Duckweed Species in Saudi Arabia

Subjects: Plant Sciences | Genetics & Heredity

Contributor: Hussein Migdadi

Duckweeds, or Lemnaceae, are widespread aquatic plants. Morphology-based identification of duckweed species is
difficult because of their structural complexity. Hence, molecular tools provide significant advantages for characterizing
and selecting species or clones for sustainable commercial use.
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| 1. Introduction

Under the arid conditions of Saudi Arabia, the agricultural sector plays a significant role in food security for humans and
animals, as well as economic, social, and sustainable development. Saudi Arabia, with a Vision 2030 strategic plan, aims
to enact sustainable development in food production by saving freshwater resources, the environment, and energy. The
government supports research on new feed resources for livestock and poultry that maintain high protein value and high
water and fertilizer use efficiency. Duckweed is an aquatic plant that contains crude protein up to 45% of its dry weight
under optimum conditions and may be used, without further processing, as a complete feed for animals and fish [,
Duckweed starch content has been reported to be from 5% to 70% of its dry weight. The high level of starch and low lignin
and cellulose levels make duckweed a promising feedstock for biofuel production . Duckweed plants float on the surface
or are slightly submerged in water. Leaf-like fronds are modified leaves and stem that mainly function in photosynthesis
and vegetative reproduction. As a result, the rate of biomass production is high, providing the basis for various practical
applications of duckweed in food and feed sustainability 2. For commercial utilization of duckweed, knowledge of its
taxonomy is required. At the morphological level, delineating duckweed species has been shown to be difficult. Many
studies have tried to decrease the anatomical complexity based on the chemical composition of flavonoids 4 and to
delineate duckweed species using allozyme, which has helped advance morphology techniques =8, The genome size of
duckweed varies 13-fold, ranging from 150 Mb in Spirodela polyrhiza (L.), Schleid. to 1881 Mb in Wolffia arrhiza Wimm.
With  the development of sequencing technology and bioinformatics, five duckweed genomes
from Spirodela and Lemna have been sequenced and assembled 4. Thirty-eight duckweed species have been identified
and characterized . With molecular biology tools and techniques (polymerase chain reaction and Q-PCR, DNA
barcoding, and high-throughput DNA sequencing tools), a taxonomic analysis at the molecular level offers a more
profound understanding than chemotaxonomy. Therefore, among the various DNA analysis methods for taxonomic
definition, molecular taxonomy is considered the most suitable method for identifying and evaluating the genetic potential
of duckweed species [&. There are only a few studies in the literature on identifying duckweed genera and species in
Saudi Arabia. Masrahi et al. 19 reported the first record of Wolffiella hyalina (Delile) Monod in Saudi Arabia and regarded
it as an addition to the flora of Saudi Arabia.

2. Morphological Characterization and DNA Barcoding of Duckweed
Species in Saudi Arabia

The identification of duckweed clones, collected from ten locations in Saudi Arabia, was made through morphological and
molecular characterization (Figure 1). Morphological variation was recorded based on the different measurements (Table
1 and Table 2). All clones showed obovate fronds shape and rounded frond apex, and the turions were present. The frond
shape of the clones from the Riyadh, Taif, Tohama, Tanomah, Qassim, and Madinah-1 regions was asymmetric, while
those from the remaining regions were symmetric. The frond color of clones from five regions (Riyadh, Tohama, Al-Baha,
Qassim, and Madinah-1) were dark green, and, in five regions (Taif, Jazan, Tanomah, Dhahran, and Madinah-2), the frond
color was recorded as light green. All the studied duckweed clones showed frond apexes and turions. The analysis of
variance for frond and root traits showed highly significant differences among the clones (Table 2). The number of roots
ranged from 1.67 to 9.22; moreover, the Madinah-2 and Al-Qassim clones had the highest number of roots and differed
significantly from other clones. The maximum number of roots, i.e., 9.22, was recorded for the Madinah-2 clones, while
the Al-Baha clones had the lowest number of roots, i.e., 1.67. The Tanomah clones had the longest roots (3.76 mm), and



the Madinah-2 clones had the shortest roots (0.74 mm). Regarding the characteristics of fronds, clones collected from the
Al-Qassim region had the highest number of fronds (6.0), while clones from the Riyadh region had the longest fronds (7
mm). The widest and thickest clones were 8.5 mm from the Madinah-1 region and 3.2 mm from the Al-Taif region,
respectively.

Figure 1. Duckweed clones collected from Saudi Arabia were used for morphological characterization and molecular
identification.

Table 1. Qualitative morphological traits for studied duckweed clones of the ten locations of Saudi Arabia (n = 10 samples
from each clone averaged and replicated three times, total samples = 30 reads). Frond shape—FSh; frond symmetry—
FS; frond color—FC; frond apex—FA, turions—T.

FSh FS FC FA T

Riyadh Obovate Asymmetry Dark Green Rounded Present
Dhahran Obovate Symmetry Light Green Rounded Present
Tohama Obovate Asymmetry Dark Green Rounded Present
Al-Baha Obovate Symmetry Dark Green Rounded Present
Al-Taif Obovate Asymmetry Light Green Rounded Present
Tanomah Obovate Asymmetry Light Green Rounded Present
Jazan Obovate Symmetry Light Green Rounded Present
Al-Qassim Obovate Asymmetry Dark Green Rounded Present
Madinah-1 Obovate symmetry Light Green Rounded Present
Madinah-2 Obovate Asymmetry Dark Green Rounded Present

Table 2. Analysis of variance (ANOVA) for the quantitative morphological traits of the studied duckweed clones. Mean and
standard deviation of the evaluated traits (n = 10 samples and three replications, total = 30).

Number of Frond Frond Frond NCF Root Number of
Roots Width Thickness Length Number of Length Fronds
(mm) (mm) (mm) Contiguous Fronds  (mm)
Riyadh 200 E 001 5.+012b 23%017¢c  7.0%£0.02a 40%0.01b 235 i 013 400:0.01b
AlTaif 200 E 001  5g+006b 3.2+006a  6.5+0.06b 5.0+0.01a 2.02 i 032 367+050b
+ +
Tohama 500 . 001 5g+006b  3.0:000b  65+0.04b 3.0£0.01c 229 . 037 400+0.01b
Jazan 2 E 053  35+010d  05%0.06f 46+0.04¢e 3.0£0.01c °'84§ 005  567:050b
Tanomah  139%033 540064 05+0.0f 45+0.09e 40%0.01b 376049 4 ce.0.53b

b a



Frond Frond Frond NCF Root

g:g!t:er of Width Thickness Length Number of Length El?omn:‘ssr of
(mm) (mm) (mm) Contiguous Fronds  (mm)
Al-Baha %7 E 0580 5540064 1.0+0.0d 47+0.09e 40%0.01b 1.98 E 0.45 3'°°bic°'°1
Dhahran 200 E 001 s0:001e 0.4+0.0f 5.0 +0.07 d 3.0+0.01c 1'54§ 0.28 3'22btc°'44
Al- 8112078 4 540.01c 07%00e 6.0 + 0.06 ¢ 5.0+0.01a 2142009 £00+001a
Qassim a b
i - + + +
Madinah-  2.00£0.01 oo, 014 0.9:0.0d 1.0 0.06 g 4.0+0.01b 0.84:009  2.89:0.33
1 b c bc
i - + + +
Madinah-  9.22%2.39 /., 06c 04+0.0f 4.0 +0.05f 3.0£0.01c 0.74+0.09  2.44:0.53
2 a c bc
Tukey
s 1.60 0.38 0.18 0.45 0.42 0.60 1.10

Means followed with the same letter in the column were not significantly different based on Tukey HSD, p < 0.05.

To facilitate interpretation of the correlation matrix, produced from the quantitative and qualitative morphological traits for
ten duckweed clones, a principal component analysis (PCA) was applied. The PCA plots provided a visual overview of
how different traits influenced the distribution of the duckweed clones. The first three principal components explained
88.27% of the total variance (i.e., PC1 46.4%, PC2 24.3%, and PC3 17.51%). The plot for the PC1 and PC2 showed that
some traits described the same variation among the clones (Figure 2). The number of roots formed the underlying
dimension for PC1, with a value of 0.95 positive loadings; whereas, frond width (-0.2) was negatively loaded and placed
on the left-hand side of the plot. PC2 explained 24.3% of the variance and showed a positive correlation with frond traits,
such as frond length (0.79), number of fronds (0.26), and frond thickness (0.22), besides root length (0.26). PC3 was
loaded with frond width with positive loading (0.76). The Al-Qassim and Madina-2 clones showed the most positive
loading in PC1, with 4.9 and 5.8, respectively, while Madina-1 clones had the most negative loading on PC1 and PC2.
Those clones were considered to be the most divergent clones.
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Figure 2. Two-dimensional biplot ordination of the duckweed clones on principal component axes according to qualitative
and rescaled quantitative data traits. Principal component 1 (PC1) represented 46.4% of the total variance, and PC2
represented 24.3% of the total variance. Frond shape (FSh); frond symmetry (FS); frond color (FC); frond apex (FA);
turions (T); the number of roots—Nroot; frond width—Frwidth; frond thickness (Frthick); frond length (Frlength); the
number of contiguous fronds (NCF); root length (Rootlen); the number of fronds (Nfrond).

The results generated from the six plastid markers (psbK-psbl, trnH-psbA, atpF-atpH, matK, rpoC1, and rbcl) for species
identification, and their accessions numbers, are presented in Table 3, and the sequences generated from each sample
are shown in Supplementary Table S1 (https://www.mdpi.com/2223-7747/10/11/2438#supplementary). The clones
collected from the Riyadh, Dhahran, Tohama, Al-Baha, Al-Taif, and Tanomah regions represented the same species
(Table 3). However, the duckweed clones collected from the Jazan region represented L. aequinoctialis, and all the
sequence data markers confirmed its exact identification, except that rbcL identified L. minor. Similarly, clones collected



from the Al-Qassim and Madinah (Madinah-1 and Madinah-2) regions were identified as L. punctata, L. perpusilla, and S.

polyryiza, respectively.

Table 3. DNA barcoding-based identifications and accessions number among 10 duckweeds clones.

Region psbK-psbl trnH-psbA matK atpF-atpH rpoC1 rbcL
Rivadh L. japonica L. gibba L. gibba L. gibba L. minor L. gibba
K54 K1035 K095301 K095 K3764 K571367
Y OK546023 0OK103562 OK09530 OK095300 OK376426 (o] 36
Dhahran L. japonica L. gibba L. gibba L.gibba L. gibba L. gibba
(OK571365) (OK383787) (OK375248) (OK598953) (Ok546019) (OK598946)
Tohama L. japonica L. gibba L. gibba L. gibba L. minor L. gibba
(OK350360) (OK383788) (OK546020) (OK598959) (OK376427) (OK598947)
Al-Baha L. japonica L. gibba L.gibba L. minor L. gibba
(OK350359) (OK103563) (OK571364) (OK493446) (OK598949)
Jazan L. perpusilla L. aequinoctialis L. aequinoctialis L. aequinoctialis L. aequinoctialis L. minor
(OK350358) (OK383786) (OK375249) (OK598956) (OK493447) (OK598948)
Al-Taif L. japonica L. gibba L. gibba L. gibba L. gibba L. gibba
K546024 K3837 K546021 K59895 K49344 K598951
OK54602 OK383789 OK54602 OK598958 0K493448 OK5989
Tanomah L. japonica L. gibba L. gibba L. gibba L. minor L. gibba
K35 1 K3837 K54 K598957 K49344 K59895
OK35036 OK383790 OK546026 OK5989 0OK493449 OK598952
Al-Qassim L. punctata L. punctata L. punctata L. punctata L. punctata L. punctata
(OK350363) (OK247674) (OK375250) (OK598955) (OK493450) (OK571368)
Madinah-1 L. perpusilla L.aequinoctialis L.aequinoctialis L. aequinoctialis L. aequinoctialis L. minor
(OK350362) (OK571366) (OK546022) (OK598954) (OK493451) (OK571369)
Madinah-2 S. polyryiza S. polyryiza S. polyryiza S. polyryiza S. polyryiza
(OK546025) (OK247675) (OK247676) (OK493452) (OK598950)

After sequencing, the data were cleaned and aligned using the Bioedit software, and the species-level phylogenetic tree
was constructed. According to the six markers, the duckweed clones, isolated from the Riyadh region, were identified
as L. gibba by four markers (trnH-psbA, mat K, atpF-atpH, and rbcL), while L. japonica was recognized by trnH-psbA,
and L. minor was recognized by rpoC1. Similar results were recorded for the Dhahran, Tohama, Al-Baha, Al-Taif, and
Tanomah regions. Most markers identified the Jazan isolate as L. aequinoctialis, but it was identified as L. minor only by
the rbcL marker. However, the duckweed clones isolated from Al-Qassim and Madinah-2 were identified as L.
punctata and S. polyryiza by all markers, respectively. The clones from Madinah-1 were identified as L. perpusilla with
three markers (psbK-psbl, trnH-psbA, and matK). In comparison, two markers (atpF-atpH and rpoC1) identified the isolate
as L. aequinoctialis, and rbcL identified it as L. minor. Based on multiple nucleotide sequence alignment (Eigure S1),

divergence score matrix (Figure S2), and the phylogenetic tree (Figure 3), four species were mostly distributed in Saudi

Arabia, which were L. gibba, L. aequinoctialis, L. punctata, and S. polyryiza (Figure 3).
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Figure 3. Phylogenetic tree based on maximum likelihood methods with 1000 bootstraps constructed in MEGA 10.0 using
the concatenated sequences of psbK-psbl, trnH-psbA, and atpF-atpH intergenic spacer region, and matK, rpoCl1,
and rbcL gene. The numbers on the nodes represent the percentage of bootstrap values from 1000 replicates. The
genetic distances are indicated by the horizontal bar.
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