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Department of Biology, College of Science, Princess Nourah bint Abdulrahman University,
Riyadh, Saudi Arabia
Background: Soils contaminated with heavy metals (HMs) pose a risk to

human health via the food chain, as many edible plants absorb these metals.

In turn, some of these plants could be used as phytoremediators for such

soils. Calligonum comosum is an indigenous medicinal shrub that grows

naturally in wide swaths of sandy soil in Saudi Arabia and has many

advantages that render it a promising candidate for the treatment of HM-

contaminated areas. But the impact of HM on this plant remains unknown,

especially in the early stages of its development.

Objective: This investigation aimed to study the effects of lead (Pb) and

cadmium (Cd) on the germination of C. comosum seeds under laboratory

conditions, and assess the seeds’ response to these metals.

Methods: The C. comosum seed germination was monitored in Petri dishes

containing Pb and Cd at increasing concentrations (25, 50, 75, and 100 µM) for

up to 3weeks. SDS-PAGEwas used to examine the protein profile of germinated

seeds and the western blot was used to assess the influence of HMs on the

activities of the catalase enzyme and the beta subunit of ATP synthase (AtpB).

Results: The germination rate and speed of C. comosum seeds were delayed

by increasing concentrations of either Pb or Cd, but this effect was dose-

dependent. SDS-PAGE analysis results revealed that exposure to both metals

led to altered protein profiles as indicated by the resulting band intensities

and disappearance of some proteins compared with the untreated controls.

Further, the western blot analysis detected greater activity of catalase

enzyme as well as AtpB in the Cd- and Pb-treated seeds.

Conclusion: C. comosum seeds treated with Cd or Pb enhance protein

degradation and denaturation beside oxidative stress, leading to reduced

seed viability. These results suggest oxidoreduction proteins and those

involved in ATP synthesis are enhanced in C. comosum seeds in response

to Cd and Pb stressors, which is a probable mechanism by which seeds may

tolerate heavy metal stress.
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1 Introduction

Environmental contamination from either natural or

anthropogenic activity can affect an ecosystem and its

components, and ultimately human health. One of the ecosystem

components is the soil which is highly considered especially when it

becomes contaminated by heavy metals (HMs) (Benavides et al.,

2005). Heavy metals are naturally present in various ecosystems in a

wide range of concentrations (Nobi et al., 2010). However, the

general increase in the concentration of HMs worldwide is arguably

the consequence of increasing human activities and industrial

wastes (Singh et al., 2015). The pollution of air and soil with

HMs would accumulate in plants, either directly or indirectly,

and thus, find their way into animals and humans through the

food chain (Pál et al., 2006). Accordingly, the real threat of an over-

bioaccumulation of HMs is ultimately its negative impact on human

health; they are the most dangerous contaminants because of their

persistence and long-term non-degradability (Borges et al., 2016).

Plants absorb several metallic elements from the soil; some of these

are known to be toxic even at low concentrations while others have

unknown biological function (Peralta-Videa et al., 2009). For plants,

particular HMs, such as manganese and copper, are essential

micronutrients whereas others, such as mercury and cadmium (Cd),

are toxic compounds (Polle and Schützendübel, 2003). Many studies

have investigated the toxicity of HMs in soil or water, as well as their

effects on the local environment and plants. Such as a recent review by

Zhu et al. (2021) who reported negative impact of Cd on different

physiological behaviors in plants, starting from the germination of seed,

growth of seedling, beside the photosynthesis, and antioxidation system.

Further, about 10% of the total HM pollution is as consequences to lead

(Pb) that affect to the plant metabolic functions, photosynthesis and

overall plant growth and development (Collin et al., 2022).

Nevertheless, there are many gaps left to address, especially those

concerning pollution reduction in specific HM-contaminated areas.

Some recent approaches to protecting the environment by restoring

degraded or polluted areas fall under bioremediation technology.

Vijayaraghavan and Balasubramanian (2015) defined bioremediation

as a “treatment that uses naturally occurring organisms to break down

hazardous substances into less toxic or non-toxic substances,” which

includes bioaccumulation, biosorption, and phytoremediation

techniques. Phytoremediation is a type of “green technology,” that is,

an environmental-friendly approach, which is safe and relatively cheap

to implement (Gratão et al., 2005; Sharma et al., 2015). In

phytoremediation, plants are introduced into the polluted

environment to absorb the resident pollutants; these pollutants will

eventually accumulate in plant tissues. In the last decade,

phytoremediation has been moved from a conceptual to a practical

and viable technology in general for environmental cleanups of organic

and inorganic contaminants (Devi and Kumar, 2020).
Abbreviations: Pb, Lead; Cd, Cadmium; HMs, Heavy metals; AtpB, ATP

synthase; ANOVA, Analysis of Variance; SDS-PAGE, Sodium dodecyl sulfate–

polyacrylamide gel electrophoresis; Analysis of Variance (ANOVA), Explanation,

Formula, and Applications; MW, Molecular weight; IgG, Immunoglobulin G;

LSD, Least significant differences; ROS, Reactive oxygen species; ATP, Adenosine

triphosphate; H2O2, Hydrogen peroxid.
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Many researchers have started to study various plants and their

specific behavior in contaminated environments with HMs. They

found that the absorption and accumulation of HMs in the plant

tissues varies depending on the plant species, the particular metal

and its concentration, and the plant organ (Iqbal et al., 2012; Amer

et al., 2017). A recent study indicated that, the movement of

individual HM in water and a porous medium was not

temperature dependent (Bai et al., 2021).

Heavy metals toxicity may affect the morphology and molecular

structure of the plants used for remediation. Hence, morphological

and molecular analyses could enhance our understanding of how

plants respond to HM toxicity and likewise reflect the potential of

that plant’s use as a phytoremediator. Plant molecular responses to

metal pollution have been reported (Alotaibi et al., 2021); for

example, protein responses to environmental variables. Some

authors used proteomics (e.g., Ahsan et al., 2009; Lequeux et al.,

2010; Hego et al., 2016), a powerful tool for describing protein

responses in living organisms that reveals the variation in protein

profiles at the cellular level of organelles under conditions of various

environmental stresses, including HM stress in certain plant

species. Plant responses to HMs could be detected through

augmented protein levels (Zhao and Chengcai, 2011; Sharmin

et al., 2012). Recently, Alotaibi et al. (2021) pointed out that HMs

bind to the functional site in some bioactive compounds of the cell,

leading to toxicity, as well as cellular imbalance, by altering the

DNA, proteins, and some other vital cell components.

Germination plays a major role in the life cycle of plants and its

potential is influenced by many factors. These factors are highly

correlated with biological traits of a given species. An impact of

HMs on seed germination and early seedling development is

expected (Li et al., 2005) because the former is very sensitive to

the environment, especially unfavorable conditions. These effects

include reductions in seed germination and development (Ilić et al.,

2015). For example, Bhushan and Gupta (2008) reported that HMs

suppressed the total amylolytic activity of amyloidosis in the

endosperm or embryonic axis.

Calligonum comosum L’Her is an indigenous shrub species that

grows wildly in sandy deserts of the Kingdom of Saudi Arabia.

Furthermore, C. comosum is characterized by a fast growth rate in

sand dunes, and extensive and deep root system (Ranjbarfordoei

et al., 2013), suggesting it may tolerate a wide spectrum of

environmental conditions. These traits also make it a potential

candidate for use in the treatment of HM-contaminated areas.

However, no data are yet available regarding the tolerance of this

plant and its response to HMs.

In the present study, to evaluate the ability of C. comosum as a

phytoremediator for the removal of HMs, the in vitro germination

of its seeds was tested using increasing concentrations of lead (Pb)

and Cd. The physiological response of these seeds to HM stress was

also evaluated.
2 Materials and methods

All experimental work described here was conducted at the

College of Science, Princess Nourah bint Abdulrahman University
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(located at 24.83680 latitude and 46.72436 longitude), Riyadh, Saudi

Arabia. The experiments were done in summer where the mean

temperature was 45°C with little precipitation.
2.1 Heavy metal treatments and
seed germination

The seeds of C. comosum L’Her (Polygonaceae) used in this

study were freshly collected, in May 2019, from the Al-Barrak

Reserve in Al-Shehiya, in the Al-Qassim region, Saudi Arabia. The

seeds were soaked in sterile distilled water for 24 h to break the

dormancy, as a preparatory step for the experiment. The seeds were

distributed across 36 plastic Petri dishes (Petri dishes with lid,

90mm Dia x 15mm Deep); each was prepared with a filter paper

(Whattmann No. 1) placed at the bottom on which 10 seeds were

placed. The dishes were divided into three groups: two treatments

and one control. The control group consisted of four dishes, and

each treatment group was divided further into four subgroups, each

containing four dishes (i.e., replicates). Cadmium sulfate Hydrate

(CdSO4,H2O, Sigma-Aldrich) and lead sulfate (PbSO4,Sigma-

Aldrich) solutions were prepared at concentrations of 25, 50, 75,

and 100 mM in distilled/tap water for either treatment; only

distilled/pure tap water was used for the control group. Each HM

concentration was used for wetting the filter papers of one

subgroup. All the dishes were then incubated at constant

temperature (20°C) dark conditions in a germination incubator.

Germination was monitored for 3 weeks; a seed was considered to

have sprouted if the root was at least 2 mm in length. The

germination data were recorded daily and retained until end of

the experiment.

The germination rate (G%) was calculated as follows: G% =

(number of sprouted seeds/number of initial seeds) × 100 (Onofri

et al., 2018).

Clear description to the experimental design is illustrated

at Figure 1.
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2.2 Protein profile analysis

2.2.1 Total protein extraction
A volume of 10 mL liquid nitrogen was added to o.8 g seeds in

mortar then grinded and lysis buffer (800 ml) was added (0.02 g of

CHAPS, 0.6 g of Urea, 0.05% bromophenol blue) and ground

thoroughly. Then the lysate was transferred from the mortar to fresh

eppendorf tubes. 20 ml of lysis buffer was added to the tube containing

the lysate and vortexed to mix the contents uniformly then incubation

at -20°C for 1 hour. The proteins at the end of this incubation, get

precipitated in the buffered solution. Tubes were taken to -20°C freezer

for 30 minutes then centrifuged at 14000 rpm, 4°C and 30 minutes.

Supernatants were discarded carefully without disturbing the pellet.

Acetone was added for washing then tubes were vortexed and incubate

at -20°C for 30 minutes then centrifuged at 14000 rpm, 4°C for 15 min.

Supernatant was discarded carefully without disturbing the pellet.

Thereafter, 400 ml rehydration buffer was added to the air-dried

pellet and vortexed then incubated overnight at 4°C for complete

solubilization of proteins in the rehydration buffer. Sample is then

ready for SDS PAGE analysis.

2.2.2 Quantification of total protein and
SDS-PAGE

Obtained protein extracts were quantified with the 2D Quant Kit

(GE Healthcare Life Sciences), by following the manufacturer’s

recommendations. Before protein loading onto the gel, 5% b-
mercaptoethanol to 2x Laemmli sample buffer was added to each

sample, vortexed and spend down then heated on thermomixer at 99 °

C for 5 minutes. For protein separation by gel electrophoresis, equal

amount of protein (20ul) was loaded into the well of SDS-PAGE, along

with molecular weight markers for 5 min at 50 V and increase the

voltage to 100-150 V to finish the run in about 45 min. Then gel was

fixed in 40% ethanol and 10% acetic acid for 15 minutes then rinsed

with 100 mL of water. Stain (QC colloidal coomassie blue) was added

to the gel overnight with shaking then the gel was de-stained in 100 mL

water for one hour to be ready for gel image.
FIGURE 1

The expected effects of Pb and Cd at three different levels: 25, 75, and 100 µM on seed germination, where *, ** and *** refer to strong, stronger
and the strongest effect, respectively.
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2.3 Western blot

Approximately, 30 mL of protein from each sample was loaded

onto SDS-PAGE at the same above-mentioned conditions. After the

run, the proteins were transferred to the membrane by using Trans

blot turbo transfer system then blocked in 5% powdered skimmed

milk in Tris-buffered saline with 0.1% tween-20 (TBST) at room

temperature for one hour. Then, blot was washed two times by

washing buffer for 5 minutes then with Tris-buffered saline followed

by incubation with the primary antibodies (Anti-ATP synthase beta

and anti-CAT) for 1 hour under constant stirring. Conjugation was

achieved by incubating the membranes with the secondary antibody

(anti-rabbit IgG alkaline phosphatase conjugate) at room

temperature for one hour on shaker. The relative accumulation of

s e conda r an t i body was v i sua l i z ed u s ing enhanced

chemiluminescent detection procedure using charge-coupled

device camera.
2.4 Statistical analysis

The numbers of the germinated seeds were analyzed by the MS

EXCEL 2019 for Windows for mean and standard deviation as well

as the figures. Graphpad Prism Software version 9.1 (San Diego,

California, USA) was used for One-Way ANOVA for comparing

the germination rate between the control and treated seeds.
3 Results

3.1 Seed morphology and germination rate
after treatment with CD and Pb

At the end of the experiment, the morphology of seeds was

examined and their germination percentage tallied. The germinated

seeds displayed various morphological changes under the HM

treatments compared with the control (Figure 2). Germination
Frontiers in Ecology and Evolution 04
was evidently delayed in response to HM exposure, and although

germination occurred in all treatments, its rate and speed varied

according to the type and concentration of the HM tested (Table 1).

Generally, the germination rate decreased in dose-dependent style

manner, in that seeds treated with the highest HM concentrations

had the lowest germination rate.
3.2 Effects of lead and cadmium
treatments on seed germination speed

Pronounced differences in the trends for seed germination rate

were found between the control and those seeds soaked in various

Pb concentrations (Figure 3). A similar dose-dependent trend was

also observed for those soaked in Cd (Figure 4). One way ANOVA

was done for comparing the seed germination in treated seeds with

the control where Fisher’s LSD identified no significant variations

between the control and Pb treated seeds except for seeds treated

with 100 µM (p < 0.0051). However, all treatments with Cd showed

significant variations in relation to untreated control seeds

(Figures 2, 3).
3.3 SDS-PAGE analysis

Protein profiles of C. comosum seeds treated with Pb or Cd were

assessed by SDS-PAGE analysis, as presented in Figures 5, 6,

respectively. Compared with untreated seeds (control), the

protein profile of treated seeds displayed thinner protein bands

with a higher molecular weight (MW). Increment in protein MW

was noted in dose-dependent manner, in that a higher MW was

found for bands from treated seeds with 100 µM of HMs. Although

not constantly the same for both metals and concentrations, this

was the overall trend that appeared. Higher doses of both Cd and Pb

resulted in seeds that contained higher MW proteins vis-à-vis lower

doses. Furthermore, treated seeds showed more bands than did the

untreated control, where only five bands were noted (Tables 2, 3).
FIGURE 2

Morphology of germinated C. comosum seeds after treating them with increasing concentrations of cadmium (Cd) and lead (Pb).
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3.4 Western blot

Accumulation of some proteins in the seeds of C. comosum

subjected to different concentrations of Cd and Pb was inferred from

their western blot analysis. Clear bands of catalase protein were only

discernable in the seeds treated with higher concentrations of Pb, that

is, 75 or 100 µM (Figure 7). In general, the catalase enzyme

accumulated more in seeds incurring high concentrations of Cd and

Pb. Yet the bands were clearer for Pb-treated seeds than Cd-treated

ones. Additionally, the catalase enzyme was detected at low

concentrations in both treatments as well as in the control.

Bands of higher intensities were recorded for b-ATP synthase

subunit proteins from seeds exposed to high concentrations of the

Cd and Pb treatments relative to those of the control (Figure 8).
Frontiers in Ecology and Evolution 05
Clearer bands were also observed for Pb-treated seeds vis-à-vis the

Cd-treated ones.
4 Discussion

HMs play a significant role in plant growth and development, but

when they exceed the prerequisite limit for normal plant growth, this

exposure can lead to adverse morphological, metabolic, physiological,

and molecular effects (Singhal et al., 2023). In this context, the current

study investigated the possible effects of HMs on the germination and

physiology of C. comosum seeds.

Seed germination is an important stage in the life history of

plants and understanding the factors influencing its tolerance limits

are necessary when selecting and using a plant species in

phytoremediation application for soils with HM contamination.

Here C. comosum was studied because it is expected to tolerate and

mitigate soil contamination because of its special characteristics and

abundance in sandy deserts, as well areas in which people picnic

and camp where pollution due to human activities is highly

expected. Some HMs, such as Cd, chromium, and Pb, among

others, are toxic even at very low exposure concentrations

(Gill, 2014; Pastor-Jáuregui et al., 2020). Several studies indicated

that HMs reduce or inhibit the germination of seeds by lowering

their water uptake, leading to death by damaging the embryo (El

Rasafi et al., 2016) depending on the concentration of the HM

(Kranner and Colville, 2011; Saderi and Zarinkamar, 2012). In the

present study, some C. comosum seeds were capable of germinating

even when exposed to high concentrations of Cd or Pb, and the

results showed clear differences in the shape and length of the

rootstock according to the type of HM applied. According to

Siddiqui et al. (2014), the inhibitory effect of HMs is more

pronounced on seedling growth than on seed germination.
TABLE 1 Seed germination rate (percentage) of C. comosum after
treating them with cadmium (Cd) and lead (Pb) at
different concentrations.

HM concentration (mM) Germination (%)

Pb

25 85

50 70

75 57.5

100 52.5

Cd

25 60

50 52.5

75 42.5

100 40
FIGURE 3

Seed germination rate after treatment with lead at different concentrations. * indicate significant variation in the seed number as consequences to
treatment in relation to control.
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Pb is not an essential element for plant growth (Peralta-Videa et al.,

2009). Although some species, such as Allium cepa,H. vulgare and Zea

mays, can tolerate Pb via complexation and inactivation, others, such as

Brassica napus, Phaseolus vulgaris, and three sorghum cultivars incur

toxicity because Pb impairs certain metabolic pathways (Wierzbicka,

1999; Osman and Fadhlallah, 2023).

In consequence, exposure to excessive Pbmay include inhibition of

seed germination, plant growth, and chlorophyll synthesis (Begonia

et al., 2004; Zulfiqar et al., 2019). Results of the current study showed

divergence in the seed germination between the control and seeds

soaked in a low Pb concentration. Negative effects of Pb on seed
Frontiers in Ecology and Evolution 06
germination and seedling growth, as well as hinder later growth of

some tree species have been reported before (Shafiq and Iqbal, 2005;

Baruah et al., 2019; Diaconu et al., 2020; Yáñez-Espinosa et al., 2020).

Cadmium (Cd) is known as one of the most highly toxic metals

affecting many plant species (Li et al., 2005; Di Salvatore et al., 2008).

Some studies have demonstrated an inhibitory effect of Cd on seed

germination and plant growth, in addition to greater mitotic

abnormalities. Reductions in seed germination, growth, or

enzymatic activity have been correlated with mounting Cd

concentrations; however, an increase in total chlorophyll content has

been reported in tomato plants treated with Cd (Baruah et al., 2019).
FIGURE 4

Seed germination rate after treatment with cadmium at different concentrations. *, ** indicate significant variations in the seed number as
consequences to treatment in relation to control.
FIGURE 5

SDS-PAGE analysis of total protein content from C. comosum seeds before and after treating them with different concentrations of Pb. Lane L is the
ladder; lane 1, control and lane 2,3,4 and 5 represent the protein profile from seeds treated with 25, 50, 75, and 100 µM of Pb respectively.
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Reduced seed germination and impaired plant development could

be due to the fact that HMs may prevent water absorption by seeds,

leading to their suppressed germination or facilitating the metal’s

entry, resulting in embryo toxicity (Ilić et al., 2015), by repressing the

total amylolytic activity of amyloidosis (Bhushan and Gupta, 2008).

Germination speed can serve as a reliable indicator to evaluate

seedling vigor (Yáñez-Espinosa et al., 2020). Given that germination

is a potentially vulnerable stage in the life cycle of plants, the tissues

that cover the seed embryo have the ability to protect it, to some

extent, against toxicity from HMs. Such protection could be secured

by selective absorption; however, once the seed coat begins to break,

growth is reduced according to the concentration of the HM (Saderi

and Zarinkamar, 2012).

The seeds in this study were adversely affected by Cd as well as Pb

because neither element is essential for plant growth and development.

Accordingly, specific defensive proteins might accumulate in seeds in

response to high concentrations of HMs. Many bands detected in

treated C. comosum seeds could be related the formation of novel

proteins in them as a defensemechanism against prominent HM stress.

Ten bands were detected in seeds treated with 25 or 50 µM of Pb;

however, this number decreased after exposure to a higher

concentration (100 µM). This result suggests the seeds were trying to

resist Pb-induced stress, but a higher Pb concentration degraded the

defensive proteins and the seeds could not tolerate that. However such

findings were not observed for Cd treated seeds.

The accumulation of particular proteins in C. comosum seeds in

response to different concentrations of Cd and Pb was indicated by the

western blot analysis. The catalase enzyme accumulated more in the

seeds exposed to high concentrations of Cd and Pb. Catalase is an

important enzyme in the metabolism of reactive oxygen species, with

significant potential to control their negative impact on cell

functioning, along with its ability to reduce H2O2 toxicity in cells

(Apel and Hirt, 2004; Anjum et al., 2016). High catalase accumulation

can indicate a high oxidative stress condition in the seeds caused by the
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presence of Cd and Pb, and the associated accumulation of ROS not

eliminate by the seeds’ anti-oxidative systems. Consistent with that, the

catalase enzyme had low activity at low-concentration treatments of

HMs as well as in the control group. This suggests low-stress conditions

for seeds are imposed by those concentrations. Bolstered levels of the

antioxidant enzyme (catalase) in treated seeds could constitute a

cellular protection mechanism against ROS produced in response to

Cd stress (Hossain et al., 2012).

Furthermore, the ATP synthase subunits are principal enzymes

in the photosynthesis and biosynthetic pathway of ATP. Here, the

antibody against the b-ATP synthase subunit was used to identify

and gauge its presence in proteins of seeds treated with HMs. ATP

synthase functions in the aerobic pathway to strengthen the proton

gradient in order to generate ATP in the electron transport chain.

High production of this protein as indicated by high band

intensities indicates a high level of ATP synthase unit enzyme in

seeds treated with high concentrations of Pb or Cd. This result

suggests ATP increases significantly in stressed plants, and that

seeds facing high-stress conditions may require more energy to

survive their exposure to Cd- and Pb-induced stresses. A similar

observation was reported for plants treated with Cd or Cu for 6

days, in which an increased PM H+-ATPase activity was recorded

(Janicka-Russak et al., 2012). Therefore, it could be clearly observed

that AtpB activity increased in a dose-dependent manner, which

implies the C. comosum seeds had the ability in reducing the

inhibitory action of HMs. Another similar finding was that of

Oliveira et al. (2020), who concluded that ATPases and catalase

were enhanced in CCN 51 genotype cacao plants under Cd stress.
5 Conclusions

Based on the present findings, it is evident that HMs affect

germination of C. comosum seeds with variation in sensitivity to the
FIGURE 6

SDS-PAGE analysis of total protein content from C. comosum seeds before and after treating them with different concentrations of Cd. Lane L is the
ladder; lane 1, control and lane 2,3,4 and 5 represent the protein profile from seeds treated with 25, 50, 75, and 100 µM of Cd respectively.
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TABLE 2 Molecular weight, lane, and band number of the proteins extracted from seeds of C. comosum treated with different concentrations of Pb (0, 25, 50, 75, and 100 mM).

Pb 25 m Pb 75 mM Pb 100 mM

MW
(KDa)

MW
(KDa)

Lane
(%)

Band
No.

MW
(KDa)

Lane
(%)

228.9 250.0 0.5 1 250.0 5.0

40.1 33.4 22.2 2 36.8 12.4

23.6 24.7 4.1 3 28.5 0.7

16.6 22.2 1.6 4 23.0 1.3

13.8 19.2 1.2 5 20.9 1.0

16.5 0.9 6 14.4 5.1

12.7 5.4 7 10.0 0.3

10.0 0.4

f the protein ext , 75, and 100 mM).

Cd 25 m Cd 75 mM Cd 100 mM

MW
(KDa)

MW
(KDa)

Lane
(%)

Band
No.

MW
(KDa)

Lane
(%)

101.5 96.6 0.5 1 95.5 1.9

39.2 72.2 0.7 2 68.3 0.9

29.3 28.4 21.1 3 29.1 16.0
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tested metal and its concentration. Low toxicity was demonstrated

for Pb compared to Cd in the seed germination process.

Furthermore, the accumulation of some proteins, as indicated by

high band intensities in response to higher HM concentrations, as

well as accumulation of catalase and the b-ATP synthase subunit,

suggests a coordinated protein response of C. comosum seeds to

stress conditions imposed by HMs. Development of C. comosum

seeds in the presence of HM may suggest their ability as potential

phytoremediators however, it is important to understand the HM–

tolerance mechanisms in a given plant species across all of its

developmental stages.
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FIGURE 7

Western blot analysis using anti-CAT antibody of the total protein extracted from the seeds of C. comosum after treatment with Cd and Pb. Ctrl,
control. Lanes are the treatment groups with Cd and Pb at 25, 50, 75, and 100 µM for 15 days. kDa, molecular mass.
FIGURE 8

Western blot analysis using the anti-b-ATP synthase subunit antibody of total protein extracted from the seeds of C. comosum after their treatment
with Cd or Pb. Ctrl, control. Treatment groups with Cd and Pb at 25, 50, 75, and 100 µM for 15 days. kDa, molecular mass.
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