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Reference gene selection for real-time quantitative PCR
normalization in enterotoxigenic Escherichia coli exposed to
baicalin-aluminum complexes

MENG Qingyan YIN Ronghua YE Chun” QIU Yinsheng
School of Animal Science and Nutritional Engineering, Wuhan Polytechnic University, Wuhan, Hubei 430023, China

Abstract: [Background] Diarrhea due to enterotoxigenic Escherichia coli (ETEC) is one of the most
frequent diseases in piglets. Baicalin-aluminum has a good therapeutic effect on ETEC-induced intestinal
injury in piglets, but the mechanism of action remains to be clarified. [Objective] Screening out the most
stable internal reference genes in ETEC under the stress of baicalin-aluminum is the basis for studying the
effect of baicalin-aluminum on the expression of ETEC target genes. [Methods] In this study, 12 internal
reference genes 16S rRNA, mdh, recA, gapA, gyrA, gyrB, rpoA, rpoB, mdoG, dnaG, secA and fusA were
determined at different concentrations (250, 500 and 1 000 pg/mL) baicalin-aluminum using gPCR
technology. The expression level after different culture time (4.5 h and 6 h) under baicalin-aluminum
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stress. Four methods including comparative C; value method, geNorm, BestKeeper and NormFinder
software were used to evaluate the stability of the expression of 12 candidate internal reference genes.
[Results] The results show that rpoA expression is moderately abundant and the most stable expression
among multiple analysis methods. [Conclusion] It was determined that rpoA is the best internal reference
gene for ETEC gPCR. This study laid the foundation for the subsequent use of qPCR to study the
expression of target gene function after baicalin-aluminum stress ETEC.

Keywords: enterotoxigenic Escherichia coli, baicalin-aluminum complexes, reference genes, real-time

quantitative PCR
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DR AT IR 9T A R v 5 SRR T A TR AT A
IR, AR AR, I, dE—2
WREE X ETEC fERMLE A HE AR
RS N A

T SR SN E R 2R A i % 2 ) (Real-Time
Fluorescence Quantitative PCR, RT-qPCR), H[l%¢
JEE & PCR, J2WF5E A& Az W) B[R e 3K 1) E 5y
Bi, WOrERAEENEMR . i ER RSN PR
il A . () QPCR P MEA T HE R 2 IR 10 5 14y
BT I 20036 B 63 1) P9 23 B DR SRy 2 BRI 0 L At B
DR R 7 5 A0,

R I, WSIEFE MR EE M, A
[FIZHZL . A i B 7E AN [R] A S 30 2 A T RIBAAAE
2B BRI I SEI AR, O e Rk
()N 2 5L KD T B9 B A i R (%) o i R 0k I
SRR EEL . RATBH W B-actin
GAPDH J&[AH 7E B AZ A Wb A N S 5L R T T
SEREFA T, BRI, AE KT R R gk
B R E RSN, g g piEE 2
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TEPIR T -BR IR AT T KIGHFF I 026 rh ik fcfa
SERIERR rrsAL R AR IG5 4 R T 5 2
ARET A R T 12 AN N S TR A
SPEGIY, FIH gPCR HR, il A Co MRk .
geNorm. NormFinder il BestKeeper iX 4 Fi 771k
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Jo A N S SR AR e S L, IR AR e
NS, DI BFR ST Ma T ETEC
FASC H 3L B 23k RARVT S 14 e ETEC
(1 AL ] 4 A i AR A0

1 MBS

DYCZ-24DN B IKAYL, dbmis—ARHA
PR F] ; NanoDrop2000 # 3 & 4 Y66 B i1, Thermo
swl; KiE GIS BEREMGAL IR G, EilgREERH
HA B/ H 3 T-100 PCR 1Y, Bio-Rad 22 #]; 7500
Real Time PCR System #¢ ) 5E it PCR 1%, Applied
Biosystems /Al .
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/3H]; RNAIso Plus, PrimeScript RT Reagent Kit #/1
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M—80 °C VKAH rhHUH URAF I W 5 R K #T
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R A0 05, WA RS S R b Y B I
FiF 10 mL LB EF W7, 37 °C. 1500%g k7%
IR, B 1 mL AR RS 200 %5 /5 FEEE 4 he
PIWE G ODegoo 47 0.5 A, 5 1 4% T Vi Mk
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1.3 RNA $2H1#1 cDNA &5

SHMFAET, AHFSE IR 12 SN P
frofdk, Hh 16S rRNA. mdh. recA. gapA. rpoB
SEE AR E Z LA, 1 gyrA. gyrB. rpoA.
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FEIR] i i 1 F R

secA Fll fusA Zidd KIGHF % sk 21
g (Reads Per Kilobase per Million
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Table1 Summary table of E. coli candidate reference genes primer sequences

JZ,

BT PBS HE PR 2-3 )5 3 500%xg &0
5 min ARAFMEUIRES , Fl RNAiso Plus 2B
RNA. 1.5 ug i) RNA (1.5/c, ¢ & RNA fiill & i
— K 600 pg/uL)5 7.5 puL Mix 1 (gDNA
Eraser 1.5 uL, 5xgDNA Eraser Buffer 3 uL, Water

A NCBI J7315 FEDA ik 519751 PIGR
Gene Accession No. Gene description Primers sequence (5'—3’) Product size (bp)
16S rRNA 948466 16S Ribosomal RNA F: CTGGAACTGAGACACGGTCC 188
R: GGTGCTTCTTCTGCGGGTAA
mdh 947854 Malate dehydrogenase F: GTCACAGGTTCCTGGCGTTA 162
R: CGAACCAGAGACAGACCAA
recA 947170 Recombinase A F: GCGCGAAGGTAAAACCTGTG 168
R: AACGTCTACTGCGCCAGAAC
gapA 947679 D-glyceraldehyde-3-phosphate F: AATACCCAACCAAGTCGCGT 115
dehydrogenase (GAPDH) R: GAGTACGTACCAGCGTACCG
gyrA 946614 DNA gyrase subunit A F: AATACCCAACCAAGTCGCGT 144
R: GAGTACGTACCAGCGTACCG
gyrB 948211 DNA gyrase subunit B F: ACCTGTTCGAGCCGATTGTT 162
R: GCTCGCCACGTTCGATAAAC
rpoA 947794 DNA-directed RNA polymerase F: GCACCAAAGAAGGCGTTCAG 139
subunit alpha R: ATATCGGCTGCAGTCACAGG
rpoB 948488 DNA-directed RNA polymerase F: CGTGGTGGTGTCGTTCAGTA 155
subunit beta R: ACACACGGCATCTGGTTGAT
mdoG 945005 Glucan biosynthesis protein G F: GGGATGTGAAGCAGTCGAA 117
R: TATAGCGCACCGTGCTTTCA
dnaG 947570 DNA primase F: GATCTGATCGATGCCCGTGT 201
R: TTCGACCGTTTCGACGAACT
secA 944821 Protein translocase subunit SecA  F: CGGTAGTCGTAACGATCGCA 122
R: GCACGAAACTCTGCGGTTTT
fusA 947847 Elongation factor P F: CTGGCGGATAGTTTCACGGT 201
R: AAAATGGGTCTGGCTCTGGG
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Figure 1 Quality electrophoresis of total RNA

TE: A-D BN SR AT AR 1B RNA

Note: A to D is the total RNA of a random sample of E. coli
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IR/ B B, i ELBOA 305 [ — SRR
PP s, ULEHS IR SR, T IR
.

2.2 EEEE PCR o#f

¥ cDNA FEAKS B 22— W IS b AT
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2, HRGIMIMHESE(E 2). WK 2 halLIE
W, 12 M N S 3L R R 2 A 6 R E(R) B fae
Fil°h 0.9915-0.998 6, BoRn A IFRILRIERR, B
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Figure 2 Agarose gel electrophoresis of gPCR products of candidate reference genes
#: M: DL2000 DNA Marker; C: C83715, K: K88; 1-12 4343 /x 16S rRNA., mdh, recA, gapA. gyrA. gyrB. rpoA. rpoB.

mdoG. dnaG. secA Fil fusA iX 12 4MEE N2 LA

Note: M: DL2000 DNA Marker; C: C83715; K: K88; 1-12: 16S rRNA, mdh, recA, gapA, gyrA, gyrB, rpoA, rpoB, mdoG, dnaG, secA

and fusA

DKL P s i it 2 I Sk ) B — 15 S e (181 3), FRIR
UL S W0 e ST, NAETER 1) R Ak 25
b, ULHASEEEE R PCR N AR 551145
U, HARMRRSYE, ke R T 5
23 ZRIAASEREMRIEREED

ZEA MR L Cy 7L . geNorm,
NormFinder 1 BestKeeper #X {4 0Hrah 3, i

*2 RERSEERTBEUESH
Table 2 Parameters of candidate reference genes by

gPCR

575 EEES PR HRZAKR
Gene Slope Efficiency (%)

mdh -3.30 101 0.997 5
recA —-3.40 97 0.998 6
gapA —3.40 97 0.996 5
gyrA =358 90 0.995 3
gyrB —3.47 94 0.995 6
rpoA -3.37 98 0.996 5
rpoB -3.16 107 0.995 4
mdoG —-3.53 92 0.993 4
dnaG -3.40 97 0.997 6
secA -3.35 99 0.991 5
fusA -3.30 101 0.997 3

i 126 H RT R T R AT AR a8 R SR IR Rk i
) ETEC feili WZ 5L .
231 HASERBILLE CEEDT

BARIEN S I T CETE RS TR IE T
AR AR AT DU Wiz B kR e . B 4
12 M NS B R AE BRI AR A T 3RB7KF1
ARG, B R K T T bRid R 5L R ek 1
¥ CofH, KM F R R4 BoR5S 25 H o
NLENE 75 AL EUEN & . IRZERE BT P
PR e RAE A/ ME . B TFME T, 45 h
i5F, gapA il rpoA 1) CEZbIE /N BEHITE
FETFER A 4.5 h i gapA 1 rpoA K5 K i ik Fe
hFRE . AR T CUEZZfLYE R, 6 h Bk
Heha g B LR 2 rpoA Fll fusA; 4.5h A6 hix 24
FsJ 8] 55, 255 20 BT e A A 1R 5 R J2: rpoA il recA
232 HWESEREHM geNorm £ 47

Had geNorm KR PEAL T B AR A R
ETEC AN [a) A= 1 i A 45 5k P S 8 R 1 R ik R
PR, i M ERKHERR R AR E R, e
B2 AN gh L 5, ZEEEAFRINA T, 45h
IF 451 196 PN 2 KL DR 7E K88 il C83715 T bk 2 ik e
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Figure 3 Melting curves of candidate internal control gene

. A-L 20548 16S rRNA. mdh. recA. gapA. gyrA. gyrB. rpoA. rpoB. mdoG. dnaG. secA # fusA (1<
Note: A to L refers to the dissolving curves of 16S rRNA, mdh, recA, gapA, gyrA, gyrB, rpoA, rpoB, mdoG, dnaG, secA and fusA

FasE LR & gapA Fl rpoA (K 5A); 6 h Fikhcka
SE R FEE 2 rpoA il fusA (8] 5B); 4.5 h i1 6 h Fik
e sE B LR & recA F rpoA (& 5C).

H— [N S B TE AL B Y2 ) 35850 B
FRE G A iR 22 DR T A 2 ek 2 SR
RN ST, DUBA PR SC 56 25 T 0 E

PERY FI T geNorm B389 2 5 B 1 i vf 24 5
V(I SRF A 0.15 47 Hed (] 6), 7 45 h
fF, V23=0.086<0.15, FHITLAT|I LS 3 PHEH
TTREIE, fdE NS FEEEECH 2 4~: rpoA Fil fusA;

TE 6 hif, V,3=0.108<0.15, FHLMAALE 34
FEHEPHTIOE, A IE NS EECH 2 1> gapA

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1166 (DGR ESTE(

Microbiol. China

25+

[
(=
T
|
[

C, values
7
T

5r
¥ »»'wb'wae

I
F LSS \f"

C, values
—
wn
.

a@(’ S

51I
S bh% > 9
S OF FFE &
&
N

»@&@& EK)

i\ \Q bo b"o & \\}“5

sL =+ .
&%‘?’\«\&N w&

=)

NS

4 BEEZHHEMET ETECIRIZENSERE C{ESHE
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BN EHEEE N 34~ : gyrA. recA F rpoA.
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Figure 5 Stability of candidate reference genes analyzed
by geNorm

Note: A:4.5h;B:6h;C:45hand6h

45 h i, 16S rRNA Fil gapA 1Y S flif/)N, =Rk
A E LA 6 h FiKmEfE rEE A rpoA 1
fusA; 2 B ] S 25 G R e fe o I L2 rpoA
F1 16S rRNA.
2.3.4 MSEER BestKeeper 74
BestKeeper {44 R LZk 3, 4.5 h i,
mdh F1 16S rRNA B2 Rk ffa 5L ; 6 h 3k
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Figure 6 Determination of the optional number of
control genes for normalization (geNorm)

TE: HORIE R AURBC S (6. A: 45h; B: 6h; C:
45h#16h

Note: The value of the abscissa indicates the number of reference
genes. A:45h;B:6h;C:45hand6h

S FA T LD & 16S rRNA FI fusA; 2 ANHJJa] i
ZEAER R ERFEA L 16S rRNA Fl rpoA.
RefFinder Z&& M4 R an# 3 Frs.

3 WikEH®
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I, AR AS R P00 2544 . R4 5 H ok

AR NS SR, BRI 16S rRNA LK 7E
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R S A E B Tz MR A 2 e R P A
IR qPCR H AR il i ek Cy fE 75 i geNorm |
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MRNA [ 22 53 F&E 0, 6 H RefFinder XA
TTEMITEREHES o LI ColEIE S fefe s i 2
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recA Fll rpoA e e M =5 - NormFinder #4434
RS MR =y I P S 3L K2 rpoA 1 16S rRNA,
BestKeeper #4317 e i P e ey i N S (KLU 16S
rRNA Fil rpoA. RefFinder Zi& Mk M=Ky
WS K2 recA il rpoA. SEER IR /R 16S rRNA
FER CETE 6-7 ZI], Ty 2 i H 3L A
i) CofEAE 15-20 Z[A], K] 16S rRNA JLH )R
TR KV A2 g T 1 1 H Y S B o AFAT TR
()t i 2L 5 LA K B R ) 2R IR K- ok
4 R 240 H L 1 Rk K 43R T rpoA Fil
recA, T rpoA BRI FRIAFEE T, HiEHT
YRR AT NS BRI B LR AR5 . rpoA
i RNA REN o I, 17 RNA REH=5
fitfk DNA 5535 RNA [LE9d 2l whoe ]
rPOA  J5k DRI 7 TP A7 R 1R 0 25 g 257 it 7 1 S A
WGPy R kR E PP,

BTN qPCR HARZE A 4 Fpiy NS 5L A
FOEPER MO AR A T ETEC 12 MK
e SR R IR e ST T, B T
rpoA 1A B AT 4R il N ETEC SEA & i PCR 1Y
AENSIEE, HEZA ] qPCR A58 84114
8 ETEC J& H BN HREA RIS T SEA;
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Table 3 Stability of candidate reference genes analyzed by different analysis methods

Time Rank Comparative AC; BestKeeper NormFinder geNorm RefFinder
Average of std dev Stability Value Average Expression Geomean of ranking
STDEV [+/— CP] (SV) Stability (M) values
Gene Value  Gene Value  Gene Value  Gene Value  Gene Value
45h 1 gapA 0.471 mdh 0.198 16SrRNA  0.177 gapA/rpoA 0.196 gapA 1.934
2 rpoA 0.476 16SrRNA 0.298  gapA 0.205  gyrA 0.248 16SrRNA  2.546
3 16SrRNA  0.488 secA 0.38 fusA 0.244 recA 0.292 rpoA 2.913
4 gyrA 0.496 dnaG 0.46 rpoA 0.246 mdoG 0.316 gyrA 4.356
5 fusA 0.508 fusA 0.47 gyrA 0.269 rpoB 0.336 fusA 4.949
6 recA 0.553  gyrA 0.521 recA 0.386 16S rRNA 0.378 mdh 5.623
7 mdoG 0.566 gapA 0.531 mdoG 0.405 fusA 0.4 recA 6.16
8 secA 0.635  gyrB 0.559  secA 0.494  secA 0.458  secA 6.447
9 rpoB 0.65 rpoA 0.563 rpoB 0.553 mdh 0.515 mdoG 7.205
10 mdh 0.743 recA 0.618 mdh 0.625  dnaG 0.558  dnaG 8.73
11 dnaG 0.769 mdoG 0.678 gyrB 0.66 gyrB 0.594 rpoB 8.739
12 gyrB 0.776  rpoB 0.75 dnaG 0.681 / / gyrB 10.61
6h 1 rpoA 0.463 16SrRNA 0.2 rpoA 0.153 rpoA/fusA 0.229 rpoA 1.414
2 fusA 0.468 fusA 0.229 fusA 0.184 mdoG 0.305 fusA 1.682
3 secA 0.476 rpoB 0.258  secA 0.239 recA 0.339 16SrRNA  3.761
4 mdoG 0.495 rpoA 0.283 mdoG 0.241 secA 0.36 mdoG 4.12
5 16SrRNA 0.518  dnaG 0.292 16SrRNA 0.298  gapA 0.372  secA 4.213
6 recA 0.528 mdoG 0.294 recA 0.32 gyrA 0.386 recA 5.826
7 gapA 0.539  secA 0.386  gapA 0.354  16S rRNA 0.398  gapA 7.172
8 gyrA 0.548 recA 0.428 gyrA 0.386 dnaG 0.429 rpoB 7.401
9 dnaG 0.625 gapA 0.471 dnaG 0.472 rpoB 0.463 dnaG 7.77
10 rpoB 0.631 gyrA 0.507 rpoB 0.483 gyrB 0.521 gyrA 8.818
11 gyrB 0.838 mdh 0.531 gyrB 0.764 mdh 0.587 gyrB 11.242
12 mdh 0.917  gyrB 0.697 mdh 0.862 / / mdh 11.742
Total 1 rpoA 0.733 16SrRNA  0.251 rpoA 0.156 recA/rpoA 0.313 rpoA 1.189
2 recA 0.771 rpoA 0.437 16SrRNA 0.21 gyrA 0.454 recA 2.213
3 gyrA 0.774 dnaG 0.546 recA 0.282 gapA 0.48 16SrRNA  2.828
4 16SrRNA  0.795 recA 0.55 gyrA 0.44 mdoG 0.499  gyrA 3.663
5 gapA 0.828 gyrA 0.625 gapA 0.579 rpoB 0.525 gapA 5.368
6 mdoG 0.869 gyrB 0.653 dnaG 0.606 secA 0.566 dnaG 6
7 rpoB 0.916 fusA 0.699 mdoG 0.642 16S rRNA 0.6 mdoG 6.933
8 dnaG 0.918  gapA 0.738 rpoB 0.657  dnaG 0.629 rpoB 7.614
9 secA 0.918 secA 0.749 gyrB 0.666 gyrB 0.671 gyrB 8.572
10 gyrB 0.979 rpoB 0.769 secA 0.699  fusA 0.776 secA 8.678
11 fusA 1.225  mdoG 0.814  fusA 0.984  mdh 0.974  fusA 9.825
12 mdh 1.965 mdh 1.421 mdh 1.914 / / mdh 12
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