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Abstract. This study investigated the somatic chromosome numbers and morphomet-
ric properties of 11 different taxa belonging to the genus Cuscuta L., which is one of
the parasitic flowering plants and causes significant economic losses on agricultural
products. For this purpose, the species were examined karyologically and compared
statistically. Belonging to the genus Cuscuta, C. campestris Yunck., C. hyalina Roth, C.
kotschyana Boiss., C. babylonica Aucher ex Choisy, C. europaea L., C. kurdica Engelm.,
C. brevistyla A.Braun ex A.Rich, C. planiflora Ten., C. approximata Bab., C. lupuliformis
Krock. C. palaestina Boiss. the chromosome number and morphology of the species
were investigated using karyological techniques. Chromosome numbers of the species;
C. kotschyana, C. babylonica, C. europaea, C. kurdica, C.planiflora 2n=14; C. campes-
tris, C. hyalina, C. approximata, C. lupuliformis, and C. palaestina 2n=28 and C. brevi-
styla 2n=42 is determined. Also, the species’ chromosome number, total chromosome
length, relative length, arm ratio, centromere index and centromere states, and karyo-
type asymmetry values were determined. Chromosome numbers of C. kotschyana and
C. kurdica taxa were defined for the first time in this study. Thus, new data on the sys-
tematics of these species have been revealed.

Keywords: Convolvulaceae, Cuscuta, parasitic plant, Chromosome number, karyotype.

INTRODUCTION

Cuscuta (Dodder) is a member of the Convolvulaceae family, including
about 200 different root parasite species. About 15-20 of these species cause
severe problems in agricultural areas (Dawson et al., 1994). With this, most
Cuscuta species are considered extinct in the wild, and some species even
require conservation measures in nature (Costea and Stefanovic 2009a). Cus-
cuta species can be found in various habitats, including temperate, tropical,
desert, riparian, coastal, high mountain, woodland, saltwater, and degraded
environments (Costea et al., 2015). Like other parasitic plants, Cuscuta species
play an essential role in ecosystems (Press et al. 1999).
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Yunker (1932) divided the genus Cuscuta into three
subgenera according to styles and stigma shapes. These;
Cuscuta are Grammica (Lour.), Yunck, and Monogynella
(Des Moul.). In the flora of Turkey, 15 species of these
subgenera and two unknown species (C. aratica Butk.
and C. subuniflora K. Koch), and one suspicious (C. epili-
num Wiehe) species have been identified (Plitman, 1978).
Since the vegetative parts of parasitic plants are generally
reduced, flower characters are insufficient in taxonomy.
This situation creates problems in diagnosis. For this rea-
son, it is necessary to use some methods to identify spe-
cies belonging to the genus Cuscuta. Studying chromo-
some numbers and structures can give valuable results in
solving taxonomic problems (Tasar et al., 2018a; 2018b).

It has been determined that Cuscuta species general-
ly have holocentric chromosomes and undergo inverted
meiosis (Pazy and Putmann 1987; 1991; 1994).

Some morphological features are overlooked in plant
determinations and classifications of classical taxonomy.
Characteristics acquired according to environmental fac-
tors appear to be new features, confusing classification.
For this reason, considering the characters in classical
taxonomy, examining the chromosome numbers, struc-
ture and structures gives beneficial results in solving the
problems (Tasar et al., 2018a; 2018b ). In addition, statisti-
cal analyzes can be useful in morphological and anatomi-
cal studies recently (Geng et al. 2021; Arabaci et al. 2021;
Dirmenci et al. 2019; Dirmenci et al. 2020; Acar and Satil
2019; Agar and Tasar 2022). This study aims to reveal the
karyological features of Cuscuta species distributed in
Turkey, determine the relationships between them, and
contribute to the genus’s taxonomic classification.

MATERIAL AND METHODS
Material

Cuscuta samples, the study material, were obtained
from the field. Localities of taxa are given in Table
1. Plant taxa were identified using the genus Cuscuta
(Yuncker 1932) and Flora of Turkey. (Davis, 1978). The
collected specimens have been turned into herbarium
material and are kept in Van Yiizlincdt Yil University,
Faculty of Agriculture, Plant Protection Department,
and Bitlis Eren University, Biology Department.

Methods
Chromosome measurements

The seeds of the plant samples were sown in Petri
dishes and germinated in an oven at 20-22 °C. Roots
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reaching 1-2 cm in length from the germinated seeds
were cut, kept in colchicine for 2 hours at room tem-
perature, and subjected to pretreatment (Gedik et al.,
2014). Then, the root tips were placed in Carnoy fixa-
tive (3:1) and fixed by keeping them in the refrigerator
at +4 °C for 24 hours. At the end of the period, root tips
were hydrolyzed in 1IN HCI in an oven at 60 °C for 5-18
minutes. Root tips removed from hydrolysis were stained
with Feulgen stain for 1 hour in a dark environment at
room temperature. Then it was washed 2-3 times with
tap water. For preparation, the growth meristem part
was cut off with a sharp razor blade in a drop of 45%
acetic acid on the slide, and the coverslip was closed.
The best three somatic cells for each species were pho-
tographed using an Olympus BX53 microscope. The
naming system of Levan (1964) was used to locate the
centromere. The intra-chromosomal asymmetry index
(A1) was calculated according to the formula proposed
by Romero Zarco (1986). Interchromosomal asymmetry
index (A2) and karyotype symmetry nomenclature were
made according to Stebbins (1971).

Statistical analisyes

For analysis used, several formulas were established
on chromosome characteristics. The measurements were
built on haploid datasets. The calculations and abbre-
viations used in the analysis are as follows. TLC (total
length of chromosomes), MTLC (mean of total length
of chromosomes), MAX (maximum length of chromo-
some), MIN (minimum length of chromosomes), MLA
(mean of long arms), MSA (mean of short arms), MrV
(mean of r-value), MdV (mean of d value), MAR (mean
of arm ratio), MCI (mean of chromosome index), MRLC
(mean of the relative length of chromosomes), DRL (dif-
ference of range of relative length), TF% (total form
percentage), S% (relative length of the shortest chromo-
some), Al (intrachromosomal asymmetry index), A2
(interchromosomal asymmetry index), and A (Degree of
asymmetry). Both arm ratios were assumed to be equally
affected (Adhikary 1974). All karyotype formulas and
asymmetry indexes were determined based on Huziwara
(1962) (TF%), Levan et al. (1964) (r and d values), Zarco
(1986) (A1 and A2), Watanabe (1999) (A), Peruzzi and
Eroglu (2013) (CI) as well. The abbreviations were taken
from Rezeai et al. (2014) (RLC%, DRL, S%). The formu-
las are as follows.

Formulas

Length of the long arm of chromosome

rvalue =
Length of the short arm of chromosome
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d value=Length of the long arm of chromosome-Length of
the short arm of chromosome

. Length of the short arm of chromosome
armratio =

Length of the long arm of chromosome

Length of the short arm of chromosome

Cl =

Length of the long arm of chromosome + Length of the short arm of chromosome

total length of each chromosome

RLC% = x 100

total length of chromosomes

DRL=(maximum relative length)- (minimum relative
length)

total length of short arms

TF% = x 100

total length of chromosomes

length of shortest chromosome

5% = x 100

length of longest chromosome

A= (3)zai, A==

li+si
(li = lengths of a long arm, si = lengths of a short arm, n
= haploid chromosome number).

n bi

i=1 B;

Al=1-—

(n = number of homologous chromosome pairs, b; = the
average length of short arms in every homologous chro-
mosome pair, B; = the average length of long arms in eve-
ry homologous chromosome pair).

(S = standard deviation of chromosome lengths, = mean
of chromosome lengths).

Table 1. The localities of studied taxa.

A data matrix was constructed according to 17
chromosomal traits in Table 1. The Principal Compo-
nent Analysis (PCA) was used based on the data matrix.
Next, the cluster analysis was made using the Gower
similarity index to determine the relationships between
Cuscuta taxa’s chromosome traits. Also, the Pearson
correlation coefficient (r) analysis was performed to see
strong and weak relationships between chromosome
traits. At the same time, Shapiro - Wilk normality test
was performed. Then, the one-way analysis of variance
(ANOVA) was performed to determine whether the dif-
ference between the data was statistically significant. All
the analyses were carried out with PAleontoSTatistics
(PAST) (Hammer et al. 2001).

RESULTS

In this study, the karyological characteristics of
11 different Cuscuta taxa were investigated, and their
details are given below.

Cuscuta campestris: The chromosome number of
C. campestris, native to the United States of America
and spread to many countries from there, and can be
found almost everywhere in Turkey, was found to be
2n=2x=28. The haploid karyotype formula of this spe-
cies is 10 median regions (m), 2 submedian regions (cm),
and 2 dotted median (M) regions. Metaphase chromo-
some length varies between 2.48-1.48 um. Chromosome
arm ratios vary between 1.43-1 um. Its centromere index
ranges from 50.00 to 29.44 um, and its relative length
is between 10.93 and 18.32 pum. The intra-chromosomal
asymmetric index (A1) is 0.32, and the inter-chromo-
somal asymmetric index (A2) is 0.04 (Table 2, Figure 1).

Cuscuta hyalina: The chromosome number of C.
hyalina species, distributed in Turkey’s local area (Bitlis

Taxa

Cuscuta campestris Yunck.

Cuscuta hyalina Roth.

Cuscuta kotschyana Boiss.

Cuscuta babylonica Aucher ex Choisy.
Cuscuta europaea L.

Cuscuta kurdica Engelm.

Cuscuta brevistyla A.Braun ex A.Rich
Cuscuta planiflora Ten.

Cuscuta approximata Bab.

Cuscuta lupuliformis.

Cuscuta palaestina Boiss.

Localities Voucher specimen
Adana, Imamoglu, Alaybey village 1752
Bitlis, Hizan, Karbast1 village 2101
Bitlis, Siiphan mountain 2098
Van, Catak, Sirmali village 2100
Bitlis, Hizan 1993
Hakkari, Ordekli village 14935
Bitlis, Hizan 1786
Van, Tugba 1766
Denizli, Honaz mountain 1801
Hakkari Centre 2099
Van, Giirpinar 2095
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Table 2. Chromosomes measurements of Cuscuta taxa (Ch. No: Chromosome No, C: Total length of the chromosome, L: Length of the long
arm, S: Length of the short arm, CP: Centromeric position).

Ch.No C L S LS I RL  CP Ch.No C L S LS  CI RL CP
Cuscuta campestris 17 2,03 1,10 0,93 1,18 45,81 16,42 m
1 248 146 102 143 41,13 000 m 18 194 1,16 078 149 4021 17,18 m
2 2,4 1,4 1 1,40 41,67 000 m 19 1,92 1,00 092 109 4792 1736 m
3 229 1,39 09 1,54 3930 000 m 20 1,89 1,05 084 125 4444 1763 m
4 21 131 079 1,66 37,62 000 m 210 1,78 092 086 1,07 4831 1872 m
5 2,06 1,03 1,03 100 5000 000 M Cuscuta palaestina
6 206 Lle 09 129 4369 0,00 m 1 480 240 240 1,00 50,00 1078 M
7 198 L2l 077 1,57 3889 000 m 2 474 244 230 1,06 4852 1092 m
8 L9 108 082 132 4316 000 m 3 469 2,53 2,16 1,17 4606 11,04 m
9 1,84 L2 072 156 3913 0,00 m 4 436 297 139 214 31,88 11,87 sm
10 L8 127 053 240 2944 000  sm 5 428 293 135 217 31,54 1209 sm
11 1,67 1,03 064 16l 3832 000 m 6 413 291 122 239 2954 1253 sm
12 L 08 07 120 4545 000 m 7 393 237 156 1,52 3969 1317 m
13 151 1,03 048 215 3179 000 sm 8 372 234 138 170 3710 1391  sm
14 148 074 074 1,00 5000 000 M 9 342 171 171 100 5000 1513 M
Cuscuta kotschyana 10 3,16 1,58 1,58 1,00 50,00 16,38 M
1 395 21 1,85 L4 4684 619 m 11 28 1,55 134 1,16 4637 1791 m
2 393 251 142 177 3613 622  sm 12 279 1,56 1,23 127 4409 1855 m
3 351 1,89 1,62 L17 4615 69 m 13 262 144 1,08 122 4504 1976 m
4 347 1,93 154 125 4438 704 m 14 223 123 1,00 123 4484 2321 m
5 33 1,68 168 100 5000 727 M Cuscuta hyalina
6 318 Lel 157 103 4937 769 m 1 518 2,63 255 1,03 4923 11,08 m
7 304 1,52 1,52 100 50,00 804 M 2 505 258 247 1,04 4891 11,36 m
Cuscuta europaea 3 4,93 2,50 2,43 1,03 49,29 11,64 m
1 648 3,60 28 125 4444 525 m 4 480 240 240 1,00 50,00 11,95 M
2 558 342 216 158 3871 610 m 5 450 235 215 1,09 4778 1275 m
3 472 300 1,72 174 3644 721  sm 6 440 220 220 1,00 50,00 13,04 M
4 453 263 190 138 41,94 751 m 7 425 215 210 1,02 4941 1350 m
5 437 245 192 128 4394 779 m 8 418 230 1,88 1,22 4498 13,72 m
6 435 252 1,83 138 4207 782 m 9 4,00 2,00 200 1,00 50,00 1434 M
7 4,00 270 130 2,08 3250 851  sm 10 358 1,85 1,73 107 4832 1603 m
Cuscuta brevistyla 11 342 1,71 1,71 1,00 5000 1677 M
] 395 210 185 114 4684 619 m 12 319 1,61 1,58 102 4953 1798 m
) 393 251 142 177 3613 622  sm 13 309 1,57 1,52 1,03 49,19 1857 m
3 351 189 162 117 4615 696 m 14 28 150 1,30 1,15 4643 2049 m
4 3,47 1,93 1,54 1,25 44,38 7,04 m Cuscuta babylonica
5 33 1,68 168 1,00 5000 727 M 1 623 348 275 127 4414 545
6 318 1,61 157 1,03 4937 7,69 m 2 532 312 220 142 4135 638 m
7 304 1,52 1,52 1,00 5000 804 M 3 522 350 1,72 203 3295 651  sm
8 300 1,85 116 1,59 3854 11,07 m 4 469 324 145 223 3092 724 sm
9 290 1,79 L1l 1,61 3828 1149 m 5 436 2,18 2,18 1,00 50,00 779 M
10 28 155 1,30 1,19 4561 11,69 m 6 434 264 1,70 1,55 3917 78 m
11 281 1,60 121 132 4306 11,86 m 7 380 236 144 1,64 3789 894 m
12 268 134 1,34 1,00 5000 1244 M Cuscuta kurdica
13 254 149 1,05 142 4134 1312 m ] 480 240 240 100 5000 646 M
14 246 126 1,20 105 4878 13,55 m ) 467 245 222 110 4754 664 m
15 230 1,18 1,12 105 4870 1449 m 3 466 250 216 L16 4635 665 m
16 222 1.,11 1,11 100 5000 1501 M 4 440 300 140 214 3182 705  sm
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Ch.No C L S L/S CI RL Cp

5 4,36 2,97 1,39 2,14 31,88 7,11 sm
6 4,25 2,95 1,30 2,27 30,59 7,30 sm

7 3,87 2,36 1,51 1,56 39,02 8,01 m
Cuscuta approximata
1 3,68 1,84 1,84 1,00 50,00 8,87 M
2 3,36 1,68 1,68 1,00 50,00 9,72 M
3 3,08 1,82 1,26 1,44 4091 10,60 m
4 2,48 1,28 1,20 1,07 48,39 13,17 m
5 2,42 1,50 0,92 1,63 38,02 13,49 m
6 2,36 1,36 1,00 1,36 42,37 13,83 m
7 2,28 1,40 0,88 1,59 38,60 14,32 m
8 2,12 1,24 0,88 1,41 41,51 15,40 m
9 2,01 1,20 0,81 1,48 40,30 16,24 m
10 1,98 0,99 0,99 1,00 50,00 16,49 M
11 1,85 1,24 0,61 2,03 32,97 17,65 sm
12 1,84 1,06 0,78 1,36 42,39 17,74 m
13 1,62 1,00 0,62 1,61 38,27 20,15 m
14 1,57 0,84 0,73 1,15 46,50 20,80 m
Cuscuta lupuliformis
1 6,96 3,48 3,48 1,00 50,00 6,40 M
2 3,82 2,24 1,58 1,42 41,36 11,65 m
3 3,80 2,55 1,25 2,04 32,89 11,72 sm
4 3,20 1,60 1,60 1,00 50,00 13,91 M
5 3,14 1,82 1,32 1,38 42,04 14,18 m
6 3,07 1,83 1,24 1,48 40,39 14,50 m
7 2,98 1,76 1,22 1,44 40,94 14,94 m
8 2,94 1,80 1,14 1,58 38,78 15,14 m
9 2,76 1,70 1,06 1,60 38,41 16,13 m
10 2,52 1,56 0,96 1,63 38,10 17,67 m
11 2,43 1,33 1,10 1,21 45,27 18,32 m
12 2,40 1,20 1,20 1,00 50,00 18,55 M
13 2,30 1,26 1,04 1,21 45222 19,36 m
14 2,20 1,10 1,10 1,00 50,00 20,24 M
Cuscuta planiflora
1 5,28 2,64 2,64 1,00 50,00 5,54 M
2 4,35 2,55 1,80 1,42 41,38 6,72 m
3 4,24 2,82 1,42 1,99 33,49 6,89 sm
4 4,08 2,04 2,04 1,00 50,00 7,16 M
5 3,96 2,26 1,70 1,33 42,93 7,38 m
6 3,78 2,15 1,63 1,32 43,12 7,73 m
7 3,54 2,18 1,36 1,60 38,42 8,26 m

province), was found as 2n=2x=28. The haploid karyo-
type formula of this species has 10 median regions (m)
and 4 points median (M) regions. Metaphase chromo-
some length varies between 5.18-2.80 pm. Chromosome
arm ratios vary between 1.03-1.15 pm. Its centromere
index ranges from 50.00 to 44.98 um and relative length
from 11.08 to 20.49 um. The intra-chromosomal asym-

metric index (Al) is 0.04, and the inter-chromosomal
asymmetric index (A2) is 0.04 (Table 2, Figure 1).

Cuscuta kotshyana var. caudata: The chromosome
number of this species was determined as 2n=2x=14.
Haploid karyotype formula; It has 4 median regions
(m), 2 points median (M) and 1 submedian region (cm)
region. Metaphase chromosome length was measured in
lengths ranging from 3.93-3.04 pm. Chromosome arm
ratios vary between 1.77-1 um. The centromere index is
50.00-36.13 pm. Its relative length was measured in the
range of 6.22-8.04 pm. The intra-chromosomal asym-
metric index (Al) is 0.15, and the inter-chromosomal
asymmetric index (A2) is 0.07 (Table 2, Figure 1).

Cuscuta babylonica var. babylonica: The chromo-
some number of this species is mainly found in the East-
ern Anatolia region of Turkey, at an altitude of 850-1200
m, whose stems are between thin filamentous and medi-
um thickness, and which is yellowish-red is 2n=2x=14.
The haploid karyotype formula of this species is 4 medi-
an regions (m), 2 submedian regions (cm), and 1 dot-
ted median (M) region. Metaphase chromosome length
varies between 6.23-3.80 um. Chromosome arm ratios
range from 1.64 to 1 um. Its centromere index ranges
from 50.00-30.92 pum, and its relative length ranges from
5.45 to 8.94 pm. The intra-chromosomal asymmetric
index (Al) is 0.34, and the inter-chromosomal asymmet-
ric index (A2) is 0.07 (Table 2, Figure 1).

Cuscuta europaea: C. europaea; has 2n=2x=14 chro-
mosomes. The haploid karyotype formula has 5 median
regions (m) and 2 submedian regions (cm). Metaphase
chromosome length varies between 6.48-4 um. Chro-
mosome arm ratios vary between 2.08-1.25 um. Its cen-
tromere index ranges from 44.44 to 32.50 um, and its
relative length ranges from 5.25 to 8.51 um. The intra-
chromosomal asymmetric index (Al) is 0.33, and the
inter-chromosomal asymmetric index (A2) is 0.07 (Table
2, Figure 1).

Cuscuta kurdica: The chromosome number of this
species was found to be 2n=2x=14. The haploid karyo-
type formula has 3 median regions (m), 3 submedian
regions (cm), and 1 dotted median (M) region. Meta-
phase chromosome length varies between 4.80-3.87 pm.
Chromosome arm ratios vary between 2.27-1 um. Its
centromere index ranges from 50.00-30.59 pm and rela-
tive length is between 6.46 and 8.01 pm. The intra-chro-
mosomal asymmetric index (Al) is 0.34, and the inter-
chromosomal asymmetric index (A2) is 0.07 (Table 2,
Figure 1).

Cuscuta brevistyla: The chromosome number of C.
brevistyla species, which is annual, parasitic, and gen-
erally distributed in the mountains, was determined as
2n=6x=42. The haploid karyotype formula has 15 medi-
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Figure 1. Mitotic metaphase chromosomes of Cuscuta taxa 1. Cuscuta campestris, 2. Cuscuta hyalina, 3. Cuscuta kotschyana, 4. Cuscuta
babylonica, 5. Cuscuta europaea 6. Cuscuta kurdica, 7. Cuscuta brevistyla, 8. Cuscuta planiflora, 9. Cuscuta approximata, 10. Cuscuta lupuli-
formis, 11. Cuscuta palaestina (Scale:10 um).

an regions (m), 3 submedian regions (cm), and 3 dotted
median (M) regions. Metaphase chromosome length
varies between 4.73-1.78 pm. Chromosome arm ratios
vary between 1.97-1 pm. Its centromere index rang-
es from 50.00-33.63 um, and its relative length varies
between 12.63- 33.55 pm. The intra-chromosomal asym-
metric index (Al) is 0.25, and the inter-chromosomal
asymmetric index (A2) is 0.02 (Table 2, Figure 1).

Cuscuta planiflora: The chromosome number of this
species was determined as 2n=2x=14. The haploid karyo-
type formula has 4 median regions (m), 1 submedian
region (cm), and 2 dotted median (M) regions. Meta-
phase chromosome length varies between 5.28-3.54 um.
Chromosome arm ratios vary between 1.60-1 um. Its
centromere index ranges from 50.00 to 38.42 um, and its
relative length ranges from 5.54 to 8.26 pm. The intra-
chromosomal asymmetric index (Al) is 0.24, and the
inter-chromosomal asymmetric index (A2) is 0.07 (Table
2, Figure 1).

Cuscuta approximata: C. approximata has 2n=4x=28
chromosomes. The haploid karyotype formula has 10
median regions (m), 1 submedian region (cm), and 3

point median (M) regions. Metaphase chromosome
length varies between 3.68-1.57 um. Chromosome arm
ratios vary between 1.60-1 um. Its centromere index
ranges from 50.00 to 32.97 pum and its relative length
from 8.87 to 20.80 um. The intra-chromosomal asym-
metric index (Al) is 0.23, and the inter-chromosomal
asymmetric index (A2) is 0.04 (Table 2, Figure 1).
Cuscuta lupuliformis: The chromosome number of
this species was found to be 2n=2x=28. The haploid kar-
yotype formula has 9 median regions (m), 1 submedian
region (cm), and 4 point median (M) regions. Meta-
phase chromosome length varies between 6.96-2.20 pm.
Chromosome arm ratios vary between 2.04-1 pm. Its
centromere index ranges from 50.00-32.89 pum, and its
relative length is 6.40-20.24 um. The intra-chromosomal
asymmetric index (Al) is 0.24, and the inter-chromo-
somal asymmetric index (A2) is 0.04 (Table 2, Figure 1).
Cuscuta palaestina: The chromosome number of
this species was determined as 2n=4x=28. The haploid
karyotype formula is 7 median regions (m), 4 submedian
regions (cm), and 3 point median (M) regions. Meta-
phase chromosome length varies between 4.80-2.23 pm.
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Table 3. Karyotype characteristics of Cuscuta taxa (TLC: Total Lenght of Chromosomes, MTLC (Mean of Total Length of Chromosomes,
MAX: Maximum Length of Chromosome, MIN: Minimum Length of Chromosome, MLA: Mean of Long Arms, MSA: Mean of Short
Arms, MrV: Mean of r Value, MdV: Mean of d Value, MAR: Mean of Arm Ratio, MCI: Mean of Chromosome Index, MRLC: Mean of Rela-
tive Length of Chromosomes, DRL: Difference of Range of Relative Length, TF%: Total Form Percentage, S%: Relative Length of Shortest
Chromosome, A,: Intrachromosomal Asymmetry Index, A,: Interchromosomal Asymmetry Index).

Cuscuta Taxa TLC MTLC MAX MIN MLA MSA MrV MdV MAR MCI MRLC DRL TF% $% Ay A, A

C. campestris 27.11 097 146 048 1.14 078 192 036 151 40.69 1437 739 041 033 032 0.04 0.19
C. hyalina 5737 2.05 263 130 209 200 409 009 1.05 4879 1452 941 049 049 004 0.04 0.02
C.kotschyana 2444 175 251 142 189 160 349 029 1.19 4012 7.06 182 046 057 0.15 0.07 0.08
C. babylonica 3396 243 35 145 293 192 485 101 159 3949 7.16 349 040 041 034 0.07 0.21
C. europaea 3403 243 36 130 290 195 485 095 153 4001 7.17 326 040 036 033 0.07 0.20
C. kurdica 31.01 222 297 130 266 176 442 090 1.62 3960 7.03 155 040 044 034 0.07 0.20
C. brevistyla 59.72 142 253 0.78 1.62 122 284 040 134 4345 22.63 2092 043 031 025 0.02 0.14
C. planiflora 2923 209 282 136 237 179 416 058 138 4276 7.01 272 043 048 024 0.07 0.14
C. approximata 32.65 1.17 184 0.61 131 1.01 232 030 137 4387 14.89 11.92 043 033 023 0.04 0.13
C. lupuliformis 4452 159 348 096 180 137 317 043 136 43.10 15.19 1384 043 0.28 024 004 0.14
C. palaestina 51.76 1.85 297 1.01 214 155 369 059 143 4248 1480 1243 042 0.34 0.28 0.04 0.16

Chromosome arm ratios vary between 2.39-1 um. Its
centromere index ranges from 50.00 to 44.84 um and its
relative length from 10.78 to 23.21 pum. The intra-chro-
mosomal asymmetric index (Al) is 0.28, and the inter-
chromosomal asymmetric index (A2) is 0.04 (Table 2,
Figure 1).

Karyotypes in plants; According to the types of chro-
mosomes, there are two types: symmetrical and asym-
metrical. The symmetrical karyotype is characterized
by the predominance of median and submedian chro-
mosomes of approximately the same size. The increase
in asymmetry caused by the centromere shift creates an
asymmetric karyotype. Chromosomes change from the
median and submedian type to subterminal and termi-
nal (Babaarslan and Eroglu, 2014). When the asymmetric
indices of Cuscuta taxa were examined, it was seen that
the TF% value changed between 0.41-0.49, the A index
changed between 0.02 and 0.25, the Al index between
0.21-0.38 and the A2 index between 0.09-0.31 (Table 3).

Statistical findings

Chromosome micromorphological features of 11
Cuscuta taxa were specified, and statistical analyses
were performed using formulas created using various
chromosome features. Mitotic metaphase chromosome
images of Cuscuta taxa are given in Figure 1, and karyo-
type features are given in Table 2-3. One-way ANOVA
test, which is one of the analyzes made according to
the chromosome characteristics of the taxa, is given in
Table According to the values obtained with the formu-
las using the micromorphological chromosome features

of taxa, the data show a normal distribution according
to the Shapiro-Wilk test (p>0.05), and the residual plot
graph is shown in Figure 2. Then, according to the one-
way ANOVA test p-value, the difference between taxa
was statistically significant (p<0.05) (Table 4).

Correlation analysis

According to the correlation analysis, there are rela-
tions between the r-values of chromosomal data accord-
ing to the significance level less than p <0.05. Particular-
ly a high relationship Although there was a strong posi-
tive relationship between MTLC and MIN, MAX, MLA,
MSA, and MRYV, it was observed that there was a strong
negative relationship between MRLC and DRL. In addi-
tion, MAR and Al and A characters are strongly posi-
tively correlated, while TF% is strongly negative; With
MRLC, DRL is strongly positive while A2 is strongly
negative; TF% was strongly negatively correlated with
MAR, MDV, Al, A (Figure 3).

Principal Component Analysis (PCA)

According to PCA (Figure 4), the first two compo-
nents explained most of the variation according to chro-
mosome data between taxa. While the first two com-
ponents explain 87.94 and 9.80% of the variance, these
characters explained 97.75% of the total variation. The
characters most affected by the variation were TLC,
DRL%, MCI, and MRLC. The TLC value was the most
influential one. The impact of other characters was very
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Figure 2. Shapiro - Wilk normality test(p=0.4809>0.05)-Residual plot.
Table 4. One way ANOVA test results. DISCUSSION

Test for equal means

Sum of sqrs df Mean square F  p (same)
Between groups:  45343.3 16 283396 351.6 8.149E-179
Permutation
Within groups: ~ 2329.64 289  8.06104 P (n=99999)
Total: 476729 305 1E-05
omega2: 0.9483

low. While this TLC value was positively correlated with
MCL, MRLC, and DRL characters in the correlation
analysis, it was negatively correlated with MAR, A, Al,
A2, and S% characters.

Cluster analysis

According to the Cluster analysis results of the
UPGMA algorithm and Gower similarity index, the taxa
are divided into three main groups (Figure 5). C. bre-
vistyla, C. lupuliformis, C. palaestina, C. approximata,
and C. campestris were group, C. kotschyana, C. plani-
flora, C. babylonica, C. europea, C. kurdica had created
a group. The C. hyalina species wholly separated from
these groups were a group. As stated before, the fact that
C. hyalina species spread in a local area directly corre-
lates with the analysis result.

Cuscuta species show wide variation in chromosome
numbers ranging from 2n = 8 to 2n = 60. Therefore, the
genus is generally a polyploid complex resulting from
two basic chromosome numbers x = 7 and x = 15 (Pazy
& Plitmann, 1995; Hunziker, 1949-50).

The first step in combating parasitic plants is their
correct diagnosis, as with other weeds. Due to the lack
of true root and leaf structure of dodder, diagnosis is
mainly made according to flower and fruit characteris-
tics. These features are sometimes insufficient for diag-
nosis. Diagnosis of this genus is problematic in the
World and Turkey. Therefore, determining the chromo-
some number and chromosomal morphology of the spe-
cies belonging to this genus is of great importance in
determining the systematic location of the species, iden-
tifying the species, and, when necessary, agriculturally
struggling with these species. According to the karyo-
type analysis results of Cuscuta taxa, the primary chro-
mosome number was determined as x=7. Among the
study samples, C. brevistyla is polyploid, C. campestris,
C. hyalina, C. approximata, C. lupuliformis, C. palaesti-
na tetraploid, and other taxa are diploid.

According to the total length of chromosomes, The
species with the longest chromosome length is C. lupuli-
formis, with 6.96 My lengths. This species was morpho-
logical; C. campestris, with a total chromosome length
of 2.48 Mp was determined to be the shortest chromo-
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Figure 3. Correlation analysis between karyotype characteristics.
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some length. The chromosome number of C. campes-
tris was first determined by Ward(1984) as 2n=28; later,
Aryavand and Garcia & Castroviejo (1987) 2n=56; Kha-
toon & Ali(1993) determined it as 2n=14, 28. Accord-
ing to our research results, the chromosome number of
the species is 2n=28. It has been shown that the haploid
karyotype formula is 10m+2sm +2M. The morphometric
characteristics of the species were first revealed in this
study. Singh and Roy(1970). collected C. hyalina from

India; The chromosome number of the species is 2n=30;
Vu et al. determined as 2n=28. According to our study
results, the chromosome number of the species is 2n=28.
The haploid karyotype formula is 10m+4M. This study
first revealed the chromosome number and morpho-
metric characteristics of C. kotschyana species. Chromo-
some number 2n=14; Haploid karyotype formula; It has
4 median regions (m), 2 points median (M), and 1 sub-
median region (cm) region (Figure 6).
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tion).

Pazy and Plitmann (2002) determined the chro-
mosome number of C. babylonica as 2n=8, where they
specified Israel as the locality. However, according to our
research results, the chromosome number of the species
is 2n=14, and the haploid karyotype formula is 4m + 2
cm + 1M.

The chromosome number of the C. europaea spe-
cies was previously reported by Albers and Probst-
ing(1998) and Garcia and Castroviejo(2003) as 2n=14.
Our research data also confirm this result. The haploid
karyotype formula of the species, in which we found the
chromosome number as 2n=14, is 5m + 2 cm.

Regarding chromosome number and morphology,
the chromosome number of C. kurdica species, which was
first discussed in this study, was determined as 2n=14.
The haploid karyotype formula is 3m + 3 cm + 1 M.

Pazy and Plitman (1994) and Feinbrun and
Taub(1978) found the chromosome number of C. brevi-
styla as 2n=42, where they specified Israel as a locality.
According to our study results, the chromosome number
of this species is 2n=42. The haploid karyotype formula
is15m + 3 cm + 3 M.

The chromosome number of C. planiflora has been
determined by many researchers. Singh and Roy deter-
mined the chromosome number of this species as 2n=14;
Pazy and Plitmann. (1991) 2n=14; Garcia and Castroviejo.

(2003) 2n=26, 28; Aryavand(1987) reported 2n=28 and
Vasudevan 2n=14. As a result of our research, the chro-
mosome number of the species was determined as 2n=14.
The haploid karyotype formula was 4m + 1 cm + 2 M.

C. approximata; Garcia and Castroviejo (2003) and
Guerra(2004). 2n=28 chromosomes have reported it. Our
studies also confirm this result, and the chromosome
number of this species is 2n=28. The haploid karyotype
formula is 10m + 1 cm + 3M..

The chromosome number of C. lupuliformis was
determined as 2n=28 by Vasudevan. According to our
research results, the chromosome number of this species is
2n=28. The haploid karyotype formula is 9m + 1 cm + 4M.

Plazy and Plitmann (1991) showed the C. palaestina
species as 2n=28 chromosomes. Our research confirms
this result. We found the chromosome number of 2n =
28 of this species. The haploid karyotype formula is 7m
+4 cm + 3M.

Various karyological studies have been carried out
on the chromosome number of species belonging to the
Cuscuta genus. As a result of these studies, the Chromo-
some number of Cuscuta japonica Choisy. species is 2n=
32 (Leusova et al., 2005); the Chromosome number of
Cuscuta epithymum L. species is 2n= 14 (Montgomery et
al., 2003); the chromosome number of Cuscuta australis
R. Br. species is 2n=56 (Yeh et al., 1995); Chromosome
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Figure 6. Haploid idiogram in Cuscuta taxa 1. C. campestris, 2. C. hyalina, 3. C. kotschyana, 4. C. babylonica, 5. C. europaea 6. C. kurdica, 7.
C. brevistyla, 8. C. planiflora, 9. C. approximata, 10. C. lupuliformis 11. C. palaestina..

number of Cuscuta triumvirati Lange. Species 2n= 14
(Garcia et al., 2003); Chromosome number of Cuscuta
pentagona Engelm. is 2n= 44 (Pazy et al.,, 1995); The
chromosome number of Cuscuta pedicellata Ledeb. spe-
cies was determined as 2n= 10 (Pazy et al., 1991), and
the chromosome number of Cuscuta chinensis Lam. spe-
cies was determined as 2n= 60 (Mesicek et al., 1995).
According to cluster analysis, taxa were divided into
3 main groups. It is noteworthy that although C. camp-
estris and C. hyalina are in the Grammica subgenus,
they are in different groups according to chromosome
micromorphological data. Here, it is estimated that some
chromosomal features (According to PCA, such as TLC)
may have differentiated over time, as the C. hyalina spe-
cies was distributed in a local region in Turkey. It is seen

that C. babylonica and C. europea species in the Cus-
cuta subgenus and C. kurdica species are closely related.
According to their morphological similarities, C. euro-
pea and C. kurdica species show very close similarities.
According to PCA, the most important character
explaining the differentiation between taxa was seen as
TLC (Total Lenght of Chromosomes) character. In addi-
tion, when the distribution of taxa in the diagram is
examined, it is a compatible image with cluster analysis.
In this study, 11 species belonging to the genus Cus-
cuta, an essential part of Turkey’s biological richness and
consists of parasitic plants, were discussed in detail in
terms of chromosome number and chromosome mor-
phology and compared statistically. These karyological
studies reveal the karyological differences and similari-
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ties between the infrageneric and species. The results
obtained increase our knowledge about these species.
Thus, obtaining new data that can be used in the sys-
tematics of these species aims to reveal basic informa-
tion about the systematics, karyology, and morphologi-
cal features of taxa. In addition, it will form a funda-
mental step for future breeding and hybridization stud-
ies related to this genus and contribute to other biologi-
cal research.
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