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Abstract: Eggplant or brinjal is one of the most consumed and important nutrient-dense tropical solanaceous
vegetable crops grown worldwide. Little leaf is a disease especially widespread in brinjal in India where it is
associated with the presence of phytoplasmas. To clarify the epidemiology of this disease and verify its seed
transmission potential, seedlings and their progeny derived from symptomatic mother plants field-collected in
Dharwad district of Karnataka State, India, were sowed under insect proof conditions in greenhouse. DNA
was extracted from the seedlings, their progeny, and from a separate batch of field-collected plant samples.
The resulting first- and second-generation seedlings obtained were tested at different times after germination
by amplification of 165 rRNA gene of phytoplasmas. Tissues from field collected symptomatic brinjal plants
were also tested following the same procedure. The amplicons obtained were subjected to restriction fragment
length polymorphism (RFLP) analysis and sequencing for phytoplasma identification. The detected
phytoplasmas belonged to 16SrI, 16Srll, 16SrIll, 165rV, 16SrVI, and 16SrXII groups. Several fruits produced
from the first-generation seedlings showed germination of the seeds inside the fruit and resulted to be
phytoplasma positive. This demonstrates the seed transmission of phytoplasmas in eggplants for two
subsequent generations. This finding highlights the risk of additional source of infection represented by
asymptomatic and infected seedlings under field conditions and contribute to explain the epidemic spread of
phytoplasmas in brinjal cultivations in India and in the other eggplant growing areas of the world.

Keywords: disease management; eggplant; DNA extraction; RFLP analysis; nested PCR
amplification; sequencing; phylogeny

1. Introduction

Eggplant or brinjal (Solanum melongena L., Solanaceae) is the second most important solanaceous
vegetable crop after tomato cultivated in tropical and subtropical regions of the world [1]. The edible
varieties derive from the wild African species Solanum incanum. In India, the area under brinjal
cultivation is 730,000 Ha, and total production is about 12,8008,000 MT with a productivity of 17.5
MT/Ha. The major brinjal-producing states are West Bengal, Odisha, Gujarat, Madhya Pradesh, and
Bihar. West Bengal has the largest share of area (163,150 Ha) and production (3,027.75 MT) [2]. The
crop is affected by the presence of several infectious diseases and pests among which the little leaf is
a phytoplasma-associated disease widespread in India, causing yield loss of up to 100% [3].
Phytoplasmas, which belong to the class Mollicutes, are bacterial pathogens that reside in plants' sieve
tubes and insects' hemolymph. They lack cell wall, have a pleomorphic shape, are surrounded by a
single membrane, with 200-800 nm in diameter and possess a very small genome of about 680-1600
kb. The difficulties in cultivating phytoplasma in pure culture [4] has limited the use of traditional
microbial taxonomic methods for their identification. The restriction fragment length polymorphism
(RFLP) of amplified 16S5r RNA gene based approach, developed in the 1990s, is used to detect and
identify phytoplasmas in plants and insects and assign them to ribosomal groups and subgroups [5].
The phytoplasmas are classified based on 1,500 bp sequence of the whole 165 rRNA gene sequence

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202401.1014.v1
http://creativecommons.org/licenses/by/4.0/

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 January 2024 doi:10.20944/preprints202401.1014.v1

2

as ‘Candidatus Phytoplasma’ species when having>98.65% identity on this sequence to any previously
identified ‘Ca. Phytoplasma’ species [6].

Phytoplasmas were detected in over 1,000 plant species associated to a variety of symptoms in
agricultural, horticultural, ornamental, trees and weed species [7]. Among these disease the brinjal
little leaf is quite spread especially in the Indian subcontinent and is usually associated with thin,
soft, smooth, and yellow leaves, reduced length of stem internodes, bushy appearance, flower
phyllody and virescence [8]. The infection is initially observed in one branch and later the entire plant
shows symptoms. The leaves of infected plants are light yellow in the early disease stages and plants
are often lower in size and have a greater number of branches, roots, and leaves than healthy plants.
Axillary buds are enlarging, but petioles and leaves stay short, giving the plant a bushy look. Flower
parts are deformed leading the plants to be sterile and remain green. Infected plants do not bear any
fruit or fruiting is rare. Yield losses can approach 100%.

Phytoplasmas enclosed in six ribosomal groups and diverse subgroups were reported to infect
brinjal worldwide 16SrI, 16Sr1I-D, 16SrlII-J, 16SrIII-U, 16SrVI-A and 16SrVI-D, 16SrIX-C and 16SrXII-
A. Out of these 165rVI-D and 165rI1-D were those mainly detected as infecting brinjal plants in eight
states of India [9]. The frequent association of floral abnormalities and fruit malformations with the
presence of phytoplasmas led researchers to believe that seeds from infected plants were not viable
and would not germinate. However, advancements in research have shown that phytoplasmas can
also be transmitted through seeds [10] and this type of phytoplasma transmission was reported in
alfalfa, tomato, sesame, carrot, petunia and corn in different parts of the world [11-15].

The study aimed to verify the presence of seed transmission of phytoplasmas from symptomatic
eggplant (brinjal) mother plants collected from the southern part of an Indian farmers' field to their
seedlings germinated under an insect-proof greenhouse. The phytoplasma presence in young plants
was verified in different growth periods and also on their progeny. The identification of detected
phytoplasmas was achieved by restriction fragment length polymorphism and sequence analyses on
16S rRNA gene. This work aimed to clarify the epidemiological role of phytoplasma presence in
eggplant seedlings in the dissemination of the brinjal little leaf disease.

2. Results

Brinjal seeds used were collected from fruits harvested from symptomatic eggplant that exhibit
thin, soft, smooth, and yellow leaves, bushy appearance, flower phyllody and virescence, and
reduced length of stem internodes (Figure 1). The germination percentage and survival of seeds after
transplanting was approximately 91%. The majority of the seedlings survived to transplantation
(Table 1) and plants grew without symptoms (Figure 1). Even if the greenhouse conditions were
challenging to grow a tropical eggplant, the transplanted seedlings emerged successfully and showed
no symptoms. After 50 days from transplanting the plants exhibited irregular size and thin, soft,
smooth, and slight yellow leaves. After 61 days from transplanting the plants showed no symptoms
of little leaf, at the 68 days they showed leaf mottling and after 76 days slight yellowing of leaves. In
the later stages the plants produced flowers of normal purple color. Immature fruits were purple,
white, round and fruits are matured with slight golden yellow color. These fruits were holding pre
germinated seeds (Figure 2). The DNA extractions and amplifications performed on different plants
and progeny of the first generation over different time intervals and growth (i.e., at 50, 61, 68, and 76
days after transplanting) and on fruit seeds (second generation) plus a batch of samples collected in
the original field, provided positive results for phytoplasma detection.
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Figure 1. Brinjal plants showing little leaf symptoms in the fields where the seeds were collected (a)
and seedlings germinated in insect proof greenhouse at 61 and 68 days after planting (b).
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Figure 2. Brinjal fruits produced in insect-proof greenhouse from seedlings collected from

phytoplasma-infected mother plants: (a) brinjal plant with fruits and (b) dissected eggplant fruits
germinated seeds inside the fruit.

Table 1. Germination percentage of seeds and survival rate of transplanted seedlings.

Seed batches 1 2 3 4 5 6 7 8 Average
Germinated seeds (%) 92 92 93 8 93 81 95 98 91.63%
Transplanted seedlings (%) 97 90 93 90 97 90 87 80 91.00%

Based on the results of molecular testing using different PCR schemes, the best methodology
enabling the detection and identification of brinjal phytoplasmas was a nested PCR assays using
R16F2n/R2, fU5/rU3, R16(1)F1/R1 and M1/M2 primer pairs. The RFLP analysis on these amplicons
detected the presence of phytoplasmas belonging to ribosomal groups 165rl, 16Srll, 16SrllIl, 16SrV,
16SrVI and 16SrXII (data not shown). The brinjal samples collected in the original field resulted
infected by phytoplasmas belonging to the 16SrlII and 16SrVI groups.

After sequencing and alignment of the 165 rRNA gene the 165r1ll phytoplasmas resulted 99.76%
identical to 'Candidatus Phytoplasma pruni', with two SNPs identified. The 165 rRNA genes of the
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16SrVI phytoplasmas showed 99.80% identity to 'Ca. P. trifolii’ with one SNP. The phylogeny on the
16S rRNA genes confirmed the clustering of 165rIl phytoplasmas with ‘Ca. P. aurantifolia’, 16SrIII
with "Ca. P. pruni’, 165rVI with ‘Ca. P. trifolii’ and 16SrXII with ‘Ca. P. solani’ (Figure 3). For the
phytoplasmas in group 165rI and 16SrV the sequencing produced multiple peaks readings making
the results unsuitable and suggesting the possible presence of mixed phytoplasma infection.

‘Ca. P fraxini’ JQ868445
‘Ca. P. sudamericanum’ GU292081
Brinjal little leaf India strain MK6
‘Ca. P. trifolii’ AY390261
‘Ca. P. sacchari’ MN889545
‘Ca. P. phoenicium’ AF515636
Brinjal little leaf India strain MK1
8'‘Ca. P. pruni’ JQ044392
‘Ca. P. brasiliense' AF147708
‘Ca. P. australasiae’ Y10097
Phytoplasma in brinjal seedlings strain M2A
Faba bean phyllody strain FBP X83432
EF186827.1 Cotton phyllody phytoplasma strain CoP
‘Ca. P. aurantifolia’ U15442
‘Ca. P. tritici’ DQO78304
2] osl“Ca. P. asteris’ M30790
r‘Ca. P. japonicum’ AB0 10425
741 'Ca. P. meliae’ KU850940

‘Ca. P. hispanicum’ AF248960

‘Ca. P. americanum’ DQ174122

37| "Ca. P. australiense’ L76865

‘Ca. P. convolvuli' JN8333705
75| Phytoplasma in brinjal seedlings strain MI-D
80" ‘Ca. P. solani’ AF248959
‘Ca. P. fragariae’ HM104662
Acholeplasma laidfawii PG8ANR_076550

37

0050
Figure 3. Phylogenetic analysis by maximum likelihood method. The percentage of trees in which the
associated taxa clustered together is shown next to the branches. The tree is drawn to scale, with
branch lengths measured in the number of substitutions per site. The analysis involved 26 nucleotide
sequences. All positions containing gaps and missing data were eliminated. Acholeplasma laidlawii is
used as outgroup to root the tree, in blue sequences of phytoplasma strains identified in the mother
plants, in purple identified in seedlings and in red the reference strains used for classification [6].

Furthermore, the leu and secA genes from the strain of ‘Ca. P. trifolii’” detected in the field
collected brinjal plants were amplified and after sequencing resulted 100% and 99.76% respectively,
identical to sequences of 'Ca. P. trifolii' strains detected in phytoplasmas from India from brinjal and
neem for the leu gene and to phytoplasma strains detected in chili and in potato in India and in
cabbage in Turkey (Figure 4).

Molecular analyses carried out in first- and second-generation seedlings both showed samples
positive for phytoplasma presence. In particular phytoplasmas in groups 165r1, -II, -V, -VI and -XII
were detected in first generation seedlings and 165rI and -XII in second generation seedlings (Table
2). The 16Sr RNA sequenced from 'Ca. P. solani' showed 99.63% identity (three SNPs to the reference
strain). The 16SrIl phytoplasmas (1,016 nucleotides) shared 99.02% identity with 'Ca. P. aurantifolia’
(six SNPs and four GAPs). However, the sequence of this phytoplasma showed 99.40% identity also
to faba bean phyllody strain, subgroup 165rlI-C (GenBank accession number X83432) with 3 SNPs
and 1 GAP to its sequence (Figure 3). The phytoplasmas in ribosomal groups 16Srl and 16SrXII
resulted present in both generation seedlings (Table 2).
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‘Ca. P. cynadontis’ strain GY2015 CP126225
Triticum turgidum var. durum yellow stunting strain WH30 MK854446
‘Ca. P. oryzae’ strain HN2022 CP116038
‘Ca. P. palmicola’ strain MZ12-187 LR028459
Strawberry lethal yellows strain NZSb11 CP002548
100l «cg. P. australiense’ AM422018
'Ca. P. fraxini’ strain ASH clone 1 MH845181
‘Ca. P. ziziphi’ strain Jwb-nky CP025121
‘Ca. P. trifolii’ strain BLL MW363363
‘Ca. P. trifolii" strain SM4 MW 363361
Brinjal little leaf India strain MK6
5
0.020
(a)
75 —Catharanthus phyllody EU168744 16SrVI-C
4| lPotato_witches' broom EU168742 16SrVI-A
Brinjal little leaf EU168743 16SrVI-D
* LBrinjal little leaf strain CG-1 KRO06726
Brinjal little leaf strain Assam-1 KR906725
Brinjal little leaf strain Sm-NDL KC347008
‘Ca. P. trifolii strain TR-Lah19 MK392370
Brinjal little leaf India strain MK6
2k ‘Ca. P. trifolii’ strain Crissa KY815101
‘Ca. P. trifolii’ strain chili/Gorakhpur MZ620707
52 Ulmus parvifolia phytoplasma strain JBNU1 MW231891 16SrV-A
98 Jujube witches’ broom clone ZZ01 MH823688 16Srv-B
Fraxinus americana ash yellows strain ASHY4 KJ462046 165rvII-A
88 ‘Ca. P. noviguineense’ strain Fur 2A MZ541070
‘Ca. P. palmicela’ strain R-164 KY789399 165rXX-B
93 | Peanut witches’ broom MT225451 16Srll-A
omato big bud KJ462021 16Sr1l-D
Helminthotheca echioides yellows KJ462023 165rll-E
Primula blue vellows KJ462018 165rIl-C
‘Ca. P. aurantifolia’ KJ462017 16Srl1-B
‘Ca. P. pruni’ strain PR2021 CP119306 165rllI-A
Bermudagrass white leaf strain isolate BGWL1SL JF754454 16SrXIV-A
Brassica rapa phyllody strain New Delhi HM559249 165r|X
‘Ca. P. mali' KJ462047 16SrX-A
Pepper «stolbur» EU168752 16SrXI1-A
ster yellows witches’ broom AYWB CP0O00061 16Srl-A
= Onion yellows OY-M AP006628 16SrI-B
-Apricot chlorotic leafroll EU168724 16Sr1-F
Clover phyllody strain KVE EU168722 16Sr-C
Bacillus subtilis D10279
—
0.10
(b)
Figure 4. Phylogenetic analysis by maximum likelihood method, in (a) sequences from 11
phytoplasma leu gene and in (b) from 29 secA gene from various ‘Ca. Phytoplasma’ species available
in GenBank The percentage of trees in which the associated taxa clustered together is shown next to
the branches. The tree is drawn to scale, with branch lengths measured in the number of substitutions
per site. No outgroup is available for leu gene while for secA gene the Bacillus subtilis sequence is the
outgroup. The phytoplasma strain studied is from the symptomatic brinjal mother plants.
Table 2. Summary of results from phytoplasma detection in the first- and second-generation eggplant
seedlings grown under insect-proof greenhouse.
Seedlings Phytoplasma Second generation seedlings Phytoplasma
ML.B 16Sr1 M1.B(N/G), M1.B(SM), M1.B(SM) 16Sr1
M3.D, M2.5, M8.18 16Srll M1.A (N/G) 16SrI

M2-M20 165rV M1.C(G) 16511
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M3.B 165rVI M3.D(G) 16SrXII
M1.D, M2.A 165rXII M5.A(G) 165rXII

3. Discussion

Phytoplasma associated diseases in eggplant are mostly reported in Asian, American and
African continents. So far different phytoplasmas are reported in diseased eggplants in particular
16Stl from Japan, Bangladesh and India [16-18], 165rII-D from Oman, Egypt and India [19-22], 165r11I-
B, -J and -U from Brazil [23, 24], 16SrVI-A from Turkey [25], 165rVI-D from India [21, 26], 165rIX-C
from Iran [27] and 16SrXII-A from Russia and Turkey [28, 29]. In many areas of India there were
reports of little leaf disease of brinjal. In Telangana, Tamil Nadu and Tirupati, Andhra Pradesh, New
Delhi, Uttar Pradesh, Maharashtra and Chhattisgarh, Kerala, Mysore and Dharwad, south Gujarat
the phytoplasmas associated with brinjal little leaf all belonged to the 165rVI group, mainly 16S5rVI-
D subgroup [30-34]. However, in Kadapa and Andhra Pradesh 165rlI-D phytoplasmas were also
identified [35]. Kumar et al. [18] reported little leaf disease of brinjal associated with 16Srl
phytoplasmas at brinjal field of Bihar. A recent phytoplasma survey in various brinjal production
areas of Hoshangabad in Central India resulted in the first report of a group 165rV phytoplasma [36].
In Assam the brinjal little leaf phytoplasma belong to 165rVI group and this phytoplasma was also
detected in the leafhopper Hishimonus phycitis suggesting its role as a vector of this phytoplasma in
eggplants [37]. Severe incidence of brinjal little leaf (8 to 30%) was recorded in three districts of Uttar
Pradesh during 2015 and 2016 [38].

Phytoplasma diseases has caused significant yield loss in solanaceous crops like brinjal (40%),
tomato (60%), pepper (93%), potato (30-80%), and cucumber (100%) in in countries where agriculture
is not advanced [39, 40]. The brinjal little leaf disease in India very often reach the 100% yield loss in
epidemics [9]. The most recorded disease is the potato “stolbur” reported during 1950 to 1960s
associated with severe epidemics of solanaceous crops across Europe. Severe outbreaks are described
in Czech Republic, Hungary, and Romania with yield loss of 30 to 80% [28, 40]. However, limited
studies have been performed in India about losses caused by phytoplasmas infection that have been
reported in both horticultural and agricultural crops such as brinjal (eggplant), sesame, sugarcane,
arecanut and coconut palms.

The fields (Dharwad district) where the sample seeds were collected from the mother plants
were severely affected by phytoplasmas, which is a major concern for the farmer's economic revenue
losses in India. A preliminary short report suggested the presence of seed transmission of
phytoplasmas in brinjal in India [41]. This research under insect-proof conditions in greenhouse
confirmed the seed transmission of the phytoplasmas associated with the disease by seeds also from
one generation to the subsequent.

The transmission of phytoplasma by seed was long considered a controversial issue. Some
researchers argued that it was not possible due to the lack of a direct connection between the phloem
system and the embryos [42]. The frequent association of flower abnormalities and fruit
malformations with the presence of phytoplasmas led researchers to believe that seeds from infected
plants were not viable and would not germinate. Phytoplasmas are potentially able to reach other
organs connected to phloem as they are pleomorphic and have a small size that allows them to pass
through the pores of the phloem and be transported by the flow of assimilates and are usually high
in concentration in the floral structures of herbaceous host plants [43].

Cordova et al. [44] suggested the flowers become necrotic, and fruits cannot become ripe in
initial stages of diseased coconut palm. However, in coconuts, the germination rate was higher for
seeds from diseased plants, at 72.1%, compared to healthy plants, which had a germination rate of
57.6% [45]. A study found that apricot seeds from plants infected with European stone fruit yellows
phytoplasmas showed a germination rate of 9.4% and very low viability (21.6%) [46]. The
phytoplasma transmission through seeds was first reported in alfalfa from Oman [11]. Calari et al.
[12] confirmed the transmission by seed in rapeseeds, tomato, and corn seedlings from several
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countries. A similar research study was carried out on carnations (Dianthus spp.) [47], tomatoes
(Solanum lycopersicum L.), and Citrus aurantifolia (Swingle) [48]. The study found that a low percentage
the plants derived from phytoplasma infected mother-plants tested positive for phytoplasma
presence. The identification of phytoplasmas in pea plants (Pisum sativum L.) germinated and grown
in a protected environment and produced from seed derived from “stolbur” infected plants was also
reported [49].

Satta [10] reported that sesame plant seedlings from phytoplasma infected mother exhibited the
presence of phytoplasma groups 165rI, 16SrIl, 16S5rXII-A. Chung and Jeong [13] reported that in
Petunia hybrida, phytoplasmas were detected from seedlings infected with "stolbur" (16S5rXII-A). In
Turkey corn seeds infected by 'Ca. P. cynodontis', sown in an insect-proof screenhouse, produced
plantlets positive for the same phytoplasma, indicating its seed transmission [50]. Tomato samples
collected in southern Italy were used to verify seed transmission in the field. Phytoplasmas enclosed
in groups 16SrI and 16SrXII were identified in both mother plants and seedlings [14].

As eggplant is a tropical crop, the growth of the seedlings was quite challenging in the
greenhouse, which made it difficult to appreciate the presence of typical symptoms. The percentages
of germination and survival of seeds after transplanting were above 90% suggesting no interference
in the process from the phytoplasma presence. Satta [10] states that germination percentage is
variable according to the precocity of the infection in mother plants. Difference in the germination
percentage from seeds produced from infected mother plants are reported with 72.1% for corn seeds
from the diseased plants compared to 57.6% of corresponding healthy plants [51]. However irregular
growth rate is observed during the early stages of the seedling's growth.

The identified phytoplasmas belong to the groups 165t (aster yellows), 16SrII (peanut witches’
broom), 16Sr1II (X-disease), 16SrV (elm yellows), 16S5rVI (clover proliferation), 16SrXII (“stolbur”).
The phytoplasmas most frequently identified in eggplant showing little leaves in India belong to
165rVI-D and 16SrlI-D subgroups [9, 52] and this result is confirmed by the detection of both
phytoplasmas in the first-generation seedlings. There are other ribosomal groups associated with the
little leaf of brinjal throughout the world, in particular, several subgroups and variants were recently
reported from Iran, by using nucleotide sequence comparisons and virtual RFLP analyses. In
particular several subgroups including 165rI, 16SrII-D and 16SrII-V, 165r1I1-] and165rIII-U, 165rIX-C,
16SrVI-A and 165rXII-A, and molecular variants related to 16Srll-D, 165rVI-A, 165rIX-C subgroups
were reported [53].

The ribosomal groups of phytoplasmas detected in the early growth stages are not always the
same identified in later stages but this is also due to the sampling that was not always possible in the
same plants batches. However, the study has revealed that phytoplasmas in ribosomal groups 16Srl
and 16SrXII were detected in the eggplant progeny of second-generation seedlings confirming a
similar result reported for tomato seeds [14, 51]. Hence, additional research is required to understand
how phytoplasmas spread from seedlings to mature plants, specifically in solanaceous crops like
eggplant and tomato. Though the transmission rate reported in other crop species is relatively low
(1-3%) [51], it can lead to an outbreak through insect vectors and affect the agricultural and natural
environments; hence, it is a considerable concern for food and environmental safety. Second
generation infection increased the spreading risk. This emphasizes the importance of acquiring
comprehensive knowledge and conducting further research on phytoplasma seed transmission to
develop effective management strategies and mitigate the impact of phytoplasma-associated diseases
on both India's agricultural sector and global food security. This will also allow to safeguard the
productivity and resilience of eggplant cultivation systems.

4. Materials and Methods

Eggplant seeds were collected from a farmer’s field in Garag village, Dharwad Taluk, in the
Dharwad district of Karnataka State, India. The seeds were extracted from two eggplant fruits (M1
and M2) collected from symptomatic eggplants in May 2021, kept in cold storage and germinated in
a chamber after three months. A total of 471 seeds germinated out of 526 and the seedlings were then
transferred to pots in an insect-proof greenhouse grouped into four batches per each fruit. Each batch
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comprised 30 seedlings derived from the same fruit, transplanted and labeled in numerical order
from 1 to 25, i.e., M1, M2 till M25, and other five samples labeled in alphabetical order, i.e., M1.A,
M1.B. Molecular analyses were carried out at different times (50, 61, 68, and 76 days after
transplanting, DAP) to check the presence and the identity of phytoplasmas in the seedlings. A few
plants (M1.A, M1.B, M1.C, M1.D, M3.D, M4.B, M5.A) (Table 2) produced fruits that were harvested
after attaining maturity for the further verification of phytoplasma presence in their seeds(second
generation seedlings). Fruits were asymptomatic but on dissecting them for seed extraction it was
possible to verify that several seeds were already germinated inside the fruits. However, other seeds
were either partially germinated or not germinated. DNA extraction was carried on non-germinated,
germinated and hypocotyl of the seeds produced under the greenhouse conditions.

DNA extraction was carried out from symptomatic plants from the same field where the seeds
were produced; from selected individual plants belonging to the eight batches and from the
hypocotyl part of the seeds produced from first-generation plants. DNA was extracted by a CTAB
method [54] from 1 g of fresh leaf midribs from the first-generation seedlings mixing equal amounts
of leaf veins from each plant in the batch, while for the second-generation DNA was extracted after
mother tissues were discarded.

PCR was carried out with 1 pl of the extracted DNA diluted 1: 30 with sterile distilled water
using the R16F2n/R16R2 [55], R16(I)F1/R1 [56] primers and fU5/rU3 [57] and 16R758f (=M1)/1651232r
(=M2) [58] in direct and nested-PCR assays, respectively [59]. For these assays, 35 cycles were
performed for 1 minute at 94°C, 2 minutes at 55°C and 3 minutes at 72°C (10 minutes for the last
cycle). One pl of the amplified products was diluted 1: 30 in sterile distilled water and was added to
the reaction mix for the nested PCR reactions using the same cycle, except for the annealing
temperature lowed to 50°C. The PCR mixes comprised a total volume of 25 ul with 0.5 ul of each
primer, 12.5 ul of the Master mix (My TaqTM red mix, Bioline, USA) and 10.5 pl of distilled sterile
H:0. All the PCR products (6 pl aliquot) were analyzed by electrophoresis on 1% agarose gel followed
by staining with ethidium bromide and documented with a digital camera with a bench top UV
transilluminator at 312 nm.

RFLP analysis was performed on the amplicons containing about 300 ng of DNA from nested
PCR assays using Trull and Tsp5091 enzymes (Fermentas, Vilnius, Lithuania). The restriction
products were examined in vertical electrophoresis in 6.7% polyacrylamide gel, visualized after
ethidium bromide staining and documented as described above.

To confirm the phytoplasma identity, selected amplicons from the 165 rRNA gene were directly
sequenced in both directions with the respective primer forward and reverse at the Macrogen
Company. The BLAST aligned and manually verified sequences were compared with nucleotide
sequences of selected ‘Ca. Phytoplasma’ from the NCBI GenBank database. Molecular phylogenetic
analysis by maximum likelihood method based on the Jukes-Cantor model was performed [60].
Initial tree(s) for the heuristic search were obtained automatically by applying Neighbor-Join and
BioN] algorithms to a matrix of pairwise distances estimated using the Maximum Composite
Likelihood (MCL) approach, and then selecting the topology with superior log likelihood value.
Evolutionary analyses were conducted in MEGA?7 [61].

The same phylogenetic analyses were carried out to characterize one of the phytoplasmas
detected in the symptomatic brinjal mother plants after amplification and direct sequencing of secA
and leu genes performed following described procedures [62, 63].

5. Conclusions

Eggplants are one of the world’s most popular consumed solanaceous vegetable after the
tomato. In India phytoplasma diseases in this crop has become prevalent, and the plants are
displaying little leaf symptoms that are causing major yield loss and greatly impact the commercial
value. The fields (Dharwad district) where the sample seeds were collected from the mother plants
are severely affected with phytoplasmas, which is one of major concern for the farmers economic
revenue losses. The purpose of this research was to confirm the transmission of the phytoplasmas
associated with the disease from one generation to another generation through the seeds. As eggplant
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is a tropical crop, the growth of the seedlings was somewhat challenging in the greenhouse, which
made it difficult to evaluate the presence of typical symptoms.

In conclusion phytoplasmas belonging to five ribosomal groups were found in the seedlings of
the first generation from infected mother plants. Ribosomal group 16511 (aster yellows) phytoplasmas
have been detected in both the first-generation eggplants and their progeny. Furthermore,
phytoplasmas of ribosomal group 165rll were found in samples from the first generation, while in its
progeny ribosomal group 16SrXII ("stolbur") was identified. The study indicates that phytoplasmas
in a few ribosomal groups are successful in transmitting the infection also to eggplant progeny by
second generation seeds. Moreover, ribosomal group are mainly detected in early growth stages and
are often different from those identified in later stages. The transmission of phytoplasma through
seeds is an important issue because seeds from diseased plants can negatively impact the quality and
quantity of brinjal cultivations. As the research has demonstrated, most seeds grow viable and
germinate, thereby promoting the spread of the phytoplasma infection.

Additional studies are therefore needed to understand how phytoplasmas spread from
seedlings to mature plants, especially for solanaceous like tomato and eggplant. The research about
phytoplasma seed transmission is very important as the seeds from the diseased plants affect quality
and quality of the cultivations, since it was demonstrated that most seeds from phytoplasma infected
plants grow viable and germinate and therefore help to spread the infection. Though the transmission
percentage reported in other crop species is not high (1-3%) [51], it can cause an outbreak by means
of insect vectors which spreads the disease in the surrounding natural and agricultural environments
causing a concern for environmental and food security. The epidemiological role of phytoplasma
seed transmission is an essential knowledge for an efficient management strategy planning for
producing healthy and high yield agricultural and horticultural crops.
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