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Abstract

Constant exposure of the living ecosystems to heavy metals, like cadmium (Cd), induces a detectable change at the biochemical
and genetic level. Repeated application of phosphate fertilizers in paddy fields, leads to increase in Cd content of soil. Cd being
highly mobile is transported to shoot and grain, thereby entering into the food chain of animal system. In the present study,
treatment of 7-day old rice seedlings with 10 uM cadmium chloride resulted in Cd toxicity across the seven non-aromatic and six
aromatic rice cultivars and landraces used for the study. Free proline and malondialdehyde content of treated samples were higher
in comparison to the untreated samples, which indicated Cd induced tissue damage in plants. Photosynthetic pigment content of
treated samples was also found to be much lower in comparison to the untreated samples, which is probably due to peroxidation
of membrane, leading to compromised and lower photosynthetic efficiency of treated plants. At the genetic level, Randomly
Amplified Polymorphic DNA assay was found to efficiently detect the genetic polymorphisms (caused by alterations in DNA
bases) induced by Cd. Production of unique polymorphic bands in Cd-treated plants helps in assessment of the degree of damage
Cd imparts on the plant system. Cluster analysis was performed and the rice genotypes were grouped into five distinct clusters,
with IR64 and Tulsibhog in two distinct groups. Based on the variability in responses, the 13 rice genotypes were grouped into
sensitive and tolerant ones.
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Introduction

One of the most toxic heavy metals being leached into the
environment is Cd. Being highly soluble and mobile, its con-
centration gradually increases in the soil leading to bioaccu-
mulation (Yu and Zhou 2009; Ci et al. 2010; Daud et al. 2009;
Zhang et al. 2009).The sources of Cd release into the environ-
ment include both natural and anthropological origins.
Volcanic eruptions and weathering of rocks act as the prime
factors for release of Cd into the environment. About 25,000 t
of Cd is being emitted into the atmosphere every year. In
addition to the previously stated factors, forest fires and
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human activities also play a role in Cd release. The most
common causes of soil contamination with Cd is by industrial
wastes released from metallurgical processes, electromining,
paint industries, Cd battery industries (Moradi et al. 2005).
Another natural source of Cd is phosphate rock, which is
predominantly used in phosphate fertilizers; Cd content in
arable soil depends on the application rate and frequency,
and degree of Cd percentage present in phosphate fertilizers.
Usage of phosphate fertilizers can increase flow of Cd into the
food chain through direct phosphate fertilizer application to
soil or through indirect changes in Cd bioavailability induced
by fertilizers (Roberts 2014).

Various studies conducted by researchers have shown that
60-80% of toxic heavy metal accumulation in human bodies is
mainly due to consumption of heavy metals contaminated food
(Irfan et al. 2013). The risk reduction by Cd poisoning was
regulated by the Joint Food and Agriculture Organization/
World Health Organization (FAO/WHO) Expert Committee
on Food Additives at a Provisional tolerable monthly intake
of Cd (PTMI) at 25 pg/kg body weight (Food and
Agriculture Organization 2010).The maximum limit of Cd
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content in rice is internationally set to be 0.4 mg Cd/kg of
polished rice. Almost half of the world population consumes
rice as the main staple food and the rate of consumption of rice
tripled in a span of 3 years from 1960 to 2011 (International
Rice Research Institute 2011). So indirectly, the Cd is getting
mobilized from soil to both plant and animal system. The nor-
mal concentration of Cd in soil varies between 0 and 1 mg/kg,
whereas low Cd contamination is considered where the Cd
concentration in soil is between 1 and 3 mg/kg (Rodriguez
and Rodriguez 1982).

Cadmium is absorbed by rice from soil, the ultimate accu-
mulation to grain occurs after several intermediate processes.
After absorption by the xylem, cadmium being highly mobile
is transported from roots to shoots (Uraguchi et al. 2009). The
four major processes for transport of cadmium and its subse-
quent accumulation involves uptake by root, translocation
from root to shoot by xylem flow, nodal redirection, and re-
circulation from leaves (Ishikawa et al. 2005).

It was already reported that heavy metal (such as, arsenic
and cadmium) induced genome instability can impair growth
and development of plants and may result significant reduc-
tion in crop yield (Nagajyoti et al. 2010). Genotoxicity can
take place in plants on exposure to heavy metals; even essen-
tial heavy metals can be genotoxic at higher concentrations.
Heavy metal may cause genotoxicity through production of
reactive oxygen species (ROS). ROS leads to base deletion,
base modification, strand breaks, and other damages to DNA.
The extent of damage depends on the concentration of
genotoxic agent, duration of exposure on the one hand and
innate tolerance potential of the plant on the other hand
(Aslam et al. 2017). Genotoxic agent-induced DNA alter-
ations can be assessed by DNA fingerprinting methods like
Randomly Amplified Polymorphic DNA (RAPD) and ampli-
fied fragment length polymorphism (Labra et al. 2003; Liu
et al. 2005; Cenkgi et al. 2009; Aksoy and Aras 2011).
RAPD is one of the most simple and fastest methods that
efficiently detect point mutations as well as temporary DNA
alterations (Gupta and Sarin 2009; Cenkci et al. 2010). The
genomic template stability percentage or GTS% can be uti-
lized for efficiently assessing the genotoxic effects by evalua-
tion of the RAPD banding profile (Atienzar et al. 1999).

One of the most widely cultivated and consumed cereal
crops is rice (Oryza sativa L.) and in terms of cultivated area
and consumption rates, it is the second most important cereal
crop after wheat (Kosolsaksakul et al. 2014). Studies have
reported that Cd stress affects rice physiologically and mor-
phologically thereby resulting in several biochemical changes.
Reduction in rice growth due to Cd pollution was reported by
previous workers (Srivastava et al. 2014).Variations in Cd-
induced stress responses among the cultivars may be
corresponded to concentration of the pollutant, genotypic stor-
age, and translocation potential (Cao et al. 2014). Studying the
varietal responses will not only reveal the sensitivity or
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tolerance potential of a particular genotype of commercial
significance, but will also ensure the reliability of the bio-
markers for assessing the stressed condition of widely con-
sumed cultivars. In the highly polluted environment, where
Cd is accumulating at several trophic levels, the biomarkers
can act with high fidelity for genotoxicity assessment.

The objective of the present study is to compare the re-
sponses of non-aromatic and aromatic indica rice genotypes
to moderate concentration of Cd, on the basis of physiological
(root and shoot length), biochemical (Proline and MDA con-
tent) and molecular parameter assessment (changes in RAPD
profiles), and according to Cd stress tolerance potential of
these genotypes, categorize them as sensitive or tolerant cul-
tivars irrespective of the presence or absence of characteristic
fragrant trait. In our study, some known cultivars and land-
races (mostly restricted to West Bengal) were taken. The re-
sults obtained may assure the use of these parameters as pow-
erful biomarkers for genotoxicity assessment and applicability
to ecotoxicology. The overall impact of Cd stress on aromatic
and non-aromatic rice cultivars will also provide an insight on
their differential responses.

Materials and methods

Plant material and treatment conditions Seeds of seven vari-
eties of non-aromatic rice viz. IR64, Satabdi, Bandana,
Palman, Swarna, Khanika, Kariagora, and six varieties of ar-
omatic rice viz. Badshahbhog, Gobindobhog, Tulsibhog, Pusa
Basmati, Tulaipanji, and Radhunipagol were procured from
BCKYV, Nadia, West Bengal, India. Seeds were surface steril-
ized with 5% sodium hypochlorite solution for 20 min,
washed with distilled water to remove traces of the surface
sterilizer, seeds were then soaked in water for 16 h in dark.
The seeds were germinated in dark for 3 days on moist blot-
ting paper bed followed by transference to beakers containing
50 ml 1x Hoagland’s solution (Hoagland and Snyder 1933)
(1 mM KH2P04, 5 mM KNO3’ Ca(N03)244H20,
MgSO47H20,118 LLM MHSO4 Hzo, 0.7 H.M ZHSO47
HQO, 0.32 HM CUSO45H20, 0.16 ]JM (NH4)6MO7024
H,0, 46.3 uM H3BO;, 5 uM FeCl;) and grown till seventh
day, with 16 h photoperiod with a day/night temperature of
25 °C=£2 °C, on seventh day plant samples were treated with
10 uM Cd and grown for another 7 days followed by analysis
of different parameters.

Measurement of shoot and root length and estimation of
photosynthetic pigment content Shoot and root length of
control as well as treated plants were measured. The pigment
content was estimated from treated and untreated rice leaves
by acetone extraction method (Arnon 1949) with some mod-
ifications, 200 mg of fresh leaves were finely chopped and
added to 10 ml of 80% acetone, left undisturbed for 16 h,
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Table 1 DNA sequences

of RAPD primers used Primers Nucleotide sequences (5'-3')

for PCR amplification
OPA-01 CAGGCCCTTC
OPA-02 TGCCGAGCTG
OPA-03 AGTCAGCCAC
OPA 05  AGGGGTCTTG
OPA-06 GGTCCCTGAC
OPA-07 GAAACGGGTG
OPA-08 GTGACGTAGG
OP A-09 GGGTAACGCC
OP A-10 GTGATCGCAG

absorbance of chlorophyll content was measured at 663 and
645 nm, whereas carotenoid content was measured at 470 nm
using UV-VIS spectrophotometer (CompTech).

Stress-related parameters Free proline was estimated accord-
ing to reported standard protocol (Bates et al. 1973) with a
little modification, 500 mg leaves were homogenized in 5 ml
0.1 M sulphosalicylic acid and centrifuged at 5000 rpm for
15 min. To 2 ml supernatant equal volumes of glacial acetic
acid and 2.5% ninhydrin solution was added, heated at boiling
water bath for 1 h followed by addition of 2 ml toluene and
brief vortexing. The toluene content was separated from the
aqueous phase and absorbance was measured at 520 nm using
Colorimeter (Abzyme). The proline content was calculated
from the standard curve using proline as standard and
expressed in pg/g fresh weight. The extent of lipid peroxida-
tion was estimated by determining the malondialdehyde con-
tent in accordance with the reported standard protocol (Heath

and Packer 1968) with some minor modifications, 250 mg of
plant sample was homogenized in 2.5 ml of 0.1%
Trichloroacetic acid(TCA) followed by centrifugation at
10,000 g for 5 min, for every 1 ml of aliquot, addition of
2 ml of 20% TCA containing 0.5% Thiobarbituric acid was
done, this mixture was heated at 95 °C for 30 min, then quick-
ly transferred to ice bath, the resulting mixture was centrifuged
at 10,000 g for 15 min and the absorbance of the supernatant
was taken at 532 and 600 nm using UV-VIS spectrophotom-
eter. The concentration of MDA was calculated using the mo-
lar extinction coefficient of 155 mmol ' L™! ¢cm™' and MDA
content was expressed in moles/g fresh weight.

DNA extraction and RAPD profiling Genomic DNA isolation:
0.2 g of plant tissue of both treated and untreated samples were
taken for isolation of DNA. The samples were crushed in
liquid nitrogen, into fine powder, which were then transferred
into sterile microfuge tubes, 2 ml of extraction buffer was
added to it, extraction of total genomic DNA was done by
modified CTAB method (Saghai et al. 1984) the solution
was incubated at 65 °C for 30 min followed by phenol-
chloroform-iso-amyl alcohol(25:24:1), after centrifugation
the supernatant was again extracted with chloroform-iso-
amyl alcohol, the DNA in the upper aqueous layer was trans-
ferred to new tube and precipitated with chilled isopropanol,
after centrifugation the pellet was washed twice with 70%
ethanol, air dried, and dissolved in 1x TE buffer.

Polymerase chain reaction Nine operon decamer random
primers (sequences shown in Table 1) were used for PCR
amplification. Total reaction volume for each PCR was set
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Fig. 2 Graphical representation
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contents in rice genotype., a
Photosynthetic pigment content
in non-aromatic rice genotypes. b
Photosynthetic pigment content
in aromatic rice genotypes, statis-
tically significant group obtained
from unpaired ¢ test, having P
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pH 8.3.The gel was observed under ultraviolet (UV) transillu-
minator, and gel documentation system was used for
photographing(UVP).

Calculation of genomic template stability percentage The
RAPD profiles were exploited for calculating GTS values;
GTS percentage quantitatively measures the changes in
RAPD profiles generated in treated samples in comparison
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Fig. 3 Total carotenoid content of a non-aromatic and b aromatic culti-
vars, statistically significant group obtained from unpaired ¢ test, having P
value <0.05 is denoted by “*’
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Fig. 4 Graphical representation of proline content in a non-aromatic rice
genotypes and b aromatic rice genotypes, statistically significant group
obtained from unpaired 7 test, having P value <0.05 is denoted by “*’
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to the control samples. GTS was calculated as GTS = (1-a/n),
where a = polymorphic profile (total number of bands ap-
peared and disappeared, n = total number of bands found in
control sample).

Statistical analysis All the data has been statistically tested for
significance using R software, ¢ test was done, the level of
significance has been evaluated at p <0.05. To explore the
inherent pattern of effect of the Cd stress in rice varieties, we
have performed k-mean cluster analysis on the data matrix of
relative change using R software. Cluster analysis and group-
ing of genotypes for the respective parameters was studied.
Principal component analysis has been carried out to under-
stand the effect of the use of Cd on different physiological and
biochemical parameters of rice plants from an experimental
data set of 13 different aromatic and non-aromatic rice
cultivars/landraces under Cd stress. ANOVA was done within
species for the different parameters studied and between spe-
cies for a particular parameter.

Results

Inhibition of root-shoot length and altered photosynthetic
pigment content under Cd stress The Cd stress lead to de-
crease in shoot and root length in treated samples in compar-
ison to control samples. Highest percentage of reduction in
root length was observed in Tulsibhog (54%), whereas, the
lowest percentage of reduction in root length was observed in
Bandana, the percentage reduction in shoot length for these
cultivars were 12 and 0.62%, respectively (Fig. 1). The

percentage reduction in root length was more in comparison
to percentage reduction in shoot length. Cd stress has resulted
in differential photosynthetic activity and responses across the
genotypes. The pigment contents were found to be greatly
reduced in Kariagora, while merely reduced in the cultivar
IR-64 among non-aromatic cultivars (Fig. 2a). In aromatic
cultivars, highest reduction in pigment content was observed
in Tulsibhog and lowest reduction was observed in Tulaipanji
genotype (Fig. 2b). Under stress conditions, reduced photo-
synthetic activity is correlated with reduced photosynthetic
pigment content and reduced total carotenoid content. In

Table 2 GTS% of non-

aromatic and aromatic Cultivars GTS%
rice genotypes
Non-aromatic genotypes
IR-64 92
Palman 74
Satabdi 68
Swarna 64
Khanika 59
Kariagora 49
Bandana 5
Aromatic genotypes
Tulaipanji 80
Pusa Basmati 79
Gobindobhog 77
Badshahbhog 70
Radhunipagol 65
Tulsibhog 61
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Fig. 6 1.8% agarose gel electrophoresis using RAPD Primer 2 in a non-
aromatic rice genotypes: lanes 1c and 1 t: control and 10 uM treated IR-
64 genotype, 2¢ and 2t: control and 10 uM treated satabdi genotype, 3¢
and 3t: control and 10 uM treated swarna genotype, L: 100 bp Ladder, 4c
and 4t: control and 10 uM treated Kariagora genotype, Sc and 5t: control
and 10 puM treated khanika genotype, 6¢ and 6t: control and 10 pM
treated Bandana genotype, 7c and 7t: control and 10 uM treated

non-aromatic rice genotypes highest reduction of carotenoid
content was observed in Palman (Fig. 3a), whereas the reduc-
tion was least in the genotype IR-64, in aromatic rice cultivars,
highest reduction was observed in Tulsibhog while the lowest
reduction was observed in Badshahbhog (Fig. 3b).

Cd induced osmoregulant accumulation and membrane dam-
age Accumulation of proline in higher plants is an indication
of disturbed physiological condition, triggered by biotic or
abiotic stress. Due to Cd stress, aromatic and non-aromatic
cultivars and landraces produced various amounts of proline
for osmoprotection. Highest accumulation of Proline was
found to be in Kariagora (Fig. 4a), indicating its high sensi-
tivity to Cd stress whereas the lowest was recorded for IR-64
among all the non-aromatic rice cultivars. Among the aromat-
ic rice cultivars, the highest amount of proline was found in
Tulsibhog and the lowest in Badshahbhog genotype (Fig. 4b).
Cd induces membrane damage, a highly damaged membrane,
will cause a greater lipid peroxidation and consequently a
greater malondialdehyde accumulation which is the final
product of lipid peroxidation. In non-aromatic rice cultivars,
Kariagora, Swarna, and Khanika were found to accumulate
higher concentration of malondialdehyde (Fig. 5a), among
the aromatic rice cultivars, Tulsibhog and Radhunipagol were
found to contain higher amounts of malondialdehyde
(Fig. 5b), indicating more tissue damage.

Altered RAPD profile RAPD analysis showed polymorphic
bands in the treated samples. Appearance and disappearance
of bands indicate addition/deletion (mutation) in the DNA
template. Based on the GTS percentage observed from
RAPD data analysis, overall GTS percentage of aromatic rice
cultivars were more than the non-aromatic rice cultivars. In
non-aromatic rice cultivars, IR-64 showed the highest GTS%
0f 92, whereas lowest GTS% was observed for bandana (5%),
among aromatic rice genotypes, Badshahbhog was observed
to have the highest GTS% of 80%, whereas the lowest GTS%
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Palman genotype. b Aromatic rice genotypes: lanes 1c and 1t: control
and treated Pusa Basmati genotype, 2¢ and 2t: control and treated
Radhunipagol genotype, 3¢ and 3t: control and treated Gobindobhog
genotype, L: 100 bp Ladder, 4c and 4t: control and treated Tulsibhog
genotype, 5c and 5t: control and treated Tulaipanji genotype, 6¢ and 6t:
control and treated Badshabhog genotype. *The arrows indicate polymor-
phic bands obtained after Cd treatment

was observed in Tulsibhog. The GTS% of non-aromatic and
aromatic cultivars are shown in Table 2. The RAPD profile of
non-aromatic and aromatic rice genotypes are shown in
Fig. 6a and Fig. 6b, respectively.

Grouping of genotypes according to their responses under Cd
stress by cluster analysis and principal component (PCA) anal-
ysis Cluster analysis of all the 13 genotypes under Cd stress
lead to their distribution into different groups. The best cluster
is five cluster systems (Table 3). Cluster analysis on the basis
of shoot and root growth under Cd stress distributed
Gobindobhog, IR64, and Bandana into isolated groups
(Fig. 7a). Clustering based on total carotenoid and total chlo-
rophyll content grouped Badshabhog, Tulsibhog, and
Bandana into three isolated ranks (Fig. 7b). Ranking of geno-
types on the basis of proline accumulation categorized IR64

Table 3  Clustering of genotypes on the basis of physiological and
biochemical parameters

Species Five cluster

Tulsibhog
Badshabhog
Kariagora
Satabdi

1RG4
Bandana
Tulaipanji
Gobindobhog
Khanika
Palman

Pusa Basmati
Radhuipagol

WL L L R B WD DN~

Swarna
*89.8% variation explained

Tulsibhog and IR64 were alloted to two separate groups
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Fig. 7 Cluster analysis of all the 13 genotypes studied under cadmium
stress. a Cluster analysis for the parameter of shoot and root growth. b
Cluster analysis for the parameter of photosynthetic pigment and
carotenoid content. ¢ Cluster analysis for the proline content. d Cluster

into an isolated group; Bandana was also found to be in iso-
lation in comparison to the others (Fig. 7c). Distribution of
genotypes on the basis of malondialdehyde production
grouped IR64, Badshabhog, and Swarna in close ranks where-
as Tulsibhog was grouped into a separate rank (Fig. 7d). For
principal component analysis, the data matrix of the relative
change of treated data over the control data was considered for
different parameter values recorded for each of 13 rice culti-
vars under the stress. PCA results obtained from the data set
are furnished in Table 4 and Table 5. It is observed that prin-
ciple component 1 (PC1) explains 80.9% of the original var-
iability and thus, serves as an important reflector of Cd effect
on different physiological and biochemical parameters in
some rice varieties. The biplots (Fig. 8a) provide a graphical
idea regarding the amount of effect of Cd on the parameters
with respect to the new transformed variables PC1 and PC2.

Total.carotenoid

Total.chlorophyll

MDA root

oS

MDA .shoot

analysis for Malondialdehyde (MDA) content, color coding for
aromatic(A), and non-aromatic(NA) cultivars is given

A NA A NANANA NAA ANA NA A A
oo oeowe 0 D

We have presented two zoomed versions of the biplot (Fig. 8b
and Fig. 8c) for better understanding. Here, again it is clearly
visible that the effect of the Cd stress on MDA-shoot is con-
siderably high.

Discussion

Cd is one of the main environmental heavy metal contami-
nants; extreme abundance of which is seen near industries.
Leaching of industrial effluents is one of the main Cd contam-
inants in agricultural fields; repeated use of phosphate fertilizers
adds to the Cd content of the arable land. In our study, we have
investigated the genotoxic effect of 10 pM (moderate level of
Cd contamination in soil) Cd on 13 different local rice cultivars
and landraces, which included both aromatic and non-aromatic

Table 4  Standard deviation, proportion of variance and cumulative proportion values of principal components

PC1 PC2 PC3 PC4

PC5 PCo6 PC7 PC8 PC9 PC10

Standard deviation 1.7539 0.59342 0.38588 0.28416
Proportion of variance 0.8093 0.09264 0.03917 0.02124
Cumulative proportion 0.8093 0.90194 0.94112 0.96236

0.2659 0.21094 0.1186 0.09005 0.06665 0.03519
0.0186 0.01171 0.0037 0.00213 0.00117 0.00033
0.9810 0.99267 0.9964 0.99851 0.99967 1.00000
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Table 5 Contribution of the first 10 principal component axes to variation in rice varieties
PCI PC2 PC3 PC4 PC5 PCo6 PC7 PC8 PC9 PC10

Proline shoot —0.0364 0.1424  —0.0804 —0.4305 —0.5902 0.6563  —0.0380 0.0090 —0.0615  —0.0440
MDA shoot —0.9951 0.0016 0.0775 0.0393 0.0390 0.0136  —0.0149  —0.0077 —0.0015 —0.0030
Shoot length —0.0011  —0.0331 0.0616  —0.0332  —0.0363  —0.0058 0.1259  —0.1212  —-0.3797 0.9043
Chlorophyll a 0.0404  —0.0180 0.1873 0.4315 0.0524 04298  —0.2148 0.0513 0.6609 0.3217
Chlorophyll b 0.0255 0.3926 0.6492  —0.1908 —0.1936 —0.2504 04579  —0.0232 0.2770 0.0031
Total chlorophyll 0.0723 0.2245 0.5853 0.1756 0.2093 02471  —-04215 -0.0157 -0.5083 —0.1719
Total carotenoid 0.0102  —0.0387  —0.0640 0.5594  —0.0412 0.3338 0.6834 0.0569  —0.2606  —0.1729
Proline root —0.0224 0.8705  —0.4156 0.1780 0.0576  —0.0738  —0.0859 0.1123  —0.0108 0.0911
MDA root —0.0093  —0.0872 0.0499 0.4485  —0.7463  —03789  —0.2719 0.0760  —0.0913  —0.0128
Root length —0.0053  —0.0823 0.0714  —0.1118 0.0509  —0.0127 0.0224 0.9798  —0.0592 0.0933

rice genotypes. Aromatic rice is favored for their characteristic
aroma and has higher commercial significance. The aromatic
rice variety Gobindobhog has earned geographical indication
status recently for its indigenous cultivation to Burdwan, West
Bengal, and Radhunipagol, and is a highly preferred aromatic
genotype for its medicinal properties. Tulaipanji is a non-

Basmati aromatic rice indigenous to Uttar Dinajpur, West
Bengal. Badshabhog and Tulsibhog are high yielding rice ge-
notypes and has high marketability and indigenous to Bankura,
West Bengal. Pusa Basmati is a cultivar released by PUSA,
IARI, but is now commercially cultivated in West Bengal for
its rich fragrance and resistance to biotic and abiotic stress.
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Most of the aromatic rice genotypes studied in the present work
are cultivated only in West Bengal and are maintained by the
breeders and farmers. Our objective was to study, the tolerance
response of the cultivars and landraces to Cd stress; simulta-
neously, we also wanted to investigate whether differential re-
sponses are present between aromatic and non-aromatic culti-
vars. Results indicated that Cd stress has impaired both shoot
and root growth; a higher impairment rate of meristematic tis-
sue was observed in case of root growth and it suggested the
phytotoxicity of Cd for plant growth (Suzuki 2005).The highest
reduction in root growth was observed for Tulsibhog, while the
lowest was for Bandana. On subjecting the different plant ge-
notypes to Cd stress, a clear decrease in photosynthetic pigment
was observed; this decrease can be correlated to ROS mediated
peroxidative breakdown of chloroplast membrane lipids and
pigments. Heavy metal stress is known to impair the uptake
of nutrients; this is also accompanied by chlorophyll degrada-
tion by enzymatic activity of chlorophyllase (Singh et al. 2006;
Srivastava et al. 2007; Sharma and Dubey 2005). Studies indi-
cated that Kariagora and Tulsibhog showed lower photosyn-
thetic pigment contents in comparison to the other studied rice
genotypes.

Maintenance of cell osmotic pressure is an important action
as a primary defense mechanism in response to stress condi-
tions; this is mediated by proline accumulation in high quan-
tities. Proline is known to protect cell structure and function by
maintaining the osmotic pressure (Koca et al. 2007). Proline is
known as a proteogenic amino acid, an osmolyte and is also
responsible for radical scavenging activity (Matysik et al.
2002). In our study, highest amount of proline accumulation
was found in Kariagora and Tulsibhog, showing their sensi-
tivity towards Cd stress, whereas the genotypes Badshabhog
and IR64 were found to contain lower amount of proline in
comparison to the other genotypes.

Lipid peroxidation of the membrane leads to production
of malondialdehyde as a result of membrane damage under
stressed condition. Lipid peroxidation is mediated by free
radical reaction that causes degeneration of cell membranes.
Heavy metals is negatively affecting the plant membrane
stability leading to damage and cell death (Sizova et al.
2004).Our results indicated that Cd stress has induced no-
ticeable production of malondialdehyde in the treated plant
samples compared to the control ones. The results suggest
that the deficiency in antioxidants as a result of increased
production of superoxide radical has led to the increased
accumulation of malondialdehyde in the cells. From our
studies, it was observed that Kariagora and Tulsibhog have
highest concentrations of malondialdehyde content in com-
parison to untreated genotypes, suggesting their higher sus-
ceptibility towards Cd stress.

Any change in the RAPD banding profile consisted of dis-
appearance or appearance of new bands in treated samples
compared to that of untreated ones. Heavy metals have been

shown to induce various types of damages and alterations to
DNA that might comprise of point and deletion mutations,
single and double strand nicks, and base modification. In com-
parison to control set, when treated set produced lesser num-
ber of RAPD bands, then this might be correlated with several
events of DNA modifications including DNA damage, single
base mutations, or chromosomal alterations induced by
genotoxic agents. Studies have revealed that appearance of
new RAPD products indicate minute changes in primer an-
nealing sites due to mutations, drastic deletions, or homolo-
gous recombination (Atienzar et al. 1999, 2000).

Our results indicate that treatment of different rice cultivars
with 10 uM Cd stress has produced noticeable change in treated
samples in comparison to untreated ones. Among the aromatic
rice cultivars, higher number of polymorphic bands were ob-
served in the genotypes Tulsibhog and Radhunipagol (with a
total of 13 and 12 polymorphic bands, respectively), while the
least number of polymorphic bands were obtained for
Badshahbhog and Pusa Basmati (which were 8 and 7, respec-
tively). Tulsibhog having a GTS percentage of 61% has been
identified as one of the most Cd-susceptible rice genotypes, high
accumulation of MDA also correlates with this. Highest GTS
value of 80% was obtained for Badshahbhog, indicating
Badshahbhog as one of the Cd tolerant rice genotypes.
Accumulation of lower amounts of malondialdehyde and pro-
line compared to others and lesser reduction in chlorophyll
content in Badshahbhog also supports this. The overall num-
ber of amplicons was more in case of non-aromatic rice culti-
vars compared to aromatic ones. Among the non-aromatic
cultivars, the highest GTS% of 92 was observed for IR64
owing to polymorphic bands, whereas lowest GTS% of 5
was obtained for Bandana owing to 35 polymorphic bands
followed by Kariagora having a GTS% of 49 and comprising
of 15 polymorphic bands. The higher the genomic template
stability percentage of a particular genotype, the higher is its
tolerance ability to genotoxic agents, IR64 having the highest
stability among all the non-aromatic rice cultivars have also
been found to be more Cd tolerant corresponding to lower
degree of proline and malondialdehyde accumulation as well
as mere reduction in photosynthetic pigments under stress
conditions. Kariagora has been found to be one of the most
Cd susceptible rice genotypes, revealing its lower GTS% as
well as having higher accumulation of stress indicators.

Cluster analysis was done using R software for all the
physiological and biochemical parameters studied, the varia-
tions in Cd-induced stress responses among the 13 genotypes
were statistically evaluated and differential responses among
the genotypes can be best represented by ranking of genotypes
into different groups. Five cluster grouping was found to rep-
resent and allot the genotypes in the best way possible, this led
to the assignment of IR64 (the most tolerant of all) and
Tulsibhog (the most sensitive of all) into completely two dif-
ferent groups, group 1 and group, 3 respectively. Badshabhog,
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Kariagora, and Satabdi are placed in group 2, whereas
Bandana and Tulaipanji in group 4, rest of the genotypes are
placed in group 5. Among the non-aromatic cultivars, IR64
was found to have the recurrent non-significant P values
whereas the genotype Kariagora has significant P values for
all the parameters studied. This shows the tolerance potential
of the genotype IR64 towards Cd stress, whereas Kariagora
was found to have the least tolerance potential among the non-
aromatic cultivars studied. Among the aromatic rice geno-
types studied, Tulsibhog was found to be the most sensitive
to Cd stress, whereas the genotypes Badshabhog and
Tulaipanji showed lesser responses in the treated seedlings
in comparison to the untreated ones; this is also correlated
with their non-significant P values obtained for
malondialdehyde and total chlorophyll content studies.

The loading vectors of PC1 exhibits that the effect of the
stress on MDA (shoot) is quite high (—0.995198358). We
have also observed from the loading vector of PC1 that prolin
(shoot and root), MDA (shoot and root), root and shoot length
form a group, all getting negative loads, whereas Chlorophyll
a, Chlorophyll b, total Chlorophyll, and total carotenoid make
a different set with positive loading. Variability explained by
principal component 2 (PC2) is 9.26%, and like that, there are
other principal components which are less relevant as the var-
iability explained by them is much smaller. The biplots clearly
indicate that MDA -root, root-length, and shoot-length get af-
fected in a similar pattern while we can put the other param-
eters in a different group on the basis of how the application of
Cd affects them.

Among the seven non-aromatic rice genotypes, non-
significant P values were obtained for five non-aromatic cultivars
(IR64, Satabdi, Palman, Bandana, and Swarna), when statistical-
ly assessed by ¢ test for four different parameters (proline content,
malondialdehyde content, total chlorophyll content, root growth
inhibition percentage). This clearly indicates that the changes in
treated plants are not significant to their control counterparts.
IR64 had the highest number of non-significant P values of all
the genotypes. Among the six aromatic cultivars studied, only
two cultivars showed non-significant P values for two parameters
studied (malondialdehyde content and total chlorophyll content)
which includes Badshabhog and Tulaipanji.

Conclusions

The present study showed the effects of 10 uM Cd stress on
different rice cultivars, variations in responses were observed
across the 13 studied genotypes, and Cd-sensitive and Cd-
tolerant genotypes were grouped accordingly irrespective of
presence or absence of the fragrant trait. The aromatic geno-
types did not show any Cd-induced stress responses that could
be solely attributed to aromatic genotypes only, rather the
aromatic and non-aromatic genotypes behaved in a similar

@ Springer

manner under Cd stress where some of the genotypes were
found to be sensitive (Tulsibhog, Kariagora) and some were
found to be tolerant (IR64, Badshabhog). Effect of Cd stress in
the commercially important aromatic and non-aromatic rice
cultivars have been studied with a high degree of emphasis,
and the use of molecular markers for stress-induced genotoxic
studies jointly with different biochemical stress markers can
be a reliable tool for ecotoxicological interventions.
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