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INTRODUCTION 

ushrooms have gained the 

reputation of being difficult 

organisms to work with and it was 

widely acknowledged that the mushroom, 

particularly Agaricus bisporus is not easy to 

manipulate through breeding. During early 

attempts at genetic improvement in the 

cultivated mushroom, A. bisporus, there was 

not much understanding of the natural breeding 

system. It is well understood that the yield and 

quality of a particular mushroom species 

depend on the genetic makeup of the mushroom 

variety and the environmental conditions in 

which it is growing. The interaction between 

genes and environmental conditions determines 

the overall performance of a mushroom variety, 

including its characters and behavior. 

Following different methods have been adopted 
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ABSTRACT 
Increasing the yield and quality of crops as well as resistance to diseases are the primary 
goals for mushroom breeders in mushroom research. Methods of mass selection based on 
natural chance mutation as well as cross breeding and transgenic breeding are some of the 
methods carried out for this purpose. Protoplast fusion between different mushroom 
species, for example white and brown oyster mushrooms are experimented to obtain high 
productivity and long storage life.  
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for the genetic improvement of mushroom from 

time to time. 

CONTENT  

By the introduction of DNA molecular markers, 

mushroom spawn producers can identify and 

fingerprint their strains providing greater patent 

protection and provide resources to expand 

breeding programs. Today Magic Angle 

Spinning Nuclear Magnetic Resonance (MAS 

NMR) allows for a fast, easy, and cheap method 

for the screening of cultures and selection in 

mushroom breeding. The markers are 

associated with agronomic traits such as cap 

shape, color, and quality. MAS NMR can 

identify the homokaryons with desirable traits 

without waiting for the fruiting stage, making it 

easier and faster than conventional breeding. 

The use of genetic markers for monogenic traits 

that segregate in distinct phenotypic characters 

such as cap color have been used to introduce 

brown color of a wild variety into commercial 

hybrids by introgression breeding. Complex 

traits such as yield, disease resistance and 

quality characteristics are usually inherited 

quantitatively. These traits are found to be 

associated with quantitative trait loci (QTL). 

Many QTL loci that are responsible for causing 

diseases such as bacterial blotch and dry bubble 

have been located. Intercrossing and 

backcrossing have given rise to hybrids that are 

less sensitive to these diseases. Application of 

biotechnology in the genetic improvement 

programme of mushroom has introduced new 

technique such as DNA based markers which 

has provided much needed boost to the ongoing 

breeding efforts in case of button mushroom. 

The DNA based marker like RFLP (Restriction 

Fragment Length Polymorphisms), Allozymes, 

RAPDS (Random Amplified Polymorphic 

DNAs), ITS (Internal Transcribed Spacing) etc. 

are being utilized under Molecular Breeding 

programmes for isolation of homokaryons, 

confirmation of hybridization, and assessment 

of diversity in Agaricus breeding programme, 

which is the most commercially cultivated 

mushrooms in the world. The greatest 

advantage of hybridization programme is that 

the hybrids generated are known to give 

maximum yield performance and show 

phenotypic stability under stress. Breeders now 

use DNA molecular markers to identify and 

select specific genes to locate superior traits. 

Repetitive DNA sequences are used to generate 

markers by PCR based techniques as well as 

RAPD methods. The use of recombinant DNA 

technique for creating transgenic mushrooms 

has created numerous possibilities and 

opportunities. Importing genes from unrelated 

sources is now possible and it is not restricted 

to searching for desirable genes only within the 

species. Transformation techniques used with 

other filamentous fungi are being adapted for 

the mushroom. Various techniques such as 

polyethylene glycol, electroporation and 

particle bombardment have been used to 

incorporate DNA into protoplasts, mycelium or 

basidiospores. An efficient homologous site-

directed integration of the transformation 

plasmid was done by isolating the tyrosinase 

genes responsible for mushroom browning 

from Agaricus bisporus and introducing it in 

antisense orientation. However, the 

multinuclear nature of fertile Agaricus mycelia 

presented a problem for stable transgenic 

mushrooms. Another gene isolated and 

identified in mushrooms was the mannitol-

dehydrogenase (MtDH) gene and its 3- 

dimensional structure has now become 

available. Isolation of this gene can allow the 

production of mushrooms with altered mannitol 

profiles and ultimately yield strains with higher 

dry matter content or better pathogen 

resistance. The use of direct gene delivery 

techniques such as particle bombardment has 

also been carried out as an alternative method 

for genetic transformation in mushrooms. The 

use of A. tumefasciens for efficient 

transformation and induction of its virulence 

gene with the plant hormone acetosyringone 

was first carried out in Agaricus bisporus. But 

the limitations of this method were that it was 

not reproducible, showed false positives, low 

level of integration and DNA modification after 

integration. Many transgenic manipulations 

with mushrooms will require the transfer of the 

gene to both parental lines so that the off 
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springs mimic the natural inheritance process 

by carrying duplicate copies of the gene. In 

others, introduction of a single copy of the gene 

is sufficient and the resulting transgenic line 

may require further selection before 

introduction as commercial strains. Now-a-

days mutagenesis is attempted to get new 

variable strains for selection and hybridization 

programmes. Here hyphal fragments, 

protoplast, and basidiospores are used for 

mutagenesis to develop strains with desired 

traits like resistance against fungicides and 

diseases, higher yields, tolerance for high 

temperature, spore less strain etc. Protoplast 

fusion is a non-conventional method of gene 

transfer as it involves breaking down of the 

natural barrier of gene exchange as found in 

conventional system of breeding. The 

regeneration of evaluation of somatic hybrids 

andthe technique of rising electrical pulsation 

(Electrofusion) for the protoplast fusion is also 

being used now-a-days.  (Djajanegara and 

Masduki, 2010; Foulongne-Oriol et al., 2010;  

Zhang et al., 2010; Milad et al., 2011). 

CONCLUSION 

The use of genetic engineering in mushroom 

industry will be determined by economic 

factors related to necessity and resources. Due 

to funding constraints, mushrooms are very 

much lagging other crops in terms of 

advancement in molecular biotechnology. 

Traits controlled by single genes such as viral 

and insect resistance and resistance to fungal 

and bacterial pathogens and pesticides can be 

targeted first since they are simpler to tackle. 

With mapping of the mushroom genome and 

understanding of the functional genomics in 

mushrooms, complex traits such as yield, size, 

color, shelf-life, and physical stress which are 

controlled by more than one gene can be 

undertaken in the future. 
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