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Abstract 

 
The biogeography of genus Linaria was revealed by the available chromosome counts from all over the world. 

Chromosome numbers of 92 taxa of the genus Linaria are included in an on-line karyological database. 

Furthermore, information about chromosome numbers taken from 374 literature sources was used in this paper. 

Each database record includes name of taxon, data on chromosome and data on the origin of the material and 

species-area distribution. Each database also provides a reported chromosome number and place of publication. 

More than half of the available species in chromosome data are diploid or consist of both diploid and polyploid 

populations and a few numbers of the species are polyploid. For the first time, in this study, mitosis and meiosis 

chromosome numbers of 13 populations belonging to three species, namely L. lineolata Boiss (2n = 2x = 12), L. 

fastigiata Chav. (2n = 2x = 12) and L. dalmatica (L.) Mill. (2n = 2x = 12), were determined by examining anthers. 

In addition, pollen stainability has been documented in Linaria populations in Iran.  

 
Keywords: Chromosome numbers, Karyological database, Linaria, Pollen stainability, Polyploidy, 

Scrophulariaceae 

 
 

Introduction 
MMM 

Toadflaxes (Linaria Miller) is the largest genus 

of the tribe Antirrhineae (Sutton, 1988). The tribe 

Antirrhineae as revised by Sutton (1988), consists 

of 27 genera representing 328 species. Linaria 

posses 200 species world wide, and it is widely 

distributed throughout the Northern hemisphere 

with its centre of distribution in the Mediterranean 

basin and eastern Asia (Hong, 1983). Linaria has 

about 30 species in Iran (Davis, 1982; Sutton, 

1988), and comprises annual or perennial herbs 

with heteromorphic shoots. Flowers are arranged in 

bracteate racemes and have an accurate personate 

corolla. Linaria species have profuse glandular 

hairs with unicellular or insert stalks of varying 

length and heads usually composed of 1-4 cells. 

Small seeds of Linaria are enclosed in capsules, 

and may or may not be surrounded by an encircling 

wing. Linaria recognized with seven sections 

(Diffuse, Linaria, Pelisserianae, Speciosae, 

Supinae, Macrocentrum and Versicolores), mainly 

based on seed morphology (In the form and seed), 

and only useful reliable characters in the separation 

of these species are the morphology of seed surface 

and capsule. In this paper, we used cytotaxonomic  
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studies, that can be a powerful tool for investigating 

different evolutionary trends such as breeding 

system or polyploidy and hybridization. 

Cytological studies of Linaria species can provide 

useful information for the assessment of taxonomic 

relationships (Stace, 2000). The reported 

chromosome numbers species Linaria mainly are 

2n = 12, with the exception of one octoploid L. 

pelisseriana (2n = 4x = 48). Valdes and  Cabezudo 

(1977) determined basic numbers x = 6 for most of 

species of Linaria under review. L. chalepensis and 

L. canadensis var. texana with 2n = 24 (Heitz, 

1927, Raven, 1963) and L. helenica with 2n = 24, 

26 (Contandriopoulos and Yannitsaros, 1975) are 

tetraploid. The L. cymbalaria with seven pairs 

(East, 1933) and L. sagittata with nine pair 

bivalents in meiosis stage (Dalgaard, 1986) are 

exceptions in this genus and other species have six 

pair bivalents in meiosis stage. The small 

chromosomal variation exists within genus Linaria 

as the members of L. sect. Supinae subsect. Supinae 

which have been so far cytologically investigated 

are only diploids with x = 6 and 2n = 12 (Heitz, 

1926, 1927a, b; Love and  Kjellqvist, 1974; 

Cardona and  Contandriopoulos, 1980; Sutton, 

1988; Mayol et al., 1998). It should be mentioned 

that, the most species have more similar genome 

sizes. Due to the small chromosomal variation in 
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Linaria, it is possible to use genome size value to 

separate some taxa in Linaria. An analysis indicates 

that members of L. sect. Pelisserianae present the 

highest value of genome size, as compared to L. 

sect. Versicolores present the lowest among other 

sections of Linaria (Castro et al., 2012). The 

present work aimed to increase the knowledge 

about cytogenetics and biogeography of the species 

and comparsion of the basic chromosome numbers 

and polyploidy levels among the different species, 

which are distributed throughout the world. Such 

findings would help us to promote our 

understanding about the relationships between 

chromosomal criteria and taxonomic delimitation.  

 

Materials and Methods 

 

Description of Database 

 There are numerous databases on chromosome 

numbers available on-line. In this study, on-line 

database gathers data from published indices to 

plant chromosome numbers from 1926 onwards 

(1926-2009). The data are presented as they were 

published, without any attempt to make a 

taxonomic revision of the analysed plant material. 

The database currently contains 92 species taken 

from 374 literature sources. Also, there are 

numerous on-line or book reference based 

databases are available describing the distribution 

of species. This on-line database or book reference 

gathers data from published indices on plant 

distribution from 1827 onwards (1827-2011). 

Records in the database includes the following data: 

(1) Name of the taxon (include the name of taxon 

as published in the original source, the standardized 

name) (2) Data on the voucher specimen (includes 

the collector(s) name(s), date of the collection, 

specimen number and the herbarium collection 

where it is deposited, species-area distribution, 

Voucher specimens are deposited in BASU, 

Hamedan, Iran) and (3) chromosomes (includes 

mitotic or meiotic chromosome number; ploidy 

level, detailed data on the locality where material 

was collected, along with its position in the World 

Geographical Scheme for Recording Plant 

Distributions (Brummitt, 2001)). Some 

chromosome records based online databases and 

literature are presented in table 1.                           
[see (http://www.tropics.org/Project/IPCN); 

(http://www.rjb.csic.es/snapdragons/Paginas/Especie); 

(http://www. magrama.gob.es/es/biodiversidad/temas/ 

inventarios); 

(http://www.botanicalkeys.co.uk/flora/content/species.as

p); (http://www.floravascular.com);  

(http://www.binran.ru); (vargas@rjb.csic.es)]  
 

Table 1. List of Linaria species investigated for chromosome 

number and pollen fertility showing name species,chromosome 

number, locality, altitude (m), collector, no. voucher and % of 

pollen sterility. 

Species 
Voucher 

number 
Locality 

Alt. 

(m) 
Collector 

Percenta

ge of 

sterility 

2

n 

L. 

dalmatica 

27675 

BASU 

Hamedan, 

Toyserkan, after 

Shahrestane 

1940 RANJBAR

and NOURI 

11.67 - 

L. 

dalmatica 

33895 

BASU 

Arak to Malayer 1660 RANJBAR 

and NOURI 

3.49 12 

L.  
fastigiata 

25021 

BASU 

Azerbaijan-e 

gharbi, Bookan 

toward Miandoab 

1870 RANJBAR 3.35 12 

L.  
fastigiata 

27029 

BASU 

Lorestan. Dourud, 

beginning of 

Forest Park of 

Gahar. 

1660 RANJBAR 1.73 12 

L.  
fastigiata 

27749 

BASU 

Kermanshah, 

Sonqor, 10 km 

after Sonqor 

1600 RANJBAR 

and NOURI 

8.45 12 

L.  
fastigiata 

29025 

BASU 

Kordestan, 5 km 

before of Salavat 

abad neck 

1892 RANJBAR 

and NOURI 

5.87 - 

L.  
fastigiata 

27213 

BASU 

Kermanshah, 

Sonqor toward 

qorveh, 

Kotchkineh 

village 

2062 RANJBAR 18.31 12 

L.  
fastigiata 

27632 

BASU 

Kermanshah, 

Sonqor, Bavleh 

village 

1840 RANJBAR 

and NOURI 

23.29 12 

L.  
fastigiata 

27535 

BASU 

Hamedan, 

Babanazar village 

1600 RANJBAR 

and NOURI 

33.05 12 

L.  
fastigiata 

27188 

BASU 

Kermanshah, 

Sonqor toward 

Qorveh 

2050 RANJBAR 

and NOURI 

23.61 12 

L.  
fastigiata 

27081 

BASU 

Kordestan, 

Salavat Abad 

neck 

1550 RANJBAR 

and NOURI 

- 12 

L.  
fastigiata 

30150 

BASU 

Hamedan to 

Malayer, Karkan 

village 

1840 RANJBAR 5.24 12 

L.  
fastigiata 

26573 

BASU 

Azerbaijan-e 

gharbi, Piranshahr 

toward 

Oshnaviyyeh 

1860 RANJBAR 

and NOURI 

- 12 

L.  
fastigiata 

33045 

BASU 

Hamedan, Alvand 

Mt, Haydarreh 

village 

1600 RANJBAR 14.35 12 

L. 

lineolata 

27473 

BASU 

Arak, Komeyjan 

to Vafs, 7 km 

after Vafs 

715 RANJBAR 7.52 - 

L. 

lineolata 

25734 

BASU 

Azerbaijan-e 

gharbi, Mahabad 

1890 RANJBAR 56.63 - 

L. 

lineolata 

30626 

BASU 

Zanjan, Nader 

Abad village, 

Deh-jalal neck, 8 

km before 

Soltanieh 

1940 RANJBAR 50.30 12 

L. 

lineolata 

29133 

BASU 

Hamedan to 

Zanjan.Qeydar to 

Khorkhoreh, 10 

km after Qeydar. 

1892 RANJBAR 

and NOURI 

16.36 - 

http://www.tropics.org/
http://www.botanicalkeys.co.uk/flora/content/species.asp
http://www.botanicalkeys.co.uk/flora/content/species.asp
http://www.floravascular.com/
http://www.binran.ru/
mailto:vargas@rjb.csic.es
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Cytogenetics 

In angiosperms, with the beginning of the first 

meiotic division, the pollen mother cells are 

isolated from each other and from the tapetum by 

the thick layer of callose (Echlin and  Godwin, 

1968) and they become progressively enveloped in 

the layer of callose (ß-1, 3-glucan) which 

characterizes a well-defined stage of pollen grain 

ontogeny (Waterkeyn, 1962; 1964). The thickness 

of the callose layer in different species is variable 

and Linaria species have a thick layer of callose in 

meiotic small cells (figures 1O). 

The innermost cell layer of the anther wall in 

angiosperm species is tapetum layer, (Chaudhury, 

1993; Wilson et al., 2001; Kapoor et al., 2002; 

Sorensen et al., 2002; 2003; Higginson et al., 2003). 

In Linaria species mitotic cells of this layer are 

different in shape, size and, presence or absence of 

the vacuole and its number (figures 1Q and R). The 

tapetum cells are usually bigger and normally have 

more than one nucleus per cell.  

In this study, the mitotic chromosome numbers in 

anthers of 11 L. fastigiata populations, one L. 

dalmatica population and one L. lineolata 

population were studied. Randomly, selected 

flowers at the appropriate stage were collected for 

mitotic studies and fixed in 96% ethanol, 

chloroform and propionic acid (6: 3: 2) for 24 h at 

room temperature, and then washed and preserved 

in 70% ethanol at 4 °C until used. Microsporocytes 

were prepared by squashing and stained with 2% 

aceto-carmine. Chromosome numbers were counted 

in five individuals of each population during 

prophase. The mitotic chromosome association was 

evaluated in at least twenty cells. Mitotic stages 

were photographed by a BX-51 Olympus 

microscope equipped with a 3030 digital camera. 

 

Pollen Fertility  

Pollen fertility was studied in 10 populations of 

Linaria fastigiata, two populations of L. dalmatica 

and four populations of L. lineolata. Randomly 

flowers of dry plant were selected and then, pollen 

fertility results, presented in table 1, obtained using 

the aceto-carmine method. To determine pollen 

fertility, darkly stained pollen grains were recorded 

as fertile and viable, and unstained or very lightly 

stained ones were considered as sterile or non-

viable. Pollen fertility was calculated by dividing 

the number of viable pollen grains over the total 

number of grains counted in the scope of view and 

then, averaging them for all plants in that species.  

 

 

 

 

 
 

Figure 1. Representative meiotic and  mitotic cells in in 

different species of Linaria studied. 2n = 2x = 12. (A) Prophase 

mitotic in L. fastigiata 27188, scale bar = 2 μm, (B) Prophase 

mitotic in L. fastigiata 27213, scale bar = 2 μm, (C) Prophase 

mitotic in L. fastigiata 27632, scale bar = 2 μm, (D) Prophase 

mitotic in L. fastigiata 27749, scale bar=20 μm, (E) Prophase 

mitotic in L. fastigiata 27081, scale bar = 1 μm, (F) Prophase 

mitotic in L. fastigiata 27029, scale bar = 50 μm, (G) Prophase 

mitotic in L. fastigiata 27535, scale bar = 2 μm, (H) Prophase 

mitotic in L. fastigiata 26573, scale bar = 50 μm, (I) Prophase 

mitotic in L. fastigiata 25021, scale bar = 20 μm, (J) Prophase 

mitotic in L. fastigiata 33045, scale bar = 2 μm, (K) Prophase 

mitotic in L. fastigiata 30150, scale bar = 1 μm, (L) Prophase 

mitotic in L. lineolata 30626, scale bar = 2 μm, (M) Prophase 

mitotic in L. dalmatica 33895, scale bar = 2 μm, (N) Prophase 

mitotic in L. fastigiata 27188, scale bar = 50 μm, (O) 

Telophase I meiotic with thick callose layer in L. fastigiata 
27188, scale bar = 20 μm, (P) Telophase II meiotic in L. 

dalmatica 33895, scale bar = 2 μm, (Q) Telophase I mitotic 

without vacuoles in L. fastigiata 27188, scale bar = 50 μm, (R) 

Telophase I mitotic with two vacuoles in L. fastigiata 27188, 

scale bar = 50 μm. 
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Result and discussions 

 

Chromosome Data Analysis 

In this paper, the current databases have been 

described reporting for only 92 species out of 200 

total species, counted for the genus Linaria 

throughout the world. Chromosome numbers so far 

reported for Linaria are x = 6, x = 7, x = 9, x = 12, 

x = 13, but the highest frequent chromosome 

number reported is 2n = 12 (figures 2, 3B). 

European taxa are more intensively studied rather 

than those in other geographical areas. In this study, 

karyological data for diploidy and polyploidy 

percentages of the genus Linaria are represented as 

follows: 89% diploid, ca. 11% polyploid: among 

diploids, 82% (x = 6), 2% (x = 7) and 3% are (x = 

9), In Linaria species, 3% are polyploid with x = 12 

and only 1% probably aneuploid with x = 13 (figure 

3B). Base chromosome number 7 was reported only 

for three species namely L. cymbalaria (x = 7), L. 

triphylla (2n = 14) and L. rubrifolia (2n = 14). 

Three species, namely L. sagittata (2n = 18), L. 

ramosissima (2n = 18) and L. lamarckii (2n = 18) 

have the base chromosome number 9 and 13 was 

accounted only for two species, namely L. odorata 

(x = 13) and L. hellenica (2n = 26). Sporophytic 

count was reported 15 only for one species, namely 

L. melanogramma (2n = 15) and the questionable 

2n = 6 only for one species, namely L. nivea Boiss. 

and  Reut (2n = 6), which is collected from Spain 

that is cited in IOPB (Goldblatt 1984). Tetraploid 

level (n = 12) for L. Simplex was reported by 

Ghaffari et al. (2007). According to information, 

this is the first tetraploid chromosome count for 

Linaria species. However the chromosome number 

was reported for L. simplex only 2n = 12 in ICPN 

index and in all over the world. 

Also, we collected some Linaria material from the 

mountainous regions of Iran and resulted from 

analysis of mitotic chromosome anthers are 

summarized in table 1. The meiotic chromosome 

numbers were studied in 2 populations of L. 

dalmatica pertaining to L. sect. Specioae, 12 

populations of L. fastigiata and 4 populations of L. 

lineolata belongs to L. sect. Linaria. All taxa have a 

chromosome number 2n = 12 (figure 1). Also in 

Iranian species, we observed that meiotic cells were 

smaller and have a thick layer callose and mitotic 

cells were larger with different forms and sizes 

(figures 1O, Q and R) surrounded by 1–3 vacuoles. 

It is evident that after South European, Northern 

parts of Africa and Middle-East in Asia have more 

species of Linaria respectively. Iberica is a 

connective bridge between the three continents. It 

seems that the primary centres of diversity are 

probably in Iberica with maximum species of the 

genus. All basic chromosome numbers (x = 6, 7, 9, 

12 and 13) of Linaria are in southern Europe in the 

margin of the Mediterranean Sea (Luque and 

Lifante, 1992). In this article, we cannot separate 

species of the genus Linaria based on chromosome 

number in the different areas of the world, mainly 

due to difference between areas in these two cases 

(figure 2).  

 
Figure 2. Fertility PMC. Cells in different species of Linaria. 

(A) L. fastigiata 25021, scale bar: 10 μm, (B) L. fastigiata 
33045, scale bar: 20 μm, (C) L. dalmatica 33895, scale bar: 

200 μm, (D) L. lineolata 25734, scale bar: 10 μm, (E) L. 

fastigiata 27535, scale bar: 20 μm, (F) L. fastigiata 27029, 

scale bar: 200 μm, (G) L. lineolata 30626, scale bar: 20 μm, 

(H) L. lineolata 29133, scale bar: 200 μm, (I) L. fastigiata 
27632, scale bar: 20 μm, (J) L. fastigiata 27213, scale bar: 20 

μm, (K) L. fastigiata 27188, scale bar: 200 μm, (L) L. lineolata 

27473, scale bar: 10 μm, (M) L. dalmatica 27675, scale bar: 20 

μm, (N) L. fastigiata 29025, scale bar: 20 μm, (O) L. fastigiata 
27749, scale bar: 20 μm. 

 

There are n = 6 in all ten geographical zones 

((Europe-Asia: South-Center Europe, Northern 

parts of Europe-Siberia, South West Asia, Far 

East), (America: Northern parts of America, 

Canada, southern parts of America), (Africa: South-

center, North) and Australia), n = 7 in the Northern 

hemisphere New World and the Mediterranean 

margin, n = 9 in the Mediterranean margin and 

Southwest Asia of Old World and ploidy levels of n 

= 12, 13 in the Mediterranean margin, Southwest 

Asia and the Northern hemisphere New World. We 

have proposed that speciation in Linaria cannot be 

very old and with the exception of n = 6, other 

chromosome numbers already have been 
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engendered and until now an opportunity for 

distribution of the genus has not been found. 

However, there are 82% of diploid species with x = 

6 and less than 20% with other levels (x = 3, 7, 9, 

12, 13, 15) in this genus (figure 3).  

Figure 3. (A). Percent frequency variable chromosome 

numbers in all over world, (B). Percent distribution species 

within the genus Linaria from all over the world for the species 

have chromosome report. 

 

Pollen Fertility  

For the plant taxonomists pollen fertility is 

valuable in attempting to distinguish putative 

hybrids from the parent plants and is also useful to 

determine the degree of fertility in those plants that 

are grown under unfavourable conditions 

(Lawrence, 1969). Several investigators have 

presented evidence indicating a correlation between 

the percentage of normal pollen grains and the 

ultimate fertility of hybrid plants (Poole, 1931). 

However, pollen fertility can generally high in both 

diploids and tetraploids and cannot distinguish 

diploid from polyploid (Qureshi et al., 2009).The 

assumption of these estimates is that pollen grains 

that are potentially fertile (its mean that they have 

no problem of sterility because of meiotic 

abnormality) will absorb the stain and the sterile 

ones will appear hollow in the microscope (figure 

4). Pollen stainability has measured since 1.73 up to 

56.63 in 16 diploid populations include 10 

populations of L. fastigiata that pollen stainability 

has measurements consist of: (1.73, 3.35, 5.24, 

5.87, 8.45, 14.35, 18.31, 23.29, 23.61, 33.05) with 

average 13.72% of this species. Two populations of 

L. dalmatica, which pollen stainability has 

measurements consist of: (3.49, 11.67) with 

average 7.58% of this species and in four 

populations of L. lineolata pollen stainability has 

measurements consist of: (7.52, 16.36, 50.30, 

56.63) with average 32.70% of this species, all 

investigated species were diploid (table 1). In spite 

of our interest to do a review for polyploids 

population, we couldn’t find any polyploid 

population in Iran.  

Note: We have prepared two analyses, one based 

on the distribution of all Linaria species in the 

world (Fig 4), and another based on the distribution 

of species that have reported chromosome numbers 

which are presented in the literature (Fig 3). 

 

Figure 2. Map ploidy distribution within the genus Linaria in 

all over the world (n = 6, n = 7, n = 9, n = 12, n = 13, 2n = 6, 

2n = 15), for all regions that name species have reported. 
 

Distribution of the Genus Linaria 

Interpretations of the cytogenetic differences 

between Old and New World of Linaria have not 

varied widely. In this paper, distribution of genus 

Linaria studied in ten zones (Europe-Asia: South-

Center Europe, Northern parts of Europe-Siberia, 

South West Asia, Far East), (America: Northern 

parts of America, Canada, southern parts of 

America), (Africa: South-center, North) and 

Australia. Europe-Asia has 130 species of the genus 

Linaria: (28 species in Northern parts of Europe-

Siberia, 8 species in the Far East, 23 species in 

South West Asia and 71 species in South-Center 

Europe). It is also continental America has 47 

species: (18 species in Canada, 4 species in 

southern parts of America, 25 species in Northern 

parts of America) and continental Africa has 43 

species: (2 species in South Africa and 41 species 

in Northern parts of Africa). The latter continental 

Australia has 6 species of this genus (figure 2). 

Also Mediterranean region has presently 135 

species (South-Center Europe (71 spp.), Northern 

parts of Africa (41 spp.) and South West Asia (23 

spp.). Distributions of Linaria species that have 

chromosome reports studied in 7 zones: South-

Center Europe, Northern parts of Europe-Siberia, 

South West Asia, Far East, Northern parts of 

America, Canada and Northern parts of Africa. 

Among taxa that have chromosome number 

records, 56% in Europe-Siberia (Northern parts of 

Europe-Siberia (13%) and South-Center Europe 

(43%)); 16% in Asia (Far East (2%) and South 

West Asia (14%)), 9% in continental America 

(America (8%) and Canada (1%)) and 19% of 

species occur in Northern parts of Africa 

(segmentations of geographic areas in figure 3A are 

according to author). It should also be mentioned 

that Mediterranean region (South-Center Europe 

(43%), Northern parts of Africa (19%) and South 
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West Asia (14%)) have 76% of the chromosome 

number records. 

 

Biogeography  
The geographical distribution of the taxa 

belonging to the genus Linaria was obtained from 

online databases and atlases mainly based on their 

localities taken from floras and literatures that 

mapped here (Hamdi and  Assadi, 2011; Boissier, 

1888; Borgmann, 1964; Davis, 1982; Dumortier, 

1827-1830; Hansen and  Sunding, 1993; Hooker, 

1884; Kuprianova, 1950; Parsa, 1949; Press and  

Short, 1994; Saez Bernal, 2009; Sanchez-Gullon et 

al., 2006; Valdes, 1978-1986; Vicioso, 1946) 

(figure 4). Cytological evidences have not indicated 

a distinction between Old and New World of 

Linaria. Based on a recent survey (table 2, figure 

3B) of the 92 old species for which chromosome 

numbers have been determined, counts of x = 6 

have been reported for 83 species, n = 7 for 3 

species, n = 9 for 3 species, n = 12 for 9 species and 

n = 13 for 2 species that some of these are 

questionable due to discrepancies in samples from 

the same species and among authors. Among 7 

geographic zones for the genus Linaria that have 

reported chromosome numbers in the literature, 71 

species occur in southern parts of Europe which 

80.28% of species with n = 6, 2.81% of species 

with n = 7, 2.81% of species with n = 9, 11.26% of 

species with n = 12 and 1.40% of species with n = 

13. 41 species of the genus Linaria occur in Africa, 

including 85.36% of species with n = 6, 2.43% of 

species with n = 7, 2.43% of species with n = 9 and 

9.75% of species with n = 12. Among the 23 

bechanced species of Linaria in Asia, 73.91% of 

species with n = 6, 4.34% of species with n = 9, 

13.04% of species with n = 12, 4.34% of species 

with n = 13 and 4.34% of species with 2n = 15. 

New world species having n = 6, 7 and 9 and higher 

chromosome numbers are derived from species 

with n = 12. 25 species of Linaria occur in 

America, including 88% of species with n = 6, 4% 

of species with n = 7 and 8% of species with n = 

12. 28 species of the genus Linaria arise in the 

centre and Northern parts of Europe and Siberia, 

that all of the species have n = 6. 8 species of 

Linaria bechance in the Far East, which n = 6 have 

been reported for all of them. 18 species of Linaria 

arise in Canada and n = 6 have been reported for all 

of them. Among three geographic zones for the 

genus Linaria with no reported chromosome 

numbers, two species occur in southern parts of 

Africa (with n = 6 in zones which have 

chromosome number report), four species of the 

genus Linaria occur in southern parts of America 

(with n = 6 for all of the species in zones which 

have chromosome number reports), and 6 species 

of the genus Linaria occur in Australia (with n = 6 

for all of the species in zones which have 

chromosome number report).  

 

Chromosome Evolution in Linaria: 

Linaria distributed primarily in regions of the 

Northern hemisphere. The Mediterranean basin 

only encompasses 1.6% of the earth's surface 

(Melendo et al., 2003). A remarkable spatial and 

temporal complexity made the Mediterranean basin 

an ideal geographic framework for this approach. 

The complex Iberian orography may have allowed 

partial differentiation of lineages in allopatry that 

may have been the framework for Linaria and 

many other southern European plant groups 

(Feliner, 2011). The Linaria distribution centre is 

placed on the Iberian Peninsula of South Western 

Europe and it is probably evolved from the 

Mediterranean in response to various selection 

pressures toward different regions of the World 

(Valdes, 1970). There is no regular pattern in the 

distribution of the genus, as in this research, we 

cannot separate species of Linaria based on either 

distribution section and chromosome number in the 

world, because there is not difference between 

areas in these two cases. The commonly reported 

base chromosome in the genus are 6, 7 and 9, with 

a polyploid series of tetraploid being developed on 

x = 6. There are a few previous reports of tetraploid 

numbers based on x = 6. The chromosome number 

n = 12 was reported for eight species, namely L. 

kocianovichii, L. miller, L. hellenica, L. 

chalepensis, L. pelisseriana, L. canadensis var. 

texana (L.), L. angustissima and L. arcusangeli that 

most of the species are annual and only one species 

is perennial, since annual species have higher 

selfing rates than perennials. Generally, polyploidy 

is one of the prominent and significant forces in 

plant evolution (Leitch and  Bennett, 1997; Otto 

and  Whitton, 2000; Soltis and  Soltis, 2000; 

Wendel, 2000; Liu and  Wendel, 2003). It is a 

process of genesis and maintenance of plant 

diversity play a role in Scrophulariaceae s.l. in the 

Iberian Peninsula, but apparently is not among the 

main mechanisms of current speciation in now 

Linaria places in Plantaginaceae. (Castro, 2011). 

However, sociological studies of the Linaria 

species growing in Iran, also indicate that 

polyploidy are not a common phenomenon within 

this genus (Ghaffari 2006, Ghaffari et al. 2007). In 

studies conducted so far in Linaria, all polyploid 

species are in the Mediterranean margin and only 

one species is in the New World (table 2). 
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Table 2. Chromosome number reports in the genus Linaria (* = diploid, ** = aneuploid, *** = polyploid, 4* = haploid, 5* = hybrid) 

 

Species Section 
A reference article reports 
Chromosome number 

Locality species 

Locality 
species that 

chromosome 
number 
reported 

2N 

Linaria 
acutiloba Fisch. 

ex Rchb. 
? 

http://www.binran.ru 
Asia 

Asia: Russia, 
East Siberia 

12*+ 
0-4B 

L. aeruginea 
(Gouan) Cav. 

Supinae 
Chater et al. 1972, Cardona and  

Contandriopoulos 1980, Love and  
Kjellqvist 1974 

N Europe SW Europe 12* 

L. albifrons 
(Sibth. and  Sm.) 

Spreng 
Diffusae 

Chater et al. 1972, Snogerup 1985, Diaz 
Lifante et al. 1992 Asia, Europe, 

Africa, Australia 
SW Europe 12* 

L. algarviana 
Chav. 

Versicolores 
http://www.rjb.csic.es/snapdragons; 

http://www.floravascular.com, Chater et al. 
1972, Viano 1974, Viano 1973 

Europe SW Europe 12* 

L. alpina (L.) 
Mill. ? 

http://www.rjb.csic.es/snapdragons; 
Chater et al. 1972, Murin and  Paclova 1986, 

Dobea et al. 1996, Heitz 1927a, Favarger 
and  Huynh 1964, Lovka et al. 1971, 

Fernandes et al. 1977 

Asia, Europe 
C and S 
Europe 12* 

L. amethystea 
(Lam.) 

Hoffmanns. and  
Link 

Supinae 

Chater et al. 1972, Pastor et al. 1988, 
Fernandes et al. 1977, Valdes 1969, Van 

Loon and  De Long 1978 
Europe, 

Africa 
SW 

Europe, Africa 
12* 

L. amoi 
campo ex Campo 

and  Amo 
Supinae 

http://www.rjb.csic.es/snapdragons, 
Chater et al. 1972, Valdes 1969, 1970b 

Europe, 
Africa SW Europe 

12* 

 

L. 
angustissima 

(Loisel.) Borbás 
Linaria 

http://www.rjb.csic.es/snapdragons (2n = 
12), http://www.floravascular.com (2n = 

12), Chater et al. 1972 (2n = 12), Uhrikova 
et al. 1983 (2n = 12), Majovsky 1974 (2n = 

24) 

Europe, 
America, Asia 

Mediterran
ean region, 
SW Asia 

12*, 
24*** 

L. anticaria 
Boiss. and  Reut. 

? 
http://www.rjb.csic.es/snapdragons; 

Luque and  Lifante 1991, Heitz 1926; 
1927a, Valdes 1970b 

Europe SW Europe 12* 

L. arcusangeli 
Atzei and  
Comarda 

? 
Bacchetta 2001 (2n = 12), Atzei and  

Camarda 1984 (2n = 24) Europe Europe: 
Mediterranean 

12*, 
24*** 

L. arenaria 
DC. ? 

http://www.magrama.gob.es.gob.es/es, 
Serrano Perez and  Carvajal Villaverde 2004 Europe SW Europe 12* 

L. arvensis 
(L.) Desf. 

Supinae 

http://www.rjb.csic.es/snapdragons, 
Chater et al. 1972, Heitz 1927a, Löve and  
Kjellqvist 1974, Van Loon and  Dejong 

1978 

Europe, 
Africa, Asia 

S, W and  
C Europe, NW 

Africa, SW 
Asia 

12* 

L. balbata 
Dieter 

? Matsura et al. 1935 Asia: Japan Asia: Japan 12* 

L. bipartita 
(Vent.) Willd. 

Macrocantru
m or 

Versicolores 

Verma and  Dhillon 1967, Heitz 1926, 
Chandran and  Bhavanandan 1983, Nazeer 

et al. 1980 

Asia, 
Africa 

N African: 
W Morocco 

12* + 
0-1B 

L. 
broussonnetii 

Chav. 

Versicolores
? 

East 1933 
Àfrica, 

America 
America: 

Massachusetts 
12* 

L. bubanii 
Font Quer Supinae 

Chater et al. 1972, Montserrat Marti 
1981-1982 Europe SW Europe 

12* 

 

L. caesia DC. 
ex Chav. 

Supinae 
http://www.rjb.csic.es/snapdragons, 

Valdes 1970b, 1973, Chater et al. 1972, Van 
Loon and  De Long 1978 

Europe SW Europe 12* 

L. canadensis 
(L.) Dum. Cours. 

Macrocantru
m or 

Versicolores 

Kapoor et al. 1987 (2n = 12) (report for 
Nuttallanthus canadensis (L.) D. A. Sutton, 

Raven 1963 (2n = 24) 

America: Mexico 
and Texas, Havai 

Asia cult. 
America 

12*, 
24*** 

L. capraria 
Moris and  De 

Not. 
? 

http://www.rjb.csic.es/snapdragons, Heitz 
1927a, 1927b, Signorini et al. 2001 Europe S Europe 12* 

L. cavanillesi 
Chav Diffusae 

Boscaiu et al. 1997 
Europe SW Europe 12* 

L. chalepensis 
(L.) Mill. 

Macrocentru
m 

http://www.floravascular.com, 
http://www.rjb.csic.es/snapdragons, Heitz 
1926, 1927b, Ghaffari 2006, Chater et al. 

1972 

Europe, Asia, 
Africa, Australia 

Mediterran
ean region 

24*** 

L. clementei 
Haenseler ex 

Boiss. 
Versicolores 

http://www.floravascular.com, Chater et 
al. 1972, Viano 1979 Europe SW Europe 12* 

L. corifolia 
Desf. 

? http://www.rjb.csic.es/snapdragons, 
Viano 1972 

Asia SW Asia, 
Russia 

12* 

L. cymbalaria 
(L.) Mill. 

? East 1933, Chatterjee et al. 1989 America: 
Mexic Europe 

America: 
Massachusetts 

14** 
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L. dalmatica 
(L.) Mill. Linaria 

Vujnovic and  Wein 1996, Gervais 1981, 
Heitz 1926, Valdes 1970b, Chuang and  

Heckard 1992 

America, SW 
Asia, S, C 

Europe, far East, 
Australia 

America: 
Canada, SE, 
SC Europe, 

SW Asia 

12* 

 

L. debilis 
Kuprian Linaria 

Rostovtseva et al. 1981 
Asia 

Asia: 
Siberia 12* 

L. diffusa 
Hoffmanns. and  

Link 
Supinae 

http://www.rjb.csic.es/snapdragons, 
Fernandes et al. 1977, Chater et al. 1972 Europe N, C and  

SW Europe 
12* 

L. elegans 
Cav Versicolores 

http://www.rjb.csic.es/snapdragons, 
http://www.floravascular.com, Heitz 

1926, Chater et al. 1972 

N Europe, 
Asia, Africa 

Mediterran
ean region, 
SW Asia 

12* 

 

L. faucicola 
Leresche and  

Levier 
? 

Valdes 1978 
Europe SW Europe 12* 

L. flava 
(Poiret) Desf. 

? Verlaque et al. 1992 Europe, 
Africa 

Europe: 
Zurich 

12* 

L. genistifolia 
(L.) Mill. 

Speciosae 

http://www.rjb.csic.es/snapdragons, 
Buttler 1981, Jasiewicz and  Mizianty 1975, 

Kiehn et al. 1991, Van Loon and  Setten 
1982, Dobea et al. 1997, Javourkova-

Jarolimova 1992, Heitz 1926, Valdes 1970b, 
Van Loon and  Van Setten 1982 

Europe, 
Asia: Far East, 

America 

SE Europe, 
Asia: Anatolia, 

Russia 

12* 

 

L. glacialis 
Boiss. Supinae 

Küpfer 1968 
Europe SW Europe 12* 

L. glauca (L.) 
Chaz. Supinae 

Baltisberger and  Charpin 1989, Valdes 
1978 Europe SW Europe 12* 

L. haelava 
(Forssk.) Delile ? 

Diaz Lifante et al. 1992 Africa, SW 
Asia, Australia 

Mediterran
ean 

12* 

 

L. hellenica 
Turrill ? 

http://www.rjb.csic.es/snapdragons (2n = 
24, 26), Contandriopoulos and  Yannitsaros 

1975 (2n = 24, 26) 
Europe SW Europe 

24**, 
26*** 

L. 
heterophylla 

Desf. 
? 

East 1933, Rossitto et al. 1983, Devesa et 
al. 1984, Silvestre 1991, Galland 1988 

Europe, 
Africa, Asia, 

America: 
Massachusetts 

America: 
Massachusetts 

12* 

L. hirta (L.) 
Moench. Diffusae 

http://www.rjb.csic.es/snapdragons, 
http://www.floravascular.com, Viano 1973; 
1974, Löve and  Kjellqvist 1974, Chater et 

al. 1972, Luque and  Lifante 1991 

Europe, 
Africa, Asia 

C, S 
Europa and  

Mediterranean, 
NW Africa, 

SW Asia 

12* 

 

L. huteri 
Lange Supinae 

Chater et al. 1972, Viano 1973 
Europe 

Europe and  
Mediterranean 12* 

L. incarnata 
Spreng. Versicolores 

http://www.rjb.csic.es/snapdragons, 
http://www.floravascular.com, Chater et al. 
1972, Silvestre 1991, Valdes 1969; 1970b, 

Fernandes et al. 1977 

Europe, N 
Africa, America 

SW Europe 
and  

Mediterranean 
12* 

L. japonica 
Miq. 

Diffusae 
Karol Marhold 2008, Probatova and  

Sokolovskaya 1981 Asia: 
Russia, Far East 

Asia: 
Russia, Far 

East 
12* 

L. 
kocianovichii 

Asch. 
? 

Murin et al. 1999 
Europe S, C 

Europe 
24*** 

L. lamarckii 
Rouy 

? Caixinhas et al. 1991 Europe SW Europe 18** 

L. Lineolata 
Boiss. 

Linaria http://www.rjb.csic.es/snapdragons, Heitz 
1927a 

Asia SW Asia 
 

12* 

L. macroura 
(Bieb.) Link 

Linaria 

http://www.rjb.csic.es/snapdragons, East 
1933, Heitz 1926 

Asia, 
Europe America: 

Massachusetts 

America: 
Massachusetts, 

SE Europe, 
Asia: Russia 

12* 

L. maroccana 
Hooker fil. 

Versicolores 

http://www.rjb.csic.es/snapdragons, East 
1933, Heitz 1926 

N Africa, 
Europe, 
Americaee: 

Massachusetts, 
Australia 

America: 
Massachusetts, 

N Africa: 
12* 

L. 
melampyroides 

Kuprian. 
Linaria 

Probatova 2006 
Asia: Siberia 

Asia: 
Moscow, 
Leningrad 

12* 

 

L. 
melanogramma 
Rech. f. and  al. 

? 
Aryavand 1983 

Asia Asia: Iran 
15** or 

 

5* 

L. meyeri 
Kuprian. 

Linaria 
Gagnidze 2006 

Asia 
Asia: 

Moscow, 
Leningrad 

12* 

L. michauxii 
Chav. 

Linaria http://www.rjb.csic.es/snapdragons, 
Aryavand 1977 

Asia Asia: Iran. 12* 

L. micrantha 
(Cav.) 

Hoffmanns. and  
Link 

Supinae 

 
http://www.rjb.csic.es/snapdragons, Löve 

and  Kjellqvist 1974, Fernandes et al. 1977, 
Chater et al. 1972, Valdes 1978 

N Europe, 
Africa, Asia 

S Europe, 
Mediterranean, 

SW Asia, N 
Africa 

12* 

L. miller Gard ? http://www.rjb.csic.es/snapdragons Europe, Asia, 
Africa 

Europe, 
Asia, Africa 

12*, 
24*** 
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L. nivea Boiss. 
and  Reut. 

Speciosae 

http://www.floravascular.com (2n = 12), 
Chater et al. 1972 (2n = 12), Elena Rossello 
et al. 1984, 1986 (2n = 12), Viano 1975 (2n 

= 6) 

N Europe, 
Africa, Asia 

 

Mediterran
ean region and  

Europe, 
Africa, SW 

Asia 

12* 

, 
6?4* 

L. oblongifolia 
Boiss. and  

Reuter 
Supinae 

Chater et al. 1972, Viano 1979, Valdes 
1969 N Europe SW Europe 12* 

 

L. odorata M. 
Bieb. Linaria 

Chatterjee et al. 1989 
Europe, Asia 

Asia: 
Himalayan 26*** 

L. oligantha 
Lange 

Supinae Chater et al. 1972, Valdes 1978 Europe SW Europe 12* 

L. orbensis 
Carretero and  

Boira 
Supinae 

Chater et al. 1972, Mayol and  Rosello 
1998 Europe SW Europe 12* 

L .pallidiflora 
(Lam.) Valdés 

Linaria? http://www.floravascular.com 
 

Europe: 
Slovenská 

SW Europe 12* 

L. pancicii 
Janka ex Nyman ? 

East 1933 Asia: Alaska, 
America: 

Massachusetts 

Americaee: 
Massachusetts 

12* 

 

L. 
pedunculata (L.) 

F. Dietr. 
Versicolores 

http://www.rjb.csic.es/snapdragons, 
http://www.floravascular.com, Chater et al. 
1972, Vogt and  Oberprieler 1994, Viano 

1975; 1979 

Europe, N 
Africa 

Mediterran
ean region 

Europe, NW 
Africa 

12* 

 

L. pelisseriana 
(L.) Miller 

Pelisseriana
e Supinae 

http://www.rjb.csic.es/snapdragons, 
http://www.botanicalkeys.co.uk/flora, 

http://www.floravascular.com, Ward et al. 
2009, Chater et al. 1972, Strid and  Franzen 

1981, Verlaque et al. 1997, Larsen and  
Laegaard 1971, Dahlgren et al. 1971, Strid 

1981 

Europe, 
Africa, Asia, 

Australia, 
America 

C and  E 
Mediterranean 

region, W 
Europe, N. 

Africa 

24*** 

L. 
peloponnesiaca 

Boiss. and  Heldr. 
? 

Baltisberger 1987, Baltisberger and  
Baltisberger 1995, Strid and  Franzen 1981 Europe S. Europe 12* 

L. peltieri 
Batt., ? 

http://www.rjb.csic.es/snapdragons, 
Reese 1957 

Europe, 
Africa 

SW 
Europe, N. 

Africa 
12* 

L. perezii 
J.Gay ? 

East 1933 Europe, 
America: 

Massachusetts 

Americaee: 
Massachusetts 

12
* 

L. platycalyx 
Boiss. 

Supinae Chater et al. 1972, Aparicio Martinez 
1993 

Europe, 
Africa 

SW Europa 12* 

 

L. 
polygalifolia 

Hoffmanns. and  
Link 

Supinae 

http://www.rjb.csic.es/snapdragons, 
Chater et al. 1972, Castroviejo and  Lago 

1990, Valdés 1973, Viano 1974, Fernandes 
and  Queiros 1971, Fernandes et al. 1977, 

Lago Canzobre and  Castroviejo 1993 

Europe, 
America 

S, W, SW 
and  NW 
Europa 

12* 

 

L. 
pseudolaxiflora 

Lojac. 
? 

Bartolo et al. 1981 
Africa, 

Europe 
Europe: 

Madrid 
12* 

L. 
pseudoviscosa 

Murb. 
Versicolores 

http://www.rjb.csic.es/snapdragons, 
Viano 1975 Africa N and  C 

Africa 
12* 

 

L. purpurea 
(L.) Mill. 

Linaria? 
http://www.botanicalkeys.co.uk /flora, 

Colombo et al. 1978, Heitz 1926, Valdes 
1970b, Fernandes et al. 1977 

N Europe, 
America, Africa 

S Europa 12* 

 

L. 
ramosissima 

Wall. 
? 

Verma and  Dhillon 1967 
Asia Asia 18** 

L. reflexa 
Desf. 

Diffusae Goldblatt 1984 
 

Africa, 
Europe, Asia 

W 
Mediterranean 

12* 

 

L. repens (L.) 
Mill. 

Speciosae 

http://www.rjb.csic.es/snapdragons, 
http://www.floravascular.com, 

http://www.botanicalkeys.co.uk/flora, 
Chater et al. 1972, Mateu and  Mansanet 
1982, Boscaiu et al. 2000, Heitz 1926, 

Valdés 1969; 1970b, Löve and  Kjellqvist 
1974, Fernandes et al. 1977, Laane and  Lie 

1985 

N Europe, 
America, Asia 

W, NW and  
C Europe 

12* 

 

L. reticulate 
Desf. 

? 
East 1933 Africa, 

America: 
Massachusetts 

America: 
Massachusetts 

 

12* 

 

L. rubrifolia 
Robill and  Cast. 

ex DC. 

Chaenorrhin
um 

Cardona 1991 
Africa, 

Europe 

Mediterran
ean 

 
14** 

L. sagittata 
(Poir.) Steud., 

Syn. Kickxia 
heterophylla 

(Schousb) Dandy 

? 

Vilhelm Dalgaard 1986, Podlech 1986, 
Aldridge and  Ortega 1976 Africa: 

Sahara, 
Europe: 

Canary Islands, 
Asia: 

Macaronesia, 
America 

America: 
Massachusetts, 

Asia: 
Macaronesia, 
and SW, N 

Africa, 
Europe: 
Eastern 

18** 
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Canary Islands 
and Sahara 

L. salzmannii 
Boiss Versicolores 

http://www.rjb.csic.es/snapdragons, 
http://www.floravascular.com, Viano 1974, 

Chater et al. 1972 
Europe SW Europe 

12* 

 

L. saxatilis 
(L.) Hoffmanns. 

and  Link 
Supinae 

http://www.rjb.csic.es/snapdragons, 
Chater et al. 1972, Baltisberger and  Charpin 

1989, Caixinhas et al. 1991, Heitz 1926, 
1927a, East 1933, Valdés 1969, 1970b, 

Fernandes et al. 1977 

Europe, 
Africa 

C, N and  
SW Europe 

12* 

 

L. simplex 
Desf. 

Supinae 
http://www.rjb.csic.es/snapdragons, 

Chater et al. 1972, Snogerup 1985, Valdes 
1969; 1970b; Ghaffari and  Tajik 2007 

SW Asia, 
Europe, 
Africa 

S Europe, 
N Africa, SW 
Asia, S Russia 

12* 

 

L. spartea (L.) 
Hoffmanns. and  

Link 

Macrocentru
m Versicolores 

http://www.rjb.csic.es/snapdragons, 
http://www.floravascular.com, Viano 

1973; 1974, Heitz 1927a, Fernandes et al. 
1977, Chater et al. 1972, Love and  Love 

1982, Diosdado et al. 1993 

N Europe, 
America 

C, SW 
Europe 

 

12* 

 

L. striatella 
Kuprian Linaria 

http://www.rjb.csic.es/snapdragons, 
Aryavand 1983 Asia 

C. and  SW 
Asia, Russia 12* 

L. supina (L.) 
Chaz. 

Supinae 

http://www.rjb.csic.es/snapdragons, 
http://www.botanicalkeys.co.uk/flora, 

Heitz 1927a, Valdes 1973, Fernandez Casas 
et al. 1980a, Fernandez Casas and  Perez-

Chao 1978, Fernandes et al. 1977, Cardona 
1977 

Europe, 
Africa, 
SW Asia 

America 

SW Europe 
 

12* 

L. tenuis 
Spreng. 

Versicolores Diaz Lifante et al. 1992 Africa, 
Asia:Middle East 

Mediterran
ean: N Negev 

12* 

L. texana 
Scheele 

? 

Ward 1983 
 America 

America: 
New Mexico 
and southern 

Colorado 

12* 

 

L. tingitana 
Boiss. and  

Reuter 
? 

http://www.rjb.csic.es/snapdragons, 
Humphries et al. 1978 

Europe, 
Africa 

SW 
Europe, NW 

Africa 

12* 

 

L. 
triornithophora 

(L.) Willd. 

Pelisseriana
e 

http://www.rjb.csic.es/snapdragons, 
http://www.floravascular.com, Chater et 

al. 1972, Vazquez et al. 2001, Heitz 1926, 
Queiros and  Santos 1977, Van Loon and  

Dejong 1978 

Europe SW Europe 12* 

 

L. triphylla 
(L.) Miller Diffusae 

http://www.rjb.csic.es/snapdragons (2n = 
12), 

http://www.floravascular.com (2n = 12), 
Chater et al. 1972 (2n = 12), East 1933(2n = 

12, 14), Heitz 1926; 1927b (2n = 12), 
Valdes 1969; 1970b (2n = 12), Viano 1973; 
1974 (2n = 12), Darlintong and  Wylie 1955 

( 2n = 12, 14). 

Europe, 
Africa, SW 

Asia, America: 
Massachusetts 

America: 
Massachusetts, 

W and  S 
Mediterranean, 

Asia: 
Russia 

12* 

, 
14** 

L. tristis. (L.) 
Mill. 

Supinae 

http://www.rjb.csic.es/snapdragons, Heitz 
1926, 1927a, Chater et al. 1972, Galland 

1988, Favarger et al. 1979, Vogt and  
Oberprieler 1994, Aparicio Martinez 1993, 

Valdés 1969 

Europe, N Africa 
NW Africa, 

S and  SW 
Europe 

12* 

 

L. tursica 
valdes and  
Cabezudo 

Supinae 
http://www.rjb.csic.es/snapdragons, 

Valdes and  Cabezudo 1977, Chater et al. 
1972 

Europe SW Europe 12* 

L. ventricosa 
Cosson and  Bal. Speciosae 

http://www.rjb.csic.es/snapdragons, 
Fernandes et al. 1977, Humphries et al. 1978 

N Africa, 
SW Europe 

 

NW Africa 
 12* 

L. verticillata 
Boiss. Supinae 

Liorenc Saez and  Manuel Crespo 2004, 
Chater et al. 1972, Luque and  Lifante 1991 

Europe, 
Africa: 

(Nevada) 

SW 
Europe, N 

Africa 
12* 

L. viscose 
Dum. Courset Versicolores 

http://www.rjb.csic.es/snapdragons, 
http://www.floravascular.com, Chater et al. 
1972, Löve and  Kjellqvist 1974, Fernandes 

et al. 1977, Valdes 1969; 1970b, Viano 
1979; 1973 

Europe, 
Africa 

SW 
Europe, NW 

Africa, 
Canaries 
Trigales 

12* 

 

L. vulgaris 
Miller Linaria 

http://www.rjb.csic.es/snapdragons, 
http://www.floravascular.com, 

http://www.botanicalkeys.co.uk/flora, 
Dmitrieva and  Parfenov 1985, Dmitrieva 

1986, Van Loon and  Setten 1982, Laane et 
al. 1999, Van Den Brand and  Wieffering 
1979, Arohonka 1982, Subramanian and  
Pondmudi 1987, Probatova et al. 2001, 

Chuang and  Heckard 1992, Dempsey et al. 
1994, Montgomery et al. 1997, Javourkova-
Jarolimova 1992, Mesicek 1992, East 1933, 

Chater et al. 1972, Heitz 1926; 1927a, 
Valdés 1969, Fernandes et al 1977, Van 

Loon and  Van Setten 1982 

S, C 
Europe,Australia, 

Asia: Far East, 
Alaska, Western 
Siberia, America 

 

S, C 
Europe, SW 
Asia, Russia, 
Far East, N 

Africa 
 

12* 
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It might be hypothesized that regions with highly 

diversified floras, such as the Iberian Peninsula, 

could be characterized by more polyploid species 

than the other regions. It seems that the natural 

hybridization is another significant force in plant 

evolution of this genus (Ranjbar et al. 2012, 

Ranjbar and Mahmoudi 2013a, 2013b, Ranjbar and 

Mahmoudian 2015, Ranjbar et al. 2014, Ranjbar et 

al. 2015). With a narrow scope (between Linaria 

vulgaris P. Mill. and L. dalmatica (L.) P. Mill in 

U.S. intermountain West (Ward et al., 2009), 

historical hybridization between closely related 

Linaria species, and the high number of species in 

the Mediterranean (104 spp.), suggests that this 

group is likely to have undergone a rapid 

diversification (Sutton, 1988). Nevertheless, 

spontaneous hybridization between Linaria species 

within the native Eurasian range of the genus has 

previously been reported. Considering the 

palaeogeography of this region and the potential 

broad-scale effects on gene regulation and 

developmental processes, the tertiary Iberian 

orogeny and the subsequent glaciations may have 

led to important changes in climate and topography 

(Thompson, 1999), which may have provided 

opportunities for the establishment of polyploids 

through hybridization and other mechanisms in the 

contact zones between existing species. Only about 

1% of Linaria species represented n = 13 and 2n = 

15 which may possess a hybrid origin among 

species which are available in the Mediterranean 

margin. There is L. hellenica (2n = 26) which is 

likely a hybrid between n = 6 and n = 7 or is an 

aneuploid (n = 12+1) from a tetraploid species with 

n = 12 (figure 5).  

 
Figure 5. The proposed evolutionary pattern within the genus 

Linaria based on chromosome numbers.  

 

Also L. melanogramma by Aryavand 1983 reported 

in Iran with 2n = 15 that the questioners can be a 

hybrid of n = 6 and n = 9 (L. ramosissima, 2n = 18 

in Asia, is likely to occur in Bangladesh) (figure 5).  

The third factor of speciation by changes in the 

chromosome numbers is common in flowering 

plants and an almost characteristic occurrence in 

angiosperms. Aneuploidy and disploidy are the 

common phenomena in plants resulted from the 

loss or gain of one or a few numbers of 

chromosomes. According to Abou-el-Enain (2002), 

aneuploidy is an evolutionary process producing 

variations in plants. Although there are numerous 

examples of progressive loss of chromosomes in 

plants, the factors driving unemployed have been 

far less investigated than those of polyploidy. In 

Linaria genus these unemployed species are 

sporadically distributed among geographically 

disparate Old and New World species. A species 

with n = 7, 9 are both derived by descending 

aneuploidy from higher numbers and argues that n 

= 7, 9 could be produced by ascending aneuploidy. 

Origin of species with n = 7 which are annuals is 

likely n = 6 and origin of species with n = 9 which 

are perennials is likely n = 8 that possibly could not 

stand out through evolutionary process. Finding 

occasional plants in various populations with 

aneuploid chromosome numbers belonging to this 

genus indicates that aneuploid gametes not only are 

produced, but actually are functional. However the 

transmittance n = 6, 7 and 9 there is in all zones. No 

species having n = 13 are known from the New 

World and no species having n = 7 are known from 

Asia, even though this is the most common number 

in the New World and Mediterranean region. It is 

likely appeared that multiple origins of aneuploidy 

in Linaria have occurred, perhaps via non 

disjunction in n = 6 crosses, hybridization between 

n = 6 and n = 7 species, or aneuploid addition from 

n = 13, as in the case of the n = 12 species, so that 

species with n = 7 are derived through enabled loss. 

Due to the high detail it is appeared that in spite of 

marked morphological differentiation, species 

divergence within Linaria is relatively recent and 

reproductive isolation has not yet fully evolved 

(Ward et al., 2009). However, it can be concluded 

that the variation in chromosome number in the 

genus can be referred to the diversity in 

environmental constraints (Ranjbar et al., 2010b; 

2011a). On the other hand, these variations 

represent a complex evolutionary pattern between 

the taxa (figure 5). Using flow cytometry, it has 

been possible to characterize the geographical 

distribution of cytotypes (within species or between 

closely related species), with the main advantage, in 

comparison with related techniques (e.g., 

Chromosome counting) and in a relatively short 

period of time. It seems that, to shed further light 

on the origin of polyploidy Linaria species, more 

complete cytogenetic and also molecular evidence 

will be necessary. In addition, more accessions 

should be cytogenetically studied and a directed 
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analysis through genomic (GISH) and fluorescent 

in situ hybridization (FISH) would supply 

interesting and important information. 
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