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Abstract

The wild-relative gene pools of wheat are a rich source of genetic variation for wheat improvement. Karyotypes
of eight genotypes of Triticum monococcum subsp. aegilopoides and eight genotypes of Aegilops cylindrica, which
grown wild next to each other in different regions in the west of Iran were studied. Root tips were treated in
a-bromonaphthalene solution, fixed in chromic acid-formaldehyde fluid, hydrolyzed in 1,N"NaOH and staining with
hematoxylin. Variation observed in karyotypic formulas of A. cylindricasshowing some structural changes of the
chromosomes. Aegilops cylindrica classified in 3A class and 7. m. subsp. aegilopeides classified in 1A class of
Stebbin's classification. Triticum monococcum. subsp. aegilopoides has been ‘suggested to be a relatively old origin
because possessing metacentric chromosomes while submetacentrictand subtelocentric chromosomes in A. cylindrica
suggest a relatively recent origin of the species. The karyotypic symmetry indices used in this study pointed to a much

more asymmetric karyotype of A. cylindrica than T. m. subsp. aegilopoides.
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Introduction

Wild wheat and wild relatives of wheat (Triticum
aestivum L.) are valuable sources of genes for desirable
agronomic traits, including resistance to biotic and
abiotic stresses (Feldman and Sears 1981). Wide
hybridization has been used in wheat improvement to
introgress agronomically important traits such as disease
and pest resistance as well as abiotic stress resistance
from wild relatives to cultivated species. Aegilops
species played an important role in the evolution of
wheat as being the closest related taxa and progenitors of
two wheat genomes B and D. Some of Aegilops species
are member of secondary gene pool of wheat, which
have at least one homologous genome with wheat
genome (Schneider et al. 2008). Aegilops cylindrica is an
allotetraploid species (2n=4x=28 DDCC genome) which
grows in northern, western and central regions of Iran,
and also widespread in west Asia, west, north and east
Europe (Schoenenberger et al. 2006). It has already been
demonstrated as being an indispensable source of salinity
tolerance (Farooq et al. 1992, Arzani A., unptiblished
data), cold tolerance (Iriki er al. 2001) and{Hessian fly
resistance (El Bouhssini ef al. 1998).

Triticum monococcum subsp. aegilopoides or wild
einkorn is a diploid species “with  AA~ genome
(2n=2x=14). It grows in northern and'western regions of
Fertile Crescent (Hopf & \Zohary 2000, Heun et al
1997). The domesticated £inkorn cultivates in marginal
regions and possessing desirable traits such as resistance
to diseases and pests as well as nutrition quality (Heun
et al. 1997, Konvalina et al. 2010).

Cytogenetic techniques have been used in
Triticeae species to manipulate genes in different
genomes for wheat breeding. In addition, cytogenetic
information is valuable to dissect natural evolution and
speciation (Gill & Fribe 2002). Due to easy chromosome
manipulations, wheat has been considered as a model in
polyploid cytogenetic studies. Karyotype studies describe
number, size and morphology of the chromosome sets in
related species (Singh 2003) and has been of great worth
in understanding interrelationships and delimitation of

the taxa.

Introduction of desirable genes from wild
relatives into a crop plant either with classical plant
breeding or modern plant breeding with the aid of
biotechnology tools requires the detailed karyotypic
information. Hence, karyotype analysis is still an
important tool for taxonomy, phylogeny and diversity
studies. Arzani et al. (2000) evaluated the immature
characterization of 14

pollen-mitosis  for single

chromosomes (haploid set) of Aegilops cylindrica

collected from west of Iran and reported six

submetacentric and one hacrocentric chromosomes
belonging to genome’ C as well as, six submetacentric and
one metacentric chtomosomes belonging to genome D.
They also” ‘reported ) that, from two satellited
chromosomes Cj and 5D, only the NOR of chromosome
5D preduced nucleolus. Bordbar et al. (2009) examined
themkaryotype asymmetry of the D genome-bearing
species and found that, A. vavilovii (Zhuk.) Chen. and A.
cylindrica Host. possessed the most symmetric and
asymmetric karyotypes, respectively. They identified A.
cylindrica as a recently originated species. Karimzadeh
et al. (2010) evaluated the karyotypes of 15 Aegilops
populations including three diploid populations and 12
tetraploid populations. Bakhshi er al. (2010) reported
that, there were differences in chromosome lengths of
Iranian

A. cylindrica accessions and lacked both B chromosomes
and aneuploids. They pointed out that, the variation of
DNA content and chromosome length was probably due
to the gain or loss of DNA content during the evaluation
of these species and cytotypes in different environments.
Arabbeigi et al. (2011) investigated the karyotypic
features of 21 wheat genotypes including diploid,
tetraploid and hexaploid species and belonging to wild,
cultivated and synthetic groups. Synthetic hexaploid
wheats had the greatest karyotype asymmetry indices,
which is explained based on their many different stages
of selection and introgression in the breeding program.
Ehtemam et al. (2014) analyzed the karyotype of 46
wheat accessions belonging to five species (Triticum

monococcum, T. urartu, T. durum, T. turgidum and
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T. aestivum) and two subspecies (7. boeticum subsp.
thaodar and T. boeticum subsp. boeticum) and based on
asymmetry indices divided them into three groups:
1. T. aestivum with the highest asymmetrical karyotype,
2. T. monococcum, T. boeoticum subsp. thaodar and
T. boeoticum subsp. boeoticum with the lowest
asymmetrical karyotype and 3-T. urartu, T. turgidum and
T. durum being an intermediate between the other
groups. They also reported that, 7. monococcum had the
oldest and the most primitive karyotype among diploid
species.

Although, several studies have examined the
karyotypic features of A. cylindrica, there are no studies
that have assessed: 1. karyotype analysis of Triticum
monococcum subsp. Aegilopoides and 2. karyotype
comparison between the genotypes of Triticum
monococcum subsp. aegilopoides and A. cylindrica
which naturally grow side-by-side in different areas in
west of Iran. Hence, the purpose of this study was to
investigate the karyotypic characteristics of eight
genotypes of Aegilops cylindrica and eight genotypes of
Triticum monococcum subsp. aegilopoides, @hich, grow

wild pairwise in west of Iran.

Materials and Methods
Eight genotypes of [T. monococcum subsp.
aegilopoides and eightsgenotypes of A. cylindrica grown
wild in west of Iran were,collected and used in this study.
Details of genotypes and\collection sites are given in
Table 1. Seeds were germinated in Petri dishes and roots
with a length of 3—4 cm were dissected and subjected to
the o- bromonaphthalene pretreatment at 4° C for 6 h.
Then, samples were fixed in chromic-acid formaldehyde
fluid (1:1 of 1% chromic acid + 10% formaldehyde) at
4° C for 36 h. Root tips were hydrolyzed in 1 N NaOH at
60° C for 10 min and finally stained with hematoxylin
(4%) for 2 h at room temperature. Stained root tips were
squashed in 45% acetic acid. Chromosome images were
taken under a Nikon Eclipse E600 light microscope using
the Photograb 300Z software (Fuji Photo Film Co. Ltd).
Five samples were utilized per genotype and ten

appropriate images were selected and measured by Dn-2

Micro-image process software. Karyotypic features such
as total length of chromosome (TLC), total long arm
(TLA), total short arm (TSA), symmetry index (SI), total
form percentage (TFP), difference of relative length
(DRL), intra chromosomal asymmetry index (A,), inter
chromosomal asymmetry index (A;) (Romero Zarco
1989) were estimated and Stebbin’s classification was
done. Ideogram of every genotype was drawn based on
mean chromosome

length (um) and arranged in

descending order of size.

Results and Discussion

Results of karyotypic analysis in eight genotypes
belonging to each I\ monacoceum subsp. aegilopoides
and A. cylindrica spécies are given in Table 2. Moreover,
the représentative photos of mitotic chromosomes for all
of the, examined genotypes are given in figures 1-3,

show,, chromosome ideogram of A. cylindrica and

T\, monoeoccum subsp. aegilopoides genotypes,
respectively.
Triticum monococcum subsp. aegilopoides

Triticum  monococcum  subsp. aegilopoides

genotypes characterized to as 1A class of Stebbin's
classification. The highest and the lowest values of
TFP% belonged to Tm3 (43.23) and Tm7 (40.99)
genotypes, respectively. The highest and the lowest
symmetry indices belonged to Tm8 (72%) and Tm3
(38.46%) genotypes. Tm7 (0.3) and Tm3 (0.21)
possessed the highest and the lowest interchromosomal
asymmetry index. The highest and the lowest
intrachromosomal asymmetry indices belonged to Tm3,
Tm4 (0.16) and Tm8 (0.11), respectively. Only one pair
of satellited chromosomes was observed in the karyotype
of T. m. subsp. aegilopoides genotypes. Although,
Camara (1943), Coucoli & Skorda (1966), Giorgi &
Bozzini (1969), Kerby & Kuspira (1988), Arabbeigi et
al. (2011), and Ehtemam et al. (2014) analyzed the
karytotype of T. monococcum, no report is available
on the karyotypic characteristics of 7. m. subsp.

aegilopoides.
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Aegilops cylindrica Host

All of the Aegilops cylindrica Host genotypes
classified in 3A class of Stebbin's classification. The
most frequent type of chromosomes of this species
on the basis of Levan et al. (REF) categories were
submetacentric and subtelocentric while Ac2, Ac4, Ac5
and Ac8 genotypes categorized as having metacentric
chromosomes. Results of the current study are broadly in
agreement with those of Arzani et al. (2000), Bordbar
et al. (2009) and Karimzadeh et al. (2010), who also
found either metacentric or submetacentric as the most
frequent type of chromosomes of this species.

Total form percentages varied in the genotypes
with the highest value belonging to Ac8 genotype
(35.4%). The highest and the least values of symmetry
index belonged to Ac2 and Ac6 genotypes, respectively.
The highest and the least interchromosomal asymmetry
index belonged to Ac4 (0.46) and Ac2 (0.41) genotypes,
respectively. On the other hand, Ac7 (0.17) and Ac§
(0.14) genotypes possessed the highest and the least
intrachromosomal asymmetry index. Two pairs of
satellited chromosomes were observed in the karyotype
of the A. cylindrica genotypes, which 4§ consistent with
that of Arzani er al. (2000). The resultstofathe current
study are consistent with thosefof Bakhshi ez jal. (2009)
and Arabbeigi et al. (2011) who reported variation for

the symmetry index améng the genotypes.

- Comparisons between_ZIriticum monococcum subsp.
aegilopoides and Aegilops’'cylindrica

Asymmetry index, implying variation in the length of
chromosomes, was estimated 63.8% for 7. m. subsp.
aegilopoides and 58.4% for A. cylindrica, with the lower
the value the higher the asymmetry in karyotype. Mean
of total form percentage, demonstrating variation in the
centromere positions of the meiotic chromosomes, was
estimated 40.9 for 7. m. subsp. aegilopoides and 34.1%
for A. cylindrica. The lower is the amount of total form
percentage the higher will be the asymmetry in
karyotype. Mean of interchromosomal asymmetry index,
indicating variety in position of centromeres, varied from

0.26 in T. m. subsp. aegilopoides to 0.44 in A. cylindrica.

Mean of intrachromosomal asymmetry index, revealing
which variety in the length of chromosomes, slightly
differed between T. m. subsp. aegilopoides (0.15) and
A. cylindrica (0.16). The higher is the value of either
interchromosomal or intrachromosomal the greater will
be both the asymmetry index and the asymmetry of
karyotype.

Some differences were observed among eight
genotypes of each species for example length of
chromosomes.

These could be explained by two

possibilities:  sampling | biases the chromosome
preparation/observation at different mitotic stages as well
as the structural changes|of chromosomes (Sybenga
1992). Thesé€ results”are\consistent with those of Sheidai
et al. 1996, and Karimzadeh et al. 2010, who claimed
that,” the changes in chromosomes type from metacentric
to msubmetacentric and telocentric is due to the
evolutionaty changes within species.

Existence of submetacentric and subtelocentric
chromosomes  showed

A. cylindrica. Sheidai et al. (2000) reported that,

evolutionary  changes in
different Aegilops populations belonged to 2A, 4A, 3B
and 4B class of the Stebbin's classification, while
Karimzadeh et al. (2010) classified Aegilops populations
into 1A and 1B classes. The shifts of the centromere
from median to subterminal or terminal position may
attribute to the changing in size of chromosomes as the
evolutionary forces which led to a greater asymmetry
(Yousefzadeh et al. 2010).

Two pairs of satellite chromosomes were
observed in the karyotype of the A. cylindrica genotypes.
It is likely that, each of the satellited chromosome pair
belongs to one of the C or D genomes. Likewise, Arzani
et al. (2000) reported that, A. cylindrica collected from
west Iran possesses a chromosome number of 2n=28 and
carries 2 satellited chromosomes of which one belongs to
each of C and D genomes. However, our results differed
from those reported either by Arabbeigi et al. (2011) who
observed three chromosome pairs possessing NOR or
Bordbar et al. (2009) who reported one satellited

chromosome. Karimzadeh et al. (2010) reported that, the
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number of satellited chromosomes ranged from 0 to 2

among the studied A. cylindrica accessions. The
observation of Badaeva et al. (2002) explained in part
these inconsistencies, by detecting two major NOR loci
and two additional minor NOR loci in A. cylindrica using
FISH technique.

All of the cytological features have pointed to the
higher symmetric and primitive karyotype of 7. m. subsp.
aegilopoides than A. cylindrica. These observations

are in agreement with those of Gill & Friebe (2002),

Arabbeigi et al. (2011) and Ehtemam et al. (2014), who
reported that, 7. monococcum was more primitive than
other wheat species. The asymmetrical karyotypes are
more advanced than symmetrical ones (Stebbins 1971).
The presence of gametocidal genes (Gc) genes in
A. cylindrica may be considered as one of the reasons of
the structural changes observed in this species. Likewise,
Link et al. (1999) have observed frequent chromosomal
rearrangements in A. cylindrica and other Aegilops

species possessing Gc genes.

Table 1. Plant materials (Aegilops cylindrical and Triticum monococcum subsp. aegilopoides)

and characteristics collection regions

Genotype* Locality Longitude Latitude Altitude (m)
Act, Tmi  ighaleh village, 46°53'475"E  34943'336" N 1408
’ Kamyaran
Gelkan village,
Ac2, Tm2  Sapandaj-Marivan Rd.  46° 55' 268" E'_\35° 24433"N 1675
Km 55, Kermanshah-
Ac3, Tm3 Ravansar Rd. 46°42' 022" E 352 397089"N 1397
Km 55, Kermanshah-
Ac4, Tm4  Ravansar Rd. 46° 42"022" B ), 34° 39' 089" N 1397
Km 55, Kermanshah-
Ac5,Tm5  Ravansar Rd. 46°42' 022E  34°39' 089" N 1397
Km 44, Kermanshah- 46° 46 602" E 34° 33' 457" N 1335
Ac6, Tm6 Ravansar Rd.
Km 44, Ketmanshahs, 460 46' 602" E  34°33'457" N 1335
Ac7, Tm7 Ravansar Rd.
Km 44, Kermanshah-
Ac8, Tm8  Ravansar Rd. 46°46' 602" E  34°33'457"N 1335

* A =A. cylindrica, T = T-‘monococcum subsp. aegilopoides, m = Meter

Table 2. Karyetypic characteristics of Aegilops cylindrica and Triticum monococcum subsp.

aegilopoides genotypes

Genotype! "TLC TLA TSA SI TFP DRL Al A2 KF
Acl 1124 744 38 60.1 34 37 045 0.15 12sm+2st
Ac2 112.8 72.8 399 619 354 34 041 0.15 3m+3sm+8sm
Ac3 1132 747 385 585 34 3.7 044 0.16 3sm+11st
Ac4 1123 751 372 579 333 4 046 0.15 Im+6sm+7st
Ac5 1052 692 36 573 343 38 045 0.16 1m+3st+10sm
Ac6 1034 679 355 56.8 344 39 044 0.15 2st+12sm
Ac7 1275 81.6 429 583 336 39 045 0.17 4st+10sm
Ac8 1114 74 374 578 335 33 045 0.14 1m+5st+8sm
Tml 74.6 426 32 385 429 6.8 021 0.16 Tm
Tm?2 742 429 313 507 422 58 027 0.13 Tm
Tm3 61.7 352 265 699 432 5 024 0.13 Tm
Tm4 764 448 31.6 423 417 69 029 0.16 Tm
Tm5 74.6 432 314 644 421 63 026 0.14 Tm
Tm6 824 492 341 494 414 59 028 0.13 Tm
Tm7 76.2 448 314 48.7 41 6.1 03 0.14 Tm
Tm8 60.2 343 254 72 422 4.6 027 0.11 Tm
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a. Acl, b. Ac2, c. Ac3, d
p. Tm8 (Bar = 10 um).
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