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Abstract

The wild rice Oryza coarctata (Roxb.) is an herbaceous halophytic plant belongs to the grass family poaceae prevalent to the coastal regions of Southern Asia. The 0.
coarctata is the only hydro-halophytic rice germplasm under the genus Oryza and shows high salinity. Caryopsis ultrastructure of O. coarctata was compared with another
wild rice O. rufipogon through Scanning Electron Microscopy (SEM) including leaf surface anatomy to unveil the differentiation between the two species of Oryza. In O.
rufipogon, embryo is small and orthodox type with long viability, in O. coarcata, embryo is large size and recalcitrant type. In O. coarctata, lower part of the spikelet has
callus and expanded disc-like structure, without any globose rachilla, lemma devoid of tubercles, prickles and microhairs. Leaves of 0. coarctata contain salt hairs and salt
glands to secrete excessive salt, during high salt concentration which is a most important characteristic of this halophytic wild rice. Caryopsis endosperm contains starch
granule of spherical shape with protein bodies in 0. coarctata, whereas polygonal or hexagonal with moderate angularity starch granule in O. rufipogon. Aleurone layer
is not so distinct in O. coarctata in compared to O. rufipogon, where it is clear and distinct. Protein profiling was studied through SDSPAGE for banding pattern variation
analysis. This study of rice caryopsis ultrastructure and leaf surface anatomy including salt-hairs will contribute to the knowledge about the conservation of such precious
germplasm of Sudarban mangrove region for the improvement of climate resilient rice varieties in future through pre-breeding and transgenic system.

Abbreviations

AG: Aleurone Grain; AL: Aleurone Layer; ALC: Aleurone
Layer Cell; CSG: Compound Starch Granule; DUS: Distinctive
Uniformity Stability Test; EDAX: Energy Dispersive X-Ray
Analysis; IRRI: International Rice Research Institute; kDa: Kilo
Dalton; kV: Kilo Volt; Mb: Million Base Pair; mM: Millimolar;
Nacl: Sodium Chloride; PB: Protein Body; PPV&FR: Protection
Of Plant Varieties & Farmers Right Acts; QTL: Quantitative Trait
Loci; Saltol: Salt Tolerance; SDS-PAGE: Sodium Dodecyl Sulfate
—Polyacrilamide Gel Electrophoresis; SEM: Scanning Electron
Microscopy; SG: Starch Granule; SSG: Single Starch Granule

Introduction

The tribe oryzeae consisting of 12 genera, among these only
2 are cultivated species and remaining 22 are wild species. Total
2/ species are available under this tribe Oryzeae and spread
worldwide [1,2]. Among the two cultivated species, one species
Oryza sativa L. grows throughout the world and 0. glaberrima
Steud. only grows in West Africa [3,4]3. Species of this genus
Oryza are distributed through the world (Asia, Africa, Australia,
and the Americas) ranges from driest desert to sea level to an
altitude of 3000 m above sea level. These species are growing in
such diverse agro-climatic conditions and show wide range of
genetic diversity because they have not undergone any human
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selection or any kind of domestications [5]. Naturally they
grow and adapted in this fluctuating environmental conditions
and many genes have been accumulated slowly through the
natural selection. Different species of rice have different
genome sets such as diploid genome sets are AA, BB, CC, EE,
FF, GG genome, tetraploid genome sets are BBCC, CCDD, KKLL,
HHJJ, and HHKK indicating 11 genome categories in the genus
Oryza [2,6]. Therefore, wild rice species are the source of many
important genes/ QTLs responsible for biotic and abiotic stress
tolerances. Many traits such as resistance to diseases and
tolerance to submergence, drought, salinity, and cold have
been successfully transferred from wild species into cultivated
rice varieties for yield increase and better performance in the
different ecoagroclimatic conditions. It is uncertain whether
the current agricultural production system will be able to feed
the expected nine billion people in this world by 2050 [7-10],
whereas we need to produce double amount of rice. Because,
productivity of rice affected several biotic and abiotic stresses
(drought, cold, flood, salinity, heat) due to climate changes
[11,12]. Plant has evolved some kind of mechanism to protect
from such type of abiotic stresses by a series of adaptation
leading to morphological, physiological and biochemical
changes [13]. Wild relatives of the cultivated species are the
natural source of ‘tolerance genes’ against these stresses
(Abiotic) [14]. Salinity stress may cause 20% yield decrease in
rice production [15] and may cause many physiological changes
( Na+/K+ ratio balance) in plant growth and development [16-
19]. Abiotic stresses such as flooding, drought, salty soil and
other climate change has created more burdens to food security
[20].

The Oryza sativa gene, OsHKT1;5 is the causative genetic
component of The Saltol is a major major Quantitative Trait
Locus (QTL) containing gene OsHKT1;5 and is necessary genetic
component for salt tolerance in rice [21]. It has identified as a
plasma membrane transporter which controls the partitioning
of Na+ between roots and shoots through efflux of Na+ from
the xylem to neighbouring cells of parenchyma [22]. Local
rice cultivar indica type, Nona Bokra has high salt tolerant
potentiality due to increased Na+ efflux activity in presence
of OsHKT1;5 transporter gene with four amino acid changes
in compared to other salt sensitive rice cultivar [22,23].
Improved rice varieties can be developed by exploring and
proper utilizing the rice germplasm for desirable abiotic
stress tolerant traits [24]. Salinity of the soil is increasing
globally day by day due to surface irrigation, high cropping
intensity with high yielding varieties resulted in reduced yield
potentiality [25]. Genetic potential of stress tolerance (salt)
trait is existing among the germplasm of primary gene pool
are utilized for the development of salt tolerance crops. Wild
species of rice is a good source of many biotic and abiotic
tolerance genes /QTLs which are not selected during rice
domestication [26]. It has been reported earlier that Oryza
coarctata, a wild rice species of mangrove ecology has high
adaptability to saline stress [27], whereas other wild species of
rice such as 0. ridleyi and O. schlechteri are known for the trait of
submergence tolerance [6,17,28]. The 0. coarctata is considered
as hydrohalophytic because they can tolerate high soil salinity
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and naturally growing in mangrove region of the world
carrying allotetraploid genome set KKLL (2n=4X=48) with
self-fertility behaviour and also has submergence tolerance
trait [4,29-31]. Genome size is approximately 665 Mb (Mandal,
et al. 2019). Prevalence of this wild rice O. coarctata mainly
found in coastal region of India, Pakistan, Myanmar, Malyasia,
and Bangladesh (regions of South Asian countries) with high
submergence and salt tolerance characteristics [17,32]. This
wild rice can be a good source of germplasm to develop high
salinity tolerance improved varieties [32]. Hybridization was
made between O. sativa and O. coarctata to develop hybrid F1
to establish their cross compatibility with cultivated rice [33]
and others (www.irri.org). Salt tolerant rice cultivars with
introgressed O. coarctata traits for salt tolerance are currently
under development in the International Rice Research Institute
(IRRI; www.irri.org). Normal growth was unaffected at high
salt concentration (400 mM of NaCl) but growth of cultivated
rice (0. sativa) was hampered [34]. The wild rice O. coarctata
has unique leaf morpho-anatomy and physio-molecular
mechanism by which they exclude salt (Na+) from the leaf
surface using salt hairs and salt glands [17,34-36]. It is signify
that 0. coarctata keep away from Na* toxicity in mesophyll
cells by compartmentalization of salt in the vacuole and in
epidermal hairs maintaining a low Na:K ratio, a mechanism
generally found in halophyte grasses [17,34]. This species
was placed in the separate genus Porteresia by Tateoka (1965)
(Porteresia coarctata) based on morpho-anatomical distinction.
Recently it has been returned to the rice genus Oryza (Lu and
Ge 2004) (Oryza coarctata) based on morphological similarities
and hybridization behaviour with O. sativa. The 0. coarctata
is endemic to coastal areas in Bangladesh, India, Pakistan,
Myanmar, Malaysia and other countries of South Asia is a
potential source of salt tolerance for cultivated rice O. sativa.
Allotetraploid condition of O. coarctata (KKLL genome) may
provide a clue to its unusual morphology and distribution in the
salinity coastal regions of the South Asian countries, and may
facilitate morpho-anatomical and physiological changes to
adapt in such novel high salinity environment. Asian common
wild rice species, Oryza rufipogon Griff (AA genome) shows the
follows agronomically important traits such as salinity, cold,
drought and flood water logging [37,38]. Wild rice accessions
0. rufipogon can show salt tolerance and submergence activity
[15,39]Jand may utilize as imperative germplasm for crop
improvement program especially abiotic stress tolerance.
Grains of wild rice composed of similar kind of starches
and other nutritional properties as O. sativa and people are
consumed as a delicacy food for nutritional values. Caryopsis of
different wild rice was investigated through Scanning Electron
Microscopy (SEM) to reveal the ultrastructure of the grain
under in situ condition [5,40]. Kasem, et al. [5] studied the
comparative grain morphology and histo-anatony among wild
rice endosperm without considering wild rice O. coarctata. There
is no report about the caryopsis ultrastructure of O. coarctata and
comparative analysis with that of caryopsis of other wild rice O.
rufipogon. Therefore, a comprehensive comparative caryopsis
ultrastructure study was carried out in O. coarctata (first time
report) and O. rufipogon using scanning electron microscope
to reveal detailed histo-anatomy of grain caryopsis and plant
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morphology including leaf anatomy. The objective of this study
is to reveal the comparative ultrastructure of caryopsis and leaf
surface anatomy to help the rice breeder in future to develop
salt tolerant climate ready rice varieties through pre-breeding
program to provide food for more than >9 Billion World’s
population by 2050.

Methods
Plant collection and maintenance

Wild rice Oryza coarctata (Roxb.) was collected from the
coastal part of Sundarban Biosphere reserve (Figure 1) of West
Bengal and maintained in the plastic bucket to study the plant
morphology, paddy grain structure and caryopsis. Similarly,
other wild rice Oryza rufipogon was collected from the ditches/
marshy land of Raiganj, Uttar Dinajpur, West Bengal, India and
maintained in the Department of Botany, University of North
Bengal, India to study their morphology and seed caryopsis in
detailed. Morphological data recording was carried out based
on DUS test protocol (PPV&FR Act 2001, Govt. of India).

Scanning Electron Microscopy (SEM) for the Caryopsis
ultrastructure analysis

Mature caryopsis was taken out by removing the husk
using fine forceps. Caryopsis cut in to round pieces of 1mm
thick length wise by applying slight pressure on the middle
of the caryopsis with a razor blade. Fractured surface (solid
round ring) facing upwards to get whole inner surface (in

A F: i
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situ condition) of the grain was mounted on a specimen stub
and coated with thin film of gold by means of a sputter coater
(Jeol Model Smart Coater PF 18001006-2) about 2 minutes at
high vacuum evaporator condition. Detailed inner structure
was viewed through scanning electron microscope (SEM)
(Jeol Model JSM-IT100, Japan) at various magnification with
an accelerating voltage of 10 kV [41,42] to study the histo-
anatomical ultrastructure of the rice caryopsis of 0. coarctata
and O. rufipogon. Mineral elements are to be qualitatively
detected using EDAX system of SEM mainly zinc, and iron.
These elemental deficiencies may cause hidden hunger.

Protein profiling through SDS-PAGE Electrophoresis

Protein profiling was carried out using SDS-PAGE
electrophoresis based on standard protocol [43]. Leaf sample (1
g) was taken for protein extraction and purification. Phosphate
buffer pH 7.5 was used for protein isolation from the tender leaf
of wild rice O. coarctata and O. rufipogon. SDS-PAGE analysis was
performed using isolated protein from wild rice. The analysis
was performed using a SDS-Tris-glycine buffer system with
5% (w/w) stacking gels and 12% (w/w) resolving gels using the
standard method [43]. Electrophoresis was initially performed
at a constant voltage of 80V followed by an increase to 100V. At
the end of electrophoresis, the gel was separated and stained
with Coomassie brilliant blue G-250 for 10h and destained
with a destainer solution composed of 10% ethanol, 20% acetic
acid, and 70% sterile distilled water. The gel images were
photographed and subjected to analysis.

Figure 1: Natural vegetation of the wild rice 0. coarctata and 0. rufipogon are summarized. A: Growing field of O. rufipogon in the marshy ditches land at Raiganj, Uttar
Dinajpur, WB, B: O. rufipogon grown and developed into normal plant in pot condition, C-D: Halophytic wild rice O.coarctata growing naturally in the mangrove area of
Sundarban, West Bengal, India, E-F: Wild rice O. coarctata grown fully in pot condition.
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Results
Plant morphology and leaf surface anatomy

The wild rice Oryza coarctata (Roxb.) is naturally growing
as associated vegetation in the mangrove forest of Sudarban
Biosphere Reserve area of the district South 24-Parganas,
West Bengal, India, which is salt tolerant hydro-halophytic
species belongs to the family poaceae under the genus Oryza
(Figure 1). This wild rice O. coarctata is morphologically distinct
from other species of wild rice Oryza rufipogon (Figure 1).
Plant height of O. coarctata varies from 90 cm to 195 cm. It is
a perennial herb, solid and round stem with branched stalk
(culm). The stems are erect herb, soft green in colour covered
with hair and having extensive creeping rhizomes. Primary
method of propagation is vegetative. Leaves are narrowly
linear, thick leathery in texture with short petiole. Leaves are
about 25 mm to 40 cm long, 10 to 15 mm broad, coriaceous,
spiny margins including short ligule fringed with hairs. The
leaves have many ridges and furrows and each ridge contains
one small vascular bundle, margins are tuberculate. The leaves
are without midrib, distinct from other rice leaves. Leaves are
succulent and waxy in nature. Stomata present on the lower
leaf surface are sunken type. Leave blades are coriaceous with
two types of salt hairs. One type is peg shaped and other type
is finger shaped present on upper surface as observed under
SEM (Figures 2,3). The salt hairs are unicellular, without
cuticle and highly vacuolated. Peg-shaped (spherical globose)
salt hairs are arranged all over the leaf surface in ridges and

<—Glume
Rachilla
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furrows, finger like salt hairs only distributed in the margins
of furrows (Figure 3D,E). Leaves are lanceolate in shape, not
leathery; margins are not tuberculate, main vascular bundle is
prominent in case of O. rufipogon (Figure 1). Both type of salt
exclusion structures (salt glands and salt hairs) are found in 0.
rufipogon too (Figure 4).

The inflorescence is spikelets type and mature flowers are
present on the upper end of the spikelet (non-flattened) in
0. coarctata. Panicle is up to 20 cm long. Fertile lemma and
palea are smooth in surface with any special types of features.
The spikelets are narrowly oblong to narrowly ovate, 12.5 to
14.5mm long (including the awn), and obliquely articulated
with the pedicel (Figure 2). A unique callus is expanded as a
rigid disk-like appearance which is transversely narrowed.
Glumes are linear subequal, one-third as long as the spikelet,
lacking apparent epidermal characteristics. The lemma apex
bears a rigid small awn of about 4 mm long, with microhairs
and stomata. Apicular knobs are not present on the lemma
apex.

Globose rachilla is lacking in this O. coarctata. The lemma is
7-9 nerved and the palea fivenerved (0. coarctata) but others
species have five-nerved lemma and three-nerved palea. In
case of O. rufipogon, spikelets are thin linear ranges from 7.95
mm to 8.52 mm long, somewhat smaller than the 0. coarctata.
Details comparative description about the plant morphology,
leaf morpho-anatomy, caryopsis morpho-ultrastructure
between two wild rice O. coarctata and O. rufipogon has been
summarized in a tabular outline (Table 1).

| I

Figure 2: Comparative morphological characteristics of the inflorescence and spikelets of wild rice O. rufipogon and O. coarctata has been depicted. A: Inflorescence of O.
rufipogon, B: Single spikelet (paddy grain) of O. rufipogon displayed with different components, C-D: Different parts of the single spikelet (paddy grain) of O. coarctata has

been portrayed, E: Rice grain, caryopsis with large embryo observed in O. coarctata and F: Rice grain, caryopsis with small embryo observed in O. rufipogon.
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Figure 3: Leaf surface Morpho-anatomy was studied under SEM in O.coarctata. A-B: Ridges and furrows on the upper leaf surface with salt gland and salt hairs. C: Enlarged
view of finger like salt-hairs and salt gland was depicted, D: Salt hairs are completely finger like in shape without any rupture characteristics, E: Salt gland is spherical globose
in structure, F: Ruptured globose salt gland observed, G: Lower leaf surface with stomata in the ridges part of the leaf, H-I: Single enlarged view of stomata is depicted with
measurement.

SED 10.0kVWD10mmP.C.30. HV  x2,200 10pm —
USIC, University of North Bengal Jan 08, 2020

Figure 4: Leaf surface Morpho-anatomy was studied under SEM in O.rufipogon. A-C: Upper leaf surface with salt gland and salt hairs. Dumbbell shaped cells are observed
and measured. D: Morpho-anatomy of lower surface is observed and analysed.

Caryopsis ultrastructure under SEM study long. This large embryo has free epiblast large in size and found
a distinct cleft like structure in between the coleorhiza and the

The whole kernel, caryopsis of 0. coarctata has an unusual scutellum (Table 1; Figure 5) but lacks auricles. In contrast to

large embryo (4.5mm to 5mm) relative to the endosperm this embryo of 0. coarctata, small size embryo (1.0 to 1.5mm
(8.8mm to 9.5mm) (half the size of the caryopsis) with a long) is observed in 0. rufipogon (one-fifth to one-third size
somewhat bent apex, and a short petiole-like attachment at the in this wild species) without any cleft or free epiblast (Table 1,
base (Figure 5). Embryo is narrowly elliptic and 4.5 to 5.0mm Figure 6).
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Caryopsis has an outer covering of bran layer which is
consisting of pericarp, testa and aleurone layer, collectively
known as bran layer. Below the aleurone layer, it is the
endosperm layer composed of carbohydrate starch molecules
in the form of Compound Starch Granule (CSG) along with
protein bodies in the wild species, O. coarctata and O. rufipogon

(Table 2). The thickness of pericarp and testa is 2.264um,
and 2.018um (combining thickness is 4.282nm) respectively
in 0. coarcata. In 0. rufipogon thickness of pericarp and testa
is 4.507num and 4.919pm respectively. Aleurone Layer Cell
(ALC) thickness is vary, which is 8.67 x 7.98um in 0. coarctata
and 9.25 x 35.25um in O. rufipogon. Over all bran thickness is
29.70um to 37.25um in O. rufipogon and 19.63um to 20.59pum
in O. coarctata. Aleurone cell layer number varies from 1-2 in O.
rufipogon and only single layer in O. coarctata, which is also not
so prominent (Table 2). Aleurone Grain size (AG) ranges from
0.70 um to 4.23pum in O. rufipogon and no such AG is found in
0. coarctata.

Compound Starch Granule (CSG) size varies from 5.64um
to 16.50um in O. rufipogon with polygonal (hexagonal) in shape
with moderate angularity and 11.991 pm to 17.140um in O.
coarctata, which are spherical (foot ball like) in appearance.
Protein Body (PB) abundantly present in O. rufipogon and very
few in numbers in 0. coarctata. Endosperm porosity is plentiful
in O. coarctata but moderate in O. rufipogon.
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The Energy Dispersive X-Ray Analysis (EDAX), is an
X-ray technique used to identify the elemental composition
of materials and which is attached with the SEM system. Only
zinc element has been detected in the wild rice O. coarctata
(0.28 % weight), not detected in other wild rice O. rufipogon in
this present investigation (Figure 7).

Distinct banding variation was detected in the SDS-PAGE
profiling of leaf protein of two wild rice species (Figure 8). Band
numbers was more in the wild rice O. rufipogon in compared to
0. coarctata in the gel (Figure 8). One extra band was observed
at the position in between 75 kDa to 95 kDa in the gel (lane 1),
which is not detected in O. coarctata (lane 2).

Discussion

The wild rice species 0. coarctata (Roxb.) grow well in the
saline soils of river estuaries of India (Bay of Bengal) and
other estuaries of Pakistan, Bangladesh, and Myanmar (South
Asia). It is a perennial herb that belongs to family poaceae.
It is only species in the genus Oryza, which is a halophyte by
nature. It is locally called as ‘Uri-dhan’ in India [44] and an
important species for ecological succession because it binds
with peripheral soils in the mangrove forests. Previously it was
placed under the monotypic genus Porteresia coarctata based on
morphological dissimilarities between this taxon with other
species of rice. Main morphological characteristics of this wild
rice are branched stalk (culms), hardy leaves waxy leathery

Table 1: Comparative characteristics of morphological and caryopsis features between two wild rice Oryza coarctata and Oryza rufipogon are summarized.

Characters Oryza coarctata Roxb.
Plant height 90 cmto 195 cm
Culm Erect with branched stalk
Narrowly linear, leathery and hard, margins tuberculate, vascular bundles
prominent, two superimposed bundle in each rib.
Leaf has ridges and furrow, upper surface has many salt gland and salt
Leaf blades hairs, salt gland are present throughout the upper surface, salt hairs only on

the marginal side of furrows. Salt gland varies 2.8pym to 6.4pm in diameter,
salt hairs ranges from 5.72um to 18.56 pm in length. Stomata range from

28.718pum to 30.4pm in length and 11.40pm to
12.247pm in width only on lower surface.

Spikelets are narrowly oblong or ovate, length varies from 12.5 mm to

Oryza rufipogon Griff.
90 cmto 185¢cm

Spreading with semi-erect

Lanceolate, not leathery, margins not tuberculate, main vascular bundle
prominent. Leaf surface with different cellular structure, parallel arrangement
of dumbbell shaped cellular features and parallel arrangement of salt
gland and salt hairs (finger like projection) on the upper surface. Size of the
dumbbell cell ranges 18.88 pm in length and 9.141um in width, in between
this structure, a small salt gland like structure was observed (3.601 pm in
diameter). This dumbbell feature is totally absent in O. coarctata. Salt gland
ranges 3.52 to
4.46pm in diameter, salt hair is 5.625 to 6.47pm in long.

Spikelets are linear thin, length ranges from 7.95mm to 8.52mm and width

14.5mm, width 3.5mm 4.2mm, lower part of the spikelet with callus expanded 1.93-2.11 mm, lower part of spikelet showing callus with lateral articulation
and disc-like, rachilla lacking, glumes present, lemma and palea normal in size, scar, glumes (offset) with silica bodies, globose rachilla present, lemma, and
Spikelet small microhairs, stomata, and papillae in lemma, small awn 4 mmto 5mmis palea are normal, lemma with tubercles, microhairs, and prickles, long awn

present at lemma tip; awn base has stomata, some specific structure such as

ranges 30 mm to 90 mm with 0.25 to 0.30 mm in diameter.

tubercles, microhairs, and prickles on lemma-palea are lacking in this species.

Husk colour is yellow.

Caryopsis is large, length varies from 8.8 mm- 9.5 mm, width 1.5 mm to
1.80mm with petiole like structure at base (0.5-0.6mm long) and tuber like
bent apex; diameter of the caryopsis varies 1.526pm to 1.588um. Caryopsis
upper surface is rough uneven of irregular rectangular series of small groove

Husk colour is blackish.

Length 6.70mm to 6.5mm, width 1.75mm to 1.95mm with no petiole like
structure. Upper surface is reticulate type with irregular pattern rectangular
markings (20pm x 12pum in size). No protein bodies on the surface of
caryopsis.

(27.665pm to 1.880pm in size) with protein bodies (4.419 pm diameter), which

Caryopsis is unique trait of O. coarctata.

Endosperm parenchyma cells are irregular in shape and size ranging from
ovoid to rectangular (98.05pm x 67.930pm), starch granule is spherical in

Endosperm parenchyma cells are not very prominent, ovoid to rectangular
in shape with very thin cell wall. Starch granules are polygonal to hexagonal
with medium angularity (CSG is 5.64pm to 16.50 pm in size, SSG is 3.214pum

shape, SSG varies from 9.136pm to 11.991 um in diameter, CSG is 11.991 pm to 5.712pm in size) associated with protein bodies (1.40pm - 4.30um in size).
to 17.140um in size, PB (0.576pum to 1.04pm in diameter), cell wall is thick

0.7pum to 0.9 um in thickness. Caryopsis colour is black.
Large embryo relative to endosperm (4.5mm to 5.0mm)almost half the size of Small embryo relative to endosperm (1.0-1.5mm) one-fifth to one-third size.
the caryopsis, cleft between coleoptiles and coleorhizae.

Embryo

Seed viability Short due to Recalcitrant nature

Caryopsis colour is red like (reddish).

No cleft in the embryo.

Long due to Orthodox nature
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Figure 5: Caryopsis ultrastructure has been depicted based on SEM observations of a halophytic wild rice O. coarctata of Sundarban mangrove region. A: Caryopsis with
petiole like stalk, B: Embryo with epiblast region of the caryopsis, C: Cleft between coleoptiles and coleorhizae, D: Uneven undulating parallel series of groove observed on
the upper surface of the caryopsis, E: Cuplike groove containing minute spherical protein bodies, F: Caryopsis tip is with bent knob, G: Caryopsis is in cross section view
with diameter measurement, H: Ultrastructure consisting of pericarp, tests and aleurone layer (not distinct in structure) has been summarized, with spherical compound
starch granule (CSG) in the endosperm region, I: Parenchyma cell containing CSG of spherical shape, J: Enlarged view of CSG and protein bodies with measurement, K:
Measurement of parenchyma cell with CSG, L: Enlarged view showing CSG and SSG.

Apicular
knob

Figure 6: Caryopsis ultrastructure has been depicted based on SEM observations in the common Asian wild rice O. rufipogon. A: Base of the paddy rice showing callus (c),
globose rachilla (R), glume, B: Apicular knob at the awn base in the lemma, C: Upper surface of the paddy rice (husk) consisting of prickles, tubercles, and microhairs, D:
Knob like structure at the base of the rice grain caryopsis (kernel), E: Uneven undulating reticulate upper surface of the caryopsis, F: Cross sectional view of the caryopsis
with diameter measurement, G: Showing the pericarp, testa, aleurone layer and endosperm layer of the caryopsis, H: Single cell layer of distinct aleurone layer consisting of
irregular rectangular shaped cells containing aleurone grains, endosperm layer showing CSG and protein bodies, I: Central region of the endosperm showing CSG and protein
bodies, J: Enlarged view of a single CSG of polygonal shaped with moderate angularity.
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in texture, indistinct articulation below the upper empty
glumes, and non-flattened spikelets, embryo morphology,
and other characteristics (Table 1, Figure 2). But due to
morphological similarities with other wild species such as 0.
brachyantha, 0.granulata and O.schlectheri, and on the molecular
biological analysis, it is strongly recommended for retention
in the genus Oryza as species O. coarctata [30]. In the present
investigation, we have collected wild rice O. coarctata from the
mangrove ecosystem of Sundarban Biosphere Reserve, Bay of
Bengal (Figure 1), which is highly saline in nature and these
salt marsh ecosystem including the intertidal meadow on the
river banks is inundated with saline river or sea water (twice
a day). Both the wild species are up to 2 meter tall. O. coarctata
stem is branched stalk and erect in habitat and perennial, on
the other hand 0. rufipogon is prostrate (spreading) in habitat
sometimes semi-erect (Table 1, Figure 1). Leaves are succulent
leathery and waxy in O. coarctata which helps in maintaining
relative water of the plant checking transpiration rate, similar
to the adaptation seen in the halophytes. Upper leaf surface
contains two types of salt exclusion structure such as salt
gland (pegshaped) and salt hairs (finger like projection) which
are associated to the exclusion of salt ion during high salt
stress conditions (Figures 3,4). The salt hairs are unicellular
without cuticle and highly vacuolated, can burst in high salt
concentration. This finding is consistent with the earlier
finding [34]. It was predicted from the experimental support
that under high salinity stage number of salt hairs (which is
outgrowths of epidermis cells) are increased and secreted out
excess salt from the cells. In high salt concentration (300-400
mM NaCl), these salt hairs and salt glands compartmentalize
Na+ into vacuals/tonoplast, Na+ toxicity in mesophyll cells
are being avoided by this compartmentalization of salt ion
in epidermal hairs, a halophytic grass characteristics and
maintain low Na:K ratio in the leave cells. This type of ability
to maintain a low Na:K ratio in the mesophyll cells, is a
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consequence of the secretion of ions from the leaf cells (Bal and
Dutt 1986) through salt gland and salt hairs. This halophytic
wild rice O.coarctata is a saltloving rice species which is able to
remove the excess salt through salt glands by the coordination
action of various genes [45]. It is facultative halophytes but
requires saline environment for initial growth establishment.
Therefore, it can be utilized as an important source of genes/
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Figure 8: Protein profiling is carried out using leaf protein of two wild rice (O.
coarctata and O. rufipogon) through SDS-PAGE electrophoresis, showing distinct
banding pattern variation in the gel. Lanes, M: Protein markers, 1: O. rufipogon and
2: 0. coarctata.

Table 2: Caryopsis ultrastructure as revealed in O. coarctata and O. rufipogon under SEM.
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Figure 7: Mineral element like zinc and iron is quantified proportionately using EDAX system of SEM in wild rice O. coarctata.
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alleles and QTLs for salinity and submergence tolerance [46].
In general, O.coarctata is salt tolerant wild rice genotype of
saline coastal region of West Bengal and is regarded as a gold
mine of abiotic stress tolerant germplasm specifically to study
the salt tolerance mechanism and identification of genes which
can be used for rice improvement against salinity stress.

Oryza coarctata is an allotetraploid plant (2n=4X=48
chromosomes) with total chromosomal genomic size 665 Mb
[47] and consisted of two distinct diploid genomes (KKLL).
This halophytic wild rice belongs to secondary gene pool of rice
(Oryza sativa). Oryza coarctata has been considered as a precious
germplasm because it can withstand salinity up to 300-400
mM (NaCl). There is a scope of salinity tress tolerance trait
can be transferred to cultivated rice through conventional
breeding [33] or transgenic system. Inflorescence is spikelet
type, spikelet is narrowly oblong to narrowly ovate, 12.5 mm to
14.5 mm long, and obliquely articulated with the pedicel. The
unique callus is expanded as a rigid, transversely narrowed
disk-like structure at the base of spikelet. Globose rachilla is
lacking in this O. coarctata but present in O. rufipogon. Lemma
and palea is lacking any kind of epidermal features. In O.
rufipogon, lemma-—palea has so many types of marking features
such as prickles, tubercles, and microhairs, these are totally
lacking in O. coarctata. The seeds produced by the plant dehisce
prematurely and short viability due to recalcitrant type. In
case of O. rufipogon, seed viability is long and orthodox nature.
Kernel colour is black in O. coarctata, red like kernel is found in
0. rufipogon. Husk is yellow colour in O. coarctata, blackish in O.
rufipogon (Table 1, Figure 2). The present finding is consisted
with the observation of earlier study [48]. Embryo is large in size
in O.coarctata (half of the size of caryopsis) with cleft between
the scutellum and coleorhiza, no auricle, and the epiblast is very
long and separate from the scutellum, in case of O. rufipogon
embryo is small in size (one-fifth of the caryopsis) without
any cleft (Table 1, Figure 2). Upper surface of the caryopsis
is composed of irregular rectangular type grooves in parallel
series containing protein body like small spherical structure,
which is not found in any other species of Oryza. It is a unique
feature observed in this species O. coarctata and first time report
of such characteristics in rice species (Figure 5). The pericarp
and testa is not fused together in this halophytic species O.
coarctata (Table 2; Figure 5), these are partially fused in O.
rufipogon and conformed to the typical gramineae arrangement
(Table 2; Figure 6). Aleurone layer is not so distinct in O.
coarctata, it is distinct of single cell layer in O. rufipogon (Figure
5,6). Seed viability is short lined because due to recalcitrant
type in O. coarctata. Aleurone layer has an important role in
seed dormancy, viability and germination. In O. coarctata, two
important grain traits such as presence of irregular rectangular
grooves with protein bodies on the upper surface and indistinct
aleurone layer with obscure cellular structure might be the
reasons of short seed viability along with large embryo size
with cleft between coleoptiles and coleorhizae. We are first time
reporting such ultrastructural differentiation between wild rice
species 0. coarctata and O. rufipogon. There was no earlier report
available regarding the ultrastructure of the rice caryopsis in O.
coarctata. The endosperm layer composed of two types of starch
granules of spherical shape (foot ball like) and different in size.

https://www.peertechzpublications.com/journals/open-journal-of-environmental-biology a

Single Starch Granule (SSG) ranges from 9.14 pm to 11.99pum in
diameter, these are loosely arranged (piled up one after another)
with void spaces within the parenchyma cells and Compound
Starch Granule (CSG) varies from 11.99um to 17.14pum in
diameter (Figure 5) consisting of 5-7 small SSG. Protein bodies
(0.576um to 1.064pm diameter) also observed associated with
these starch granules. Parenchyma cell size is large (98.054 x
67.930um) with thick cell wall (0.7um to 0.9um in thickness)
and irregular in shape (elliptical/rectangular/ovoid). Pin
holes across the starch granule surfaces were obtained in O.
rufipogon, O. coarctata, which facilitates enzyme susceptibility
and chemical reactivity. It is anticipated that the porosity of the
starch granules may assist the digestion of these grains in the
human or animal gut [5]. The present investigation of caryopsis
ultrastructure analysis will assist in identifying grain traits and
starch properties in relation to other histoanatomical features
of wild rice species mainly O. coarctata (first time report) for
potential genetic enhancement applications. Crop diversity has
been reduced drastically and many important traits (biotic and
abiotic stress tolerance) has been lost or weakened in course of
domestication and cultivation practices. Farmers are selecting
only those traits they preferred during agricultural practices
and unknowingly (innocently) losing the other important traits
(Biotic/abiotic stress tolerance) from the cultivars. It has been
demonstrated that cultivated rice O. sativa carries only 10-20%
genetic diversity to that of wild rice species [49]. Thus wild rice
species are the reservoir of hidden unexploited agriculturally
important traits (Biotic/abiotic stress) which are distributed
in different agroclimatic conditions and well adapted. It is
also imperative to emphasize that isolated populations within
species may also hold crucial genes [2,6]. Geenetic diversity
within the wild rice species is an essential resource to improve
rice production under climate change scenario mainly abiotic
stress tolerance [12,50]. Transfer of desired traits from the
wild species to cultivated species is not so easy because these
wild species are connected with several unwanted weedy
traits, like grain shattering trait, poor plant type, poor grain
characteristics and very low seed vyield. In addition to that,
several incompatibility barriers limit the transfer of desired
traits related genes from wild species into cultivated species.
0. coarctata can be a potential source of genes and other genetic
components for improvement of salt tolerance in rice through
the application of modern biotechnology [50-57].

Conclusion

The Oryza coarctata (Roxb.) is an extremely halophytic wild
rice species highly tolerant to extreme salinity and can withstand
salinity levels as high as sea water up to 300-400mM NaCl
concentration. It has the ability to thrive and complete their
life cycle under high salinity due to their capability to exclude
Na- at the root level, sequester Na* to the vacuole, and give off
excess salt through specialized salt glands in the leaves. It has
unusual morphology, habitat (wet saline sites) and distribution
to coastal regions of South Asian countries and extremely
hydro-halophyte under the genus Oryza. It is assumed that due
to its allotetraploid (2n =4x=48, KKLL genome) nature, may
provide some clue to its unusual morphology and distribution,
and polyploid genomic constitution may assist to adapt in
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the extremely saline coastal marsh ecosystem. O. coarctata
is perennial herb up to 2 meter tall with branched stalk,
extremely hydro-halophytic with extensive rhizome system.
Leaves are waxy leathery (coriaceous) that are strongly ribbed,
with special type of salt glands and salt hairs for the exclusion
of excessive salt from the cellular environment to thrive from
salinity stress. Embryo size is large with free epiblast including
cleft in between the coleorhiza and the scutellum. Embryo is
short lived and recalcitrant in nature.

It has an unusual large embryo with a large free epiblast
and a distinct cleft between the coleorhiza and the scutellum,
short lived recalcitrant in nature. Caryopsis has a bent at tip
and petiole like structure at the base. Lemma and palea of
0. coarctata is lacking any kind of special features on upper
surface mainly tubercles. It is found in all other species of
Oryza, a distinctive epidermal out growth and considered as a
synapomorphy which support the view of monophyly of the
genus Porteresia previously.

Wild species of rice serve as an untapped reservoir of
genetic diversity containing agronomically valuable traits that
can be used to develop new rice varieties through breeding
program. The mangrove associated wild rice O. coarctata
can be a good source of salt tolerance gene(s) or QTLs to
provide salinity tolerance to improved rice varieties through
conventional breeding or through transgenic technology. This
salt tolerance species can also furnish C4 like photosynthetic
apparatus and mechanism to the C4 rice consortium to develop
C4 rice plant to increase the yield potentiality to meet up the
food grain demands in 2050 for more than >9 billion people.
Breeders and genetic engineers should look in this species
very carefully to utilise its C4-like anatomical features and
molecular mechanism of photosynthesis in the salinity
environment (abiotic stress conditions). Its recalcitrant type
seed longevity might be due to irregularities found in the Bran
layer components. The bran layer commonly comprises of
three distinct layers in other species of rice-pericarp, testa and
aleurone layer (altogether called as bran layer). In this species
of 0. coarctata, aleurone layer is not prominent and does not
contain any kind of aleurone grains (AG) like other species.
Aleorone layer of the rice bran layer play vital role in seed
germination and seed viability. Due to nonperforming aleurone
components in the species O. coarctata seed is recalcitrant short
lived. Ultrastructure of the caryopsis of 0. coarctata (reported
first time) has been described in details to provide genetic
diversity and variation of the inner histo-anatomical features
of such unique traits, which is distinct from that of the other
rice species O. rufipogon. Bioprospecting of such genes and
proteins coupled with genomic and proteomic approaches
remain an exciting area of research in evaluating this plant as
a model for salt tolerance for the rice plant.
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