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The detection methods of RN A modifications based on
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Abstract: Post-transcriptional modifications widely exist in various RNA molecules and are essential for RNA
function. At present, there are more than 160 kinds of chemical modifications on RNA (https://iimcb.genesilico.pl/
modomics/), and methylation is the most common type of modification. Traditional RNA detection methods, such

as thin layer chromatography, high performance liquid chromatography and mass spectrometry, have made
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important contributions to the identification and quantification of RNA modifications. However, the precise

identification of RNA modifications and the detection of modifications on low abundant RNA molecules rely on

some high-throughput sequencing based techniques, which have been developed in recent years. Traditional RNA

detection methods and some high-throughput sequencing based methods have been introduced in the article “The

detection methods of RNA modifications” published in this journal in 2018. Here, we summarize the popular

detection methods of RNA modification based on high-throughput sequencing, and introduce their working

principles and application.

Key words: RNA modification; high-throughput sequencing; RNA methylation

WA B A A RNA 7 7 AN PR UEARL TR Y
JEREIT 160 MEMIIZH IR, XK T RNALS
F R ThBE I S A . RNAMEM AT LA TTRNA A
fr A LR, ARERNARE R, I, B,
HAZ RS, S RNAR A R A& R 4l
M, AR BN S N AR R AR ) T
BN, G Z RO, WA RGP FRIE
ZRRLIRB . BHEAEEEDM L, RNAB
WHFIT R T L T TR TR, PR “RNAFRM L
%47 (RNA epigenetics), O\ VB 7EH 51,
U, ST SRR U7 VR A FERNAE i 2 RN AR U
WAL AW T AN . AL G ARIRNAZ ik
D5 AE Y 2T 2 208 )2 JZ T (two-dimensional
cellulose thin-layer chromatography, 2D-TLC). 5|4
JEAH (primer extension). & X AH (4% (high
performance liquid chromatography, HPLC). & %0
AH 63 55 )51 1% 5% B (coupling of high performance
liquid chromatography to mass spectrometry, HPLC-
MS)3E . TR, A mIEENF ORI A RE, 7T
PRI 6 L+ 3 2L E 3 26 DNA 7312547 Fe 51 i
SE, X KRIGIN AR E . A RN AR
e 0 WU B AR LA 5 S PR S 2 U P I
AR, WCLIP-seq (crosslinking-immunoprecipitation
sequencing). RIP-seq (RNA immunoprecipitation
sequencing). PAR-CLIP-seq (photoactivatable ribonuc-
leoside-enhanced crosslinking and immunoprecipitation
sequencing). MeRIP-seq (methylated RNA immuno-
precipitation sequencing)®, DAL G, 25
NTE T RR IS PP RS o IR FR A AR Y R B
FE20184F A HI 23045 5 401 “ RN A Ui 6 9 152
AR W= AN E, X AN TR
ASCREET RS L HIRN A A B A 45 T il
RRINEoRIES T NS

1 m‘A
N°-H1 L i 47 (N°-methyladenosine, m°A)/2& E.4%

EW){EFRNA (messenger RNA, mRNA) & &+
B 1B, mRNA Em°AfIMETTL3. METTL14
AW TAP &5 8 1 o7 41 1 11 R 0 6 78 il 52 & 1A A Ak
TR, S Re 2 L EFFTOMALKBHS 2%
BRI meA BRI AR TE “ RNAMSRR 47
A7 WPl—sed BN A, KA 2R T
SCREBEAT T S

m°A-seqFIMeRIP-seq ¥4 73 55 44k J5 ImRNA )
FIBL100~200 ntff] RNA F B, s Fm ARE 5 E)
PR EE T AM MBI A B, B R REAT 0
18 DR il R R Y, O KRR,
AEH TR SRR, an 50 fif B0 B R
Ao AN, HITRNAF BOKEERIR I, Ao iiid 6z
BB AL TR 79 E %6 . Schwartz % 5@ 1y /Nl 7
FRNAF B, FERERERIFR T — Ml 7 HF e el
BB I m A T TV

SE G B ANE S T RN A-HUARAS I 1 77 77T LA
FEZ0 ML DL AZ R 2y HE A M m A B . H AT %
TIVESY PR B — R B T O I 4 B A% R
K% A B G I (PAR-CLIP), 51 21056 58 Bk Al B £
m®A Il % J5 3% (photo-crosslinking-assisted m°A
sequencing strategy, PA-m°A-seq)"". 1% 5 Vi
IR A 6 1 B A 4- B AR K (4-thiouri-
dine, 4sU)JF A H 45 N HiE RNAFESEAF, Sm°A
R tepiia ez itie /e, 1365 nmEEIME il R4
4sU FRic i A m° AIRNA S m° AFU A AZ B, @i
AL RIS T LE S HC I RNATH AL 230 nt,  FFREAT I
J¥ o BT 4sUS 75 AT A pii 7= A i Ji o g 381 i 1ot gt
A%, PA-m°A-seqn] 45 RUHE Hm  AMS A I 1) 155 g
EC o (HAZIX M7 L] e 2 it I 4s U AL B I )
m A . 5 R S TR AN A B A DTTE (U
cross-linking and immunoprecipitation sequencing,
UV-CLIP-seq), UIm°A-CLIPHImiCLIP"**", m°A-
CLIPFImiCLIPHBAE 4 57 PEHU A S e UL e L Frm A
BHFIRNAF B, JEFE254 nm B4 N iE S H 55



294 L. RNAWFHA

334

AT, B 5 & B KIE A PPk, B
HRHURNA . RS, HA R SRNARAZ R
O B AT SR, el T DU mC AT HE
(A=

S X5 A m A B ARSI 43 9k 5 THT A T
TRKHIRES, (Hm AL AN A P ) 3L 555 B4R
A% . SCARLET (site-specific cleavage and
radioactive-labeling followed by ligation-assisted
extraction and thin-layer chromatography)rJ DL %€ & 46
TR 5 7 25 A m AL 2 i B HEET . m°A-LAIC-seq
(m°A-level and isoform-characterization sequencing)E
5 m° ARSI B G DT RS T AT ITRNA, 1
FEAE G e TUUE F 8 3k I 5 77 VR A5 o e i e AR
ZITEREX 7y R S AR B e s AS, AT BLsE
ERMImeA.

m°A-REF-seq fIMAZTER-seq /& H fil 3£ T-RNA
P DI MazF (¥ m° ARSI 732 MazF A] LLRE
S HEDIRIRNA R ACATE P15 5, {HAFH me A&
frI(m°A)CAZEF R 2P A IRl 2T 0k, Xt
MazF 4b 2 J5 I mRNA Jv BOEAT @ R Fe, IF4E
2 5 WA EEFTOAL 2 ) mRNAFE Ay B 10 1, 3
1y A Bl DA R R AE D 15K ) PN 38 2 71 i SR 4
SEM AL 25 . SR, %A 7 v B R E A7 —
Be PR . MazFiR 5 IACAEF H Hm AL JLK
RRACH (R = A/G, H = A/C/U) BF16% K4, A
RETE o5 T A AT REAImC AL £, IR IEmOAME i 1) 7 <7
JF¥HIRRm ACH, H4 iR 5] m A ¥ Y THEE K3 5 ffa e
g Bt A BFAPOBEC1 il & [ APOBEC1-YTH % [ )i
DL TIT & 7 DART-seq" . YTHES K384 il & 2 1 it
HSEEm AN, APOBECT ] AL AR m A K M HF
R I R, CACA R A T AL £

m°A-label-seq FIm°A-SEAL & P Ff 3 T4k 24 b5
ICAImMe ARG I 7775, mCA-label-seqii x££ 21 i B
IR I BB 0 R R, A mRNA bR AR
mC AR 5T BUNC-J75 7 25 i i 04 (NVC-ally ladenosine,
a’A), a’ATEIRAK BN & AT B % S AL 64 3R
1k B 04 (N' N®-cyclized adenosine, cyc-A), i
RNA:cyc-ATEW 7 5 A e DN A I 23 J A8 Bl ik £
fic. m°A-SEAL{H FmAff)2: F (L EEFTOAE Ay i
7, FEmRNA_F AL 24 M (I m° AR (b oy w8 s B
1) v 18] 25 P2 HIN°- $2 R DK R MEE 04 (N°-hy droxyme-
thyladenosine, hm®A), 4R Ji5 8 i — % 5 bl B f) 3 3
EHmRNA:hm AR AW L2 0 B, KA Fa e
hm A A4 S BRI 20 0 A= IS AR e

FH 3L I 47 (V°-dithiolsitolmethyladenosine, dm°A),
dm°A ) H B AT DU S G A AR B R
(methanethiosulfonate, MTSEA) s W SR8 N & Fi b
i, BlnAER, Wi E S5 HmeABHIRNA K
Bt ks A
RECKLITR T 2 Rm AMBIHRRI T, H
XEETTVEARIRAFAEVE 2 R A UL o) @ . B T Hidk
G S5 UTUE I 715 AT B2 52 BP0 44 (10 [ 5 I 20 DA K
555 2 RNA P 5 s LA S 1 45 & s> 36T
R A VI 1) 7 v BRAR AR T & Em AT 45, Bl
A A mid i, R H A I 2135 2 mO AL s
T A0 bR 1 7 0 B bR 10 RO AT A R e
I, ATSAR R O IR T B Bl T VR A A R

ml A&
2 m°Am

mRNA )55 [ 55 — R 22'-0- AL A iR
1F(2'-O-methyladenosine, Am), ‘& 7] DLl FH L84 5%
B PCIF 1t — 5 H AL TE BN, 2'-O- — FBE IR 17
(N°,2'-O-dimethyladenosine, m°Am)™> > **1 5m°A
Fl, m°AmFINC-FE AR AT DU 2 A AL IRFTO 25
AR F m AR S5 M B A T LA R B R
m’AmAIm°A, [KHm°A/MeRIP-seqfImiCLIPH 1] ]
TR TG SRMm AMP* Y, 20194, WA
RIEFF R T —Fh S FE 7 M m AmAS U 7 %m° Am-
Exo-seq™”, FL IR FH SRR S0 Ut 25 B 4 35 45
Am ARIRNA R B, & 425 A v i 4 1 181 1) £
SmAIRNAF B, AR5 FPimC AU AT 002
UBE, FRHATEENF. R, HETHTE fm°Am
AR IR T Him  Apuik, Rie 7 Eadk—
B R BT R mAmKG I 7k, DA B
AT 4 L FE AR M Am B o

3 m'G

7-H1 3L 9 4 (7-methylguanosine, m’G)#& —FJ~
ANFIFImRNAME F&1, k8w A7 E T iz
RNA (transfer RNA, tRNA)H, FITAEMRNAN 1
RILTXMEEY, Bl S &I R T 3T Huiom
AR ZE AR AT B 5 v SR 22 il m GAE M B it . m G-
MeRIP-seqiffi it m’ GH S5 PE 04 S 35 VT e Sk L Fm G
()4 e 3 M . m'G-miCLIP-seq ¥ FH A2 BE S &
(1033 B S 2 E AN SRR SRAG I m 'GP, m'G-seqifl i i
JEE S A DS [N, Em  GAE s Bl — N Te B
frei, Ft—BHEMERIL, REKHEE,
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RNA A BRIE A m' GAL s ] fi 7 1 5 St 2 5 3504
W N, M 3RS m’ G % s 4 [ B 3k 4y 7 3%
K%, AlkAniline-seq bl 2 TRAC-seq (tRNA
reduction and cleavage sequencing) X F Ml & AL 895 &
A m'GIIRNAFE S HATIRK R, i m G A
AR, BRI GR IR AL B RS S R e kA
B-THBR N, FECZALERNAWIZ, k] Pk
AFIRNAFE i ) m G,

4 m'A. m'C. m'G

1-F 3L i £ (1-methyladenosine, m'A), 3-Fi3E
Jig E (3-methylcytidine, m’C)F11-H % & (1-
methylguanosine, m'G)5 i Watson-Crick & it %1,
FEI e 5 A2 TR RE S EBOZAL UK AEcDNA S 24 1E
B R BOW R IR B N, b A
FATFVF 22 3004 S 48 A el ) e 1 i v 57,
41 m'A

m'ARm AN SRR, HA A7 /E T mRNA,
tRNA. #ZHE{ARNA (ribosomal RNA, rRNA)AIK: Ik
#ifiJRNA (long non-coding RNA, IncRNA) |,
HAT, m'ABUAG RTINS & ol =07 2R
Mm' ABH G /1 FB, 8 m'A-ID-seq™ “IAl
m'A-seq”. m'A-1D-seq | FH K % AT # AlkB 25 I 3k
PR m AEAT 25 F AL AL FEE Y, Tiim' A-seq ]
FIHm AR Dimroth 5 /g B F H#80 HHh
mC AL ) E I b 5 34 T T S B AL T R (G
Mo, BEE HIMm'A-MAP m'A-seq-
TGIRT " Fm'A-miCLIP“ 38 ik i i 4§ 52 1) )5 1A
W e m AR T ) T A I B R S &k,
T S I BRAZ R (R A 73 7 2

LRI R A AR GERSMIm' AT A AERNASS
F. 8 BTN AN MBI Z [ IR o Structure-
seq2/DMS-seq2 REH& it A% T IR 7 HF R RN A L5 14
FEIFIRIR R AL E ;. FEFCRSIPR-Casl3a
R BIm' ADE 6o T )77 R B HTRNA S m'A
KPS BT AR ER AL 25 I (bisulfite sequencing,
BS-seq)[fIRBS-seqfit [A I & Mm' A 5-H 3 g 1F
(5-methylcytosine, m’C) A R 1% 1 (pseudouridine, )
&4, AT B 2 T B B S 4t TR,
HAp, & —LRepk i & A0 T m AR I 4
A, WS m A B A R I HIV- 138 5 St gt
Fetm' AFIA BAT W] Rt 1 T3 DNATE Bl ™.
42 m’'C5m'G

HAT, C/ERNAFIMRNAF L5 #lm’C 77,

fim' G 3 Z A7 TtRNAFIIRNA F77, 3Tk
FF B ALKB J% AIKBZRAE 4 1] LA 22 Brm’CHlm' G2 1,
FER T AR AR ™, i g, - AlkAniline-
seq MY BER MIm ' GI&E, 38 A] LA AR [FIRNAFE 5
M CAEE™Y . ROk, 47 B AR AR 4
A6 7 T 1) 2 DR] 465 2K 1 248 M o B2 T RN R 5 40 sk
P JF AL 2422 MR-FISH (methylation-sensitive RNA
fluorescence in situ hybridization), 7] PL7E FL4H /K
SFE AN m' G,

5 2-O-BEA

2'-0-H 34 (2'-O-methylation, Nm) J - FA77E T
JITA IIRNAFR 2 % BB 52 il i RN A
FREUH AR (RNA fingerprinting) 7] DA% B HH 40 2k
AR 0 8 LA 2 AT — Bl AT DAY ZIRNA
I SR 1 (DN A zymes) I DA fi] 54 U5 rRN A H
2-O-HIHALS, ek, BEE mE R AR E,
i@t RiboMeth-seq. Nm-seq. RibOxi-seqf120Me-
seqril2'-O- H B4k 2 o i

RiboMeth-seq/& 3 T ERIEIA T T, 4
2'-OHME B, I Q0 i ol R — IR Bk A7 S8 A% I
7 1 - BORNAE K 22 9 7 £ 5'-OH 12, 3" - PR iR K
it {BAE2'-O-HEAUAEE R IL T, RNARY3' -k
TR — IS A 380 DR B 0 e L AE B B e I A T IR 2L
JH o I A A K /INJE I E20~40 nt) v BE
Aof PSR V75 1 2 K RN AGE BE K O BE FIRNASE
B iR Be Sk B W) HIRiboMeth-seq i T4 8%
SR T 75 K ERNAFE SN . J5 4218
A — e R ) S RO B T R TR R B R
A L N iy NN |1 AN 5%~ €/ L
W, TS S HUT A A R S bR b B T S
SRALAZ T IR 12 -OHARAS , [l G 7 2 His A 3 3 72 Hp
T B 5 i L BT s ) R S — M E IR A e S
3 A fUE I, FFIREAL S AR I, DAk A
TRN 5 B2'-O- F AR BT 220 %07 dadE T
RAFIRNA, FHEEFGH & E2'-0- IR

2'-O- H BEA IR 7K 5 (4] e BH 1 S B 5 A% b
AL T AR R P % BTk, JFK T Nm-seq
AIRibOxi-seq” ™" IEH A% 4 (A% 4 112" f13'-OHAE
Fr IR 5k A P S B A Oy %, T 2'-O- Ak &
TREZBE N G HPT . HRNARE Bk 5 &
WG ShEA A, B S R S5 F T AT B9 ok S B LA
Er AR S Z IR, AT 23 K i 7 A 2'-O-
AL B Bl T B 1L RN A B IR &) . 6
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FEAIIRNA Fr B0 2R i 1 8040 o i ek 5314
SLEERE, T HEA2-O-H BB 1 K v T R A K
PUMENI RS, S AAEM P SO ik B w5 T
£2'-0-F A AB A A i 1 7 B fENm-seqH fi
T Z 558 A BR- L B R AL 16 IR HEAT [RDRE 14 77 ok
BT EE S S

Nm-seq5RibOxi-seq ¥JiEH T & EF &M
RNAFIZE(UIrRNA) [#12'-0O- F 3L AL 30, gk
4, Nm-seqids o] AR F 5% FE RN AR S (4
mRNARI/RNRNA)Y ™ HAT, #@idNm-seq &l
BT EA2-0-H B £, HF HUmZ
F)2'-O-FIALBAES T EAE R, 3K
[112'-O- F FE AL A 1 2 PR AR RN A T B2l (1) 35 123008,
DR Lk 2 6 S PR A 5 7 A T s > 1 Ak, sE
U sl N EA X (B2 N 52 B ) S RN E (8 N
B T R B %Y,

2'-0- B AN 2 B 32 RO M A% 17 T P B 2R B X
EAERHKREMANTPRE, ¥F 2 K2R FIRNAAK 36 P
DNARAH, Wi gli, 2xiT2-0-H &
51 FE P AZ R ) 2 1) L T A5 308 A S B 0110,
20Me-seq B G EAE I BEANTP 2% Ak T HEAT 5] 1 4 i
SR 7 3L, 43 BT 3R A5.2'-O- F AR AB MR 7 55
T I 5 FR#EANTP 26 11 T 19 15 5 300 % 560 7 SC R T
B, AT DAHERR — el AR R 2R 5] S 1A B P 4
XA H AT COR A T X rRNA2'-0- F S & 1
AT BAZ IR 7 1 52 R e &1
6 mC

5- 1 355 ity 3 15 (5-methyleytosine, m°C) 2 £ 1E
TZFRNA L, f3EmRNA. rRNA. (RNA, #iE
FRNA (enhancer RNA, eRNA)Z",
MeRIP-seq. miCLIP-seqlL 2 5-% 44 fiu ¥ (5-azacy-
tidine, 5-AzaC)/> 5 1 4% Ui iE M| ¥ (5-azacytidine-
mediated RNA immunoprecipitation sequencing, Aza-
IP-seq) U A AT RN A’ C 1y 32 ZEF B

EW R A SRAFAERT, RNAF R A 1 f F
o3 B N T R T, T A Bem C ) B AN
DR A G BN S APCR IR B H, R
B B A R 5 B ZEDNARE RN, @t Xt
FERZ B R Sk A MR AL B RN A 7 45 SR k47
AT R RESRAFRNAmM CIE A7 5, JF HLREEIA S
BRIk 7y . Hag, ZJTAIARAE — LA
ABs (1) BRVE IR SR 2% A AERNA J3 1 PR AN Rt E 1 31
s (2) IRFEERIRNAS T 25 5 178 ) b i 7 b &

BS-seq.

Fes (3) WAL RN T 2 S5 AE AR 22 1 i Ji v g A7
RS, R AEeE LN, £ 7o A
Wi (4) 1ZJ7EAREX 4 m’ CHhm CIE 17,

MeRIP-seqif i m’Cf 57 M P pAc 45 £ v i 2 )
FF 3R Em CERNA H B M 2 o 45 81, %46
TIEREAEFFRNAM AR e PE, JFRE S B IKFHERNAF
HEAT JE SRR I . (ER, TR TOVEIR B AL T
KRG RS, AFAE— M RIBR 1.

m’CHF A (miCLIP-seq | F RNA H 5 i F g
N Sun i A0 A0y FR S 1) 2 B G0 R 0 225 (45 R
IV-Cys)RAZ, il 5RNAJE 8] JE A v] 1 1)
HR-RNAE &9, %07 AT BT R AT
BB OU T, i ] DLd i G 9% R e 1 5 v E 4R
RNAJEY), BJ5 4T 5 PCR L B &I F . 1%
TR SR T, BRE Ik B BAZ IR I A I
ag s T

5-AzaCAENMIE IR, TR S5 N3 R
eSS, JER Sk UK m  C P L G 2 B FR AERNA
b, TEESENE A, R DK e S e,
ZIL R L, JTTEREIS-AzaCRi G MY, BB
A BT S5 AR AT AR E RNA R m* B . IX
Fh 7 V5 B B (G R FE RN A:m’C ¢ £ 2%, [Af
BEAE 1 %5 e m C I B B R B I M AL A . (]
R, XFITER D S B B E Im CIB A A
(RS

7 hm°C

m’ C ) AL 7= 5- ¥4 7 5 i 5 (5-hydroxy-
methyleytidine, hm’C)7ERNA L7 404" "2, H
BT, AT LUK ] A 8 3 S A T PR 9%k (peroxo-
tungstate oxidation sequencing, WO-seq)F il RNA
Mhm’CAE" . o E AR 3L A hm’ CR LA = 2
FEAL I IR E (trihydroxylated-thymine, "T). B &
FE G e O AR oy, 5 TR 40 ) 306 % SR B TGIRT
(thermostable group II intron reverse transcriptase),
W "THAL T o I J7 72 b A B A% IR 43
R, H T AL TR E R R, AT RS BRI

SETE.
8 vy

B PR M5 IE (pseudouridine, ) /ZRNA H1 R L) 2
— Pk 2 A8 1 3 HL B e IRNAB Y, 4
(R PRI IE (1) 7%~9%", TEZFIRNA, WImRNA,
tRNA. rRNAFI# /NRNA (small nuclear RNA,
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snRNA)H 38 oA i AS i i kG I 7
“RNABIRE A ” W —scp OB N4, X
FEBLER) P 5 71 ST ] B B

HEYCMC (N-cyclohexyl-N'-B-(4-methy-
Imorpholinium) ethylcarbodiimide) 7] PL 5y Jsz B FE 1%
ROEWMEEY, FEWME %M T (pH = 10.4)F2 € 17
£, IFH, OIS, CMCRIEGEmy 5
HATRAE EAMICAT, T EEEDNA R B,
TE19934Em}, - T-CMCIHF K 1 51 W3t 77 v A My
B, TR I, AR, A s Y
THERIEREAT T ekidt, JFK ¥ CLAPJA(CMC-RT and
ligation assisted PCR)"*, 3 1x{fi FlI o7 s Rl 57 1 1) 51
YIEATPCR,  LE[R]—#F i b A2 B A 23 791 %68 B T4
TR ARAS G AL S A R PCR= ), @ I &R FE UK
AT LS8 A BAR IO f B A wig i . XA
LA DO A w B i G F JERNAEAT € &, (HIL
N2 FHYE A BR 5 2 A i A7 B I I RNA T B

g Sl E W R RN KE, WETFR T2 M
T CMC R AT AW P 75 % o EPSI-seq.
y-seqf1Pseudo-seqH', K mRNALECMC M J5 ik T
TR AL BE, X5 A B A RN A E 47 4 28 A vy e =
¥, BT DATE 4 i e 2050 B DA BRAZ T IR 1) 70 9 5 At
N T VA= K (= B b /s 72 7 N = b= == O
v, Hi T ok E R yBIMKRNA T B,
B o FEAE Ry IB ML EERNAFI R ) 2K .

CeU-seq (N;-CMC-enriched pseudouridine
sequencing) & F| FH CMC T A YIN,-CMCSE By & i
Fr AR L 5 B R TE . N-CMCIL 5y IE ik
SEY, bfEE SR AV Y E R I ZEN,-CMC
HyEaW E, U EESyBITHRNA.
CeU-seq ] LATE 42 i 55 4H 50 1] A D A4 ) 57 s
FE, BARENREBE.

9 1

Y 1A K% 1 (inosine, ), WARULE, & B
48 Ik U B (A-to-DJE R B %, X FiE i
AR B FRCARNAG . /275 T 2 FRNA L,
WImMRNA. tRNA. rRNAM"7"2 (R A% 1% 4 ) g
RNase T1REH5 45 5 M HU/E T &4 RAULE 3K
Uiy, FF AR VI EI 5 AE A0 A% 2 8] BB IR e
o M s R 2 AL RNA S 15 BN
RNase T1, WG NH 5% < 18] 05 R — e
SRAWR . b5, AR ) SR DA I L R
PRI [F R /N FIRNA P BE o H 2% 77 A g 1

st BRI BK B 2 &5 (restriction
fragment length polymorphism, RFLP)%5 & RT-PCR .
PCR A R EG YT, XTPCRy™= Wit 47 e ik 1 g V)
NG, AT B A e g FL K B SR A 4 T e g i FL
UK, AT LRI UL A RN A 711,

W SR 2 W IUVE RN S8, fE i R K
cDNA G fE i, 47 U A2 16 1) Az a5 B A i
WEE V4 1) 1 MR 0A (1 AR 4K, 3d o ey 3 = 5 B AT
MG fe e AR A7 51, dmaE sk, T RiRJE
L, BRERIFR 7 e I W 7 VA W TR A
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