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Abstract
Cuscuta is the only parasitic genus in Convolvulaceae family. This genus is globally distributed, with most species in the

tropics, subtropics, and some in the temperate regions. In this study, the micro-morphological features and molecular evidences of
12 populations from three species of Cuscuta (C. australis, C. campestris, and C. chinensis) have been considered. In total, seven
quantitative and two qualitative characters of pollen were selected and measured. The most important characters include: shape,
ornamentation of tectum, exine thickness and colpus length of the pollen. Based on this study, the seed shape and surface support at
least for separation of C. australis from other two species. Using nuclear (nrDNA ITS) marker, we reconstructed phylogenetic
relationships within three species of Cuscuta. This data set was analyzed by phylogenetic methods including Bayesian, Maximum
likelihood, and Maximum parsimony. In phylogenetic analyses, all members of three species formed a well-supported clade (PP=1,
ML/BS=100/100) and divided into two major clades (A and B). Clade A is composed of specimens of C. australis. Two species of
C. campestris and C. chinensis are nested in clade B. Neighbor-Net diagram demonstrated separation of the studied populations.
The results showed that, micro-morphological and molecular data provide reliable evidence for separation of these species.
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چکیده
Cuscuta گرمسیري و بعضی هاي آن در مناطق گرمسیري، نیمهپراکنش جهانی داشته و اکثر گونهجنساین . انگلی در تیره پیچکیان استجنستنها

Cuscuta)C. australis،C. campestrisشناختی و مولکولی دوازده جمعیت از سه گونه هاي ریزریختدر این مطالعه، ویژگی. در مناطق معتدل پراکندگی دارند

در کل، هفت ویژگی کمی و دو ویژگی کیفی در گرده انتخاب شده و مورد . ها ارزیابی شودتا ارزش تشخیصی آنمورد بررسی قرار گرفت ) C. chinensisو 
شکل و سطح دانه، تحقیق، این براساس . هستندگرده ها شامل شکل، تزیینات تکتوم، ضخامت اگزین و طول شیار مهمترین ویژگی. گیري قرار گرفتنداندازه

، روابط فیلوژنتیکی در سه )nrDNA ITS(اي ، با استفاده از نشانگر هستههمچنیندر این تحقیق. قرار دادتایید مورد را از دو گونه دیگر C. australisجدایی 
.ر گرفتندجویی مورد بررسی قرانمایی و بیشینه صرفهها توسط آنالیزهاي فیلوژنتیکی شامل بیزین، بیشینه درستداده. بازسازي گردیدCuscutaگونه از 

ند و به دو گروه اصلی تفکیک شدند تشکیل داد(PP=1, ML/BS=100/100)در آنالیزهاي فیلوژنتیکی همه اعضاي این سه گونه یک شاخه با حمایت بسیار بالا 
)A وB .( شاخهAهاي گونه از نمونهC. australis تشکیل شده است و دو گونهC. campestris وC. chinensis در شاخهBهمسایه، - روش شبکه. قرار گرفتند

.کنندها را از هم تایید میشناختی و مولکولی، جدایی این گونههاي ریزریختهاي مورد مطالعه را ثابت کرد و نتایج نشان داد که دادهجدایی جمعیت

اي، گردههستهدرونشوندهرونویسیگذارفاصلههمسایه، - دانه، شبکه، پیچکیان:هاي کلیديواژه

نامه کارشناسی ارشد نگارنده چهارم به راهنمایی دکتر علی ستاریان و دکتر سهراب بوذرپور ارایه شده به دانشگاه گنبد کاووسمستخرج از پایان*
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Introduction

Cuscuta L. (Convolvulaceae) is a parasitic plant

includes more than 150–170 species in the world

(Stefanovic et al. 2007) with 24 species in the Flora

Iranica region (Yuncker & Rechinger 1969). In Flora of

Iran, the genus Cuscuta is represented by eighteen

species includes three subgenera and five sections (Jafari

2017). The Cuscuta originates from the Arabic word

“Kushkut” which loosely translates as “a tangled wisp of

hair” (Austin 1980). It is mainly distributed in temperate

regions of the Europe, West Asia, North Africa, and

especially North America (Yuncker 1932, Hunziker

1950, Mabberley 1997, Stefanovic et al. 2007, Garcia et

al. 2014) while scattered in north, central and southwest

of Iran. Members of Cuscuta are characterized by having

mostly annual habit, stem parasites, pale stems, slender,

herbaceous vines with twining, with no chlorophyll, and

no roots (Kuijt 1969, Cronquist 1981, Stewart & Press

1990, Garcia et al. 2014, Keskin et al. 2017). These

species also show 4–5-merous small flowers and tubular-

campanulate calyx (Jafari et al. 2016).

These stem parasites are attached to the different

hosts via haustoria and depend entirely on them to supply

nutrients and water (Kuijt 1969, Cronquist 1981, Dawson

et al. 1994). The specific differences between species of

Cuscuta are based on the stems, flowers and fruits (Jafari

et al. 2016). Nearly 15–20 Cuscuta sp. are worldwidely

agricultural and horticultural pests (Dawson et al. 1994,

Costea & Tardif 2006). The description of the genus

Cuscuta was first published in 1700 by Tournefort. In

1932, Yuncker produced a worldwide monograph that

divided the genus into three subgenera based on the

morphology of stigmas and styles. The first subgenus

with one style, Monogyna (Englm.) Yunck. is the most

distinctive taxa which favors trees and shrubs as hosts.

The second subgenus, Grammica (Lour.) Yunck.,

contains two styles, with capitate stigmas and is the most

diversified group with the majority of the species. The

last subgenus is Cuscuta, which is characterized by

elongated stigmas and two styles (Yuncker 1932). There

is some controversy regarding the family in which to

place the genus Cuscuta: either in Convolvulaceae or an

entirely separate family i.e. Cuscutaceae. Based on

recent molecular studies, Cuscuta should remain in

Convolvulaceae (Garcia & Martin 2007). The study of

micro-morphological characters is an important step in

the establishment of relationships between the

comprising taxa. The pollen morphological analysis has a

proved taxonomical significance and is successfully used

as an additional criterion for delimitation of the taxa

(Welsh et al. 2010). For example, Hallier (1893)

assigned the genera within the family Convolvulaceae to

two major groups: “Echinoconieae” and “Psiloconiae”

based on their echinate or psilate exine, respectively.

Sengupta (1972) studied 21 Cuscuta species and

classified two groups according to pollen structures of

these species as tricolpate and penta-hexa-colpate. Liao

et al. (2004) investigated pollen morphology of five taxa

of Cuscuta by using LM, SEM and TEM that show two

distinct pollen types based on ektexine. Study on 11

species in Pakistan displayed that, they are spheroid to

oblate and prolate (Perveen & Qaiser 2004). Demir et al.

(2017) investigated palynological features of taxa

belonging to Cuscuta in Turkey. The authors displayed

that, pollen structure of these taxa were determined

prolate, subprolate, perprolate, and prolate-spheroidal,

where the apertures of the pollens of these taxa were

found scabrate, scabrate-perforate, oscabrate-perforate,

reticulate, and ekinate-reticulate. Hamed (2005) studied

pollen and seed characters in five Cuscuta species

growing in Egypt. He suggested that, the genus Cuscuta

is better looked at as a derived member of

Convolvulaceae rather than forming a family of its own.

Seed exomorphic characters of some Cuscuta species

were also investigated by some researchers, e.g.

C. pedicellata Ledeb. and C. campestris Yunck.

(Lyshede 1992), Chinese Cuscuta species (Huang et al.

1993), and C. chinensis Lam. and C. gronovii Willd.

(Hamed & Mourad 1994). The seed morphology of eight

taxa of Cuscuta from Egypt has been studied using light

and scanning electron microscopy and a key for the
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identification of the investigated taxa based on seed

characters was also provided (Abdel Khalik 2006).

Molecular data have been used in numerous

studies seeking to clarify the relationships of parasitic

taxa despite accelerated rates of sequence evolution (e.g.

Nickrent & Starr 1994, Wolfe & Depamphilis1997,

Depamphilis et al. 1997, Duff & Nickrent 1997,Young et

al. 1999). These data can also provide supportive and

additional criteria for systematic classification of the

studied species which was only based on morphological

characters, and produced some evidence for

identification of infra-specific taxonomic forms (Chase et

al. 1993). The internal transcribed spacer (ITS) is the

region of the 18S-5.8S-26S nuclear ribosomal Cistron

(Baldwin et al. 1995). The spacers contain the signals

needed to process the rRNA transcript (Baldwin 1992,

Baldwin et al. 1995) and have often been used for

inferring phylogeny at the generic and infrageneric levels

in plants (e.g. Baldwin 1992, Baldwin et al. 1995,

Kazempour-Osaloo et al. 2003, 2005). Stefanovic &

Olmstead (2004) tested the phylogenetic position of

Cuscuta by three genomes and illustrated the

phylogenetic position of this small parasitic plant. Garcia

& Martin (2007) presented the phylogenetic study of the

subgenus Cuscuta, by using nrDNA ITS and chloroplast

trnL intron sequences. They identified two monophyletic

groups within this subgenus. Multiple DNA sequences

from plastid (trnL-F region and rbcL) as well as nuclear

(ITS and 26S rDNA) genomes were used by Costea &

Stefanovic (2009) to infer the phylogeny of the

C. californica complex.

Cuscuta is well-known for its taxonomic

complexity resulting from overlapping morphological

characters. The objectives of the present study were,

therefore, (1) to find micro-morphological evidences in

discrimination of closely related species, (2) to use the

pollen grains and seed features as a source of diagnostic

characters in these species, (3) to investigate molecular

properties of this genus in Northern Iran, and (4) to

evaluate the affinities and relationships of its three

species.

Materials and Methods

In the present study, 12 populations from three

species of Cuscuta (C. australis Hook.f., C. campestris,

and C. chinensis) were obtained from northern parts of

Iran during field work from March to July 2016 (Table

1). Some of the collected specimens were dried

according to the standard procedures and preserved as

herbarium specimens for use in morphological

investigations. The identified plants were kept in the

Gonbad Kavous University Herbarium (GKUH) (Gonbad

Kavous, Iran). The Flora Iranica (Rechinger & Yuncker

1964), and Flora of Iran (Jafari 2017) were used for the

identification.

- Morphological methods

The palynological part of this study was made

using Light Microscope (LM) and Scanning Electron

Microscope (SEM) on pollens of C. australis,

C. campestris, and C. chinensis. The pollen samples were

obtained mostly from freshly collected herbarium

specimens. For LM studies, the samples were acetolyzed

following Erdtman's technique (Erdtman 1952). The

measurements were based on at least 30 pollen grains per

population. These were made with the help of a Nickon

light microscope by using a Canon Digital Camera.

For SEM investigation, the pollen grains were

transferred directly to double-sided tape affixed stubs and

were sputter-coated with gold plates. Photomicrographs

were taken with a VEGA//TESCAN-LMU Electron

Microscope at an accelerating voltage of 15–22 KW at

Research Institute of Razi (Tehran, Iran). The applied

terminology based on Punt et al. (2007).

Seeds of the three species of Cuscuta

(C. australis, C. campestris, and C. chinensis) were taken

from herbarium specimens. The seeds of every species

were carefully examined under the stereomicroscope to

ensure the normal size and development, mounted

directly on aluminum stubs with the help of two-sided
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adhesive tape. After having been coated with a thin layer

(ca. 25 nm) of gold, they were analyzed using a

VEGA//TESCAN-LMU Electron Microscope at an

accelerating voltage of 15–22 KW at Research Institute

of Razi (Tehran, Iran). For recording gross morphology

and size parameters, the seed type, ornamentation

character and color status, at least 10 seeds were assessed

by biometric methods. The list of voucher specimens and

details of localities are given in table 1.

- Molecular methods

Taxon Sampling: A total of three species of Cuscuta and

12 population were chosen as ingroup for nrDNA ITS.

Three species of Cuscuta (C. haussknechtii Yunck.,

C. japonica Choisy, and C. monogyna Schmidt ex

Engelm) were chosen as outgroups following previous

molecular phylogenetic studies (Garcia & Martin 2007).

A list of all the taxa used in this study and the sources,

voucher information and GenBank accession numbers

are also given in table 1.

DNA extraction, PCR and sequencing: Total genomic

DNA was extracted from dried leaf materials deposited

in Gonbad Kavous University Herbarium (GKUH), using

Kit method. The nrDNA ITS region was amplified using

the primers ITS5m (Sang et al. 1995) and ITS4 (White et

al. 1990). PCR amplification of the DNA regions

followed procedures described in detail by Naderisafar et

al. (2014). The quality of PCR products was checked by

electrophoresis in 1% agarose gels in 1 × TAE (pH=8)

buffer and were photographed with a UV gel

documentation system (UVI Tec, Cambridge, UK). PCR

products along with the same primers were sent for

Sanger sequencing at Macrogen (Seoul, South Korea)

through Pishgam Inc. (Tehran, Iran).

Sequence alignment: Each of the single datasets was

aligned using the web-based Ver. of MUSCLE (Edgar

2004; at http://www.ebi.ac.uk/Tools/msa/muscle/) under

default parameters followed by manual adjustment.

The alignment of datasets required the introduction of

numerous single- and multiple-based indels

(insertions/deletions). Positions of indels were treated as

missing data for all datasets.

- Phylogenetic inferences

Parsimony method: Maximum parsimony (MP) analyses

were conducted using PAUP* Ver. 4.0a157 (Swofford

2002). The heuristic search option was employed for

each dataset, using tree bisection-reconnection (TBR)

branch swapping, with 1000 replications of random

addition sequence and an automatic increase in the

maximum number of trees. Uninformative characters

were excluded from the analyses. Branch support values

(MPBS) were estimated using a full heuristic search with

1000 bootstrap replicates (Felsenstein 1985) each with

simple addition sequence.

Likelihood method: Maximum likelihood analysis (ML)

was performed on each dataset, using RAxML Ver.

8.2.10 (Stamatakis 2014), as implemented in the CIPRES

Science Gateway. The model of evolution employed for

each data-set is the same as that of Bayesian analyses.

Bootstrap values (MLBS) were calculated in RAxML

based on 1000 replicates with one search replicate per

bootstrap replicate. Overall, mean p-distance for each

dataset was computed using MEGA7 (Kumar et al.

2016).

- Bayesian inference

For Bayesian inference (BI) analyses, models of

sequence evolution were selected using the program

MrModeltest Ver. 2.3 (Nylander 2004) based on the

Akaike information criterion (AIC) (Posada & Buckley

2004). This program indicated a SYM+G model for

nrDNA ITS, as the best models for nucleotide

substitution. BI analyses were performed using MrBayes

Ver. 3.2 (Ronquist et al. 2012) on the CIPRES Science

Gateway (Cyber Infrastructure for Phylogenetic Research

Cluster) (Miller et al. 2010, https://www.phylo.org) for

the datasets.
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Bayesian analyses were performed, with

default priors (uniform priors) and the best-fit model

of sequence evolution for each dataset, with two runs

of ten million generations and four simultaneous

chains (one cold and three heated with a heating

parameter of 0.2) by saving trees every 100

generations. The trees sampled after discarding 25%

as “burn-in” were collected to build a 50% majority

rule consensus phylogram were used to calculate

posterior probability values (PP). Tree visualization

was drawn using TreeView Ver. 1.6.6 (Page 2001).

- Phylogenetic networks

Neighbor-Net (NN) a distance-based network

construction method (Bryant & Moulton2004) was

implemented in SPLITS TREE4, Ver. 4.14.4 (Huson

1998) using a Dice dissimilarity matrix. The ITS

matrice was modified prior to analysis by excluding

outgroups.

Results

Cuscuta is one of the most important genus of

Convolvulaceae. Three species and 12 populations of

this genus have been studied in terms of pollen and

seed micro-morphological and molecular phylogeny.

Micrographs of pollen and seeds characteristics

obtained by SEM are shown in figures 1 and 4. They

are used to define the characters which help distin-

guish between the species.

- Pollen morphology

The pollen grains of the studied species

revealed variations and separated three species

of Cuscuta . All palynological structures and

measurements for the examined species concerning

pollen type from polar view, polar (P) and equatorial

(E) measurements, P/E ratio, colpus width, colpus

length, colpus distance, pollen shape, and tectum

ornamentation are shown in table 2. Selected SEM

micrographs of the pollens and their surfaces are

shown in figure 1. Generally, exine thickness, colpus

lenght, pollen shape and ornamentation were found

useful in separating three species. Polar axis (P)

length of pollen grains ranging from the smallest size

for C. australis (22.32 μm) to the largest size for

C. campestris (43.62 μm). Equatorial axis (E) length

of pollen grains ranged from the smallest size in

C. australis (24.66 μm) to the largest size in

C. campestris (43.53 μm). The shape classes are

based on the ratio between the length of polar axis

(P) and equatorial diameter (E). The P/E ratio ranged

from 0.91–0.97 μm, therefore, shows the pollen

grains are prolate to circular. The smallest and

largest exine thickness is observed in C. australis

(1.64 μm) and C. campestris (2.89), respectively.

Tectum ornamentation is coarsely reticulate in

C. australis (Fig. 1F) and finely reticulate in

C. chinensis (Fig. 1B) and C. campestris (Fig. 1C).
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Table 1. List of Cuscuta species used in this study along with localities and vouchers

Taxon Collection data
(all samples are from Iran)

GenBank accession No.
ITS

C. australis Gilan province: Chaf, Soheila Kor 201665
(GKUH)

MH633914.1

C. australis Gilan province: Langerud, Soheila Kor
201666 (GKUH)

MH633913.1

C. australis Gilan province: Talesh, Soheila Kor 201668
(GKUH)

MH633912.1

C. australis Gilan province: Rudsar, Soheila Kor 201669
(GKUH)

MH633911.1

C. campestris Gilan province: Rasht, Soheila Kor 2016611
(GKUH)

MH633910.1

C. campestris Golestan province: Golidagh, Soheila Kor
2016613 (GKUH)

MH633909.1

C. campestris Golestan province: Bandar Torkman,
Soheila Kor 2016614 (GKUH)

MH633908.1

C. campestris Mazandaran province: Galugah, Soheila Kor
2016615 (GKUH)

MH633907.1

C. chinensis Golestan province: Gonbad Kavous, Soheila
Kor 2016616 (GKUH)

MH633906.1

C. chinensis Golestan province: Golestan forest, Soheila
Kor 2016618 (GKUH)

LC457028

C. chinensis Golestan province: Incheborun, Soheila Kor
2016619 (GKUH)

LC457029

C. chinensis Gilan province: Darkumeh, Soheila Kor
2016620 (GKUH)

LC457030

C. haussknechtii Genbank DQ924580.1

C. japonica Genbank DQ924571.1

C. monogyna Genbank DQ924569.1

GKUH: Gonbad Kavous University Herbarium

Table 2. Pollen morphological characters for the examined Cuscuta species

Taxon Polar axis
(µm)

Equatorial
axis (µm)

P/E
(µm)

Colpus
width
(µm)

Colpus
length
(µm)

Colpus
distance

(µm)

Exine thickness
(µm) Shape

Tectum
ornament-

ation
C. australis 47.66±0.25 29.63±0.15 1.60 2.78±0.31 12.04±0.21 14.14±0.11 1.87±0.13 Prolate Scabrate

C. australis 45.43±0.32 27.36±0.45 1.66 3.16±0.35 14.24±0.25 16.21±0.12 1.94±0.16 Prolate Scabrate

C. australis 48.32±0.35 24.66±0.23 1.95 3.18±0.21 13.23±0.15 13.25±0.15 1.77±0.18 Prolate Scabrate

C. australis 46.27±0.22 27.25±0.25 1.69 2.58±0.41 12.44±0.25 14.33±0.21 1.64±0.26 Prolate Scabrate

C. campestris 40.67±0.24 42.56±0.35 0.95 4.58±0.45 17.28±0.18 15.04±0.25 2.89±0.16 Circular Reticulate-
Echinate

C. campestris 43.62±0.35 45.36±0.28 0.95 4.28±0.41 19.12±0.22 16.17±0.31 2.37±0.25 Circular Reticulate-
Echinate

C. campestris 41.47±0.21 43.53±0.21 0.95 4.18±0.31 18.04±0.15 15.14±0.35 2.67±0.36 Circular Reticulate-
Echinate

C. campestris 40.37±0.34 42.46±0.25 0.95 3.98±0.21 19.34±0.25 16.14±0.21 2.43±0.26 Circular Reticulate-
Echinate

C. chinensis 39.26±0.24 40.26±0.35 0.97 3.78±0.34 20.24±0.45 14.24±0.24 2.57±0.16 Circular Reticulate-
Echinate

C. chinensis 38.37±0.34 39.42±0.25 0.97 3.83±0.41 22.04±0.35 15.14±0.33 2.17±0.36 Circular Reticulate-
Echinate

C. chinensis 39.17±0.37 40.65±0.24 0.97 3.73±0.38 24.34±0.65 16.24±0.11 2.39±0.24 Circular Reticulate-
Echinate

C. chinensis 40.33±0.34 42.26±0.35 0.95 3.68  ±
0.35

19.54±0.15 13.14±0.21 2.62±0.16 Circular Reticulate-
Echinate
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Fig. 1. Scanning electron micrographs (SEM) of pollen surface in Cuscuta campestris, C. chinensis, and C. australis.
For each taxon the first micrograph shows the outline of the pollen indicating its general shape, and the second
micrograph is a close view of the pollen surface. A, B. Cuscuta campestris, C, D. C. chinensis, and E, F C. australis.

In order to define the diagnostic value of pollen

grains in species delimitations in studied Cuscuta

species, cluster analysis by Ward’s method was carried

out based on nine qualitative and quantitative features
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Fig. 2. Cluster analysis (Ward’s method) based on pollen features of Cuscuta.

Fig. 3. PCO plot of Cuscuta species based on observed pollen data.
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Factor analysis revealed that, there were two

factors provided more than 72% of total observed

variation in studied pollen grains. By studying the

component matrix for each factor, it was evident that,

shape and ornamentation of tectum are most important

features in the first factor and exine thickness and colpus

length, are most significant in the second factor. PCO

confirmed the results of cluster analysis by Ward’s

method based on qualitative and quantitative features of

pollen grains (Fig. 3).

- Seed characteristics

Values of six quantitative and qualitative seed

traits have been observed and measured in three Cuscuta

species (Table 3). SEM photographs for each species,

showing the seed character variations, are given in figure

4. Seeds are generally almond, with various degrees of

deviation. However, circular seeds were also

occasionally observed among some examined species.

The longest length of the seeds is seen 3.48 mm in

C. chinensis, and shortest width is found 1.37 mm in

C. australis (Table 3). In terms of exomorphology, seed

surface is generally regulate in C. australis (Fig. 4F),

polygonal in C. chinensis (Fig. 4B) and C. campestris

(Fig. 4C). The anticlinal walls are observed coarsely

undulate in C. australis (Fig. 4F), and deeply undulate in

both C. chinensis and C. campestris (Figs 4B, C).

Table 3. Some diagnostic seed micro-morphological features in Cuscuta species

Taxon Length
(mm)

Width
(mm) Length/width Shape Anticlinal wall Sculpturing

C. australis 2.18±0.01 1.47±0.04 1.48 Circular Coarsely undulate Regulate

C. australis 2.05±0.01 1.37±0.04 1.49 Circular Coarsely undulate Regulate

C. australis 2.20±0.02 1.58±0.04 1.39 Circular Coarsely undulate Regulate

C. australis 2.25±0.02 1.47±0.06 1.53 Circular Coarsely undulate Regulate

C. campestris 3.15±0.02 2.87±0.06 1.09 Almond Deeply undulate Polygonal

C. campestris 3.30±0.02 2.18±0.06 1.51 Almond Deeply undulate Polygonal

C. campestris 3.38±0.01 2.38±0.06 1.42 Almond Deeply undulate Polygonal

C. campestris 3.40±0.01 2.57±0.06 1.32 Almond Deeply undulate Polygonal

C. chinensis 3.35±0.01 2.48±0.06 1.35 Almond Deeply undulate Polygonal

C. chinensis 3.45±0.07 2.86±0.02 1.20 Almond Deeply undulate Polygonal

C. chinensis 3.48±0.01 2.65±0.01 1.31 Almond Deeply undulate Polygonal

C. chinensis 3.28±0.01 2.79±0.01 1.17 Almond Deeply undulate Polygonal
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Fig. 4. Scanning electron micrographs (SEM) of seed surface in C. campestris, C. chinensis, and C. australis. For each
taxon, the first micrograph shows the outline of seed indicating its general shape, and the second micrograph is a close
view of seed surface. A, B. Cuscuta campestris, C, D. C. chinensis, and E, F. C. australis.

- Phylogenetic analysis

Detailed information about alignment

characteristics, selected model of nucleotide substitution,

as well as tree statistics from the single analysis of the

nrDNA ITS region, are summarized in table 4. The

aligned nrDNA ITS matrix comprises 658 characters.

The parsimony and Bayesian analyses of the nrDNA ITS

produced congruent trees and gave similar results.

All members of this genus form a well-supported clade

(PP=1, MP/BS=100) and divided into two well-supported

major clades (Fig. 5). Clade A is composed of species of

C. australis. Two species of C. campestris and

C. chinensis were nested in clade B. This clade (B)

further forms two subclades including B1 and B2.
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Table 4. Dataset and tree statistics from single analysis of the nuclear region

Total sample ITS
Number of sequences 15

Number of ingroup sequences 12

Alignment length [bp] 658

Number of parsimony-informative characters 145

Number of MPTs 92

Length of MPTs 119

Consistency index (CI) 0.872

Retention index (RI) 0.740

Evolutionary model selected  (under AIC) SYM + G

Fig. 5. 50% majority rule consensus tree resulting from the Bayesian phylogenetic analysis of the nrDNA ITS dataset.
Numbers of the branches are posterior probability (PP) from the BI and bootstrap support (BS) values from a MP and
ML analysis, respectively (values <50 % were not shown).

- Phylogenetic networks

The splits graph shows major internal network

structure, indicating reticulation. Correlation between

geographical and genetic distance of the studied

populations was studied on the basis of Podani (2000).

The groups formed in the splits graph are readily

correlated to the clades recovered in the phylogenies.

Populations of C. australis (9–12) are distinct and

stand separately from the other populations at a major

distance. Populations of C. chinensis, and C. campestris

(1–8) showed more genetic affinity and placed close to

each other.
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Fig. 6. Splits graph for ITS sequences of Cuscuta. Two major groups were recovered (lineage I and II).

Discussion

The taxonomic position of Cuscuta has been

discussed from the past due to the existence of several

specialized traits that are suitable for parasitic life,

including the reduction of chlorophyll content and scale

leaves. The reduction of morphological traits, the

consistency of these traits among species and the

presence of diversity at the lower level, is one of the most

important problems in determining the taxonomic

boundaries in this genus. Because of little attention in

previous micro-morphological and phylogenetic studies,

this study represents the first general investigation of the

Cuscuta in Iran. The morphological pollen structures

were found different from each other and these properties

were found to be important for taxonomy of Cuscuta

(Table 2). The genus is extremely variable in their pollen

characters. Pollen results have indicated that,

C. chinensis had the largest, while C. australis had the

smallest pollen grains (Table 2). Sengupta (1972) worked

out an important study on the pollen morphology of

Convolvulaceae. His study pointed out that, the pollen

grains of 19 species of Cuscuta are tricolpate where some

of accessions are tetracolpate and pantocolpate which is

in accordance with our results. Welsh et al. (2010) stated

that, the pollen structures of Cuscuta were heteromorphic

and almost 95% of the studied species were 3-

zonocolpate. Moore et al. (1991) reported that, the

pantocolpate condition of some species, containing

Cuscuta that are normally trizonocolpate, is thought to be

associated with meiotic irregularities or increasing ploidy

levels, and sometimes with hybridization. Our study is

also in accordance with Perveen & Qaiser (2004) that

shape of Pakistani species are spheroidal to oblate, and

prolate and tectum with reticulate, regulate and scabrate

processes. Also, based on study of Liao et al. (2004), two

distinct pollen types of Cuscuta spp. in Taiwan are

recognized. Type 1 (including C. australis,

C. campestris, and C. chinensis), is small-sized and has

colpus with granules, and ektexine finely reticulate;

while type 2 (including C. japonica), is medium-sized,

and has colpus with granules, scabrate processes on

surface of granule and reticulate ektexine. Results of

palynological studies on different species of Cuscuta

verified importance of pollen traits for distinguishing this

taxa. As it is visible in Ward’s dendrogram, species are

separated from each other by their pollen features.

The present study about seed is in accordance

with the findings of Abdel Khalik (2006) that, the seed

surface separates all the species clearly. Cuscuta

australis has regulate sculpture, where C. chinensis and
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C. campestris have polygonal sculpture. Abdel Khalik

(2006) demonstrated that, subgenera Grammica and

Cuscuta have the same seed and are far from subgenus

Monogyna. This probably represents apomorphic seed

characteristics in these two subgenera (in consistence

with finding of Hamed 2005).

In general, it can be concluded that, reproductive

traits such as pollen and seed traits have achieved the end

of their evolution and are valuable in systematic studies.

This could be due to the parasitic life and invasive nature

of this plant to occupy new areas of growth.

Plant molecular studies greatly advanced in the

recent years and molecular phylogenetic investigation

has dramatically re-shaped our views of organismal

relationships (Soltis & Soltis 2000). Nuclear molecular

technique has been successfully applied for research of

infraspecific variations in different genera (Sheidai et al.

2013, 2014). Therefore, we decided to use the molecular

approach for investigation of infra-specific variations

between Cuscuta species. Phylogenetic analyses

indicated the monophyly of Cuscuta with strongly

support (PP=1.00, ML/BS=100/100) and divided into

two major clades. Our result is also in concordance with

Stefanovic & Olmstead (2004). In their sampling, two

species of Cuscuta, viz. C. japonica (subgenus

Monogyna), and C. europaea (subgenus Cuscuta), were

identified as monophyletic. These species chosen as

place-holders for the genus, because they exemplify the

morphological (united style versus bifid style) and

physiological (hemiparasite versus holoparasite) diversity

within the genus. All of the analyses of Costea &

Stefanovic (2009) show the C. californica complex to be

a strongly supported monophyletic group and within this

complex, four major lineages can be delimited based on a

combination of their individual strong support. Even

though, we confirm the monophyly of the genus Cuscuta

relationships among some species in clade B, were

poorly resolved and form a polytomy. In fact, sequence

divergence among these taxa was generally low, resulting

in a lack of phylogenetic resolution. Molecular study

(rbcl and nrLSU) conducted by Garcia et al. (2014), did

not confirm any close relationship between C. chinensis

and C. campestris. Although, important factors that could

be responsible for this incongruence are: differences in

number of species and choice of molecular markers. In a

study carried out by Garcia & Martin (2007), the position

of some taxon is not resolved and arises from the

polytomy of a clade. They believed that, factors

influencing the taxonomic difficulty of many species in

the subgenus Cuscuta, include lack of morphological

characters, parallelism and gene flow between closely-

and not-so-closely related species. Also, it is evident that,

reliance on a single data set may result in inadequate

resolution or an incorrect picture of phylogenetic

relationships (Soltis & Soltis 2000). Therefore, it is

necessary to use chloroplast markers to better resolve the

relationships between the populations of each species.

Neighbor-Net (NN), a distance-based network

construction method, allows for graphical representation

of conflicting phylogenetic signals and interpretation of

evolutionary histories which are not tree-like (Bryant &

Moulton 2004). Neighbor-Net split graphs have been

used with varying success to detect reticulate history

(Carine et al. 2007, Frajman & Oxelman 2007, Grimm &

Denk 2008, Weiss-schneeweiss et al. 2008, Ramdhani et

al. 2010). In this study, the Neighbor-Net diagram

demonstrated complete separation of the studied

populations within the network, supporting the

phylogenetic results. The splits graph shows extensive

internal network structure, indicating reticulation. The

groups formed in the splits graph are readily correlated to

the clades recovered in the phylogenies. We use the term

“lineage” to refer to groups of specimens in the NN trees

and “clade” to refer to groups in the phylogenies (Fig. 6).

The ITS splits graph revealed two main groups

(Fig. 6). Lineage “I” correlates to clade “A” and is

composed of populations of C. australis. Lineage “II”
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includes the populations of C. chinensis and

C. campestris, correlates to clade “B” (Fig. 5).

Conclusion

Cuscuta is a parasitic genus due to the existence

of several specialized characters; the taxonomic position

of it has been unresolved. Present study was carried out

to provide additional evidence for taxonomists to help

separate these three species. These taxa differ in

important micro-morphological and molecular

characteristics. It is necessary to use chloroplast markers

to better resolve the relationships between the

populations of each species.
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