
RESEARCH OF THE EFFECT OF SILICON DIOXIDE AND 

POLYSTYRENE NANOPARTICLES IN ALLIUM CEPA ROOT CELLS BY 

CYTOGENETIC AND MOLECULAR METHODS 

Gabija Mončiūtė, Asta Stapulionytė 
 

 Institute of Biosciences, Life Sciences Center, Vilnius University, Lithuania 

gabija.monciute@gmc.stud.vu.lt  

 

Nanotechnology is one of the technology fields working at a very small scale. The wide use of nanoparticles (NP) 

is due to their unique physical and chemical properties, such as easy-to-modify surface, strong mechanical properties, 

and easy synthesis, thus NP have great potential in many areas, from construction to healthcare. With the increasing use 
of nanoparticles, there is a growing concern about their harmful effects on the environment and living organisms. Being 

of extremely small size, NP can enter the cells easily and cause damage, which can later turn into mutations affecting 

the entire organism. We selected to study effects of silicon dioxide nanoparticles for their widespread use in 

manufactured products of everyday life, and in the medical field for their biodegradability and compatibility in the 

cellular environment [1], whilst polystyrene nanoparticles interest us because of environmental concerns. 

Previous studies of silicon dioxide nanoparticles showed lethal effects on development and growth when 

genotoxicity occured through reactive oxygen species (ROS) [1]. Other studies revealed polystyrene nanoparticles can 

also cause oxidative stress in plants. NP can affect root germination when particles adhere to the peripheral root tissues 

and interfere with water absorption or might be absorbed and stored in various compartments of the cell [2]. For these 

reasons, it is important to determine the lowest concentration required to cause effects in cells.  

We applied cytogenetic and molecular methods to assess the detriment of nanoparticles, either silicon dioxide or 

polystyrene, in onion root cells using Allium and RAPD-PCR assays. We tested various concentrations of nanoparticle 
solutions consisting of 10–20 nm silicon dioxide or 50–100 nm polystyrene on onion bulbs (Allium cepa var Sturon). 

Root growth, mitotic index and frequency of chromosome aberration in onion root cells were determined. RAPD 

method was applied to evaluate if nanoparticles can induce DNA polymorphism in onion. Initially, DNA was purified 

by three methods: CTAB and commercial Plant gDNA Purification Kits K0512 and K0791 (ThermoFisher Scientific) to 

determine the most suitable. End-point PCR was performed with random sequence RAPD primers and further visual 

analysis of PCR products was performed to conduct statistical analysis for polymorphism evaluation and differential 

analysis. 

In summary, the observed cytotoxicity and genotoxicity results of silicon dioxide and polystyrene nanoparticles 

indicate what kind of damage can be caused when these nanoparticles are absorbed through plant roots and enter the 

cell. 
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