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SUMMARY

Cotton is one of the world's most important natural fiber and cash crops. The research carried out
studies of plants F;-F4 considering the importance of cytogenetic analysis of interspecific hybrids for
identifying structural differences between homologous chromosomes of crossed forms and substitution
of individual chromosomes or chromosome segments because of introgression of interspecific hybrids
in cotton breeding. The article comprised a cytogenetic analysis of introgressive lines obtained through
the participation of intergenomic crosses and F;-F4 cotton hybrids. The results revealed that in crossed
variants of Fi-F4 hybrid plants, the presence of open bivalents and univalents in PMC (pollen mother
cell) showed the absence of complete conjugation in the chromosomes. It could be due to the
structural differences between the homologous chromosomes in the crossed forms caused by
exchanging chromosomes with alien ones. According to the tetrad analysis, the average value ranged
from 95.65% F;L-158/16 x Sultan to 99.61% F;L-4747-48/16 x Sultan in F; hybrids. Based on the
tetrad analysis in 16 combinations, the meiotic index ranged from 96.76 + 0.34 to 99.54 + 0.19 in F,
hybrids and 96.51 + 0.56 to 99.34 + 0.30 in F3 hybrids, and in 17 combinations, the range was from
97.14 £ 0.29 t0 98.92 £ 0.12 in F4 hybrids. It also confirmed that meiosis is preceding naturally in the
remaining hybrid variants, with a decrease observed in the meiotic index. The results also increased
the number of other types of gametes (Monod, dyad, triad, pentad, hexad, and polyad), negatively
affecting normal gametes formation.
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Key findings: The cytological analyses of introgressive cotton lines and hybrids confirmed their donor
ability to enrich the cotton genome. Results established the stabilization of the meiotic division that

raised the meiotic index and pollen fertility. The structural

differences between homeologous

chromosomes confirm the introgressed fragments of wild forms and valuable traits in the cultivated

cotton genomes.

INTRODUCTION

Cotton is one of the most economically crucial
fiber crops worldwide (Wu et al., 2017; Aslam
et al., 2020). The genus Gossypium L. contains
about 53 species, where the cultivated four
comprised two diploid and two allotetraploid
(Wendel and Grover, 2015; Yin et al., 2020).
However, recent studies reported developing
and describing some new species (Stewart et
al., 2015; Gallagher et al., 2017). Divergence
analysis based on DNA molecular markers
enunciated that the main diploid branches of
the cotton genus diverged about 7-11 million
years ago (Wendel and Grover, 2015; Chen et
al., 2016, 2017a).

Subsequently, the cotton ancestors
diversified into ~46 diploid species (divided
into eight genome groups designated as A-G
and K) and seven allotetraploid species
designated as AD genomes (Abdurakhmonov
et al., 2008; Wendel and Grover, 2015; Grover
et al., 2015; Wu et al., 2017; Shim et al.,
2018). In general, the polyploid fiber appeared
about 1-2 million years ago, probably due to
transoceanic dispersal events involving an
African-Asian A-genome type that Ilater
hybridized with a New World D-genome type
(Wendel and Grover, 2015; Chen et al., 20173,
b).

In the present era, scientific research
on developing cotton by utilizing the existing
cotton gene pool in cotton-growing countries,
specifically increasing productivity and
improving fiber quality, has not lost its
relevance (Abdurakhmonov et al., 2014). It
also requires strengthening research on
identifying the unique donors with valuable
traits for the economy and involving them in
the selection process by introducing wild cotton
accessions from the gene pool of Uzbekistan.
Previous studies on interspecific 3-4-5 specific
hybridization (G.hirsutum L, G.barbadense L,
G.thurberi Tod., G.raimondii Ulbr. and
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G.arboreum L.) have developed new
introgression cotton lines and cultivars that can
serve as a base material in breeding for
practical and genetic selection in cotton
(Sherimbetov et al., 2020; Eschanov and
Namazov, 2021; Anwar et al., 2023; Muminov
et al., 2023; Namazov et al., 2023). Some
researches of Uzbek scientists are geared
toward genetically and geographically remote
hybridization (Kholmurodova et al., 2023;
Namazov et al.,2023) and developing cotton
progenies with none toxic enantiomer, i.e.,
high level of (+) gossypol (Uzbekov et al.,
2012; Vshivkova et al., 2012).

The wild and semi-wild types of cotton
are well-known to belong to diverse genomes,
which are also complex to cross with cultivated
cultivars, and the fact that most of the
interspecies hybrids obtained with them
showed the symptoms of sterility and non-
fecundity led to their infrequent use in practical
breeding (Zhang et al., 2014; Sanamyan et al.,
2022). However, great attention has focused
on studying the causes of sterility and non-
fecundity in interspecies hybridization. In
particular, as a result of studying the
development of the reproductive circle of wild
cotton intraspecific and interspecific hybrids,
the interspecific hybrids were full-fertile and
developed well (Percy et al., 2014; Miyazaki et
al., 2017, Konan et al., 2020). The
development of the sexual sphere, that is, the
process of meiosis, has passed without any
disturbances. However, the study of the
progress of the hybrid sexual circle between
the species, G. hirsutum L. x G. Trilobum,
exhibited several disorders in the course of
meiosis, micro- and macro-sporogenesis, and
gametophytes development, authenticating
significant pollen and seed shoot sterility
(Egamberdieva, 2017; Panda et al., 2023).

Therefore, a conclusion finds that it is
imperative to study the genetic and cytological
aspects of cotton breeding material with a


https://www.scopus.com/authid/detail.uri?authorId=57220931039
https://www.scopus.com/authid/detail.uri?authorId=57879191100
https://www.scopus.com/authid/detail.uri?authorId=57879191100
https://www.sciencedirect.com/science/article/abs/pii/S1570023212005636#!

Namazov et al. (2024)

complex genetic basis to ensure stabilizing the
various economic traits in higher generations
based on the achievements of modern science.
The present task sought to develop the
primary material that is genetically stable,
incorporating valuable economic features, such
as early maturity, high vyield, better fiber
quality, and tolerance to specific biotic factors.
The study also included exploring cytogenetic
parameters by introducing genetically enriched
introgression lines developed in the laboratory
through various complex hybridization methods
into crosses from previous study years.

MATERIAL AND METHODS
Plant material

The research commenced in the crop seasons
2016 until 2020 at the Scientific Research
Institute of Cotton Breeding, Seed Production
and Agrotechnologies, Tashkent, Uzbekistan.
Research samples used were 17 introgression
lines of upland cotton (Gossypium hirsutum
L.), i.e., L-4672-73/16 x Sultan, L-4674-77/16
x Sultan, L-4679-81/16 x Sultan, L-4684-
86/16 x Sultan, L-138/16 x Sultan, L-
470/1/16 x Sultan, L-95/16 x Sultan, L-
158/16 x Sultan, L-200/16 x Sultan, L-
MVG/16 x Sultan, L-58/16 x Sultan, L-
1979/16 x Sultan, L-175/248/16 x Sultan, L-
12/06/16 x Sultan, L-4747-48/16 x Sultan, L-
BSG/16 x Sultan, and L-588/16 x Sultan,
developed during of past years in the
Laboratory of Cotton Genetics and Cytology.

Cytogenetical analysis

The two different analyses, including a)
Analysis of the pollen fecundity and b) Analysis
of meiosis in metaphase-I and tetrad stage,
have been performed in cytogenetic studies. In
the flowering stage, picking three flowers from
the plants of each genotype every morning had
their pollen fecundity analysis performed. In
this analysis, temporarily crumpled
preparations from the accessions under
laboratory conditions used a 2% acetocormin
solution. After placing the preparations in a
Petri dish, it is necessary to put them in the
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refrigerator for one day to ensure better
staining. Each preparation’s analysis was
according to ten fields of view.

In the cytological analysis of meiosis,
collecting twice a week of young shoots (2-4
mm) from each studied genotype plants
sustained fixing in acetoalcohol solution (3:7)
(Sanamyan and Musaev, 1990). In the sporad
stage analysis, assessing several cotton plant
buds from each hybrid plant variant had their
meiotic index (M) -calculated, specifically a
cytogenetic study of the normal percentage of
tetrads relative to the total number of sporads
using the following:

Mi =%x 100 %

Where
IT = number of normal tetrads
N = total number of sporads

Statistical analysis

Cytogenetic studies underwent further analysis
with the help of the ‘Sporada’ and ‘Pollen’
programs, with the processing carried out in
the large and small accessions of statistical
indicators by following the methodology of
Dospekhov (1985).

RESULTS

Measuring the similarities and differences in
cotton types and species involved in
hybridization can proceed by the number of
conjugating chromosomes in the metaphase-I
stage of meiosis. However, with the
accumulation of new data, it became more
apparent that conjugation at the metaphase-I
stage of meiosis does not completely reflect
the process of chromosome pairing, with a
discrepancy in the number of chromosomes at
the early pachytene and diplotene stages in
wheat (Gill, 2015; Darrier et al., 2022).
Therefore, the said study proposed the total
absence of chromosome conjugation in the
prophase of meiosis as ‘asynapsis,” and the
appearance of unpaired chromosomes in the
late stages of meiosis, when there was
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conjugation in the pachytene phase of meiosis,
as ‘desynapsis.’

In separating hybrid genotypes with
different types of karyotype deviations in the
initial generations, the meiotic division of
several complex interspecific hybrids has been
studied (Sanamyan and Rakhmatullina 2003;
Sanamyan and Bobokhujaev, 2019). Such a
result was positive because the studied
material reached intensive use for selection in
numerous breeding processes. However, the
presence of some deviations in the karyotype
of the initial hybrids would have been of
negative importance for selection in cotton.

For cytological characterization of F;

hybrids obtained from crossing the
introgression cotton lines, the buds of the
hybrid plants acquired from 17 crossing

options gained fixing. However, the analysis of
chromosome pairing at the metaphase-I stage
of meiosis proceeded only in 10 crossing
combinations, as no buds appeared at this
stage in seven crossing combinations. Four F;
hybrid variants, viz., L-4684-86/16 x Sultan,
L-158/16 x Sultan, L-1979/16 x Sultan, and
L-588/16 x Sultan, showed the highest meiotic
stability, in which 26 normally closed bivalents
emerged at the metaphase-1 stage of meiosis,
with other associations of chromosomes were

undetected (Table 1). However, in the
remaining six crossing variants, different
deviation types were evident in some pollen
mother cells (PMC) at the metaphase-I stage
of meiosis. A single quadrivalent pairing of
chromosomes was visible in two PMCs in one F;
hybrid L-4672-73/16 x Sultan (Figure 1a). The
remaining eight of the 42 PMCs showed normal
closed bivalents and a small humber of double
univalents and open bivalents. The formation
of a quadrivalent association of chromosomes
in hybrid plants of the above hybridization
combinations also indicates the presence of a
translocation in the differentiation of
chromosome sets in parental forms.

The presence of open bivalents and
univalent chromosomes also indicated the
occurring hidden  structural changes in
chromosomes of the inter-breeding types. In
addition, three more hybrid variants showed
having double univalents in the PMC. However,
in the PMC of two hybrid variants F,; L-138/16
x Sultan and F;L-MVG/16 x Sulton along with
normal bivalents, up to four wunivalent
chromosomes were also prominent (Figure 1b).
In another variant, F;L-58/16 x Sulton, 14
univalents were evident. The chromosomes of
the interbreeding forms were sufficiently

Table 1. Analysis of chromosomes conjugation at the metaphase-I stage of meiosis in F; hybrids.

Average number of cells

Plant material

Univalent Bivalent Open Quadrivalent

FiL-4672-73/16 x Sultan 0.25+0.24 25.38+0.59 - 0.25+0.24
F1L-4674-77/16 x Sultan - - - -
F,L-4679-81/16 x Sultan - - - -
FL-4684-86/16 x Sultan - 26.00+0.00 - -
FiL-138/16 x Sultan 0.18+0.17 25.91+0.09 - -
F:L-470/1/16 x Sultan - - - -
F,L-95/16 x Sultan - - - -
FiL-158/16 x Sultan - 26.00+0.00 - -
F,L-200/16 x Sultan - - - -
F;L-MVG/16 x Sultan 0.50+0.25 25.50+0.14 0.25+0.13 -
FiL-58/16 x Sultan 0.93+0.90 25.53+0.45 - -
F1L-1979/16 x Sultan - 26.00+0.00 - -
F1L-175/248/16 x Sultan - - - -
F:L-12/06/16 x Sultan - - - -
F1L-4747-48/16 x Sultan - 25.91+0.09 0.09+0.09

FiL-BSG/16 x Sultan - 25.91+0.09 0.09+0.09 -
F;L-588/16 x Sultan - 26.00+0.00 - -
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Figure 1. Configuration of chromosomes at the metaphase-I stage of meiosis in F; hybrids: a) F;L-

4672-73/16 x Sultan: 26 bivalents, one quadrivalent; b) F,;L-138/16 x Sultan:

26 bivalents, of which

two are open bivalents; c) F;L-158/16 x Sultan: 26 bivalents (open bivalents are indicated with an

arrow).

homologous for the conjugation in the
prophase of meiosis; however, the hidden
structural variations led to premature
separation of chromosomes and the
appearance of ‘pseudo univalents’ in the

metaphase-I stage of meiosis. Two other F;
hybrid variants, i.e., L-4747-48/16 x Sultan
and L-BSG/16 x Sultan, also had the presence
of normally closed bivalents and very few open
bivalents in their PMC.

Fixing the buds from plants of 17
hybridization options helped study the
cytological characteristics of F, hybrids. The

analysis of chromosome pairing at the
metaphase-I stage of meiosis also transpired
only in nine crossing combinations, whereas, in
the remaining eight crossing combinations, no
buds were available at the metaphase-I stage
of meiosis. In three F2 hybrids, i.e., L-4674-
77/16 x Sultan, L-95/16 x Sultan, and L-
58/16 x Sultan, the standard closed bivalents
formation ensued at the metaphase-I stage of
meiosis and showed the highest meiotic
stability, while not detecting other association
of chromosomes (Table 2).

Table 2. Analysis of chromosomes conjugation at the metaphase-I stage of meiosis in F, hybrids.

Average number of cells

Plant material

Univalent Bivalent Open Quadrivalent
F,L-4672-73/16 x Sultan 0.10+0.10 25.70+0.20 0.20+0.19 -
F,L-4674-77/16 x Sultan - 26.00+0.00 -
F,L-4679-81/16 x Sultan - - -
F,L-4684-86/16 x Sultan 0.09+0.09 25.82+0.09 0.09+0.09 -
F,L-138/16 x Sultan 0.08+0.07 25.85+0.10 0.08+0.07 -
F,L-470/1/16 x Sultan 0.31+0.13 25.92+0.07 0.08+0.07 -
F,L-95/16 X Sultan - 26.00+£0.00 - -
F,L-158/16 x Sultan - - - -
F,L-200/16 x Sultan 0.10+0.10 25.80+0.13 0.10+0.10 -
F,L-MVG/16 x Sultan - - - -
F,L-58/16 x Sultan - 26.00+0.00 - -
F,L-1979/16 x Sultan - - - -
F,L-175/248/16 x Sultan - - - -
F,L-12/06/16 x Sultan - - - -
F,L-4747-48/16 x Sultan - - - -
F,L-BSG/16 x Sultan - - - -
F,L-588/16 x Sultan 0.13+0.13 25.75+0.16 0.13+0.13 -
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Figure 2. Chromosomes configuration of metaphase-1 phase of meiosis in hybrids F,: a) in F,L-
138/16 x Sultan hybrid 26 normal bivalent; b) in F,L-470/1/16 x Sultan hybrid 26 normal bivalent;
c) in F,L-200/16 x Sultan hybrid 26 normal bivalent, of which one is open bivalent; d) in F,L-588/16
x Sultan hybrid 26 normal bivalent, of which one is open bivalent; e) in F,L-12/06/16 x Sultan hybrid
incomplete PMCs bivalents (open bivalents are indicated with an arrow).

However, in the remaining six studied
hybrids, i.e., F,L-4672-73/16 x Sulton, F,L-
4684-86/16 x Sultan, F,L-138/16 x Sultan,
F,L-470/1/16 x Sultan, F,L-200/16 x Sultan,
and F,L-588/16 x Sultan, very few open
bivalents were remarkable (Figures 2c, d, e)
along with normal closed bivalents at the
metaphase-1 stage of meiosis in pollen mother
cells (PMC) (Figures 2a, b). In F, hybrids of six
crossing variants, the open bivalents in PMC
indicated incomplete conjugation in
chromosomes due to structural differences
between the chromosome sets of the crossing
types.

At the metaphase-I stage of meiosis,
the analysis of chromosome pairing in complex
interspecific F;3 hybrids ensued in 10 hybrid
combinations. Meanwhile, no buds occurred at
the metaphase-I stage of meiosis in the
remaining seven cross combinations. Four
hybrids, i.e., F5 L-4672-73/16 x Sultan, FsL-
470/1/16 x Sultan, F3L-1979/16 x Sultan, and
FsL-4747-48/16 x Sultan displayed the highest
meiotic stability, in which 26 normal closed
bivalents underwent formation at the
metaphase-I stage of meiosis, not detecting
any other chromosomes association (Figures
3a, b, ¢).
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Observations in five hybrid variants,
viz., F3L-4679-81/16 x Sultan, F3L-4684-86/16
X Sultan, F3L-200/16 x Sultan, F;L-58/16 x
Sultan, and Fs5L-175/248/16 x Sultan, included
the normally closed bivalents (from 25.33 +
0.29 to 25.69 = 0.29, on average per cell) and
very few open bivalents (0, from 23 £ 0.22 to
0.63 £ 0.59, on average per cell) at the
metaphase-I stage of meiosis in separate PMCs
(Figures 3d, e, f). In addition, in two crossing
variants, F3L-175/248/16 x Sultan and FsL-
BSG/16 x Sultan, the separate univalents were
evident in maternal cells of the pollen (0.58 %=
0.28 and 1.00 £+ 0.50, on average per cell,
respectively) (Table 3). The absence of
complete conjugation in the chromosomes
emerged due to open bivalents in the PMC of
the F3 hybrid plants of five crossing variants.
Likewise, the presence of  univalent
chromosomes apart in two crossing variants

appeared due to the structural differences
between homologous chromosomes in the
crossing forms caused by exchanging

chromosomes with alien ones.

For cytological characteristics of F4
hybrids, fixation of the buds obtained from
plants of 17 hybrids surfaced. Analysis of
chromosome pairing at the metaphase-I stage
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Figure 3. Configuration of metaphase-I of meiosis in Fs hybrids: a) FsL-470/1/16 x Sultan 26 normal
bivalents; b and c) F3L-1979/16 x Sultan hybrid 26 bivalent; d) in F3L-4679-81/16 x Sultan hybrid 24
normal and two open bivalents; e and f) in F3L-200/16 x Sultan hybrid 23 normal and three open
bivalents, plate of three bivalents are located below; f) in chromosomes inadequate division of meiosis

metaphase-II.

Table 3. Analysis of chromosomes conjugation at the metaphase-I stage of meiosis in F3 hybrids.

Average number of cells

Plant material Univalent Bivalent Quadrivalent
Close Open
FsL-4672-73/16 x Sultan - 26.00+0.00 - -
F3L-4674-77/16 x Sultan - - - -
F5L-4679-81/16 x Sultan - 25.77+0.22 0.23+0.22 -
F3L-4684-86/16 x Sultan - 25.69+0.30 0.31+0.30 -
F3L-138/16 x Sultan - - - -
F3L-470/1/16 x Sultan - 26.00+0.00 - -
F3L-95/16 X Sultan - - - -
F3;L-158/16 x Sultan - - - -
FsL-200/16 x Sultan - 25.38+0.59 0.63+0.59 -
F3;L-MVG/16 x Sultan - - - -
FsL-58/16 x Sultan - 25.60+039 0.40+0.39 -
FsL-1979/16 x Sultan - 26.00+0.00 - -
F3L-175/248/16 x Sultan 0.58+0.28 25.67+£0.14 0.25+0.13 -
F3L-12/06/16 x Sultan - - - -
F3;L-4747-48/16 x Sultan - 26.00£0.00 - -
FsL-BSG/16 x Sultan 1.00+0.50 25.33+0.29 - -

F3L-588/16 x Sultan -

of meiosis progressed in 11 hybrids, and no
bud arose at the metaphase-I stage of meiosis
in the remaining six crossing combinations.
Four crossing variants of F4 hybrids, i.e., F4L-
4684-86/16 x Sultan, F4,L-95/16 x Sultan, F4L-
4747-48/x Sultan, and F4L-588/16 x Sultan
were also descriptive of the highest meiotic
stability. The formation of 26 normally closed
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bivalents occurred at their metaphase-I stage
of meiosis, with no other chromosome
association recognized (Table 4). In three
hybrids, i.e., F4L-4679-81/16 x Sultan, F4L-
1979/16 x Sultan, and F4L-12/06/16 x Sultan
during the metaphase-I stage of meiosis, very
few open bivalents (ranging from 0.17 £ 0.15
to 050 = 0.35, on average per
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Table 4. Analysis of chromosomes conjugation at metaphase-I stage of meiosis in F4 hybrids.

Average number of cells

Plant material Univalent — Blvalentopen Quadrivalent
F4L-4672-73/16 x Sultan - - - -
F4L-4674-77/16 x Sultan 0.14+0.13 25.86+0.13 0 0
F4L-4679-81/16 x Sultan 0 25.83+0.15 0.17+0.15 0
F4L-4684-86/16 x Sultan 0 26.00+0.00 0 0
F4L-138/16 x Sultan - - - -
F4L-470/1/16 x Sultan - - - -
F4L-95/16 x Sultan 0 26.00+0.00 0 0
F4L-158/16 x Sultan 0.50+0.47 25.63+0.25 0.25+0.24 0
F4,L-200/16 x Sultan 0.06%0.06 25.69+0.15 0.25+0.14 0
F4L-MVG/16 X Sultan - - - -
F4L-58/16 x Sultan - - - -
F4L-1979/16 x Sultan 0 25.67+0.29 0.33+0.29 0
F4L-175/248/16 x Sultan - - - -
F4,L-12/06/16 x Sultan 0 25.50+0.35 0.50+0.35 0
F4L-4747-48/16 x Sultan 0 26.00+0.00 0 0
F4L-BSG/16 x Sultan 0.10+0.11 25.60+0.23 0.30+0.22 0
F4,L-588/16 x Sultan 0 26.00+0.00 0 0

Figure 4. Configuration of metaphase-I of meiosis in F4 hybrids of cotton: a) F4,L-4672-73/16 x Sultan
hybrid abnormal anaphase-I; b and c) F,L-158/16 x Sultan hybrid b) 24 normal bivalent and four
univalent; c) 26 normal bivalent; d) F4,L-MVG/16 x Sultan hybrid 24 normal bivalent and two open

bivalent.

cell) came out (Figure 4a). Similarly, normally
closed bivalents (ranging from 25.83 + 0.15 to
25.50 + 0.35, on average per cell) were
notable (Figures 4b, c).

Additionally, in four Cross
combinations, i.e., F4 L-4674-77/16 x Sultan,
F4,L-158/16 x Sultan, F4L-200/16 x Sultan,
and F4L-BSG/16 x Sultan, different univalents
were prevalent in separate PMCs (from 0.06 =
0.06 and 0.50 = 0.47, on average per cell)
(Figures 4b, c, d). In some PMCs of three
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hybrids, viz., F4,L-158/16 x Sultan, F4L-200/16
x Sultan, and F4L-BSG/16 x Sultan, the
univalents and open bivalents had
simultaneous formation. In chromosomes, the
absence of complete conjugation existed due
to open bivalents in the PMC of the six F4
hybrid plants. In four hybrid variants, available
univalent chromosomes might be due to the
structural differences between the homologous
chromosomes caused by the exchange of
separate chromosomes with alien ones.
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DISCUSSION

The narrowness of the genetic base of the
existing germplasm and cultivated genotypes is
one of the primary hindrances in improving
cotton productivity. The use of wild species in
developing promising cotton cultivars with
enriched genetic diversity and considerable
tolerance to biotic and abiotic stresses is one of
the brilliant approaches. Developing
introgression lines helps to expand the genetic
diversity in cotton and increases resistance to
various diseases and pests (Shavkiev et al.,
2022). In the presented studies, cytogenetic
analysis of F; interspecific hybrids resulted
from intergenomic hybridization that revealed
bivalent and univalent accessions at the
metaphase-1 stage of meiosis. Sanamyan et
al. (2022) reported that in a metaphase-I
analysis of 49 monosomic F; hybrids, 47
monosomic plants exhibited 25 bivalent and
one univalent modal chromosome pair.

In the latest research, three hybrid
combinations, i.e., F,L-4674-77/16 x Sultan,
F,L-95/16 x Sultan, and F,L-58/16 x Sultan,
showed the highest meiotic stability, forming
26 normally closed bivalents at the metaphase-
I stage of meiosis. In the F, interspecific
combinations based on the analysis of meiosis
at the metaphase-I stage in six hybrids F,(G.
hirsutum ssp. euhirsutum cultivar ‘Kelajak’) x
(G. arboreum x G. herbaceum), F,(G.
hirsutum ssp. euhirsutum cultivar ‘Kelajak’) x
(G. arboreum ssp. perenne x G. arboreum ssp.
obtusifolium var. indicum), normal
chromosome pairing was evident with the
formation of bivalents and univalents in pollen
mother cells (PMCs) (Bobokhujaev et al.,
2019).

The present research discovered open
bivalents in PMC in five F3 interspecific hybrid
plants and existing separate univalent
chromosomes in two hybrid combinations. The
Fi-F4 hybrids showed open bivalent division in
the PMC of six variants and univalent
chromosomes in four hybrid variants due to
the exchange of chromosomes with alien ones.
It also lacked complete conjugation of
chromosomes due to structural differences
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between the homologous chromosomes in the
hybridized forms. In similar past studies,
cytogenetic analyses proceeded on interspecies
hybrids, identifying the univalents, bivalents,
trivalents, tetravalents, pentavalents, and
hexavalents plants in cotton (Konan et al.,
2007, 2020; Kushanov et al., 2022; Khidirov et
al., 2023).

In the studied cotton cultivars, meiosis
metaphase-I mainly produced the bivalents
with rings and rods, with univalents also
forming in some genotypes. A previous study
also observed bivalent, univalent, and
tetravalent forms in metaphase-I of meiosis in
diploid and tetraploid cotton hybrids
(Noormohammadi et al, 2012). The
cytogenetic research on Gossypium hirsutum L.
cultivars and their hybrids reported significant
differences in chiasma frequency, distribution,
and chromosome pairing, indicating their
genetic differences (Sheidai, 2008).

CONCLUSIONS

The cytological characteristics of the composite
interspecific F;-F, cotton hybrids obtained by
crossbreeding of introgressive lines showed
variations in the different degrees of disorders,
both among the cotton lines and hybrids.
Analysis of composite interspecies Fi-F4
hybrids confirmed the presence of open
bivalents and single univalents at the
metaphase-I stage of meiosis and attenuation
of synapse density. Identifying structural
differences between the homologous
chromosomes caused by the exchange of
separate segments of chromosomes with alien
ones indicates the introgression of foreign
material in the studied cotton hybrids.
Therefore, the recommendation to monitor the
cytological stability along with morpho-
agronomic traits of genetic selection materials
developed through interspecific hybridization is
necessary. The obtained introgressive hybrids
will serve as an excellent source and
opportunity for the breeders to make the
genetic and breeding researches based toward
introgression of usufull traits of wild cotton
spesies into genome of cultivated ones.



SABRAO J. Breed. Genet.56 (3) 906-917. http://doi.org/10.54910/sabrao2024.56.3.1

ACKNOWLEDGMENTS

The authors are grateful to the Ministry of Higher
Education, Science, and Innovation of the Republic of
Uzbekistan for funding and to the National University
of Uzbekistan, named after Mirzo Ulugbek, for the
continued support of collaborative research for the
cytological experiments.

REFERENCES

Abdurakhmonov 1Y, Kohel RJ, Yu J]Z, Pepper AE,
Abdullaev AA, Kushanov FN, Salakhutdinov
IB, Buriev ZT, Saha S, Scheffler BE, Jenkins
JN, Abdukarimov A (2008). Molecular
diversity and association mapping of fiber
quality traits in exotic G. hirsutum L.
germplasm. Genomics 92(6): 478-487,
https://doi.org/10.1016/j.ygeno.2008.07.01
3.

Abdurakhmonov 1Y, Abdullaev AA, Buriev Z,
Shermatov Sh, Kushanov FN, Makamov A,
Shapulatov u, Egamberdiev Shs,
Salakhutdinov IS, Ayubov M, Darmanov M,
Adylova A, Rizaeva SM, Abdullaev F,
Khalikova M, Saydaliev H, Avtonomov V,
Namazov ShE, Snamyan MF, Duiesenov T,
Musaev J, Abdullaev AA, Abdukarimov A
(2014). World Cotton Germplasm
Resources, Cotton Germplasm Collection of

Uzbekistan. “Agricultural and Biological
Sciences” Ibrokhim Y. Abdurakhmonov
(Ed.), ISBN 978-953-51-1622-6.

http://dx.doi.org/10.5772/56978.

Anwar M, Igbal MZ, Abro AA, Memon S, Bhutto LA,
Memon SA, Peng Y (2022). Inter-specific
hybridization in cotton (G. hirsutum) for
crop improvement. Agronomy 12(12): 3158.
https://doi.org/10.3390/agronomy12123158.

Aslam S, Khan SH, Ahmed A, Dandekar AM (2020).
The tale of cotton plant: From wild type to
domestication, leading to its improvement
by genetic transformation. Am. J. Mol. Biol.
10(2): 91-127. https://doi.org/10.4236/
ajmb.2020.102008.

Bobokhujaev SHU, Muminov KA, Sanamyan MF,
Rizaeva SM (2019). Cytological features of
hybrid forms obtained from crosses of
tetraploid and two a-genomic diploid species
of cotton. Sci. Tech. J. Namangan Instt.
Eng. Technol. 1(7): https://namdu.
researchcommons.org/journal/vol1/iss7/20.

Chen Z, Grover CE, Li PB, Wang YM, Nie H, Zhao Y,
Wang M, Liu F, Zhou Z, Wang X, Cai X,
Wang K, Wendel JF, Hua J (2017a).

915

Molecular evolution of the plastid genome
during diversification of the cotton genus.
Mol. Phylogenet. Evol. 112: 268-276. doi:
10.1016/j.ympev.2017.04.014.

Chen Z, Nie H, Grover CE, Wang Y, Li P, Wang M, Pei
H, Zhao Y, Li S, Wendel JF, Hua J (2017b).
Entire nucleotide sequences of Gossypium
raimondii and G. arboretum mitochondrial
genomes revealed A - genome species as
cytoplasmic donor of the allotetraploid
species. Plant Biol. 19: 484-493. doi:
10.1111/plb.12536.

Chen ZW, Feng K, Grover CE, Li P, Liu F, Wang YM,
Xu Q, Shang M, Zhou Z, Cai X, Wang X,
Wendel JF, Wang K, Hua ] (2016).
Chloroplast DNA  structural variation,
phylogeny, and age of divergence among

diploid cotton species. PLoS One 11:
e0157183. doi: 10.1371/journal.pone.
0157183.

Darrier B, Colas I, Rimbert H, Choulet F, Bazile J,
Sortais A, Jenczewski E, Sourdille P (2022).
Location and identification on chromosome
3B of bread wheat of genes affecting
chiasma number. Plants 11, 2281.
https://doi.org/10.3390/plants11172281.

Dospekhov BA (1985). Methods of Field Experiments.
Moscow: Agropromizdat pp. 351.

Egamberdieva SA (2017). The estimation of new
cotton lines obtained with participation of
introgressive form. Bulg. J. Agric. Sci.
23(4): 578-583.

Eschanov B, Namazov SE (2021). Pest Management
in Cotton: Uzbekistan and Turkmenistan.
CABI Books. CABI. pp. 101-112. doi:
10.1079/9781800620216.0006.

Gallagher JP, Grover CE, Rex K, Moran M, Wendel JF

(2017). A new species of cotton from Wake

Atoll, Gossypium stephensii (Malvaceae).

Syst. Bot. 42(1): 115-123. doi:

10.1600/036364417X694593.

(2015). Wheat Chromosome Analysis.
Advances in Wheat Genetics: From Genome
to Field. Springer. https://doi.org/10.1007/
978-4-431-55675-6_7.

Grover CE, Gallagher JP, Jareczek ], Page JT, Udall
JA, Gore MA (2015). Re-evaluating the
phylogeny of allopolyploid Gossypium L.
Mol. Phylogenet. Evol. 92: 45-52. doi:
10.1016/j.ympev.2015.05.023.

Khidirov MT, Ernazarova DK, Rafieva FU, Ernazarova
ZA, Toshpulatov AKh , Umarov RF, Kholova
MD, Oripova BB, Kudratova MK, Gapparov
BM, Khidirova MM, Komilov DJ, Turaev OS,
Udall JA, Yu JZ , Kushanov FN (2023).
Genomic and cytogenetic analysis of
synthetic polyploids between diploid and

Gill BS


https://doi.org/10.1016/j.ygeno.2008.07.013
https://doi.org/10.1016/j.ygeno.2008.07.013
http://www.intechopen.com/books/world-cotton-germplasm-resources
http://www.intechopen.com/books/world-cotton-germplasm-resources
http://www.intechopen.com/subjects/agricultural-and-biological-sciences
http://www.intechopen.com/subjects/agricultural-and-biological-sciences
https://doi.org/10.3390/agronomy12123158
https://namdu.researchcommons.org/journal/vol1/iss7/20
https://namdu.researchcommons.org/journal/vol1/iss7/20
https://www.scopus.com/authid/detail.uri?authorId=57879191100
https://www.scopus.com/authid/detail.uri?authorId=55414058700

Namazov et al. (2024)

tetraploid cotton (Gossypium) species.
Plants 12(24): 4184.
https://doi.org/10.3390/plants12244184.

Kholmurodova G, Barotova A, Namazov S,
Yuldasheva R, Jumashev M (2023). Creation
of selected items with high fiber yield and
length based on cotton composite hybrids.
E3S Web of Conf. Vol. 371, pp. 01039.

Konan NG, Baudoin JP, Mergeai G (2020). Potential
of ten wild diploid cotton species for the
improvement of fiber fineness of upland
cotton through interspecific hybridization. J.
Plant Breed. Crop Sci. 12(2): 97-105.

Konan ON, d'Hont A, Baudoin JP, Mergeai G (2007)
Cytogenetics of a new trispecies hybrid in
cotton: [(Gossypium hirsutum L. x G.
thurberi Tod.) 2 x G. longicalyx Hutch. &
Lee]. Plant Breed. 126(2): 176-181.
https://doi.org/10.1111/j.1439-
0523.2007.01325.x.

Kushanov FN, Komilov D], Turaev OS, Ernazarova
DK, Amanboyeva RS, Gapparov BM, Yu JZ
(2022). Genetic analysis of mutagenesis
that induces the photoperiod insensitivity of
wild cotton Gossypium hirsutum Subsp.
purpurascens. Plants 11(22): 3012.
https://doi.org/10.3390/plants11223012.

Miyazaki J, Warwick NS, Wilson LJ (2017). Sources of
plant resistance to thrips: A potential core
component in cotton IPM. Entomol. Exp.
Appl. 162: 30-40.

Muminov K, Amanov B, Buronov A, Tursunova N,
Umirova L (2023). Analysis of yield and fiber
quality traits in intraspecific and interspecific
hybrids of cotton. SABRAO J. Breed. Genet.
55(2): 453-462. http://doi.org/10.54910/
sabrao2023.55.2.17.

Namazov SH, Kholmurodova G, Yuldasheva R
(2023). Indications of high-generation
convergent hybrids based on transgressive
recombination prints in cotton. BIO Web of

Conferences  78(4):04003 doi:10.1051/
bioconf/20237803007
Namazov Sh, Matyokubov S, Sadiqova O,

Mamarahimov B, Jololov A (2023). Heredity
and variability of early maturity of cotton
hybrids developed by participation of the

introgressive  progenies. BIO Web of
Conferences 78(4)003, doi:10.1051/
bioconf/20237804003.

Noormohammadi Z, Sheidai M, Farahani F, Shojaei F,
Alishah O (2012). Cytogenetic analysis of
Mehr cotton cultivar and its crossing
progenies: A search for unreduced pollen
grains. Cytologia 77(1): 107-112,
https://doi.org/10.1508/cytologia.77.107.

Panda D, Kumar M, Mahalingam L, Raveendran M,
Manickam S, Senguttuvan K (2023).

916

Crossability relationship between wild cotton
G. anomalum and G. aridum with upland
cotton (G. hirsutum). Agric. Sci. Digest.
43(2): 176-180. doi: 10.18805/ag.D-5736.
Percy RG, Frelichowski JE, Arnold MD, Campbell TB,
Dever JK, Fang DD, Hinze LL, Dorrie M,
Scheffler J, Sheehan MA, Ulloa M, Yu J, John

Y (2014). The US National Cotton
Germplasm Collection-Its contents,
preservation, characterization, and
evaluation, in World Cotton Germplasm
Resources, 1.Y. Abdurakhmonov (ed.).

InTech: Rijeka, Croatia pp. 167-201. doi:
10.5772/58386.

Sanamyan MF, Bobokhujaev Shu (2019).
Identification of univalent chromosomes in
monosomic lines of cotton (Gossypium
hirsutum L.) by means of cytogenetic
markers. Vavilov J. Genet. Breed. 23:836-
845. doi: 10.18699/V]19.557.

Sanamyan MF, Bobokhujayev ShU, Abdukarimov SS,
Makamov AK, Silkova OG (2022). Features
of chromosome introgression from
Gossypium barbadense L. into G. hirsutum
L. during the development of alien
substitution lines. Plants 11(4): 542.
https://doi.org/10.3390/plants11040542.

Sanamyan MF, Musaev DA (1990). Detection and
cytological study of aneuploid and euploid
plants with chromosome translocations in

cotton Gossypium hirsutum L. Genetics
26(3): 506-515 [In Russian).
Sanamyan MF, Rakhmatullina EM (2003).

Cytogenetic analysis of translocations in

cotton. Plant Breed. 122(6): 511-516.

doi:10.1111/j.1439-0523.2003.00887.
Shavkiev ], Nabiev S, Azimov A, Chorshanbiev N,

Nurmetov KH (2022). Pima cotton
(Gossypium barbadense L.) lines
assessment for drought tolerance in

Uzbekistan. SABRAO J. Breed. Genet. 54(3):
524-536. http://doi.org/10.54910/
sabrao2022.54.3.6

M (2008). Cytogenetic distinctiveness of
sixty-six  tetraploid cotton (Gossypium
hirsutum L.) cultivars based on meiotic

Sheidai

data. Acta Bot. Croatica 67(2): 209-220.
https://hrcak.srce.hr/28599.
Sherimbetov AG, Namazov SHE, Adilov BSH,

Ruzmetov DR, Sadiqov KhR, Matyoqubov
SK, Karimov E (2020). Investigation and
identification of phytopathogenic and
saprophytic  Fusarium species in the
agricultural fields soil layers of the Republic
of Uzbekistan. Plant Cell Biot. Mol. Biol.
21(61-62): 101-108. https://www.
ikprress.org/index.php/PCBMB/article/view/
5647.


https://www.scopus.com/authid/detail.uri?authorId=58134075600
https://www.scopus.com/authid/detail.uri?authorId=58133671000
https://www.scopus.com/authid/detail.uri?authorId=55414058700
https://www.scopus.com/authid/detail.uri?authorId=57395626300
https://www.scopus.com/authid/detail.uri?authorId=58134882200
https://doi.org/10.1111/j.1439-0523.2007.01325.x
https://doi.org/10.1111/j.1439-0523.2007.01325.x
https://doi.org/10.3390/plants11223012
http://doi.org/10.54910/sabrao2023.55.2.17
http://doi.org/10.54910/sabrao2023.55.2.17
https://sabraojournal.org/pima-cotton-gossypium-barbadense-l-lines-assessment-for-drought-tolerance-in-uzbekistan/
https://sabraojournal.org/pima-cotton-gossypium-barbadense-l-lines-assessment-for-drought-tolerance-in-uzbekistan/
https://sabraojournal.org/pima-cotton-gossypium-barbadense-l-lines-assessment-for-drought-tolerance-in-uzbekistan/
https://sabraojournal.org/pima-cotton-gossypium-barbadense-l-lines-assessment-for-drought-tolerance-in-uzbekistan/
https://www.scopus.com/authid/detail.uri?authorId=57220931039
https://www.scopus.com/authid/detail.uri?authorId=55414058700
https://www.scopus.com/authid/detail.uri?authorId=57220927736
https://www.ikprress.org/index.php/PCBMB/article/view/5647
https://www.ikprress.org/index.php/PCBMB/article/view/5647
https://www.ikprress.org/index.php/PCBMB/article/view/5647

SABRAO J. Breed. Genet.56 (3) 906-917. http://doi.org/10.54910/sabrao2024.56.3.1

Shim J, Mangat PK, Angeles-Shim RB (2018). Natural
variation in wild Gossypium species as a tool
to broaden the genetic base of cultivated
cotton. J. Plant  Sci. Curr. Res.
DOI:10.24966/PSCR-3743/100005.

Stewart JM, Craven LA, Brubaker C, Wendel JF
(2015). Gossypium anapoides (Malvaceae),
a new species from Western Australia,
Novon: AJ. for Bot. Nomenclature 23(4):
447-451. https://doi.org/10.3417/2007140.

Uzbekov VV, Veshkurova ON, Abdurakhimov RSh,

Namazov ShE, Salikhov Shl (2012).
Quantitative analysis of  antifeedant
terpenoids of  cotton cultivated in
Uzbekistan. Chem. of Natu. Compounds

48(1): 153-154. http://dx.doi.org/10.1007/
$10600-012-0188-2.

Vshivkova S, Pshenichnova E, Golubenkoa Z,
Akhunova A, Namazov Sh, Stipanovicc R
(2012). Capillary electrophoresis to
quantitate gossypol enantiomers in cotton
flower petals and seed. J. Chromatogr B.

908: 94-97. https://doi.org/10.1016/
j.jchromb.2012.09.033.
Wendel JF, Grover CE (2015). Taxonomy and

evolution of the cotton genus, Gossypium

917

Cotton. Am. Soc. Agron. Inc., Madison pp.
25-44, doi: 10.2134/agronmonogr
57.2013.0020.

Wu Y, Chen D, Zhu S, Zhang L, Li L (2017). A new
synthetic hybrid (A1D5) between Gossypium

herbaceum and G. raimondii and its
morphological, cytogenetic, molecular
characterization. PLoS ONE 12(2):

e0169833.
0169833.

Yin X, Zhan R, He Y, Song S, Wang L, Ge Y, Chen D
(2020). Morphological description of a novel
synthetic allotetraploid (A1A1G3G3) of
Gossypium herbaceum L. and G.nelsonii
Fryx. suitable for disease-resistant breeding
applications. PLoS ONE 15(12): e0242620.
https://doi.org/10.1371/journal.pone.02426
20.

Zhang X, Zhai C, He L, Guo Q, Zhang X, Xu P, Su H,
Gong Y, Ni W, Shen X (2014).
Morphological, cytological and molecular
analyses of a synthetic hexaploid derived
from an interspecific hybrid between
Gossypium  hirsutum and  Gossypium
anomalum. The Crop J. 2(5):272-277.
https://doi.org/ 10.1016/j.cj.2014.06.009.

doi: 10.1371/journal.pone.


http://dx.doi.org/10.1007/s10600-012-0188-2
http://dx.doi.org/10.1007/s10600-012-0188-2
https://doi.org/10.1016/j.jchromb.2012.09.033
https://doi.org/10.1016/j.jchromb.2012.09.033

