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Valeriana jatamansi Jones is an aromatic medicinal herb and important alternative to V. officinalis, which is utilized for medicinal purposes in China and India and also as spices in India. Bioactive ingredients of V. jatamansi vary in different regions. However, no information is currently available on influence of genotype and environmental factors in the volatile compounds, especially when germplasms and planting locations need to be selected. Based on the results of SNP and volatile constituents from GC-MS analysis, this study found various genotypes and chemotypes of V. jatamansi for wild plants from seven regions in China and common-garden samples; correlations between genotype and chemotype were revealed for the plants. Two distinct populations (PX, FY) were distinguishable from five others (GJ, YL, SY, DD, DY) according to their genotypes and volatile profiles, the consistency of which was observed showing that genotype could significantly influence chemotype. Wild populations and common-garden samples were also separated in their volatile profiles, demonstrating that environmental factors strongly affected their chemotypes. Compounds contributing to the discrimination were identified as discriminatory compounds. This investigation has explored and provided essential information concerning the correlation between genotype and chemotype as well as environmental factors and chemotype of V. jatamansi in some regions of China. Feasible plantation and conservation strategies of V. jatamansi could be further explored based on these results.
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INTRODUCTION

Biogenesis of essential oil occurs widely across the plant kingdom and is important for plant physiology in terms of metabolism and preset developmental differentiation programme of the synthesizing tissue (Chappell, 1995; Sangwan et al., 2001). As an essential part of plant metabolism, the biosynthesis of essential oil may depend on both the genetic backgrounds and environmental effects (Chappell, 1995; Sangwan et al., 2001). Commercially, these volatile plant metabolites have already found extensive cosmetic and therapeutic applications (Sangwan et al., 2001).

Valeriana jatamansi Jones is a valuable plant species with volatile components utilized as a herbal medicine. Valerianae Jatamansi Rhizoma et Radix is indexed in Chinese Pharmacopeia (Part 1) in the 1977, 2010, and 2015 editions as a traditional Chinese medicine for gastrointestinal diseases and anxiety. It is prepared from naturally dried rhizome and root of perennial herb V. jatamansi Jones, which is widely distributed throughout temperate Himalayan region and southwestern areas of China (Ming et al., 1997; Jugran et al., 2013). Many phytochemicals including iridoids, sesquiterpenoids, and essential oils have already been identified from this species (Ming et al., 1997; Bhatt et al., 2012; Li et al., 2013). Among them, essential oils commonly used as spices in India had both antioxidant and insecticidal activities whereas iridoids and sesquiterpenoids showed moderate neuroprotective effects and inhibitory activity on acetylcholinesterase (Rana and Sharma, 2000; Xu et al., 2011; Dong et al., 2015), respectively.

For these traditional and newly found pharmaceutical purposes, this medicine's consumption is increasing in these years and the distribution range of crude drugs is expanding. The essential oil composition was explored and was considered to be largely influenced by plant's location of growing (Verma et al., 2011), while some non-volatile components such as the valepotriates are supposed to be similar (Wang et al., 2017). Chinese Pharmacopeia (2015 edition) requires assessments of size, exterior character, water content, total ash, acid-insoluble ash, total extractives, and microscope characteristics together with the TLC profiles of valepotriane (C22H30O8) and acetylvalepotriane (C24H32O10). However, the quality control of this medicinal herb and resource recognition from different areas remain difficult if based solely on the above descriptions. Selection of good germplasms and good agricultural practice (GAP) of V. jatamansi is required, and planting locations is ought to be selected properly. It is well-documented that chemical phenotypes (chemotypes) of several herbal medicines depends on the environment they grow (Wang et al., 2004; Dai et al., 2010a,b). However, whether V. jatamansi possesses different genotypes and how these genotypes and environmental factors affect its chemotype remain to be clarified. To the best of our knowledge, few researches about volatile constituents of V. jatamansi have been published so far.

To address these questions, in current study, type IIB endonucleases restriction-site associated DNA (2b-RAD) approach (Wang et al., 2012) was used to identify the genotypic characteristics for seven wild populations of V. Jatamansi from China. The head-space of SHS-GC-MS analysis would cover all volatile components including not only essential oils but also components with low boiling points, water-soluble volatile components and/or oxidation-prone components (Molina-Calle et al., 2017). Therefore, the composition of volatile compounds was also analyzed as plant chemotype here for all wild populations together with the common-garden samples originating from them. Dependence of the chemotypes on the genotypes and environmental factors was further evaluated for Valerianae Jatamansi Rhizoma et Radix.

MATERIALS AND METHODS

Plant Materials

Although V. jatamansi is widely distributed throughout temperate Himalayan region and southwestern areas of China, the origin plants of Valerianae jatamansi Rhizoma et Radix used for medicinal purposes are traditionally collected in Yunnan and Guizhou provinces. To clarify whether different genotypes and chemotypes were present, seven wild populations of V. jatamansi were collected from seven different locations in Yunnan and Guizhou provinces to cover traditional sampling areas plus environmental locations. These included samples from Gejiu (GJ) and Fuyuan (FY) in Yunnan Province, Leishan Yongle (YL), Leishan Dadi (DD), Suiyang (SY), Panxian (PX), and Duyun (DY) in Guizhou Province (Table 1, Supplemental Figure 1).


Table 1. Information of selected regions plant were sampled.
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In each population, the leaves of 10 plants were collected randomly with spacing greater than 5 m, dried with allochroic silica gel and preserved in normal temperature for genetic analysis. The plant was identified by Professor Zigang Qian, Yunnan University of Traditional Chinese Medicines and a voucher specimen for all the plant material was deposited in The Chinese Medicine Specimen Museum of Yunnan University of Traditional Chinese Medicines for further reference (Table 1).

To avoid seasonal effects on the plant metabolite composition (Xiao et al., 2008), we collected wild samples within a shortest period (practically possible) in autumn according to accumulated experiences of Traditional Chinese Medicine. To take the effects of environmental factors (e.g., altitude, temperature, sunshine, and humidity) into consideration, we also collected the common-garden samples (Yunnan Longfar Pharmaceutical Co. LTD) within 2 days during the same season. Common-garden samples were collected 1 year after transplantation using the same approach as for the corresponding wild populations. The wild plants were also transplanted to the Planting Base in Kunming Unity Township.

For volatile constituent analysis, the rhizomes and roots were removed from the same plants, dried and preserved in the same way described above. Samples were cleaned with brush, cut into pieces with a pair of scissors and ground into powder using SKSI tissue lyser (BiHeng Biotechnology Inc.) at 60 Hz for 30 s with 3 cycles totally. Ground samples were sieved through a 40 mesh sieve and then stored in sample bottles with good sealing property at 4°C before further analysis.

Genetic Analysis Based on 2b-RAD Approach

DNA was extracted by means of AxyPrepTM Multisource Genomic DNA Miniprep Kit 50-prep (AP-MN-BT-GDNA-50G, Axygen, USA). Mass and concentration of DNA were measured using nucleic acid and protein analyzer.

Sequencing libraries with tags from 70 samples of V. jatamansi were built based on 2b-RAD approach (Wang et al., 2012). 5′-NNN-3′ was used to establish libraries for all samples. Paired-end sequencing was conducted for qualified libraries on Hiseq Xten platform.

Tags of individual samples were clustered into allele clusters and mismatch was not allowed. Allele clusters were combined into locus cluster to form reference sequence when two mismatches were allowed. Low-coverage locus cluster formed by sequencing error and high-coverage locus cluster structured by repetitive sequences were excluded based on improved maximum likelihood (iML, whole-genome de novo SNP genotyping method based on mixed Possion distribution model). Threshold was obtained from distribution model of tag numbers. Finally 300,926 tags with BsaXI enzyme cutting sites were obtained.

Original sequences were formed by base calling (raw reads) and were filtered by excluding sequences including N bases and reads with flanking sequences as well as low quality (more than 20% bases with quality less than 20) to get clean data.

Volatile Constituent Analysis

SHS-GC-MS Analysis

Samples were brought to room temperature. Three replicates of powdered samples (about 0.1000–0.1010 g) were put into three different glass vials (20 mL) then sealed with screw-caps having PTFE/silicone septa (17-02-1417-TF, SHIMADZU).

Static headspace equilibration was conducted at 140°C for 20 min with 400 rpm shaking. Then 2.00 mL of headspace gas was injected into injection port and analyzed using QP2010 Ultra Gas Chromatography-Mass Spectrometer (SHIMADZU, Japan) equipped with a Thermo Fisher non-polar TG-5MS column (P/N 26098–2970, 0.32 mm × 30 m × 1 μm); inlet temperature was set to 250°C with split ratio of10:1, helium gas as carrier gas (with a constant flow of 2 mL/min). Mass spectra were recorded with an electron ionization mode (70 eV), a scan range of m/z 50–1,000, ion source temperature of 250°C, transfer line temperature of 280°C, and solvent delay time of 2 min. Under the optimum conditions above, the relative standard deviations (RSD) of all compounds were lower than 20%.

Identification of Volatile Compounds

The GC-MS raw data were extracted and analyzed using GCMS Solution (Version 2.70). Areas of volatile compounds were calculated automatically with the same integration parameters (slope: 1,000/min, peak width: 2 s, drift: 0 min, smoothing time: 2 s, smoothing width: 2 s). Compounds were identified by automatic retrieval of the mass spectra (NIST 14 and NIST 14s), assisted by comparison between retention indexes from libraries and calculated ones based on experimental retention time of n-alkanes.

Statistical Analysis

For genetic analysis, each genotype with markers was assembled head to tail and missing sites were replaced by “–.” Neighbor-joining tree and maximum-likelihood tree were structured using treebest (Version 1.9.2) and MEGA6. Two different analytical methods were employed here to ensure that such clustering were method independent since no single perfect method is available for the time being. Reliability was tested by bootstrap with 1,000 repeats. Genetic differentiation and diversity were presented using Genepop (version 4.2.2).

The compounds, which cover less than 80% of volatile profile of a single population or have signal-to-noise value lower than 10, were excluded from further analysis. Data, based on the areas of volatile compounds, was normalized by mass and scaled using Pareto mode using MateboAnalyst 3.0. Principal Component Analysis (PCA) was conducted for wild populations and common-garden samples separately, where samples outside 95% confidence intervals were excluded.

Clustering analysis was made using MateboAnalyst 3.0 with the distance measurement of Pearson and the Clustering Algorithm of Average. Results were further confirmed with Orthogonal Partial Least Squares-Discriminant Analysis (OPLS-DA) using SIMCA 14.1. S-plots and loadings plots were made to identify discriminatory compounds, verified through Variable Importance in the Projection (VIP) values automatically.

RESULTS AND DISCUSSION

Genotypic Diversity and Differentiation for V. jatamansi

F-statistics (Fst) was obtained for all populations and ranged from 0.0226 to 0.2344 (Table 2). Relatively high population differentiation was observed between PX, FY, and other populations with Fst in the range of 0.15–0.25. In contrast, medium inter-group differentiation was observed for PX and FY, for GJ and YL, for GJ and SY with Fst only slightly higher than 0.0500. Other populations shared lower differentiation with each other.


Table 2. Genetic differentiation (Fst).
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Polymorphism Information Content (PIC), Expected Heterozygosity (He), and Observed Heterozygosity (Ho) were also calculated based on the result of SNP (Table 3). Apparently populations of PX and FY had higher PIC, He, and Ho than other populations. This demonstrated they were supposed to own higher genetic diversities.


Table 3. Genetic diversity.
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Dendrograms were generated based on DNA sequences for (wild) populations from various regions using reduced-representation sequencing 2b-RAD approach. Two analyses were also conducted from both Neighbor-joining tree (Figure 1A) and Maximum-Likelihood tree (Figure 1B). Results from both analyses clearly showed genetic similarity for populations PX and FY (known as genotype 1 or G1 in the following discussions) and similarity for the rest populations (genotype 2 or G2).


[image: image]

FIGURE 1. Dendrograms based on genetic analysis (A: GJ, B: YL, C: DD, D: SY, E: FY, F: PX, G: DY). (A) Neighbor-joining tree, (B) Maximum-Likelihood tree.



Influence of Genotype and Environment on Chemotype of V. jatamansi

Chemotypes of V. jatamansi were evaluated by measuring the composition of volatile compounds with GC-MS method in the aforementioned wild and common garden populations. Sixty-four such volatile compounds were detected and assigned by comparing their retention indices and mass spectral features with the NIST database (Supplemental Table 1). It is apparent that C10 (3-methylvaleric acid), C13 (sabinene), C43 (terpinylacetate), C49 (α-santalene), C50 (β-caryophyllene), C53 (eudesma-3,7(11)-diene), and C58 (α-bulnesene) were abundant volatile compounds in these plants (Supplemental Table 2). It is also interesting to note that many of these volatile metabolites are biosynthetic products terpenoid pathway from geranyl diphosphate and (2E,6E)-farnesyl diphosphate. For instance, C11 (camphene), C13 (sabinene), C14 (β-pinene), C22 (4-R-limonene), and C28 (terpinolene) are metabolites from geranyl diphosphate; C46 (β-elemene), C50 (β-caryophyllene), C52 (S-β-bisabolene), C54 (α-humulene), and C55 (α-patchoulene) are metabolites from (2E,6E)-farnesyl diphosphate (https://www.plantcyc.org/). These 64 compounds are here collectively employed to represent the sample chemotypes, reflecting multiple pathways in the secondary metabolism of this plant.

Clustering dendrograms from the volatile constituents (Figure 2A) showed that amongst the wild seven populations, PX was outstandingly different from the rest six populations in terms of chemotypes. This apparently differed from the above genotyping results, where PX and FY clustered but differentiated from the other five populations. This indicates that environmental factors play important roles in establishing chemotypic characteristics. Such notion was further supported by the results that the chemotypes of common garden samples for PX and FY had greater similarities (with closer clustering) than the other five populations (Figure 2B) as shown from the genotypic analysis. This strongly suggests that both genotypes and environmental factors affect the chemotypic characteristics of plants.
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FIGURE 2. Dendrograms of volatile constituent analysis. (A) Wild population samples, (B) Common-garden samples.



To obtain further details for such chemotypic differences, OPLS-DA of volatile compound composition (chemotypes) was performed for wild and common garden samples in genotype 1 (G1) and 2 (G2) populations. The results showed that G1 and G2 had outstanding chemotypic differences for both wild and common garden samples with Q2 greater than 0.89 whilst p-values smaller than 2.8e–37 in both cases (Figures 3A,B). Furthermore, both G1 and G2 showed significant chemotypic differences between the wild and common garden samples with Q2 greater than 0.9 whilst p-values smaller than 9.8e-28 in both cases (Figures 3C,D).
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FIGURE 3. OPLS-DA results for the volatile compound composition.



Loadings plots from OPLS-DA (Figure 4, Table 4) showed all volatile compounds having significant inter-group differences between two genotype populations from wild and common garden samples respectively as well as between wild and common garden samples for G1 and G2, respectively. It is worth-noting that common chemotypic features can also be observed in both cases. For both wild and common garden samples, intergroup chemotypic differences are highlighted by significant higher levels of C1 (unknown), C12 (2,4(10)-thujadiene), C16 (1,3,5-trimethylencycloheptan), and C26 (2-acetylpyrrole) but lower levels of C33 (2-ethoxyethyl 3-methylbutanoate), C51 (α-guaiene), C53 (eudesma-3,7(11)-diene), and C57 (2,6,10,10-tetramethylbicyclo[7.2.0]undeca-2,6-diene) in G2 than in G1 (Figures 4A,B). Therefore, these 8 compounds were employable to discriminate G1 and G2. This suggests that two genotypic populations, G1 and G2, have significant difference in their metabolisms with C12, C51, C53 and C57 derived probably from terpenoid pathway. Furthermore, for both G1 and G2, intergroup chemotypic differences are also highlighted by significant higher levels of C18 (isobutyl isovalerate), C30 (3-oxobutan-2-yl 2-methylbutanoate), C37 (unknown), and C44 (pentanoyl pentanoate) but lower levels of C7 (3-methylbut-2-enoic acid) and C10 (3-methylvaleric acid) in common garden samples than in wild samples (Figures 4C,D). These 6 compounds could be used to distinguish the wild populations and common-garden samples (Table 4). This indicates that for both G1 and G2 environmental changes (by transplanting from wild to common gardens) induce significantly in their metabolisms of fatty acids and branch-chain amino acids since these inter-group differential organic acids and esters are mostly β-oxidation metabolites of fatty acids and keto-acids from oxidation of amino acids (Schwab et al., 2008). Moreover, C50 ((–)-β-caryophyllene) has significantly higher levels in common garden samples of G1 than in wild samples of same genotype, indicating that transplantation (or environmental factor) has apparent effects on its (2E,6E)-farnesyl diphosphate metabolism. β-caryophyllene can selectively bind to the cannabinoid receptor type 1 (CB1) and (CB2) thus can be used in the treatment of inflammation, pain, osteoporosis, and atheroscelerosis (Gertsch et al., 2008). It is, therefore, expected that the above effects of genotype, transplantation, or environmental changes on the levels of these compounds may have profound influences on the therapeutic efficiency of this particular herb. Hence planting bases is ought to be selected appropriately for efficacy and quality control purposes.
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FIGURE 4. The volatile compounds with absolute values of correlation coefficients larger than 0.497 (i.e., significant intergroup differences).




Table 4. Ranking of the volatile compounds with VIP values larger than 1.00, absolute values of correlation coefficients larger than 0.497, and P-values less than 0.05.
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Taking all these together, it is apparent that the chemotypic nature of volatile components in this plant depends on both genotypes and environmental factors with the present of two major genotypic populations. These will be expected to be vital information for understanding physiology of V. jatamansi and for potentially effective commercial applications.

CONCLUSION

Two genotypicaly different groups were found for V. jatamansi based on genetic analysis and the volatile chemotypes of such groups were not only dependent upon their genotypic features but also environmental factors. When transplanted in common gardens (having similar environment), the two genotypic groups had their own unique composition of volatile constituents. Such genotypic and environmental factors appear to affect the plant secondary metabolites in terpenoid pathway and oxidation metabolism of fatty acids and amino acids.

Common chemotypic differences between two genotypic populations were identifiable for both wild and common garden samples. Eight volatile compounds were discriminatory compounds to differentiate two genotypes in both wild and/or common garden samples. Common chemotypic differences between wild and common garden samples were also observed for both genotypic groups. Six volatile compounds were selectable as discriminatory compounds to differentiate wild and common garden samples for both genotypes. These findings offered better understanding of the correlation of genotype and chemotype for V. jatamansi as well as its genetic and chemical variations in different regions and indicated that both genotyping and chemotyping may need to be considered in breeding new genotypic plants even though the current results themselves may offer little direct guidance at this stage. Nevertheless, selection of good germplasms and proper planting locations of V. jatamansi still need more research come with pharmacodynamic evaluation. It is conceivable that whole metabolomics phenotypes (apart from volatile chemotype) will be of importance for both plant physiology and potential commercial applications.
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