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Abstract: In order to screening stable reference genes that can be used to real-time quantitative PCR (qQRT-PCR)
analysis in Anthurium andraeanum spathes, five constitutively expressed genes, including EFI1-a, UBQ7, ACTB,
GADPH and His3, were analyzed expression stability by using qRT-PCR, and the expression of dihydrofiavonol
4-reductase gene (dfr) was analyzed by using screened reference gene. The results showed that the expression
stabilities of five reference genes were different among different cultivars. On the basis of the normalization factor
Vo1, the optimum number of reference gene was two. The expression of ACTB and UBQ7 were the most stable
in different cultivars and different development stages of A. andraeanum spathes, so that they were ideal reference
genes. When ACTB and UBQ7 were used as reference genes, the gene dfr expressed in different cultivars and
different development stages of A. andraeanum spathes, and the change trend of dfr expression were consistent.
Thus, both ACTB and UBQ7 were suitable as reference genes for A. andraeanum spathes.

Key words: Anthunium andraenum; Spathe; qRT-PCR; Reference gene

KimBHA: 2014-04-16 EZHHE: 2014-09-11
ESUTR: HF ARSI H (31101578, 31201652); 144 T RFHELI H (ZDZX2013012) ; 52000 25 PERHIF B BT A RHIRL 45 2 4 13
(1630032012017)%¢ 1)

TEE A #1990~ ), &, Wi+, 2R MAE Y S5 E AT . E-mail: 281806994@qq.com
* i {E1E#4 Corresponding author. E-mail: yinjunmei2004@163.com



52 PG Iy 2 )

234

SEMF 9 E iE PCR (QRT-PCR) 2 —Fh i bR
AT AL IR E TR, EERAR DO LR
fE I B2 JFUHEL, F PCR SR AR 2 o A 5 i 9¢
FebRic AT, 38 1 S I PCR 1 B2 FH 22 i 9 ot
G5 AR L 1 ik 5, BA FR Rk R
v ARG B A RN AR T IR
ANV i P SR ] ZEAZ AL TR (RN A ) ™= 1 JTT
S DA SR SRR AT BEAFAE N 22 5% 38 W R N
SR TEERAL bR BRGNS
TEASFPSE IS ISR R 1 1, 7645 28 4 4Lk 4 g
FETREAR X Ra e Fas . AT A R E Fek A HAR
W, RAERE RS N R T, 7 — e 288
(20 A sl 2 2P A R B e T TR, AR
ANTRIR G 6} B 258 , T e AERT £ 38 1) N 235 [
TPEE R IEFBRIEAL , A REXT H Y SE PR e ik dh 4 7
TSR RS UL S I A LB A 2
HIACT). o S LA B A4S B 1 SE B (TUA,
TUB). 3-W 2 H i i I = 2% X (GAPDH) s 5%
SEAH R 13 K (EF1-a) M1 2 372 R LR (UBQ)S,
HHAr ACT. TUA. TUB A=W IR4e 45 1 A i 2h
WhTE AN 25 E R AR 5, GAPDH . EFl-a.
UBQ W 2 5 A= Wy ik iy e A AL AR i #2 . ACT
PR A A A0 L 0 A ot A v o BE AR S, T TUA il
TUB RN EA R AP PRSFE

21 % (Anthurium andraeanum Linden) A K 5§ &
Bl(Araceae) %t AL J@ 2 AFE A B Yy , H: 3 EOWH
LA AT R A RS AR K FLAL R B D AT
LSS SO 7 o S S R (S8 O L= SN 1B ke
BB W A (R I E A, H A
O F B AR R X — R, 1 T 1 ]
EMAE TR EY A RGRE . N T
i 25 T AR A28 A S SR AT (. e A a3
KN dfr ACTE R AN ANS %7021 3 b a4
H R IRB R, A BT 48 4T S b A e A
Y6 B AN ) T I A Y B RS B, Hh
dfr =R SN I dfr SR E G
A I D Wb B i R B R 22—

H 4R Gopaulchan Z"F5E T 18S #ibl{& RNA
(18S). ACT. TUB % 8 NS I H 1 0 41t
G BRI 2123 & B AN B B SR AS [ R
ik st Ii) B 0 ik e e 1, DA A 5 P4S0 il 3
CYP ML RZ RN UBQS5 WE L ENS
PR AFR R kot R PN S B RS [R) L AR A

Es i e NEF DAY e TR S o ) I Sy E AN SRR
RITEA [FIAB YRR AS h 3Rk 1 22 57, AR F 55 ) St
YL T PCR Jr ik EFl-a. UBQ7. B-M3hE
15 ACTB. GADPH 41%E 11 His3 55 5 i N5
FERAEAS ] ffh £ 25l /3 45 (* Tropical | “ Cheers” |
‘Coffee’ . ‘ Acropolis’ | ‘Rapido’ il ‘Midor” )F01 1 3
AR B R KK, B geNorm . NormFinder
S BT H IR E N TR I 3 0 N 25 R S
TR B A R R dfr AE LD AN A
e S b R B AN R Be i 23k K, BTEIEHE
B 18 1 N 25 K LAE 98 6 B B PRI TR 21 5 rh i 3R
5, Ry — PR ST 2L M e B (A% S 1) [ PR RN
B W21 3 A 8 IR 43T DI B8 LAt

1 BRI %

1.1 iR 3e 41 44

PEUZT 2 (Anthurium andraeanum Linden) ‘ Tro-
pical’ (Z1.{11) . ‘Cheers’ (IR MZL ),  Coffee” (MM () |
‘ Acropolis” (1 f21) . ‘Rapido” (48 £ %) Fll ‘Midor’ (45
) 6 A S e A 2 AR IE F T AR B (R AR AR L 3
WA EALS W AR . AR Collett 251 Jy
BB e e kB R BRI 50 4 A B B B A A )
I AEATE 4 K R AR 1Y 2/3 AR AN P LB
e A s R SR TF AN A B I R T I8 4 e
TR LR 9:00-10:00 7350 R AR 6 il 4 Ak
/B a e, WA TR, —80°CUKFEIRfF. H
23,

1.2 BRNAREURZ cDNAE —FE AR

S RNA S U T8 HIAE 4 5 RNA 42 500
%5 (Bioteke 2y A)), 4 DNAase (4 H Thermo 2 #))
ALEE S ERAN SO EEETHRT 1% THUlE BB I o kR il
S RNA e & A1 i &2, fifi F RevertAid First Strand
cDNA Synthesis Kit 7| & (1 1 Thermo 2 F]) & K
cDNA % — 4855 B 20 CUKFHIRAT -

1.3 IS EFE R IFE & R IXFEE A

A S5 28 F #1214 cDNA SCJF ik #%
EFl-a. UBQ7. ACTB. GADPH. His3 " 5
NS SR ] dfr B 5% S L0 P 45 /(3 D). A
Primer Premier 5.0 ¥ {F & B3t 514 2 %F, i b
Sangon A FEI G M. RGN &R A



S WA . 2RI QRT-PCRAMT 1 P S DR 1 i i 53

DL b J KT 7E “ Tropical” #9445 cDNA A DNA it
AT B PCR P34, ¥ 8 F2 /7 R 94°C T AZ 14 4 min;
94°C7EE 30 s, 63°CIE Kk 30 s (FFMEFRE 1°0),
72°CHEAf 2.5 min, 5 PEF;94°CAEM: 30 s, 60°C
Bk 30s, 72°CHEAH 2.5 min, 28 PEFR;72°C It
fi 10 min. P15, 4 £k 3 B rT 89 B 09 B, &
pMD18-T k{4 bl [ Ji5 3% A A J DR 7 A 40 0l
JF 45 B 1 5L K gRT-PCR 5141, F FH 4 1 PCR
TEA AL cDNA K DNA H s VAN N 25 91§~
Mg D0 K R 5P Bl Eppendorf (Realplex4 7Y)
RealTime-PCR 1%, Ik ¢cDNA 45 — 4% S 55 4 1K Ik
BE 6 ABRRE, BEBEEERRRE 5 A%, B RN 2 IREE
2. AR SYBR premix Ex TagTM 11 35
(W H TaKaRa 2~ F)ULHH BZER T, P58k
Je TRLEE N 58°C LR N2 6 38 51 95°C , A T4 Mt h £k 43
BT LA 9 38 =) 0 R S . B 9 B PCR
1B 7 K Realplexd4 H 83845 51 91 B0 i
HERESERINSE 510 RERE) TR AN
E=10""% I FH 0 358 21 i P 2 3 (X, 2R FHAH ] B9
JE B PCR N AR 2 MR 7, 35 AT 50 56 o8 i s
JE I R (dfr) 3 TR K- 53T o

F 1 TP PCR 9519751
Table 1 gqRT-PCR primer sequences

514 Primer J¥41] Sequence (5'~3")

EFl-a F: GCCGGTATTTCTAAGGATGGTCAG
R: GGAACAAATGGAATCTTGTCAGGG

UBQ7 F: GAAAACCCTAACGGGGAAGACGA
R: CCTCCCCTAAGCCTCAAAACCAG

ACTB F: ACATTGTTCTGAGCGGTGGATCT
R: CCGACTCATCGTATTCTGCCTTT

GADPH F: TTTGGGTGACAGCAGGTCGAG
R: AAGCCACCACTGCCAACCG

His3 F: CGTGAGATTGCCCAGGACTTC
R: TCCACAGCACCCCATCAGC

dfr F: CTCGCCCTCATCACAAGGAA
R: ACGTCGAACTCAGGGTAGCG
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Table 2 Amplification efficiency of qRT-PCR primers used in real-time RT-PCR analysis

5|4 Primer PRI ZE 72 Standard curve equation [A]J9 22 %% Regression coefficient (R”) 4" H4%% %R Amplification efficiency (%)

EFl-a y=-3.302x +35.05 0.989 101
UBQ7 y=-3.302x+37.25 0.994 101
ACTB y=-3.517x+38.16 0.998 92
GADPH y=-3.520x +36.35 0.991 92
His3 y=-3.334x+34.77 0.999 100
H ‘Tropical’
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EFl-a UBQ7 ACTB GADPH His3 EFl-a ACTB UBQ7 GADPH His3
NS 3L [A Reference gene 3L K Reference gene

Bl 1 NS ERITEBIE LSS 3 R E B B P B R Ik i (A) KPS RISTREH M (B)

Fig. 1 Relative expression of reference genes (A) and expression stability value M (B) in the 3th developmental stage of spathe

& 35 NS IENTEIR AR T EE 3 BrBeh ki FERUHER

Table 3 Rank of five reference genes in the 3th development stages of spathe by stability values

23 Reference gene M HERF Rank N HEFF Rank  #RifE2 Standard deviation 7255+ Z % Coefficient of variation
GADPH 0.306 1 0.166 1 0.33 91.59
UBQ7 0.402 2 0.201 2 0.33 91.56
ACTB 0.461 3 0.262 3 0.33 104.47
His3 0.306 1 0.308 4 0.35 84.28
EFI-a 0.587 4 0.384 5 0.34 116.51
1.2 - -
A - E: | 030 B
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Pl 2 WS ERITE * Tropical BhAf41 5 & AN R BT B R X 263k 1 (A)FIT- 2 35582 (] M (B)

Fig. 2 Relative expression (A) and average expression stability M (B) of reference gene at four development stages of ‘ Tropical’ spathe
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Fig. 3 Relative expression (A) and average expression stability M (B) of reference genes in four development stages of ‘Rapido’ spathe
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Fig. 4 Relative expression (A) and average expression stability M (B) of reference genes in four development stages of  Acropolis’ spathe
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Table 4 Rank of reference genes in anthurium spathe by stability values

ok =11 Hey s 7 brifE2E S R
Material Reference gene Rank Rank Standard deviation Coefficient of variation
‘Tropical’ His3 0.252 1 0.147 2 0.35 71.96
ACTB 0.355 2 0.110 1 0.31 59.02
EFl-a 0.252 1 0.204 3 0.30 75.23
UBQ7 0.394 3 0.220 4 0.24 55.74
GADPH 0.451 4 0.277 5 0.34 64.99
‘Rapido’ GADPH 0.116 1 0.142 2 0.28 46.85
ACTB 0.116 1 0.122 1 0.22 53.25
EFl-a 0.154 2 0.156 4 0.29 49.02
UBQ7 0.275 3 0.146 3 0.28 39.34
His3 0.330 4 0.227 5 0.27 46.46
* Acropolis’ EFI-a 0.411 2 0.187 1 0.34 88.39
ACTB 0.320 1 0.268 2 0.36 88.26
UBQ7 0.320 1 0.303 3 0.24 67.87
His3 0.553 3 0.351 4 0.35 98.65
GADPH 0.649 4 0.418 5 0.39 67.07
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Fig. 5 Expression of dfr in spathe
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Fig. 6 Expression of dfr in spathe development stages
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