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WE. 42 %EH Streptomyces rimosus M527 & 4% 5 % (rimocidin) WA H, ExXZMHEMKEEE
AABRNHEIER. ANEFAFIMEAR MS27T LR EER TR 4R E Z N6 RBEENE, it
FEPCRNSEFNUEFEREMTELFEANEE. KR 16S (RNA, hrdBy rpods. sigFy.
sigBy.. gVrBy X 6 PNEEFEENE R NS IERE, #F geNorm. NormFinder. BestKeeper = /M# {444 75 &
ARG B EE MS27. B ARE MR Tk M527-GR7 fufk = 4 2B £ ikt R K Hk M527-GR21 #
RBEANSEENRENE, FREREERSOANSER. ERETF, sigB, 28 B AW H M527 Kyt R4tk
M527-GR7 f1 M527-GR21 # ki E & 4F. 3t LI H sigB,. 16S IRNA,,.« rpod, A WHFEE,

BB F AN RIEE & N E IR rimG,, 7E W R M527-GR7 9 4[] B ] 8948 k38 &, K BLFEH sigB,,
T W52 R B REAS 2 B BN AR

% B iR AZMEE MS27; WtEE PCR; WE5ERE; Bk
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Selection of Suitable Internal Reference Genes for the Real-Time Quantitative
PCR in Streptomyces rimosus M527 and Evaluation of Their Stabilities

XU Jie, HU Yefeng, LIAO Zhijun, MA Zheng, YU Xiaoping*
(Zhejiang Provincial Key Laboratory of Biometrology and Inspection & Quarantine/College of Life Sciences, China Jiliang
University, Hangzhou, 310018, China)

Abstract: Streptomyces rimosus M527, a rimocidin producer, has a strong antagonistic effect against a variety of
plant pathogenic fungi. In order to analyze the biosynthetic and regulatory mechanism of rimocidin in strain M527
and its resistant mutant at transcriptional level, it is very important to select the most stable internal reference gene
for the strain M527 and its resistant mutant. In this study, 16S rRNA,, hrdB,, rpoAs,, sigFy., sigBs,, gyrB, were
selected as candidate reference genes for real-time quantitative PCR, and their stabilities were analyzed in
wild-type strain M527 and its resistant strains M527—GR7 (higher-rimocidin producer) and M527-GR21
(lower-rimocidin producer) by using software geNorm, NormFinder, BestKeeper, so as to select the internal
reference gene with the highest stability. The results showed that sigB,, gene was the most stable internal reference
gene among all tested internal reference genes either in the wild-type M527 or in resistant mutants M527—GR7 and
M527—GR21. Subsequently, the relative expression of the structural gene rimG,, in strain M527—GR7 was detected
at different time during fermentation process by using the genes sigB;,, 16S rRNA,, and rpoA;, as internal reference
genes. The results revealed that analysis at transcriptional level could be more accurate when the gene sigB,, was

used as an internal reference gene.
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SER ¢4 € & PCR (real-time quantitative PCR, RT-qPCR or qPCR) & 32 [ Applied Biosystems 2y
FE B —FoE BRI ER S, T N TS AR R SO TR N A i T fEiRe
SRR, VAT B B IER D H ARSI R A A TR IE , I3 S R ik i 45 0, KRR ae 45
RRW], ARAT— I N SEERER E AL — ETEH NARE RIE, AR PSEIAEA, A F A5 4 A 2 it sl L
FEEE LG RIR R, R AR 2 AN SN TR, SRR RiER BN,
BAFIC L

BERS PR N RAR I Bl T, Rk R h e i E Rk 2 —U4 Pl H AR RT-qPCR $%
ARG REPRI AR 7K O A AR AT B 5 B R AR A 6 1oy LRI BB, o B 16S tRNA F hrdB

(principle sigma factor) A S IERIIFFUHGER 2, (HAN R BERS BR ) 224 DR PEREAN S AR I
PRIt H R B B A S 5 R ik T A D i a2,

VR VR A B IAE BRI R b 4y BT 38 T MR R 5 &R (rimocidin) A2 7™ T 0 2445 45 16
Streptomyces rimosus M5271, 3 3 BBl A TR 7 L IR e IR A5 o 7 f 24 B BT E S8 A8 bk M527-GR 72,
RN ST 5 B A MS27 S L HTME S AE bR M527-GR7 (a4 55 3 0 AR W £ L, LU FH IR 168 rRNA
HWBIEN, WEESAKOT BT T LR % 5 585 A AR SR R /e B8 M527 168
rRNA & RIETEE, AT LMEARBA NS I, MATEAE .

AW R T M527. — ka7 R R U SRR M527-GRT LA — MR R A0 btk
SRR M527-GR21 1E MiF9T% %o LL 16S rRNA. hrdB. rpoA (RNA polymerase a-subunit) . sigF (sigma
factor) . sigB (sigma factor) H! gyrB (DNA gyrase subunit B) iX 6 N ) SRR WiF 500 1820, i
JiI geNorm #cf}:. NormFinder #{}:Hl BestKeeper #H>13Hr itk 6 AN S ILRAE 3 BRBibkh A 0L, 17
T HHASE RIS NS . 4 T S AFIGUETRE 3 N S B R AERPE, GBI T 88 R AR & R R g b 1)
SR rimG,, (GenBank accession number: MK300953) 124 H B2E PR i 6 tH (1) N 2 2L Rt ATE— 2
IOk

1 #R57E%

1.1 #F

L1 Wtk EPERVAOAEER T M527, B R RR, AR R R B RA M M527-GRT; AR
B A= Pk AL bR M527-GR21, IR SE RS (VLA APl SR 0 A 928 152 R T 55 5200 35 R AT

1.1.2 &7 A5+ RNA $2EGRE#H AxyPrep Multisource Total RNA Miniprep Kit 15 &; 1#
PrimerScript ™ RT reagent Kit with gDNA Eraser ( Perfect Real Time) (TaKaRa) #E1T [ #5605, 3575 cDNA
HAT G285 /1] TB Green™Premix ExTaq™™ (TliRHaseH Plus) (TaKaRa) #F|£#4T RT-PCR, A&
W5 BT FH AR BTN = AR IR R BR A A

1.2 7%

12.1 FREE W80 CLRAFIISFERIE AT 200 pL 43 BIERA e 1) MS [ RRTFRIE AR, il
B 28 CIEMEFRMEIE 5 d, HKFEN ddH0 FIHHF, FEH 1 mL A (1X10%fi F/mL) $%Fh
F 50 mL FfFR7FREE S, BUE T 28 CHEESRIA, 180 r/min 5% 48 h Ji5, UL 4%[MER RS 50 mL K
BrgRdkrp, 28 °C. 180 r/min K537 4 d, JFIEEL 48, 72, 96 h MR EEBFE AE R RIAEA, E T80 CTIK
FAORATE o BERRTRAM 3 APAT RS, JFEAT 3 kUL R E S5

122 WHEEWHI. 5T KIBIE N NCBI WG RGN SN FHIE R, a5 M527
FEDRI 2 BT A5 B R B N S LR P41, 1444 16S IRNA, hrdBg rpodg~ SigFg. sigBg gyrBg. 1R
P Lt 21N ZEE KP4, 48 Primer Premier 6.0 Wil 2<65 19, WISk 1. 51407 $I/E btk ith Ze 56k 51
YIERs S L B RCR, A cDNA AR, LL 1:5 B ELBDREAAR BR B il 5 BB HE TR . RAH TB
Green"Premix Ex Tag™ 11 (TliRNaseH Plus) X7 & 3E1T RT-qPCR X%, FFAMEEM 3 IR, RV
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%M 20 uL: TB Green Premix Ex Taq 11 (TliRNaseH ®1 BASEEILS M HEES
Plus) (2X) 10 HL PCR Forward Primer (10 MM) Table 1 Primer amplification information of different internal
0.8 uL, PCR Reverse Primer (10 pmol/L) 0.8 pL,

reference genes

LR A FR Genes 5151 Primer (5'-3")
ROX Reference Dye II (50X ) 0.4 uL, cDNA #ifx

16S rRNA,, CCTTCCTCCGAGTTGACCC

2 uL, KK 6 uLs NEAFK: 94 C 30s; 94 C CGTGTCGTGAGATGTTGGGTTA
5s, 60 C 31s, 40 MEF; 95 C 15s, 60 C hrdB,, GAGTCCGAGTCAGTGATG

’ ’ I ,f H ’ ’
60 s, 95 C 15 s. i Applied Biosystems GTCGAGGATCTGGTTGAG
‘ . rpody CTTGTAGGTGACCTTGAGGA
StepOnePlus Real-Time PCR System ( Life AAGGGCAAGCTGGAGATG
Technologies) 1%« ZERPT BT [ W IR J45 At ith 2 0 sigF,, CGACCTGGATGATGTCTTC
R PR EARAE T 2R RT>0.98 . ¥ AL R CACGCACGAATACCAGTA
X . igB,, ATCTGTGCCTGCGTCATC

(Efficiency) 90%~110%, 7 1] FIF &A% . o TOGAGETGGTCOAGAAC
123 HHE RNA £ H, cDNA #H KRB K 2By GAGATGAACGCCGAAGAG
RT-qPCR U #E—80 ‘CUKARTRAFIIFE S, JHE T CATGAGCACCGAGAACAG
N . Ny : rimG,, GGCGAAGTGGGTGAAGGG
VK @ik, 4 °C. 12000 r/min &0 5 min, R L ACACCGCCTCCTEGTECTE

THR . WA A B Bk A, BRI REAT RNA
UL, RNA #HUV S AxyPrep Multisource Total RNA Miniprep Kit 157 &5 6 B kAT . $EHGE 5
H Nanodorp 2000 43 6 EvHI 2 RNA WK EE, HT RNA ek, RESGRE S FEAMA R 2 TaKaRa 2
] ) PrimeScript' "RT reagent Kit with gDNA Eraser (Perfect Real Time) 71 £ i W] 31T . 384351 cDNA
AT EBEH T T — Pl slE R AE 120 CUKAR. PR N AEY 3, HARSE I 2 I TaKaRa 2
) f) TB Green®™ Premix ExTaq™ I (TIiRNaseH Plus) i #£x 6 ] 15 HET
124 BFEE5 24T F RT-qPCR 4551 5 H 42 Excel k%, 8 geNorm X f4F . NormFinder # £l BestKeeper
B R R U 0ot 2500k 34 1A 2 6 DR AR [ BRI AS ) 2 I e 1) 0 i B MEEA T VP o 3 3 AN T 42
HIAZ WA, geNorm %K i’“ﬁﬁm Vandesomple 25214 5 {1 1] T-7E RT-qPCR ':F‘Jﬂ?lﬁ]jﬂi‘%ﬂﬁﬁﬁmﬂik
WL H R o 128 el o SR W SRR MER IR RS PEADN AL N S 2R R, M {E B
N, BB E PSS . NormFinder #/F & Andersen®2%7E 2004 4E4w 511, SAFHITHEE 1% geNorm
BAFRAL, AR A e th— MR A G A 25, T geNorm B AFaf Bk th 2 4~ & 2 AL BN
SR HNH T A SR IEEYE . BestKeeper A& — B A1 Excel k%, E/E\EPETﬁiﬁJ)\*H}\T%@EF
AR HE S EHN R (o) . FRERZE (SD) RIS RE (CV) PO X 3 AN LT TR A
ZHIREMERE Y, = FH &AM TH 3 Bk xH it i 2 3L R ﬁlﬁﬁﬁﬁi 13 Hh B A 4
125 WHEEHENEIE SRS REEYS BOER R EZ G R rimG,, 14 H R, /\D’Ju’\
B3 20 00 AU TE B i A IR 22 1 A S 2R D DA KR TS 2R TR 16S 1RNA, AE N WS LN, AL A 1 P
M527-GR7 A [ e Tl (AR G 2 i P TAR Ak, ) e 68 2 i AR £ 58 % AR A 2 T FITE 9 B2 R 11
A HME, RT-gPCR I FES M 1.2.3,
12,6 ARFEEHAN faMEZRNTES KGR,

2 HERSN

2.1 RIZEASERBFRER IR EEE

DL 1:5 LR R4S 20 cDNA BB B 5 AR EREAT RT-qPCR A5, 2 il RF 4> P 2 55 DR ) A it
o 6 MEILI NS LG iR th 2ol B o —, IR e RAF,  H 6 AN S IR BARHE th ZeZe A o
R R YK T 0.98, XRWRRKEE Rl 4E . HI HRIYLE 90%~110%, HKEF] T RT-qPCR R4 %4
BORIMEER (R 2)
2.2 geNorm B 17

{fFH geNorm A0 AT 25 A W S BEDR AN 2 F A, HASE PR LA MBI RN R AT, M {E B,
FEP RS E . FEJRIA T RE M527 L 6 NN SRR EMEHET A sigB,, > sigFy,>>16S rRNA,, > gyrB,, > hrdB,,
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>rpodss TER AR M527-GR7 1, S FERF 2 YEHET A sigBy, > 16S tRNA,, > hrdB,, > gyrB,, > sigFy,
>rpody: AL RAEKE M527-GR21 Hr, S AERHZ I MEA3 2 1A PR 16S rRNA, > hrdB, >
SigBy. > gyrBy, > sigF > rpods, (33) o ML nT UL, e M4 i i 2 351K sigB,, F 16S tRNA,,, FaiE Pk
IRZEMTNFER] rpods,.

F2 ZASERASIMTEER

Table 2 Primer amplification information of internal reference genes

K 4 Genes 1K/ Product size (bp) R’ #43 Slope P 2K Efficiency (%) /¥ Tm {H Product Tm (C)
16S RNA,, 112 0.982 —3.338 99.317 86.02
hrdBs, 118 0.998 —3.304 102.943 87.66
1poAs 120 0.997 —3.325 100.749 88.20
sigF, 98 0.999 —3.272 104.097 87.51
SigBs, 109 0.995 —3.415 95.364 88.25
ayrB,, 110 0.996 —3.382 97.886 87.36

#3 geNorm REMEEHRASER ST

Table 3 Analysis results for internal reference genes in each strain by geNorm

A M527 M527-GR7 M527-GR21
Gene M {H FaE SR M fif FaE SR M {H TR A5 2R
Value Stability rank Value Stability rank Value Stability rank
16S rRNA,, 1.468 3 1.625 2 1.819 1
hrdB,, 1.519 5 1.633 3 1.837 2
rpod,, 2.469 6 2.701 6 2.690 6
sigFy, 1.447 2 1.949 5 2.359 5
sigB,, 1.377 1 1.616 1 2.083 3
gryB,, 1.483 4 1.852 4 2.317 4

2.2 NormFinder &5

FR4lE NormFinder JAF o0 #T, 7EBFA BB FE B MS27 f, & NSRRI e MK/ HEY : sigBy > 16S
IRNA,,. > 5igF. > hrdBy,. > gyrBy. > 1pody; fEWKK M527-GR7 W, HARGEVEHIY A sigBy> hrdB,>16S
rRNA,, > sigF,,>gyrB,>rpody; {EWK M527-GR21 1, WZIERF e N: hrdB,>16S tRNA, > sigB,,
> s5igFy,>>gyrBy, > rpody, (£ 4) o HIZRAF i85 Rnl 50, 1T BRSO 88 I N S 5L S5 IA sigB,
AR E PE S 22 R JE ] rpod,ye

% 4 NormFinder HEM EE KRS EE S

Table 4 Analysis results for candidate internal reference genes in each strain by NormFinder

L M527 M527-GR7 M527-GR21
Gene R e E e (HA2 FeEfH FE (SN FeE R e fHA 2
Stability value Stability rank Stability value Stability rank Stability value Stability rank
16S rRNA,, 0.506 2 0.906 3 0.583 2
hrdB, 0.892 4 0.879 2 0.460 1
rpoA,, 1.675 6 1.812 6 1.777 6
sigFy, 0.718 3 0.940 4 1.390 4
sigBy, 0.267 1 0.284 1 1.229 3
gryB,, 0.910 5 1.184 5 1.502 5

2.3 BestKeeper ZX 401
BestKeeper BNy, FERFR M527 ', KNS IRRFENN gyrB,>16S IRNA,> sigB, > sigFy>
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hrdBy,>rpoA,,; {EwFE M527 GR7 of, JAG B MEHERE A gyrBy, > sigB,, > 168 IRNA > hrdBy, > sigFy. > rpoA:;
FER R M527-GR21 1, HARE T 4 gyrBg, > sigBy,>>16S RNA,,. > hrdBy, > sigFy,>rpod, (#£5) . H
BestKeeper K AF vl 41, %dﬁ%'i PN ZH RN gyrB,,, TAFEIER N rpodg,.

%5 BestKeeper {43 ZEHASERBI ST

Table 5 Analysis results for candidate reference genes in each strain by BestKeeper

BELK] M527 M527-GR7 M527-GR21
Gene FeEME T 5E HEE R FaEE T e HEE R FaEME T e HEE R
Stability value Stability rank Stability value Stability rank Stability value Stability rank
16S rRNA,, 1.107 2 1.173 3 0.990 3
hrdB, 3.145 5 2.682 4 3.186 4
rpoAy, 6.092 6 5.797 6 11.355 6
sighFy, 2.773 4 3.652 5 8.086 5
sigBy, 1.218 3 1.158 2 0.622 2
gryBy, 1.099 1 1.012 1 0.497 1

24 ZEDH

JSEHER B 3 AT 3 AR AT RIR S5, R 3 AN IS B AR S AEEAT LU 0 AT, I BestKeeper
BAFHI 345 R geNorm A4 A1 NormFinder #2F (1) 40 87 45 3 22 480Kt geNorm #£FF1 NormFinder
AT SEIEARL,  RIHAS 25 R 22 iy, AT 2 S HERA 1K ) 2 2L DRI AGE P s, 6 AN [R) TR AR Hh e ik Y
ZIEIRE MRS AT TPV H . 6 MEIEN S 16S IRNA, hrdBg« 1poAg. SigF. SigBg. gyrB,,
AR PR ME 4 3 2164 2.831 6.00. 3.83. 1.67. 4.50 (£ 6) o HUbAl%, 1E&FRR FRIEHK
R HOSER A SER sigB., AT NIEH rpod,e BUL, sigB, AN A BIEM, T QR M
M527 S AR IR BE PR e K- AR A

*6 BNSERETEEKTHRESESRAF

Table 6 Overall stability rank of the candidate reference genes in all strains

FEA geNorm X fF NormFinder #f} R ¥

Gene M527 M527-GR7 M527-GR21 M527 M527-GR7 M527-GR21 Mean rank
168 rRNA,, 3 2 1 2 3 2 2.16
hrdB,, 5 3 2 4 2 1 2.83
1pody 6 6 6 6 6 6 6.00
sigFy 2 5 5 3 4 4 3.83
sigBy 1 1 3 1 1 3 1.67
gryBy, 4 4 4 5 5 5 4.50

25 HWSEREMIEEMEIE

i 26 MRS E PR A ISR IR S, W SGUE T SR DR AR e i, SR T AR MR I I N SRR sigB,,
NZ %ﬂ 16S rRNA,, DL M Fa g M 2 N B HE K rpody,, 43X 3 ANFER YIS EEN, 8T8 rim G,
FEIE TR A KR M527—GR7 KA [ I 18] (R AR 0 38 2722, B AR TRt 0 25 18 MS27 TP IRE R rim G,
ZEE TN 1), FERIH HPLC Frillef [ & E i i A a2 37 K4 AR, L sigBy, A NS 5L A
I, JE rim Gy, 7E bR M527-GR7 H AR 04 1 5 AR 2 27K S IEARDS, MLL rpod,, NS5
RN, JEDH rim G, IR 5 BAE 48 h B, {E 72, 96 h Fik i PG, X 5Bk M527-GR7 Fh a3
BRI FZACPARF, Bk M527-GR7 75 96 h B a5 ik Bl s (B 1, 2) o b Piurr
N SR, AW IEEUE FIE 16S RNA, NN SR, BITRARE M527-GR7 T3 rimG,,
A Rk B 4E ok, LA 16S rRNA, AW SIEEN, FEH rimG,, 75 Bk M527-GR7 H AR 3Rk &4y
WA 11267, 14101, 12326 (& 1) ; 7E 48~72 h, AN EIER SEMEE R, maE
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96 h I, TEEEHSHRER"FEIFA - (B 2) o BEEKY UL sigB,, AF NS EER AT IRES T 13 45
RN BAL,  sigB, AIAE WS T 5 SE R Bk M527 S LG AR MR AR G IR e S AP T 75 20 A

o0

r M sigB, 16S rRNA;, M rpod;,

W
T

. L

_ I
i -.i L W
48 72

96

I~}
T

w

AR I
Relative expression levels
O

(=1

I i) Time (h)
B 1 E&A rimG, AR NS EEEE K M527-GR7 FENWRIEE

Fig.1 Expression level of rimG,, gene in strain M527—-GR7 by different internal reference genes
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Fig.2 The production of rimocidin in strain M527 and strain M527-GR7

3 it

AHFFCE S AE R R I MS527 M LS8k R geNorm. NormFinder. BestKeeper K45 6 /™ H
NS EE A I ARIERUE PEEAT VRAL - DUIYIIRTE Y AE AR T AR A AN B AR e AR 8 RIS A 238 K. WP
RKYL: T BestKeeper #f /& LM T Cq MEMBECXARICHE MY, BB R N FAREAR Y, HHEE
HABPIA AT 22 AR, ARSI AR E M LR SN 8, &S TR iE. 455
geNorm Fll NormFinder #XPE 1) 0BT 45 B, A Z45E 57 B M527 1 16S rRNA,, (NEE tELF T hrdB,,, HARIXH
ANFEDME A A S, (RS 20 8 i MS27 v i AE YT AR, IR PRI i (1) A S Al
sigBy,, RN MER AN B HEY rpod,.. TG4 I TUR DLAETE R MG (555 T 1628 1 rpod 23
R AFGE A ZEE Nl ] WL, BRI R 8] TR T ST I AN R, WS RIS TR E M
PSR PN

KA sigB G o° (sigmaB) BT, o BT/ RNA B o K 70— Fh. o Bl 822 [GBH P
LR PR I AR N B N R R RPN, e REWT I RNA SR B O Mg i MR i
A

AR IE, MORIBFE TR o

NIRE—PIE TR N SR AR EE, DU sigB, M rpod,, 15 ) WS K o3 By (03485 32 A2 ) & i
PRI% P rim Gy, AET R M527-GRT HP AR ik i CHF A BY A0 85 45 T M527 ThBEDH rim G, RIS
H D o &R U sigB, NSRRI, FEK rim G, WA RIE KT 5 0285 35 A A ORI AT 5%
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PE, MEL rpod, AE NS IEHINT, JE rimG,, IR RIS B 5 ARG R EHOIA 3, AR RGN
Bt (72-96 h) , BEH rimGy, AHXTRIE B ST FRAG, X5 SEPrfE A —30 (B 1), thgf R DUSEFIRuE 75
Kl sigBy, /E NN SR R T 1, FEH rpod, NEAEANNSIER, SEAFLEE g RAE A .

N IR N S 5L sigB,, PR IA R E M S L F P, AR L0 T T BA 16S tRNA,, Fl sigB,,
S AE NN SRR rimG, A R IA R . 45 WoR, 7ELL 16S rRNA,, 1N WS LR, Wbk
M527-GR7 7EREAN KR FE R IR rim Gy, DA 3Rk B3 T8 7K, 1 M527-GR7 fa B R &K
AR AR B R M527 1) 1.89 15 LA sigBy, i S 2L RIS, Wl4S 72 F1196 h I, TRIAK M527-GR7 HH AL rim G,
(PR RIB Bk 3.4 F 3.7 f%5. LW B S5, LD sigB,, W ST 45 IR 5 AR 277 2 KF 3
W4y, HARLL 16S RNA,, KNS TG rimG,, AR Ek T S as RO saR A5, Hil
T-HEH 168 rRNA,, 7555 B kK R IE B 5w, A CERDN, Wi S80S B K rimG,, 1) Ct EAH %
B, AR 2700 SHIE IR rim Gy MR FRIE I, B A 5 4 AR s LT 5 K. 2R sigB
LR rim G, A ZE 57 1 MS527 HRRFTE [ —RIAZKF, TRV HER AR LE 16S rRNA,, 4 P S L K]
M R EHER . I, Bk T ACRIS 6 1) sigB,, BUH FI N Z2E ] 16S rRNA,, 2 5 BAR N 2 5L A,
EJHT’%E%&%L**-” M527 S H A R BE DR (R A 7K o AT 50 45 D 1 — 20 o3 W F 24 7 1R MS27

LA B 3R A DG R A5 BE TR IR 2R AP A BT B 4t T

& & X
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