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Abstract
Fungi  play  a  critical  role  in  plant  pathology,  and  impact  human  economy  and  food  security.  This  study  focuses  on  compiling  a  checklist  of

phytopathogenic  fungi  and their  plant  hosts  reported from Sikkim,  India  and examines  the  association between those  fungi  and plant  hosts

through Cramer's V test and dplyr based data mining in R program with the aim to aid in disease management. The study compiled a checklist of

90 phytopathogenic fungal species under 23 orders, 38 families and 60 genera and 82 species of plant hosts under 38 families and 68 genera and

found significant affinities (p < 0.05) between fungal taxa and host families. However, associations between fungal taxa with host species was not

significant.  Jaccard  Index  of  Similarity  showed  preference  towards  host  family  was  most  common  (0.11)  between  Ascomycota  and

Basidiomycota, while preference towards host genus was least common (0.00) between Basidiomycota and Oomycota. The study emphasizes the

potential  of  data  mining  as  a  tool  for  identifying  patterns  of  association  between  phytopathogenic  fungi  and  their  plant  hosts,  identifying

alternative hosts, and the significance of phytopathogenic fungi as a source of bioactive compounds like antibiotics and enzymes, as well as their

potential to produce mycotoxins and allergenic contaminants that pose a threat to human health. The study suggests further evaluation of the

role  of  endophytes  and  saprophytes  (facultative  parasites)  in  disease  development,  documention  of  disease  incidence  locations,  and

identification of fungal phytopathogens at the strain, pathotype, or forma specialis level towards effective disease monitoring and management.
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 Introduction

Fungi  are  an  indispensable  part  of  an  ecosystem  and
represent  the  second  largest  biotic  group  in  nature.  However,
while  they  are  a  source  of  various  enzymes  and  antibiotics
beneficial  to  humans,  fungal  plant  pathogens  are  also
important negative factors that affect food security, health and
economy[1,2].  In  fact,  plant  diseases cause an annual  estimated
loss  of  10%–15%  of  the  world's  major  crops,  with  direct
economic  losses  of  billions  of  dollars,  and  70%–80%  of  these
diseases are caused by pathogenic fungi[3]. These diseases have
had a  significant  impact  on economy and food security  in  the
past,  as  evidenced  by  the  late  blight  of  potato  caused  by
Phytophthora infestans,  wheat  stem  rust  caused  by Puccinia
graminis,  Asian soybean rust  caused by Phakopsora pachyrhizi,
rice  blast  caused  by Magnaporthe oryzae,  and  banana  black
sigatoka caused by Mycosphaerella fijiensis[4].

Sikkim,  nestled  in  the  Eastern  Himalayas,  is  a  unique  and
culturally  rich  landscape  that  is  endowed  with  rich  floral  and
faunal  diversity[5].  While  explorations  to  date  has  led  to  the
current  understanding  of  the  state's  bioresources[5],  including
macrofungi[6−8],  little is known about the regional phytopatho-
genic fungi. A species checklist of phytopathogenic fungi is an
important  baseline  for  the  understanding  of  pathogen-host
affinities,  pathogen  invasion  and  dominance,  and  is  hence
helpful  for  managing plant  diseases[9].  As  Sikkim is  the world's
first all-organic state[10], knowledge of the regional phytopatho-
genic  fungi  is  crucial  for  supporting  decisions  on  sustainable

agriculture  practices.  Such  a  checklist,  when  coupled  with
associated  species,  genus  and  family  of  the  host  provide
important  insight  into  the  range  of  alternate  and  alternative
(collateral) host of the phytopathogenic fungi, which would aid
in their integrated management[3].

Data  mining  is  the  process  of  extraction  of  patterns  repre-
senting  knowledge  implicitly  stored  or  captured  in  databases
or  other  information  repositories  and  data  streams[11].
Tabulated  species  checklists  are  a  type  of  non-parametric
categorical  (nominal)  data,  that  can  be  analysed using various
statistical  tests such as the McNemar test,  Cochran Q test,  Chi-
Square  test,  and  Fisher's  Exact  test.  Nominal  associations  or
affinities can be calculated using coefficients that measure the
strength of a relationship between two variables[11].

Among  the  chi-square-based  measures  of  nominal  associ-
ation,  Cramer's  V  is  the  most  commonly  used.  Cramer's  V
normalizes  the  output  from  0  to  1  regardless  of  table  size,
especially when row and column marginals are equal, making it
a  useful  measure  for  assessing  associations  between  two
variables expressed as a percentage of their maximum possible
variation.  Cramer's  V  is  calculated  as  the  square  root  of  chi-
square  divided  by  sample  size  (n),  times  (m),  which  is  the
smaller of (rows - 1) or (columns - 1): V = SQRT(χ2/nm)[12].

In  the  current  study,  the  phytopathogenic  fungi  reported
from  Sikkim,  India  is  compiled  and  broad  inter-taxa  affinities
(associations)  were  studied  among  the  fungal  pathogens  and
their hosts using data mining based on the checklist.
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 Materials and methods

Initially,  publications  on  microfungi  reported  from  Sikkim,
India  were  surveyed,  with  a  focus  on  the  terms  such  as  'plant
disease',  'upon',  'on',  and  'substrate/host'.  The  pathogenic
nature  and  other  life  modes  of  individual  fungal  entities  were
then corroborated based on available literature, and any errors
or  inconsistencies  in  the  checklist  were  corrected.  Fungal
species  names  were  verified  with  their  currently  accepted
names  using  mycobank.com  and  indexfungorum.org,  author
names  of  fungal  genus  and  the  corresponding  family  were
verified from outlineoffungi.org, and reported host names were
confirmed  using  worldfloraonline.org  (formerly  theplantlist.
com).  The  resulting  checklist  was  sorted  into  various  column
heads, namely fungal phylum, order, family, genus, and species,
as well as plant host genus and family, using MS Excel 2019.

The  process  of  data  cleaning  was  conducted  in  four  stages.
Firstly, reports of the fungal species and the host species/genus
that  had  not  been  mentioned  in  mycobank.com  and
indexfungorum.org  websites,  as  well  as  worldfloraonline.org,
respectively,  were  separated.  Secondly,  species  with  incertae
sedis  status  for  both  their  family  and  order  were  removed.
Thirdly,  if  a  species  was  reported  from  the  same  host  species,
only  one  record  was  retained.  Lastly,  fungi  ascribed  as  hyper-
parasites,  entomogenous,  sooty  molds,  and  saprobes  were
filtered from pathogenic fungi. The resulting cleaned datasheet
was then imported in the R programming environment[13], and
Pearson's  Chi-squared  Test  based  Cramer's  V  analysis  was
performed using the assocstats function of vcd Package[14]. This
analysis  was based on contingency tables  between pathogen-
related character vectors such as phylum, order,  family,  genus,
species,  and  the  corresponding  plant  host  species,  genus  and
family.  Extraction  and  summarization  of  tabular  data  were
conducted  using dplyr package[15].  The  Jaccard  index  of  simi-
larity  among  host-related  character  vectors  in  the  phyla
Ascomycota,  Basidiomycota  and  Oomycota  were  obtained
using jaccardSets function of bayesbio package[16].

 Results and discussion

In the current study, the exploration of the relevant literature
has resulted in the reporting of 90 species of plant pathogenic
fungi  under  60  genera  belonging  to  38  families  (including
incertae  sedis)  and  23  orders  from  the  state  of  Sikkim,  India.
According to the results, the Ascomycota was the most diverse
group represented by 16 orders, 26 families, 46 genera and 70
species,  followed by Basidiomycota which was represented by
six  orders,  10  families,  12  genera  and  13  species.  However,
Oomycota was represented by two number of orders, families,
genera  and  seven  species  respectively  (Fig.  1; Table  1).  The
diversity of hosts were represented by a total of 38 families, 68
genera  and  82  species  (Fig.  2; Table  1).  A  checklist  of  phyto-
pathogenic fungi from Sikkim and reported hosts are presented
in Table 1.

 Species of Ascomycota with currently undefined order
and family

The  species  which  belonged  to  Ascomycota  but  which  are
not  currently  affiliated  to  any  order  or  family  (incertae  sedis)
were  corroborated  with  mycobank.com  and  indexfungorum.
org  and  noted  as  follows. Ceratocladium microspermum Corda
saprobic  on  dead  leaves  and  culms  of Dendrocalamus sp.

(Poaceae),  in  Sikkim[142]; Didymosporium culmigenum Sacc.  on
leaves & culms of grass probably of Saccharum sp. (Poaceae), in
Gangtok, Sikkim[143]; D. culmigenum on leaves & culms of grass
probably  of Saccharum sp.  (Poaceae),  in  Gangtok,  Sikkim[144];
Phaeodactylium alpiniae (Sawada)  M.B.  Ellis.  causing  leaf  spot
on Curcuma  longa L.  (Zingiberaceae),  in  Shilong,  Sikkim[145];
Plenotrichum castanopsidis J.N.  Kapoor  &  Munjal  on  leaves  of
Castanopsis tribuloides A.DC.  (Fagaceae),  in  Sikkim[146];
Phragmocephala elliptica (Berk. & Broome) S. Hughes (reported
as Endophragmia elliptica (Berk  &  Broome)  M.B.  Ellis  saprobic
upon  decaying  herbaceous  stem,  in  Sikkim[142]; Septogloeum
bullatum Syd. & P. Syd. (reported as Phloeospora bullata (Syd. &
P.  Syd.)  B.  Sutton;  Mycosphaerellaceae,  Mycosphaerellales)  on
saprobic  on  dried  twigs  &  branches  of Bambusa tulda Roxb.
(Poaceae), in Gangtok, Sikkim[25].

 Erroneous reports
The  host  of Didymella exigua (Niessl)  Sacc.  (Ascomycota,

Pleosporales,  Didymellaceae)  has  been  reported[31] as
Clerodendon, but there is no such host genus. Oronaria babusae
Roxb. has been reported as host of Corynespora cassiicola (Berk.
&  M.A.  Curtis)  C.T.  Wei.  (Ascomycota,  Pleosporales,  Corynes-
poraceae)  and Cercospora menthicola Tehon  &  E.Y.  Daniels
(Ascomycota,  Mycosphaerellales,  Mycosphaerellaceae)[36],  but
there is no such host species. Paradoxa bimornica Sw. has been
reported  as  host  of Memnoniella echinata (Rivolta)  Galloway
(Ascomycota,  Hypocreales,  Stachybotryaceae)[36],  but  there  is
no such host species. Prunus communis L. has been reported as
host  of Pestalosphaeria elaeidis (C.  Booth & J.S.  Robertson)  Aa.;
Amphisphaeriaceae [current name Pseudopestalotiopsis elaeidis
(C.  Booth  &  J.S.  Robertson)  F.  Liu,  L.  Cai  &  Crous  (Ascomycota,
Amphisphaeriales,  Sporocadaceae)][147],  but  there  is  no  such
host species.
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Fig.  1    Numeric  distribution  of  fungal  phylum  in  order,  family,
genera and species of phytopathogenic fungi.
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Fig.  2    Numeric  distribution  of  fungal  phylum  of  phytopa-
thogenic fungi in family,  genera and species of the plant hosts of
Sikkim, India.
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Cercospora oxysporum Berk.  &  Curt,  (Ascomycota,  Mycos-
phaerellales,  Mycosphaerellaceae)  has  been  reported  as  the
pathogen  on  cobs  of Amomum subulatum Roxb.
(Zingiberaceae)[36] but there is no record of such fungal species
in  Mycobank  and  Index  Fungorum. Gibberella anne (Schw.)
Petch.,  (Ascomycota,  Hypocreales,  Nectriaceae)  has  been
reported as the pathogen on cobs of Zea mays L.  (Poaceae), in
Rongali, Sikkim[41], but there is no record of such fungal species
in  Mycobank  and  Index  Fungorum. Palwaniella castanopsidis
Kapoor[148],  reported  from Castanopsis tribuloides A.DC.
(Fagaceae)  has  no  record  in  Mycobank  and  Index  Fungorum,
not even generic record.

 Interesting records of fungal hyperparasites,
entomogenous fungi, sooty moulds and saprobe fungi
in association with plants of Sikkim

The  study  revealed  records  of  hyperparasites,  which  are
fungi  that  parasitize  other  fungi,  from  the  genera
Trichothyriella, Eudarluca,  and Cephalosporium. Trichothyriella
quercigena (Berk. ex Cooke) Theiss., which is the type of species
of  the  monotypic  genus Trichothyriella,  was  reported  on  the
leaves  of  the Quercus species  in  Sikkim[108] and  is  a
hyperparasite on topical folicolous microfungi[149,150]. Eudarluca
caricis (Fr.)  O.E.  Erikss.  was  reported  to  grow  on Uromyces
appendiculatus (Pers.)  Link  is  a  phytopathogen  of Vigna
umbellata, in Sikkim[135] and is a mycoparasite on the rust fungi
Phragmidium,  whereas Phragmidium has  preference  on
members  of  Rosaceae[151]. Cephalosporium acremonium,  which
was  reported  on Zea mays in  Sikkim[62],  is  a  hyperparasite  on
the phytopathogen Helminthosporium solani Durieu & Mont.[64].

Aschersonia cubensis Berk. & M.A. Curtis, which was reported
on  the  leaves  of Citrus reticulata in  Gangtok,  Sikkim,  is  an
entomogenous  fungi  that  parasitizes  the  green  scale  insect
pest Coccus viridis[152].

It  was  noted  that  two  species  from  Capnodiaceae  (Cap-
nodiales,  Ascomycota)  viz. Leptoxyphium  fumago (Woron.)
Crous  and Tripospermum  myrti (Lind)  S.  Hughes  reported from
leaves  of Coix  lacryma-jobi L.  (Poaceae),  in  Gangtok,  Sikkim[35]

and one member of Coccodiniaceae (Chaetothyriales, Ascomy-
cota)  viz. Limacinula  butleri Syd.  &  P.  Syd.  reported  from
Dendroclamus sp.  (Poaceae),  in  Soreng,  Sikkim[146] were  found
to  be  sooty  mold  fungi. Tripospermum  myrti along  with
members  of Leptoxyphium,  and  Coccodiniaceae  are  epiphytic
and grow saprobically upon honey dew released by mealy bug
infested  upon  the  plant  host.  In  that  sense,  the  fungus  is  not
directly  pathogenic  upon  the  host  plants  but  their  Sooty  Mat
upon  foliage  and  stem  impedes  photosynthesis  in  hosts
leading  to  reduced  growth  rate  and  reduced  yield[153−155].
Leptoxyphium  fumago has  also  been  reported  from Rhodo-
dendron  arboreum[156],  which may be useful  information for  its
identification  and  management  in Rhododendron dominated
wildlife sanctuaries of Sikkim.

Memnoniella  echinata (Rivolta)  Galloway  (Stachybotryaceae,
Hypocreales,  Ascomycota)  reported  from  dried  fallen  twigs  of
Bambusa polymorpha Munro (Poaceae), in Sikkim[22] was found
to  be  saprobic  growing  in  soil  and  dead  plant  materials[157];
however, it is also reported to be a causal agent for pulmonary
heterosiderosis  in  infants,  especially  living  in  water  damaged
buildings[158]

 Other observations from data mining
The  common  representation  of  order  in  terms  of  counts  at

the  level  of  species  of  the  Ascomycota  include  Pleosporales

(22),  Mycosphaerellales  (13),  Glomerellales  (9),  Helotiales  (9),
Hypocreales  (6),  Botryosphaeriales  (5),  Meliolales  (4)  etc.  Simi-
larly, the common representation of order in terms of counts at
the level of species of the Basidiomycota include Atheliales (15),
Cantharellales  (9),  Pucciniales  (8),  Chaetomellales,  Microbo-
tryales  and  Ustilaginales  (1  each).  Oomycota  was  represented
by Peronosporales (6) and Pythiales (2).

Unique  representatives  of  the  phylum  Ascomycota  were
members  of  the  plant  families  Amaryllidaceae,  Apocynaceae,
Asphodelaceae, Aspleniaceae, Betulaceae, Combretaceae, Con-
volvulaceae,  Cucurbitaceae,  Euphorbiaceae,  Fagaceae,  Hama-
melidaceae,  Juglandaceae,  Malvaceae,  Melastomaceae,  Mora-
ceae,  Nyctaginaceae,  Phyllanthaceae,  Proteaceae,  Pteridaceae,
Rosaceae, Symplocaceae, Theaceae, and Urticaceae which were
reported  exclusively  from  the  phylum  Ascomycota.  On  the
other  hand,  members  of  the  families  Araliaceae,  Asteraceae,
Brassicaceae,  Elaeocarpaceae,  Orchidaceae,  Pinaceae,  Polygo-
naceae and Ranunculaceae were reported exclusively from the
phylum  Basidiomycota.  Furthermore,  three  phyla  showed  an
affinity  with  Zingiberaceae,  while  Ascomycota  and  Basidio-
mycota  showed affinities  with  the families  Fabaceae,  Poaceae,
Zingiberaceae  and  Ericaceae;  and  Ascomycota  and  Oomycota
showed an affinity with the families Solanaceae and Rutaceae.
At the family level,  Poaceae and Ericaceae were reported from
both  Ascomycota  and  Basidiomycota.  However,  the  genus
Setaria (Poaceae)  and Rhododendron  hodgsonii Hook.f
(Ericaceae)  was  reported  exclusively  from  Basidiomycota.
Similarly,  host  genera  common  to  both  phyla  include Vigna,
Amomum, Rhododendron and Phaseolus (Table 2). Furthermore,
three  distinctly  identified  species  requiring  alternative  hosts
were Alternaria  alternata (Fr.)  Keissl.  recorded  from  Apocyna-
ceae,  Cucurbitaceae,  Pteridaceae,  and  Solanaceae; Rhizoctonia
solani J.G.  Kühn.  recorded  from  Asteraceae,  Brassicaceae,
Fabaceae,  and  Zingiberaceae;  and Colletotrichum  gloeospo-
rioides (Penz.) Penz. & Sacc. recorded from Moraceae, Rutaceae
and Zingiberaceae.

Table 2.    Taxa of host common to different fungal phylum.

Asco Basi Oomy

Host family
Fabaceae 12 5 −
Poaceae 12 5 −
Zingiberaceae 9 2 2
Ericaceae 3 1 −
Solanaceae 6 − 2
Rutaceae 2 − 3

Host genus
Amomum 8 2 1
Vigna 5 3 −
Phaseolus 3 1 −
Rhododendron 2 1 −
Solanum 3 − 2
Citrus 2 − 3
Zingiber 2 − 2

Host species
Amomum subulatum Roxb. 6 2 1
Vigna umbellata (Thunb.) Ohwi & H.Ohashi 5 1 −
Phaseolus vulgaris L. 1 1 −
Citrus reticulata Blanco 2 − 3
Solanum lycopersicum L. 2 − 1
Zingiber officinale Roscoe 2 − 1
Solanum tuberosum L. 1 − 1

Asco = Ascomycota, Basi = Basidiomycota, Oomy = Oomycota.
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The  results  of  the  Cramer's  V  test  indicate  a  significant
relationship  (p  <  0.05)  between  the  fungal  phylum,  order,
family,  genus,  and  species,  and  the  host  family  (Table  3).  The
results further indicate that the fungal order, family and species
(p = 0.01) exhibit a significant relationship with the host genus,
but  the  association  between  fungal  taxa  at  all  levels  and  host
species was not significant. However, as the level of taxonomic
resolution decreases from phylum to species level,  the specifi-
city  of  fungal  taxa  towards  host  species  decreases  due  to  the
species and generic diversity within individual plant families.

The  host  dependence  pattern  among  various  fungal  phyla
was  studied  using  the  Jaccard  Index  of  Similarity  (JIS)  among
various  fungal  phyla  pairs.  The  results  revealed  that  JIS  values
ranged  between  0.05−0.11  for  the  Ascomycota-Basidiomycota
pair and between 0.07−0.10 for the Ascomycota-Oomycota pair
(Table  4),  while  the  range  of  values  was  lower  (0.00−0.07)  for
the  Basidiomycota-Oomycota  pair.  This  may  be  related  to  the
findings in Table 2, where the similarity of host species, genus,
and  family  was  compared  in  terms  of  their  distribution  across
different phyla.  It  was observed that only Amomum subulatum
Roxb.  (Zingiberaceae)  was  a  common  host  to  Ascomycota,
Basidiomycota, and Oomycota.

 Conclusions

A  checklist  of  phytopathogenic  fungi  is  an  important
reference  for  understanding  the  distribution  of  plant  patho-
genic  fungi  and their  associated plant  hosts  in  a  given region.
The  current  study  provides  a  comprehensive  overview  of  the
diversity  of  phytopathogenic  fungi  and  their  hosts  in  Sikkim,
India  which  is  a  region  of  prime  biodiversity  importance.  The
study  also  highlights  some  intriguing  findings,  including
phytopathogens that are specific to plant reproductive organs,
such  as Microbotryum emodense (specific  to  anthers)  and
Sporisorium setaricolum (specific  to  ovaries).  Additionally,  the
study  identifies  phytopathogens  that  are  linked  to  human
health,  such  as  allergenic  contaminants  commonly  found  in
indoor  environments,  such  as Cephalosporium spp.,
Cladosporium spp., Curvularia spp.,  and Torula herbarum.  The
study also notes phytopathogens that play a significant role in
the  production  of  antibiotics,  mycotoxins,  and  enzymes,
including  Cephalosporin  C  from Cephalosporium  acremonium,

mycotoxins  from Phyllosticta sorghina and Stenocarpella
maydis,  and  polyurethane  degrading  Serine  Hydrolase  from
Pestalotiopsis microspora.

It  was  observed that  the diversity  of  phytopathogenic  fungi
is  closely  linked to  the diversity  of  plant  hosts  they infect.  The
study  found  that  the  fungi's  affinity  for  their  host  plants  was
significant  at  the  family  level,  but  became  less  specific  at  the
infra-familial  level.  Thus,  it  is  important  to  carefully  document
the  infra-familial  host  affinities.  Some  examples  of  these
affinities  from  the  study  include Seifertia's  specificity  towards
Rhododendron, Monilinia spp. for  Ericaceae, Puccinia  ustalis for
Ranunculaceae,  and Erysiphe  sikkimensis for Castanopsis and
Quercus.

Accurate identification of the causal agents of plant diseases
is imperative for effective disease management. In some cases,
initially  assumed  causes  of  the  disease  may  not  be  the  actual
pathogen.  For  instance, Pestalotiopsis royenae,  an  endophyte,
has  previously  been  implicated  in  causing  leaf  streak  in
Amomum subulatum,  however,  recent  evidence  suggests  that
the  tea  mosquito  bug  (Helopeltis theivora)  may  be  the  more
prevalent  agent  of  the  symptoms.  Therefore,  in  this  case  the
management  efforts  should  prioritize  control  of H. theivora
over P. royenae.  Furthermore,  endophytes  and  saprophytes
(facultative  parasites)  may  serve  as  a  significant  pool  of
biotrophs for immunocompromised hosts. In light of this, a re-
evaluation  of  the  endophytic  biology  of  fungi  such  as
Cryptospora caryae, Curvularia eragrostidis, Dichotomopilus
funicola, and Leptosphaerulina trifolii is necessary.

In  the  management  of  plant  diseases,  knowledge  about
alternative  hosts  can  also  be  useful.  For  example,  it  is  not
advisable to cultivate Luffa aegyptiaca near Solanum betaceum
plants  that  have  leaf  spots,  as  both  are  hosts  of Alternaria
alternata.  Similarly,  planting Brassica spp.  near Vigna spp.
should be avoided, as Rhizoctonia solani has been identified as
a common factor causing root and collar rot in Brassica juncea
and B. rapa,  as  well  as  aerial  blight  in Vigna mungo, V. radiata,
and V. umbellata.  An  integrated  and  synergistic  approach  to
disease  management  is  essential,  particularly  for  heteroecious
rust  fungi  such  as Melampsoropsis elaeocarpi and
Stilbechrysomyxa himalensis,  which  have  pycnidial  stages  on
Picea and uredial and telial stages on members of Ericaceae and
Elaeocarpaceae.

Furthermore, strains within fungal species are often classified
into  different  pathotypes  or  formae  speciales  based  on  their
host range, such as those found within Alternaria spp. In order
to effectively manage plant diseases, it is important to identify
phytopathogens at these levels and to study their specificity to
host  species  and  cultivars.  Additionally,  documenting  the
locations  of  disease  incidence  is  crucial  for  spatial  monitoring
and prompt disease management to prevent its spread.

Table 3.    Cramer's V values in the lower diagonal and corresponding chi-square based p value in the upper diagonal. p < 0.05 are indicated in bold.

Phylum Order Family Genus Species Host species Host genus Host family

Phylum 0.00 0.00 0.00 0.00 0.36 0.10 0.00
Order 0.99 0.00 0.00 0.00 0.16 0.00 0.00
Family 0.99 1.00 0.00 0.00 0.17 0.00 0.00
Genus 1.00 1.00 1.00 0.00 0.99 0.06 0.00
Species 1.00 1.00 1.00 1.00 1.00 0.01 0.00
Host species 0.82 0.82 0.82 0.79 0.82 0.00 0.00
Host genus 0.79 0.78 0.78 0.75 0.86 1.00 0.00
Host family 0.75 0.66 0.64 0.76 0.94 1.00 1.00

Table 4.    Jaccard index of similarity among various fungal phylum pairs.

Phylum pairs Host species Host genus Host family

Asco-Basi 0.05 0.06 0.11
Asco-Oomy 0.09 0.07 0.10
Basi-Oomy 0.03 0.00 0.07

Asco = Ascomycota, Basi = Basidiomycota, Oomy = Oomycota.
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