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FoE, E AT, WY, 2oa, mRE, R
Y, AR, A #Y, mERT, mo gt

(L AREA LR E b B R E ST AT, fEE M 350013; 2. HEEA B SRR PIA TRHEAR
WraT L, #EEE FE N 350013 )

 E: [Bf] B —FE g IFN-B mRNA 55K /9 SYBR Green | 5219865 1 RT-PCR 8 5%, [534] R
# GenBank 15 IFN-B (KT428159 ) # MR F 5% I IF & Buke SS90, K19 IFN-B 3 X 5w f2 5 pET-30a 20/, LItk
4 4 1Y) pET-30a-1FN-B A4 3 241 FOkr 48y BR AR &, SR A SYBR Green T SZHT 2850 it PCR A, #4 g dm il 2k
AT R R . REUERELG IR, (SR 2y MSRHmR, Tl Rk R AR Ry, el
Bl (Tm=87.94+0.16 °C); CrE7E 8.9~34.0 &P fIA L 5, A BB R >99.5%; Z G, R ARA M B g
2.84copies-pul 3 FEVELE, XK EIFRRAY 3 FhALUES MR RZEUNT 0.13%, MBS R 1%, [£8] #%
kR . REUEE . EEMLY, AW IFN-p mRNA Fik KR E Rt THA TR,

KHIF: 19, IFN-B; 76 & RT-PCR; SYBR GreenI; mRNA
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SYBR Green I-based RT-PCR Assay for Detecting IFN- mRNA in Duck
FANG Tichui', DONG Hui"’, XIAO Shifeng'’, WANG Shao'”, CHENG Xiaoxia'’, LIN Fenggiang'”,
ZHU Xiaoli'?, CHEN Xiugin'?>, ZHENG Min"?, CHEN Shilong"”", CHEN Shaoying"”"
(1. Institute of Animal Husbandry and Veterinary Medicine, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350013,
China; 2. Fujian Animal Diseases Control Technology Development Center, Fuzhou, Fujian 350013, China)
Abstract: [ Objective]l A method for detecting /FN-§ in duck using SYBR Green I-based RT-PCR was developed.
[ Methods] A pair of specific primers was designed according to the GenBank nucleotide sequence on IFN-f of duck
(KT428159). The gene was cloned into a pET-30a vector, and the recombinant plasmid pET-30a-IFN- severed to establish a
standard curve. The specificity, sensitivity, and repeatability of the new methodology were determined. [Result] The melting
curves of measurement showed a sharp single peak at Tm=87.94+0.16 ‘C without non-specific amplification and primer
dimers, indicating high specificity of the methodology. The Ct value ranged from 8.9 to 34.0 with a standard curve showing a
linearity with R*>99.5%. The detection limit on IFN-B was 2.84 copies/pL. The repeatability on the Ct data for the intra- and
inter-groups had coefficients of variation below 0.13% and 1%, respectively. [Conclusion] The newly developed assay was
specific, sensitive, repeatable, and suitable for the quantitative detection of /FN-f mRNA in ducks.
Key words: Duck; /FN-f; qRT-PCR; SYBR GreenI; mRNA
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[WF52 2 XY T3 E (Interferon, IFN) J&15 &
ARGy WA — 2R RE PR B AR T, DU R
TR 11 AR e N B PEEE BEAE . TFN AR 4 4%
SHZEAR S NT . T, M 3R LA,
Hep T MATHES KRG HE M, TRT
PR 1z, JLFEUA NN Re =4, 24
% TFN-a f IEN-B™. 5 30 TR AR, b
PHFK IEN-B 46 T A, MAIFHE R, M sk
RIR G PE NI 5 WG BN T RE A% 7 2 IR e AU
FEAE AL A Bk s 1 3 R AR e g™ 6
T 25 20 B 4 38 00 238 K - B SR A 3 1 K AR s
RAS, IR TE £ AIPUR KT B W 58006 B 1S o TE
TR TR ARk . DAt AfFsR ke ] =
PIANGHRS TFN-o B FERE . FE3A . K K D REAIF 98 A 4
ZAREE, T IEN-B B SERE . #3k S U R
BRFE i . A 5™ S T 3 T 98O R AR 45
SEPH R GE0 5 G TFN-B 19 235 K- R I 5 i, — 4k
224 F qPCR A T & A5 F3 0 5 55 /K B 9 B Ik G 1
F 5 TFN-B Kz K IR A 2 AH OG5 ) mRNA AH X 5% 5% 0K
S OARRIR YA Y 520 350 5E B RT-PCR
FF B mRNA 3B 7KF AR, AN RE % 1
X Bk PEAT A b, T LR A L ik
SE B SE B8 IFN-B mRNA 26 ik /K F 19 26 O & &
PCR J7 ik HAi/ DA il . LD o i) 56 ) 751 ]
AW 5% 8 7E 8 S — Ff T K I FS IFN-B mRNA
Fk K1 SYBR Green 1 520 256 5 # RT-PCR J5
e, RIS A P9 AN L Y IFN-B mRNA % 567K -4

Pt —Fh A SRR T B, R I SRS B R S T
IR G 28 o7 225 ) EL AR 9 B4 S
1 #HH#57*
1.1 iR

TCWRAE 7 H o AR B 2 5 L0 . R U % Jige
Ji, JCTE Hank’s AT 50 0, =70 °C PR A7 4 H 5
JF A% IR AR pET-30a A 5255 % /17 ; DHS50 W H
It e e EMHEARAGRAR (248 ); WK
YNGR A ( DEFs ) W H 256 ATCC 4 .
1.2 FERFSNE

CFX 96 % ¢ & & PCRAY (Bio-Rad). # JiF
PCR {¥ (Bio-Rad), RT-PCR JZ#%5iX7] & . SYBR
Green [ qPCR MIX, RNA #& 8 7] & & RNA 4k
®H & (44 ), DNAase (TIANGEN ). Bam H
I 0 Hind T BR 1 1% P V) % ( Takara), Phanta Max
Super-Fidelity DNA Polymerase.. Ji MR 7] & (54
B ), T4 DNA # H:0 (NEB), J b/ 23K 5 &
(QIAGEN ), 2XDream Tag Green PCR Master Mix
( Thermo Scientific ),
1.3 SI¥IEmK

5 GenBank 24 i B 1§ IFN-Bp (KT428159) 1Y
cDNA F41, K Oligo 7 5 F 4 Wi IFN-B 4 K 5]
Y, IR L TSI Bam H 1 | Hind 1
Y, AR FLARSE )P 9 X128 68 i PCR ¢ 551
19, B HER IFN-B 2K v BOH T g 4] 358
ki, FHAENYEOLE B PCR FHPERRE S s S —4cfE
Fi 52 BTG IFN-B (4 qPCR 5141, DL 51435 i (6
EVHARARA R G, 5IF5 0% 1,

®1 SIMBRERFIIRTEBREXD

Table 1 Primer sequences and amplified fragment sizes

31 AR5 8GR BN
Primers Nucleotide sequence (5'-3") Amplified fragment size/bp
Full-IFN-B-F CGCGGATCCATGCCTGGGCCATCAGC
729
Full-IFN-B-R CCCAAGCTTTCACGCCGTGGGCTTGT
qIFN-B-F GGGCTCCGCAACCTTCACC
165
qIFN-B-R TGCTTGGCTCTTCATCCGCCGTA
e TRILX ORISR FPA
Note: The underlined parts are the sequences of restriction sites.
1.4 ¢H%0 RNA 2B cDNA &5 1AZ: ERNA1pg, 5XSuperMix4puL, gDNA Remove

FH B RNA 42 B ) &4 45 VR 10 B 45 43 391 12 HUG
UM . FFUE . FBERR K DEFs 40 ffd (19 44 RNA, 2B
RNA £ DNAase {1t /5, JH RNA 2l {b i) & gl
% T 35 uL DEPC 7K, TG 8 cDNA. §% 20 puL i

1 uL, JN7KARZ 20 pL, #eud B 45 50 2 )5 50 C 15
min, 85 °C 5s{ A cDNA. & A cDNA F-20 C
RAE% M, FT % M PCR U1 IFN-p & K K58t E
i PCR £l
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4k FE 4 . 7% IFN-p mRNA SYBR Green | % % 2 % RT-PCR # Ml 7 ik 69 # = 1141

1.5 B5 IFN-B E4HFIX BRI AIHI &

A # 1 %) Full-IFN-B-F . Full-IFN-B-R & b R3]
Yy, JHEZHZIARAS cDNA R AR, FH v 1 L il
WL PCRY I H LA . RN #& &R 50 uL: cDNA
luL, F. TUH#5I4% 4 2 ul, 2XPhanta Max Buffer
25 uL, dNTP MIX 1 uL, DNA Polymerase 1 pL, yill]
DEPC 7K #h % 50 uL; RV FEF: 95 °C HiAEPE 3 min,
95 C AL 40's, 61.5 CiEk 40s, 72 °C HEAH 40 s,
72 °C ZAEA S min, FEHEAT 33 ANEIR . HBERE IR
R & H B4 . 4R PCR =4 M ik 3%
& pET-30a 43 5 ] Bam H 1 F11 Hind T B 114 P9 ) il
HEAT BUEE ), e i gl b i BUEE B =, IF T4
DNA i £ i B i 2 A [R] 32 18 4844 pET-30a #4178
PR BER YL E DHSo B2 5400, KR
BUVERY LB 550 5 iR, PRERR ISR Y KIE TR,
PR . FEECAY R T PCR AN 5000, K I
J- 56 i B %) i 2 B R TR S B AR L, A
MR v B I A a2 DNA MR B I, #2/8 3X copies=
6.02X 107X (Fidh/sr Tk ), T8 4 Fok: i #%
UK, FFLL 105 LR E R IR 10 ' copies-uL .
1.6 E#H PCR RIKHKEE PCR

DL 1 AP % 3T #9 qIFNB-F. qIFNB-R/E N 5[4,
# M PCR WA % . 2XPCR Mix 10 pL, . Fi
% 1 uL, Fi# cDNA 1 uL, DEPC /K 7 pL, Jz i %
J¥: 95 °C FiZ8 ¢ 3 min, 95 °C 48PE 30s, 61 °C Bk
30s, 72 °CHEM30s, 72 CAIEMH 5 min, HPEFT
33 M. qPCR MARZR 20 pL: [ TS 0.5 uL,
2XgPCR Super Mix 10 uL, #i# cDNA 1 uL, DNA/
RNA free 7K 8 uL, RNFEIF: 94 C FilAEME: 30s, 94 C

.

200 200
1000
75 1 000
75
500
500

250 250

wl ]

M Ss, 60 °C30s TR KFIEM, JLiEAT 40 4>
TR, i #7905 5ok .
1.7 fREMZREN

LA Lo B B 64 BH P B 9 BORE 1< 10°~ 1X10°
copies-uL ' YE R ML, LA qIFN-B-F. qIFN-B-R fE K
qPCR [ FUF51#), FE5806E i PCRAX AT 4 K
Gy, R C (B T2 AR e 26
1.8 #5551 &g It e

43590 FH L PCR 12652 B PCR B UFE T 1T i
IFN-B qPCR 5I¥ RS, 430770 B s ik it e v
PRI AT R LUK AT, ¥ 107 ~10° copies L
() BAPE AR A SRR AR, TR qPCR S 3 4
TR
1.9 ESMRAR

43500 FHL T EE 7. 1 qPCR KI5 4G T WS AL . i
JE BB 3 A AN W] A ZH 2R i mRNA RIA K-, 24
FZH #5047 3 IREE MR, IR 28,

2 ZRE55

2.1 HSIFN-B EHRAIAME
JH Full-IFN-B-F . Full-TFN-B-R 5| 4 M\ T8 5 ffk 2H 27
FESH 14 732 bp 15 IFN-B SRR B (KT 1-A) o
FHE () pET-30a-1FN-B 51 21 &3k R L RE 4 1% 1 732
bp B H A 4% (E 1-B), AL Bam H 1 fl
Hind M AUV H P 732 bp 09 B i F Bl 5.4 kb 24
MY EAR S5 (I 1-C )5 K BH P o B Jo A % A= T 0
FF, MFFZ555 GenBank FHAYHS TFN-B ( KM035791 ) Al
(KT428159 ) ¥ 1 W& [ AE 53 51 R 100% F1 99.77%,
K HING IFN-B 215 A pET-30a.

200

1000
75

500

250
100

Ee A, PO IFN-B ZEF Y44 B, HEASURIA IFN-p ZEF Y 1 C, A BRI XUV %€

Note: A: amplification of JFN-f from duck spleen; B: IFN-f amplification from recombinant plasmid; C: identification of recombinant plasmid by double

restriction enzyme digestion.

1 BSIFN-p £ EFE R PCR ¥ 15 K% E4H Rk g
Fig. 1 PCR amplification of duck IFN-f and construction of recombinant plasmid

2.2 WRHFEE PCREN
Ll qIFN-B-F., qIFN-B-R R514), AN[FHLURIEK

cDNA fE AR (JF. . JBEF DEFs), 435 #E4T
qPCR FIE# PCR il 255 87, qPCR FIE#L PCR
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536 &

KIfe s R Y 165 bp WM H A R BE (81 2), H
qPCR =Wk i Ze 50, M AR 87.94£0.16 C
(El3), PCR ™75 50 IFN-B J¥ 5] —2, WEMH
FFBETTHIY qPCR 514 S SR, JC5 14— R KR4y
Sy

bp
2000
1 000
750
500
250

100

M 1 2 3 4 M 5 6 7 8 9

W 1~4 3R 9 Ik FFRE . R Sz DEFs 41 g (% #) PCR 97 54 ;
M & DL 2000 DNA Marker; 5~8 705l M JIE . AFE. iR % DEFs 44
BT qPCR ¥ 445 9. DEPC K.
Note: 1 —4: conventional PCR amplification of IFN-B in spleen, liver,
pancreas, and DEFs cells, respectively; M: DL 2000 DNA marker; 5-8: gPCR
amplification of IFN-f in spleen, liver, pancreas, and DEFs cells, respectively;
9: DEPC water.

2 F[REI4E4E IFN-B B9E # RT-PCR FI3% L E 2 RT-PCR
Fig. 2 Conventional RT-PCR and qRT-PCR amplification of

IFN-B in different tissues

JE i 28 Melt peak

S o | /\
[EgR=
TS 600t
gg 0 | »—ij \
i 200 o

0 - — T N " - —

65 70 75 80 85 90 95

I8 Temperature/°C.

3 B3 47FhAL0 (BF. 8. FEA DEFs) IFN-f 3J¢E £ RT-
PCR {& & 2%
Fig. 3 qRT-PCR melting curve of duck IFN-p

2.3 FRERZGRES

W4 BT ¥ 28 i pET-30a-IFN-B 5 41 5 ki #1013 1t
B BE A ORE, B8R B B (2.84X10'~ 2.84X10°
copies-uL ) YT 4 FORLAE A BH A 4 v A 34T qPCR
K, 15 CefE It bR 2. I 4RTIL, Cr
8 505 E ORI MR B (0] 2 0 R AP CR, MHCR
HR=0.9951, W% IFN-B FRIUEMIZ )7 H y=—3.544 4x+

38.195, P HAREER E=92% (& 5), K4 K IFN-B 19"
Mk .

P48 f 28 Amplification

8000 F
7000 |
6000 |
5000 t
4000
3000
2000
1000

Pk E RFU

TEIHL Cycles

e 1~ 84 Bl A 2.84X10°. 2.84X10". 2.84X10°. 2.84X10°.

284X10°.  2.84X10°. 2.84X10°. 2.84X10' copiesuL”; 9.
DEPC /K.
Note: 1 -8 2.84X10°, 2.84X107, 2.84X10°, 2.84X10°, 2.84X 10"
2.84X10°, 2.84X 107, and 2.84X 10" copies'uL", respectively. 9: DEPC
water.

4 TFN-B ¥ E £ RT-PCR ¥ 14

Fig. 4 Amplification curve of qRT-PCR for IFN-f

40
35 ¢
30 |

25
4]
= 20

©st
y=—3.544 4x+38.195
10 ¢ R*=0.995 1
5 L
0

e Ct{H
— M Ct

IFN-B TR &
IFN—B plasmid/(copies-pL™)

5 IFN-p %)L E 8 RT-PCR i AR th &%
Fig. 5 Standard curve of qRT-PCR for IFN-p

24 RYEWRLE

Ay 2.84X10 ' ~2.84 X 10° copies-pL FH
b e EE A BOREARE B, BRI ARSI N TR 3R,
PEAT QPCR KGN, A AR EERE ALY Ce{E (X£SD)
W25 2, JF# ST IFN-B SYBR Green [ 521} %€ 56 &
 RT-PCR J7 AT 46 4 T BR W 2.84 copies-ul ', H.7E
28.4 copies-uL ' LA b AYRIHT & AT AT RO T S 1

F*2 EBTREEE RT-PCR SRR
Table 2 Sensitivity of qRT-PCR assay

JRURLHE T4 Copy number/ (Copies-uL ™) 2.84%10° 2.84%10° 2.84%10' 2.84%10° 2.84%X10"
CHl CPEIME E4rUEZE) Ct (Means+SD) 26.38+0.03 29.8740.10 33.98+0.05 36.13+1.12 -
A5 RECVY% 0.11% 0.33% 0.15% 3.10% -

25 EEMKRE
BT RAE HAERS T . R . R 3 RPOR TRl 4L 2R

i, LABTEE ST AY TFN-B SEHT 256 2 B RT-PCR &
WAy AT 3 E A, AT L H N EE MK
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M, 5B ER, 3MARHLRE S HN C il
AR B BN 0.11%~0.13%, #H[E] Ct AR REIIA

B 1% (3% 3). R BT £ 57 09 K Oy 12 o 52 1k
R

R3 LRTEEE PCR FEMHASHEES HITNER
Table 3 Reproducibility of intra- and inter-qRT-PCR assays

HHNEE R Coll A LRI Cofl
HikA The Ct values of intra-assay The Ct values of inter-assay
Tissue I b e 2E AR R UM b 22 A5 R H
Means=+SD CVI% Means +SD CVI%
i Spleen 26.131+0.03 0.11 26.37%0.21 0.80
JiF Liver 32.63+£0.04 0.12 32.41%£0.20 0.62
Ji% Pancreas 31.51£0.04 0.13 31.54£0.30 0.95

Wikl sk

T F AR NI Z Fh i i BB 42 4306 IFN-B,  Qnitk EL 41
M. AT AEAN M . N A . MRS, TE
FNAE SR AR TFN-B 4510 2R I A B H A O i i
B, MRS AR TR 2RSS G, @it JAK-
STAT i#F2 S Nl 2 f TP R MR (1SGs) 1)
Fik, X ISGs /M PUR R I R FEVUR EE . BL
iR FNE 2 25 e 5 it Li Ning 281 & 3
5 MAVS 25 4 (898 BTG 1S TFN-B 3k, F imif 41 il Jgk
e LY 5 75 (9 52 1 5 Zhang Huihui 2"Y | Li Ning
44U o 90 % 3 et #6368 DDX1 Al DDX3X 3[4 i %
WOE G TFN-B 45 K AR S e {5 5 B, M lm s E
# 5 He Tiangiong 25 " %& P 08 955 75 ¥k W7 4 06 3 10
pUL47 T H REAL M HIA N TFN-B & N WP i & (A 1Y
35 ; DTMUV NS2A i 5 duSTING 54,
WS TFN-B %% 5%, WEIR STING A S A 5L 75 KR
ZE BRI, TFN-B 45 T T4 2 %5 3K F ML
IR 1) B R R o

SYBR Green | SZHF#¢505E & PCR $OR L 5t
WAL, R BAETME, AR, b
THHPCRAY LM UKL TR, A 8048 5T s DU B
], AR5 T EOR B AR IFSE T IFN-B
5191, W PCRY BB 165bp HIY R B, 26
It PCR Y3 = o b, A RAFIFESME, 18
& T #5719 IFN-B SYBR Green I S2A}7¢ 5% E B PCR
ORISR

ARSI EE T pET-30a-IFN-B 5 25 J5 ks 1 Jy FH
P, B2 bR EI 4, y=-3.5444x+38.195,
R BB RP>99.5%, FMLMATREL, 2%k
REEES, KN TN 2.84 copiesuLfl, BEEMHR
Uf, AR LURE S 2 N AR S RO 0.11%~0.13%,
2 8 2E S R BN 1%, BT LU 3 T #E 5 TFN-B
mRNA FRik it Y AERf 2 kil . AR E S SYBR

Green | SZHFZE 65 5 RT-PCR A6 i 7 238 w] L) A FH
GAPDH % B-Actin S5 KL FE NN S, KE &
PCR AY I [A] B #E A7 IFN-B FIAE R BE A kil , 75 31
IFN-B mRNA kKA E i, B IFN-B mRNA
FEANFE SV AN b i ik 22 5, A mRNA /K-
A R 7 2 D A A S g 1 8 R AL B
B
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