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INTRODUCTION

Wine in China has a huge consumer market, in terms 
of  wine consumption, China is currently the world’s 
fifth-largest wine market (Kim, 2020). Wine is generally 
produced by fermentation of  wine grapes and their 
epidermis microorganisms. Its flavor is influenced by a 
variety of  factors such as vineyard management, soil type, 
light, precipitation, grape microbiome and so on (Angela 
et al., 2010; Wei et al., 2018; Xu et al., 2019; Tempere et al., 
2018). The grape microbiota which affects the health of  
the vine, wine fermentation and flavor, aroma and quality 
of  the finished wine is complex (Angela et al., 2010) and 
includes filamentous fungi, yeast,bacteria and so on (Liu 
et al., 2020). Among them, the yeast is responsible for 
spontaneous alcoholic fermentation (Eder et al., 2019). The 
challenges and opportunities presented by the contribution 
of  the wine microbiota to the production of  high-quality 
wine are staggering (Belda et al., 2017).

In recent years, the research on epidermal microorganisms 
of  wine grapes has been increasing. In China, Zhang 
et al. (2017) analyzed the microbial community of  wine 
grape epidermis of  different varieties in Shacheng area 

and concluded that grape variety is the most important 
factor affecting the microbial community. Zhang et al. 
(2017) analyzed the diversity of  epidermal bacteria of  
summer black seedless grape, which provided some 
reference for biological control of  fruits and vegetables. 
Zhao et  al. (2021) studied the diversity of  Cabernet 
Sauvignon grapes and found that there were differences 
in the dominant microorganisms of  wine grapes from 
different producing areas and the differences of  genus 
level were higher than those of  phylum level. In addition, 
Zhang et al. (2021), Zhang et al. (2021), Ding et al. (2021) 
and others also conducted research on grape epidermal 
microorganisms. Abroad, Ghosh et al. (2015) studied 
the microbial diversity during the early stage of  alcohol 
fermentation on grapes from South African vineyards, 
and the results showed that ARISA can be used to study 
the microbial diversity and dynamic changes during grape 
fermentation. Ranade et al. (2021) carried out an analysis 
of  the diversity of  epidermal grape microorganisms, 
providing new information on the applicability of  these 
microorganisms to plant growth, crop protection and 
bioremediation. In addition, many researchers such as 
Setati et al. (2012) also investigated the microbial diversity 
of  the grape skin.

Different microbes in grapes lead to different flavors of wine. There are many kinds of wine grapes. In this article, the microorganisms in the 
wine made by the Muscat Hamburg grape and the Shine-Muscat grape are analyzed by using high-throughput sequencing technology. The 
results indicate that there are 8 species of dominant bacteria phylum which are Bacteroidetes, Firmicutes, Proteobacteria, Actinobacteria, 
Acidobacteria, Epsilonbacteraeota, Fusobacteria and Chloroflexi, and 13 species of dominant bacteria genus in Muscat Hamburg wine. 
There are 7 species of dominant bacteria phylum which are Bacteroidetes,Firmicutes,Proteobacteria,Actinobacteria,Acidobacteria,Eps
ilonbacteraeota,Fusobacteria and 14 species of dominant bacteria genus in Shine-Muscat wine. The dominant fungi phylum of the two 
varieties of wine are Ascomycota, Basidiomycota and Zygomycota. There are 2 species of dominant fungi genus in Muscat Hamburg wine 
and 9 species of dominant fungi genus in Shine-Muscat wine. At the genus level, bacteria are more abundant than fungi in the dominant 
genera of microorganisms in these two varieties of wine, and the diversity at the genus level was higher than that at the phylum level.
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Although the research on the microorganisms of  wine 
grapes has gradually increased, there are relatively few 
studies on the microbial communities in wine made from 
different varieties of  grapes. Therefore, this article takes the 
wine made from two different varieties of  grapes, Muscat 
Hamburg wine and Shine-Muscat wine, as the research 
object to study the differences in microbial communities 
in wine made from different varieties of  grapes.

MATERIALS AND METHODS

Main reagents and instruments
The main reagents include QIAGEN’s DNeasy PowerSoil 
Kit, Takara’s Tks Gflex DNA Polymerase, Gene Tools, 
TENP buffer and PCR amplification system, etc.

The main instruments include Eppendorf ’s desktop high-
speed centrifuge and pipettes, Bio-rad’s PCR machines, 
Tanon’s electrophoresis and gel imager, Axygen’s centrifuge 
tubes, etc.

Experimental samples description
The experimental samples come from a large-scale winery 
in Qufu City, Shandong Province (35° 59’ latitudes and 116° 
98’ longitudes). The study samples are collected from wine 
made from grapes of  two varieties, Muscat Hamburg (M) 
and Shine-Muscat (Y). Among them, the samples of  each 
variety of  wine were randomly selected, namely M1, M2, 
M3 and Y1, Y2, Y3.

Genomic DNA extraction
Genomic DNA is extracted by DNA extraction kit, and 
then using agarose gel electrophoresis and NanoDrop2000 
to detect the concentration of  DNA. The DNA extraction 
and high-throughput sequencing process was performed 
by OEBIOTECH.

PCR amplification of bacterial 16S rRNA and 
fungal ITS
The first round of  PCR amplification is performed using 
Takara’s Tks Gflex DNA Polymerase to ensure efficiency 
and accuracy. Bacterial 16s rRNA gene specific primers 347F 
(5 ‘- CCTACGGRRBGCASCAGKVRVGAAT - 3’) and 
802R(5 ‘- GGACTACNVGGGTWTCTAATCC - 3’) are 
used to amplify V3 - V4 region. The ITS region is amplified 
by fungi ITS 1F(5 ‘-CTTGGtCATTTagagGaAGtaA-3’) and 
ITS 2R(5 ‘-GCTGCGTTCTTCATCGATGC-3’). After 
26 cycles of  amplification, the PCR product is obtained 
and then the quality is checked. The products qualified in 
the first round of  PCR amplification are amplified in the 
second round, and the amplification cycles are seven times.

Gene Tools are used to compare the concentration of  
each PCR product (ng/μL), and then PCR products of  

each group are mixed according to the principle of  equal 
quality. Then the SanPrep column DNA gel recovery kit is 
used to recover PCR mixed products. Finally, the Illumina 
MiSeq sequencing platform is commissioned to conduct 
high-throughput sequencing analysis of  PCR products.

Data processing and analysis
(i)	 Remove the sequences whose length is less than 50bp, 

splice the obtained paired sequences, and remove 
the low-quality sequences to obtain the clearance tag 
sequence. Then the optimal sequence with high quality 
and reliability is obtained by processing the cleared 
tag sequence(Bolger et al., 2014; Magoč et al., 2011; 
Caporaso et al.,2010; Edgar et al., 2011)

(ii)	 QIIME software is used to cluster Tags information 
at 97% similarity level to obtain OTU composition in 
each sample at each classification level(Bowen et al., 
2012; Wang et al., 2018; Liu et al., 2019).

(iii)	According to the comparison results of  OTU and 
Silva databases for each sample, species annotation is 
performed to obtain community structure composition 
and abundance information at each classification level.

(iv)	R software is used to calculate and analyze the diversity 
index.

RESULTS

Sample sequencing information
Through the Illumina MiSeq sequencing analysis of  the 
microorganisms in the wine made by Muscat Hamburg 
grape and Shine-Muscat grape, 328299 original sequences 
of  bacterial 16S rRNA gene V3−V4 regions are obtained. 
After optimizing the data, 237,842 valid sequences are 
obtained, and the valid sequences account for 72.45%. 
OTU clustering is carried out at 97% similarity level, and 
26248 valid OTUs are obtained. 380,785 original sequences 
are obtained from fungal ITS region. After optimizing the 
data, 371155 valid sequences are obtained, and the valid 
sequences account for 97.47%. OTU clustering is carried 
out at 97% similarity level, and the valid OTUs are 8422. 
Detailed data are shown in the Table 1.

Analysis of OTU in samples
A total of  11097 bacteria OTU are detected in both wine 
(Fig. 1a). A total of  8521 bacteria OTU are detected in 
Muscat Hamburg wine, of  which 3304 are unique bacteria 
OTU. In Shine-Muscat wine, there are 7793 bacteria OTU, 
and 2576 bacteria OTU are unique. There are 5271 bacteria 
OTU shared by the two varieties of  wine.

At the same time, a total of  3711 fungi OTU are detected in 
both wine (Fig. 1b). A total of  3082 fungi OTU are detected 
in Muscat Hamburg wine, of  which 1114 are unique fungi 
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OTU. In Shine-Muscat wine, there are 2597 fungi OTU, 
and 683 fungi OTU are unique. There are 1914 fungi OTU 
shared by the two varieties of  wine.

As shown, in the two varieties of  wine microbial flora, the 
total number and unique number of  bacteria OTU are 
more than those of  fungi. The total number of  OTUs of  
bacteria and fungi in Muscat Hamburg wine is higher than 
that in Shine-Muscat wine.

Alpha diversity analysis
Rarefaction curve
The rarefaction curve can be used to compare the 
abundance of  different sample species and indicate 

whether the amount of  sequencing data of  the sample is 
reasonable(Zhao et al., 2021). When the curve tends to 
be flat, it means that the amount of  sequencing data is 
reasonable. The curves of  bacterial 16s rRNA gene and 
fungal ITS region in the two varieties of  wine under the 
condition of  97% similarity show that when the bacterial 
Simpson diversity index reaches above 0.915 and the fungi 
Simpson index reaches a certain value, the curves begin 
to flatten, indicating that the sample depth in this study 
is sufficient.

Sample alpha diversity index
Coverage refers to the coverage of  each sample library. 
The higher the value is, the higher the probability that the 

Table 1: Sequencing information of two grape samples
Sample Raw data sequence Valid tags sequence Percentage of valid tags 

sequence
OTU_counts

bacteria fungi bacteria fungi bacteria fungi bacteria fungi
M1 41873 65375 28505 64165 68.07% 98.15% 4942 2376
M2 66605 71017 49434 70653 74.22% 99.49% 4357 537
M3 41155 69148 28277 68089 68.71% 98.47% 4898 2035
Y1 44545 59607 30736 53916 69.00% 90.45% 5008 2253
Y2 62885 60655 43903 59929 69.81% 98.80% 3544 831
Y3 71236 54983 56987 54403 80.00% 98.95% 3499 390

Fig 1. OTU numbers of bacteria (a) and fungi (b). Different colors represent the samples of different varieties of wine. The overlapping parts 
represent the common OTUs.

ba

Fig 2. Rarefaction curves of bacteria (a) and fungi (b). The curves begin to flatten, indicating that the sample depth in this study is sufficient. 
Different colors represent the samples of different varieties of wine.

ba
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sequence in the sample is detected, while the probability 
that the sequence is not detected is lower. Shannon 
and Simpson indices are commonly used to reflect the 
a-diversity of  microorganisms(Wang et al., 2020). The 
larger Shannon value is, the higher community diversity 
is. For Simpson diversity index, we use its formula here: 
D=1-ΣPi2. As can be seen from the formula that the larger 
the Simpson value, the higher community diversity. Chao1 
is the species richness index, and the larger the value is, the 
higher the richness is.

The microbial flora of  the two varieties of  wine are 
analyzed under 97% similarity(Table 2). The Coverage 
index of  bacterial coverage of  the samples reaches 98%, 
indicating that the measured OTU number could basically 
reflect the real situation of  bacterial samples in the two 
varieties of  wine. The bacterial diversity index in the two 
varieties of  wine shows that the largest chao1 index is 
Muscat Hamburg wine, indicating that the bacteria richness 
in Muscat Hamburg wine is higher than Shine-Muscat wine. 
The highest Shannon index is found in Muscat Hamburg 
wine, indicating a high diversity of  bacteria in Muscat 
Hamburg wine. In a word, the richness and diversity of  
bacteria in Muscat Hamburg wine are higher than those 
in Shine-Muscat wine.

The Coverage index of  fungal coverage of  the samples 
reaches 99%, indicating that the measured OTU number 
could basically reflect the real situation of  fungal samples 
in the two varieties of  wine. As the fungal diversity index 
shows, the Chao1 index of  the Muscat Hamburg wine is 
higher, indicating that the fungal richness of  the Muscat 
Hamburg wine was higher than that of  the Shine-Muscat 
wine. The higher Shannon and Simpson indices are found 
in Shine-Muscat wine, indicating the high fungal diversity 
in Shine-Muscat wine.

In conclusion, the bacterial richness and diversity of  Muscat 
Hamburg wine are higher than those of  Shine-Muscat wine, 
while the fungus richness and diversity of  Muscat Hamburg 
wine are higher and lower than those of  Shine-Muscat wine.

Sample beta diversity analysis
PCA is performed on the bacterial flora in the two varieties 
of  wine and the PCA chart is drawn. In PCA chart, the 
closer the samples are to each other, the more similar they 
are. M1 and M3 are distributed in the second quadrant, 
indicating that the bacteria in M1 and M3 are more 

similar. Y2 and Y3 are distributed in the fourth quadrant, 
indicating that the bacteria are more similar in Y2 and Y3. 
Y1 and M2 are distributed in the first and third quadrants 
respectively, indicating that the bacteria in Y1 and M2 are 
quite different (Fig. 3a). Through PCA chart, PC1 and PC2 
are two characteristic values that cause sample differences. 
It can be seen that PC1 and PC2 contribute 28.14% and 
18.85% to the sample differences, which are the sources 
of  bacterial differences.

It can be seen from the PCA chart(Fig. 3b), M1 and M3 
are distributed in the second quadrant, indicating that the 
fungi in M1 and M3 are more similar. M2, Y2 and Y3 are 
distributed in the third quadrant, indicating that the fungi 
are more similar in M2,Y2 and Y3. Y1 is distributed in the 
fourth quadrants, indicating that the fungi in Y1 is quite 
different from the other five samples. It can be seen that 
PC1 and PC2 contribute 34.82% and 21.21% to the sample 
differences, which are the sources of  fungal differences.

Community structure and correlation analysis
Analysis of community structure based on phylum 
level
At the phylum level, high-throughput analysis of  the 
bacterial flora is performed. Analysis of  the microbial 
community structure shows that there are 8 species 
of  dominant bacteria phylum which are Bacteroidetes, 
Firmicutes, Proteobacteria, Actinobacteria, Acidobacteria, 
Epsilonbacteraeota, Fusobacteria and Chloroflexi in 
Muscat Hamburg wine. There are 7 species of  dominant 
bacteria phylum which are Bacteroidetes,Firmicutes,Pr
oteobacteria,Actinobacteria,Acidobacteria,Epsilonbact
eraeota and Fusobacteria in Shine-Muscat wine (Fig. 4a).

High-throughput analysis of  fungal flora is performed. 
Analysis of  the microbial community structure shows that 
the dominant fungi phylum of  the two varieties of  wine 
are Ascomycota, Basidiomycota and Zygomycota (Fig. 4b).

Analysis of community structure based on genus 
level
At the genus level, high-throughput analysis of  the bacterial 
flora is performed. Analysis of  the microbial community 
structure shows that there are 13 species of  dominant 
bacteria genus in Muscat Hamburg wine and 14 species 
of  dominant bacteria genus in Shine-Muscat wine. There 
were 6 species of  dominant bacteria flora which are Bacte
roides,Lactobacillus,Lachnospiraceae_NK4A136_group,Stre

Table 2: Microbial diversity index of the two varieties of wine
Sample Coverage Chao1 Shannon Simpson Observed‑species

bacteria fungi bacteria fungi bacteria fungi bacteria fungi bacteria fungi
M 0.98 0.99 4940.16 1829.91 9.56 4.62 0.99 0.65 4349.10 1611.37
Y 0.99 1.00 3983.31 844.52 9.29 8.33 0.99 0.99 3398.00 829.70
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ptococcus,Alloprevotella and Escherichia-Shigella shared by the 
two varieties of  wine at the genus level (Fig. 5a).

High-throughput analysis of  the fungal flora is performed. 
Analysis of  the microbial community structure shows that 
there are 2 species of  dominant fungi genus in Muscat 
Hamburg wine and 9 species of  dominant fungi genus in 
Shine-Muscat wine. There are 2 species of  dominant fungal 
flora which are Fusarium and Monographella shared by the 
two varieties of  wine at the genus level (Fig. 5b).

Heatmap diagram
Based on the Spearman rank correlation coefficient, a 
heatmap is used to analyze the genus correlation between 
bacteria and fungi. As can be shown that there are correlations 
between the different genera of  the bacterial flora, and there 
are significant positive correlations among the three genera 
of  Alipis, Ruminococcaceae-UCG-014 and Rikenellaceae_RC9_
gut_group. There is also a significant positive correlation 
between Prevotella 9 and Escherichia-Shigella (Fig. 6a). As for 
fungi, there is a significant positive correlation between 
Hygrocybe and Phaeomycocentrospora (Fig. 6b).

DISCUSSION

Differences in the microbial dominant flora between 
two varieties of wine
The results indicate that there are 8 species of  
dominant bacteria phylum in Muscat Hamburg 
wine and 7 species of  dominant bacteria phylum in 
Shine-Muscat wine. There are 7 species of  dominant 
bacteria flora which are Bacteroidetes,Firmicutes, 
Proteobacteria,Actinobacteria,Acidobacteria,Epsilonba
cteraeota and Fusobacteria shared by the two varieties of  
wine at the phylum level. Among them, the Bacteroides 
account for the highest proportion, which account for 
53.62% of  Shine-Muscat wine and 36.43% of  Muscat 
Hamburg wine. The unique dominant bacterial phylum 
in Muscat Hamburg wine is Chloroflexi. In these two 
varieties of  wine, the dominant fungal phylum are 
Ascomycota, Basidiomycota and Zygomycota, which 
are consistent with the research results of  (Zhang et 
al., 2017). The highest proportion of  these three phyla 
is Ascomycota, which accounts for 86.74% of  Muscat 
Hamburg wine and 68.36% of  Shine-Muscat wine.

Fig 3. Comparison of microbial community in different samples. (a) Bacteria, (b) Fungi. PCA analysis uses variance decomposition to reflect the 
differences between multiple data sets on a two-dimensional coordinate plot. Different colors represent the samples of different varieties of wine.

ba

Fig 4. Community structure analysis diagram at phylum level of bacteria (a) and fungi (b). Bars indicate samples, different colors indicate different 
annotation information, and others indicate all species except Top. There are 8 species of dominant bacteria phylum which are Bacteroidetes, 
Firmicutes, Proteobacteria, Actinobacteria, Acidobacteria, Epsilonbacteraeota, Fusobacteria and Chloroflexi in Muscat Hamburg wine. There are 
7 species of dominant bacteria phylum which are Bacteroidetes,Firmicutes,Proteobacteria,Actinobacteria,Acidobacteria,Epsilonbacteraeota and 
Fusobacteria in Shine-Muscat wine. The dominant fungi phylum of the two varieties of wine are Ascomycota, Basidiomycota and Zygomycota.

ba
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The results indicate that there are 13 species of  dominant 
bacteria genus in Muscat Hamburg wine and 14 species 
of  dominant bacteria genus in Shine-Muscat wine. 
There are 6 species of  dominant bacteria flora which 
are Bacteroides,Lactobacillus,Lachnospiraceae_NK4A136_
group,Streptococcus, Alloprevotella and Escherichia-Shigella 
shared by the two varieties of  wine at the genus level. The 
highest proportion of  these 6 genera is Lactobacillus, which 
accounts for 3.68% of  Muscat Hamburg wine and 3.89% 
of  Shine-Muscat wine.

The results indicate there are 2 species of  dominant fungi 
genus in Muscat Hamburg wine and 9 species of  dominant 
fungi genus in Shine-Muscat wine. There are 2 species of  
dominant fungal flora which are Fusarium and Monographella 
shared by the two varieties of  wine at the genus level. The 
highest proportion of  these 2 genera is Fusarium, which 
accounts for 3.05% of  Muscat Hamburg wine and 4.79% 
of  Shine-Muscat wine. In addition, the unique dominant 
bacteria genera of  Shine-Muscat wine from high to low are 
Candida, Hygrocybe, Phaeomycocentrospora and Archaeorhizomyces.

Effects of microbiome on wine taste
The unique dominant bacterial phylum in Muscat Hamburg 
wine is Chloroflexi which is a thermophilic bacteria and 
one of  the most abundant groups in anaerobic reactors. 
It can oxidize hydrogen and carbon monoxide to provide 
energy and plays an important role in the decomposition 
of  organic matter (Mendes et al., 2015; Kadnikov et al., 
2021; Bovio-Winkler et al., 2021). Bacteroidetes which are 
strictly anaerobic bacteria exist widely in anaerobic reactors. 
They are mainly related to substrate hydrolysis and acid 
production, and may also be related to terpenoid synthesis 
(Zhang et al., 2021; Fu et al., 2021).

The Ascomycota and Basidiomycota microbes in both wine 
are the dominant species in the soil and can decompose 
most organic matter and plant debris(Hou et al., 2019).

The highest proportion of  dominant bacteria flora 
shared by the two varieties of  wines at the genus level is 
Lactobacillus which is a probiotic genus. Lactic acid bacteria 
is one of  the representative bacteria of  Lactobacillus. It is 

Fig 5. Community structure analysis diagram at genus level of bacteria (a) and fungi (b). Bars indicate samples, different colors indicate different 
annotation information, and others indicate all species except Top. Species annotation is based on comparative results of OTU and Silva database 
for each sample to obtain community structure composition at each classification level.

ba

Fig 6. Microbial correlations at the genus level of bacteria (a) and fungi (b). Red is positive correlation and blue is negative correlation. The color 
shades indicate the level of correlation.

ba
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used in fermentation can improve food quality, promote 
the production of  phenols, amino acids, polypeptides and 
other substances (Guo et al., 2021; Sun et al., 2021; Quan et 
al., 2021). The highest proportion of  dominant fungi flora 
shared by the two varieties of  wines at the genus level is 
Fusarium. It is a fruiting contaminating fungus that affects 
crop yields and can also produce deoxynibutenol (DON), 
which is potentially harmful to animal and human health 
(Meng et al., 2021; Chen et al., 2021). Therefore, it may 
damage the flavor of  wine.

CONCLUSION

Through the analysis of  microorganisms in Muscat 
Hamburg wine and Shine-Muscat wine by high-throughput 
sequencing technology, it can be concluded that:

(i) In terms of  OTU differences, the total number and 
specificity of  bacteria are more than that of  fungi. The 
total OTUs of  bacteria and fungi in Muscat Hamburg 
wine was higher than that in Shine-Muscat wine. (ii) In 
terms of  diversity and richness, the bacterial richness and 
diversity of  Muscat Hamburg wine are higher than that of  
Shine-Muscat wine, while the fungal richness of  Muscat 
Hamburg wine is higher than that of  Shine-Muscat wine, 
but the diversity is lower than that of  Shine-Muscat wine. 
(iii) In terms of  community structure and correlation, there 
are 7 species of  dominant bacteria flora which are Bacte
roidetes,Firmicutes,Proteobacteria,Actinobacteria,Ac
idobacteria,Epsilonbacteraeota and Fusobacteria shared 
by the two varieties of  wine at the phylum level. In these 
two varieties of  wine, the dominant fungal phylum are 
Ascomycota, Basidiomycota and Zygomycota. There are 
6 species of  dominant bacteria flora which are Bacteroides, 
Lactobacillus,Lachnospiraceae_NK4A136_group,Streptoc
occus,Alloprevotella and Escherichia-Shigella shared by the 
two varieties of  wine at the genus level and 2 species of  
dominant fungal flora which are Fusarium and Monographella 
shared by the two varieties of  wine at the genus level.
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