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Introduction
Trichoderma is one of the well-known fungal used as a biocontrol 

agent in controlling of plant diseases caused by some fungal pathogens. 
T. harzianum and T. viride are filamentous soil fungi that functions 
as a biocontrol agent for a wide range of economically important 
aerial and soil borne plant pathogens [1]. The mycoparasitic activity 
of this organism is attributed to a combination of successful nutrient 
competition, the production of cell wall-degrading enzymes, and 
antibiosis [2,3]. Several strains of the genus Trichoderma are being 
tested as alternatives to chemical fungicides [4]. However, full-scale 
application of Trichoderma for biological control of plant pathogens 
has not been widespread. At a molecular genetic level, attempts to 
increase the biocontrol ability of Trichoderma have been focused on 
increasing chitinase or proteinase activity either by increasing the 
number of copies of the appropriate genes or by fusing them with 
strong promoters (e.g., pcbh1::ech42) [3-6]. These strategies have 
not always resulted in the expected increase in biocontrol activity. 
Protoplast fusion is a good tool in Trichoderma spp. improvement 
and developing hybrid strains in other filamentous fungi [3,4]. 
Several reports confirmed that protoplast isolation and regeneration 
in different fungi. Moreover, strain improvement for high yield of 
chitinase and cellulase by exploiting protoplast fusion system also 
reported [7-9]. Protoplast requires specific conditions for isolation and 
regeneration such as temperature, incubation time and medium, etc. 
[10,11]. Recent development in molecular techniques have created new 
possibilities for the selection and genetic improvement of life stocks 
[5,7,12,13]. RAPD markers are dominant, that is, it is not possible 
to distinguish between homozygous loci. Heterozygous RAPD loci 
are observed as different sized DNA segments amplified from the 
same locus, are detected only rarely. RAPD technique is notoriously 
laboratory dependent and not reproducible. Template concentration/
primer mismatch may result in decreasing the amount of PCR product 
even total absence of PCR product, and hence the results are difficult 

to interpret [12,14-16]. The present study aimed to isolation and fusion 
of protoplast in Trichoderma harzianum NBAII Th 1 and T. viride 
NBAII Tv 23 for enhancement their biocontrol activity against some 
root rot and wilt causing pathogens which cause soil borne diseases. 
Furthermore, fingerprinting of parent strains and their corresponding 
fusants using RAPD marker. 

Materials and Methods
Trichoderma samples

Two parental strains (T. harzianum NBAII Th 1 and T. viride 
NBAII Tv 23) were kindly gift from IARI, New Delhi and from MTCC, 
Chandigarh those two strains were done and 21 fusants were selected. 

Protoplast preparation and fusion

Protoplasts preparation was carried out using fungicide tolerant 
isolates of Trichoderma parental strains (T. harzianum NBAII Th 1 
and T. viride NBAII Tv 23) according to Stasz et al. [17]. Strains of 
T. harzianum (sensitive to carbendazim and resistant to Thiophanate-
methyl) and T. viride (sensitive to Thiophanate-methyl and resistant 
to carbendazim) mycelia were subjected to lytic activity with different 
fungal enzyme such as β-glucuronidase and driselase at different 
conversation for 2 hrs with intermittent agitation [18]. The enzyme 
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action of these enzymes. The action of lytic enzymes on the mycelial 
mass depends on the used enzyme, its concentration, the incubation 
period and age of the mycelial mass [5,8].

The conditions for releasing the protoplasts were similar as reported 
earlier [5,10]. Swelling and rounding up of cell content were observed 
at initial stage and the lysis of mycelia started after 90 min (Figures 
1A and 1B). Complete lysis of mycelia and release of protoplasts were 
observed after 3h (Figures 1C and 1D). The protoplasts released initially 
were smaller in size but later they enlarged to spherical structures.

Interestingly, the protoplasts yield was affected by many conditions 
as the concentrations of lysing enzymes. At low concentrations, the lysis 
of fungal mycelium was confined with a minimum release of protoplasts 
whereas at high concentrations, the mycelium lysed producing a large 
numbers of protoplasts. Among different concentrations of tested 
lysing enzymes, KCl as osmotic stabilizer was optimal for the release 
of protoplasts from different Trichoderma spp. However, in previous 
study highest protoplasts were obtained from T. harzianum using 
Novozym 234 at 10 mg/ml with 0.6 M KCl [18]. Other author used 
10 mg/ml of Novozym 234 with 0.6 M sucrose to isolate maximum 
number of protoplasts from T. harzianum and Trichoderma koningii 
[7], and also, obtained maximum protoplasts from Trichoderma roseum 
using Novozym 234 in combination with chitinase and cellulase, each 
at 5 mg/ml [23].

Protoplast fusion

When adding the PEG solution to the protoplasts, they were attracted 
to each other and pairs of protoplasts were observed. Later, the plasma 
membrane at the place of contact dissolved and protoplasmic contents 
fused together, followed by nuclear fusion in most cases. Finally, the 
fused protoplasts became single, larger and round or oval shaped 
structures (Figure 2). Protoplasts fusion in Trichoderma harzianum 
NBAII Th 1 and T. viride NBAII Tv 23 has been achieved in the present 
study using 40% PEG. Similar concentration of PEG was reported as 
optimum for protoplasts fusion between different Trichoderma spp., 

effectively acted on mycelia mass and produced protoplasts and it 
released soon after the lytic activity from the mycelia structure were 
found to be smaller in size and later gradually enlarged to a hyaline 
spherical structure. Protoplasts were fused according to Hassan [5].

Antagonistic activity of Trichoderma strains against some 
pathogenic fungi

 The antagonistic activity of T. harzianum NBAII Th 1 and T. viride 
NBAII Tv 23 against Rhizoctonia solani, Sclerotium rolfsii, Fusarium 
oxysporum and Macrophomina phaseolina was determined by dual 
culture technique according to Fahmi et al. [19]. 

DNA extraction

Genomic DNA from Trichoderma parents and fusants were 
isolated as described [20] using CTAB extraction buffer.

RAPD analysis

RAPD analysis was performed using seven different primers. The 
name of RAPD primers are as the following: OPA-16, OPA-17, OPA-
18, OPB-11, OPJ-07, OPK-03, OPO-13. The RAPD amplification 
reactions were performed as described in [15,21].

Data analysis

RAPD profiles were screened for generating polymorphism 
among the Trichoderma parents and fusants studied. Band position 
for each isolate and primer combination were scored as either 
present (1) or absent (0) for phylogenetic analysis using NTSYS-pc 
(Numerical Taxonomy and Multivariate analysis) system version 
2.2 by Exeter software. The dendrogram of the genetic relatedness 
among Trichoderma parents and fusants was produced by means of 
the unweighted pair group method with arithmetic average (UPGMA) 
analysis [22]. 

Results and Discussion
Protoplast isolation

The enzyme effectively acted on mycelia mass and produced 
protoplasts and it released soon after the lytic activity from the mycelia 
structure they were smaller in size and later gradually enlarged to a 
hyaline spherical structure. The enzyme reacted with the cell wall of 
mycelial mass became swelled up and round hyaline globules by the 

Figure 1: Protoplast isolation A) parental lysis of T. harzianum B) parental lysisi 
of T. viride C) complete lysis T. harzianum D) complete lysis T. viride.

Figure 2: Different stage of protoplast fusion A) cell contact B) attachment to 
each other C) starting of fusion D) pairing of each other E) cytoplasmic fusion 
F) fusion completion.
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from 40% to 60% of PEG is suitable for protoplasts fusion in different 
fungi [23,24]. However, Pe’er and Chet [18], used 33% PEG for 
protoplast fusion in T. harzianum. Therefore, concentration of PEG is 
highly critical for effective fusion of protoplasts [5,24]. 

Antagonistic activity of fusants in dual culture technique 

Antagonistic effects of all Trichoderma parental and fusant isolates 
in vitro were tested against Rhizoctonia  solani, Fusarium oxysporum, 
Sclerotium rolfsii  and Macrophomina phaselona. The antagonistic 
capacities of root rot and wilt causing pathogens were tested using dual 
culture method and the results are presented in Table 1 and Figure 3. 
The antagonistic activity was determined in the most fusant isolates 
compared to the parents. Among the fusant isolates, fusant isolate-7 
produced maximum growth inhibition. It showed approximately one 
and half-fold increase over the parent strains. All the tested fusants 
exhibited increased antagonistic activity against Fusarium oxysporum 
than the parent strains except fusant-21. In all the dual culture plates, 
the inhibition zone appeared as a curve, with concavity oriented 
towards pathogens. The curvature of the inhibition area between the 
inoculation of Trichoderma fungi and the inoculation of pathogenic 
fungi in the same PDA plate depends on the growth rate of the 
inoculation. If one colony has a faster growth rate than the other, a 
curve in the inhibition zone will be observed easily. However, if the 
two inoculations have the same growth rate, a straight line would be 
observed when mycelia from both fungi come into contact [6,24].

Interestingly, all  Trichoderma  isolates exhibited inhibition of the 
mycelial growth of all pathogens. This could be due to the production 
of diffusible components, such as lytic enzymes or water-soluble 
metabolites. These components, such as chitinase, protease and 
glucanase, were always secreted by Trichoderma at low concentration 
[5,25]. Therefore, they can act against the pathogenic fungi before 
mycelial contact, thus increasing the antagonism of  Trichoderma. 
From above results, it can be said that the highest growth inhibition of 

the tested pathogens was detected for fusant F7 followed by fusant F6. 
It also can be concluded that the tested Trichoderma strains reduced 
the growth of all tested soil borne pathogens. Therefore, can be used 
for integrated disease management of soil borne plant pathogens. The 
degree of antagonism varied between and within strains of Trichoderma 
against the soil borne plant pathogens [6,19,24,26]. 

Molecular characterization of parents and fusants by RAPD 

RAPD-PCR has been used to evaluate genetic variation and 
taxonomic relationships in many fungi such as Trichoderma [27]. This 
technique have been used extensively in detecting genetic variation 
in different microorganism species because of its simplicity [9,12,15]. 
Genomic diversity of parents and fusants of Trichoderma produced by 
protoplast fusion was investigated by RAPD analysis. The RAPD results 
are illustrated in Table 2 and Figure 4. Data showed polymorphic 
numbers of the genetic bands, which were the electrophoretic products 
of PCR for parents and fusant strains. RAPD-PCR reactions were 
performed among two parents (P1 was T. harzianum NBAII Th 1, 
P2 was T. viride NBAII Tv 23) and twenty one fusant isolates (F1 to 
F21) using seven different 10-mer primers, which were preselected for 
their performance with Trichoderma DNA. The seven RAPD primers 
produced different fragment patterns and numbers. The primers 
yielded a total of 79 distinct bands (RAPD markers), (16.5%) of which 
were considered as polymorphic and 83.5% of which were considered 
as monomorphic. 

The total number of bands as shown in Table 2 varied from 17 bands 
with primer OPO-13 (Figure 4) to 8 bands with primer OPA-18. The 
total of monomorphic amplicons was 66 and the total of polymorphic 
amplicons was 79. It can be concluded from our study that RAPD 
markers are effective in detecting similarity between Trichoderma 
strains and their fusants. In fact, they provide a potential tool for 
studying the inter-strain genetic similarity and the establishment of 
genetic relationships. The RAPD-PCR results using primer (OPB-11) 
has showed the highest polymorphism, 12 bands in these Trichoderma 

Strains
Antagonistic averaged inhibition percentage %

Rhizoctonia solani Sclerotium rolfsii Fusarium oxysporum  Macrophomina phaseolina
T. harzanium 70 59 64 84

T. viride 69 63 65 86
Fusant 1 75 68 77 90
Fusant 2 79 76 80 89
Fusant 3 86 70 73 84
Fusant 4 86 76 87 89
Fusant 5 80 69 86 90
Fusant 6 65 69 90 93
Fusant 7 79 67 91 95
Fusant 8 58 72 83 92
Fusant 9 81 76 79 89
Fusant 10 56 78 66 86
Fusant 11 58 76 91 88
Fusant 12 80 76 87 93
Fusant 13 81 70 86 83
Fusant 14 50 56 70 91
Fusant 15 57 73 86 94
Fusant 16 79 78 76 91
Fusant 17 83 69 84 88
Fusant 18 78 66 92 84
Fusant 19 79 79 91 87
Fusant 20 80 72 80 86
Fusant 21 72 57 56 86

Table 1: Antagonistic potential of two parental strains and twenty-one of their fusants against some pathogenic fungi.

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=RAPD-PCR
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=RAPD+markers
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Figure 3: Antagonistic test of two parental strains (T. harzianum NBAII Th 1 and T. viride NBAII Tv 23) and twenty one of their fusants produced by protoplast fusion 
against Fusarium oxysporum.

Primers Total Bands No. of Monomorphic Bands No. Polymorphic Bands % Monomorphic bands % Polymorphic bands
OPA-16 11 10 1 91.0 9.00
OPA-17 9 9 0 100 0.00
OPA-18 8 6 2 75.0 25.0
OPB-11 12 12 0 100 0.00
OPJ-07 9 7 2 77.8 22.2
OPK-03 13 11 2 84.6 15.4
OPO-13 17 11 6 64.7 35.3

Total 79 66 13 83.5 16.5

Table 2: Polymorphic bands of each RAPD primers and percentage of polymorphism in parent strains and their corresponding fusants.
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Figure 4: RAPD-PCR profile of two parental strains (T. harzianum NBAII Th 1 and T. viride NBAII Tv 23) and twenty one of their fusants produced by protoplast 
generated with seven RAPD primers. M: is 100 bp DNA ladder.

Figure 5: Dendogram of RAPD-PCR profile of two parental strains (T. harzianum NBAII Th 1 and T. viride NBAII Tv 23) and twenty one of their fusants generated with 
seven RAPD primers. 
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strains ranged from 75 bp to 1750 bp. In case of monomorphism, two 
primers have showed 100 % monomorphism among two parent’s 
strains and twenty one fusants. 

Cluster analysis of Trichoderma parent strains and their 
fusants 

All fragments from RAPD markers were used for molecular 
characterization of Trichoderma strains by genetic similarities 
and designing the phylogenetic tree for these Trichoderma strains. 
According to genetic similarity, two parent strains and twenty-one 
fusants were grouped into two major clusters with about 83% genetic 
similarity. The two parent strains and twenty fusants were grouped in 
the first cluster and only fusant-2 was grouped in the second cluster 
(Figure 5). The overall genetic distance among Trichoderma strains 
was relatively low. The smallest genetic distance (0.008) was estimated 
between F11 and F12, moreover F20 and F15 relatively showed the 
highest genetic distance, whereas the genetic distance for parent P1 
and fusant F1 was marginally low. It may be suggested that the tested 
biological and biochemical traits caused by allelic variation of functional 
genes, whereas RAPD is a genome-wide fingerprinting technique and 
in most cases target repetitive DNA regions. Sharma et al. [28] also 
found no correlation between genetic variability assessed by RAPD 
markers and the ability of Trichoderma isolates to antagonize Sclerotium 
rolfsii. However, other author found a relationship between RAPD 
polymorphisms of Trichoderma strains and their antagonism against 
Aspergillus niger [29]. Moreover, the others found a high relationship 
between some molecular markers of Trichoderma strains and their 
antagonism against many plant pathogens as Fusarium oxysporium, 
Pythium altimum and Sclerotium rolfsii [5,8,24,30]. Moreover, here 
and in a previous study, T. harzianum was the predominant taxon, 
T. harzianum is the most commonly reported species in the genus, 
occurring in diverse ecosystems and ecological niches. However, 
it must be borne in mind that the name “T. harzianum” applies to a 
species complex [31,32]. So we observed that most fusant strains trend 
to parent 1( T. harzianum NBAII Th 1) characters and these haplotype 
fusant species may be seen to comprise a multiplicity of species when 
subjected to multilocus phylogenetic analysis. 

Conclusion
Our results refer to combined studies, including antagonism 

test, protoplast fusion and molecular markers, are necessary to select 
indigenous Trichoderma strains that can be used under different 
environmental conditions. From the two parent strains and twenty one 
of their fusants produced by protoplast fusion F6 and F7 fusants showed 
high antagonistic activity against Rhizoctonia solani, Sclerotium rolfsii, 
Fusarium oxysporum and Macrophomina phaseolina comparing with 
parent strains.

References

1. Nosir WS (2016) Trichoderma harzianum as a Growth Promoter and Bio-
Control Agent against Fusarium oxysporum f. sp. Tuberose. Adv Crop Sci 
Technol 4: 217-224.

2. Brunner K,  Zeilinger S, Ciliento R, Woo SL, Lorito M, et al. (2005) Improvement 
of the Fungal Biocontrol Agent Trichoderma atroviride To Enhance both 
Antagonism and Induction of Plant Systemic Disease Resistance. App Environ 
Microbiol 71: 3959-3965.

3. Elad Y (2000) Trichoderma harzianum T39 preparation for biocontrol of plant 
diseases control of Botrytis cinerea, Sclerotinia sclerotiorum and Cladosporium 
fulvum. Biocont Sci Technol 10: 499-507.

4. Mathivanan N, Srinivasan K, Chelliah S (2000) Biological control of soil-borne 
diseases of cotton, eggplant, okra and sunflower with Trichoderma viride. J 
Plant Dis Prot 107: 235-244.

5. Hassan MM (2014) Influence of protoplast fusion between two Trichoderma 
spp. on extracellular enzymes production and antagonistic activity. Biotechnol 
Biotechnological Equip 28: 1014-1023.

6. Parmar HJ, Hassan MM, Bodar NP, Umrania VV, Patel SV, et al.  (2015) In vitro 
antagonism between phytopathologic fungi Sclerotium rolfsii and Trichoderma 
strains. Int J App Scie Biotechnol 3: 16-19.

7. Hassan MM, Eissa RA, Hamza HA (2011) Molecular characterization of 
intraspecific protoplast fusion in Trichoderma harzianum. New York Sci J 4: 
48-53.

8. Hassan MM, El-Awady MA, Lakhani HN, El-Tarras AE (2013) Improvement of 
Biological Control Activity in Trichoderma Against Some Grapevine Pathogens 
Using Protoplast Fusion. Life Science Journal 10: 2275-2283.

9. El-Komy MH, Saleh AA, El-Ranthodi A, Molan YY (2015) Characterization of 
Novel Trichoderma asperellum isolates to select effective biocontrol agents 
against tomato Fusarium wilt.   Plant Pathology Journal 31: 50-60.

10. Lalithakumari D, Mathivanan N (2003) Final project report on interspecific 
hybridization by protoplast fusion in Trichoderma spp. for lytic enyzme complex. 
New Delhi, India: Department of Biotechnology, Government of India.

11. El-Bondkly AM, Talkhan FN (2007) Intrastrain crossing in Trichoderma 
harzianum via protoplast fusion to chitinase productivity and biocontrol activity. 
Arab J Biotechnol 10: 233-240.

12. Salama SA, Tolba AF (2003) Identification of Trichoderma reesei using specific 
molecular marker and their ability as biocontrol agent. Egy J Genet and Cytol 
32: 137-151.

13. Godrat R, Alireza K, Ardeshir NJ, Saeid S (2005) Evaluation of genetic 
variability in a breeder flock of native chicken based on randomly amplified 
polymorphic DNA markers. Ir J Biotechnol 3: 231-234.

14. Senthil-Kumar N, Gurusubramanian G (2011) Random amplified polymorphic 
DNA (RAPD) markers and its applications. Sci Vision 3: 116-124.

15. Hassan MM, Gaber A, El-Hallous EI (2014) Molecular and Morphological 
Characterization of Trichoderma harzianum from different Egyptian Soils. 
Wulfenia Journal 21: 80-96.

16. Castro-Rocha A, Flores-Márgez JP, Aguirre-Ramírez M, Fernández-
Pavia S, Osuna-Ávila P, et al. (2014) Traditional and Molecular Studies of 
the Plant Pathogen Phytophthora capsici: A Review. J Plant Pathol and 
Microbiol 5: 245-252. 

17. Stasz TE, Harman GE, Weeden NF (1988) Protoplast preparation and fusion in 
two biocontrol strains of Trichoderma harzianum. Mycol 80: 141-150.

18. Pe’er S, Chet I (1990) Trichoderma protoplast fusion; a tool for improving 
biocontrol agents. Can J Microbiol 36: 6-9.

19. Fahmi AI, Al-Talhi AD, Hassan MM (2012) Protoplast fusion enhances 
antagonistic activity in Trichoderma spp. Nat Sci 10: 100-106.

20. Doyle JJ, Doyle JL (1987) A rapid DNA isolation procedure  for small quantities 
of fresh leaf tissue. Photochem Bull 19: 11-15.

21. Narayan KP, Lata AS, Kotasthane AS (2006) Genetic relatedness among 
Trichoderma isolates inhibiting a pathogenic fungi Rhizoctonia solani. Afr J 
Biotechnol 5: 580-584.

22. Rohlf  FJ (2000) NTSYS-PC numerical taxonomy and multivariate analysis 
system, Version 2.1. Exeter Software, Setauket, New York.

23. Balasubramanian N, Thamil PV, Gomathinayagam S, Lalitha-kumaria D (2012) 
Fusant Trichoderma HF9 with enhanced  extracellular chitinase and protein 
content. App J Biochem Microbiol 48: 409-415.

24. Hassan MM, Ismail IA, Sorour AA (2014) Phylogeny and antagonistic activity of 
some protoplast fusants in Trichoderma and Hypocrea. Int J App Sci Biotechnol 
2: 146-151.

25. Fahmi AI, Eissa RA, El-Halfawi KA, Hamza HA, Helwa MS (2016) Identification 
of Trichoderma spp. by DNA Barcode and Screening for Cellulolytic Activity. J 
Microb  Biochem Technol 8: 202-209.

26. Selim ME (2015) Effectiveness of Trichoderma Biotic Applications in Regulating 
the Related Defense Genes Affecting Tomato Early Blight Disease. J Plant 
Pathol Microbiol 6: 311-317.

27. Williams JG, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV (1990) DNA 
polymorphisms amplified by arbitrary primers are useful as genetic markers. 
Nucleic Acids Res 18: 6531-6535.

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=genetic+distance
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=genetic+distance
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=genetic+distance
http://www.esciencecentral.org/journals/trichoderma-harzianum-as-a-growth-promoter-and-biocontrol-agentagainst-fusarium-oxysporum-f-sp-tuberosi-2329-8863-1000217.php?aid=72465
http://www.esciencecentral.org/journals/trichoderma-harzianum-as-a-growth-promoter-and-biocontrol-agentagainst-fusarium-oxysporum-f-sp-tuberosi-2329-8863-1000217.php?aid=72465
http://www.esciencecentral.org/journals/trichoderma-harzianum-as-a-growth-promoter-and-biocontrol-agentagainst-fusarium-oxysporum-f-sp-tuberosi-2329-8863-1000217.php?aid=72465
http://aem.asm.org/content/71/7/3959.short
http://aem.asm.org/content/71/7/3959.short
http://aem.asm.org/content/71/7/3959.short
http://aem.asm.org/content/71/7/3959.short
http://www.tandfonline.com/doi/abs/10.1080/09583150050115089
http://www.tandfonline.com/doi/abs/10.1080/09583150050115089
http://www.tandfonline.com/doi/abs/10.1080/09583150050115089
http://www.jstor.org/stable/43386990
http://www.jstor.org/stable/43386990
http://www.jstor.org/stable/43386990
http://www.tandfonline.com/doi/abs/10.1080/13102818.2014.978206
http://www.tandfonline.com/doi/abs/10.1080/13102818.2014.978206
http://www.tandfonline.com/doi/abs/10.1080/13102818.2014.978206
http://www.nepjol.info/index.php/IJASBT/article/view/11845
http://www.nepjol.info/index.php/IJASBT/article/view/11845
http://www.nepjol.info/index.php/IJASBT/article/view/11845
http://www.lifesciencesite.com/lsj/life1004/304_21802life1004_2275_2283.pdf
http://www.lifesciencesite.com/lsj/life1004/304_21802life1004_2275_2283.pdf
http://www.lifesciencesite.com/lsj/life1004/304_21802life1004_2275_2283.pdf
http://www.pubfacts.com/detail/25774110/Characterization-of-Novel-Trichoderma-asperellum-Isolates-to-Select-Effective-Biocontrol-Agents-Agai
http://www.pubfacts.com/detail/25774110/Characterization-of-Novel-Trichoderma-asperellum-Isolates-to-Select-Effective-Biocontrol-Agents-Agai
http://www.pubfacts.com/detail/25774110/Characterization-of-Novel-Trichoderma-asperellum-Isolates-to-Select-Effective-Biocontrol-Agents-Agai
http://applications.emro.who.int/imemrf/arab_j_biotec_2007_10_2_233.pdf
http://applications.emro.who.int/imemrf/arab_j_biotec_2007_10_2_233.pdf
http://applications.emro.who.int/imemrf/arab_j_biotec_2007_10_2_233.pdf
http://www.sid.ir/en/vewssid/j_pdf/92820050404.pdf
http://www.sid.ir/en/vewssid/j_pdf/92820050404.pdf
http://www.sid.ir/en/vewssid/j_pdf/92820050404.pdf
http://www.sciencevision.org/current_issue/dl/Science Vision 43-3 Senthil Kumar.pdf
http://www.sciencevision.org/current_issue/dl/Science Vision 43-3 Senthil Kumar.pdf
https://www.researchgate.net/profile/Mohamed_Hassan13/publication/269191306_Molecular_and_Morphological_Characterization_of_Trichoderma_harzianum_from_different_Egyptian_Soils/links/548987340cf2ef3447929bc2.pdf
https://www.researchgate.net/profile/Mohamed_Hassan13/publication/269191306_Molecular_and_Morphological_Characterization_of_Trichoderma_harzianum_from_different_Egyptian_Soils/links/548987340cf2ef3447929bc2.pdf
https://www.researchgate.net/profile/Mohamed_Hassan13/publication/269191306_Molecular_and_Morphological_Characterization_of_Trichoderma_harzianum_from_different_Egyptian_Soils/links/548987340cf2ef3447929bc2.pdf
http://www.omicsonline.org/open-access/traditional-and-molecular-studies-of-the-plant-pathogen-phytophthora-capsici-a-review-2157-7471-1000245.php?aid=54249
http://www.omicsonline.org/open-access/traditional-and-molecular-studies-of-the-plant-pathogen-phytophthora-capsici-a-review-2157-7471-1000245.php?aid=54249
http://www.omicsonline.org/open-access/traditional-and-molecular-studies-of-the-plant-pathogen-phytophthora-capsici-a-review-2157-7471-1000245.php?aid=54249
http://www.omicsonline.org/open-access/traditional-and-molecular-studies-of-the-plant-pathogen-phytophthora-capsici-a-review-2157-7471-1000245.php?aid=54249
http://www.jstor.org/stable/3807788
http://www.jstor.org/stable/3807788
http://www.nrcresearchpress.com/doi/abs/10.1139/m90-002#.V7V11KJGQ20
http://www.nrcresearchpress.com/doi/abs/10.1139/m90-002#.V7V11KJGQ20
https://www.researchgate.net/profile/Mohamed_Hassan13/publication/277020876_Protoplast_fusion_enhances_antagonistic_activity_in_Trichoderma_spp/links/555f825108ae86c06b636edc.pdf
https://www.researchgate.net/profile/Mohamed_Hassan13/publication/277020876_Protoplast_fusion_enhances_antagonistic_activity_in_Trichoderma_spp/links/555f825108ae86c06b636edc.pdf
http://ci.nii.ac.jp/naid/10021087108/
http://ci.nii.ac.jp/naid/10021087108/
https://tspace.library.utoronto.ca/handle/1807/6733
https://tspace.library.utoronto.ca/handle/1807/6733
https://tspace.library.utoronto.ca/handle/1807/6733
http://link.springer.com/article/10.1134/S0003683812040035
http://link.springer.com/article/10.1134/S0003683812040035
http://link.springer.com/article/10.1134/S0003683812040035
http://www.nepjol.info/index.php/ijasbt/article/view/10113
http://www.nepjol.info/index.php/ijasbt/article/view/10113
http://www.nepjol.info/index.php/ijasbt/article/view/10113
http://www.omicsonline.org/open-access/identification-of-trichoderma-spp-by-dna-barcode-and-screening-for-cellulolytic-activity-1948-5948-1000286.pdf
http://www.omicsonline.org/open-access/identification-of-trichoderma-spp-by-dna-barcode-and-screening-for-cellulolytic-activity-1948-5948-1000286.pdf
http://www.omicsonline.org/open-access/identification-of-trichoderma-spp-by-dna-barcode-and-screening-for-cellulolytic-activity-1948-5948-1000286.pdf
http://www.omicsonline.org/open-access/effectiveness-of-trichoderma-biotic-applications-in-regulating-the-relateddefense-genes-affecting-tomato-early-blight-disease-2157-7471-1000311.php?aid=64182
http://www.omicsonline.org/open-access/effectiveness-of-trichoderma-biotic-applications-in-regulating-the-relateddefense-genes-affecting-tomato-early-blight-disease-2157-7471-1000311.php?aid=64182
http://www.omicsonline.org/open-access/effectiveness-of-trichoderma-biotic-applications-in-regulating-the-relateddefense-genes-affecting-tomato-early-blight-disease-2157-7471-1000311.php?aid=64182
http://nar.oxfordjournals.org/content/18/22/6531.short
http://nar.oxfordjournals.org/content/18/22/6531.short
http://nar.oxfordjournals.org/content/18/22/6531.short


Citation: Lakhani HN, Vakharia DN, Makhlouf AH, Eissa RA, Hassan MM (2016) Influence of Protoplast Fusion in Trichoderma Spp. on Controlling 
Some Soil Borne Diseases. J Plant Pathol Microbiol 7: 370. doi: 10.4172/2157-7471.1000370

Page 7 of 7

Volume 7 • Issue 8 • 1000370
J Plant Pathol Microbiol, an open access journal
ISSN: 2157-7471

28. Sharma K, Mishira AK, Misra RS (2009) Morphological, biochemical and
molecular characterization of Trichoderma harzianum isolates for their efficacy 
as biocontrol agents. J Phytopathol 157: 51-56.

29. Gajera HP, Vakharia DN (2010) Molecular and biochemical characterization of 
Trichoderma isolates inhibiting a phytopathogenic fungi Aspergillus niger Van
Tieghem. Physiol Mol Plant Pathol 74: 274-282.

30. Shahid M, Srivastava M, Sharma A, Kumar V, Pandey S, et al. (2013)
Morphological, Molecular Identification and SSR Marker Analysis of a Potential 

Strain of Trichoderma/Hypocrea for Production of a Bioformulation. J Plant 
Pathol Microbiol 4: 204-210.

31. Druzhinina IS, Kubicek CP, Komoń-Zelazowska M, Mulaw TB, Bissett J (2010) 
The Trichoderma harzianum demon: complex speciation history resulting in 
coexistence of hypothetical biological species, recent agamospecies and
numerous relict lineages. BMC Evolu Biol 10: 94.

32. Błaszczyk L, Popiel D, Chełkowski J, Koczyk G, Samuels GJ, et al. (2011)
Species diversity of Trichoderma in Poland. J App Gene 52: 233-243.

http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0434.2008.01451.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0434.2008.01451.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0434.2008.01451.x/full
http://www.sciencedirect.com/science/article/pii/S0885576510000238
http://www.sciencedirect.com/science/article/pii/S0885576510000238
http://www.sciencedirect.com/science/article/pii/S0885576510000238
http://www.omicsonline.org/morphological-molecular-identification-and-ssr-marker-analysis-of-a-potential-strain-of-trichodermahypocrea-for-production-of-a-bioformulation-2157-7471.1000204.php?aid=19270
http://www.omicsonline.org/morphological-molecular-identification-and-ssr-marker-analysis-of-a-potential-strain-of-trichodermahypocrea-for-production-of-a-bioformulation-2157-7471.1000204.php?aid=19270
http://www.omicsonline.org/morphological-molecular-identification-and-ssr-marker-analysis-of-a-potential-strain-of-trichodermahypocrea-for-production-of-a-bioformulation-2157-7471.1000204.php?aid=19270
http://www.omicsonline.org/morphological-molecular-identification-and-ssr-marker-analysis-of-a-potential-strain-of-trichodermahypocrea-for-production-of-a-bioformulation-2157-7471.1000204.php?aid=19270
https://bmcevolbiol.biomedcentral.com/articles/10.1186/1471-2148-10-94
https://bmcevolbiol.biomedcentral.com/articles/10.1186/1471-2148-10-94
https://bmcevolbiol.biomedcentral.com/articles/10.1186/1471-2148-10-94
https://bmcevolbiol.biomedcentral.com/articles/10.1186/1471-2148-10-94
http://link.springer.com/article/10.1007/s13353-011-0039-z
http://link.springer.com/article/10.1007/s13353-011-0039-z

	Title
	Corresponding Author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Trichoderma samples
	Protoplast preparation and fusion
	Antagonistic activity of Trichoderma strains against some pathogenic fungi
	DNA extraction
	RAPD analysis

	Results and Discussion
	Protoplast isolation
	Protoplast fusion
	Antagonistic activity of fusants in dual culture technique
	Molecular characterization of parents and fusants by RAPD
	Cluster analysis of Trichoderma parent strains and their fusants

	Conclusion
	Table 1
	Table 2
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	References

