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Abstract: Wild relatives of bread wheat are potential sources of valuable genetic materials for wheat 
improvement. Karyotype analysis plays an important role in the identification and designation of 
chromosomes in many plant species. In this study, the karyotype features and nucleolar organizer regions 
(NORs) of 21 wheat genotypes representing  diploid, tetraploid and hexaploid species and belonging to  
wild, cultivated and synthetic groups were investigated. Total chromosome length (TCL) values vary 
across the genotypes. The highest value (99.1 µm) was recorded in one of a synthetic hexaploid wheat 
(Doy1/ Ae. squarrosa (458)) with a mean chromosome length (MCL) of 5.67±0.59 µm, while the lowest 
value (39.48µm) was found in T. monococcum species with a mean chromosome length (MCL) of 
4.06±0.51 µm. Cluster analysis based on chromosomal characteristics and karyotype asymmetry indices 
including symmetry index (S %), total form percentage (TF %), Romero-Zarco’s indices (A1and A2) and 
Stebbin’s classification divided the genotypes into three groups. Results revealed that group 1, including 
synthetic hexaploid wheat accessions, had the most asymmetric karyotype in terms of centromere position 
and chromosome length. Ag-NOR banding identified two nucleolus organizer regions (NORs) on the long 
arms of the chromosomes 1B and 6B in both tetraploid and hexaploid wheats. 
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  ) فى القمح البري والمزروعNORsومناطق المنظم  النووي  ( الطرز الكروموسوميدراسة 

  و ج سيادي *م. ارابجي ، ا. ارزاني

  ، ايران 84156اصفهان ، جامعة اصفهان للتكنولوجيا  ،قسم المحاصيل وتربية النبات ، آلية الزراعة 
  

دورا هاما في  لطرز الكروموسوميامواد جينية قيمة لتحسين القمح. يلعب تحليل مصادر محتملة لتعد قمح الخبز ل البرية قاربالأ: الملخص
ومناطق المنظم  النووي   الطرز الكروموسومي هذه الدراسةبحثت ومات في العديد من الأنواع النباتية. ستحديد وتعيين الكرومو

)NORs()  المرآبة . آان  زروعة والبرية والمالأنواع إلى تنتمي    الطاقم الوراثي وسداسي ، ورباعيلثنائي  أنواع القمحمن  21 من
ميكرون) في واحدة من القمح  99.1اعلى قيمة (متوسط . وسجلت التراآيب الوراثيةتختلف القيم عبر   (TCL)مجموع طول الكروموسوم 
± ميكرون  5،67  (MCL)طول الكروموسوممتوسط مع .  (Doy1 / Ae   squarrosa (458)) المرآبةسداسي الصيغة الصبغية 

ميكرون.  4،06±  0،51طول الكروموسوم من  متوسط مع  monococcum في الأنواع   39.48μmأدنى قيمة ( آانت، في حين 0،59
على خصائص الكروموسومات ومؤشرات تفاوت النمط النووي بما  بناءً )Cluster analysisعلى تقسم المجموعات (التحليل القائم قسم 

   Stebbin وتصنيفA1and A2)ل(زارآو  - )، ومؤشرات روميرو %TFنسبة النموذج ( مجموع) و%Sالتماثل (في ذلك مؤشر 
التراآيب  آانت أعلى  المرآبة   الطاقم الوراثي ، بما في ذلك سداسي1المورثات إلى ثلاث مجموعات. وآشفت النتائج أن المجموعة 

  Ag-NORالنطاقات اختبار حدد  يث موقع السنترومير وطول الكروموسوم. والوراثية من حيث الكروموسومات الغير متشابهة من ح
 لكل من الأقماح الباعية والسداسية.     , 1B  6 B  الكروموسوماتعلى الذراع الطويلة في    (NORs) ويمنطقتين منظم نو
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Introduction 
Wheat is one of the most important cereal 

crops in the world. It is estimated that more 
than 75% of the world’s population consume 
wheat as part of their daily diet (Ginkel and 
Ogbonnaya, 2007).Wild relatives of wheat are 
a valuable source of genetic variation that can 
be utilized in wheat improvement (Linc et al., 
1999). The genera Aegilops L. and Triticum L. 
have contributed two (B and D) and one (A) of 
the three bread wheat genomes, respectively. 
A large number of genes have been transferred 
from wild Triticum and Aegilops species to the 
cultivated wheat, including those for 
resistance to leaf rust, stem rust, yellow rust 
and powdery mildew as well as various pests 
(cereal cyst nematode, root knot nematode, 
Hessian fly, and green bug) (Schneider et al., 
2008). There are still many untapped genetic 
resources in the wild Triticum and Aegilops 
species that could be used as resistance 
sources for plant breeding. However, the 
directed exploitation of this variability 
requires detailed knowledge of the genetic and 
cytogenetic structure of these species. 
Synthetic hexaploid wheat, produced by 
crossing T. turgidum L. spp (2n = 4x = 28, AB 
genomes) with A. tauschii Coss. (2n = 2x =14, 
D genome), is considered as a promising 
source of exotic alleles for introgression into 
wheat (Mujeeb-Kazi et al., 2008). Because 
hexaploid wheat has no close relative species 
at the hexaploid ploidy level, the synthetic 
hexaploid wheat can be also used as an 
intermediary for transferring the desired traits 
from the wild ancestor to the cultivated wheat 
(Del Blanco et al., 2001). Cytogenetic studies 
provide the opportunity to compare wild and 
domesticated populations with a view to 
chromosome characteristics during cell 
division. Chromosomal differences in 
structure and size indicate the genetic 
variation among plant species. Systematic 
study of landraces from centers of diversity 
where the effect of modern breeding is 
minimal may provide a good opportunity to 
gain knowledge on the natural karyotype 
evolution (Belay et al., 1994). Therefore, 
cytogenetic information will make a 
substantial contribution to the effective 

utilization of these landraces in plant breeding. 
Karyotype analysis has played an important 
role in the identification and designation of 
chromosomes in many plant species. 
Karyotype studies are principally based on the 
idea that symmetrical karyotypes are more 
primitive than asymmetrical ones (Razik 
Kamel, 2006).  

Nucleolus organizer regions are a very 
important landmark for recognition and 
identification of chromosomes in plant 
species. Ag-NOR banding has been vastly 
used to analyze nucleolus activity in diploid 
and polyploidy plants, interspecific hybrids 
and chromosome addition lines (Fukui and 
Nakayama, 1997). The method of staining 
nucleolus organizing regions (NORs) of 
chromosomes with silver nitrate (the silver-
staining procedure) is also suitable for 
estimation of rDNA transcription rate in 
plants. For example, this approach has been 
used for the estimation of NOR activity in 
onion leaves and wheat roots treated with 
plant growth (Fatkhutdinova et al., 2002). In 
hexaploid wheat, three chromosome pairs (IB, 
6B, and 5D) are known to possess nucleolar 
activity; however, usually only 1B and 6B 
show a secondary constriction (Cermeno et al., 
1984). Each diploid Triticeae species has 
either one or two chromosome pairs with 
NORs, which are present in different locations 
on the chromosomes of homoelogous groups 
1, 5 and 6. These major NORs contain from 
hundreds to thousands of 18S-26S rRNA 
repeated gene units and their expression can 
be visualized by their nucleolus organizing 
activity and Ag-NOR banding (Badaeva et al., 
1996). 

The objective of the present work was to 
investigate the karyotypic characteristics and 
Ag-NOR banding pattern of 21 genotypes 
possessing the three ploidy levels of diploid, 
tetraploid and hexaploid, belonging to the 
three wild, cultivated and synthetic growing 
statuses. 

Materials and Methods 
Plant materials 

Twenty-one genotypes comprising 10 wild 
wheat accessions and 7 cultivated wheat 
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genotypes (belonging to the nine species of 
Ae. umbellulata, Ae. cylindrica, Ae. crassa, 
Ae. triuncialis, Triticum monococcum, T. 
dicoccoides, T. dicoccum, T. compactum, and 
T. durum) in addition to four synthetic 

hexaploid wheats were used in this study. 
Details of the genetic materials used including 
species, genome, growing status and origin are 
given in Table 1. 

 
Table 1. Plant materials (Aegilops ssp, Triticum ssp and synthetic hexaploid wheat) used in this study. 

 
No. Species Genome Growing status Origin 
1 Ae. umbellulata U Wild West Iran 
2 Ae. cylindrica CD Wild West Iran 
3 Ae. crassa DM, Wild West Iran 
4 Ae. triuncialis UC Wild West Iran 
5 T. monococcum A Wild West Iran 
6 T. monococcum var.boeoticum A Wild West Iran 
7 T. dicoccoides -1 AB Wild CIMMYT 
8 T. dicoccoides -2 AB Wild CIMMYT 
9 T. dicoccoides -3 AB Wild CIMMYT 
10 T. dicoccoides -4 AB Wild CIMMYT 
11 T. dicoccum Emmer -1 AB cultivated NW Iran 
12 T. dicoccum Emmer -2 AB cultivated West Iran 
13 T. dicoccum Emmer -3 AB cultivated West Iran 
14 T. dicoccum Emmer -4 AB cultivated West Iran 
15 T. compactum ABD cultivated NW Iran 
16 T. durum cv. Altar AB Durum wheat CIMMYT 
17 T. durum cv. Langdon AB Durum wheat CIMMYT 
18 Altar84/ Ae. squarrosa (192) ABD Syn.wheat CIMMYT 
19 Sca/ Ae.squarrosa (518) ABD Syn.wheat CIMMYT 
20 Doy1/ Ae. squarrosa (458) ABD Syn.wheat CIMMYT 
21 Altar84/ Ae. squarrosa (221) ABD Syn.wheat CIMMYT 

 

Cytological procedures 
Cytological preparations were carried out 

using root tips obtained from seeds germinated 
on sterile moist filter paper in Petri dishes at 
25°C. Roots were pretreated with α-
bromonaftalin solution for 5–6 h, fixed in a 
chromic-acid formaldehyde fluid (1:1 of 1% 
chromic acid + 10% formaldehyde) for 24 h 
and stored in 70% ethanol at 4°C. Then, the 
root tips were hydrolyzed in 1 N HCl at 60°C 
for 10 min, stained with hematoxylin (4%) for 
4 h at 30°C, and squashed in 45% glacial 
acetic acid. Chromosome images were taken 
under a Nikon Eclipse E600 light microscope 
using the Photograb 300Z software (Fuji 
Photo Film Co. Ltd).  

Karyotypic features such as total 
chromosome length (TCL), mean chromosome 
length (MCL), mean arm ratio (MAR), and 

difference of range relative length (DRL) were 
measured by the Micromeasure software. 
Some karyotype asymmetry indices such as 
symmetry index (S%), total form percentage 
(TF%), Romero-Zarco’s indices and Stebbin’s 
classification were calculated statistically. 

Ag-NOR (silver nitrate) staining was 
performed to detect active NORs according to 
the method described by Hirai et al. (1998) 
with a somewhat modified preparation of 
chromosome slides. Briefly, six droplets of 
solution I (1 g gelatin in 50 ml distilled water 
and 0.5 ml formic acid) and then six droplets 
of solution II (50% silver nitrate in distilled 
water) were applied to the preparation. Cluster 
analyses including single linkage and WARD 
were performed based on chromosomal 
characteristics and karyotype asymmetry 
indices. 
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Results and Discussion 
Karyotype features 

The mitotic metaphase chromosomes of 
Ae. umbellulata as a wild diploid species 
relative of wheat, Ae. crassa as a wild 
tetraploid species relative of wheat, T. durum 
cv. Altar as a tetraploid cultivated wheat and 
Altar84/ Ae. squarrosa (192) as a synthetic 
hexaploid wheat are shown in Figure 1. A 
summary of the karyological features of the 
studied genotypes is given in Table 2. Total 
chromosome length (TCL) values vary across 
the genotypes. The highest value (99.1 µm) 
was recorded in one of a synthetic hexaploid 
wheat (Doy1/ Ae. squarrosa (458)) with a 
mean chromosome length (MCL) of 5.67±0.59 
µm, while the lowest value (39.48µm) was 
found in T. monococcum species with a mean 
chromosome length (MCL) of 4.06±0.51 µm. 
These results are in agreement with those of 

Razik Kamel (2006) who reported that total 
chromosome length (TCL), mean chromosome 
length (MCL) and mean arm ratio (MAR) 
varied among some genotypes of T. aestivum. 
The highest value for difference of range 
relative length (DRL: 3.69±0.08 µm) was 
found in one of the synthetic hexaploid wheat 
(Altar84/ Ae. squarrosa (221)) and the lowest 
value (2.16±0.10 µm) was recorded in Ae. 
crassa. Difference of range relative length 
(DRL) indicates variations between maximum 
and minimum relative lengths in a karyotype, 
which is used as a parameter for determining 
the rate of symmetry in a karyotype. 
Genotypes with less DRL have a more 
symmetric karyotype. Chromosomal 
characteristics also showed variations within 
the species that confirmed the results from 
previous studies (Friebe et al., 1995; Belay et 
al., 1994; Linc et al., 1999). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 1. Mitotic metaphase chromosomes in: a) Ae. umbellulata, b) Ae. crassa, c) T. durum cv. Altar, 
and d) synthetic hexaploid wheat (Altar84/ Ae. squarrosa -192). 
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Table 2. Means (±SE) of karyological characteristics of the wheat genotypes studied. 
 

 
Genotype 

 
X 

 
2n 

Total 
chromosome 
length (µm) 

Mean 
chromosome 
length (µm) 

Mean arm 
ratio 

Difference of range 
relative length (µm) 

1 7 14 40.46 5.77±0.31 1.88±0.07 2.30±0.04 
2 7 28 69.82 5.05±0.54 1.68±0.08 2.41±0.09 
3 7 28 74.42 5.30±0.41 1.83±0.05 2.16±0.10 
4 7 28 66.23 4.85±0.56 1.99±0.09 2.41±0.08 
5 7 14 39.48 4.06±0.51 1.37±0.10 2.51±0.11 
6 7 14 39.92 5.13±0.35 1.47±0.06 2.17±0.09 
7 7 28 82.91 5.99±0.45 1.33±0.07 2.65±0.07 
8 7 28 79.69 5.69±0.42 1.63±0.06 2.56±0.05 
9 7 28 61.64 4.44±0.43 1.58±0.08 2.58±0.06 
10 7 28 83.61 5.97±0.38 1.54±0.12 2.63±0.04 
11 7 28 82.72 5.90±0.36 1.55±0.09 2.96±0.11 
12 7 28 60.55 4.25±0.39 1.50±0.07 2.69±0.05 
13 7 28 65.84 4.7±0.40 1.33±0.07 2.72±0.06 
14 7 28 78.83 5.63±0.41 1.67±0.09 2.83±0.09 
15 7 42 79.43 5.68±0.42 1.64±0.08 2.68±0.06 
16 7 28 74.59 5.32±0.35 1.68±0.06 3.11±0.06 
17 7 28 71.96 5.14±0.56 1.65±0.05 3.02±0.10 
18 7 42 98.34 5.77±0.38 1.70±0.08 3.32±0.05 
19 7 42 95.45 4.25±0.47 1.68±0.09 3.58±0.07 
20 7 42 99.13 5.67±0.59 1.28±0.10 3.36±0.11 
21 7 42 95.08 5.33±0.49 1.66±0.09 3.69±0.08 
Genotype numbers are based on Table 1. 

 
Karyotype asymmetry indices 

Cluster analysis based on chromosomal 
characteristics and karyotype asymmetry 
indices divided the genotypes into three groups 
(Table 3; Figure 2). Synthetic hexaploid wheats 
were included in the first group, wild relatives 
of wheat including the Aegilops species and T. 
monococcum were grouped in the second 
group, and other genotypes were classified in 
the third group. A symmetrical karyotype is 
characterized by the predominance of 
metacentric and submetacentric chromosomes 
of approximately the same size. Increasing 
asymmetry can occur either through the shift of 
centromere position from median/submedian to 

terminal or subterminal positions, or through 
the accumulation of differences in the relative 
size between the chromosomes of the 
complement. The average values of the 
symmetry index (S%) in groups 1, 2, and 3 
were 49.93, 70.08 and 61.08, respectively. 
Symmetry index  is the ratio of the length of 
the lowest chromosome in a complement to the 
length of the largest chromosome, which is 
used for investigating the symmetry karyotype. 
Value of this index close to 100% indicates that 
the chromosomes are of similar length while 
some differences may exist in other karyotype 
features. 

 
Table 3. Karyotype asymmetry indices of 3 groups in the cluster analysis. 

 
Group symmetry 

index % 
total form 
percentage % 

intrachromosomal 
asymmetry index 

interchromosomal 
asymmetry index 

Stebbins ُ
classification 

1 49.93 35.47 0.33 0.13 A 
2 70.08 34.39 0.37 0.12 A 
3 61.08 39.59 0.45 0.18 B 
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Figure 2. Cluster analysis of wheat genotypes 
based on karyotypic characteristics. 

 
Group 3 possessed the highest value for 

total form percentage (TF% = 39.59). The 
values for this parameter in groups 1 and 2 
were 35.47 and 34.39, respectively. The TF% 
index is expressed by the ratio of sum of short 
arm lengths of individual chromosomes to the 
total haploid length of the complement. The 
TF% index has frequently been used to 
describe karyotype asymmetry and to 
determine the karyotypic relationships between 
species of genera (Mercado-Ruaro and 
Delgado-Salinas, 1998; Ruas et al., 2000; 
Costa and Forni-Martins, 2003). The TF% 
index is one of the karyotype asymmetry 
indices that indicates the variation in 
centromere position in a chromosome 
complement. Therefore, the chromosomes in 
the first group containing synthetic hexaploid 
wheat had a greater variation in centromere 
position than other studied genotypes. Romero 
Zarco (1986) provided an alternative method 
for measuring karyotype asymmetry by using 
quantification and graphic representation. He 
proposed two numerical parameters to estimate 
karyotype asymmetry. The first was named 
‘intrachromosomal asymmetry index’ (A1) that 
ranges from 0 to 1, and the second, 

‘interchromosomal asymmetry index’ (A2), 
which is the ratio between the standard 
deviation and the mean chromosome length. 
Both Romero Zarco indices have been used to 
estimate karyotype asymmetry between 
different species (Seijo and Fernandez, 2003; 
Liu, 2004; Cozzolino et al., 2004). Results 
indicated that group 1 (e.g. synthetic hexaploid 
wheat accessions) had the highest values of 
both the intrachromosomal asymmetry index 
(A1 =0.45) and the interchromosomal 
asymmetry index (A2 = 0.18). The A1 index 
was designed to evaluate variation in 
centromere position in a chromosome 
complement. The A2 index was created to 
assess the variation in chromosome length in a 
complement and is a relative standard deviation 
of chromosome length. From a statistical point 
of view, it is a sensible parameter which 
adequately assesses the relative variation in 
chromosome length in a complement. Stebbin’s 
classification (1971) method indicated that 
group 1 belongs to class B while other groups 
may be classified in different degrees of class 
A. Karyotype asymmetry of a complement is 
determined by the variation in chromosome 
length and the variation in centromere position. 
The two methods, Stebbin’s classification 
(1971) and Romero Zarco (1986) indices (A1 
and A2), use a combination of both types of 
variation that affect karyotype asymmetry 
(Paszko, 2006). 

On the whole, the results revealed that 
group 1 including synthetic hexaploid wheat 
accessions had the greatest amount of 
asymmetric karyotype in terms of centromer 
position and chromosome length. Synthetic 
hexaploid wheat with many different stages of 
selection and introgression in the breeding 
program show a more asymmetric karyotype. 
However, the changes in centromeric position 
and chromosome length may have occurred as 
evidenced by the rearrangement of 
chromosomes during evolution (Belay et al., 
1994). These results agree with the 
classifications of these genotypes using other 
molecular, cytogenetical, or morphological 
methods (Badaeva et al., 1996; Badaeva et al., 
1998). 
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Figure 3. Ag-NOR staining in a tetraploid wheat (T. durum cv. ‘Langdon’). 

 
 

Ag-NOR banding identified two nucleolus 
organizer regions (NORs) on the long arms of 
the homologue chromosomes 1B and 6B in 
tetraploid wheat (Figure 3), confirming the 
results from previous studies (Hutchinson and 
Millert, 1982). In diploid and tetraploid 
Aegilops species, nucleolus organizer regions 
were observed on group 1, 5, and 6 
chromosomes, confirming previous 
observations (Friebe et al., 1995; Badaeva et 
al., 2004). In the hexaploid wheat, three pairs 
of chromosomes showed a secondary 
constriction identified as being 1B, 6B, and 5D, 
while two NORs were identified on the 
homologue chromosomes 1B and 6B by Ag-
NOR banding. This result does not entirely  
agree with those from some of the previous 
studies that concluded  that three chromosome 
pairs – IB, 6B, and 5D – possess nucleolar 
activity in the hexaploid wheat; however, 
usually only 1B and 6B show a secondary 
constriction (Cermeno et al., 1984). 
Inconsistency in NOR-resolution is a common 
phenomenon reported in several species. 
Waines and Kimber (1973) observed this in T. 
monococcum L., and Endo and Gill (1984) 
reported it for chromosome 6B in 'Chinese 
spring' cultivar (T. aestivum L.).  
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