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Genetic relatedness between some saprophytic and parasitic
macrofungi of Darjeeling Hills
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Abstract

Eight dominant saprophytic and parasitic macro fungi collected from Darjeeling hills [N 26511°27.03° - F
E7-50°-88.51°] of Norh Dengal region were studied wing sbcrmal tramsenbe spicer (1T%) and RAPD
PCR. riDNA region of saprophytic and pamsitic macr fungs with [T51 and 1754 primers produced rangs
between 400-B00bp products. The genetic relaiedness among these macmo fung were analyzed with four
madom primers, RAFD profiles showed genetic diversity among the isclaics with the formation of two
clusters. Anabysis of dendrogram revealed thal similansy coefficient ranged fFom 0,34 — 0,86

Hq"rﬂ:; Fn.FI'rth}TrL o parasalic macm ungi rDNA, RAPD

The fungi mre an immenscly diverse grovp of organisms,
encompassing & huge range of forms from microscopic
single cellead yeasts bo large macrofung, a5 exemplified
by the well-known mushrooms amd tosdstools and the
largest of fruithodies, the ginmt puffball. An estimates
for the number of fumpal species as reporied o
Hawksworh et al, 1995 revealed that 72,065 species
spread across |1 phyla in 7745 genera . New fungal
species comtinue o be described, and 8 year 2009
estimate based on the description mte in The Index of
Fungi would be of the order of B0=1,00, 00 species of
furgi, The grest majority of the 80 000+ fungal specics
sor fer named and deséribed are likely to oocur in the soil
environment & some stage in their life-cycle. Fung
therefore have many differem functions in soils, which
inchade both active robes, such as the degradation of
dead piam material and inactive roles where propagules
ane present in the soil as resting siates. The development
of molecular techniques has provided a new range of
wols that can provide clear insights imto specific
interactions and activites in sodl environments. The
combiration of broad spectrum pelymerass  chain
reaction (PCR) detection, coupled with RAPD amd
single strand conformation polymorphisms (SSCP) or
denaturing gradieni gel elecirophoresis (DGGE), can
v more sccurate answers 1o fundamental questions on
ecosystern divessity. Macrofungi are defined here 1o
include ascomyceies and basidiomycetes with large,
easily observed spore-bearing structures that form shove
or below ground. Altbough macrofungi have perhaps
the longest history of diversity studies of any group of
fungi, they are nevertheless understudied ower most of
the world. More data are svailable from Merh America
and Europe than from any other region, b knowledge
of macrofungal diversity is incomplete even for thess
regions. Macrofungi are distinguished by having spore-
bearing struciures visible o the naked eye (mushrooms,
brackets, puffballs, false-trufTes, cup fungl, elc.). Mosi
mﬂm aE Amm}m or ﬂhhi;ﬂm‘_l'ﬂfdﬂ. bt n
few ane Lypoamycols,

The peak mushrocems end macrofungl scason for each
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region is differ from cach ecological climase. Each voar
is a lile different; the scasom may be ely o lEe
depending on rainfall and mperatee (Aree 1991
bost Lerresirial macrofung are seprobes or mrycorrines!
symbionts, bt some are pathogens of plams or fung.
Fungi friiting on woody substrata ae unally sibe
szprobes or plant pabhogens

In the present investigation wo Dypes of macrofimg, (a)
samrophyie and (b) parasitic on insects wers considered
for thelr moleculer cheracierization through BAPTL
There iz mo organic mattesr which = nol sftacked and
destroved by fungi ard bacteria. Everything thas goes 1
o organic substances comes from nature and resis
ﬂtnmnl economic” cycle becauss of the =Son of
isms. The breakdown of organic substancey
is achbewed by funpi in the myvcelial siape. e o modd,
even though, in many cases this mold will prodece o
Fruit-body. .
In renrsl conditons the breakdoen of given oypes of
metier s carmicd o exclusively by specific speces of
saprophytic funpi. (Packoni, 1981). There are mumeroes
associations hetwesn insects and fungs OF particulsr
imponanc: among them. because of thew pogs-ble
practical implications, are those which ar= estzbieshad
with the emromoparhogeric fung, e fump whsch ane
parasitic on insects: Ghese funp oould well offs
mankind an aMermative weapon in the war egams
irsects. In climales members of the
gemus Cordhoeps an: relatively common these sl
have thread- or club-shaped carpophancs, often beghls
col=ored. The commonen species, Cordhoes millau
formis orenge-red clubs on members of Lepidopiern end
Co-leopters.  Cordireps  siaeasls, parasine  on
mehmudhmmhndmﬂ
purposes since carliesi times {Pacseni. 15810 Fow
domisant saprophytic fungi ond foir macmfisng
parasitic on msects collectad form Dagecling halls wers
sebected for amalysis of their penetic relsedness.

Materials and methods @
Fungal sirals snd cubure

Macrofungi weore collecied from the foecst mes of
[Darjeeling. ~ The  specimens  were  collected
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photograpghs were taken and kept m plastic bags. The
lecations of colbeclion area of macrofungd were reeorded
by GPS toals (Carmand, These fungi grow ontop of dead
and decomposed leaves and logs. Specimens at different
singes of development were eollected by digging (not
pulling) them up so a5 not o damage their bases. For
ihose aflached on dead logs and woods, efforts were
made 1o scrape 8 piece of the wood or bark on which the
specimen was atiached. A paper slip indicaing the place
where if is collected and placed in each plastic bag.
Lipan returning from the collecting trip, the materials
were examined and morphological characteristics were
recorded. The specimens wene measured, noted down
fior the shape, size, color and other characteristics. The
information on characiers affected by drying was also
noted down. Each gpecimen was jdentified following
comparison with the literatures. Fungal fissee culires
from each of eight selected fungi from e stmatie Lisiue
of saprophytes (15-001 MF1L, 15-0040F2, 15007 MFI0,
IS-009MF 11} end macrofungi parsitic on insects GL-
HIMF, DG 26 MF 4, 32-6-006MF 5, 22-06-007 MF&)
were prepared aseptically and culture stored in 4°C for
future work.

Genomic DMA Exiraction

lsolation of gencmic DNA  from cach of macrofung
was done by growing the fumgl for 3-8 days in mali
dexirose agar, The mycelia were incubsted with lysis
buffer containing 250 mM Tris-HCI (pH B0) 50 mM
EDTA (pHE.O0), 100 md MaCl and 2% SDS, for | hr at
60°C followed by centrifugation at 12,000 rpm for 15
mir. The supematant was then extracted with equal
wolume of water saturated phenol ond  further
centrifuged ail 12,000 rpm for 10 min; the aqueows phase
whs [urther extracted with equal volume of phemal
chlaralorm @ soamy| abeohol (25:24:1) and centrifuge al
F2000 rpm for 15 min; the squecus phase was then
transferred in @ fresh wbe  and the DMA was
precipitated with chilled chaned (100%). DNA was
pelbeicd by cemirifuping ai 12000 rpm for 15 min o
wadhed in T0% ethanol by centrifugation. The pelleis
were pir deied and suspendad in TE buffers (pl] 8.0

Cualitative snd quantitative estimaiion of DMA

The extraciion of teinl genomic DMA from the lsolales
s per the shove procedure was followed by BMAnse
reatment. Cenomic DNA was re suspensded in 100 gl 1
X TE buffer and incubated at 37°C for 30 min with

HMAve (Mgl Afller incobatinn the smple was fe.
culracted with FOC T Mhenal Chlosform  lsoamylalgobad
252400 solution and BMA freg [XsY was precepitabed
with chilbed eihamol a8 descrbed carlicr,  The quiality
and  quantity ol DA was asalyeed  bolh
specirophoinmetrically and in 0.8% agarose gel. The
DA rom b bsolates piodeced <lear sharp bands,
mlscuting pood qualicy of [iNA

PCR amplificatinon of ITS region

All salales of Macro fungl were taken up for [Th=-PLUR
ampdi lication.  Genomic DNA was amplified by mising
the templade DNA (5 ngj, wath the polymerase reaction
buffer, dWNTF maa, primers and Tag polymeris
Polymerase Chain Reaction was performed inoa totad
volume of 1 pl, conlaining 7 pl deionized water, In
pl 10 X Tag pol buffer, | pl of 1 U Tag polymerase
enzyme, 6 pl 2 mbd dNTPs, 1.5 pl of 100 mM reverse
and forward primers and 1 ) of 50 ng emplae [INA
PCR was programmed with an initial denatuning 21 94 C
for § min. foliowed by 30 cycles of densiuration at
" for 30 sce, anncaling at 39 °C for 0 sec and
extension af 70 *C for 2 min and the final exiension ai
72 °C for 7 min in 3 Primus 96 advanced gradient
Thermeeyeler. PCR product (20 pl) was mixed with
loading buffer (B m1} containing 0.25% bromophencl
bz, #) % wiv suesase In water, and then loaded in 2%
Agarose gel with 0.0 % ahsdom bromide  for
expmirmion with borizoniad electrophoresis.

RAFD of Macro fungi solates

Fae RAPD, random primers Le: BAS 359, OPA-L; OPD-
6: OPA-L; were selected . PCR was programmed with
an initial denaturing af 94°C for 4 min. followed by
Yicyches of denasturation at M4°C for 1 min, anncaling &
36°C for | min and extersion al W00 for 90 s ard the
final extension at 72°C for 7 min in a Prmus %6
sdvanced pradient Thermocyeler. PCR product (20 ul)
wis mived with loading bwfEze (B m1) containing .25 %
bromophenol Blee, 40 %% w'v sucrose in water, and then
loaded in 2% Agorose gel with 0, 1% ahidivm bmmids
for examanation by horizontal electrophonesis.

Scoring and dats anslysis

The image of the gel elecirophoresis was documented
through Kodac gel documentntion system and NTSYSPe
analysis software, All reproducible pobymorphic bands
were scored and amalysed following UPGMA cluster
analysis protocol end computed Jn Stfico into similarins
mans using NTSYSpe (Mumerbcal Taxohamy Syvslem

Tabde I: The rucleotide sequence used for [TS and

RAPD PCR

Primer Primer Seq 5'-3' hler Thl %% GC
ITS-Primers pairs

ITS 1 ICTGTAGOTGAACTTOCGE 19 819 478,

IT8d TCCTCCGOTTATTOATATGS 20 415 45%
RAPD primers

[AS e, i

. AGGCAGACTT I 30 6%

P-4 ANTCOGHCT i 3931 s%

CW GG TOTI A 0 7% 23%

(WA CAGGCOCTTIC 0 3E2 T8,




Crenetic relotedness in parasitic macrofungl —Chokeabony et ol 79

Fable 3= Analysis ol the pelympmphism oblained with
RAPD markers in macro Fungs isotales

Hax) Todnl Band sire Paly- Poly-
Mame mHr {bp. maaphic  morph
RATTY {appron. ) LTI EY b
A Tin M %)
BASIID 07 I 2000 T 100
OPAL B4 I 100 L] 1omn
P-4 L] LT 1 ] 5 a0
PA 0 100§ 12 100
T 13 CTRTITY

Brossstiscs, version L 11WY The SIMQUAL progmm
wis used G0 caleulote the Joceard's coeflickents The
RAPD patterns of each isolate was evoluated, msigning
charscter state 1" to indicaie the presence of band in the
gel and "0 for its absence in the pel. Thus a dacs mate
wad anGled which was used o caloulate ihe Jeccard
similarity cocflicient for each pair wise comparison,
Jaccard  coefficients  were  cluslered 10 generate
derdograns using the SHAN clustering  programme,
selecting the unweighted pabi-group methods with
arithmetic average (UPGMA) algorithm in NTSYSpc
{RohdE 1593,)

Hesult and Drscoxsions;

Morphological charmcteristic of macrofungl.

The detail descriptions of four sprophytes are as folbows:

Clavariadelpher plenifaris (D0 26 BT 45

15 Location : N26"50'. 1B 1" "E88"13" 876"")

Sonmree | Forest fboor

Descrigison ; Carpophore B-25 cm high with a maximum
d ameter of 2.5 cm, cheb-shaped, slender o stoun, surface

smeoth then sulcate lengthwise, light yellow tending o
gravish brown. Flesh white, bruising brownish (Fig:1 A)

Rusiula ochrodeca (22-6-0{6MF 5)
GIS Location : M26%50" 323"EBE°13"° 431"

Source : Farsst floor and trees of Castronopsis of eastern
himalays

Description | Caspophote 4-11 em, yellow bt variousty
tinged, pale lemon-yellow, yellowisk ochre sponed with
orange or brownish &l center, late in scason ofien lighs
alive-wvelbow, gray &l cenler, convex-umbilicate then (e,
slightly depressed, cuticle half detachsble, moist ond
shimy, margin thick, curved, sometimes lobate, Gills pale
creamaclored or faimly pale yellow with a few small
hrownih markings  with age. averapely  orowdsd,
unequal, Inervenops,  veniricoss,  slighily  obluse
fromtwards. Stipe 3.7 x 1525 em, while, slightly
grayish, spotied with brownlsh vellow fron bise upwand,
cylin-drical, sometimes cleb-shaped, flared bencath gills,
full, sofl, slightly pithy & wop, Flesh whide, grayish st lop
of stipe, thick, soll then wugh, Odor pleasanl, Aavor
varylng froan plgeant to swest. Spores white, ook,
aculeste, T4 ¥ & 39 microns, amyloid (Pig <1 B}

Inocybe fastigiata (22-06-007 MF 6)
(15 Location - M2G" 30" 276 EAR" 13" Tod™
Source ; Forest Aoor of Moca trees of eastern himalaya

Carpophore 2<7 cm, pales siraw, conical then raised ol
the edge; tingod with olive, then browmsh, crawded,
marmowy, with lighier odges. Stipe 3-8X0.4-1 cm whitaah,
cylindrical o the hase, tapering, fibrllosc. Flesh
whitish, librous In the stipe. Spormatic odor, nis faver
Spores brownish, elliptical, smooth, 7-10m4-5 microms,
(Fig:1 C)

Rugsula cyamccamtiha (G1L-200MTF 1)

GIS Location - M26"50° S92 1 ERE* 11,474

Source : Forgst floor

Descripison © Carpophore 515 cm, blackish-vioket, pale
purphe at edge and conspicuous green st disc, varying o
sloze-groy with lighter areas, or bluish viclet or cven a
uniferm green when moture, mounded then conves, flat,
fairly depressed, cuticle two-thirds detachable, thin,
viscous in damp weather, shiny, with radial fibels and

grooves, margin curved inwand then ob-fuse, sometimes
siriate when maneee, Gills white tnged bluish green,

fairly crowded, unequal, forked. intervenose, vemr-
cose, Stipe 5-10 X 1.5-4 om, while, sometimes fimged
llac o reddish, with browmish mackings, sturds, cven,
narrowing and rooding at base, fleshy, sofl then spongs,
pruinous, slightly re-gose. Flesh whitle, somelimes
prayish when matwee, thick, soft, moist Odor pleasant,
flovar first gweet then wnplepsant. Spores  white,
elliptical. with small isolated warts, 7-10 X 675
miceons, amylodd. (Fig :1 [

The detail descriptions of four macrofungd  parasitic on
imsects are os follows:-

Corapeeps sp. (15001 MF1)

G5 Locwtion : M25" 50621 " ERE" 137,575

Sowree | lnsec larva from forest Aoor

Description @ concentrically zoned with contrasting
shades of vellow, red, brown, rones alernasely velvety
and smeooth, Tubes: white ta pabe yellow; pores 3-5 per
r=im, angular, Snkk: pbsent. (Fig:1 E)

Cordyerps sp, (15-004 MF 1)

GI5 Location : NI6"30' 633 "EHR"13' 555"

Source | Insect larva from forest floor

Desscription : Whitish, , smooth; base whine-hairy, eddiees
fringed, Stalk: very short, compressed, bairy, elfiptical,
smaooth, odeurkess. (Fig:l F)

Cordyceps sp. (15-007 MF 103

GIS Locatlon : N265%50°, 311 "ES8* 13" 785"

Soisroe @ Wesp from locest Noor

Description @ Concentric bands of color ; wough and
leathery, becombmg brittle ond hard when dey; velvens
with dilferent lomenium from one color more o miwther,
retlecting different growth carditions. Tubes up 1o 3 mim
deep; clnmmon 1o rusiy brown (Fig: 1 G
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Fig ¥: Dendrogram showing the genelc relabanships among
cighl micofiung baced on RAPD analysis

Cordyceps sp. (15-009 MF 11)
GI5 Location : N26%50°, 200" EER®13° 445
Source : Insect larva from foeest floor

Description : Concentric bands of color whitish | wugh
and leathery, becomimp brittle and hard when dry,
velvety with different tomentum ffom one color zone fo
amather, reflecting different growth conditions, (Fig:l H)

For the study of molecubsr charscterization the nbosomal
EMNA genes (rDMNA) possess charactenistics thal are
suitable for ihe identification of fungal isolates 1 the
species bevel. These rlINA are highly stsble and exhibit o
mosaic of conserved and diverse regions within the
gerome [Kindermann el al. 1998} They also occur in
multiple copies with up o 200 copics per haplowd
genome [Licckiedds, E. and K.A. Scifent 2000, Taylor et,
al, 1999 | arranged in tandem repeats with each repeat
consisting of the 185 small subunit (8517, the 5.85, and
the 285 large subunii (L5LU) genes, Internal frunscribed
gpacer (ITS) regions hove been wsed svecessfully to
generate  specific primers capable of differcmtiating
closcly related fungal species [Druzhining ct sl 2004]
in the hroader comtext, tason-selective amplification of
IT5 regions 19 likely o become o comman ipprosch in

mytlecullar sbendificatson sirtcgics,  In the preseni sudy,
we Tocuseed on the 1T regens ol ribosemal genes for
the construction of pramers thal coar ke el by iclenlify
macrodongs. T35 region of fDMNA was amplificd using
genus specific 1TS<0 and ITS4 primers. Amplificd
prowducts  of size in the range of 400-Bbp was
prodhuced by the primers (Fig AL The ITS FCR has
helped o detdet polymorphism @ 1TS pegion of iDNA
among ihe macrofungi ssolabes.

The penctic relotedmess among  cight  Bolates  of
mucrelungt were analyzed by four random  primers
BA%IS9, OPA-1, OPD-6 ard OFA-1 o pencrade
reproducibic  polymorphisms. Al amplified  products
with the primers had shown polymorphic  and
distinguishable handing patterns which indicate the
genetic diversity of macrofungi molales. A batal of 22
reproducible and scorable polymorphic bands ranging
from approximately 100bp 10 2000bp were genmerated
with four primers among the eight macrofungi isolates
(Table 21

RAPD profiles showed that primer BASIIY scored
highest bands which ranged between |[00bp 10 20006p
{Fig 2B). Helationships among the isolates was
evalimted by cluster analysis of the data based on the
similarity matrix.

The Dendogram was generated by wnweighted pair-
group methods with arithmetic - mean (UPGMA) using
NTSYSpe software (Fig 3} Based on the resuls
obtained all the aincteen isolates can be grouped mbo
two main clusters. One cluster represents the solabes
saprophyte macro fangi (GL-201MF3, DG 26 MF 4, 22-
G-ODEMF 5 and 22-06-007 MF6&) and other parnsitic
macro fungi (15-0001MF1, [5-004MF2, 15007 MFH,
prel IS098FI1) . The umilarity cocflicient ranges
from 0,34 - 0,86 There is formation of twe distinet
group at 034 similarity
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