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Abstract: Leucobryum is a moss genus that exhibits various bioactivities. However, the identification of
Leucobryum species with morphology alone remains difficult. Nowadays, chemical profile analysis provides
additional tools for plant classification, especially in medicinal plants. This method uses chemical similarities
to identify the differences among some plants, especially for the different varieties of the same species. The
objective of this study was to obtain the chemical profiles and use chemometrics to identify selected Leucobryum
species found in Thailand. Lipophilic extracts from 18 samples of five taxa were analyzed with TLC and HPLC.
Cluster analysis and PCA were used to investigate the similarities of the chemical profiles. PERMANOVA was
performed to determine the difference among taxa. The results showed that the TLC profile could separate
only the genus of the sample, while HPLC chromatograms showed separation among the Leucobryum taxa and
consistent patterns within the same species. In addition, the chemical profiles of Leucobryum species were
separated at the species level in PCA. The PERMANOVA showed significantly different profiles among the
species (P = 0.002). Therefore, this work illustrated the potential of chemometrics as supporting evidence for
species delimitation in the moss genus Leucobryum.
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1. Introduction

Plants in natural habitats are surrounded by hostile environmental conditions, such as pathogen
attacks, insect or animal predation, and excess light. They require secondary metabolites to protect
against enemies and abiotic stresses [1]. These metabolites can be found throughout the plant
kingdom and are valuable for taxonomic information [2,3]. For example, secondary metabolites of
two genera and nine species of Gentianaceae were employed for separations of both genus and
species levels using chemometric analysis [4]. In another case with Paeonia, a genus of medicinal
plants, root chromatographic profiles were analyzed using chemometrics to classify all species and
three varieties of Paeonia delavayi [5]. Likewise, bryophytes contain many secondary metabolites. They
are found on various kinds of substrates [6]. Despite their small size, they are frequently faced with
unsuitable environmental conditions. After all, they do not have rigid structures to protect
themselves. The biochemicals are developed as a mechanism for survival [7]. However, studies on
bryophyte chemical composition are still limited, especially in mosses [8].

The moss genus Leucobryum Hampe is placed in the family Leucobryaceae [9,10]. About 80-100
species worldwide have predominantly Temperate and Tropical distribution [11-14]. In Thailand,
eight species and two varieties were reported [15]. It can be found on various substrates and
throughout the country [6,15,16]. However, species identification remains unclear due to
morphological variation and taxonomic confusion of Leucobryum in Thailand. Identifying small
plants based on morphology and anatomy can be difficult, especially for bryophytes. There are many
misidentifications in bryophytes because the morphological characters are often the result of
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parallelisms, reductions, and convergences [17,18]. In modern systematics, classification utilizes
various types of comparative data, such as anatomy and physiology, chemistry, embryology,
palynology, reproductive biology, and molecular genetics, for species separation and analysis [19].

Plant chemotaxonomy is an approach that uses chemical constituents to improve the
classification of plants. Over the years, many techniques have been developed for plant
chemotaxonomy [2,3]. Chemometrics is one technique that analyzes multivariate datasets of chemical
profiles to support taxonomic classification [20]. This technique uses chemical profiles from thin-layer
chromatography (TLC), high-performance thin-layer chromatography (HPTLC), or high-
performance liquid chromatography (HPLC) for evaluating the similarity or difference between
various plant species, including bryophytes [21,22]. The chemistry of Leucobryum was first analyzed
using thin-layer chromatography to detect flavonoids, but could not detect any significant amount of
flavonoids [23]. However, subsequent studies identified several chemicals from Leucobryum. For
example, Fatty acids, Sterols, Hydrocarbons, Phenolics, and Alkaloids [24-27]. Nevertheless, no
detailed chemical profiles and chemometric reports have been conducted on Leucobryum. Thus, the
profile of compounds could provide an additional tool for species separation and classification of
Leucobryum species.

Therefore, the objective of this study was to use the chemical profiles and chemometrics with
chromatographic data (TLC and HPLC) to support classification within the genus of Leucobryum
found in Thailand. Two approaches, principal component analysis (PCA) and hierarchical clustering
analysis (HCA), were used to determine differences in the chemical profiles among the studied
Leucobryum species. The results showed the potential of a chemotaxonomic approach in bryophyte
classification and future prospecting of bioactive compounds in bryophytes.

2. Materials and Methods

2.1. Plant Material and Extract Preparation

Plants of the genus Leucobryum were obtained from a local plant market in Bangkok, Thailand
with the origins from the north and northeastern part of Thailand. From these materials, eighteen
samples from three Leucobryum taxa and two outgroup taxa (Table 1) were identified to the species
level using available taxonomic keys and other related taxonomic literature [12,16,28,29]. These taxa
were verified to ensure that they were previously reported from Thailand. Voucher specimens were
kept in the Department of Botany, Faculty of Science, Kasetsart University.

The plant materials were dried under shade and extracted with methanol (MeOH) for seven
days at room temperature in the dark. Subsequently, the solution was evaporated, and solid crude
extracts were separated in purified water and chloroform (CHCIs). The lipophilic extract was
concentrated until dried using a rotary evaporator, weighed, and kept in the freezer at -34 °C for
further analyses (Table 1).

2.2. TLC Development

The lipophilic extract of Leucobryum and outgroup taxa were analyzed using Thin-Layer
Chromatography (TLC) on silica gel 60 F254 (0.25 mm thickness Merck) coated on the mirror plate at
25-30 °C. The concentration was adjusted to 10 mg/mL of the lipophilic extract. The solvent system
was developed for the phytochemical screening using chloroform and hexane in the 7:3 (v/v) ratio.
Each developed plate was sprayed with anisaldehyde-sulfuric acid and Dragendroff’s reagents to
detect terpenoids and alkaloids in the plant extracts [30].
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Table 1. Data of the studied plant materials and extracts of Leucobryum species.
, . Airdried Lipophilic ~ assoflipophilic 1y
Species Individual material [g] extract [g] extract/Mass of plant specimens
material [g/100g]

AD1 14.160 0.1302 0.92 2019-PT16
AD2 7.0200 0.0895 1.27 2020-PT18
Leucobryum aduncum ~ AD3 6.2300 0.1035 1.66 2020-PT19
Dozy & Molk. AD4 15.180 0.1400 0.92 2019-PT11
var. aduncum AD5 7.0200 0.1341 1.91 2019-PT13
AD6 3.9800 0.0741 1.86 2020-PT20
AD7 5.5000 0.0697 1.27 2020-PT21
Leucobryum bowringii ~ BO1 9.2600 0.1827 1.97 2019-PT12
Mitt. BO2 3.8336 0.0782 2.04 2019-PT44
Leucobryum sanctum SA1 6.2800 0.1938 3.09 2019-PT10
(Nees ex Schwaégr.) SA2 6.4400 0.1360 211 2019-PT14
Hampe SA3 7.5700 0.1303 1.72 2019-PT15
Ochrob bul 0Os1 2.1615 0.0617 2.85 2020-PT41
e rlﬂb;"r;;t WA 0sp 16735 0.0236 141 2020-PT42
0S3 2.2048 0.0556 2.52 2020-PT43
Campylopus ericoides CE1 33.770 0.3351 0.99 2020-PT37
(Griff) A. Jacger CE2 22.590 0.3262 1.44 2020-PT38
CE3 16.900 0.2444 1.45 2020-PT39

2.3. HPLC Analysis

High-Performance Liquid Chromatography (HPLC) was used to analyze the lipophilic extract
of studied plant samples. The concentration was adjusted to 10 mg/mL, similar to the TLC analysis.
The analysis was conducted using an Agilent, 1100 series with UV photodiode array detector, eluted
with MeOH in aq. Buffer (15 mM ortho-HsPOs and 1.5 mM BusNOH, pH3) and used reversed-phase
BDS hypersil C18 column (250 x 4.6 mm part number 28105-254630) with the run time of 30 minutes.
The flow rate and injection volumes were 1.0 ml/min and 20 pl, respectively. The HPLC analysis was
performed at the Scientific Equipment Center, Faculty of Science, Kasetsart University, Bangkok,
Thailand.

2.4. Chemometric Analysis

The HPLC chromatograms from 230 nm wavelength at the retention time between 5-20 minutes
were selected to represent the chemical profiles of the Leucobryum taxa and the outgroups. The areas
under the peaks with more than one percent of the total area from the selected part of the
chromatogram were used as multivariate chemical profiles to compare among the studied samples.
Statistical analyses, including principal component analysis (PCA) and hierarchical clustering
analysis (HCA), were performed using the R program v.3.6.1 [31]. Before PCA and HCA, the pairwise
Bray-Curtis distance was calculated to emphasize the shared presence of detected chemicals. The
PCA and HCA were performed on the distance matrix using the functions “prcomp” and “hclust” in
the package “stats.” PERMANOVA was performed to determine if the chemical profiles are
significantly different among taxa, using the function “adonis” in the package “vegan” [32,33].

3. Results and Discussion

3.1. TLC Profiles

The lipophilic extracts were obtained from the 18 samples of three taxa of Leucobryum and two
outgroup taxa from Thailand (Table 1). The extracts were analyzed using the TLC. Developed plates
were sprayed using the anisaldehyde-sulfuric acid and Dragendroff’s reagents to detect potential
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terpenes and alkaloids, respectively (Figure 1). Based on the band patterns, no differences within
Leucobryum taxa were detected with the two reagents. The TLC results showed the separation of the
genus Leucobryum from Campylopus and Ochrobryum with the anisaldehyde-sulfuric acid reagent. The
results showed the difference in the chemical composition of Leucobryum and the other genera,
suggesting the potential use of TLC profiles for identifying Leucobryum from the closely related
genera. Several genera, such as Leucophanes, Ochrobryum, Octoblepharum, share the “Leucobryoid”
morphology of the short tufted whitish leaves. These genera are easily confused in the field and
required detailed examinations of the leaf anatomy for identification. Having a TLC profile may help
separate Leucobryum from similar looking genera.

The inability to separate species within the genus Leucobryum may result from an unsuitable
solvent system. The TLC can separate compounds with varied polarity depending on the solvent
system’s capabilities to generate chromatographic bands. The thick band at the end of each plate
(Figure 1B) showed that the current solvent system could not separate many compounds with low
polarity in this study. Highly polar compounds such as alkaloids were not well separated either, as
shown in the thick color bands in Figure 1A. Therefore, we will have to develop additional solvent
system for TLC if we need to discriminate among the species of Leucobryum found in Thailand.
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Figure 1. The TLC-profile plates of Leucobryum lipophilic extracts sprayed with Dragendroff’s reagent
(A) and anisaldehyde-sulfuric acid reagent (B). The abbreviations are the species names followed by
the sample number: AD, Leucobryum aduncum var. aduncum; BO, L. bowringii; SA, L. sanctum; OS,
Ochrobryum subulatum; CE, Campylopus ericoides.

The result from TLC plates spaying with Dragendroff’'s reagents showed that alkaloid
compounds were found in all Leucobryum extraction samples. It turned orange at the starting point
(Figure 1A). The result of this assay is consistent with the previous study that Leucobryum javense
contains at least four alkaloid compounds, including 2,4-dimethylbenzo[h]quinoline, N-hydroxy-N’-
[2 (trifluoromethyl)phenyl]pyridine-3-carboximidamide, 2 Pyridinecarbohydrazonamide, N’-[(2,4-
dimethoxyphenyl)methylidene]-, and Lochneridine [27]. The anisaldehyde-sulfuric acid reagent was
used to detect phenolic, terpene, sugar, and steroid compounds from the blue, red, grey, and green
colors on the developed TLC plates, respectively. The result showed a high content of phenolic and
terpene compounds in all Leucobryum samples at RF values = 0.79 and 0.92, respectively. Some
samples of L. aduncum var. aduncum and L. sanctum showed steroids at RF values = 0.72 and 0.73,
respectively (Figure 1B). These groups of compounds were previously reported from the species of
Leucobryum. For example, in L. javense, Azar, Rosleine, and Faizal [27] reported chemicals in this
group, including Butylated Hydroxytoluene (phenolics), cis-Pinane (terpenes), and 3-Deoxyestradiol
(steroids). Additionally, 24-methyl-5,7,22-cholestatrienol (steroids) was reported in L. glaucum
[25,34]. Unfortunately, there has been no report of the secondary metabolites from the species in the
current study. Our TLC data do not have enough resolution to identify the exact compounds in the
moss extracts. The exact identity of these compounds will need to be verified in further
chromatographic studies with reference compounds.
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3.2. HPLC Profiles and Chemometrics Analysis

The same set of lipophilic extracts from TLC were also analyzed using HPLC. While TLC profiles
showed no differences among Leucobryum taxa, the HPLC profiles showed clear differences among
the studied taxa. The chemical profiles individuals of the same taxa were similar to each other (Figure
2). Both TLC and HPLC are chromatographic methods for separating the chemical constituents.
However, their separation quality differs because HPLC uses simultaneous detection, making it more
sensitive than the visual observation in TLC.

To confirm if the chemical compositions differed among the studied taxa, we analyzed the
obtained HPLC profiles using HCA and PCA. The results from HCA showed that the majority of
Leucobryum samples were clustered together, separated from the outgroup (Figure 3). According to
the cluster dendrogram, 18 samples were divided into four clusters. All samples of L. aduncum var.
aduncum were placed in cluster I. Cluster II contained all samples of L. sanctum and one sample of L.
bowringii (B01). Cluster III contained only Ochrobryum subulatum samples (outgroup). Finally, Cluster
IV contained all samples of Camplypolus ericoides, the outgroup, and one sample of L. bowringii (B02).

These results were consistent with the classification of Leucobryum species, with a noted
exception of L. bowringii. The HPLC profiles also showed different patterns of peaks between two
samples of L. bowringii around the retention times of 5-7 minutes and again at 15 minutes onward.
As the lack of internal consistency within the species is likely to contribute to the clustering of L.
bowringii samples with the other taxa. The differences in chemical profiles within L. bowringii may
result from different environmental conditions where these plant samples were collected. In
Leucobryum, differences in chemical compounds among habitats of the same species have been
reported in L. javense [27]. Our L. bowringii samples also came from different venders at different times
of purchase, suggesting the different localities, resulting in different chemical profiles. Increasing the
number of samples within each species may help enhance the within-taxa consistency in chemical

profiles compared to the current study.
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Figure 2. The HPLC profiles of the Leucobryum lipophilic extract and outgroup taxa.

Overall, the PCA results confirmed the difference in the chemical profiles among the three
Leucobryum taxa (Figure 4). Out of the overall variance explained (34.72%), the first component (PC1)
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accounted for 21.8%, and the second component (PC2) accounted for 12.92%. Three Leucobryum taxa
(L. aduncum var. aduncum, L. bowringii, and L. sanctum) showed three distinct, non-overlapping
clusters, indicating that the three species were separated. The PERMANOVA showed significant
differences among five studied taxa at P-values = 0.002 and F-values = 2.4973. This multivariate
analysis showed that the studied Leucobryum species differed markedly from each other and the
outgroups in their HPLC chemical profiles.

While the HCA could not group the samples of L. bowringii together, the PCA readily
distinguished this taxon from the others. The observed discrepancy highlights the importance of the
choice for analytic tools in chemometrics. While Principal Component Analysis (PCA) and
Hierarchical Clustering Analysis (HCA) are both powerful techniques for chemometric analysis, they
were developed for different purposes and have different advantages. In the case of comparing
chemical profiles, PCA uses the dimension reduction techniques, while HCA relies on clustering of
the groups based on the distance matrix. PCA is inherently better at dealing with multicollinearity
and highly correlated variables than HCA. Therefore, PCA might be able to position the slightly
different chemical profiles of L. bowringii closer to each other than HCA. In our particular case, PCA
was more effective at separating taxa within the genus Leucobryum, but the results could be different
with other chemometric datasets. Therefore, it is advised that researchers use a variety of analytical
techniques when analyzing chemical profile data, especially in the early stages of exploratory data
analysis, in order to guarantee the validity and applicability of the findings for later research.
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Figure 3. The cluster dendrogram of the HPLC chemical profiles from the lipophilic extracts of
Leucobryum and outgroup taxa. Four groups (I-IV) are identified from the analysis. The abbreviations
are the species names followed by the sample number: AD, Leucobryum aduncum var. aduncum; BO, L.
bowringii; SA, L. sanctum; OS, Ochrobryum subulatum; CE, Campylopus ericoides.


https://doi.org/10.20944/preprints202311.0569.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 November 2023 doi:10.20944/preprints202311.0569.v1

Taxa

E Leucobryum aduncum var. aduncum
[Z] Leucobryum bowringii

06 ®  Leucobryum sanctum

l . } Ochrobryum subulatum
E Campylopus ericoides

PC2 (12.92%)

0.0 S~
~ %__«

-04 -0.2 0.0 0.2
PC1 (21.8%)

Figure 4. The Principal Component Analysis (PCA) based on the HPLC chemical profiles from the
lipophilic extracts of Leucobryum and outgroup taxa (Ochrobryum subulatum and Campylopus ericoides).
The groups are significantly different at P-values = 0.002 (PERMANOVA).

4. Future Directions

Our study shows that chemical profiles obtained from these analyses can effectively distinguish
between different taxa of Leucobryum. There exist multiple directions for future research that have the
potential to enhance our comprehension of Leucobryum species and their chemistry. First, a better
identification of the secondary metabolites should be performed, using comparisons with the
standards or a more powerful techniques, such as High-Resolution Liquid Chromatography-Mass
Spectrometer Quadrupole Time of Flight (LC MS/MS Q-TOF). The latter technique allows the
automatic identification of the observed compounds from the analysis, using an extensive database.
Some these compounds can potentially be bioactive and should be test for their activities further.

5. Conclusions

The chemical profile studies of the moss genus Leucobryum from TLC and HPLC showed that
the TLC profiles could only separate the genus from the outgroups. HPLC chromatograms provided
a greater resolution than the TLC, allowing us to separate Leucobryum from the outgroup and classify
species within the genus using PCA and Cluster Analysis. PERMANOVA showed significant
separation of Leucobryum species by their chemical profiles. This work provides additional data for
species delimitation in the moss genus Leucobryum and serves as an example of the use of
chemometrics in the classification of bryophytes.
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