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Abstract

[ Objectives | The paper was to establish a molecular biological method for identification of bacterial strains. | Methods | The thalli

of standard bacterial strains existing in the laboratory were collected and genomic DNA was extracted for amplification of 16S rDNA and gyrB

gene. The 16S rDNA and gyrB gene sequences were obtained after sequencing. Sequences were aligned and analyzed via EzBioCloud and NCBI

database, and phylogenetic trees were constructed to determine the species relationship of strains. Meantime, they were compared with known

strains. [ Results] This method could identify 5 standard strains accurately to the species level. The 16S rDNA and gyrB gene sequences were

aligned and analyzed in EzBioCloud database and NCBI database. The strain with the max score was consistent with the known strain. And the

query cover and ident were both above 99% . [ Conclusions | The established molecular biological method for identification of bacterial strains

by 16S rDNA and gyrB gene has good accuracy, which effectively solves the problem that the laboratory identification of bacteria relies on tradi-

tional methods and the accuracy can not be guaranteed, and further improves the identification ability of laboratory bacterial strains.
Key words 16S rDNA, gyrB, Bacterial identification, Molecular biological method

1 Introduction
Bacterial identification is mainly composed of phenotype and
genotype identification”' ', Phenotype identification is the identi-
fication of bacteria through morphological observation, physiology
and biochemistry using traditional culture methods. There are
shortcomings such as long culture time, not obvious characteristic
reaction, and easy to be affected by bacterial age, culture condi-
tions and other external factors, so it is often difficult to achieve
ideal identification effect for some difficult and rare bacteria” ',
Genotype identification is the application of molecular biological
means in bacterial classification and identification, and strains
tested are classified and identified at the molecular level through
analysis of bacterial DNA. Common identification methods include

9]
)

gene sequencing'®™’’ | fingerprint technology'®~ gene probe

)“2’13] , elc.

technology ™" | polymerase chain reaction ( PCR
Genotype identification is featured by high accuracy and good re-
peatability compared with traditional methods. At present, it is
impossible to identify all bacterial strains with 100% accuracy
through a single method, so it is necessary to combine morphologi-
cal observation, biochemical identification, molecular biological
identification and other means to accurately determine bacteria.
Molecular biological identification is the " gold standard" for de-
termination of bacteria'"*'.

Ribosomal DNA is the DNA sequence that encodes rRNA on
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biological chromosomes and exists in all biological chromosome
genes. Ribosomal DNA-16S rDNA in prokaryotes is widely used in
the identification of bacteria due to the existence of highly con-

[5-18) A highly conserved re-

served regions and variable regions
gion refers to a specific region sequence that is the same in all
bacteria, and a variable region refers to a specific region sequence
that varies among different bacteria. The highly conserved region
in 16S rDNA is used to design a universal primer for bacteria, fur-
ther amplifies the variable region fragment in 16S rDNA of purified
bacteria, and finally determines the species relationship of bacteri-
al strains according to the sequencing and analysis of the variable
region. In strain identification, the results of 16S sequence align-
ment are convincing at the genus level, so there are multiple re-
sults of the same genus but different species, which indicates that

the experimental strain belongs to this genus. As for the species,
17-18]

it needs to be further identified through functional genes'
The functional gene gyrB""° ™™, with a single copy and a sequence
length of 1.2 —1.4 kb, is a common gene encoding gyrase B sub-
unit in bacteria. This gene evolves quickly, with an average base
replacement rate of 0. 7% —0.8% per million years, which is fas-
ter than the 1% change in 16S rDNA per 50 million years, and
can make up for the difficulty of accurately distinguishing bacteria
sibling species by highly conserved 168 rDNA"™'". By establishing
a molecular biological method for identification of bacteria by 168
rDNA and gyrB, this paper aimed to solve the problem that the la-
boratory bacteria identification relies on traditional methods and
the accuracy can not be guaranteed, so as to further improve the

identification ability of laboratory bacterial strains.

2 Materials and methods
2.1 Materials

2.1.1 Standard strains and reagents. The standard strains used
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in the test included Pseudomonas aeruginosa ATCC 27853 , Salmo-
nella enterica CICC 22956, Cronobacter sakazakii CICC 21560,
FEscherichia coli ATCC 25922, and Staphylococcus aureus ATCC
25923.

The reagents used were universal primers for bacterial 16S
rDNA , universal primers for bacterial functional gene gyrB, small
extraction kit for bacterial genomic DNA, PCR Mix premix with
sample loading buffer (2 x ), agarose, DNA Marker ( DL2000,
50 x TAE buffer, 1 x TAE buffer) , GelRed dye (10 000 x ).
2.1.2

cal incubator, electric-heated thermostatic water bath, PCR me-

Instrument and equipment. Biosafety cabinet, biochemi-

ter, miniature centrifuge, electrophoresis apparatus, gel imager.
2.2 Methods
2.2.1

stored in the laboratory were selected and the thalli to be tested

Extraction of bacterial genome. The standard strains

were collected. The genomic DNA was extracted according to the
instructions of small extraction kit for bacterial genomic DNA.
2.2.2 PCR amplification. Bacterial 16S rDNA sequence ampli-
fication was performed in a 50 pL reaction system containing
25 pL of PCR Mix premix, 1 uL of each 10 pmol/L primer 27 F
and 1492 R, 22 pL of sterilized deionized water, and 1 pL of
template. The sample template was the DNA of the strains extrac-
ted, the positive control template was the verified bacterial genome
DNA, and the negative control template was sterilized deionized
water. PCR amplification was conducted in the following proce-
dures; pre-denaturating at 94 °C for 2 min; denaturating at 94 C
for 30 s, annealing at 55 °C for 90 s, extension at 72 C for 1.5
min, 30 cycles; final extension at 72 °C for 10 min, preservation
at 4 C. The amplification system of bacterial functional gene gyrB
sequence was the same as that of bacterial 16S rtDNA sequence ex-
cept for primers gyrB"-F and gyrB"-R. The reaction procedure
was as follows: pre-denaturating at 94 °C for 2 min; denaturating
at 94 °C for 30 s, annealing at 55 °C for 90 s, extension at 72 C
for 1 min, 30 cycles; final extension at 72 °C for 10 min, preser-
vation at 4 °C.

2.2.3 Detection of PCR amplification products by electrophore-
sis. The amplified products were detected by electrophoresis with
1.5% agarose, with DL2000 DNA as the marker, and were im-
aged, observed and recorded by gel imager after electrophoresis.
2.2.4 Sequencing of PCR amplification products of samples to
be identified. If the bacterial genome extraction and PCR reaction
were normal, the PCR amplification products of the samples to be
identified would be sent to Sangon Biotech ( Shanghai) Co. , Ltd.
for sequencing.

2.2.5

products. Observation of sequencing peak map: Professional soft-

Sequencing splicing and analysis of PCR amplification

ware BioEdit was used to observe the sequencing peak chart to de-
termine whether the sequencing results were normal. If the entire
sequence peak chart had overlapping peaks, it indicated that the
bacteria to be identified had not been completely isolated and puri-
fied, and there was interference from infectious bacteria, or pollu-

tion brought into the PCR process affected the sequencing result.

At this time, the sequencing result was judged to be abnormal and
discarded. Splicing and alignment analysis of sequencing results:
Professional software DNAMAN was used to splice the two se-
quences, and the spliced sequences were analyzed via online anal-
ysis websites NCBI and EzBioCloud.

2.2.6 Construction of phylogenetic tree. Collection of strain 16S
rDNA sequence; According to the analysis results in Section
2.2.5, the 16S rDNA sequences of related species were download-
ed from EzBioCloud website and sorted into a file, which was then
saved in FASTA format. Construction of phylogenetic tree: Profes-
sional software MEGA was used to align and analyze the collated
sequences, and Neighbor-Joining phylogenetic trees were con-
structed after removing the redundant sequences at both ends.
2.2.7 Result interpretation. The detection results of 16S rDNA
sequence should be interpreted first. When the detection results of
16S rDNA sequence could not accurately identify the strain to the
species level, the detection results of gyrB sequence should be in-
terpreted. In the interpretation of 16S rDNA sequence results,
EzBioCloud and NCBI alignment results and 16S rDNA phyloge-

netic tree results should be integrated.

3 Results and analysis

After DNA extraction, 16S rDNA sequence and gyrB se-
quence of strains tested were amplified. After detected by electro-
phoresis, obvious and bright amplification bands appeared at
1 500 bp and 1 200 bp, which could be judged that the genome
extraction, 16S rDNA PCR assay and gyrB PCR assay of the bac-
teria to be identified were normal. Subsequently, the sequencing
results of the strains tested were analyzed. MEGA7 software was
used to build phylogenetic trees, and the evolutionary distance was
calculated using Kimura 2-parameter method. The 16S rDNA se-
quence phylogenetic trees of various strains are shown in Fig. 1-5,
and only values with probability greater than 70% are shown in the
figures.
3.1 P. aeruginosa The 16S rDNA sequence of this strain was
aligned and analyzed in EzBioCloud database, and the alignment
result showed that only P. aeruginosa had the similarity greater
than 98. 7% , so the strain was identified to be P. aeruginosa.
The 16S rDNA sequences were aligned and analyzed in NCBI da-
tabase. The top 5 strains with the max scores were P. aeruginosa,
and the query cover and ident were 100% . As can be seen from
the phylogenetic tree in Fig. 1, the evolutionary distance between
P. aeruginosa and the strain was closest. In summary, the strain
was identified to be P. aeruginosa. The known standard strain was
P. aeruginosa, indicating that the method was accurate and could
identify P. aeruginosa to the species level.
The 16S rDNA sequence of this strain was
aligned and analyzed in EzBioCloud database, and the alignment

3.2 S. enterica

result showed that only S. enterica had the similarity greater than
98.7% , so the strain was identified to be S. enterica. The 16S
rDNA sequences were aligned and analyzed in NCBI database.

The top 5 strains with the max scores were all S. enterica, and the
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query cover and ident were 100% . As can be seen from the phylo-
genetic tree in Fig. 2, the strain had the closest evolutionary dis-
tance with S. enterica. In summary, the strain was identified to be
S. enterica. The known standard strain was S. enterica, indicating
that the method was accurate and could identify S. enterica to the
species level.
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Fig.1 16S rDNA phylogenetic tree of Pseudomonas aeruginosa
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Fig.2 16S rDNA phylogenetic tree of Salmonella enterica
3.3 C. sakazakii

analyzed in EzBioCloud database, and there were three species of

The 16S rDNA sequences were aligned and

the genus Cronobacter with the similarity greater than 98. 7%.
Therefore, the strain was identified to be Cronobacter. The 16S
rDNA sequences were aligned and analyzed in NCBI database.
The top 5 strains with the max scores were C. sakazakii, and the
query cover and ident were above 99% . According to the phyloge-
netic tree in Fig. 3, it can be seen that the strain had the closest
evolutionary distance with C. sakazakii and C. malonaticus. Par-
tial sequences of gyrB gene of the strain were aligned with gyrB
gene of Cronobacter strains in NCBI database. Compared with
C. sakazakii, the query cover was 100% and the ident was more
than 99% , and the alignment score was 2 126. Compared with
other Cronobacter species, the ident was as high as 96% , so the
identification result of gyrB gene confirmed that the strain was
C. sakazakii. In summary, the strain was identified to be
C. sakazakii. The known standard strain was C. sakazakii, indi-
cating that the method was accurate and could accurately identify
C. sakazakii to the species level.

Cronob I subsp. lactaridi LMG 23825 (T)

[ subsp. LMG 23824 (T)
C. turicensis 73032 (T)
C. universalis NCTC 9529 (T)

Laboratory standard strain of C. sakazakii
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C. sakazakii NBRC 102416 (T)

C. condimenti 1330 (T)

" C. muyjensii ATCC 51329 (T)

—l

_
0.0050

Escherichia coli ATCC 11775 (T)

Salmonella enterica subsp. arizonae ATCC 13314 (T)

Fig.3 16S rDNA phylogenetic tree of Cronobacter sakazakii

3.4 E. coli
lyzed in EzBioCloud database. The alignment results showed that 4

The 16S rDNA sequences were aligned and ana-

strains of Shigella and 4 strains of Escherichia had the similarity
greater than 98. 7% , which were identified to be Enterobacteri-
aceae. The 16S rDNA sequences were aligned and analyzed in
NCBI database. The top 5 strains with the max scores were E. coli,
and the query cover and ident were more than 99% . As can be
seen from the phylogenetic tree in Fig. 4, the strain had the closest
evolutionary distance with E. coli. Partial sequences of gyrB gene
of this strain were aligned with those of Shigella and Escherichia
strains in NCBI database. The highest query cover and ident were
more than 99% , but the score of E. coli was higher than that of
Shigella. In summary, the strain was identified to be E. coli. The
known standard strain belonged to E. coli, indicating that the
method was accurate and could accurately identify E. coli to the
species level.

Escherichia albertii TW07627 (T)

Shigella boydii GTC 779 (T)
S. sonnei GTC 781 (T)

S. flexneri ATCC 29903 (T)

E. fergusonii ATCC 35469 (T)

100 E. coli ATCC 11775 (T)

Laboratory standard strain of E. coli
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Cronobacter sakazakii NBRC 102416 (T)
E. hermannii GTC 347 (T)

5
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[——
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Fig.4 16S rDNA phylogenetic tree of Escherichia coli

3.5 S. aureus
alyzed in EzBioCloud database, and there were 4 strains of Staph-

The 16S rDNA sequences were aligned and an-

ylococcus with the similarity greater than 98.7% , so the strain was
identified to be Staphylococcus. The 16S rDNA sequences were
aligned and analyzed in NCBI database. The top 5 strains with the
max scores were all S. aureus, and the query cover and ident were
100% . As can be seen from the phylogenetic tree in Fig. 5, the
strain had the closest evolutionary distance with S. aureus. Partial
sequences of gyrB gene of this strain were aligned with those of
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Staphylococcus strains in NCBI database. Compared with S. au-
reus, the query cover was 100% , the ident was more than 99% ,
and the alignment score was 2 162. Compared with other Staphylo-
coccus strains, the highest ident was 95% , so the identification re-
sult of gyrB gene confirmed that the strain was S. aureus. In con-
clusion, the strain was identified to be S. aureus. The known
standard strain was S. aureus, indicating that the method was ac-

curate and could accurately identify S. aureus to the species level.

Staphylococcus capitis subsp. capitis ATCC 27840 (T)

8. saccharolyticus ATCC 14953 (T)
S. epidermidis ATCC 14990 (T)
100[ S. aureus subsp. aureus DSM 20231 (T)
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S. gallinarum ATCC 35539 (T)
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100 [ S. lentus ATCC 29070 (T)

S. vitulinus ATCC 51145 (T)

Salinicoccus hal W24 (T)
Escherichia coli ATCC 11775 (T)

100

0.02

Fig.5 16S rDNA phylogenetic tree of Staphylococcus aureus

4 Discussion

Molecular biological methods to some extent make up for the
shortcomings of traditional methods such as long identification cy-
cle, easy to be affected by culture conditions, poor repeatability
and low accuracy, and have fast identification and high accuracy
when exploring the taxonomic status and species relationship of
bacteria from the gene level. In the classification of species, if the
homology of 16S rDNA sequence between two taxonomic units is
higher than 97.5% , the two taxonomic units can be classified as

21 However, for some closely related strains,

the same species
there may be more than one strain with high homology after align-
ment of 16S rDNA gene sequence in database, so it can not be dif-
ferentiated at the species level, and other methods should be com-
bined to supplement identification.

Recent studies have found that that gyrA and gyrB genes are
widely used because they can make up for the shortcomings of 16S
rDNA gene method. The combined identification method of 16S
rDNA and gyrB gene sequence is a scientific and internationally
recognized method for identification of newly isolated species ™ . At
present, most studies have applied the combination method of 16S
tDNA and gyrB gene in the identification of closely related bacterial

populations™ " | and received good results. Compared with tradi-
tional methods and single use of 16S rDNA sequence for identifica-

tion, the method can identify strains quickly and accurately to the
27-28]

species level. Fu Qi et al.* used a phylogenetic tree based on
16S and gyrB gene sequences to accurately and rapidly identify a
strain of Bacillus licheniformis isolated from seawater and a strain of
B. amyloliquefaciens isolated from soil. Lu Jiagi et al. ™ used combined

16S rDNA and gyrB gene sequence to identify a strain of B. cereus.

S Conclusions

In this study, a molecular biological method of combined 16S
rDNA and gyrB identification of bacterial strains was established.
Five standard strains, which were the most representative in the
laboratory, were selected for experiments. Proper amount of thalli
were collected to extract genomic DNA, and 16S rDNA and gyrB
gene sequences were obtained through 16S rDNA amplification and
gyrB gene sequencing. The 16S rDNA sequences were aligned and
analyzed in EzBioCloud database and NCBI database, and the
phylogenetic trees were constructed. P. aeruginosa and S. typhi-
murium could be accurately identified to the species level by 16S
rDNA sequence analysis. But C. sakazakii, E. coli and S. aureus
could only be identified to the genus level through 16S rDNA se-
quence analysis. Therefore, continued interpretation of gyrB se-
quence detection results finally accurately identified the strain to
the species level. The results were consistent with known standard
strains, indicating that this method had good accuracy, and gyrB
gene could make up for the deficiency of 16S rDNA molecular
identification method.
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nomenon, which conforms to the law of socialist development and
is an exploration of the socialist road of poverty alleviation. It is
inevitably full of unknowns and unpredictability. Third, the Pov-
erty Alleviation Act should constantly change with the development
of poverty alleviation. With the gradual deepening of poverty alle-
viation, the accumulated problems and contradictions will contin-
ue to increase. On the one hand, with the change of time and
space of poverty alleviation, some provisions of the Poverty Allevi-
ation Act are outdated and cannot explain the actual poverty allevi-
ation, so some contents need to be revised again. On the other
hand, the existing Poverty Alleviation Act can’t explain a large
number of new things, and it is necessary to add and enrich new
contents. Obviously, the Poverty Alleviation Act is not fixed, and
we should change the relevant contents and add new contents at
any time according to the needs of the development of poverty alle-
viation, and constantly guide the development of poverty allevia-
tion.

4.3 Purpose of Poverty Alleviation Act The purpose of Pover-
ty Alleviation Act is to strictly regulate and restrain the behavior of
all poverty alleviation resources in poverty alleviation. According
to the types and quantities of poverty alleviation resources needed
by poverty alleviation objects at different stages of development,

scientific coordination and allocation are carried out, thus forming

a comprehensive integration effect of poverty alleviation resources,
and then promoting the process of poverty reduction.

Any kind of poverty alleviation resources can’t exist alone in
poverty alleviation, and can’t play an independent role, because
the existence and function of any kind of poverty alleviation re-
sources are limited and influenced by other poverty alleviation re-
sources. Therefore, only under the action of Poverty Alleviation
Act can all poverty alleviation resources be led, and all poverty al-
leviation resources be organically combined, so that the cost of
poverty alleviation can be reduced, and the goal of poverty allevi-
ation can be realized as soon as possible.

China is a socialist country and shows an overall interest-ori-
ented economic form. Covering all people on the road of getting
rid of poverty is the purpose and principle of the cause of poverty
alleviation. Only through the Poverty Alleviation Act can we maxi-
mize the role of all poverty alleviation resources and continuously

promote the socialist poverty alleviation cause as a whole.
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