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Screening of Reference Genes in Ananas comosus var. bracteatus for
gRT-PCR

LI Rui-xue, YU San-miao, LI Xia, XIONG Ying-yuan, LIN Zhen, TANG Yan-gi, MA Jun

(College of Landscape Architecture, Sichuan Agricultural Uniersity, Chengdu 611130, China)

Abstract: In order to screen appropriate reference gene for real-time gPCR (QRT-PCR) in Ananas comosus var.
bracteatus at different development stages, the expression stability of 10 housekeeping genes, such as EF1, UBQ,
ACT, GADPH, Histone, TUA, TUB, 18S, elf-5a, and a-tubulin, were detected, and the expression of PetF in
seedling of A. comosus var. bracteatus was studied. The results showed that the expression stability of these genes
in albino and green seedlings was different at development stages. Histone and a-tubulin were optimum reference
genes at different development stages. Compared between green and albino seedlings, the ideal reference gene
combination were 18S, EF1 and a-tubulin. The expression of PetF gene had the same variation trends in green
and albino seedlings at three development stages by using screening reference genes. So, it was confirmed that the
reference genes screened were suitable for gRT-PCR of A. comosus var. bracteatus.

Key words: Ananas comosus var. bracteatus; Real-time qPCR; Reference gene
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Tl 1 H b 7 it SR R AT ) . TUB (B U B 1 2R TR
efl-5A (Fe B A T2 ) . TUA (o T8 S B %
[A) . 18S RNA (18S #% ¥E{& RNA)AI actin (13 &
EE- L) EMNN NN NN E = TSfOE
ke AR E 1), (HEIT A FUER I, X SRR E I
SIS SF L N RIE 2 kAN, L, fE
NSRBIk 75 Z i & AR R, L%
RIGHMAN SRS E NS ERWAEG, KiEG
Real-time qPCR 7 4™,

21 % M ZL (Ananas comosus var. bracteatus) X 44
XA, pEr XA, AR Bromeliaceae) A AL &
EZGSE V40 3 N 7 SIZESITTR L IES T o Ll B T EA NN
F\ S IE, YERRTE AT AR IR S IR 1 H BLE,
By B R b — A e Z R ST . (HI ikt
REHL T FRRE R P RA R E, R REHAE
FERR 2 TR T AR IR, oK TR 5
B EA . N T R A kA MR AR E
P, AT 75 ] W £ A R B ik S IR ) 1
HLERPY, PR e e A2 (4 2 3 R E SE R R AR 0
T E REEIIVER . AHEF A A Real-time gPCR 77
1 PEY EF1. UBQ. ACT. GADPH. Histone. TUA,
TUB. 18S. elf-5A fil a-tubulin %5 10 Mk Py 23
IR LI R et . 2 AN A R Bl A2 )

#ik/KF, F geNorm. NormFinder 7 #7 Hi&ikfa
ENE, DATRIE H BE NS . 8 TP RAERT
1% P 2 DR (R T SR, R O 3 B0 ) S R R oy
T 5 &8 RIS PetF 78414 MUK [F ¢4
FIAFR BB IIRIE K, Nt AR A
R 97 B35 LAl o

1 MR

1.1 A

PR B RN A K R AF I 408X FL (A, comosus
var. bracteatus)ZH 2155 7% 4 U A A 4%, 4 Bk
KEM2E . 6~8 M2 F1 10~12 M-2F 3 MR B B (B
1), HFEAR 3 MEWI¥ER, BNMEYFEELS R
E A AR R A KRS — 20 3 /Nt s

1.2 59Tt

£ EF1, UBQ.ACT. GAPDH, Histone . elF-5A,
a-tubulin, TUA, TUB, 18S % 10 M& X ERHEN
BN BIE], DAAC TR LR 4T i R AL 2 e
B KIEE 31 KR, FIF Primer Premier 5.0 i
Wit sIIGEE 1), B AT AT S MR. 519087 PCR
PR JE, X EEE AT T-5 AN R R (A

F

B 1 RFREBMBMLIAREL ST M AT . A @A, RREMAESE; B @4, mREMNELEEE; C H 6~8 AMAEH;
D: H 6~8 Fritiyasgili; B H10~12 Fi&An; B B 10~12 Fibiaesli, /iR =1cm

Fig. 1 Green and albino shoots of Ananas comosus var. bracteatus at different development stages. A: Callus, showing complete white bud with rolled leaves; B:

Callus, showing green bud with rolled leaves; C: Albino shoot with six to eight leaves; D: Green shoot with six to eight leaves; E: Albino shoot with ten to

twelve leaves; F: Green shoot with ten to twelve leaves. Bar=1 cm
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Table 1 Primer sequences for real-time gPCR

5% Primer 7% Sequence (5'~3") 5149 Primer J¥%1 Sequence (5'~3")

elF-5A F: GAGAATTTCGTGAAGAAG 18S F: ATGGTGGTGACGGGTGAC

R: CAGATGAAGAACTGAGAG R: CAGACACTAAAGCGCCCGGTA
a-tubulin F: CCATACAATAGCGTCCTA UBQ F: ATAGCAGCCAAGTTCAAT

R: ATAGCCTCGTTATCCAATA R: TTCATTCCATTCAGCATCT
ACT F: TATGGAACGAGGAGTATGA Histone F: TATAGCGAAGCATATTGAA

R: ATTGAACTTGGCTGCTAT R: TTTGGCAGTAAAGTTCTT
GAPDH F: ATAACAGGTCCAGCATCTT EF1 F: TAAGAATGTTGCTGTGAAG

R: CCACTCGTTGTCATACCA R: CCTGAGAGGTGAAGTTAG
TUB F: ATGGTTCTTGACAATGAAG TUA F: GCTTGATGTATCGTGGTGAT

R: TTTGGCAGTAAAGTTCTT R: CAGTTCTCTTGGTCTTAATGGT

T). K cCDNA BARIEAT 5 A 10 <BREERRE, XHEE5
VAT HRCRAG I, SIS T Bt .

1.3 & RNA HI32EUR cDNA B —8 &

PL 3 MR E B4 AR A gk i i oA R,
K Trizol y:M2 L4 RNA. FH nanodrop2000
(Thermo)iB i & 4 Y6 Y6 1147 RNA I3 54l
FERG I . 5 B A A% 1 RNA $% 18 RevertAid First
Strand cDNA Synthesis Kit 7] & (TaKaRa) it B 5
VRS A CDNA 55— 455k .

1.4 SLRPFOLER PCR (Real-time gPCR)

7 analytikjena-gTOWER2.2 %% € & PCR 1%
X 10 Mg ik N 23 R % SYBR Premix Ex
TagTM (TaKaRa) i & 1 B 5147 Real-time gPCR.
RNAKZ: 5ul SYBR mix, L R#F51417% 0.5 uL,
1 uL cDNA ##%, 513 pL ddH,0, FFAMEHR E
B3 W YIERMFEF N 95°C AR 30 s, A5
95 CA4 % 10 s, 58°CiH-k 30 s, L 40 MEH. ¥~
1 58 i 5 M 65°C 2] 95°C HEAT KR i 2k 0 #r, B8 AE
T3 0

1.5 BIEHHr
geNorm BRAE43HE SR 2 Ty S 3t

2 2 Real-time RT-PCR il 52 & 51 )09 13 %

RIAEX R IE R, SRA geNorm i iHE NS HE A
()~ R IE R EAE (M) AT HE P (M BBk, RIE
ERARE), [R5 2 3R DR AR e AL DR - e T 22
SR (Vosns 1) LI E WS IR o 3 A P

NormFinder #4437 NormFinder #2712
ITIREEE geNorm F2/7 28000, @RI RER
SEAE(S), AR AT, DIRRRRE R/
I BRI A e Rl 3 R P

2 R

2.1 RGER PCR 3| MR R Ry B35
RIEFTH 514 PCR ¥ 147~ #4 s yk A 1 R
HH—4ar, BT8RN BAREER R B, Ui RT
F 51 Pl ae sl s v thdy 38 & N S 2, tAFTES]
W) TR, R RE B PCR 4 i i 22 45 A BH S 1) P
—Ug, H—BIE T Y IR R . bR
&b, FrA 518 B8R A 99%~110%, [F11H
KON 0.992~0.999 (% 2), ¥JiLF|% % E & PCR
BT AN I B SR, RAIE T 40 M s SR E A L

2.2 AZHER KL
KM geNorm BAFH5 A S 2 R AR HEAL A 1

Table 2 Amplification efficiency of gRT-PCR primers used in real-time RT-PCR analysis

BRI [EVEES R kIR [EIEE 4 IR
517 Annealin R i Amplificati a1 Annealin R i Amplificati
Primer g egression mplification Primer ] egression mplification
temperature ('C) coefficient (R%) efficiency (%) temperature ('C) coefficient (R%) efficiency (%)
Histone 82.5 0.997 100 uBQ 79.6 0.992 106
TUB 80 0.999 95 a-tubulin 79.4 0.992 110
EF1 81.8 0.998 109 18S 85 0.994 104
TUA 82 0.999 107 ACT 78.6 0.998 98
GAPDH 78.2 0.997 105 elf-5A 78 0.995 91
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3. B2, EAERFUEKME S, =
Mgk, G, BESFEME Ve KT 015, H
JRRITRE RFEAAR TSR, 2AM S 2K
2 RKFTEG BRI ARIGEEL Vi 1 556/ ME R E 5
Rz,
2.2.1 AFEK B W BN 23 R Rk FRE 1t

AR REIR 3N KB BH, 10 Mk N2
HE DAL AR X 08 B 22 iR 3 (P <0.01) . geNorm X
it EAF N Z R R IEFEE MI/NT 05,
FRKEBENSERTREREEMHT
A TUB=a-tubulin<elF-5A<ACT <EF1<Histone<
TUA<GADPH<18S<UBQ, #rfE K Eex) 48 57 i
N V3,4=0.031; 75 KB BS NSRRI RIS
SEME M 5T A Histone = a-tubulin<elF-5A<TUB <
GADPH<TUA<EF1<UBQ<18S<ACT, #rifE[A+
BCAS AR 5 BE N Vp3=0.04; fERK B 5 = BEE NS5
i) s F e M WHEF A Histone=GADPH <

3 AR 3 AR AW Ba e MEHEA T TR R R

o-tubulin< TUA<UBQ<elF-5A<ACT<EF1<18S<
TUB, AR Kl 7-AC0S 28 7 N Vp3=0.039,

NormFinder {15 4 XALE — K E B
FHS RN FREREE S 7R UBQ<18S<o-
tubulinKTUA=GADPH<TUB<Histone<elF-5A<
ACT<EF1; f£% K BWr B b & NSRRI E
SE{H S HEF N TUA<Histone<a-tubulin<EF1<elF-
5A<UBQ<18S<TUB<GADPH<ACT; £ =K B
B &NSEREERILTEEME S HiFF N TUA=
UBQ <elF-5A <Histone< GADPH <a-tubulin<ACT<
EF1<18S<TUB.

HE 2 AT EREE 3 DMAEIKR BRI B,
Vo3 AeHIE RN, ¥I/NTF 015, RiRIAEFRE. A
PAFE i 126 2180 RAE AN R R B B B N SRR, 36
FREENMIASHERNEE. HRIEE 2, o
tubulin 1 Histone 7£ 3 MK & W Bt I HE L #RSE
BT, FTRMEL A AR F KGR Bh, LA a-tubulin

Table 3 Top five reference genes with stable expression in Ananas comosus var. bracteatus at three development stages

KB Herr WS HEH M Herr NS A S i
Growth stage Rank Reference gene Rank Reference gene Standard error

I 1 TUB. a-tubulin 0.014 1 EF1 0.025 0.253

2 ACT 0.123 2 ACT 0.087 0.127

3 elF-5A 0.141 3 elF-5A 0.116 0.130

4 EF1 0.163 4 Histone 0.231 0.186

5 Histone 0.540 5 TUB 0.234 0.188

I 1 Histone. o-tubulin 0.071 1 TUA 0.194 0.480

2 elF-5A 0.120 2 Histone 0.505 0.486

3 TUB 0.335 3 a-tubulin 0.567 0.515

4 GADPH 0.513 4 EF1 0.580 0.521

5 TUA 0.820 5 elF-5A 0.641 0.553

i 1 GADPH. Histone 0.007 1 TUA. UBQ 0.032 1.508

2 a-tubulin 0.117 2 elF-5A 0.056 0.888

3 TUA 0.361 3 Histone 0.235 0.375

4 UBQ 0.362 4 GADPH 0.244 0.374

5 ACT 1.085 5 a-tubulin 0.362 0.392

0.090
B 0.273

0.031 0.033

VE."} VF."-! V-H V5 6 V(\-? VT."K VE('U V\‘.'II)

Vas Vi Vs Vi,

Var Vs Vo Voo Vaz Vau Vis Vs Vi

VT‘K VX"‘? V‘)-‘\ﬂ

&l 2 genorm BA4 A TLLAIREL 3 MR B BB Vinv1o AL SB—B B B S5 2F0EL Cr 28 =B,
Fig. 2 Vn/n+1 value of three development stages of Ananas comosus var. bracteatus by geNorm. A: Development stage I ; B: Development stage II; C:

Development stage 1Il.
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Al Histone N HENSHERHAE, fEET Real-time
QPCR i FH R Aff 2 B v o
2.2.2 AEREAFI- N SR R RIA AR e P
10N WS E A A A AT S & s H
MRIEGAEZER, NZRSGH .. AW Z S8 H
SHE MR ENE. R geNorm H4Eo#r, 4
BMAREAM S 28T 10 M SEE TR
IEFa B M HPF A EF1<18S=elF-5A<q-tubulin<

4 AERE S EAW 10 NMNSREFE T E MEHET

TUA<TUB<ACT<UBQ<Histone<GAPDH, Tfij &
#% NormFinder 3 fF i RiEFEME S HIF N
18S<EF1=a-tubulin< TUA<elF-5A<TUB<ACT<
UBQ<Histone<GAPDH, V3,,=0.07, [A It ¥ £ 3
MSERA A REE(E 3). RiEX 4 28K
FALR. WA 10 M SHEREMHEL, 7
HeA AT =1 3 MR, 731l /2 18S. EFL 1 o-tubulin
(& 4).

Table 4 Stability rank of 10 reference genes in albino and green shoots of Ananas comosus var. bracteatus

WS EER M 958 s 5 itz WS ERH M 5 s 958 PRz
Reference gene Rank Rank  Standard error Reference gene Rank Rank  Standard error

GADPH 2.695 9 1.864 9 1.324 UBQ 0.62 7 0471 7 0.414
Histone 0.979 8 0.851 8 0.641 EF1 0.039 1 0.039 2 0.791
TUB 0.472 5 0.188 5 0.314 18S 0.092 2 0.032 1 0.958
ACT 0.602 6 0.415 6 0.382 elf-5A 0.092 2 0.145 4 0.329
TUA 0.387 4 0.056 3 0.577 a-tubulin 0.251 3 0.039 2 0.791

0269 LL 2 NS B 7 HEAT PetF BRE &M, 45

KL PetF ZEFTE 3 M B B ARALE S —E.

Blit, ELERAK BN Petk FRH Iz &85
H ] SR Histone 1 a-tubulin 42 1F 3 Rl &k & .

0100 HUA G 4 [ I L8 RBL I L DA 2% 1 1

0084 o077 0079 (@07 18S. EF1 #l o-tubulin YN ZERH, Kk PetF 7EA

Vs Vi Vs Vi Ven Vas Vs Voo

&l 3 LIAi AL A Sk A Vane E
Fig. 3 Vq/n+1 value of albino and green shoots of Ananas comosus var.

bracteatus

2.3 PetF [f13R1A

L7 3% H4 (1 Histone 1 a-tubulin AN 34 A,
K HAH R € & PCR RMNAR R, 43HT PetF JE 7
AR NS R =1 I GRS vy s W I AT

0.20 - Histone
0.15

0.10

FHAS Fe i it
Relative expression

0.05

0
I 11 11

Al G2 R P R B K. W5 FT I, R
ANE N SHE B BEATRLIE, PetF 7R85 RBLA A B
i RIE KA — 2, M ETE A2
LR EE

3 itk
Real-time qPCR HARIL N 55+ M50 55
P E TR, BEARSR I 5L T A I R R R A

BT EA G AT SR Bt AR R R S
HAE. Bmi) RNA BB SRR 518t

0.04 a-tubulin )
0.03
0.02
0.01
0 1 1 .
1 1 111

% H 9t Developement stage

P 4 PetF FERAELL A RN J A B A P R

Fig. 4 Expression of PetF in leaves of Ananas comosus var. bracteatus at different developmental stages
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Fig. 5 Expression of PetF in albino and green leaves of Ananas comosus var. bracteatus
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