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A qPCR method for rapid detection of gut microorganisms
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Abstract: [Background] In recent years, 16S rRNA gene sequencing and metagenomic analysis
have been commonly used for detecting microbial pathogens in the gut. [Objective] To
overcome the limitations of high cost and long detection time, we established a method for
analyzing the composition of human gut microbiota based on real-time fluorescence quantitative
PCR (qPCR), which can measure the abundance of gut microorganisms. [Methods] Ten
microbial taxa commonly detected in the intestine were selected from public databases. We
designed specific primers and probes for the ten targets and validated them using 20 fecal
samples. Furthermore, we compared the results of qPCR and 16S rRNA gene sequencing to
evaluate the performance of the established method. [Results] The ten pairs of primers and
probes were specific to the targeted taxa, and the coverage of targeted bacteria in the HITdb
database exceeded 70%. The coefficient of variation (CV) of sample detection results was less
than 10%, indicating that the method was highly stable. The results of qPCR and 16S rRNA
gene sequencing for measuring the microbial abundance were correlated (P<0.05). [Conclusion]
The results of the relative abundance of microorganisms detected in fecal samples using the
primers and probes designed based on the HITdb database were consistent with those obtained
by 16S rRNA gene sequencing. This study provides an accurate and cost-effective method for
analyzing gut microbiota and the reference information for clinical diagnosis and treatment.
Keywords: gut microorganism; 16S rRNA; qPCR; microbial abundance
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Table 1  Primers and probes for 10 targets
Target Primer and probe (5'—3")
Firmicutes F: GTGYCAGCMGCCGCGGTAA

Fusobacteria

Veillonellaceae

Lachnospiraceae

Akkermansia

Bacteroides

Enterococcus

Lactobacillus

R

: GGACTACNVGGGTWTCTAAT

P: FAM-TAGATATTAGGAGGAACACCAGTGGCG-BHQ1
F: AAGCGCGTCTAGGTGGTTATGT

R
P

: TGTAGTTCCGCTTACCTCTCCAG

: FAM-CAACGCAATACAGAGTTGAGCCCTGCATT-BHQ1

F: AGAAAACAGGTGGTGCACGG

R
P

: RATAGGGGTTGCGCTCGTT

: HEX-CGTCAGCTYGTGTCGTGAGATGTTG-BHQ2
: GAKCAAACAGGATTAGATACC

: AATTAAACCACATGCTCC

: HEX-TACGTYCGCAAGAATGAAACTC-BHQ2
: GCTCACCAAGGCGATGACGG

: TGCTCCCACATGACAGGGGTTTAC

: Texas Red-CCATTGTGAATGATTCTCGACTGCTGCCA-BHQ2
: VGATGGGGATGCGTTCCATTAG

: CATCCTTCACGCTACTTGGCTGG

: HEX-CGATGGATAGGGGTTCTGAGAGGAAGGTC-BHQ2
: TGGAAACAGGTGCTAATACCG

TGAGCCGTTACCTCACCAAC

: FAM-TGGACCCGCGGTGCATTAGC-BHQ!1
: GTAATACGTAGGTGGCAAGCG

: CACCGCTACACATGGAGTTC

: HEX-TCCGGATTTATTGGGCGTAA-BHQ2

Prevotella : GTAACGCGTATCCAACCTRC

: GACCTTCCTCTCAGAACCCC

: Texas Red-CTGATTAGCTTGTTGGCGGG-BHQ2
Streptococcus : GATACATAGCCGACCTGAGAGGGTG

F
R
P
F
R
P
F
R
P
F
R:
P
F
R
P
F
R
P
F
R
P

: ACGTAGTTAGCCGTCCCTTTCTGG

: Texas Red-CCATTGCCGAAGATTCCCTACTGCTGC-BHQ2
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F2 S5 AEBEHEXR 10 MEEMEE LR
Table 2 List of the 10 target taxa in this study

Target Associations References
Firmicutes It is one of the main phyla of human and animal gut microbiota and can produce resistant  [24]
endospores, bile acid and other important nutritional signaling molecule
Fusobacteria Can produce a large amount of butyric acid alone and amplify during the development of  [15]
colorectal cancer
Veillonellaceae It is the main microbiota associated with the severity of fibrosis in obese subjects [10]
Lachnospiraceae It is colonized in the intestinal tract from birth and is one of the main producers of [3]
short-chain fatty acid
Akkermansia It is colonized in the Slime layer of the gastrointestinal tract and takes mucin as the only [24]
source of carbon and nitrogen, playing a key role in maintaining intestinal health and
regulating host metabolism
Bacteroides Gut microbiota can protect against pathogens and provide nutrition for other [4]
microorganisms in the gut
Enterococcus Multidrug resistance has become the main cause of global healthcare related infections [24]
Lactobacillus Play a key role in food biotechnology and human and animal gut health [7]
Prevotella Related to human infection, such as gut diseases such as Ulcerative colitis [13]
Streptococcus One of the most invasive bacterial communities that can cause diseases such as pneumonia [28]
and arthritis
HAR M. 2T qPCR WJ7ik, B2 WoR TIEWR—R 500, FrBOR/N S s —2,

JLAL T —XF 5 | R — A SRR BRARAT (R 1o
PANZRZEME DNA WHiti, PCR 71"
AR RO BB I L UK SR e T 5 [ A s S ke

Streptococcus
Prevotella

Lactobacillus |

ﬂeﬁfﬂﬂlkﬁﬁ‘fﬁfi%ﬁ(@ 2),

S T WA R R A, 3 A AR B Y 5 |
Y R SR JOREE , 43 ABCE T 0.25-2.00 pmol/L
(e BE AR 5 50—65 CCRYTREERE T, il id 4 h
k5 CAEMZE R FMANH &, LU kS
Eﬂlzf%%' PEY 3G, M5 %U“ 4 0.5 pmol/L .
F(E 3).

1B IR EZ R 60 °CHE e

Bacteroides |

Akermansic |

Lachnospiraceae | :

. : bp
Veillonellaceae | : % ggg
Fusobacteria [T ] | 1000
Firmicutes ; | | | 500
0 50 100 150 200
HitlnDB (%) 100
1 HITdb i¥f& BiR LA MBEE 2 IRBEMEERAR FKIIE S| R
Figure 1  HITdb evaluates coverage of target Figure 2  Verification of primer specificity by
categories. agarose gel electrophoresis.
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0.25 pmol/L
= 0.50 pmol/L
30} = 1.00 umol/L
= 2.00 pmol/L
U 20
10

B3 #E qPCR RELFM  A: 10 X5 9HE
BHIE. B B KOS i A

Figure 3 Determine the qPCR reaction conditions.
A: Primer concentration gradient. B: Temperature
gradient.
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Figure 4 Differences between multiple amplification
and single amplification of 10 targets.
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Figure 5

Standard curves for 10 targets. A: Firmicutes. B: Fusobacteria. C: Veillonellaceae. D:

Lachnospiraceae. E: Akkermansia. F: Bacteroides. G: Enterococcus. H: Lactobacillus. I. Prevotella. I:

Sreptococcus.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PR PUEPE I IE A H) qPCR LI ST 5053
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6 Lactobacillus B9FRfERZ S 184  A: Lactobacillus fUbR#ERTZE. B: Lactobacillus 448 Hh £k
Figure 6 Example of amplification results (for Lactobacillus target). A: Standard curve of Lactobacillus. B:

Amplification curve of Lactobacillus.

&3 i qPCRH1E
Table 3  Analytical characteristics of the qPCR

Target Slope y-int R’ E (%)
Firmicutes -3.692 50.792 0.996 7 86.58
Fusobacteria -3.399 48.526 0.9958 96.88
Veillonellaceae -3.038 44.133 0.9988 113.39
Lachnospiraceae —3.788 50.114 0.9995 83.65
Akkermansia -3.214 45.727 0.9990 104.71
Bacteroides -3.496 48.159 0.9991 93.21
Enterococcus -3.663 49.821 0.9986  87.50
Lactobacillus -3.473 48.345 0.9991 94.06
Prevotella -3.473 45.116 0.999 1 94.06
Streptococcus -3.625 47.173 0.9989  88.74

x4 LTRAWTHEREBE
Table 4 Evaluation of target accuracy by coefficient
of variation (CV<10%)

Target Mean  Standard deviation CV

(SD) (%)
Firmicutes 17.19  0.12 0.70
Fusobacteria 36.97 0.25 0.68
Veillonellaceae 19.45  0.15 0.78
Lachnospiraceae 16.14  0.08 0.53
Akkermansia 2582  0.13 0.51
Bacteroides 23.49  0.19 0.82
Enterococcus 25.54  0.09 0.35
Lactobacillus 30.59 0.18 0.60
Prevotella 20.10 0.11 0.56
Streptococcus 21.72  0.18 0.82

AR F . BMEZ, MrE
KRRERFEA B AEXT 3= BEAE A IF I, qPCR A 25
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Figure 7 Correlation scatter between two methods for detecting 10 targets with 20 samples (n=20).
Firmicutes. B: Fusobacteria. C: Veillonellaceae. D: Lachnospiraceae. E: Akkermansia. F: Bacteroides. G:

Enterococcus. H: Lactobacillus. I: Prevotella. J: Streptococcus.
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Figure 8 Correlation between levels of target taxa evaluated using qPCR values and 16S rRNA gene
sequencing. Rows-qPCR data, columns-16S rRNA; Color shows Spearman’s correlation coefficient (P<0.05).
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Table 5 Taxon correlation between PCR and 16S
rRNA values

Target Spearman coefficient P value
Firmicutes 0.215 12 3.62x107!
Fusobacteria 0.726 75 2.84x107*
Veillonellaceae ~ 0.490 74 2.80x1072
Lachnospiraceae  0.252 73 2.82x107!
Akkermansia 0.946 28 2.91x1071°
Bacteroides 0.737 36 2.08x107*
Enterococcus 0.232 31 3.24x107"
Lactobacillus 0.066 56 7.80x107"
Prevotella 0.557 35 1.07x1072
Streptococcus 0.688 98 7.80x107*
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