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Abstract
This study was performed to identify Peronosclerospora 
species found in Tamil Nadu based on sequence analysis of 
the COX-2 gene. In addition, sequence data in total, 25 in 
breeds infected with isolates of Peronosclerospora were 
investigated in this study. They were obtained from gene 
bank accessions of maize research station, Vagarai, Tamil 
Nadu and raised in Kharif and Rabi seasons. Both infected 
seeds and leaves were tested for the DNA analysis. 
Sequence analysis of COX-2 and phylogenetic inference 
were performed on 5 isolates. A set of primers developed in 
this study, PCOX2F and PCOX2R, was used for PCR 
amplification. Phylogenetic analyses showed that 5 isolates 
were divided into three groups. Maize crop is infected with 
3 species of Pernosclerospora in two different growing 
seasons.

Keywords: Peronosclerospora; Inbreds; Downy mildew; PCR 
amplification

Introduction
Graminicolous Downy Mildews (GDMs) are diseases caused by

members of the Peronosporaceae (Oomycota, Peronosporales)
infecting cereal crops. GDM pathogens are obligate, biotrophic
parasites, which are found to infect cultivated and wild cereals
and other grasses in the Poaceae family [1]. The most
destructive GDM pathogens reside in the regions of world found
to cause significant crop losses of 60%–100% of staple food and
forage crops viz., maize (Zea mays), pearl millet (Pennisetum
glaucum), sorghum (Sorghum spp.) and sugarcane (Saccharum
spp.) [2].

Downy mildew caused by the obligate oomycete
Peronosclerospora genus, is one of the most devastating disease
affecting maize (Zea mays L.) and can occur at any stage of
maize development from seedling to harvest. The disease
primarily infects its host from seedling emergence, until one
month after planting. The Peronosclerospora species are known

to attack members of the Poaceae in the tribes Andropogoneae, 
Maydeae and Paniceae [3]. The percentage of maize production 
areas with reported economic losses worldwide to downy 
mildew is 30%, both in tropical lowland maize and in subtropical, 
mid altitude, transition zone and highland maize [4]. In several 
maize growing countries including India, yield losses can reach 
50%-100% for susceptible cultivars. Maize has been reported as 
host of eight Peronosclerospora species: P. heteropogoni, P. 
maydis, P. miscanthi, P. philippinensis, P. sacchari, P. sorghi, P. 
spontanea and P. eriochloae [5]. Identification of 
Peronosclerospora species has traditionally been based on host 
genus and morphological characteristics with limited 
discrimination ability. Consequently, identification of species is 
often unreliable [6]. Sporangial dimensions are a main 
characteristic element for species delimitation in 
Peronosclerospora, especially for those species without a known 
sexual stage and may be influenced by climatic condition, host 
species, and variety [7].

Among the detection methods of downy mildew species, 
microsatellites or SSRs have been recognized as one of the most 
informative type of markers for molecular ecology. SSRs are 
short oligonucleotides tandemly repeated motifs of one to six 
bases which occur frequently and randomly in all eukaryotic 
genomes, although their frequency varies significantly among 
different organisms [8]. The reliability of ARDRA in resolving 
species differences were well documented by Lukeman, et al. 
The tool ARDRA can be utilized to know the variation of non-
coding regions, like the Internal Transcribed Spacer (ITS) and 
coding rDNA regions like the D1 and D2 of the 28S rDNA gene 
[9]. We will be employed these molecular techniques to survey 
the genetic variation among Tamil Nadu maize downy mildew 
isolates using COX2 primers obtained from known sequences of 
Pernospora sps. The objective of this study was to elucidate, 
whether the differences in disease response are more likely due 
to environmental factors, or due to genetic variation of downy 
mildew isolates among locations. The knowledge obtained from 
this research can be utilized to design effective strategies for 
maize downy mildew control.
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Materials and Methods

In vivo screening of Peronosclerospora infected
inbreds in Kharif and Rabi seasons

The present investigation was carried out during 2021–2022 at 
maize research station, Vagarai, Tamil Nadu, agricultural 
university, which is located at 10.58⁰ N latitude, 77.57⁰ E 
longitude with an altitude of 254 MSL in the Dindigul region of 
Tamil Nadu state, India. The test entries were raised in 2/3 plot 
size with two replications maintaining spacing of 60 cm between 
rows and 20 cm between plants. Susceptible check was sown on 
the borders of each plot. Observations on disease severity were 
recorded from 45 days after sowing [10]. Disease scoring was 
done until cob development stage. Rating scale observations 
from seedling to flowering are recorded on percentage basis, i.e. 
diseased plants as percent of total plant stand. Symptoms were 
categorized and grouped.

Molecular identification
DNA extraction from the type specimens of P. sorghi was done 

as described in Telle, et al., and also PCR was done according to 
that publication. In this study, a set of primer was developed from 
available oomycete sequences of cytochrome C oxidase subunit II 
(COX2) that were used for PCR amplification, namely PCOX2F 
(TCCAGCAA CTCCAGTTATGG) and PCOX2R (ACCTGGACAAGCAT 
CTAATT). This primer pair produces an amplicon of 529 bp. 
Sequences were compared with submitted sequences of NCBI.

Results and Discussion
The Graminicolous Downy Mildews (GDM) pathogens reside, 

are destructible to cause significant crop losses (60%–100%) of 
staple food and forage crops such as maize (Zea mays), pearl 
millet (Pennisetum glaucum), sorghum (Sorghum spp.), and 
sugarcane (Saccharum spp.) [11].

Java downy mildew caused by Peronosclerospora maydis is 
one of the three most devastating downy mildew pathogens of 
maize [12]. Crop damages of 40%–100% have been recorded in 
Indonesia. Disease symptoms varies from severe chlorosis in the 
upper leaves, stunting, deformation and lodging; infections by 
Peronosclerospora maydis may lead to death in susceptible 
maize varieties [13]. The pathogen is widely distributed in the 
tropics of Australia, China, India, Indonesia, Jamaica, Taiwan, 
Thailand, and Venezuela (Figure 1).

Based on the symptoms and partial COX2 sequencing, the 
most predominant species infecting maize is found to be 
Peronosclerospora , Indian isolates of 700 bp size and they have 
grouped distinctly compared with known sequences of P. sorghi 
and P. mayis (Figures 2 and 3). The sequences were identical 
with P. sorghi. These isolates can able to cause light green and 
yellow discolorations on the leaves. Severe chlorosis represents 
Pernosclerospora maydis, Scleropthora macrospora can be able 
to cause crazy top on the tassel (Figure 1). Dwarfing and cholosis 
represents P. sorghi and chlorosis streaks thorough out the leaf

blade represents P. philippinensis [14-16]. The disease can be 
able to infect the crop during Kharif and Rabi seasons prevailing 
in these tracts. The COX-2 expressions in kernals reveals the seed 
borne nature of these pathogens.

Figure 1: Differential symptom expressions of downy 
mildew on inbreds.

Figure 2: A-PCR amplification of COX-2 gene expressed 
in total DNA from (A) Kernals and (B) Leaves of inbreds 
showing downy mildew symptoms.
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    Figure 3: Multiple sequence alignment of downy mildew 
COX-2 sequences.
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Morphology based identification of downy mildews has many 
constraints, molecular identification is crucial and vital. 
Cytochrome C Oxidase subunit II (COX-2) has been found to be 
well-suited tool to differentiate species of oomycetes including 
Peronosclerospora [17]. Telle, et al., revealed that specimens of 
Peronosclerospora from maize and sorghum formed four distinct 
phylogenetic groups different from the known Peronosclerospora 
species  included  in the phylogeny [18].  Apart  from  the  airborne 

nature of maize downy mildew, sorghum and maize downy 
mildew (P. sorghi) and pearl millet downy mildew (Sclerospora 
graminicola) were also reported both as seed and soilborne 
pathogens [19]. Of Peronosclerospora species that attack 
maize, P. sorghi is the only well studied species. This study will 
help to identify the genetic diversity of downy mildews 
infecting maize. Hence, there may be chances of mixed 
infections in maize, when they grown in Kharif and Rabi seasons 
in this tract (Table 1) [20].

Table 1: Inbreds showing symptoms of downy mildews.

Inbreds Dwarf Interveinal
chlorosis

Downy mildew Crazy top Species

VIM 026 + + - - P. sorghi

VIM 027 + - - - P. maydis

VIM 029 + + - - P. maydis

VIM 045B + + - - P. sorghi

VIM 110 + + - - P. sorghi

VIM 131 - + - - P. philippinensis

VIM 239 - + - - P. philippinensis

VIM 419 - + - - P. philippinensis

CoHM 6 - + - + P. philippinensis and
S. macrospora

Conclusion
Based on the symptoms and partial COX-2 sequencing, the 

most predominant species infecting maize is found to be 
Peronosclerospora, Indian isolates. Among the isolates, dwarfing 
and cholosis will be due to P. sorghi and found to be 
predominant in both the crop growing seasons and rarely maize 
is found to be infected with Scleropthora macrospora causing 
crazy top, chlorosis streaks thorough out the leaf blade will be 
due to P. philippinensis. The diseases can be able to infect the 
crop during Kharif and Rabi seasons prevailing in these tracts. 
The COX-2 expressions in kernals reveals the seed borne nature 
of P. sorghi.
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