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JEHET PCR, FISUEHEE IS LUK FA TR SR A 50,
5K 12 X5 5 | R R R BN, R, A
SCHIF MEGA 6.0, Primer 5.0 #FF1 NCBI 31
BLAST HfExt 12 X ZLFRFT 1 s 5 | 9 i e S A
B & B T , DUEAR 25 SR AR HE R4 7 B

YA TR SRS, R R S PR AT A LR AT
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11 FEERERK DNA 12K

AT R AT 5 | Py Fe e PR 16 PRARTR L £
T 14 BB TR AR AN 2 BRARBIUR R, NS
Pl RKAFL A HAR S TRATHE SRS
Peftt, HAREBNER 1. R RARARHL [AE)
AR\ A B AT FE K 2 DNA - 4 B0 &k
17 DNA 28, BAAJ 2 Bt 4517,
1.2 FERFFHEE 16S rRNA EFEFHIMZEIR &S]
YRR

T2k 219 FFLBRFF I 16S rRNA JEFFF41 31
BRI P94 o di it 2 ] SCHRIS 2R A LR AT
B E LRI EE T Y. R EIME
B MEGA 6.0 I} Lactobacillus salivarius f# 16S

ik, HEMIEE, RGBSR HAFE rRNA B [ ¥ 41 o 2 B (Accession  number :
FLRRAF W R E GG, ZIaAEEmT]  AF089108.2) B TLLXT, i M55 | Wi d ih i &
*1 RBEFEERER*X
Table1. Information of main strainsin the experiment
Type strain Numbers Type strain Numbers
Enterococcus asini DSM 11492 Weissella beninensis DSM 22752
Enterococcus faecium ATCC 194341 Weissella confusa IMAU 10245
Enterococcus italicus DSM 15952 Weissella kandleri DSM 20593
Lactobacillus casei ATCC 334 Pediococcus acidilactici JCM 8791
Lactobacillus salivarius DSM 20555 Pediococcus pentosaceus DSM 20336
Lactobacillus helveticus 1.2278 Leuconostoc psedomesenteroides DSM 20193
Sreptococcus thermophilus NM-81-2 Bifidobacterium gallicum DSM 20093
Lactococcus plantarum DSM 20686 Bifidobacterium longum subsp. infantis DSM 20088
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16S rRNA JEHFHI LR XTS5 19, TR R
W2 2,

BHERA5 1Y) MEGA 6.0 LA L. salivarius
() 16S rRNA FE K ¥ 91 AR A T LT, F:455 1)
PR IR A B AN 1, Horp, SR HE A B4 FOR
16S rRNA JEHFH A AR X V1-V9; Kbk #
INBIIALE, W47 X5, gt
FEANLE M ERRRIE RS RGOS, A
ARSI FA 1 k7T ok 8 G A= W

W LRI, 12 X5 | PR a2 R
e Vi-ve X[, Fo 27f . LACTO1-f A
Lach-0018 iX 3 %51 T V1 X Z B fR-FIX
LactoF. LactoR, Lacl. F-lacto, R-lacto. Lab-0159f |
LabF362. LACTO2, Lach-336, AM-LactoF A
AM-LactoR #EH7E V2-V3 [X, Lac2, Lab-0677r
(Lab-0677). F. R. LabR677. F-LBF7 il R-LBR
£ V4-V5 X, WLABL fiiF V4 X ZRTHIARST
X, WLAB2 fiiF V6 X Fi {5 X .

Fz2 IFBITEEIMER
Table 2. Information of Lactobacillus primers

Primer Sequence (5'—3') T/°C  Product sizelbp  Environment

LactoF/LactoR TGGAAACAGRTGCTAATACCG 62 232 Oral cavity™
GTCCATTGTGGAAGATTCCC Cheesd™®, Faeces™”

Lacl/Lac2 AGCAGTAGGGAATCTTCCA 61 340 Faeces!'18-19
ATTYCACCGCTACACATG

F-lacto/R-lacto GAGGCAGCAGTAGGGAATCTTC 60 126 Faeces!?
GGCCAGTTACTACCTCTATCCTTCTTC

27f/Lab-0677 AGAGTTTGATCCTGGCTCAG 56 700 Faeces!*%2
CACCGCTACACATGGAG

L ab-0159f/L ab-0677r GGAAACAG(A/G)TGCTAATACCG 61 560 Faeces?!,
CACCGCTACACATGGAG Breast milk[?*24

FIR AGAGGAGAGTGGAACTCCATG 55 205 Vagina®
GTTAGCTGCAGCACTGAGAG

LabF362/LabR677 AGCAGTAGGGAATCTTCCA 60 - Faeces™, Milk products®
CACCGCTACACATGGAG Faeces?!

LACTO1-f/LACTO2 GAGTTTGATCCTGGCTCAGGA 56 200 Straing®”
CGGTATTAGCATCTGTTTCCA

AM-LactoF/AM-LactoR TGATGCATAGCCGAGTTGAG 60 - Strains!?
AGCCGAAACCCTTCTTCACT

F-LBF7/R-LBR ATGGAAGAACACCAGTGGCG 50 - Vaginal®=¥
CAGCACTGA GAG GCG GAA AC

WLABL/WLAB2 TCCGGATTTATTGGGCGTAAAGCGA 60 400 Red wined
TCGAATTAAACCACATGCTCCA

Lacb-0018/L ach-336 TGCCTAATACATGCAAGTCGA 52 318 Faeced®!

GTTTGGGCCGTGTCTCAGT

—: no mention in the text.
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1. 3|497E Lactobacillus salivarius 16SrRNA £ & F 5l (Accession number: AF089108.2) LI &
Figure 1. The relative position of the primers on the L. salivarius 16S rRNA gene sequence (Accession number:

AF089108.2).
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16 PRANTE DNA JgAAR, i Bl i e I v Tk o6
12 X5 Rk e R, AR R A 2,
Hidr ) A-L Rk FIR ., 27f/Lab-0677 .LACTO1-f/
LACTO2r, F-lacto/R-lacto, Lab-0159f/Lab-0677r.
LactoF/LactoR . F-LBF/R-LBR, Lach-0018/Lach-336.
Lacl/Lac2, LabF362/LabR67 . AM-LactoF/AM-LactoR
I WLABLUWLAB2 R 5 12 Xt 514, EEXf5]
Wkt I IR — 2L, WZAEBIA KN E. asini, E.
italicus, E. faecium. W. beninensis. W. cnofusa.
W. kandleri . P. acidilactici . P. pentosaceus. L. salivarius,
L. helveticus, L. casei. L. psedomesenteroides, L.
plantarum, S thermophilus, B. gallicum #1 B.
longum subsp. infantis.

FEARIG IR T, 27f/Lab-0677, LACTOL-f/

LACTO2r, Lab-0159f/Lab-0677r. F-LBF/R-LBR.
WLABL/WLAB2 X 5 X5 |9y A LAY 14 43 5 FLIER
FFEEFE N Bk . FIR. LactoF/LactoR |
L ach-0018/L ach-336., L abF362/LabR67 Fll AM-L actoF/
AM-LactoR iX 5 X 5|4 m] LA4 14 A0 & FLRR A A
TE P RS 43B , i F-lacto/R-lacto il Lacl/Lac2
TCEY 3G B FLRRAT I o B X5 | Wy s R e A R
PRAH B E YRR RN RBRAR, YuE UAT A LR AT
TR i 255K

2.3 5 5HBRITEE KHARLE L3

12 519345 FLBR AT 1 A DT AR JEE AN
Hrb 9 5195 FLMRAT B s Y VEEC K 90%L)
b 12 %51y KR 518 5 R BR e R AR
IR B A B UL . 12 X551, #850519
At 4 AN BT A AR T R, LR DR PR
W2 3.
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Figure 2. Specificity of searched primers. A—L denote F/R, 27f/Lab-0677, LACTOL1-f/[LACTOZr, F-lacto/R-lacto,

Lab-0159f/Lab-0677r, LactoF/LactoR, F-LBF/R-LBR,

Lacbh-0018/Lach-336, Lacl/Lac?, LabF362/LabR67,

AM-LactoF/AM-LactoR and WLABL/WLAB2. 1-16 denote E. asini, E. faecium, E. italicus, L. casei, L. salivarius,
L. helveticus, W. beninensis, W. cofusa, W. kandleri, P. acidilactici, P. pentosaceus, L. psedomesenteroides, S
thermophiles, L. plantarum, B. gallicum and B. longum subsp. infantis, respectively.

24 FLRATE R RIET | Y HTE 4R

PAFR 3 R, JLifik th A5 & 251y 16 4551
¥ . R-lacto, AM-LactoR, LactoR, LabF362,
AM-LactoF, Lab-0677r, LACTO1f, R-LBR, F-LBF,
F. R, lacl Ml lac2., 2% Kl 1 HEY I BAE
100-300 bp B35 [#1%F 11 %t e tidas |9 35

actamicro@im.ac.cn

FLERFT )8 16S rRNA JE [H ¥ 41l A VT Pt A5 1, Mk
11 SHHAS IR T 3 %) 3 SRR E 58
4VUECHYS 14 - LactoR/F, LabF362/F £l AM-LactoF/
R-lacto, #fix 3 XT5|¥#IE 10, FRH5]
Yxi 9, BRI 4 4 Lab-Fl/Lab-R1,
Lab-F2/Lab-R2, Lab-F3/Lab-R3, HJFHUNF .



FIBEMESE | 92441, 2018, 58(11) 2003
*3 SIMEIBRAEREANERMTER
Table 3. Matching ratio of primers to Lactobacillus and its anal ogous bacteria (%)
Primers Lactobacillus Sreptococcus  Leuconostoc  Pediococcus  Lactococcus  Weissella Enterococcus
LactoF 86.80 - 100.00 80.00 - 45.50 100.00
LactoR 81.70 - - 86.70 - 50.00 -
F-lacto 99.50 100.00 - 86.70 100.00 100.00 100.00
R-lacto: 7.80 - - - - - -
Lab-0159f 87.20 - 100.00 86.70 - 54.50 100.00
Lab-0677r 96.80 - 100.00 86.70 - 95.50 -
27f 20.10 24.80 10.50 - 20.00 - 16.70
Lab-0677r 96.80 - 100.00 86.70 - 95.50 -
F 37.40 - - 30.70 - 31.80 -
R 14.20 - - - - - -
LACTO1-f 22.00 24.80 10.50 - 20.00 454 16.70
LACTO2-r 37.40 - 100.00 92.30 - 45.50 -
F-LBF 92.70 - 57.90 84.60 - 63.60 -
R-LBR 13.20 - - - - - -
WLAB1 74.90 93.10 100.00 86.70 100.00 95.50 100.00
WLAB2 100.00 100.00 100.00 86.70 86.70 100.00 100.00
lacl 99.50 - - 86.70 - 100.00 -
lac2 99.50 100.00 100.00 86.70 100.00 100.00 100.00
LabF362 99.50 - - 86.70 - 100.00 -
LabR677 96.80 - 100.00 86.70 - 95.50 -
AM-LactoF  15.50 - 100.00 - - 50.00 -
AM-LactoR  32.40 - - 46.20 - - -
Lach-0018 75.80 - 84.20 46.20 20.00 81.80 70.40
Lach-336 76.30 1.98 100.00 7.69 86.70 - 35.20

—: ho match.

Lab-Fl/Lab-R1 (5-GGGAATCTTCCACAATGGAC-
3/5-CATGGAGTTCCACTCTCCTCT-3), Lab-F2/Lab-

R2 (5-AGCAGTAGGGAATCTTCCA-3'/5'-CATGGA
GTTCCACTCTCCTCT-3), Lab-F3/Lab-R3 (5-TGAT

GCATAGCCGAGTTGAG-3/5-GGCCAGTTACTA
CCTCTATCCTTCTTC-3).
25 FlYx AR RIESS R
SR A A1 3 XA BRI RS P
B 1 PRy 16 FRANE DNA, B4 B =Myt 4 75
BREBERC LK, IRXIRSS R anEk 4 FIEl 3,
Wil 4 FIE 3 AT, 514 Lab-F3/Lab-R3

V914 L. helveticus Fil W. cofusa ‘£ BHTE; Lab-F2/
Lab-R2 B 7§15 fir A WA G Ah L. casel . L.
salivarius, L. helveticus, W. beninensis. W. confusa.
W. kandleri . P. acidilactici , P. pentosaceus & fHP:4F,
P44 L. psedomesenteroides #1 S. thermophilus 1 12
P ; 1 Lab-FL/Lab-R1 {44 i MU i L.
casei, L.salivarius, L. helveticus, W. beninensis,
W, confusa. W. kandleri ., P. acidilactici 1 P.
pentosaceus £ FHM: . H b, FLER AT W IE 519
Lab-F1/Lab-R1 A9 B RORFIRs S 80 4F, R iX
XTSI Labl RoR .
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F 4 HEIBIERESIYHFHERIESR
Table4. Specificity of new Lactobacillus genus-specific primers

Primers Primers
Type strains Lab-FU/  Lab-F2 Lab-F3/ Type strains Lab-FU/  Lab-F2/  Lab-F3/
Lab-R1 Lab-R2 Lab-R3 Lab-R1 Lab-R2 Lab-R3
E. asini - - - W. kandleri + + -
E. faecium - - - P. acidilactici + + -
E. italicus - - - P. pentosaceus + - -
L. casel + + - L. psedomesenteroides - + -
L. salivarius + + - S. thermophilus - + -
L. helveticus + + + L. plantarum - - -
W. beninensis + + - B. gallicum - - -
W. confusa + + + B. longum subsp. infantis - - -
+ : amplification; - : no amplification.

M123456 78 9101112131415161 2 3 4 5 6 7 8
Lab-F1/Lab-R1 Lab-F2/Lab-R2

M 9101112131415161 2 3 4 5 6 7 8 9 10111213141516
Lab-F3/Lab-R3

3. HEIAMAERSIMFFMEIIESER
Figure 3. Specificity of new Lactobacillus genus-specific primers evaluated by agarose gel electrophoresis. 1-16
denote E. asini, E. faecium, E. italicus, L. casei, L. salivarius, L. helveticus, W. beninensis, W. confusa, W. kandleri,
P. acidilactici, P. pentosaceus, L. psedomesenteroides, S. thermophilus, L. plantarum, B. gallicum and B. longum
subsp. infantis, respectively.

2.6 FLBITETIYERT PCR €& HNA Droplet Digital PCR R4 5514 Labl K 4F
26.1 ABMHAERSIYRHRRERLRLER: L Sk, 458 %H, UL salivarius H Bk B
1 MR BRI AT | 6 BRFLIRAT ORGSR, FL PR B R B 1 Bl B o0 I, AL
LGy KA K Y R, fEB QX200 K 4,
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Figure 4. Specificity of primer Labl. One positive
and seven negative templates were detected using
ddPCR. A04-HO04 denote the type bacterial DNA of L.
salivarius, E. asini, S thermophiles, L. plantarum, W.
beninensis, P. acidilactici and L. psedomesenteroides,
respectively.

262 FMHERETIYREERR: LIE 10 54
FE R U B0 L. salivarius DNA i B i,
1) QX200 Droplet Digital PCR Z %i k44 Labl
M) R, 455 R AR R L. salivarius #
DU Yk 3780.0. 381.0. 40.2. 7.5 copies/plL ,
BH A0 T 01 o e AR S e ke s el B, T
&l 5,

263 IMHERTIYEZAMEKRLER. &)
QX200 Droplet Digital PCR % %t % 3{5}@%%5‘@}\2‘1'%
A 3 32 LIRER DNA FRBst A A
Labl Jy5|4y, fdif EvaGreen #if7 PCR ¥ 14, B
K HEE 60 °C.ddPCR 255 27K , 6 17 ZE (5 AE i (A—F)
HROBUB AT T 5 DUBUR I 4.2, 102.0, 9.5, 7.9,
3.9, 67.4 copies/uL, [Al Labl XX 5[4 m] LIRH

Chl Pos:15489 Neg:46256
A03 B03 C03 D03

Chl Amplitude
(3]
[l
=
S
S

0 10000 20000 30000 400-00 50000 60000
Event number

5. ddPCR RE(M4IGLER

Figure 5. Sensitivity of Lab-1. DNA diluents of L.
salivarius with different concentrations were detected
using ddPCR. A03-D03 denote 134.7000, 13.4700,
1.3470, 0.1347 ng/uL of L. salivarius DNA,
respectively.

DX 73 BAAE i 5 FEE g, B R S et L

K 6.

3 AMtRE

NARFLIRFT B 0 A7 SR, TETERE R
B e A i R B e i RS R
AL D AR S0 28 5 RS 43 BT ) 0 R B B 0 R A
RIS E 1 X Rr S Mk 5T i FLER T B 45 5
YESIY), fiv4 A Lab-F1/Lab-R1 (Labl). BJm#F
Labl /£ EvaGreen ddPCR ¥ 349514y, fEH)
QX200 Droplet Digital PCR £ Zi# %t 51 91 747
THRESE . R SRR, 255 X
XF 5 ARG BT 1 R Sk (18 4)Fn R bk
(1 5), I AT LU R A R0E 200 v 1) FLIRAT I
(&l 6).
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Screening and evaluation of genus-specific primer for
quantification of Lactobacillusin gut

Xiaoye Bai'?, Zhi Zhong™?, Zhihong Sun“?, Heping Zhang™*

'Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education, Inner Mongolia Agricultural University,
Hohhot 010018, Inner Mongolia Autonomous Region, China

% Key Laboratory of Dairy Products Processing, Ministry of Agriculture, Inner Mongolia Agricultural University, Hohhot 010018,
Inner Mongolia Autonomous Region, China

Abstract: [Objective] Lactobacillus is closely related to human or animal health, and its presence and content
changes can be used as health indicators. Usualy, specific primers are the key to successful quantification.
Redesigning primers is time-consuming and hard to guarantee its specificity. This study was to screen
genus-specific primers for Lactobacillus by theoretical and experimental methods rapidly and effectively, and also
to provide a theoretical basis for screening and designing of primers in the future. [M ethods] We selected 12 pairs
of primers based on the 16S rRNA gene sequence from published literatures and evaluated them using primer
design software. Based on the evaluation results, we recombined the primers to obtain the theoretically specific
Lactobacillus primers, and test the specificity of the new combination of Lactobacillus primers using the gel
electrophoresis and the QX200 droplet digital PCR system. [Results] We screened out a pair of Lactobacillus
genus-specific primer named Lab-F1/Lab-R1 by primer-designing software and tests, and its product size was about
300 bp. The ddPCR tests showed that the specificity and sensitivity of the Lab-F1/Lab-R1 were better, and it also
could effectively quantify Lactobacillus in fecal samples. [Conclusion] This method can quickly and efficiently
screen out the specific primers with better specificity and provide a theoretical basis for the future screening and
designing of primers.
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