
MORFOLOŠKA I GENETSKA RAZNOLIKOST VRSTA DIVLJIH KUPUSA (Brassica incana agg.) I 
RAŠTIKE (Brassica oleracea L. var. acephala DC.)  

Kompleks vrsta divljih kupusa - Brassica incana, uglavnom je rasprostranjen na Sredozemlju. Tako je 
nekoliko autora prepoznalo endemične vrste divljih kupusa koji rastu i na području Hrvatske - B. botterii 
Vis., B.cazzae Ginzb. & Teyb. i B. mollis Vis. Ta se klasifikacija uvelike temeljila na razlikama u 
morfološkim karakteristikama ploda (komuške). Prema rezultatima ovoga istraživanja, ključ za 
morfološku determinaciju različitih vrsta B. incana mogao bi se temeljiti na širini komuške, dužini kljuna 
komuške i na broju sjemenki po komuški. Također su razlike utvrđene i u genetskoj strukturi vrsta B. 
incana i to analizom genoma pomoću molekularnih metoda AFLP (Amplified Fragment Length 
Polymorphism) i cpDNK. Na temelju rezultata ovoga istraživanja utvrđena je veća genetska raznolikost 
između istraživanih populacija divljih vrsta kupusa u odnosu na raznolikost unutar populacija. 
Diferencijacija populacija djelomično je slijedila zemljopisni obrazac. Filogenetsko stablo podijelilo je 
populacije kompleksa B. incana u dvije glavne skupine (B. incana i B. botteri), tako su populacije koje 
rastu u Hrvatskoj, odnosnona Koločepu, u Oključni, Komiži i Svetcu pripadaju skupini B. incana, dok 
vrste prikupljene na otočiću Obljak, Kosor i Sušac, te na Veloj Palaguži pripadaju vrsti B. botteri. Nadalje, 
raštika (Brassica oleracea var. acephala) je prvi potomak divljih kupusa. Raštika je nutritivna biljna vrsta, 
čiji je uzgoj posljednjih godina u porastu, a zbog prisutnosti različitih morfotipova i genotipova ima veliki 
potencijal za komercijalni uzgoj. U Hrvatskoj i Hercegovini prisutna je značajna raznolikost raštike, ali 
se malo zna o lokalnim ekotipovima koji se uglavnom uzgajaju na malim obiteljskim gospodarstvima ili 
vrtovima za vlastite potrebe. Stoga je u ovom istraživanju također utvrđena genetsku raznolikost 
nekoliko tradicijskih ekotipova raštike s obale i otoka. Genetska raznolikost istraživanih populacija 
raštike procijenjena je pomoću mikrosatelitnih markera (SSR) za vrste B. oleracea. Raznolikost 
populacija raštike utvrđena je pomoću analize molekularne varijance (AMOVA) te je grupiranje 
ekotipova utvrđeno analizom STRUCTURE. Također je konstruiran Neighbournet dijagram udaljenosti 
prema Neiju. Na temelju dobivenih rezultata utvrđena je  značajna raznolikost unutar populacija, čak i 
između proučavanih regija, koja ujedno u najvećem postotku pridonosi genetskoj raznolikosti. 
Očekivana heterozigotnost bila je veća od opažene kod većine populacija. Populacije raštike djelomično 
su se odvojile prema geografskom podrijetlu, te je utvđena prisutnost šest miješovitih populacija koje se 
uglavnom uzgajaju na otocima sjevernog Jadrana i u dalmatinskoj zagori. Osim toga, utvrđena je i 
značajna raznolikost lokalnih ekotipova u biološkim svojstvim poput cvatnje, te prema karakteristikama 
sjemena i ploda. Nadalje, ovi lokalni ekotipovi raštike pokazali su značajne razlike u kvalitativnih i 
kvantitativnim agronomskim i morfološkim svojstvima biljka. Upravo zbog toga, istraživani ekotipovi 
raštike mogu se smatrati obećavajućim za potencijalni komercijalni uzgoj i oplemenjivanje, što bi bilo 
potrebno utvrditi u budućim istraživanjima, zbog rizika od erozije gena.  
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MORPHOLOGICAL AND GENETIC DIVERSITY OF WILD CABAGGE SPECIES (Brassica incana 
agg.) AND KALE (Brassica oleracea L. var. acephala DC.)  

DETAILED ABSTACT  

In this study, the research of genetic and phylogenetic diversity of wild cabbage species from complex 
B. incana, with a particular emphasis on populations growing in Croatia and Italy, was conducted. The 
specific aims of study were to determine the evolutionary history of investigated populations and their 
genetic structure, which is crucial for the long-term survival of wild and endangered plant species, 
especially in the context of environmental and climate changes. Although wild Brassica species are 
genetically close, populations of the wild cabbage complex B. incana has not been sufficiently studied. 
Thereby, we determined the significant differences in the genetic structure among studied populations, 
specifically those from Croatia and Italy. Genome analyses, including AFLP and cpDNA, revealed high 
genetic diversity within and between populations. The results suggest that populations of wild cabbage 
partially follow a geographic pattern of differentiation, consistent with findings from other studies on rare 
plant species. Phylogenetic analysis confirmed the existence of two main groups of populations, with 
geographically distant populations that diverged after the Pleistocene. In addition, the research 
contributed to clarifying the taxonomic classification of wild cabbage species in Croatia (Adriatic coast), 
suggesting that some populations were previously misclassified. B. incana complex of species is largely 
distributed among Mediterranean. Regarding, several authors recognized tree endemic variants in 
Croatia - B. botterii Vis., B.cazzae Ginzb. & Teyb. and B. mollis Vis. This classifications was largely 
based on differences in morphological characteristics of silique. Genetic diversity of B. incana complex 
was determined based on AFLP (Amplified Fragment Length Polymorphism), and cpDNA analyses. The 
results shown higher genetic diversity among than within populations of studied species. Phylogenetic 
tree segregated populations of wild cabbages in two main groups (B. incana and B. botteri). According 
to silique characterization, determinative key for distinction of different B. incana species could be based 
on its width, beak length and number of seeds per silique. This study emphasizes the importance of 
preserving the these wild cabbage populations, based on determined diversity in genetic structrure, , as 
it presents a major factor in adapting to environmental changes, and fundamental gene pool for breeding 
programs, as well. Endangered endemic species, such as those in the wild cabbage complex B. incana, 
require special conservation efforts to ensure their long-term survival and to harness the opportunities 
they provide for cultivation and breeding.  

When the diversity of traditional kale ecotypes (Brassica oleracea L. var. acephala)  is cosidered, a 
significant genetic diversity among local populations was determined. The importance of kale is 
emphasized as it is considered as the first descendant of wild cabbages. This research investigates the 
genetic and morphological variability of kale ecotypes in Croatia, with a special emphasis on populations 
from Adriatic coast. Although the average polymorphism diversity was lower compared to other studies, 
analysis of the genetic structure revealed a clear division of populations into northern and southern 
groups, with indications of admixture in several populations. Although regional differences were 
identified, the overall genetic diversity was high, confirming the potential for using these populations in 
breeding programs to potentialy improve resistance and adaptability of commercial kale cultivars. The 
high genetic and morphological diversity of kale identified in this study is consistent with findings from 
other studies in different growing regions, with the northern Adriatic islands highlighted as particularly 
important due to their high genetic diversity. Genetic clusters, morphological characteristics, and 
phenological traits were analyzed to better understand the possible relationship of these plants to 
different micro-climatic conditions and  growing locations.  

In terms of genetic structure, we determined the presence of three main genetic clusters (A, B, and C) 
of studied kale ecotypes. Analysis of biological/phenological traits, especially flowering, revealed that 
the flowering of kale varied, with all ecotypes having yellow coloured flowers. Low to moderate flowering 
synchrony was observed, but some ecotypes from southern and central Dalmatia exhibited exceptionally 
synchronized flowering. Analyses of morphological characteristics such as stem hardness and form od 
flower stalks also showed significant variations among ecotypes. The results of this research suggest 
that studied populations are adapted to local growing conditions, and the genetic structure and 
morphological variability are the result of a combination of adaptive strategies and historical migrations 
of these plants. The study of kale ecotypes from the Adriatic coast and islands aimed to analyze their 



genetic and morphological variability and to determine any connections between geographic origin and 
flowering characteristics. The clustering of ecotypes into three groups (A, B, and C) allowed for a more 
detailed analysis of their morphological and genetic characteristics. Ecotypes of group A, originating 
from Istria, Kvarner, and central Dalmatia, exhibited high uniformity in flowering traits, with primary 
branching and abundant flowering. In contrast, ecotypes of group B, mostly from Dalmatia, are 
characterized by short internodes and moderate branching of the flower stalk, with a generally weak 
flower scent. Ecotypes of group C, from southern areas of Dalmatia, show similar morphological 
characteristics to group B ecotypes but with higher hardness of the flower stalk and less uniformity in 
flowering. After flowering, the formation of the kale fruit, known as a silique, was investigated. Regarding, 
the significant diversity among kale ecotypes in some silique and seed traits was determined. Silique 
was 3 to 12 cm long, and the number of seeds per silique varied, ranging from 4 to 23 seeds per silique, 
depending on the ecotype. In addition to silique length. Morphological seed properties, such as surface, 
shape and color, showed less variability depending on the geographic origin of ecotypes. However, 
differences in seed color were observed between Dalmatian ecotypes and other populations. In addition, 
differences in seed dimensions were identified, with observed grouping of ecotypes from Dalmatia, Istria 
and Herzegovina based on these properties. In contrast, seed mass varied among and segregated these 
kale ecotypes. A higher number of seeds per silique may contribute to yield stability, while larger seeds 
generally facilitate better plant development. Therefore, ecotypes such as IPT383, IPT413, and IPT389 
could be useful for further breeding to improve kale yield and quality, even though the relationship of 
these traits was not determined in this study.   

 

Overall, geographic origin and climatic conditions can influence the silique and seed morphological traits 
of kale. Moreover, the potential of kale silique for desirable traits that could be considered for breeding 
is important when the aim of farmer is seed production. Compared to others, such as populations from 
Spain, silique length was observed to be a more variable trait in Croatian ecotypes. Literature suggests 
that certain silique traits are strongly influenced by genetics. Although no correlation was found between 
most of the studied seed yield components in this research, clustering of Dalmatian ecotypes based on 
silique morphological traits and seed number suggests  a certain degree of positive correlation. Although 
differences in seed size were observed in this study, high germination rates were recorded for all studied 
kale ecotypes, indicating their potential for breeding programs for growing kale plants, ensuring 
production stability. Principal component analysis suggests partial separation of populations from Istria 
and one population from Dubrovnik based on agronomic traits. This indicates that kale genetic groups 
may differ in some agronomic properties, such as plant height, leaf mass, leaf number, stalk length and 
stem length. This characteristics could be useful in selecting ecotypes for cultivation and breeding to 
increase commercial production and preserve biodiversity, as well. Regarding stalk and stem length, it 
is determined that populations belonging to genetic cluster C have the greatest length, while populations 
from cluster A have the shortest internodes. Populations from cluster B have the shortest stem length. 
The genetic and morphological diversity of studied local kale ecotypes provides a basis for further 
collection and research of these populations for breeding purposes. Genetic structure analyses 
confirmed the spread of kale populations from south to north, consistent with the long-standing 
traditional cultivation of kale in southern parts of Adriatic and the assumption that kale is the first 
descendant of wild cabbage naturally growing in that area. This diversity is desirable for breeding and 
encourages further research to preserve kale genetic diversity before gene erosion occurs.  
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