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Abstract

Abstract

This study aimed to investigate the impact of environmental factors and
pollutants on telomere length in humans and in the model plant
Arabidopsis thaliana. Telomere shortening is recognized as one of the
primary biological mechanisms underlying aging. The study involved
collecting blood samples from smokers residing in both urban and rural
areas in equal numbers, alongside cultivating Arabidopsis thaliana plants
and exposing them to environmental stress through defined concentrations
of heavy metals. All samples underwent comprehensive analyses,
including real-time quantitative polymerase chain reaction (qPCR) to
determine relative telomere length. Subsequent steps involved DNA
sequencing of telomeric regions to identify mutations and associated
proteins.

Blood samples were collected from smokers, primarily in their twenties,
along with control samples from both younger and older individuals, with
equal representation from rural and urban areas. qPCR analysis was
conducted to measure telomere length, and the results were compared to
non-smoking control samples to ensure reliable conclusions. Fold change
analysis, representing relative telomere length, revealed a noticeable
telomere shortening in smokers compared to the control group. The lowest
fold change value (0.0018) was observed in a 24-year-old rural donor,
while the highest value (3.249) was recorded in another rural donor in his
mid-twenties. In general, across all study samples, the highest value
recorded among the urban group was 1.7532, observed in a 26-year-old
male smoker, whereas the lowest value in this group was 0.0042, detected
in a 23-year-old male. This variation indicates that individual responses to
environmental stressors may differ based on genetic background,
environmental exposures, and lifestyle factors.

Arabidopsis thaliana plants were grown in Murashige and Skoog (MS)
medium supplemented with solutions of various metals at four different
concentrations (1, 5, 10, and 20 mg/l). The tested metals included lead
(Pb), cadmium (Cd), magnesium (Mg), copper (Cu), and iron (Fe) elements
known for their cumulative and cytotoxic effects at the cellular and
molecular levels.

The results showed that certain plants exposed to higher concentrations of
most heavy metals particularly lead, cadmium, and iron—exhibited
relatively longer telomeres compared to those grown under lower
concentrations. This unexpected pattern may be attributed to an early
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physiological defense response triggered by acute environmental stress.
These findings suggest that environmental stress can activate internal
mechanisms that transiently stabilize telomere length as part of a short-
term adaptive strategy.

With respect to the Arabidopsis thaliana plant samples, the highest relative
telomere length at a concentration of 1 mg/l of heavy metals was 55.43 for
lead, while the lowest value at this concentration was 3.20 for cadmium.
At a concentration of 5 mg/l, the highest value was 210.56 for iron,
whereas the lowest was 2.42 for cadmium. At 10 mg/l, the maximum value
was 42.42 for lead, and the minimum was 6.40 for copper. Finally, at the
highest concentration 20 mg/l, the maximum value reached 599.07 for
lead, while the lowest was 1.49 for copper.

DNA sequencing analyses revealed a wide range and high frequency of
mutations of various types, most notably deletions and insertions, which
were recurrent and prominent in both blood and plant samples.

In addition, an in-silico assay was conducted to identify the types of
proteins present in the samples. The majority of these proteins were found
to be either of low quality or remained uncharacterized.
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