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Abstract 

Pollen aperture type, shape, size, polar axis length, equatorial axis length, P/E ratio, colpus length, thickness of 

the sexine and nexine, S/N ratio, ornamentation type, and lumen shape and width were determined by using light and 

scanning electron microscope. A multivariate analysis was carried out using the Gover’s general similarity coefficient 

and UPGMA based on 3 qualitative and 8 quantitative pollen characters for 43 taxa belonging to 30 genera and 19 

tribes. In all of the taxa studied, the pollen grains were generally small or medium-sized, tricolpate, except in Matthiola 

longipetala, with an inconspicuous aperture. The shape varied from prolate-spheroidal to perprolate. The exine 

ornamentation was microreticulate, reticulate, or macroreticulate. In some species, reticulate ornamentation was found 

together with microreticulate, and in some others, with macroreticulate ornamentation. It was seen that some taxa 

belonging to some genera placed near each other in the dendogram partially supported some tribes, such as Brassiceae, 

Alysseae, Sisymbrieae, and Camelineae. It is notable that some closely-related tribes were placed near each other on the 

dendrogram, which partially supports some previous molecular studies. In addition to exine ornamentation, the pollen 

size, shape, sexine and nexine thickness, and colpus length were the most useful characters. These characteristics can be 

used to identify and distinguish some genera, species and partly tribes within the family. They also provide detailed 

information on the pollen grains of some Brassicaceae taxa, some of which were studied herein for the first time, and 

this knowledge will be useful for comparisons in future pollen studies.  
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Türkiye’deki bazı Brassicaceae türleri üzerine karşılaştırmalı polen morfolojisi çalışmaları 

 

Özet 

Polen apertür tipi, şekli, boyutu, polar eksen uzunluğu, ekvatoral eksen uzunluğu, P/E oranı, kolpus uzunluğu, 

sekzin ve nekzin kalınlığı, S/N oranı, süslenme tipi, lümen şekli ve genişliği ışık ve taramalı electron mikroskobu 

kullanılarak belirlenmiştir. 19 oymağa ait 30 cinsten 43 takson için 3 nitel ve 8 nicel polen karakterine dayalı olarak 

Gover’s genel benzerlik katsayısı ve UPGMA kullanılarak çok değişkenli bir analiz gerçekleştirilmiştir. İncelenen tüm 

taksonlarda, polen taneleri genellikle küçük veya orta büyüklükte ve trikolpat olup, Matthiola longipetala’nın dışında 

belirgin bir apertüre sahiptir. Polen şekli prolat-sferoidalden perprolata kadar değişiklik göstermiştir. Ekzin süslenmesi 

mikroretikülat, retikülat veya makroretikülattır. Bazı türlerde retikülat süslenme mikroretikülat ile, bazı türlerde de 

makroretikülat süslenme ile birlikte bulunmuştur. Bazı cinslere ait taksonların dendogram üzerinde birbirine yakın 

olarak konumlanışı, Brassiceae, Alysseae, Sisymbrieae ve Camelineae gibi bazı oymakların kısmen desteklendiğini 

göstermektedir. Dendrogramda birbirine yakın konumlanan yakın akraba olan bazı oymakların bazı önceki moleküler 

çalışmalarda kısmen desteklenmesi dikkate değerdir. Ekzin süslenmesine ek olarak, polen boyutu, şekli, sekzin ve 

nekzin kalınlığı ve kolpus uzunluğu en kullanışlı karakterlerdir.  Bu karakterler familya içindeki bazı cinsleri, türleri 

kısmen de oymakları tanımlamak ve ayırt etmek için kullanılabilir. Bu karakterler ayrıca, bazıları burada ilk kez 
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incelenen bazı Brassicaceae taksonlarının polen taneleri hakkında ayrıntılı bilgi sağlamakta olup, elde edilen bu bilgiler 

gelecekteki polen çalışmalarında karşılaştırmalar için yararlı olacaktır. 

 

Anahtar kelimeler: Cruciferae, oymak, palinoloji 

 

1. Introduction 

 

In recent years, molecular biology and DNA techniques have revolutionized the field of plant systematics and 

phylogenetics. Intensive studies have been carried out and significant changes have been observed in the phylogeny and 

classification of the family Cruciferae [1, 2, 3, 4]. The morphology of pollen grains is a significant tool in solving some 

taxonomic problems at the family, generic, or specific level, and has become part of the multidisciplinary and 

collaborative approach in plant systematics and evolution [5]. The number and position of the pores and furrows, 

complexity of the apertures, form of the sexine, and variation in the size and shape have taxonomic value [6]. The 

pollen morphology characteristics of the family Brassicaceae has provided an approach to the systematic relationships 

among the genera and species [7]. Khalik et al. [8] investigated the palynological taxonomy of the tribes in Brassicaceae 

and concluded that there was a close relationship between Hesperideae, Sisymbrieae, and Arabideae in terms of pollen 

shape and also indicated that the shape of the pollen grains varied more or less in the genera, depending on the tribe, but 

rarely varied in species of same genus. 

The pollen morphology of the family Brassicaceae has been examined in various research in the literature [9, 

10, 11, 12, 13]. Brassicaceae is a family of stenopalynous pollen grains with tricolpate and usually reticulate 

ornamentation [14]. The most common pollen shape in the family is prolate, and this type is present in all genera of 

Brassicaceae [8, 15]. Perveen et al. [16] described the pollen of the family Brassicaceae in Pakistan as radially 

symmetrical, isopolar, subprolate, prolate, or prolate-spheroidal, rarely oblate-spheroidal, tricolpate, rarely 4–8 colpate. 

Sagun and Auer [17] stated that pollen grains belonging to 7 genera of the tribe Camelineae (Arabidopsis, Camelina, 

Capsella, Catolobus, Chrysochamela, Neslia, Noccidium, and Pseudoarabidopsis) were isopolar, and prolate-spheroidal 

to prolate in shape, and had reticulate and microreticulate ornamentation. Anchev and Deneva [18] examined the pollen 

grains of 17 species of Brassicaceae and identified 2 types of exine ornamentation (reticulate and perforate), whereas 

Khalik et al. [8], in his study, grouped the exine ornamentation as microreticulate, reticulate, and macroreticulate 

according to luminal diameter measurements. Doğan and İnceoğlu [19], Brochmann [20], Khan [15], Pınar et al. [21], 

Mutlu and Erik [13] stated that pollen morphology may be useful in understanding the relationships among some genera 

of Brassicaceae. Mutlu and Erik [13] reported the existence of more than one pollen type in some sections of the genus 

Arabis, and pointed out the parallel evolution and disappearance of some other types. Doğan and İnceoğlu [19] reached 

the following conclusions from their pollen morphology study of 33 taxa of the genus Isatis L. in Turkey. Pollen grains 

of the examined taxa showed uniformity in terms of palynological characters. They were radially symmetrical, isopolar, 

tricolpate; oblate-spheroidal, prolate-spheroidal, or subprolate; circular in polar view; with reticulate ornamentation, and 

thick sexine. Some Isatis taxa were also found to have syncolpate, tetracolpate, and stephanocolpate pollen grains. 

Khalik et al. [8] studied the pollen morphology of some tribes in Egypt. The pollen grains of Strigosella africana were 

determined as prolate in shape and reticulate in exine ornamentation. Kızılpınar et al. [22] examined 5 species of the 

genus Malcolmia in Turkey. It was reported that the pollen of these taxa had tricolpate and reticulate ornamentation; the 

pollen shape was prolate-spheroidal or oblate-spheroidal. Karaismailoğlu [23] studied the pollen morphology of 11 taxa 

belonging to the genus Aethionema W.T. Aiton in Turkey, and described Aethionema pollen grains as mostly isopolar, 

bilaterally symmetrical, tricolpate, spheroidal, prolate, perprolate, and subprolate in shape, and micro- or 

macroreticulate in surface ornamentation. Atçeken et al. [30] reported that four Aethionema species in their study had 

reticulate pollen ornamentation but their muri were different each other in point of their palynological features. 

The aim of the present study was to examine and verify the pollen morphological characteristics of certain 

tribes, and study the diversity and range of variation present among species, and use these data in the taxonomy of the 

Brassicaceae in Turkey. 

 

2. Materials and methods 

 

Pollen grains were obtained from dried herbarium specimens. The unopened buds of the specimens were 

squashed and the floral parts were removed and placed into a watch glass and examined using a few drops of water and 

dissection needle under a stereo-microscope. A list of voucher specimens of the studied taxa and their current 

classification according to Kiefer et al. [33]. are given in Table 1. Some pollen grains were transferred to the stubs, 

which had been previously prepared with double-sided adhesive tape for the SEM study. The stubs were then coated 

with gold for 5–6 min. Photographs of the pollen grains were taken using a JSM-6060 JEOL SEM (Tokyo, Japan) 

(Figure 2-4). The remaining pollen grains were acetolyzed according to the method of Erdtman [24, 25] and transferred 

onto slides using glycerine jelly, with the addition of safranine stain, to prepare the light microscope slides. After the 

glycerine jelly melted on the heating block, cover slips were added [26]. A Nikon light microscope (Tokyo, Japan) was 

used to take the measurements and photographs of the pollen grains (Figure 5-6).  
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The pollen aperture type, shape, size, polar axis length, equatorial axis length, P/E ratio, colpus length, 

thickness of the sexine and nexine, S/N ratio, ornamentation type, and lumen (lumina) shape and width were determined 

by measuring the maximum number of pollen grains (10–30) for each species and the mean values are given in brackets 

in Table 2. The palynological terminology followed was according to that of Erdtman [14] for the pollen size 

classification and that of Punt et al. [27] was followed for the other terminology. 

A data matrix was prepared for the analysis, which included 3 qualitative and 8 quantitative pollen 

characteristics (pollen shape and size, polar axis length, equatorial axis length, P/E ratio, colpus length, sexine width, 

nexine width, S/N ratio, lumen width, and ornamentation type) for the examined taxa. The data were first converted into 

a similarity matrix using Gower’s general similarity coefficient. The similarity matrix was then clustered using 

UPGMA clustering (Figure 1). The analyses were completed using the multivariate statistics package (MVSP). 

 

Table 1. A list of voucher specimens of the studied taxa and their current classification 

Tribes Species/Subspecies Specimen collectors & number 

Aethionemeae  Aethionema armenum A.Erden 1072 ve Y.Menemen 

Aethionemeae  Aethionema dumanii  A.Erden 1440 ve Y.Menemen 

Alysseae Alyssum turkestanicum  A.Erden 1103 ve Y.Menemen 

Alysseae Odontarrhena sibirica A.Erden 1117,1056 ve Y.Menemen 

Alysseae Meniocus linifolius  A.Erden 1043 ve Y.Menemen 

Alysseae Odontarrhena muralis A.Erden 1153 ve Y.Menemen 

Alysseae Alyssum simplex  A.Erden 1383 ve Y.Menemen 

Alysseae Fibigia clypeata  Eftal 1754  

Anchonieae  Matthiola longipetala subsp. bicornis  A.Erden 1070 ve Y.Menemen 

Arabideae Aubrieta libanotica A.Erden 1361 ve Y.Menemen 

Arabideae Draba nana A.Erden 1365 ve Y.Menemen 

Brassiceae Brassica nigra  A.Erden 1330 ve Y.Menemen 

Brassiceae Brassica elongata A.Erden 1129,1051,1390 ve Y.Menemen 

Brassiceae Crambe tataria A.Erden 1022,1037 ve Y.Menemen 

Brassiceae Diplotaxis tenuifolia  A.Erden 1075 ve Y.Menemen 

Brassiceae Eruca vesicaria  A.Erden 1231 ve Y.Menemen 

Brassiceae Hirschfeldia incana  A.Erden 1142, 1108, 1027 ve Y.Menemen 

Brassiceae Sinapis arvensis A.Erden 1150 ve Y.Menemen 

Calepineae Calepina irregularis  A.Erden 1095 ve Y.Menemen 

Camelineae  Capsella bursa-pastoris A.Erden 1238 ve Y.Menemen 

Camelineae  Camelina hispida  A.Erden 1047,1110 ve Y.Menemen 

Camelineae  Camelina rumelica A.Erden 1119 ve Y.Menemen 

Camelineae Neslia apiculata   A.Erden 1242 ve Y.Menemen 

Cardamineae Barbarea vulgaris A.Erden 1337,1340 ve Y.Menemen 

Chorisporeae Chorispora tenella A.Erden 1283 ve Y.Menemen 

Coluteocarpeae Microthlaspi perfoliatum  A.Erden 1266 ve Y.Menemen 

Conringieae  Conringia orientalis A.Erden 1501 ve Y.Menemen 

Descurainieae Descurainia sophia A.Erden 1169 ve Y.Menemen 

Erysimeae Erysimum cuspidatum  A.Erden 1220 ve Y.Menemen 

Erysimeae Erysimum repandum A.Erden 1300 ve Y.Menemen 

Erysimeae Erysimum smyrnaeum A.Erden 1135 ve Y.Menemen 

Erysimeae Erysimum crassipes A.Erden 1054 ve Y.Menemen 

Euclidieae Strigosella africana  A.Erden 1116,1065 ve Y.Menemen 

Hesperideae Hesperis bicuspidata A.Erden 1364 ve Y.Menemen 

Isatideae  Isatis quadrialata   A.Erden 1052 ve Y.Menemen 

Isatideae  Isatis glauca  A.Erden 1196 ve Y.Menemen 

Lepidieae Lepidium draba  A.Erden 1001,1049 ve Y.Menemen 

Lepidieae Lepidium perfoliatum A.Erden 1094,1239 ve Y.Menemen 

Sisymbrieae Sisymbrium altissimum A.Erden 1151,1200 ve Y.Menemen 

Sisymbrieae Sisymbrium orientale  A.Erden 1120,1514 ve Y.Menemen 

Sisymbrieae Sisymbrium irio  A.Erden 1452 ve Y.Menemen 

Sisymbrieae Sisymbrium loeselii A.Erden 1241, 1003 ve Y.Menemen 

Thlaspideae Thlaspi arvense A.Erden 1354 ve Y.Menemen 
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3. Results 

 

In this study, pollen morphology of 43 species, representing 30 genera of 19 tribes, belonging to the family 

Brassicaceae were investigated. The pollen aperture type, shape, size, polar axis length, equatorial axis length, P/E ratio, 

colpus length, thickness of sexine and nexine, S/N ratio, ornamentation type, lumen shape, and width were determined 

for each taxa (Table 2, Figure 2-6). 

 

3.1. Aperture type 

 

In the taxa studied, the pollen grains were tricolpate, and only Matthiola longipetala had an inconspicuous 

aperture. The colpus was generally the widest in the equatorial axis and became narrower towards the poles. 

 

3.2. Pollen size 

In the examined species, the polar axis length was between 10.9 and 35.97 µm and the equatorial axis length 

ranged from 5.45 to 29.43 µm. The smallest pollen grains among the studied species belonged to Descurainia sophia, in 

which the mean polar axis length was 13.32 µm and the equatorial axis length was 8.47 µm. The pollen grains of 

Fibigia clypeata had a mean polar axis length of 33.68 µm and an equatorial axis length of 22.45 µm, and were 

determined as the largest. It can easily be said that the pollen grains of the family were small-or medium-sized in 

general. 

 

3.3. Pollen shape 

According to Erdtman [28], the ratio of the polar axis length to the equatorial axis length determines the shape 

of the pollen grains. Hence, a polar/equatorial axis (P/E) ratio between 0.88 and 1.14 is spheroidal, 1 and 1.14 is prolate 

spheroidal, 1.14 and 1.33 is subprolate, 1.33 and 2 is prolate, and >2 is perprolate. The P/E ratio of the pollen of the 

studied species was between 1.06 µm and 2.08 µm, and the pollen shape differed from prolate-spheroidal to perprolate. 

 

3.4. Colpus length 

In the pollen grains of the examined species, the colpus length was between 9.5 and 32.7 µm. The shortest 

colpus was found in Descurainia sophia, while the longest was in Fibigia clypeata. 

3.5. Thickness of sexine and nexine, S/N ratio 

Among the species, the sexine thickness was between 0.5 µm, as in Odontarrhena sibirica, and 2.55 µm, as in 

Matthiola longipetala. The nexine thickness was between 0.15 µm, as in Barbarea vulgaris, and 0.82–1 µm, as in 

Brassica nigra. The S/N ratio was the lowest in Aethionema dumanii (1.06–1.11 µm) and highest in Lepidium 

perfoliatum (5–5.33 µm). 

 

3.6. Ornamentation type, lumen (lumina) shape and width 

 

In the pollen grains of Brassicaceae, the basic ornamentation type was reticulate. The reticulum was 

heterobrochate. The murus surface was smooth, slightly wavy, or sinuous. The lumen shape differed from circular to 

elliptical, elongated, or irregular. The width of the lumen diameter was generally large around the equatorial region, and 

smaller through the poles. According to the sizes of luminal diameter, 3 different types of exine ornamentation were 

determined [8]. If the lumen diameter is less than 1 µm, the ornamentation is microreticulate, between 1 and 2 µm is 

reticulate, and >2 µm, is macroreticulate.  

Microreticulate exine ornamentation was seen in species of Aethionema armenum, Aethionema dumanii, 

Meniocus linifolius, Odontarrhena muralis, Draba nana, Camelina rumelica, Neslia apiculata, Barbarea vulgaris, 

Descurainia sophia, Erysimum cuspidatum, Erysimum smyrnaeum, Lepidium draba, Lepidium perfoliatum, and Thlaspi 

arvense, while macroreticulate ornamentation was only seen in Sinapis arvensis. In some of the other species, reticulate 

ornamentation was found together with microreticulate and in some species, it was with macroreticulate ornamentation. 

 

3.7. UPGMA analysis 

The dendrogram obtained from the similarity matrix using the Gower’s general similarity coefficient and 

UPGMA clustering method is presented in Figure 1, where it can be seen that some members of the genera placed near 

each other partially contributed to the formation of some tribal branches, such as Brassiceae, Alysseae, Sisymbrieae, 

and Camelineae. 
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Table 2. Pollen grain characteristics of the examined taxa belonging to the Brassicaceae 
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Table 2. Contunied 

 
 

4. Conclusions and discussion 

 

Pollen shapes within a genus, or even within a tribe, did not show great differences in the studied taxa. The 

pollen grains examined were radial symmetrical and isopolar, and ranged from prolate-spheroidal to perprolate in shape. 

The most common pollen shapes determined within the tribes were subprolate and prolate. Prolate-spheroidal and 

perprolate pollen grains were found in a few taxa. These results were consistent with those of previous studies (prolate 

and subspheroidal [29]; prolate-spherodial, subprolate, prolate [18]; subprolate, prolate, spheroidal [30] and prolate [8]). 

Although the pollen grains showed uniformity, with slight differences in shape, in Camelineae, Isatideae, Lepidieae, 

Brassiceae (subprolate and prolate), they did not in Aethionemeae, Alysseae, Arabideae, Erysimeae, and Sisymbrieae 

tribes. All the studied taxa had a tricolpate pollen aperture, except for Matthiola longipetala, which had indistinct colpi. 

Erdtman [9], Jonsell [31], Lahham and Al-Eisawi [29], and İnceoğlu and Karamustafa [32] reported that the colpi were 

absent or less prominent in a few Matthiola species. 

The pollen grains in the taxa were generally small or medium sized. Pollen size sometimes has taxonomical 

importance at the tribe level and at other times at the genus or species level. Aethionemeae, Sisymbrieae, Cardamineae, 
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Chorisporeae, Conringieae, Descurainieae, Euclidieae, and Hesperideae had only small-sized pollen grains, while the 

others had both small- and medium-sized pollen. The longest pollen grains were seen in Alyssum simplex, Fibigia 

clypeata, and Lepidium draba, with a polar axis length of 35.97 µm, while the shortest pollen grains were in 

Descurainia sophia with a polar axis length of 10.9 µm. 

 
 

Figure 1. A dendrogram of 43 taxa examined in this study, based on Gower’s General Similarity Coefficient using 

UPGMA clustering method with qualitative and quantitative pollen characters. 
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In the family Brassicaceae, the exine ornamentation was microreticulate, reticulate and macroreticulate. Khalik 

et al. [8] stated that ornamentation has an important role in the family, and it differs between genera within a tribe and 

species within the same genus. However, the exine ornamentation is inadequate to distinguish tribes and genera studied 

within the same tribe, while it is sometimes useful in distinguishing some species within the same genus. For example, 

Brassica nigra differs from B. elongata, by its reticulate and macroreticulate exine ornamentation (Table 2). The pollen 

grains of all the taxa studied within the same tribe had the same exine ornamentation in some cases, such as 

Aethionemeae and Lepidieae. Sometimes pollen grains of the same species have both microreticulate and reticulate 

ornamentation, while some species may have both reticulate and macroreticulate ornamentation on the same pollen 

grain. This, contrary to what Khalik et al. [8] stated, shows that exine ornamentation is not always uniformity in taxa 

and does not always suffice to distinguish between taxa at tribe and genus level in the family. While the exine 

ornamentation was microreticulate in Aethionemeae, Cardamineae, Descurainieae, Lepidieae, and Thlaspideae, it 

appeared to be mixed in the other tribes. Macroreticulate ornamentation was observed in 5 species belonging to 2 tribes. 

These were Matthiola longipetala from Anchonieae and Brassica nigra, Diplotaxis tenuifolia, Hirschfeldia incana, and 

Sinapis arvensis from Brassiceae. The largest lumens were found in Sinapis arvensis, at 2.16–4.96 µm. As some of the 

tribes and genera were examined in this study with single genus or species, respectively, and the difference between 

these taxa could not be clearly determined. 

In this study, it was observed that pollen characteristics can be useful, especially in the different iation of 

species in many cases. However, there are some taxa with the same pollen characteristics in different genera and tribes.  

In addition, in the UPGMA tree (Figure 1) constructed using the pollen characteristics, it was clearly seen that 

species belonging to the tribes of Brassiceae, Alysseae, Sisymbrieae, and Camelineae were partially together or located 

close to each other. For example, Brassica elongata, Hirschfeldia incana, and Brassica nigra belonged to Brassiceae; 

Alyssum simplex, Fibigia clipeata, Alyssum turkestanicum, and Odontarrhena sibirica belonged to Alysseae; 

Sisymbrium looselii, Sisymbrium irio, and Sisymbrium orientale belonged to Sisymbrieae, and Neslia apiculata and 

Camelina rumelica belonged to Camelineae. It was seen that Sisymbrium altissimum and Odontarrhena muralis 

differed from the other Sisymbrium species and O. sibirica, respectively, by the features of the colpus length and sexine 

thickness. It is also noteworthy that in the molecular analysis [33], some closely related tribes were also placed close to 

each other on the UPGMA dendrogram, such as the tribes of Camelineae and Erysimeae, and Chorisporeae and 

Euclidieae 

In some previous pollen studies, some of the Brassicaceae taxa that were included in this study were examined. 

Çıtak et al. [34] investigated the pollen morphology of 3 Turkish Brassicaceae taxa that were also examined in the 

present study. In both studies, the exine ornamentation of the pollen was reticulate. However, some slight differences 

were found in their pollen shapes. In the study of Çıtak et al. [34], the pollen shape was prolate-spheroidal in 

Odontarrhena muralis, oblate-spheroidal in Diplotaxis tenuifolia, and prolate-spheroidal in Matthiola longipetala 

subsp. bicornis, whereas it was subprolate and prolate in Odontarrhena muralis and Diplotaxis tenuifolia, and prolate-

spheroidal and subprolate in Matthiola longipetala subsp. bicornis. Çetin et al. [35] determined that the surface 

ornamentation of the pollen grains of Fibigia clypeata was reticulate and the aperture type was tricolpate, as was 

observed in the present study. Khalik et al. [8] reported that the pollen shape of Strigosella africana was prolate and the 

exine ornamentation was reticulate. In this study, the pollen shape of this taxon was determined as subprolate and 

prolate and the ornamentation was reticulate with microreticulate. 

This study showed that pollen morphological characteristics can be used to identify and distinguish some 

genera, species and partly tribes within the family. It also provided detailed information on the pollen grains of some 

Brassicaceae taxa, some of which were studied herein for the first time, and this knowledge will be useful for 

comparisons in future pollen studies.  
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Figure 2. Scanning electron microscope photographs of the family Brassicaceae pollen grains: 1. Aethionema armenum; 

2. Aethionema dumanii; 3. Alyssum turkestanicum; 4. Meniocus linifolius; 5. Odontarrhena muralis; 6. Odontarrhena 

sibirica; 7. Alyssum simplex; 8. Fibigia clypeata; 9. Matthiola longipetala; 10. Aubrieta libanotica; 11. Draba nana; 12.  

Brassica nigra; 13. Brassica elongata; 14. Crambe tataria; 15. Diplotaxis tenuifolia.  
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Figure 3. Scanning electron microscope photographs of the family Brassicaceae pollen grains: 1. Eruca vesicaria; 2. 

Hirschfeldia incana; 3. Sinapis arvensis; 4. Calepina irregularis; 5. Capsella bursa-pastoris; 6. Camelina hispida; 7. 

Camelina rumelica; 8.  Neslia apiculata; 9. Barbarea vulgaris; 10. Chorispora tenella; 11. Microthlaspi perfoliatum, 

12. Conringia orientalis; 13. Descurainia sophia; 14. Erysimum cuspidatum; 15. Erysimum repandum.  
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Figure 4. Scanning electron microscope photographs of the family Brassicaceae pollen grains: 1. Erysimum smyrnaeum; 

2. Erysimum crassipes; 3. Strigosella africana; 4. Hesperis bicuspidata; 5. Isatis quadrialata, 6. Isatis glauca; 7. 

Lepidium draba; 8. Lepidium perfoliatum; 9. Sisymbrium altissimum; 10. Sisymbrium orientale; 11. Sisymbrium irio; 

12. Sisymbrium loeselii; 13. Thlaspi arvense.  
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Figure 5. Light microscope photographs of the family Brassicaceae pollen grains: 1–2. Aethionema armenum; 3-4. 

Aethionema dumanii; 5-6. Meniocus linifolius;7-8. Alyssum turkestanicum; 9-10. Odontarrhena muralis; 11-12. 

Odontarrhena sibirica; 13-14. Alyssum simplex; 15-16. Fibigia clypeata; 17-18. Matthiola longipetala; 19-20. Aubrieta 

libanotica; 21-22. Draba nana; 23-24. Brassica nigra; 25-26. Brassica elongata; 27-28. Crambe tataria; 29-30. 

Diplotaxis tenuifolia; 31-32. Eruca vesicaria; 33-34. Hirschfeldia incana; 35-36. Sinapis arvensis; 37-38. Calepina 

irregularis; 39-40. Capsella bursa-pastoris; 41-42. Camelina hispida. Scale bar: 10 µm. 
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Figure 6. Light microscope photographs of the family Brassicaceae pollen grains: 1–2. Camelina rumelica; 3-4. Neslia apiculata; 5-

6. Barbarea vulgaris; 7-8. Chorispora tenella; 9-10. Microthlaspi perfoliatum; 11-12. Conringia orientalis; 13-14. Descurainia 

sophia; 15-16. Erysimum cuspidatum; 17-18. Erysimum repandum; 19-20. Erysimum smyrnaeum; 21-22. Erysimum crassipes; 23-24. 
Strigosella africana; 25-26. Hesperis bicuspidata; 27-28. Isatis quadrialata; 29-30. Isatis glauca; 31-32. Lepidium draba; 33-34. 

Lepidium perfoliatum; 35-36. Sisymbrium altissimum; 37-38. Sisymbrium orientale; 39-40. Sisymbrium irio; 41-42. Sisymbrium 

loeselii; 43-44. Thlaspi arvense. Scale bar: 10 µm. 
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