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X F/ZEFiE RT-gPCR EERNMBHIEEFS siRNA BIFRIE

Abstract: RNA interference (RNAI) is a promising technology in development of specific antiviral therapy, but the
quantitative detection of small interfering RNA (siRNA) expressed in vivo is the main challenge to assess its antiviral effect. In
order to detect the siRNA molecules (siN1 and SiN2) particularly expressed in cells to inhibit the replication of classical swine
fever virus (CSFV), serial specific stem-loop primers were designed and synthesized. Two of them (SLP-N1-6 and SLP-N2-8)
were selected by screening in cross combination and successfully used in establishment of an optimal stem-loop RT-gPCR, which
showed high specificity and sensitivity in detection of anti-CSFV siRNA expressed in PK-15 cells. The method was capable of
detecting 102 to 10° copies of siRNA molecule with good parallel relationship (Rsg=0.999) and high amplification efficiency (Eff.
= 98.2%). Therefore, the established stem-loop RT-gPCR can be used as an ideal tool in quantitative assessment of the anti-CSFV
effects of RNAI in combination with detection of viral antigens using indirect immunofluorescent assay and TCIDs, providing a
novel technique for evaluating the antiviral effects of the siRNA expressed in anti-CSFV transgenic pigs to be established in
future.

Keywords: anti-CSFV siRNA, stem-loop primer (SLP), MGB probe, real-time PCR
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Table 1 Sequence of siRNA, primer and MGB probe

B siN1, JFFIILEE 1) i TaKaRa 28 Al A il -

1.4 ZEINE RT-gPCR
1.41 5 RNA #H

BEAREUEIHT CSFV 1Y PK-15 2 il sa ks 15 55 T
6 fLANAEEE TR, YL IR 90% & 95% I, 3¢
KR, F 1mL ¥ PBS 7EvK Ly 2 vk, 4k
5+ MirVana miRNA isolation kit 1B 5 2
A 500 pL LSRG ERICE RNA, DUER
PK-15 Z gy BI44:%5 i . F NanoDrop 1000 il &
RNA M K Tt , 434 F-80 CHRAAEH.

Primer name Primer sequence (5'-3')
neo-FP ATGATTGAACAAGATGGATTGCACGC
neo-RP TCAGAAGAACTCGTCAAGAAGGCGATAG
ssc-miR16 UAGCAGCACGUAAAUAUUGGCG
SLP-miR16 CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCGCCAATA
FP- miR16 ACACTCCAGCTGGGTAGCACACGTAAATA
MGB-miR16 (6-FAM) TTCAGTTGAGCGCCAATA (MGB)
siN1/ssiN1 CCUGUCACCCUACCUAUCCUU
SLP-N1-6 CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAAGGAT
SLP-N1-8 CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAAGGATAG
FP-N1 ACACTCCAGCTGGGCCTGTCACCCTACCT
MGB-N1 (6-FAM) TTCAGTTGAGAAGGATAG (MGB)
SiN2 CUAAUCCACUUCAGGGUUCUU
SLP-N2-6 CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAAGAAC
SLP-N2-8 CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAAGAACCC
FP-N2 ACACTCCAGCTGGGCTAATCCACTTCAGG
MGB-N2 (6-FAM) TTCAGTTGAGAAGAACCC (MGB)
URP CTCAAGTGTCGTGGGTCGGCAA

SLP: stem-loop primer; FP: forward primer; URP: universal reverse primer; dashed area: universal sequence.

cjb@im.ac.cn



ISSN 1000-3061 CN 11-1998/Q ChinJ Biotech January 25,2012 Vol.28 No.l1

142 ZEIREEHEE SRR

T SR RN AR R AUEE 50 nmol/L 253854,
0.25 mmol/L dNTPs,3.33 U/pL 35 %% 5% i, 0.25
U/uL RNA BRI, 1 A5 SR /i, 10 ng
E RNA, HJC RNA f/K#ME 15 pl. b &4
vk EjE 5 min, 16 C 30 min, 42 ‘C#Ef# 30
min, 85 CHGK G 5 min, 4 CIR-AE. A il sk
RPN EE
143 SCEER PCR RN

S E fE PCR ROV F N 10 pl PCR iR
W, 1.5 umol/L L3514, 0.7 umol/L i FH i
5147, 0.2 umol/L MGB #£4}, 1.2 uL cDNA 774,
£ 8 T KHME 20 pl, fE Agilent Stratagene
Mx3000P 52} 5E f PCR A 58, 6000
95 ‘C#U 5 10 min, 95 C7AEYE 155, 60 Cilk
1 min, 7£60 CUdEDSE, 40 MEH. Frfy
2N AL FE B 40 i X B (NC) Al Zs (k) R
(NTC) ¥ 2 ANEE, S5RBUNMHE, F=YnEs: T
AT P BIE
1.4.4 truEdi ML R BE ST

S ER E AN SERE Y SIRNA FRIE/KF-,
) 10 mg/L ¥ 5 1Y PK-15 20 i RNA B
10 ¥ B2 7 R O J 48 DU A i ssiNL, B 8
BRI (FEDUBON 10 #] 1.0x10% #EAT253R0%
RT-qPCR Kl Z: bR £, 115 4 il Rk 1Y
SIRNA #5 DU, I3 b e J g Ao I 2 B0
145 FR¥ESHT

PR 41 it 6 15 85 1 -5 sIRNA K/INHHRLEY P U5
PE miRNA, TV RR L HT Rk, BT DLE
PK-N1, PK-N2 Fll PK-siC 4 ifd v i Az B 40 ity
PK-15 F1 PFF 4 5 RNA S BHR #4 7 siNL FT siN2

http://journals.im.ac.cn/cjbcn

HYZEIRE RT-qPCR A, DIPPAf A6 I A4 S o
1.5 HEHH

H Agilent /> F]f#) Stratagene Mx3000P %
J3HT PCR 4558 0 SRIBCT 3l 77 0Ks 19 (0 2 7 [
E 9O B H 6000 13 B &% N R Cq fH
(Quantification cycle), {4 H shA: ibrifE M2 .
H SPSS HiFoe ikt gt it 73 #r

2 HR

2.1 1 CSFVPK-15 A pE s & REE

¥ G418 I RAHAY PK-15 i refitfT
neo L[N PCR %78, ¥y 34 th T neo B[N
B (EImg), UiRIdnR e RS T H RN
Bt PU CSFV KZs Rl 1 iR, IFA g5
PR 200 s DO G LU Ry 5% A Ay, IR0k
WA PK-siC Y 809%~85% , FWIAZEMK T
CSFV LAY A s B 20 B 5 B 1A B L PR 21
$5 DUBURT TCIDso 5 45 58 247 1 351K X B 40 i
(P<0.01), FRHIA RN 1 o5 B Hk R 2H 52 1 11 it
BIRTERL TR . DAL S5 R ILR R i3k 15
THi CSFV ) PK-N1 i1 PK-N2 4 it 7 [ .

2.2 FEIRHERIIYTFIE

;T e ZE TR 5 ) 43 3] LA A oz B P o R
PK-15 ZH itd /9 B RNA A 9 47 25 3R %
RT-qPCR #il , Sk th s 2530514, IEA
e W SRR HL AR 35 545 5 g JR
HGIAN ACq HEATRAGIEANY, R Rl 511
ACy=Cq (FITEANAEXTIR) —Cq (PHIEAMAE FERE),
ACq B, D55 i 3 | ) EAG Ty 1) 30 2 SR i o3
Hr AR & 55, 4R MK 2 R, siNl
Rl A 22 253K 514 SLP-N1-6 (1) AC, (7.09) it



RN B/EIF% RT-0PCR ERRMMIAIBERS siRNA QA
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K S, Wt Cq 1925 54 R0 X 43 B B
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Fig. 1 Identity results of anti-CSFV cell clones. (A) IFA results of PK-15 cell clones at 72 h after CSFV infection
(40x). Mock transfection: stained with CSFV-negative serum. (B,C) Quantity of CSFV genomic RNAs and infectious
CSFV production at 48 h and 72 h after CSFV infection. PK-siC: PK-15 cell clones expressing scrambled
siN1. ** P<0.01, very significant difference with PK-siC control.
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Fig. 2 Results of screening stem-loop primers. (A) 1, 3: PK-N1 RNA reverse transcribed with SLP-N1-8 (C,=25.71)
and SLP-N1-6 (C,=28.14); 2, 4: PK-15 with SLP-N1-8 (C,=26.03) and SLP-N1-6 (C,=35.23). (B) 5, 6: PK-N2 RNA
reverse transcribed with SLP-N2-8 (C4=25.97) and SLP-N2-6 (C,=31.82); 7, 8: PK-15 with SLP-N2-8 (C,=36.45) and
SLP-N2-6 (C,=37.75).
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A HAY siRNA FIXFF NS ssc-miR16 fIFEAK 5.54 1%, FAKIN 0.62 7%, il i brif ph 28 H
-, AnER 2 R, A5 RER TR 20 e PK-N1 VB 1.0x10% Zady . PRl 2l S 8 IR 1
Al PK-N2 #3357 HAY siRNA, {HEATakER RIS 1 A] AE 2 AN SiND RN SiN2 [y
SIRNA KL, fE NS ssc-miR16 (1) 2239 RT-gPCR.,

16 000 | _
15000 f '
14 000 f e s RS =
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11000 f
10 000 F
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8000 f
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Initial quantity (relative)

3 ssiNL &M s 7558 B R R BUE 747

Fig. 3 Dynamic range and sensitivity of the ssiN1 assay. (A) Amplification plot of ssiN1 over eight orders of
magnitude. 1-8: ssiN1 input ranged from 10 to 1.0x10® copies; NC: negative control; NTC: no template control. (B)
Standard curve of the ssiN1.
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x2 FMAMAMTEERNRFREDTER

Table 2 Results of positive cell clones and specificity analysis

siN1 SiN2 ssc-miR16 274Ca

PK-N1-1 26.61 36.23 28.50 3.70

PK-N1-2 28.27 35.78 27.86 0.75

PK-N1-3 2751 36.56 27.13 0.77

PK-N2-1 35.12 26.67 25.98 0.62

PK-N2-2 36.10 27.45 28.48 2.04

PK-N2-3 35.67 25.13 27.60 5.54

PK-siC 36.16 35.98 26.56
PK-15 35.58+0.38 36.38+0.34 27.45+0.28
PFF 34.47+0.54 33.69+0.63 28.34+0.78
3 Wb BT S BT ey e L T S

Hii, RNAI C) iz H FHUmsEias it
¥, —E i D 0 B 7 I o T I 2 DK
(Real time RT-PCR) HIZE H#EIL/KF (IFA) Jk
PR TR T REBLKF (TCIDso) AT 1 25
ROR, ARSI LT 2 SR SIRNA 2387K
FIRRARE LR . AT HHE SIRNA PUFRAE
R 75 355K T 1570 siRNA 1i#% ter Brake 251y
PAYHEE T SIRNA FIUIEE R R4 15 32 K GFP il ik
IR TR, 5 siRNA Fik ok Lk ye i, nr
T Ak S PR ) R SR H T STRINA 2 75 38 3k I
SRR, RSP I 0 7 i BT LA, Y
REVTHT SIRNA ARG R, BT AT Z s —Fh
EAERI SIRNA 1771, LAl Z 72

HATC A ZFm] TR siRNA 9753, 1
VEPR IR 1 7 VAR A S0 AU S . 9
PCR J& & K 3R E i /T B AnifE, S8 siRNA
FR /N LR T ELR Bk, (AT 2 Fh St e
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Jihb, R A TR BRI I 2 L RS | )
AW R, ISR Pt MGB R4t f
FER A e 2 i SIRNA A E e+
TG ik R, AT AN T
SINL A A% (& 2A), I SLP-N1-8 i % FH
PEAIM (25.71) FIFAMEANMIXT AR (26.03) 1Y Cq
{EEEAARE, TRERAR R T BG4 52530514
PR N, ARSI RIAEE S, BAS
B 518 1 SLP-N2-6 AN T 555
(35.23), AIAARLIXArBHPHMESS R, SR A AR ()
BeES1Y. WF siN2 KRR (K 2B), it
SLP-N2-6 A4 SLP-N2-8 (5P 40 it % Ba A
BRI 5155, {3 SLP-N2-8 Y BH 7 40 iy
(25.97) 1Y Cqizt/NF SLP-N2-6 (31.82), fijiX
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9 ATEEk A TR E RES, LB
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2, TR 8 AN AT RES S RIS I ES S AR
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Rl B Y SiRNA, E B 2 A0k it R ok okt ity
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XF R Cq fHAR T 35 W UL R A BARA AR RE 5
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SINI\SINZ K Il f& R 52 0w, 4% T HoA 2 4F
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AR mIRNAs Rk R 20 A IA Brizi, {5
X A M S T LA (R B 42 40 i ASCAH
22 13 24> Cq, 1 5 FHPEAR MAH 22 7 31 104> Cy),
25 LA RRT, AT AR siNL Fi siN2
(25 FRE RT-qPCR KA AR i A AR S

h T R E A SIRNA B9 KK -, 8 R
FH Promega Z~ Al f¥ Riboprobe System-T7 &Gk
AN S SIND 3 hmdEdh, AE Rk R
FE SINL #% DUBCIMT e T ssiNL, Jf-F 10 mg/L &)
IEH PK-15 4l 4 RNA W BRI T 10 £ 6
Mk, MDA PN Y ELSC R, 705 R T AR
PO mIRNA 48, DA RIMER E & siRNA
HE

BRI VAT HOHE CSFV i s 265 T
Hi siRNA, {HEEDTOREER sIRNA FRikKF- 12
FEARN, XA REZ f TAMNE L BEA L A 3 52
RN R BT AL E, oA T B,
A RE AL & T 2 NE SRR s,

ARMWFFEHE ST I ZE R RT-qPCR, 1] Tl
ERBIMAMEYURT siRNA BIFRIAKFE, BE
IFA SERM 77K 7 19 77 58 B PEH RNAT $T5
BEIA RO o TEUR IR 757 JE DR 3 4+ st ik
FEr, IO vE T T e sIRNA ERER IR ki
A SO R L DA AR R BT B A R TR 3 Y
R, IR TR B R S W R FE RO 1Y
M. FAL, AT siRNA . miRNA 25/ RNA
Ak TAE B ARG S5 A
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