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ABSTRACT: Trichoderma spp. have been identified as effective biological control agents of a number of 
soil borne pathogens through different strategies like cell wall degrading enzymes production (Chitinase 
and Glucanases). The most crucial boundaries to use Trichoderma as bio-fungicides are their low effective 
level in field condition. Thus, genetic modification using mutagenesis offers the potential for producing 
improved bio- protection. Thereby, effects of induced mutation via gamma irradiated with 250 Gry dose (in 
Agricultural and Medical Research School- Nuclear Science and Technology Institute, Karaj) on 
Trichoderma viridea conidia on chitinase activity by STS molecular marker have been evaluated in this 
study. Among 21 irradiated mutants which selected via improved antagonistic capability against 
Macrophomina phaseolina, PCR amplified chitinase mutated genes with their nested primers produced 
different sizes of amplified regions between 500- 700 bp, which showed polymorphism in compare with 
control (non-irradiated) isolate. In T. viridea irradiation induced considerable positive mutations and in 
90.9% of mutants chitinase activity increased. Dual culture test showed that, 10 mutants of T. viridea have 
statistically more antagonistic capability against M. phaseolina than its parent isolate. Protein profile 
analysis of these mutants supported our hypothesis that: enhancement in fungal cell wall degrading 
enzymes production via irradiation resulted in most of antagonism capacity increasing. Other mutants 
which have better antagonism against M. phaseolina without enzyme activity increasing, maybe carry 
mutations in other bio-control mechanisms. STS analysis data proved that in considerable mutants, 
induced mutation placed in chitinase gene. According to these results, bio-control capability of T. viridea 
could be improved through gamma radiation. 
 
Keywords: Gamma Radiation, Biological Control, Chitinase, Trichoderma viride ،STS marker, M. 
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INTRODUCTION 
 

 Trichoderma species are promising factors that are working against a wide range of plant pathogens and their 
ability can provide to expand the use of Trichoderma biological control strategies (Howell ., 2009). Trichoderma spp. 
refers to the asexually reproducing stage of the ascomycete: Hypocrea spp. Fungal species belonging to the genus 
Trichoderma are worldwide in occurrence and easily isolated from soil, decaying wood, That is known as a biological 
control agent against a broad range of pathogens such as fungi and other organisms (including airborne and soil-
borne), bacteria, protozoa, nematodes and even viruses (Howell ., 2009).Adequate strength and viability of 
Trichoderma (the biological control agents (BCAs)) so particular attention is devoted to the T. viride. Fungal cell wall 
is the first barrier against hydrolase enzymes (chitinase, glucanase) that resist to biological control agent and consist 
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of major component such as chitin and glucan. Therefore, improving the activity of two enzymes chitinase and 
glucanase appears to be an increased potential parasitic myco-parasitic of Trichoderma and could be offered isolates 
by potential conflicts with common agricultural pesticides (Chet., 2005).  
 Gamma rays randomly distributed in different places of the genome of the fungus that causes changes in the 
chemical structure of the molecule DNA And sometimes the breaking of chromosomes sometimes caused by 
mutations in the sequence of organic bases or re-arrange the organic bases use deployments easier because 
Trichoderma isolates modified by using mutant strains modified Trichoderma because of easier settlement in field 
applications and preservation of unfavorable environmental factors have high priority than other methods such as 
protoplasm fusion or transformation (Mostafavi, 2009).Previous studies show that the induced mutation using gamma 
radiation can help in increasing potential of antagonism and achieving new genetic sources by effective and efficient 
bio-control agents (Mukherjee., 2003, Haggag, 2002). The Sequence-Tagged Site (STS) is a relatively short, easily 
PCR-amplified sequence (500 to 700 bp) which can be specifically amplified by PCR and detected in the presence 
of all other genomic sequences and whose location in the genome is mapped. In this study, we amplified genomic 
DNA extracted from mutated isolates of T. harzianum by specific primers (designed based on NCBI registered 
chitinase sequences) and study the differences in amplified fragments pattern in mutated isolates. Also, chytinolytic 
activity and antagonistic capability of the mutats against Macrophomina phaseolina have been evaluated. The 
amount of increasing antagonistic potential of gamma irradiation in T. viride mutants and correlation with chytinase 
enzyme production have been studied. 
 

MATERIALS AND METHODS 
 

Isolation, and Identification of fungi 
 Trichoderma isolated from sugar beet rhizosphere soil compared to plants without using chemical pesticides 
have less disease severity was observed. The suspension was sampled and the soil samples were transferred on 
PDA medium. The results obtained after single-spore colonies (to purify) Using identification keys imperfect fungi 
and according to phialides and phyllida spore and ontogenesis conidia morphological characteristics were identified. 
Random sampling of soybeen infected with fungus was collected by symptoms of root and crown rot, damping, 
general weakness and jaundice. Spices identification of Macrophomina phaseolina fungi colonies was performed by 
our colleagues in the Tarbiat Modares University of Iran (Dr. N. Safaeie). 
 
Determination of optimum dose of gamma radiation for induced mutation 
 After isolation and identification of Trichoderma spp., washed spore suspensions were prepared from seven-
day-old slant cultures in sterile saline solution (9 g.l-1 NaCl in distilled water) and irradiated in a cobalt-60 gamma 
irradiator at a dose rate of 0.23 Gy/sec in, Agricultural, Medical and Industrial Research School, Nuclear Science and 
Technology Research, Alborz, Iran. The applied dose levels were 0, 50, 150, 200, 250, 300, 350 and 400 Gy (in 
triplicate). Dosimeter was performed with Ficke reference standard dosimeter system (Gamma-cell Issle dovatel, PX-
30), and after irradiation process, the spore suspensions were cultured on PDA medium and incubated for 72 h at 
28 ˚C. Determination of optimum dose of gamma irradiation for on induced mutation was selected based on 
approximately 40-50 % inhibition of spore germination on PDA medium.  
 
Isolation of Trichoderma spp. Mutants 
 The different mutants of Trichoderma obtained from optimum dose of gamma irradiation were selected based 
on their fast growth on selective medium (0.5 % colloidal chitin agar, CCA) after 2 day incubation at 28 ˚C. Mycelia 
disc of each mutant and its parent were inoculated on potato dextrose agar (PDA) and mycelia growth and 
morphology were observed after 1-3 days incubation at 28 ˚C. Colloidal chitin agar (CCA) selective medium 
containing (g.l-1): colloidal chitin, 5.0; sucrose, 1.0; NaNO3, 2.0; K2HPO4, 1.0; KCl, 0.5; MgSO4, 0.5; FeSO4, 0.01; 
agar, 15 and distilled water 1000 ml at pH 6.5 .  
 
Isolation of fungal DNA 
 Genomic DNA from each mutant was isolated by the method of Moradi ., 2011). This method consist of grinding 
the fungal mycelia in liquid nitrogen using mortar and pestle and adding 1 ml of extraction buffer (2 % CTAB 
(hexadecyl-trimethyl ammonium bromide), 100 mM Tris-HCl pH 8.0; 1.4 M NaCl; 2% PVP-40 (polyvinylpyrrolidone)) 
per gram of mycelium. The suspension was incubated at 55 ˚C for 20 min, followed by centrifugation on a bench-top 
micro-centrifuge at 14000 g for 20 min. The supernatant was incubated with 200 µg/ml RNAse A at 37 ˚C for 20 min 
and extracted with 24 parts chloroform to 1 part isoamylalcohol. The suspension was centrifuged at 1400 ×g for 5 
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minutes and upper layer transferred to a clean micro-centrifuge tube. The DNA was precipitated with 0.7 vol 
isopropanol at room temperature for 5 minutes and collected by centrifugation at maximum speed for 20 min. the 
resulting pellet was air dried and resuspended in 50 µl TE buffer. 
 
Study chitinase encoding gene using molecular STS marker 
 Internal primers (Table1) designed based on gene sequences in the NCBI genome database (by accession 
number GU187942) with MEGA version.4 and synthesis in Bioneer™. 
 

Table 1.Chitinase primers sequences 
 

Primer sequence Primer Name 

5´-CCTTCATTGACTGCTCTTGCG-3´ Chit1-Fw 
5´-CCTCAAAGCATTGACAACCG-3´ Chit1-Rv 

 
 The primer-dimmer absence and low similarity to human sequences were studied using NT Sys version 11. 1. 
PCR reaction were carried out using approximately 100 ng of total genomic DNA, 0.5 µM of each primer, 4 µl of 1x 
DNA polymerization buffer containing 67 mM Tris-HCl (pH 8.0) mM [NH4]2SO4; 0.45% Triton X-100; 0.2 mg/ml gelTIN; 
0.2 Mm DntpS, 1U of Tag DNA polymerase, 2.5 mM MgCl2 and sterile distilled water to 20 µl. The PCR was carried 
out in MJ mini Bio-Rad ™ thermal cycler. The PCR conditions were as shown in Table 2.  
 

Table 2. PCR condition applied to fungal genomic DNA 
 

Initial degeneration step Denaturation Annealing Extension No. cycles Final elongation step 

94 ˚C, 2 min 94 ˚C, 60 sec 54 ˚C-60 ˚C, 60 sec 72 ˚C, 60 sec 35 72 ˚C, 10 min 

 
Agarose gel electrophorsis 
 PCR products were examined using agarose gel electrophorsis carried out in Bio-Rad Mini subTM cells. TAE 
buffer contained 40 mM Tris-acetate, 1mM EDTA, pH 8.0, as described by Sambrook and Russell (2001). The 
agarose concentration used was 1 % to separated fragments between 500 bp-2000 bp. Gels were electrophorsed at 
10 v/cm until the loading dye (50% glycerol, 50 mM EDTA, 0.1% bromophenol blue) had migrated between half and 
two thirds of the way down the gel. Gel image were digitally captured under UV light (Gel Digi Doc 8.0 mega pixel, 
KIAGENTM) after staining with 0.5 µg.ml-1 EtBr and fragment size determined by comparison to molecular weight 
standard (1 kb DNA ladder-SIGMA™) using Kodak Digital ScienceTM ID (V 3.0.2) software. 
 
Antagonistic activity of mutants against M.phaseolina in dual culture 
 The antagonistic activity of T. harzianum (parental and mutated isolates) against Macrophomina phaseolina was 
determined by dual culture technique. Mycelia discs (5 mm diameter) were cut out from actively growing pure cultures 
of both strains (mutants or parent culture of T. viride and M.phaseolina) on PDA at 28 ˚C for 3 day and placed at the 
opposite sides, 25 mm apart, of 100 mm petri plates containing PDA. The plates were incubated at 28 ˚C in dark and 
mycelia growth of T. viride strains (antagonists) and M.phaseolina (pathogen) was measured after 3 days at intervals 
of 24 h and percent inhibition of mycelia growth of the pathogen was calculated. The valuation of inhibition by mutants 
or parent culture of T. viride is estimated by calculating the percentage inhibition of mycelia growth by the following 
formula: 
 
I%=(1-Cn/Co)×100 
(Cn is the average diameter of colonies of pathogen in the presence of the antagonist  
and Co the average diameter of colonies of control) 
 
Estimation of chitinase activity of the mutants  
 Trichoderma viride and their mutants were maintained on agar slants (MYG agar medium) containing (g.l-1): malt 
extract, 5; yeast extract, 2.5; glucose, 10; agar, 20. Washed spore suspensions were prepared from four-day-old 
slant cultures in sterile saline solution and used as an inoculum of 1×107 spores/ml of medium. The spores were 
pelleted by centrifugation at 3000×g for 10 min, and washed twice in sterile saline solution. Seed cultures were 
produced in Trichoderma complete medium (TCM) which contained (g.l-1): bactopeptone, 1.0; urea, 0.3; KH2PO4, 
2.0; (NH4)2SO4, 1.4; MgSO4 .7H2O, 0.3; CaCl2 .6H O, 0.3; FeSO4 .7H2O, 0.005; MnSO4, 0.002; ZnSO4, 0.002; 
CoSO4.7H2O, 0.002. The medium was adjusted to pH 5.5 and supplemented with 0.3% w/v of glucose. Cultures 
were produced in 50 ml volumes of TCM in 250ml Erlenmeyer flasks shaken at 180 rpm at 28 ˚C for 24 h. To induce 
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production of chitinolytic enzymes washed mycelium was transferred to 25ml of Trichoderma fermentation medium 
(TFM) which contained (g.l-1): urea, 0.3; KH2PO4, 2.0; (NH4)2SO4, 1.4; MgSO4 .7H2O, 0.3; CaCl2 .6H O, 0.3; FeSO4 
.7H2O, 0.005; MnSO4, 0.002; ZnSO4, 0.002; CoSO4.7H2O, 0.002. This medium was adjusted to pH 5.5 and 
supplemented with 0.5% w/v of colloidal shrimp shell chitin. Growth conditions were as described previously. 
Triplicate flasks were harvested after 48 h. Estimation of protein and extracellular chitinolytic activity was assayed in 
Trichoderma fermentation medium after centrifugation at 3000 ×g for 10 min at 4 ˚C. The chitinase assay mixture 
consisting of 0.2 ml of supernatants of TFM and 0.2 ml of colloidal chitin suspension (0.1 % in 50 mM sodium acetate 
buffer, pH 5.5) was incubated at 37 ˚C in a water bath with constant shaking controls, without enzyme, substrate and 
with heat killed enzyme were maintained. After 1h, the released N-acetylglucosamine in reaction mixture was 
estimated. One unit chitinase activity was defined as the amount of enzyme, which produced 1 μM of N-
acetylglucosamine from colloidal chitin in the reaction mixture/ml/h under standard assay condition.  
 
Statistical analysis 
 The treatments were performed using a completely randomized design and all experiments were carried out at 
least in triplicate. The experimental data were subjected to analysis of variance (ANOVA) followed by a Duncan’s 
test. Significance was defined at p<0.05. The SPSS (developer 13) program was used for all statistical analysis. 
 

RESULTS AND DISCUSSION 
 

Isolation and identification of fungi 
 Based on the results of fungal strains isolated after purification from the rhizosphere, morphological 
characteristics were belonged to and phyllida spore, phialides, and ontogenesis conidia to T. viride. Fungus collected 
from infected soybeen root and crown rot symptoms also belonged to M. phaseolina (Tassi) 
Goid. (syns. M. phaseolina (Maubl.). M. phaseolina (Tassi) Goid. , is a soil-borne plant pathogen belonging to the 
phylum Deuteromycetes and class Coelomycetes. It is highly variable, with isolates differing in micro-sclerotial size 
and presence or absence of pycnidia. Pycnida are initially immersed in host tissue, then erumpent at maturity. 
They are 100-200 μm in diameter; dark to grayish, becoming black with age; globose or flattened globose; 
membranous to subcarbonaceous with an inconspicuous or definite truncate ostiole.  The pycnida bear simple, rod-
shaped conidiophores, 10-15 μm long. Conidia (14-33 x 6-12 μm) are single celled, hyaline, and elliptic or oval. 
Microsclerotia of M. phaseolina are jet black in color and appear smooth and round to oblong or irregular.  Across 
isolates, microsclerotia vary on size and shape and on different substrates.  Microsclerotia are formed from 
aggregates of hyphal cells joined by a melanin material with 50 to 200 individual cells composing individual 
microsclerotia. Hyphal branches generally form at right angles to parent hyphae, but branching is also common at 
acute angles. Aerial mycelium with completely or partially appressed growth may or may not be produce in culture. 
 
Mutation induction in Trichoderma using gamma rays 
 Treatments were placed in different groups in comparison of spore germination after 24 hours of irradiation with 
different doses. Accordingly, the effect of irradiation with gamma rays at a dose of 250 Gray has no conflict of hyphal 
growth and 43.4% fungal spores are also able to retain its germination. Measure the absorbed dose for the induction 
of mutations in non-lethal organisms after irradiation of spore germination is approximately 40-50% [12], optimal dose 
selection and mutation induction dose was taken with these mutant strains (Table 3). 
 

Table 3. Effect of gamma radiation on spore germination of T. viride on PDA medium after 24 hours 
 

Irradiated with gamma rays (Gy) 

0 50 150 200 250 300 350 400 450 
84.5(a) 81.1(b) 73.9(c) 59.7(d) 43.4(e) 15.5(f) 11.9(g) 9.7(g) 0(h) 

 
*In each row, means with common letters are not significantly different at the 5% level 
 
Morphological characterization of T. viride mutants 
 After the treatment of γ-radiation (250 Gy), to identify chitinase producers, the isolates were tested for their ability 
to grow on chitin as a carbon source and different mutants of T. viride were selected based on their fast growth on 
this medium. Of the 186 isolates, 20 hydrolyzed colloidal chitin isolates were selected after 48 hours of growth on 
synthetic CCA medium. A significant different at level of p<0.05 in mycelia growth was observed between 20 selected 
isolates. These results suggested that chitinolytic enzymes may be secreted by the strains into culture medium. The 

http://www.cals.ncsu.edu/course/pp728/Macrophomina/structures.htm
http://www.cals.ncsu.edu/course/pp728/Macrophomina/structures.htm
http://www.cals.ncsu.edu/course/pp728/Macrophomina/structures.htm
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selected colonies were re-subcultured on a PDA medium and examined after 1-3 days of incubation at 28 ˚C for 
mycelia growth and morphological differences. Two types of colonies could be identified, one was green in color and 
the other was light green with yellow center. The rate of mycelia growth after 72 h incubation at 28 ̊ C on PDA medium 
in 21 isolates are given in Fig.1. Some mutants showed higher growth and better sporulation than their wild type 
strain, where, γ-induced mutants T.v M11 ،T.v M12  ، T.v M16   ، T.v M18 and T.v M21 showed the highest growth 
respectively comparing with their wild type. 
 

 
 

Figure 1.The rate of mycelia growth of T. viride  isolates (wild type and mutants) after 1-3 days incubation at 28 ˚C on PDA 
media 

 
Amplified genes coding enzymes chitinase in the mutant strains with specific STS marker 
 After amplification by using primers 700 and 500bp Chit1-Fw and Chit1-Rv T. viride some strains of mutant 
strains such as (T. v 21) that  increasing the potential of antagonism was observed, chitinase gene amplification was 
significantly higher compared to controls (Fig. 2), which indicates a positive mutation associated with chitinase gene 
(possibly in the promoter region) and increased expression and activity of chitinase is enhanced the strength of the 
antagonistic strains. 
 

 
 

Figure 2. PCR products with primers Chit1-Fw and Chit1-Rv in mutated T. viride isolates 
 

 Chitinase gene sequencing to identify mutations in these isolates and possible future applications in the 
manipulation of indigenous strains and their antagonistic potential seems absolutely essential for promoting (, )in 
some isolates (T.v 24 and T.v 27) chitinase gene amplification is decreased with loss of the antagonistic potential. In 
some isolates (T.v 3) seems to increase with the increase of the antagonistic potential of chitinase gene expression 
may not have been related to other mechanisms of bio-control. 
 
Antagonistic activity of mutants against M. phaseolina in dual culture:  
 In this study, inhabitation in pathogen growth by antagonistic mutants were between 41/4% to 67/73% and all 
the mutated isolates showed higher antagonistic potential than the un-irradiated isolate (negative control) have 
indicated that a significant number of random mutations caused by irradiation with gamma-rays are desirable with 
respect to the randomness mutations occurred due to improper application of gamma rays observed in the incidence 
of mutations is not surprising. Four gamma radiation induced mutants (T.v M13 ،T.v M6 ،T.v M4 ،T.v M21) have the 
highest antagonistic potential than their parental wild type (un-irradiated T. viride) isolate (Fig. 3).  
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Figure 3. Evaluation Antifungal activity of mutant strains of T. viride against M. phaseolina in dual culture test 
 

Estimation of chitinase activity of Trichoderma mutants 
 The results of extracellular protein content and chitinase activity of the wild type and mutants of T. viride in TFM 
supernatant after 48 h incubation at 180 rpm and 28 ˚C are shown in Table 4. 
 

Table 4. The extracellular protein content (mg/ml) of T. viride and its mutants in TFM supernatant after 48 h incubation at 180 

rpm and 28 ˚C 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Different subscript small letters within a column denote significant differences (p<0.05, Duncan's multiple range 
test Duncan’s test) between Trichoderma viride isolates (wild type and mutants). 
 The data indicates variations in the activity values of the mutants. The values of chitinase activity in different 
mutants have a different significantly at level of p<0.05 in comparison with wild type of T. viride. Some of these 
showed activity values higher than that detected for the wild strain, whereas other revealed lower activity. Generally, 
the chitinase activity of the tested T. viride isolates was affected by gamma radiation.  

Strains Protein concentration (mg/ml) Chitinase activity (U/ml) 

T. viride 0.061g ± 0.003 1.20bc ± 0.07 

T. v M1 0.048e ± 0.006 2.77gh ± 0.37 

T. v M2 0.040d ± 0.006 1.50bcd ± 0.03 

T. v M3 0.031c ± 0.003 1.10bc ± 0.10 

T. v M4 0.031c ± 0.003 2.57fgh ± 0.23 

T. v M5 0.028bc± 0.002 2.73gh ± 0.33 

T. v M6 0.040d ± 0.001 2.30fg ± 0.10 

T. v M7 0.083i ± 0.003 1.77de ± 0.30 

T. v M8 0.071h ± 0.004 1.80de ± 0.13 

T. v M9 0.056fg ±0.005 1.80de ± 0.13 

T. v M10 0.019a ± 0.000 0.13a ± 0.00 

T. v M11 0.062g ± 0.010 1.33bcd ± 0.60 

T. v M12 0.061g ± 0.006 1.57bcd ± 0.70 

T. v M13 0.051ef ± 0.007 1.20bc ± 0.13 

T. v M14 0.028bc ± 0.001 1.43bcd ± 0.03 

T. v M15 0.022ab ± 0.000 1.07b ± 0.20 

T. v M16 0.034cd ± 0.001 1.17bc ± 0.17 

T. v M17 0.059g  ± 0.001 2.23ef ± 0.23 

T. v M18 0.027bc ± 0.001 1.53bcd ± 0.00 

T. v M19 0.063g  ± 0.002 2.93h ± 0.13 

T. v M20 0.060bc± 0.007 1.60cd ± 0.07 

T. v M21 0.063g ± 0.000 1.10bc ± 0.23 
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Figure 4. The exo-chitinase activity (U/ml) of T. viride and its mutants in TFM supernatant after 48 h incubation at 180 rpm and 

28 ˚C 
 

Conclusions 
 A major part of Trichoderma antifungal system consists of a number of genes encoding for an astonishing variety 
of secreted lytic enzymes including; chitinase (endochitinases, 1,4-β-chitobiosidases), β-glucanases (endo- and exo-
glucanases,  β-1,3-glucosidases,  β-1,6-glucosidases, N-acetyl-β-glucosaminidases), proteases, lipases, xylanases, 
mannanases, pectinases, amylases, phospholipases, RNases and DNases (Hermosa . 2000). Particularly useful for 
bio-control applications are chitinolytic and glucanolytic enzymes as well as protein because of their ability to 
efficiently degrade the cell wall of plant pathogenic fungi by hydrolyzing biopolymers not present in plant tissues. 
Each of these two classes of enzymes contains a number of proteins with different enzyme activity and some of the 
enzymes have been purified and characterized and their genes cloned. The cell-wall-degrading enzymes (CWDEs) 
from Trichoderma strains have great potential in agriculture as active components in new fungicidal formulations 
(Hermosa ., 2000). These is because purified CWDEs from different strains of T. harzianum are highly effective in 
inhibition spore germination and mycelial growth in a broad range of pathogens such as Rhizoctonia, Fusarium, 
Alternaria, Ustilago, Venturia, Pythium, Phytophthora, Colletrichum and especially Botrytis (Elad, 2000). One of the 
most crucial boundaries to use Trichoderma strains as bio- fungicides is their low effective level in field condition. 
Induced mutation is one common measures to restrain the genetic construction of microorganisms. Thus, genetic 
modification using mutagenesis of biological control agents offers the potential for producing improved bio- 
protection. In previous studies it has been reported that irradiation with gamma rays was effective to increase the 
biological control of S. rolfsii and Rhizoctonia solani by strains of T. harzianum (Coventry ., 2006). Induced mutation 
in T.virens using gamma radiation to increase strength and competitiveness, growth and sporulation of the fungus 
associated with increased expression has been associated with increased resistance to Rhizoctonia solani (Haggag 
and Mohamed 2007). 
 In this study, effects of gamma irradiation doses on spore germination of T. viride and its effects on morphological 
characteristics of the mutants have been evaluated. Spore suspension of Trichoderma has been gamma radiated by 
0, 50, 100, 150, 200, 250, 300, 350, 400 and 450 Gry in Agricultural, Medical and Industrial Research School (Nuclear 
Science and Technology Research Institute, Karaj). Gamma ray effects on mycelial growth have been evaluated by 
irradiation with 0, 400, 800, 1200, 2000 and 2500 Gry. The results showed that 450 Gry gamma radiations completely 
blocked the spore germination and 250 Gry is the optimum dose to induce mutation in Trichoderma. Furthermore, 
gamma irradiation could change the morphological characteristics like: colonies shape and color, sporolation and 
mycelia growth rate. The Sequence-Tagged Site (STS) molecular marker is a relatively short, easily PCR-amplified 
sequence which can be specifically amplified by PCR and detected in the presence of all other genomic sequences. 
In this study, we amplified genomic DNA extracted from mutated isolates of both of T. harzianum spices by specific 
primers (designed based on NCBI registered chitinase) sequences. Our results showed some different between 
mutated isolates and their parents. Dual culture test showed that, T. viride and its gamma radiated mutants isolates 
exert an effect synergistic, competition and myco-parasitism over M. phaseolina. The authors suggest that T. viride 
and (T.v M13 ،T.v M6 ،T.v M4 ،T.v M21) mutants could be good bio-control agents of M. phaseolina. 
 We confirmed increased bio-control activity and chitinase and protein production by gamma radiation mutants 
over the wild strain. An additional protein band in gamma radiation mutants was added weight to the probability of 
enhanced bio-control activity, chitinase and protein production in the mutant strains. There could be no doubt using 
improved strains as a bio-control agent for plant disease control by gamma radiated and adapted mutants.  
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 This technique can also be used in other fungi to develop potential mutants with different applications. The study 
clearly shows the possibility of improving the antagonistic microorganisms for biological control of plant diseases 
through mutation with δ-radiation. 
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