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In this study, Purpureae A.Duran and O.Cetin sect. nov. is described under the genus Fibigia Medik. The
taxa of the genus were revised under the sections Fibigia and Purpureae. Fibigia clypeata (L.) Medik
was classified as F. clypeata (L.) Medik subsp. clypeata and subsp. anatolica A.Duran & Tustas subsp.
nov., and Fibigia eriocarpa (DC.) Boiss. was rearranged as F. clypeata (L.) Medik subsp. clypeata var.
eriocarpa in Turkish Flora. The infrageneric and subgeneric keys were revised. Seed and pollen surface
ornamentations were studied by scanning electron microscopy (SEM). The pollens examined have
tricolpate aperture type and reticulate surface ornamentation. Seed surface ornamentation was
reticulate. The taxa of the genus Fibigia have a diploid chromosome number of 2n=16. Karyotype
analyses of the taxa were carried out for the first time. It was found that each taxon differed in

chromosome morphology.
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INTRODUCTION

The Brassicaceae (Cruciferae) or mustard family, is a
monophyletic group of about 338 genera and some 3709
species distributed worldwide (Al-Shehbaz et al., 2006). It
is a natural family easily distinguished by floral and fruit
morphology, that is, cruciform corolla, tetradynamus
stamens, and characteristic siliques (Warwick et al.,
2008). They show a worldwide distribution on all
continents except Antarctica. Most of the taxa are found
in temperate regions of the northern hemisphere.
However, numerous genera are also found in the
southern hemisphere (such as Draba, Lepidium and
Cardamine), and some of them are even endemic to
southern regions (South African genera: Heliophila,
Silicularia, Brachycarpa, Chamira, Schlechteria) (Koch
and Kiefer, 2006). Turkey is one of the richest countries in
the world in terms of the number of species of the
Brassicaceae (Cruciferae), and with its 571 species it is
second only to the United States, where there are 653
native species in 61 genera, a country nearly ten times
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the size of Turkey (Al-Shehbaz et al., 2007).

The genus Fibigia, which includes 13 species is
distributed in southern Europe, Caucasus, middle East
and Egypt (Appel and Al-Shehbaz, 2003; Warwick et al.,
2006; Warwick et al., 2008). Fibigia is represented by five
species in Flora of Iraq, of which the species of F
suffruticosa (Vent.) Sweet, Fibigia clypeata (L.) Medik., F.
thesigeri Rech.f. are included in the section Fibigia, and
the species of F. multicaulis (Boiss. & Hohen.) Boiss, F.
umbellata (Boiss.) Boiss. are included in the section
Edmondia (Townsend and Guest, 1980). The genus
Fibigia is represented by four species; F. suffruticosa, F.
clypeata, F. eriocarpa, F. macrocarpa (Boiss.) Boiss. (as
F. macroptera Boiss. in Russian Flora), in Russian Flora
(Bush, 1939), by eight species in Iranian Flora
(Rechinger, 1968), and by three species in European
Flora (Tutin and Heywood, 1964). In Egyptian, Flora and
Flore du Liban and De La Syrie include only the species
of F. clypeata (Bouloumoy, 1930; Tackholm, 1974), while
only the species of F. eriocarpa is included in Flora of
Cyprus (Meikle, 1977), and two taxa of the genus in
Palaestinian Flora (Zohary, 1966). Fibigia was revised by
Cullen (1965) for the ‘Flora of Turkey’ in which five
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species were accepted.

The genus Fibigia was studied in terms of morphology,
floristic features, palynology, molecular characteristics,
anatomy and chemotaxonomy  (Vaughan and
Whitehouse, 1971; Matvejeva, 1978; Moussavi, 1985; Al
Shehbaz and Al Shammary, 1987; Garraud, 1990;
Takhtajan, 1992; Damjanovic and Stevanovic, 1993;
Erbar and Leins, 1997; Avetisyan, 1999; Kostovic et al.,
1999).

In this study, the taxa of Fibigia growing naturally in
Turkey were studied in relation to morphologic,
cytotaxonomic features and pollen and seed surface
characteristics. In addition, F. clypeata subsp. anatolica
was introduced as a new taxon, for the first time.

MATERIALS AND METHODS

In 2007, during one of the field trips in the Mediterrean region of
Turkey, an unusual specimen of Fibigia was collected. A study of
the descriptions in Flora of Turkey and the East Aegean Islands
(Davis, 1965 to 1985; Davis et al., 1988; Glner et al., 2000), Flora
Iranica (Rechinger, 1968), Flora of Iraq (Townsend and Guest,
1980), Flore du Liban and De La Syrie (Bouloumoy, 1930), Flora
Palaestina (Zohary, 1966), Flora of USSR (Bush, 1939), Flora of
Cyprus (Meikle, 1977), Flora Europae (Tutin and Heywood,1964)
and student Flora of Egypt (Tackholm, 1974) as well as a
comparison with materials in GAZI, HUB, ISTF, KNYA, ANK, VANF,
B and W herbaria showed that the specimen represented a new
taxon. In particular, the new taxon was compared with specimens of
the closely similar taxa of the genus Fibigia. In the morphological
description below, each numerical value is the average of ten
measurements from different specimens. Fibigia lunarioides (Willd.)
Sibth. and Sm. fell outside the scope of this study because the
species is distributed in East Aegean Islands in Greece (Davis,
1965).

Cytotaxonomic methods

All the materials investigated were collected from different parts of
Turkey, as given in Table 1. Voucher accessions have been
deposited at the herbarium Ahmet Kelesoglu Education Faculty
Selcuk University. In karyological studies were made on metaphase
cells of root tips obtained from germinated mature seeds which
were pretreated in a-monobromonaphthalene for 16 h, then fixed in
Carnoy’s solution for at least 24 h, hydrolyzed in 1N HCI for 12 min
at room temperature, and stained with 2% aceto-orcein for 2 h.
Permanent slides were made by using the standard liquid nitrogen
method. They were then examined under olympus BX50
photomicroscope using an oil immersion objective (x100).
Photographs were taken by the same microscope. Karyotype
analyses were made by the use of an image analysis software
(BAB Bs200Pro Image Analysis Software, BAB Mih, Turkey). At
least five metaphase plates were measured for each species.
Chromosomes were classified using the nomenclature of Levan et
al. (1964). Ideograms were arranged in order of decreasing lengths.

Micromorphological methods

Materials used for this study were collected from wild populations.
Collectors and localities are shown in Table 1. The specimens of the
plants were deposited in the A. Kelesoglu Education Faculty
Herbarium. For SEM studies, pollen grains and seed samples were

mounted on SEM stubs using double-sided adhesive tapes and
coated with gold. Coated seeds and pollen grains were examined
and photographed by scanning electron microscopy.

RESULTS

The systematic positions of Fibigia taxa were revised in
the light of morphological, micromorphological, and
cytotaxonomical data. The species Fibigia suffruticosa
(Vent.) Sweet was transferred to the new section
Purpureae sect. nov. The key for Fibigia taxa were
rearranged according to the latest systematic
arrangements. The sections of the genus Fibigia and the
taxa of these sections are as follows:

Fibigia Medik. in Pflanzengatt., 1: 90, t. 2, fig. 23 (1792).

Section: Fibigia

Syn. Sect. Eufibigia Boiss., Fl. Or. 1: 257 (1807).
Fibigia clypeata

Fibigia macrocarpa

Section: Purpureae sect. nov.
Fibigia suffruticosa

Identification key for the species of the genus Fibigia
1. Petals  violet; siliqua  glabrous, inflated
............................................ suffruticosa

1. Petals yellow; siliqua tomentose, compressed

2. Siliqua elliptical to circular, at least 14 mm wide; seed
wing broader than

............ macrocarpa
2. Siliqua oblong-elliptical to oval-oblong; seed wings
equal to seed or less than seed width

....clypeata

Purpureae A.Duran & O.Cetin sect. nov.

Foliis integris; petiolo foliis basalibus longis, 2.5-9 cm;
petalis violaceis; siliculis inflatis et glabris.

Type: Fibigia suffruticosa (Vent.) Sweet

Fibigia suffruticosa (Vent.) Sweet

Syn: Lunaria suffruticosa Vent. Hort. Cels. 19 (1800). Ic.:
Flora Azerbaidzhana 4: t. 34 (1953); Fibigia suffruticosa
var. macrostyla Bornm., Fedde Rep. Beih. 89: 45 (1836);
Blakelock in Kew Bull. 10: 540 (1955); Rawi in Dep. Agr.
Iraq Tech. Bull. Il 287 (1821)Farsetia suffruticosa DC.,
Syst. Il (1821) 287; Brachypus asper Ldb., Fl. Ross. | 133
(1842).

Fibigia suffruticosa is distributed in Caucasus, C. Asia
(Turkmenia), Iran, Iraq, Turkey. The species seems to be
a very distinct species of the genus Fibigia without any
close relatives. The characters are given in the key.



Table 1. The localities of studied specimens in Fibigia taxa.
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Vouchers number

Taxa

Locality

A.Duran 5300
S.Tustas 1006
M.Unal 5195

A.Duran 5195

A.Duran 7643
A.Duran 7509

S.Tustas 1007

A.Duran 7672

S.Tustas 1003

S.Tustas 1004
A.Duran 7718

F. clypeata subsp. clypeata var. clypeata
F. clypeata subsp. clypeata var. eriocarpa
F. macrocarpa
F. suffruticosa

F. clypeata subsp. clypeata var. eriocarpa

F. clypeata subsp. clypeata var. clypeata

F. clypeata subsp. anatolica
F. macrocarpa
F. suffruticosa

F. macrocarpa
F. clypeata subsp. clypeata var. clypeata

C6 Hatay: Dértyol, Topaktas, in alpine zone, stony places, 2200 m, 18.06.2000

C6 Adana: Saimbeyli, Yardibi village, roadside, 31.07.2006

B9 Van: Erek Mountain, south of hillside, steppe, 2600 m 18.05.2007

B9 Mus: between Malazgirt-Mezra village, 10 km, igneous places, 1640 m, 26.05.2000

C5 Nigde: Ulukisla, between Ciftehan-Pozanti, 2. km, 1000 m, 01.08.2007

B1 Balikesir: Edremit, Kazdagi, Kizilkegili village, open Pinus nigra, 740 m, 39°39.473'N,
26°54.375'E, 06.07.2007

C6 Hatay: Arsuz. Gdzculer, serpentine stony slopes, 1350 m, 07.07.2007.
B6 Kayseri: Sariz-Yalak (Yesilkent), Binboga Mountain, 1850 m, steppe, 07.08.2007
B9 Van: Erek Mountain, 2200 m, 09.08.2006

B9 Van: Erek Mountain, 2200 m, 09.08.2006
C6 Osmaniye: between Osmaniye-Yarpuz, roadside, 750 m, 18.06.2007

Section: Fibigia

Fibigia macrocarpa (Boiss.) Boiss.

Syn: Farsetia macrocarpa Boiss. in Ann. Sci. Nat.
17: 89 (1842); Farsetia macroptera Kotschy &
Boiss. ex Fourn. in. Bull. Soc. Bot. Fr. 11: 60
(1864); Fibigia macroptera (Kotschy & Boiss. ex
Fourn.) Boiss., FI. Or. 1: 257 (1867); Fibigia
clypeata (L.) Medik subsp. macroptera (Kotschy et
Boiss. ex Fourn.) Bornm. in Beih. Bot. Centralbl.
28(2): 112 (1911); Fibigia clypeata (L.) Medik.
subsp. macroptera (Kotschy et Boiss. ex Fourn.)

Bornm. syn. nov. in Fl. Iraq 4: 951-958 (1980).
Fibigia macrocarpa is distributed in Syrian Desert,
Iran, Iragq, Caucasus, Turkey and is related to
Fibigia clypeata. The different characters between
them are given in the key.

Fibigia clypeata (L.) Medik.

F. clypeata is separated into two subspecies.
These subspecies and identification key as
follows;

1. Stem taller than 30 cm; with or without

bracteate; siliqua oblong-elliptical to ovate-oblong,
up t0 12 MM Wide ..ooviieeeeiiiiee e
subsp. clypeata

1. Stem shorter than 30 cm; without bracteate;
siliqua slightly ovate, at least 13 mm wide

subsp. anatolica

F. clypeata (L.) Medik. subsp. clypeata
F. clypeata subsp. clypeata is separated into two
varieties. These varieties and identification key as



112 Afr. J. Biotechnol.

follows;

1 Siliqua stellate hairy
................................................. var. clypeata

1. Siliqua stellate and bifurcate hairy................

................ var. eriocarpa

F. clypeata subsp. clypeata var. clypeata

Syn: Alyssum clypeatum L., Sp. Pl. 651 (1753); A.
cheiranthifolium Willd., Sp. Pl. 3: 468 (1800); Fibigia
rostrata (Schenk) Boiss., |.c. Farsetia rostrata Schenk, PI.
Specim. Aeg. 42 (1840). Farsetia clypeata R.BR. in
APTON, Hort. Kew, ed. 2, 4 :96 (1812); Farsetia clypeata
Ldb., FI. Ross. | (1842) 134.

F. subsp clypeata., clypeata var. clypeata is widespread
in central Europe, Austria, Bulgaria, Greece, France,
former Jugoslavia, the Balkan Peninsula, N. & C. Italy, W.
Syria, N. Iragq, C. & W. lIran, Transcaucasia, Crimea,
Egypt, Russia, and Turkey. Most features of this taxon
are the same as in F clypeata subsp. clypeata var.
eriocarpa (DC.) Post. It differs from F. clypeata subsp.
clypeata var. eriocarpa because it has siliguae with
stellate hairs (not stellate and bifurcate hairs).

F. clypeata subsp. clypeata var. eriocarpa (DC.) Post
Syn: Farsetia eriocarpa DC. System. Veg. 2: 288 (1821);
Fibigia eriocarpa (DC.) Boiss. Fl. Orient. 1: 258 (1867);
Fl. Pal. ed. 2, 1: 82 (1932); N. Busch in Fl. U.R.S.S. 8:
337 (1939); Cullen in Fl. Turkey 1: 357 (1965); Nouv. Fl.
Syr. 2: 161 (1970).

F. clypeata subsp. clypeata var. eriocarpa is distributed in
C. & S. Greece, W. Syria, Iraq, Caucasus, Palaestina,
Cyprus, Turkey, and is related to Fibigia clypeata subsp.
clypeata var. clypeata.

F. clypeata subsp. anatolica A.Duran & Tustas subsp.
nov. (Figures 3 to 5)

Plantis 10 to 30 cm elatis, foliis basalibus 20 - 30 x 4 - 9
mm, Siliquis Leviter ovatis, 30 - 34 x 13 - 17 mm.

Type: Turkey. C6 Hatay: Iskenderun, Arsuz, above
Gozciler town, serpentine stony places, 1350 m,
07.07.2007, S.Tustas 1007 (holotype: KNYA, isotypes:
ANK, GAZI, HUB, Selcuk Univ. Egitim Fak. Herb.).

Paratype: Turkey. C6 Hatay: Iskenderun, Arsuz, above
Gozcller town, serpentine stony places, 1350 m,
21.07.2006. S.Tustas 1001 (KNYA, Selcuk Univ. Egitim
Fak. Herb.); Hatay: iskenderun, Arsuz, above Gézciler
town, serpentine stony places, 1350 m, 31.05.2008,
S.Tustas 1009 (KNYA, Selcuk Univ. Egitim Fak. Herb);
Hatay: iskenderun, Arsuz, above Godzciller town,
serpentine stony places, 1350 m, 36°20.380'N,
35°58.978'E, 06.08.2001, N.Adiguzel 4069 (GAZI).

Distribution and suggested conservation status: F
clypeata subsp. anatolica appears to exist in only the

present locality (Hatay province), and its estimated area
of occupancy is less than 5 km® with a population of less
than 200 mature individuals. Because of its localized
distribution and small population size, the new species
should be considered as critically endangered (CR)
according to IUCN red list criteria (IUCN, 2001).

Habitat ecology: F. clypeata subsp. anatolica grows in
the mediterranean phytogeographical region on
serpentine stony places and in open Pinus brutia Ten
forest with Iberis taurica DC., Alyssum murale Waldst &
Kit, Phlomis pungens Wild., Orobanche sp., Piptathelum
sp., Quercus cerris L., Ferulago cassia Boiss. and
Anthemis cretica L.

F. clypeata subsp. anatolica is closely related to F
clypeata subsp. clypeata but differs in stem 10 to 30 cm
tall, (not 25 to 90 cm), siliqua wide 13 to 17 mm (not 8 to
12 mm), siliqua slightly ovate (not oblong-elliptical to
ovate-oblong) (Table 3).

Chromosome morphology of this taxon could not be
studied because its seeds could not be germinated. It
was determined that F. clypeata subsp. anatolica has
pollens and seeds with reticulate ornamentation, and its
pollen aperture type is tricolpate (Figures 3 and 4).

F. clypeata subsp. clypeata var. clypeata

Somatic chromosome number in F. clypeata subsp.
clypeatavar. clypeatais 2n =16. The karyotype formula is
n=8=6m+2sm (Figure 1). The chromosome morphology
was reported for the first time. Metaphase chromosome
lengths range from 1.76 to 0.94 um, total haploid
chromosome length is 10.05 um (Table 2). The ideogram
is given in Figure 2.

Pollen grains of F. clypeata subsp. clypeata var. clypeata
are tricolpate and exine ornamentation is reticulate
(Figure 3).

The seeds of F. clypeata subsp. clypeata var. clypeata
were studied by SEM and LM. Seeds were large; 5 x 5
mm, with marginal wings, and also smooth and brown.
SEM showed that the seed surface sculpture is reticulate
(Figure 4).

F. clypeata subsp. clypeata var. eriocarpa

Somatic chromosome number in Fibigia clypeata subsp.
clypeata var. eriocarpa is 2n = 16. The karyotype formula
is n=81m+7 sm (Figure 1). The chromosome morphology
is reported for the first time. Metaphase chromosome
lengths range from 1.74 to 0.87 um, total haploid
chromosome length is 10.61 pm. The ideogram is given
in Figure 2.

The pollen of F. clypeata subsp. clypeata var. eriocarpa
was studied by SEM. The ornamentation types of pollen
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Figure 1. Metaphase chromosomes of Fibigia taxa. 1, F. clypeata subsp. clypeata var. clypeata; 2, F. clypeata
subsp. clypeata var. eriocarpa; 3, F. macrocarpa; 4, F. suffruticosa. scale bar: 5 pm.

grains are reticulate and polen grains are tricolpate
(Figure 3).

The seed of F. clypeata subsp. clypeata var. clypeata
was studied by SEM and LM. Seeds were large; 5 x 5
mm. Seeds are smooth with marginal wings. SEM
showed that the seed surface pattern is reticulate (Figure
4).

Fibigia macrocarpa

Somatic chromosome number in F. macrocarpa is 2n =
16 (Figure 1). The karyotype formulais n = 8 = 8 sm. The
chromosome morphology was reported for the first time.
Metaphase chromosome lengths ranging from 2.40 to
1.34 um, total haploid chromosome length is 14.96 um.
The ideogram is given in Figure 2.

The pollen of F. macrocarpa was studied by SEM and
LM. Pollen grains are tricolpate. The pollen surface is
reticulate (Figure 3). The seed of F. macrocarpa was
studied by SEM and LM. Seeds are relatively large, 12 x
11 mm. Seeds are smooth with relatively large wings. The

seed surface ornamentation is reticulate (Figure 4).

Fibigia suffruticosa

Somatic chromosome number in F. suffruticosa is 2n =
16. The karyotype formula is n = 8 =83m+4sm+1st (Figure
1). The chromosome morphology was reported for the
first time. Metaphase chromosome length ranging from
3.07 to 1.45 um, total haploid chromosome length is
18.37 um. The ideogram is given in Figure 2.

The samples of seeds were investigated under SEM
and LM. The mature seeds of F. suffruticosa are 8 mm
long and 8 mm wide. Seeds are smooth with marginal
wings. SEM indicated that the seed surface is reticulate.
The pollen of F suffruticosa was studied by SEM. The
ornamentation types of pollen grains are reticulate and
pollen grains are tricolpate (Figure 3).

DISCUSSION

Represented by 13 species in the world, the genus
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Figure 2. Ideogram of Fibigia taxa. 1, F. clypeata subsp. clypeata var. clypeata; 2, F. clypeata subsp. clypeata var. eriocarpa; 3, F.

macrocarpa; 4, F. suffruticosa.

Fibigia was determined having somatic chromosome
number of 2n = 16 (Baltisberger, 1991; Kostovic-Vranjes
et al.,, 1999; Warwick and Al- Shehbaz, 2006). In our
study, it is stated that the examined taxa have the same
somatic chromosome number of 2n = 16, while those
differ from each other in terms of karyotype formulas. The
karyotype formula is 6m+2sm for the taxon F clypeata
subsp., clypeata var. clypeata, 1m + 7sm for the taxon F.
clypeata subsp. clypeata var. eriocarpa, 8 sm for the
species F. macrocarpa and 3m+4sm+1st for the species
F. suffruticosa. 1t is confirmed that chromosome
morphologies among species are peculiar to examined
taxa. The taxon F. clypeata subsp. clypeata var. eriocarpa
has the shortest chromosome length of 0.87 um, while F.
suffruticosa has the longest of 3.07 um. F. clypeata has
the haploid chromosome length of 10.05 pm (the
shortest) while F. suffruticosa has the length of 18.37 um

(the longest). In terms of arm length ratios, F. clypeata
subsp. clypeata var. clypeata has the smallest arm ratio
(1.54), and F. macrocarpa has the largest (2.22).
According to centromeric indices of the taxa, the lowest
value was obtained from the species F. macrocarpa
(3.91), and the highest was calculated for the taxon F.
clypeata subsp. clypeata var. clypeata (4.94). Total
lengths of mitotic metaphase chromosomes are 0.94 to
1.76 um for the taxon F. clypeata subsp. clypeata var.
clypeata, and 1.45 to 3.07 um for the species F
suffruticosa. Both taxa considerably differ from each other
in chromosome morphologies. The karyotype formula of
F. clypeata is 6m+2sm while that of F. suffruticosa is
3m+4sm+1st. The species F. macrocarpa which is distinct
from the other taxa in terms of chromosome morphology
consists of only submedian chromosome pairs. It is
obvious even in other karyological measurements that



Figure 3. SEM micrographs of the pollen grains of
Fibigia taxa, F. clypeata subsp. clypeata var. eriocarpa.
1, general view; 2, detail view; F. clypeata subsp.
clypeata var. clypeata; 3, general view; 4, detail view; F.
clypeata subsp. anatolica; 5, general view; 6, detail
view; F. macrocarpa; 7, general view; 8, detail view; F.
suffruticosa; 9, general view; 10, detail view.

chromosome lengths are different. In £ clypeata subsp
clypeata var. clypeata, for instance, haploid chromosome
length is 10.05 pm; the lowest rate to examined Fibigia
taxa, is 18.37 ym in F. suffruticosa.

Analyzing the taxa of Fibigia in relation to karyological
characteristics, the somatic chromosome morphologies of
the taxa differ from each other considerably. Metaphase
chromosome pairs are median or submedian type in
general, whereas a pair of subterminal chromosome type
was observed in the species F suffruticosa. This
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Figure 4. SEM micrographs of the seed coat surfaces of Fibigia
taxa. F. clypeata subsp. clypeata var. eriocarpa. 1, general view; 2,
detail view; F. clypeata subsp. clypeata var. clypeata; 3, general
view; 4, detail view; F. clypeata subsp. anatolica; 5, general view; 6,
detail view; F. suffruticosa; 7, general view; 8, detail view; F.
macrocarpa; 9, general view; 10, detail view.

species is quite distinct from the other taxa both
morphologically  (flower colour) and genetically.
Karyotypes of taxa were made using an image
analysis system. Chromosome numbers, chromosome
morphologies, total chromosome lengths, arm ratios and
centromeric index are summarized in Table 2.

The somatic chromosome morphology of the Fibigia
taxa differs from each other considerable. Chromosome
morphology was defined for the first time in four taxa of
Fibigia namely; F. clypeata subsp. clypeata var. clypeata,
F. clypeata subsp. clypeata var. eriocarpa, F. macrocarpa
and F  suffruticosa. All taxa contained somatic
chromosome number of 2n = 16.
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Figure 5. 1, General aspects of F. clypeata subsp. anatolica; 2, the habit of F. clypeata subsp. anatolica (from

isotype); 3, habitat and general view of the type locality of F. clypeata subsp. anatolica.

The chromosome count for the species of Fibigia is not a
distinguishable character to identify species. The somatic
chromosome numbers obtained from this study show
parallelism with literature (Warwick and Al-Shehbaz,
2006).

In this study, pollen and fruit morphology of the genera
Fibigia were examined by using scanning electron
microscope (SEM). The seed coat ornamentation is
reticulate. F. macrocarpa is remarkably different from the
other Fibigia species with its broadly winged seeds.
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Table 2. Measurements of somatic chromosomes of Fibigia taxa.

Fibigia suffruticosa

Chromosome Long arm Short arm Total Arm ratio Centromeric Relative Chromosome
pair no (L) (S) length (L/S) index length type

1 1.93 1.15 3.07 1.68 6.25 16.73 m

2 1.80 1.10 2.90 1.63 5.99 15.76 m

3 1.91 0.77 2.68 2.46 4.22 14.59 sm

4 1.73 0.83 2.56 2.08 4.52 13.91 sm

5 1.49 0.68 217 2.19 3.70 11.81 sm

6 1.32 0.56 1.88 2.36 3.05 10.23 sm

7 1.31 0.36 1.67 3.63 1.96 9.06 st

8 0.88 0.57 1.45 1.52 3.13 7.89 m

Total length of haploid complement:18.37 ym

Fibigia macrocarpa

1 1.65 0.75 2.40 2.21 5.00 16.04 sm
2 1.41 0.70 2.1 2.00 4.71 14.13 sm
3 1.45 0.55 2.00 2.61 3.71 13.40 sm
4 1.30 0.56 1.86 2.33 3.74 12.46 sm
5 1.25 0.55 1.80 2.24 3.71 12.03 sm
6 1.16 0.62 1.78 1.86 4.14 11.86 sm
7 1.1 0.55 1.67 2.00 3.71 11.13 sm
8 0.96 0.39 1.34 2.48 2.57 8.95 sm

Total length of haploid complement:14.96 pm

Fibigia clypeata subsp. clypeata var. eriocarpa

1 1.12 0.61 1.74 1.84 5.77 16.36 sm
2 0.99 0.51 1.50 1.93 4.81 14.10 sm
3 0.90 0.51 1.41 1.76 4.81 13.30 sm
4 0.94 0.47 1.41 1.97 4.48 13.30 sm
5 0.89 0.47 1.36 1.89 4.43 12.82 sm
6 0.84 0.39 1.22 2.17 3.63 11.50 sm
7 0.67 0.45 1.1 1.49 4.20 10.47 m
8 0.64 0.23 0.87 2.76 2.17 8.16 sm

Total length of haploid complement: 10.61 pm

Fibigia clypeata subsp. clypeata var. clypeata

1 1.09 0.67 1.76 1.63 6.66 17.52 m
2 0.89 0.49 1.38 1.84 4.83 13.69 sm
3 0.72 0.59 1.31 1.21 5.92 13.09 m
4 0.74 0.51 1.26 1.46 5.08 12.49 m
5 0.69 0.51 1.20 1.35 5.08 11.95 m
6 0.74 0.43 1.17 1.73 4.28 11.70 sm
7 0.65 0.39 1.03 1.68 3.83 10.25 m
8 0.55 0.39 0.94 1.43 3.83 9.31 m

Total length of haploid complement:10.05 pm

Pollens of all species have tricolpate aperture. Pollen 1952; Reile, 1992; El Ghazali, 1993, Khalik et al., 2002).
ornamentation is similar for all taxa and determined as Pollen grains are generally prolate to subprolate,
reticulate. spheriodal 3-colpate often four to six colpate as

Brassicaceae is a stenopalynous family, the pollen Atlanthera perpusilla 6-colporate pollen; tectum reticulate
grains are usually reticulate and tricolpate (Erdtman, to granulated (Khan, 2005). Alyssum obtusifolium was
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Table 3. A comparison between the diagnostic characters of F. clypeata subsp. anatolica and F.clypeata subsp. clypeata

Diagnostic character

F.clypeata subsp. anatolica

F. clypeata subsp. clypeata

Plant 10-30 cm tall

Basal leaves 20-30 x 4-9 mm
Stem leaves (lower and middle) 25-30 x 3-5 mm
Siliqua siliqua slightly ovate

Siliqua size

Seed number per locus at least 10

30-34 x 13-17 mm

25-90 cm

40-55 x 8-10 mm

30-60 x 4-12 mm
oblong-elliptical to ovate-oblong
15-25 x 8-12 mm

6-8

studied anatomically and palynologically. It was found
that A. obtusifolium pollens are prolate and tricolpate
(Orcan and Binzet, 2003). The pollen of Hesperis
turkmendaghensis and H. matronalis ssp. matronalis was
studied by SEM. H. turkmendaghensis and H. matronalis
are very similar in their pollen characteristics. The pollen
grains exine ornamentation is reticulate and pollen grains
are prolate-spheroidal (Duran and Ocak, 2005).

In this study, the taxa of the genus Fibigia growing
naturally in Turkey; F. clypeata subsp. clypeata var.
clypeata, F. clypeata subsp. clypeata var. eriocarpa, F.
macrocarpa, F. suffruticosa, were examined by
determining somatic chromosome numbers, chromosome
morphologies, and pollen and seed surface
characteristics. Section Purpureae and F. clypeata subsp.
anatolica was introduced as new taxa for the first time.

ACKNOWLEDGEMENT

The authors express their thanks to the Scientific
Investigation Projects Coordinate Office of the Selguk
University (Project no: 09101044; 08201037) for the
financial support.

REFERENCES

Al-Shehbaz IA, Al Shammary Kl (1987). Distribution and
chemotaxonomic significance of glucosinolates in certain Middle-
Eastern Cruciferae. Biochem. Syst. Ecol. 15: 559-69.

Al-Shehbaz IA, Beilstein MA, Kellogg EA (2006). Systematics and
phylogeny of the Brassicaceae (Cruciferae): an overview. PI. Syst.
Evol. 259: 89-120.

Al-Shehbaz I[A, Mutlu B, Dénmez AA (2007). The Brassicaceae
(Cruciferae) of Turkey, updated. Turk. J. Bot. 31: 327-336

Appel O, Al-Shehbaz IA (2003). Cruciferae. in: Kubitzki K (ed.) The
families and genera of vascular plants. 5: 75-174. Springer, Berlin
Heidelberg.

Avetisyan VE (1999). Novye | Redkie Dlya Flory Gruzii Vidy
Krestotsvetnykh (Brassicaceae). (New and rare species of
Brassicaceae for the Flora of Georgia.) Flora Rastitelnost Rast.
Res. Arm, Ssr 12. 60-61 -Rus (Arm. En) Geog=2 Systematics:
Angiospermae (Cruciferae: Isatis, Cruciferae: Fibigia, Cruciferae:
Alyssum) Caucasus.

Baltisberger M (1991). Cytological investigations of some plants from
Turkey. Willdenowia. 21: 225-232.

Bouloumoy SJ (1930). Flore du Liban et de la Syrie, Vigot Freres.

Bush NA (1939). Flora of the U.S.S.R. vol. 8, lzdatel’stvo Akademi
Nauk Sssr. Moskova-Leningrad.

Cullen J (1965). Fibigia Medik. in: Davis PH (ed.). Flora of Turkey and
the East Aegean Islands. 1: 356-358. Edinburgh University Press,
Edinburgh.

Damjanovic O, Stevanovic B (1993). Morpho-anatomical adaptations of
endemic species Fibigia triquetra (DC.) Boiss. (Brassicaceae).
Bull. Inst. Jard. Bot. Univ. Belgrade, 24-25.

Davis PH (ed.) (1965-1985). Flora of Turkey and East The Aegean
Islands, vol. 1-9. Edinburg University Press, Edinburgh.

Davis PH, Mill RR, Tan K (eds.) (1988). Flora of Turkey and the East
Aegean Islands (Supplement). vol. 10, Edinburgh University
Press, Edinburgh.

Duran A, Ocak A (2005). Hesperis turkmendaghensis (Sect. Hesperis)
(Cruciferae/ Brassicaceae), A New Species From The Central
Anatolia Region Turkey. Bot. J. Linn. Soc. 147: 239-247.

El Ghazali GEB (1993). A study on the pollen flora of Sudan. Rev.
Palaeobot. Palynol. 67:9-345.

Erbar C, Leins P (1997). Different patterns of floral development in
whorled flowers, exemplified by Apiaceae and Brassicaceae. Int. J.
Pl. Sci. (Suppl.), 158: 49-64.

Erdtman G (1952). Pollen morphology and plant taxonomy- Newyork.

Garraud L (1990). Fibigia clypeata (L.) Medicus (=Farsetia clypeata (L.)
R. Br.) Dans Les Alpes-Maritimes Francaises, Monde PI., 85 (439):
15.

Giiner A, Ozhatay N, Ekim T, Baser KHC (eds.) (2000). Flora of Turkey
and the East Aegean Islands (Supplement). vol. 11, Edinburgh
Univ. Press, Edinburgh.

IUCN Species Survival Commission (2001). IUCN red List Categories,
Gland, Switzerland.

Khalik KA, Van Den Berg RG, Van Der Maesen LJG, El Hadidi MN
(2002). Pollen morphology of some tribes of Brassicaceae from
Egypt and its systematic implications. Feddes Repertorium 113: 3-
4,211-223

Khan R (2005). Studies on the pollen morphology of the genus
Sisymbrium and monotypic genera Atelanthera and Arcyosperma
(Brassicaceae) from Pakistan. Pak. J. Bot. 37(1): 15-22.

Koch MA, Kiefer C (2006). Molecules and migration: biogeographical
studies in Cruciferous Plants. Pl. Syst. Evol. 259: 121-142.

Kostovic Vranjes V, Pevalek Kozlina B, Papes D (1999). Cytogenetical
investigation of croatian stenoendemic species Fibigia triquetra
(Brassicaceae), Acta Bot. Croat. 58: 49-55.

Levan A, Fredga K, Sandberg AA (1964). Nomenclature for centromeric
position on chromosomes. Hereditas. 52: 201-220.

Matvejeva J (1978). A new species of Serbia's Flora (Fibigia clypeata L.
R. Br.). (Nova Vrsta Za Floru Sr Srbije (Fibigia clypeata L. R. Br.),
Bull. Sci. Cons. Acad. Rdf, Sec. A, Sci. Nat. Techn. Med., 21 (10-
12): 222.

Meikle RD (1977). Flora Of Cyprus. vol. 1: 133-134, Royal Botanik
Gardens, Kew.

Moussavi M (1985). Fibigia thesigeri (Cruciferae), A new record from
Iran. Iranian J. Bot. 3 (1): 63-64.

Orcan N, Binzet R (2003). The anatomical and palynological properties
of Alyssum obtusifolium Steven Ex Dc. (Brassicaceae). Turk. J.
Bot. 27: 63-68.

Rechinger KH (1968). Flora Iranica. Akademische Druck and
Verlagsanstalt, Graz, Austria.

Reile M (1992). Pollen et spores d’Europe et Afrique du Nord. — Lab.
Bot. Hist. Palynol., France.



Tackholm V (1974).Students’ Flora of Egypt. Cairo University, Beirut.

Takhtajan A (1992). Comparative anatomy of seeds, dicotyledones;
Dilleniidae. Izdat. Nauka: Leningrad. 4: 447.

Townsend CC, Guest E (1980). Flora of Iraq. Ministry of Agriculture &
Agrarian Reform, Baghdat. Vol. 4: 951-958.

Tutin TG, Heywood VH (1964). Flora Europaea. vol. 2-3, Cambridge
University Press, Cambridge.

Vaughan JG, Whitehouse JM (1971). Seed structure and the taxonomy
of the Cruciferae. Bot. J. Linn. Soc. 64: 383-409.

Warwick SlI, Al-Shehbaz IA. (2006). Brassicaceae: Chromosome
number index and database on CD-Rom. PI. Syst. Evol. 259: 237-
248.

Cetinetal. 119

Warwick Sl, Francis A, Al-Shehbaz IA (2006). Brassicaceae: species
checklist and database on CD-Rom 2. Pl. Syst. Evol. 259: 249-
258.

Warwick Sl, Sauder CA, Al-Shehbaz I[A (2008). Phylogenetic
relationships in the tribe Alysseae (Brassicaceae) based on
nuclear ribosomal ITS DNA sequences. Botany. 86: 315-336.

Zohary M (1966). Flora Palaestina. The Israel Academy of Sciences and
Humanities, Jerusalem.



