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Short Communication

Study of karyotype and Nucleolar Organizer Regions (NORs)
in wild, synthetic and cultivated wheats
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Isfahan University of Technology, Isfahan-84156 83111, Iran

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 um) was recorded in one of a synthetic hexaploid wheat
(Doyl/ Ae. squarrosa (458)) with a mean chromosome length (MCL) of 5.67+0.59 um, while the lowest
value (39.48um) was found in T. monococcum species with a mean chromosome length (MCL) of
4.06+0.51 pm. Cluster analysis based on chromosomal characteristics and karyotype asymmetry indices
including symmetry index (S %), total form percentage (TF %), Romero-Zarco’s indices (Ajand A;) 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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g3l s alll B (NORs) (s95il) abiiall (3haliag oo geagag Sl okl dail j
LT AP BE IR P. T B
A ¢ 84156 ol ¢ Lin 51360 lgham) Aaala ¢ A 30 S ¢ il s g Jualanal) puid

o Ll 153 (e gas s g ySU 5 yhall Qs Cualy el (il dad a3 gl Aldine jalina 383 5] peadl Ayl o JEY) 1 adlal)
sl plaidl Bhlias oosesas S oI Aual oda cling ASL £l aY) Ga ) (3 laguses S s e
S L AS el 5 A0 g, 3ally Ayl V) () i (S0 el iy el o S madll @53l e 21 (0) (NORS)
el (g Baal 5 (B (050800 99.1) Aadf o) Jaw gie il s A5 ) 5l SI il e auil) NS (TCL) asmse s )SH Jsha g sane
£ 035 5667 (MCL) psmsas Sl Jsh busia g, (Doyl / Ae squarrosa (458)) S el ppall dapall oulaw
030530 4606 £ 0651 (3 p s g0 5 SU J g o gia ao monococcum 15! 8 um39.48) dad ol CulS Cps S <0659
Loy ngj.d\ Loaill ¢ glat <ol ydiga 5 il gan ga g SI Gailiad e 2Ly (Cluster analy51s) Sile ganall s sle ?.x\sﬂ Jalasl) ?.ms
Stebbin —aiais(Aland A2J) S0 - somsy < pisas «(TF%) gl faud g genay (S%) Jlall yhige ey

QS el cilS A a sl aal) adan @l La ] e geaall o gl CES, e pane GO L il sall
Ag-NOR lilaill i) aas 5 o gugas )SI Jshay e s il adge Cum (o Agoliie il ila g g s JSI Caa (e 450 5l
Apuadl s el ALY e U 6B, 1B Gla g sas S A AL skl ¢4 e (NORS) 558 phaie (ysiilaie

* Corresponding Author: Email: a_arzani@cc.iut.ac.ir

196



M. Arabbeigi et al.

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
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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 ucC 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 o-
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 HCI 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

198

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 pum)
was recorded in one of a synthetic hexaploid
wheat (Doyl/ Ae. squarrosa (458)) with a
mean chromosome length (MCL) of 5.67+0.59
um, while the lowest value (39.48um) was
found in T. monococcum species with a mean
chromosome length (MCL) of 4.06+£0.51 pm.
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 pm) was
found in one of the synthetic hexaploid wheat
(Altar84/ Ae. squarrosa (221)) and the lowest
value (2.16£0.10 um) 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).
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Figure 1. Mitotic metaphase chromosomes in: a) Ae. umbellulata, b) Ae. crassa, ¢) 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.

Total Mean Mean arm Difference of range
Genotype X 2n chromosome chromosome ratio relative length (um)
length (um) length (um)
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 2.1620.10
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 5.3240.35 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 3.324+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  total form intrachromosomal  interchromosomal  Stebbins”
index % percentage %  asymmetry index asymmetry index 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’ (A;) that
ranges from O to 1, and the second,

201

‘interchromosomal asymmetry index’ (A»),
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
(A; =0.45) and the interchromosomal
asymmetry index (A, = 0.18). The A; index
was designed to evaluate variation in
centromere position in a chromosome
complement. The A, 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 (A;
and Aj), 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.).

References

Badaeva, E. D., B. Friebe and B. S. Gill. 1996.
Genome differentiation in Aegilops. 2.

202

Physical mapping of 5s and 18s-26s
ribosomal RNA gene families in diploid
species. Genome 39:1150-1158.

Badaeva, E. D., B. Friebe, S. A. Zoshchuk, A.
V. Zelenin, and B. S. Gill. 1998. Molecular
cytogenetic analysis of tetraploid and
hexaploid Aegilops crassa. Chromosome
Res. 6:629-637.

Badaeva, E. D., A. V. Amosova, T. E.
Samatadze, S. A. Zoshchuk, N. G. Shostak,
N. N. Chikida, A. V. Zelenin, W. J. Raupp,
B. Friebe and B. S. Gill. 2004. Genome
differentiation in Aegilops. 4. Evolution of
the U-genome cluster. Plant Syst. Evol.
246:45-76.

Belay, G., A. Merker and T. Tesemma. 1994.
Cytogenetic studies in Ethiopian landraces
of tetraploid wheat (Triticum turgidum L.).
Hereditas 121:45-52.

Cermeno, M. C., J. Orellana, J. L. Santos and J.
R. Lacadena. 1984. Nucleolar organizer
activity in wheat, rye, and derivatives
analyzed by a silver staining procedure.
Chromosoma 89:370-376.

Costa, J. Y. and E. R. Forni-Martins, 2003.
Karyology of some Brazilian species of
Alismataceae. Bot. J. Linn. Soc. 143:159—
164.

Cozzolino, S., S. Demerico and A. Widmer.
2004. Evidence for reproductive isolate



M. Arabbeigi et al.

selection in  Mediterranean  orchids:
karyotype differences compensate for the
lack of pollinator specificity. Proc. Roy.
Soc. Lond. B (Suppl.) 271:259-262.

DelBlanco, 1. A., S. Rajaram and W. E.
Kronstad. 2001. Agronomic potential of
synthetic hexaploid wheat-derived
populations. Crop Sci. 41:670-676.

Endo, T. R. and B. S. Gill. 1984. Somatic
karyotype, heterochromatin distribution,
and nature of chromosome differentiation
in common wheat, Triticum aestivum L. em
Thell. Chromosoma 89:361 -369.

Fatkhutdinova, R. A., F. M. Shakirova, A. V.
Chemeris, B. E. Sabirzhanov, and A. V.
Vakhitov. 2002. NOR activity in wheat
species with different ploidy levels treated

with phytohormones. Rus. J. Genet.
38:1335-1338.

Friebe, B., J. Jiang, N. A. Tuleen and B. S.
Gill. 1995. Standard karyotype of Triticum
umbellulata and the characterization of
derived  chromosome  addition and
translocation lines in common wheat.
Theor. Appl. Genet. 90:150-156.

Fukui, K. and S. H. Nakayama. 1997. Plant
Chromosomes: Laboratory Methods. CRC
Press. New York. U.S.A.

Ginkel, M. and F. Ogbonnaya. 2007. Novel
genetic diversity from synthetic wheats in
breeding cultivars for changing production
conditions. Field Crops Res. 104:86-94.

Hirai, H., Y. Hasegawa, Y. Kawamoto and E.
Tokita. 1998. Tandem duplication of
nucleolus organizer region (NOR) in the
Japanese macaque Macaca fuscata fuscata.
Chromosome Res. 6:191-197.

Hutchinson, J. and T. E. Millert. 1982. The
nucleolar organizers of tetraploid and
hexaploid = wheats revealed by in situ
hybridization. Theor. Appl. Genet. 61:285-
288.

Linc, G., B. R. Friebe, R. G. Kynast, M.
Molnar-Lang, B. Koszegi J. Sutka and B. S.
Gill. 1999. Molecular cytogenetic analysis

203

of Aegilops cylindrica Host. Genome

42:497-503.

Liu, J. Q. 2004. Uniformity of karyotypes in
Ligularia (Asteraceae: Senecioneae), a highly
diversified genus of the eastern Qinghai —
Tibet Plateau highlands and adjacent areas.
Bot. J. Linn. Soc. 144:329-342.

Mercado-Ruaro, P. and A. Delgado-Salinas.
1998. Karyotypic studies on species of
Phaseolus (Fabaceae: Phaseolinae). Am. J.
Bot. 85:1-9.

Mujeeb-Kazi, A., A. Gul, M. Farooq, S.
Rizwan and I. Ahmad. 2008. Rebirth of
synthetic hexaploids with global
implications for wheat improvement. Aust.
J. Agric. Res. 59:391-398.

Paszko, B. 2006. A critical review and a new
proposal of karyotype asymmetry indices.
Plant Syst. Evol. 285:39-48.

Razik Kamel, E. A. 2006. Karyotype
characterization and polyploidy variation in
some genotypes of Triticum aestivum L.
Cytologia 71:169-174.

Romero Zarco, C. 1986. A new method for
estimating karyotype asymmetry. Taxon
35:526-530.

Ruas, P. M., C. F. Ruas, E. M. D. Maffei and
M. A. Marin- Morales. 2000. Chromosome
studies in the genus Mikania (Asteraceae).
Genet. Mol. Biol. 23:979-984.

Schneider, A., L. Molnar and M. Lang. 2008.
Utilisation of Aegilops (goatgrass) species
to widen the genetic diversity of cultivated
wheat. Euphytica 163:1-19.

Seijo, J. G. and A. Fernandez. 2003. Karyotype
analysis and chromosome evolution in South
American species of Lathyrus
(Leguminosae). Am. J. Bot. 90:980-987.

Stebbins, G. L. 1971. Chromosomal evolution
in higher plants. Ltd., London, UK.

Waines, J. G. and G. Kimber. 1973. Satellite
number and size in Triticum monococcum

L. and the evolution of the polyploidy
wheats. Can. J. Genet. Cytol. 15:117-122.



