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  ŗŮƚʳƃا 

       Ŭ ʗŸ  Ƒƅإ řŬراʙƅه اʚƍءا��ŕʸƂʱŬ   ʧŷ  تŕǽŕƎʻƅل اʨʡ ƑƆŷ تŕŝʨƆʺƅوا řॽʯʽʰƅا ȈƈاʨŸƅا ʛʽŝōś

řॽƈʨŬʨƈوʛؔƅا (Telomeres)  تŕॼƊن وŕʶƊا�� Ȑʙƅ (رōſƅأذن ا) (Arabidopsis thaliana   (   

اŕʵƅرŕŷ ȈȞʷǼ ƓŠم وʨƆśث اʨƎƅاء اʙƅاƓƆŦ اʧʽŦʙś ʧŷ ʦŠŕʻƅ اʛœŕȞʶƅ  و وʙƁ أʨƆś ʛʽʱŦث اʨƎƅاء  ، 

  ȈƈاʨŸƅه اʚƍ ʙţōؗ صŕŦ ȈȞʷǼ  řƆʽƂʲƅا ʛŰŕʻŸƅا ʛʽŝōś ʨƍ ʛŦا�� ȈƈŕŸƅو ا  ʦŠŕʻƅا Ɠʯʽʰƅد اŕــ و ا��ƎŠــ

  .ŕƎـــ ــ ـ̒ ŷ  ʗƆʲʺś  .řŦʨʵॽʷƅا اʨŸƅاȈƈ اʛƍŕʤƅ řॼʰʶʺƅة  ʧƈ ʙŸǽُ أʛŗز   ʖʽƄاʛʱƅا ÆʛʤƊا ��ن ʚƍ ʛʸƁِه 

  řŬراʙƅا řॽʳƎʻƈƑƆŷ  řȄʛʹʴƅا  Șʡŕʻʺƅا  ʧʽŗ  ȑوŕʶʱƅŕǼ  ʧʽŷزʨƈ ʧʽʻŦʙƈ ʧƈ ت دمŕʻʽŷ ŶʺŠ    و

řॽɿȄʛƅت  اŕॼƊ řŷزرا ʖƊŕŠ Ƒƅر، إ΄ϔϟدن   أذن اŕŸʺƅا ʧƈ دةʙʴƈ ʜʽƄاʛś ʧŷ şśŕƊ Ɠʯʽŗ دŕƎŠ󟿿 ƌʹȄʛŸśو

 ɻ ʺƅا Ȉʽƅŕʴʱƅت واŕŰʨʴſƅا ŕƎʽƆŷ ʗȄʛŠُوأ ŕÆƂţƛ تŕʻʽŸƅا ʗŸʺŠُ .řƆʽƂʲƅاʱřƈزƜƅا řȄʛʰ   Ȑʨʱʶʺƅا ƑƆŷ

  ƓʯȄʜʳƅم  اʙ ُɻɦŬا  ʘʽţ ،   řॽʻƂś  ſśـــ ـــ ــ ــ ــ ـــاȈŷŕƆʰƅ  ــ ـــ ــ ـ ــ اʱʺƅـــ ــــʺʛة  ــ ـــاʙŸ  ʱʺƅد ـ ـــ ــ ـ ـــƆʶ ــ ـــ ــ žــ  Ȉʶـــ ــــ ــــاƓ  Ɓʨƅـ ــ ــ ــ ــ ـــ ʗ  ــ

ʽƂʴƅــــا ــ ــ ـ ــ ــ ــــƂــ ــ اήϤϠΒϟة واάϟي ήόϳف اƓ(Real-time polymerase chain reaction  )    ϞϋΎϔΘΑ Ύπϳـــ

  ( ϲϧا� ϲϤϜϟا ϞδϠδΘϤϟاQuantitative PCR  )   ،řॽƈʨŬʨƈوʛؔƅت اŕǽŕƎʻƆƅ Ɠʰʶ ƅ̒ل اʨʢƅس اŕॽʁƅ

  ʧŷ ȆʷؔƆƅ ،تŕǽŕƎʻƅه اʚƎŗ Ȍॼśʛʺƅا ȑوʨʻƅا ʠʺʴƅا Ɠž řॽʻʽŠوʛʱʽʻƅا ʙŷاʨƂƅا ȈʶƆʶś ȈʽƆʴś هƜś

ŕƎŗ řʢॼśʛʺƅت اŕʻʽśوʛʰƅاع اʨƊات وأʛſʢƅا. 

  řŬراʙƅا ʗƆʺش ʙƂž ،řȄʛʷॼƅت اŕʻʽŸƅŕǼ ȘƆŸʱي ŕƈ Ɠž  صŕʵأش  ʧƈ تŕʻȄʛʷŸƅا Ɠž ʦƎʺʤŸƈ ʧʽʻŦʙƈ

  ،ʛʺŸƅا ÆƜʹž    ʧŷ  تŕʻʽŷةʛʢॽʶƅا    ʧʽŗ ȑوŕʶʱƅŕǼ ʗŷّوُز ،řƈʙƂʱƈ ȐʛŦة وأʛʽżŰ řȄʛʺŷ تŕʯž ʧƈ

  ʅȄʛƅوا řʻيʙʺƅا  ȑʛŠُأ .ȈʽƆʴś (qPCR)   şœŕʱʻƅا řƊرŕƂƈ Ŷƈ ،řॽƈʨŬʨƈوʛؔƅت اŕǽŕƎʻƅل اʨʡ سŕॽʁƅ

، اȈʽƆʴś şœŕʱƊ ʗſʷؗ . (Fold Change)  ȑʚƅ    اʛʢॽʶƅةاشŕʵص ŕʻʽŸؗ ʧʽʻŦʙƈ ʛʽŻت  ŕʻʽŸǼت  

  Ȑʙƅ تŕǽŕƎʻƅه اʚƍ الʨʡأ Ɠž ȍʨʴƆƈ ضŕſʵƊا ʧŷ ،řॽƈʨŬʨƈوʛؔƅت اŕǽŕƎʻƆƅ Ɠʰʶʻƅل اʨʢƅا ʝȞŸǽ

ƅا řʻʽŸǼ řƊرŕƂƈ ʧʽʻŦʙʺƅة  اʛʢॽʶ( řʺॽʀ ƑƊأد ʗƆ ّr Ŭُ0.0018. و  ʧƈ غƆʰي ƓſȄع رʛʰʱʺƅ řʻʽŷ Ɠž )

  ʛʺŸƅ24ا  (  řʺॽʀ  ƑƆŷأ  ʗżƆŗ  ŕʺʻʽŗ  ،ŕÆƈŕŷ3.249  عʛʰʱƈ  Ȑʙƅ  ) ʅȄʛƅا  ʧƈ  ʛŦأ    Ȇʸʱʻƈ  Ɠž

ʚƍا ʙʺƆƅ.    ȈȞʷǼيřʻ واƓʱŷʨʺʳƈ ʧʽŗ ōʡʅȄʛƅ اŕʻʽŸƅت  وʚƍه اƓƍ şœŕʱʻƅ اƑƆŷƛ واƛو   اŕʻȄʛʷŸƅت 

  řʳॽʱƊ ƑƆŷأ Őžن  ŕʻʽŷ Ȑʙƅ ʗƆʳŬت اʙʺƅيŕŷ  řʻم ŕʻʽŷ ŶॽʺŠ ʧʽŗت اʙƅراřŬ ، أŕŦ ȈȞʷǼ ŕƈص 

  ʗƊŕƄ(1.7532  ʛʺŸƅا ʧƈ غƆʰي ʧŦʙƈ بŕʷƅ ʗƊŕؗ Ɠʱƅوا )26    ƑƊو أد ، řʻŬ  Ɠž ʗƆʳŬ řʺॽʀ

ؗ řŷʨʺʳʺƅه اʚƍ  ( ʗƊŕ0.0042  ʛʺŸƅا ʧƈ غƆʰب يŕʷƅ )23   . řʻŬ 



 

II 
 

ŕśŕॼƊت    ʗŷرزُر΄ϔϟا وʨȞŬج  أذن   şॽراشʨƈ ȌŬو  Ɠž  (Murashige and Skoog medium  )

(MS)   ُأ(  řſƆʱʵƈ  ʜʽƄاʛś  ƑƆŷ ȑʨʱʴś  Ȉʽƅŕʴƈ  ƌॽƅإ  ʗſॽŲ1  ،5  ،1020، و  ʛʱƅ ( ʛżƆƈ  ʧƈام/ 

ʛŰŕʻŷ   صŕŰʛƅا (Pb)مʨʽƈدŕؔƅا ، (Cd)مʨʽʶॽʻżʺƅا ، (Mg)سŕʴʻƅا ، (Cu) ʙيʙʴƅوا ، (Fe) ،

  ƓƍوʛŰŕʻŷ    ŕƎśاʛʽŝōʱŗ řžوʛŸƈ  ) řॽƅŕŸƅا ʜʽƄاʛʱƅا ʙʻŷ ( řॽʺʶƅا ȑʨƆʵƅا ʧʽȄʨʱʶʺƅا ƑƆŷ řॽʺƄاʛʱƅوا

ʽƅŕŷ  ʜʽƄاʛʱƅ  řŲʛŸʺƅا اŕśŕॼʻƅت  أن   şœŕʱʻƅا أʛƎʣت   .ƓʯȄʜʳƅـــــوا اřŰŕʻŸƅ  ـ  ʧƈـــــʛ  (   ،صŕŰʛƅا

 ʙيʙʴƅم، واʨʽƈدŕؔƅأ  (ا  ʜʽƄاʛś Ɠž řŷروʜʺƅا ʥƆʱŗ  řƊرŕƂƈ ŕÆॽʰʶƊ ŕǽŕƎƊت ʛؗوřॽƈʨŬʨƈ أʨʡل   ʗؔƆʱƈ

řʹſʵʻƈ. 

   şœŕʱƊرōſƅا أذن  ŕॼƊت  اʘʽţ Ɠƅŕʱƅ أن  ŕʻʽŷ   ʗƊŕؗت   ʨʴʻƅŕǼ    řǽŕƎʻƆƅ  Ɠʰʶʻƅا ʨʢƆƅل   řʺॽʀ  ƑƆŷأ

  řॽƈʨŬʨƈوʛؔƅا(  ʜʽ ʛؗʱƅ  řॼʶʻƅŕǼ1 ʛʱƅ )  ʛżƆƈام/  Ɔʰśغ   ʛŰŕʻŸƅا  ʜʽ ʛؗś  ʧƈ  )55.43  ʛʸʻŸƅ  )

( Ɠƍ ʜʽ ʛؗʱƅا اʚƍ ʧʺŲ ōʡوƛا řʺॽʁƅص و اŕŰʛƅ3.20ا    ʛʸʻŸƅ )  ʜʽ ʛؗʱƆƅ řॼʶʻƅŕǼ ŕƈم ، أʨʽƈدŕؔƅا

  (5  ʛʱƅ /امʛżƆƈ  ʜʽ ʛؗʱƅا اʚƍ Ɠž ƑƆŷƛا řʺॽʁƅا ʗƊŕؗ ʙƂž )( Ɠƍ210.56 řʺॽʁƅوا ʙيʙʴƅا ʛʸʻŸƅ )

  ōʡوƛ2.42)ا  (  ʜʽ ʛؗʱƅا  ŕƈأ  ، اŕؔƅدʨʽƈم   ʛʸʻŸƅ  )10  ʛʱƅ اʛżƆƈ  ʗƊŕؗ ƑƆŷƛام/   řʺॽʁƅا Őžن   )

  ( اŕŰʛƅص   ʛʸʻŸƅ42.42    ōʡا��و  řʺॽʁƅوا اŕʴʻƅس )  (   ʛʸʻŸƅ  ʗƊŕؗ6.40  نŐž وأʛʽŦا   ، )

( ƑƆŷƛا ʜʽ ʛؗʱƅ20ا  ʛʱƅ /امʛżƆƈ  )( Ɠƍ ƌॽɾ ƑƆŷƛا řʺॽʁƅا ʗƊŕؗ599.07    صŕŰʛƅا ʛʸʻŸƅ )

 ʗƊŕؗ ōʡا��و řʺॽʁƅا ŕƈأ( ʗżƆŗ Ɠʱƅس واŕʴʻƅا ʛʸʻŸƅ1.49 . ) 

şœŕʱƊ  ŶॽʺʳǼ  وأʛƎʣت   اʛſʢƅات،   ʧƈ عʨّʻʱƈو  ʛʽʰؗ وʨŠد ʙŷد   ȑوʨʻƅا  ʠʺʴƅا  ȈʶƆʶś ƜʽƆʴśت 

 ŢŲووا ʛؔʱƈر   ȈȞʷǼ اʛƎʣ Ɠʱƅت  واʙʴʱŬƛاث  اʚʴƅف  أʛŗزʛſʡ ŕƍات   ʧƈ ŕن  وؗ  ،ŕƎŷاʨƊأ    ʙʻŷ

  اŕʻʽŸƅت اŕʱʵʺƅرة ŕʻʽŷ ʧƈت اʙƅم و ŕʻʽŷت اŕॼʻƅت .

ƅإƑ    ʥƅذ ʖƊŕŠƓŲاʛʱžر إŕॼʱŦأ ȑʛŠا      Ɠž دةʨŠʨʺƅت اŕʻʽśوʛʰƅاع اʨƊأ ʧŷ ȆʷؔƆƅ تŕʻʽŸƅا    Ɠʱƅوا

 ŕƎʰƆŻن أŕƄřʸʵʷƈ ʛʽŻ تŕʻʽśوʛŗ دة أوʨʳƅا řʹſʵʻƈ تŕʻʽśوʛŗ  . 
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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. 

 

 

 

 

 

 

 

 

 

 

 

 

 


