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Abstract

:

Research on the chloroplast genome of parasitic plants is limited. In particular, the homology between the chloroplast genomes of parasitic and hyperparasitic plants has not been reported yet. In this study, three chloroplast genomes of Taxillus (Taxillus chinensis, Taxillus delavayi, and Taxillus thibetensis) and one chloroplast genome of Phacellaria (Phacellaria rigidula) were sequenced and analyzed, among which T. chinensis is the host of P. rigidula. The chloroplast genomes of the four species were 119,941–138,492 bp in length. Compared with the chloroplast genome of the autotrophic plant Nicotiana tabacum, all of the ndh genes, three ribosomal protein genes, three tRNA genes and the infA gene were lost in the three Taxillus species. Meanwhile, in P. rigidula, the trnV-UAC gene and the ycf15 gene were lost, and only one ndh gene (ndhB) existed. The results of homology analysis showed that the homology between P. rigidula and its host T. chinensis was low, indicating that P. rigidula grows on its host T. chinensis but they do not share the chloroplast genome. In addition, horizontal gene transfer was not found between P. rigidula and its host T. chinensis. Several candidate highly variable regions in the chloroplast genomes of Taxillus and Phacellaria species were selected for species identification study. Phylogenetic analysis revealed that the species of Taxillus and Scurrula were closely related and supported that Scurrula and Taxillus should be treated as congeneric, while species in Phacellaria had a close relationship with that in Viscum.
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1. Introduction


Chloroplasts originated from ancient invasions by eubacteria through symbiosis [1] and are important organelles with autonomic genetic information in plant cells, and they play a crucial role in photosynthesis, amino acid synthesis, and carbon sequestration. With the advancement of sequencing technology, an increasing number of chloroplast genomes have been further resolved [2,3]. In recent years, the chloroplast genomes have been increasingly used as super-barcodes and molecular markers in species identification [4,5,6], and chloroplast sequences have frequently been utilized for constructing plant phylogenies [6,7,8,9]. The typical chloroplast genome of land plants generally consists of two inverted repeats (IR), one large single-copy (LSC), and one small single-copy (SSC) regions, forming a single circular molecule structure [3]. The gene sequence and content of chloroplast genomes are highly conserved [10].



Parasitic plants partially or completely lose the photosynthetic capacity and sustain themselves by acquiring various nutrients and water from their hosts [11]. These characteristics are represented by gene loss [12,13], pseudogenicity [12], and gene transfer [14] at the level of chloroplast genome. Parasitic plants are intermediates of the transition from autotrophic to heterotrophic, whose chloroplast genome analyses help understand the degradation patterns and mechanisms of the chloroplast genomes in angiosperms. Parasitic plants that have retained photosynthesis are called hemiparasite [15]. Taxillus plants are hemiparasitic shrubs that belong to the family Loranthaceae, with 18 species in China and 9 endemic species [16]. Many plants in this genus, such as T. chinensis, Taxillus sutchuenensis, T. delavayi, and T. thibetensis have medicinal value. T. chinensis and T. sutchuenensis are the source of the Chinese medicine “Taxillus herba”, and T. delavayi has been used as an anti-abortifacient herb in Sichuan Province for a long time, and T. thibetensis is used as traditional Chinese herbal medicine for clearing lung heat and inducing diuresis [15,17,18].



Many plants serve as hosts, including some parasitic plants. A plant obligated to parasitize on parasitic plants is termed as hyperparasite [19,20]. Hyperparasitic plants are extremely rare, with few species found in Santalales [21]. In the genus Phacellaria (Santalaceae), all species are obligate parasites, mainly on Loranthaceae and preferred on genus Taxillus [22]. Thirteen chloroplast genomes of Taxillus plants have been analyzed [23,24] but only two chloroplast genomes of Phacellaria have been determined [25]. Limited knowledge about the chloroplast genomes of Phacellaria plants, especially the relationship with their host Taxillus plants, is known.



In this study, three chloroplast genomes of Taxillus (T. chinensis, T. delavayi, and T. thibetensis) and one chloroplast genome of Phacellaria (P. rigidula) were sequenced, among which T. chinensis is the host of P. rigidula. Then, the homology of the chloroplast genomes of T. chinensis and P. rigidula was analyzed. Finally, comparative and phylogenetic analyses were conducted. This research was the first to investigate the homology between the chloroplast genomes of hyperparasitic plant and their host parasitic plant. The findings could provide a basis for phylogenetic and plant resource research on parasitic and hyperparasitic plants.




2. Materials and Methods


2.1. Plant Materials


Fresh leaves of T. delavayi and T. thibetensis were collected from Lijiang City and Dali City in Yunnan Province, respectively, and T. chinensis and P. rigidula were collected from Fangchenggang City in Guangxi Province. All samples were identified by Professor Yulin Lin. Voucher specimens were deposited in the herbarium at Institute of Medicinal Plant Development. The fresh leaves were stored at −80 °C.




2.2. Total DNA Extraction and Sequencing


Total DNA was extracted using the DNease Plant Mini Kit (Qiagen, Hilden, Germany) method. The concentration of total DNA was detected by a micro spectrophotometer (Nanodrop 2000, USA), and its quality was detected by 1% agarose gel electrophoresis. The DNA of four species was used to generate libraries with an average insert size of 500 bp and sequenced using Illumina Hiseq X following the standard protocol. Approximately 5.8 Gb of raw data from T. chinensis, 6.9 Gb of raw data from T. delavayi, 6.6 Gb from T. thibetensis, and 6.9 Gb of raw data from P. rigidula were generated with 150 bp paired-end read lengths.




2.3. Assembly and Annotation of Chloroplast Genomes


Low-quality reads of all samples were trimmed by Trimmomatic version 0.39 software [26]. GetOrganelle version 1.7.7.0 [27] and NOVOPlasty version 4.3.1 [28] were used to assemble the chloroplast genomes, and GapCloser version 1.12 software [29] was used to fill gaps. GeSeq [30] and CPGAVAS2 software [31] were used to annotate the sequences initially and correct them manually. tRNAscan-SE version 2.0.11 software [32] was used to annotate the tRNA. The annotation results were checked by CPGView [33]. The NCBI accession numbers of complete chloroplast genome sequences of the four species were OQ509063 (P. rigidula), OQ509064 (T. chinensis), MH161426 (T. delavayi), and MH161427 (T. thibetensis).




2.4. Structural Analysis


Chloroplast genome maps were drawn using Organellar Genome DRAW [34] and manually edited for accuracy. MEGA version 6.0 [35] was used for GC content calculation. CodonW version 1.4.4 software [36] was adopted to analyze the usage of codon. REPuter software [37] was used to identify the long repetitive sequence of chloroplast genome. The type and number of SSR sites were determined using MISA software [38], and the parameter setting was consistent with that in Wu et al. [39]. In this present study, complete repetitive SSR loci were mainly searched, and cycled or reverse complementary SSRs were considered as the same type.




2.5. Genome Comparison and Phylogenetic Analysis


Homology analysis was performed using Sibelia version 3.0.7 [40] and Circos version 0.69.9 [41]. Horizontal gene transfer (HGT) analysis was conducted on the basis of sequence similarity through BLAST and phylogenetic trees in accordance with Li et al. [42]. mVISTA [43], an online tool, was utilized to compare the chloroplast genome sequences of Phacellaria species. DnaSP version 6.12.03 [44] was used to calculate the nucleotide diversity values (Pi). MAFFT version 5 software [45] was used to compare the sequences. Maximum likelihood (ML) phylogenetic trees were constructed using the program IQTREE version 2.2.2.3 [46].





3. Results and Discussion


3.1. Basic Characteristics of the Complete Chloroplast Genomes of Three Taxillus Species and P. rigidula


The chloroplast genomes of the three Taxillus species and P. rigidula all contained an LSC, an SSC, and a pair of IRs, being classical tetrad structures (Figure 1). The chloroplast genomes were 121,363 (T. chinensis), 119,941 (T. delavayi), 122,286 (T. thibetensis), and 138,492 bp (P. rigidula) in length. The GC contents in the chloroplast genome of T. chinensis, T. delavayi, T. thibetensis, and P. rigidula were 37.3%, 37.1%, 37.2%, and 37.9%, respectively. The GC content was not uniform in the four regions. The IR regions had the highest content (43.0%, 42.4%, 42.7%, and 43.6%), followed by LSC regions (34.7%, 34.7%, 34.5%, and 35.5%) and SSC regions (26.2%, 26.8%, 26.0%, and 29.3%). There were 108 genes annotated in T. chinensis, including 67 protein-coding genes, 33 tRNA genes, and 8 rRNA genes. The number of annotated genes in T. delavayi was the same as T. chinensis, but included 70 protein-coding genes, 30 tRNA genes, and 8 rRNA genes. A total of 112 genes were annotated in T. thibetensis, including 70 protein-encoding genes, 34 tRNA genes, and 8 rRNA genes. Meanwhile, in P. rigidula, there were 115 genes annotated, including 71 protein-coding genes, 36 tRNA genes, and 8 rRNA genes.



Introns have a significant impact on regulating gene expression, and they can improve the expression of exogenous genes at specific locations in plants, leading to the development of desirable agronomic traits [47]. There were 15 and 12 genes containing introns found in the chloroplast genomes of P. rigidula and T. thibetensis and 11 genes containing introns found in the chloroplast genomes of T. chinensis and T. delavayi. The rps12 gene, a special trans-splicing gene, was similar to some other species [42,48,49].




3.2. Gene Losses in the Chloroplast Genomes of Taxillus and Phacellaria Species


The chloroplast genomes of the three Taxillus species and P. rigidula were compared with an autotrophic plant N. tabacum (Z00044), semi-parasitic plant Viscum minimum (KJ512176), and total parasitic plant Epifagus virginiana (M81884) to investigate the effects of the parasitic lifestyle on the structure and genetic composition of chloroplast genomes.



The chloroplast genome length of parasitic plants was generally shorter, among which E. virginiana was the shortest (70,028 bp). The total length of the chloroplast genomes of the three Taxillus species was 33,558–35,903 bp shorter than that of N. tabacum, and that of P. rigidula was 17,352 bp shorter than that of N. tabacum. The length of the IR regions of the seven species was relatively similar but the length of the LSC and SSC regions was quite different relatively. Compared with V. minimum, which was also a semi-parasitic plant, the LSC regions of the chloroplast genomes of the three Taxillus plants were about 5 kb shorter, and the SSC regions were about 3 kb shorter. Meanwhile, the LSC and SSC regions of P. rigidula were similar to that of V. minimum in length (Supplementary Table S1).



Compared with the chloroplast genome of the autotrophic plant N. tabacum, all the ndh genes, three ribosomal protein genes (rps15, rps16 and rpl32), three tRNA genes (trnG-UCC, trnK-UUU, and trnV-UAC), and the infA gene were lost in the chloroplast genomes of T. chinensis, T. delavayi, and T. thibetensis, among which ndh, ribosomal protein, and infA were genes involved in photosynthesis [50]. In addition, two tRNA genes (trnA-UGC and trnI-GAU) were lost in T. delavayi, and trnH-GUG was lost in T. chinensis. The ycf15 gene only appeared in T. chinensis. Similar to the chloroplast genomes of Taxillus species; P. rigidula showed gene losses. Compared with the chloroplast genome of N. tabacum, trnV-UAC, and ycf15 were lost in P. rigidula, and only one ndh gene (ndhB) existed in P. rigidula. Other studies have also found gene losses in the chloroplast genomes of Taxillus and Phacellaria species [23,25] (Supplementary Table S2).




3.3. Homology Analysis of Chloroplast Genomes of P. rigidula and T. chinensis


Then, the homology of the chloroplast genomes of P. rigidula, host T. chinensis (OQ509064), and non-host T. chinensis (KY996492) were analyzed (Figure 2). The results showed that the homology between the two chloroplast genomes of T. chinensis was higher than between P. rigidula and its host T. chinensis (OQ509064), indicating that P. rigidula grows on its host T. chinensis (OQ509064), but they do not share the chloroplast genome. trnA-UGC, trnI-GAU, trnL-UAA, and ycf1 were present in the chloroplast genomes of P. rigidula and host T. chinensis (OQ509064) but not in non-host T. chinensis (KY996492).



HGT, which is the exchange of genes across interspecific barriers, is considered to be a major driver of bacterial evolution [51]. In the present study, all genes in the chloroplast genomes of P. rigidula resembled the genes of Phacellaria species, and trnA-UGC, trnI-GAU, trnL-UAA, and ycf1 genes in host T. chinensis (OQ509064) resembled the genes of Tallixus species, on the basis of sequence similarity through BLAST and phylogenetic trees, indicating HGT was not found between P. rigidula and its host T. chinensis. HGT is a characteristic of parasitic plants, and it provides strong evidence for direct gene exchange between parasitic plants and host plants [52,53,54]. By using sequence alignment and phylogenetic trees, Li et al. [42] demonstrated that the rpoC2 gene of Cistanche deserticola was transferred from its host plant Haloxylon ammodendron. Park et al. [55] also reported HGT events in the rps2, rbcL, and trnL-F genes of Orobanchaceae species.




3.4. Codon Usage Analysis of the Chloroplast Genomes of Taxillus and Phacellaria Species


Codon usage bias is the non-uniform usage of synonymous codons in the transcripts of proteins, excluding methionine and tryptophan, to encode specific amino acids in the protein [56]. Variation in compositional constraints between genomes is a significant factor in the formation of codon usage bias, as it is influenced by differences in selection pressure and degree of variation [36,57,58]. Furthermore, codon usage bias can be utilized to examine an organism’s evolutionary history, predict expression, and gain insight into the molecular-level evolutionary processes affecting genomes [56,59].



The relative synonymous codon usage (RSCU) of the chloroplast genome of all published Taxillus and Phacellaria species was calculated on the basis of all protein-coding genes. RSCU measures the frequency of usage of a specific codon relative to the expected frequency and is utilized to identify non-uniform usage of synonymous codons in the coding sequence. Codons with no preference value are assigned a value of 1.00. Codons with an RSCU value > 1.00 are used more frequently than expected, while codons with an RSCU value < 1.00 are used less frequently than expected. The codon usage information of protein-coding genes in the chloroplast genomes of all published Taxillus and Phacellaria species is shown in Figure 3. A similar codon usage was observed in the chloroplast genomes of Taxillus and Phacellaria species. These species had 64 codons that code for 20 different amino acids in their chloroplast genomes. In addition, 19,432 (T. nigrans)–21,646 (P. glomerata) codons were found to encode these amino acids. Among these amino acids, leucine (Leu) was the most widely distributed, whereas cysteine (Cys) was the least distributed. In addition, the codon usage of other amino acids, except for methionine (Met) and tryptophan (Trp), had a preference. Most codons with an RSCU value > 1 were A/U-ending codons, and most codons with an RSCU value ≤ 1 were G/C-ending codons. The chloroplast genome exhibited a greater bias towards the A/U-ending codons than the G/C-ending codons. High codon usage preference, especially high A/U base usage preference, was similar in many plants, such as Aquilaria sinensis [60] and Ulmus species [61].



GC (the total GC content) reflects the strength of directional mutation pressure, and GC3s (GC content at synonymous third codon position) is closely associated with codon bias and serves as a crucial factor in analyzing codon usage patterns [62,63]. The GC and GC3s values in the codons of the 18 chloroplast genomes examined were less than 0.5, indicating a preference for A/U bases and A/U-ending codons in Taxillus and Phacellaria species. Analysis of codon adaptation index (CAI) and effective number of codon values (ENc) suggested a minor bias in codon usage among these species, with a relatively low frequency of optimal codons (Fop). Hydrophobicity (Gravy) and aromaticity (Aromo) slightly impacted codon usage bias (Table 1).




3.5. Long Repeat Sequences and SSRs


Long repeats have significant implications in genome rearrangement and are frequently employed to examine phylogenetic relationships among species. Additionally, long repeats can stimulate intermolecular recombination in chloroplast genomes, thereby enhancing diversity [64]. These long repeats are mainly distributed in the intergene region and intron sequence, including forward (F), palindrome (P), reverse (R), and complement (C). All repeats analyzed in this study were 30 bp or longer and had a sequence similarity of at least 90%. In Taxillus species, 11 (T. lonicerifolius)–33 (T. nigrans) long repeats were identified, most of which were F and P repeats. The length of C and R repeats was mainly within the range of 30–39 bp. Repeats with a length of 60–69 and ≥70 bp only existed in T. levinei, T. nigrans, and T. yadoriki. In Phacellaria species, 31 (P. rigidula)–40 (P. compressa) long repeats were identified, all of which were F and P repeats (Figure 4).



Simple sequence repeats (SSRs), which are also referred to as microsatellite sequences, can be found extensively throughout chloroplast genomes [65]. Due to its high polymorphism, it is increasingly used as molecular markers, species identification, population genetics, and phylogeny [66,67,68]. A total of 45 (T. levinei)–87 (T. thibetensis) SSRs were detected in the chloroplast genomes of Taxillus species, and 40 (P. compressa)–43 (P. rigidula) SSRs were detected in Phacellaria species (Supplementary Tables S3 and S4). The most common mononucleotide repeats were A/T and most dinucleotide repeats were AT/AT. Most SSRs were rich in A/T, which was greatly related to the high A/T content in the chloroplast genome. Moreover, polyA and polyT occupies a relatively high proportion in the SSRs of many plants, compared with polyC and polyG [69].




3.6. Comparative Analysis of Chloroplast Genomes


The plant bodies of parasitic plants tend to be simplified; they are morphologically difficult to distinguish [70]. The chloroplast genome has highly variable regions, and these highly variable gene fragments could be used to effectively distinguish congenous species [71]. Here, the highly variable regions in the chloroplast genomes of Taxillus and Phacellaria species were screened.



The nucleotide diversity (Pi) of shared genes and intergenic spacers of the chloroplast genomes of the 15 Taxillus species were calculated. In Figure 5, intergenic spacers and genes longer than 200 bp with Pi values greater than 0 are displayed. Polymorphisms were observed to be more frequent in the intergenic spacers (average Pi = 0.0449) compared to the gene regions (average Pi = 0.0108). In accordance with Pi, five candidate highly variable regions were screened out, namely, ccsA-psaC, accD-psaI, rpoB-trnC-GCA, trnE-UUC-trnT-GGU, and rpl16, for species identification and relationship study.



In addition, with the P. rigidula genome as the reference genome, the complete chloroplast genomes of three Phacellaria species were compared (Figure 6). The LSC and SSC regions exhibited significantly higher variations compared to the IR regions, while the rRNA genes remained highly conserved with minimal variations. The genes had a very high degree of conservation (most had >90% similarity), and the most varied gene was ycf1. Variations in intergenic regions were significantly greater than those in protein-coding regions; these intergenic regions included rps16-trnQ-UUG, psbE-petL, rpl32-trnL-UAG, and psaC-rps15.




3.7. Phylogenetic Analysis


The relatively conservative chloroplast genome contains a large amount of nucleotide and amino acid sequence information and is of great value in plant evolution, taxonomy, and phylogenetic studies [72]. A phylogenetic tree was constructed using the chloroplast genomes of 50 Santalales species, with N. tabacum (Z00044) as the outgroup, to explore the phylogenetic relationship and phylogenetic position of the species in Taxillus and Phacellaria.



The results demonstrated that the bootstrap values were all high (Figure 7). The tree showed that the species of Loranthaceae, Schoepfiaceae, Santalaceae, and Opiliaceae clustered in different branches. In Loranthaceae, the species of Trib. Lorantheae and Trib. Elytrantheae were completely separate. In Trib. Lorantheae, Taxillus, Scurrula, Helixanthera, Tolypanthus, and Dendrophthoe clustered together, and the species of Loranthus clustered in one branch. However, the species of Taxillus and Scurrula did not form separate branches. In addition, the phylogenetic trees based on common protein-coding genes and chloroplast genes commonly used for phylogenetic analysis (matK and rbcL) showed that the species in Taxillus and Scurrula had a close relationship and clustered in one branch (Supplementary Figures S1–S3). Some researchers have suggested that Scurrula and Taxillus should be treated as congeneric [16]. Pollen morphology studies showed that the pollen of species in Taxillus and Scurrula was difficult to distinguish, and that species in Taxillus and Scurrula were closely related [73].



The phylogenetic tree showed that species in Viscum and Phacellaria clustered together. The classification of Viscum plants was always controversial. Loranthaceae used to be divided into Subfam. Loranthoideae and Subfam. Viscoideae, suggesting that Viscum belongs to Loranthaceae [74]. However, in the present study, the relationship of the species in Loranthaceae and Viscum was far. Previous studies have shown significant differences between species in Loranthaceae and Viscum in terms of pollen morphology, chemical composition, and DNA molecular-level; supporting the independent division of Loranthaceae and Viscum [73,75]. The results of the present study also supported to divide Loranthaceae and Viscum into different families. Some studies divided Viscum into Viscaceae family, which is derived from Santalaceae, and they showed that the relationship of species in Viscum and Santalaceae was closely related [76]. Meanwhile, in the Angiosperm Phylogeny Group IV system, Viscum belongs to Santalaceae. The present study showed that classifying Viscum under Santalaceae is more appropriate.





4. Conclusions


In this study, three chloroplast genomes of Taxillus (T. chinensis, T. delavayi, and T. thibetensis) and one chloroplast genome of Phacellaria (P. rigidula) were sequenced and analyzed, among which T. chinensis is the host of P. rigidula. Compared with the chloroplast genome of the autotrophic plant N. tabacum, those of Taxillus and Phacellaria species all showed gene losses, especially the genes involved in photosynthesis. The homology between P. rigidula and its host T. chinensis was low, indicating that P. rigidula grows on its host T. chinensis but they do not share the chloroplast genome. In addition, HGT was not found between P. rigidula and its host T. chinensis. The phylogenetic analysis revealed that the species of Taxillus and Scurrula were closely related, and supported that Scurrula and Taxillus should be treated as congeneric. Meanwhile, the species in Phacellaria had a close relationship with that in Viscum.
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Figure 1. (A) Chloroplast genome map of Taxillus species, using T. chinensis as the template. (B) Chloroplast genome map of P. rigidula. The grey arrows indicate the direction of transcription of genes. Genes in the inner circle are transcribed in a clockwise direction, while those in the outer circle are transcribed counter-clockwise. The varying shades of gray in the inner circle indicate the distribution of GC and AT content, with darker shades corresponding to GC content and lighter shades corresponding to AT content. 
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Figure 2. Homology analysis of the chloroplast genomes of P. rigidula and T. chinensis. The colored blocks and bands represent homologous regions. 
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Figure 3. Heat map of RSCU values among Taxillus and Phacellaria species. 
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Figure 4. Long repeats of the chloroplast genomes of Taxillus and Phacellaria species. 
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Figure 5. Nucleotide diversity of shared various regions with Pi > 0 and length > 200 bp in 15 chloroplast genomes of Taxillus species. (a) Pi values in the genes regions. (b) Pi values in the intergenic spacers regions. 
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Figure 6. Comparation of chloroplast genomes of 3 Phacellaria species. The x-axis denotes the positions in the chloroplast genome, while the y-axis indicates the average percentage of sequence similarity within the aligned regions, ranging from 50% to 100%. 
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Figure 7. ML phylogenetic tree of 50 Santalales species. Numbers at nodes are bootstrap support values. 
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Table 1. Codon usage of Taxillus and Phacellaria species.
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	Species
	GC3s
	GC
	CAI
	ENc
	Fop
	Gravy
	Aromo





	T. chinensis
	0.268
	0.37
	0.165
	49.75
	0.351
	−0.152821
	0.116124



	T. delavayi
	0.27
	0.372
	0.166
	49.89
	0.354
	−0.155567
	0.114421



	T. levinei
	0.268
	0.371
	0.165
	49.7
	0.351
	−0.151184
	0.114695



	T. liquidambaricola
	0.269
	0.37
	0.165
	49.75
	0.351
	−0.152355
	0.114921



	T. lonicerifolius
	0.268
	0.371
	0.165
	49.72
	0.351
	−0.151446
	0.114566



	T. matsudae
	0.268
	0.37
	0.165
	49.72
	0.352
	−0.153982
	0.114106



	T. nigrans
	0.276
	0.379
	0.166
	50.10
	0.354
	−0.133505
	0.113285



	T. pseudochinensis
	0.269
	0.37
	0.165
	49.80
	0.351
	−0.151886
	0.115412



	T. rhododendricola
	0.269
	0.37
	0.166
	49.78
	0.351
	−0.15293
	0.115557



	T. sutchuenensis
	0.275
	0.379
	0.166
	50.13
	0.354
	−0.128203
	0.113377



	T. theifer
	0.267
	0.37
	0.166
	49.65
	0.351
	−0.161496
	0.115448



	T. thibetensis
	0.266
	0.368
	0.166
	49.57
	0.352
	−0.153661
	0.115179



	T. tsaii
	0.269
	0.37
	0.165
	49.79
	0.351
	−0.150685
	0.115575



	T. vestitus
	0.269
	0.371
	0.166
	49.84
	0.352
	−0.158731
	0.114805



	T. yadoriki
	0.268
	0.37
	0.165
	49.66
	0.351
	−0.151572
	0.114484



	P. compressa
	0.272
	0.381
	0.169
	50.00
	0.356
	−0.190492
	0.109123



	P. glomerata
	0.273
	0.381
	0.169
	50.02
	0.356
	−0.192315
	0.108927



	P. rigidula
	0.272
	0.381
	0.169
	50.01
	0.356
	−0.202924
	0.108829
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