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Abstract

Field dodder (Cuscuta campestris Yunck) is an annual parasitic plant that wraps around the host plant
and attaches to haustoria. The dodder attachment occurred rarely in the Poaceae family, and there are
limited cases worldwide. During an extensive survey in Thrace, Tiirkiye, to determine the distribution of C.
campestris Yunck, the dodder was found attached to monocotyledon plants, including Setaria viridis (L.)
P. Beauv, Sorghum halepense (L.) Pers., Alopecurus myosuroides Huds, Avena fatua L., Avena sterilis L.,
Eleusine indica (L.) Gaertn, Echinocloa crus-galli (L.) P. Beauv, Bromus tectorum L., Hordeum murinum L.,
Elymus repens (L.) Gould, and Lolium perenne L. The crop plants attached by dodder include Secale
cereale L. and Triticum aestivum L. The parasite’s damage was visible in Echinocloa crus-galli (L.) P.
Beauv, and Sorghum halepense (L.) Pers. For molecular analysis, dodder DNA was extracted by the CTAP
method. PCR was performed, and the PCR product was sequenced. The similarity in the sequence was
compared with Blast records of other countries, and our local population showed higher similarity with
100 hits. Neighbour-joining was performed on Mega X software, comparing 30 different sequences, and
the phylogenetic tree was generated. Compared with C. campestris accessions KJ400050 and EU883527
in GENBANK, the Thrace population showed 99% identity.

Introduction

Angiosperms (flowering plants) are seed-producing plants that constitute 90% of the world's plant
kingdom. The number of known and described blooming plants is 295.383, and these plants were divided
into two groups: monocotyledons containing 7.273 species and dicotyledons containing 210.008 species
(Christenhusz & Byng 2016). Among angiosperms, parasitic plants are one of the most harmful, with
4.200 species from 18 families and 274 genera. The highest number of species are grouped under the
genus Cuscuta. Cuscuta spp. are entirely parasitic weeds in the Cuscutaceae family, but according to
some researchers, they are included in the Convolvulaceae family (Yuncker 1932; Emberger 1960;
Lawrence 1965; Bailey 1966; Nemli et al. 2015). Cuscuta spp. is a plant without or containing a low
amount of chlorophyll, which is insufficient for photosynthesis. Therefore, they need host plant invasion
for survival.

The genus includes 170 species attacking up to 200 plants (Kadioglu 1992; Holm et al. 1997; Garcia et al.
2014). Due to developed vascular bundles for haustoria attachment, dicotyledonous plants are the
primary hosts within weeds. Monocotyledon plants are rarely parasitised because of several anatomical
restraints, such as vascular bundles or incompatibility of signals necessary for haustorium attachment
(Dawson et al. 1994).

The golden dodder Cuscuta campestris Yunck is the most widely distributed species of Cuscutaceae
worldwide (Kaiser et al. 2015). The golden dodder is reported to be problematic in vegetable plants,
causing severe damage (Holm et al., 1997). Yield losses of lucerne, sugar beet, sesame, lentil, chickpea,
tomato, alfa, and chilli may reach 100% (Nemli & Ongen 1982; Parker & Riches 1993; Mishra et al. 2005).
In fruit tree nurseries, parasite damage delays seedling growth. In addition to causing significant yield
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losses in many plant species, it is also extremely important because of vectoring diseases such as
viruses to the host plants. The total number of plants invaded by C. campestris was reported as 100.
These weeds play a significant role in dodder's survival and reproduction, which may start new damages
following the growing season (Jones 2018). Following attachment, the parasite can grow and reach 8 cm
in length. After maturation, flowers bear and produce seed capsules (Dawson et al., 1984). Germinated
seedlings have a short life cycle and need immediate penetration for survival (Nwokocha & Aigbokhan
2013). Only one host plant is sufficient for dodder parasitism and survival. Weeds in the infested areas
are good alternate hosts. The dodder can attach to weeds and produce 3000 to 25.000 seeds. Seeds can
survive in the soil for 20 years. The seeds remaining in the soil may initiate new invasions in the following
growing season (Dawson et al. 1984).

Identifying the species of existing harmful plants is essential to develop proper control strategies and
apply them effectively. Accordingly, a study was conducted to determine the monocotyledonous hosts of
C. campestris, whose host status is often overlooked in these plants. The dodder plant was diagnosed
morphologically and then molecularly in the study and was phylogenetically investigated. The article also
includes the current host list of C. campestris in Tirkiye prepared from published research.

Materials and Methods

Cuscuta Survey, Sample Collection and Morphologic Identification

Field surveys were conducted in the Thrace Region of Tiirkiye (Fig. 1). Bordered by Greece and Bulgaria,
Thrace is located between the Black and Marmara Seas in the Northwestern part of Tlrkiye. The region
includes Edirne, Kirklareli, Tekirdag, and European parts of istanbul and Canakkale Provinces. The region
has 1.385.000 ha of irrigable and non-irrigable agricultural area.

Figure 1. Study area map in Turkiye

The research area in the region covered orchards, vineyards, sunflower fields and pasture areas. During
the survey, annual precipitation was about 600 mm, and the average temperature was 31°C. Sampled
locations were randomly selected. The examined agricultural areas were mostly non-irrigated. Plant
species attached by parasitic plants were recorded in fields infested with dodder. Reviewing the
morphological structure of existing dodders in the field, samples similar to C. campestris were chosen
and collected with the hosts for morphological identification and molecular confirmation of whether the
sampled dodder species was C. campestris. Herbariums of each host plant were prepared to identify
species morphologically. In preparing the herbarium, samples were pressed inside the herbarium board at
room temperature and let to dry totally. After drying, they were stuck on cardboard, labelled, and covered
with a transparent polyethene cover to prevent external damage.

The published identification keys, including Yuncker, 1932 were used to identify the hosts and confirm the
presence of C. campestris. Morphologic identification of the dodder was performed by examining plant
morphology at 10-40X magnification with a Leica microscope; images of the anthesis, sepal and petal
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were taken with a microscope camera. The attached host plants were photographed with a Nikon Coolpix
P900 digital camera.

The prevalence of dodder occurrence was determined based on the incidence of the same parasitic
dodder on the same host in different infested locations. The severity of attachment of dodder was rated
as low, moderate and high according to Quasem 2008 as follows;

e Low: A single stem or undeveloped dodder surrounds 1-30% of the plant.
e Moderate: 31-60% of the plant is surrounded and attached by a dodder.

* High: 61-100% of the plant was densely surrounded by dodder, producing few flowers.
Molecular Characterisation of Cuscuta campestris Yunck

Molecular identification of morphologically identified C. campestris was carried out, and the DNA of the
dodder was isolated from tissue samples. DNA was extracted by the CTAP method (Leford & Douglas,
1999) for molecular analysis. Fresh plant material (100 mg of plant material) ground in liquid nitrogen
was transferred to a 1.5 ml polypropylene tube, and 1 ml of DNA extraction buffer [50 mM Tris-HCI pH 8.0,
20 mM EDTA pH 8.0, 0.7 M NaCl, 0.4 M LiCl, 1% w/v CTAB (hexadecyltrimethylammonium bromide), 1%
w/v PVP 40, 2% w/v SDS] and ten pl of B-mercaptoethanol (1% final concentration) was added. The
mixture was vortexed for 5 seconds and then incubated for 15 min. at 65°C in a water bath. After
incubation, 0.5 ml of chloroform/isoamyl alcohol (24:1) was added to the tube and centrifuged for 1 min.
to 5 min. in a microfuge at 14 000 rpm. As much as possible, the aqueous phase was transferred to a
new 1.5 ml tube and centrifuged for 1 min. at 14.000 rpm, 0.8 ml of the supernatant was transferred to a
new tube, and 0.8 ml of isopropanol (cold as an option) was added to the aqueous solution. The tube
was mixed gently, and a white DNA precipitate appeared. The tube was then centrifuged for 1 min. at
14.000 rpm, and the supernatant was withdrawn. The DNA pellet was washed with 1 ml of 70% ethanol
and centrifuged again for 1 min. at 17. 000 g. Finally, the supernatant was discarded, and the pellets were
allowed to dry for 10 min. DNA pellets were resuspended in 50 pl to 100 pl of 10 mM Tris-HCI pH 8.0, 1
mM EDTA.

The DNA concentration in extracted samples (A260/280 A260/230) was measured and amplified with
forward and reverse primers (Alsaadi et al. 2016), amplifying the ITS region. All PCR reactions were in a
final volume of 20 pl in a 0.2 ml-tube and contained 10 pl 2X PCR Ready Mix (Sigma Aldrich), 1 pl reverse
primer, 1 pl forward primer, 2 pl template DNA, 6 pl ddH20. In PCR reactions using purified DNA as a
template, 30 ng DNA was used in each reaction.

Amplification products were separated on a 1.5% agarose gel stained with ethidium bromide. The gel was
run for 50 minutes at 80V and visualised under a UV transilluminator. The PCR product was sequenced
with an ABI sequencer. The secondary metabolite structure of the sequence was drawn with CLC RNA
Workbench Version 23.04.
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Phylogenetic analysis was conducted to evaluate the relationships of C. campestris with other published
Cuscuta species. For this purpose, sequence data of C. campestris were subjected to GenBank sequence
comparison using BLAST. Neighbour-joining was performed on Mega X software comparing 30 different
Cuscuta sequences (Table I) from NCBI.

Table I. Accession retrieved from NCBI and used in phylogenetic studies

Accessions

AF145453  AF148273 Neyland, 2000
EU883528 EU883510 EU883529 Costa&Stefanovic, 2009
KJ400101 KJ400102 KJ400106

KJ400044 KJ400048 KJ400050

KJ400083 KJ400080 KJ400141

KJ400190 KJ400192 KJ400155 Garciaetal, 2014
KJ400162 KJ148273 KJ400133

KJ400164 KJ400064 KJ400171

KJ400130 KJ400154 KJ400150

Cuscuta campestris Yunck Distribution in Tiirkiye

C. campestris was detected in many weed and crop plants in different locations in Tirkiye. The host list
and distribution map of C. campestris were created by combining the data of studies dating back to the
1925s and our current study's data.

Results

Cuscuta campestris Identification, Phylogeny and Monocotyledon Host Plant

In this survey, C. campestris Yunck was observed for the first time on eleven Monocoylodenous weed
species, including Setaria viridis (L.) P. Beauv, Sorghum halepense (L.) Pers., Alopecurus myosuroides
Huds, Avena fatua L., A. sterilis L., Eleusine indica (L.) Gaertn, Echinocloa crus-galli (L.) PBeauv, Bromus
tectorum L., Hordeum murinum L., Elymus repens (L.) Gould, Lolium perenne L. The other hosts were crop
plants, such as wheat (Triticum aestivum L.) and rye (Secale cereale L.) (Figure Il).

The attachment level in plants ranged from low to moderate. The haustorium of the field dodder was
observed in the leaf, stem and spikelet (Table Il). Partly wilting was observed in some moderately infected
plants like Avena sterilis L. Yellow to light green colour changes in the leaves of attached plants were
visible. Cuscuta attachment was prevalent in Alopecurus myosuroides Huds and Sorghum halepense (L.)
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Pers. However, none of the detected plants were highly contaminated, and plant death was not observed
due to the intense damage.

Table Il. The intensity of attachment of Cuscuta campestris Yunck on monocotyledonous plants in
Tekirdag, Thrace (Low: 1-30%, Moderate: 31-60%, High 61-100%)

Host plant Intensity of attachment  Attached plant part
Alopecurus myosuroides Huds. Moderate Leaf and stem
Avena sterilis L. Low Stem

Avena fatua L. Low Stem

Bromus tectorum L. Moderate Spikelet and stem
Eleusine indica (L.) Gaertn Moderate Leaf, stem, spikelet
Echinocloa crus-galli (L.) PBeauv.  Moderate Leaf, stem, spikelet
Elymus repens (L.) Gould Moderate Spikelet and stem
Hordeum murinum L. Moderate Leaf, stem, spikelet
Lolium perenne L. Low Stem

Secale cereale L. Moderate Stem

Sorghum halepense L., Moderate Leaf and stem
Setaria viridis L., Moderate Leaf, stem, spikelet
Triticum aestivum L. Moderate Stem

Figure Il. Attachment of Cuscuta campestris Yunck on A) Secale cereale L. B) Lolium perenneL. C) Avena
fatua L D) Triticum aestivum L. E) Alopecurus myosuroides L. F) Sorghum halepense (L.) Pers., G)
Eleusine indica (L.) Gaertn H) Avena sterilis L. |) Hordeum murinum L.

The collected C. campestris plant had a distinctive appearance, primarily leafless, with yellow or orange
stems and branches. The parasitic plant had white flowers with a bell-shaped corolla and calyx with
ovate overlapping lobes, filiform styles, exerted stamens, elliptic anthers, campanulate corolla tube,
capitate stigma, capsule-like fruit, and inflorescence with several stalked flowers (Figure IlI-1V).

Figure lll. Cuscuta campestris Yunck A) Attachment to host stem B) Flower C) Anthesis D) Capsule and
seeds E) A plant moderately parasitised by dodder

The PCR amplification of ITS primers of C. campestris was approximately 650 bp. The sequence
contained 599 bases. When the secondary structure was examined, ten hairpins were observed.
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Figure IV. A. The amplified products of ITS primers B. Secondary structure of a sequence of Cuscuta
campestris Yunck

The sequence data of Cuscuta campestris collected in this study in Thrace was deposited in NCBI
GENBANK with accession number MW251503. The similarity was compared with Blast records of other
countries, and our local population showed higher similarity with 125 hits. Compared with C. campestris
KJ400050 (Garcia et al. 2014) and EU883527 (Costa & Efanovic 2009), our population showed 99%
identity (567-576 nucleotide) and 95% coverage. In contrast, C. campestris from our study was 86%
similar to C. monogyna (KJ400133; Garcia et al. 2014)d approximata (KJ400040; Garcia et al. 2014)
species deposited in GENBANK.

The species were divided into two clusters in the Neighbour-joining tree with 1000 bootstraps. C.
campestris, from this study, was grouped in the same cluster as C. campestris, C. gymnocarpa, C.
australis var. tinej, and C. pentagona. However, the sequence data obtained in this study were closely
grouped with the other field dodder species due to the high similarity.

Figure IV. Neighbour-joining phylogenetic tree of Cuscuta campestris and some Cuscuta species. The tree
was prepared with Mega X software.

Cuscuta campestris Yunck Distribution in Tiirkiye

There are 16 parasitic plant species from the Cuscutaceae family in the flora of Tirkiye, and one of them
is C. campestris. This species has been detected in many cultivated plants and weeds (ilhan et al. 2018).
The number of hosts that C. campestris can attach with haustorium increased to 63, together with the 13
plant species determined in this study. Of these, 45 were weeds; the rest were annual or perennial crops.
The complete names and families of host species are listed in Table 2. The distribution map is
represented in Fig. 5. The parasitic weed was reported in 40 of 81 provinces.
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Table 2
Host plant range of Cuscuta campestris in Tlirkiye

COMMON NAME
Black grass

Winter wild oat
Wild oat

Downy brome
Goosegrass
Barnyyard grass
Couch grass
Foxtail barley
Perennial ryegrass
Rye

Johnson grass
Green foxtail
Wheat

Pigweed
Lambsquarters
Wild carrot

Absint wormwood
Common coclebur
Field sow thistle
Common cichory
Common dandelion
Canadian horseweed
Wild raddish

Pricky lettuce
Bindweed

Squirting cucumber

Black horehound

HOST PLANT FAMILY
Alopecurus myosuroides Huds. Poaceae
Avena sterilis L.

Avena fatua L.

Bromus tectorum L.

Eleusine indica (L.) Gaertn

Echinocloa crus-galli (L.) PBeauv.

Elymus repens (L.) Gould

Hordeum murinum L.

Lolium perennel.

Secale cereale L.

Sorghum halepenselL.,

Setaria viridis L.,

Triticum aestivum L.

Amaranthus retroflexus L. Amaranthaceae
Chenopodium album L.

Daucus carota L. Apiceae
Anthemisia absinthium L. Asteraceae
Xanthium strumarium L.

Sonchus arvensis L.

Cichorium intybus L.

Taraxacum officinale F.H.Wigg Asteraceae
Conyza canadensis (L.) Crong.

Raphanus raphanistrum L. Brassicaceae

Lactuca serriola L.

Convolvulus arvensis L. Convolvulaceae
Ecbalium elaterium L. Cucurbitaceae
Ballota nigra L. Lamiaceae
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COMMON NAME
Common mallow
Broad-leaved plantain
Ribwort plantain
Prostrate knotweed
Curly dock

Common purslane
Stickwilly

Black nightshade

Puncture vine

HOST PLANT

Malva sylvestris L.
Plantago majorlL.
Plantago lanceolata L.
Polygonum aviculare L.
Rumex crispus L.
Portulaca oleraceae L.
Galium aparine L.
Solanum nigrum L.

Tribulus terrestris L.

FAMILY REFERENCE
Malvaceae

Plantaginaceae

Polygonaceae

Portulacaceae
Rubiaceae
Solanaceae

Zygophyllaceae
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continued

COMMON NAME

Sea holy

Rush skeletonweed

Bathurst burr
Barberyy
Restharrow
Common vetch
Camelthorn
Flax

Mullein
Snapdragon
Sugar beet
Onion

Anise
Caraway
Melon

Alfa alfa
Chickpea
Clover

Faba bean
Pepper
Eggplant
Potato
Tobacco
Tomato
Grapevine

Oregano

SCIENTIFIC NAME
Eryngium sp
Chondrilla juncea L.
Xanthium spinosum L.
Berberis sp.

Ononis spinose L.

Vicia sativa L.

Alhagi maurorum Medik.

Linum usitatissimum L. (Flax)

Citrus

Verbascum sp.
Antirrhinum majus L.
Beta vulgaris L.
Allium cepa L.
Pimpenalla anisum L.
Carum carvi L.
Cucumis melo L.
Medicago sativa L.
Cicer arietinum L.
Trifolium Tourn. ex L.
Vicia faba L.

Capsicum annum L.

Solanum melongena L.

Solanum tuberosum L.

Nicotiana tabacum L.

Solanum lycopersicum L.

Vitis vinifera L.

Origanum onites L.

FAMILY
Apiaceae

Asteraceae

Berberidaceae

Fabaceae

Linaceae
Rutaceae
Scrophulariaceae
Solanaceae
Amaranthaceae
Alliaceae

Apiaceae

Cucurbitaceae

Fabaceae

Solanaceae

Vitaceae

Lamiaceae

REFERENCE

Zare & Donmez 2020

Nemli et al. 2015

Sokat 2019
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Discussion

Field dodder (C. campestris Yunck) is one of the most common parasitic plants in the world. The weed is
considered a harmful parasitic plant due to its broad host range, causing significant plant damage and
economic yield loss (Kaiser 2015). In this study in Thrace, 11 weed species were found parasitised by
dodder. Likewise, various researchers have done different studies and revealed parasitism in
monocotyledons and members of the Poaceae family. C. campestris was reported as a parasite to 38
monocotyledonous plants worldwide. These include weeds and crops like Aegilops sp., Avena sterilis L.,
Arundo donax L., Bromus sp., Echinochloa-crus galli, Cynodon dactylon (L.) Pers, Lolium temulentum L.,
Triticum durum Desf, Setaria glauca, Sorghum halepense (L.) Pers (Qasem 2008; Barath 2021). Its
prevalence and host range in monocotyledons are reported to be low due to the low level of enzymes that
degrade plant tissues during parasitism of the parasitic plant (Haider et al. 1997). For instance, in a study
conducted in Nigeria, mild infection was found in weeds from the Poaceae family. Similarly, the intensity
of infection was lower in plants in this study in Thrace. Moderate infection was observed in some hosts,
whereas 1-2 clusters of flowers were found on Bromus tectorum L. and Sorghum halepense L. (Table 1).

In Thrace, the field dodder was found in weeds and crops consumed as food. Plants such as wheat, rye,
and weeds like Hordeum murinum L. and Echinocloa crus-galli (L.) Beauv is used as animal feed.
Observing dodder parasitism in consumed plants showed that controlling the parasite is essential,
especially in pastures where livestock is grazed. Because the feed prepared with these plants can be
poisonous for cattle and horses when it is 50% parasitised by dodder. Affected animals typically suffer
from abdominal pain and diarrhoea and may also experience weight loss (Abutarbusch 2013).

In this study, C. campestris Yunck was identified molecularly with specific primers using the ITS region.
The BLASTn comparison was conducted with the local dodder sequence from Thrace, and the
phylogenetic tree was generated. The higher similarity was observed with other C. campestris records like
(EU883529 Costa & Efanovic 2009) from New Mexico. Phylogenetic study and morphologic identification
strongly confirmed that the dodder in Poaceae is C. campestris Yunck.

Molecular identification of dodder in this research allowed reliable identification quickly. The
identification of C. campestris in Tirkiye mainly involves observing morphologic characteristics.
Morphologic conditions unsuitable for identification may result in false decisions. Additionally, this
method can only be applied by staff with knowledge of diagnostic features. Molecular identification in
this research allowed reliable identification quickly, and this method can be carried out even by
unqualified staff. Furthermore, molecular methods can be used for DNA isolation and diagnostic
processes at every developmental stage of plants. The ITS region, which includes the 16s, 5.8s and 28s
areas, is frequently used in molecular studies. This region also is eligible for phylogenetic analyses
(Baldwin 1995).

In addition to the C. campestris attachment, different dodder species have been reported as parasitic in
monocotyledonous plants. For instance, in Poland, C. lupuliformis was parasitic to Elymus repens and
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Phalaris arundinacea (Panek-Wéjcicka & Piwowarczyk 2020). Again, in Romania, Tanase et al. (2012)
stated that different dodder species can be seen in the Poaceae families.

Conclusions

This article aimed to give information about the current host range of Cuscuta campestris identified in
Tirkiye. During the surveys carried out within the scope of the study in Thrace, the focus was on
identifying the hosts from the Poaceae family of C. campestris. The research is essential to support the
literature and update the registered host list, especially from monocotyledon plants in the country.
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Figure 2

Attachment of Cuscuta campestris Yunck on A) Secale cereale L. B) Lolium perennel.. C) Avena fatua L
D) Triticum aestivum L. E) Alopecurus myosuroides L. F) Sorghum halepense (L.) Pers., G) Eleusine
indica (L.) Gaertn H) Avena sterilis L. 1) Hordeum murinum L.
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Figure 3

Cuscuta campestris Yunck A) Attachment to host stem B) Flower C) Anthesis D) Capsule and seeds E) A
plant moderately parasitised by dodder

A M a b B

650 bp

Figure 4

A. The amplified products of ITS primers B. Secondary structure of a sequence of Cuscuta campestris
Yunck
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Figure 5

Figure IV. Neighbour-joining phylogenetic tree of Cuscuta campestris and some Cuscuta species. The tree
was prepared with Mega X software.
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Figure 6

Figure 5. Distribution map of Cuscuta campestrisYunck in Tirkiye (Tirkmen, 1998; Soker et al. 2012;
Ciger et al. 2013; Anituluk et al. 2014; Satil et al. 2017; Mumcu & Korkmaz 2018; Kaya et al. 2018; Sokat
2019; Sirn et al. 2020;



