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AR B RNAY 177 34 B0 LU T 5

AR AR

R HR

= W

R T

(Ul PN = 2 e B S MR AW 5 B, N 325027)

HE AR B L PR BAR I 4 R Fo S 5| 4 3G X AT Y I K ZERNAR) R E) 7 ik, ATk —
@ 2T ik, KAV AAFRE 7 ik A 38 R 2 B A S B mILERNA, 738
#IRNAS A cDNAJG #4735 K 2 FPCR%E I, ARIBEPCRE RILE A RF &3 7 ik a9 0%, WT-
ovationd 3ERNA#) 2L E 29 AIVTR R #92.84%; IVT 7 k¥ 3 /5, A ED-CHAS 7] 4735 B mRNA 3°5%
9 K ZmRNA G K JE ¥ A 4 I 25048 K (P<0.05), BP 5| 4 3E B mRNA 4935 A0 . mRNAMAL,
FE A D-CHaANK. mWT-ovation7 %3 3% /5, A ED-CHAL 7| #3E & mRNA 3°5% 49 K ZmRNA#)
K EHRELEGITFAEM., H5IVIF &4k, WT-ovation 53X F .5, ¥ HaR E4) .

BRE.

K82 RNAY B IVTY 1 WT-ovationd™ 14; 5 HPCR

Bt 5 O 1l 38 2 A D 5 R (laser capture mi-
crodissection, LCM) 1 & &, 3L L RENS & A )%
SRR 2 ey B e R 1 b SR — AR5 1) 1) 2 4 i
PLA PN o AR R R R K IR AR ERLES B R,
A5 FATT e 0 A U 2H 2R 5 40 i v K & 6 IR ) 3R A
o AHILBIY R 2248 75 2K 172 pg mRNA, 2
KT LCMI) 4 i AR HE 52 B AL % 1 () mRNA FH T2
PP A VA

Van Gelder™f1Eberwine i B T —Fh%ET-cDNA
BRI B 18 5 2 16 3 26 vE 7 X IRNAY 34 5
iL197 EberwineiZ: H IR 44 41 3 5 (in vitro transcrip-
tion, IVT)J 14, J& ) FOligo dT5 X mRNAZEAT %
58 i cDNA, FmRNA-cDNA J{/RNase HAb # DL
B BUEECDNA, SR 5 /ET7 RNAZ G B /E T 14T
AL 5%, & ke X RNA(antisense RNA, aRNA)[K]
AVEY . P51 (single primer amplification,
SPA)J5 V% /2 F) FIDNAZK & i, DNA/RNA. i L. 5]
Y. Oligo dT%5 5| ¥ S mRNAHEAT 4 14, 4 JRNA/
DNAFE & B v 18] 7= 4, P AS B0 2147 3 Hi cDNA ™
Y. FENugen’s wi) HISPA s B, i)f & T WT-ovation
WG AWEITE L B IVT HIWT-ovationiX P i
I ERNA AR T, DL E 438 75 %

1 ARSI
1.1 SRIGXF &R
Vi 75 2% 5% [ JaE R AT 5% T (Institute of Cancer Re-

search, ICR)/IN R, >k H I 258 Tl M = 2 B 3l 4 5K
5=
1.2 LI

MEM(modified Ealge’s medium). TRIzol. Su-
perscript 111 Firststrand Kit¥JJy F 3& [E Invitrogen /A 7],
RNeasy Mini KitFflIPCR Purification Kitl) H {i [ Qia-
gen/s i), MEGAscript T7 Kit Il [ 3¢ [E Ambion /A 7],
WT-ovation Kithl4) H 3¢ [ENugen/\ 7, Picopure RNA
Kit & 30 W 3o0) #1371 3 e H Arcturus 23 7], Real-
time PCRIAFIIIA [ 55 [FABIA ®], 9250 i 75 32 24X
% K Arcturus 23 ) IIXT & GE HOG DT HIHLATABI 2 w]
(117500704 % Yt S I 5 FPCRAX
1.3 /NRARKE K ERNARZEY

16 HU 8 LICR /N B, SUAE B 192 b ZE /N B, Sl T
BT IR R4 29 19 21/ BRI 42 Jz )2 A 28,
TRIzolJ VAR U 2UELRNA.
14 NREREEMERNARZE

/I BRRUK VR BRI i, 0 Ko ME A4 A8 AL 5 34T
N ffRedbeads, bric 55 15 2 M. 455 /) B AF I
MR G ARFE, BV, KRyl fr, FE0E B
TCO) RIS SR bR 10 1R 55 T Bz = 48 ;A F Picopure

ke H 3 2010-12-22 P52 F: 2011-01-20

K AR RF 5545 (N0.30970924), W LAS [FIARFI Y JE4:(No.Y2100855)
R M = 27 B B S IR G = B BT I ) 2 42 (No. KYQD090701) % Bl 17t H

*EIAEF o Tel: 0577-88067935, E-mail: chenlinhual4159@yahoo.

com.cn



392

ARG Tk -

RNA Kitf2 I 41 il FIRNA, Jf1-80°C R 17 .
1.5 IVT 7 S ERNA(E)

0.2 ml EP4 1 111 A50 ng RNA. 200 pmol T7-
Oligo (dT),51 4 110 nmol dNTPs, #8 ##Superscript
I First Strand Kit /7710 % 5% o0 cDNA; # A
MEGAscript T7 KitH # it [J8 ul DEPC-water, 2 ul
75 mmol/L ATP, 2 ul 75 mmol/L CTP, 2 ul 75 mmol/L
GTP, 2 pl 75 mmol/L UTP, 2 ul 10xBuffer, 2 ul T7
Enzyme Mix, Ji2)J537 CoKi4/N], BEAT IR A% 5%
Fo18: § 1 5 aRNA ] Qiagen KitZfifh, IABENLS]

¥, M4 Superscript 1T First Strand Kit 5 vk ¥ sx &5
.cDNA J5 f#Real-time PCR5Z4 .
1.6 WT-ovation75 ;%1 & =RNA(E?2)

7£0.2 ml EPE A, A 50 ng[JRNA, WT-ovation
Kitrp$2 41 2 pl First Strand Primer Al, 2.5 pl Buffer
Mix A2, 0.5 pl Enzyme Mix A3, J&4) 5% 5 65°C, 2 min
—4°C, 1 min—25°C, 10 min—42°C, 10 min—70C,
15 min—4C, & i W BEcDNA; SPA 4 1. 7F 4li{k, 1)
cDNA, 180 pl C2, 40 pl C1, 40 pl CIHEH, 25 JA,
4°C, 1 min—47°C, 60 min—95°C, 5 min—4°C, &K I

First round amplification

5’ AAAAA-3’ mRNA
l + T7 oligo dT primer First strand cDNA synthesis
5’ AAAAA-3’
3’ TTTTT-T7-5"
l +RNase H Second strand cDNA synthesis
5 AAAAA-TT-3’
3’ TTTTT-T7-5"

3 UUuUuu-5’

In vitro transcription

aRNA

Bl IV EiRiEE®
T7-oligo dT primer: 241 T7Wk BAARNAZR A1 3 2117 71 1 5 2R AT 5140; FHZFRRRNA, 414K icDNA.
Fig.1 Flowchart of RNA amplification by IVT method®

T7-oligo dT primer: an oligo dT primer which contains T7 RNA polymerase promoter sequence. Thick line represents RNA, while thin line represents

cDNA.

5’ AAAAA-3’ mRNA
l + oligo dT-P2 RNA First strand cDNA synthesis
AAAAA-3’

3’ TTTTT-P2-5°

+ RNase H Second strand cDNA synthesis
5 AAAAA-P2-3
3’ TTTTT-P2-5°

+ RNase H

+ SPIA P2
5 3
3’ 5

P2,

5’ AAAAA-P2-3°
3’ SPIA P2-5°

Antisense cDNA synthesis

&2 WT-ovationy/ &R = E®
Oligo dT-P2 RNA: % 52K dTHIRNAT #1115 4); SPIA P2: DNA-RNAGL 5514
Fig.2 Flowchart of RNA amplification by WT-ovation method™®
Oligo dT-P2 RNA: a primer containing oligo dT and RNA sequence; SPIA P2: DNA-RNA chimeric primer.



FRARAESE: PR RN A 1 )5 722 (1 LR AT 5%

393

AHI, 31 5 cDNAf#{Real-time PCRSZH .
1.7 Real-time PCR3CL§

JISYBR Green#% Jehnid 751k, LAB-actinky Py 2
M, Real-time PCRJZ MWAK & 425 ul, 4512.5 ul
2xSYBR Green mix, 1.25 pl 20xprimer, 1.5 ul cDNA,
9.75 ul ddH,0. WV FE)JFH: 50°CHi#42 min—95°C
AT 10 min—95°C AR 15 s, 60°CIE K FEHG0 s, 14
N AR
1.8 FKItFEHZE

GErh 2 MR HI SPSS 16054441, S8 F 4k DA
X+ 7, kD D-CHE 5 7 14 R0 AH G R G &R
KHGAMEAR T, Gevk 45 R VAR R B ER, LA
P<0.051Fh Z e A givt i3 o

2 H#R
21 MREFBERERKREHMERNARKER
W05 w4 B2 2 B TR 2 20 BCR 3T 1) I RNA,
HEAT HVKR I o &5 SR IRI3 T s s PR B R S 4G RNA
Fr e KRB, nTH TG S s
2.2 RNAZIVT K WT-ovation#/ 1845 R
N BRI B2 JRZH 2750 ng RNAZIVTY W4 5,

28s 1 000 bp

18s
200 bp

E3 2RERERREMMRNARKE
1 Al A2 2: 58 1Rz )23 4 s M: 200 bp marker.
Fig.3 RNA electropherogram of cerebral cortex tissue and
the layer V of cortical cortex

1: cerebral cortex tissue; 2: layer V of cortical cortex; M: 200 bp marker.

73 | [URNA R 43.022+0.232 pg(§ 1 50K £1601%);
WT-ovation/” % /5 [IRNA = #78.018+0.153 pg(¥~ 14
AR LZ116015), LCMAIR A F 2 21 500141 i, 48
IVTH™ 1 J5 [FIRNA %3.305+0.361 pg, 4 WT-ovation
1 J5 (FRNA 1 10.003+0.224 pg(#1). HAEH 1%
K HL AL, WT-ovation 5 v ELIVT J7 ¥ AH 6 30K 1,
232845
2.3 RNAY 85 EEPCRER

& TPCRES B4l h, JE D-Ctffi=H A5
(Ctres)-N 3 R (Ceyr), D-CHE 55 i PR R 26 14 B i
Ko FEPAEX RIA RS 547 . mRNAK 55
BInrReAHoC . BRI /N K i 4% Bz J2 8 TAN BE DR AN 25
T JETTANFE N (1 5 FEPCRES B HEAT 047, #5IEIA
D-CHE F1 5| #)BH BsmRNA 3”3 ¥ K- BF A&z mRNA 1)K
FEAEEL, BRI I RPR I RG220 R B (), I
ik SRR KB RmA R #
2.3.1 RNA¥ #ED-Ct5 7| #¥E & mRNA 3 3% 69K
X % AN 4 B 2 R4 T 2 RNA L
IVTFIWT-ovationd™ 34 5, HL4f & HEPCRE; 4L, X
KID-CtRT5 | P E B mRNA 3° it AE K (4) . 458
W IVTY 38 5 D-CHE 5 51 W) BF BSmRNA 3”5 K 5
FAAEE S MEGE T 27 A R (P4 2=0.003, 742=0.263;
P11 2=0.018, 75 1142=0.552); BI 5|4 8E B mRNA[)
37U AT, D-CEUERAR, A0 021 (1) 5 PR A X e 08 e
. M WT-ovationd 34 J5, D-Ct5 5 |4 S mRNA 3
Uity K BE P 3 2 MNP AE G VT A KM (P sy 2>0.05, P
wripz>0.05)0
232 RNA¥ # ED-Ct5mRNAK E % & 7N
R 4 17 J2 R0 5 TR 2 () 4l U RNAZEIVT R W T-
ovationd 14 5, M5 & EPCR&E B, Xf & [AID-CtAl
mRNAKFEAEE(18]5). 45841 F: IVTY 1 5 D-Ctfl
LI mRNAK A7 A8 1 2 ME S8 1 27 AH 9% (P 12=0.008,
Fa2=0.232; Py 1i02=0.002, rs5702=0.689); ElmRNA
e, D-C{ELRRAR, A5 DU 380) 11 Ji PR A %o 32k B ey o

*1 2EEBERFAXEMERNANFRIEE R EEHRNASE

Table 1 The RNA quantity of cerebral cortex tissue and the layer V of cortical cortex before and after amplification

FEh FE it (n) J IVTH HRNA (ug) WT-ovationd HRNA (ug)
Sample The quantity The primitive The RNA quantity after The RNA quantity after

of sample(n) quantity of RNA IVT amplification (ng) WT-ovation amplification (ng)
Cerebral cortex 8 50 ng RNA 3.022+0.232 8.018+0.153
Layer V of cortical cortex 8 1 500 cells 3.305+0.361 10.003+0.224
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*e m m

D-Ct

+ Cerebral cortex (IVT)
= Cerebral cortex (WT-ovation)
Layer Vof cortical cortex (IVT)

« Layer Vof cortical cortex (WT-ovation)

4000 "

¢ 2000

6 000 8000

10 000 (bp)

The primer length from the 3’ terminus of mRNA

El4 EEPCRHID-Ct53|#EEEmRNA 3 i K E X R E

FHER IR G AR R

Fig.4 The relationship between D-Ct of quantitative PCR and the primer length from the 3’ terminus of mRNA

The slope rate of line represents correlation coefficient () in statistics.

25 ¢ Cerebral cortex (IVT)
= Cerebral cortex (WT-ovation)
20 - Layer Vof cortical cortex (IVT)
15 . $ e Layer Vof cortical cortex (WT-ovation)
[} ; $ - .
s 10 - "o *
3 Do E
A *s
5
0
H
-5 0 4 000 8 000 12 000 16 000 20 000 (bp)
-10 L The mRNA length

E5 EEPCRHEID-CtEmRNAKERXFR

FHER IR G AR R

Fig.5 The relationship between D-Ct of quantitative PCR and the mRNA length

The slope rate of line represents correlation coefficient () in statistics.

M WT-ovationd/” 1 J5, D-Ct 5 mRNAK: J& P & A {%
TEGEVE AR RN (P avy>0.05, P giz>0.05).

3 g

FRE 7 it 1 K7 38, RNA 7191 20 k45 44
PAENEY . Fa R d AL AEPCR I BT
RN R MRS 1 2 K B CDNA S AR AR 45 5 1) 44
AL Z AR Y. R PCRIZHAT F 40 1 7

b, I AT BT LUK 010" B, By )
FEWUBER), B2 PR iH TRNA, JREEN 2.

SR FHPCRYZHEAT F B0y 38 A7 skt 22 1 00 A, (HJ2 1%
JIEM AN GC T SRR Y S8 2R A FSE ), X —
RS AR AN AL BT R B 1A A7 A 1 B,
Bb2 AL F 26 M ORI 7 1A SR 9 I RNA . 261
P4, 5 2 5L T Eberwined =41, i T A
(1) 2 Wk B AR BT 738 3 3, T LA A SR AR 1)
mRNAJFHI A i lf, 354 1 IRNARE 2 1R 4 R
FFmRNAW 50 A, BRIVE 2 4738 7 280 0 LUk
PRUER VPl LR . LA [R] RNAY 38 7 7%,
TCILRAE VP IX B )5 A B TR 5 D i 22 1R v ek
Ji, RS TR R AT SR v
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e WO, AT TS 7 iz
REJE IR 2H 245 1) R

AR SCHRARIE, Van GelderZ™ 7 W IV 1
RNATTVEAE S — RIS A 5, e K g IA 2200
P 3 &, AR5 RIS SRR S, Bk 2 K
10ME 9 & eSS, KZHRRIVT T
E— R, KRR B 296015 I G &, 5%
A% T Van Gelder (1) S50 45 4, FATIN A 5758 2%
KT 5 EA KR, e fe 5 HAM K E A
Ko Clément-ZizaZEUON\ 4 @ V7 fFT7 RNAZR 5l 3k
fill B BITVTY 342403 5 mRNA )3 S £7- 75 K &, {HAR
I OC R BEAT WA AL AR I 38 .- Clément-Ziza
SEIRTE L AR A i, LeAS AR R ALY 3G R
LR 1L, ABATTHI 2 A ) WT-Amplification ™12 7 &
Bod A TICERNAR Y38, v LM pg#l f 4% RNA
P0G A A IRNA, T 5 82085 v 428 7 #r, (A
5B AT 5 BPCRAM TN, X B SR 5
Van GeldersZ 5 25 B 1) 7 5 DA S WT-Amplification™
TR0 30 0 AT P ) e S B DR 6 2 R A ) R,
AT T ARUHBEST, FH P3RS i AR S AVTAIWT-
ovation) A RNATEAT L L4 1Y J5 #E47 € BPCRIL K,
3BT LU PR AN [R5 ik i B4 ke, R AR 1)
T

TAT A% FEAS [R] AU (R A4 RN B R4 B2 2
LCMA 3R 5 T2 )= A RNA), 73 Al HEATIVTY 1S
FIWT-ovationy #4 5, 552 S PCR VY, X K &3 4]
WGt o b, -8Ry I HOR 5 51 P)EE BImRNA 33
AR R OGN S HARAR G R 3o AR ST, FAT]
K FHLCMEE AR A 43 85 /1> Ko 5 — 55 1 5 J2 1Y)
S M, AH HH T LCMR YR 1) 40 il 5 K /b, $2 B RNA
JCVE AT o S S0 a0 S PCRAF AT &%, W it
ATRNAY B9 5 AT 70 Ao &5 R o ANERRLK
WETA R ZAL . IO B R 1) — 2R A
i, IVTY 34 J5D-Ct 5 5 | P #E BsmRNA 33 1) K JE A
mRNAK B AE AR IE S PEAH O, B 5|9 0E S mRNA
37U AT . mRNAK 8K, D-CH i)y, #2111
e DR AH R 2R 028 58 vy o K ARG DN 1) £ 21 DR A X 2
ik 5 5| )R 237 1 R B A7 AE 1E 82 PR AR OCI R
DR, FRATTHE DI B K% A 9 ImRNA 3”35t K 7 f5 Poly-A
BB, & S — HEcDNAY, IVT 7 7% H Oligo dT5]
), Oligo dT 4|4 5 Poly-A 2 [ 2 1] il 5L T 4h e %,
H AR A R 5 | T v B33, Oligo dT 1) 3% %0 bk

{51, i WT-ovation J5 3% il Oligo dT5| 4 #1BE AL 514,
BEALS 190l A8 H AR LD 5 1 ¥ v AEmRNA [/ AT
A7 o ARSI 1 0 25 AT AH G 2608 i 5 mRN AR AR K A2
FHOG, X AT Re 59 Mk 2 T ) 2R A A O, IVT ik
{EHIIET7 RNAR A, %M ED B R S K
Bk B, Haed 1950 v BUWRNA; WT-ovation /j
) ZDNAZE 7 i, DNAZE A M w] 5 AR 7 [
ghia, WO LAy K R BOIIDNA . B LHIVT 7%
P ERNARS, 519006 25 7 52 mRNA 3 3
HIA7 B, IF HLA B I mRNAR R K JE 2046 W T-
ovationd] 384 I (1) 5 | 1) o] AAEAT A A7 & e vk, Jf B
mRNABRACEE LK

AT R I 4 3 WT-ovationy) 3 () RNAH £ T
IVTHIRNAY 14 5, FA145 H WT-ovationd) 4 75 7% 1)

i WT-ovationd™ 4 H i 2957V, IVTH™ 3 H B 242
R; (3)WT-ovation/7 % ' 9 14 t [YDNA-DNA ™ 4
FEIVT 7 43 2 () aRNA =) B s 2k Ad e, (H
WT-ovation /5 ¥ A7 76 A & 2 Ab: (1R b AL W T-
ovationid | G IMA% & B, B =15 (2)WT-ovationd)™
AR, AR IEDTEE TS YeeDNA, I HY_FiEcDNAYY
W, 2 B FR 2 7 cDNAFHEIK 3K, & icDNA &
PN

BEAERNAY HEH AR, BEAELCMEIAR i
AT R A5, WT-ovationd™ 3 J7 2 T4 B R B 2 1
I T4 640 BT . WatsonZEU3 ] 25 o A I il 48 76
s b, RILWT-ovationd 84 £E 1 [ Present 1 H
W2 2 TIVTY 3, A1\ b Affymetrixith ;i WT-
ovationd) 3 Ji5 B i BIUB LA i e PR - Telfeian50)
FH B F 8 AR FIW T-ovation RNAY #9H7 K, K HLiE
ThHEAR PR 2R ORI ) 402 0 N, GABA e HLAR 17
B 2R RN AT FE DR A R T AR 22 5, W
PIEITHAE T —E M4 T = o FRATHEM, KA A
SL At 2H 2 PR — SR ) A0 i 8 v SR FH AR 9 b A
P 71L& T I M ek, AT RIS AT
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Comparison of Two Different Amplification Methods for Small
Amounts of Total RNA

Lin-Hua Chen*, Yue-E Zhao, Xiao-Yan Chen, Ying Gao
(School of Ophthalmology and Optometry, Eye Hospital, Wenzhou Medical College, Wenzhou 325027, China)

Abstract

tion (WT-ovation) were compared to find a more efficient method for amplification of small amounts of total RNA.

Two RNA amplification methods of in vitro transcription (IVT) and single primer amplifica-

RNA was extracted from mouse cerebral cortex tissue or the layer V of cortical cortex, and then was amplified
separately with the two different methods. After cDNA was reverse transcripted from the amplified RNA, real-time
quantitative PCR was performed. The efficiency of RNA amplification was determined according to the results of
real-time PCR. Our results indicated that WT-ovation amplification was about 2.8 times more efficient than IVT
amplification. The value of D-Ct was positively correlated with both the primer length from the 3’ terminus of
mRNA(P<0.05) and mRNA length(P<0.05) after IVT amplification. The nearer distance between primer and the
3’ terminus of mRNA and the shorter mRNA could result in lower value of D-Ct. But there was no significant cor-
relation between the value of D-Ct and the primer position or mRNA length when the amplification method of WT-
ovation was performed. Compared with IVT, WT-ovation was a more stable method which was more efficient and
less affected by amplification factors.

Key words RNA amplification; IVT; WT-ovation; quantitative PCR
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