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infected with the 16SrVI (Clover proliferation) phytoplasma group. In addition,
16SrVI and 16Srl (Aster yellows) phytoplasma groups were identified in seedlings
germinated from seeds of seven carrot cultivars: one was a local red carrot cultivar
and six were commercially produced cultivars. To our knowledge, this was the
first report of carrot seeds infected with the 16SrVI group and the presence of the
16SrVI group in S. arvensis, C. maculatum, and D. carota wild.

INTRODUCTION

Carrot (Daucus carota L.), a member of the family Apiaceae, Several pathogens such as spiroplasmas, viruses, and
is grown and consumed in almost every geographical region Candidatus Liberibacter solanacearum have been reported
of the world. Turkey produces an average of 588.778 tons of to cause economic yield losses in carrot production areas
carrot from 10.989 hectares annually, of which about 84% (Cebrian et al. 2010, Latham et al. 2004, Satta et al. 2016).
of production is carried out in Ankara and Konya provinces These pathogens have been often found together under field
located in central Anatolia (TSI, 2020). Supply for both conditions (Alfaro-Fernandez et al. 2012, Cebrian et al. 2010,
domestic and foreign market demands is mainly covered by Gamarra et al. 2011, Lee et al. 2006); however, there were
these outputs. Thus, the earnings contribute significantly to also reports for single-pathogen infection (Trkulja et al. 2021,
the region's economy. Valiunas et al. 2001). In addition to carrots, up to 100% yield
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losses in certain vegetables have been reported by phytoplasma-
caused epidemics (Ember et al. 2011, Kumari et al. 2019).

Phytoplasmas are prokaryotic organisms without rigid
cell walls and are limited to plant phloem tissues and are
phylogenetically relevant to G+C Gram-positive bacteria
(Weisburg et al. 1989). In general, phytoplasma infections
cause some morphological symptoms on carrot plants such
as reddening/yellowing of leaves, shoot proliferation, and
decreased root quality (Satta et al. 2020). Other than that,
phytoplasmas have been shown to also significantly impact

the development of flower organs (Pracros et al. 2006).

For several decades, effective methods for identifying and
characterizing phytoplasma infections on plants were
not available (Kumari et al. 2019). Nowadays, different
phytoplasma groups/subgroups can be characterized by
utilizing molecular techniques and RFLP analysis methods
based on the conserved 16S rRNA gene sequence (IRPCM
2004, Lee et al. 1995). In addition to the extensive use of
conventional molecular techniques in the diagnosis of
phytoplasma, quantitative-PCR techniques which produce
more sensitive results, have also been applied (Liu et al.
2017). Furthermore, the high-quality availability of sequence
analyses allows in silico simulations of restriction digestions
and high-throughput identification in the classification of
various phytoplasma groups (Wei et al. 2007).

So far, phytoplasmas belonging to 16SrI (Aster yellows) and
16SrXII (Stolbur) groups in Europe (Duduk et al. 2008, Satta
2016), the 16SrV (Elm yellows) group in Israel (Weintraub
and Orenstein 2004), the 16SrII (Peanut witches-broom)
group in Saudi Arabia (Omar 2017), and the 16SrVI (Clover
proliferation) group in the USA (Lee et al. 2006) have been
reported to infect carrot in fields. In addition, carrots and
weeds (Convolvulus arvensis and Daucus carota wild)
were found to be infected with the 16SrXII group in Hatay
province located in the Eastern Mediterranean Region of
Turkey (Sertkaya 2014).

Insect vectors are considered the main reason for quick
phytoplasma spread (Hogenhout et al. 2008). Human
activities such as transportation and the use of infected plant
propagation materials at the initial stage of cultivation also
have been associated with the geographical transmission of
phytoplasma groups (Al-Sadi et al. 2012, Mazraie et al. 2019).
Several studies showed that phytoplasma groups can also
be transmitted via seeds in various plant species, including
carrots (Calari et al. 2011, Khan et al. 2002, Satta et al. 2019).
In addition, perennial crop plants and weeds or wild plants
could serve as reservoirs (Duduk et al. 2018, Kumari et al.
2019). Thus, weeds and wild plants are of utmost importance
to understand epidemiological aspects of various diseases
associated with phytoplasmas (Banzato et al. 2021).
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Various phytoplasma groups have been reported to cause
substantial yield reduction on carrot production in several
countries, but, in the case of Turkey, the knowledge on both
their presence and phylogenetic positions is rather limited.
Moreover, there is still a huge gap in our understanding of
inoculum sources of phytoplasma diseases. In this study, we
investigated the potential of carrot seed and reservoir weed
species as sources of phytoplasmas that occurred in carrot

fields in the Ankara and Konya provinces.
MATERIALS AND METHODS
Weed and carrot seed sampling

Symptomatic and asymptomatic seven weed species
belonging to five different families were sampled from carrot
fields and their surrounding areas in Beypazar1 and Nallthan
districts of Ankara and Meram district of Konya, Turkey,
during growing seasons between April 2018 and September
2020. Nineteen weed samples were collected, including five
Amaranthus retroflexus (fam: Amaranthaceae), seven Sinapis
arvensis (Fam: Brassicaceae), three Conium maculatum
(Fam: Apiaceae), one Bifora radians (Fam: Apiaceae),
one Daucus carota wild (Fam: Apiaceae), one Medicago
sativa (Fam: Fabaceae), and one Fumaria officinalis (Fam:
Papaveraceae). Symptoms such as reddening of leaf tips,
mosaic, and vein clearing were noted on a few of them while
most others were symptomless. Seeds of eight widely grown
carrot cultivars were also obtained from farmers during the
surveys. Seed samples were taken into 50 ml glass tubes and

stored at 4 oC until sowing.

For the germination of carrot seeds, a sterile and insect-
free growing environment was provided under greenhouse
conditions. Since the number of carrot seeds was quite
limited, only approximately 200-300 seeds per cultivar were
sown on two sets of pots. First, sterilized soil was placed
into 9 cm width sterile pots, and then the seeds were sown
on the shallow upper surface of the soil. The sown seeds
were regularly irrigated with distilled water. The seedlings,
including their roots, were harvested at the cotyledons leaf
stage (before the true leafing stage) and then prepared for

nucleic acid isolation.
Total nucleic acid (TNA) isolation

TNA was isolated from the shoot tissues of 19 weed
samples and 32 freshly harvested seedlings of eight carrot
cultivars at the cotyledon stage using CTAB protocol with
some modifications (Li et al. 2008). Freshly harvested
seedlings were cleaned of soil particles using 70% alcohol
and sterile water. Two hundred mg tissue from each weed
sample and 1000 mg tissue from seedlings of each cultivar
were homogenized to form the isolation starting materials.
The tissue was well crushed in CTAB solution buffer (2%
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CTAB, 2% PVP-40, 100 mM Tris-HCL pH 8.0, 0.5 M EDTA,
1.4 M NaCl, 0.02% MCE) at a ratio of 1:5 (w:v) and then
incubated at 65 oC for 20 min before centrifuged at 17,000
rpm for 10 min. The supernatant (850 pl) was treated with
an equal volume of chloroform/isoamyl alcohol (24:1) and
then centrifuged at 17,000 rpm for 20 min. The fluid phase
on the upper surface was transferred to a sterile tube and
treated with 0.7 volume of isopropanol, and the nucleic acid
pellet obtained after centrifugation was washed with ice-
cold 70% alcohol. The quality and purity of the genomic
DNA obtained after the pellet was dissolved with nuclease-
free water were measured using NanoDrop 2000 (Thermo
Scientific, U.S.A). TNA was stored at -20 oC until further
used in the nested-PCR assay.

Nested-PCR amplification

Nested-PCR experiments were done using R16mF2/
R16mR2 or R16F2n/R2 primer pairs (Gundersen and Lee
1996) followed by fU5/rU3 (Lorenz et al. 1995) primer pairs
to identify phytoplasma from its 16S rRNA gene. DNA
concentrations from within TNAs for the first PCR reaction
were made using NanoDrop 2000 (Thermo Scientific, U.S.A)
and about 0.05 pg of gDNA was used for each reaction tube.
The first amplification products from Nested-PCR assays
were diluted 1:30 with nuclease-free water before being

utilized in subsequent reactions.

The reactions were implemented in 25 ul PCR tubes
containing 0.05 pg genomic DNA (first PCR) and 1 pl
of 30 pl diluted PCR product (second PCR), 1 ul of 10
mM dNTPs, 0.2 ul of 25 mM MgCI2, 1 yl of 10 mM
phytoplasma universal primers, 2.5 pl of 10X PCR buffer,
and 0.25 U of Taq DNA polymerase (5 U/ul) (Ampliqon,
Denmark). The amplification conditions were carried out
as stated by Gundersen and Lee (1996). The PCR products
were separated on 1.2% agarose gel stained with ethidium
bromide. The amplicon's size was measured using a UV light

imaging system (Genegenius, UK.).
Phylogenetic analysis and sequencing

If there were more than one positive nested-PCR
amplification result from the same cultivar in the seedling
experiments, two results were chosen for nucleotide
sequencing, and one sample was chosen when there was
only one positive result. The Sanger method was applied
by a commercial firm (BM lab, Ankara, Turkey) to reveal
bidirectional sequencing of a total of 16 PCR products
from four weed samples and seedlings. BLAST (Basic Local
Alignment Search Tool) analysis of the NCBI (the National
Center for Biotechnology Information) was used to confirm
the nucleotide (nt) data obtained by sequencing with
those of other phytoplasma isolates in the GenBank. The
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sequences were then submitted to the NCBI database under
acc. nos. MZ463005-MZ463020.

The sequences obtained from weeds and seedlings were
aligned with other sequences of different phytoplasma groups
from across the world using ClustalW in MEGAX software
(Kumar et al. 2018). The best models for nt substitution
were selected using the lowest BIC (Bayesian Information
Criterion) scores. The phytoplasma phylogenetic tree was
generated by the Maximum likelihood method (Felsenstein
1981) with 1000 bootstrap repetitions using the Tamura-Nei
parameter model (TN93) (Tamura and Nei 1993)+Gamma
distributed (G). The Spiroplasma citri 16S rRNA gene, isolate
Qualubia (acces no AM157769) was used as the out-group.

In silico PCR-RFLP analyses

Computer-simulated PCR-RFLP (the restriction fragment
length polymorphism) analyses were performed using the
Snapgene software (GSL Biotech; http://www.snapgene.
com) to improve the accuracy of phytoplasma classification
based on partial of the 16S rRNA gene sequences. For this
purpose, a total of 16 nt sequences obtained from carrot
seedlings and weeds were digested in silico with Rsal
enzyme, among 17 RFLP enzymes (Rsal, SspI, and Taql, Bfal,
BstUI (Thal), Alul, BamHI, Dral, Hinfl, Hpal, EcoRI, Haelll,
Hhal, Sau3AI (Mbol), Hpall, Kpnl, Msel) that were widely
used in the determination of phytoplasma groups (Lee et al.
1998). A virtual 4% agarose gel electrophoresis image was
plotted to the computer screen automatically after in silico
restriction digestion. In addition, the partial sequences of
16Sr gene fragments of Ca. P. trifolii 16SrVI-A (acces no
AY390261), Brinjal little leaf (BLL) 16SrVI-D (acces no
EF186820), Oenothera phytoplasma 16SrI-B (acces no
M30790), Aster yellows phytoplasma (ACLR-AY) 16SrI-F
(acces no AY265211), Clover phyllody phytoplasma (CPh)
16SrI-C (acces no AF22065), Elm yellows phytoplasma
(EY1) 16SrV-A (acces no AY197655), Peanut witches-broom
phytoplasma 16SrII-A (access no L33765), Ca. P. solani
(Stolbur) 16SrXII-A (access no AJ964960), and Australian
grapevine yellows 16SrXII-B (access no L76865) isolates were
used in silico analyses to compare the patterns obtained from

RFLP analyses with Turkish weed and seedlings isolates.
RESULTS
Symptomology of seedlings and weeds

No symptom was observed on 15 weed samples. However,
vein clearing, reddening at the leaf tips, yellowing, and
severe reddening/purpling were observed on one of each
S. arvensis, C. maculatum, M. sativa, and D. carota wild,
respectively (Figures 1 and 2, Table 2). There was also no
symptom caused by phytoplasma observed on all seedlings

of eight cultivars planted on 16 pots up to harvest time at
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the cotyledon stage. However, germination rates of cultivars
were different, particularly, seeds of a local cultivar (TS1)
germinated rate below 50% and resulted in the death of
some seedlings (Table 1). In addition, germination rates of
other commercial carrot seeds differed between 70% and
over 90% (Table 1 and Figure 3).
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Figure 1. (a) redding of leaf tips symptoms on Conium
maculatum (b) severe redding or purpling symptoms on
Dacus carota wild

~ -
Figure 2. (b) Vein clearing symptoms on Sinapis arvensis
(b) yellowing symptoms on Medicago sativa

Figure 3. Germination performances of different carrot
seed varieties (Cs: Commercial seed, Ts: Traditional seed)

Table 1. Germination and infection status of carrot seedlings
germinated in a controlled environment

Carrot Totalno Total no Germination Phytoplasma
seed of DNA of infected results infection
cultivars samples samples rRNA

Germination
rate below
50% and dead
seedlings

TS1* 4 4 16SrVI

Germination
CS2** 5 3 over
80%
Germination
CS3** 8 5 over
90%
Germination
CS4** 3 3 about
70%
Germination
over -
90%
Germination
CS6** 3 1 over
80%
Germination
CS7** 5 3 over
80%
Germination
CS8** 2 1 about 16Sr1
70%

16SrVI

16SrVI

16SrVI

CS5** 2 0

16SrVI

16SrVI

Total 32 20
*TS: Local seed CS**: Commercial Seed

Table 2. Symptoms observed in weeds and status of
phytoplasma infections

Total  Total

Weed  number no of P}}ytopl.asma
sample of infected Symptoms infection
P rRNA
sample sample
Amaranths 5 0  5=asymptomatic -
retroflexus
5=asymptomatic
Sznapzls 7 1 1=vein clear.lng 16S+V1
arvensis 1=chlorotic
discoloration
. 2=asymptomatic
Conitim 3 1 1=redding of 16SrVI
maculatum .
leaf tips
Medl.c 280 1 1 1=yellowing 16SrVI
sativa
Fumaria 1 0  l=asymptomatic -
officinalis —asymp
Daucus 1=severe
. 1 1 redding or 16SrVI
carota wild h
purpling
Bifora B .
radians 1 0  I=asymptomatic -
Total 19 4
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TNA isolation and molecular assays

TNAs were successfully obtained using the CTAB nucleic
acid extraction protocol, which had been modified to also
obtain genomic DNAs. Spectrophotometric measurements
confirmed the quality and purity of the obtained TNAs as
suitable templates for PCR studies. Successful amplifications
were produced in the nested-PCR experiments using fU5/
rU3 (Lorenz et al. 1995) primer pairs and the expected
883 bp long amplicons were obtained (Figure 4). Positive
findings were acquired from 20 out of 32 carrot seedlings
and 4 out of 19 weed samples. Tables 1 and 2 details the

molecular detection results for both seedlings and weeds.

M1 2 34 '%e 79"910[&1113141516171141920

1kb

553 bp
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Figure 4. Image of fragments of about 883 bp in agarose
gel obtained from weeds and carrot seedlings PCR studies
using fU5/rU3 primers (1:Sinapis arvensis, 2:Dacus
carota, 3:Medicago sativa, 4:Conium maculatum , 5:Tsla,
6:Cs2c, 7:Cs3c, 8:Cs3a, 9:Cs2e, 10: Ts1b, 11:Cs4a, 12:Cs7c,
13:Cs6a, 14:Cs7b, 15:Cs8c, 16:Cs4c, 17:Tslc ,18:Cs3b ,
19: Cs7a, 20:Positive control (M: Marker 100 bp; Solis
Biodyne, Estonia)

Phylogenetic analysis and sequence similarities

To compare the sequences of the partial fragment of the 16S
rRNA gene region, a total of 16 isolates obtained from carrot
seedlings and weeds were analysed with other phytoplasma
strains available in the GenBank. The nt sequence of CS8¢c
isolate obtained from a commercial cultivar was 99.65% similar
to an Iranian isolate ‘Bajgah periwinkle little phytoplasma’
(acc. no. DQ266089) of 16SrI ‘Aster Yellows’ group. The rest
of the isolates (fifteen out of 16) showed 99.78-99.89% nt
sequence identities with ‘Eggplant phyllody phytoplasma’
(acc. no. MT240537), ‘Candidatus Phytoplasma trifolii-
grape5’ (acc. no. MK392485), and ‘Brinjal Leaf Phytoplasma-
BLL (acc. no. MT071396) of 16SrVI ‘Ca. P. trifolii” group.

The phylogenetic tree was constructed based on an 883
bp fragment of the 16S rRNA using sequences of different
phytoplasma groups/subgroups herein obtained and
also retrieved from the GenBank (Figure 5). Four weed
and eleven seedlings (from both local and commercial
cultivars, Table 1) isolates were clustered within the 16SrVI
group in the phylogram (Figure 5). On the other hand, the
CS8c isolate obtained from a commercial carrot cultivar
was clustered in the 16SrI group (Figure 5). Major clades
in which the weed and seedling isolates clustered were

supported by high bootstrap reliability values (>90).
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Figure 5. Phylogenetic cladogram constructed by Maximum
likelihood test of nt of partial 16S rRNA gene. Fifty-nine
isolates were applied in the 16S rRNA comparison. Turkish
weed and seedling isolates are marked with circle and square
symbols. Bootstrap values on each branch were supported
by 1000 replicates; only values greater than 90% were shown.
The Spiroplasma citri 16S TRNA gene, isolate Qualubia
(access no AM157769) was used as the out-group

Asaresult, the phytoplasma isolates obtained in this study were
clustered in the same evolutionary lineages with phytoplasma
strains, namely 16SrVI and 16SrI strains, showing the
monophyletic feature. Nt similarity and phylogenetic analyses
also suggested that the 15 isolates in 16SrVI could be more
specifically classified into the 16SrVI-A subgroup while the
CS8c isolate has belonged to the 16SrI-F subgroup.

In silico PCR-RFLP

The phylogram and nt similarity results were supported

by the in silico RFLP analysis. After comparing computer-
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simulated PCR-RFLP analysis of virtual patterns of the
partial 16S rRNA gene of sixteen isolates was determined
that distinctive RFLP profiles with Rsal enzymes according
to reference strains. The Rsal enzyme-digested profiles of
fifteen isolates identified as related to the 16SrVI and 16SrI
groups according to their nt similarity ratios were consistent
with 16SrVI-A/D and 16SrI and were different from other
references (16SrI-B/F/C, 16SrV-A, 16SrII-A, and 16SrXII-
A/B) (Figure 6). The RFLP virtual pattern of the other
16SrT group-associated Cs8c isolate with the Rsal enzyme
was consistent with the 16SrI-F subgroup, whereas it was
different with the 16SrI-B/C subgroup and other groups/
subgroups (16SrVI-A/D, 16SrV-A, 16SrIl-A, and 16SrXII-
A/B) (Figure 6).

Figure 6. Virtual RFLP gel (4.0%) patterns from in silico
digestion of partial 16S rRNA fU5/rU3 amplicons of
phytoplasmas infecting carrot seedlings and weeds with
Rsal restriction enzyme. The green rectangles demonstrate
the digestion pattern of the 16SrVI-A/D reference strains.
The red rectangles demonstrate the digestion pattern of
the 16SrI-B/F/C reference strains. [1: Cs4c, 2: Cs7b, 3:
Cs7¢, 4: Csda, 5:Tsla, 6:Cs2c, 7:Cs3c, 8:Cs3a, 9:Cs2e, 10:
Tslb, 11: Conium maculatum, 12: Medicago sativa, 13:Cs6a,
14: Dacus carota, 15:Sinapis arvensis 16: Cs8c] Weed
and seedling isolates, [17] 16SrVI-A (AY3902619), [18]
16SrVI-D (EF186820), [19] 16SrI-B (M30790), [20] 16SrI-F
(AY265211), [21] 16SrI-C  AF222065), [22] 16SrV-A
(AY197655), [23] 16SrII-A (L33765), [24] 16SrXII-B
(L76865), [25] 16 SrXII-A (AJ964960). (MW; Qiagen,
Gelpilot 50 bp ladder)

DISCUSSION

This study aimed to reveal seed and weeds as inoculum
sources that play crucial roles in the spread of phytoplasma
diseases causing symptoms such as redness/browning,
yellowing, and reduced root quality which were widely
observed in the largest carrot growing areas of Turkey
(Ankara and Konya).

Transmission of phytoplasmas through seeds was somewhat
acontroversial topic and haslong been considered impossible
due to the lack of a direct connection between the phloem
system and embryos (Menon and Pandalai 1960). However,
it was later proved for the first time by Khan et al. (2002) that
seeds of phytoplasma-infected symptomatic alfalfa mother
plants transmitted this pathogen. Since then, there have

been reports of seed transmission of phytoplasmas in other
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vegetables, such as tomato and winter oilseed rape (Calari
et al. 2011), as well as Brassica napus (Satta et al. 2019) at
the seedling stage. The presence of phytoplasmas on carrot
seeds was first demonstrated by Carminati et al. (2019),
and it was confirmed that these seeds were contaminated
with the 16SrI ‘Aster Yellows™ group. In a later study, Satta
et al. (2020) found that seedlings obtained from carrot
seeds were infected at the cotyledon stage with one of the
groups 16SrI and 16SrXII, and also seedlings of a batch
belonging to the same group were infected with both groups
of phytoplasmas. Therefore, this present study confirmed
16SrI group infection, while also detecting the 16SrVI group
in the seedlings of carrot cultivars for the first time. The
two phytoplasmas groups were not found together in any
infected seedlings grown from the same cultivar according

to our observation.

Abnormalities and malformations in the floral organs and
fruits of various species infected with phytoplasmas resulted
in the formation of seeds with reduced viability (McCoy et
al. 1989). Accordingly, seed production in infected mother
plants was affected both quantitatively and qualitatively due
to the presence of phytoplasmas (Satta et al. 2019). More
importantly, it has been reported that phytoplasma infection
affects the expression of some flower development genes
in the whole flower meristem of tomato and hydrangea
plants (Himeno et al. 2011, Kitamura et al. 2009, Pracros
et al. 2006). Therefore, late infections usually still produce
anormal number of seeds, but these seeds could be infected
and thus give the pathogen a greater chance of transmission,
conversely, early infection causes such serious changes in the
mother plant that seed production and viability of the seeds
as next-generation planting materials are highly reduced
(Satta et al. 2020). In our study, while the germination
rates and development of seedlings of commercial cultivars
stayed at a normal level, very weak germination, growth,
and even death of some seedlings were observed on a non-
commercial/local red carrot cultivar (named TS1) which
is regularly cultivated and harvested under uncontrolled
field environment every year by farmers themselves. This
could indicate that the TS1 mother plants were infected by
phytoplasma at the early growing season and exposed to the

pathogen for a long time before flowering.

At least 43 weed species with phytoplasma infections have
been documented from around the world (Mall et al. 2010).
The most prominent symptoms on infected plants were
the proliferation of axillary shoots, small leaves, extensive
chlorosis, witches' broom, and yellowing (Mall et al. 2010).
The phytoplasmas found in weeds around the world mostly
belong to the 16SrI, 16Sr1II, 16SrXI, 16SrXIl, and 16SrXIV
groups, but some members of the 16SrIII, 16SrIV, 16SrV,
16SrV1, 16SrVI], 16SrIX, 16SrX, and 16SrXXIX groups have
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also been identified (Duduk et al. 2018). Also, studies have
shown that while A. retroflexus weed is infested with the
16SrI group, and 16SrV-B and 16SrXII-A subgroups (Credi
et al. 2006, Wu et al. 2010, Yang et al. 2011), phytoplasmas
have not been found in F officinalis and B. radians weeds.
Similarly, phytoplasma infection was not detected in any of
the asymptomatic A. retroflexus, F. officinalis, and B. radians
weeds collected from inside and around carrot fields in our
study. On the other hand, this present study revealed that
symptomatic M. sativa, S. arvensis, D. carota wild, and C.
maculatum weeds were infected by the 16SrVI group. Other
studies determined that M. sativa was infected with 16SrII-
C/D and 16SrVI-A subgroups, and 16SrXII groups (Credi et
al. 2006, Esmailzadeh Hosseini et al. 2016a, 2016b). Infections
by 16SrIX-C ‘withes's broom;, 16SrI-(B/AJ), and 16SrXII-A
phytoplasma subgroups have been reported in wild plants
S. arvensis, C. maculatum, and D. carota wild, respectively
(Casati et al. 2016, Fernandez et al. 2020, Sertkaya 2014).
Therefore, according to our best knowledge, this was the first
report of the presence of 16SrVI group phytoplasma in the S.

arvensis, C. maculatum, and D. carota wild.

According to Satta et al. (2020) and the results of our study,
no symptomological finding could be related to phytoplasma
infected seedlings. However, poor growth and even death
were observed on seedlings germinated from a local
cultivar. In future studies, factors affecting the germination
performance of infected seeds should be evaluated in
detail, both genetically and physiologically. Insect vector’s
role in epidemiology also needs to be investigated as they
could spread phytoplasma further from infected weeds and
cultured plants under field conditions, which in turn could
accumulate the pathogen population in cultivation areas,

thus increasing future sources of inoculum.

Seedlings were obtained from carrot seeds in the cotyledon
leaf stages, and the phytoplasma contamination of these
seeds was indirectly revealed by conventional molecular
techniques in a short period of time. The methodology that
may use in the detection of phytoplasmas from seedlings
obtained from seeds is recommended to be applied to
different vegetable seeds, an algorithmic method should
be developed by determining certain parameters to detect
the effects of infections on seed germination. Furthermore,
population genetic structures should be revealed using
phytoplasma genes in the future to better understand the
spread of phytoplasmas from one place to another by seed

and their adaptation to weeds in nature.
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OZET

Havugta siddetli sararma ve kizariklik belirtileri ile iligkili
fitoplazma inokulum kaynaklar1 Ankara ve Konya illerinde
aragtirilmistir. Bu ¢aliyma kapsaminda bolgelerde yogun
olarak ekimi yapilan yedi havug ¢esidinin tohumlarinda ve
tarlalarda yer alan yabanci otlarda 16SrVI ve 16Sr1 iligkili
fitoplazmalarin  varhigi tespit edilmistir. Konvansiyonel
(nested-PCR) kullanilarak dizi

analizleri ile fitoplazma gruplarinin varligi dogrulanmis ve

molekiiler yontemler

filogenetik analizler ile desteklenmistir. Ayrica elde edilen
niikleotid dizileri, in silico PCR-RFLP analizi ile referans
fitoplazma dizileri ile karsilagtirilmigtir. Daucus carota wild,
Medicago sativa, Conium maculatum ve Sinapis arvensis
yabanci otlarinda 16SrVI (Clover proliferation) fitoplazma
grubu ile enfeksiyon belirlenmistir. Ayrica yedi havug
¢esidinin tohumlarindan ¢imlenen fidelerde 16SrVI ve
16Sr1 (Aster yellows) fitoplazma gruplar: tespit edilmistir:
Biri yerel kirmizi havug ¢esidi ve altisi ticari olarak tiretilmis
cesitlerdir. Bilgilerimize gore elde edilen bulgular; 16SrVI
grubu ile enfekte olmus havug tohumlarinin ve S. arvensis,
C. maculatum ve D. carota wildda 16SrVI grubunun

varliginin ilk raporudur.

Anahtar kelimeler: fitoplazma, fide, yabanci ot, Nested-
PCR, in silico analiz, filogenetik

REFERENCES

Al-Sadi AM., Al-Mogbali H.S., Al-Yahyai R.A., Al-Said
FA., 2012. AFLP data suggest a potential role for the low
genetic diversity of acid lime (Citrus aurantifolia Swingle)
in Oman in the outbreak of witches’ broom disease of
lime. Euphytica, 188 (2), 285-297. https://doi.org/10.1007/
s10681-012-0728-7

Alfaro-Fernandez A., Siverio F,, Cebrian M.C., Villaescusa
FJ., Font M.1,, 2012. ‘Candidatus Liberibacter solanacearum’
associated with Bactericera trigonica-affected carrots in the
Canary Islands. Plant Disease, 96 (4), 581.

Banzato T.C., Ferreira J., Bedendo I.P,, 2021. Field mustard
(Brassica rapa) an invasive weed species in cauliflower
fields is a host of multiple phytoplasmas. Australasian Plant
Pathology, 50 (4), 403-405. https://d0i:10.1007/s13313-021-
00786-0



Bitki Koruma Biilteni / Plant Protection Bulletin, 2022, 62 (1) : 24-33

Calari A., Paltrinieri S., Contaldo N., Sakalieva D., Mori
N., Duduk B., Bertaccini A., 2011. Molecular evidence
of phytoplasmas in winter oilseed rape, tomato and corn
seedlings. Bulletin of Insectology, 64 (S), 157-158.

Casati P, Quaglino E, Abou-Jawdah Y., Picciau L.,
Cominetti A., Tedeschi R., Jawhari M., Choueir E., Sobh
H., Lova M.M.,, Beyrouthy M., Alma A., Bianco P.A., 2016.
Wild plants could play a role in the spread of diseases
associated with phytoplasmas of pigeon pea witches'-
broom group (16SrIX). Journal of Plant Pathology, 98 (1),
71-81.

Carminati G., Satta E., Paltrinieri S., Bertaccini A., 2019.
Simultaneous evaluation of ‘Candidatus Phytoplasma’ and
‘Candidatus Liberibacter solanacearum’ seed transmission
in carrot. Phytopathogenic Mollicutes, 9 (1), 141-142.
https://d0i:10.5958/2249-4677.2019.00071.9

Cebridn M.C., Villaescusa FEJ., Alfaro-Fernandez A,
Hermoso de Mendoza A., Cardoba-Sellees M.C., Jorda C.,
Ferrandiz J.C., Sanjuan S., Font M.L, 2010. First report of
Spiroplasma citri in carrot in Europe. Plant Disease, 94 (10),
1264.

Credi R, Terlizzi F,, Milanesi L., Bondavalli R., Cavallini G.,
Montermini A., Dradi D., 2006. Wild host plants of “stolbur”
phytoplasma and its vector, Hyalesthes obsoletus, at sites of
grapevine “bois noir” occurrence in Emilia-Romagna, Italy.
15th Meeting ICVG, Stellenbosch, South Africa, 182-183.

Duduk B., Peri¢ P, Mar¢i¢ D., Drobnjakovi¢ T., Picciau
L., Alma A., Bertaccini A., 2008. Phytoplasmas in carrots:
disease and potential vectors in Serbia. Bulletin of
Insectology, 61 (2), 327-331.

Duduk B., Stepanovi¢ J., Yadav A. Rao G.P, 2018.
Phytoplasmas in weeds and wild plants. In: phytoplasmas:
plant pathogenic bacteria - I. Rao G.P,, Bertaccini A., Fiore
N., Liefting L.W. (Eds.). Springer, Singapore, 313-345 pp.

Ember 1., Acs Z., Munyaneza J.E., Crosslin J.M., Kolber
M., 2011. Survey and molecular detection of phytoplasmas
associated with potato in Romania and southern Russia.
European Journal of Plant Pathology, 130 (3), 367-377.

Esmailzadeh Hosseini S.A., Khodakaramian G., Salehi M.,
Bertaccini A., 2016a. First report of 16SrVI-A and 16SrXII-A
phytoplasmas associated with alfalfa witches’ broom disease
in Iran. Journal of Plant Pathology, 98 (2), 369-377.

Esmailzadeh Hosseini S.A., Khodakaramian G., Salehi
M., Bertaccini A., 2016b. Characterization of 16SrII group
phytoplasmas associated with alfalfa (Medicago sativa)
witches’ broom disease in diverse areas of Iran. Journal of
Crop Protection, 5 (4), 581-590.

31

Felsenstein J., 1981. Evolutionary trees from DNA sequences:
a maximum likelihood approach. Journal of Molecular
Evolution, 17 (6), 368 - 376.

Fernandez ED., Galdeano E., Conci L.R.,2020. Phytoplasmas
diversity and identification of new aster yellows subgroup
(16SrI)
International Journal of Systematic and Evolutionary
Microbiology, 70 (1), 35-43.

associated with weed species in Argentina.

Gamarra D., Cuellar W,, Mayta E., Olortegui O., Lozada
P, Ramirez R., Chuquillanqui C., Bartolini I., Torres G.,
Durigon E., 2011. Molecular identification of viruses co-
infecting with phytoplasma in carrot crops in Peru. XXII
National Meeting of Virology & VI Mercosur Meeting of
Virology, At: Atibaia, Sio Paulo, Brazil.

Gundersen D.E,, Lee I-M., 1996. Ultrasensitive detection
of phytoplasmas by nested-PCR assays using two universal
primer pairs. Phytopathologia Mediterranea, 35 (3), 144-151.

Himeno M., Neriya Y., Minato N., Miura C., Sugawara
K., Ishii Y., Yamaji Y., Kakizawa S., Oshima K., Namba S,
2011. Unique morphological changes in plant pathogenic
phytoplasma-infected petunia flowers are related to
transcriptional regulation of floral homeotic genes in an

organ-specific manner. The Plant Journal, 67, 971-979.

Hogenhout S.A., Oshima K., Ammar E.D., Kakizawa §.,
Kingdom H.N., Namba S., 2008. Phytoplasmas: bacteria that
manipulate plants and insects. Molecular Plant Pathology, 9
(4), 403-423.

IRPCM, 2004. ‘Candidatus Phytoplasma, a taxon for the
wall-less, non-helical prokaryotes that colonize plant
phloem and insects. International Journal of Systematic and
Evolutionary Microbiology, 54 (4), 1243-1255.

Khan A.]., Botti S., Paltrinieri S., Al-Subhi A.M., Bertaccini
A., 2002. Phytoplasmas in alfalfa seedlings: infected or
contaminated seeds? Abstracts 14th International Congress
of the IOM. Vienna, July 07-12, 6.

Kitamura Y., Hosokawa M., Uemachi T., Yazawa S., 2009.
Selection of ABC genes for candidate genes of morphological
changes in hydrangeafloral organs induced by phytoplasma
infection. Scientia Horticulturae, 122, 603-609.

Kumar S., Stecher G., Li M., Knyaz C., Tamura K,. 2018.
MEGA X: Molecular evolutionary genetics analysis across
computing platforms. Molecular Biology and Evolution, 35
(6), 1547-1549. https://doi:10.1093/molbev/msy096

Kumari S., Nagendran K., Rai A.B.,, Singh B., Rao G.P,
Bertaccini A., 2019. Global status of phytoplasma diseases
in vegetable crops. Frontiers Microbiology, 10:1349. https://
d0i:10.3389/fmicb.2019.01349



Bitki Koruma Biilteni / Plant Protection Bulletin, 2022, 62 (1) : 24-33

Latham L.J., Traicevski V., Persley D.M., Wilson C.R,
Tesoriero L., Coles R., Jones R.A.C., 2004. Distribution and
incidence of Carrot virus Y in Australia. Australasian Plant
Pathology, 33, 83-86.

Lee I-M., Bertaccini A., Vibio M., Gundersen D.E., 1995.
Detection of multiple phytoplasmas in perennial fruit trees
with decline symptoms in Italy. Phytopathology, 85 (6), 728-
735.

Lee I-M., Gundersen-Rindal D.E, A,
1998. Phytoplasma: ecology and genomic diversity.
Phytopathology, 88 (12), 1359-1366.

Bertaccini

Lee I-M., Bottner K.D., Munyaneza J.E., Davis R.E., Crosslin
J.M., du Toit L.J., Crosby T., 2006. Carrot purple leaf: a new
spiroplasmal disease associated with carrots in Washington
State. Plant Disease, 90 (8), 989-993.

Li R., Mock R., Huang Q., Abad J., Hartung J., Kinard G,,
2008. A reliable and inexpensive method of nucleic acid
extraction for the PCR-based detection of diverse plant
pathogens. Journal of Virological Methods, 154 (1-2), 48-55.

Liu J., Gopurenko D., Fletcher M.J., Johnson A.C., Gurr
G.M., 2017. Phytoplasmas—the “crouching tiger” threat of
Australian plant pathology. Frontiers in Plant Science, 26,
599.

Lorenz K., Schneider B., Ahrens U., Seemiiller E., 1995.
Detection of the apple proliferation and pear decline
phytoplasmas by PCR amplification of ribosomal and
nonribosomal DNA. Phytopathology, 85 (7), 771-776.
https://doi:10.1094/Phyto-85-771

Mall S., Rao G.P,, Marcone C., 2010. Phytoplasma diseases
of weeds: detection, taxonomy and diversity. In: Recent
Trends in Biotechnology and Microbiology. Gaur R.K.,
(Ed.). Nova Science Publishers, Inc. Hauppauge, NY, USA,
87-108 pp.

Mazraie M.A., Izadpanah K., Hamzehzarghani H., Salehi
M., Faghihi M.M., 2019. Spread and colonization pattern of
‘Candidatus Phytoplasma aurantifolia’ in lime plants [Citrus
aurantifolia (Christm.) Swingle] as revealed by real-time
PCR assay. Journal of Plant Pathology, 101 (3), 629-637.
https://doi:10.1007/s42161-019-00251-4

McCoy R.E., Caudwell A., Chang C.J, Chen TA,
Chiykowskyi L.N., Cousin M.T., Dale de Leeuw G.T.N,,
Golino D.A., Hackett K.J., Kirkpatrick B.C., Marwitz R.,
Petzold H., Shina R.H., Sugiura M., Whitcomb R.E, Yang
I.L., Zhu B.M., Seemiiller E., 1989. Plant diseases associated
with mycoplasma-like organisms. In: The mycoplasmas,
Whitcomb R.E, Tully J.G. (Eds.). Vol 5. Academic, New
York, 545-640 pp.

32

Menon K.PV,, Pandalai K.M., 1960. The coconut palm,
a monograph. Indian Central
Ernakulam, India.1958 xvi, 384 p.

Coconut Committee,

Omar A.E, 2017. Detection and molecular characterization
of phytoplasmas associated with vegetable and alfalfa crops

in Qassim region. Journal of Plant Interactions, 12 (1), 58-66.

Pracros P, Renaudin J., Eveillard S., Mouras A., Hernould
M., 2006. Tomato flower abnormalities induced by stolbur
phytoplasma infection are associated with changes of
expression of floral development genes. Molecular Plant
Microbe Interaction, 19 (1), 62-68.

Satta E., Ramirez A.S., Contaldo N.,

Benito P, Poveda J.B., Bertaccini A., 2016. Simultaneous

Paltrinieri S.,

detection of mixed ‘Candidatus Phytoplasma asteris’
and ‘Ca. Liberibacter solanacearum’ infection in carrot.
Phytopathologia Mediterranea, 55 (3), 401-409.

Satta E., Nanni I.M., Contaldo N., Collina M., Poveda ].B.,
Ramirez A.S., Bertaccini A., 2017. General phytoplasma
detection by a q-PCR method using mycoplasma primers.
Molecular and Cellular Probes, 35, 1-7.

Satta E., Paltrinieri S., Bertaccini A., 2019. Phytoplasma
transmission by seed: Transmission and management of
phytoplasma associated diseases. In: Phytoplasmas: plant
pathogenic bacteria-II. Bertaccini A., Weintraub P.G., Rao
G.P, Mori N. (Eds.). Springer, Singapore, 131-147 pp.

Satta E., Carminati G., Bertaccini A., 2020. Phytoplasma
presence in carrot seedlings Australasian Plant Disease
Notes, 15, 11. https://d0i:10.1007/s13314-020-0377-y

Sertkaya G.,2014. Hatay ili havug alanlarinda fitoplazmalarin
aragtirtlmasi. Turkey V. Plant Protection Congress, Antalya,
Turkey, 279 p.

Tamura K., Nei M., 1993. Estimation of the number
of nucleotide substitutions in the control region of
mitochondrial DNA in humans and chimpanzees. Molecular
Biology and Evolution, 10 (3), 512-526.

Trkulja V., Mitrovi¢ P, Salapura J.M., Tli¢i¢ R., Curkovi¢
B., Ivica Palovi¢ I, and Popovi¢ T., 2021. First report of
‘Candidatus Liberibacter solanacearum’ on carrot in Serbia.
Plant Disease, 105 (4), 1188. https://doi:10.1094/PDIS-11-
20-2384-PDN

TSI, 2021. Turkish  Statistical
production statistics. https://biruni.tuik.gov.tr/
medas/?kn=92&locale=tr (accessed date: 25.08.2021).

Institute,  Crop

Valiunas D., Alminaite A., Staniulis J., Jomantiene R., Davis
R.E., 2001. First report of aster yellows-related subgroup I-A
phytoplasma strains in carrot, phlox, sea-lavender, aconitum,
and hyacinth in Lithuania. Plant Disease, 85 (7), 804.



Bitki Koruma Biilteni / Plant Protection Bulletin, 2022, 62 (1) : 24-33

Wei W, Davis R.E., Lee I-M., Zhao Y., 2007. Computer-
simulated RFLP analysis of 16S rRNA genes: identification
of ten new phytoplasma groups. International Journal of
Systematic and Evolutionary Microbiology, 57 (pt8), 1855-
1867.

Weintraub P.G., Orenstein S., 2004. Potential leathopper
vectors of phytoplasma in carrots. International Journal of
Tropical Insect Science, 24 (3), 228-235. https://d0i:10.1079/
1JT200426

Weisburg W.G., Tully J.G., Rose D.L., Petzel ].P.,, Oyaizu H.,
Yang D., Mandelco L., Sechrest J., Lawrence T.G., Van Etten
J., Maniloff J., Woese C.R., 1989. A phylogenetic analysis of
the mycoplasmas: basis for their classification. Journal of
Bacteriology, 171 (12), 6455-6467.

Wu Y, Hao X, Li Z., Gu P, An F, Xiang J., Wang H., Luo
Z., Liu J., Xiang Y., 2010. Identification of the phytoplasma
associated with wheat blue dwarf disease in China. Plant
Disease, 94 (8), 977-985. https://d0i:10.1094/PDIS-94-8-
0977

Yang Y, Zhao W, Li Z, Zhu S, 2011. Molecular
Identification of a ‘Candidatus Phytoplasma ziziphi’-related
strain infecting amaranth (Amaranthus retroflexus L.) in
China. Journal of Phytopathology, 159 (9), 635-637. https://
doi.org/10.1111/j.1439-0434.2011.01808.x

Cite this article: Randa Zelyiit F. Ertung E & Senal D. (2022).
The association of 16SrVI and 16SrI phytoplasma groups
with carrot seeds and weeds in Ankara and Konya provinces
in Turkey. Plant Protection Bulletin, 62-1. DOI: 10.16955/
bitkorb.1014427

Atif i¢in: Randa Zelyiit E Ertung E & Senal D. (2022).
Tiirkiye'de Ankara ve Konya illerinde 16SrVI ve 16SrI
fitoplazma gruplariin havug tohumlar: ve yabanci otlarla
iligkisi. Bitki Koruma Biilteni, 62-1. DOIL 10.16955/
bitkorb.1014427

33



