KAVAKA 59(4): 42-48 (2023)

DOI: 10.36460/Kavaka/59/4/2023/42-48

The First Record of Torula chromolaenae on Dung Sample of Equus kiang from Ladakh, India
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ABSTRACT

An asexual hyphomycetes, Torula chromolaenae J., a new record from India, is being reported for the first time on
a new substrate as a coprophilous inhabitant. The fungus was isolated from the dung sample of Tibetan wild ass
(Equus kiang) endemic to the Tibetan plateau. The identity of the fungus was confirmed by both morphological
and molecular approaches combining multi-locus phylogenetic (ITS, SSU, LSU) analysis.
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INTRODUCTION

Coprophilous or fimicolous fungi, inhabiting the
dung of animals, play a crucial role in recycling
complex nutrients in the herbivore's dung by
utilizing the undigested carbohydrates,
hemicelluloses, and lignin, along with amino acids,
vitamins, growth factors, and minerals, which aid
in their colonization and growth (Dix and Webster,
1995). Over 1,200 fungi in ~260 genera belonging
to Ascomycetes, Basidiomycetes, Zygomycetes,
and Mitosporic fungi have been documented from
the dung of various animals (Santiago et al., 2011).

The genus Torula was established by Persoon in
1795 with T. herbarum as the type species,
describing 7. monilis and T fructigena. Later
placed, the fungus to the genus Torula as T
herbarum  (Ellis and Griffiths, 1975; Tian et al.,
2023). The genus is habitual in aquatic and
terrestrial habitats as a saprobe. As of July 2023,
540 specific epithets in Index Fungorum and only
21 specific epithets have molecular data in
GenBank. Torula chromolaenae sp. nov., reported
initially from Thailand on Chromolaena odorata,
represents holotype MFLU 16-2819 (Li et al.,
2017). During the enumeration of fungi inhabiting
the dung of Equus kiang in the Ladakh region of
India, T chromolaenae was isolated from the Kiang
dung substrate. This represents a new record for
India and a first record on the new substrate.

MATERIALS AND METHODS
Isolation and morphological identification

Approximately 24 to 48 hours old dung samples
of Equus kiang M. were collected from the Hawe
(Hanle) village, Ladakh, India (32.79°N, 79.00°E)
during the second week of July 2020. The collected
dung samples were dried in shadow under
laboratory conditions and stored at the ambient
temperature. The surface sterilized dung samples
were placed in a moist blotter chamber, incubated
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at 254+2°C for 2-8 weeks, and monitored for
sufficient moisture content (Mohammed et al.,
2017). The fungal fruiting bodies expressed on the
dung samples were studied for macroscopic and
microscopic features under the stereomicroscope
(Discovery v20, Germany) and a bright field
microscope (Carl Zeiss, Germany), respectively.
The fruiting bodies expressed were -carefully
transferred onto the potato dextrose agar (PDA)
and Malt Extract Agar (MEA) culture media,
incubated at 25+2°C, and the colony characteristics
were studied. The isolated fungus was identified
morphologically (Li et al., 2017; Samarakoon et
al., 2021) and confirmed by molecular methods.
The pure culture of the fungus was deposited at the
Microbial Type Culture Collection and Gene Bank,
Institute of Microbiology (IMTECH), Chandigarh,
India.

Molecular identification

analysis

and phylogenetic

The total genomic DNA was extracted from 50mg
of mycelium growing on PDA by CTAB method
(Zhang et al., 2010). Three gene regions, internal
transcribed spacer (ITS), partial 28S large subunit
rDNA (LSU), and partial 18S small subunit rDNA
(SSU) were amplified with the primer pairs
ITS1/ITS4 (White et al., 1990), LROR/LRS
(Cubeta et al., 1991; Vilgalys and Hester, 1990) and
NSI/NS4 (White et al., 1990) respectively. The
Polymerase Chain Reaction (PCR) was performed
in a 25pl reaction mixture containing 1ul of DNA
template, Sul of My Taq DNA buffer (Himedia),
0.3ul of Tag DNA Polymerase (Himedia), 1ul of
each forward and reverse primers and 16.7ul
nuclease-free water. The thermal cycler (PeqLab,
Germany) was set at the following conditions:
initialization for 3 min. at 95°C, 35 cycles of
denaturation at 95°C for 30 s, annealing at 50°C for
30 s, extension 72°C for 45 s, and a final extension
for 03 min at 72°C. Amplified PCR products were
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sequenced at Barcode Biosciences, was performed using the ML method with 1000
Bangalore. Obtained sequences were subjected to bootstrapping using MEGAII.

the BLASTn search using GenBank

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). The RESULTS

isolate was identified to the species level based on Molecular identification and Phylogenetic
the nucleotide sequence homology. The analysis

representative sequences were deposited in the
GenBank database, NCBI. The representative
sequences of the fungal isolate and other closely
related sequences were retrieved from GenBank
and aligned by the Muscle program. Phylogenetic
analysis employing the Maximum-likelihood (ML)
method using Molecular Evolutionary Genetics
Analysis (MEGAI11) software was conducted for
LUS, SSU, and ITS datasets (Tamura et al., 2021).
Further, the multiple sequence alignment of all
three gene datasets was concatenated, and the
phylogenetic analysis of concatenated sequences

The blast homology search results of ITS, LSU,
and SSU sequence data of the isolate showed
similarity to the reference sequence retrieved from
GenBank; (ITS= 98.55%, LSU= 99.76%, and
SSU= 99.88%) of T. chromolaenae (KUMCC 16-
0036) (Li et al., 2017). The phylogenetic analysis
of combined LSU, SSU, and ITS DNA sequences
data matrix using MEGA11 with the automatically
selected suitable preferences represents the well-
supported clades with the reference strains of T.
chromolaenae including T. masonii, T. mackenziei,
and T. herbarum (Figure 1).

Corynespora sp. MELUCC 11-0431 (KJ1880%6)
7-1504 (VI214428)

G

Torula chromolaenae culture MFLUCC:1
Torula chromolaenae culture NEFILUCC:17-1514 (\MI214429)
Torula masonii strain KUNCC22-12429 (OP36%296)
Torula herbarum 21TKL1-1 (LC759631)
| Torula sp voucher KUNCC23-12743 (OQ660209)
“ | Torula mackenziei voucher KUN-HK AS:112705 (MW 774581)
Torulasp WW-2022c¢ strain KU\CC‘ -12430 (OP369297)
Torula fici strain UESTCC 2 3 (OQ127887)
Torula ficus voucher C3 74 (.\&(34? 883)
Dendryphion sp. voucher KUNCC23 12751 (
Torula chromolaenae isolats XB012 (MIV07598)
w] 48 Torula chromolaenas isolate tor-iso-1-SSU (OR0257635)
Torula sp. voucher KUNCC23-12766 (OQ660228)
Rutola sp. strain HKAS 124485 (OR4 7070)
_I— OMND64653.1 Roussoella sp strain GNB1321 (ONT64653)
Roussoella intermedia strain CBS 170.96 18S (XF243320)
| Torula chromolaenae culture MFLTUCC 17-1504 (ZMI235792)
= | Torula chromolaenae culture MFLUCC 17-1514 (MI235793)

‘ Torula chromolasnae isolate tor-iso-1-LSU (OR0S1340)
r Torula goaensis MICC 12620 (NG060016)
1 Torula chromolaenae strain NMEFLUCC 20-0237 (\-t\V41 2518)

1 Corynespora sp MELUCC 11-0431 (XJ1702
Psammina bommeriae culture CBS:134 69 (\HS’S-‘I 35

<

215)

[- Rutola graminis culture CBS:442 51 (MEI868457)
Y Torula masonii strain KUNCC22-12429 (OP352411)
Torulachromolaenae voucher KUNUCC 17 0174 (VMED260321)
& Torulachromolasnasisolate XB0O12 (ANMI0O07589)
M :| Torula chromolaenae voucher KUNITC 16 0036 (XY 127860)
=1| Torula fici strain KUMCC 15-0428 (\VEG208151)
] I' Torula herbarum strain CBS 379.58 (KXF443383)
Torula mackenziei voucher MEFLUCC 13-0832 (KXY197861)
1| Torula chromolaenae voucher NEFLUCC 17-1514 (VEH010631)
Torula chromolaenae isolate NEFLUCC 17-2078 (MI214606)
.| Torula macken=iei strain KUNCC:23-13738 (OR500984)
. a»! Torula mackenziei voucher KUN-HKAS: 112705 (AMWS79525)
= Chae tothyriales sp AR-2010 (HQ607813)
=, Torula chromolaenae isolate MELUCC 17-2078 (MI310650)
L Torula chromolaenae strain MELUCC 20-0237 (WMIW412524)
Torula chromolaenae Holotype MFLU 16-2819 KUMCC (VMIN061345)
| r Torula chromolasnae voucher KUNCC 17-0174 (VME275087)
@ Torula chromolasnaeisolats 1 (OP415529)
Latorua caligans isolate 430CT (ON208511)
= | Torula macken=ziei strain KUNCC:23-13738 {OR589336)
Torula goaensis MICC 12620 (NR159045)
o || Torula camporesiit KUMCC 19-0112 (NR168226)
a7 Torula camporesii KUNMCC:19-01 12 (MINS07 400)
— Torula herbarum culture NEJTIITA-3038 QAVIG280392)
T Septoriella oudemansii isolate AND-2 (VMINO66618)
Torula fici strain KUNCC 15-0428 (NMSG208172)

3
~

Out group

Figure 1: Phylogenetic tree constructed from maximum likelihood analysis based on combined ITS, LSU, and SSU
sequence data of 7. chromolaenae isolated from Equus kiang dung sample and reference sequences (NCBI-GenBank) using

MEGAL11 Software (Tamura et al., 2021) with 1000 bootstrap replicated. ITS, LSU, and SSU data of 7. chromolaenae
generated in the present study are represented in a black bullet.
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The separate phylogeny of ITS, LSU, and SSU
datasets inferred by using the Maximum Likelihood
method and Tamure-Nei model (Tamura and Nei,
1993) involved 16, 17, and 17 nucleotide sequences,
respectively, with the highest log likelihood (-
2670.58), (-2634.72), (-3602.69) and a total of 981,
1381 and 1744 positions in the final datasets
respectively. The percentage of trees in which the
associated taxa clustered is shown above the

Torula chromolaenae isolate MFLUCC 17-2078 (MT310650)
Torula chromolaenae strain MFLUCC 20-0237 (MW412524)
Torula chromolaenae Holotype MFLU 16-2819 KUMCC (MN061345)

96

100

@ Torula chromolaenae isolate 1 (OP415529)

branches. Initial tree(s) for the heuristic search were
obtained automatically by applying the Neighbor-
Joining and BioNJ algorithms to a matrix of pairwise
distances estimated using the Tamura-Nei model and
then selecting the topology with superior log
likelihood value. The tree is drawn to scale, with
branch lengths measured in the number of
substitutions per site using the 1000 bootstrap
method (Figure 2, 3, and 4).
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Figure 2: Phylogenetic tree constructed from maximum likelihood analysis with 1000 bootstrap replicated of ITS sequence
data of 7. chromolaenae isolated from Equus kiang dung sample and reference sequences (NCBI-GenBank) using MEGA11

Software (Tamura ef al., 2021).
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Figure 3: Phylogenetic tree constructed from maximum likelihood analysis with 1000 bootstrap replicated of LSU sequence
data of 7. chromolaenae isolated from Equus kiang dung sample and reference sequences (NCBI-GenBank) using MEGA11

Software (Tamura et al., 2021).
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Figure 4: Phylogenetic tree constructed from maximum likelihood analysis with 1000 bootstrap replicated of SSU sequence
data of T. chromolaenae isolated from Equus kiang dung sample and reference sequences (NCBI-GenBank) using MEGAT11

Software (Tamura ef al., 2021).
Morphology
Cultural characteristics

The colonies of 7. chromolaenae appeared after six
weeks of incubation. Colonies were shiny, dark
brownish to black, dusty, and effuse thread-like on
the substratum (Figure 5A). Mycelium was
slightly immersed, septate, narrow, sparingly
branched, smooth, pale brown hyphae. The growth
rate of the colonies was considerably slow. There
is slightly more rapid mycelial growth on the Malt
Extract Agar (MEA) than on the Potato Dextrose
Agar (PDA) medium. Conidia germinated on PDA
agar medium within 24 hours and attained a 3 cm
colony diameter after 20 days of incubation at
25°C+2°C. Mycelium superficial and effused on
PDA, appeared hairy to velvety, with regular
margin, greyish white to grey at the periphery,
olive green to golden brown shades at the center of
the colony with whitish hairy mycelial clumps
with golden yellow watery droplets. On the
reverse, pale pink to brownish at the periphery and
blackish grey at the center of the colony with
distinctly marked cracks (Figure 5B and 5C).
Discretely formed conidia were observed after 48
days of incubation (Figure 6A).

Taxonomy

Torula chromolaenae J.F. Li, Phookamsak, A.
Mapook and K.D. Hyde, Mycological Progress,
16(4):454 (2017).

Index Fungorum Number: 819536, MycoBank
Number: 819536, and Facesoffungi number:
FOF02713.
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Saprobic on Equus kiang dung sample. Colonies
discrete on the dung sample, black and powdery.
Myecelium immersed in the substrate composed of
septate, thick-walled, narrow, sparingly branched,
smooth, and pale brown hyphae. Conidiophores
7.5-10-12.5um long % 2.5-5 um wide (x =10 x 4
pm, n = 10), macronematous, mononematous,
unbranched, straight or flexuous, solitary, pale
brown, smooth, thick-walled, consisting of one-
cell, determinate without apical branches, ellipsoid
to subglobose, arising from hypha. Conidiogenous
cells 5-7.5 pum long x 5.7-5 pm wide (¥=5 x 5 pm,
n = 10), polyblastic, rarely monoblastic, terminal
or sometimes integrated, spherical, smooth, distal
fertile part thin-walled pale brown, proximal sterile
part dark brown, and thick-walled, light brown to
brown, paler at apex, smooth (Figure 6B and 6C).
Conidia 12.5-15-17.5 pm long X 5-7.5 pm wide
(k= 1425 x 6.1 pum, n = 20) -catenated,
acrogenous, simple, phragmosporous, brown to
dark brown, smooth, 2-3 transversely septate,
rounded at both ends, slightly constricted at some
septa, chiefly subspherical. Conidial secession
schizolytic (Figure 6D).

Sexual state: Undetermined.

Sample examined: Hawe (Hanle) village, Ladakh,
India (32.79°N, 79.00°E), isolated from Equus
kiang (Tibetan wild ass) dung samples, 15 July
2020. Collected by K. Kavyashree, T.
Shivanandappa, and G. R. Janardhana, Culture:
MTCC13409.
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Figure 5: Torula chromolaenae. A, Conidiophores on the dung sample; B, Obverse and reverse view of the colony on PDA;
C, Closer view of the colony showing whitish hairy mycelial clumps.

Figure 6: Torula chromolaenae. A, Conidiophores on PDA culture medium; B and C, Conidiophores with conidiogenous
cells; D, Catenated conidia with polyblastic conidiogenous cells. Scale bars: A= 0.2 pm; B-D=20 um.

Known hosts and distribution: Chromolaena
odorata in Thailand (Li et al., 2017 and Mapook
et al., 2020), Pandanus tectorius in China
(Tibpromma et al., 2018), Clematis fulvicoma in
Thailand (Phukhamsakda et al., 2020), and Musa
sp. In Thailand (Samarakoon et al., 2021).

GenBank accession numbers: Obtained
sequences of the present work- ITS: (OP415529);
LSU: (OR091340); SSU: (OR095765).

DISCUSSION

Herbivore dung is a rich source of numerous
organic nutrients, influencing the colonization and
growth of diverse fungi. India has reported the
occurrence of some of the common fungal genera
like Chaetomium spp., Ascobolus spp., Pilobolus
spp., Podospora spp., and many other beneficial
fungi from the dung samples of different animals
(Mukerji, 1968; Thind and Sengal, 1971). A few
of the novel species of hyphomycetous group viz.,
Sympodina coprophila, Adhogamina ruchira,
Bahupaathra samala, and Anngulimaya sundara,
Beejasmuha samala and Sutravarana samala have
also been reported from India (Subramanian and
Lodha, 1964; Subramanian and Chandrashekara,
1977).

In the present study, the dung samples of Tibetan
wild ass, the only equid living on the Tibetan
plateau and largest among the seven Equus
species, were studied for the associated
coprophilous microfungi for the first time.
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Detailed microscopic examination supports that
Torula chromolaenae isolated using a moist
chamber method similar to the fungal holotype
(MFLU 16-2819) with slight differences in
conidiophores, conidiogenous cells, and conidial
size. The isolate from the present study exhibited
slightly longer conidiophores comparatively with
that of the holotype (7.5-10-12.5um long vs. 5-
6.3um long); conidiogenous cells (¥=5 X 5 pm, n
=10 vs x=4.7x 5.4 um, n = 10) and conidia (x=
14.25 x 6.1 ym, n =20 vs Xx= 14.5 x 43 ym, n =
20). The cultural characteristics were almost
similar to the isolate (MFLU 20-0698) from the
dead leaf vein of Musa sp. (Samarakoon et al.,
2021). Equus kiang is native to the Tibetan
Plateau. It has adapted to live in high-altitude
habitats, distinguished by cold temperatures
ranging between 12 - 14°C during the day, which
falls below 0°C at night. The isolate is the first
collection of herbivore dung samples from India.
So far, the species have been reported from four
different plant hosts viz., Chromolaena odorata,
Pandanus tectorius, Clematis fulvicoma, and
Musa sp. (Li et al., 2017; Mapook et al., 2020;
Tibpromma et al., 2018; Phukhamsakda et al.,
2020;  Samarakoon et al, 2021). The
documentation of new fungal records from new
habitats and hosts helps us to know the fungal
evolution, host range, host shift, speciation, and
how fungi adapt to frequently changing
environments (Hyde et al., 2020). Further studies
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on the bioprospecting of the isolate may aid in
finding the beneficial aspects of T. chromolaenae.
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