Mol Biotechnol
DOI 10.1007/s12033-012-9496-9

RESEARCH

Polymerase Chain Reaction Assay for Rapid, Sensitive Detection,
and Identification of Colletotrichum gloeosporioides causing

Greater Yam Anthracnose

Mithun Raj - M. L. Jeeva - V. Hegde -
Pravi Vidyadharan * P. V. Archana -
M. Senthil alias Sankar - S. Vishnu Nath

© Springer Science+Business Media, LLC 2012

Abstract Anthracnose caused by Colletotrichum gloeo-
sporioides is an economically important disease which
affects greater yam (Dioscorea alata L.) worldwide. Apart
from airborne conidia, the pathogen propagules surviving
in soil and planting material are the major sources of
inoculum. A nested PCR assay has been developed for
specific detection of C. gloeosporioides in soil and planting
material. In conventional (single-round) PCR, the limit of
detection was 20 pg, whereas in nested PCR the detection
limit increased to 0.2 pg of DNA. The primers designed
were found to be highly specific and could be used for
accurate identification of the pathogen up to species level.
The protocol was standardized for detection of the patho-
gen in artificially and naturally infected field samples.
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Introduction

The greater yam (Dioscorea alata L.), is one of the staple
food crops for tropics and subtropics. They are nutritionally
rich in carbohydrates, certain valuable vitamins such as thi-
amine, riboflavin, niacin, and ascorbic acid and also contain
1.9-3.9% protein as in rice or maize [1]. Anthracnose or Die
back (Fig. 1) is one of the most serious foliar epiphytotic
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diseases of D. alata worldwide. The causal agent of the dis-
ease is an ascomycete fungus, Colletotrichum gloeosporio-
ides (sexual stage Glomerella cingulata) [2]. Colletotrichum
species cause anthracnose, which can cause considerable
damage in a large number of crops such as cereals, coffee, and
legumes [3] and even in human subcutaneous hyalohypho-
mycosis [4]. The rate of disease through sequence of spatial
patterns was affected by the susceptibility of the cultivar, age
of leaf, age of vine, stage of the epidemic, rainfall, and
agronomic practices such as fungicide application [5]. Our
preliminary observations on yam anthracnose revealed that
the pathogen surviving on plant debris in soil and infected
planting material acts as foci of anthracnose development in
the field. The damage due to disease can be reduced to a great
extent just by use of healthy planting materials. In case of
yams, the tubers are being used for planting. The incipient
infection of C. gloeosporioides cannot be visualized by naked
eye at the time of planting. It is recommended to use healthy
planting material and follow strict field sanitation by
removing plant debris and weeds for management of the
disease. Though need based fungicide application is also
recommended, the poor farmers growing yams in India
hardly use any fungicides. It is also reported that yam
anthracnose is transmitted through true botanical seeds [6]. In
this context, the role of diagnosis is very important in
selecting healthy planting material for effective management
of anthracnose. Traditional methods of diagnosis of fungi
which relies primarily on differences in morphological fea-
tures such as colony color, size, and shape of conidia and
appressoria, optimal temperature for growth, growth rate, and
the presence or absence of setae are often time consuming [7].
Though serological techniques have also been developed in
different fungal species, but the lack of specificity of some
antibodies and the necessity of obtaining monoclonal anti-
bodies complicate the technique [8, 9].
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Fig. 1 Symptoms of anthracnose on naturally infected yam leaf

The application of PCR has now made it possible to
amplify the low copy number of DNA molecules and their
detection. In contrast to more conventional methods, field
samples can be tested directly through PCR and isolates do
not require culturing. PCR method is rapid and can be used
for detecting the presence of the fungus in the soil or
planting material, therefore allowing implementation of
early control measures. The ability to design PCR primers
to target specific regions of DNA has led to rapid, accurate,
and sensitive detection which is a greater understanding for
managing Colletotrichum diseases. The development and
use of molecular markers for the detection and exploitation
of DNA polymorphism is one of the most significant
developments in the field of molecular diagnosis [10]. The
species-specific primers based on conserved regions in the
genome are now widely used to detect and differentiate
organisms with greater degree of sensitivity and reliability.
The ribosomal DNA of higher eukaryotes, is having high
copy number in the genome consisting of tandem repeats of
18S (smaller subunit), 5.8S (smallest subunit), and 28S
(large subunit). These regions can be exploited for diag-
nostic purpose and the primers can be designed against
species-specific regions from rDNA. Moreover, the high
copy number increases the sensitivity of this detection
technique. Successful primer design for PCR-based detec-
tion of a pathogen requires that the target region be unique
to the organism of interest and conserved across popula-
tions of the organism. Ribosomal DNA sequence data has
been widely used to design pathogen specific molecular
primers due to their high gene copy number and the nature
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of the sequences containing both conserved and variable
regions [11, 12]. Apart from the discriminatory potential,
the highcopy number of rDNA genes in any genome per-
mits a highly sensitive detection. Earlier research works on
the smaller subunit rDNA (18S) region of C. gloeospo-
rioides and found its inappropriateness for designing of
species-specific primer [13]. A PCR-based detection assay
for C. gloeosporioides using a forward primer (CgInt) from
the conserved region of rDNA and a universal primer ITS 4
[14] is already reported. But chances of cross reactivity still
exist as the reverse primer is universal for all fungi. The
detection of pathogen in environmental samples may pro-
duce erroneous results due to nonspecific binding of the
primer pairs. Hence, the present study was undertaken to
design species-specific primers from highly conserved
region of C. gloeosporioides and to develop PCR protocol
for early detection of the pathogen from soil and yam
tubers. The potential applications for the designed PCR
primers are discussed.

Materials and Methods
Biological Materials

Colletotrichum gloeosporioides isolates were obtained
from lesions on leaf, petiole, and vine from diseased plants
sampled from different locations of India and maintained at
Central Tuber Crops Research Institute (CTCRI), Thir-
uvananthapuram, India. The pure cultures were obtained by
single spore isolation and maintained at 20 °C on potato
dextrose agar medium (PDA; 250 g/L potato, 20 g/L dex-
trose and 20 g/L. agar). The isolates of C. gloeosporioides
collected from distant and different states of India, were
given preference to the study. They represented the major
yam growing areas Kerala, West Bengal, Bihar, Orissa,
Gujarat, and Maharashtra. The isolates were selected after
screening with RAPD primers (data not shown). The iso-
lates with greater levels of variability were selected for
further characterization.

Extraction of Genomic DNA

For DNA isolation, separate Erlenmeyer flasks (250 mL)
containing 100 mL of autoclaved potato dextrose broth
were inoculated with 1 cm disk of actively growing cul-
tures of C. gloeosporioides. The cultures were placed on a
rotary shaker (200 rpm) and incubated at 27 °C for
2-3 days. Mycelia were harvested by filtration through
cheese cloth blotted dry with sterile paper towels and used
immediately for DNA extraction using previously stan-
dardized method [15]. The DNA dissolved in TE were
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treated with RNAase (10 mg/mL), incubated at 37 °C for
30 min and stored at —20 °C until further use. DNA was
quantified using Quant-iT " Assay kits (Invitrogen, USA)
according to manufacturer instruction and visualized by
0.8% agarose gel electrophoresis.

PCR Amplification

The genomic DNA was amplified using the universal ITS1
and ITS4 primer pairs used to amplify the nuclear IDNA
region [16]. Each 25 pL. of PCR reaction consisted of
100 ng of template DNA, 100 uM each deoxynucleotide
triphosphate, 20 ng of each primer, 1.5 mM MgCl,,
1 x Taq buffer (10 mM Tris—HCI pH 9.0, 50 mM KClI,
0.01% gelatin), 1 U of Taq DNA polymerase (Bangalore
GeNei, India). Amplifications were performed in Eppen-
dorf thermal cycler (Eppendorf AG, Hamburg, Germany).
The maximum and optimum annealing temperature per
primer pair was empirically investigated by gradient PCR
starting with a range of annealing temperatures from 50 to
60 °C and followed by PCR at the standardized annealing
temperature. Amplified products were resolved on a 1.5%
agarose gel containing 0.5 mg/mL ethidium bromide and
photograph was scanned through Gel Doc System (Alpha
imager, Alpha Innotech, USA). The PCR products were
eluted using QIAquick Gel extraction kit (QIAGEN,
Tokyo, Japan) and cloned into the pGEM-T® vector
(Promega, WI, USA). They were transformed into DH5«
cells and sequenced by using T7 and SP6 promoter prim-
ers. The representative sequences have been submitted to
GenBank under the accession numbers: FJ940734,
FJ940735, and HM161642.

Development of Colletotrichum gloeosporioides
Specific Primers and PCR Conditions

The rDNA sequences of 96 isolates of C. gloeosporioides
were collected after similarity search with BLAST and
aligned with available ITS sequences of other fungal species
using the Clustal W program in BioEdit software [17]. This
also included the rDNA sequences of C. gloeosporioides
infecting other crops. The rDNA sequences of other species
of Colletotrichum, other fungi were selected for alignment.
Regions of dissimilarity between the consensus of C. gloeo-
sporioides and other fungal species were identified and
primers specific for C. gloeosporioides were developed
using the Primer Premier 6.0 (build 60006). C. gloeosporio-
ides specific primer pairs CgsF1 (GGCGGGTAGGGTCT
CCGTGAC)/CgsR1  (TTTGAGGGCCTACATCAGCT)
were designed and assessed against a range of PCR condi-
tions to determine the optimum cycling regime for detection
of C. gloeosporioides.

Standardization of PCR Conditions

(1) Annealing temperature: the maximum and optimum
annealing temperature per primer pair was empiri-
cally investigated starting with a range of annealing
temperatures, from 55 to 65 °C.

(2) PCR cycles: the specificity and efficiency of selected
primer pairs in the PCR reaction was tested from 20
to 40 cycles.

(3) Specificity and sensitivity: after successful amplifica-
tion of the target DNA, the primer pairs were checked
for non specific binding against genomic DNA of a
wide range of other species of Colletotrichum, other
ascomycete, basidiomycete, oomycete, bacteria, plant
and virus. In order to assess the primer sensitivity, a
serial tenfold dilution of C. gloeosporioides gDNA
from 200 ng/mL stock was used.

(4) Primer pairs were checked against with the gDNA
from many accessions of C. gloeosporioides from
different parts of India isolated from D. alata and
other hosts of the pathogen.

(5) The primer pairs were used for in silico PCR analysis
against sequence obtained from GenBank of different
C. gloeosporioides accessions across the world.

Standardization of Conditions for PCR and Nested PCR
Assays

The primer pairs CgsF1 and CgsR1 were used for PCR and
nested PCR with the following reaction parameters, 25 pL of
PCR reaction consisted of 100 ng of template DNA, 100 uM
each deoxynucleotide triphosphate, 20 ng of each primer,
1.5 mM MgCl,, 1 x Taq buffer (10 mM Tris—HCI pH 9.0,
50 mM KCI, 0.01% gelatin), 1 U of Taq DNA polymerase
(Bangalore GeNei, India). The PCR profile was denaturation
at 94 °C for 2 min, followed by 30 cycles of 94 °C for 30 s,
62 °C for 40 s, and 72 °C for 40 s, then a final extension at
72 °C for 5 min. For nested PCR, Primer pairs ITS1 and
ITS4 were used in the first round PCR and then 1 pL of the
first round was used as template in the second round of
amplification with C. gloeosporioides specific primers,
performed according to the standardized PCR protocol
described above. The PCR reaction was conducted in trip-
licates in three different thermal cyclers (Bio-Rad C-1000,
Corbett Research Palm Cycler and Eppendorf Thermal
Cycler) to insure the reproducibility of the detection.

PCR Amplification of Pathogen from Artificially
and Naturally Infected Soil and Tuber Samples

Plant parts of D. alata such as leaf, tuber, and vine were
inoculated with spore suspension of C. gloeosporioides,
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kept for infection to develop and the total genomic DNA
was isolated from them according to the protocol previ-
ously described [18]. In addition, field samples of yam
tubers and leaves that either was asymptomatic, contained
visible anthracnose spots, or were dead from infections
caused by C. gloeosporioides were collected from field
plots in CTCRI and were used for DNA isolation and PCR
assay. Soil DNA was also isolated from samples collected
from the farms, where infected plants had been harvested
and analyzed by the specific primers. DNA isolated from
pure culture of C. gloeosporioides served as positive con-
trol and specific pathogen free plants maintained in glass
house served as negative control.

Results
Primer Design, Specificity, and Sensitivity

The DNA isolated using the designed protocol was excel-
lent in quality (A260/280:1.5-1.9) and quantity
(0.75 £ 0.10 pg DNA/mg of fungal mycelium). Amplifi-
cation of gDNA with ITS1 and ITS4 primers yielded a
single product of ~580 bp in all the three isolates. The
rDNA sequence analysis of C. gloeosporioides isolates
revealed 97-100% nucleotide sequence homology with
each other and 96-100% with different gene sequences of
C. gloeosporioides and less similarity to other fungal spe-
cies present in the nucleotide database. The primers were
designed from 100% sequence homology region of C. glo-
eosporioides isolates and from regions of the greatest
sequence dissimilarity among other species. The designed
C. gloeosporioides specific CgsF1 (GGCGGGTAGGGTC
TCCGTGAC)/CgsR1 (TTTGAGGGCCTACATCAGCT)
gave an approximately 310 bp product at standardized
59 °C annealing temperature in all isolates of C. gloeo-
sporioides. The DNA from C. gloeosporioides only
recorded amplification with the designed primer in the
standardized protocol which indicated that no correspond-
ing sites of the designed primer existed in the genomic
DNA of the other organisms (Fig. 2). The designed primer
pairs amplified C. gloeosporioides from different places of
India in the standardized PCR protocol (Fig. 3). The spe-
cific primer pair produced an amplicon of 310 bp on a
1.5% agarose gel after 25 cycles when starting with 200 ng
of genomic DNA of C. gloeosporioides. In conventional
PCR, the lowest amount of DNA for detection was 20 pg
(Fig. 4a) and for nested PCR after the first round amplifi-
cation with the ITS1 and ITS4 primers, the detection limit
was 0.2 pg for each primer pair (Fig. 4b). The results were
reproducible in different thermal cyclers in the standard-
ized protocol.
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Detection of Pathogen from Infected Soil and Tuber
Samples

Detection of pathogen was observed in artificially infected
and naturally infected tubers and leaves of yam by the
nested and conventional PCR. The DNA samples isolated
from soil samples collected in the same farms, where
infected plants had been showed the specific detection of
C. gloeosporioides in them (Fig. 5). The naturally infected
tuber and leaves also recorded amplification with the pri-
mer set. The nested PCR has shown to be more sensitive
and could be used for detection of pathogen even before the
onset of visible symptoms. The detection time for the
nested and conventional PCR was 16-24 h post inocula-
tion, respectively. The healthy and control samples did not
record any amplification.

Discussion

The objectives of this study were to develop a sensitive and
accurate method based on conventional PCR and nested
PCR for detection of C. gloeosporioides. These results
indicated that the specific primer pairs are useful in
detecting C. gloeosporioides directly from infected host
tissues, even before the onset of visible symptoms on the
host, pathogen contaminated soil samples, seed tubers etc.
Microscopic identification or cultural characterization of
C. gloeosporioides is an acceptable approach and fungus
can be cultured from different samples such as infected
leaf, stem, tubers, or from soil but an experienced operator
is needed to obtain reliable results since many species of
Colletotrichum have similar growth characteristics, mor-
phology and is having cosmopolitan distribution with a
wide host range. Immunological test methods are quick and
detect mainly living material, but the laborious develop-
ment of assays and possible cross-reactions with related
species or the host plant are serious drawbacks [19]. The
use of rDNA gene for diagnosis of Colletotrichum species
have been already been proven, this is due to the presence
of species-specific region present between two coding
sequence. The earlier approach for molecular diagnosis and
detection of C. gloeosporioides was based on a single
primer Cglnt designed from the rDNA gene as the forward
primer and the universal primer ITS4 as the reverse primer
[14]. In the present study, both the forward and the reverse
primers are from highly conserved regions for C. gloeo-
sporioides. This eliminated the possible chances of cross
reactivity with any other organism particularly while han-
dling environmental samples such as soil, plant parts etc.
PCR has emerged as a powerful tool for the diagnosis of
the diseases because it is more sensitive, robust, rapid, and
less labor-intensive than traditional diagnostic methods.
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Fig. 2 Specificity of PCR with the primer pair CgsF1/CgsR1 for
detection of C. gloeosporiodes. Lane M 100 bp ladder, Lane 1 and
Lane 17 Colletotrichum gloeosporioides, Lane 2 Dioscore alata, Lane
3 Dioscorea esculenta, Lane 4 Colletotrichum dematium, Lane 5
Colletotrichum lindemuthianum, Lane 6 Colletotrichum falcatum,
Lane 7 Colletotrichum truncatum, Lane 8 Colletotrichum capsici,
Lane 9-Lane 14 Sclerotium rolfsii isolates, Lane 15 Sclerotium
hydrophilum, Lane 16 Sclerotium oryzae, Lane 18 Phytophthora

Unlike identification based on culture techniques, PCR is
more rapid and can work even when there is a limited
amount of sample [20]. The PCR assay can be performed in
3-4 h, including sample processing, PCRs, gel electro-
phoresis, and staining. Visual identification may require
placement of infected tissue on culture medium or in moist
chambers to observe growth and/or sporulation character-
istic of C. gloeosporioides, which may take 24 h or more.
The use of RAPD primers to screen the isolates helped in
the identification of the isolates with variability after
sequencing the rDNA region. For designing the species-
specific primers to C. gloeosporioides, TDNA sequences
were selected for several reasons. First, they have evolved
quickly, showing variation among related taxa and even

colocasiae, Lane 19 Phytophthora capsici, Lane 20 Phytophthora
meadii, Lane 21 and Lane 22 Phytophthora palmivora, Lane 23
Phytophthora parasitica, Lane 24 Phytophthora boehmeriae, Lane 25
Trichoderma harzianum, Lane 26 Mucor sp, Lane 27 Pythium
ultimum, Lane 28 Rhizoctonia solani, Lane 29 Bacillus subtilus, Lane
30 Badna virus, Lane 31 Erwinia carotovora, Lane 32 no DNA
template

among species of the same genus [21]. Second, rDNA is
found in many copies in the genome [22]; in fact, genes
coding for rDNA in fungi are found on a single chromo-
some in repeated units arranged in tandem with 60-220
copies represented in the haploid genome [23]. The rDNA
based species-specific diagnostic primers have been used
for detection of other species of Colletotrichum [24-28],
and other plant pathogens [29-31]. In this attempt, we have
developed a PCR assay based on sequence analysis of the
ITS region of rDNA of C. gloeosporioides, which allows
sensitive and accurate detection than that is possible based
on cultural characterization and serological kits. The
designed primers was successful in amplifying a range of
C. gloeosporioides isolates from almost all major yam
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Fig. 3 Lane M 100 bp marker, Lane 1-Lane 12 Cg isolates from different yam growing regions of India, Lane 13 no DNA template

Conventional PCR a

Nested PCR b
1 2

Fig. 4 Sensitivity of a conventional PCR (a) and nested PCR (b) for
detection of Colletotrichum gloeosporioides. Lane M 100 bp marker,
Lane 1 undiluted (200 ng/mL), Lane 2 107" diluted, Lane 3 1072,
Lane 41073, Lane 5 107*, Lane 6 107>, Lane 7 107, Lane 8 no DNA
template

growing areas in India, representing that they can amplify
C. gloeosporioides across its populations without having
any cross-reactivity with DNA from different oomycetes
species, several fungal species and the D. alata plant. The
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Fig. 5 Detection of pathogen from naturally and artificially infected
yam samples. Lane M 100 bp ladder, Lane I naturally infected leaf
12 hpi, Lane 2 attificially infected leaf, Lane 3 naturally infected
tuber, Lane 4 artificially infected tuber, Lane 5 naturally infected soil

primers could also be employed for detection of this
pathogen from its other hosts. The nested PCR assay was
proved to have a greater sensitive detection and could be
employed for indexing seed tubers and identification of
disease free planting sites where the pathogen inoculum is
found to be less during the post harvest period. Even
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though, reliability of the PCR assay in detecting C. gloeo-
sporioides isolates from other countries was not tested due
to the lack of isolates from those region the sequence
obtained from NCBI database was used for in silico PCR
analysis for C. gloeosporioides isolates from across the
globe to check the reproducibility in different geographical
regions of the world. The primers and the assay methods
we have described will be useful for yam planting material
testing programs, particularly since laboratory procedures
for detection are needed as an adjunct to visual identifi-
cation. Although, the use of a conventional PCR assay is
the first step in pathogen detection and epidemiology, more
accurate information can only be determined by quantita-
tive measurements via the development of real-time
quantitative PCR assays, which could be the next step of
this research.
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