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According to Thirumalachar, the telio-
spores produced in very large sized sori 
are characteristic of this fungus9. 
 Earlier studies from India have re-
ported rusts on bamboos10. We describe 
here the occurrence of Stereostratum 
corticioides, an obligate fungal pathogen 
causing the culm rust disease of a bam-
boo in Arunachal Pradesh. This rust has 
been reported from China, Japan and Pa-
kistan11. It causes serious culm rust dis-
ease on P. bambusoides in China12 and 
also infects 16 other species of bamboo. 
It produces urediniospores and telio-
spores on bamboo; an alternate host is 
unknown for this rust11. In Ziro valley, 
the maturity of P. bambusoides is indi-
cated by the shedding of its leaves and 
the green stem turning yellow due to the 
appearance of the rust fungus13. Locally 
known as Taipona, the rust usually be-
gins appearing during the month of 

March. The sori on the culms are 
scrapped and chewed by the Apatanis. 
The current report is noteworthy since 
according to Hyde et al.14, of the more 
than 1100 fungi associated with bamboo 
species, relatively fewer are known from 
India. 
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Seed transmissibility of Pepper mottle virus: survival of virus 
 
PepMoV was first recognized in Arizona 
(USA) in 1969 as a new strain of potyvi-
rus that infected peppers. It was first re-
ported from Palm Beach County, Delray 
Beach, Florida, (USA)1–3 in Capsicum 
annuum. Recently, the virus has been re-
ported from other pepper growing coun-

tries of the world, such as Taiwan, India, 
Korea, China, Japan, Cuba4–9. Indian 
chilli (Capsicum annuum) is infected by 
potyviruses such as Potato virus Y (PVY) 
and Pepper veinal mottle virus10,11. 
Sandhu and Chohan12 reported PepMoV 
for the first time in 1979 from Punjab on 

serology study basis which was later  
molecularly characterized in 2014 (refs 
5, 12). PepMoV is transmitted by insects, 
i.e. many species of Aphis namely gossy-
pii, craccivora and Myzus persicae in a 
non-persistent manner in the field13. The 
virus belongs to most important family 

 
 
Figure 2. Neighbour-joining tree from ITS sequences showing the relationship between Ste-
reostratum corticioides (previously known as Puccinia corticioides) of the present study and 
other closely related Puccinia species retrieved from the GenBank. Bootstrap values (1000 repli-
cates) are shown on the branches. Bar = 1 nucleotide substitutions per 100 nucleotides. 
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of plant viruses, i.e. Potyviridae and  
infects mostly Capsicum sp. This virus 
has flexuous rod-shaped particles which 
measures around 730 nm × 11 nm and 
contains a single + sense RNA genome 
of about ~10 kb in length. PepMoV is 
transmitted via mechanical inoculation or 
grafting, but not reported to be transmit-
ted by contact between plants. It has not 
yet been reported to be transmitted by 
seed. 
 In this study, we conducted the expe-
riment to prove the seed transmissibility 
of PepMoV. This is the first report of 
seed transmissibility of PepMoV till 
date. As the mechanism of seed trans-
missibility can contribute significantly 
towards the epidemiology of this emerg-
ing viral disease, emphasis should be laid 
on virus-free seed production. 
 In the field sown chilli crop, some of 
the cultivars/lines expressed symptoms 
similar to PepMoV disease. Leaf samples 
from hot pepper plants showing symp-
toms of pepper mottle (Figure 1) (dark 
green vein banding accompanied with 
fruit deformation as well as stunting of 
the plant) were collected from the Vege-
table Research Farm at Punjab Agricul-
tural University, Ludhiana (Punjab, 
India). On fruits, symptoms were ob-
served as deformed fruits, reduced fruit 
size with green streaks on fruits. Typical 
PepMoV induced symptoms appeared in 
early March. Leaves were collected from 
100 symptomatic and asymptomatic 
plants of sown cultivars. 
 From the field tested samples of chilli 
which were found positive in DAS-
ELISA, in 2015, fruits were collected and 
stored for conducting further experi-
ments. The fruits were collected at  
 
 

 
 

Figure 1. Symptomatic chilli plant infected 
by PepMoV. 

ripened stage (Figure 2). Seeds were iso-
lated from fruits using gloves. Sterilized 
covers were used for storage of seeds. 
Harvesting of seeds was done on the ba-
sis of ELISA reading. Seeds of infected 
plants from respective cultivars, which 
showed highest ELISA value, were har-
vested separately. These seeds were fur-
ther sown in sterilized soil, in replica of 
10 for 10 cultivars. The plants were 
maintained in insect-proof cages for fur-
ther study. Fifty seeds from each cultivar 
were sown under protected conditions, 
and subsequently around 200 seedlings 
both symptomatic and asymptomatic 
were harvested 5 weeks post-emergence. 
They were further individually assayed 
via ELISA. 
 The samples (including leaf, seed, pla-
centa and fruit cover) were tested by 
DAS-ELISA using a polyclonal antibody 
to PepMoV, Potato virus Y (PVYo/c) and 
Potato virus Y (PVYN) (Agdia, Elkhart, 
USA). 
 Total RNA was extracted from seeds, 
leaf, placenta and fruit cover of the chilli 
that had tested positive by ELISA. RNA 
was extracted using FastRNA ProGreen 
kit (MP Biomedicals, USA) according to 
the manufacturer’s protocol (Figure 3). 
M-MuLV Reverse Transcriptase (Pro-
mega, USA) was used for reverse tran-
scription of RNA. First strand cDNA was 
synthesized separately using RevertAid 
first strand cDNA synthesis kit. Total 
20 μl reaction mixture containing 5 μl of 
total RNA (700 to 1000 ng), 1 μl reverse 
primer NIb3R (for amplification with 
Nuclear Inclusion b gene based primer 
pair) (20 pM), 4 μl reaction buffer (5×),  
 
 

 
 
Figure 2. Fruits harvested from naturally 
PepMoV infected plant. 

1 μl ribolock RNase inhibitor (20 U/μl), 
2 μl of dNTP mix (1 mM), 1 μl M-
MuLV reverse transcriptase (200 U/μl) 
and 6 μl nuclease-free water was used. 
The reaction mixture was incubated in a 
thermal cycler at 42°C for 45 min fol-
lowed by heating at 70°C for 10 min ac-
cording to manufacturer’s protocol. PCR 
was performed separately in a 25 μl reac-
tion volume containing 5 μl of cDNA, 
5 μl reaction buffer (5×), 1.5 mM MgCl2, 
0.2 mM dNTP mix, NIb2F/NIb3R (dege-
nerate primer) given by Zheng et al.14, 
20 pmol/ml each and 1U DNA polyme-
rase. The PCR cycling profile consisted 
of initial denaturation at 94°C for 3 min, 
followed by 30 cycles consisting of  
denaturation at 94°C for 1 min, primer 
annealing at 52°C for 1 min and exten-
sion at 72°C for 1 min and a final exten-
sion at 72°C for 10 min. The PCR 
products were analysed on 1% agarose 
gel with 100 bp DNA marker (Promega, 
USA). 
 Chilli is one of the most valuable veg-
etable crops globally15, cultivated in 
many countries. In production India 
ranks first, followed by China and Pakis-
tan. However, PepMoV is a recent threat 
to chilli production, but there is a need to 
work out the yield loss potential of the 
virus. 
 The common symptoms associated 
with the virus disease were mottling, 
green stripes on fruits and fruit deforma-
tion as well as dark green vein banding 
on infected chilli cultivars. Similarly, 
mottling, crinkling and dark green vein 
banding has been observed to be caused 
by PepMoV from pepper growing coun-
tries of the world, such as Taiwan, India, 
Korea, China, Japan and Cuba4–9. This 
continental distribution of virus suggests 
that transmission of virus is not mediated 
through any other possible way but by 
seed, as the trade of germplasm among 
 
 

 
 

Figure 3. RNA isolated from seed and pla-
centa of chilli samples.  



SCIENTIFIC CORRESPONDENCE 
 

CURRENT SCIENCE, VOL. 115, NO. 11, 10 DECEMBER 2018 2014

the scientific community is recurring. 
ELISA results confirm presence of Pep-
MoV in all infected samples, which were 
responsible for most of the observed 
symptoms. 
 Until now PepMoV is not reported to 
be seed transmitted to the next genera-
tion7. Infected seeds from field infected 
fruits of PepMoV were found positive in 
DAS-ELISA and later showed symptoms 
in true leaves after 4 weeks of sowing in 
sterilized soil under insect-proof cage 
conditions. The fact that the plants were 
maintained in an insect-proof cage, 
avoided the possibility of any vector 
transmission of virus. This indicates that 
seeds from the field infected fruits car-
ried over the virus to the next generation. 
 To further establish the role of seed in 
the carryover of virus to the next genera-
tion, RT-PCR was performed. Nuclear 
inclusion gene-based RT-PCR was con-
ducted on the seed. A desired amplicon 
of ~350 bp was observed on agarose gel 
(Figure 4). 
 Among the thirty highly seropositive 
samples, amplification with the Nib-
based primer was observed in 13. The 
possible reason could be the low titre of 
the virus in the seed. Until this level it 
was confirmed that the virus was seed 
borne. To localize the virus, RNA was 
isolated from placenta and fruit cover of 

chilli. Using upstream primer of NIb re-
gion, cDNA was prepared by RT-PCR. 
Twelve out of 30 samples of the placen-
tal part produced the desired amplicon 
corresponding to 350 bp. But none of the 
fruit cover samples could be amplified. 
 Limited studies have been conducted 
on seed transmission of PepMoV6,8,9. 
There still lies a significant gap with re-
spect to our knowledge about the seed 
transmission of this virus. Despite wide-
spread presence among the nations in-
cluding India, not much information has 
been gathered about the impact of virus 
on seed transmissibility or the effect on 
seed quality. 
 In this study, PepMoV was detected in 
seeds, placenta and in young seedlings 
harvested from fruits infected by  
PepMoV naturally. We also studied and 
proved that seedlings emerged from 
PepMoV infected seeds could further act 
as potential reservoirs of the virus for 
vector transmission. 
 Seed-transmissible viruses tend to 
pose a huge threat for epidemic, as they 
can act as a primary source of inoculum 
for further vector-mediated spread over 
long range of distance. Therefore, it be-
comes urgent and essential to understand 
the epidemiology of the virus with re-
spect to seed transmission, as it is impor-
tant for plant protection against initial 

infection and its further spread. The na-
ture of this virus spread, to be sporadic 
over the world and more evenly distri-
buted in the Asian continent, can be  
attributed to seed transmissibility. More-
over the sporadic spread of the virus that 
is of common occurrence in bio-nurseries 
can be resolved via careful study on 
transmission through seeds. 
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 NIB  NIb2F – GTITGYGTIGAYGAYTTYAAYAA NIb gene Zheng et al.14 

  NIb3R – TCIACIACIGTIGAIGGYTGNCC   
 
Figure 4. PCR results with Nib gene based primers. 100 bp base pair marker (M), positive con-
trol (+) with PepMoV-infected chilli seed (Cs1-4) and placenta (Cp1-4). 
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