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BO 4.6 Research Methodolory and Summer Training Report

I. Project (2 Credits)

Projects will be allotted in third semester and students will submit project work having
introduction, review of literature, well defined material and methods, results and

discussion, conclusions and references. The project should be presented at the end of
fourth semester.

J. Review (1 Credit)
Based on review of literature on some advanced techniques in Botany and its presentation

during practical examination

IC Summer Training (t Credit)
1. Report submission based on one sufitmer training in research institutes/

laboratory/industry for atleast one month with certificate from respective authority.

2 . Techno-commercial case study of any four units from the following

Students will visit at least four units of the following to prepare a report for
submission

l. Bioferti lizer Unit

2. Mushroom cultivation unit

3. Green house unit

4. Floriculture unit

5. Plant nursery unit

6. Garden desigring and maintenance unit

7. Fruit processing unit

8. Bio-pesticide unit

9. Biomass briquette unit

10. Biofuel units

11. Plant tissue culture industries

12. Farmhousemanagement

13. Pomoculture units

14. Organic farming

15. Fresh vegetables and flower supply unit

Pace | 67
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16.

17.

18.

19.

20.

Herbal product industry

Forest department unit

Medicinal plant garden

Effluent treatment plant

Solid waste management unit

Page 168
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N DWADCHA

INT'RODUCTIOiti

Pollporales is the biggest order in Basidiomycetes- It includes around 3200 species ldentified till

I1ow. Member ofPol]?orales play a vital role in the process ofwood decay, resulting severe

damagc to the forest economy ofour country. All the specics ofPolyporalcs arc grow on bark

and wood e.g. on wood ofNeem, Pimpraq Saptpami, GoldlDohar, Amba, Kacluar etc. They also

cause white rot, where in Lignin is degraded and cellulose is partly degraded. These tungi decay

wood by rclcasing ccllulolyic and Lrgnolyic cnzymes which specially digcst complex organrc

components ofwood like cellulose, hemicelluloses and lignin. It is therefore, vcry rmportant lo

identifying the species ofthe group Polyporales that course a great damage to stemtimbers of

valuable forest. (Mali, 2016)

Polyporales order was proposed by Rea, after Patouillard. for Basidiomycetes having

macroscopic basidiocarps in *hich the hynenophore is flattened (Thelephoraceae), clublike

(Clavariaceae), tooth-like (Hydnaceae) or has the hymenium lining tubes (Polyporaceae) or son,e

times on lamellae, the poroid or lamellate hyrnenophores being tough and Dot fleshy as in the

Agaricales (Ranadive, Jite, Ranade,&vaidya, 2013). pol)?orales, a group of morphologically

complex, terestrial basidiomycetes. A phylogenetic classification ibr these wood rotting fungi is

undcr progress, but the groups are possibly not monophyletic (Zjawiony, 2004). Non-gillcd fungi

(previously Aphyllophorales) and heterobasidiomycetes are important goups of Basidiomycota

cornprising various fonns ofmacroscopic fungi, ofwhich many are saprobio wood decayers and

rhus frequently grow on logs, stumps, or other dead wood In addition, somc grow on living trccs

and cause decay of non-functional heartwood, whereas others invade corducling plant tissue as

parasites or are nlycorhizal with the roots ofplants. (Uru, V, P, &Eviatar, 2010). The species ol

Polyporales occur on 500 lypes of woody trees species. Polyporales, an order of the

Basidiomycetes are generally characterized by non-septatebasidia, persistent gymnocarpous and

Don-pufescent liuit bodies which normally are not lamellate. Amongst wood rotting mycobiota,

Pol)?orales comprise a chief group that attack standing trccs and fdllcn branchcs (S.

201 5). Polyporales order comprisinS 3200 species like Ear"/i?//d scabrosa, Ganodarma lucitlun.

Heragoniaglabra, Inonotusbaumii, Peniophor acinerea, Phellinus cesatii, Schizoporaro

seotingens, Microporus xanthopusetc. The secondary melabolites of polypores exhibit a wide

range of biological activities such as antimicrobial, antiviml, antifungal, anlicancer,

6lpase
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cardiovascular, antiinllammatory, antioxidaDt, immune stimulating, nematocidal, and other

activities, more than 75% ol scrccned pollporcs showed strong antimicrobjal activity. These

activities are associated not only with small molecule sccondary merabolitcs

but also with high molecular weight cell wall polysaccharide. (Zjawiotry, 2004).Savitribai Phule

Pune University Sprcad over a 4l I acres (1.66 km2) Savitribai Phule Pu c Univcrsity is a home

to Pune's rarest flora. Pune University campus has rich vegetation lke Dalbergia melano4'lon,

this species of trees are lush green during the monsoorrs the other species present i, the campus

^tc 
Ru$era penicillata, Cycas zeylanica, Slercucu liaguftato, Oleae uropoea (Etxopcan Olive),

Ficus benghalensiselc. So fungal diversity in the campus is also tremendous.

CHNO/VAo
(r.lAsHlK) 7lP;se
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CH NDWAO
(NASB[()

OBJECTTV}:

1) To study molecular rclationship ofsome selected fungal species

2) To understand their phylogeny.

SlPisp
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RIVEW OF LI'I'ERATURE

National work on Polyporales:

Studies on Pol)?omles were started along \rith the initiate ol studies on Indian fungi. The first

lndian record of a member of rhe Aphyllophomles can be traced to Koltzsch(1832) in his paper

on Indian Pol)pomccac.Later Berkeley (1839) explaincd a some Indian polypores which were

collected by W.J.Hooker. Durin8 the flrsr quarter of the 20tr,century, Massee ( 1901, 1906, 1908,

and l9l0) published sev€ral accounts of lndian fungi based on collections sent to Kew

Herbarium by several workers, notably by Sir E.J. Butler (1905a, b, c, d, 1918). Several lndian

Aphyllophorales were also reported by Lloyd ( I898- 1925) and Sydow et at. ( 1906, 1907, t9t t,
1912, 1916). Theissen (l9l3a,b) reported many

PoroidAphyllophorales collcctcd from the Bombay presidency by Blarter. S.R. Bose (1919,

1923, 1924, 1925, 1927) was the first Indian mycotogist to provide a broad account of the Indian

pollpores which he collected tiom Bengal and ils surroundiflgs. Sundaramani&Madurajan

(1925) reponed scvcral mcmbcrs of Polyporaceac from Madras, and by 1925 tbere wcrc morc

than 300 reports on the Aphyllophorales (Fig. 2). Butler &Bisby (1931) made an assemblage of
tlle Indian fungi in their classic work "Tte Fungi oflndia". This significant work encoumged rhe

study of hdiatr fungi including Aphyllophorales. Our knowledge abour rhe IndirLn

Aphyllophorales was incrcased by the contributions of Bagchee&Bakshi (1950) Bagchee et al.

(1954), Bakshi (1958, 1971), Bakshi et al. (1961), Puri(1956), Ranukrishan (1959),

Rehill&Bashi (1965), Welden (1965), Reeves et al. (1967), Thind (1971, 1975), Sathe&Rahatker

(19?7), Rattan (1977). Thind&Dhanda (1978a,b), Anjali Roy (1979, l98la,b, l9tl2, 1983. I984,

1987), Harsh (1982), Natarajan& Raman (l9tto), Natarajan&Kolandavelu (1985),Vaidya (1987)

Vaidya&Bhor (1990) Vaidya et al. (1991), Vaidya&Rabba (1993a,b), Rabba (1994), Shama

(1995) and Nanda (1996). (RanadiveKiran,20l3).Leelavathy& Ganesh (2000) conducred an

extensive study on the pol)?ores of Kerala and rcported ?3 species belonging to 26 genera.

Florence &Yesodharan (2000) conducted a survey on macro fungi occuring in the Peechi-

Vazhani Wildlife Sanctuary and reported 57 species belonging to lTgenera; out ofthis 35 species

of pollpores belonging to 24 genera were rccorded. Morc reccntly Mohanrn (2011) identified

9l?3s€
(NAsHlx)
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and described a tolal of 89 species of pol,?ores belonging to 32 genera from different lorest

ecosystems ofKemla-

Int€rnational work on Polyporales :

The wood-rotting non-gilled agaricomycetes must have drawn thc intcrcst ofman as rhc need for

frre-wood arose, but it was Micheli ( 1729 ), who introduced the generic narne Polfporusto

include 14 species with centrally stalked fruit-bodies having pores on the bottom of the pileus.

Hill (1751) introduced thc generic name Sterewn. He described thrcc spccies of,slelermand

made a record of 14 others. The first species is supposed to be composed of two species of

Stereum\izs. Hirsutun(wi],d. ex. Fr.) SF Gray 
^nd 

S. purpureum (Pers. ex Fr.) Fr. Tle genus

was conccaled by Linnaeus ( 1753 ) who combined it i\to Bolet s . Linnaeus ( 1764 )

documcnted ten gencra of fungi i.c. Agaicus, Boletu, Hytlnun. Phallus, Clathrus, Halvetla,

Peziza, Clavaria, Lycoperdon and Mucor'\ider the group, out of which seven are now regarded

up 'CDptogamia Fungi', which wcre mainly composite. The genus Bolelr,.t containcd 14 species,

out of which 7 are now regarded as members of poroid Agaricomycetes. The whole list of 93

species of fungi integated only 9 polyporoid species ,'lgali.ll.! (Daedaled.) quel cinus, A.

lLenzites) betalinus, Boletus suherosus (Polypot"u shelulinus), B. (Fones) fomentarius, B.

(Fones) igniaiw, B.(Cotiolus) wrsicolor, B. (framates) suaveolens, B. (Pyc oporus) songuine

ard R. (Coltricia) peren is. He did not separate fungi into orders or l'amilies but in l?{to he

grouped the gene(a Agaricus, Bolen-s, Hydnum, 
^nd 

Phallus in a seclion "Pileati" and the

remaining six in "Pileo destitulc". Linnaeus (1780) characterized lgdricktas "subtuslamellosus",

Bo1€lur as 'subfusporosus', as l1-udn rmas subtusechinatus which laid foundation of the families

It may be mentioled here that tamily Pol)lolaceae had its inception hele Schaetfer (1762-

17?4) illustratcd about 330 species offungi in his traditionalwork and his idcas ofclassification

are summarized in an index occupying seven (unnumbered) pages of fou(h volume. He

rccognized only those gerem already used by Linnaeus and each genus consisting a separate

t be. All poroid species of Polyporaccae were included in the tribc 'Bolcri' Willdenow

proposed the genfiic name Thelcphora ('f\aelaephora) Persoon( 1801 ), in his ' ,SynoPsis

Methodica lungorum' divided fungj into classes "Angiocaryi" and "G)'mnocarpi". The latter

was divided into three ordels i.e. Lfothecii, HJ'menothecii, and Naematothecii. The order

Hymenthecii was divided into Agaricoidei, Boletoidei. Hydnoidei, G)T nnodermata,

;.. :ITANDWAD

10 lP:!.
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i PCR sequ€ncirg and identilication

DNA amplilication was canied out using ITS primer [lTSl (forward primer) and ITS2 (reversc

primer)1.

PCR was perfomed witb following cycles

t) 95' C for4 min

2) 95' C for I min

l) 58'C for I min

4) 72" C for I min Repeat stcps 2-4,35 times

5) 72' C for 5 min

6) 4o C Forever

The PCR reaction having 25 pl lotal volume

PCR COMPONENTS Volume in (u1)

PCR Master-Mix

Nuclcase Free water

Forwurd Primer l

Revcrse Primer 1

Tcmplate DNA

> PCR analysis

After PCR reaoion completion, the amplified PCR products arc analyzcd by agarosc gcl

electrophoresis using 1.3o4 agarose. A moleculat weighl ladder is loaded into the firsl lane ofthe gcl

2ul oftoadinS dye (containing CelRed as a dye) is mixed with 5ul ofcach PCR product and are

loaded in separate wells on the gel. DNA fiagment wcrc run for 55 minutcs cyclc wilh an applicd

voltage 80V and curreqt glmA. The gel ttay may be removed and placed directly under UV light to

observe the bands.s

CEANDWAD
(NAsHlx) 1s1,,,,e

I2.5
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I ) Taxonomic Classification:

Kingdom-Fungi

Basidiomycota

Class-Agaricomycetes

Order-Polyporales

Family-Polyporaceae

Genus-Lenzites

RESULT& DISCUSSUION

I CHANOVVAD 1tl

J

iNAsHlk)
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2) Taxonomic Classification

Kingdom-Fungi

Division-Basidiomycota

Class-Agaricomycocytes

Order-Polyporales

Family-Pollporaceae

Genus-Earliella

Species-scaDrosa

FANOWAD
(NASHIX)
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3)Taxonomic Classifi cation

Kingdom-fungi

Division-Basidiomycota

Class-Agaricomycetes

Order-Polyporales

Family-ganodermataceae

Genus-Ganoderma

Species-corzosunt

ii 19

--

(NAShtx)
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4) Taxonomic Classification

Kingdom-tungi

Division-Basidiomycota

Class-Agaricomycetes

Order-Polyporales

Family-ganodermataceae

Gents-Ganoderma

Species-lucidum

cHAr{ovr D

{NASnlX) 20 I

.l
E
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5)'Iaxonomic Classification

Kingdom-Fungi

Division-Basidiomycota

Class-Agaricomycetes

Order-Polyporales

Family-Polyporaceae

Gents-Microporus

Species-vernicipes

211

I
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z Sequences Obtaincd B] Sangcr:

Eftliella scabrov

GCTACGTGCGTGACGGGCGTAGCTGGCTTCCCAGGCATGTGCACGCCCTGCTCATCC

ACTCTTACCCCTGTGCACTTACT

GTACCCTTCACCCGCGCTCCTTATTCAACCCCGTCACCATACTCCCTCTACCTTTTA

CTACCAACTACAAAGTATCAGAA

TCTGTAT"TGCGATGTAACGCATCTATATACAACTTTCAGCACGCATCTCTTGGCTCTC

GATCCATGAAGACCCAGCCCAC

TCCATACCTAATCTGAATTGCAGAATCAGTCATCATCGGTCTTTCACCCACTTGCCC

CGTTOTATCCGAGAGATGCTCGT

GAGTGCTGAATCTAGCTACAATCTTGCGGTTCACCTGGCTGAGTTTCTGCTCCGCAG

CGCTCTCTAATCTACTCATCTCC

ACCCCTGTTGTATACTCCCCACTGAGCTGTGCTCTACGCCGTCA,T{ACTCTTACCTA

CCACAGACATCCCTGCTACTTAT

GGAGAACGTTGACCTACGCTCAGTGCCCCCTCCTTCCGGGTTCCCTCCCCTAGTAG

ATGTCTTTTGGAC AGTGAGGGIT

Oonotlerma co bsn

GGGGCTTCGAGCTTTGACTGGGTTGTAGCTCCCCTTCCGAGGCATGTGCACGCCCTG

CTCAATCCACTCTACACCTGTCCACTTACTGTC

GGTGACGGATCGCAAAGCGGGCTCTTGTCCGTTATAAGCCCATCTGTGGCCTGCGTT

TACCACAAACTCTTTGAAAGTACTAGAATCTA

ATATTCCCATATAATACATCTATATACAACTTTCACCAACCCATCTCTTGGCTCTCG

CATCCATGAAGAACCCAGCGAAATGCGATAAG

TAATGTGAATTCCAGAATTCAGTGAATCATCGAATCTTTCAACCCACCTTGCGCTCC

TTGGTATTCCGAGCACTATGCCTGTTTGAGTCTCATCAAATCTTCAACTTGCAACCTC

Tfi GCCCAGTTTGTAGGCTTCCAC]-TGGAGGGCTTG

221''lcHAfi0wA0
(NASHlr()
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GGCCTTCCCAGCCATGTGCACGCCCTGCTCATCCACTCTACACCTGTGCACTTACTG
T
GCIGCTTCACATCCTAAAACCCGTCCCTTTACCGGGCTTGCCGAGCGTGTCTGTGCCG

CGTTTATCACAAACTCTATAAAGTATCACAATCTCTATTGCGATGTAACGCATCTAT

ATACAACTTTCAGCAACGGATCTCTTGGCTCTCCCATCGATGAACAACGCAGCCAAG

CCATAAGTAATGTCAATTGCACAAT'| CAGTGAATCATCGAATCTTTGAACCCACCTI

GCCCTCC'ITCCTATTCCOACGAGCATGCCTCTTTGAGTGTCAT(;AAATCTTCAACCG

CAAGCTT'I-| CTGGTTTC'I'ACCCTTCAACTTGGACCCTTGTCCGCCCTTCTTGCTCGC

CTCCTCTTAAATGCATTAGCTTGCTTCCTTCCGCATCGGCTCTCAGTGTGATAATGTC

TACGCTGCGACCGTGAAGCGTCTGGCCAGCTTCTAACCCTCTCA

Gdnolerh,a lucidu,n

illi 0opo ru s vcr l it ipcr

GCCCCTCCGCAACTCTTGATGCGTTGTAGCTGGCCTTCCGAGGGCATGTGCACGCCC

TGCTCAATCCACTCTACACCTGT

CCACTTACTCTAGCTTTCTCGGTCCCCTTGGGTCTCTTCACTGGGGCTCCACAAAGC

CGAGGGGCTTATGTCTTACTACA

AACTATAAACTAACTGAATGTATACCGCGTCTAACGCATCTATATACAACTTTCAGC

AACCCATCTCTTGCCTCTCCCAT

CGATGAAGAACGCAGCGAAATGCCATAAGTAATGTCAATTGCAGAATTCAGTGAAT

CATCGAATCTTTGAACCCACCTTG

CCCTCCTTGCTATTCCGAGGAGCATGCCTG']'TTCAGTCTCATGAAATTCTCAACCTA

CAAGCCTTTTCGGAGGTCC'I-IGT

ACGGCTTMACTTGGAGGGTCATTCTCGGCAGTGATGTCCCCTCCTCTTAAACGCAT

TAGCTAGTTCTCGCGGAACGGCT

TTCCGTCTGATAATTGTCTACGCCGTCCTCCTCCCGGGTACATCGACAACCTTCTAA

ACCGTCACTCCT'TGTGAGAGACACATATCTTGACATCTCACCTCAAATCAGGTAGGA

CTACCCGCTGAACTTACAGCATATCAATACCCGGGAGCA

CdAN DWAD
(

(NASnr
23 lPaBe
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TTGGCTTCGAGTTCTGCTGGGTTGTAGCTGGCCTTCGAGCATGTGCACACCCTGCCCT
TCCACAAACA
ATGTGGCTTTGGTTCGCCTTGGATC,CTTfi GACGGTTACAGAA(.CGGCTACAAAATA
TCTTATATCTC
CCAACTTCCACATAAGACGCTGCTCGAATACTTTTGAAAAATGCTTCCACACCCATC
AAGTCCCCCTTC
CACCAGGATCCACGCTAATTCCTGTCCAGTACTTCTATTATACCATAATAACAAGTA
TTCAATCCGACTTA

CHANDWAD

14ltt?t,.(NAsHlx)
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> Phylogenetic Tree

Gqnodarma utrnosum

Ganoderma licitluttt

Microporus vernicipes

Earliella scabrosct

Five fungal specimens were collected from SavitribaiPhule Pune University Campus belonging

to order Polyporales.lt consist of 3 familics _ Canodctmaceae, Polyporaceae' and

Ganodermabelotgs to Ganodermaceae family, to Hymneochetaceae and' Micto?orus' Favol s'

Lenzites, Earliella, Hexagonia, Po(loscJphd, Trumetes, Rq'oporusbelonging to family

Pol)?oraceae.

Five fungal specimens were identified by morphological charactcrs' of which fivespecimens

were confiftnd by molecular technique The sequences obtaioed after outsourcing of PCR

products was blast irl NCBI. The identified species sequences were taken in FASTA format and

analysis based on ITS sequence. Distancethe phylogenetlc tree was

2slPase

.Lenzites sp.

{NASHIK)
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cHANcwl0
(N^sHlh)

and clusteriog with the n€ighbor -joining method by using the software MEGA T.Bootstrap

values based on 1000 rgplications arc listed at percentages at the branching points Phylogcnetic

analysis showed that Favalusroseusand Microporusrernicipesare evol\ed from common

alcestor while Micloporusvernitipesani Lcnzrer .tp. were evolutionarily difltrent

26 lPa8e
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co\cr.uslo\

Prese[t study intensely discussed the relationship and affinities between the major Senera of

Polyporales.This work has also been given noles on phylogenetic relationship between

Ganoderma cornosum, Ganoderma licidum, MictoPorus vert'ticipcs, Earliello scobrosa, Lenzites

I.Phylogenetic analyses resulted in successful construction of a ree shori's phylogeny.

Morphological and molecular identificalion of collected me bert of Pol)'porales was done and

established a phylogcnelic, generic and species from DNA scquencc data.

27 1? 3Ee
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