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ABSTRACT

A new species of Alternaria causing leaf spots on the rubber tree (Hevea brasiliensis) in
Yunnan, China, was isolated, examined, and illustrated. Morphologically, it belongs to the
section Porri of Alternaria, which produces relatively large conidia and a simple or branched,
filamentous long beak. It is, however, characterized by conidiophores gradually enlarging
near the apex into a clavate conidiogenous cell and long ellipsoid to obclavate, smooth-
walled conidia with a long filamentous beak. Molecular phylogenetic analyses based on ITS
rDNA, GAPDH, and TEFT-alpha sequences demonstrate that the phytopathogen falls in the
clade of the section Porri, being most closely related to A. sidae, A. sennae, A. deseriticola,
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A. cyamopsidis, A. rostellata, A. nitrimali, A. crassa, and A. thunbergiae.

1. Introduction

The Alternaria is saprobic and ubiquitous, and some
species are well-known as major plant pathogens.
They can also cause many human health disorders,
while many can play an important role in decay and
decomposition [1]. Alternaria was divided into 24
sections on the basis of morphological and multi-
loci molecular phylogeny (18S, ITS and 28S rDNA,
GAPDH, RPB2, and TEFI-alpha) [2-5]. The section
Porri is the largest Alternaria section with species
characterized by medium to large conidia with a
simple or branched, filamentous long beak [2,3].
This section includes some important phytopatho-
gens, such as A. porri, A. bataticola, A. solani, and
A. tomatophila. A. porri causes purple blotch of
onion [6], A. bataticola causes leaf petiole and stem
blight of sweet potato [7], A. solani is the causative
agent of early blight of potato [8], and A. tomato-
phila is known for causing early blight of
tomato [9].

Earlier Martin [10] reported Alternaria sp. infec-
tion on Hevea brasiliensis in Mexico. In 2006,
another Alternaria leaf blight with similar symptom
on rubber trees caused by A. alternata was identi-
fied by Roy et al. [11] in India. Our research group
reported that A. heveae and A. alternata were able
to incite black leaf spot of rubber tree in China
[12,13]. The disease symptoms initially appear as
minute spots on leaves. The spots are circular with

black center surrounded by a yellow halo, and
lesions slightly sunken.

During a survey on rubber tree diseases, a fungus
isolated from rubber tree leaf spot lesions was mor-
phologically identified to be an Alternaria species in
the section Porri but which did not fit any known
species of this genus and further confirmed molecu-
larly by grouping within the section of Porri.
Herein, we propose this new species with morpho-
logical description, illustration, and molecu-
lar phylogeny.

2. Materials and methods
2.1. Isolation and cultures

Fungus-infected leaves of the rubber tree were col-
lected in May 2014 from Hula village, Ruili city,
Yunnan Province, China. Segmented leaf lesions
between symptomatic and healthy tissue were sur-
face sterilized with 70% ethanol for 2 min and then
air-dried, plated on potato dextrose agar (PDA; 20g
white potato boiled and filtered, 20g dextrose, 15g
agar, and 1L distilled water), and incubated at 28°C
with natural day/night cycles of light for 5-7 days.
Single spores were isolated by following the method
of Ho and Ko [14] and cultured and transferred
onto a new PDA plate to establish pure cultures.
Isolates were maintained at the Herbarium of
Department of Plant Pathology (YITC 5109 and YITC
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5114), Yunnan institute of Tropic Crops. Ex-type was
stored in the Agricultural Culture Collection of China,
Institute of Plant Protection, Chinese Academy of
Agricultural Sciences (ACCC 39327) and also in the
China General Microbial Culture Collection, Institute
of Microbiology, Chinese Academy of Sciences,
Beijing, China (CGMCC3.1890). The type was depos-
ited in the Herbarium Mycologicum Academiae
Sinicae, Institute of Microbiology, Chinese Academy
of Sciences, Beijing, China (HMAS247784).

2.2. Pathogenicity assay

Pathogenicity assays using a field rubber tree inocu-
lation method were conducted as previously
described by Cai et al. [13]. Fungal conidia were har-
vested by flooding 7-day-old cultures with sterile
water from single conidial cultures, centrifuging, and
adjusting the concentration to 1x 10* conidia/ml,
and spraying the spore suspension to the copper-
color leaves (approximately 5-7 cm in length) of rub-
ber tree using manual pressure sprayer. Rubber
plants sprayed with sterile distilled water were used
as controls. After inoculation, the plants were cov-
ered with plastic bags for 48 h. The plastic bags were
removed after 2 days postinoculation and monitored
daily for symptom development.

2.3. Morphological observations

The isolate YITC 5109 was used for morphological
descriptions. Colonial characteristics (color, size,
and texture) were assessed after 7 days of growth on
the PDA plates and V-8 juice agar (V-8; 100 mL V-
8 juice, 0.2 g CaCO3, 20g agar, and 900 mL distilled
water) at 25°C under a fluorescent light/dark cycle
of 8/16h. Conidial morphology was examined
according to the method of Simmons [15,16]. Isolates
were inoculated on potato carrot agar (PCA; 20g
white potato boiled and filtered, 20 g carrot, and 20g
agar in 1L distilled water) and V-8 juice agar. The
plates were stored at 22°C for 7days in a chamber
without humidity control (a gradually drying atmos-
phere in unsealed plates). A total of 100 conidia were
randomly chosen and measured by using an
OLYMPUS CH30RF200 light microscope (Olympus,
Tokyo, Japan) with a Moticam 5000 digital camera
(Motic Deutschland GmbH, Wetzlar, Germany).

2.4. DNA extraction, amplification
and sequencing

Isolates were grown on PDA for 5-7 days and then
collected for DNA extraction. Genomic DNA was
extracted following a previously described method
[17] with some modifications. The nuclear
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ribosomal internal transcribed spacer of ribosomal
DNA (ITS rDNA) region was amplified with the
universal primers ITS1 and ITS4 [18], the glyceral-
dehyde-3-phosphate dehydrogenase gene (GAPDH)
with the primers gpdl and gpd2 [19], the TEFI-
alpha gene (TEFI) with the primers EF1-728F and
EF1-986R [20]. The PCR mixtures included 9.5uL
of ddH,O, 2uL of each primer (10uM), 1uL of
genomic DNA, 12.5uL of 2 x EsTaq Master Mix
containing 0.5 units of EsTaq DNA Polymerase,
3mM of MgCl, and 200 uM of each dNTP and 1x
PCR buffer (Cwbio, Beijing, China). The PCR reac-
tions were carried out in a Veriti 96-well thermo
cycler (Applied Biosystems, Carlsbad, CA). The
cycling program was initiated at 94°C for 5min,
and then followed by 35 cycles of denaturation at
94°C for 30sec, annealing at 58°C for 30sec, and
elongation at 72°C for 30sec, and finalized with an
extension at 72°C for 10min. PCR products were
sequenced by BGI (Beijing Genomics Institute,
Beijing, China). The obtained sequences (ITS,
GAPDH, and TEFI) were deposited in GenBank
with the accession numbers shown in Table 1.

2.5. Phylogenetic analyses

The obtained sequences and relevant ones available
in the GenBank database (Table 1) were aligned
using CLUSTAL_X wver. 20.11 (EMBL-EBI,
Cambridgeshire, UK), and adjusted manually [21].
The combined dataset of ITS, GAPDH, and TEFI
gene sequences was analyzed using MEGA 6 soft-
ware [22]. Maximum likelihood analysis was per-
formed with 1000 bootstrap replicates and the
General Time Reversible model of nucleotide substi-
tution. The node reliability was assessed by no less
than 70% of parsimony bootstrap support values
A. gypsophilae (CBS107.41) were used as outgroups
for the phylogeny analysis.

3. Results and discussion
3.1. Phylogenetic analysis

The combined dataset resulted in an alignment con-
taining a total of 1434 characters, which comprised
583, 575, and 276 characters of ITS rDNA, GAPDH,
and TEFI, respectively. Maximum likelihood ana-
lysis was used to generate the phylogenetic tree
shown in Figure 1. The two isolates YITC 5109 and
YITC 5114 of A. yunnanensis sp. nov. were identical
in all these three genes, and formed a strongly sup-
ported clade in the phylogram, being most
closely related to A. sidae, A sennae, A. deserticola.
These two species further clustered together with
A. cyamopsidis, A. rostellata, A. nitrimali, A. thun-
bergiae, and A. crassa.
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Figure 1. The Maximum-likelihood tree derived from combined ITS rDNA, GAPDH, and TEF1 gene sequences of Alternaria spe-
cies. Bootstrap support values above 50% are shown at the nodes. Alternaria gypsophilae serve as outgroup. The strains YITC

5109 and YITC 5114 of a new species A. yunnanensis proposed in this study are emphasized in red.
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Figure 1. Continued.

3.2, Taxonomy

Alternaria yunnanensis Z.Y. Cai, X.Y. Liu, Y.X. Liu
& Y.P. Shi, sp. nov. (Figure 2).

Etymology: In reference to the location of Yunnan
Province from where the fungus was isolated.

Fungal Name: FN570554.

Colonies of A yunnanensis on PDA agar develope
well, attaining a diameter of 7.7-8.5cm under a
daily fluorescent light/dark cycle of 8/16h at 25°C
in 7 days, circular, with evident concentric rings and
a whitish aerial-mycelium margin, cottony, yellowish
to light gray, secreting an orangish pigment into the
medium (Figure 2(A)). Mycelia produced on V-8
agar are light to dark gray (Figure 2(B)).
Conidiophores are simple or sparingly branched,
septate, pale brown to mid brown, smooth, arising
beneath the agar surface or directly from hyphae,
ca. 40-104 x 5-7um, and gradually enlarge near the
apex into a clavate conidiogenous cell that produces
conidia (Figure 2(F)). Conidia are abundant on V-8
agar, and few on PDA and PCA, smooth, dilute dull
brown, 41-97 x 13-29 um, with 5-10 transverse
septa and 1-6 longitudinal or oblique septa, often
constricted at the septa, usually solitary or rarely in

CBS 107.41 | Sect. gypsophilae

chains of two (Figure 2(C,E)), straight or slightly
curved, long ellipsoid to obclavate, tapering to the
beak which is equal in length to or up to fourfold as
long as the body. The apical beaks are simple, pale,
septate, up to 252pum long and 2.5um wide
(Figure 2(E)).

3.3. Holotype

China, isolated from rubber tree leaf, Hula village,
Ruili city, Yunnan Province, China, May 2014, Z.Y.
Cai (dried culture HMAS 247784), ex-holotype cul-
tures (ACCC 39327 and CGMCC3.18901).

3.4. Pathogenicity assay

Four days after inoculation, typical black leaf spots
observed, which resembles the field symptom with
round, black, foliar spots, surrounded by vyellow
halos, and lesions sometimes slightly sink (Figure
2(D)). A fungus reisolated from the leaf lesions on
inoculated plants has the same colonial and conidial
morphology as the inocula A. yunnanensis, but not
from asymptomatic leaves of control rubber plants,
fulfilling Koch’s postulates. The result indicates that
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Figure 2. Alternaria yunnanensis (ACCC 39327: ex-holotype). (A) Obverse (left) and reverse (right) of colony on PDA at 25°C
for 7 days; (B) Obverse (left) and reverse (right) of colony on V-8 juice agar at 25°C for 7 days; (C) features of the sporulation
apparatus; (D) Symptoms on Hevea brasiliensis leaves; (E) Conidia produced on V-8 juice agar at 22°C for 7days; (F)
Conidiophores produced on V-8 juice agar at 22°C for 7 days. Scale bars: 50 um for (C), 40 um for (E), 10 um for (F).

the species is the causal agent of leaf spot diseases
in rubber tree.

Based on phylogenetic analyses and morpho-
logical characteristics, the fungus isolated from the
leaf spots of the rubber tree was identified. Both
data indicate that the fungus is a novel species
belonging to the genus Alternaria. With its long his-
tory of rubber cultivation, rubber trees have had
ample opportunity to attract a wide variety of dis-
eases. A number of significant new diseases have
been discovered. At present, the Alternaria leaf dis-
ease is not very serious. However, identifying
Alternaria species on rubber tree is important to
control rubber tree disease in case the disease out-
breaks. In China among the three known Alternaria
disease of rubber tree, A. alternata is the most
widely distributed, which can be found at every
rubber planting region. Alternaria heveae and
A. yunnanensis were only found at very few rubber
plantations.

Along with the A. yunnanensis, 112 Alternaria
strains including 63 species of the section Porri of

Alternaria were analyzed. The phylogram (Figure 1)
generated from the three-gene combined dataset
(ITS, GAPDH, and TEFI) exhibits similar topology
to previously reported one [3]. The phylogenetic
analyses indicate that the new species, A. yunnanen-
sis, belongs to the Porri species-group, all of which
produce relatively large conidia with a simple or
branched, filamentous long beak [2,3].

The Porri species-group includes 63 species [3].
Phylogenetic analysis showed that A. yunnanensis
was most closely related to A. sidae, A sennae, A.
deserticola, and relevant to A. cyamopsidis, A. rostel-
lata, A. thunbergiae, A. nitrimali, and A. crassa in
the section Porri.

Based on conidial morphology, A. yunnanensis is
most similar to A. sennae. Conidia of A. yunnanen-
sis have 5-10 transverse septa and often evidently
constricted at the septa, whereas those of A. sennae
have 7-8 transverse septa, slightly constricted near
some transverse septa. Besides the conidia of A. sen-
nae (55-62 x 10-12 um) are narrower than that of
A. yunnanensis (41-97 x 13-29 pm) [3]. The culture
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Table 2. Morphological characteristics of the present isolates and relevant species.

Conidia

Beak
A filamentous beak, up to 252 um

Ornamentation

Septation

Size (um)
41-97 x 13-29

Shape

Species/MB or FN No.

Smooth

5-10 transverse, 1-6 longitudinal or

Straight or curved, long ellipsoid

A. yunnanensis FN 570554

long and 2.5 um wide
A filamentous beak reach

oblique septa
7-10 transverse septa and

to obclavate
Variant of a long-elliptical or some-

Conidia with a pustulate surface

70-110 x 18-27

A. sidae MB 489129

95-110 X 1.5 pm
A filamentous beak, occasionally

1-2 longisepta

7-8 transverse distosepta and 2-3

times cylindric

Narrowly ovoid

Smooth

55-62 x 10-12

A. sennae MB 809000

branches once, ca.99-163 x 2 um

A filamentous beak up to

longitudinal septa
7-10 transverse distosepta with

Conidia bear a scattering of granules

60-90 x 17-25

Broadly ovoid, ellipsoid, or some-

A. cyamopsidis MB 292412

100-170 x 1.5-2.0 um
A narrow beak, ca 30-55 x 2 um or

1-3 longisepta
7-9 transverse septa and 1-3 longi-

times obovoid
Ellipsoid to broadly ovoid

50-80 x 20-30 Smooth to moderately punc-

A. rostellata MB 414600

usually shorter
tapered beak up to 225-320 x 2 pm

tate-rough
Either smooth or, closely punctulate

tudinal septa
8-12 transverse septa and 1-2 longi-

96-112 x 27-32

Broadly ovoid, ellipsoid, or obclavate

A. thunbergiae MB 504986

tudinal septa
7-10 transverse distosepta and only

A long filamentous beak

Smooth or inconspicu-

70-87 x 14-17.5

Ovoid or ellipsoid,

A. nitrimali MB 467495

ously punctulate 115-186 x 2 um

1 longiseptum

of A. deserticola (CBS 110799) is sterile. However,
Conidia of A. yunnanensis are abundant on V-8
agar. Forthmore A. yunnanensis differs from A.
deserticola of its closest phylogenetic neighbour
based on alleles of all three loci (positions derived
from respective alignments of the separate loci: ITS
positions 389(C), 390(C), and 504(T); GAPDH posi-
tions 111(G), 172(C), 332(C), 482(T), and 500(C);
TEF1 positions 264(C) and 310(A) [3]. Conidium
outer walls of A. yunnanensis are smooth, while
those of relevant species (A. sidae, A. cyamopsidis,
A. rostellata, A. thunbergiae and A. nitrimali) are
punctulate to strongly punctuate ornamentation.
The conidia of A. yunnanensis are obviously smaller
than that of A. thunbergiae (96-112 X 27-32 pum).
Additionally, the apical beaks of A. yunnanensis are
simple and long filamentous up to fourfold as long
as the body, which differs from A. rostellata with a
narrow beak, ca 30-55 x 2 um or usually shorter, A.
sennae with a single beak which occasinally
branches once. A detailed comparison between A.
yunnanensis and members of the Porri species-group
is provided in Table 2.

Compared with other Alternaria pathogens on
rubber tree, including A. alternata and A. heveae,
the conidia of A. yumnanensis are quite different,
which are obviously larger than that of A. alternata
(22.5-67.5 x 10-15um) and A. heveae (22.75-49.5 x
8-20um) [12,13]. In GenBank, there are only ITS
sequences of A. heveae and A. alternata (KF953884
and KM111289) of these known Alternaria patho-
gens of rubber tree. We compared our sequences
with them, and they were different (data not
shown). Thus, we confirm the novelty of A.
yunnanensis.
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