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Selection of Reference Genes for Real-time Quantitative PCR

ZHAO Wen-Jing XU Jie BAO Qiu-Hua CHEN Yong-Fu ZHANG He-Ping*

(Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education, Inner Mongolia Agricultural University,
Huhhot, Inner Mongolia 010018, China)

Abstract: Real-time quantitative PCR is a commonly used method to analyse the gene expression pro-
file, it is important to select an appropriate reference gene for normalization of experimental data when
using this method. In our study, we used two statistical methods to evaluate the gene expression stabili-
ties of five reference genes (/dh, recA, rpoB, gapdh and 16S rRNA) under the different growth phases of
Lactobacillus helveticus H9. The results showed that the best reference gene was Idh which was the
most stable gene would be used for normalization of real-time quantitative PCR experiments data.

Keywords: Real-time quantitative PCR, Reference genes, GeNorm, NormFinder
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FLIR W5 T A M2 F 8 A LR — 2R 0
EA . S R Y B M AN R A SR FLRR AR N
KRz W T34 Tl . ACE # i ik —2&
A ACE & TR IRZE Y B, I SE kAT A5 i 48
SRR ILEE ACE 454, M 2 ik a4
EAER NN R R, ERZRIFLIRE T, 3l
FF B HL A 00 1 26 K B 1B, e R e AR rhT
DU H &0 E A KR ERAFLE A7 E ACE
ik

FLIR T 0 2R UK R G R BALHE 3 A
200 Y W T AH G 1% R 1 KA TR R K R R IR
Z 5 S AN F B IR 15 R G B A, TR
PN Z2 b IR A4 4 TR K D B/ INR IR 8 6 TR .
TIRRIMREE KRG T RS ACE i ik
FEAE ARG, FRATI I T S22 5E 7 PCR HOR
WF X SO Y B R TR 1 O, T e — >l 19
N2 L R T H A JE P BSOS R IE AR O, AR
IS X% Lactobacillus helveticus H9 TF & et #2rp 5 Fi
i 198 N2 3L A i R B PEFEAT PEAY, J8 5T geNorm
Fl NormFinder 2 FVFEIF 7 ik X 806 2647 704, LA
VB —Fh 5 3 1 N 2 R ] T AR IS 225 E i
PCR {56 #c 4 .

1 HRETHE

1.1 EHKIR
i+ FLFF B Lactobacillus helveticus HY 435 H

PUGRRRIE 0, e 9 St ol R 2 3Lk AR B B
55 T RE SR 0 EE i S50 2 P DR

1.2 FiE5EMAE

FMEEEFP T MRS i 5L, 37°C #55% 16-18 h,
WA . WAL B RR DL 5 x 100 R T
1% K B AR FLH K B 48 h, 78K FE RS ] A fi]
FUBURE
1.3 RNA #2EUK cDNA &5

TR AE A [] A A I 3 7 R AR it 285 0 Wi B
BRAR, TRV M5 T -80°C RAT o AR AT I B IR UL T
ZWAME )G, FIHFEEDE RNAiso™ Plus i
7R B HURE il S RNA, 17 J5 F DNasel A3 2 ¥k LAV
Bk RNA FEASHIY) DNA 53¢, RNA ¥R JERH
Nanodrop ND-1000 il &2, RNA [ 5¢3 MHad 1%
TR W v, DR AGE I

FIFH PrimeScript™ RT 25 287 & (TaKaRa
Biotechnology, Japan)#E 174 & 19 I % 5%, 15 2 )
cDNA FEARF-20°C 117, T2 ERE PCR,
BesERCNAR R Ky 5 x PrimeScript'™ Buffer 2 uL;
PrimeScript'™ RT Enzyme Mix I 0.5 pL; Oligo dT
Primer (5 x 107> mol/L) 0.5 pL; Random 6 mers
(1 x 10* mol/L) 0.5 pL; RNA #ifg (3 x 1072 g/L)
6.5 uL, BARZR N 10 pLo R #4&BWF: 37°C
15 min, 85°C 5 s,
14 BEREERZESSIMRIT

W 5 FORRIZhRE R B NS recd .
rpoB. ldh. gapdh 1 16S rRNAU ' {&#li NCBI
o2 8 E - FLAT B Lactobacillus  helveticus
DPC4571 FHE K 2 AR R HE R P37, {§1 Primer 5
B, W BRI AR BRA F S L,
JIMEEER 1,

R1 HIAFERRERSERNSIMFT

Table 1 The Primers of candidate reference genes of Lactobacillus helveticus H9

e B[N 4 PR

Gene symbol Gene name

B FF(5'—3")

Primers sequences

Pl

Accession Numbers

16S rRNA 16S ribosomal RNA
recA Recombinase A
Glyceraldehyde-3-phosphate
el dehydrogenase
1DOB DNA-directed RNA polymerase
P subunit beta
ldh L-lactate dehydrogenase

GCTCGTGTCGTGAGATGTT,

TGTAGCCCAGGTCATAAGG L 01
TAATGAGTCAGGCTTTGCG, v 0713
GCACGACCACCTGGAGTAG v
CGTCGTATTATGGATTTAGG, T (7
GAGCTTGTGACTTAGCCTTG v
GCTATGGGTATCGGCTCTGA, Ihv 0302
CAACTGGTGCCAAGTCGTAA v
TTGGTGACGCAATGGACT, T
AGTTTCGCCAGGCTTTCT v
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1.5 EFE= PCR

K H] TaKaRa 23 f) SYBR Green 1 %% 7E &
PCR X7 &1 ABI /AR StepOne™ 7% ¢ & i
PCR X479t E# PCR M. PCR S {AZ
T:2 x SYBR Premix Ex Tag 10 uL; cDNA template
1 uL (0.1 g/L); 514 (1 x 107 mol/L) 0.4 pL; JCfif
7K 8.2 uL, PCR ¥ 3G 5/ 4NF: 95°C 30's; 95°C 10 s,
59°C 30 s, 72°C 30s, FEAEAHEY BRI 2 G os B, 1k
A5, 40 MEFF; 72°C 10 s, FAMRITZE: LS
M 70°C F] 95°C, 4FBF 0.5°C 458 1 s kil 1 P
5 BEE A
1.6 HUESD

FR A bR o i 2ok 2 6 2 & PCR AR 21 Ct i
AL AT 2 B, FH geNorm 2743 HrJE 1A 1)
FihfaENM:, RIBA ] NormFinder 2 FF 1% H ffa &
LR, 45 G0 Gl N S R ] T 5 2
I H i SE AL IE

2 GR5WR®R

2.1 RNA WR=EITE

TEFE A0 HrH, RNA Y 2R Ay A
. FrEU% RNA £ Nanodrop ND-1000 484035
JEEE VTR VR B A A, BT 5 1 OD,6o/ ODago 1)
FEABTE 2.0 2247, BB WHEE I F Uk b /s RV I 1) 23S
1 16S WAL &7, 5S WAL S5 1M, 1A RNA F&fif
FREER /N r R U 5232 (1Y) RNA JH] DNase I 40 )5,
W PCR KR, 255 W78 RNA K4 H ) DNA
5 Y AT BR, BT LU T 5 Sk 0 B Sk B S B
JEH PCR,
22 S ENERGFRMN

AR 3 B B R R cDNA FEARAE A AR iE
17 PCR ¥ J5 & A WS H W bR ih £, 155
SIS EOLSR 20 WERPITLIESR 5 NS
B LR PR 55 R A (RD AL IE B 0.993-1.000.
[ iR E = (10775190 — 1) x 100 152 i 15 2] iy 3 14
BURN 96.8%—119.4%, FF4 o PCR Xt
P HIHOR I EEK

JTHRUE S RS IEH G PR, ¥ A
B2 2%0 B REMEE I FL VK IR T AR, 25 2R R B
FRE1 D255 WU KNG F B, WA LS —
RAK, ULEAS YRR SRR (B 1) [RIEHL T fF
5T S A INS IR IE RN, Wk B — (55
W, PLIAAT 5 1) — AR RN R S A T AR (B 2).

®2 HTIAMEASEEMTESY

Table 2 The parameters derived from real-time quantitative
PCR analysis of the candidate reference genes of L. helveticus H9

¥ Y ¥ R 25l 322
% #iaﬁfg §+%§ *ﬁ%%ﬁ T}Li‘a)&}:
Geve il Amplicon length Slope Correlation PCR efficiency

(bp) (R) (%)
16S rRNA 159 -3.27 —0.995 102.2
recA 133 —-3.02 —0.999 114.4
gapdh 286 —3.35 —1.000 98.8
rpoB 235 —2.93 —0.999 119.4
ldh 137 -3.40 —0.993 96.8

bp M 1 2 3 4 5

1 48R BE HE B A FR ik
Fig. 1 Agarose gel electrophoresis of PCR products
Note: M: Marker; 1: Idh; 2: gapdh; 3: recA; 4: rpoB; 5:16S rRNA.

23 HSEAWREMEITEM

5k PN 2 3 X 4 R P 3 i geNorml! R
58T, geNorm e TR AR M
XA ) R AR E ME AT HE Y, JF HoaE bR E A
FBEXS 22 50T Vi + 1 RHE TR NS B e
EECH . FER AR IBEEM M), RS M
M. B 3 AT LIS BN S AR N B Rk AR e EHES
Wi Idh (0.390) > gapdh (0.411) > 16S rRNA
(0.415) > recA (0.567) > rpoB (0.603) , FWIEIELH 5
MERIEET M AEES/NTRT IrfErEE 1.5, Hr
ka2 LR 2 Idh, W LIAE N real-time qPCR 43 #7
NS

eI Rk A, AR — N S 3
BAEATF AR EER, HILFREE 2 ek 2 AL E
(9 P 2 55 R0 B 25 DR A7 A O Do 2 R 15 22
MTTTAS E N AR 258 . geNorm F2JF 04T TINS:
FERTCR 22 508 Vi + 1, SR BRITA I Vi +
{EAR/N TR et 0.15(18 4), TmH v2/3 6N
0.085, VLI MMALE 3 ANIFMIITRIE, HAiE
NS RECH E 24, 5 RFRIBENTRER ldh
1 gapdh.
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Fig. 2 Melting curves generated for five reference genes

Note: A: Idh; B: gapdh; C: recA; D: rpoB; E: 16S rRNA.
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Fig. 3 Expression stability values of the reference genes
calculated by geNorm
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2004 4 Andersen A& W) —FhPFH B R FR IR R e 1
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JiR, Hd i R e ERUE Idh, XANZ5 3 5T
geNorm &7/ T i 5 B 1 25 55— 2, Uil ldh 3£ A
SEAE TR GRS S5 1 T FRA TR A
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Fig. 4 Determination of the optimum number of reference

genes for normalization by geNorm

%3 NormFinder RSN EASEENRIAREE

Table 3 Expression stability values of the reference genes
calculated by NormFinder

HEPA Fa g (5 it 22
Gene symbol Stability value standard deviation
rpoB 0.365 0.125
recA 0.328 0.115
Idh 0.095 0.094
gapdh 0.178 0.087
16S rRNA 0.150 0.085

3 4y

ST S E F PCRJ& 41T Sk P 63k 1) —F g 2
J7 i, T AR AR X R AR 5% Hp e B A 18 0 P S 3
PR IE AR R o v T PP N S 5L e
5 A 2R, Bl qBasePlus! k{4, REST!'Y
M| BestKeeper! {5 . A K H] geNorm Fl
NormFinder T2 XT L. helveticus H9 5 FifiE 1k N
SIEHTE 6 S[R3 TR R e PR A T
#r, HE—MEENNSERTATRESLIAER., A
geNorm BPFFERF M5 2 fefe L N Idh, T
BEMNSENBHE 2 4, MRFEREN ldh
M gapdh; it NormFinder S FeE A8 8 5 M
FasE FRIKMR Idh, T LASS & PR 7 B 300 T &
H 1dh 150 852 R TR 0E S 28 2 40 H
(LR ek o
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