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(1. K% RJGE R A a Rl F b, K 116600 ;2. K% RJGE R 2EEE 5% %k, K% 116600)

i E: ARXBREARIT R T T AR AN T RS2 M F MBI F A A (Bacillus
amyloliquefaciens) ¥4 F | VAR S A0 K T A2 S R M AR 0 L3 A2 ) 32 S MR I SF AT 89 55
BF 32 K €& PCR 7 ik, ARE X H oF 7047 8 DNA 68 A T3 (gyrA) A B & 16S ¥ 1k
RNA(16S rRNA) X F a9 4% F K%t 3 55145, 4 % L PCR ff ik th 1 sH4F 704251 4, 5Fvhiz
AT 3G B TR AT E SR, B L KA R EF PCR 7 ik, St Al 7 ik 47 4F
FE REME EAMAL BB R TR AIE R 2ok SR E 6 TR IR IE | R AT R B
E SRR EERN, EREW )L oA AR X HF G HHMEG REARERE L E
BF 32 6 & PCR 75 ik B RAFAI4F + 1 52) 3% 7 i 4 M AR 02 0 3F J04F 1A A2 R A= 1 0 09 AR AR
M P2 A1) A 102 copies/uL #= 10> CFU/mL;3)Z & R A K F 24 0.76% ~3.27% , 4118 & 5%
FHA 0.34%~1.88% ,91&T 5%, 5N E I M RIF;4) 4 A 5 R E 8 T IUAT A IR 09
FIAFAN CHAL B F 2 7 (P>0.05) , LA Z 7 ik R 2 A A P LA A ey ik F46,5) &7
R S K P R F FAAT A G TR 4 10" CFU/mL , b 46 1 ik s AR A ) 42 & (10° CFU/mL)
AR T 1 AR FR (2R Yz ke S ERAEM B A ), BRI H o JoAT B 2 R B K BB 0 R 5%
B MR P R F A SR AW, A B0 d AFRER O FAAT R 892 F 4 9.33%10° copies/g, KB £ 5d
BAPH K E A 4.16%10° copies/g, WL I AX IS 564 RIS O FOAF H B R € 8 PCR 7 ik
FMR RBE G T AR A 3R T ik T A B S P R FRAAH T,

KR, ABa M, MENFIFR,; FRIAELZE PCR;gyrA KA ; 2 2% %
FEHSES.S816 XERFRIREG A XEHE.1006-267X(2021)01-0494-12

SRR RSN TR B 8, s & 2 5 o8
Yy J5z, S H A de 2z 00 A ) AR B R D
RN EVS SR D AR S = S i A (N 7/ POK
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Xk R T A 7 R A B s e

LA, 2T DNA 7KV B 5 fcA: 9 %5 o A )
STHEYF TR L | 45 L PCR HOR A8
PR BE 58 i HL UK B R | SR 98Ok A B PCR R
dggtiiesl C o S e i it PCR H AR BLAT HE5
P | RO R B VR R R, B TR
N33 75 v 389 Ay DAY A A AN 2 3 8 PR 9 e o o B Y
R BAPEZE B2 DNA f#hie il A 7 (gyrA) %
K20 R DNA f BEfl g 1 AN 3 % 38 K2 A
TR E R EE T H KW, R ZEN
T Y i L DX A B B R A R

A 5% 0L 37 B T VE M AT TR gyrA FEIA
PRSFIX 15 Y R ET B SE BT 98 ' PCR 7k,
TOHHIZ 7 15 AT LAk 20 (R 4R 5, A o B8k B2 AT il
JE W M U K 2 AT B AR AN TR) 2R e I s B
B R AT LA D fift VE By ZF LT T R E R
o A SO R O S0 ME A, I R i e DR K B A
PR & A P R M R T S R

1 #MR5FZ*
1.1 #E5iXH
1.1.1 5 Fh

AHIFSE BT 3 R R ZFE FOAT TR 4 PR (% TE K 2
FOAT B A ZF FFT B | 055 4 2 66T 0 L 98 O 2 4
FETR G FLZEHUAT I ) , AR 2R MOFT 18 5 bk, Hrh a4
FLRRHFF A 2 Bk (BT B FLAT o A FLAT ) | 4o
A ERTA | ORI 45 1 #k
1.1.2 k5

dNTP rTaq i .10 xBuffer , 35 Jg ## .6 xLoading
Buffer 2000 bp Marker , pMD18-T 3 /& , TaKaRa
Premix EX Taq™ W4 F £ TR (KiE) ARA
] ;4S Green 44k} IPTG HJJ FH 7Y 7% W . X-Gal B ]
I B K % R W DH5a 32 25 40 i |, San-
Prep #1250k, DNA /Nl #2805 & Ezup #:30+
5 DNA $hi# 05 &0 T4 TAY T/ ( 1) K
WA BR A F] S TE 22 v W AL it B SR A R
NCIR
1.2 RWAHF*E
1.2.1 HRpEIE

FLRR R 2= MRS R, FoAth bR 2 b 2 4
VR A R RS 779 , 37 CRl ks %
1.2.2 EF DNA BHEH

4 TE R DNA 3R . D)ootk 1) 7K & vk R B 4l

BV DNA™ BARh  BUS G R MR 1 mL T
1.5 mL B0, B0, 55 LW IF A 500 wL TE
ZE o, HETEIR 99~ 100 TR 15 min J5 5L,
W E AR DNA Bt , —20 CIRA7, &,

G B R B SORARE R DNA B $2 L BRI
KR &L 300 mg, R HIA 7 & $2 HUH DNA, H {4
VELBRTE DL A= T AR W (i) B A R 2 A Y
Ezup #1301 3% DNA #2055 & i 45
1.2.3  FetEs| Y LR E i1t

#£ NCBI 1 1#) GenBank $45 122 1 F 2% 35 Fk 2
FIAF IR B gyrA FEP & 16S rRNA FEH 4 551,
FIH DNAMAN X T 2000 Fp 510 3547 Heoxt, 3%
Ff VE K ZF FLFF B Y DR SF X, SR )5 ) IDT 5193
TR AT 5 19 R 1T, IR R B 51
(R R E | R e e 25 0 R B R IR B
PEATRGI AP e 1 AN TE W B8 1 A R 5
Y 1 AEEF (1), R NCBI L Primer-Blast
Tool A 514 Hu Xt 81 44 NER S k51 40 PR 4
St A RERBR AR ST E S, %5
Bt 57 o B FAM R P (e 45 3 141) &4, 37 o
TAMRA SE [T (R FEAD) &4
1.2.4  HH PCR Kk 5 | 94 5 i i

DA 1.2.2 S5 P B RS 10 BRIE Y DNA
B, LAFR 1 i 51 9478 B PCR K, DA
50 wL & Z # 4T PCR 4 4%, H vh 40 4% 10 x Buffer
(Mg*" free)5 wL,dNTP Mixture 4 uL, I Fiif5l
Y14 1 pL,DNA By 2 wL,rTaq fi§ 0.5 pL, LH
JKAME 2 50 pl, PCR [N 4% 4. 94 C il 78 P
5 min, 94 C7Z5E 30 5,58 CiB k 30 s,35 PMEIF;
72 CTHEMH 1 min, ZFE{H 72 C 5 min, PCR j=4)
K 2% B WG I L VKR AT A
1.2.5 SEAF3E % & PCR J7 B 1 7 M B S5 1k
iRl

Sz 3¢ % G B PCR RN K 2. Bk 1S
20 pL, HA 4 $5 premix EX Taq™ 12.5 pL, |- F
W5l % (0.2 umol/L) 4 0.5 pL, ¥ 4
(0.2 umol/L)0.8 pL,DNA #il 2 wL, M7 7K %b
EE 20 pl,

SEHY 986 %E # PCR W 4% F; BiAs 7% 95 €
30 s,2PE95 C 5 s,iRB kK 60 C 34 s, FrFMx
W2 2L 1.2.2 S BT B2 O 10 BR TR ) DNA 1
AR, SR FH BT 8 57 19 52 1 98 Ol 1 i PCR Ty ik F
FHRESEPESIE
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Table 1

Sequences of primers and probes

19/ TE Fr 3

Primers/probes Sequence (5'—3")

HFEN
Target gene

PR
Product size/bp

F:CGTACACCGGCTTCAGAATAC

gyrAl R:CTTCGCCTCTTGTGGCTTTA

FAM-TGACAGTAACGGTCCGCTAGTAACAGT-TAMRA

F.CGAAGGTGCTAAGCCTGAAA

gyrA2 R:GGAGTTCGTAAGCCGTTCTG

FAM-CAATGTCTGGAGCATTATCTTGATCACCA-TAMRA

F.GCATGTGGTTTAATTCGA

16S rRNA

R:CTGGCAACTAAGATCAAG

DNA e A W 115
DNA fFTERE A W5 96
16S #MlifA RNA 164

FAM-CCAGGTCTTGACATCCTCTGACAA-TAMRA

1.2.6  brife il e iy gl sr S R A 2 5k

pMD18T-gyrA F K 5 41 Jiobr (1) 48 2 . LA il 3
W ZEFFT B KCA FE R4 MR K 51 9 gyrAl-F/
gyrAl-R #4749 RS H B (115 bp) K H S
pMDI18-T # MR EH: , i 5 =Yt 4T PCR F1il
JPRUE . ik IE A S 4k 2= K AT R DHS« 2 g
Hh SR 5 R SanPrep A 3R DNA /)N & il $24:
TR o HCER 2 ST ek A R A U 4SO o HE
B2 I ek 8 A R DU, R .

. Xx6.021x10%*( molecules/mole

P DU copies) = [Nx666(())( g/m(())le() ><1.0><109/( ng/g)) 1°

Ao, Xy H A BRI v R s N EE4H
B B E

P o 2 R ST DA BRI 22 iV TE H4 A5 i i
pMD18T-gyrA #47 10 £5 5 B¢ 5 VB b B 1 47 52
A2 E 7 PCR N, LA#E DU B0 X 45 Ay A A
br, CtH M bR i hr et 2§80 (E)
HEARX N

E=10""""-1x100,
BB ER 3 K, LG K BT R
R S0 UE 52 R o i 52 R A T
BEARUE A pMDI18T-gyrA HEAT 10 A5 56 B2 # BT
AL 6 BB, DAE R SR 98 22 B PCR AR AR,
AN [R)H B B R b v T T A 3 ORI R R R B
Rl 2k KCA T it 3 51T 10 5% 85 BE 6 B, 7
AR A T B TR Y SE R 4 DNA, fie g 64T
SERF 96 E i PCR R

wREYERIE: H 5 - BB ) pMD18T-gyrA
PRl 9 Ct{HZE 5 REL(CV) P Z T L I H 2
P, ANEZELUES 0 LD 5 AT R B A bR o

VE B AT 52 B 5 ' 8 i PCR S I, 1 H B¢
JEER 3 W, I L KCA T 1 DNA TG K /E R
FE P %ot B B ok B o ) o A MR UE A R 5
AR BE bR Al AR AR 43 3 AT SE I 9
FEH# PCR LW, L KCA B 1) DNA FIJC # 7K 7E N
FH 1 T 14 % R
1.2.7  HrTHHLsiE

¥ B oK 7 BT 48 R W 43 B 4R B 10°
10° CFU/mL A & 2 19 i U #9328 F6LFF 18 KCA LA
ZH DNA, 2+ 3/ A 10° CFU/mL 5 8 & 19 &) T %
FLATF A rg-1( Lactobacillus paracasei rg-1) T 25U
DNA, D) 4l (1 fif 3€ ¥y 25 168 41 7 KCA 1Y 5E A 4
DNA %} B 3#F 47 55 i 2¢Ot % & PCR il , 5 &2
3.

T ORFVRE ot X A TR R B T P A R L B 6 g K
BB SR RE A 40 WS I 4 mL i UE By ZF R R B
KCA 1 A [7) i B B B4 W, # & 10 min J5 A
20 mL#SFREL 22 bk (PBS) , Bi {8l 2 ~ 3 K5 &L
PR¥% 15 min, # H 5 min J5 W% H 7,3 000xg B
L» 6 min, 5% 7, T A 2 mL TE Buffer /&5 # U5
H 4] DNA ; [R] BFR BC 2 mL AN [ s B8 5 400 3 W10
L2 DNA % I8 IF 47 52 2% 3 i PCR
R, A R EE AN 3 YK,
1.2.8 KM SRR UE M 28 R B A0 1 R

fift J€ MY ZF fil FF B KCA K % = 10° ~
10° CFU/mL, Uk 4% (% Fh & 2 Fp 2K 70 & & 0
40% ~45% W G EIR A EE 0.1.2.3 .5 d; BURE
HRAE 1.2.2 Frg b SO h DNA £ By 25 46 B A
A DNA, F FH Jr 8 57 19 52 B 28 % 5 £ PCR 7 ik
AR
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1.3 HESit o
I 8504 R A GraphPad Prism 7.00 B {FiE4T
Geit ot RAEE . S5 R DAY E AR 22 KR

2 H#RE55W
2.1 $RMEWIE
2.1.1  HH PCR ILIIE A 51 5 | i 1t

PL gyrA J 16S rRNA & F o #EAR 3 11 H 1Y 3
XTE Wy T H M PCR ¥4 & 2 A4, HA51WY
XF gyrAl-F/gyrAl-R 4" 1 fift UE ¥y 2 #1 #T H KCA,
K gyrA2-F/gyrA2-R ] [a] 47 38 ff 3 K3 25 7 1
I KCA K M A< ZF fi AT 7 KCB; & H 51 ) %t 16S

rRNA-F/16S rRNA-R R ¥ ZE /AT B 8 N I B AR
B 45 (164 bp) . X RGP XF gyrAl-F/gy-
rA1-R RERE 5 97 1 i UE By 2F FLAT T, B Ot
gyrAl-F/gyrAl-R AE N A F 53 d 37 5 I 28Ol o8 &
PCR 77 i R S PES 1%
2.1.2  SEHFHEE B PCR 7 45 5 1 58 4E

FI B ¥ %) gyrAl-F/gyrAl-R N AR £ gyrAl
AT SEHT 96 B PCR i, KCA B 7F 22 ~24 4
PEPRAL B 1 ih 2, 1 FAth 4 B ZFAOFF 1R L5 bR
B ZEALHFT 1R K B M X B A 35 SRR IS YT
HIARZE (1), X R BIAWE G B @ 5 19 AT
KCA A 5 i R 5 1

R2 AESIMEREEN

Table 2 Specificity detection of different primers

3 XF 591 F #L PCR 4531

4y b Hikhgm = e S Results of three pairs of
Classification Strains Strain numbers Strain sources primers by conventional PCR
@ @ ®
e cn P ...
Bacillus amyloliquefaciens
. n A ZEARIAT IS Bacillus licheniformis KCB EE-3i kil - +
AT R ot g e
Bacillus BEREZEFAT IR Bacillus cereus KCC H & W Fh - -
c
WG ZEFTH Bacillus natto KCD A %5 & F - -
i B 2 AR T K BT
ATCC19217 D - - +
Bacillus subtilis FE PR L
I LT L
MR P ) ) )
Lactobacillus paracasei
Y FLAT "
HLDVFLAF i 1 6 - -
Lactobacillus plantarum
SO A R P e
HAb B ATCC12600 RN - - -
HALT R Staphylococcus aureus FRO R
Other bacterial R ] P 2 A
enus LKA CMCC28001 B - - -
& Micrococcus luteus PRI B L
KIGHF FEBR I
ATCC25922 D - - _
Escherichia coli FEYRFE 0

KK (BT D)

Sterile water ( negative control)

H & R 2 AN 3 168 RNA ¥ K25 B E M ; OF gyrAl-F/gyrA1-R 5195, P41 K/ 115 bp; @A
eyrA2-F/gyrA2-R 31¥1%5 , P24 K/ J9 96 bp; @4 16S rRNA-E/16S tRNA-R S 1%, 7= ¥ K/ Jg 164 bp, “+” Fmw M

PCR J ¥ FHPE =7 37 % WL PCR S B

Self-provided strain was the strain which was isolated by our laboratory and sequenced and identified via 16S rRNA; (D was

gyrA1-F/gyrA1-R primer pair, and the product size was 115 bp; 2 was gyrA2-F/gyrA2-R primer pair, and the product size was
96 bp; 3 was 16S tRNA-F/16S rRNA-R primer pair, and the product size was 164 bp. Conventional PCR results were scored as

“+” for positive reaction, and “-" for negative reaction.
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(O~ Q2355 Jo i VA 25 FFT B KCA 4 BREFFOFT B 5 BRIl 25 T 4T 50 B 1 0 R
The Bacillus amyloliquefaciens KCA, 4 Bacillus, 5 non Bacillus and negative control were O to @, respectively.

Bl 1 SEE3EEEE PCR FERERE
Fig.1 Specificity of real-time PCR method

2.2 pMDI8T-gyrA tR& MBI Fl & RIREMEH
BT

DI KCA B4 DNA MR, IS4} gy-
rAl-F/gyrAl-R i#f17 % # PCR ¥ 3%, 315 115 bp
KN R B (B 2) 85 R 5 AT, B3
Y15 pMD18-T 8 443% £z , 14 ¢ & 41 5t f pMD18T-
gyrA . FAEES Y TR 28 B Y I 36 UE A B ) 18
FHAZ R it ) 5 A0 7 vk B2 (S5 R ok g ) | OF
B HFE DBk 5.74%10" copies/pL, KILAE A
JT ST B SRS E B PCR 5 i B BRUE A

2000 bp

300 bp
100 bp—

M & DNA Marker (2 000 bp) ; 1kif 1~3 & gyrAl-F/
gyrA1-R 591X B9 3G 7 ) s UK T8 4 S FAPERS IR

M was DNA Marker (2 000 bp) ; lanes 1 to 3 were am-
plification product of gyrAl-F/gyrAl-R primer pair; lane 4

was negative control.

B2 gyrAl-F/gyrAl-R 5|31 E M PCR § g4 R
Fig.2 Conventional PCR amplification results of

gyrAl-F/gyrAl-R primer pair

A% ME S pMD18T-gyrA #4710 15 86 B 7
BE, 53 LA A H0 B B 100 s o 5t A A AR 2 47 52
2 b 5 PCR RN, 3R A5 A4 18 i 4 R0 A 4
BB Z ] Y 1 CoEAMZETE 2~3 MERZ
] (L 3) 5 LA [ 0 g 32 1) o 1 it 4 DL 25019 XoF %K
g X Bl Ce B R Y Sl S bR v 2R % £k Y kR
h—3.468 , ¥ HACR K 0,94, # N 41.86, 156 &
¥ R*=0.999 3 (&l 4) , R bRAE SR BETE 5.74 %
107 ~5.74%10* copies/ wL A B IFHILEX R
23 EIMRAEEPCRAFZHNRHFUHERESH
i
2.3.1  EEALFURLBRHE ) R SR
PL 10* ~ 107 copies/pL 4% A~ i B & A 1
pMDI18T-gyrA AL AR , Al F BT £ 57 /%) 77 % 547 K
W, 25 R, %l k&R & 574 %
10” copies/wL( % 3)
2.3.2 B R B A

¥ KCA T # 7 (4.0x10° CFU/mL) ¥EAT
10 fE5BRERR BE , N 107 ~ 107 45 B 3 42 U R A
SRR, R AT SE A 98O E i PCR RV, HI % 4
ATHN 3207 V5 W TR e /MR B S 107 CFU/mL
2.3.3  EREELD

PAAS [) s B¢ B (%) 5 20 50K b o 5 pMD18T-
orAME 3K, HNEE CtHWZRRZENT
0.76% ~3.27% , br#fEfhi 2= (SD) /- F 0.10~0.55 , 41
[ H 5 Ct (1Y 2 7 REN T 0.34% ~1.88%, SD
F 0.07~0.62, 76 0] 23235 [ A, UE B 87 1
SRS E B PCR 5 e 41 Py A4 [B) 55 2 404
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Fig.3 Amplification curve of different standard samples dilution

40 Y=-3.468X+41.86
R>=0.999 3

o 30
=
<
>
5 20
«
O 10

0

0 2 4 6 8

Log10 copies (pMD18T-gyrA)

B4 SEBREEE PCR HRAEH 2
Fig.4 Standard curve of real-time PCR

2.4 ELHEHEEE PCR HiEmMLTFIMEIE
2.4.1 BRI HARI
2 5 A%, A 10° F1 10° CFU/mL B ik &

x3 LHHEEE

() KCA T8 BT & U A% R v 4333 i A 10° CFU/mL
) R T B LT A rg-1 A% R B2 U B (X R vk B2 R
6.7 ng/pL) ,KCA 4 Y Ct HIAZZm, 5
576 rg-1 T FAY KCA 4E W) Ct {51 B & 22
S (P>0.05) .
2.4.2 ORI T vk 0 TR

M 3R 6 A J, 2 GO A KA DU PR R
10° CFU/mL , H: v [a] 55 4k B2 F (0 40 T W 5 SR Y
R4 W S A R A 10" ~ 10° CFU/mL, 3 IR
A2 45 1 Ll R VBRI BR ARG 1~ 2 AN BB EE, B
W7 R & I SR T A BT ) A T A L S B
K 10~100 1%,

PCR iR mE R B E

Table 3 Sensitivity of real-time PCR standard samples

T o il 4 JEE BRI RS 0 Ctfd
Concentration of standard samples/ ( copies/ L) No. of positive wells/No. of tested wells Ct value
5.74%10° 3/3 17.66+0.36
5.74x10° 3/3 20.92+0.18
5.74x10° 3/3 24.56+0.14
5.74%10* 3/3 27.89+0.33
5.74%10° 3/3 31.75+0.39
5.74%10° 3/3 34.77+0.31
BH 1 Xt B8 Negative control 2/3 38.92+0.51

25 AEBEEMBESRNEINKLEEE PCR &N
Z®R
SrAEEEC 0. 1.2 3.5 d YK B SORIAE S LA

2 DNA 1E R, #] FH gyrAl1-F/gyrAl1-R 5| ¥ %}

HEATH B PCR K, Wi 5 Bz, AS ) & i K 4L
(1) SRIEE I DNA Y94 53 5t , BLRE G %% I
B ZE K, 457 BRI BT , 28 BH SRR & b 9 40 7 DNA
B
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Table 4 Sensitivity of real-time PCR for KCA bacterial liquid

— KCA BRI BH P YR B8 i 0 R Ct i
) Concentration of KCA bacterial No. of positive wells/
Strain Ct value
liquid/ ( CFU/mL) No. of tested wells
107 3/3 16.47+0.17
10° 3/3 21.32+0.12
i VEAD 2 AT B KCA 10° 3/3 26.90+0.25
Bacillus amyloliquefaciens KCA 10* 3/3 31.13+0.17
10° 3/3 34.97+0.60
BH M X+ HE Negative control 3/3 36.50+0.35
x5 BREKERTHAEN
Table 5 Nucleic acid level anti-interference detection
Ct {H Ct value
TR 2

Concentration of KCA 4 18 &

bacterial liquid/

KCA pure bacterial liquid

KCA 4l +rg-1 Wl
KCA pure bacterial liquid+L. paracasei rg-1

bacterial liquid

(CFU/mL)

1 2 3 YI{H Mean 1 2 3 YI{H Mean
10° 12.37  12.67  12.40 12.48+0.17 12.34 12,90  12.23 12.49+0.36
10° 34.47 3413 34.20 34.27+0.18 34.22  34.09  34.22 34.18+0.08

F6 EHAXEME KCA g T

Table 6 Interference of soybean meal to KCA detection of inoculant bacteria
Ct {H Ct value
B —
Concentration of bacterial KCA 4fi % KCA 2t lﬂ(&-‘-ﬂ*ﬂ . R P X R
liquid/( CFU/mL) KCA pure bacterial liquid KCA pure bacterial liquid+ Negative control
soybean meal
107 16.47+0.17 24.29+0.26
10° 21.32+0.12 28.45+0.09
10° 26.90+0.25 32.57+0.29 36.88+0.41
10* 31.13+0.17 35.18+0.23
10° 34.97+0.60 35.57+0.71
52 B 7¢O E & PCR J5 ¥ A i 45 S 3 9

(F7),LEFO0 d R VER F AT MEGE R 9.33x 3 iF g

10° copies/g (P & # F W = K 1. 0 x
10° CFU/mL) , Kk 5 dB, fif V& #2596 4T 1 4L
154 4.16%10° copies/ g, WL 1912 R 1 0 02 K T
AL 00048 , d B AR 53 2 57 1) 52 i) 29 S o o
PCR 5 RE € 1 K il & T SR 1 i 02 B 25 460
R

fiff VE A ZF AT TR & T 28 /4T 19 & ( Bacillus) ,
SR L ZE AT TR G R R 00 ZE AR I I R A
FZHE T P A0 A 7 3 S TR I A A R
ZEAUAT I ( Bacillus subtilis) 14K 2 fFT 16 ( Bacil-
lus licheniformis) "> . 4 16S tDNA JF31 &
AHEAA” 20, CRCH AR R G K B
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GhrifE, ABEFERD, R 16S tDNA 7] DL IX 43 %
FOFF TR S P 1% TR A, (ELHE LA DX 43 Al 50 3T 25 o 7 op
(045 JE AT B 2070 DRI LA SR FH 40 A 1 e
fit gyrA & DA 4T 401 43 258 | %8 0E I 3% 5C 11, Chun
SN R ] gyrA B DR TR R 2 A RT BRI 2% R R
(51 HEAT IE 5 434, R WY gyrA BRI RE A X J3 Ak
FOR AR B 2R FUAT TR, AS S0 EE X A U R 2
AT 16S rRNA JE[K K gyrA FER A4 <F X 51T
T 519, %M PCR Kl 45 KWL gyrA FEH 1T
WG ATY RS T R AF A AR S AT
W H AT 5 G DO, AT % 16S rRNA BE P K
T A58 HORE s B JE R4 5 X 5 R 2R
R —3,

I FHSE I 2¢ 6 5t PCR 7 AT 1A W ) £
A O 7E Kl O B A B 8 4F 9 N . Yong
SRR T A R BEHL R PR IR -4 A R Y iR
TEM ZEAOAT I A O, OF 506 W R T X
eI EE T 1Y SERT 2 i PCR ik S5 iE W O
25 B EIR% YR LR 986 E & PCR )7
AU JRR AT I ) o A b FLER BRI 1Y) sh A& A2 4k, 45
IR WY Bt o TR ) B () A B4 2L TR K TR AR e A
T, 1E 14 d 532 {H (4.63%10° copies/uL) , #
FbF 0 d(2.41x10° copies/uL) N T 6 4 &
9, LW EE R R Y], LRI E i PCR AJ
DI 4G D e T ok A v 0 4 T e o 7 ) 2 R
b, ARWFFE IR TE T R R S 1 A 0 A v A 2 A
FFER KCA B89, 351 H M5 1 47 4G () 7= Py 44 4
(R A R, ST T R AERN R, T T A

KA T ) A o i U A 28 FELFT T KCA 1Y 55 I 9% 01
JEHE PCR 5, & R BIARIE SO TE 5.74%107 ~
5.74x10* copies/ L H B UF B L K R, B R 7K F-
A K I FR 7E 102 copies/ L, 4l & W /K F £
10° CFU/mL, %i W% J7 i (9 R AR 47, b ok,
I TR JEORE S R KRR A DA A vp 4 B 4
PR 5E K 41 DNA 38 5 A 1R I 19 DNA #E 1 7# K
SRR AT BT P A T 45 R 34 2 B I ST i
BT AR J7 R, WS T 4R T AR R IF AN S i K
WA,

M1 23456

M & DNA Marker (2 000 bp) ; JKiE 1 S B X B& ; 7k
H2.3.4.5.6 55 Kk80.1.2.3.5d S,

M was DNA Marker (2 000 bp); lane 1 was negative
control; lanes 2, 3, 4, 5, and 6 were soybean meal samples
fermented for 0, 2, 3 and 5 d, respectively.

5 TRAXEMNESHERNEN PCR FIEER
Fig.5 Conventional PCR amplification results of
soybean meal samples with different

fermentation time

R7 TELABNENEZHPRENFETFENHERLN

Table 7 Quantification of Bacillus amyloliquefaciens in soybean meal fermented for different time

KR ] Ct{H WV ST SRR

Fermentation time/d Ct value Quantity of Bacillus amyloliquefaciens/ Theoretical inoculum
(copies/g) quantity/ (CFU/mL)

0 30.38+0.38 9.33x10° 7.5%10°

1 23.95+0.30 2.75%10° -

2 23.96+0.48 2.69x10° —

3 23.97+0.31 3.02x10° —

5 23.47+0.20 4.16x10° —

R TR X R i Y A SE AT TR 57.4 copies/g.
The number of Bacillus amyloliquefaciens in the original soybean meal control group was 57.4 copies/g.

TE S P o A 7 T R R AR B8R AR
BRI I A 2 %k s B 2 8 IR R, B T 5 B30 482 B

2B DNA P2 A 5B, D TR B [ 1A 2 Jot
XHRE A rf DNA K I AYSE 0, ASE TSR 984T 1 M
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S

P TP 30 e 06, 25 R 3R Gk B T e
TR 4 10* ~10° CFU/mL, H 2l H W = 10~
100 £, U BH 57 R 25 1 44 356 5 X 422 A B 1Y) DNA K
SR KA T, H B K T ORI DL 10° ~
10” CFU/mL I R ¥ 4% [ $ Fh e R AT 09, $2F0 2
I ELRARE S B Y i 2 /0 FE 10° CFU/mL,
RN L L iy g 7 e th 1~ 2 MR UL |
ANFE IR 5 A S B A I g 2 S o A Y0 2%
WA | AN [v] & T st 3901 A9 TGRS i S ) 25 AT
BRI kAR, BRI (0 d) |, ff TE R 2 1
FFE BYECE 4 9.33%10° copies/g, KBEZE 5 d, il IE
) ZE AT T 8RN 4.16%10° copies/ g, J&= 4% Fi 4]
IR 1000 f%5,  [R]AS2 WA E M 2F 64T TR A9 i
B 5 & T DK 0 i) S T 38 I, 3 T AV 52K Y
PUEFRE T o e E R YRR R, X
FMFE R B DL RS RIE AT ST L Y
i VE K3 25 FRLFT BRI 179 S ) 28 S a8 it PCR 1Y 7 74 7T R
G- 1 07 FH T SR T Ao A P A D 9 2 AT PR Y
R

4 & B

AHIF ST BT X A T R R A T L T RE S
LI P RE fiE PCR J7 3, vl AFH XoF o A 4G 00 42 o i
TE R BE SR AN [R] s B B i AR A, fg e T DL
KSR A KR AR 7 IR R AT [ A 2 e ol A vp W s
o T A 17 T M £ 96 90 ) B, O e T R AR 7 A
Mp AT AR P R B M A R TR R r B R
FE,
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Development of Real-Time Fluorescent Quantitative PCR Detection
Method for Bacillus amyloliquefaciens and Its Application in
Fermented Soybean Meal

YANG Xianggian' CUI Jingchun'® ZENG Shixian' CHENG Li'
ZHANG Kebin' HU Xiaohong' BAO Yajing**
(1.College of Life Science, Dalian Minzu University, Dalian 116600, China; 2.College of Environment and Resources
Sciences, Dalian Minzu University, Dalian 116600, China)

Abstract: A new real-time fluorescent quantitative PCR (qPCR) detection method for detection of the quantity
of Bacillus amyloliquefaciens in fermented soybean meal at different fermentation stages was developed in our
study to solve the bottleneck problem of quality monitoring in the fermentation process of soybean meal. Three
pairs of primers were designed from the conservative region of gyrase subunit A ( gryA) gene and 16S riboso-
mal RNA gene of B. amyloliquefaciens. A pair of specific primers were screened out by conventional PCR , and
the recombinant plasmid constructed by the amplification products of the primers was used as the standard.
Then a real-time fluorescent quantitative PCR method was established. The established method was assessed
with respect to specificity, sensitivity and repeatability, and the level of nucleic acid anti-interference, interfer-
ence of soybean meal detection sensitivity. Finally, it was applied to detection of the fermented soybean meal
samples. The results showed as follows: 1) the real-time fluorescent quantitative PCR method based on plasmid
standard constructed with primers designed by gyrA gene had good specificity; 2) the minimum detection limits
of nucleic acid level and bacterial solution of B .amylolyquefaciens were 10 copies/pL and 10° CFU/mL, re-
spectively ; 3) the coefficient variation (CV) were 0.76% to 3.27% in the intragroup and 0.34% to 1.88% in
the intergroup, all of which were lower than 5%, indicating good repeatability; 4) there was no significant
difference in Ct value between B. amylolyquefaciens with and without nucleic acid of Lactobacillus paracasei
(P>0.05), indicating that the method was not interfered by nucleic acid of other microorganisms in the sam-
ple; 5) the detection limit of this method for B. amylolyquefaciens in soybean meal was 10* CFU/mL, which
was one order of magnitude lower than the lowest detection sensitivity (10> CFU/mL) of pure bacterial solu-
tion (but did not affect the actual detection application of this method) . The results showed that the number of
B. amylolyquefaciens was 9.33%10° copies/g on the first day of fermentation and 4.16%10° copies/g on the
fifth day of fermentation. Comprehensively, the results indicate that the established qPCR method has good spe-
cificity, sensitivity, anti-interference ability, and it can rapidly quantify the B. amyloliquefaciens in fermented
soybean meals.[ Chinese Journal of Animal Nutrition, 2021, 33(1) :494-505 ]

Key words: fermented soybean meal; Bacillus amyloliquefaciens; real-time fluorescence quantitative PCR;

gyrA gene; quantitative method
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