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Alternaria burnsii, the pathogen responsible for cumin 
blight, was collected from diseased plant samples from 
North Gujarat. AB-01 showed maximum growth at 
28  1C. Conidia ranged from 44.92 to 63.28 m in 
length and 10.84 to 24.36 m in width whereas beak 
length of conidia ranged from 20.34 to 47.85 m. The 
isolate AB-01 showed the highest sporulation fre-
quency (1.24  105/ml), but the highest percentage of 
disease intensity was observed in AB-08 (31.4). Inter-
nally transcribed spacer gene sequence based phy-
logenetic grouping using MEGA5.6 and the factorial 
analysis using DARwin5 reflect the presence of two 
distinct groups. The fast growing isolates that show 
high pathogenicity are present in group-I of the den-
drogram whereas the members of group-II show grey 
black colony colour, light brown colony margin, plain 
irregular growth pattern, and comparatively larger 
beak length of conidia. 
 
Keywords: Alternaria burnsii, blight, conidia, ITS, 
MEGA. 
 
INDIA is the largest producer (area 0.8 mi ha, production 
460 thousand tonnes) and consumer of cumin (Cuminum 
cyminum L.) seed in the world and contributes about 73% 
to the global production1. In India, cumin seed is mainly 
produced in the states of Gujarat and Rajasthan; Gujarat 
is the largest producer with 86.5% market share2. Despite 
good potentiality of qualitative and quantitative im-
provement in cumin seed production in this region, a 
wide gap exists between the potential and actual yield of 
the crop. Among various factors affecting cumin yield, 
blight disease caused by the fungus Alternaria burnsii is 
one of the most predominant diseases, which causes con-
siderable qualitative and quantitative yield losses. It  
results in a disease severity of 16–65% and under favour-
able climatic condition the pathogen causes severe dam-
age3 and even almost complete failure to the cumin crop. 
 Blight is one of the most destructive diseases in cumin 
caused by the fungus Alternaria burnsii. This pathogen 
survives in crop debris and is transmitted through seeds. 
The disease development is favoured by cool, humid and 

persistent cloudy weather. Moist weather and wind help 
the pathogen spread fast; and eventually the infested field 
turns brownish in patches. The disease is characterized by 
the development of small, isolated, whitish necrotic areas 
on the aerial plant parts, which gradually enlarge and coa-
lesce with each other, turning purple, eventually brown 
and finally black. In severe cases, the infection readily 
spreads to the stem and blossom and kills the succulent 
leaves and blossoms and there may be no seed produc-
tion. Even if seeds are produced, they are shrivelled, 
dark-coloured, light, and are usually non-viable. 
 Identification and classification of Alternaria species 
had been mainly based on morphological characters such 
as colour, size, shape of conidia and conidiation patterns 
as well as pigmentation. On this basis, Alternaria has 
been placed into fourteen distinct morphological species-
groups4. The agent of blight disease of cumin (Alternaria 
burnsii) also varies widely in its morphology and cultural 
characters. However, a detailed study encompassing a re-
liable molecular tool for characterizing this fungus along 
with pathological, cultural and morphological attributes is 
lacking.  
 Recently, molecular approaches have increasingly been 
used in taxonomy and systematics of filamentous fungi 
including phytopathogens at the species and sub-species 
level5. However, very few studies have focused on the 
characterization and diversity of Alternaria burnsii. 
Moreover, such studies have selected few isolates and the 
findings thereof are not supported by gene sequence in-
formation. Sequence-based information especially inter-
nally transcribed spacer (ITS) gene sequences are 
considered powerful molecular tools for phylogenetic 
analysis and are even able to discriminate among species 
that are identical based on biochemical and morphologi-
cal characters6. The ITS gene sequence has been useful in 
classification of fungi7 and in systematic and taxonomic 
studies due to its suitable size for PCR amplification, re-
striction analysis and sequencing procedures, and also 
because ITS regions are variable among species8. With 
this background, the present study was undertaken to dif-
ferentiate the plant pathogenic isolates of Alternaria 
burnsii, obtained from the blighted cumin plants, using 
morphometric and ITS gene sequence. This study scores 
over others in being the first ever ITS gene sequence-
based study of Alternaria burnsii, which is also supported 
by morphological and conidial characteristics. 
 Blighted cumin plants showing typical blight symp-
toms were collected randomly from the cumin growing 
belt of north Gujarat. The pathogen responsible for blight 
was isolated from the diseased aerial plant parts (leaves, 
stem, branches, pedicels and seeds) by standard tissue 
isolation technique9. Pure culture of the pathogen pre-
pared by single spore isolation under microscope was 
maintained on slants containing potato dextrose agar  
medium and was identified following cultural and mor-
phological characteristics and the keys given by 
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Alexopoulos10. Thus, ten isolates of the fungus Alternaria 
burnsii were obtained and named sequentially from AB-
01 to AB-10. These isolates were tested for pathogenicity 
on Cuminum cyminum (cultivar GC4) and the disease 
symptom and its causal agent were authenticated. Per 
cent Disease Intensity (PDI) was recorded on 0–5 scale 
(0 = healthy plants; 1 = blight symptoms on tips of 
leaves; 2 = most leaves showing blight symptoms; 
3 = symptoms on leaves and umbel; 4 = symptoms on 
leaves, umbel and few lesions on the stem; and 
5 = symptoms on leaves, umbel, seed and on the stem) 
following the formula, PDI = sum of rating scales of  
observed plants/total number of observed plants  1/ 
maximum rating scale  100.  
 The cultural variability of the isolates was studied by 
growing them on PDA medium. This was done by inocu-
lating the centre of the pre-poured petri plates having 
PDA medium with a 5 mm disc of ten days old actively 
growing pure culture and incubating the plates at 
28  1C in a BOD incubator in five replications. The 
colony characters, pigmentation and growth habits were 
visually observed after each 24 h of incubation, until one 
week of incubation. Sporulation intensity was calculated 
by placing and washing a 5 mm disc of 2 weeks old cul-
ture in 2 ml of sterilized distilled water with camel hair 
brush followed by a second washing in 3 ml of water. 
The composite 5 ml of fungal spore suspension was used 
for counting total conidia/ml with the help of haemocy-
tometer11. 
 The isolates were studied for their morphological char-
acters by staining ten-day-old culture with lactophenol– 
cotton blue. Observations on the size of conidia, and the 
number of transverse and longitudinal septa in conidia 
were recorded using a compound light microscope 
(Nikon, Japan) and the images analysed using the NIS-
Elements Documentation software (Nikon, Japan). Ran-
domly, fifty conidia from each slide were examined at 
40 magnification of the light microscope and measured 
using the software. The average was used to calculate the 
conidial length, width and number of transverse and lon-
gitudinal septa. 
 Fungi genomic DNA was isolated from the culture  
using Genomic DNA isolation kit (Merck, India) accord-
ing to the manufacturer protocol. The isolated DNA sam-
ples were treated with 100 l of RNAase A (10 mg/ml) 
(GeNei, India) at 37C for one hour to remove RNA con-
taminants. The quantity and quality of genomic DNA 
were estimated using UV spectrophotometer (Metertech 
Inc., Taiwan) and the DNA samples diluted to a concen-
tration of 20 ng/l. 
 The internally transcribed spacer sequence of approxi-
mately 1200 bp between the 18S and 28S rRNA gene was 
amplified using high-fidelity PCR polymerase and uni-
versal primers ITS1 (5-TCCGTAGGTGAACCTGCGG-
3) and ITS4 (5-TCCTCCGCTTATTGATATGC-3)12. 
The polymerase chain reaction was carried out in a final 

volume of 50 l having 1 assay buffer 5A, 2.5 mM each 
of dATP, dCTP, dGTP and dTTP, forward and reverse 
primers in equimolar ratio (100 ng each), 3U of XT-5 
DNA polymerase and 20 ng of genomic DNA. Amplifica-
tion was achieved in a fast thermal cycler (LongGene, 
Zhejiang, China) programmed for initial denaturation 
(94C for 5 min) followed by 30 cycles of denaturation 
(94C for 30 sec), annealing (56C for 30 sec), extension 
(72C for 1 min 30 sec) and a final extension of 10 min at 
72C and subsequent cooling at 4C. 
 Amplification products were separated along with 
StepUp 500 bp DNA ladder (Genei, India) by electropho-
resis on 1.0% agarose (Genei, India) gel (stained with 1% 
ethidium bromide) run in 1XTAE buffer for a period of 
2.5 h at 75 volts. The bands were visualized under UV 
light and gel photographs were scanned through Fire-
Reader gel documentation system (UVItec Limited, UK) 
and the amplification product sizes were evaluated using 
software FireReader V4 1D (UVItec Limited, UK). 
 The PCR products/bands were cut and purified using 
QIAquick Gel Extraction Kit (Qiagen) and gene sequenc-
ing was performed using Big Dye terminator cycle se-
quencing kit (Applied BioSystems, USA). Sequencing 
products were resolved on an Applied Biosystems model 
3500XL automated DNA sequencing system (Applied 
BioSystems, USA). These sequences were compared for 
similarity with sequences present in NCBI (National Cen-
tre for Biotechnology Information, NIH, USA) database. 
The sequences from all isolates were aligned using 
ClustalW alignment algorithm and the evolutionary his-
tory was inferred using the Unweighted Pair Group 
Method with Arithmetic Mean (UPGMA) method and the 
evolutionary distances were computed using maximum 
composite likelihood method using MEGA5.6 (ref. 13). 
The principal coordinate analysis (factorial analysis) for 
further grouping of the A. burnsii isolates was done using 
the DARwin5 software14. 
 The ten isolates of Alternaria burnsii obtained from 
diseased plants varied widely in cultural characteristics 
on the potato dextrose agar medium (Figure 1). The pure 
culture of pathogen varied widely in appearance and 
showed whitish brown, brownish black, greenish dark 
black, grey black and dark black colonies whereas the 
colony margin was dirty white, light brown, brownish 
and blackish in colour and the growth pattern observed 
was plain or fluffy, regular or irregular radial growth and 
sometimes knotting (Table 1). The isolate AB-01 
(50.5 mm) showed maximum growth on day 4 of incuba-
tion followed by AB-03 (42.2 mm) and AB-10 
(41.5 mm). However, on day 7 of incubation the isolate 
AB-01 (76.5 mm) again showed maximum growth fol-
lowed by the isolates AB-04 (69.5 mm) and AB-03 
(67.5 mm). 
 A. burnsii revealed the presence of branched, erect, 
straight, irregularly bent and geniculate conidiophores. 
The conidia produced by these isolates varied widely in 
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Figure 1. Growth of isolates of Alternaria burnsii on potato dextrose agar medium. 
 
 
their size, number of longitudinal or transverse septa, 
beak length and sporulation frequency. The size of co-
nidia ranged from 44.92 to 63.28 m in length whereas 
the width ranged from 10.84 to 24.36 m. This group of 
fungus is known to invariably produce beaked conidia 
and varied widely in the number of longitudinal and 
transverse septa. The beak size of conidia ranged from 
20.34 to 47.85 m whereas the number of longitudinal 
septa varied from 0–1 to 0–2 and the transverse septa 
from 0–3 to 1–5. The isolate AB-01 showed the highest 
sporulation frequency (1.24  105/ml); however the high-
est percentage of disease intensity was observed with the 
isolate AB-08 (31.4) (Table 1). 
 Individual isolates of A. burnsii have been observed to 
produce more than one type of conidia. However, a close 
scrutiny in this aspect led us to categorize various conidia 
produced by different isolates into five groups, a – 
conidia with only transverse septa and no beak, b – 
conidia with both transverse and longitudinal septa and 
no beak, c – conidia with only transverse septa and beak, 
d – conidia with both transverse and longitudinal septa 
and short (<15 m) and medium beak (15–30 m), and 
e – conidia with both transverse and longitudinal septa 
and long beak (>30 m) (Figure 2). 
 Amplification of internally transcribed spacer gene  
sequences of fungal isolates yielded a specific band of 
approximately 1200 bp. The ITS gene sequences of iso-
lates were matched for similarity using BLAST and  
were submitted in the NCBI GenBank with accession 
numbers KR604836, KR604837, KR604838, KR604839, 
KR604840, KR604841, KR604842, KR604843, 
KR604844 and KR604845 sequentially for the isolates 
AB-01 to AB-10. Multiple sequence alignment using 
ClustalW alignment algorithm reflected the diversity and 
variation present among the isolates. This alignment re-
flects multiple addition, deletion and substitution in the 
nucleotide sequence of the isolates. The phylogenetic tree 

prepared using maximum composite likelihood method 
using MEGA5.6 placed these isolates into two well dis-
tinct groups. The first group in the circular phylogenetic 
tree was represented by the seven isolates other than the 
isolates AB-04, AB-09 and AB-10 (represented the sec-
ond group) (Figure 3). The bootstrap values were in the 
range of 46–100, which provided high degree of confi-
dence to the identification and phylogenetic classification 
of these fungal isolates.  
 The principal coordinate analysis (Axes 1/1) of the A. 
burnsii ITS gene sequences based on dissimilarity matrix 
grouped these isolates again into two groups, which var-
ied widely in their genetic characteristics (Figure 4). The 
principal/factorial coordinate analysis showed a result 
analogous to that of clustering pattern. The members of 
the group encircled by a solid line comprised seven  
isolates (group-I) which showed an average similarity co-
efficient of more than 0.98 whereas the members of the 
second group (encircled by a dotted line) comprised three 
isolates (group-II) with a similarity of about 0.99. From 
this finding, it was quite evident that the grouping of iso-
lates in the coordinate analysis was in congruence with 
that of the findings of the phylogenetic tree.  
 Cumin (Cuminum cyminum L.) is a highly remunera-
tive cash crop of NW semi arid region of India. Plant 
pathogenic fungi belonging to the genus Alternaria infect 
a wide range of host plants and are major causes of agri-
cultural yield losses15. Uppal et al.3 first reported Alter-
naria blight of cumin from Gujarat (India), which has 
now become one of the most common diseases all over 
the cumin-growing areas. The plants are normally in-
fected by the pathogen only during or after the flowering 
stage and the disease is favoured by humid and cloudy 
weather and results in the development of small necrotic 
spots all over the aerial plant parts which enlarge, coa-
lesce and turn brown to black. Under severe infestation, 
the stem and flowers are also infected and may die. Either 
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Figure 2. Conidial morphology of the fungus Alternaria burnsii. a, Conidia possess only transverse septa and no beak; b, Conidia pos-
sess both transverse and longitudinal septa and no beak; c, Conidia possess only transverse septa and beak; d, Conidia possess both trans-
verse and longitudinal septa and short (<15 m) and medium beak (15–30 m); e, Conidia possess both transverse and longitudinal septa 
and long beak (>30 m). 

 
 
seeds are not formed on diseased plants or, if produced, 
they remain small, shrivelled, very light and blackish in 
colour16,17.  
 The disease development is favoured by cool, humid, 
persistent cloudy weather and temperature from 11.34 to 
28.07C (ref. 16). Several studies have tested chemical 
fungicide, botanicals and biological agents for control of 
diseases caused by Alternaria. The survivability of this 
fungus on seeds remains 100% during April–May but it 
reduces to 70% in October–November. However, its sur-
vivability in crop debris remains in the range of 40–
60%18. Early planting results in greater severity of the 
disease. The pathogen is seed-borne and seed-transmitted. 
It is also soil-borne surviving in crop debris. The volatile 
oil content of seeds is reduced due to the disease. The  
incidence of Alternaria blight increased with increase in 
the duration of dewfall, leaf wetness, relative humidity, 
congenial temperature and number of rainy days19.  
 Cultural variability in A. burnsii has been reported by 
Pipaliya and Jadeja20 but it has not been supported by ex-
tensive data and genetic information. Considerable varia-
tions in cultural and morphological characteristics have 
also been reported21. They observed a pathogenic vari-
ability (PDI) of 24.2–65.4 when inoculated on pot-grown 
plants of cumin. They further observed significant varia-
tions in symptoms and latent period by the isolates on 
blight disease development. Sharma and Pandey22  
observed biochemical variability in protein profile. The 

virulent isolates of pathogen show a larger number of 
protein bands with high molecular weight, are fast grow-
ing, and cause maximum disease incidence when com-
pared to isolates having fewer protein bands. The larger 
number of protein bands is probably associated with the 
presence of more enzymes responsible for pathogenic-
ity23. 
 The multiple sequence alignment of the internally tran-
scribed spacer gene sequence indicated a distinct dichot-
omy among the isolates of A. burnsii. The ITS gene 
sequence groups these isolates into two groups and indi-
cates existence of wide variability among them. This may 
be due to transfer of genes between and among distantly 
related species of fungus when they survive on crop de-
bris or when host plants are not present in the fields, but 
climatic conditions are favourable. The members of the 
second group show grey-light brown colony colour, pro-
duce comparatively long beaked conidia, may or may not 
produce longitudinal septa and essentially produce trans-
verse septa in conidia, and possess considerable sporula-
tion intensity. Hence, it may be an indication of further 
speciation or development of new pathotype in this spe-
cies of plant pathogen, which may be at an intermediate 
stage of evolution.  
 Although morphological and cultural characteristics of 
isolates of this fungus indicate high variability, they offer 
good potential to use molecular characterization, espe-
cially sequence based characterization of isolates, to 
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Figure 4. Principal coordinate analysis of the A. burnsii isolates using DARwin5. 
 
 

 
 

Figure 3. Phylogenetic grouping of A. burnsii isolates using MEGA5.6. GenBank accession number of the isolates in parentheses. 
 
 
decipher their evolutionary characteristics and to differ-
entiate them from other fungus or less pathogenic or sap-
rophytic isolates of the same species. The present study 
reflects a positive correlation between the cultural charac-
ters like, grey-black colony colour, light brown margin, 
plain irregular growth pattern, comparatively larger beak 
length of conidia with the molecular diversity of the iso-
lates. The isolates showing these morphological and cul-
tural characteristics are grouped together in the same 

branch of the dendrogram (group-II) obtained with ITS 
gene sequences. Moreover, the isolates that grow fast and 
show high pathogenicity cluster together in group-I of the 
dendrogram. The variation in the cultural, morphological, 
and genetic attributes of the group-II indicates existence 
of horizontal gene transfer (HGT) among various species 
of fungus existing in the agroecosystems. This leads to 
stable integration of genetic material following transfer 
between individuals and excludes transfer through  
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meiotic or mitotic processes24. Moreover, several plant-
pathogenic Alternaria species are known to carry condi-
tionally dispensable chromosomes (CDCs) which may be 
transmitted horizontally between isolates in a population, 
potentially conferring new pathogenic attributes to the  
receiving isolate25. Loss of CDC can also occur during 
repeated subculturing, resulting in the transition from a 
pathogenic to saprophytic form of the fungus26. Such 
events of gene transfer are exemplified by nucleotide se-
quence similarity and structural comparisons between 
genes from members of both groups. Moreover, highly 
identical supernumerary chromosomes in Alternaria 
strains indicate their transfer into nonpathogenic ones by 
horizontal gene transfer which provides a possible 
mechanism by which pathogens with novel host specifici-
ties might have arisen in nature.  
 The isolates of A. burnsii varied widely in cultural, 
morphological and conidial characteristics. Although 
these attributes are valuable in identifying the plant para-
sitic pathogen, they do not give a deep insight into the 
evolutionary relationships and genetic variation among 
the isolates. However, the molecular characterization on 
the basis of internally transcribed spacer gene sequence 
differentiated these plant parasitic fungal isolates into 
two distinct groups. The factorial coordinate analysis also 
endorsed the phylogenetic grouping and differentiated the 
isolates into two groups, and deciphered the differences 
between them that were very clear in the morphological 
and cultural characteristics. This may be an indication of 
further speciation or development of new pathotype in 
this species of plant pathogen, which may be at an inter-
mediate stage of evolution.  
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