIP approaches have their
advantages and disadvantages. When deciding on a technical strategy, we should take into account our
experimental objectives and conditions, such as whether we need to precisely define the RNA site for binding to
RBP; whether we have the necessary experimental conditions for working with radioisotopes or performing
infrared imaging; the amount of initial sample size, and so on. In addition, the CLIP technique has a relatively
large number of procedures and can be divided into several successive experimental modules. We can try to
combine modules from different mainstream CLIP technologies to meet our experimental requirements, which
also gives us more opportunities to improve and refine them and to build more targeted derivative CLIP
technologies according to our research objectives.
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