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A simple method of DNA isolation from jute (Corchorus
olitorius) seed suitable for PCR-based detection of the
pathogen Macrophomina phaseolina (Tassi) Goid.
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Significance and Impact of the Study: Stem rot caused by Macrophomina phaseolina is the most impor-
tant disease of jute, a bast fibre crop. Seed borne infection of the pathogen is generally detected by
conventional methods such as blotter method and agar plate method followed by microscopy. But,
these techniques are time consuming and not sensitive. In the present investigation M. phaseolina was
detected from jute seeds by PCR which is a rapid and reliable technique. However, high contents of
mucilage and secondary metabolites in jute seed hinder DNA isolation and PCR amplification. To
address these problems we developed a Miniprep which yielded a sufficient amount of good quality
DNA as compared to other methods and standardized a PCR protocol which could amplify the fungal
DNA present in seed. It would enable efficient PCR-based detection of M. phaseolina from large num-
ber of jute seed lots.
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Abstract

A simple method was developed for isolating DNA from jute seed, which
contains high amounts of mucilage and secondary metabolites, and a PCR
protocol was standardized for detecting the seedborne pathogen Macrophomina
phaseolina. The cetyl trimethyl ammonium bromide method was modified with
increased salt concentration and a simple sodium acetate treatment to extract
genomic as well as fungal DNA directly from infected jute seed. The Miniprep
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yield and quality of DNA and number of PCR positive samples. The Miniprep
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consistently recovered high amounts of DNA with good spectral qualities at
A260/A280. The DNA isolated from jute seed was found suitable for PCR
amplification. Macrophomina phaseolina could be detected by PCR from
artificially inoculated as well as naturally infected jute seeds. The limit of PCR-
based detection of M. phaseolina in jute seed was determined to be

0-62 x 1077 CFU g~ ' seed.

Introduction

Macrophomina phaseolina (Tassi) Goid. is a dreaded
pathogen and it can infect more than 500 plant species
in about 100 families (Mihail and Taylor 1995). It
causes stem rot disease in jute (Corchorus olitorius and
Corchorus capsularis), an important bast fibre crop. The
disease is prevalent in all the jute-growing areas of the

world, and the pathogen attacks any part of the plant
at any stage of growth. It can cause damping off, seed-
ling blight, leaf blight, collar rot, stem rot and root rot
(Biswas et al. 2011). Both the cultivated species of jute
viz., tossa jute (C. olitorius) and white jute (C. capsularis)
are equally affected by this disease. Average yield loss
due to this disease is about 10%, but it can go up to
35-40% in case of severe infection (Roy ef al. 2008).
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Although the pathogen M. phaseolina by and large per-
petuates in soil, it is also transmitted by seeds (Varad-
arajan and Patel 1946), and the seedborne inoculum
presents a serious threat to the seedling establishment
or may cause havoc at the later stage of crop growth.
Eliminating the infected seed lots or eradicating the
seedborne inoculum by chemical or biological treatment
would be the best option for managing the disease. But
if it is not known which seeds are infected, it would
not be possible to discard them and seed treatment
would become mandatory for all the seeds before sow-
ing. Therefore, an efficient detection technique which is
rapid and sensitive is essential. The conventional meth-
ods of detecting seedborne pathogens include the blot-
ter method, agar-plate method or plating on selective
media, which are followed by microscopy for identifica-
tion (Neergaard 1977; Mbofung and Pryor 2010). But
these techniques are time-consuming and labour inten-
sive, require skilled personnel and are not suited for
testing large number of commercial seed samples.
Moreover, the low level of specificity limits the use of
these methods because other fungal pathogens with
similar morphological features may also grow on the
selective media. But PCR-based methods are highly sen-
sitive and specific. Due to rapid detection, a large
number of samples can also be processed within a
short period of time. However, the use of PCR-based
detection methods in seed assays has not been much
popularized as high levels of polysaccharides generally
present in seeds hinder DNA extraction, and at times,
the presence of PCR inhibitors also inhibits the amplifi-
cation of the recovered DNA (Mbofung and Pryor
2010). Jute seeds are rich source of mucilage and vari-
ous secondary metabolites, which interfere with the
DNA isolation from jute seed (Khan e al. 2006; Kundu
et al. 2011). Therefore, in the present investigation, we
developed a Miniprep for extracting genomic DNA as
well as fungal DNA directly from jute seed. We also
standardized a PCR protocol, which can amplify both
jute genomic DNA and fungal DNA for PCR-based
detection of the seedborne pathogen M. phaseolina from
jute seed.

Results and discussion

PCR-based assay for detection of fungal pathogens from
seed requires a robust DNA isolation technique and a
suitable PCR protocol. In the present investigation, we
have developed a simple DNA isolation technique, which
can extract sufficient quantity of good-quality fungal
DNA from M. phaseolina-infected jute seeds and have
also standardized a PCR protocol that can amplify the
isolated fungal DNA.
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Table 1 Comparison of different DNA isolation methods in respect of
quantity and quality of DNA and PCR amplification

No. of
DNA PCR
yield positive
(ug g~" samples/no.
fresh of samples
Method mass) (Aze0280)  tested
Cetyl trimethyl ammonium 110-5 21 8/30
bromide (CTAB) method
(Doyle and Doyle 1990)
Modified Dellaporta method 196-7 2.7 7/30
with silica (Echevarria-
Machado et al. 2005)
Gem-CTAB method 100-9 1.2 3/30
(Rouhibakhsh et al. 2008)
Mucilage-free CTAB method 295.7 19 11/30
(Ghosh et al. 2009)
DNeasy plant mini kit (Qiagen)  235-3 15 9/30
Miniprep 579-3 1.8 28/30
CD (P = 0-05) 0-92 - -

DNA isolation from healthy, artificially and naturally
infected jute seed

A Miniprep has been developed and standardized for
isolating fungal DNA from M. phaseolina-infected jute
seed. DNA was isolated from M. phaseolina-inoculated
jute seeds, naturally infected seeds as well as healthy
seeds using the Miniprep along with five other known
methods.

The Miniprep tested in this study yielded high quality
of mucilage-free genomic DNA from mature seeds of
C. olitorius with absorbance ratio of 1-8 at A260/A280.
Spectral analysis showed that absorbance ratios of other
methods varied between 1-2 and 2-7 (Table 1). The quan-
tity of DNA ranged from 1009 to 579-3 ug g~ in differ-
ent methods. The highest quantity of DNA to the tune of
579-3 ug g~ fresh seed mass was extracted using the
Miniprep.

Mucilage often binds to the large numbers of different
secondary metabolites present in jute seed and co-precipi-
tates with DNA during isolation from seeds (Ghosh et al.
2009). But, the present method yielded large quantity of
high-quality DNA. Addition of Polyvinyl pyrrolidone
(PVP) to the preheated Cetyl trimethyl ammonium bro-
mide (CTAB) buffer during homogenization absorbed the
mucilages in the early stage (Ghosh et al. 2009; Kundu
et al. 2011). An additional salt treatment with higher con-
centration of sodium chloride after initial separation
helped in removal of extra mucilage from the seed tissues.
A washing of partially purified DNA pellet with simple
sodium acetate led to further purification by removing
the secondary metabolites. The DNA isolated from
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Figure 1 Comparison of different DNA isolation methods based on reproducibility of PCR amplified products from a representative batch of five
Macrophomina phaseolina-infected jute samples. Cetyl trimethyl ammonium bromide (CTAB) method (lanes 1-5); modified Dellaporta method
with silica (lanes 6-10); Gem-CTAB method (lanes 11-15); mucilage-free CTAB method (lanes 16-20); DNeasy plant minikit (lanes 21-25), present

method (lanes 26-30). M-100 bp DNA ladder.

infected seed by the present method contained both jute
genomic DNA and DNA of M. phaseolina.

PCR amplification of DNA isolated by different methods

The PCR protocol was standardized for detecting
M. phaseolina from infected jute seed. The M. phaseolina-
specific primer could amplify the seed DNA of infected
samples generating an amplicon size of 350 bp (Fig. 1).
However, the DNA isolated from infected jute seed by
different methods showed differential response. In the
present method, of 30 inoculated samples tested, 28 were
found PCR positive (Table 1). But in case of other meth-
ods, the number of PCR-positive samples varied from 3
to 11 of 30 samples tested. Thus, it was necessary to
develop a method for recovery of fungal DNA from jute
seed, while eliminating the mucilage and the secondary
metabolites which hinder DNA isolation as well as PCR
amplification. The method described in this study has
been so standardized that in addition to the fungal DNA
it also amplified jute DNA generating an amplicon of
250 bp (Fig. 1).

Validation of present method for PCR-based detection of
Macrophomina phaseolina

The present method was validated for PCR-based detec-
tion of M. phaseolina by testing the artificially inoculated
jute seed as well as the naturally infected field samples of
different cultivars. DNA was isolated from M. phaseolina
inoculated as well as naturally infected jute seeds of three
cultivars viz., JRO 204, JRO 524 and JRO 8432 following
the present method. PCR amplification with M. phaseoli-
na-specific primer generated an amplicon of 350 bp in
cases of all the positive samples (Fig. 2). The pathogen
could be detected by PCR from all the inoculated seed
samples of each of the three cultivars. Although field

samples were collected from plants that were assessed
visually for the disease, all the seed samples did not show
the presence of M. phaseolina in PCR.

M 23456 78 91011 121314

— 350 bp

Figure 2 PCR amplification of Macrophomina phaseolina DNA iso-
lated by the present method from naturally infected as well as artifi-
cially inoculated jute seeds. Lane M:100 bp DNA ladder, lanes 2-4:
M. phaseolina-inoculated seeds of cultivars JRO 204, JRO 524 and
JRO 8432 respectively; lanes 5-10: field collection of diseased sam-
ples, lanes 5-6: JRO 204, 7-8: JRO 524, 9-10: JRO 8432; lane 11-13:
healthy check of JRO 204, JRO 524 JRO 8432 respectively; lane 14:
M. phaseolina culture.
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Figure 3 PCR-based detection limit of Macrophomina phaseolina in
jute seed. Lane M: 100 bp, DNA ladder, lane 2: seed inoculated with
M. phaseolina mycelial suspension @ 6-2 x 10 CFU g~ seed, lanes
3-15: 107" to 1073 dilutions respectively; lane 16: M. phaseolina
culture.
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Detection limit of Macrophomina phaseolina

Known quantity of jute seeds were inoculated with myce-
lial suspensions of different dilutions for determining the
detection limit of M. phaseolina in jute seed. The number
of CFU present in the stock suspension was to the tune
of 62 x 10° CFU ml™!, and M. phaseolina could be
detected by PCR from jute seeds inoculated with mycelial
suspension till 10~ dilution (Fig. 3), and thus, the limit
was theoretically 0-62 x 1077 CFU g~ ' seed.

The present work would enable PCR-based detection of
the seedborne pathogen M. phaseolina from jute seeds.
PCR-based detection is a rapid and effective technique for
microbial diagnostics (Yamamoto 2002). It is widely used
for detection of plant pathogens. In case of detecting
seedborne inoculum, it is very important because it is
highly sensitive. Various plant pathogenic fungi have been
detected from seeds of different crops viz., carrot, lettuce
etc. using PCR (Pryor and Gilbertson 2001; Mbofung and
Pryor 2010). Here, we report PCR-based detection of the
seedborne pathogen M. phaseolina from jute seed.
Efficient detection of the pathogen from artificially inocu-
lated as well as naturally infected jute seed of different
cultivars demonstrates the soundness and applicability of
the present method. To the best of our knowledge, it is
the first report of PCR-based detection of M. phaseolina
from jute seed. This PCR-based assay has the poten-
tial to be used for routine testing of jute seed lots for
M. phaseolina.

Materials and methods

Fungal culture maintenance and DNA isolation

The pathogen M. phaseolina was isolated from infected
jute (C. olitorius) plant (cultivar JRO 524) at the research
farm of Central Research Institute for Jute and Allied
Fibres, Barrackpore, Kolkata, India. The fungus culture
was maintained at 25°C on potato dextrose agar (PDA).
For isolation of DNA from M. phaseolina, a 5-mm disc of
2-day-old culture was grown for 7 days at 25 £+ 1°C in
250-ml conical flask containing 50-ml potato dextrose
broth (pH 5-5). The mycelia were filtered through What-
man No.l filter paper, and DNA was isolated using the
CTAB method following Biswas et al. 2012.

Seed inoculation

Seeds of different cultivars viz., JRO 524, JRO 8432 and
JRO 204 used for artificial inoculation were collected
from Crop Improvement Division, Central Research Insti-
tute for Jute and Allied Fibres (CRIJAF), Barrackpore,
Kolkata. The naturally infected seed was collected from
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plants showing symptoms in an experimental set-up on
the CRIJAF research farm. Jute seeds were inoculated with
mycelial suspension of M. phaseolina. The mycelia were
harvested by scraping the surface of 5-day-old fungal cul-
ture with a sterile camel hair brush into a 100-ml glass
beaker containing 50-ml sterile distilled water. The myce-
lial suspension was prepared by mixing the suspension
with a magnetic stirrer for 5 min, which contained
62 x 10° colony-forming units (CFU) per ml. One gram
of seed was soaked overnight in 1 ml of mycelial suspen-
sion. The CFU count per ml was determined by spreading
plate technique. One millilitre of mycelial suspension was
poured and spread on 10 PDA plates with 100 ul in each
plate. Then the plates were incubated at 27°C for 2 days,
and the colonies were counted. It was replicated thrice,
and the mean value was considered. Before inoculation,
the seeds were surface sterilized by treating with 0-5%
sodium hypochlorite for 2 min and then with 70% ethyl
alcohol for 2 min. The seeds were then washed with ster-
ile distilled water.

DNA isolation from healthy, artificially and naturally
infected jute seed

To find a suitable DNA isolation method, DNA was
extracted from 30 M. phaseolina inoculated seed samples
(cultivar, JRO 524) using each of the following methods
viz., (i) CTAB method (Doyle and Doyle 1990) (ii) Modi-
fied Dellaporta method with silica (Echevarria-Machado
et al. 2005) (iii) Gem-CTAB method (Rouhibakhsh et al.
2008) (iv) Mucilage-free CTAB method (Ghosh et al.
2009) (v) Extraction using DNeasy plant mini kit (Qia-
gen, GmbH, Hilden, Germany) following the recommen-
dations of the manufacturer and (vi) Present method or
Miniprep (improved salt conc. and simple sodium acetate
CTAB method).

From each of the DNA samples isolated by the above-
said methods, 2 ul of DNA was taken and diluted 1 : 50
in ultrapure water. Absorbance was recorded thrice at
260 nm as well as at 280 nm in a UV spectrophotometer
(BioPhotometer; Eppendorf AG, Hamburg, Germany).
DNA concentration was measured at 260 nm, and DNA
yield was calculated by multiplying the mean concentra-
tion and hydration volume.

DNA was isolated by the present method (Miniprep)
for its validation from four inoculated seed samples, four
naturally infected samples and four healthy samples from
each of the three cultivars namely JRO 524, JRO 204 and
JRO 8432. Each sample for DNA isolation contained
100 mg of seeds.

Fresh dry seed was ground in preheated (60°C) freshly
prepared 800 ul modified CTAB buffer (0-1 mol 1" Tris-
HCl, pH 9-5), 20 mmol 1! EDTA (pH 8), 3 mol 1!
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NaCl, CTAB (10%, w/v), f-mercaptoethanol (1%, v/v)
(added to the buffer just before use). PVP 3% w/v was
added to the buffer so that mucilage and secondary
metabolites are absorbed. The homogenate was immedi-
ately transferred to 1-5-ml Eppendorf microcentrifuge
tube and was gently vortexed. Then it was incubated at
65°C for 45 min in a water bath. An equal volume of
phenol/chloroform/isoamyl alcohol (25:24:1) was
added to the tubes (gently mixed) and were centrifuged
at 6000 g for 15 min. The aqueous phase was transferred
into a 1-5-ml microcentrifuge tube and an additional
500 ul of 2 mol 17" NaCl was added. Then, it was kept
for half an hour at room temperature and an equal vol-
ume of absolute ice-cold isopropanol was added. The
mixture was centrifuged at 7000 g for 10 min. The super-
natant was discarded, and the pellet was washed with
80% (w/v) ethanol. For further purification, DNA pellet
was washed by adding 1/10th volume of 3 mol 1"
sodium acetate (pH 5-2) and centrifuged at 6000 g for
5 min. After washing with sodium acetate 2-5 volume of
ice-cold 70% (w/v) ethanol was added. It was then centri-
fuged at 5000 g for 5 min. The pellet was air-dried for
1 h at room temperature and then dissolved in 50 ul TE
buffer (10 m mol 1! Tris-HCl buffer (pH 8-0),
1 mmol 17! EDTA (pH 8:0). RNase A [2 ul (5 ug uH]
and 2 ul of proteinase K (5 ug ul™") was added to the
mixture and was incubated at 37°C for 1 h to eliminate
RNA and protein contamination. The DNA samples were
stored at —20°C until further use.

In the present method, comparatively higher concentra-
tion (10%) of preheated CTAB was used for greater effi-
ciency of the buffer. In contrast to 1-4 mol I"' NaCl in
CTAB method 3 mol 1"! NaCl was used in buffer and an
additional 500 ul of 3 mol 17" NaCl was added to the
supernatant after initial separation. Longer incubation
(45 min) at comparatively higher temperature (65°C) was
given before adding equal volume of phenol/chloroform/
isoamyl alcohol (25 : 24 : 1) for removing organic con-
taminants. In other methods only one 70% ethanol wash
was given, whereas in the Miniprep two additional steps
of washing viz., 80% (w/v) ethanol wash and 3 mol 1!
sodium acetate (pH 5-2) wash were used. High conc. of
RNase A [2 ul (5 pug pul™")] and 2 ul of proteinase K
(5 ug ul™") treatment were employed for the long incu-
bation (1 h) at 37°C to remove RNA and protein con-
taminations, whereas Mucilage-free CTAB method used
only RNaseA treatment.

Detection limit of M. phaseolina

From the mycelial stock suspension (6-2 x 10> CFU per
ml) 13 serial dilutions (10™" to 10~'?) were prepared by
adding requisite quantity of sterile distilled water. Seeds

PCR amplifiable DNA isolation from jute seed

of the most popular cultivar JRO 524 were inoculated
with these suspensions of different dilutions separately by
soaking overnight. One gram of seed was soaked over-
night in 1 ml of mycelial suspension of concerned dilu-
tion. From each dilution, three seed samples (100 mg
each) were used for DNA extraction followed by PCR
amplification with M. phaseolina-specific primer.

PCR amplification

DNA samples isolated from inoculated jute seeds as well
as from naturally infected seeds were assessed by PCR
using M. phaseolina-specific primer pair MpKFI (5'-CCG
CCAGAGGACTATCAAAC-3') and MpKRI (5CGTCCGA
AGCGAGGTGTATT-3") (Babu et al. 2007). A jute-spe-
cific SSR primer pair (MJM -561F5" AGTGCAAACACGA
GAGCAAAT-3' R-5'- ATGGCATCCTCTCATCTTCCT 3')
(Mir et al. 2009) was also used to check the amplification
of jute genomic DNA, while comparing different DNA
isolation methods. Duplex PCR assay was conducted to
accentuate the efficiency of current protocol. The volume
of PCR was 25 ul, which contained 10x expand high-
fidelity buffer (10 mmol 1" Tris~HCI, 50 mmol 1! KCl,
pH 8:3) (Biolab, New England Biolabs, MA, USA),
25 mmol I"' MgCl, (Biolab), 200 mmol "' of each
dNTP (Biolab), 0-5 umol 17! of each primer (forward and
reverse primers of both the primer pairs viz., M. phaseoli-
na specific primer and jute SSR primer), 10 ng ul~" geno-
mic DNA and 5U ul™' Taq DNA polymerase. The
amplification was carried out using a gradient thermal
cycler (Bio-Rad, CA, USA). The amplification profile was
5-min initial denaturation at 94°C, denaturation at 94°C
for 1 min, annealing at 56°C for 60 s and elongation at
72°C for 45 s followed by 30 cycles and a final elongation
at 72°C for 7 min. PCR products were visualized in 1-6%
agarose gel stained with ethidium bromide. However, in
determining the detection limit of M. phaseolina and in
validation of the present method, wherein the pathogen
was detected from artificially inoculated as well as natu-
rally infected jute seed single reaction PCR was conducted
using only the M. phaseolina specific primer. PCR condi-
tions and the reaction profile remained the same.
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