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ABSTRACT

Pistia stratiotes L. is a pantropical aquatic weed, also known as water lettuce. It is native to tropical and subtropical lakes
of Brazil and Chile. It is a floating stoloniferous plant that can influence aquatic ecosystems and limnological
characteristics. Pistia stratiotes L. can be used to improve the quality of water and decrease the risk of eutrophication in
aquatic ecosystems. Despite its ecological significance as a phytoremediator and its invasive distribution, it is necessary
to investigate genotypic plasticity. The current study focuses on the molecular identification of Pistia stratiotes L. and
explores its phylogenetic relationship with closely related species. Specific primers for rbcLa were applied for PCR
amplification. PCR products after purification were subjected to rbcLa sequence barcode. Chromas was applied to
analyse the chromatogram file. Sequence alignment was completed by multiple sequence alignment (MSA) and Clustal
2.1. Basic Logical Alignment Sequence Tool (BLAST) of the NCBI database was used to align the query sequence. The
rbcLa marker barcode showed 99.46% accuracy for the identification of species. The DNA barcode based phylogenetic
tree revealed that Pistia stratiotes L. is the only surviving specie of this genus and its closest relative is Hydrilla
verticillata (L.f.) Royale belonging to the family Hydrocharitaceae.
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INTRODUCTION ensures the regulation of plant based products, including

herbal remedies and other trade goods (Kress, 2017). The

The traditional identification of plants requires explormg plant DNA bargodes n a broad spectrum, is
complete morphological data including flowers and fruits both delicate and challenging, especially when compared
(Hebert et al., 2003; Gonzalez et al., 2009; Diisen et al., to the animal barcode region of the mitochondrial gene

2018; Goktiirk et al., 2019). Plant species identification ~ COL which is proven ineffective in plants (Nehal er al.,
by DNA barcoding is an innovative technique that not 2021). Additionally, Hybridization, limited sequence

only identifies species but also reveal their phylogeny polymorphism, low rates of nucleotide substitution, and
(Hebert et al., 2003). DNA barcoding is a molecular frequent gene flow between closely related species are
technique for proper species identification, differentiation significant obstacl.es in selecting a universal barcode for
and discovery of new species (Hollingsworth et al., 2011; land plants (Hollingsworth et al., 2011), therefore the
Abdi et al., 2024). DNA barcodes are specific regions of Consor.num for. Barcode of Life (CBOL) has determined
DNA that can be amplified and sequenced regularly using barcoding regions from the genome of chloroplast
universal primers. These standardized short DNA (CBOL Plant Working Group, 2009). The chloroplast
sequences serve as a unique identifier for species genome is smaller than that of the mitochondria and
(Parmentier et al., 2013; Antil er al., 2023). Through nucleus. cpDNA in higher plants evolves more slowly
extensive studies and comparing plant barcode sequences and undergoes fewer internal changes (Mo ez al., 2020).
with international DNA barcode Data bases, it is easy to This slow rate of evolution makes cpDNA suitable for
recognize unknown plant samples, as well as efficiently studying plants beyond the family level (Shneyer, 2009).
evaluate, understand, preserve and utilize biodiversity on The Plant Working Group of CBOL was established to
a broad scale (Kress et al., 2015; Fatima et al., 2019; identify plant DNA barcodes (Kress et al., 2005). By
Ustiiner et al., 2022; Letsiou ef al., 2024). 2009, Plant Working Group of CBOL  suggested

DNA barcoding plays a crucial role in plant “Bgrcod@s” for. plants,. which cover chloroplast genome
genomic conservation and in creating genetic databases regions including coding areas (matK, accD, ccsA and

of rare species. It helps in preventing illegal trade and rbeL) and non-coding areas (trnh — psbA, aipF — aipH)
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(CBOL Plant Working Group, 2009). The combination of
matK and rbcL is proposed as universal because of the
easy recovery of the rbcL region and the discriminatory
power of the matK sequence (Hollingsworth et al., 2011).

The ribulose 1,5 bisphosphate
carboxylase/oxygenase (RubisCO) gene is of 1400 base
pairs, plays a pivotal role in CO; fixation in plants and
algae. RubisCo consisting of 8 large subunits (LSU) and
8 small subunits (SSU). The large subunit is encoded by
gene rbceL of chloroplast and is the most abundant protein
on Earth (Tabita et al., 2007). This gene is crucial for the
initial stages of the Calvin cycle in plants and remained
highly conserved throughout evolution. Unlike certain
chloroplast encoded genes the RubisCO lacks introns
which highlights one of the significant advantages of the
rbcL gene. The rbcL gene along with the matK gene
mostly serve as a marker for DNA barcode. The matK
gene’s higher variability enables better intra-specific
investigation, while the conserved nature of rbcL
provides greater discriminatory power across species
(Kress and Erickson, 2007). Generally, to determine
evolutionary relationship among spermatophytes, the
APG (Angiosperm Phylogeny Group) system is applied
but APG analysis gives low-resolution phylogenetic trees
which prevent the distinguishing relatedness at the
species level (Hermsen, 2020; Tokgdz et al., 2024;
Yuceol et al., 2024). DNA barcoding offers a unique
method to achieve this goal by creating standard DNA
sequences, DNA barcoding can identify evolutionary
relationships among various plant species within the
same family. Once sequences are obtained the
phylogenetic trees using DNA barcodes can be
constructed even for the individuals with confusing
morphological features. Moreover, based on sequence
similarity, the families and genera of unidentified
individuals can be inferred from Barcode of Life Data
(BOLD) system and/or GenBank (Kress and Erickson,
2008; Antil et al., 2023; Chac and Thinh, 2023).

Hydrophytes are plants that can thrive in water
either partially or completely submerged. The
hydrophytes have adopted the aquatic way of life in
subsequent successions. They have modified themselves
to survive in an aquatic ecosystem. In aquatic
ecosystems, fluctuation in temperature is insignificant
and nutrients are primarily present in a soluble state
(Hamid et al., 2020). Pistia stratiotes L. is a
stoloniferous, perennial, and surface floating aquatic
macrophyte. When its old leaves degenerate its fruit sink
to the bottom of the water body, where they decay and
liberating the seeds for growth of new plants. Pistia
stratiotes L. is highly invasive due to its speedy growth.
Its average biomass yield is 200 tons/ hectare. Its biomass
doubles every 10 to 15 days depending on the
temperature of water and nutrients (Pistia Stratiotes L. |
Species, 2024).
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Pistia stratiotes L. is a promising option for
phytoremediation of heavy metal - polluted water bodies.
It is effective in removing chromium, lead and nickel
from waste water (Zahari et al., 2021; Samal and Dash,
2024). It was able to remove up to 99.31% of lead and
76.25% chromium at 1mgL"! concentration within two-
week time period. The plant was particularly efficient at
concentrating lead in its roots, reaching up to 15,000 mg
Kg'! in plant tissue (Zahari et al., 2021).

The Ravi river is a transboundary river between
Pakistan and India and is a vital component of Indus river
basin (Kanwar et al., 2021). Balloki Headworks is built
on the Ravi river and is located approximately 65 km
southwest of Lahore, Punjab, Pakistan. This Headworks
feeds two canal systems viz. Lower Bari Doab Canal and
Balloki Sulemanki link canals. It was constructed in 1913
by the British government in the form of level crossing
where supply from the upper Chenab was dropped into
the Ravi river on the right bank (Balloki Barrage
International Commission on Irrigation & Drainage
(ICID), 2024). Balloki Headworks provides numerous
wetlands that plays a crucial role in maintaining the
balance of the ecosystem. Many plant species in these
wetlands have been catalogued, but the approach of
identifying them through DNA barcoding has been
largely overlooked. This study was designed for the
molecular identification of Pistia stratiotes L. and to
construct its phylogenetic tree using the Maximum
Likelihood method, employing the discriminatory power
of rbcLa marker gene as standard barcode.

MATERIALS AND METHODS

Survey Site: The survey site was Balloki Headworks
located near Phool Nagar, Kasur District, nearly 65 Km
distant from Lahore (Kasur, 2024), with coordinates of
31.2222 North and 73.8591 East.

Specimen Collection: The Pistia stratiotes L. specimens
were collected from aforementioned survey site during
summer of 2023. Plant collection and subsequent
preservation were done according to standard “surface
inventory” method (Parsons 2001).

Plants collected from the study site were well-
preserved after drying and by mounting on herbarium
sheets by following customary herbaria methods. Then
these preserved samples were deposited in Dr. Sultan
Ahmed herbarium, Department of Botany, GC University
Lahore, Pakistan after posting voucher numbers.

DNA Extraction: Extraction and purification of DNA
was executed according to amended CTAB method as
described by Yameen et al. (2024).

DNA Quantification: Quantification of DNA was made
by Nano Drop microvolume spectrophotometer (Thermo
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Fisher Scientific) at Axs/Azso according to the method
described by Garcia-Alegria ef al. (2023).

Agarose Gel Electrophoresis: For the confirmation of
isolated DNA, 1% Agarose gel electrophoresis was
executed according to Armstrong and Schulz (2015).
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PCR Amplification: Confirmed cpDNA extracts were
amplified by PCR for the rbcLa genetic marker using
specific primers, as described by Lorenz (2012). The
details are as follows:

Hamza Khan fish
=% point, Head Balloki

Usman fish point @

Figure 1. GPS Map of Balloki Headworks

Table 1. Primers used for amplification

Primer Length %GC Melting 5 to 3" sequence Reference
temperature (tm) °C
rbcLa-F 26 42 61 ATGTCACCACAAACAGAGACTAAAGC Levin et al.
(2003)
rbeLa-R 19 47 53 GTAAAATCAAGTCCACCRCG Kress and
Erickson
(2007)

Amplified gene was confirmed by comparison
with 1 kb DNA ladder (Invitrogen — Thermo Fisher
Scientific) using 1% Agarose gel electrophoresis. The
purified PCR amplification products were forwarded to
Macrogen Inc., Seoul, Republic of Korea for Sanger
sequencing.

Data Analysis and Sequence Alignment: Subsequent
upon gene sequencing, the chromatogram file was
obtained  which was analyzed by  Chromas
(Subbotin,2021). Afterward, align the sequences using
the multiple sequence alignment (MSA) technique.
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Subsequently, BLAST (Basic Logical Alignment Search
Tool) the gene sequence from the NCBI database and
aligned this query sequence (Kuznetsov and Bollin,
2020).

Phylogenetic Tree - based Analysis: By ensuing
maximum likelihood method, the phylogenetic tree was
created based on rbcLa gene with 1000 bootstrap
replicates in MEGA6 (Tamura et al., 2013). The
phylogeny was deduced via Maximum Likelihood
methodology derived from Tamura-Nei model (Tamura
and Nei, 1993).
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RESULTS

cpDNA Extraction and Quantification: cpDNA
Quantification from Pistia stratiotes L. specimens was
done through Nano - Drop micro volume
spectrophotometer  (Thermo  Fisher Scientific) at
Ase0/Azs0. The average value obtained was ~1.83 which
represented the pristine quality of DNA samples. Garcia-
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Alegria et al. (2023) also explained that a ratio of ~1.8 is
generally considered as pure DNA.

Gel Electrophoresis of cpDNA: Further validation of
isolated cpDNA from Pistia stratiotes L. was through
1.0% Agarose Gel electrophoresis as shown in Fig. 2.
First well denoted by L is 1kb DNA ladder (Invitrogen —
Thermo Fischer Scientific), Well No. 1, 2, 3 and 5, 6,
showed undamaged DNA.

Figure 2. cpDNA extracted from Pistia stratiotes L.

PCR Amplification: The rbcLa marker was successfully
amplified by utilizing following universal primers rbcLa-
F: 5- ATGTCACCACAAACAGAGACTAAAGC-3’

(Levin et al., 2003) and rbcla - R: 5 -
GTAAAATCAAGTCCACCRCG - 3° (Kress and
Erickson, 2007).

Figure 3: PCR amplification results for rbcLa observed on 1% agarose gel for Pistia stratiotes L.

The Figure. 3 illustrates the PCR amplification
results for rbcLa observed on 1% agarose gel. Well L

contain 1kb ladder (Invitrogen — Thermo Fisher
Scientific). Well No. 1, 3, and 4 contain amplified marker
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and show clear bands without any smearing,
corresponding to approximately 500bp.

Multiple Sequence Alignment (MSA): Subsequent
DNA sequencing, the chromatogram file was evaluated
by wusing Chromas software (Subbotin,2021). Both
chromatograms of forward and reverse sequences
exhibited low - grade peaks in adjacent regions. To
identify species by Basic Logical Alignment Sequence
Tool (BLAST) of NCBI, forward and reverse sequences
were segregated. By using the online reverse complement
technique, single sequence was made from both forward
and reverse sequences in which the forward sequence
persists but reverse sequence changed into a reversed
complement sequence (Schwartz et al., 2003; Henson et
al., 2012). Afterward, the alignment was performed by
Multiple Sequence Alignment (MSA) at Clustal 2.1 in
Geneious. Discontinuous stars at both termini were
shown in reverse complement due to primer site,
unforeseen sequence, and variable nucleotides. The mid
portion of reverse complement showed continuous stars
(510 nucleotides) was selected as a DNA barcode for the
data repository. Then NCBI’s BLAST was used for
species identification by this sequence (Arnold et al.,
2020).

Species identification by BLAST: The obtained DNA
sequence of rbcLa gene was 585bp; after cleaning it was
reduced to 510bp with an average of 510+2. The base
quality score of sequencing was 99.46%. Samples being
examined were those that presented Max. Percentage
Identity (P1%) (Table 2).

Query session No. 2953481, 99.46% match with
Pistia stratiotes L. which we already identified through
morphological characteristics.

Taxonomic Identification of Species from rbcLa
marker sequence data: The NCBI taxonomy browser
revealed that plant is Pistia stratiotes L., commonly
known as “water lettuce” and “shellflower”. Its

(16)

(17)
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Taxonomic ID is 4477. In the NCBI BLAST database, it
is classified under “monocots”. Its taxonomic rank is
“Species”.

Table 2. BLAST results

Description Values
Maximum Score 1018
Query cover 97%
E Value 0.0
Percentage Identity(PI) 99.46
Query Session No. 2953481

Table 3. Taxonomic hierarchy according to NCBI
Taxonomy Browser

Nomenclatural Rank Name
Domain Eukaryota
Kingdom Viridiplantae
Phylum Streptophyta
Subphylum Embryophyta
Division Tracheophyta
Subdivision Euphylophyta
Class Magnoloipsida
Super order Mesangiospermae
Order Alismatales
Family Araceae
Sub Family Aroideae
Tribe Pistiae
Genus Pistia

Analysis by Phylogenetic Tree formation: The
evolutionary lineage was deduced using Maximum
Likelihood approach based on the Tamura — Nei model,
and was utilized to construct a phylogenetic tree with
MEGAG6 Software, employing 1000 bootstrap repeats.
(Saitou and Nei, 1987; Tamura and Nei, 1993;
Tamura et al., 2013).

ﬂ:(S) gb/KJ747421.1| organismHydrilla verticillata
(15) (7) gblKJ747424.1| organismHydrilla verticillata

(3) refINC 048522.1| organismPistia stratiotes

(18)

(8) gb]MHO049895.1| organismPistia stratiotes

(20)

(11) gb|KJ747423.1| organismHydrilla verticillata

(1) lellQuery 2953481
(6) gb/PP001325.1| organismPistia stratiotes

(13) {(2) gb|OL537056.1| organismPistia stratiotes
(12) (9) gb/0Q790319.1| organismPistia stratiotes

—(4) gbKF432067.1| organismPistia stratiotes

(19) L———(10) emb|AM905799.1| organismPistia stratiotes
Figure 3. Evolutionary Relationships of Taxa
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DISCUSSION

Pakistan is among the countries affected by
global climate change, with erratic weather conditions
and anthropogenic activities leading to the demolition of
natural aquatic ecosystems (Hussain et al., 2020).
Wetlands deliver crucial ecological functions for
conservation of biodiversity and providing place for
recreational activities (Janse et al., 2019). Punjab,
Pakistan, is divided into tropical and subtropical regions,
both rich in diverse flora and fauna at various
organizational levels within the ecosystem. The genetic
database of majority of its flora is unexplored specially
the aquatic flora (Arshad et al., 2024). The aquatic plants
have great ecological and medicinal importance. The
restoration of natural water bodies is important for
conservation of indigenous aquatic flora. Management of
water bodies for conserving aquatic flora and fauna is not
yet fully addressed in a way that will conserve genetic
resources for farming and agriculture. There are very
limited efforts to conserve aquatic genetic resources
(FAO 2019).

Established waterbodies like dams and
Headworks have extensive growth of hydrophytes which
can cause serious economic and ecological damage, once
they get in to it (Kaur et al., 2018). Their enormous
growth in rivers, canals, barrages and dams affect
hydropower generation and irrigation. Invasive
hydrophytes also intimidate aquatic biodiversity by
substituting indigenous flora and fauna there by
producing irrevocable alterations to habitations (Dudgeon
et al., 2006; Ghosh et al., 2021). Globally, the most
notorious invasive aquatic plants include Pistia stratiotes
L. (water lettuce), Eichhornia crassipes L. (water
hyacinth), Salvinia molesta D.S. Mitch. and Typha
(cattail) (Ghosh et al., 2021).

Pistia stratiotes L. (water lettuce) is an invasive
hydrophyte and its ability to grow in waste water make
this weed a potential resource for fodder, biomass for
energy production, and bioremediation (Kaur et al.,
2018). The conservation of local flora needs
identification of species is the first step for establishment
of genetic data bank. Species identification is a
complicated process due to similarities in morphological
characteristics (Pall-Gergely et al., 2024).

DNA barcoding has modernized systematics and
can serve as a valuable tool for conservation, particularly
in the study of invasive plants (Nath et al., 2024). This
modern technique can help researchers to identify floral
diversity more precisely for conserving local flora. This
methodology is based on short DNA fragments to allot
plant taxa to their clade with great precision
(Cahyaningsih et al., 2024). The DNA barcoding
technique has enormous prospective and could be helpful
in production of novel materials for pharmaceutics and
alternative energy resources (Constantinescu and Sicuia,
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2020). The nuclear genome has /7S and mitochondrial
genome has COI while chloroplast genome has rbcL,
matK, ycf3- trnS, and psbA-trnH genes which are
considered as highly conserved regions. These conserved
genes are being utilized as standard DNA barcodes
(CBOL 2009). Lonare et al. (2024) and Nath et al. (2024)
recognized DNA barcoding as an effective tool for
identification of native and invasive plant species. DNA
barcoding has proved itself as a reliable way of plant
identification process (Waterton and Wynne, 2013).

It was a successful attempt to establish the DNA
barcode of commonly occurring aquatic plant, Pistia
stratiotes L. (water lettuce) applying universal primers
for rbcLa (Levin et al., 2003; Kress and Erickson, 2007).
rbcLa was amplified successfully for Pistia stratiotes L.
which implies it as a more appropriate DNA barcode for
hydrophytes as well as terrestrial plants (Hollingsworth et
al., 2009; Niemann et al., 2022; Espinosa et al., 2023)
The BLAST results for conserved sequence query
matched Pistia stratiotes L. Results of current
investigation reveal that rbcLa is remarkably useful
resource for recognizing species as reported by Espinosa
et al. (2023) and Yameen et al. (2024). Therefore, rbcLa
is enough for recognizing plant species of native as well
as invasive nature, as stated by Dong et al. (2014) and
Yameen et al. (2024).

Phylogeny in the form of a tree is interpreted as
a better technique for species resolution than other
nucleotide based techniques (Hollingsworth et al., 2016;
Liu et al., 2021). rbcLa barcode - based phylogenetic tree
had percentage of nodes having 99.46% bootstraps
reinforces the concept that single barcode is idyllic in
contrast to multi locus barcode for a minor data (Trujillo-
Argueta et al., 2022).

Results of current study revealed that Pistia
stratiotes L. and Hydrilla verticillata (L.f.) Royale are
related to each other through a distant common ancestor
as depicted by Figure. 3. This phylogenetic relationship
has ecological implications as this could be helpful to
identify genetic traits that contribute to their invasiveness,
such as rapid reproduction and adaptability to diverse
aquatic environments (Colautti et al., 2017; Hohenlohe et
al., 2021). As both of these plant species share similar
ecological niche, they may out compete native species,
leading to biodiversity loss (Ghosh et al., 2021). One
more common characteristic of these plants is the
formation of dense mats that block sunlight and deplete
oxygen levels in aquatic ecosystems (Ismail et al., 2021).

DNA barcoding applying rbcLa genetic marker
is an approved technology for the rapid identification of
plant species, including invasive ones. It can facilitate
early intervention before they establish dominance over
native species, aiding in reintroduction efforts and
restoring ecological balance (Kokou et al., 2021; Madeira
et al., 2022).
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Conclusion: Various plant species in aquatic ecosystems
have been identified using traditional methods, but DNA
barcoding has opened a new window in plant
identification and establishing phylogenetic relationship.
In this study, aquatic macrophyte Pistia stratiotes L. was
identified using rbcLa DNA barcoding. The findings of
this research will aid in expanding the application of
DNA barcoding in aquatic plants. It was found that »bcLa
is beneficial for the barcoding of plant species with the
current universal primers, however, further research is
required to enhance barcoding techniques and develop
locally  verified databases.  This  investigation
demonstrated the rbcLa barcode as a valuable tool for
biodiversity assessment and genetic conservation of
aquatic plants.

Future Research Directions: The water bodies in
Punjab, Pakistan, are receding due to rapid climate
change, which is also wiping out aquatic floral
biodiversity. Therefore, further investigations are needed
to establish rapid and easy methods for establishing
genetic database for plant conservation, which could aid
in developing new plant varieties capable of tolerating
changing environmental conditions.

Limitations of the Study: Recent study is mainly
emphasized on the molecular phylogeny of Pistia
stratiotes L., a well-known invasive hydrophyte so we
specifically collect it from Balloki Headworks and canals
originating from here. There were some challenges we
faced during DNA extraction by CTAB method described
by Doyle (1991) but then we use modified CTAB method
as described by Yameen et al. (2024). During PCR
amplification we face problems by matK and /7S2 marker
which do not amplify with universal primers. For
amplification of rbcLa, no specific problems were faced
by universal primers and conditions described by Levin et
al. (2003), Kress and Erickson (2007) and Lorenz (2012).
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