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The presence of arsenic in groundwater has affected the water supply, especially in rural
areas. Inorganic arsenic can be transferred to the food chain through water contamination
and causes acute biotoxicity. Selecting appropriate aquatic plants tolerant to arsenic
contamination are the key factors in promoting the practical application of
phytoremediation in a polluted environment. Water hyacinth (Eichhornia crassipes) and
water mimosa (Neptunia oleracea) have been widely identified as two feasible
phytoremediators. In the current study, the phytoremediation potential of water hyacinth
and water mimosa exposed to different concentrations of sodium heptahydrate arsenate
(5, 10, 30, 50, 60, 70, 80, 90, and 100 mg/L) was tested for two weeks. Several plant
physiological and growth responses as well as arsenic accumulation and removal
efficacy were analyzed. It was found that there were significant differences in the level
of 5% for all the traits between the arsenic treatments for both types of plants. In water
hyacinth and water mimosa, there were decreasing trends of the ratio of biomass (DRB),
the ratio of dry weight (DRD), photosynthetic activities, stomatal conductance,
intercellular COy, transpiration rate, air pressure deficit and chlorophyll content after 14
days of exposure to the arsenic. In the experiment, water hyacinth had shown the highest
arsenic absorption as compared to the water mimosa, which was recorded at 70 mg/L.
Water mimosa showed severe necrotic symptoms at the highest concentrated condition
(100 mg/L) after 14 days of treatment but was still able to accumulate 16.36 mg/Kg-1
arsenic in its roots (0.8 mg total arsenic). To have a further understanding at the
molecular level, transcriptomic analysis was performed on the arsenic-treated water
hyacinth using the RNA-Sequencing technique. Differential gene expressions had
uncovered transcripts encoding various genes associated with the arsenic uptake, the
effect on the structural constituent of the ribosome in the plant as well as heat shock
tolerance mechanisms. Accordingly, the expression of intracellular ribonucleoprotein
complex, suggesting a potential means for arsenic impact on RNA-binding proteins and
RNA to denote intracellular compartments involved in the processing of RNA
transcripts. All in all, water hyacinth and water mimosa have the potential to be a
phytoremediator plant. Their response to the heavy metal contamination, coupled with



high biomass yields, makes them a considerable option for contaminated site
phytoremediation.
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Kehadiran arsenik pada air bawah tanah telah mempengaruhi bekalan air, terutama di
kawasan luar bandar. Arsenik inorganik boleh dipindahkan ke rantai makanan melalui
pencemaran air dan menyebabkan biotoksisiti akut. Pemilihan tanaman akuatik yang
rintang terhadap pencemaran arsenik adalah faktor utama dalam mempromosikan
penggunaan fitoremediasi dalam persekitaran yang tercemar. Keladi bunting
(Eichhornia crassipes) dan keman air (Neptunia oleracea) telah dikenali sebagai
tumbuhan fitoremediator yang baik. Dalam kajian ini, potensi fitoremediasi keladi
bunting dan keman air yang didedahkan kepada kepekatan natrium heptahidrat arsenat
yang berlainan (5, 10, 30, 50, 60, 70, 80, 90, dan 100 mg / L) diuji selama dua minggu.
Beberapa tindak balas fisiologi dan pertumbuhan serta keberkesanan pengumpulan dan
penghapusan arsenik dianalisis. Didapati bahawa terdapat perbezaan yang signifikan
pada tahap 5% untuk semua ciri pertumbuhan semasa rawatan arsenik untuk kedua jenis
tanaman tersebut. Dalam kedua-dua tumbuhan ini, terdapat corak penurunan nisbah
biomas (DRB), nishah berat kering (DRD), aktiviti fotosintetik, kekonduksian stomatal,
CO2 antara sel, kadar transpirasi, defisit tekanan udara dan kandungan klorofil setelah
14 hari pendedahan kepada arsenik. Dalam eksperimen tersebut, keladi bunting
menunjukkan penyerapan arsenik tertinggi dibandingkan dengan keman air, yang dicatat
pada 70 mg/ L. Keman air telah menunjukkan gejala nekrotik yang teruk pada kepekatan
arsenic tertinggi (100 mg / L) setelah 14 hari rawatan tetapi masih dapat mengumpulkan
16.36 mg / Kg-1 arsenik di akarnya (0.8 mg total arsenik). Untuk mendapatkan
pemahaman lebih lanjut pada peringkat molekul, analisis transkripomik dilakukan pada
keladi bunting yang dirawat arsenik menggunakan teknik penjujukan RNA.
Pengekspresan gen yang berbeza telah menemui transkrip yang mengekodkan pelbagai
gen yang berkaitan dengan pengambilan arsenik, kesannya pada komponen struktur
ribosom di dalam tumbuhan serta mekanisme toleransi kejutan haba. Oleh itu,
pengekspresan kompleks ribonukleoprotein intraselular, telah mencadangkan potensi
protein pengikat RNA dan RNA yang terlibat dalam pemprosesan transkrip RNA. Secara
keseluruhan, keladi bunting dan keman air berpotensi menjadi tanaman fitoremediator.
Tindak balas mereka terhadap pencemaran logam berat, ditambah dengan hasil biomass



yang tinggi, menjadikannya pilihan yang sangat baik untuk fitoremediasi kawasan yang
tercemar.
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CHAPTER 1

INTRODUCTION

Arsenic is an extremely toxic metalloid that is carcinogenic predominantly to humans’
liver, lung, kidney and bladder. It can also cause nerve damage and skin diseases (Chen
et al., 2019; Utermann et al., 2019). This heavy metal is ubiquitous in the Earth’s crust
and is typical of the dietary intake of people in developed countries (Weldeslassie et al.,
2018). It is also present through atypical groundwater exposure in developing countries
and can contaminate the entire water source (Abdul et al., 2015). The presence of arsenic
in groundwater has affected the water supply to rural areas in over 70 countries. It is
estimated that more than 150 million people have been exposed to arsenic (Jasrotia et
al., 2017). Inorganic arsenic can be transferred into the food chain through water
contamination, accumulation in plants grown for food, or through livestock feed (Novo
et al., 2018). The damages caused by this heavy metal on humans and the environment
shows that the elimination of arsenic from contaminated water is urgently essential.
Removing arsenic from the environment through water and its downstream pathways is
reportedly a complicated procedure (Abolayo, 2019). Novel sustainable and innovative
techniques can provide stable and efficient removal procedures of the metal from the
water environment (Al Jaberi, 2018; Bolisetty et al., 2019).

Removal of environmental pollutants from contaminated water, soil, sludge and
sediments using plants is known as phytoremediation (Soussi et al., 2016; Arabnezhad
et al., 2019; Ossai et al., 2020). For the past two decades, phytoremediation has been
developed as a green, non-invasive and economic alternative to different conventional
civil engineering-based strategies for the remediation of water, soil and even residences
polluted with heavy metals (Wei et al., 2019; Prabakaran et al., 2019). Aquatic plants
are natural candidates to treat contaminated soil and water by accumulating heavy metals
in their tissues (Shukla et al., 2019). The species Eichhornia crassipes (water hyacinth)
(Chigbo et al., 1982) and Neptunia oleracea (water mimosa) (Visoottiviseth et al.,
2002), were previously used for decontamination or reduction of various heavy metals
in water in some Asian countries including Malaysia, Thailand, Indonesia, Philippines,
and Vietnam (Ab Wahab et al., 2016).

The rapid increase in the human population, urbanization, industrial activities,
deforestation, exploration and exploitation of ecosystems have caused heavy metal and
metalloid pollutions in Malaysia's environment (Jayakumar et al., 2017). It has been
reported that the concentration of arsenic is between 2.00 to 54.00 pg/L in rivers across
Malaysia (Sobahan et al., 2013; Ab Razak et al., 2015; Sakai et al., 2017; Othman et al.,
2018; Hwi et al., 2020). This is a concern as it exceeds international environment
guidelines which is below 10 pg/L for drinking water samples (Fernandez-Luqueno et
al., 2013).



Eichhornia crassipes and Neptunia oleracea have short life cycles and easy to grow,
therefore suitable for planting in contaminated water areas (Anokhina et al., 2004).
Naturally, these plants grow close to the water area such as pond and lake as well as the
river in Malaysia. They have a good adaptation to the tropical climate, ever-green, high
biomass production, cheap and simple to maintain (Syuhaida et al., 2014) and these traits
have made them advantages for phytoremediation purposes. However, the doubt of these
plant’s efficiency is the main barrier to use this promising technology widely (Thakur et
al., 2019). Therefore, morpho- and physiological investigations, anatomy adaptation
alongside gene expression profiling using RNA-sequencing have facilitated a leap at the
opportunity of the phytoremediation process discovering the capacity of this technology
(Reuther and Monzon, 2019; Saxena et al., 2019; Thakur et al., 2019; Xu et al., 2019).

Despite increasing the application of phytoremediation as a green technology, their full
potential and active mechanisms have not been fully explored (O'Connor et al., 2019).
Therefore, the main objective of the current study was to elucidate the influence of
different concentrations of arsenic on water hyacinth (Eichhornia crassipes) and water
mimosa (Neptunia oleracea) and discover the genetic regulatory networks alongside
morpho- and physiological identification and anatomy adaptation during the
phytoremediation of arsenic in the plants.

The specific objectives of this project were:

1) To determine the effect of various arsenic concentrations on the morpho- and
physiological traits and anatomy changes of water hyacinth (Eichhornia
crassipes) and water mimosa (Neptunia oleracea)

2) Toidentify the arsenic-responses differentially expressed genes (DEGS) of the
aquatic plant via comparative RNA-Seq transcriptomic analysis
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