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ET=ZLRNEE PCR EARBRAR~XHBIRERSH
Lactobacillus sp.89 4> %5 451

Hink RE P
TV AR ARG T E SIS VI R R TR FRYE R Y 5 0 A T =
Lo o8 214122

#§ ZE:[4 % 1Lactobacillus sp.2 —#h A £ T € B BRE & 46 F 69 ) 8404, 12,2 443 Lactobacillus sp.
MR EH FALAETEOBRERAATOSA AWML, [B 6] 25 —A K TR AT ey e
% PCR &%k, JRA-TEFRAZ#M, 487 Lactobacillus sp.f2F B & B BRiE & 4 F 695 4FAE.

[ %] JF 16S rRNA KB i 735t 4F 7t 714, JFilid PCR BE 7| P45 1 #RAL BT & PCR
BAZFE, RG5| My 38 E; R E 5T REFAT Lactobacillus sp.494=2, 48 Lactobacillus sp.
B GIEREZATOSAIFAE, [LRYBRTT —4F5 38 =4 KA 445 bp 6945 7454, @248
MeAF 3G 4t A Ttk L 1B OK L AEAP A2 09 Z F ST PCR 77 ik, %77 ik 47 3 & 85% , R™>0.99;
R G, X EFMRA 17.9 copies/ul; = MEF, CAAMNEFAEDNT 1%. SRIFENAE 10 A~ R
R B A%, L 847 K94 2| Lactobacillus sp., ZADR =3 R FlERE T ¥ 498 &
%o ¥l 2] Lactobacillus sp., [ERAEELARF 2R, LASEG SHOZERERQELMKE ST
3 % (7.27£0.04 Igcopies/g), SR IF & B Af 18 4£ AR & I Lactobacillus sp.é9 £ K49 A AAME: £K
(015 d)fes 2 #9(15-45 d). [4536) A TFHFWINMATE L6 =5 5% KT & PCR KT LI & B
BRi% 2 4% Lactobacillus sp.69 %2 o2 &, i@ I IRIFAEM K I Lactobacillus sp.) 324 £ F [ &5 &
BEARZ P, HP Z 3k Lactobacillus sp.é9 oA, BRik T¥%m48, AELBETA2F Lactobacillus sp.
W e EANRNHSTMAE, AG—FAR LA ELBRIET A RRESF .

X§EiE: YRGB, £¥, AL EPCR, k¥ZFHIAFH, Lactobacillus sp.
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fermentation. However, there is no quantitative method to uncover the distribution of Lactobacillus sp.
among different production locations. [Objective] This study aimed to build a quantitative method to
uncover the distribution Lactobacillus sp. among different Chinese liquor production locations. [Methods]
Specific primers were designed based on 16S rRNA gene sequence, and the specificity was verified by
PCR. The gPCR reaction procedure was further optimized to increase amplification efficiency and reveal
the distribution of Lactobacillus sp. [Results] A pair of specific primers were designed and validated, its
amplification product size was 445 bp. By optimizing annealing and extension conditions, a three-step
gPCR quantitative method was developed with independent denaturation, annealing and extension process.
The amplification linearity of this method was strong (R%>0.99). The sensitivity was high, the quantitative
limit was 17.9 copies/uL. The repeatability was well, the coefficient of variation of C; value was less than
1%. Following and detecting the representative fermentation system from 10 producing locations in China,
Lactobacillus sp. presented in 8 producing areas. In the different making process samples from the same
region, Lactobacillus sp. was detected but its content was significantly different. The content of
Lactobacillus sp. from sesame aroma fermentation system in Weifang, Shandong province was the highest
(7.27+0.04 Igcopies/g). The growth curve of Lactobacillus sp. in this system was divided into two stages:
the growth stage (0 to 15 d) and the stable stage (15 to 45 d). [Conclusion] The established novel gPCR
method can accurately quantify and identify Lactobacillus sp. Through follow-up detection, it was found
that Lactobacillus sp. was widespread in Chinese liquor fermentation system, the distribution of
Lactobacillus sp. was determined by the origin, the content of Lactobacillus sp. was affected by the making
process. During fermentation process, the content of Lactobacillus sp. has an obvious dynamic
characteristic. This study will improve the development of function study about Lactobacillus sp.

Keywords: Chinese liquor, Quantitation, Fluorescent quantitative PCR, Uncultured Lactobacillus,
Lactobacillus sp.
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W RS R G 2 AR A E A, AR
P A S . AR RO R R, AT
i I Nyl P S O B ¢ Y i R el e R D N )
PR, I KR A R PN A
HEAWE T2 RMEGIRE R, WEam . B
B . RSP AT R LR RS A
W, REErERR . LR, HiEm
P il I XU, g 5 A I R 3R 48 P %
DR, ARSI T I R R R e
Hh/1> Lactobacillus acetotolerans £ S50 & B2 J5 1)
T FEL KR TR A S s 0P R,
A hER LR PR Y IR R TR E
R G 1) o0 AT FRAE i S0 LI TR R 7 11V TR i
RGP IIREVTIY

Lactobacillus sp.&—FRAETET H 1 T R R
SRS A, T EHATA TR RO
W HE KBOR, MRS R AR . s
i 1 7R I & W Lactobacillus sp. /A T 1L <k

Dy 2 AT P RS R, FERTIRES d Je AT
T2 T, o R B R AEY, I HiE
A S 43 B R B2 T A R A= ) 2 B AR G
KR, TERESBEPmEERELEME, Hik, A
WAL Lactobacillus sp. A& 1, #B/RHAE
] I R RS A A RRAE R R SR
Lactobacillus sp. 7EfiRkE RGEH I CHIEIRERIES

A W 0 9 — LR R Y U F 5
P, MAEMER AT RE PG E RN
R AP TE R AR bR . ik, R 207
205 e X o A= W kAT 4 ke B, A0 DL B R
Jiig 17 1% K I (phospholipid fatty acids, PLFA)™ .
ATP #6091 2 4k 85 4 90 (microbial biomass
carbon, MBC)P g #8314 3 T A= W1 B bR ac 1
Rl gy s DS @RI . e i
LAARP | e it PCREPPL R iyt T
YRR E R . HHodtE R PCR &
— P TR RS | Y R A e ik, BT
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ZRHTHEIL. Wi MR R g e,
SE—FE R R MERE ORI . A SR T
X R PR 2R G s e ih A A R I O TR S
514, MEvE = PCR E R ik, HTRIILLK
PP K e R rh R i B s o2, E R e
Xf Lactobacillus sp. e 45 [ 5R FHRiE . F35b,
PG it PCR AR5 1Y), i HEEKS 1Y)
H S L IS8 B A G E R . ST
WK I 4y 18-25 bp, St AP 80-150 bp,
H B 4753 Lactobacillus sp.iy2iidsdidy, ¢ 16S
rRNA JE P8 AT/ i R S | R 7 91
BRI TR S (R iseT T, SIS A B BEE L
T H DO E i PCR AR

AT XA TR IR T 2E Y Lactobacillus
sp., EUGHEIE 16S rRNA FE K FFEFEE T — X4
PES 19 PLsp, ¥ 35Ky 445 bps S1X0H 7 Bed) 1
PRI E i PCR SUNAR R, ALARAR JORIZE fif
PP AROIE S Ty acE, wd T A
38 v R P RN E A R ) R BRAEEAS I
10 /7 XB RS RGEERFEA, R T
Lactobacillus sp.7EH [# 1 AR 1 28 40 H 09 7 A 4
fiE, FETHSES 1) PLsp 996 E 8 PCR E it
Pt T HAM R R G AR B SR UE Y B
1 MRS H®
11w

111 EHERHEER
gL A 22 Ry, e+ 10 A4

JB o P TR W 1 R A S 2 DA LG A TR IR
K. iR R R, DL 25% H kA T 4R
fET-80 °C. FHEMIGFR A BUS g FEAMA
#1100 mL ICREAHER K, 200 r/min#izi% 30 min,
WIS AT PR IR A 40 8 . FLIRTE R 401 . TE Ak
i MRS 332302 37 °C &M FHiFE 3 d; &
FORELRR4Y 8 . WAL YPD Bigedt®l grgesk
£ 930°C, FRHFR5d, WSS 2d; HALA R

(58S . THARGE LB 353R R, BiRskkh 37 °C
Wit 1d. ANTATE R S ) 27F/1429R %5 ,
ELR BRARGE I FH 5 19 NLUNLA %58, 519175 %
HY 501027 SCHk[24-25] .
112 BABA%EIIEBEFARARE

ANTE] = X FIE B s REFEARG B 1 7
N, BATHLRAE 3T, Mt 484, BAMEA
BUREREZ) 200 g, {RA7T—20 °C., K FEREACR AR
TIARHED P S 2 R BT T, BRER A eI 1]
HURE, SREERTIEAH 0, 5. 8, 10, 15, 20, 40,
45d, BRANHA]SBUREERZ) 200 g, A7 TF-20 °C.
1.1.3 EERAFIFLIE

SALEN . JoKmENE . BilER . A b
O, EZEREAAR L) ABRAF ;. MRS 5
FeHE . WERHRE . IR, Oxoid 2aw]; ZHTEHE
2] DNA Poshitilil e . wmm, £ Ay TR
() B BRA T Bk BuAin &, Omega 2
H] ; AceQ Universal SYBR Green gPCR Master
Mix. Green Taq Mix, H[EVAMEREAEYIRHEARRA
Hl . PetE R PCR 1YL, Applied Biosystems 23] ;
BB E ot 6t , Thermo Fisher
Scientific /A H]; PCR 1%, Eppendorf 2#]; #EEAL
%5047 24, Bio-Rad 23+,
1.2 XWFE
1.2.1 E[PF 48 DNA HIZER

A AR YN 4 DNA 4R EL: 458
1 mL &b TR B A 2 R T 1.5 mL B2
LA, 9000xg B.05 min, WERETTE, RH
A G HRIBOLF 4] DNA, TEFEAIL R 2 DNA $2
B FREX7 g BT 50 mL B0, A 15 mL
PBS Z¢niifk, 3 g BIEEK, WRHEHRT 5 min, 300xg
B0 5 min, WA B, EAURE 3. RIERER
H%) DNA 38U 75275 3CHR[19] .
122 sl4mgit

TS HAR W R R MY, TS%
HERAGE, HIReS s i a1 16S
rRNA JL[K 751 (GenBank &5 KU674948.1),,
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x1 HAEER

Table 1 Sample information

HEA G5 SRAES A SRAEHTA] A R
Samples number Sampling sites Sampling time Aroma style Producing area
Fenyang L PG4 U PR T 2018 4 7 A SRl At IX
Fenyang, Shanxi province July, 2018 Light aroma Huabei area
Cangzhou LA I T 201847 A SRt At IX
Cangzhou, Hebei province July, 2018 Light aroma Huabei area
Sanmenxia R =1 Tk 201847 A HAR B X
Sanmenxia, Henan province July, 2018 Light aroma Yujiu area
Sanmenxia R =1 Tk 201847 A WA B X
Sanmenxia, Henan province July, 2018 Strong aroma Yujiu area
Pingdingshan K= AU 201847 A SRl B X
Pingdingshan, Henan province July, 2018 Light aroma Yujiu area
Weifang WA HEDs T 2017 412 A AR X
Weifang, Shandong province December, 2017 Strong aroma Lujiu area
Weifang WA HEDs T 2017 4212 A 2T X
Weifang, Shandong province December, 2017 Sesame aroma Lujiu area
Fuyang LA BT 201847 A RRARA 1Y T X
Fuyang, Anhui province July, 2018 Fuyu aroma Wanjiu area
Fuyang L B AT 201847 A WA T X
Fuyang, Anhui province July, 2018 Strong aroma Wanjiu area
Xuancheng LR BT 20184 7 A WA eI = X
Xuancheng, Anhui province July, 2018 Strong aroma Wanjiu area
Huangshi Wdbs Ea T 2017 47 H A Al P~ X
Huangshi, Hubei province July, 2017 Light aroma Lianghu area
Sugian VLB IELT 2017 412 A Z A TP IX.
Sugian, Jiangsu province December, 2017 Sesame aroma Sujiu area
Luzhou D 1148 5 M 2018 4E 7 H AT I 7= X
Luzhou, Sichuan province July, 2018 Strong aroma Chuanjiu area
Renhuai G0l k=g N 2018 4E 7 H Al B X
Renhuai, Guizhou province July, 2018 Soy sauce aroma Qiannan area
Foshan JARA B ILT 2017 4E 7 A A AERG = IX
Foshan, Guangdong province July, 2017 Chi aroma Huanan area
Xining HIFE T T 2017 4 12 A THA A Padb =X
Xining, Qinghai province December, 2017 Light aroma Xibei area

PR LR ST BR Y 16S rRNA 3[R FH R fiff 1k
Lactobacillus sp.BYF31 22 F X . 5 HEREARAHLE
H %8 K 9 B Bk, Lactobacillus caviae (90% ,
NR_157747.1) . Lactobacillus fructivorans (90%,
NR_036789.1) . Lactobacillus homohiochii (90%,
NR_042229.1) . Lactobacillus ixorae (89% |,
NR_153713.1) . Lactobacillus reuteri (89% ,
NR_025911.1) . Lactobacillus ozensis (88% |,
NR_113194.1); 7 F1IPIHRE A& 2 At BSR4 = 11
Ik, Lactobacillus brevis (88%, NR_044704.2).

Lactobacillus acetotolerans (87%, LC202658.1).
16S rRNA BE[H 741 22 5 X (1 i 1E58 1:F DNAMAN A=
YIE B9 . LLE 16S rRNA JER 7415k
H T NCBI (National Center for Biotechnology
Information) %4 2 (https:/Aww.ncbi.nlm.nih.gov/) .

1.2.3 PCR{FxRFMEZHG

PCR JZ WA Z (25 uL): Green Taq Mix 12.5 L,
b FUES190(20 pmol/L) 4% 0.2 pL, AT 1 ul, #b
7 ddH,0 % 25 L, PCR JJwi2&f4: 95 °C 5 min;
95 °C 1 min, 55°C30s, 72°C 25s, 30 PMER,
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PE R PCR JUWAKZ (20 ub): AceQ Universal
SYBR Green qPCR Master Mix 10 uL, . Fi#5]
Y1(20 umol/L)#%- 0.2 L, AAk 1 pL, #h7E ddH,0 %
20 uL. W5 EE B PCR R 454 98 °C 1 min;
98°C10s, 60°C30s, 40 MEH ., =H9EER
PCR S v 4f4: 98 °C 1 min; 98 °C 10 s, 55 °C
30 s, 72 °C 25 s, 40 MEIR. WfiHLIisE N
M 65 °C FHEZE 95 °C, A 0.5 °C A&l—ik
WAFSMEE, BRRRINFRSE 5 so ARURAIA &
A 3PHARNAT
124 ARSI

VERE NS B A A 0 G G R 2 4y
PR HR, S R R e UL 22 FpaEH
FRILE DB FE R ALVE I BAPEXT B8, 385 PCR BHIE
IR ROE AR S, R R R DR A ik AT
X T v 1) LU AR B 77 DX R TR 1 T P R
%5 40 d 145 d (AR AN, K BT BE 2 3 4
P BB IR R I H K 4% SR R 5 | O 1 A o
B PCR P88 = Wyi% 4B TAEY) TR i) A FR
S EIINT AR 25 S s | 4 48 7 P ) R
Sk, AR BT RE A3 7 R BB W e i ik
25 JE W A AR P e S
125 [RAME

FIRE R L1, DAL AR 5 ™ 2
JRRR TR [T T 5 R 4% 45 d RIS AEAS R 41 DNA
AR T H AR R By S, HU5 pb PCR =7
1.5% Y B AR WHEBERE LDk R il g G452 . HAr R
Btz S S pMD19-T #iiAkide, HARRME )y
:27% SCHR[26]. AT BoRCA B G0 S e Bk,
FEEA PLsp 51904 37 30 U2 B AL . DA
BT E I ORLAE bR v S, R R E
S 7 BoRE e B, IF TR AR A b PR A DA,
F—20 °C 1#7%.
1.2.6 FREZE

MU A R R UE GG DL 10 175 HO R T 8 A 7
Fike, g 7 AMRERAEE . AR IRMR B TN 1
B SR AR E A I EARGHEAT gPCR, & X I 1Y

Cofl, MEFTRE NS CEZMMLIERR,
ZetflbRE Lk . PIgeR E AR E=100Y9-1
it Hepa EArEZRRR,
127 RAEE PCRESMW

Ph 1.2.6 g BORAE ot 5 PCR itk , Ml
SEXTIIY CfE, TR 5 EE, 11 C A
MRS 2K, 96 ER PCR ik E R ik
i
128 RHAEE PCR FEEE~HRINA

LA [F) R T BE M 41 DNA 1 AR 7
gPCR A&, W52 H b i MR AE A FEA i A= 4
it o RRUCBH X B B BRI AR A S, B0 R
FEICHK, TRUEZOEE & PCR 45 R A HERA 1
1.29 HUEHHR

PR PCR SCu dhbnifE i<k ik vt R il it
Origin M LML A TIRETE M, [Fl— )™ HiA[H]
PiEyE T2 2] Lactobacillus sp.A:= ¥yt (125 5 %
P, i1t SPSS A H R 7 FR AR t K IR DI RE ST K

2 R0
21 RAEEFHEWEL
211 s|4ngit

RS E R PCR & ik, BicHltt
% Lactobacillus sp.5 /L XY Lactobacillus
acetotolerans 1) 16S rRNA FEFEF, Fige Tk
TR SRS 1Y R L R 8, 455 a8 1 R,
LS 8 AKX 1-8), X &
BLIXIH 2, 6. 7 5 Lactobacillus ixorae #Hfl; Xz
4. 55 Lactobacillus caviae #H{b); [R]H X3, 3 F1IX
I 8 A2 T 800 bp, PRI IR 1 FIX Ak 3
AT RE ST 1)

FIFHDCEE 1 A5 3 AR PP A i Hh — X
ST, g PLsp. oAt 8 R A WA A
BRI H15 PLsp % F 5 1490 41 A st 45 SR an & 2
P, 5 RS 195 B /N2 SR ECh 10,
NS 5/ N2 SO 8. PLsp (UEAF
B LS8k 5'-CGCACTCCCGTAGATGA
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TTTTGA-3', K% 23bp, (G+C)mol%:Fy 47.83%:; PG 445 bp, PIELTE DNAMAN HisR
T E5 ¥ ¥ 51 5-TCACTACCAAGCCATTTCC  f#7E HIRMIFEEH, DL FRHIEX I 2 5 | Wi A B
TAC-3', KJEH 22bp, (G+C)mol%Hy 45.5%., PLsp 3K, RILAN TGty 't e i PCR E Rk,

A

Lactobacillus Sp- GwCACTCCCGm EEA MTTCTA PRASlE AGRIGAGCGGCGGATGGGTGAGTAAC
Lactobacillus acetotolerans MeATISSAAGTCGAGE! EEAA TGAAGT A

Lactobacillus sp.
Lactobacillus acetozalerans

Lactobacillus sp.
Lactobacillus acetotolerans

Lactobacillus sp. AL , 7 : 2
Lactobacillus acetotolgrgns : ( AGACACGH CCTACGGGAGGCAGCAGTAGGGAATCTTaCACAATGAICRA
381

A -\‘\((‘I TCGHSTC
\(v\\(v( 2 1CGT

Lactobacillus sp.
Lactobacillus acetotolerans

530 540

Lactobacillus sp.
Lactobacillus acetotolerans 8

670 680 690 700 710 720 730 740 750 760

Lactobacillus acezatolerans ATGCG ““ * ATGG

Lactobacillus sp. STGTTRA, AGTGC
Lactobacillus acetotolerans St SeREaNNSREINTaNS L TCGAG BAGTGC

860 870

Lactobacillus sp.

Lactobacillus acetotolerans SauiaeN
1 050 1060
Lactobacillus sp. [Giaee TTGG
Lactobacillus acetotolerans [SSSEIENGREES

1 141 1150

Lactobacillus sp. g 7 ; A r
Lactobacillus acetotolerans "SlSSSEXELEICNE (LN EcI{eAAGLE ATCATGCCCCTTATAICCTGGGCTACACACGTGCTACAATGAECAGT

1240 1250 1260 1270 1280 1290 1300 1310

Lactobacillus s ATC NCTAGTAATCIGGATC
Lactobaczllgsc;ceigéozzsmgs * €( I(m AACTCHSCTEICACG \\(m l(kv\ ATClEC Mwl AATC \
1 350 l 360 1 370 1 380 1 390 1 420

??40

Lactobacillus sp.

Lactobacill totol GC
aclooaciiius aceloloterans 1430

Lactobacillus sp.

Lactobacillus sp. A
Lactobacillus caviae

Lactobacillus ixorae

Lactobacillus sp.
Lactobacillus caviae

Lactobacillus sp.
Lactobacillus ixorae

&1 16S rRNA EEFFIEE 3t
Figure 1 Sequence alignment of 16S rRNA gene sequence
1 A: Lactobacillus sp.fil Lactobacillus acetotolerans 16S rRNA JE[K 51 Fe X485 5, 2160 )5 HEAC 2 0 T B4 5 | Wy il i e [X s ;

B: ARk XITFAHIE X
Note: A: 16S rRNA gene sequence alignment result between Lactobacillus sp. and Lactobacillus acetotolerans, red rectangle boxes represent
the candidate sequences that were used to design species-specific primer; B: Sequence alignment of the candidate sequence.

NGEGTTGCGAAACCGCGAGGT

GTTGCGAAACCGCGAGGT

e
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A B
5" > 3’ X 5 > 37
Lactobacillus sp. | CGCACTCCCGTAGATGAT - . . T. TTGA Lactobacillus sp. | TC . ACTACC AAGCCATTTCCTAC
Lactobacillus caviae | CGCACTGGCCCAACTGAT . . . T. GATG Lactobacillus caviae | TC . ACTACC TGAACAGTTACTCT
Lactobacillus homohiochii| AGCTGCGCCTAATGATA. . . .G. TTGA  Lactobacillus homohiochii| Tc . GOGACGTGAGCAGTTACTCT
Lactobacillus fructivorans | CGAGCTGCGCCTAATGAT . . . AGTTGA  Lactobacillus fructivorans | 1¢ . GOGACGTGAGCAG TTACTCT
Lactobacillus ixorae | CGCGGTCTCCTAATTGAC. - - A. AACC Lactobacillus ixorae |TC . ACGCCGTGAGCAGTTGCTCT
Lactobacillus ozensis | CGCGTCCTCGTTAAAAAT. . . T. . -GG Lactobacillus ozensis | TC . ANMAGCGTAAACAGTTACTCT
Lactobacillus reuteri | CGCACTGGCCCAACTAAT - . . T. GATG Lactobacillus reuteri |GT - CACTGCGTAACAGTTACTCT
Lactobacillus acetotolerans | CAAGTCGAGCGAGCCGAA- - -C. TAAT  Lactobacillus acetotolerans | GCAAATAAT GAGCAGTTACTCTC
Lactobacillus brevis | TGCAAGTCGAACGAGCTTGGGT - TGAA Lactobacillus brevis |Tc . AACCCT TGAACAGTTACTCT

&2 $#RM3I19F5IExT

Figure 2 Sequence alignment of species-specific primer
e A BIESIWRES; B: TS IMFS. LR R,

Note: A: Sequence of upstream primer; B: Sequence of downstream primer. The different bases were marked red.

212 S|YnERMSHFMREIE PIGT YT SRR R . I, ARSI

51 03E LSRG RAnE 3 Hhikid 23, 24 FF
No S — HKJEAE 400-500 bp Z[A], filjF4h
B B BE A 445 bp; 38 FRA e, W
BES TS 1 AU A R A 100%, SEE62)
RFRH] PLsp & A TH 4 Bin v BEHY 3~
— MRYETE A SR, AT 15 PRANEE A 7 HRE
P (& 3)F B RIS TES | e, BRUESS S an
&l 3 Ykl 1-22 itz , PLsp Xif 22 Rk ¥y Je 38 X
N, Z5HFRH] PLsp FERMAIRESE R, WTHFX
4y Lactobacillus sp. 5 HAm M AE

1F 10 5 FB EERR RS LU AR E D 7 b2 R TR P T
¥ 2% 40 d HOTPEEE LD 2, IR 10%-10° f5 ke
AR PEIEE T PCR MR, HiAbiR K RE AR,

PR HERR () OB 5 F . Nk 2 IR, BBk
FET PCR P45 S /R PAT 2 A CAAE R AR5
BR(CV=0.01%-2.65%), 4" 3 P# 2,

R?=0.40, ZME#5. ALY 40k 25tk 98 °C
10 s, Bk 55 °C 30 s, ZEf#i 72 °C 25 s, i
=Pt ER PCR k. “ A9t PCR
P 25 B BOR AT Z R AE S RN T 1%

2.2 WHE= PCR RMEHHIML
AT E R PCR ¥ gt K BB

(CV=0.17%-0.59%), FaEMEim; R*=0.99, 4tk
B, SIS RGOt s PCR &1

bp M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

& 3 PCREIEI¥4H551
Figure 3 Validating primer specificity by PCR

Note: M: 1 000 bp DNA Marker; 1: Lactobacillus acetotolerans; 2: Lactoabcillus brevis; 3: Lactoacillus buchneri; 4: Lactobacillus
crustorum; 5: Lactobacillus plantarum; 6: Lactobacillus curvatus; 7: Lactobacillus delbrueckill; 8: Lactobacillus murinus; 9: Lactobacillus
reuteri; 10: Lactobacillus johnsonii; 11: Lactobacillus casei; 12: Weissella viridescens; 13: Weissella confusa; 14: Bacillus amyloliquefaciens;
15: Aspergillus tubingensis; 16: Mucor rouxianus; 17: Bacillus licheniformis; 18: Schizosaccharomyces pombe; 19: Zygosaccharomyces
bailii; 20: Issatchenkia orientalis; 21: Saccharomycopsis fibuligera; 22: Saccharomyces cerevisiae; 23: Jiupei at 40 d from sesame aroma
fermentation process of Weifang region; 24: Jiupei at 45 d from sesame aroma fermentation process of Weifang region.
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T2 LHEALSHRNEESE PCRE=ZLTHEE PCR 53

Table 2 The linearity and stability in the two-step gPCR and three-step gPCR

PPt E & PCR
Two-step gPCR

=BUStE R PCR
Three-step g°PCR

AT 1 P2 i3 cv 2 FAT 1 AT 2 K453 v 7

Test 1 Test 2 Test 3 (%) Linearity (R%) Test 1 Test 2 Test 3 (%) Linearity (R
18.67 16.80 17.56 0.53 0.40 18.20 18.06 18.20 0.44 0.99

18.73 17.25 17.57 0.44 21.41 21.66 21.52 0.59

26.58 25.30 15.65 2.65 25.58 25.32 25.46 0.51

30.94 30.89 30.95 0.01 28.59 28.67 28.71 0.21

38.47 30.85 30.97 131 32.18 32.28 32.21 0.17

A DAL i R S A I A5 SR RS e PE R E R M, W SEERANSPRAE

JETE RS RGP E R Lactobacillus sp. (1)
BR,
23 WHEE PCR EEHEMITEM
231 FnErEZk

L] i g o SRV FE R 1.78x10° copies/ul,
VR BE G B SRR AR (7 B i e 3 R PRSI 1 S
R 4A) 5 brdE #2819 BFR R -3.54, #IE R
33.85, 4tk R*=0.99% (1] 4B), it AbRit3Y
RNy 91.64%, Tl AR ERRZRAYER, AT T

232 ESMIEIE

PL2.3.1 H 8NV B 1 STk A 4 AR, WIS
=AUOEE R PCRE R IAM T R M. 4558
£ 3 PN, CEMZSREI/NT 1%, HEG1
T T 0 FEE A B ARG & SR b 3 R B
TEB S TR eS8 PLsp AW B0 = 26 8 it
PCRERFIEHARELE M, SHTERESH MK
JE . Pk BE RN W BE Lactobacillus sp. F) 37 i
FEA

A
Tr B 35 -
6 30 2 y=3.54x+33.85
R*=0.999
5+ 251
8 o
54t 3 20f
8 0. /101 102 10 104 105/ 10°/ 107 g
S 3 VO Y N N N S
= 5L
2 10+
1k Negative
\ 5t
0 4 8 12 16 20 24 28 32 36 40 0 1 2 3 4 5 6 7 8 9
Cycle 1g16S rRNA gene copy number

4 5|4 PLsp RY¥ &M &8
Figure 4 The amplification efficiency of PLsp primer

e A EABCKAREER 10 5B R BY 4k ; B: Lactobacillus sp. 16S rRNA S ¥ DUES C =2 AT AR T £8.
Note: A: The amplification curve of serial 10-fold dilutions of recombinant plasmid; B: The standard curve between Lactobacillus sp. 16S

rRNA gene copies number and C; value.
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RNk FF =006E & PCR HARE /R AR =X (i ERE R4 H Lactobacillus sp. 4341 FEAIE 9

&3 QPCR EEWRMGENEEM PCR J7¥:4:3t Lactobacillus sp.7E4: FEVE H N AY 4>
Table 3 The reproducibility of gPCR AL ZEEANE 5 s N ey

FE, 2 N, TEARAL . B . B
WRE Gl EHE CV Tff” ”% : R L. o
Dilution Ctva|ue Mean (%) JE‘{E N Wﬁﬂ N )ll Y@ N %\ﬁgj ﬂ:ﬂ Ejh i@*ﬁ‘{mu EIJ

r 2 3 4 5 Lactobacillus sp., FHH7EE ™ X fiis R G H 0k

0 516 520 519 518 517 518 031 (17 25 (7.27+0.04 Igoopies/g) . 7EMAT KA R
10 929 925 933 928 934 930  0.39 ” A _ N
10° 12.82 12.80 1259 12.86 12.67 1275  0.89 Gu P IFL{IK(2.98030 Igcopies/g). SLH4S AL
10° 1644 1628 1630 1622 1644 1634 059 71 Lactobacillus sp. A U A7 AE T 11 AR #0777 Ml
10* 19.91 1967 19.79 1958 19.89 19.77  0.73 MEBEmRERSD, MEEFPEAOERSE RS
10° 2354 23.32 2344 2345 2337 2342 035 S A
10° 26.98 27.16 27.14 2695 2681 27.01  0.54

W4T Lactobacillus sp. 434 577X .
107 30.63 30.95 30.99 30.89 3091 30.87 0.6 WA pAYTIATE AL, 7

MR YE T2 0552 &K PL. Lactobacillus sp.Y434ii
24 ERFEE PCR EB5 LN HrrXIok, BARTER . bl X ey B RA
2.4.1 Lactobacillus sp.ZEHFEERERGE TS IR safRis A SEr P E Lactobacillus sp., {HJ2
b P Sl o v S <o e b Wi S s e e ol US|

e 4 E R XA L (I R 248 Lactobacillus sp., 1078 LU PG V3 BH 77 Hb o SR A6 ) 5]
FEAS, s AR TRFYES 1Y) PLsp fZEM)ZEEE & Lactobacillus sp.. Lactobacillus sp.AJ4>1i

16S rRNA gene copy number (lgcopies/g)
=
T

0 ND ND ND
o oz = = o0 e 8 = = = 3 &£ @
- : £ Z 5 5§ 7 £ £ 2 £ £
S 5 Iz = = 2 b T £ £ F E
= o o0 k) E] o g 2 =S g S i
o =] £ £ = 5 = ] ©w | ~ =
= < =] ] =
&) < S0 = =
& £ <
7& — — — — — — —
A B C D E F G H I J
I 1ight aroma [ Strong aroma [ Fuyu aroma
N Sesame aroma B Soy sauce aroma

5 Lactobacillus sp.ZEZ E]RE TR 5%
Figure 5 The distribution characteristics of Lactobacillus sp. in different regions
. *: P<0.05; **: P<0.01; ***. P<0.001. A: fJt/=X; B: BH/=X; C: HH/=X; D: BEl/=~X; E: MBI~ X; F: Al

PR G: JINBFEIX; H: Bmir=Xs 1. Epr=X; 3. pdb=X.
Note: *: P<0.05; **: P<0.01; ***: P<0.001. A: Huabei area; B: Yujiu area; C: Lujiu area; D: Wanjiu area; E: Lianghu area; F: Sujiu area; G:
Chuanjiu area; H: Qiannan area; I: Huanan area; J: Xibei area.
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A, DO HAE R ARG T b, 4
SRW R e | I AREE e B
FH 7 by B4 5 o A [) TR i T 25 A A op 2 G T )
Lactobacillus sp., #fEJ=H#ipexE Lactobacillus sp.
434 . Lactobacillus sp. 843 A 5 R T. 2 G
K, GEIFZRRAER . EEA ., EHEA ., RER
AR AR A TR A T A A B A I 2 SR
7, Lactobacillus sp.JfANE7E TP A 13 7 TR
1 T AFEARECE 2R RIS T 24, fildn
LV 93 BH ™ b, 1 355 A 7R PR 1 2R 8 L 954 1 ) 1l
()2 R BRI RS0 . Ge AR [R] )™ i AS [R] R i
T2 FEAH Lactobacillus sp. i 2» A 45 1L, 45
N AP E T2 4% 2] Lactobacillus
sp., 1R mAFAE W E P2 5 (P<0.05), Uinlpg —
I ey b 4 355 A R R A TR T PR R G
6.38+0.37 Igcopies/g A1 7.19+0.25 Igcopies/g, 1l %s
DT 7 LA 2 RR A 2R e A A LI PR 1 AR 53 )
J& 7.27+0.04 Igcopies/g F1 6.30+0.16 Igcopies/g,
B R4 R BH ™ P W A R RN R AR A TR T PR T R A
43542 6.56+0.09 Igcopies/g Fi 2.98+0.30 Igcopies/g.
2.4.2 Lactobacillus sp.7E Ll ZR#t5 =i Z R E
HiE4ABEEPsST K

LU ZR B 7 b 2 R A R I P RS i —
RIS 2450 Lactobacillus sp.fLigi sk i i
TIRERGE . TR S TS 45 R TR %R R
4 ke FErf Lactobacillus sp.FOAHXS &

ABFFELS Rt K BUAE IR IS R SEH Lactobacillus sp.

(A= e d i 1, RS DL L AR e 7 b 22 RR A
R B R G A BFSE RS, RER Lactobacillus
sp.fE R B AR I B A A AVRRE . S5 6 BT
7K, Lactobacillus sp.7E2 AT R Gt H A i nT
ST RPABYEL: SB—BTBONAERM, fEAM 0-15 d
YR N 3.14+0.14 lgcopies/g 1K %)
7.22+0.13 Igcopies/g; &5 —[rB(stage 1) NE&ED,

i 15-45 d — E 4E:57E 7.00 Igcopies/g LA b AR AE
40 d BFIkE|ECRME, A 7.3120.14 Igcopies/g.

Lactobacillus sp.7E A& Wit #2 v i shASHREIE R s Sttt
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6 Lactobacillus sp. ZEZ R ERERIEARFRIE KL
Figure 6 The grown curve of Lactobacillus sp. during
sesame aroma fermentation process

9% Lactobacillus sp.7EJEA RGEA R A K B BeHr 1)
FRIFThRESR L T SR
3 WiktE4w

A T/ I A A o (i R 0
Lactobacillus sp.7&H E TP PR R S8 H A FE Y
KEER 2 . AT R ERXT Lactobacillus sp.i% it
T XS 1Y) PLsp,  Eir WK 22 bp,
TS KRS 23 bp, § 37K N 445 bp,
B MR B IE 45 R s PLsp AT AR H M X 4
Lactobacillus sp., AMGEMF2EE R PCR A5
W, T HIE T 4E Lactobacillus sp., B AT
FOPE IR e, R AR . ST s -
AP GE R PCR B AAEXS /N By G 7 Wik ¢
JeE R PCR IR RA BT, Aisess
RS R 1 R B | W Ae 8 B0 SO 2540 S 43
RORIAL, SR EEMEAE, HEW R AT RE 551
Y1 PLsp ¥ 48 i B AOG, Rk SRR BN
B EISZ I T 519 8 B RO . ARSI fb 3 5%
fF, Mg T R AR Rk REfPR R =
RN A, SR A R R W N S R
TSI HRCR (R M 0.40 #2712 0.99)F4 1445
RRREEEHIE TR CEERREUNT 1%),
N AP B PCR R A HEES %
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FEANUKEE: BT =9 E i PCR FRE /R AN X (i ki R4 Lactobacillus sp. (14447 FEAIE 11

HAi, #F%F Lactobacillus sp.f43 4 FiFBF5Y
b, i EHE R, o E RS RS
H1 Lactobacillus sp.f A FEIE, A B FHE R~ I%H
TEJRANL R G AR DI RE . AWF5R 1 kiE LT
FESPEG 1Y) PLsp IR ZOEE & PCR ik, 74
LN~ Lactobacillus sp. BN RFAIE, BIF5E
25 SR B AH [R) 7 b S [R) R 2 T 2R R SR
M %] Lactobacillus sp., fHANE 1.2 2 8] i 4
Y B B2 5S, IEB P #PeE Lactobacillus
P AN, ERYE LW T AR, St
Lactobacillus sp. 742 10 NP2 A aE, 4%
RRVNZH T ZAFTE T4 FN BGE AR R v, i
Lactobacillus sp.7eH E TR R G H A E LA
FRIIRE . TR SR A1 700 PR 5 3
Lactobacillus sp., X} 2 pRAAY (I TRz i) 22 4
FUEET LA s, (FL A X a2 o 5000 O v i i
T RAE AR, UG 71, ht—
AL Lactobacillus sp. 4 A AL D REAFSY, AT

FERRERRTIIZIR i R 58 & BRI FEH Lactobacillus sp.

A aAs b, BRI % B AR VRTE & Bt
FERT A3 A K L RO B B, 4RI
FEREE 0-15 d fRIHCNIER, FEARE 15 d Z )5 1]
(EPAR/GRAE Y/ € Taw! | st 7/ I (EV=¥2 20 A AR N
PR 45 & 2 5 St B R xR e AR R A K
BB rh ST RAE,, BHAM Lactobacillus sp. At H A
DIRERINE, RS SR E R, QX Xk
PR DTk . A SCHFIR 5 R, ST RES
B2 E B PCR ik 53T 16S rRNA JE[A
e 51 B 38 I R AR 25 A, RERS RS o i 4
/i Lactobacillus sp.7Ef 7 F B4 A 4EAE, DLBR#D
FEXTE BRI R, N REER 2 H E AR
WFFEZ A i R A D e i 22
ARG R ES |19 PLsp, Fg#E T —Fh
M7 ARYE Bk, SEfE RR A =06 E = PCR
2, #7187 Lactobacillus sp.7E [ (il s R g
(A ATRFE ,  [RIR T R i R S 5 | A B i
AT BT HAER S R GeHh Lactobacillus sp.fy

YR AE R, Wit A L TR A A 2 R
# 7~ Lactobacillus sp. 7634~ FIB R & R 48 HH 20
RE RN EAF R EA O S %
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