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Observations on the Cytology and Karyogram of an 

Onobrychis viciifolia Scop. New Variety in Callus,  

In vivo and In vitro Cultures 
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ABSTRACT 

Genus Onobrychis is an important forage crop consisting of approximately 130 annual 

and perennial species. The present research focused on the cytological studies of 

Embryogenic (E) and Non-Embryogenic (NE) callus as well as root meristem cells of in 

vitro and in vivo grown plants. On the contrary to the previous studies, a diploid viciifolia 

variety with 2n= 2x= 16 chromosomes was observed for the first time in Onobrychis 

viciifolia Scop Syn. Onobrychis sativa L. Mitotic division was in general regular for all the 

growth conditions, but some such division irregularities as cytomixis, binucleate cells, 

micronucleus, asynchronous nucleus and chromosome bridge were also observed 

particularly in non-embryogenic callus samples. Ratio of nuclear to cell area of callus was 

slightly less than those in in vivo and in vitro values. Polyploidy level of DNA (C-value) 

was only indicated in callus. G1 had the highest percentage of nucleus among different 

stages of the interphase in in vitro and in vivo growth cultures. Karyotypic formula was 10 

m+6 sm and a secondary constriction was distinguished in the short arm of the second 

pair chromosomes. Ultimately, scanning electron microscopy was employed to 

differentiate between root cells of the in vitro and in vivo growth systems. 

Keywords: Callus, Mitotic, Karyotype, Onobrychis viciifolia, Polyploidy. 
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INTRODUCTION 

Description of the regenerative behaviour of 

somatic cells is an important prerequisite to 

reveal the ways, in which cell proliferation is 

regulated, and how the non-organized cells, 

i.e., callus, can be stimulated to embryonic 

organization. The different behaviours of 

Embryogenic (E) and Non-Embryogenic (NE) 

callus can also be detected through noticeable 

differences within their cells. Cytological 

analyses are usually performed to assess the 

mitotic process in experimental varieties and 

hybrids. Hybridization of the close genetic 

species produces regular chromosome hybrids, 

while the offspring of those more distantly 

related species has meiotic irregularities 

(Marfil et al., 2006). High irregular cell 

division and polyploidy levels have been 

already indicated by researchers for different 

plant species (Nirmala and Kaul, 1993; Miller 

and Venable, 2000; Stace, 2000). Although 

some in vitro cytological studies of 

Onobrychis viciifolia have been mentioned 

regarding karyological parameters (Mesicek 

and Sojak, 1992) still no research has been 

conducted on mitotic division of the callus 

cells in this species.  

It is difficult to recognize the taxonomy 

classification of the Onobrychis genus due to 

several attitudes about this species delimitation 

(Duman and Vural, 1990; Aktoklu, 2001). 

Unlike the morphological characteristics of 

plants that can be re-valued by botanists, 

results of both karyological analysis and 

mitotic behaviour are referred to information 

references for many researchers.  
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Onobrychis species were found to be 

consisted of three polyploidy levels of (2n= 

2x= 14, 2n= 4x= 28, 2n= 8x= 56 and 2n= 2x= 

16, 2n= 4x= 32) and two basic chromosome 

numbers of (x= 7 or x= 8) (Abou-El-Enain, 

2002). Diploid level of O. viciifolia is not 

much known. Most of the previous studies 

have only focused on tetraploid level with 2n= 

4x= 28 chromosomes in the species (Kidambi 

et al., 1990b). Tetraploid strain was observed 

in 20 different sainfoin species using polidy 

analysis technique by Negri et al. (1987). 

Similar result was indicated by Tamas (2006), 

whilst the mean chromosome length was 

3.39µm in general.  

Researchers have succeeded in deciphering 

an unknown mechanism that plays a key role 

in cell shape changes during mitosis (Werner 

et al., 2013). They investigated the transient 

degradation of a protein that regulates specific 

structures of the mechanical scaffold of the 

cell, the actin cytoskeleton. In the same 

manner, scanning electron microscopy was 

employed to observe and compare root cells of 

the in vitro and in vivo growth systems 

throughout the present study. 

The present work aimed at increasing the 

knowledge of the mitotic division at diploid 

level, to recommend a new variety of 

Onobrychis viciifolia and compare the in vitro, 

in vivo and callus cytological studies of cells 

based on the DNA C-values, Mitotic Index 

(MI), cell and nuclear areas, ratio of nuclear to 

cell areas and ultra-structure of root cells. A 

unique staining protocol and some mitotic 

abnormalities were also evaluated.  

MATERIALS AND METHODS  

Plant Materials 

 The study was carried out at the Institute 

of Biological Sciences, University of 

Malaya, Kuala Lumpur, Malaysia. Seeds of 

Onobrychis viciifolia were obtained from the 

natural-agricultural resources of Iran 

situated at 34° 64' North and 50° 78' E 

longitude with an elevation of 930 meters 

above mean sea level. 

One hundred seeds of sainfoin were 

germinated on moist cotton wool in Petri 

dishes and MS medium for 2 weeks to 

obtain a standard growth curve for the 

primary roots. The primary root length of 

the population was measured once daily at a 

fixed time and the mean root length of each 

sample recorded and plotted against time. 

For in vitro cytological studies, sterilized 

seeds were cultured again on full strength 

MS medium. Root tips were excised after 

one week for slide preparation, when the 

secondary roots were appearing. For in vivo 

study, the seeds were cultured in black soil: 

red soil ratio of 1:1 and transferred to a 

growth chamber and maintained at 24±2°C 

(16 hours photoperiod and 8 hours dark 

period). 

Embryogenic and Non-embryogenic 

Callus Production 

 After 3-4 weeks of seed incubation on MS 

media, stem explants of sainfoin were cut 

into small pieces (2-3 mm) from aseptic 

seedlings using fine sterile forceps of a sharp 

sterile blade. For the callus induce, the 

explants were inoculated on MS medium 

fortified with different concentrations of 

BAP, NAA and BAP, IBA (Mohajer et al., 

2012). The explants were maintained for 3 

weeks in growth room at 24±2°C, 70% 

humidity and 16 hours light photoperiod 

provided by cold fluorescent lamps. One 

week past of last subculture, samples were 

collected. To ensure that the NE callus had 

truly lost regeneration capacity and did not 

contain the E cells, double staining method 

(Gupta et al., 1987) was employed. After 3 

weeks of culture, double staining technique 

was employed to distinguish embryogenic 

cells from non-embryogenic ones. Two step 

procedure (Preparation of 2% Acetocarmine 

and 0.5% Evan’s Blue) was followed for the 

method. Two (2) g of carmine was weighed 

out and added to acid solution of 45% 

(Mohajer et al., 2012). Embryogenic 

calluses was observed with red nuclei in 

double staining method, while non-
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embryogenic cells were indicated blue 

nuclei.  

Slide Preparation Methods and Image 

Analysis  

Root tip meristems obtained from 

seedlings were pre-treated in 8-hydroxyl-

quinalin (2 mM) at 4°C for 5 hours, fixed in 

Farmer`s fluid (3 ethanol: 1 acetic acid) and 

Carnoy`s solution (1 glacial acetic: 3 

chloroform: 6 ethanol) in three different 

durations of 15 and 60 minutes as well as 

overnight. The samples were hydrolyzed in 

5N HCL for 40 minutes at room temperature 

(cold method) and 1N HCl for 10 and 30 

minutes at 60ºC (hot method). Following 

washing in distilled water, root tips were 

placed in Feulgen`s reagent for 3 hours. 

Root cells were also treated by squashed 

technique and stained with 2% 

acetocarmine. Subsequently, roots were 

squashed on slides and immersed with 45% 

(v/v) acetic acid. Cover slides were then 

mounted on the slides with DPX (Di-N-

Butyle Phthalate in Xylene).  

Cytometric Parameters 

 Permanent slides of in vitro, in vivo and 

callus were analyzed for such cellular 

behaviour parameters, as nuclear and cell 

areas, mitotic index as well as chromosome 

count. The experiments were carried out 

using a light microscope (Zeiss Axioscope, 

Germany) connected to a Sony Video 

Camera. Image analyzer was employed for 

measurement of mean cell as well as nuclear 

areas. The 2C value was determined by 

calibrating with the Integrated Optical 

Density (IOD) of reference nuclei. A total of 

150 interphase nuclei from each sample 

were scored. The gray OD of nuclei in 

different cell cycle phases were estimated 

according to the C values of the cells, i.e., 0-

2.2 C (G1), 2.2-3.6 C (S-phase), 3.6-4.8 C 

(G2) and > 4.8 C was determined for ploidy 

histogram (Evans and Van`t Hof, 1974).  

Karyotype Analysis 

 The following parameters were estimated at 

the end of prophase step to characterize the 

karyotype numerically: Long Arm (LA), Short 

Arm (SA), Total Length (TL= LA+SA), 

Relative Length Percentage [RL %=(TL/ 

ΣTL)×100], Value of Relative Chromatin 

(VRC= ΣTL/n), Arm Ratio (AR= LA/SA) and 

Centromeric Index [CI= SA/(LA+SA)] 

(Hesamzadeh and Ziaie, 2009). Karyotype 

asymmetry was estimated by different 

methods namely: the Total Form percentage 

[TF%= (ΣSA/ΣTL)×100] by Huziwara 

(1962); As K%= [(ΣLA/ΣTL)×100] by Arano 

(1963), Difference of Relative Length 

(DRL%= MaxRL%–MinRL%) by Romero 

Zarco (1986) and relative length of shortest 

chromosome (S%). Karyotypic evolution was 

also determined utilizing the Symmetry 

Classes of Stebbins (SC) (Stebbins, 1971). 

Classification of karyotype symmetry is based 

on the ratio of the smallest to the longest 

chromosome within the complement. If the 

ratio is less than 2:1, chromosome set is 

termed A. If the ratio situates between 2:1 and 

4:1, chromosome set belong to B group; and 

further within class categorization is indicated 

by numerical prefixes 1, 2, 3... in increasing 

order of proportion of chromosomes with arm 

ratio < 2:1 on 0–1 scale (0–0= 1, 0.01–0.5= 2, 

0.51–0.99= 3, 1.0= 4). Karyotypic formula 

was determined by chromosome morphology 

based on centromere position and r-value in 

classification of Levan et al. (1964).  

Romero Zarco (1986) provided an 

alternative method for an estimation of the 

karyotypic asymmetry by using quantification 

and graphic representation. He proposed two 

numerical parameters to estimate karyotypic 

asymmetry. The first one was named the 

intrachromosomal asymmetry index (A1) and 

the second one was termed the 

interchromosomal asymmetry index (A2). 

Interachromosomal asymmetry index (A1)= 

1-[Σ(SA/LA)/n], where SA and LA are the 

mean lengths of short and long arms of each 

pair of homologous, respectively and n is the 

number of homologous, Interchromosomal 
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Figure 1. Standard graph of root length in in vitro and in vivo growth cultures before secondary root. 

  

asymmetry index (A2)= s/x, where s and x are 

the average of standard deviation and mean of 

chromosome length, respectively. percentage 

of Symmetry Index [SI%= (Length of smallest 

chromosome/Length of longest 

chromosome)×100]; Centromeric Gradient 

value [CG%= (Length of median short 

arm/Length of median chromosome)×100]; 

Dispersion Index (DI%= A2×CG) (Lavania 

and Srivastava, 1992), degree of asymmetry of 

karyotype  A=  by 

Watanabe et al. (1999).  

Two indices (Syi and Rec) were also used for 

the analysis of karyotypic asymmetry and the 

index of chromosomal size similarity. Syi and 

Rec indices were evaluated through the 

formulas (Greilhuber and Speta, 1976):  

Syi%= [(Mean length of the short 

arms/Mean length of the long arms)×100] 

Rec=[( )/n) ×100]  where, 

CLi is the length of each chromosome to the 

longest one (LC).  

Scanning Electron Microscopy (SEM) 

 Root specimens of both in vitro and in vivo 

growth cultures were treated with the 

following solutions of: 1:1 (v/v) 

glutaraldehyde (4%), and subsequently 

phosphate buffer solution at room temperature 

for 1 h, phosphate buffer solution and distilled 

water in 1:1 mixture for 30 minutes, then 

osmium tetroxide (4%) at 48ºC for 14 hours. 

After rinsing the samples with distilled water, 

the tissues were immersed in an ethyl alcohol 

series (10–100%) within 15 minutes intervals 

followed by; (1) 3:1 ethyl alcohol and acetone 

for 20 minutes, (2) 1:1 ethyl alcohol and 

acetone for 20 minutes, (3) 1:3 ethyl alcohol 

and acetone for 20 minutes, and (4) 100% 

acetone for 20 minutes. The final step was 

repeated four times. The replacement of 

acetone with carbon dioxide was carried out 

several times using a critical point dryer. 

Eventually, the samples were coated with gold 

powder for 1 minute, before observation 

through SEM (JEOL 6400). 

RESULTS 

Seed germination and root lengths were 

determined under in vitro and in vivo growth 

cultures. Both cultures’ seeds started 

germinating their secondary roots after one 

week’s time, while in vivo indicated the 

longer root length during the first week 

(Figure 1). Legume crops like sainfoin 

usually have  
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Table 2. Percentage of the nuclei in interphase and polyploidy in different tissues. 

 Cell cycle phase (%)  

Cell line G1
 a
 S

 b
 G2

 c
 Polyploidy (%) 

In vitro 55.31
a
±0.32 34.04

b
±0.15 10.63

b
±0.11 - 

In vivo 59.25
a
±0.24 33.31

b
±0.27 7.40

c
±0.06 - 

E.
d
 callus 19.67

c
±0.17 37.93

a
±0.25 13.35

a
±0.14 29.03

b
±0.15 

Non-E.callus 32.25
b
±0.22 29.03

bc
±0.13 6.45

c
±0.09 32.25

a
±0.24 

a
 Gap1, 

b
 Synthesis, 

c
 Gap2, 

d
 Embryogenic. 
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Figure 2. Distribution of DNA (C-value) of interphase cells in various tissues of Onobrychis 

viciifolia. E: Embryogenic callus, NE: Non- Embryogenic callus. 

 

very small chromosomes leading to a 

complex cytological study for observation 

and analysis. Since there was no precise 

protocol for staining and slide preparation in 

sainfoin, various manners of fixation, 

hydrolysis and stain materials were carried 

out on mature root tissues. Clarity of cells 

was scored based on the percentage of the 

cell's chromosomes (1= 100%; 5= 0%). 

Finally, Carnoy`s solution (24 hours) with 

hot hydrolysis (30 minutes) and Feulgen`s 

reagent was chosen to evaluate the 

cytological study (Table 1). Either more than 

50% of the nuclei were in G1 stage of the 

interphase, or no significant difference 

observed between in vitro and in vivo 

growth cultures at G1 and S stages. 

Embryogenic and non-embryogenic callus 

had the highest and the lowest nuclei sample 

percentages in the S and G2 stages, 

respectively. In callus tissues, two categories 

of cell cycling were distinguished; the first 

one had 2C value of DNA content, while the 

second one had value more than 2C 

(Polyploidy) (Table 2). Based on the DNA 

(C-value) distribution in the interphase, the 

values were less than 4 for both in vitro and 

in vivo growth cultures, which confirmed 

diploid cells. In addition, non-embryogenic 

callus showed the higher variation of the 

polyploidy levels in comparison with E 

callus (Figure 2). Mitotic index as a 

parameter of cell activity and proliferation 

increased from 20.56% in the E callus to 

22.41% in the NE cells. More than 70% of 

nuclei were observed in the interphase stage 

of the mitotic cycle in in vivo, in vitro and  

callus tissues. Low percentages of the 
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Table 3. Mitotic behaviour of Onobrychis viciifolia in different growth conditions.
a
 

Grow 

conditions 

Interphase 

(%) 

Prophase 

(%) 

Metaphase 

(%) 

Anaphase 

(%) 

Telophase 

(%) 

Mitotic 

Index (MI) 

In vitro 73.16±0.21 21.02±0.06 3.00±0.11 1.34±0.01 1.46±0.01 26.84±0.58 

In vivo 73.71±0.12 18.52±0.08 4.26±0.14 1.29±0.06 2.20±0.01 26.28±0.67 

E a. callus 79.44±0.18 14.73±0.02 2.62±0.01 0.89±0.06 1.31±0.02 20.56±0.74 

Non-E.callus 77.51±0.24 13.38±0.06 4.67±0.05 1.55±0.01 2.81±0.01 22.41±0.51 

a
 Embryogenic, ±SD: Standard Division. 

Table 4. The mean cells (C) and nuclei (N) area of Onobrychis viciifolia in different growth conditions.
a
 

Grow condition Cell (µm
2
) Nuclear (µm

2
) N/C 

In vitro 651.578
b 
± 6.21 141.777

a 
± 2.14 0.217 

In vivo 493.174
c 
± 3.01 106.155

c 
± 1.24 0.215 

E.
 b
 callus 745.327

a 
± 5.14 125.021

b 
± 2.41 0.167 

Non-E.callus 619.802
b 
± 8.22 89.578

d 
± 1.15 0.144 

a
 The means of the populations with same small letters were not significantly different as per Duncan’s 

multi-range test at P< 0.05. 
b
 Embryogenic. 

 

anaphase and telophase showed that cells 

spent a short period of time in division cycle 

within these two stages (Table 3). Mean 

nuclear and cell areas of the NE callus 

amounted to 89.578 and 619.802 µm
2
, 

which indicated less than those of E callus 

(125.021 and 745.327 µm
2
, respectively). 

Either ratio of nuclear to cell area was 

higher in in vitro growth culture than 

intact sample, or nuclear and cell surfaces 

of in vitro were wider than those in in vivo 

(Table 4). A comparison of nuclear and 

cell areas in in vivo, in vitro and callus 

tissues have been presented in Figures 

3 and 4. Percentages of the nuclear and 

cell areas were observed to be increased 

from in vivo to in vitro samples when the 

surfaces were going up in the graph 

(Figure 3). Since mean nuclear and cell 

areas almost showed the same changes in 

the graphs from in vitro to in vivo, cell and 

nuclear sizes might have changed 

dependent on each other in different 

growth cultures (Figure 3). Although the 

NE callus showed a higher levels in low 

areas of nuclear and cell than E callus, 

mean nuclear and cell areas of E callus 

were more than NE tissue (Figure 4). 

Nevertheless, some mitotic abnormalities 

were also observed in mitotic division of 

in vitro, in vivo and callus. Along this line, 

such different mitotic irregularities were 

assessed as varied degrees of chromosome 

laggards and bridge, binucleate cells, 

asynchronous nuclei, cytomixis and 

micronucleuses (Table 5 and Figure 5). 

Non-embryogenic callus carried the most 

cytomixis and chromosomes 

laggards/bridge. Binucleate cells were 

observed in intact plant more than in vitro 

and in callus (Figure 5, i and l; Table 5). 

Some chromosomes showed sticky 

formations of chromosomes laggard and 

bridge which occurred in anaphase to 

telophase stages (Figure 5, f and j). 

Chromosomes laggard and non-oriented 

may produce micronuclei (Figure 5-g); if 

they fail to reach the poles in time to be 

included in the main telophase nucleus 

(Koduru and Rao, 1981; Utsunomiya et 

al., 2002). Migration of chromatin 

material occurs through cytoplasmic 

connections originating from the pre-

existing system of plasmodesmata formed 

within the tissues (Diaz Lifante et al., 

1992; Falistocco et al., 1995). 

Chromatin/chromosome migration 

occurred in different directions from early 

prophase to telophase in the cytoplasmic 

studied cells. Chromosomes transfer from 
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Figure 3. Distribution of cell and nuclear areas (µm

2
) of in vitro and in vivo samples in prophase stage. 

 

 
 

Figure 4. Distribution of cell and nuclear areas (µm
2
) of embryogenic and non-embryogenic callus in 

prophase stage.  

Table 5. Mitotic aberrations found of Onobrychis viciifolia in different growth conditions.
a
 

Grow 

conditions 

Cytomixis 

(%) 

Bridge/Laggard 

(%) 

Micronucleus 

(%) 

Asynchronous 

nucleus (%) 

Binucleate 

cells (%) 

In vitro - 0.53 0.42 0.49 0.97 

In vivo 1.21 1.28 0.09 0.05 2.47 

E. 
a
 callus 2.65 0.88 0.19 0.08 0.09 

Non-E.callus 3.41 3.47 1.15 0.08 1.18 

a
 Embryogenic, ±SD< 0.001. 

cell to cell through cytoplasmic 

connections, an irregularity phenomenon 

known as cytomixis, has been just 

observed in in vivo growth culture and 

callus cells (Figure 5-k). Non-

embryogenic callus showed non-dividing 

cells with small rounded nuclei, 

meristematic cells which were small with 

densely stained cytoplasm, prominent 

nucleus with condensed chromatin, and 

parenchyma cells which were large and 

elongated (Figure 5-e).  

Karyotype parameters and Idiogram of the 

studied Onobrychis genus are illustrated in 

Table 6 and Figure 6 (a and b). Basic 

chromosome number and ploidy level were 

(x= 8) and (2n= 2x= 16), respectively. Mean 

value of the chromosome Long Arm (LA) 

varied from 0.64 to 1.67 µm. Average 

chromosome Short Arm (SA) differed from 
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Figure 5. Representative normal and abnormal mitotic cells in O. viciifolia (2n=2x= 16). (a) 

Prophase; (b) Metaphase; (c) Anaphase; (d) Telophase; (e) Non-dividing cells; (f) Laggard 

chromosomes; (g) Micronucleus; (h) Asynchronous nuclei; (i) Binucleated cells; (j) 

Chromosomes  bridge; (k) Cytomixis; (l) Binucleate cells, and  Bars= 100 µm. 
 

0.45 to 1.29 µm. Mean value of the 

Chromosome’s Total Length (TCL) varied 

from 1.09 to 2.96 µm. Mean chromosome’s 

Arm Ratio (AR) and Centromeric Index (CI) 

changed from 1.17 and 0.27 to 2.69 and 

0.46, respectively (Table 6). The 

chromosomes were mostly median region 

(m) and sub-median region (sm) ones 

(Figure 6; Table 6). Karyotypic formula of 

in vitro and in vivo cells was 10 m+6 sm and 

one of a secondary constriction in the short 

arm of the second pair of chromosomes was 

observed. In terms of the Stebbins΄ 

classification, the karyotypes fall into class 

2B with their DRL value amounting to 10.72 

(Stebbins, 1971). The Total From percentage 

found to be 37.67% and the relative length 

of the shortest chromosome (S%) recorded 

6.25% (Table 6). Scanning Electron 

Microscopic (SEM) study of root structure 

cells showed that in vivo sample had the 

enlarged cells with specific walls at the same 

arranged orientation, whilst in vitro cells 

looked different with non-aligned areas and 

unknown walls (Figure 7). Possibly, enough 

water, macro and micronutrients caused the 

non-distinctive cells in in vitro growth 

culture, while the in vivo cells should be 

adapted to the shortage of nutrient sources in 

the soil.  
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Table 6. Karyological and chromosome analysis in Onobrychis viciifolia.
a
 

Taxon 2n a x b DRL c TF % d VRC e       SC f    S% g KF h 

O. viciifolia 16 8 10.72 37.67  2.185        2B    6.25 10 m i +6 sm j 

Chromosome 

no. SA (µm) k  LA (µm) l TCL (µm)m AR n CI o 

 

RL% p Sat q 

1 1.29 1.67 2.96 1.29 0.44 
16.97 

- 

2 0.93 1.84 2.77 1.98 034 
15.88 

+ 

3 1.11 1.44 2.54 1.30 0.44 
14.62 

- 

4 0.91 1.51 2.42 1.66 0.38 
13.87 

- 

5 0.64 1.72 2.36 2.69 0.27 
13.53 

- 

6 0.77 0.90 1.67 1.17 0.46 
9.57 

- 

7 0.47 1.15 1.62 2.45 0.29 
9.28 

- 

8 0.45 0.64 1.09 1.42 0.41 
6.25 

- 

As  K% 
r
    A  

s
  A1

 t A2
 t SI % u CG % v  DI % w Syi % x Rec % x 

62.32   0.245 0.376 0.277 36.82 32.42 8.98 60.44 73.64 
a Somatic chromosome number, b Basic chromosome number; c Difference of Relative Length; d Total Form 

percentage;  eValue of Relative Chromatin; f Stebbins’ symmetry Classes, g Relative length of shortest chromosome. 
h Karyotype Formula; i Median region; j Sub-Median region; k SL: Short Arm; l Long Arm; m Total Chromosome 

Length; nArm Ratio;   o Centromic Index; p Relative Length percentage,   q Presence (+) or absence (-) of satellite;      
r Arano method;  s Classification of karyotype symmetry; t Intrachromosome asymmetry index; u Symmetry Index 

percentage, v Centromeric Gradient; w Dispersion Index percentage; x Indices of karyotype symmetry. 

 

Figure 6. a) Karyogram and b) Ideogram of Onobrychis viciifolia. Arrow indicates the chromosome pair 

with secondary constriction. Bar= 1µ. 
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Figure 7. Scanning electron micrographs showing root surface cells in in vitro (a) and (c) and in vivo (b) 

and (d) 

 

DISCUSSION 

Unfortunately, there is little information 

on genomic and genetic aspects of 

Onobrychis viciifolia. The present 

investigation was a first attempt to record 

cytological study as well as mitotic 

abnormality of in vitro, in vivo, embryogenic 

and non-embryogenic callus. 

Capability of performing wide ranges is an 

advantage of mitotic investigations for 

chromosomal variation analysis including 

polyploidy (Otto and Whitton, 2000). 

Consequently, cytogenetic maps and 

evolutionary relationships among species 

can be constructed based on cytological 

information (De Wet, 1979; Stevens and 

Bougourd, 1991; Fukui and Nakayama, 

1996; Seijo and Fernandez, 2001). 

Achievements of the current study were not 

in conformity with the results obtained by 

Thomas and Davidson (1983). They stated 

that the relationship between nuclear and 

cell sizes can change abruptly without the 

effect of the mitotic activity, while direct 

changes in mitotic division, nuclear and cell 

areas were observed from in vitro to in vivo 

growth culture in this study. Consistent with 

assessment results of the present study, 

Moghaddam and Taha (2008) reported the 

increment of chromosome numbers and 

reduction of MI value from in vitro and in 

vivo to callus tissue, which might be referred 

to cellular unsteadiness of cells in callus 

tissues. Taha and Wafa (2012) hypothesized 

that a combination of auxin and cytokinin 

hormones would affect the regulation 

mechanisms of nuclear and cell areas in 

callus, which was observed in this study as 

well (Figures 3 and 4).  

C-value standard samples, which have 

been previously provided by Dolezel et al. 

(2007), were employed to define and 
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compare the DNA content of O. viciifolia. 

Two basic chromosome numbers (x= 7 and 

x= 8) and three ploidy levels (2n= 2x= 14, 

2n= 4x= 28, 2n= 8x= 56 and 2n= 2x= 16, 

2n= 4x= 32) have been presented in the 

genus Onobrychis (Abou-El-Enain, 2002). 

One ploidy level (2n= 4x = 28) has 

previously been reported by Takhtajan 

(1990), and Hesamzadeh and Ziaie (2010) in 

O. viciifolia, while three diploid O. viciifolia 

accessions with 14 chromosomes were 

recently distinguished (2n= 2x= 14) by 

Hayot Carbonero et al. (2013). Ghanavati et 

al. (2012) stated that x= 8 was observed only 

in the tetraploid genus of Onobrychis.  

Unlike the previous scientific researches, 

image analysis showed a diploid variety of 

O. viciifolia (2n= 2x= 16) rather than the 

reported tetraploid verities (2n= 4x= 28) by 

(Yan-Jun et al., 2006; Hesamzadeh and 

Ziaie, 2010; Ranjbar et al., 2010). Goldblatt 

(1981) hypothesized chromosome x= 7 was 

indeed derived from x= 8 which mutated 

hereditarily in the genus. He also suggested 

that x= 8 is ancestral in the genus and those 

species of x= 7 are derived through 

aneuploid loss. Therefore, the studied 

variety has probably originated from a wild 

Onobrychis genus which has mutated and 

finally adapted to the environmental 

tensions. This variety is already harvested 

for forage purposes due to high seed quality 

and substantial dry matter yield. The genesis 

provenance of Onobrychis has been stated to 

refer to the Mediterranean countries by 

Ashurmetov and Normatov (1998), although 

some other researchers believe this 

debatable species is originated from south 

eastern Asia (Yildiz et al., 1999; Ranjbar et 

al., 2009). Since a distribution of the most 

diploid species is in south western Asia due 

to the temperature influence (Ranjbar et al., 

2010), variation of viciifolia is attributed to 

this region particularly to Iran. 

Cytological researches on the Onobrychis 

genus have been focusing mainly on the 

chromosome count (Baltisberger, 1991; 

Karshibaev, 1992; Slavivk et al, 1993), 

whilst a few studies have been concerned 

with karyological criteria being carried out 

for taxonomic objectives (Khartoum et al., 

1991; Mesicek and Sojak, 1992, Ranjbar et 

al., 2010). In reality, sainfoin is highly 

influenced by ecological factors, since it is 

an open pollinated plant and changes with 

variations in the growing aspects in 

subgenuses of Onobrychis (Hesamzadeh and 

Ziaie, 2010).  

Karyotypic asymmetry is explained by 

either shifting of the centromeric position 

from median to subterminal or through 

differences in relative size between 

individual chromosomes. Types of 

chromosomes in all the previous populations 

of O. viciifolia were located in Srebbines 

Classes (SC) 1A and 2A (Hesamzadeh and 

Ziaei, 2010), whilst the chromosome set of 

the studied variety was 2B. The Dispersion 

Index (DI), which was introduced by 

Lavania and Srivastava (1992), to assess the 

phylogenetic differentiation, is the 

proportionate measure of the Centromeric 

Gradient (CG). Higher values of DI are 

considered to indicate higher levels of 

karyotype specialization. In the studied 

species of O. viciifolia, it helped to evaluate 

the chromosome set with 8.98%. The values 

of the A1 intrachromosomal index parameter 

of the studied population was similar to 

some reported accessions by Hesamzadeh 

and Ziaei (2010). 

Cell division disturbance is normally 

caused by the initial effect on the mitotic 

process (Hess 1999). The most common 

types of aberrations, in the present study, 

were the chromosomes irregular in the 

equatorial plate such as cytomixis, 

Chromosome Bridge and binucleate cells 

which occurred in different phases of the 

mitotic. These abnormalities might be 

attributed to failure in functionality of the 

DNA spindle rather than prohibition of 

spindle fibers (Grant, 1978; Mansour, 1984). 

Imperfect separation of homologous 

chromosomes is occurring even in the 

presence of sprinkling fibers and hence 

semi-connectivity of Chromosome bridge 

results from suck stickiness phenomenon 

(Aksoy et al., 2008). 
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Ultimately, it is concluded that nucleus 

volume increment and endoreduplication, 

can occur as gene expression, are changed 

by cultural ambient (Gaspar et al. 2000). 

Apart from changes in biochemical 

behaviour, main impacts of the attended 

changes presumably can be titled as 

misprinted cell plates, partial cell cycle 

division and insufficient cell wall formation, 

cell junction loosening, generation of a non-

proliferative cell with enormous nucleus, 

which cause loss of capability of 

collaborating with other cells (Verma, 

2001). 

Abbreviations 

Embryogenic (E), Non-Embryogenic 

(NE), Scanning Electron Microscopy 

(SEM), DNA Constancy value (C-value); 

Integrated Optical Density (IOD), Long Arm 

(LA), Short Arm (SA), Total Length (TL), 

Arm Ratio (AR). 

ACKNOWLEDGEMENTS 

The authors would like to thank the 

University of Malaya, Malaysia for the 

facilities and financial support provided 

(IPPP Grant PV025/2011B and UMRG 

grant RP025-2012A). 

REFERENCES 

1. Abou-El-Enain, M. M. 2002. Chromosomal 

Criteria and Their Phylogenetic Implications 

in the Genus Onobrychis mill. sec. 

Lophobrychis (Leguminosae), with Special 

Reference to Egyptian Epecies. Bot. J. Linn. 

Soc., 139: 409-414. 

2. Aksoy, O., Ekici, N. and Dane, F. 2008 

Mitotic Changes in Root Meristems of Lens 

culinaris Treated with Fusillade (Fluazifop-

p-Butyl), Asian J. Cell Biol., 3(1): 34-40. 

3. Aktoklu, E. 2001. Two New Varieties and a 

New Record in Onobrychis from Turkey. 

Turk. J. Bot., 25: 359-363. 

4. Arano, H. 1963. Cytological Studies in 

Subfamily Carduoideae (Compositae) of 

Japan. IX. The Karyotype Analysis and 

Phylogenetic Considerations on Pertya and 

Ainsliaea. The Botanical Magazine Tokyo, 

76: 32–39. 

5. Ashurmetov, O. A. and Normatov, B. A. 

1998. Embryology of Annual Species of the 

Genus Onobrychis mill. Flora, 193: 259-

267. 

6. Baltisberger, M. 1991. IOPB Chromosome 

Data. 3. IOPB Newsletter, 17: 5-7. 

7. De Wet, J. M. 1979. Origins of Polyploids. 

Basic Life Sci., 13: 3-15. 

8. Diaz Lifante, Z., Luque, T. and Santa 

Barbara, C. 1992. Chromosome Numbers of 

Plants Collected during Iter Meditranium II 

in Israel. Bocconea, 3: 229–250. 

9. Dolezel, J., Greilhuber, J. and Suda, J. 2007. 

Estimation of Nuclear DNA Content in 

Plants Using Flow Cytometry. Nature 

Protocols, 2: 2233-2244. 

10. Duman, H. and Vural, M. 1990. New Taxa 

from South Anatolia 1. Turk. J. Bot., 14: 45-

48. 

11. Ekanem, A. M. and Osuji, J. O. 2006. 

Mitotic Index Studies on Edible Cocoyams 

(Xanthosoma and Colocasia spp.), African J. 

Biotech, 5(10): 846–849. 

12. Evans, L. S. and Van't Hof, J. 1974. Is the 

Nnuclear DNA Content of Mature Root 

Cells Prescribed in the Root Meristem. Am. 

J. Bot., 61: 1104-1111. 

13. Falistocco, E., Tosti, T. and Falcinelli, M. 

1995. Cytomixis in Pollen Mother Cells of 

Diploid Dactylis, One of the Origins of 2n 

Gametes. Heredity, 86: 448-453. 

14. Fukui, K. and Nakayama, S. 1996. Plant 

Chromosomes: Laboratory Methods. CRC 

Press. Boca Raton, pp, 241-255. 

15. Gaspar, T., Kevers, C., Bisbis, B., Franck, 

T., Crevecoeur, M., Greppin, H. and 

Dommes, J. 2000. Loss of Plant Organ 

Ogenictotipotency in the Course of In 

vitro Neoplastic Progression. In Vitro Cell. 

Dev. Biol. Plant, 36: 171-18. 

16. Ghanavatia, F. Nematpajoohb, N. Chahlic, 

K. and Safaeichaeikar, S. 2012. Cytological 

Evaluation of Annual Species of the 

Onobrychis genus in Iran, Crop Breed. J., 

2(1): 17-24.  

17. Goldblatt, P. 1981. Cytology and the 

phylogeny of Leguminosae. Part 2. In: 

"Advances in Legume Systematics", (Eds.): 

Polhill R. M. and Raven P. H.. Royal 

Botanic Gardens, Kew, PP. 427-463. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
14

.1
6.

7.
6.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
7-

17
 ]

 

                            13 / 16

https://dorl.net/dor/20.1001.1.16807073.2014.16.7.6.2
https://jast.modares.ac.ir/article-23-2640-en.html


  __________________________________________________________________ Mohajer and Taha 

1696 

18. Grant, W. F. 1978. Chromosome 

Aberrations in Plants as Monitoring System. 

Environ. Health Perspect., 27: 37-43.  

19. Greilhuber, J. and Speta, F. 1976. C-banded 

Karytypes in the Scilla hohenackeri Group, 

S. persic and Puschkinia (Liliaceae). Pl. 

Syst. Evol., 12: 149–188. 

20. Gupta, P. K. and Durzan, D. J. 1987. 

Biotechnology of Somatic Poly 

Embryogenesis and Plantlet Regeneration in 

Loblolly Pine. Biotechnol., 5: 147 – 151. 

21. Hayot-Carbonero, C., Carbonero, F., Smith, 

L. M. J. and Brown, T. A. 2013. Cytological 

Characterization of the Underutilized Forage 

Crop Onobrychis viciifolia scop. and Other 

Members of the Onobrychis genus. Genet. 

Resour. Crop Evol., 60: 1987–1996. 

22. Hesamzadeh Hejazi, S. M. and Ziaei Nasab, 

M. 2009. Cytogenetic Study on Several 

Populations of Diploid Species of 

Onobrychis in Natural Gene Bank of Iran. 

Iranian J. Range. Forests Plant Breed. 

Genetic Res., 16(2): 158-171. 

23. Hesam Zadeh Hejazi, S. M. and Ziaei 

Nasab, M. 2010. Cytotaxonomy of Some 

Onobrychis (Fabaceae) Species and 

Populations in Iran. Caryologia, 63 (1): 18- 

31. 

24. Hess, D. 1999. Herbicide Characteristics 

and Classification. Revised from Gerst, J. 

R., CWC Chemical, Inc., PP. 2-18. 

25. Huziwara, Y. 1962. Karyotype Analysis in 

Some Genera of Compositeae. VIII. Further 

Studies on the Chromosome of Aster. Amer. 

J. Bot., 49: 116-119. 

26. Karshibaev, H. K. 1992. Chromosome 

Numbers of Some Fabaceae in Uzbekistan. 

Tezisy, 3 Soveshchanie Po Kariologii 

Ratenii, 27: 1-2. 

27. Khatoon, S. Ali, S. and Khatoon, S. 1991. 

Chromosome Numbers in Subfamily 

Papilionoideae (Leguminosae) from 

Pakistan. Willdenowia, 20: 159-165. 

28. Kidambi, S. P., Mahan, J. R. and Matches, 

A. G. 1990. Purification and Thermal 

Dependence of Glutathione Reductase from 

Two Forage Legume Species. Plant 

Physiol., 92: 363-367. 

29. Koduru, P. R. K. and Rao, M. K. 1981. 

Cytogenetics of Synaptic Mutants in Higher 

Plants. Theor. Appl. Genet., 59: 197-214. 

30. Lavania, U. C. and Srivastava, S. 1992. A 

Simple Parameter of Dispersion Index that 

Serves as a Adjunct to 

Karyotype Asymmetry, J. Biosci., 

17(2):179-182. 

31. Levan, A. Fredga, K. and Sandberg, A. A. 

1964. Nomenclature for Centromeric 

Position on Chromosomes. Hereditas, 52: 

201-220. 

32. Mansour, K. S. 1984. Cytological Effects of 

the Herbicide Tribunile on Victa faba. 

Egypt. J. Bot., 27: 191-198. 

33. Marfil, C. F., Masuelli, R. W., Davison, J. 

and Comai, L. 2006. Genomic Instability in 

Solanum tuberosum×Solanum kurtzianum 

Interspecific Hybrids. Genome, 49: 104-113. 

34. Mesicek, J. and Sojak, J. 1992. Chromosome 

Numbers of Mongolian Angiosperms. 

Preslia, 64: 193-206. 

35. Miller, J. S. and Venable, D. L. 2000. 

Polyploidy and the Evolution of Gender 

Dimorphism in Plants. Sci., 289: 2335-2338. 

36. Moghaddam, B. and Taha, R. M. 2008. 

Analysis of Cytological Activities in Sugar 

Beet Calluses, J. Biol. Sci., 8(5): 874-881 

37. Mohajer, S., Taha, R. M., Khorasani, A and 

Syafawati Yaacob, J. 2012. Induction of 

Different Types of Callus and Somatic 

Embryogenesis in Various Explants of 

Sainfoin (Onobrychis viciifolia). Australian 

J. Crop Sci., 6(8):1305-1313.  

38. Negri, V., Veronesi, F. and Falcinelli, M. 

1987. Germplasm evaluation of Onobrychis 

viciifolia Scop. for agronomic traits. 

Genetica Agraria, 41: 25-40. 

39. Nirmala, C. and Kaul, M. L. 1993. Male 

Sterility in Pea. IV. Meiotic Absence, 

Arrest, Breakdown and Continuation. 

Cytologia, 58: 247-255. 

40. Otto, S. P. and Whitton, J. 2000. Polyploid 

Incidence and Evolution. Annu. Rev. 

Genetics, 34: 401-437. 

41. Ranjbar, M., Karamian, R. and Hadadi, A. 

2010. Cytosystematics of Three Onobrychis 

Species (Fabaceae) in Iran. Caryologia, 

63(3): 237-249. 

42. Ranjbar, M., Karamian, R. and Hajmoradi, 

F. 2009. Taxonomic Notes on Onobrychis 

sect. Hymenobrychis (Fabaceae, 

Hedysareae) in Iran. Novon, 19: 215-218. 

43. Romero Zarco, C. 1986. A New Method for 

Estimating Karyotype Asymmetry. Taxon, 

36: 526-530. 

44. Seijo, G. and Fernadez, A. 2001. 

Cytogenetic Analysis of Lathyrus japonicus 

Willd. (Leguminosae). Caryologia, 54: 173-

179. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
14

.1
6.

7.
6.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
7-

17
 ]

 

                            14 / 16

https://dorl.net/dor/20.1001.1.16807073.2014.16.7.6.2
https://jast.modares.ac.ir/article-23-2640-en.html


 Cytological study of New Variety in Sainfoin ____________________________________  

1697 

45. Slavivk, B., Jarolivmovav, V. and Chrtek, J. 

1993. Chromosome Counts of Some Plants 

from Cyprus. Candollea, 48: 221-230. 

46. Stace, C. A. 2000. Cytology and 

Cytogenetics as a Fundamental Taxonomic 

Resource for the 20
th

 and 21
th

 Centuries. 

Taxon., 49: 451-477. 

47. Stebbins, G. L. 1974. Flowering Plants: 

Evolution above the Species Level. Edward 

Arnold Publication Ltd., London, PP. 133-

134. 

48. Stevens, J. P. and Bougourd, S. M. 1991. 

The Frequency and Meiotic Behaviour of 

Structural Chromosome Variants in Natural 

Populations of Allium schoenoprasum L. 

(Wild Cchives) in Europe. Heredity, 66: 

391-401. 

49. Taha, R. M. and Wafa, S. N. 2012. Plant 

Regeneration and Cellular Behaviour 

Studies in Celosia cristata Grown In vivo 

and In vitro. The Scientific World Journal. 

Article ID 359413, 8 pages. doi: 

10.1100/2012/359413. 

50. Takhtajan, A. L. 1990. Numeri 

Chromosomatum Magnoliophytorum 

Florae. Acera-ceae-Menyanthaceae, URSS, 

508 PP. 

51. Tamas, E. 2006. Citological Aspects of the 

Onobrychis Genus. Bulletin of University of 

Agricultural Sciences and Veterinary 

Medicine Cluj-Napoca, Agriculture, 62. 

52. Thomas, J. E. and Davidson, D. 1983. Cell 

and Nuclear Size in Viciafabaroots: Changes 

during Germination and in Response to 

Levels of Ambient Water. Annu. Bot., 51(3): 

353-361. 

53. Utsunomiya, K. S., Bione, N. C. and 

Pagliarini, M. S. 2002. How Many Different 

Kinds of Meiotic Abnormalities Could Be 

Found in a Unique Endogamous Maize 

Plant? Cytologia, 67: 169-176. 

54. Verma, D. P. S. 2001. Cytokinesis and 

Building of the Cell Plate in Plants. Annu. 

Rev. Plant Physiol. Plant Mol. Biol., 52: 

751-784. 

55. Watanabe, K., Yahara, T., Denda, T. and 

Kosuge, K. 1999. Chromosomal Evolution 

in the Genus Brachyscome (Asteraceae, 

Astereae): Statistical Tests Regarding 

Correlation between Changes in Karyotype 

and Habit Using Phylogenetic Information. 

J. Plant Res., 112: 145–161. 

56. Werner, A., Disanza, A., Reifenberger, N., 

Habeck, G., Becker, J., Calabrese, M., 

Urlaub, H., Lorenz, H., Schulman, B., Scita, 

G. and Melchior, F. 2013. SCF-Fbxw5 

Mediates Transient Degradation of Act in 

Remodeller Eps8 to Allow Proper Mitotic 

Progression. Nature Cell Biol., 

doi:10.1038/ncb266 

57. Yan-Jun, Z., Meng, A., Li, J., Dang, H. and 

Li, X. 2006. Observation on Meiotic 

Behavior in three Mahonia Species, with 

Special Reference to the Intergeneric 

Relationship of Mahonia and Berberis. 

Caryologia, 59: 305–311. 

58. Yildiz, B., Ciplak, B. and Aktoklu, E. 1999. 

Fruit Morphology of Sections of the Genus 

Onobrychis Miller (Fabaceae) and Its 

Phylogenetic Implications. J. Plant Sci., 47: 

269-282.

و  كشت اين ويووو كاريوتايپ يك واريته جديد اسپرس در  وي سيتولوژيربررسي 

  كالوساين ويترو 

  هط .. مهاجر و ر. مص

  چكيده

گونه يك ساله و چند ساله يكي از مهمترين گياهان علوفه اي مي باشد. در اين تحقيق،  130اسپرس با 

ي جنين و همچنين بررسي تغييرات در مريستم ريشه رفتار سلولي در كالوس با القاي جنين و بدون القا
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1698 

حاصل از محيط كشت اين ويوو و اين ويترو مورد بررسي قرار گرفت. برخلاف مطالعات گذشته، يك 

كروموزوم براي اولين بار مشاهده  16) با .Onobrychis viciifolia Scopواريته ديپلوييد اسپرس (

منظم بود، اما يكسري تقسيم هاي نامنظم  مختلف كشتشرايط شد. با اينكه بطور كلي تقسيم ميتوز در 

بويژه در كالوس بدون القاي جنين مشاهده شد. نسبت سطح هسته به سلول در كالوس كمتر از اين ويوو 

و اين ويترو بود و سطوح مختلف پلي پلوئيدي فقط در سلول هاي كالوس مشاهده شد. اكثر سلول هاي 

) مشاهده شدند. G2) اينترفاز در مقايسه با مراحل سنتز و (G1رحله (اين ويوو و اين ويترو در م

كروموزوم ساب متاسنتريك ترسيم و همچنين  6كروموزوم متاسنتريك و  10كاريوتايپ به صورت 

يك فرورفتگي ثانويه در بازوي كوچك جفت كروموزوم دوم تشخيص داده شد. در نهايت، 

شماي سلول هاي اين ويوو و اين ويترو مورد استفاده قرار ميكروسكوپ الكتروني براي بررسي تفاوت 

  گرفت.
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