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Introduction

Paris polyphylla var. yunnanensis, a famous Chinese 
herb, is cultivated in the southwestern regions of China 
and was derived from the dry root of P. polyphylla var. 
Smith, a plant of the lily family (Song et al. 2015). P. poly
phylla var. yunnanensis has the medical functions of 
cooling, detoxification, detumescence, pain relief, and 
tranquilizing shock (Song et al. 2017). It is widely used 
to treat furuncles, carbuncles, sore throat, snakebite, 
pain, convulsion, and other health symptoms. In addi-
tion, it is an effective component of a medical prepara-
tion such as “Yunnan Baiyao” (Song et al. 2015).

In recent years, many studies have been carried out 
on P. polyphylla var. yunnanensis. It is considered that 
the main medicinally effective components are steroidal 
saponins (Liang et al. 2019). Because of its medicinal 
value, there is an increasing demand in China for this 
plant. However, its growth cycle is relatively long, gen-
erally, it takes at least five years, and the annual growth 

of the root is too small to satisfy demand. So, P. poly
phylla var. yunnanensis medicinal resources are close to 
depletion (Qi et al. 2013; Song et al. 2015). At present, 
the cultivation methods of P. polyphylla var. yunnanen
sis are mainly root block propagation and tissue culture, 
but tissue culture seedlings are easily infected by patho-
genic bacteria, resulting in low yield (Duan et al. 2011).

To make effective use of above-ground stems and 
leaves of P. polyphylla var. yunnanensis, and to over-
come the limited supply of root tissue, many studies 
have focused on the stems and leaves of this plant 
(Qin et al. 2018; Wang et al. 2018). Indeed, some studies 
have found that stems and leaves of P. polyphylla var. 
yunnanensis have some similar functions to the roots 
(Li et al. 2015). It remains of great significance for the 
planting and medicinal use of P. polyphylla var. yun
nanensis to determine microbial characteristics of the 
stem, leaf and root.

Endophytic microbes are abundant in plants and 
play important roles in resisting the invasion of harmful 
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A b s t r a c t

The root of Paris polyphylla var. yunnanensis, a famous and endangered traditional Chinese herb, has a significant medicinal value. The aim 
of this study was to analyze the composition and functional characteristics of bacterial endophytes in roots, stems, and leaves of P. poly
phylla var. yunnanensis. The 16S rRNA gene sequencing and functional prediction of bacterial endophytes in roots, stems, and leaves of 
P. polyphylla var. yunnanensis were conducted. The Chao and Shannon indices of the bacteria in roots were significantly higher than those 
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The main genera detected in roots were unclassified Cyanobacteria, Rhizobium, Flavobacterium, and Sphingobium; the main genera in stems 
were norank_c__Cyanobacteria, Bacillus, and Pseudomonas; the main genera in leaves were norank_c__Cyanobacteria and Rhizobium. The 
microbiota in roots was particularly enriched in functional categories “extracellular structures” and “cytoskeleton” compared with stems 
and leaves (p < 0.05). Our study reveals the structural and functional characteristics of the endophytic bacteria in roots, stems, and leaves 
of P. polyphylla var. yunnanensis, which aids in the scientific understanding of this plant.
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foreign bacteria and promoting plant growth and 
metabolism (Huang et al. 2009; Zhao et al. 2009). 
However, little is known about the biodiversity within 
P. polyphylla var yunnanensis. This study aimed to 
characterize the composition and structure of the 
endophytic microbiota in P. polyphylla var. yunnanen
sis by the 16S rDNA gene sequencing. The data were 
analyzed in terms of roots, stems, and leaves. We also 
performed functional prediction according to biolo- 
 gical characteristics.

Experimental

Materials and Methods

Experimental samples. P. polyphylla var. yunnanen
sis is mainly produced in Yunnan Province, southwest 
China. In this study, the 4-year-old cultivated plants 
were taken as the samples, but because the growth years 
of the wild plant could not be identified, we selected 
the wild plants with a similar weight of rhizome as the 
wild samples. There were both wild and artificially 
cultivated samples in each sample site, and the collec-
tion time was August. Finally, we screened two plants 
from each of Yulong County (Longitude: 100.05172; 
Latitude: 27.18273), Gengma County (Longitude: 
100.11838674545288; Latitude: 23.886563634489097), 
and Tengchong City (Longitude: 98.49106; Latitude: 
25.02081), all in Yunnan Province (total of six fresh 
plants). Half the six plants were wild type and half of 
them were cultivated. The plant surfaces were cleaned 
with sterile distilled water, disinfected with 70% ethanol, 
and then with sterile distilled water again. All six plants 
were separately collected as roots, stems, and leaves, and 
then were marked as R1 to R6, S1 to S2, L1 to L6.

DNA extraction and bacterial diversity analysis. 
DNA was extracted from roots, stems and leaves using 
a TruSeq™ DNA Sample Prep Kit according to the man-
ufacturer’s protocols (Shanghai Majorbio Bio-pharm 
Technology Co., Ltd.). The final DNA concentration and 
purification were determined by NanoDrop 2000 UV-vis 
spectrophotometer (Thermo Scientific, Wilmington, 
USA), and DNA quality was checked by 1% agarose 
gel electrophoresis. The V3-V4 hypervariable regions 
of the bacteria the16S rRNA gene were amplified with 
primers 338F (5’-ACTCCTACGGGAGGCAGCAG-3’) 
and 806R (5’-GGACTACHVGGGTWTCTAAT-3’) by 
thermocycler PCR system (GeneAmp 9700, ABI, USA) 
(Cregger et al. 2018). The PCR reactions were conducted 
using the following program: 3 min of denaturation at 
95°C, 27 cycles of 30 s at 95°C, 30 s for annealing at 55°C, 
and 45s for elongation at 72°C, and a final extension 
at 72°C for 10 min. Purified amplicons were pooled in 
equimolar and paired-end sequenced (2 × 300) on an 

Illumina MiSeq platform (Illumina, San Diego, USA) 
according to the standard protocols by Majorbio Bio-
Pharm Technology Co. Ltd. (Shanghai, China).

Data analysis. 16S rDNA data analysis was mainly 
performed in the QIIME package and R software. 
The resulting sequences were used for the analysis of 
operational taxonomic units (OTUs), with a sequence 
similarity threshold of 97%. Then the Ribosomal Data-
base Program classifier Bayesian algorithm was used 
to perform taxonomic analysis using representative 
sequences of OTUs (Ye et al. 2017). To calculate alpha 
diversity, we calculated the Chao1 and Shannon indices 
(Ye et al. 2017). In order to better understand the dif-
ferences of microbiota characteristics among the three 
groups, we analyzed the composition of different sam-
ple communities and used PCA (Principal Component 
Analysis) to analyze the beta diversity, reflecting the 
difference and distance between the samples (Ye et al. 
2017). Phylogenetic Investigation of Communities by 
Reconstruction of Unobserved States (PICRUSt) is 
a software package that predicts the sequencing results 
of 16S amplifiers. According to the information of 
COG (Clusters of Orthologous Groups) database, the 
description information and function information of 
each COG can be parsed from eggNOG database, thus 
the functional abundance spectrum can be obtained. 
PICRUSt was performed for functional analysis using 
specialized software PICRUSt (Chen et al. 2017). The 
data was represented by the mean ± SD. There were six 
repeated samples in each group. Comparison between 
two groups was conducted by t-test; p < 0.05 was con-
sidered to be statistically significant.

Results

OTU abundances in roots, stems, and leaves. 
The average number of sequences cross all 18 samples 
was 61,955, the average number of nucleotides was 
26,691,907 bp, and the average read length was 431 bp 
(Supplementary file 1). We found 1,258 OTUs in a group 
R (root samples), 1,119 OTUs in a group S (stems), and 
910 OTUs in a group L (leaves). There were 902 OTUs 
shared by the groups S and R, 754 OTUs shared by the 
groups R and L, and 812 OTUs shared by the groups S 
and L; 670 OTUs were found in all three groups (Fig. 1).

Diversity. The microbial diversities of different 
groups were statistically analyzed by the t-test (Table I). 
According to the Chao diversity index, diversity in 
a group R was significantly higher than that in groups L 
and S (p < 0.05) (Fig. 2). In addition, the Shannon diver-
sity index of a group R was significantly higher than that 
of groups L and S, and that of a group S was higher than 
that of group L (p < 0.05) (Fig. 3). At last, through PCA 
analysis, we found that there were significant differences 
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in the composition of endophytic bacteria among three 
different groups, indicating that the endophytic bacterial 
communities in stems and leaves were more similar than 
those in roots (R = 0.2951, p = 0.005) (Fig. 4).

Relative microbial abundances. The dominant 
bacterial phyla detected in roots, stems, and leaves of 
P. polyphylla var. yunnanensis were Cyanobacteria, Pro-
teobacteria, Bacteroidetes, Firmicutes, and Actinobac-
teria (Fig. 5). In the roots, the main phyla were Cyano-
bacteria (53.47% of all detected bacteria), Proteobacteria 

Shannon 2.66 ± 0.72 1.55 ± 0.58 0.72 ± 0.28 1.51E-02 1.07E-02 1.10E-04
Chao1 614.36 ± 44.24 467.46 ± 111.12 386.30 ± 66.16 1.32E-02 1.55E-01 3.63E-05

Table I
Microbial diversity indices in roots, stems, and leaves (mean ± SD) (n = 6).

p < 0.05 was considered to be statistically significant

Index Mean ± SD (R) Mean ± SD (S) p-value (L-R)p-value (L-S)p-value (R-S)Mean ± SD (L)

Fig. 2. Chao index of OTU level of roots, stems, and leaves 
(mean ± SD) (n = 6). S represents stems, R represents root, and L 
represents leaf. (0.01 < p ≤ 0.05 marked as *, 0.001 < p ≤ 0.01 marked 

as **, p ≤ 0.001 marked as ***).

Fig. 3. Shannon index of OTU level of roots, stems, and leaves
(mean ± SD) (n = 6). S represents stems, R represents root, and L

represents leaf. (0.01 < p ≤ 0.05 marked as *, 0.001 < p ≤ 0.01
marked as **, p ≤ 0.001 marked as ***).

Fig. 4. PCA of roots, stems, and leaves (n = 6). S represents stems,
R represents root, and L represents leaf.

Fig. 1. OTU relative abundances of roots, stems, and leaves (n = 6). 
S represents stems, R represents root, and L represents leaf.
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(30.89%), Bacteroidetes (6.54%), Firmicutes (3.88%), 
and Actinobacteria (4.35%). The main phyla in stems 
were Cyanobacteria (73.45%), Proteobacteria (12.41%), 
Firmicutes (8.28%), Actinobacteria (4.20%), and Bacte-
roidetes (1.39%). The main phyla in leaves were Cyano-
bacteria (90.37%), Proteobacteria (6.79%), Firmicutes 
(0.88%), Actinobacteria (1.07%), and Bacteroidetes 
(0.78%). The differences between Cyanobacteria, Pro-
teobacteria, Firmicutes, and Bacteroidetes were statisti-
cally significant (p < 0.05 or 0.01, Supplementary file 2).

We identified 13 genera present in any tissue in 
a proportion of more than 1% (Fig. 6). The main gen-
era observed in roots were norank_c__Cyanobacteria 
(53.47%), Rhizobium (4.04%), Flavobacterium (3.14%), 
norank_f__Mitochondria (2.81%), and Sphingobium 
(2.27%). The main genera in stems were norank_c__
Cyanobacteria (73.45%), Bacillus (5.12%), norank_f__
Mitochondria (2.75%), and Pseudomonas (3.81%). The 
main genera observed in leaves were norank_c__Cyano
bacteria (90.37%), norank_f__Mitochondria (1.29%), 
and Rhizobium (0.66%). The differences of norank_c__

Cyanobacteria, Bacillus and Sphingobium were statisti-
cally significant (p < 0.05 or 0.01, Supplementary file 3).

Functional characteristics of bacteria. According 
to the results of function prediction based on 16S rDNA 
analysis, we found that the microbiota in roots, stems 
and leaves had relatively similar functions in 25 COG 
functions, and were mainly enriched in the signal trans-
duction mechanisms; energy production and conver-
sion; replication, recombination, and repair; cell wall/
membrane/envelope biogenesis; amino acid transport 
and metabolism; etc. (Fig. 7). This result indicated 
diverse metabolic functions of the microbiota in P. poly
phylla var. yunnanensis. The group R was significantly 
more enriched than the groups S and L in functional 
categories extracellular structures and cytoskeleton 
(p < 0.05 or 0.01) (Fig. 8).

Discussion

The 16S rDNA sequencing, facilitated by the rapid 
development of sequencing technology, now plays an 
important role in the study of bacterial community 
diversity and composition (Chen et al. 2017). Endo-
phytic microbiota has a positive effect on promoting 
plant host metabolism and preventing infection by 
external bacteria (Tan et al. 2017; Ren et al. 2019). Data 
can be used to predict microbial enrichment functions 
in microbiota (Xu et al. 2018; Zegarra-Ruiz et al. 2019). 
Here, our study used the 16S rDNA sequencing tech-
nology to study the composition and structure of the 
endophytic microbiota in P. polyphylla var. yunnanensis, 
then predicted microbial functions, and compared the 
bacteria found in root, stem, and leaf.

The results of OTU abundances in roots, stems, and 
leaves indicated that there were the same OTUs in these 
three sample groups, and their number was greater 
in P. polyphylla var. yunnanensis roots than in leaves 
and stems. This preliminarily revealed the difference 

Fig. 5. Percent of community abundance on the phylum level
of roots, stems, and leaves (n = 6). S represents stems, R represents 

root, and L represents leaf.

Fig. 6. Percent of community abundance on Genus level of roots, stems, and leaves (n = 6).
S represents stems, R represents root, and L represents leaf.
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between roots, leaves, and stems regarding the OTUs. 
The results of Chao and Shannon diversity index in 
roots were significantly higher than that in leaves and 
steams indicated that the richness of endophytes was 
greater in P. polyphylla var. yunnanensis roots than in 
leaves and stems. In addition, the PCA analysis revealed 
that the endophytic bacterial communities in stems 
and leaves were more similar than those in roots and 
this observation also illustrated the idea from another 
perspective. Overall, our data showed that the number 
and richness of endophytes were greater in P. polyphylla 
var. yunnanensis roots than in leaves and stems. Some 
studies have underlined that bacteria (Pseudomonas, 
Fusarium, etc.) could produce a variety of metabolites, 
which might be involved in promoting the production 
of medicinal ingredients in plants (Wu et al. 2015; Chen 
et al. 2018). Therefore, we speculate that it may be one 

of the reasons why the roots of P. polyphylla var. yun
nanensis are typically used as the medicinal parts, rather 
than the stems and leaves. Meanwhile, the number and 
abundance of endophytic microbes may be highest in 
the roots of P. polyphylla var. yunnanensis. Because the 
roots are closer to the soil than the stems and leaves 
and are directly supplied from the soil, which is a sink 
of bacteria including endophytes.

Furthermore, the dominant phyla in each of P. poly
phylla var. yunnanensis roots, stems, and leaves were 
Cyanobacteria, Proteobacteria, Bacteroidetes, Firmi-
cutes, and Actinobacteria, but the relative proportions 
of these groups differed between the plant tissues. 
At the relative abundance of the phylum level, these 
microbial composition structures of roots, stems, and 
leaves were different. Previous studies have shown that 
Cyanobacteria and Proteobacteria play an important 

Fig. 8. Significantly relative abundance of roots, stems, and leaves (mean ± SD) (n = 6).
A: enriched in extracellular structures. B: enriched in the cytoskeleton. S represents stems, R represents root,

and L represents leaf. (0.01 < p ≤ 0.05 marked as *, 0.001 < p ≤ 0.01 marked as **).

Fig. 7. Functional relative abundance of roots, stems, and leaves (n = 6). S represents stems, R represents root,
and L represents leaf.
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role in medicinal plants, actively maintain the stability 
of the endophytic microbiota, and participate in host 
metabolism (Li et al. 2019; Yu et al. 2019). Furthermore, 
the relative abundance of Proteobacteria was highest 
in roots, while the value of the ratio of Proteobacte-
ria/Cyanobacteria was highest in roots. Therefore, the 
differences in bacterial composition between the plant 
tissues may be related to their higher medicinal value.

Our study showed there were many differences in 
the main bacterial genera found in the roots, stems, 
and leaves. norank_c_Cyanobacteria were dominant 
in the roots, stems, and leaves. Rhizobium, Flavobac
terium, and Sphingobium were more common in the 
roots than in the other tissues. Previous studies have 
shown that Sphingobium might promote metabolism 
and energy conversion (Lucas et al. 2018; Li et al. 2019). 
Rhizobium was thought to participate in the production 
of steroidal saponins, a medicinal compound rich in 
roots of P. polyphylla var. yunnanensis, and it could even 
fix nitrogen (Figueiredo et al. 2008; Qin et al. 2016). 
However, the structure and composition of the endo-
phytic microbiota may indicate that the leaves and 
stems have, to some extent, the same medicinal prop-
erties as the roots, which may be the reason of the 
leaves and stems are less effective than the roots. It is 
a common phenomenon that different tissues of medi-
cal plants replace the originally used medicinal tissues 
(Liu and Si 2018). Of course, this work is a pioneer one 
in the analysis of the biodiversity of this plant; however, 
it is necessary to perform other studies that link the 
biodiversity of endophytes to the medicinal contents 
of the different plant tissues.

Previous studies have suggested that endophytic 
microbiota produce a variety of secondary metabolites 
and physiological activities (Wani et al. 2015; Liotti 
et al. 2018). Functional prediction indicated diverse 
metabolic functions of the microbiota in the roots, 
stems, and leaves of P. polyphylla var. yunnanensis. The 
functional classifications “extracellular structures” and 
“cytoskeleton” were significantly enriched in roots com-
pared with stems and leaves. Moreover, studies have 
shown that the soil environment has a significant regu-
latory effect on plant growth (Tan et al. 2017; Urbina 
et al. 2018). The roots are directly affected by the soil 
environment, which is also related to the functions of 
root endophytes.

The study shows the biodiversity within P. polyphylla 
var. yunnanensis and characterizes the composition 
and structure of the endophytic microbiota in roots, 
stems, and leaves of P. polyphylla var. yunnanensis by 
the 16S rRNA gene sequencing. Although a lot of con-
jectures have been formed, whether the difference of 
the medicinal value of different tissues is related to the 
composition and function of endophytic bacteria still 
needs further verification.

Conclusions

In conclusion, our study reveals the structural and 
potential functional characteristics of the endophytic 
bacteria in roots, stems, and leaves of P. polyphylla var. 
yunnanensis, which aids scientific understanding of this 
plant. However, there are still much more researches to 
be carried out in the future.
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