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Abstract

Siljak-Yakovlev, S. 2022: Karyological investigation of two Balkan endemic
Centaurea species [In Kamari, G., Blanché, C. & Siljak-Yakovlev, S. (eds),
Mediterranean plant karyological data-32]. – Fl. Medit. 32: 238-243.
http://dx.doi.org/10.7320/FlMedit32.238

Chromosome numbers, karyotype feature and its numerical data are presented for
two Balkan endemic Centaurea species, C. kosaninii and C. melanocephala. The
somatic chromosomes number 2n = 22 was found for both Centaurea species.
However, the karyotypes showed the significant differences in size and morphology
of chromosomes and in number of satellite chromosome pairs, two in C.
melanocephala and three in C. kosaninii. 

Keywords: Centaurea kosaninii, Centaurea melanocephala, chromosome number,
karyotype feature, numerical data on karyotype.

Introduction

Genus Centaurea L. is one of the largest in the Asteraceae [subtribe Centaureinae (Cass.)
Dumort., tribe Cardueae Cass.], and comprises about 250 annual, biannual and perennial
species according to the most recent studies (Sussana & Garcia-Jacas 2007). It is widely dis-
tributed, mostly in the Eastern Hemisphere, with the diversification center in the Middle East.
The genus is well represented in all the Mediterranean region and many species are knowing
from the Balkan Peninsula. 

Centaurea is the most complex genus with basic chromosome number ranging from x
= 7 to x = 16 (Siljak-Yakovlev 1986; Garcia-Jacas & al. 1996) and at least four different
pollen types (Wagenitz 1955). As in many plant groups, descending dysploidy and poly-
ploidy were found to be the most important evolutionary mechanisms occurring in this
genus (Siljak-Yakovlev 1986).

Two investigated species belong to Acrocentron (Cass.) DC. section for which only two
basic chromosome numbers, x = 10 (more often occurring) and x = 11, are recorded. 

The aim of this study was to verify and eventually confirm the chromosome number,
and to characterize, for the first time, the karyotype of two Centaurea endemic species
from the Balkans.
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2010. Centaurea kosaninii Hayek ― 2n = 2x = 22; 2C DNA = 3.13 pg (Figs 1, 1a, 1b;
Table 1). 

Syn. = Colymbada kosaninii (Hayek) Holub in Folia Geobot. Phytotax. 7: 315 (1972)

Ko: Kosovo, Brezovica, ultramafite substrate, 22.08.1980, leg. Dr Čedomil Šilić.

The native range of Centaurea kosaninii is Western Balkan Peninsula (NE Albania and
Kosovo). It grows mostly on serpentine, but also rarely, on limestone substrate and is con-
sidered as relict species (Stevanovic & al. 2003). The chromosome number of 2n = 22
reported already by Siljak-Yakovlev (1981 & 1986) is now confirmed.

The karyotype of C. kosaninii is composed of seven metacentric (pairs 1, 2, 3, 4, 5, 8 &
11), three submetacentric (pairs 6, 7 & 10; two of which, pairs 6 & 10, bearing satellites
on their short arms) and one subtelocentric chromosome pairs (9) also with satellites (Fig.
1, 1a & 1b). The karyotype formula was as follows: 2n = 14m + 6sm + 2st = 22.

Numerical data concerning this karyotype are presented in the Table 1. Chromosome types
were determined according to the usual recommendation and nomenclature of Levan & al.
(1964). Karyotype features were evaluated using the following morphometric parameters:
length of the long (l) and short (s) arm, arm ratio (r), total chromosome length (TL), the relative
length of each chromosome pair (RL) following Levan & al. (1964), the ratio (R) between the
longest and the shortest chromosome pair (Siljak-Yakovlev 1986) and the index of asymmetry,
AsI %, following Arano and Saito (1980). Idiogram was constructed from the mean values
obtained from at least five metaphase plates corresponding to five different individuals.
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Table 1. Numerical data concerning the chromosome set of Centaurea kosaninii.



The chromosomes are small and total karyotype length (ΣTL) was 51.68 µm. The index
of asymmetry was IAs% = 57.86 and ratio (R) between the longest and the shortest chro-
mosome pair was R = 1.82. 

In addition, the genome size or nuclear DNA amount has been estimated for this
species from the same population and 2C value was 3.13 pg or 3061 Mbp (Siljak-
Yakovlev & al. 2010). 
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Fig. 1. Mitotic metaphase plate of Centaurea kosaninii (1), corresponding karyogram (1a) and idio-
gram (1b). 



2011. Centaurea melanocephala Pančić ― 2n = 2x = 22 (Figs. 2, 2a, 3, 3a & 4; Table 2). 

Al: Prov. Kukës: Kolsh, 24.07.2002, leg. Tone Wraber). 

Centaurea melanocephala Pančić, Fl. Serbiae 443 (1874). This species presents two
synonyms:

= Centaurea candelabrum Hayek & Košanin in Repert. Spec. Nov. Regni Veg. Beih.
30(2): 746 (1931)

= Colymbada candelabrum (Hayek & Košanin) Holub in Folia Geobot. Phytotax. 7:
315 (1972)

Centaurea melanocephala is also an endemic species from West Balkan Peninsula
(Albania, Serbia). It grows in the mountain rocky grasslands on ultramafite substrate at an
altitude from 800 to 1000 m.a.s.l.  

The chromosome number of this species has been indicated for the first time from
Kosovo in 1990 (Siljak-Yakovlev & Wraber) and then in 2010 (Siljak-Yakovlev & al).
Recently, Novaković & al. (2022) reported the same chromosome number 2n = 22 from
Serbia. 

The karyotype of C. melanocephala is composed of ten metacentric (pairs 1, 2, 3, 5, 6,
7, 8, 9, 10 & 11) and one metacentric-submetacentric pair (pairs 4 bearing satellites on
their short arms). Pair 5 also carries the satellites (Figs. 2, 2a, 3, 3a & 4). The karyotype
formula was as follows: 2n = 20m + 2m-sm = 22, revealing a very symmetrical karyotype
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Table 2. Numerical data concerning the chromosome set of Centaurea melanocephala.
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Figs. 2-4. Mitotic metaphase plates of Centaurea melanocephala (2 & 3), corresponding karyograms
(2a & 3a) and idiogram (4).



(IAs% = 56.22). Numerical data concerning this karyotype are presented in the Table 2.
Total karyotype length (ΣTL) was 44.68 µm indicating that the chromosomes of C.
melanocephala are smaller than those of C. kosaninii. The ratio (R) between the longest
and the shortest chromosome pair was R = 1.62.

Despite the same chromosome number, karyotype analyses show important differences
between the two investigated species, suggesting their ancient differentiation.

Acknowledgment

Our colleague Dr. Tone Wraber passed away in 2010, we started this work on Centaurea
melanocephala with him, and we now want to dedicate it to his memory.

References

Arano, H. & Saito, H. 1980: Cytological studies in family Umbelliferae 5. Karyotypes of seven
species in subtribe Seselinae. – La Kromosomo II 17: 471-480.

Hayek, A. 1914: Neue orientalische Planzenarten. – Osterr. Bot. Zeitschr. 122: 259-273. 
Levan, A., Fredga, K. & Sandberg A. A. 1964: Nomenclature for centromeric position on chromo-

somes. – Hereditas 52: 201-220.
Novaković, J., Janaćković, P., Susanna, A., Lazarević, M., Boršić, I., Milanovici, S., Lakušić, D.,

Zlatković, B., Marin, P. D. & Garcia-Jacas, N. 2022: Molecular insights into the Centaurea
calocephala complex (Compositae) from the Balkans—Does phylogeny match systematics? –
Diversity 14(5): 394. https://doi.org/10.3390/d14050394

Siljak-Yakovlev, S. 1981: Reports [In Love, A. (ed.), IOPB chromosome number reports LXXIII]. –
Taxon 30(4): 844.

— 1986: Etude cytogénétique et palynologique de Compositae endémiques ou reliques de la flore
yougoslave. – Thèse d’Etat, Université de Paris-Sud, France.

— & Wraber, T. 1990: Hromosomski broj vrsta Centaurea kosaninii Hayek i C. melanocephala
Pančić. – P. 78 in: Simpozijum Nedeljko Košanin i botaničke nauke. Ivanjica, 11-13 oktobra
1990. Knjiga abstrakata. – Ivanjica.

—, Pustahija, F., Šolić, E. M., Bogunić, F., Muratović, E., Bašić, N., Catrice, O. & Brown, S. C.
2010. Towards a genome size and chromosome number database of Balkan flora: C-values in
343 taxa with novel values for 242. – Advanced Science Letters 3: 190-213.

Stevanović, V., Tan, K. & Iatrou, G. 2003: Distribution of the endemic Balkan flora on serpentine I.
– obligate serpentine endemics. – Pl. Syst. Evol. 242: 149-170. https://doi.10.1007/s00606-
003-0044-8

Susanna, A. & Garcia-Jacas, N. 2007: Tribe Cardueae Cass. (1819). – Pp. 123-146 in: Kadereit, J.
W. & Jeffrey, C. (eds), Flowering Plants. Eudicots: Asterales, 8. – New York.

Wagenitz, G. 1955: Pollenmorphologie und Systematik in der Gattung Centaurea L. s. l. – Flora 142:

213-279.

Address of the author:
Sonia Siljak-Yakovlev,
Université Paris-Saclay, CNRS, AgroParisTech, Ecologie Systématique Evolution,
bâtiment 680 – 12, route 128, 91190 Gif-sur-Yvette, France
E-mails: sonia.yakovlev@universite-paris-saclay.fr

Flora Mediterranea 32 — 2022                                                                                        243



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




