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Abstract. The rapid rise of heavy metals and their extensive industrial use have raised
concerns because these metals are released into the environment from both intentional
and unintentional sources. When present in the environment in high concentrations,
heavy metals may threaten the plant kingdom, particularly staple food crops. Neverthe-
less, little research has been done to identify the effects of heavy metals. The current
study aims to assess the cytological alterations caused by lead (Pb) and copper (Cu)
heavy metals on Glycine max Cv-JS-355. For two hours, Glycine max seeds were sub-
jected to different Pb and Cu concentrations (CN, 25, 50, 75, 100, and 125 ppm). They
were examined for their effects on chromosomal aberrations (CAs), micronucleus
index (MNI), radicle length (RL), mitotic index (MI), cell death (CD), and seed ger-
mination (SG). The findings show a dose-dependent rise in MNI, CAs, CD and a sub-
stantial decrease in SG, RL, and MI. Furthermore, the percentage of abnormal mitotic
cells, including cell nucleic leaking (CNL), Multi-pole division (MPD), Chromosomal
bridge at telophase (CBT), chromosome retarded in anaphase (CRA), Dissociate chro-
mosome in metaphase (DCM), increased in the Pb and Cu treated groups.

Keywords: Heavy metals (Pb and Cu), seed germination, radicle length, mitotic
index, genotoxicity, cell death, Glycine max Cv-JS-355.

INTRODUCTION

Heavy metals from mining, vehicle emissions, and agricultural effluents
can pollute soil, affecting health of humans because of their noxious nature
and higher bioaccumulation factor, potentially causing long-term ecosystem
impacts (Dietrich et al. 2019; Neto et al. 2020). Heavy metal deficiency leads
to environmental and toxicological issues due to increased contamination
from industrialization and pesticide use. Contamination from agricultural
waste, home sewage, and industrial discharges enters water bodies, reducing
water quality and increasing metal availability in food chain (Hassan et al.
2020). Rapid industrialization and urbanization worldwide lead to the toxic-
ity of dangerous metals in soil, including lead, copper, nickel, aluminum, and
cadmium (Zhang et al. 2024), often resulting from irrigation from wastewater
(Igbal et al. 2016).
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Increased levels of heavy metals in the soil have sev-
eral detrimental impacts on plants, including decreased
growth, inhibited root development, degradation of chlo-
rophyll, altered biochemical activity, and reproductive
diseases linked to oxidative damage (Colzi et al. 2015;
Abdull et al. 2022). Furthermore, chromosomal irregu-
larities, point mutations, and ploidy are among the genetic
alterations that can result from the buildup of hazardous
substances (Silveira et al. 2017). Programmed cell death
(PCD), which is triggered by controlled intracellular sig-
nals, and nonprogrammed cell death as accidental cell
death, which includes necrosis, are two types of cell death.
Heavy metals are an example of an abiotic elemenst that
can impact cells and cause necrosis or PCD (Brighigna
2006; van Doorn et al. 2011; Petrov et al. 2015).

Metals may have long-lasting negative effects on the
ecosystem since they are non-biodegradable and can
remain in soil for longer intervals of time. Former stud-
ies have shown that microorganisms present in soil, like
plants growing in filthy locations, are vulnerable to high
dosages of heavy metals, which can lead to malfunction,
denaturation of protein, and compromised integrity of
cell membranes (Hosseini et al. 2022). Accordingly, met-
als that are found in cationic forms interact with sulfhy-
dryl radical (-SH) that are found in protein structures of
enzymes, altering their characteristics and having detri-
mental effects on metabolism of plants (Nowicka 2022;
Siddiqui 2025%). Metals play key functions in the metab-
olism of plants, and their characteristics are critical to
the tridimensional maintenance of biomolecules and cell
metabolism. Nevertheless, certain metals are required
in trace amounts, others have no biological significance
and may even cause metabolic harm (Neto et al. 2020).

In most countries around the world, Soybeans (Gly-
cine max L.) are widely farmed for industrial, animal,
and human purposes because of their higher protein
and oil content (Siddiqui 2025). Soybeans are frequently
known as miracle crops since they are the world’s main
protein and vegetable oil source. Considering the grow-
ing global population and the need for increased crop
productivity, this study aims to evaluate the effects of
Pb and Cu on Glycine max L, seed germination, radicle
length, mitotic index, cell death, micronucleus index,
and chromosomal abnormalities.

METHODOLOGY
Glycine max seeds and chemicals procurement
Certified soybean seeds of Glycine max L Merr. Cv-

JS-355 were purchased from CSIR (Council of Scientific
and Industrial Research), Bhopal, India. Sigma-Aldrich
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Company was a supplier of heavy metals CuSO4 and
PbSO4.

Experiment site, seed germination, and radicle length
analysis

From October to December, the tests were carried out
at King Khalid University’s Botany Department, Al-Farra
campus, Abha, Saudi Arabia. Six treatments of Pb and Cu
were prepared: CN, 25, 50, 75, 100, and 125 ppm. The
completely randomized methods comprise an experimen-
tal setup. In Petri dishes covered with a double layer of
Whitman No. 2 paper, fifty Glycine max Cv-JS-355 seeds
were planted. Ten milliliters of a solution with different
Pb and Cu concentrations of CN, 25, 50, 75, 100, and 125
ppm were placed in each plate. Distilled water was taken
as control (CN). The plates were maintained, with few
adjustments, in a B.O.D. chamber (Cienlab®) at 18 °C + 2
°C having a photo period of 12 hours, as per recommen-
dations given by Siddiqui (2023). Seed germination was
measured after 24, 48, and 72 h. Radicle length was meas-
ured after 24 h for three days with measuring scale.

Detection of mitotic index and chromosomal abnormality
in root tips (RTs) of Glycine max

For cytogenetic assays, all plates were made utilizing
the smashing technique, incorporating a slight modifica-
tion as described by Siddiqui (2023). Root tips Glycine
max were harvested after 72 hours of each treatment and
subsequently fixed in a Carnoy’s solution (3 parts etha-
nol : 1 part glacial acetic acid) and preserved at a tem-
perature of 18 °C. Three samples, each containing 150
cells, were assessed, resulting in a total of 450 cells per
replicate. The behavior of chromosomes were analyzed
by quantifying the cell cycle stages. MI was calculated
based on number of cells undergoing mitosis relative to
total number of observed cells. Chromosomal irregu-
larities were evaluated using specific criteria: cell nucle-
ic leaking, multi-pole division, chromosomal bridge in
telophase, chromosome retarded in anaphase, dissociate
chromosome in metaphase with their frequencies deter-
mined by the total number of abnormalities and the
overall cell count.

Detection of cell death in RTs of Glycine max

To assess cell death in RTs, uptake of non-permea-
ble trypan blue dye was utilized. Trypan blue can only
penetrate the membrane of a dead cell. Using the proce-
dure described by Duan et al. (2010), RTs (0.1 cm) were
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immersed in trypan blue (0.4%, w/v) for 15 minutes at
room temperature. After that, they were twice rinsed
with 2.5 g/mL chloral hydrate solution for ten minutes.
Following sample preparation, pictures were captured,
and analysis was done using an optical microscope
(Olympus CX23, Japan).

Detection of micronucleus index in RTs of Glycine max

Each slide’s 100 cells were scored to calculate the
MN for assessment. A light binocular microscope
(Olympus) with a magnification of 100x was used to
investigate micronucleated cells. For scoring MNI, the
technique stated by Tolbert et al. (1992) was utilized.

Statistical analysis

A one-way ANOVA test was used to examine the sig-
nificance of differences between variables using the GPIS
1.13 program (GRAPHPAD, California, USA). All results
were presented as mean + standard error.

RESULTS
Effect of heavy metals on SG of Glycine max

In untreated seeds, after 2 h, germination percent-
age of seeds were 83.12%, 87.3%, and 99.3% at 24, 48, and
72 h respectively (Figure 1. A-C). Pb and Cu treatments
of 25 to 125 ppm for 2 h caused a very significant SG
decline (p<0.01) at 24 h relative to control. This pattern
remained the same for SG at 48 and 72 h, where high-
est SG was recorded at 25 ppm at 24 h (Pb: 77.66 %, Cu:
75.65 %), 48 h (Pb: 80.33 %, Cu: 85.54 %), and 72 h (Pb:
90.65 %, Cu: 95.67 %), on treating with Pb and Cu for
2 h while lowest SG was found at 125 ppm at 24 h (Pb:
57.63%, Cu: 60.76%), at 48 h (Pb: 60.25%, Cu: 65.27%),
and at 72 h (Pb: 65.35 %, Cu: 72.35 %) relative to control.

Effect of heavy metals on RL of Glycine max

Pb and Cu effect on untreated seeds show that RL
rose with time on treating with double-distilled water
(DDW) for 2 h: 0.94+0.020 at 24 h, 1.52+0.021 at 48 h,
and 2.2140.071 at 72 h (Figure 2. A-C). Pb and Cu treat-
ments of 25 ppm to 125 ppm for 2 h caused significant
RL decline (p<0.05 at 25 ppm and p<0.01 at 50 to 125
ppm) relative to control. This pattern remained the
same for RL at 48 h and 72 h, where highest RL was
recorded at 25 ppm at 24 h (Pb: 0.81+0.023, Cu: 0.89+

0.053), at 48 h (Pb: 1.21£0.04, Cu: 1.35+0.04), and at 72
h (Pb: 1.55£0.06, Cu: 1.75+£0.061) on treating with Pb
and Cu for 2 h while lowest RL was found at 125 ppm
at 24 h (Pb: 0.51+0.021, Cu: 0.55+0.041), at 48 h (Pb:
0.6410.01, Cu: 0.67+0.01), and at 72 h (Pb: 0.90+0.02, Cu
0.99+0.02) relative to control.

Effect of heavy metals on MI of Glycine max

Figure 3 illustrates the impact of Pb and Cu on MI of
root tip cells (RTCs) of Glycine max. In control, treatment
with DDW for 2 h, exhibited MI values of about 65.90%.
Seeds exposed to 25 ppm to 50 ppm of Pb and Cu for 2
h showed a significant reduction (p<0.05) in MI relative
to control. A dose of 75 to 100 ppm of Pb and Cu for 2 h
revealed a very significant reduction (p <0.01), while 125
ppm of Pb and Cu caused a highly significant reduction
(p<0.001) in MI. Maximal MI was found at 25 ppm (Pb:
59.56%, Cu: 51.55%) and minimal MI was found at 125
ppm (Pb: 37.88%, Cu: 34.53%) relative to control.

Effect of heavy metals on CAs of Glycine max

No aberrant metaphase-anaphase plates were found
in RTs of Glycine max in control (Table 1, Figure 4). Dif-
ferent types of CAs, such as cell nucleic leaking (CNL),
multi-pole division (MPD), chromosomal bridge in telo-
phase (CBT), chromosome retarded in anaphase (CRA),
and dissociate chromosome in metaphase (DCM) were
found in metaphase-anaphase plates. In seeds exposed to
Pb and Cu for 2 h, there is a surge in ratio of aberrant
metaphase-anaphase plates with a surge in Pb and Cu
concentration. Cytological investigations disclose that
level of CA steadily escalated with a surge in concentra-
tions of Pb and Cu treatment for 2 hours. Investigations
of varied stages of mitotic division reveal that all stages
of the division were altered.

Percentage formation of CNL, MPD, CBT, CRA, and
DCM were very significant (p<0.01) and maximal at 125
ppm such as CNL (2.25%), MPD (2.1%), CBT (0.40%),
CRA (0.80%) and DCM (1.23%) after Pb treatment.
Minimal percentage of chromosomal anomalies were at
25 ppm CNL (0.8%), CRA (0.21%), and MPD (0.40%),
DCM (0.40%) at 75 ppm, CBT at 100 ppm (0.2%), at 2 h
of Pb exposed seeds relative to control. Enhanced occur-
rence of CAs for Pb exposure were:

CNL > MPD >DCM >CRA> CBT

Similarly percentage formation of CNL, MPD,
CBT, CRA, and DCM were very significant (p<0.01)
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Figure 1. (A, B, C) Effect on SG of Glycine max treated with Pb and Cu for 2 h*P<0.05; **P<0.01 compared to control group. Data are

mean of three replicates + SE, CN = control group.

and maximal at 125 ppm such as CNL (1.20%), MPD
(1.40%), DCM  (2.12%), and CBT (1.40%), and CRA
(0.80% ) at 100 ppm at 2 h of Cu treated seeds. Minimal
percentage of chromosomal anomalies were reported at
100 ppm CNL (0.4%), MPD at 25 and 50 ppm (0.20%),
BRT at 75 ppm (0.2%), CRA at 25 and 75 ppm (0.2%)
and DCM at 25 ppm (0.40%) at 2 h of Cu exposed seeds
relative to control. Enhanced occurrence of CAs for Cu
exposure were:

DCM >MPD = CBT > CNL > CRA

Effect of Pb and Cu on CD in RTCs of Glycine max

Figure 5 illustrates the impact of Pb and Cu on CD
in Glycine max RTCs. In control, treatment with DDW
for 2 h, exhibited CD of 0.11%. Seeds exposed to 25 ppm
of Pb for 2 h exhibited a nonsignificant rise in CD which
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Figure 2. (A, B, C). Effect on RL of Glycine max treated with Pb and Cu for 2 h. *P<0.05; **P<0.01 compared to control group. Data are

mean of three replicates + SE, CN = control group.

was 1.40% in comparison to control. Seeds exposed
to 50 ppm for 2 h with Pb exhibited a significant rise
(p<0.05) in CD which was 2.80% relative to control. At
75 ppm to 100 ppm, a very significant rise (p<0.01) in
CD was revealed which was 3.75% at 75 ppm and 4.90%
at 100 ppm relative to control. At 125 ppm, a highly
significant rise (p<0.001) in CD was revealed which was
5.85 % relative to control. Minimal CD was found at 25
ppm (1.40%), and maximal CD was found at 125 ppm

(5.85%). Rise in CD was dose dependent.

Seeds exposed to 25 ppm of Cu for 2 h exhibited
a nonsignificant rise in CD which was 1.23% relative
to control. Seeds exposed to 50 ppm for 2 h with Cu
exhibited a significant rise (p<0.05) in CD which was
2.2% relative to control. At 75 ppm to 100 ppm a very
significant rise (p<0.01) in CD was revealed which was
3.2% at 75 ppm and 4.6% at 100 ppm as compared to
control. At 125 ppm a highly significant rise (p<0.001)
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Figure 3. Effect on MI in RTCs of Glycine max treated with Pb
and Cu for 2 h. *P<0.05; **P<0.01; **P<0.001 compared to control
group. Data are mean of three replicates + SE, CN = control group.

in CD was revealed which was 5.25% in comparison to
control. Minimal CD was found at 25 ppm (1.23%), and
maximal CD was found at 125 ppm (5.25%). The rise in
CD was dose dependent.

Effect of Pb and Cu on MNI in RTCs of Glycine max

Figure 6 illustrates the impact of Pb and Cu on MNI
of Glycine max in RTCs. In control, MNI was 0.15%
of RTCs treated with DDW for 2 h. A significant rise
(p<0.05) in MNI was found in RTCs treated for 2 h with

Table 1. Effect on CAs of Glycine max treated with Pb and Cu for 2 h.
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Pb at 25 ppm which was 0.80% and very significant rise
(p<0.01) in MNT was found at 50, 75 and 100 ppm which
were 1.80 %, 2.80 %, and 3.92% respectively, and highly
significant rise (p<0.001) in MNI was found at 125 ppm
which was 5.23%, in comparison to control. Minimal
MNI was found at 25 ppm (0.80%), and maximal MNI
was found at 125 ppm (5.23%). Rise in MNI was dose
dependent.

A significant rise (p<0.05) in MNI was found in
RTCs treated for 2 h with Cu at 25 ppm which was
0.52% and a very significant rise (p<0.01) in MNI
was found at 50, 75 and 100 ppm which were 1.30%,
2.23%, and 3.40% respectively and highly significant
rise (p<0.001) in MNT was found at 125 ppm which was
4.80%, in comparison to control. Minimal MNI was
found at 25 ppm (0.52%), and maximal MNTI was found
at 125 ppm (4.80%). Rise in MNT was dose dependent.

DISCUSSION

This study noticed delayed SG, RL, MI, increased
CD, MNI, and CA in Glycine max root tip cells. Accord-
ing to previous research, Pb and Cu reduces germination
(Siddiqui et al. 2009; Siddiqui 2013; Sarac et al. 2019;
Nouri et al 2019) and causes toxicity and mutagenicity
in various plant species (da Cunha Neto 2020; Siddiqui
and Sulaiman 22021; da Cunha Neto et al. 2023). When
seeds are sown in high Cd environments, their ability to
survive is hampered, preventing the development of the
embryonic axis and radicle. This impacts activity of o
and P amylases (Karmous et al. 2015). Numerous factors

Conc. (ppm) CNL MPD CBT CRA DCM

CN 0.00+0.00 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00
Pb

25 ppm 0.80+0.02" 0.42+0.01" 0.42+0.01" 0.21£0.02 0.80+0.04"
50 ppm 1.2040.04™ 0.80+0.24™ 0.31+0.24™ 0.80+0.24" 0.80+0.02"
75 ppm 1.20+0.04" 0.40+0.02" 0.40+0.02" 1.00+0.10" 0.40+0.02"
100 ppm 1.60+0.37" 0.80+0.10" 0.20+0.01" 0.40+0.01" 1.22+0.40™
125 ppm 2.25+0.54™ 2.10+0.44™ 0.40+0.01" 0.80+0.04 ™ 1.23+0.217
Cu

25 ppm 0.80+0.02" 0.20+0.01 0.30+0.01" 0.20+0.01" 0.40+ 0.06"
50 ppm 1.20+0.03" 0.20£0.42 0.40+0.03" 0.40+0.02" 0.80+0.02"
75 ppm 1.2040.03" 0.80+0.21" 0.20£0.05 0.20£0.017 1.204£0.24™
100 ppm 0.40+0.04™ 0.80+0.24™ 0.30£0.21" 0.80+0.22™ 1.20+0.24™
125 ppm 1.20+0.15™ 1.40+0.12™ 1.40+0.15™ 0.40+ 0.21™ 2,12+ 0.63™

"P<0.05; “P<0.01; ""P<0.001 compared to control group. Data are mean of three replicates = SE, CN = control group, where CNL (Cell
nucleic leaking); MPD (Multi-pole division); CBT (Chromosomal bridge in telophase), CRA (chromosome retarded in anaphase), DCM

(Dissociate chromosome in metaphase).
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Figure 4. Micrograph of CA and MNF in RTCs of Glycine max treated with Pb and Cu for 2 h. A- CNL (Cell nucleic leaking); B- MPD
(Multi-pole division); C- CBT (Chromosomal bridge in telophase); D- CRA (chromosome retarded in anaphase); E- DCM (Dissociate
chromosome in metaphase); F- Micronuclei.
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Figure 5. Effect on CD of Glycine max RTCs treated with Pb and
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group. Data are mean of three replicates + SE, CN = control group.
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are known to affect seed germination, including light,
moisture content, oxygen concentration, and incubation
temperature (Siddiqui 2024 * and ®; Anwar et al. 2025). It
has been demonstrated that heavy metals prevent seeds
from germinating at higher concentrations (Siddiqui 2012;
2015; Akbag 2024). A decrease in RL is thought to be
caused by heavy metal-induced root cell death, specifically
because of inadequate energy synthesis in root cells (Sid-
diqui 2018; Siddiqui et al. 2021; Tasar et al. 2022; Qin et
al. 2024). In Brassica napus seedlings, heavy metals caused
cell death and formation of callose in addition to lowering
the micronutrient concentrations (Pramanik et al. 2018).

MI is a crucial factor in determining the genotoxic
potential of heavy metals. In Glycine max, cytotoxicity
elucidates delay in growth, whereas genotoxicity explicates
chromosomal abnormalities. Pesticides, heavy metals and
other chemical pollutants exposure were linked to the
decline in MI in Pisum sativum (Siddiqui et al. 2007; Sid-
diqui et al. 2020 a and b, 2022 a, b and c¢). Delays in cell
cycle or chromatin disorder brought on by metal-DNA
interaction causes a decrease in MI (Siddiqui et al. 2012;
Ditika and Anila 2013). During cell division, heavy metal
affects mitosis and causes spindle-related chromosomal
aberrations (Siddiqui 2012; 2015). Numerous findings
have demonstrated that differences in the mitotic cycle’s
duration may be the cause of a decline in cell activity. A
rise in the S phase’s duration has been attributed by some
researchers to mitotic inhibition (Siddiqui et al. 2012;
Periakaruppan et al. 2023). As per Das et al. (2023), heavy
metals can reach DNA by nuclear pores or when nuclear
membrane splits into cells undergoing mitotic divide.

Our results show that CD in the RTs of Glycine max
exposed to heavy metals at all doses from 25, 50, 75, 100,
and 125 ppm increases in a dose-dependent manner. For
programmed cell death, plants use vacuolar content and
vacuoles in two ways: destructively and non-destructively
(Yang et al. 2023). Direct and immediate cell death results
from the release of vacuolar hydrolytic enzymes into the
cytoplasm following the rupture of the vacuolar membrane
(Brighigna et al. 2006). As organelles that generate energy,
mitochondria help cells divide, operate, and elongate by
metabolizing energy (Fenech et al. 2011; Siddiqui 2024?).

Presence of micronuclei in the root tip cells of Gly-
cine max further confirmed the genotoxicity caused by
heavy metals. After two hours of exposure to heavy met-
als concentration being increased from 25 to 125 ppm,
they significantly increased the number of MNI. The
precise mechanism by which heavy metals induce the
formation of micronuclei is still unknown. Conversely,
micronuclei form during mitosis because of lagging
chromosomes or acentric fragments. (Fenech et al. 2011;
Yan 2011; Sabeen et al. 2020). Heavy metal-induced
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damage to parental cells that are either unrepaired or
improperly healed and may have a mutagenic effect
(Shobha et al 2020). Similar genotoxic effects of heavy
metals on Triticum sativum, Glycine max, Vicia faba, and
Allium cepa have been reported by other studies (Bapi et
al. 2018; Abdelkader et al. 2022).

The formation of chromosomal aberrations are a
useful way to analyze genotoxicity. To assess the extent
of chromosomal damage, this study looked at changes
in chromosomal behavior brought on by heavy metals.
Although the control plant lacked CAs, treated plants
showed several abnormalities, such as cell nucleic leak-
ing, multi-pole division, chromosomal bridge at telo-
phase, chromosome retarded in anaphase, dissociate
chromosome in metaphase even at the lowest dosage.
The frequency of these abnormalities suggests that they
have aneugenic, tubergenic, and clastogenic effects (Sid-
diqui 2019; Liu et al. 2021; Abdelsalam et al. 2022). They
are brought on by chromosomal breakage (fragments,
micronuclei) and spindle apparatus disorders, anoma-
lous metaphase, telophase, anaphase, and bridges (Zhang
et al. 2024; Leng et al. 2025)

CONCLUSION

The dosage of exposure to heavy metals was direct-
ly correlated with their cytotoxicity. It is suggested that
ambient heavy metals are readily absorbed and finally
move up the food chain and higher concentrations of
these heavy metals may harm plant by inducing chro-
mosomal aberrations, cell death, alterations in mitotic
index, micronucleus index radicle length, and seed ger-
mination. Additionally, they impede plant growth by
causing oxidative stress, heavy metals have the potential
to harm the ecosystem by causing DNA damage. These
results are important for the proper disposal of heavy
metals and the levels at which they become dangerous.
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