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Some rhizospheric fungi of Solanum lycopersicum were isolated from Cairo governorate and identified 
in Taxonomy Department, Ain-Shams University, Cairo City, Egypt. These isolated fungi were cultivated 
on soil extract medium enriched with 2% (w/v) glucose and 5% (w/v) yeast extract. The cytological 
effects of the metabolites of these fungi on the seeds of S. lycopersicum were examined after three 
different intervals (6, 12 and 24 h). These cytological effects include three parameters; chromosomal 
aberrations, nucleic acids content, protein banding patterns. Moreover, ochratoxin A was determined in 
the fungal filtrate of the most effective isolate using HPLC technique. 
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INTRODUCTION 
 
The rhizosphere environment is composed of the 
interacting area of the plant, the soil immediately adjacent 
to the root and the organisms related to the roots. The 
rhizosphere is the region in which the roots must 
compete with the attacking roots ofadjacentplant species 
for space, water and mineral supplements and with 
soilbornemicroorganisms (Ryan et al., 2001). 

Local changes within the rhizosphere can include the 
growth and development of neighboring plant species 
and microorganisms. Wu et al. (2006) found that the 
presence of plant growth-promoting rhizobacteria, including 

nitrogen-fixing bacteria as well as phosphate and 
potassium solubilizers enhanced plant growth and 
protected the plant from metal toxicity. 

The role played by the fungal metabolites on the host 
plants was investigated by many workers. Some 
researchersaffirmed the positive role of common 
dandelion roots in the aggregation of organic carbon in 
rhizosphericarea (Kobierski et al., 2018). On the other 
hand, some of these fungal metabolites have a cytotoxic 
effect to plants. 

Mycotoxins are secondary metabolites that are produced 
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from different fungal strains; these compoundsare 
responsible for diseases in animals. Their known toxic 
syndromes are known as “Mycotoxicoses”. 

Similarly, Anninou et al. (2014) found that that certain 
mycotoxins of Aspergillus and Penicillium spp. are toxic 
and causes important genotoxic efficacy at rare 
concentrations. Moreover, De Ruyck et al. (2015) stated 
that some mycotoxins as ochratoxin A (OTA) and 
deoxynivalenol (DON) are reported to interfere with 
mammalian cellular processes including DNA replication 
and protein synthesis. In this regard, Limbeck et al. 
(2018) supports a direct link between inhibition of HATs 
and associated loss of histone acetylation as the key 
molecular initiating event and repression of gene 
expression as a prominent cellular response to OTA. 

The major goal of this work is to study the cytological 
changes occurring in Solanum lycopersicum seeds which 
results from their pre-treatment with the fungal filtrate of 
some rhizospheric fungi. These cytological changes 
include chromosomal aberrations, mitotic activity, protein 
patterns and nucleic acids content. 

 
 
MATERIALS AND METHODS 

 
Experimental fungi 

 
The rhizospheric fungi were isolated from Cairo governorate and 
identified in Taxonomy Department, Ain-Shams University, Cairo 
City, Egypt. These fungi are Aspergillus ustus,Aspergillus 
ochraceous, Cladosporium sp., Trichoderma sp., Fusarium 
mersmoides, and Ulocladium sp. 

 
 
Media used 

 
Czapek,sDox agar medium, Soil extract medium (1 kg garden soil 
with 1 L tap water were mixed and autoclaved, and the extracted 
filtrate was enriched with 2% (w/v) glucose and 5% (w/v) yeast 
extract). 

 
 
Chemicals used 

 
Chemicals for cytology: Carnoy's fixative solution (1 part of glacial 
acetic acid to 3 parts of absolute ethyl alcohol), the hydrolyzing 
solution (1 N - HC1),and Leucobasicfuchsin. 

 
Chemicals for electrophoresis: Acetonitrile fine grade HPLC, 
Methanol HPLC, chloroforme, Trifluroacetic acid (TFA), Anhydrous 
sodium sulfate,Zinc sulfate, hexane. 

 
Chemicals for nucleic acids determination: Trichloroacetic acid 
(TCA) 5% (w/v), Methanol: chloroform (1: 2 v/v), 1N-KOH, 6N-HCl, 
Orcinol freshly prepared, Diphenylamine (DPA), and Acid reagent 

 
 
Isolation and inoculation 
 
Experimental fungi were isolated from the root area and the root 
surface of the tomato (Solanum lycopersicum) in Cairo governorate. 
Isolation from the root surface was done by making sections  in  the  

 
 
 
 
roots after surface sterilizing by 5% aqueous sodium hypochlorite 
solution for 3 min. These sections were plated into Petri dishes 
containing CzepekDox medium. Isolation from the soil surrounding 
the roots was done by plate dilution method. 1 ml of spore 
suspension of each of the isolated fungi were inoculated on 250-ml 
Erlenmeyer flasks containing 100 ml of sterilized soil extract 
medium enriched with 2% (w/v) glucose and 5% (w/v) yeast extract. 
 
 
Cytological preparation 
 
For cytological analyses, seeds of the studied plant were soaked in 
10 ml fungal filtrate (fungal filtrate) of the experimental fungi for 
three different intervals 6, 12 and 24 h and then germinated in Petri 
dishes lined with several layers of filter paper moisture with water. 
Roots of the seedlings were cut off and fixed immediately in Carnoy 
fixative for 24 h. Control treatment (water and media) was also 
done. The Feulgen squash technique was used for the cytological 
preparation. The prepared slides were examined and photographed 
microscopically using Carl Zeiss photomicroscope III at a 
magnification of x2000. 

Mitotic indices (M. I.) and mitotic stage indices (M. S. I.) of the 
roots of treated and untreated seedlings were calculated. 
 
 
Polyacrylamide gel electrophoresis 
 
In the present study, the seedlings proteins were analyzed in 
acrylamide slab gels using discontinuous polyacrylamide gel 
electrophoresis method as described by Laemmli (1970). 
 
 
Quantitative estimation of nucleic acids 
 
RNA and DNA were determined according to Morse and Carter 
(1949). Breifly, 0.5 g air dried plant tissue was ground with 5% (w/v) 
ice cooled trichloroacetic acid (TCA) and centrifuged. The 
precipitate was washed three times with 2ml volumes of 5% (w/v) 
TCA. The initial supernatant and the washings were combined to 
form fraction (A) which contains ice-cooled soluble compound.The 
residue after fraction (A) was extracted three times with 5 ml of 
methanol: chloroform mixture (1:2) for complete delipidation. The 
dilapidated tissue was solubilized in 2.0 ml of 1N-KOH at 37°C for 
16-20 h and the solubilized material was then reprecipitated with 
0.4 ml of 6N-HCL and centrifuged. The residual precipitate is the 
protein and DNA fractions while the supernatant contains RNA. 
 
 
Extraction of mycotoxins 
 
The tested fungi was grown on Czapek,s Dox agar medium for 14 
days at 28°C. The fungal filtrate of the tested fungi was harvested 
by filtration through Whatman filter paper (No.4); thereafter the 
filtrate was extracted with chloroform by mixing equal volume for 
each and shaking in separating funnel and filtered. Chloroform 
extract was dried by addition of anhydrous sodium sulfate and 
evaporated to dryness under nitrogen. The residue was transferred 
to vial and evaporated off using a steam of nitrogen at temperature 
below 60°C according to Munimbazi and Bullerman (1998). The dry 
film was used for toxin determinations by high performance liquid 
chromatography (HPLC) using different mycotoxins control 
samples. 
 
 
Statistical analysis 
 
All experiments were performed in triplicates and the mean values 
were presented as ± standard(SD). 
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Figure 1. Some chromosomal aberrations in Solanum 
lycopersicum seeds treated with the metabolic solutions of its 
rhizosperic fungi. 

 
 
 
RESULTS AND DISCUSSION 
 
Soil management has become a crucial matter in order to 
prevent and/or reduce dangers that are being caused to 
agricultural sustainability in terms of plant development, 
yield and health. Widespread varieties of microorganisms 
including bacteria, archaea, fungi and other microbes are 
found inhabiting the rhizosphere with various interactions 
and with the plant host (Odelade and Babalola, 2019). 
 
 
Chromosomal aberrations 
 
All treatments caused different types of abnormalities 
especially, in seeds treated by the fungal filtrate of A. 
ochraceus. This can be attributed to mycotoxin 
production by this strain. High amounts of abnormalities 
were recorded at metaphase and ana-telophase 
compared   to   prophase    (Figure 1). The most common 

abnormalities, observed mostly at all mitotic phases are 
disturbance then stickiness. Other abnormalities resulting 
from mitotic disturbance include the diagonal mitotic 
phases, disturbed configurations, and chromosome 
lagging. These abnormalities are generally regarded to 
be the result of the disturbance of the spindle apparatus. 
All cells in plants are driven by two interactive and yet 
independent metabolic activities of two cycles; the cell 
cycle and the growth cycle. Interference with cell cycle 
affect cell division and several chemicals are known to 
inhibit cell division by preventing the progression of cells 
from G2 phase to mitosis or from G1 to DNA synthesis 
phase (S-phase). In this regard, Badr et al. (1995) noted 
similar effects with mixture of aflatoxins on Vicia faba root 
meristems and suggested that bridges may also result 
from chromosomal stickness while micronuclei may result 
from lagging chromosome and chromosome fracturing as 
induced by aflatoxins. Similarly, Agar and Alpsoy (2005) 
found   that   all  concentrations  of  AFG1  increased  the
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Figure 2. Effect of metabolic solution of some rhizospheric fungi on 
protein banding patterns of Solanum lycopersicum seedlings. M: marker; 
1: control; 2: A. ochraceus; 3: A. ustus; 4: Trichderma sp.; 5: 
Cladosporium sp. 6: F. mersmoides; 7: Ulocladium sp. A: after 6 hours; 
B: after 12 hours; C: after 24 h. 

 
 
 
frequencies of abnormalities such as C-mitosis, 
chromosomal stickiness, anaphase and telophase 
bridges. Also, Zheng et al. (2018) reported that ZEA can 
cause cell death through inducing cell cycle arrest, 
oxidative stress, DNA damage, mitochondrial damage, 
and apoptosis. 
 
 
Electrophoretic pattern of seedlings protein 
 
It was clear from Figure 2(a, b and c) that the highest 
number of protein bands (17) was observed in the 
seedlings treated with the fungal filtrate  of  A.  ochraceus 

and Cladosporium while the lowest number of protein 
bands (14) was observed in the seedlings treated with 
the fungal filtrate of Trichoderma sp. At 12 h, the highest 
number of protein bands (20) was observed in the 
seedlings treated with the mixture of the fungal filtrate of 
the experimental fungi while the lowest number of protein  
bands (12) was observed in the seedlings treated with 
the fungal filtrate of A. ochraceus. At 24 h, the highest 
number of protein bands (18) was observed in the 
seedlings treated with the fungal filtrate of Trichoderma 
sp while the lowest number of protein bands (12) was 
observed in the seedlings treated with the fungal filtrate 
of   Cladosporium.   Moreover,  it  was  found  that   these  
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Table 1. DNA concentration of the Solanum lycopersicum seedlings in response to their pre-emergence treatment 
their rhizospheric fungi after the three intervals. 
 

                        Time of treatment (h) 

Treatment 

6 12 24 

DNA concentration (mg/100 g dry weight) 

Control (Water) 85.3±0.6 100.2±0.3 110.3±0.7 

Control (media) 41.4±0.5 55.0±0.2 38.1±0.5 

Aspergillus ochraceous 43.2±0.8 38.1±0.6 25.2±0.4 

A. ustus 52.3±0.6 75.1±0.3 61.3±0.8 

Trichoderma sp. 72.0±0.4 95.6±0.3 107.0±0.5 

Cladosporium 77.5±0.8 63.6±0.7 43.4±0.4 

Fusarium mersmoides 81.1±0.6 65.1±0.6 59.4±0.6 

Ulocladium sp. 66.0±0.5 72.0±0.2 85.0±0.3 

 
 
 

Table 2. RNA concentration of the S. lycopersicum seedlings in response to their pre-emergence treatment their 
rhizospheric fungi after the three intervals. 
 

                               Time of treatment (h) 

Treatment 

6 12 24 

RNA concentration (mg/ 100 g dry weight) 

Control (Water) 164.9±0.1 184.2±0.5 193.4±0.5 

Control (media) 137.6±0.2 154.4±0.4 157.8±0.4 

Aspergillusochraceous 107.4±0.4 88.2±0.6 52.0±0.3 

A. ustus 142.3±0.5 230.5±0.3 225.7±0.8 

Trichodermasp. 85.6±0.3 121.3±0.5 125.6±0.5 

Cladosporium 151.2±0.2 113.0±0.3 102.4±0.7 

Fusariummersmoides 110.6±0.6 101.3±0.6 84.0±0.6 

Ulocladiumsp. 98.0±0.7 134.6±0.3 144.3±0.3 

 
 
 
rhizospheric fungi caused the appearance of new bands 
and disappearance of others.Also, fromthe reproductive 
toxicity and teratogenic, nephrotoxic, hepatotoxic and 
embryotoxic effects of citrinin, it was stated that 
mycotoxins can interfere in the cascade of cell machinery 
and thus affect cellular function. 

This does not provide an interpretation for the cause of 
the induced alterations in the protein electrophoretic 
profile, but may be considered as a valid support for the 
use of this approach to identify mutants and to indicate 
the mutagenic potential of genotoxic agents. On this 
account, Kőszegi and Poór (2016) found that ochratoxin 
A (OTA) was thought to have an important role in 
inhibition of protein synthesis and energy production, 
induction of oxidative stress, DNA adduct formation, as 
well as apoptosis/necrosis and cell cycle arrest. 
 
 
Changes in nucleic acids content 
 
In the present work, it has been found that the 
rhizospheric fungi caused variable effect on the nucleic 
acids content of the tested plant. It was found that the 
most effective fungus which caused obvious  decrease  in 

DNA and RNA content is A. ochraceus while 
Trichoderma sp. showed obvious increase in the DNA 
content and A. ustus caused obvious increase in RNA 
content of the seedlings as the time of treatments 
prolonged (Tables 1 and 2). 

Similarly, Mally et al. (2005) found that ochratoxin A &B 
causes DNA-strand breaks in liver, kidney, and spleen of 
animals. Oxidative DNA damage as a mechanism of 
OTA-dependent DNA damage is consistent with the 
absence of lipophilic DNA adducts as assessed by 32P-
postlabeling analysis. These data suggest that OTA may 
cause genetic damage in tissues independent of direct 
covalent binding to DNA. 

With reference to mycotoxin production, it was found by 
many authors that these toxins inhibit cell division and 
reduce the levels of DNA and RNA. Ochratoxin A was 
determined in the fungal filtrates of A. ochraceus using 
HPLC technique andamounted to26.96 µg/l (Figure 3). In 
this regard, Ochratoxin A was reported to inhibit the 
biosynthesis of DNA and proteins (Braunberg et al., 
1992). Similarly, Yang et al. (2014) found that OTA-
induced DNA damage in HEK 293 cells and could induce 
cell cycle arrest at the S phase in HEK 293 cells. Also, it 
was reported by Babayan et al. (2019) that  ochratoxin  A
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Figure 3. HPLC profile of ochratoxin A. 

 
 
 

(OTA), produced by a number of Aspergillus and 
Penicillium fungal species, may cause some cellular 
impairment. 
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