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WE: GEWALAAARNEN ELEZZPCRARARNAARRRTRAEG L ATHRBLEHALLR,
T 4F Mo B 5B 33w s & (Tobacco mosaic virus, TMV) #2354 3% X 9% & (Potato virus X, PVX) 5B ¥ o & 45 2 #
FEHLE, AAFARLRBCREG TR EHRARAB XTI S, A geNorm™ 345 3 3t L £ TMV Fo
PVX 44 THW =R I7T it P R A ZTHREMEFTT MG EREAN. 2HFTEIHY PR AARLAR T EA 4 3t
J 4% % QPCR #9 &£, 552 =M tub,CYP .GAPDH ,B-tub, % # 18S ,UK ,ACT ,EFl-a. f& 2 # 5% %13 32 J& )
ZHRARAB P REAREEND CYP, FHTPTRALAR D ACT. RAHREZ X 2AFRABASANEAENRELEELE
PCR#T R MBE o do e TMV Ao PVX M8 THFEHR N AR R A T AARRE, Z4R AR —F T 2w &%
RiGZe, EME5MERER2ATIEIFED PR BARLLT Ao,

kX # W BMERTRE: BHEXREE: FI; FHXRALLZZTPCR; ASKR

FESZES: S572; S641. 2 MERFRRRD: A XEHS: 1673 -9868(2016)07 —0013 — 06

AR, 92 3% 2 B PCR $ R (Quantitative real time PCR, RT-qPCR) 278 & 1 PCR # R K6t |-
KRR MR E R . B L R SR A, BB R A BT AE AN [ B B 2% g AN [ Ak B Y S
Rk 2 S0 I E & R IAM I b, #HAEN 23K F K I H (Housekeeping gene) Fi Fa i P X
EELG A AR B WY T, RO IEARITA W E F 5 KRS A 1E AT ] 5256 4 1 F B i 23 10
L, 7E3E4T RT-qPCR SE80 2 i, A3 W EIPASERF G iR S0 00 45 10 T 8 AL O RRE 1 , ifiiE h e i A e 3R
K, HARZSLRANELR w1 B R ILRVE R NS 3L, DL f 2 i 52 38 25 51 00 5 00 R0 . iy U1 A 9 %
TMV F1 PVX [ 4NE 8 AT DL S MR8 b i TP-L B TARE AR . 7 dk— 240 M 1 2 R 25
ia T, X 2 AFERTER AR N R AR, TR 2 FOR G TSN, BARE A RE
X 2 Fh3F B A — 2N B, N2 R iz F I FORAF T 7 2 D AR 3L N 1) ek I8 4%, (ORI HE A 9 A
A ST NS SR BRSO I, ARSCEERE T 6 MRE A R ILE A 8 N FMA R IR, i H
geNorm ™" F A 4 5% HAE TMV F PVX R YL T I 2 M0 97 F0 8 i vh ik i i R Mk AT T 9RA5 . B
SE PR N E M = AN A G R, ME N — B 0F 583X 2 FPof 4 b T RE 3k R e i R B IE I N S 0L
R, Atk — 28 6 75 5 7 32 3 DR EL AR 2 0 2 80 AT 5% B4 2 il
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TMV,PVX 4fi 35 I fh A% A7 76 BORL b 05 35 2 1K 4R B 1k o B R AT B A S 45 A Il 0 5045 JF 3l i -RT-
PCR il ELISA k%@ # . #iA R TMV.PVX 4 I8 5 2R e = 00 97 Fndl it b S A7
1.1.2 M atH

=M 97 Fh P RER 2E O AT T AR AL L A 2 ER PG R KA ) R B AR P B S g = R, OF
ENTABEENEFRE 4~6 1HH, &,

1.2 MHEMEMNRFSHELLE

B2 4~ 6 W0 R B a4 0 T R AR R Oy iR M RN TMV R PVX, R0 7 d 5
ELISA #6008 1€ £ 85 02 5 i),

1.3 5 RNA #2BUK ¢DNA &/

e B & Trizol regent(TaKaRa, Japan) (4156 B 45 25 B8 43 51 41 O 75 J0ih 38 A0 28 1) 25 40 97 F13% ik 1)
RNA, 1% BB 5 e f pk A DU RNA 52 88, 2 RNA 1% 3k B A1 46 & (NanoDrop RND-2000, US).
A Prime Script™ RT reagent Kit(TaKaRa, Japan)if#| & 24t ) 525 2 RNA SCFE 5 AL cDNA.

1.4 3|¥igit

ffi | NCBI B3 Chttp: //www. ncbi. nlm. nih. gov/) 2 L1 Primer-BLAST T. B2 51T T 6 =Ml
MERIEH . MhE AR ACT) . MEEAERE ub) . ZREZRMHEF (UBQ) ., FHEEHILHE(CYP),
3 WEIR T B W S R (GAPDH) | B U8 B AR (Breub) s 8 AT/ FE K EEH . 18S A A RNA
(18S) ., JR H R AE N (UK) . M EHEN (ACT) , MAEE ALK (TUB) , 2 REZBILKN (UBID .| 3
HEAER(CYP) | FE N F (EFl-o) . 3 B2 H M EE B =5 5 K (GAPDH)O B RT-qPCR 51# (58 1.
2.

®1 =MWEZREE RT-qPCR 3| ¥

2 LW o5 W T U 5 W

ACT GACATGAAGGAGGAGCTTGC ATCATGGATGGCTGGAAGAG
tub CAACCTCTGTGGTGGAACCT GGAACAAGGTTGGTCTGGAA
UBQ GCGGTGGTATGCAGATTTTC CGACCATCTTCCAACTGCTT
CcYpP TTCCTCTCCATGGCTAATGC ATCCAGATCCAACAGCCTCA

GAPDH TGCAGTGAACGACCCATTTA TGGATTCCACAACGAAATCA
Brtub ACTGAAGCCGAGAGCAACAT AACAAGTCCACTTGGCAGAAA

*2 BEMBZXRERE RT-qPCR 5|4

H N4 LW o5 W T U 5 W
18S GGGCATTCGTATTTCATAGTCAGA GTTCTTGATTAATGAAAACATCCT
UK TGGTAAGGGCACCCAATGTGCTAA ATCATCGTCCCATTCTCGGAACCA
ACT AGGCAGGATTTGCTGGTGATGATGCT ATACGCATCCTTCTGTCCCATTCCGA
TUB CCTGACAGCTTCTGCCATGT CATCTTCAGCCCAGTTGGTG
UBI TCGTAAGGAGTGCCCTAATGCTGA CAATCGCCTCCAGCCTTGTTGTAA
CyP CTCTTCGCCGATACCACTCC TCACACGGTGGAAGGTTGAG
EFl-a ATTGGAAATGGATATGCTCCA TCCTTACCTGAACGCCTGTCA
GAPDH ACCACAAATTGCCTTGCTCCCTTG ATCAACGGTCTTCTGAGTGGCTGT

1.5 EHRRAEEE PCR
FIH SYBR Green I 520 5E & PCR %7 & (W [ TaKaRa, Japan) 78 & & PCR {X (ABI, American) I+
1792w 6 E 5 PCR. PCR R AR B 20 pL, 27 10 L SYBR Green I, I, RS54 (10 pmol/L) %%
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1 pL. cDNA 84 1 pL, TEWH 4K 7 pL. PCR N B 7 A2 F T R 95 C Rl ¥ 2 ming 95 ‘CAR Pk
30 s, 60 ‘CIBK 1 min, JEFF 40 U fJF 60 CHREETHRE 95 CHREF 30 s. A 3 W EWFEE. IR
(52 A E B PCR 3 3G 24 UG K A B8, UK 36 3 386 9 5 55
1.6 SI¥¥ R R LT

W B SR S5 Y 2 MR RN 2 6t A BRE cDNA B it DL 5 A% vk B2 B B2 W B (5L cDNA /Y 51,57 ,5%,5" Fl 5° f5#i
BEWO » IF LI BAR EAT qPCR &35 . A3 HIVE 200 6 28NS I TR il 8 4N S SE H i pr f i 2. 51
P S 80R (E) 505 10 22 1 AR (slope) M1 56, MRAEFRMEIZ R, B fE E= (10 V9 —1) X100%
TR MBI WERCE. PIERORTE 950~ 110 % 51774 2K
1.7 NSERARI%EE

F g e 8 2 55 K 5 | 0 %) BT A R s EAT 039 8 Ce (B3 A B Excel A&, X T A BE L T Ay
BES R Co S/ BYRES, T3 A RE &L 5% RE S B ACE (5 (AC = e M b B/ F W Cr 8 — % FE M
/NHY Ce B 28 SCZFE I RIR R 1, WA ARE 5 A Y Rk & 272 i geNorm ™ R a5 4 F K
FERAEAFREA Y Cr (HF IR 27 BEAT e, B G 305 I BB 2 geNorm ™ th HEAT AR E PEIE AL, 45 21
B AR RS R R RS MR I M, M RN, R E . AR b R n 2<n<<D)
AFERAE RN S I N AR EL T F 5 0+ 1 A3 R AE S 92 56 A5 0 B o 1k DR B9 T X 728 53 2
Viwirs MV, <<0.15 B, n DAIEFEE RN SHF M ER; RV, =015, WL o 5 HAR R LI 2
WS BRI B R, TRER NS5 EH.

2 Z#HRE5HH)
2.1 SI¥yERREYEEYRBMBEL S
IR AAE RGP AR . Pod RN 3. £ 4 Fin. R RSB ER, 51901
ROHTE 90 Y6 ~110 Y ZI0] . P RELTE 0. 900 LA b o] i 2 i i 5206, FLA™ 1 7= 0 1 s f th 48 A B a8 1)
— (5 S0, R SEY 1 FE TRy 6 X = AN 8 X & A A ZILN T b, &4 4 X519 2
qPCR R, /32 =M tub .CYP \GAPDH ,f-tub ; F#i 18S ,UK ,ACT ,EFl-a.
%3 ZHEASEE RI-qPCR 3| YRy 183X

He [H 44 B HeE R R YIRS N 2 [H 4 B RE R R YIGRAR
tub 0.928 100. 5 Btub 0.992 106. 7
CYP 0.998 109. 6 ACT 0. 983 128.3

GAPDH 0.979 105.5 UBQ 0.962 130. 7

x4 FT|EHMANSEE RI-qPCR 3| YRy 183X

B[94 B PeE RHR? L & e 4 2 B RE R R? YIRS N
185 0.996 105. 5 TUB 0. 982 117
UK 0.988 109. 7 UBI 0. 995 134.3
ACT 0.996 108. 8 CcYP 0. 986 137
EFl-«a 0.991 110 GAPDH 0.984 114

2.2 geNorm"™ MNnEANERERREENITEER

J TS A KB R S 4 XS TR IR 5 TMV K PVX S 19 2= J8 A 3 it A
A BEAT VAL L R R A AR M B A RS RS geNorm " BAF PR O kA m R TMV )5 4 N F
FIHN R E N KRB NMER N CYP ., Btub. tub, GAPDH , . CYP F1 Brub () M {831 %A B W 2%
S E 1), XF qPCR WP Al el 2 0 2 WS EEHEE B, 1T AW &3 NS 4500 2 BUE (pairwise
variation value) » F| FH geNorm ™™ 2 ¢ Xt N 2 Fe N B B X 22 58 Ve HEAT7 4080, P E WA 1b B, [
., W5 PVX G 4 DB K EE MR EE N KRBVNMEIR A CYP . GAPDH | ftub . tub(El 1c) . P {10
Kl 1d s, R a i a5 8, fER L 2 MR BRI = 4 SIS BRI RA R A8 2 1928 CYP.
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E1 ##HTMVAPVXEzEANERERNREE TR
2.2 geNorm"™ XEMANERERREEMIEEHEER
A ERAME B Tk LB, fEFMEMN TMV 5, 4 B R R E N KRB/MER N ACT,
EFl-a, UK . GAPDH (|l 22), P {Hn 2b iR, 5 TMV BPEAG 45 AL, FiidEf PVX )G, 4 MBER
He P By A sE HE KB/ IMKIR R ACT . EFla. GAPDH . UK (Bl 2¢), P {HWNE 2d s, 454 2 Fios 2 4
FE AT R, TN SRR ACT.

303 #

S 3G 5E e PCR(Real-time quantitative PCR, RT-qPCR) HG ¥ S vkom . RBUE . EE T A5
SRR AL e T B PCR AN REMER & B AN 2 o RE 8 WA 23 Br 25 DR FE AN () Bsf 300 7 22 38 22 e Mk R & il A
AL BEREAR R A Rk 22 5, TR FAYF R IR R AR EZ LN A RT-qPCR 43 #r 5 A
AN 72t AR, S T T BRAS [ 2H 240 M R] ) G A A i . RNA Bt . B S D A0 A5 I 225, T BB il
(1) 256 TR IE FbR AL, WS I (XA BRI & — e AR [ S50 25 F . N R 41 2L Fn 40 Jif vp 3 mp
YR AR RIB KOV I — 2B L E R 3 SR FH Y R 8 R O SE RS 3 it PCR NS B, i B -
WLBh & 3 (Bractin) . 18S BiMEA RNA JEP (18S rRNA) | o WA & L (a-tubulin) o 3 —HE R H ¥
Jii S 3 R (GAPDH ) 1 22 892 3L Cubiquitin) 5. SRTHF9E & B, Bl L5641 R9 A8k A AT —
Foft N 6 DR AR A ] A A ) A 2R B 2 B PR B 3R R R IR AR Y, BT LAIE A o 1k IR SR AR BI5E & Ir A 45 1 F i 38
NS DY XA 5T, #EFAE T RT-qPCR X530 B 41 56 AT 8 2 38 DR 9 0 3 . MR 48 45 o8 10 5
BRI SRR A G NS S

ARWFFEEIT 6 DMl I 8 NFAME A RILHE ., FIH geNorm ™ A 43 BITTEAL T 3X 2 Fhi ) 76
TMV #il PVX ZYF, JUAWSIEEEM rp ek | Roe i, IR0 J5 SLAe I 2 e 56 X 26 3k 0 1 28 fh 42 4t
THIRAKYE. SRR, SRR TMV JG & ik, b CYP R Brub 2Rk R E W 2 4>
W, Wizl PVX R E LR ENE CYP MIGAPDH L. HIbiii, X 2 MRSHRLE T, £
REBONTRE MR CYP S, o LIRS 5 2 w9056 vh oy S 36 I i AR e . (RO2 i FEEAS TR 1 4181
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B2 ## TMV I PVX FEMNANEREERRE ST
AR, FEF AT ik B T8 WL E KN, il EFl-a fEA—AHEEMNS RN, ©HEEI 6k
M (RNA A BRI, L B 11 5T 45 WG IR (R S A PO SRR S S A PR R A — A B
SRR MBI E 1 actin (ACT) o VE g 40 I 0 b 2 US4 22— 0 JF HLAE K 19 2 1 2 3K 1 5 v ik
YEWSEEH. T R B, AR TMV I8 )2 PVX ARG T . A A b 3R ik 5 A0 2 a2 ACT
MEFla. T ACT ZENFRIBTEIE IR BA TSR ENM, JrANRER T ACT N oPCR
LH A KA.
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Selection of Reference Genes in Tobacco and
Tomato Stressed by TMYV or PVX

ZHANG Ning, WEI Zhou-ling, DU Li-juan,
QING Ling, SUN Xian-chao

Chongqing Key Laboratory of Plant Disease Biology , School of Plant Protection ,
Southwest University , Chongqing 400716 , China

Abstract: It is the base to select proper reference genes for getting valid data to analyze gene expression by
quantitative real-time PCR(RT-qPCR). In order to get proper reference genes of tobacco and tomato infec-
ted by TMV or PVX for studying the interaction between the viruses and their hosts, we designed the
primer pairs of the housekeeping genes of tobacco and tomato based on the previous studies, and evaluated

Pinssoftware. The re-

their expression stability in TMV or PVX infected tobacco and tomato with geNorm
sults showed that the primer pairs of tub, CYP, GAPDH and S-tub in tobacco and the primer pairs of
18S, UK, ACT and EFl-a in tomato matched the request of RT-qPCR. CYP was the most stable house-
keeping gene in tobacco infected by TMV or PVX, and ACT was the most stable housekeeping gene in to-
mato. So, these two genes were determined to be the reference genes normalization of qRT-PCR data in to-
bacco or tomato in virus- host interaction system, which provides a base for studying the biological effect
of the interaction between TMV or PVX and its hosts.

Key words: Tobacco mosaic virus; Potato virus X; host; quantitative real time PCR; reference gene
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