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* 1. AEEKRESR

Table 1. Information of experimental type strains

Type strain Numbers Type strain Numbers
Bifidobacterium gallicum DSM 200937 Weissella beninensis DSM 227527
Bifidobacterium longum subsp. infantis DSM 20088 " Weissella confusa IMAU 10245
Bifidobacterium animalis subsp. animalis ATCC 255277 Bifidobacterium bifidum DSM20456"
Enterococcus asini DSM 114927 Weissella kandleri DSM 20593"
Enterococcus faecium ATCC 194347 Pediococcus acidilactici JCM 87917
Enterococcus italicus DSM 159527 Pediococcus pentosaceus DSM 20336"
Lactobacillus casei ATCC 3347 Pseudomonas aeruginosa ATCC 101457
Lactobacillus salivarius DSM 20555" Salmonella typhimurium ATCC 194307
Lactobacillus helveticus DSM 200757 Escherichia coli ATCC 117757
Streptococcus thermophilus NM-81-2 Staphylococcus aureus ATCC 259237
Lactococcus plantarum DSM 20686" Shigella Castellani ATCC 29903"
Leuconostoc psedomesenteroides DSM 201937 Listeria monocytogenes ATCC 191157
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2. LG 5|43 PR IR RS AT B A4 B 45 3R
Table 2.
Bifidobacterium were tested

The amplification results of two strains of

Primer Product result
BIF-D-7 -
BIF-D-8 ++

BIF-D-9 ++

Primer Product result
BIF-D-1 —
BIF-D-2 ++

BIF-D-3 ++

BIF-D-4 ++ BIF-D-10 -
BIF-D-5 - BIF-D-11 -
BIF-D-6 ++ BIF-D-12 -

“++” represents bright positive amplification for Bifidobacterium
animalis subsp. animalis and Bifidobacterium longum subsp.

infantis DNA; “ - represents no amplification for one or both

strains.

P, AR E R ddPCR, LA XUE AT
Bifidobacterium longum subsp. infantis DSM
200887 N FHMEXT R, LA Lactobacillus salivarius

DSM 20555" | Enterococcus faecium ATCC 19434
Pediococcus pentosaceus DSM 20336" . Weissella
confusa IMAU 10245, Streptococcus thermophilus
NM-81-2 ., Leuconostoc psedomesenteroides DSM
20193" 1 Lactococcus plantarum DSM 20686 7
AR BUBEFF T 23 2 T A B ) A 7 4 S P B
JITA R A PR DNA 2 e 28 AH R i

1.8.2 5| R RHIE 45 BUEAT I Bifidobacterium
longum subsp. infantis DNA FK #8519 ddH,0
PEATIESE 10 R R, R MRRE S 107 ng/ul
B g, UK B e (IR 4 X DNA T BERRE S ilf A 7
5. DL ddH,O Ny BHHXT R, ReA B fS A BUB A
[ DNA 17 ddPCR #4, LI#EIl ddPCR HYR
JE o P IAE R IS DL BIE G

1.8.3 SIYLHMRIE: ] ddPCR Xf—XiHEE
FEMEREA AU R e B, DURIES |YI7EE
AR TP XU R RS, Hrp R A AR
% 28 2, BILLY 3 A o Rt 2B A 5 | M S
e, FRATREZEAERE T DNA VRIERFER 10 ng/uL,
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AFEFFHIFE NCBI 15 NT R T IR, A
W1 Sy AU A T R o St B R MRl B AR 9 3L
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2767483, ID: 1022641, ID: 1022640; FATHIE 3
ANEESEPESE DR L BE T 12 X6 WU AT B S e S 1k 5 |
Y1 ¥ 12 X519 FHKTE NCBI Hik4T BLAST
Foxda AT/ eeitas . 12 X519, H RpsK
LA 4 XF(BIF-D-1 £ BIF-D-4), RpsG F:[H 3 X
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BIF-D-12).,
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PERIE 3,
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*®3. WEFHSIDER

Table 3. Primer information table of Bifidobacterium

Primer Gene Primer f/r Sequence (5'—3") Size/bp

BIF-D-2 RpsK BIF-D2f GGTAAGAGTCGGACGCTGTGCRATAA 119
BIF-D2r TCGCGTCTGAGCACTACTAGACAATAT

BIF-D-3 RpsK BIF-D3f GTGCAATAAGCACTGTGGTATCC 102
BIF-D3r TCGCGTCTGAGCACTACTAGACAATAT

BIF-D-4 RpsK BIF-D4f CGGTGATCGAGATGATCGTGTTRT 144
BIF-D4r AATTCGTTACTAGGAAACGAGGG

BIF-D-6 RpsG BIF-Do6f CTCATAAGATGGCGGAGGCYAACA 196
BIF-D6r AGCTCTTGCCGGTGTAGTACAGRA

BIF-D-8 RpsL BIF-D8f TATCAAGAGCGGAATACACGATG 170
BIF-D8r GAGCAAAGAAGGCGAAGTAAGAG

BIF-D-9 RpsL BIF-D9f CTTACTTCGCCTTCTTTGCTCCRTAC 324
BIF-D9r AGAAGTCCAAGACTTTGGCCCTGA

2.2 SIYRRE R RESS R gallicum JPAPERNT, 20 HRUUBHFT B 362 15 B

220 BIYRESRAERAE. i kfEe, Doy PEBUR, RJGRE 60 °C, XL 6 X151
¥ Bifidobacterium bifidum . Bifidobacterium — HEATY 3G, #5RWME 4 Frn, BIF-D-8 Xf

®4. WEATEBS M HEBER

Table 4. Results of specific amplification of Bifidobacterium primers

Type strain Product result

BIF-D-2 BIF-D-3 BIF-D-4 BIF-D-6 BIF-D-8 BIF-D-9
Bifidobacterium gallicum ++ ++ + + _ ++
Bifidobacterium bifidum - - + - - ++

Enterococcus asini - - - — - —
Enterococcus faecium - - - - _ _
Enterococcus italicus - - - - - —
Lactobacillus casei - - - - — _
Lactobacillus salivarius - — - — — _
Lactobacillus helveticus - - - - — —
Streptococcus thermophilus - - - - _ _
Lactococcus plantarum — — - — - _
Leuconostoc psedomesenteroides - - - - — _
Streptococcus thermophilus - - - - _ _
Lactococcus plantarum - - - - — —
Leuconostoc psedomesenteroides - - - - — _
Streptococcus thermophilus - - - - — _
Lactococcus plantarum - - - - — —
Leuconostoc psedomesenteroides - - - - _ _
Streptococcus thermophilus - - - - — _
Lactococcus plantarum - - - _ - _
Staphylococcus aureus - - - — _ _
Shigella Castellani - - - - — —

Listeria monocytogenes — — —_ _ _ _

[TERL)

“++” expression is bright positive amplification; ““ +  expression is low positive amplification; expression is negative amplification.
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Figure 1. Specificity verification map of BIF-D-9 primer. 1: marker; 2: Bifidobacterium bifidum; 3: Bifidobacterium
gallicum; 4: Weissella beninensis; 5: Weissella confuse; 6: Weissella kandleri; 7: Lactobacillus casei; 8: Lactobacillus

helveticus; 9: Lactobacillus salivarius; 10: Enterococcus asini; 11: Enterococcus faecium; 12: Enterococcus italicus;

13: Pediococcus acidilactici; 14: Pediococcus pentosaceus; 15: Leuconostoc psedomesenteroides; 16: Streptococcus
thermophilus; 17: Lactococcus plantarum; 18: Salmonella typhimurium; 19: Escherichia coli; 20: Staphylococcus

aureus; 21: Shigella Castellani; 22: Listeria monocytogenes; 23: Pseudomonas aeruginosa.

Bifidobacterium bifidum . Bifidobacterium gallicum
¥ JC ¥ Hg s BIF-D-2 . BIF-D-3 X BB AT
Bifidobacterium bifidum Jo¥ 1 ; BIF-D-6 X XU T
W Bifidobacterium gallicum ¥~ 3§ Z% 7 T 55 -
BIF-D-4 X} X #F & Bifidobacterium bifidum .
Bifidobacterium gallicum ¥ 4155 ; 514 BIF-D-9
Xt W M FF B Bifidobacterium  bifidum |
Bifidobacterium gallicum S BHPEY 1S, H 2570 1 M
BIsE, JCHiRE, *F 20 BRAEBUBF IR . 5
Yy BIF-D-9 X} XU T8 Bifidobacterium bifidum
Bifidobacterium gallicum J¢ 20 ¥RAERUEFF R 1
LA 1.

2.2.2 ddPCR HBiE5|¥f¢Rdk: BIF-D-9 514
ddPCR B k5| W AE S E 4 R 2 Fos: 7 ke
st BT 7 A B)EMBEOR £ T 10000 f0 T R TH
Pt s RIS RES H, SUSFFE (B 2, A06)™" A=
149 B Gl B S X0 T B A, L PR TR 4
Z; SHAMFE AL, BIF-D-9 XFHAb 6 #kk
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Figure 2. Validation of primer BIF-D-9 specificity
using ddPCR. AO06: Bifidobacterium longum subsp.
infantis DSM 20088"; B06: Lactobacillus salivarius
DSM20555"; C06: Enterococcus faecium ATCC
19434T; DO06: Pediococcus pentosaceus DSM 20336T;
E06: Weissella IMAU 10245; FO06:
Streptococcus  thermophilus ~ NM-81-2;  GO06:
Leuconostoc psedomesenteroides DSM 20193"; HO6:
Lactococcus plantarum DSM 20686".

confusa
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KU FF B 18 W L 6 B Bt = A, IEW B4
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P& DIEEE DNA WIE 2B T G
2.4 ddPCR 5|¥CAHERIE
SEAHPERIEZE R AN 4 PR, fEREREISEAE
i (AO7) R, BH A GGG 5 B R A B L IX
g7, BICAERe Sy, 4 DIk 2.7 copies/pL;
TR LFEERE T (AO8) Y, PR ARRG 5 [ 1 A IXC
SR, ¥EUIECH 71 copies/uL, BIF-D-9 AJ M\ 2 13
fIRHRJZ DNA ZEMEAE A o 38 B SUB AT, ELRAME:
kB RS, JUFICARRE Y 1, IR 1)
A1 0 5 2 PR ATEAE it AT P LB AT TR
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Figure 3. Verification of primer BIF-D-9 sensitivity using ddPCR. A11: H,O; E11: Bifidobacterium longum subsp.
infantis (0.2x10" ng/uL); F11: Bifidobacterium longum subsp. infantis (0.2 ng/uL); G11: Bifidobacterium longum
subsp. infantis (0.2x10"" ng/uL); H11: Bifidobacterium longum subsp. infantis (0.2x10* ng/uL).
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Figure 4. The practicality of bif-d-9 primer was
verified by ddPCR. A07 is the DNA of the mother’s
fecal, AO8 is the DNA of the child’s feces.
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Design and evaluation of Bifidobacterium genus-specific primer
for quantification

Xu Gao'?, Xiaoye Bai'*, Huijuan Zheng'?, Zhihong Sun"?* Heping Zhang'”,
Zhi Zhong'*
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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] The aim of this study was to design a pair of absolute quantitative specific primers for
detecting the number of the low content Bifidobacterium in different samples. [Methods] The complete genome
sequence of 57 strains of Bifidobacterium was downloaded from NCBI, and the specific primers of Bifidobacterium
were designed based on their common single-copy core genes. Primers were screened by PCR and rescreened by
specificity. Then ddPCR (Droplet Digital PCR) was used to verify the specificity, sensitivity and practicability of
the selected primers. [Results] The specificity of Bif-D-9 primer was best, and 4 strains Bifidobacterium were
amplified but 20 strains of non-Bifidobacterium could not be amplified. The diluted DNA was quantitatively by
ddPCR, and the amplification results show a linear decreasing trend, which proves that the sensitivity is better. At
the same time, Bif-D-9 combined with ddPCR can quantitatively determine the copy number of Bifidobacterium in
infant feces is 71 copies/uL, and the maternal feces contained 2.7 copies/ul, which proves the practicality is good.
[Conclusion] The primer Bif-D-9 was high specificity, high sensitivity and accuracy of Bifidobacterium, and is
suitable for the quantitative study of Bifidobacterium in complex environmental samples.

Keywords: Bifidobacterium, genus-specific primer, quantitative, evaluation, droplet digital PCR
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