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high percentage of calcium probably due to its thick cell
wall, which makes it suitable for growth of mineral crystals.
The presence of phosphorous in the plant can also be exploi-
ted for synthesizing hydroxyapatite, thus utilizing the tra-
ditional knowledge of bone-fracture healing in advanced
technique of new material synthesis.
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Composite compost samples were collected from Solan,
Sonepat, Gangtok, Kaithal, Phagwara and Ooty, at
different stages of Agaricus bisporus compost prepara-
tion by long and short methods using a variety of agro-
waste substrates. Eight isolates of Humicola grisea
were retrieved on yeast agar medium at 45 and 52°C.
PCR amplification of internal transcribed spacer
(ITS) region of 5.8S ribosomal RNA (rRNA) gene was
done using I'TS-1 and ITS-4 primers. An ITS fragment
of approximately 550 bp was amplified from all the eight
H. grisea isolates with no intra-specific diversity in the
ITS region of 5.8S rRNA gene. RAPD genotyping was
performed using five decamer primers. Combined
phylogenetic analysis of RAPD profiles of H. grisea by
five primers depicted intra-specific variation amongst
the eight isolates and divided these into five distinct
sub-clades. Molecular analysis carried out in the pre-
sent study would suggest that isolates within this spe-
cies exhibit genetic differences, which correlates well
with morphological variations.

Keywords: Agaricus bisporus, compost microflora, genetic
diversity, Humicola grisea, RAPD.

AGARICUS bisporus (white button mushroom) grows on
compost, a product of aerobic fermentation by various micro-
organisms. These microorganisms convert and degrade
straw to lignin humus complex, which is later utilized by
the mushroom mycelium and ultimately contributes to the
nutrition of A. bisporus"*. The thermophilic fungi play a

*For correspondence. (e-mail: sksingh1111 @hotmail.com)
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crucial role in determining selectivity of compost produced
for growing A. bisporus. Amongst these Scytalidium thermo-
philum, Humicola grisea and Humicola insolense have
been frequently isolated and are predominant in various
composts prepared by long and short methods using a variety
of agro-waste substrates’ . Renard and Cailleux® re-
ported better growth of A. bisporus on compost treated
with either S. thermophilum or H. grisea. Ross and Harris’
prepared compost by inoculating the strains and organic
nitrogen mixture with H. grisea, S. thermophilum and H.
insolense and reported hastening of composting process.
H. grisea possess an efficient hydrolytic system and several
thermostable enzyme activities such as trehalase®, gluco-
amylase’, betaglucosidase'® and xylanase''.

Due to its important role in A. bisporus growth stimulation
and industrial importance, this organism has remained as
the microorganism of interest for studying composting
period and enhancing compost selectivity. In the present
work genetic diversity amongst H. grisea isolates was
studied. This may eventually facilitate further experimen-
tation with selective isolates in hastening composting
process.

Composite compost samples were collected from different
places, namely Solan, Sonepat, Gangtok, Kaithal, Phagwara
and Ooty, randomly at different stages of compost preparation
by long and short methods, and using a variety of agro-waste
substrates like wheat straw, paddy straw and sugarcane
bagasse. H. grisea was isolated using serial dilutions at 45
and 52°C. One gram of compost from each sample was
taken and suspended in 10 ml of sterile distilled water and
agitated for 15 min on a shaker. Next 1 ml of suspension
solution was diluted serially to 107, 10~ and 10 dilutions.
Subsequently, 1 ml of each dilution was plated on yeast agar
medium (yeast extract, 4.0 g; KH,PO,, 1.0g; MgS0,.7H,0,
0.5 g; soluble starch, 15 g; Agar-agar, 15 g and distilled
water, 1000 ml). To make the culture medium selective,
Rose Bengal and Chloramphenicol (50 ppm) were added
to the basal culture medium. The inoculated petri plates
were placed in BOD incubators at 45 and 52°C, in polythene
bags with a beaker containing water to avoid desiccations.
The polythene bags were opened twice daily to provide
adequate aeration to cultures. Observations on appearance
of various fungal colonies were taken up to the seventh
day and CFU were calculated per gram of compost. Ten
petri plates of each serial dilution were observed. Parallel
controls were maintained by plating sterile distilled water
with each serial dilution. H. grisea was isolated and identified
using standard laboratory manual'’. Pure cultures were
raised on yeast starch agar medium in both petri plates
and test tubes.

All the isolates were grown in liquid shake culture on yeast
extract starch broth medium in 100 ml Erlenmayer flask
containing 25 ml of medium at 45 and 52°C for five days.
The total genomic DNA was extracted from approximately
100 mg of fungal mycelium crushed with micro-pestle in
conical micro-centrifuge tubes with liquid nitrogen. DNeasy
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plant mini kit protocols of Qiagen, USA were followed
for DNA extraction.

The polymerase chain reaction (PCR) primers ITS-1
(5’-TCC GTA GGT GAA CCT GCG G-3") and ITS-4 (5’-
TCC TCC GCT TAT TGA TAT GC-3)" were used to
amplify the internal transcribed spacer (ITS) of ribosomal
DNA, which encompasses the 5.8S gene and the flanking
ITS-1 and ITS-2 regions. Amplification by PCR was per-
formed in a total volume of 50 ul containing 0.2 pul Taq
DNA polymerase (5U pl™'; Promega, USA), 5 ul MgCl,
(25 mM; MBI Fermentas, USA), 4 ul dNTP mix contain-
ing 2.0 mM each A, T, C, G (MBI Fermentas), 1 ul of each
ITS-1 and ITS-4 primers (Qiagen), approximately 50 ng
genomic DNA and 38.5 ul nuclease free water (Ambion,
USA). Two drops of mineral oil (Sigma, USA) were added
before PCR. The reaction was performed in a thermal cycler
(MIJ Research, USA) with the following conditions, viz. 1 min
initial denaturation at 95°C, 30 s annealing at 50°C, 1 min
20 s elongation at 72°C, repeated 34 times with a final
elongation step of 10 min at 72°C. The PCR products
were separated on 1% agarose gel in tris acetic acid EDTA
(1X TAE) buffer at 80 V for 1 h. Agarose gels were stained
with ethidium bromide and photographed under UV light
using Syngene gel documentation system for amplified
products.

Multilocus RAPD genotyping was performed using
five decamer primers supplied by Operon Technologies,
USA, namely OPA-1 (5-CAG GCC CTT C-3’), OPA-4
(5"-AAT CGG GCT G-3%), OPP-6 (5°-GTG GGC TGA C-
3%), OPP-14 (5’-CCA GCC GAA C-3%), and OPN-9 (5'-
TGC CGG CTT G-3'). Amplification of RAPD analyses
was performed in a total reaction mixture of 25 ul, each
reaction mixture containing decamer primer — 2 ul (50 pM
™, dNTP mix —2 ul (2mM each A, T, C, G; MBI
Fermentas), MgCl, — 1 ul (25 mM, MBI Fermentas), Taq
DNA polymerase — 1 ul (5U pl™'; Sigma), 10X PCR buffer
—-25ul (100 mM Tris HCI (pH 8.3), 15 mM MgCl,,
250 mM KCl; Sigma) and 16.5 ul H,O. To this 4 pl genomic
DNA (approx. 50 ng) was added. RAPD-PCR amplifications
were performed in a thermal cycler (PTC100, MJ Research)
with lid-heating option at 110°C and with initial denatu-
ration step of 94°C for 3 min followed by 36 amplifica-
tion cycles of 94°C for 40 s, 50 and 72°C for 2 min and
final extension step at 72°C for 10 min. PCR amplifica-
tion products were electrophoretically separated on 1.6%
agarose gel (Sigma), prepared in 1X TAE buffer. The gel
was run for 3 h at 45V, Further, the gel was stained with
ethidium bromide and visualized under 300 nm UV light
and photographed using Syngene gel documentation system.
The gel profiles were scored for presence and absence of
scorable bands with assumption of positional homology.
To estimate genetic distances and similarity between isolates,
similarity coefficients were calculated with the help of den-
drogram constructed using UPGMA algorithm (Unweighed
Pair Group Method using Arithmetic Avarages)'*'” of the
NTSYS-pc, version 2.02h software.
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