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1. Introduction
Asteraceae comprises approximately 23,000 species in 
1535 genera (Judd et al., 2007). The tribe Inuleae is mainly a 
Eurasian and East and South Africa tribe, but some genera 
(e.g., Pluchea Cass.) have a worldwide distribution. This 
tribe includes about 66 genera and 687 species (Anderberg 
& Eldenas, 2007). The genus Inula L. (s.l) Asteraceae 
belongs to the tribe Inuleae of the family Compositae and 
is mainly distributed in Europe, Africa, and Asia (Lack, 
2007). The family Asteraceae has about 1186 species in 
140 genera that are present in Turkey. Almost 446 endemic 
species occur all over Turkey (Erik & Tarıkahya, 2004; 
Duran et al., 2009; Makbul et al., 2012). 

Grierson (1975) also accepted the genus Inula, in the 
broader sense, while revising the genus for Flora of Turkey. 
He recognised 26 species within the genus Inula. Recently, 
2 taxa were added to Flora of Turkey. These taxa are Inula 
sechmenii Hartvig & Strid and I. spiraeifolia L. (Davis et 
al., 1988; Özhatay & Kültür, 2006). Overall, Inula includes 
33 subspecies and varieties, and 8 of them are endemic for 
Turkey; the endemism rate of the genus Inula is 28.5% in 
Turkey (Güner et al., 2012)

The genus Inula (s.l) was recognised by Linnaeus (1753, 
1754). It was previously treated by various researchers 
(De Candolle, 1836; Boissier, 1875; Clarke, 1876; Hooker, 
1881; Blatter, 1927; Gorshkova, 1959; Kitamura, 1960, 
1964; Rechinger, 1980; Anderberg, 1991; Kumar, 1995). 

However, most of these treatments are either outdated 
or do not cover the entire aspects of the genus Inula. The 
concept of this genus according to most of the above-
mentioned authors was rather broad and heterogeneous. 
This has resulted in an assemblage of several unrelated 
taxa under the broad canopy of Inula, thus causing much 
taxonomic confusion. Inula is heterogeneous and not 
monophyletic, as is now circumscribed (Anderberg & 
Eldenas, 2007). 

Many karyological and cytological studies have 
been performed in the Asteraceae (Valles et al., 2005; 
Chehregani & Mehanfar, 2008). The most common basic 
chromosome number in the Asteraceae is x = 9, although 
x = 8 has also been reported by some researchers (Valles 
et al., 2005). Nevertheless, it seems that chromosome 
numbers are currently known for less than 40% of the 
species of the family, and new studies are still necessary to 
improve our knowledge of these plants (Volkova & Boyko, 
1986; Valles et al., 2005; Chehregani & Mehanfar, 2008). 

In general, 2500–3000 species of halophytes are found 
in the world. Nearly 700 species are distributed in the 
Mediterranean climatic zone (Güvensen et al., 2006). 
Flora of Turkey has some information about requirements 
of nearly all the taxa distributed in Turkey. Additionally, 
there are studies on the halophytes in Turkey, in particular 
including the publications of Beyce (1960), Birand (1960), 
Gehu and Uslu (1987), Güvensen and Öztürk (2003), 
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Yurdakulol and Ercoşkun (1990), Yurdakulol et al. (1996), 
and Zeybek (1969, 1976). Turkey has a number of interior 
salt lakes and salt marshes, the largest of which is Lake 
Tuz (Turkish: Tuz Gölü), which is a centre of halophytic 
vegetation (Zohary, 1973). 

2. Materials and methods
2.1. Specimen collection 
During a field trip, some specimens belonging to the 
genus Inula were collected in Central Anatolia, in Konya 
Province. After careful examination, it was concluded 
that they constituted a new species belonging to the 
genus Inula. By studying the specific descriptions of Inula 
provided by Grierson (1975), Davis et al. (1988), Özhatay 
et al. (1999, 2009, 2011), and Özhatay and Kültür (2006), 
the new species was compared with specimens in the 
herbaria P, G, HUB, GAZI, ANK, AEF, and KNYA. It was 
found that this specimen was new to science. The averages 
of 15 measurements from different specimens were used. 
The specimens of Inula tuzgoluensis were examined and 
compared with specimens of the related species Inula 
aucheriana DC. in Turkey. Diagnostic morphological 
characters are discussed and arranged in a key with the 
I. aucheriana taxon. The authors of plant names were 
checked according to Brummitt and Powell (1992). The 
investigated representative specimens of Inula aucheriana 
and I. tuzgoluensis from different localities are cited in the 
Appendix. 
2.2. Palynology 
Polleniferous materials of Inula aucheriana and I. 
tuzgoluensis were obtained from herbarium specimens, and 
20 pollen grains per specimen were studied. Palynological 
investigations were conducted with a scanning electron 

microscope. For scanning electron microscopy (SEM) 
investigations, achenes and pollen grains were directly 
mounted on the prepared stubs and coated with gold for 
SEM studies. Photographs were taken with a Zeiss LS-10 
after coating with a Polaron SC7620 sputter coater for 
SEM studies. The terminologies of Erdtman (1952), Faegri 
and Iversen (1975), and Walker and Doyle (1975) were 
used for SEM aspects.
2.3. Cytogenetics 
Karyological observations were made on metaphase cells of 
root tips obtained from germinating seeds. Root tips were 
pretreated at 4 °C for 16 h in α-monobromonaphthalene, 
washed, and fixed in Carnoy’s solution (3:1, absolute 
ethanol:glacial acetic acid) overnight. The root tips were 
hydrolysed for 10 min in 1 N HCl at room temperature, 
and washed then stained in 2% acetoorcein for 2 h. 
Chromosome counts were conducted using Bs200Pro 
image analysis software (Martin et al., 2009; Dirmenci et 
al., 2010; Hamzaoğlu et al., 2010; Martin et al., 2011).
2.4. DNA isolation 
Nuclear DNA was isolated from both herbarium and 
fresh leaf materials using the CTAB method (Sambrook 
et al., 1989). Dried silica gel leaf samples belonging to 
7 Inula and outgroup Phagnalon graecum specimens 
from different localities were used in molecular analysis. 
DNAs were isolated with CTAB, and concentrations were 
determined by NanoDrop. Sample DNAs were diluted to 
25 ng/µL. Stock DNAs were kept at –86 °C.
2.5. ISSR amplifications 
Intersimple sequence repeat (ISSR) primers were amplified 
in a PCR thermal cycler. The characteristics of the primers 
used are given in Table 1. Each PCR reaction contained 
25 µL comprising 2.5 µL of PCR buffer (10 mM TRIS/50 

Table 1. List of the ISSR primers used for amplifications.

Primer Nucleotide sequences Tm (°C ) GC ratio (%) Length (bp) Number of bands

ISSR 1

ISSR 2

ISSR 7

ISSR 8

ISSR 5

F3

F2

F4

F5

F6

5´- GAG AGA GAG AGA GAG AGA C- 3´

5´- GAG AGA GAG AGA GAG AGA G- 3´

5´- CAG CAC ACA CAC ACA CAC A- 3´

5´- CGT CAC ACA CAC ACA CAC A- 3´

5´- ACA CAC ACA CAC ACA CCG- 3´

5´- AGA GAG AGA GAG AGA GCG- 3´

5´- CTC GTG TGT GTG TGT GTG T- 3´

5´- AGA GAG AGA GAG AGA GTG- 3´

5´- AGA GAG AGA GAG AGA G- 3´

5´- CCA CCA CCA CCA CCA- 3´

34.2

56.7

56.7

56.7

56

56

56.7

53.7

49.2

53.3

52.6

52.6

52.6

52.6

55.6

55.6

52.6

50

50

66.7

19

19

19

19

18

18

19

18

16

15

10

21

13

11

8

9

6

14

13

8
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mM KCl buffer, pH 8.0), 3 µL of 25 mM MgCl2, 0.5 µL 
of each primer, 0.5 µL of dNTP mix, 0.4 µL of Taq DNA 
polymerase, 4 µL of each DNA, and 14.1 µL of distilled 
water. After a predenaturation step of 3 min at 94 °C, 
amplification reactions were cycled 40 times at 94 °C for 1 
min, at annealing temperature (Table 1) for 1 min, and at 
72 °C for 1 min; a final extension was allowed for 10 min at 
72 °C in an Eppendorf Mastercycler gradient thermocycler. 
Upon completion of the reaction, 15-µL aliquots of the 
PCR products were mixed with 3 µL of loading dye (50% 
glycerol, 0.25% bromophenol blue, and 0.15% xylene 
cyanol), then loaded onto a 2% agarose, 1X Tris-borate-
EDTA gel and electrophoresed at 4 V/cm. Amplified 
fragments were visualised under a UV transilluminator 
and photographed using a gel documentation system 
(Vilbert Lourmat, Infinity model). 
2.6. Data collection and cluster analysis 
Amplified fragments from ISSR primers were visualised 
under UV transilluminator and photographed using a gel 
documentation system (Vilbert Lourmat, Infinity model). 
All the fragments amplified were treated as dominant 
genetic markers. Each DNA band generated was visually 
scored as an independent character or locus (‘1’ for 
presence and ‘0’ for absence). Every gel was scored in 
triplicate (independent scoring), and only the consistently 
scored fragments were used for analyses. The data set was 
initially analysed using PAUP (Swofford, 1999). Analyses 
of standardised ISSR data were conducted using PAUP 
(Swofford, 1999). 
2.7. Cluster analysis 
In total, 113 ISSR data were determined from the 7 taxa of 
the genus Inula with Phagnalon sp. In both cluster analyses 
of the samples, the unweighted pair-group method with 
arithmetic mean (UPGMA) procedure was followed 
(Rohlf, 1992). ISSR data were obtained from 8 samples, 
and a total of 113 polymorphic bands were counted in 
a 113 × 8 matrix. The similarity coefficient method was 
used. Genetic distances were calculated with the simple 
matching coefficient. In order to determine the ability 
of ISSR data to display the interrelationships among the 
samples, analysis was conducted using PAUP.

3. Results
Inula tuzgoluensis M.Öztürk & O.Çetin sp. nov. (Figures 
1 and 2).

Type: Turkey C4 Konya: Cihanbeyli, between Gölyazı-
Lake Tuz, 920 m, salty steppe, 13.07.2010, 38°33.57′N, 
033°18.19′E, M.Öztürk 1248 & A.Duran (Holotype: 
KNYA, isotypes: GAZI, ANK, HUB, E).

Diagnosis: Inula tuzgoluensis is related to I. aucheriana. 
It mainly differs from I. aucheriana because it has middle 
and upper stem glabrous (not entirely white pilose hairs); 
cauline leaves clearly decurrent, glabrous (not decurrent, 

white pilose hairs); outer phyllaries ±oblong, glabrous 
(not outer linear-lanceolate, usually reflexed, pilose); inner 
phyllaries narrowly lanceolate (not linear); achenes 2–2.4 
mm, adpressed pubescent (not 1.6–1.8 mm, glabrous or 
only sparsely pubescent at apex), ray flowers’ limb 2–3 
mm wide (not 1.5–1.8 mm), pappus 5.5–6 mm (not 4–4.5 
mm); 35–42 bristles (not 15–20).   

Description: Perennial herb, rhizomatous or somewhat 
thick woody blackish rootstock. Stem erect, 15–50 cm tall, 
sometimes with a few sterile shoots, woolly with straight 
hairs at base, branching above, 1–4 mm diameter at base; 
lower stem sparsely simple hairs or ±glabrous; middle 
and upper part of stem glabrous. Leaves mostly basal, 
narrowly oblanceolate to obovate, semifleshy, entire. Basal 
and lower cauline leaves narrowly oblanceolate to obovate, 
gradually attenuating towards the base, 4–10 × 0.7–1.6 cm 
(incl. petiole), apex ±obtuse, glabrous, margins sparsely 

a

b

Figure 1. General habitus view of a- Inula aucheriana and b- 
Inula tuzgoluensis.
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ciliate, with main midrib conspicuous; cauline leaves 
clearly decurrent; middle and upper cauline leaves narrowly 
obovate to oblong, decreasing size towards inflorescence, 
sessile or subsessile, glabrous or sometimes margins 
of middle cauline leaves minutely ciliate. Inflorescence 
laxly subcorymbiform panicles. Involucre 1–1.7 cm in 
diameter, semiglobular; capitula radiant, 3–32. Phyllaries 
imbricate, 4–5 seriate; outer phyllaries small, ±2 mm, 
±oblong, glabrous; median phyllaries 3–4 mm, oblong to 
lanceolate, margin minutely ciliate; inner phyllaries 7–10 
mm, narrowly lanceolate, margin ciliate, acuminate at apex. 
Flowers yellow; ray florets 13–19, 12–13 mm long, tube 3.5–
4.5 × 0.6–1.1 mm long and ligules 7.5–8 × 2–3 mm long. 
Disc florets tubular, 5-lobed, 5.5–7 mm long, lobes ca. 0.7 

mm long; style with 2 lobes, lobes 1–1.25 mm long. Anthers 
ca. 4 mm long. Achenes 2–2.4 mm long, cylindrical, densely 
adpressed-pubescent; pappus uniseriate, with 35–42 
bristles, 5–5.6 mm long, scabrous, whitish, slightly connate. 
Flowering and fruiting in July–August.

Cypsela and pollen morphology: Pollen morpholo-
gies were examined with light microscopy and SEM. The 
pollen of Inula tuzgoluensis has radial symmetry, isopolar. 
Polar axis (P) is 35.38 µm, equatorial axis (E) is 36.20 µm. 
P/E ratio is 1.02 µm. The shape of the pollen grain is pro-
late-spheroidal. The aperture is tricolporate, and the colpi 
is 28 µm long. The exine is 1.61 µm. Spine is 3.17 µm long 
and 1.72 µm wide. The pollen of I. aucheriana has radial 
symmetry, isopolar. Polar axis (P) is 24.97 µm, equatorial 

a b

c d

Figure 2. Inula aucheriana: a- capitula, c- cauline leaves. I. tuzgoluensis: b- capitula, d- cauline leaves. 
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axis (E) is 26.27 µm. P/E ratio is 1.05 µm. The shape of the 
pollen grain is prolate-spheroidal. The aperture is tricolpo-
rate, and the colpi is 20 µm long. The exine is 0.9 µm. The 
spine is 2.88 µm long and 2.79 µm wide (Figures 3 and 4). 

Achenes of I. tuzgoluensis are 2–2.4 mm long, 
cylindrical, densely adpressed-pubescent; pappus 
uniseriate, with 35–42 bristles, 5–5.6 mm long, scabrous, 
whitish, and slightly connate at base. Achenes of I. 
aucheriana are 1.6–1.8 mm long, cylindrical, glabrous or 
only sparsely pubescent at apex; pappus uniseriate, with 
15–20 bristles, 4–4.5 mm long, scabrous, whitish, and 
free at base. Ridges are prominent on lateral sides of the 
pericarp, cell lines are placed in the inter costae (Figures 
3 and 4).

Etymology: The specific epithet refers to the only 
known locality of the new species, Lake Tuz.

Distribution and ecology: Inula tuzgoluensis is an 
endemic species for Turkey, and Irano-Turanian element. 
It grows on salty steppe mainly in Central Anatolia. One 

of the shallowest lakes of Anatolia, Lake Tuz comes from 
a geologically tectonic origin. The Lake Tuz basin is an 
A-type watery area, based on international criteria in terms 
of conservation of biological variety. The species grows in 
salty steppe with Verbascum pyroliforme (Boiss. & Heldr.) 
O.Kuntze, Silene salsuginea Hub.-Mor., Frankenia hirsuta 
L., Leymus cappadocicus (Boiss. & Bal.) Melderis, Panderia 
pilosa Fisch. & C.A.Mey., Camphorosma monspeliaca L., 
Achillea wilhemsi C.Koch., Limonium iconicum (Boiss. & 
Heldr.) O.Kuntze, L. anatolicum Hedge, Astragalus ovalis 
Boiss. & Balansa, Anthemis fumariifolia Boiss., Scorzonera 
hieraciifolia Hayek, Aeluropus littoralis (Gouan) Parl., 
Taraxacum farinosum Hausskn. & Bornm., T. mirabile 
Wagenitz, Onosma halophilum Boiss. & Heldr., Salvia 
halophila Hedge, Asparagus lycaonicus P.H.Davis, and 
Centaurea tuzgoluensis Aytaç & H.Duman.

IUCN red list category: Lake Tuz is the second 
largest lake in Turkey and one of the largest salt lakes 
in the world. The habitat at Lake Tuz (Konya Province) 

a b

c d

Figure 3. SEM photo of Inula aucheriana: a- general shape, b- details of surface. Inula tuzgoluensis: c- general shape, d- details of surface.
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and its surrounding area is one of the most important 
wetlands in Turkey and was declared the ‘Lake Tuz Special 
Environmental Protection Area’ by the Republic of Turkey 
Ministry of Environment and Forest in 2000 (Doğan et al., 

2011). Lake Tuz is fed by rainfall, groundwater, and surface 
streams. Because the ecological balance of the ecosystem 
has been ignored, groundwater levels decrease with each 
passing year, and resources are weakening and drying.

a b

c d

e f

Figure 4. SEM images of Inula aucheriana and I. tuzgoluensis. I. aucheriana: a- cypsela general shape, c- achene indumentums, e- fruit 
wall details. I. tuzgoluensis: b- cypsela general shape, d- achene indumentums, f- fruit wall details.
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Inula tuzgoluensis is known in only one locality, and 
this area is smaller than 2.5 km2 (Criterion B1). Animal 
herds are watered in this area. Because of overgrazing, 
the habitat of this species is under threat, and destruction 
of the species is leading to the reduction in the number 
of plants (Criterion A). Mature individual members of 
the population constitute approximately 235 specimens 
(Criterion C2). Therefore, it should be considered critically 
endangered (CR) according to the IUCN Red List Criteria 
(IUCN Standards and Petitions Subcommittee, 2010).

4. Discussion
In the south and south-western parts of Lake Tuz, there are 
exceptional areas that include salty and fresh-water marshes. 
There are 54 local endemic plant species that grow in 
especially high concentrations of salt around Lake Tuz and 
its surroundings. Recently, 13 taxa were added to the Flora 
of Turkey. These taxa are Halanthium kulpianium (K.Koch) 
Bunge (Freigtag et al., 1999); Astragalus demirizii R.Kramer 
& Podlech (Podlech, 1999); Dianthus aydogdui Menemen 
& Hamzaoğlu (Menemen & Hamzaoğlu, 2000); Taraxacum 
tuzgoluense Yıld. & Doğru-Koca (Yıldırımlı & Koca, 2005); 
Centaurea tuzgoluensis Aytaç & H.Duman (Vural et al., 
2006); Limonium adilguneri Yıld. & Doğru-Koca (Yıldırımlı 
& Doğru-Koca, 2006); Senecio salsuginea H.Duman & Vural 
(Vural et al., 2006); Acantholimon halophilum Bokhari var. 
coloratum Dogan & Akaydın (Dogan & Akaydın, 2007); 
Linum ertugrulii Tugay, Bağcı & Uysal (Tugay et al., 2010); 
Scorzonera tuzgoluensis A.Duran, B.Dogan & S.Makbul 
(Dogan et al., 2011); Frankenia salsuginea Adıgüzel & Aytaç 
(Vural et al., 2012); and Iberis halophila Vural & H.Duman 
(Vural et al., 2012).

During the evaluation of local endemic plants in Lake Tuz 
and its environs, 17 plants were determined to be critically 
endangered (CR), 7 plants endangered (EN), 16 plants 
vulnerable (VU), 7 plants of least concern (LC), and 6 plants 
near threatened (NT). One species is in the data deficient 
(DD) category according to IUCN categories and criteria 
(IUCN Standards and Petitions Subcommittee, 2010). 
4.1. Key to related Inula species
1.	 Middle and upper part of stem glabrous; cauline leaves 

clearly decurrent; achenes 2–2.4 mm long adpressed 
pubescent, pappus 5.5–6 mm long, with 35–42 bristles 
…………………………..…………….. I. tuzgoluensis

1.	 Stem entirely pilose hairs; cauline leaves not decurrent; 
achenes 1.6–1.8 mm long, glabrous or only sparsely 
pubescent at apex, pappus 4–4.5 mm long, with 15–20 
bristles ……...……………...………..….. I. aucheriana
Inula tuzgoluensis is related to I. aucheriana, which is 

endemic in Turkey. It mainly differs from I. aucheriana 
by stem erect, middle and upper stem glabrous (not 
ascending, entirely sparsely covered with white spreading 
pilose hairs); cauline leaves clearly decurrent, glabrous 
(not decurrent, sparsely white spreading pilose hairs); 
margins of inner phyllaries ciliate (not membranous, 
densely glandular); achenes 2–2.4 mm long, densely long 
adpressed pubescent (not 1.6–1.8 mm long, glabrous or 
only sparsely pubescent at apex), pappus 5.5–6 mm (not 
4–4.5 mm); with 35–42 bristles (not 15–20); pollen polar 
axis (P) 35.38 µm, equatorial axis (E) 36.20 µm [not polar 
axis (P) 24.97 µm, equatorial axis (E) 26.27 µm], spine 
3.17 × 1.72 µm (not 2.88 × 2.79 µm). A comparison of I. 
tuzgoluensis and I. aucheriana is given in Table 2. When 

Table 2. Comparisons between the diagnostic characters of Inula tuzgoluensis and I. aucheriana. 

Characters Inula tuzgoluensis Inula aucheriana

Stem erect ascending

Stem indumentums
woolly with straight hairs at base, lower stem sparsely simple 
hairs or glabrous, upper and middle part of stem glabrous

becoming dense and lanate at base, entirely covered with white 
spreading pilose hairs

Lower leaves
narrowly oblanceolate to obovate, gradually attenuating 
towards the base, margins sparsely ciliate

ovate-lanceolate, base attenuate, margin sparsely pilose

Upper leaves clearly decurrent, narrowly obovate to oblong, glabrous
not decurrent, oblong, amplexicaule and somewhat auriculate, 
sparsely white spreading pilose hairs

Phyllaries 
outer small, ±oblong, ±2 mm, glabrous; median oblong to 
lanceolate, 3–4 mm, margin minutely ciliate; inner narrowly 
lanceolate, margin ciliate 

outer and median linear-lanceolate, 3–7 mm, usually squarrose 
tips, minutely glandular and white pilose; inner membranous, 
±linear, margin glabrous, densely glandular

Ray flowers 
13–19, 12–13 mm long, tube 3.5–4.5 × 0.5–0.6 mm long and 
ligules 7.5–8 × 2–3 mm long

20–45, 5–8 mm long, tube 2–3 × 0.2–0.4 mm long and ligules 
3–5 × 1.5–1.8 mm long

Disc flowers 5.5–7 mm 5–5.5 mm

Achenes 2–2.4 mm long, densely adpressed pubescent 1.6–1.8 mm long, glabrous or only sparsely pubescent at apex

Pappus 5.5–6 mm long, with 35–42 bristles and slightly connate at base 4–4.5 mm long, with 15–20 bristles and free at base
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the new species is compared with the other Inula species 
in Flora of Turkey, Flora of Europe, and Flora Iranica, it is 
similar to species I. aucheriana (Figures 3 and 4). Most of 
the cypselae characters are quite stable characteristics. As is 
evident from the different generic and specific keys, almost 
all of the taxa can be delimited on the basis of cypselae 
characters. Therefore, the micromorphological characters 
of the cypselae have proven very rewarding in these taxa.

The Inula tuzgoluensis chromosome number, 2n = 
18, was determined in this study for the first time. The 
chromosome numbers were determined as 2n = 18 for 
I. crithmoides Spreng. and I. aucheriana DC. (Pavone et 
al., 1981; Chehragani & Hajisadeghian, 2009); 2n = 16 
for Inula britannica L., I. bifrons L., I. candida (L.) Cass., 
I. helvetica Weber, I. hirta L., I. montana L., I. salicina 
L., I. spiraeifolia, and I. sechmenii (Skalińska et al., 1959; 

Brullo et al., 1977; Kuzmanov & Georgieva, 1983; De 
Montmollin, 1984; Strid, 1987; Opova & Sekovski, 1989; 
Kokubugata & Koyama, 1999; Chepinoga et al., 2009); and 
2n = 32 for I. britannica, I. conyza DC., and I. oculus-christi 
L. (Kuzmanov & Nikolova, 1977; Mizianty et al., 1981; 
Magulaev, 1982; Dmitrieva, 1987; Chepinoga et al., 2009) 
in previous studies. It seems that polyploidy and variation 
in chromosome number is common in Asteraceae, and 
there is triploidy of some members.

The most common basic number in the Asteraceae 
is x = 9, although x = 8 has also been reported by some 
researchers (Carr et al., 1999; Valles et al., 2005). In this 
study, in Inula tuzgoluensis and Inula aucheriana the 
chromosome number was n = x = 9. Here, the Inula 
tuzgoluensis chromosome numbers are given for the first 
time to the scientific world (Figure 5).

a b

Figure 5. Somatic metaphase 2n = 18 in a- Inula tuzgoluensis and b- I. aucheriana.

I. tuzgoluensis

I. aucheriana

I. oculus-christi

I. heterolepis

I. germenica

Phagnalon graecum

I. brittanica

I. thapsoides

4.0
Figure 6. The UPGMA tree showing genetic relationship of the Inula species using with PAUP.
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In the phylogenetic analysis, 7 Inula taxa were evaluated 
with the outgroup Phagnalon. From an initial screening of 10 
ISSR primers, 6 primers revealed high levels of polymorphisms. 
These primers generated 113 highly polymorphic fragments 
that were consistently amplified in repeated experiments. The 
GC percentages of the selected primers were within the range 
of 34.2%–56.7% (4 of them being 56.7%). Genetic distances 
were calculated as 0.46–0.99, with the SM coefficient ranging 
from the evaluation of the ISSR data. These similarities are 
supported by the UPGMA tree. 

The cophenetic correlation of the distance matrix and 
tree matrix was 0.4, indicating the dendrogram to the 
distance matrix (Rohlf, 1992). Two major groups and 7 

clades can be distinguished: (I) I. aucheriana and I. oculus-
christi, (II) a major group with I. heterolepis Boiss., (III) 
I. britannica L. and I. conyza, (IV) Inula tuzgoluensis, 
(V) I. thapsoides Spreng., (VI) I. germanica L., and (VII) 
Phagnalon as the outgroup. The taxonomic relationships 
of the Inula and Phagnalon taxa are shown in the UPGMA 
tree comprising all operational taxonomic units in the 
present work (Figure 6).

Acknowledgements
We express our thanks to Prof Dr Ahmet Duran, Assoc 
Prof Dr Esra Martin, and Assoc Prof Dr Bekir Doğan for 
their help in field studies.

Appendix  
Representative specimens examined:

(*molecular samples) ‒ Inula tuzgoluensis (paratypes): 
Turkey. C4 Konya: Cihanbeyli, between Gölyazı and 
Lake Tuz, after Dumanağıl place, 923 m, 25.09.2011, 
A.Duran 9313 & B.Doğan, E.Martin, Ö.Çetin (KNYA); 
ibid., 9. km, 922 m, 12.06.2006, A.Duran 7180 (*KNYA). 
‒ Inula aucheriana: Turkey. C4 Konya: Cihanbeyli, 
between Gölyazi and Lake Tuz, 13. km, 915 m, salty 
steppe, 13.07.2010, M.Öztürk 1245 & A.Duran (*KNYA); 
Konya: Cihanbeyli, between Gölyazı and Lake Tuz, 13. 
km, 923 m, 25.09.2011, salty steppe, A.Duran 9316 & 
B.Doğan, E.Martin, Ö.Çetin (KNYA); Konya: Cihanbeyli, 
environments of Bolluk Lake, 1000 m, 13.08.1993, 
M.Koyuncu 10652 (AEF; ANK); Konya: Cihanbeyli, back 
side of the Alkim factory, salty fields, 1010 m, 11.07.1992, 
M.Koyuncu 9581 & H.Güvenç (AEF); Konya: Kaşınhanı, 
Huber-Morathii 5091; A4 Çankırı: 10 km to Çankırı, 
27.08.1995, 650 m, N.Adıgüzel 2497 & Z.Aytaç (GAZI); 
B5 Aksaray: Sultanhanı, Eşmekaya, 950 m, 22.9.1993, 
M.Vural 7073 & H.Duman, N.Adıgüzel, F.Karavelioğlu 
(GAZI); B3 Afyon: Çay, surroundings of Eber Lake, 

meadows, 960 m, 10.08.1992, A.A.Dönmez 2958 & N.Emin 
(HUB, GAZI); Cappadocia ad Euphraterm, Aucher 3091 
(P photo!, P 02707088; G-DC photo!); B5 Aksaray: 
Sultanhanı, Eşmekaya, 950 m, 22.9.1993, sides of the 
drainage canal, M.Vural 1993 & H.Duman, N.Adıgüzel, 
F.Karamanoğulları (GAZI). ‒ I. germenica: A1 Edirne: 
Enez, Gala Lake, surroundings of Avcının çeşmesi, 2 m, 
9.7.2010, clearings of maquis, A.Duran 9069 (*KNYA). 
‒ I. heterolepis: C3 Denizli: Honaz, Menteş village, 
surroundings of Alçı madeni ocağı, 924 m, 17.7.2008, 
A.Duran 8063 & M.Öztürk, Ö.Çetin (*KNYA).; C1 Muğla: 
Eski Kale road, Yılanlı mountain, 1360 m, 23.07.2006, 
calcareous slopes, A.Duran 7307 (*KNYA). ‒ I. thapsoides: 
A5 Yozgat: Aydıncık, surroundings of Dereçiftlik-
Çalıntaş, 6.10.1998, 1300 m, clearings of forest, A.Duran 
4425 (*KNYA). ‒ I. brittanica Edirne: Enez, Gala Lake, 
surroundings of Avcının çeşmesi, 2 m, 9.7.2010, clearings 
of maquis, A.Duran 9068 (*KNYA). ‒ I. oculis-christi: A5 
Yozgat: Aydıncık, Kazankaya valley, 750 m, 28.06.2000, 
A.Duran 5444 (*KNYA). – Phagnalon graecum: C1 
Muğla: Marmaris, back of Günücek Park, roadside, 1–50 
m, 14.7.2012, Ö.Çetin 1080 & B.Doğan, M.Çelik (*KNYA).
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