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Selection of reference genes for real-time fluorescence quantitative PCR
in Nerviliao Fordii Folium
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Abstract: Objective To select an appropriate reference gene for gene expression analysis using real-time fluorescence quantitative
PCR (qRT-PCR). Methods Using leaf, petiole, and corm tissues of N. fordii, five common reference genes (18S rRNA, actin,
ubiquitin, EF-1a, and B-tubulin) were compared. The stability of the candidate reference genes was evaluated by Ct value using
GeNorm and NormFinder software. Results The stabilities of five reference genes varied from each other in three tissues of N. fordii.
The analysis of GeNorm and NormFinder exhibited that the stability of B-tubulin was the most stable, followed by EF-1a, Ubiquitin,
actin, and 18S rRNA in order. Conclusion The B-tubulin gene could be served as the reference gene for the normalization of gene
expression in different tissues of N. fordii using qRT-PCR.
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Table 1 Primers of reference genes detected by qRT-PCR

NS HEH BERH IR EIL S SIS (5°-37) BIREE /°C FEIKSE /bp
18S rRNA  18S #iHii{A RNA q18S-F GATACCGTCCTAGTCTCAAC 55.4 220
ql8S-R CTATGTCTGGACCTGGTAAG
actin WLgh 55 gActin-F  CGTTACCGCATGCTATTCTC 55.4 235
gActin-R ~ GATGACTTGGCCATCAGGAA

ubiquitin ¥ R AL qUBI-F GCATGCAGATTGTTGTGA 52.0 100
qUBI-R CTTCCTTGTCCTGAATCT

EF-lo FER AT 1o qEFla-F  CCCTTCAGGATGTCTACAAG 55.4 160
qEFla-R ~ CAATGCTTCGTGGTGCATCT

B-tubulin  FHEE IR qBeta-F GTGACACCACTCATTGTAGCAG 58.0 150
qBeta-R ~ CCCTTTCCGTTCATCAGCTTGT

T BB REBIGTRE “F7L “R” 038 LR Mg 149

Note: Primers with letters F and R were used for upstream and downstream, respectively

Premix ex Taq 12.5 pL. 10 umol/L [R5 14145 0.5
uL. cDNA iffE. KEZ KNSR VR
H: 94 TR 2 min; 94 CAEME 30s, 52~58 C
Bk 30s, 72 CHEfH 30s, 32 MEFR; 72 ‘CIEf
5min. F 4.0%ZEIEkE B F VKA PCR 724
2.4 qRT-PCR &I
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LRI QRT-PCR 43HT. W AR R AR A 20 pL,
H:H SsoAdvanced SYBRGreen Supermix 10 uL. 10
umol/L _E 51414 0.5 uL. ¢cDNA 0.5 pL. K
IR AR RNFEF: 95 °C. 30s, 95 C.
38, 554 °C. 55, 40 ME . § 158 G HEAT 55~
95 CHlsfit thk 0 HT BN EUIALIET 3 IREY)2
FEEM 3 REAREL.
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Fig.1 RNA extracted from different tissues of V. fordii
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Fig. 3 Ct values of reference genes in different
tissues of N. fordii
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Table 2 Amplification efficiencies and correlation

coefficients of each reference gene

WS A TR 1% HERRH R
actin 90.1 0.997
B-tubulin 90.1 0.999
EF-la 97.0 0.998
ubiquitin 98.1 0.996
18S rRNA 90.6 0.998

34 NSEERIEE

FIH GeNorm R AFX) # A S HE K1) Q 34T 48
b, T EER N REREE (M Y
R RIAR e BEEW M/, RIEBRE.



° 1982 -

¥4

Chinese Traditional and Herbal Drugs

F4a3H B148 203E7H

BAFBRAANI M<15 I, iRAA R RE A SN, 4
iRl 5-A Pion, #AWSRNEGE K IOE

B-tubulin=EF-1a>ubiquitin>actin>18S rRNA,
' B-tubulin F1 EF-la M fH{&T 1.5.
NormFinder #1545 L FE W] (|8 5-B), B-tubulin

RIEEAE, BF-1a IR, 18S IRNA F&Ethi 2.  HEmW; LA 2RA 5 BArBERAHRUIR R e £k
ANF 7RG S R — 8. Bk, %A B-tubulin m¥”o%ﬁ,Eﬁ*ﬁWz%ﬂ%mmmﬁﬁﬂ
YERWNSIFEHTRIE qRT-PCR /T BIEF A FURLE— 040 i 40 M Bl s 40 DR 2 AR R A7
AR IISE R Q 122 52 S e, IR ke R, A
5 5 5
S 1200 % 1400 5\
5 A 5 1200 B 5800 C
e N TEE N e
> 400 389.875 Pyl N
= 65 70 75 80 85 90 95K 65 70 75 80 85 90 95 65 70 75 8 90 95
§ 1200 : § 1400
L PN A
ﬁi ggg ‘4396315 E% 288 409882
E 208 —_— \ g 200 _,_d—-j \
= 65 70 75 80 85 90 953 95
® &
g /C
A-actin  B-B-tubulin C-EF-la  D-ubiquitin E-18S rRNA
E4 HWSERAERRMZ
Fig. 4 Melting curves of reference genes
;g A i, 5 ANE A SRR A R Rk T+
s 23l JEVA — @ AR, X ATRES EAIT S 5 it
Ez 21 L R BT A 2 2 A7 5212, GeNorm 1 NormFinder
ES 45 5L % B-tubulin 7 5 AN LI PR b B PE AT
S REWE NS IR R KT, AEBE Y ERIA
. 18S rRNA | actin ‘ubliquitin EF-1a ‘ /\ﬁ?ﬂa?ﬁﬂzo 185 RNA r%}a%iéjﬂ#iﬁ
B-tublin eIz i T HARFE R mRNA 7K, 7E5E & PCR ¥
2T B I FATBRRELL, TEAWW%E$é%Iﬁ¢%
52”' IEIEFbRHEIL . Actin 7E/KFER A R FNA [ 2121
- wfeasE A, RAE R B I BJE 4
®o1of ANFAL PR AT« 12 25 A ubiquitin 1E 24 % H
= o5t (I S E R 2, ﬁﬁﬁ%%ETUﬁAm¢m%
C - - - S, HHAE RS AR A 5 E M IEALF .
18SrRNA actin ubliquitin EF-la  B-tublin

g

H

>N

[ £ »

BHACR A 23 R AT BU R A
AL SR h B RERIE, MR T AL A ) e
KA, YEFRF A LA (R 2l fE
LS 2 A R AERIE, ANZATATANEANTA A

— e

 IEAERTA A

HEA

A-GeNorm #f B-NormFinder {4

5 ASERBRIERE
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