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K qPCR BiA , KB4 #RLA 16S rRNA fE NS
BLDH TP 2R IR 0 5 03 A 22 B SR sl ) 5 A
Wy % G W N S R AR TR 4/, G R A A G
DAl B TR AR QS 5T PN 2 Ak P B 28 Dy T A F 5
C{FQIERN

AR SCULZE AR B TR PF-08 Ay i 4w ba ik | AR
It SR A H R AT D BE AT e 4 R R 8 i
NS (dsbA carA rpsL .gyrB .atpD .rpoD) gl-
tA 16S rRNA), it qPCR #FFE A QS 1554
THFR MR N SR R KF- A geNorm!™ |
Normfinder"™ BestKeeper#1 RefFinder™ 3 #ixX 8
AN N 2 R R KR TR e R, NN 26 ) 5 3
BN S, IR qPCR B AR I 580 i
TR QS AH G A B Jk K 3k S HERL #4040 5 o
B MRATE QS Jr T Y A E ST iR IR 2 2%

1 MRE5FE
1.1 EHREIKF

PG IR PF-08 (A W R 322 6 v 4
4l ) PR T AR B R S TR AR B

C,—HSL C¢—HSL . Cs—HSL . C},y—HSL . C,,—HSL |
C,—HSL, £ [H Sigma A W ;LB W, F & & F
T A )RR A BN W) 5 [ AR 3R 18 RNase ¥ BR 7 |
EZ-10 & RNA /) i # B 57 & . RNase —Free
DNA iR & . Taq PCR BURM (2X, & 4%
#l) DNA Marker 4S Green #% R 4% (0.5 Bl IEHE
A AR AR (1) e dn A7 BRZS 7 5 PrimeScript™
RT reagent Kit (Perfect Real Time) {7 & \TB
Green® Premix Ex Tag™ IiAHK &, E4EY T
(RIE)HRAA,

12 NE5iEF

Imark FFRIY . GelDoc XR+4: B 3l 5 ke 1 1%
%, F2H Bio—Rad /A Al ;Legend Micro21R 53X
f¥ 5 B0 Ml NanoDrop One #8 {5t 45 4k — 7] UL 43
J6IEEE T  Applied Biosyetems StepOne Plus %% )
£ PCR X, %[ Thermo 23 7 ;Eppendorf 5331
B PCR Y, #2 [ Eppendorf /A 7 .
1.3 Ak
1.3.1 BB IR 2 AR AHLs A6 B id i Ak
Jei 5 S A B T PF—08 4% IR R L 1:100 9 L
B3R T 10 mL %4 2 weg/mL AJRZER (C,~HSL,
Ce—HSL ,Cs-HSL . C~HSL . C,—HSL, C1,~HSL) #} i
BS54 FH LB AEH, PLRBIAMNE AHLs )
LB A 7 4 % R 28 °C 160 r/min $ K 1 9% &
ODsosun B 1 2247,
1.3.2 & RNA 205 cDNA &A% B 1.3.1 951
7T ABRAEA ] EZ-10 2 RNA /) 48 Bt 54
& & RNase-Free DNA ¥ b5 i 71 & 42 HUEL RNA;
T B 1k RNA BEfR, 55 7R AR PR T PR B4
A 7 [ AH 2 11 RNase 15 B 7 5B ¥ 1 T/E#®
Bi . $EEUM B RNA £ 5 8 ik & 40 6 0% B 1T
1.0 35 JE A U6E S P DK IBE 5 Aar i - 4 Ay G 440 B T e
JERA AR, LIRS A% 19 5 RNA SR, i
PrimeSeriptT™M  RT (Perfect Real
Time ) if 57 &5 M cDNA
1.3.3 ik )N 23k PR B £ A5 | 150 T B4 53 M 4G
DU AR SCHRAEE B 8 AN UL 1 4 R DR A fi i
N S (# 1):dsbA .carA rpsL .gyrB .atpD .
poD gltA \16S rRNA . B8 2 1EfKAE PR
R CHEE A HER G R EIRL,

reagent Kit

®1 BEMBRENSER

Table 1 Selected candidate reference genes
A A AR AR %5 12 g &4 0 242 bp it BA Kk Elbp A F Xk
dsbA WP_032862653.1 81 560~82 195+ BB & A 635 [21]
carA WP_017478562.1 847 393~848 442+ LR R N AN 1 049 [22]
rpsL WP_002555494.1 5368 088~5 368 459 308 AR & G S12 371 [21]
orB  WP_029290197.1 3793~6 210" DNA ®#% 8 T & B 2417 [21], [23]-[26]
aipD WP_015886645.1 6014 483~6 015 859~ F-ATP B 2% 3 1376 [22]
rpoD WP_003211014.1 5442 953~5 444 803* RNA &8 o BT 1 850 [21], [24]-]26]
gltA WP_003222994.1 1 840 653~1 841 942~ 1T A A A5 B B ik, Bl 1289 [24]
168 rRNA CP032618.1 — 168 #2454 RNA 1479 211, [22], [26]

TE AR SE , B2 6 ; < AR BUBE , R AR Bk
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R AT 30 2 DR 20 0 45 S (GenBank & 55 .
CP032618) 13K 15 fok ¥k N = 3 K 19 )7 1), 3k T

qPCR I X 5| 4 45 52 PR 1 ZE R 11X 8 NN S
R B UG (3R 2) , i LI AE T AR A

x2 REMBRENSERNSIWET
Table 2 Primer sequences for selected candidate reference genes
KR & AR 3149 /5] 5°=3" (Forward/Reverse ) sl K E/bp  GC & Z/% T™/°C 7= K JE bp
dsbA GGGCGTGGACAAGGACAAGTTC 22 59.1 61.5 129
TTGCCGTTGACGATCAGGGTTG 22 54.5 60.6
carA TACCGATCCTTCCTACGCCCAAC 23 56.5 61.3 137
CAACCAGTGGCAGGTCACGAATC 23 56.5 61.2
rpsL AACCTAACTCGGCACTGCGTAAAG 24 50.0 59.6 116
GATCAGTACCACGCTGTGCTCTTG 24 54.2 60.4
gyrB TGCGGTCAACCAGGTGTTCC 20 60.0 61.1 271
CGAGATAATCGCGGTCAGG 19 57.9 55.8
aipD GCATTCACCGTCCAGCACCTTC 22 59.1 61.8 121
AACAGACCGACTTTACCGCCTTTG 24 50.0 59.8
rpoD CGAACTTGCGTCTGGTGATCTCC 23 56.5 60.6 94
ATCAAGCCGATGTTGCCTTCCTG 23 52.2 60.3
gltA CCATGCCGACCACGAACAGAAC 22 59.1 61.7 85
GGCGATACAGGCGAACGGATTG 22 59.1 61.5
16S rRNA GTAGTCCACGCCGTAAACGA 20 55.0 58.7 234
CCGAAGGCACCAATCTATCTC 21 524 58.9

PA1.3.2 TR cDNA AR, 5190 W3 2,
XF ik 8 A e A 2 AR K R AT PCR &7 19, 4G I H: Ay
Sk, RV R R R P2 08 Taq PCR BRI (2X,
FLLYRL) T, il i 2.0% Bl Ml I R
VKA 934 5 0977, W& BRI TEIX 7 M FEA
45 RN ES SR —2, LR EA 0™
A,
1.3.4 qPCR 7+ #7 i TB Green® Premix Ex
Tag™ i & #AT qPCR S0, AT E 3
W, IFBEE 25 11X B NTC (K B K fREF cDNA fE
B o 10 WL SRR < 1 uL B (cDNA 5K T
K), 45 0.4 uL 9 E RS54 (10 wmol/L) ,5 pL
TB Green Premix Ex Tag Il (Tli RNaseH Plus),
0.2 pL. ROX Reference Dye (#21EFLI[R] ;=4 () %¢
HAFZR2E),3 ul KK, RN TS 3 it
T, A & PR PR PCR S (R IR EE 60 °CL,40
AN ER ) I Ak ot £, R IR I ) 2 AR &
AR b
1.4 BiESH

StepOne™ Software v2.3 ¥4 H 315 th £ F
AW Ct {8, FH geNorm Normfinder BestKeeper

3 4~ # ¥ F RefFinder M %5 (http://blooge.cn/
RefFinder/ ) X} 504 47 70 07, PEAG 8 it N S
FEPH B RINFRENE . geNorm /& Vandesompele 5"
JE T Microsoft Excel 45 ) — > Visual Basic /i
FAFERF (VBA), i DL 45 5 2H 4Uvh 3R b e ko e
NS EE IR TR T SR I — A R
e /D FEPRECRD N 2 3L T A4 . NormFinder ##
AR T 5L P R M BCA AR | A (L RE A
THe Ik B DR 0 R A Ak, i ELRBAG TR AR 4 22 (]
MAARS 5 EIRPIA R ORI BR T LA N S 0
(A ] 19 F2 %2 M |, BestKeeper #2738 7] L [A] B9 Lt %
H A EE I B R IRK P, — IR Z HE2 B 100 >
A 10 AN SRR AT 10 4> B B3 I ZRIA 7K,
RefFinder P 5 52 1 1 DL b 3 AN F4F 19 B3 A ik
B delta—Ct J7 2295k X e 16 A 2 ik A 114 3 TR £ 8
PEHEAT HE R,

2 HR5HR
2.1 X RNA RE®N

7 /I\*iz"tzé\ RNA E"ngﬂ] 2EEE (AZGOnn/AZSOmH
5 A soud A ionn) T8 33 B R 20 GG BETHAS N, 25
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DL 3, MRl cDNA (95 M4 & RNA [ 2 ik
JEARREMRT 77.0 ng/pL, # 3 hTAMEA G RNA
P JOT A Mk B AR A R, B IR 462.3 ng/pl, =
H°M 1240.2 ng/uwL, RNA 43575 (8 A 1Y A s
Ao A o 7 BRE TR BT KB
B W AT BT AT REAS S RNA B A sggund A o FEAE 1Y
TE 2.1~2.2 Z 8] & A KT 2.0, %78 RNA KA 3%
HEA B R TG BRI T4l RNA 1)
FEAl 2.0 H3A # It 2.2, %8 RNA B 178 FE fift
EFEEE ARG, A M RNA 8 A sgudA som KT
2.0, Ut R AR I SZ oK AL G 1 IR 4575 % L RNA
P e B R A L 1 AT LU 31, 1~7 VKB YA W 4%
W] e 5 M Y 4500 43 AR 3R 28S TRNA Al 18S
rRNA, H¥EAHEMIREENS, Ul E &
RNA FE R0 Ve P 458 e LA A R 8 A1
Z RO S RNA ¥ R A4F, AT F A AR eD-
NA,
22 S|y RMER

LL cDNA AR, 8 PCR &V FT 2.0%35%
JIR P PR TR G X 8 AN PN B 3K Y gPCR 514
W HAREFE, E 2 hal LIE Fx 8 ik
WZEE 1 PCR 779 K/ 5 FU — 2, H 44401

Wi — RTINS
B 193 BAT RAF AR Sk, i A2 gPCR KBRS
I ESR

bp M1 234567 M12345¢67

—————— T —————

(a)dsbA (b)carA

M1 234567

Lo

(e)atpD

(f)rpoD

1 234567

&3 SME AHLs 5 TRt R B MER
2 RNA FRE# N
Table 3 Quality detection of total RNA of Pseudomonas
Sfluorescens under the culture of exogenous AHLs

RNA & &

#‘T" B Z ﬁﬁ: /}f’g f/%/ng . “,L’l Zﬁ()nn/A 280nm A 260nm/A 230nm
CK 509.4 2.13 3.12
C4-HSL 692.9 2.17 2.87
C6—HSL 940.2 2.12 2.81
C8-HSL 462.3 2.11 3.41
C10-HSL 817.5 2.17 2.90
C12-HSL 745.8 2.17 3.00
C14-HSL 1240.2 2.15 2.80

1 2 3 4 5 6 7 M

¥ :1. CK; 2. C,—HSL; 3. Ce-HSL; 4. C4—HSL; 5. C,,—HSL;6.
C,-HSL; 7. C,,—HSL; M. DNA Marker(100~2 000 bp) .
B 1 4MR AHLs #55 TR R BREBMER S RNA
T B W 1R B PR K [
Fig.1 Agarose gel electrophoresis of total RNA
of Pseudomonas fluorescens under the culture

of exogenous AHLs

12343567 1 234567

M

M
|
S-

(e)rpsL

(d)gyrB

M1 234567 M12345¢67

Lo

(g)gltA (h)16S rRNA

11 :1. CK; 2. C,~HSL; 3. C—HSL; 4. Ce—HSL; 5. C—HSL; 6. C;,—HSL; 7. C,,—HSL; M. DNA Marker L(50~500 bp) .

B2 &iEHRNSERE PCR =¥ IAs ¥ 5 K B ik &

Fig.2 Agarose gel electrophoresis of PCR products of candidate reference genes

2.3 gPCR &R 4
H R 3 AT, 8 Ak P 2 Ak TR A T A il 2R

PR BRI B — {5 S, B T AR AR R S R
e ANFFAES I A 2t — PR IEX 8 ik N
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SRS 5 BLAF  qPCROAKIRERAMER o NI, A& 4 ATR1,16S rRNA # Ce L fi {5 , 3
AIEE, Cu fEL AT LA T e 2293 #r BHEET CtEBTE 16.02~21.58 Z i, L [F—

Ct {236 SV A8 N I 98655 76 qPCR 973 WS EEFTE T AR Ce (AR B /b5
AR IR B EE (3R F 3 7R L B 48 2 KM N . gltA rpoD .atpD rpsL .carA . 16S rRNA .
HR AP OB GG, qPCR EFRIbARIE  dsbA \gyrB A5 R FRW]  gltA 1 Cr (HARfL AR B B/,
(MIQE #5/)®HE t ,Ct (5 5 i AL H i ik R RUE i , K OE rpoD ., AR¥E Ct (H H 4% K
JERAROG, Ct BB/ Z R RIERE AR P g 3RGKF Wil iR al N 2 SRR R 88 i o, ) 7 2208 2
B, SR C [H I AE 10~25 Z 8], ik geNorm ,Normfinder ,BestKeeper il RefFinder i#f —
PR s AR R T e i H B Rk K BN LR A TR .
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N
‘ Temperature/C
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3 ®iENSER qPCR & # £
Fig.3 The qPCR melting curves of candidate reference genes
. 24 EREASERREEST
M = A NS EE R R IR E ML T & A A
= = el 7 0 P22 000 T TR, B P MO 2
18}

a E = = geNorm ,NormFinder #1 BestKeeper™,

S 2 . NS B 3R K B E VEAE geNorm R 7 3R
2r RK MAE M EHRER NSNS HENS N
o = F IR K- 10 P T L (B 28 0 B8 4 0 1 - 2 A o
8 d:;:A caer rplsL gy‘rB GI;JD rp;D gI.tA 16S;‘RNA % © Lj\ 15 ﬂ‘j Iﬂa {E ’M {E%ﬁ 15 Ejti‘%mlzg %%

10 356 4 2 3k (R
Candidate reference gene

B4 &iENSEREqPCR® Ct{ESD 7 E
Fig4 The qPCR Ct value distribution of candidate

reference genes

S 040p
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fige 1k Py 2 FE A

Candidate reference gene

(a)

BATE , AEAENSEEN . A Sa ] JL

FROEM NS IR apD 1 poD, H 8 M3
M {HEE T 1.5, AT 81 g N2 5L, geNorm
WAL AR E N 2k N 1 i B H il i X bR A
o3BT X AR

N i 22 57

015

S5V, BEEEH 2

0.09

0.06

0.04718

e X A8 S5V AH
Pairwise variation V value

0.04372

0.03

0.00

Vi

B 5 geNorm #4#TEE NS EERNREREMN (a)fIRENSERYAE (b)

Fig.5 geNorm analyzes the expression stability of candidate reference genes (a) and the optimal number

of reference genes (b)
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A KLL FERSRNZRE L LL0.15 R EIE XS V. R
T 0.15, 5 2R H n A FE R R IR N S 2L 8 B

o
W
S

S S ek LR PR, T DA O T 3 | i 2

W B/ Sh Ay V. HIHAKT 0.15, W&/ n] % @% 0.18

2ANSERA, GG Sa,apD FrpoD VN INS ﬁgmz_ 0130 1 0% g e

AR, AT DO A R R AT T 3

HRFEERHE, 0.06 H H H
NormFinder B Fb 3 NS 5L R FEAE AR 41 9 A B

R RE 28 5 AR AR E PE(E (SV) R MR 3JE Wk By 5 A

SVl R/ 2 5 R AT HE Y SV 1A B /)N 1Y 4L Candidate reference gene

B 6 NormFinder A iz E NS E RN R IERE M

Fig.6 NormFinder analyzes the expression stability

PRI il 2 R, IET 6 AR B PR 38 e fa
SEA gltA, HWRJE mpsL, AR E RN 16S
rRNA .

5P EWAE T A A, BestKeeper B 2% 43 Hr A ] 1) 5C & |, BestKeeper i i 4T T 80 X6 1Y 4H ¢
FNBENE CE, Wi G RBKTER 0 BUREHSE R r M P 4, rpsL 5
FRUEZE (SD)SEITAL N SR f9Fa M, SD (kN - T IEPR A A e fe s, FLR & card T 16S rRNA
WP Sk iR e NIk, 3¢ 4 3t kR ErE X 3 DR WA R B EIKF (P<0.05),gliA HIAH
i EIRAK N gltA >rpoD>rpsL>atp D>carA >168S P32 i
rRNA>dsbA>gyrB., 340, 0 T VAL T A ik N2

of candidate reference genes

% 4 BestKeeper # i IRIENSERNRIEBENE

Table 4 BestKeeper analyzes the expression stability of candidate reference genes

A %Ak #ofe £ (SD[£CH]) ##oft £ (SD[=x—fold]) PEE Y P1L
dshA 0.33 1.26 0.732 0.062
card 0.24 1.18 0.792 0.034
mpsL 0.18 .13 0.821 0.023
2B 0.36 1.28 0.733 0.061
apD 0.21 115 0.591 0.162
rpoD) 0.17 112 0.582 0.170
gliA 0.12 1.09 0.527 0.223

16S rRNA 0.32 1.25 0.776 0.040

RefFinder W uliii it DL B 3 DNMEAFREM GBI R AESME AHLs 3558 T PRI N 2

FOEL delta—Ct J7 i 0B N S L R SRk R e e R,
PEAT OB AR, [R) I AR AR A& 1Y 4 2R Sk T L
PP EE AT LR G HEA . M R E R AL 3 Tie 5 &
J R AR DA S e NS B Cefl, B BEE (A T V8 TR o 1 I A W,
AR N S IR RIRFE MRS . SR S B e R R 0 T O
# 5,geNorm . Normfinder BestKeeper 7£ ¥ 3l H1 1 ZE| QS 55 TRy IEE2N ) FERER QS X dh
HE4 AL TE S AR S R A e L e AR ﬁﬁﬁﬁﬁﬂﬁg@z%ﬁgz@g

iR NG HEAORT X 8 MRIEA S HE i Ay 2 5 DR o f o i S0 PR (1) 3k . TR, A
N SRIBFUE PE BRI (1 2 mpoD Ml gltA RUEPER:  SCilad qPCR HARBESE T 8 A4 UL i 46 i 14 2 2k
fIKI /& 16S rRNA , UL, rpoD I gltA 18 H 3% R 5¢ B (dsbA .carA .rpsL .gyrB .atpD .rpoD .gltA .16S
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x5 BREASEERREREMHE

Table 5 Expression stability ranking of candidate reference genes

He 4R 5 geNorm NormFinder BestKeeper delta—Ct HAEHL
1 atpDlrpoD gltA gltA rpoD rpoD| gltA
2 rpsL rpoD gltA
3 gltA rpoD rpsL atpD atpD
4 rpsL carA atpD rpsL rpsL
5 carA atpD carA carA carA
6 dsbA Q1B 16S rRNA dsbA dsbA
7 Q7B dsbA dsbA Q7B Q7B
8 16S rRNA 16S rRNA gyrB 16S rRNA 16S rRNA

rRNA) FEDSGIRA R 2 AR 2R QS 5 5 0 T
KR e B RIRAE DL, A Ok 22 8 50 M DT TR 1
i T geNorm Normfinder BestKeeper FlRefFind-
er 4 MY, RO VEAL G N 8 ML N S K rh
e R il N SRR, A5 AR R W] 7ESME AHLs
R, OB B T rpoD Fl gltA )35 R 363k fi
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Abstract Objective: Pseudomonas fluorescens is the dominant spoilage organism in frozen foods, and its spoilage—caus-

ing genes are regulated by quorum sensing system. In order to accurately quantify the expression of spoilage genes and

thus investigate the mechanism of quorum sensing regulation in food spoilage, it is required to screen reference genes of
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Pseudomonas fluorescens. Methods: Using Pseudomonas fluorescens PF-08 as the research object, eight common reference
genes (dsbA, carA, msL, gyrB, aipD, moD, gltA, 16S rRNA) were selected and their gene expression was measured
by quantitative real-time PCR  (qPCR) after incubation with different types of quorum sensing signal molecules. geNorm,
Normfinder, BestKeeper and RefFinder were used to evaluate the expression stability of the candidate reference genes and
to screen out the most appropriate reference genes. Results: Under different types of exogenous signal molecules incuba-
tion, the least change in Ct value of Pseudomonas fluorescens was gliA and the Ct value of 16S rRNA was too low. The
most stable reference genes by geNorm analysis were atpD and rpoD and the combination of the two could more accu-
rately quantify the expression levels of target genes. gliA was the most stable reference gene analyzed by Normfinder and
BestKeeper. Further comprehensive evaluation with RefFinder showed rpoD and gliA were the most stable reference genes.
Conclusion: Both rpoD and gliA were stably expressed in Pseudomonas fluorescens after incubation with different QS sig-
nal molecules. They could be used for the subsequent study of Pseudomonas fluorescens spoilage gene expression, and
could also provide reference genes for studying the expression of QS-related genes in other spoilage bacteria.

Keywords Pseudomonas fluorescens; quorum sensing; quantitative real-time PCR; reference gene



