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Abstract: [Background] The probiotic functions of Bifidobacterium are widely recognized, and a large
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body of studies paid attention to the biodiversity of Bifidobacterium in the intestine. However,
Bifidobacterium is a low abundance genus in the intestine, and it is difficult to study the bifidobacterial
diversity by extant technologies in depth. [Objective] To screen a pair of specific primers for the analysis
of diversity of Bifidobacterium with low abundance in fecal samples. [Methods] Initialy, to obtain
Bifidobacterium-specific primers with amplicons of over 800 bp, the primers were recombined and
optimized according to the relative positions of the extant bifidobacterial primers and their matching rates
with the Bifidobacterium 16S rRNA gene sequence. Then, the rest primers were screened by PCR
amplification and agarose gel electrophoresis, and their specificity was verified. Finally, taking the
universal bacterial primer (27f/1492r) as control, the DNA amplicons of bacterial microbiota in three fecal
samples amplified by selected primers were sequenced by SMRT (Single-molecule real-time) sequencing
technology, and different sequencing primers were compared and analyzed at the species level. [Results]
Two pairs of primers, Bif164-f/Pbi R2 and Pbi F1/Pbi R2, were selected as the optimal Bifidobacterium
primers theoretically with amplicon greater than 800 bp from 9 pairs of Bifidobacterium-specific primers
collected from literature. The PCR amplification and agarose gel electrophoresis showed that the amplified
bands of Bif164-f/Pbi R2 were bright and no tail. In addition, sequencing and analysis of DNA amplicons
from bacterial microbiota in three fecal samples with primers 27f/1492r and Bif164-f/Pbi R2 using SMRT
sequencing platform. The analysis of 27f/1492r amplicons showed that three samples contained 1, 3 and 4
bifidobacterial species respectively, and the average relative content of Bifidobacterium was 0.34%. The
analysis of Bif164-f/Pbi R2 amplicons showed that three samples contained 2, 6 and 8 bifidobacterial
species respectively, and the average relative content of Bifidobacterium was 98.72%. The above results
indicate that Bif164-f/Pbi R2 can specifically detect bifidobacteria with low abundance in feces at species
level, which realize the diversity analysis of Bifidobacteriumin samples. [Conclusion] In summary, a pair
of Bifidobacterium-specific primers Bif164-f/Pbi R2 were screened in the experiment, which can be used
to analyze the diversity of low-abundance Bifidobacterium in fecal samples at species level. It was aso
confirmed that the combination of theory and experiment is feasible to perform primers screening.

Keywords: Bifidobacterium, Specificity, Sequencing primer, SMRT sequencing
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Tablel Information of strainsused in thetest

BIR A PR IR

Strains name Strains number
Bifidobacterium gallicum DSM 20093"
Bifidobacterium longum DSM 20088"
Enterococcus asini DSM 11492"
Enterococcus faecium ATCC 194347
Enterococcus italicus DSM 15952"
Escherichia coli ATCC 11775"
Lactobacillus helveticus DSM 20075"
Lactobacillus casei ATCC 334"
Leuconostoc pseudomesenter oi des DSM 20193"
Lactobacillus salivarius DSM 20555"
Lactococcus plantarum DSM 20686"
Listeria monocytogenes ATCC 19115"
Pediococcus acidilactici JCM 20147
Pediococcus pentosaceus DSM 20336"
Pseudomonas aeruginosa ATCC 10145"
Salmonella typhi ATCC 19430"
Streptococcus thermophilus NM-81-2
Shigella flexneri ATCC 29903"
Staphylococcus aureus ATCC 25923"
Weissella beninensis DSM 22752"
Weissella confusa IMAU 10245
Weissella kandleri DSM 20593"

1.3 DNA 12E

WA LN 2 DNA R BGR 7 & Ui 3
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I F-80 °C. #KIH QIAamp Fast DNA Stool
Mini Kit 1B BB E 49 DNA, S04
F-20°C % H.
14 PCR#/ig

PCR{A%: 10xPCR buffer (Mg®* plus) 2 uL,
dNTPs (2.5 mmol/L) 1.6 uL, DNA #4z(10 ng/uL)
1uL, k. FH#514(100 pmol/L)4 0.5 L, Taq
fifi(5 U/UL) 0.2 pL, ZEIf/K 14.2 uL. PCR [ %%
5 18 Rinttila 251 957129
15 SI4I89IRILTFIE
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Table2 Basiccharacteristic of primers
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B, ArHiIxF 3 By AL TP AN T DNA B4 357
My SR )38 5 PacBio RS 11 J6F 4 1 12 . i
SMRT® Portal (V2.7)%f4 ' RS_Readsofinsert.1 J5
ZEXTHE i N LS A T B4, IR ARl Barcode ¥ ¥
FIYF 5 BIAS R RE o DA T J5 B2 00 AR W15 B 0%
Hro i QUME (V1.7.0)- & X 541 kA 7 W Fh 2 k¢
PRI, LA 54 (276 1492r) 1 3 45 1
S [ MR LR Y R Y 25 AR R K L K F
XRG4 2 AR AT A b b A . i
OriginPro 2015 Z: i P&l . HRIE . il RIEF K
£(V3.4.3)/) Pheatmap {44, DIFAEITE X 2 BLFE
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211 EAK4FE

PSS v e T e Pk S e i K g, 24t
XA AR EERE o B I SEARHAE IR L2 2,

G Bk B SR 51 1B SR SR A6r H A
Number  Primers name Primers sequence (5'—3’) Annealing temperature (°C)  References Detection targets

1 g-Bifid-F CTCCTGGAAACGGGTGG 55 [28] Adult feces
g-Bifid-R GGTGTTCTTCCCGATATCTACA

2 Bif164-f GGGTGGTAATGCCGGATG 66 [29] Infant feces
Bif662-r CCACCGTTACACCGGGAA

3 Im26 GATTCTGGCTCAGGATGAACG 57 [30] Sour milk
Im3 CGGGTGCTYCCCACTTTCATG

4 F TCGCGTC(C/T)GGTGTGAAAG 58 [26] Adult feces
R CCACATCCAGC(A/G)TCCAC

5 Pbi F1 CCGGAATAGCTCC 50 [31] Strains
Poi R2 GACCATGCACCACCTGTGAA

6 Bif-F TTCGGGTTGTAAACCGCTTTT 62 [32] Waste water
Bif-R TACGTATTACCGCGGCTGCT

7 FP GGGCGTAAAGGGCTCGTA 53 [33] Duck intestinal tract
RP CTTCCCGATATCTACACATTCCA

8 P175 GGGTGGTAATGCCGGATG 56 [34] Strains
P674 CACCGTTACACCGGAATT

9 Bif S11 TCCTCGCTTTGCTCCCGATA 56 [35] Sour milk
Bif S12 AATTCCCGTTGTAACGGTGG

Note: Y: A/T/CIG.
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1 SI¥EREFFEE 16S rRNA EFE R ER LA

Figure 1 Matching rate of primers with Bifidobacterium
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2 5|49#3F B. longum subsp. infantis 16S rRNA EEFFIRIALE (NCBI B3RS A ATCC 15697)
Figure 2 Relative position of various primers on B. longum subsp. infantis 16S rRNA gene sequence (NCBI accession

number ATCC 15697)
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0
N .
A& Database name (12.89%)#11 Sreptococcus (25.67%). Haemophilus

3 SIMENEHERSIBRERBIEEFFFIT (10.60%) . Collinsella (8.56%). Ruminococcus
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Figure 3 Matched sequences amount of primers with ) o
Bifidobacterium and Lactobacillus 16S r RNA gene database (8.53%) . Collinsella (7.83%). Clostridium

*3 HiksIMR

Table3 Information of selected primers

HE GIE B Fe5l T84 Bk
Combination Primers name Primers sequence (5'—3') Amplified fragment length (bp)
1 Pbi F1 CCGGAATAGCTCC 894
Pbi R2 GACCATGCACCACCTGTGAA
2 Bif164-f GGGTGGTAATGCCGGATG 878
Pbi R2 GACCATGCACCACCTGTGAA

bp M123456 7 8 91011121314151617 181920212223

2000

1 000
750
500

250

100

4 Bif164-f/Pbi R2 fU45H 14

Figure4 Specificity of Bif164-f/Pbi R2

e L BT R 20 KAUAF®; 3: P IRE; 4: RIGIRE; 5: BRRWIRE; 6: RAKRKBITE; 7. WEIFTFE;
8: THsAME; 9: BHIEMAZRE; 10 MRFTR; 11. MWFEKE; 12. PR AESERRE; 13: M IRE; 14
NAER IR 15: SGREAMIE; 16: (iFEWPITIRE; 17 WEHEERRE; 18: MRICEMIRE; 19: &M EAMARE; 20: 2
OB IRTA; 21 RS BUNIRE; 22 SKIRBUITIRR; 23: Z810K.

Note: 1: Bifidobacterium gallicum; 2: Bifidobacterium longum; 3: Enterococcus asini; 4: Enterococcus faecium; 5: Enterococcus italicus;
6: Escherichia coli; 7: Lactobacillus helveticus, 8: Lactobacillus casei; 9: Leuconostoc pseudomesenteroides; 10: Lactobacillus
salivarius; 11: Lactococcus plantarum; 12: Listeria monocytogenes; 13: Pediococcus acidilactici; 14: Pediococcus pentosaceus; 15:

Pseudomonas aeruginosa; 16: Salmonella typhi; 17: Sreptococcus thermophilus; 18: Shigella flexneri; 19: Saphylococcus aureus; 20:
Weissella beninensis; 21: Weissella confusa; 22: Weissella kandleri; 23: Distilled water.
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Figure5 Comparison of bacterial community structurein sam

T 27f/1492r (A)5 Bif164-f/Pbi R2 (B): IS AL S R fHE (A L) BB K2 AR 271/1492r (C)5 Bif164-f/Pbi R2 (D)fa il 2 A

ples based on different primers

=]
ala}

HTE(ARE AR 2471 276/1492r (E)5 Bif164-/Pbi R2 (F)R il ZEMEAT: il BITHE (AS) Y JB K- AR L.
Note: Bacterial diversity of fecal sample (A1) identified using 27f/1492r (A) and Bif164-f/Pbi R2 (B) at the genus level; Bacterial

diversity of feca sample (A2) identified using 27f/1492r (C) and Bif

164-f/Pbi R2 (D) at the genus level; Bacterial diversity of fecal

sample (A3) identified using 27f/1492r (E) and Bif164-f/Pbi R2 (F) at the genus level.

(7.27%) , i Bifidobacterium #H X & & 43 5 N
0.07%. 0.56%fll 0.40%. Bif164-f/Pbi R2 ¥ 145
R 3 AL S 8 S~ Bifidobacterium, H:
XT3 5 96.15%., 100%F1 100%., &k
E5MEE M5 YA, Bif164-f/Pbi R2 K FE b

OSSR B Y 1 33 R G 5 R 0.34%48R 5

Z 98.72%, X FEfE b WA BA BRI EE R
PE, AT R 48 7R 28 08 A b rb I = B BB A T Y
2.
242 S|¥151BASI14 27f/1492r BILLE

2R 5% 3 FE 3G E 5 B R K S BB AT
W2 WK 6B, 27f/1492r XF Al, A2
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0 S N WU T PR B P B
Primers ITS ITS 1TS ITS 271 Bifle4 ITS ITS ITS ITS 271 Bifl64 27f Biflo4
Samples 11 12 13 14 Al Al ML M2 M3 M4 AZ A2 A3 A3

B
Infant fecal samples Maternal fecal samples

- B. thermophilum
B. kashiwanohense

B. stellenboschense
B. saguini
B. biavatii
animalis subsp. lactis
reuteri
animalis subsp. animalis
thermacidophilum subsp. thermacidophilum
pseudocatenulatum
. pullorum
. gallinarum
. longum subsp. suis
. thermacidophilum subsp. porcinum
. catenulatum
. angulatum
B. pseudolongum subsp. pseudolongum
- B. dentium
B. longum subsp. infantis
B. stercoris
B. pseudolongum subsp. globosum
B. longum subsp. longum
B. bifidum
B. breve
B. adolescentis
Samples 11 12 13 14 Al Al M1 M2 M3 M4 A2 A2 A3 A3
Primers ITS ITS ITS ITS 27fBifl64ITS ITS ITS ITS 27f Bifl64 27f Bif164

E 6 ARSI B AT R R R AT

Figure6 Bifidobacterial specificity and diversity detection of different primers

e A AFEGIPIIZEERE S A1 DNA § 3 F AR DU B K 2 B ASIR] S [ PRGN 25 8 i v SUSEAT T () o K ST A 1 5
M1, M2, M3, M4 JgREEFMEREE; 11, 12, 13, 14 B LI REE Y 1TS %75514) Probio-bif_Uni/Probio-bif_Rev; 27f #7x
514 27f/1492r; Bif164 /5|4 Bif164-f/Pbi R2; MfLHRA; FIAIEIL.

Note: A: Detection rates of non-Bifidobacterium in the DNA amplicons of fecal bacterial micyobiota in using various primers; B:
Bifidobacteria diversity of fecal samples identified using various primers at the species level; M1, M2, M3 and M4 were fecal samples
from mothers, and 11, 12, 13 and 14 were fecal samples from infants®®; ITS denotes the primer Probio-bif_Uni/Probio-bif_Rev, 27f

denotes the primer 27f/1492r, and Bif164 denotes the primer Bif164-f/Pbi R2; Black mains the presence, and white mains the absence of
Bifidobacteria.
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5 A3 Y PO A A TER RN, 3 45l
¥ B. longum subsp. longum FiI B. adolescentis,
B. breve. B. longum subsp. longum }z B. animalis
subsp. lactis. B. breve, B. pseudocatenulatum,
B. bifidum; 1fii Bif164-f/Pbi R2 [ 3 (/34 4 1-4: 4
FHRGERNER, 3MHm 515 B. breve, B.
longum#f1 B. longum subsp. longum ., B. catenulatum,
B. animalis subsp. lactis. B. adolescentis. B.
dentium, B. kashiwanohense }z B. stercoris. B.
breve. B. catenulatum, B. bifidum. B. longum subsp.
longum, B. thermophilum, B. animalis subsp. lactis,
B. longum subsp. suis. &M Bif164-f/Pbi R2 X #¥ it
FROBUBCRF B A9 S SOR B A T 276/1492r
243 5|4 Bif164-f/Pbi R2 5 Probio-bif Uni/
Probio-bif Rev BILLE 47

AT Milani P 9 TUBEFF 514
Probio-bif _Uni/Probio-bif Rev #1744 . 514
Bif164-f/Pbi R2 . 27f/1492r 5 Probio-bif_Uni/
Probio-bif_Rev X 11 4 i 04 3G 1 B2 SR an 4]
6A Frz, AR AR US4 e e L AR
5k 3.85%,99.60%71 75.36%. 5|4 Bif164-f/Phi
R2 45 Probio-bif_Uni/Probio-bif Rev fiffi 7K F-30k;
FFAZ AR IR 6B fiT/R, Bif164-f/Pbi R2 X4 ik
PP I A W2 TE RS B, B LSRR A LA
B. breve #ll B. longum k&, BESEIMEAEG HAS
B. adolescentis. B. longum. B. animalis. B. dentium
1 B. stercoris, 5 Milani ZEPO 4 iF 5745 3L,
FEMLIERY F, 514 Bif164-f/Pbi R2 i 2 {3 £} 2 (f
A DNA 1 0405 7 B. breve, B.
bifidum, B. catenulatum. B. kashiwanohense #1 B.
thermophilum, 1514 Probio-bif_Uni/Probio-bif Rev
() 4 Oy ZEERESh 40T DNA (9361 R A 2] B.
angulatum £ B. pseudolongum, 77545 FR 017
DU, AR L 519 Bif164-f/Pbi R2 911
IR Z R s Ry, R BT S RS AL i v 3L
AR Z R TR, B SN E.

THEULIIAYE Bif164-f/Pbi R2 5 Probio-bif_Uni/
Probio-bif_Rev 435l )& 3 T AU AT E 16S rRNA
S5 TS IFAIT R 514, = W 5y 5 F
G4 = AAMF 5 AW Y, 2R Bk
J Y6 43 5] 9 500—-900 bp 5 350-600 bp. ¥
Al, A2, A3, 11, 12, 13, 14, M1, M2, M3
M4 543 )k 1 293 .8 173,9 062,310 287,
141 904, 132 208, 198 178, 75 644. 68 988,
97 733 Fll 334 143 4%,

3 WikES®

KU R 2 A A 2 B, EAT 22 A (S R0 |
e 3 LA T I S A 2 1 25 2 2k D R8T
O B 22 I FEIA T 2 A T T R Sl i 45 g 1
i B G B A K B 5 A A RSO AR g 1 e
AR SRR, I HOSUB AT & T 8 R
TRAE R RN, R Kk 4 000 T B AR M 4 AL
KA A RS, XK B AT T = 2k AR
R FE IR o R SPET [ 9 AT LU Bl ik R 22
s, TR s I 3 B SUB AT o 1 R S 5 1
FOCHE S, ASGHE IS5 SRS G By
T M — X E T A i o OSUBEAT T I e ) R
PG, it PacBio SMRT X Hgb 7861k, [F]
IF Ry 51 Py e S i T — o

A S5 0 B 0 A AR TR T — X AU A 51 )
Bif164-f/Pbi R2, HA/ 14734l it o 2 ) LFE(H
FEALLL B. breve Fil B. longum iy =, BESEZSEAEN
LA B. adolescentis, B. catenulatum, B. longum #iI
B. animalis Jy 35, S IEC A4 4 i it
B AT R A — 30 ) LS AL (R BT T 24
PE A B N ZEAE S AR 45 A 0 Lt 0 U
P T 2 o 18 250l AT L Bt 57 % 1 5 T a2 Y
AN BiB S 4 Bif164-f/Pbi R2 2 FTHEM. It
&b, Bif164-f/Pbi R2 TE4 3 Z A 7 T W] AL T
27f/1492r 5 Probio-bif _Uni/Probio- bif Rev, kR
moy s F, 514 Bifleaf/Pbi R2 £ 51 ¥
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Probio-hif_Uni/Probio-bif _Rev il 27f/1492r M\ £}
AR S R ZERI AT AGIN R T 88 22 (1 BUBZFF AP, T
519 Bif164-f/Pbi R2 141 H i1 i BT 800 bp,
ALK PacBio SMRT I3 - &5« KK i p 4
FEEE = PRI A AER B . Rl Bif164-f/Pbi R2
FERESME T BRI R AT . WP AR AT, 5149
Bif164-f/Pbi R2 Xt ZE M4 i rp A BB AT T4 46x H AH
X g T 98.38%, B4t 15| ¥ 27/1492r
Al T A A5 U 2 R S P B SUECRF D, A B
T XREEAS ] A i (B g A [RIAE s A [R] B B 14 RUEE
FR AL . 514 Bif164-f/Pbi R2 [ i 541
RFEAT A T A PR, e — S 1 S50 H g
EAE NCBI I HexF AT 51 Ppiseit . ik i gy
RAE T NI S S s G SR A S
T (4 LI AT TR AR S P 0 5 | e 3 7 BT A = AR
W FFH AR

L5 TR A O 1 H— X3l T AR A
HOSUBE AT TR R S 5 140, TRl B R 5 | ) i e
Pt TR, R KR AR i IR
KU FF B 2 FEPE B8 T A
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