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ABSTRACT

A total of 14 local potato cultivars were screened against late blight resistance under field conditions with
no artificial inoculation. All the cultivars were genotyped with three Microsatellite markers (SSRs) linked
to the genes governing late blight resistance viz., Rpi - blb1, Rpi - bt1l, and R3a. The aim of the investigation
was to identify late blight resistant cultivars from some local potato cultivars so that these resistant cultivars
can be utilized in genetic enhancement programs as resistant varieties are an important component of
disease management. Two cultivars namely, Deshi-1 and Deshi-2 had moderate resistance towards the late
blight in field condition. The rest of the twelve cultivars were expressed susceptible reactions. Through
genotyping a late blight resistant gene was identified and characterized in those cultivars showing resistant
disease reaction as they expressed band for the R3a gene based primer.
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Introduction

Potato is the world’s first important solanaceous
vegetable as well as the non grain food crop (Zhang
et al. 2017) and non fat food with energy density
similar to pulses. Potatoes are notably important for
daily fiber, protein, vitamin, and mineral require-
ments of human diet (Freedman and Keast, 2011).
Consumption of potatoes and potato components

has been linked to a reduction in cardiometabolic
risk in various studies (McGill et al., 2013) and pro-
mote surfeit (Holt et al., 1995; Geliebter et al., 2013;
Akilen et al., 2016). Potatoes include a modest
amount of resistant starch (RS), which acts as a pre-
biotic by promoting the growth of healthy gut bac-
teria (Higgins, 2004; Brit, 2013). However, high gly-
cemic index (GI) of potato may lead to type 2 diabe-
tes and weight gain upon their consumption. How-
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ever, observational studies have provided only lim-
ited evidence for this deleterious influence on health
(Halton et al. 2006; Mozaffarian et al. 2011).

Major biotic constraints of potato cultivation
worldwide are Late blight followed by viruses and
cyst nematodes (Seenivasan 2017). The oomycete
fungus Phytophthora infestans (Mont.) de Bary causes
potato late blight disease (LB). This disease has an
indelible impression in the history of Ireland i.e.
during 1845-1849 the Great Irish Potato Famine
caused millions of deaths and huge emigration from
Ireland to the New World (Bourke 1993). The two
mating forms of Phytophthora infestans, A1 and A2,
are required for sexual reproduction (Kirk 2009). As
demonstrated by several surveys both the mating
types (Al and A2) are present in several countries
viz. India, China, Indonesia, Korea, Japan, Thailand
and Pakistan (Ahmad et al., 2002; Ghimire et al. 2003;
Gotoh et al., 2005). In epidemic conditions, LB of the
potato results in yield loss and may reach up to 95%.
As per availability of resources several strategies
have been employed to manage LB of potato such as
chemical control, host resistance, biological control
and cultural control. Host resistance is always a bet-
ter option than the fungicides, since it is inexpensive
and environmentally friendly.

Breeders are mining for durable LB resistance
genes to protect from global threat arriving by
highly aggressive pathotypes of P. infestans (Cooke
et al., 2012). Plant breeders have increasingly relied
on wild species of Solanum L. section Petota for per-
sistent LB resistance genes in their quest to develop
potato cultivars with long-term resistance to LB
(Eliwka et al., 2013; Jo et al. 2016). Enriching the po-
tato genome through pyramiding R genes in it is an
effective approach employed for getting durable re-
sistance against late blight disease. In the present
study, fourteen potato cultivars were screened
against late blight to identify desirable cultivars for
potato improvement.

Materials and Methods

Plant material and experimental design

Fourteen local potato cultivars of West Bengal were
screened against the late blight disease using RCBD
during the rabi season (2018-19) at Agricultural Re-
search Farm (26°2325N, 89°2321 E, 44 msl), Regional
Research station (RRS), Terai Zone, Pundibari,
Cooch Behar, West Bengal, India.
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Phenotypic screening for LB resistance

Fourteen potato cultivars of were screened against
late blight disease. No pesticides were used in order
to achieve maximal disease pressure. The Progres-
sion of the disease was recorded based on visual
symptoms at two days intervals after the first ap-
pearance of the disease by following Henfling modi-
fied disease estimation scale (Henfling, 1979). A heat
map was constructed with the help of percent infec-
tion. The Area under disease progress curve
(AUDPC) was computed by following Shanner &
Finney (1977). The relative area under disease
progress curve (rAUDPC) was also computed.

Genotyping for LB resistance

The genomic DNA was extracted from all the geno-
types using the method developed by Mandal et al.,
(2016). Three R gene primers were selected namely
Rpi-blb1, Rpi-btl (Chen et al., 2017) and an EST-de-
rived primer (designed using Primer 3.0 (Koressar
and Remm, 2007)) of the R3a gene for screening
against late blight resistance gene. PCR amplifica-
tion was performed in a total of 25 ul of reaction vol-
ume that contained 2 ul of gDNA, 0.2 pl of 5 U/l
Taq DNA polymerase (Xcelris.), 2.5 ul of 10X PCR
Buffer, 1 ul of 2.5 mM dNTPs mixture, 1 ul of each
primer (100 ng/ul) and 16.8 ul of HPLC grade wa-
ter. The PCR amplification conditions were as fol-
lows: 5 min of initial denaturation at 94 °C, followed
by 35 cycles of denaturation at 94 °C for 1 min, an-
nealing at 55-65 °C for 30 s, and extension at 72 °C
for 1 min with a final extension at 72 °C for 5 min
and a 4°C holding temperature. PCR products were
detected using 3% agarose gel and Gel photographs
for bands of amplified DNA were captured through
Gel Doc System. Sequencing was done by Xcelris
Pvt. Ltd. Service centre and got the accession num-
ber from DDBJ.

Results

For phenotypic screening regular monitoring was
done from the date of the onset of disease to record
the severity of the disease based on the symptom
development of late blight. Disease development
was recorded on keen observation and categoriza-
tion of cultivars was done. Where 2 cultivars namely
Deshi-1 and Deshi-2, exhibited moderate resistance,
while the rest of all shown susceptible. By utilizing
the percent infection, a heat map was constructed
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(Figure 1). Heat map revealed that those two culti-
vars (Deshi-1 & Deshi-2) were less susceptible to the
late blight disease.

In view of further investigation disease severity

Color Key

Fig. 1. Heat map based on percent disease incidence with
2 days interval

was converted into the AUDPC and rAUDPC were
calculated (Table 1). Minimum AUDPC was re-
corded for Deshi-1 (170.81) followed by Deshi-2
(171.96). Whereas cultivar Ashok exhibited the
maximum (1848.5) AUDPC, followed by Kekup
(1710.41) and Techno (1633.17) respectively. Deshi-
1 & Deshi-2 were having moderate field level resis-
tance to the late blight disease as the values of

Table 1. Total AUDPC and relative AUDPC of 14 potato

cultivars
Genotype AUDPC rAUDPC
Dehi- 1 170.81 7.76
Deshi- 2 171.96 7.82
Certified 1475.00 67.05
Kekup 1710.41 77.75
Hybrid Badami -1 861.00 39.14
Hybrid Badami-2 820.50 37.30
Holand 1520.33 69.11
Techno 1633.17 74.23
Lal Pahari 1319.00 59.95
Lal Golap 1318.33 59.92
Ashok 1848.50 84.02
Arun 1606.17 73.01
Poukraj 1432.33 65.11
Chambal Jyoti 1336.83 60.77
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AUDPC ranges between 150.10 and 375. Rests of the
genotypes were susceptible as their AUDPC was
greater than 375 (Lal et al., 2016). Among the tested
cultivars, rAUDPC was less for Deshi-1 (7.76) and
Deshi-2 (7.82) against highly susceptible cultivar
Ashok (84.02).

Among the three primers used for molecular
screening (Table 2), two primers namely BLB1 and
BT1, did not show any amplified DNA fragment in
the gel electrophoresis results for all the 14 geno-
types. But one primer, i.e. R3a showed an amplified
band of DNA with approximately 800bp size for the
genotypes Deshi-1 and Deshi-2 (Figure 2 and Table
3). After confirmation of the single fragment appear-
ance PCR product of Deshi-1 was sequenced using
pyro-sequencing technology.
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Fig. 2. Amplified product of R3a gene based primer. L is
a DNA ladder.

A nucleotide homology search was done by tak-
ing sequences into consideration, against the EST
datasets of selected potato species available at Na-
tional Centre for Biotechnology Information (NCBI,
http:/ /www .ncbi.nlm.nih.gov) using BLASTn algo-
rithm (Altschul et al., 1990). A match was considered
significant at E-value < 1x107°. The similarity of se-
quence was considered as significant at E-value <1x
10%8. BLAST results for the sequence of the putative
gene had shown significant homology with genes of
known function in LB disease resistance which are
available in the public database. The homology
search and function classification revealed that
upregulated the sequences were the result of potato-
P. infestance interaction seems to function in cellular
metabolism and development, biotic/abiotic stress
responses, transcription and signal transduction re-
sponses. The sequence was deposited to the DNA
Data Bank of Japan (DDB]J) i.e. a gene bank data-
base. The sequence of putative gene had the greater
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Figure 3: Multiple sequence alignment of identified putative gene with other similar gene
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TRATACTTGAGAAGCTTTTGATTGARRRTTGCCCTGAACTCAGT T TGGAGACGETACCCATCCAACTTTCARGTTTARARAGTTTTGACGTARTTGGTTCTCCCTTGGTTATAAACTTTCCTTTARGCATA
TRATACTTGAGAAGCTTTTGATTGARARTTGCCCTGAACTCAGT T TGGAGACGETACCCATCCAACTTTCARGTTTARRRAGTTTTGACGTARTTGGTTCTCCCTTGGTTATARACTTTCCTTTARGCATA
TRATACTTGAGAAGCTTTTGATTGARRRTTGCCCTGAACTCAGT T TGGAGACGETACCCATCCAACTTTCARGTTTARARAGTTTTGACGTARTTGGTTCTCCCTTGGTTATAAACTTTCCTTTARGCATA
TRACACTTGAGGAGCTTATGATTGARARTTGCCCTGAACTCAGT TTGGAGACTGTACCCATCCAACTTTCARGTCTARRRAGTTTTGACGTARTTGGTTCTCCCATGGTTATARACTTTCCTTTARGCATA
TRATACTTGAGAAGCTTTTGATTGARRRTTGCCCTGAACTCAGT T TGGAGACAGTACCCATCCAACTTTCGAGTTTARARAGTTTTGAAGTARGTGGTTCTCCCATGGTTATAAACTTTCCATTTAGCATA
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——————————————————
CTGCCCACTACCTTGARG
CTECCCACTACCTTGARG
CTGCCCACTACCTTGARG
CTECCCACTACCTTGARG
CTGCCCACTACCTTGARG

Table 2. SSR markers identified in the vicinity of R genes for screening
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Name of the R genePrimer name

Primers

Annealing Temperature (°C)

Rpi - bb1
Rpi - bt1

R3a

BLB1 F: AACCTGTATGGCAGTGGCATG 58
R: GTCAGAAAAGGGCACTCGTG

BT1 F:CTACATGGCTGTCATTCACT 53
R:CATAGGGCAACATTTAATCTC

R3a F: ATGGAGAAGCTGATTAACTT 59
R: CTTCAAGGTAGTGGGCAGTA

than 99% identity with previously reported late
blight resistance gene. The multiple alignment and
result of homology search were presented in the Fig-
ure 3 and Table 4.

Discussion

Experimental location was hotspot for the potato
late blight disease (Hembram et al., 2018). Therefore
no artificial inoculation was done to develop the dis-
ease. Scoring of the disease based on foliage destruc-

tion is a common method of field assessment for LB
resistance. In our study disease development was
recorded using Henfling modified disease estima-
tion scale (Henfling, 1979). Categorization of geno-
types was done for disease reaction on the basis of
AUDPC in accordance with Lal ef al. (2018). In natu-
ral epiphytotic conditions the late blight disease
might be caused by complex races of the pathogen
(P. infestance). As a result, foliage of most of the cul-
tivars was destroyed by the disease before the end
of the growing season under field condition in our
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Table 3. Summary molecular screening of 14 potato cultivars for three R gene based markers

Cultivars

Primers

BLB1

BT1 R3a

Dehi- 1 -
Deshi- 2 -
Certified -
Kekup -
Hybrid Badami -1 -
Hybrid Badami-2 -
Holand -
Techno -
Lal Pahari -
Lal Golap -
Ashok -
Arun -
Poukraj -
Chambal Jyoti -

Note: ’-" Indicates absence and ‘+ Indicates presence of band of PCR product

Table 4. Similarity among the different resistance genes with identified gene

S.N. Accession Sequence Description

Query Cover E Value Percent Identity

1 FJ175390
2 FJ175389
3 AY849385
4 FJ175386

Putative Late blight Resistance gene
Putative Late blight Resistance gene
R3a Late blight Resistance gene

Putative Late blight Resistance gene

100% 0.0
100% 0.0
100% 0.0
100% 0.0

99.12%
99.12%
99.12%
98.62%

study. Only two cultivars Deshi-1 and Deshi-2 had
moderate foliar late blight resistance.

Field resistance was corroborated by molecular
screening due to the appearance of the amplified
band of DNA for the same cultivars (Deshi-1 and
Deshi-2) when amplified by the EST-derived primer
of the R3a gene. R3a and R3b are two closely linked
genes of the locus R3 (on chromosome XI of S.
tuberosum L.) with different pathogen resistance
specificities (Li et al., 2011). The resistance expressed
by the cultivars Deshi-1 and Deshi-2 might be due to
the presence of the locus R3 or R3a gene alone. The
presence and expression of the R3a gene in cultivars
Deshi-1 and Deshi-2 may not be sufficient to exhibit
the resistance reaction towards all the races of the
pathogen prevailing in the locality. So they exhib-
ited moderate resistance at field level under natural
epiphytotic conditions.
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