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Abstract
Background: With the increasing use of traditional herbal medicine, the issue of the genetic diversity of
medicinal plants has received considerable critical attention. A high degree of genetic diversity is the
basis for maintaining the stability and long-term survival of the population, so the changes in genetic
diversity and genetic structure of cultivated medicinal plants caused by habitat changes can not be
ignored; Meanwhile, the difference of secondary metabolism of medicinal plants caused by habitat
change is also deserving of attention simultaneously. And It is also worth pondering whether the changes
between them are consistent.

Results: In this study, the wild and cultivated populations of Polygonatum odoratum, Dioscorea nipponica
and Acanthopanax sessili�orus were selected as the research objects. and the genetic structure and
HPLC �ngerprint between wild and cultivated populations were compared and analyzed by using Simple
Sequence Repeats (SSR) marker and HPLC . The results demonstrated that the wild and cultivated
populations of the three medicinal plants maintained higher genetic diversity, however, the genetic
structure of wild populations of P.odoratum and D.nipponica is more similar. In addition, there was a
great genetic differentiation between P.odoratum and D.nipponica populations. There were signi�cant
differences in HPLC �ngerprints among different populations, in which the secondary metabolites of wild
populations were more complex, nevertheless, there was less difference in HPLC �ngerprints between wild
and cultivated populations of P.odoratum and D.nipponica. Spearman correlation analysis implied that
environmental factors (including soil environmental factors, rainfall, temperature) had signi�cant effects
on the secondary metabolites of the three medicinal plants, whereas, soil environmental factors had less
effect on the genetic structure of the three medicinal plants.

Conclusion: In conclusion, during the cultivation years, environmental factors only have a signi�cant
effect on the secondary metabolism of the three medicinal plants, their populations still maintain higher
genetic diversity and stable genetic structure, what’s more, the secondary metabolites of the same
medicinal plants with stable and similar genetic structure may still be different from each other when the
habitat is changed. It indicated that there is no obvious consistency between them during the cultivation
years.

Introduction
Genetic diversity is the basis of species survival as well as a hot issue in botanical research, which
generally refers to the genetic variation of different individuals within a population and represents the
variation of genetic structure between populations. What's more,a higher degree of genetic diversity is the
basis for maintaining the long-term survival of the population [1, 2, 3, 4, 5]. With the growth of Chinese
herbal medicine, the genetic diversity of medicinal plants has been drawn greatly attention all over the
world in recent years, moreover, due to its extremely variety of medicinal plant resources, China has
become one of the countries with the richest genetic diversity of medicinal plants [6, 7, 8]. Simultaneously,
China is also the most plentiful country in the cultivation of medicinal plants, which accounts for half of
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the totalities of medicinal plants, however, the cultivated medicinal plants are exposed to genetic risks
such as directional selection, inbreeding decline and outbreeding decline, which eventually lead to the
decline of genetic diversity and the fragility of genetic structure with the increase of cultivation years after
the change of habita [9, 10, 11, 12, 13, 14]. In recent years, with the rapid progress of molecular biology
technology, molecular marker technology has been used to study the diversity of medicinal plants at the
DNA level, while traditional research methods for example morphological level and cytological level have
been abandoned [15]. On account of its rich molecular markers, high polymorphism and simple detection
methods, Simple Sequence Repeats (SSR) has become one of the most extensive molecular techniques
in the study of genetic diversity of medicinal plants [16].

On the other hand, secondary metabolites are the result of close interaction with the environment during
the long-term reproduction of medicinal plants, which can improve the viability of medicinal plants
likewise re�ect its medicinal value, it is particularly important to scienti�cally evaluate the secondary
metabolism of medicinal plants after cultivation, with the secondary metabolites of cultivated medicinal
plants will have observably discrepancy in content and composition after the habitat changes, and the
medicinal value also will �uctuate in a range [17, 18, 19, 20, 21]. For the advantages of higher sensitivity
and separation e�ciency, High Performance Liquid Chromatography (HPLC) is widespreadly used in the
estimate of secondary metabolites of medicinal plants, meanwhile the HPLC �ngerprint of medicinal
plants mapped by HPLC has been recognized internationally as the core technology for the evaluation of
secondary metabolism of medicinal plants [22, 23].

According to the existing research, the cultivation of medicinal plants suffers the risk which genetic
diversity and genetic structure may change with the variation of habitat, while their secondary
metabolism is also vitally sensitive for environmental changes. Then we speculate whether the changes
of genetic diversity and genetic structure of medicinal plants are consistent with their differences in
secondary metabolism after transformed habitat? We selected perennial medicinal plants Polygonatum
odoratum (Liliaceae, Ploygonatum), Dioscorea nipponica (Dioscoreaceae, Dioscorea) and Acanthopanax
sessili�orus (Araliaceae, Acanthopanax) as the research objects and these medicinal plants have been
cultivated on a large scale in most area of China. Among cultivated populations of three medicinal plants
imported from Changbai Mountain area,Polygonatum odoratum and Dioscorea nipponica have been
cultivated for 14 years while Acanthopanax sessili�orus has been cultivated for only 4 years;Beside the
wild populations of three medicinal plants growing in the natural habitat of Changbai Mountain include
another wild population of Polygonatum odoratum in Jingyuetan(Fig. 1,Table S1 ). According to our
previous investigation, it was proclaimed that there were signi�cant morphological differences between
the cultivated and wild populations of the three medicinal plants (Fig. 2). So we �nally selected 3
cultivated populations: JDYZ (cultivated population of Polygonatum odoratum), JDDW (cultivated
population of Acanthopanax sessili�orus), JDCL (cultivated population of Dioscorea nipponica) and 5
wild populations: CBYZ (wild population of Polygonatum odoratum), CBCL-1 and CBCL-2 (wild
population of Dioscorea nipponica), CBDW (wild population of Acanthopanax sessili�orus) and JYYZ
(wild population of Polygonatum odoratum) as research objects. Using SSR molecular markers and High
Performance Liquid Chromatography (HPLC), we compared and analyzed the differences of genetic
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structure and HPLC �ngerprints between wild and cultivated populations of three medicinal plants, and
veri�ed the correlation between these differences and environmental factors, designed to evaluate the
differences in genetic diversity and genetic structure between wild and cultivated populations of
medicinal plants and their secondary metabolism during the cultivation years of this experiment after
habitat changes, and to deduce the consistency of vibrations between them.

Materials And Methods

Plant materials
We con�rm that the permits were obtained from Changbai Mountain Natural Reserve where collecting
took place. We con�rm that the location accessed is not privately owned and all Sample collection
complied with ‘‘Regulations of the People’s Republic of China on Natural Reserves’’.

Fresh leaves and rhizomes of P.odoratum, A.sessili�orus and D.nipponica were collected from Changbai
Mountain, Changchun Jingyuetan and Changchun Chinese herbal medicine cultivation bases in July
2020, including CBYZ, JYYZ, CBCL-1, CBCL-2, CBDW, JDYZ, JDCL and JDDW. A random sample of 15–20
individuals was obtained from each population, and leaf samples were dried directly in silica gel and
stored at-80 ℃ for extract DNA. Other leaves and rhizomes were air-dried in the shade and stored at -20
℃ until chemical extraction

DNA extraction
Plant genomic DNA kit (TransGen, Beijing, China) was used to extract total DNA from silica-dried plant
leaves. The concentration of DNA was determined by Nano-dropN50 ultra micro spectrophotometer
(IMPLEN Germany). The quality of DNA was veri�ed by electrophoresis on 1.0% agarose gel. The DNA
samples were diluted to 20ng ·µL− 1 and stored at 20 ℃ until analysis.

SSR
SSRHunter was used to design 10 pairs of primers each species (Genewiz Tianjin, China) based on the
DNA sequences of three medicinal plants downloaded from NCBI (Table S2). The SSR-PCR reaction
systems (25 µl) of three medicinal plants were constructed with 1.5ml DNA template (25ng·ml− 1), 12.5 µl
2 × EasyTaq ®PCR SuperMix (TransGen, Beijing, China), 1.25 µl primer (20uM) and ddH2O 8.5 µl. In order
to improve the speci�city of ampli�cation, Touch down PCR was used to amplify the target fragment. The
conditions were as follows: pre-denatured for 4 min at 94℃, following 20 cycles of denaturation for 30s
at 94℃ ,annealing for 30 s at various temperatures(see Table S2,and temperatures each cycle minus
0.5℃ ), and elongation for 1min at 72℃, then following 25 cycles of denaturation for 30s at 94℃
,annealing for 30 s at various temperatures(see Table S2), with a �nal extension for 10 min at 72℃.
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SSR-PCR product was separated via electrophoretic on a 6% Polyacrylamide gel at 200V for 2h in 1×TBE
(Tris base, boric acid and 0.5M EDTA) buffer, and stained with ethidium bromide (0.5 µg ·ml− 1). Addition,
500bp ladders (TransGen Beijing, China) were loaded onto each gel. Images were identi�ed using a gel-
imaging system (Bio-Rad,CA, USA).

HPLC �ngerprint analysis
HPLC �ngerprint is a comprehensive and quanti�able identi�cation method, which can be used to reveal
the Chemical Information of Traditional Chinese Medicine [24, 25]. The State Food and Drug
Administration (SFDA) stipulates that all Chinese herbal medicine injections and their APIs must be
standardized by HPLC �ngerprints [26].

Standards and solvents. D.nipponica used dioscin and disogluside as standard; A.sessili�orus used
chlorogenic acid, syringin, eleutheroside E, isofraxidin and rutin as standard; P.odoratum used dioscin and
rutin as standard, all standard products were purchased from Shanghai Yuanye. In order to further
evaluate the difference of HPLC �ngerprint, referring to Chinese Pharmacopoeia (2010 edition), the
contents of total polysaccharides and total �avonoids in P.odoratum were determined with glucose
(Shanghai Rhawn) and rutin as standards [27]. Except that glucose uses water (HPLC grade) as solvent,
the rest choose methanol (HPLC grade) as solvent, purchased from Fisher Scienti�c (USA). After intensive
drying all standards were weighed and dissolved in 1mL of methanol to achieve serial concentration, and
the each diluent was performed three injections. The standard curve was corrected by using peak area
linear least-square regression equation. The standard concentrations of different samples were
calculated according to the regression parameters of the standard curve (the standard solution of total
polysaccharides and total �avonoids of P.odoratum should be treated the same as the sample solution of
P.odoratum).

Extraction of chemical composition. Polygonatum odoratum: To extract chemical composition, rhizome
samples from the three population were pulverized, and the powder was then screened through 180 µm
sieves. Accurately weighing 2.00g and then adding 60 ml of 70% methanol. The mixture was extracted by
ultrasonication for 100 min at 60 ℃. After cooling, 70% methanol was added to restore the initial weight.

The supernatant �uid was �ltered through a 0.45 µm membrane �lter, and mapped the �ngerprint of the
�ltrate by HPLC. Another part of the �ltrate was colored by the reaction of the chromogenic solution
(boricacid, sodium acetate and 70% ethanol). At the 385nm wavelength, the total �avonoid content of
P.odoratum was determined by ultraviolet spectrophotometer with the chromogenic solution as the blank
control[21].

Accurately Weighing 2.00g powder again, adding ultra-pure water (HPLC grade) 100ml, and the mixture
was extracted by heat and re�ux for 1 h. Retained the �ltrate after �ltration then repeat the previous steps
and �lter again, then mixed the �ltrate, �nally distilled water was added to restore to 100ml after
cooling.The above 2 ml of solution was precisely wighted, and the reaction solution (4% phenol and
concentrated sulfuric acid) was added, after that, the mixture was extracted by 40 ℃ water bath for
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30min, following ice bath 5min. At 490nm wavelength, with the reaction solution as a blank control, the
content of total polysaccharides of P.odoratum was determined by ultraviolet spectrophotometer [27].

Dioscorea nipponica

The rhizome samples from the three population were pulverized, and the powder was then screened
through 180 µm sieves. 2.00g powder was accurately weighed; 25ml of 65% methanol was then added.
The mixture was extracted by ultrasonication for 30min at 60℃. Restoring the initial weight with 65%
methanol after cooling, and take the supernatant for 0.45 µm �lter membrane, and the �ltrate was
analyzed by HPLC.

Acanthopanax sessili�orus: The rhizome and leaf samples from the two population were pulverized, and
the powder was then screened through 180 µm sieves. 2.00g powder was accurately weighed; then the
mixture added 25ml methanol was extracted by ultrasonic for 30min. Restoring the initial weight with
65% methanol after cooling, and the �ltrate with �ltered through a 0.45 µm �lter membrane was analyzed
by HPLC.

HPLC analysis. Agilent 1100 HPLC system (Agilent, BÖblingen, Germany) is used for chromatographic
separations. The system is also equipped with a computer equipped with Chemstation software for
analysis of the HPLC data. The speci�c HPLC analysis conditions of the three medicinal plants are the
identical except for the mobile phase and detection wavelength: Agilent C18 reversed-phase column

(4.6×250 mm,5 µm) was used with the column temperature set at 35℃; the �ow rate was 1ml·min− 1, and
the injection volume was 20 µl. The mobile phase consisted of P.odoratum: C (0.03% tri�uoroacetic acid,
pH = 2.5): D (acetonitrile) = 90:10, 0–5 min C: 90%, 5–15 min C: 90% − 70%, 15 min-40 min C: 70% − 20%,
40–50 min C: 20%, and the detection wavelength is 210nm; Mobile phase consisted of D.nipponica: A
(water): B (acetonitrile) = 65:35, 0–5 min A: 65% − 60%, 5–15 min A: 60% − 45%, 15–20 min A: 45%, 20–
35 min A: 45% − 20%, 35–40 min A: 20%, and the detection wavelength 206nm; Mobile phase consisted
of : C (0.03% tri�uoroacetic acid, pH = 2.5): D (acetonitrile) = 90:10, 0–60 min C: 90% -10%, 60–70 min C:
10%, and the detection wavelength 210nm. All solvents are HPLC grade.

Determination of environmental factors
Soil physicochemical properties. Total organic carbon (TC) was determined by potassium dichromate
concentrated sulfuric acid oxidation method, and total nitrogen (TN) was quanti�ed by Kjeldahl nitrogen
determinator K1306 (Sonnen, Shanghai, China). Ammonium nitrogen (NH +-N) and nitrate nitrogen
(NO3−-N) were extracted with 2M KCl, NH +-N was determined by indophenol blue colorimetry while NO3−-
N was tested by Ultraviolet spectrophotometry. The pH of soil was measured with a pH meter in the
proportion of 1:5 (W/V) in distilled water, and the soil moisture was surveyed after drying at 105 ℃ for 24
hours.

Soil enzyme activity. The activities of soil enzymes include Catalase, Alkaline phosphatase (ALP), Urease
and Sucrase. Catalase activity was determined by potassium permanganate titration. Alkaline
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phosphatase activity was investigated by nitrophenyl phosphate spectrophotometry at 660nm. Urease
activity was inspected by spectrophotometry at 578nm. The activity of sucrase was researched by 3,5-
Dinitrosalicylic acid spectrophotometry at 508nm.

Soil microbial community diversity. The soil DNA of different populations was extracted by Soil DNA Kit
kit (OMEGA ,USA), and a 0.5 µl primer (20 µmol·L-1) and 13 µl 2 × EasyTaq ®PCR SuperMix (TransGen,
Beijing, China) system with a total of 20 µl was constructed. The soil bacterial 16s rDNA, fungal ITS and
actinomycete 16s-rDNA were ampli�ed by PCR, respectively(Table S3). The conditions were as follows:
pre-denatured for 5 min at 94 ℃, followed by 30 cycles of denaturation for 1 min at 94℃, annealing for
1min at 60 ℃, and elongantion for 1.5 min at 72 ℃, with a �nal extension for 10 min at 72 ℃. The PCR
product 5 µl was digested with Hae I (TaKaRa, Japan ), Msp I (TaKaRa, Japan) and HinF I (TaKaRa,
Japan) to analyze the microbacteria, fungus and actinomycetes by RFLP digestion for 3 h, �nally the
�nal product was agarose gel 120V electrophoresis for 2.5 h.

Rainfall and Temperature. The climatic data obtained with this experiment were all provided by the
Erdaobaihe monitoring station and the Changchun monitoring station of the China Meteorological
Bureau.

Data statistics
SSR fragment analysis. Collect all population SSR fragments (bands) and convert them into matrices of
0 (non-existent) and 1 (existent) for further analysis. Genetic diversity parameters were estimated by
POPGENEv1.31 [28]: Shannon's information index (I) [29], percentage of polymorphic loci (PPL). Nei's [30]
genetic diversity statistics were used to test species-level genetic diversity (Ht) and population-level
genetic diversity (Hs). The coe�cient of genetic differentiation (GST) among populations was calculated
according to GST = (Ht-Hs) / Ht. The gene �ow Nm was estimated according to the formula: Nm=
[(1/GST)-1]/ 4 [31]. These calculations are done by POPGENE v1.31. A hierarchical analysis of molecular
variance (AMOVA) was used to analyze the molecular variation among and within populations.
Signi�cant FST was tested by 1000 random permutations. According to the results of SSR fragments of
different populations, the population structure map was mapped by Structure v2.3.4 software, and the
genetic relationship among different populations was analyzed. Principal Coordinates Analysis (PCoA)
was calculated by GenAlexv6.15 for the results of SSR fragments of different populations, and the
genetic distance among different populations also was analyzed.

HPLC �ngerprint analysis. HPLC �ngerprint of three medicine plant extracts were mapped using the the
professional software package Similarity Evaluation System Chromatographic Fingerprint of Traditional
Chinese medicine (2004 version).This software was recommended by the State Food and Drug
Administration (SFDA) for similarity evaluation of chromatographic �ngerprint of traditional Chinese
medicine [32]. The speci�c peaks and common peaks among different populations were statistically
analyzed by mapping Venn diagram. For the similarity of HPLC �ngerprints, Unweighted Pair-group
Method with Arithmetic Mean (UPGMA) cluster analysis was calculated on different populations of
medicinal plants.
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Environmental factor analysis. SPSS software was used to analyze the signi�cant differences in soil
physicochemical properties and soil enzyme activity, and plotted a table. The α-diversity of soil microbial
community was analyzed by PCH diversity calculation tool, while the α-diversity results and
meteorological data were mapped histogram by R software.

Correlation analysis. Spearman coe�cients were calculated with “corrplot” package in R platform,and
used to reveal correlations between environmental factors, genetic structure and HPLC �ngerprints of
different populations.

Results

Genetic polymorphism and population genetic structure
To assess the genetic diversity of D.nipponica, A.sessili�orus and P.odoratum, we surveyed 10 SSR
primers were selected for each species(Table S2). At the species level, the peracentage of polymorphic
loci (PPL) were all more than 70% also all maintaining higher genetic diversity index (Ht) and Shannon
index (I) in three medicinal plants, of which the Ht index of A.sessili�orus and D.nipponica was more than
0.3000 while the I index of the two species was about 0.5000 (Table 1). At the population level, the PPL
index of all populations of the three medicinal plants except JYYZ exceeded 70%, and the Hs index and I
index were between 0.2000–0.4000 range and 0.3000–0.5000 range, respectively (Table 1). The results
implied that at both species and population level, the three medicinal plants maintained higher genetic
diversity.

The calculated coe�cient of genetic differentiation (GST) suggested that the genetic differentiation of
P.odoratum and D.nipponica were more than 0.2000, and the gene �ow(Nm) among populations was
less than 1 migrants Nm per generation due to geographical isolation (Table 1), while, for the shorter
cultivated years and life forms of imparity, the GST was only 0.0579 and there was still a large gene
�ow(Nm) among populations in A.sessili�oru (Table 1). The results of AMOVA analysis indicated that the
proportion of molecular variation in the three medicinal plant was 70% -95% range, which indicated that
the molecular variation within the populations was dominant (Table S4).

Based on SSR data, the population genetic structure maps of A.sessili�orus, P.odoratum and D.nipponica
were calculated by Structure software. K = 2 was selected as the optimal scheme for D.nipponica and
A.sessili�orus while K = 4 was selected as the optimal scheme for P.odoratum, Among them, three
populations of P.odoratum were mixed to some extent in the optimal scheme of K = 4, among which two
populations of wild P.odoratum had high genetic structure similarity, and the genetic structure
characteristics of cultivated P.odoratum population were obvious (Fig. 3a). The genetic structure
similarity between wild populations was higher and signi�cantly different from cultivated populations in
D.nipponica (Fig. 3b), however, there was tiny difference in genetic structure between wild and cultivated
populations in A.sessili�orus (Fig. 3c).



Page 9/25

Principal coordinates analysis (PCoA) based on genetic distances provided a spatial characteristics of
different populations individuals of three medicinal plants. (Fig. 3d-f). The results of two-dimensional
PCoA plot certi�ed that there was overtly differentiation among different populations of the three
medicinal plants, and most of the individuals had apparently population attribution. Among the
populations of D.nipponica and P.odoratum, most of the individuals of disparate wild population
clustered together (Fig. 3d-e), indicating that the genetic distance among populations was small, while
there is a certain genetic distance between the cultivated population with individuals alone cluster
together and the wild population. The individuals of A.sessili�orus wild population and cultivated
population mixed and gathered in one area(Fig. 3f), which indicated that the genetic distance between
wild population and cultivated population was greatly small.

Differences of HPLC �ngerprints among different
populations
In this study, the major HPLC �ngerprint were obtained by HPLC(Fig.S1), and the secondary metabolites
contents in different medicinal plants populations signi�cantly varied(Table 2). Among the different
populations of D.nipponica, the content of dioscin in JDCL was the highest, also the content of
disogluside was second only to CBCL-2. Because the stem and leaf of A.sessili�orus can be used as
medicine, the main secondary metabolites of stem and leaf were also compared and analyzed.
Except for isofraxidin and chlorogenic acid, the contents of rutin, eleutheroside E and syringin in stem
were higher than those in leaves. In different populations of A.sessili�orus, the contents of chlorogenic
acid and rutin in JDDW leaves and stem were higher than those in CBDW, but the contents of other
medicinal components in leaves and stem were lower than those in CBDW. Among the different
populations of P.odoratum, the content of total �avonoids in JDYZ was the highest, and the content of
total polysaccharides was second only to CBYZ. Therefore, we indicates that when the habitat changes,
the content of secondary metabolites in the cultivated population �uctuates.

On the other hand, the Chromatographic Fingerprint Similarity Evaluation Software of Traditional Chinese
Medicine was used to calculate the HPLC �ngerprint similarity among different populations of three
medicinal plants, and the Unweighted Pair-group Method with Arithmetic Mean (UPGMA) dendrogram of
different populations of three medicinal plants was reconstructed using the results of HPLC �ngerprint
similarity(F4a-c,Table S5). The dendrogram results suggested that the wild populations of medicinal
plants were not clustered into a group for their low HPLC �ngerprint similarity.

The retention time of each peak in HPLC �ngerprint corresponds to a secondary metabolite. About the
results, A.sessili�orus can synthesize 49 kinds of secondary metabolites, of which only 24 species can be
synthesized between CBDW and JDDW in stems and leaves (Fig. 4d);P.odoratum can synthesize 36 kinds
of secondary metabolites, of which only 18 species can be synthesized among CBYZ, JYYZ and JDYZ
(Fig. 4e) D.nipponica can synthesize 46 kinds of secondary metabolites, of which only 18 species can be
synthesized among CBCL-1, CBCL-2 and JDCL (Fig. 4f). It is indicates that there are distinctly differences
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in secondary metabolites between wild and cultivated populations of three medicinal plants. However,the
HPLC �ngerprints of different populations of three medicinal plants also showed rich diversity, most of
which had more speci�c secondary metabolite, but the wild populations had the most speci�c secondary
products. The results manifested that the wild populations of medicinal plants had more complex
secondary metabolites.

Differences of growth environmental factors among
different populations
We monitored the monthly rainfall and monthly average temperature in the habitats of wild and
cultivated populations, respectively, and compared the soil physicochemical properties, four kinds of soil
enzyme activities and soil microbial community diversity between wild and cultivated populations. The
results demonstrated that there were signi�cant differences in the habitats between wild and cultivated
populations of the three medicinal plants.

In different populations of P.odoratum, the pH, nitrate nitrogen and ammonium nitrogen contents of
cultivated population were the highest, but except urease activity, the other soil enzyme activities of
P.odoratum were lower than those of wild populations. Among the populations of D.nipponica, the pH
and nitrate content of JDCL were the highest, but the content of ammonium nitrogen was the lowest
among the three populations, while the soil phosphatase activity of the population was the highest.
Among the different populations of A.sessili�orus, the soil ammonium nitrogen and pH of JDDW were the
highest. Except for soil phosphatase activity, the other three soil enzyme activities of cultivation
population were lower than those of wild population (Table 3).

We also compared the community diversity of bacteria, fungus and actinomycetes in the soil of wild and
cultivated population. The soil microbial community diversity of JDCL was opposite to that of the other
two cultivated populations (F5a-c). The community diversity of soil fungi and actinomycetes in JDCL
was higher than wild populations, nevertheless, the diversity of soil bacterial community was lower than
wild population., the diversity of soil fungi and actinomycetes community in JDDW and JDYZ was lower
than wild populations while the diversity of soil bacterial community was higher than wild population.

The monthly rainfall and monthly mean temperature (F5d-e) in Changbai Mountain and Changchun in
recent 10 years are monitored and analyzed. There is a signi�cant difference in monthly rainfall and
monthly average temperature between the two habitats. In the past 10 years, the monthly rainfall in
Changbai Mountain is higher than Changchun, while the monthly average temperature is lower than
Changchun, in which the maximum ogham of monthly rainfall is 114.6 ml in August 2018, and the
maximum ogham of monthly mean temperature in July 2020 is 5.7℃.

Correlation analysis
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The correlogram reconstructed by the pairwise Spearman correlation coe�cients among soil
environmental factors (including soil physicochemical property, soil enzyme activity, soil microbial
community diversity) and genetic structure and secondary metabolite (F6). And generated interesting
results that there was no signi�cant correlation between the genetic structure of wild and cultivated
populations and soil environmental factors, however, secondary metabolite among the populations of the
three medicinal plants were signi�cantly affected by soil environmental factors(F6a-c). In order to further
explore the reasons affecting the differences of HPLC �ngerprints among different populations of three
medicinal plants, we analyzed the correlation among monthly rainfall, monthly mean temperature and
secondary metabolite of wild and cultivated populations during the growing season (F6d-f). The growing
seasons of three medicinal plants are all from late spring to late autumn [33, 34, 35, 36]. During this time-
scale, the secondary metabolism of three medicinal plants was signi�cantly affected by temperature, but
weakly correlated with rainfall. In addition we also analyzed the Pearson correlation between the
differences of secondary components and the genetic structure of the populations of the three medicinal
plants, but there was no signi�cant correlation between them(Table S3).

Discussion

Analysis on the difference of genetic factors between wild
and cultivated population
SSR results suggested that wild and cultivated populations all maintained higher genetic polymorphism
in P.odoratum, D.nipponica and A.sessili�orus, with an average Ht index of 0.2952 and a fragrance I
index of 0.4291, moreover, the average polymorphic loci were all more than 3.50%. Studies have proved
that the perennial plants or plants with multiple reproduction generally remaining higher genetic diversity,
while the genetic diversity of species with close genetic distance is easily affected by, for example,
reproduction, natural selection and genetic drift. [37, 38]. P.odoratum, A.sessili�orus and D.nipponica are
perennials, therefore the wild populations of three medicinal plants maintain higher genetic diversity,
which is also an embodiment of adapting to the complex and changeable environment in Changbai
Mountain. But the cultivated populations of three medicinal plants also maintain high genetic diversity,
which is contrary to the results with low genetic diversity of cultivated species. Tracing back to the
provenance of cultivated populations, it was found that the provenances were mainly seedlings and
shoots in Changbai Mountain, which were introduced randomly on a large scale, so abundant provenance
types were introduced at the initial stage of cultivation, which also greatly improved the genetic diversity
of the cultivated population. Moreover, the cultivated population has been excellently protection by
humans for long times, which effectively suppresses the reduction of genetic diversity caused by gene
loss. Finally, cultivated populations have been established for the shorter time, compared with wild
populations, the risks such as natural selection and inbreeding decline have not been re�ected. The
stability of population genetic structure is largely determined by the level of genetic diversity [8].
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Therefore, we considered that different populations of three medicinal plants maintain higher genetic
diversity during the cultivation years, which also give rise to the population genetic structure remained
stable. What’more, the results of population genetic structure analysis and PCoA analysis corroboration
each other, indicating that except A.sessili�orus, the the genetic structure among wild populations of
P.odoratum and D.nipponica is more similar, and the the genetic distance is closer(F3).

The genetic differentiation is extremely weak when the GST is less than 0.0500, and greater than 0.2500, it
is extremely large, whereas only the gene �ow(Nm) is greater than 1 migration, can it begin to offset the
genetic differentiation between populations [39, 40]. According to the results above, the GST index of
P.odoratum and D.nipponica are both around 0.2500 and the gene �ow (Nm) is not enough to offset
genetic differentiation, so there has been obvious genetic differentiation between wild and cultivated
populations of the two species. However, A.sessili�orus showing a greatly weak genetic differentiation
was opposite to other species, its GST index was close to 0.0500 and the gene �ow(Nm) among
populations is greatly greater than 1 migration, which partially offset the genetic differentiation among
populations. There should be only the smaller gene �ow(Nm) between the cultivated and wild
populations of three medicinal plants due to geographical isolation. But A.sessili�orus belongs to
perennial shrubs and population size is greater, also studies have shown that the slow gene �ow(Nm)
continues among individuals for maintaining the relative stability of genetic structure in the population
with large habitat scale, and the �uctuation after multi-generation reproduction will not generate
signi�cant impact on its gene frequency [41]. In the longer life history, slow gene �ow(Nm) has been used
to maintain population stability in wild population of A.sessili�orus, while cultivated population of
A.sessili�orus still maintains the past gene �ow(Nm) which has accumulated in the natural habitat for
short times after cultivation, therefore, it still has a large gene �ow(Nm) with the wild population.
Combined with the analysis of population genetic structure, we indicated that during the cultivation years
of this experiment, the higher genetic diversity of the wild population was transfered to the cultivated
population in A.sessili�orus.

AMOVA analysis of three medicinal plant revealed that the genetic differentiation within the populations
is the dominant position. For grow in the original habitat for long time-scale,the wild populations of three
perennial medicinal plants have produced various genetic variation, which have re�ected after natural
selection. Due to provenances of various genotypes were imported at the initial stage, the genetic
variation within the cultivated medicinal plant populations is also more plentiful. While during the
cultivation years, the gametes of cultivated populations of P.odoratum and D.nipponica may deviate
from Hardy-Weinberg equilibrium due to the in�uence of genetic adaptability and linkage
disequilibrium[42, 43], and after multiple generations of cultivation, it further intensi�es the trend of
variation within the populations. The number of genetic variation types of individuals in the population
represents the level with genetic diversity[44], therefore, this molecular variation pattern also evidenced
that wild and cultivated populations still maintain higher genetic diversity.
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The in�uence of soil environmental factors on genetic
structure
The Spearman correlation analysis attested that the change of soil environmental factors has no
signi�cant effect on the genetic structure with the cultivated populations of medicinal plants, so it is not
the main reasons which affect the genetic variation of the cultivated populations within the cultivation
period. Studies have concluded that when the geographical isolation exceeds a certain distance, the
change of its habitat will only affect the genetic structure of the population 14% [45]. The cultivated
population of A.sessili�orus maintains stable and similar genetic structure with the wild population
during the cultivation years, which also con�rms this point. With wild populations live in natural habitat
with complex environments for long times, their population genetic structure has already greatly
stabilized. While cultivated populations introduced abundant types of genetic variation in the initial stage,
which allowed the cultivated populations to maintain stable genetic structure during the cultivation
period. However, for the much longer cultivation time scale, P.odoratum and D.nipponica did not fully
comply with the Hardy-Weinberg equilibrium, which result in genetic variation among the cultivated
populations, which made the cultivated populations form stable genetic structure distinguished the wild
populations (F3a-b). On the contrary, due to the shorter cultivation time-scale and different life forms,
cultivated population of A.sessili�orus still largely degree maintained the genetic structure consistented
with wild populations (F3c).

The In�uence of Environmental Factors on the Secondary
Metabolites
Plants produce secondary metabolites with adapt to the complex environment, which plays an important
role in regulating plant physiology and environmental response[46]. Moreover, environmental factors are
the main factors affecting the secondary metabolites of traditional Chinese medicine [47]. While based
on our research also found that the secondary metabolites of three medicinal plants are signi�cantly
affected by environmental factors(F6, P < 0.05). Among them, the total �avonoids of P.odoratum
signi�cantly negatively correlated with soil environmental factors, for example total organic carbon, total
nitrogen, soil invertase activity, and soil fungal community diversity (F6a, P < 0.05); The diosgenin is
immensely affected by soil physicochemical properties and soil enzyme activity than disogluside in
D.nipponica, and it is only positively correlated with nitrate nitrogen(F6b, P < 0.05); The responses of
secondary metabolites in leaves and stems of A.sessili�orus to soil environmental factors were also
variant. In leaves, Eleutheroside E and isofraxidin which was positively correlated with most soil
environmental factors were vastly impacted by soil physicochemical properties and soil enzyme activity,
while syringin and chlorogenic acid were only signi�cantly affected by soil microbial community
diversity(F6c,P < 0.05). In stem, syringin and Eleutheroside E were signi�cantly in�uenceted by soil
environmental factors, while the other secondary metabolites are only signi�cantly correlated with the
diversity of soil microbial community (F5c, P < 0.05).
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On the other hand, temperature with the main environmental factor regulating plant secondary
metabolism has a signi�cantly effect on plant secondary metabolites [48]. In the �orescence (May to
June) and fruit period (July to September) of P.odoratum [49], the in�uence of temperature to total
polysaccharides and total �avonoids was signi�cant (F6d, P < 0.05). D.nipponica in the time-scale with
besides �orescence (June to August) [50], only diosgenin has signi�cant correlation with temperature
than disogluside,(F6e, P < 0.05). The effect of temperature to the secondary metabolites of A.sessili�orus
covered the growing season [51], which had signi�cant correlation with �ve secondary metabolites, and
the response of metabolites in leaves for temperature changes was stronger than stems (F6f,P < 0.05).
Moisture is a necessary condition for plant growth and development as well as one of the environmental
factors affecting plant metabolism [52]. During the growing season of the three medicinal plants,
monthly rainfall has no signi�cant effect on their secondary metabolites, which may not reach the stress
level of drought or �ood.

In conclusion, the environmental factors, including soil environmental factors and temperature, are one of
the reasons for the signi�cant differences in secondary metabolism between the wild and cultivated
populations of the three medicinal plants during the cultivation years. When the habitat changed, the wild
and cultivated populations of medicinal plants all had the content of dominant secondary metabolites
belonging to their own populations. Although the wild population generate more complex secondary
metabolic composition, combined with the results of HPLC �ngerprint, the similarity of HPLC �ngerprint
among wild populations is low for the different habitats and the in�uence of environmental factors to
secondary metabolism for a long time. It is further indicated that the effect of environmental factors on
secondary metabolites of medicinal plants is extremely signi�cant.

The consistency between the changes of genetic structure
and the differences of secondary metabolism
Based on the previous research, the consistency between the differences of secondary metabolism and
the changes of genetic factors in medicinal plants has been further analyzed. The wild populations of
P.odoratum and D.nipponica (JDYZ and JYYZ, CBCL-1 and CBCL-2) live in the natural habitat, and
existed geographical isolation at a certain distance among populations. During the longer time-scale, the
populations continuously maintain higher genetic diversity and its genetic structure has tended to be
stable, furthermore our results also evidenced that the similarity of genetic structure between the wild
populations of P.odoratum and D.nipponica is higher than cultivated population (F3a). However, HPLC
�ngerprints displayed that there were signi�cant differences in secondary metabolism among wild
populations of P.odoratum and D.nipponica (F4a-b,Table S5).More importantly, wild and cultivated
populations of A.sessili�orus maintained a higher genetic diversity and hugely similar genetic structure
(F3c), but there were signi�cant distinction to secondary metabolism between wild and cultivated
populations in stem and leaf. In conclusion, we considered that there is no obvious consistency between
the changes of genetic factors and the alteration of secondary metabolism during the cultivation years of
this experiment, hence, there may still be signi�cant discrepant in secondary metabolism among different
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populations of the identical medicinal plant with similar and stable genetic structure after the habitat
changes.

Conclusions
We selected Polygonatum odoratum, Dioscorea nipponica and Acanthopanax sessili�orus as subjects to
evaluate the modi�cations of genetic diversity, genetic structure and secondary metabolites of wild and
cultivated populations after habitat change, and the effects of environmental factors on them were
studied. According to the results of this study, the morphology of the three medicinal plants were
signi�cantly characteristic during the cultivation years, nevertheless, cultivated populations still
maintained steady genetic structure and higher degree of genetic diversity as wild populations; after
habitat change, the amplitude of secondary metabolites is larger and the genetic structure is weak
affected. Therefore, we concluded that During cultivation years of this study, the �uctuation between the
genetic structure and secondary metabolism of medicinal plants is not evidently consistent after habitat
changes.
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Table 1 Genetic diversity of three medicinal plants distributed among different populations
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Table 2 Comparison of secondary metabolite content among different populations

Table 3 Comparison of soil physicochemical properties and soil enzyme activity among different
populations
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Figure 1

Sampling site of cultivated and wild populations for three medicinal plants. JDYZ JDCL JDDW: Sample
site of cultivated populations of three medicinal plants in Changchun; JYYZ: Sample site of wild
populations of P.odoratum in JinYueTan; CBYZ CBCL-1 CBCL-1 CBDW: Sample site of wild populations
of three medicinal plants in ChangBai Mountains.
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Figure 2

morphological differences between cultivation and wild populations of three medicinal plants: a
morphological comparison among populations of D.nipponica, b morphological comparison among
populations of A.sessili�orus, c morphological comparison among populations of P.odoratum.

Figure 3

Population genetic structure and principal coordinate analysis (PCoA) of cultivated and wild populations
for three medicinal plants. a-c population genetic structure of P.odoratum, D.nipponica and A.sessili�orus
based on SSR markers date; The K value represents the best number of subgroups in the population. d-e
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PCoA analysis of P.odoratum, D.nipponica and A.sessili�orus based on genetic distances among the
sampled individuals of different populations.

Figure 4

UPGMA dendrogram analysis and Composition analysis of secondary metabolism in different
populations. a-c UPGMA dendrogram analysis derived from the Chromatographic �ngerprints of
P.odoratum, D.nipponica and A.sessili�orus distributed in different populations. d-e composition analysis
of secondary metabolism of A.sessili�orus, P.odoratum and D.nipponica based on HPLC �ngerprint; The
numbers in different color circles represent the number of secondary metabolites, and the overlapping
areas represent the common number of secondary metabolites among populations.
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Figure 5

Comparison of soil microbial community diversity and meteorological data. a-c soil microbial community
diversity of D.nipponica, P.odoratum and A.sessili�orus of different populations; B, F and A : Bacteria,
Fungi and Actinomycetes; DMG, E, H and C: Margalef richness index, Pielou uniformity index, Shannon
diversity index and Simpson dominance index. d monthly rainfall in different regions for months, e
Monthly mean temperature in different regions for 12 months; CB: Changbai mountain, CC: Changchun,
China. Apr.T-Oct.T: The monthly mean temperature in growing season of medicinal plants; Apr.R-Oct.R:
The monthly rainfall in growing season of medicinal plants.
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Figure 6

Correlogram based on the pairwise Spearman correlation coe�cients obtained among genetic structure,
secondary metabolite and environmental factors. a-c Correlogram of P.odoratum, D.nipponica and
A.sessili�orus obtained between genetic structure, secondary metabolite and soil environmental factors,
d-f Correlogram of P.odoratum, D.nipponica and A.sessili�orus obtained betweensecondary metabolite
and meteorological factors; The circle size and colour vary according to correlation coe�cients (blue-to-
orange scale), and“ ”represents signi�cant correlation coe�cients(P-value<0.05).
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