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The work is relevant for understanding evolutionary processes in plant species. Twelve callus lines with multiple regeneration
of haploids and doubled haploids were obtained in F, hybrids of Oryza sativa L. through in vitro androgenesis. Intracallus
variability of the morphological features of haploids was often accompanied by a decrease in the values of morphological
features with an increase in the serial number (p < 0.05). The number of panicles on a plant and the number of flowers on
a panicle on two callus lines in the second or third group were increased. No variability was detected in five callus lines, i.e., such
a phenomenon was not a rule. The nuclear DNA content of doubled haploids in four groups of the same callus line was 1.03-
1.09 pg, and for haploids it was 0.53-0.58 pg. Intracallus variability of nuclear DNA content was detected between groups of
haploids of the same line and among doubled haploids of the same line. Significant differences were found between the haploids
of one callus line and the three other callus lines of the Sadko x Kuboyar hybrid towards an increase of nuclear DNA content
(p < 0.0015). The theoretical possibility of the appearance of intraspecific variability among plants with a small number of
chromosomes is considered. A scheme of genomic reorganization is proposed for such species: initial plant (2n) — aneuhaploid
plants (n + 1) - megasporogenesis and microsporogenesis of the 0-n type, formation of fertile pollen (n + 1) — diploid plant
(2n+2).

Aneuhaploid evolution explains the intraspecific variability of chromosome numbers among plant species with low ploidy.
Aneuploid technologies can help in the artificial formation of new polyploid crops, and rice is given a primary role.
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NU3MeH4YHBOCTb MOP(OJIOrUYeCKUX IPU3HAKOB U COAEepPKaHUA
aaepHou JHK ransion10B ¥ y1BOEHHBIX raliJIOU 0B B aHAPOreHHbIX
KaJ/JIYCHBIX JIMHUAX pUca (Oryza sativa L.)
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Pa6oTa akTyasibHa /151 TOHMMaHHs 3BOJIIOLIMOHHBIX IPOLIECCOB y BUOB pacTeHU. McciiejoBaHe poBeleHO Ha TH6puax
F, puca (Oryza sativa L.). Ilony4eHo 12 Ka/ulyCHbIX IMHUK C MHOXXECTBEHHOM pereHepanuen (6osee 60 pacTeHui Ha IMHKUH)
rafJIou/ioB U yABOEHHBIX ralJIou/I0B. PereHepaHTHbIe pacTeHUs OAHOM Ka/UTyCHOM JIMHUY, TOJIy4eHHON U3 OAHOI0 NbLIbHUKA
puca, pasziessiv Ha iBe—4eTblpe IPyINIbl B 3aBUCHMOCTH OT 06'beMa BbIGOPKU B mopsijike Ux AuddepeHpaliuu Ha Kajtyce
1 BBICA/IKU Ha Cpe/ly YKOpeHeHHUs. B nepBy1o rpymnny BXoJU/IM pacTeHHUs ¢ nopsAAKoBbIM HoMepoM 1-30, Bo BTOopyto - 31-60,
B TpeThio — 61-90, B ueTBepTyo - 91-120. U3Mepsiaiu 6uoMeTpUUeCKUe TOKa3aTeaU U cofep:kanue saaepHoi JHK. Mexay
rpynnaMu raiion/ioB ¥ yBOEHHbIX rallJIONi0B BHYTPU Ka/IJIyCHOM JIMHUY BbISIBJIEHB] Pa3/IMYUS 110 OAHOMY, IByM UJIU TpeM
MopdosiornyeckuM npusHakau (p < 0,05). BHyTpuKka/ycHass U3MeHYMBOCTb IPU3HAKOB TrallJIOW/ 0B Yallle COIIPOBOXK/aIach
yMeHbllleHHeM 3HaueHUH Mopdosioruyeckrx NpU3HaKOB C yBeJIMYeHHeM NOopsJKOBOro HoMepa. Ha naTu Ka/la1yCHBIX JU-
HUAX He 0OHApy»KeHO U3MeHYUBOCTH, TO eCThb TaKoe sIBJIeHUe He siBJsieTcsl mpaBuioM. CpeJiHee cofepxaHue saepHoit JHK
YABOEHHBIX ralJIOU0B B UEThIpeX IPpyHnax o4HON KaJJIyCHOU inHuM coctaBusio 1,03-1,09 nr, y ransionzos - 0,53-0,58 mr.
BHyTpuKka/IycHas U3SMEHYUBOCTb cofepkaHus aaepHoi JHK BrisiB/eHa Mex/ly rpynnaMHu y raljiou/joB Ha OJJHOHU JIMHUU
Y CpeAy yABOEHHBIX rallJIOUA0B 04HOHM JMHUU. OGHapy>KeHbI JJOCTOBEPHbIe OTJINYMS TalJION0B OJHON Ka/IJIyCHOU JIMHUU OT
Tpex Apyrux KaJJIyCcHbIX IMHUK rubpuja Cagko x Ky6osp no comepxkanuto ssaepHoit JHK B cropony yBenndenus (p < 0,0015).
PaccmaTpuBaeTcst TeopeTHUYecKast BO3MOXKHOCTbD NOSIBJIEHHsI BHYTPUBUA0BOM HU3MEHYMBOCTH Cpeii paCTeHUH ¢ He6OoIbIIUM
4yuca10M XpoMocoM. [IpesiaraeTcs cxeMa reHOMHbIX IPe06pa3oBaHUM y TaKUX BU/IOB: UCXOJHOe pacTeHHUe (2n) — aHeyranJio-
uAHble pacTeHusd (n + 1) — MeracnoporeHe3 ¥ MUKpocrnoporeHe3s no tTuny 0-n, opMupoBaHue GepTUAbHON NbLIbLEL (N + 1) =
JUIUIOUJHOE pacTeHue (2n + 2).

AHeyranyouiHasi 3B0JIIOLMSA 06bSACHSIET BHYTPUBH/I0BYI0 H3ME@HYMBOCTb YK CEJl XPOMOCOM CpeAil BUJI0B PaCTeHUH C HU3KOH
IJIOUJHOCTBIO.

Karouessle caoea: aHJporeHes in vitro, NPOTOYHAA UUTOMETPUSA, BHYTPUKAJJIYyCHAA U3BMEHYUBOCTD rallJion10B U YABOE€HHBIX
ranjionzoB, aHeyramnjioniHad 3BOJIIOUA paCTEHl/lﬁ
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Introduction

The polyploidy phenomenon is widespread in many an-
giosperm families (Grant, 1981; Stebbins, 1999; Levin, 2019).
Some plant families are up to seventy percent polyploid
(Grant, 1981; Stebbins, 1985). The fact that polyploidy plays
an important role in the emergence of families does not mean
that it contributed to progressive evolution - it is a complicat-
ing force that produces countless variations on old themes
without new major deviations (Stebbins, 1966; 1999). The in-
creased genome numbers create a rigid genetic system that
has tactical advantages in the already mastered severe condi-
tions, but it is absent from the strategic plan, when evolution-
ary plasticity is required (Khokhlov etal., 1976). Polyploid
species have higher extinction rates than their diploid cousins
(Levin, 2019). It has also been shown on yeast that haploid
populations are more adaptable to changing environmental
conditions than diploid ones (Zeyl et al., 2003). Progressive
evolution usually proceeds at the lowest possible ploidy level,
hence the constant change of ploidy levels within the bound-
aries of the biologically optimal ploidy range (Khokhlov et al.,
1976). V. Grant (1981) considers evolution from diploid to
tetraploid and higher polyploid to be largely irreversible.
Nevertheless, there are few examples of reverse plant evolu-
tion (depolyploidization) from tetraploids to polyhaploids
(Raven, Thompson, 1964; de Wet, 1971; Khokhlov etal,
1976), called dihaploids in the modern scientific literature
(Jauhar et al., 2009).

Plant species plurality with non-multiple intraspecific
changes in chromosome numbers are known, and the majori-
ty of them are highly ploid (Agapova et al.,, 1990, 1993). De-
polyploidization of such species proceeds through the succes-
sive loss of individual chromosomes and the aneuploid plant
formation (Khokhlov etal, 1976). However, this pathway
does not explain the occurrence of variability in species with
a small basic number of chromosomes, such as Crepis panno-
nica (Jacq.) C.Koch (2n=8, 9, 10, 11), Erysimum amurense
Kitag. (2n =12, 14), Antyllis lachnophora Juz. (2n =10, 12),
Primula nutans Georgi (2n =20, 22), Aquilegia parviflora
Ledeb. (2n = 14, 16), and others (Agapova et al., 1990, 1993;
Takhtajan, 2009). Elimination of a chromosome or a pair of
chromosomes at the diploid level would lead to the loss of
a genome part with irreversible consequences. It should be
noted that such species are relatively scarce in comparison
with depolyploidized highly ploid species (Agapova etal,
1990, 1993).

Itis believed that spontaneous haploidy is a rare phenom-
enon; however, it is constantly encountered in many plant
species. Usually the frequency of haploidy does not exceed
0.1%, but it can reach 15% (Kunakh, 1995). Haploid flower-
ing plants are rare in nature, since they are less viable and die
soon after germination (Kirillova, 1966). Under experimental
conditions many exceptions have been described, when
mono- and polyhaploids are not inferior to the original dip-
loids in a number of characteristics. In some cases, haploid
plants were more powerfully developed than the original dip-
loid forms (Khokhlov etal., 1976). There is an opinion that
haploid androgenesis as a particular form of haploidy can
lead to the intensification of the morphogenesis process
(Khokhlov et al., 1976).

Invitro culture is a stressor for plants (Kunakh, 1998).
Various deviations from the chromosome diploid set by cyto-
logy and flow cytometry have been found in callus cells (Ku-
nakh, 1998; Barow, Jovtchev, 2007; Ochatt, 2008). Not all ge-
netic disorders that accumulate in in vitro culture at the cellu-
lar level can pass through the morphogenesis stage, and it is

not always possible to obtain regenerants and their offspring
(Kuznetsova et al, 2006; Barow, Jovtchev, 2007; Ochatt,
2008). This fully applies to haploid technologies. There is evi-
dence of cytological changes in regenerants obtained in in vi-
tro androgenesis, with corresponding phenotypic manifesta-
tions, often leading to the death of plants or their sterility (Ka-
sha etal, 2001; Zagorska et al., 2004; Cistué et al., 2006). An-
euhaploids have been recorded in a number of cultivated spe-
cies (Khokhlov etal,, 1976; Tyrnov, 2005). There are cases
when in a haploid, derived from polyploidy-origin species,
anumber of chromosomes is less than in typical cases. The
existence of monoploids without one or several chromo-
somes is apparently practically impossible (Khokhlov et al.,
1976; Kunakh, 1995; Wu etal, 2018). V.S. Tyrnov (2005)
highlights the specific role of haploidy and the karyotype re-
organization possibility based on aneuhaploids.

The evolutionary changes of the most significant devia-
tion, the most divergent aberrant populations occur under
environmental stress conditions (Takhtajan, 1983). The salta-
tion chromosome reorganization can even lead to speciation
(Lewis, 1966). In vitro cultivation is human creation of envi-
ronmental stress for plants. The aim of the study was to simu-
late the conditions under which changes in the DNA content
in a haploid rice (Oryza sativa L.) population are possible dur-
ing in vitro androgenesis and to describe the haploid evolu-
tion scheme with cytotypic variability.

Materials and methods

The studies were carried out on the rice (Oryza sativa L.)
F, hybrids: Sadko x Kuboyar, Magnat x Dolinny, and Dubra-
va x Atlant. The original plants were grown in a climatic
chamber in spring at the 21°C temperature, 5000 lux illumi-
nation, 70% humidity, and photoperiod of 16/8 h. The tech-
nique of anther cold pretreatment, and anthers, calli, and re-
generants in in vitro culture were discussed by M. Ilyushko
etal. (2018).

Green R regenerants with a well-developed root system
were transplanted to pots and grown under controlled condi-
tions in a cultivation room up to seed formation in the dou-
bled haploids. Haploid plants were characterized by small
flowers and sterility. Regenerant plants of the same callus line
derived from one rice anther were divided into 2-4 groups
(depending on the sampling volume) in the order of their dif-
ferentiation on the callus and transplanting onto arooting
medium. The registered morphological features included
plant height (cm), length of the main panicle (cm), number of
flowers per main panicle (pieces), number of panicles per
plant (pieces), and the number of seeds per main panicle
(pieces) for doubled halpoids.

The content of nuclear DNA was determined using flow
cytometry. For haploids and doubled haploids R freeze-dried
straw leaves stored for 6-9 months at - 80°C were used. The
seeds of the doubled haploids R, germinated; in the three-
four leaves phase the leaf was lyophilized and used for analy-
sis without storage. The sample preparation procedure was
described by M. Ilyushko et al. (2018). Isolated nuclei of Ficus
benjamina L. with a known DNA content 2C = 1.07 pg were
used as the reference (Skaptsov et al,, 2016). Peaks with no
less than 1000 detectable particles were used. The fluores-
cence data of isolated nuclei were recorded on a Partec Cy-
Flow PA flow cytometer with alaser radiation source (A =
532 nm) in duplicate. The data obtained were processed us-
ing the Statistica v.10.0 software.

The following statistical treatments were carried out: the
analysis of variance (ANOVA) was used to characterize mor-
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phological traits, while differences in traits in the groups were
identified using Tukey’s test. To determine the significance of
differences in the mean values of DNA content between
groups within the callus line, the Wilcoxon z-test was used,
which was applicable for small samples.

Results

1286 rice anthers were introduced into in vitro culture;
callus formation was 9.8%. Callus lines with multiple regener-
ations were selected for the study. A total of 483 plants were
analyzed for biometric features and 224 for the nuclear DNA
content.

Intracallus differences were revealed between the groups
of haploids and doubled haploids in one, two, or three mor-
phological features (p < 0.05) (Table 1).

The average nuclear DNA content for doubled haploids
was 1.03-1.09 pg (Table 2). In three haploid plants of callus
lines 36.2.1 and 214.1.1 of the Sadko x Kuboyar hybrid, the
nuclear DNA content was typical for a diploid plant (1.05-
1.16 pg), although the plant height (26-42 cm) and flower
size were characteristic of haploids, and the number of flow-
ers per panicle was small (7-16 pcs.). These plants were ex-
cluded from the further analysis.

Intracallus variability in the nuclear DNA content was
found between groups for haploids in line 124.2.2 and dou-
bled haploids in line 39.1.2 R | (see Table 1). These lines have
a very low standard deviation (Fig. 1, 2), which made it possi-
ble to experience significant differences in values between
plant groups at p < 0.05.

A weak correlation among doubled haploids was found
between plant height and DNA content (r = 0.54 at p < 0.05).

Table 1. Intracallus morphological variability of haploids and doubled haploids in androgenic callus lines of rice
(Oryza sativa L.)

Ta6auna 1. BHyTpHKasIycHasa Mop¢o1oruieckas U3MeHYMBOCTh ralJIOuA0B U YABOEHHBIX ranjionJoB
B aH/APOTeHHBIX Ka/UIyCHBIX JIMHMAX pUca (Oryza sativa L.)

Mean values (M) of morphological indices:
Callus Sampling main matn . seeds per
Hybrid line volume plant - panicle panicle s ANOVA
. panicle main
number (pcs) height length number per plant panicle
(cm) (em) of flowers (pcs) (pcs)
(pcs)
Haploids
3621 22 42.1? 7.5 69.7 2.2 - F=282,
30 37.6" 7.6 67.9 18 - p=0.04
15 44.0 7.5 63.7 2.5 -
101.2.2 30 41.2 7.8 58.8 2.1 - F=188,
p=0.07
Sadko  x 20 39.1 8.2 68.9 2.2 -
Kuboyar 26 4572 7.8 62.5° 2.2 -
F=6.92
ab b _ ’
124.2.2 24 43.6 7.8 77.5 1.9 p=0.000001
18 37.6¢ 8.2 66.6°° 2.6 -
25 45.6 7.1 59.6 2.52 - _
214.1.1 F__OS(;%)%Z
23 43.0 7.7 64.8 1.8 - p=0
Magnat x 27 49.6* 10.0 94.7 1.0 - F=412,
Doli 150.1.1 - 0.006
olnny 26 42.2° 9.4 84.5 1.0 - p=70
29 40.9 9.0 112.8° 1.3 -
Dubrava x b F =3.04,
Atlant 459.1.2 28 43.8 9.6 157.0 1.4 - p=0.003
28 44.0 9.5 161.4% 1.6 -
Doubled haploids
29 77.12 10.5 41.6 1.2 7.7
Magnat x 3912 28 69.5° 10.7 38.1 1.2 10.5%® F=2.10,
Dolinny 28 71.8% 10.3 34.4 1.2 11.9% p=0.01
24 71.7%® 10.5 38.2 1.1 14.4°
Note: * - Tukey'’s test at p < 0.05
[Ipumeuanue: ** - kputepuit Throku npu p < 0,05
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Table 2. Intracallus variability of nuclear DNA content in haploids and doubled haploids
in androgenic callus lines of rice (Oryza sativa L.)

Ta6smna 2. BHyTpUKa/LIycHasi ©3MEHYHUBOCTb cofep:kaHus sigepHoii IHK ranjionioB 1 yABOEHHBIX raliou/0B
B aH/POTeHHbIX Ka/JIyCHBIX JIMHUSAX puca (Oryza sativa L.)

: Mean values (M) of nuclear DNA content:
Hybrid Callus line number Sampl;“i‘;m“me
p R, pg R, pg
Haploids
10 0.55 -
36.2.1
9 0.54 -
9 0.55 -
101.2.2 10 0.54 -
10 0.54 -
Sadko x Kuboyar
10 0.58* -
124.2.2 9 0.57* -
10 0.57 -
10 0.55 -
214.1.1
10 0.56 -
10 0.57 -
Magnat x Dolinny 150.1.1
10 0.56 -
11 0.52 -
Dubrava x Atlant 459.1.2 9 0.53 -
10 0.53 -
Doubled haploids
10 1.04 1.07
10 1.03* 1.07
Magnat x Dolinny 39.1.2
9 1.04 1.08
10 1.04* 1.09
* — Intracallus significant differences at p < 0.05
* — BHyTpHKaJUIyCHble pa3/In4us J0CTOBepHbI npu p < 0,05
A very weak negative correlation was detected between the Discussion

number of flowers per panicle and the DNA content (r = -0.25,
p <0.05).

There are significant differences (p = 0.0001) in the nucle-
ar DNA content between the doubled haploids R and R,. In R,
regenerants the average value was 1.04 pg. The average value
among regenerates of the first generation R, was higher -
1.09 pg, standard deviation (see Fig. 2). This happened due to
three plants with callus differentiation numbers 56, 74, and
92, where the nuclear DNA content was 1.19, 1.20, and
1.31 pg, respectively. When these plants were excluded from
the calculations, the average DNA and the standard deviation
decreased to 1.07 pg; however, significant differences be-
tween the samples of doubled haploids R and R, remained.

Significant differences were found between callus line
124.2.2 haploids and three other callus lines of the Sad-
ko x Kuboyar hybrid in terms of the nuclear DNA content up-
ward (p < 0.0015) (see Fig. 1).

The nuclear DNA content of 1.03-1.09 pg in doubled hap-
loids is consistent with the data of other rice researchers at
the diploid level, where the value in the main set of O. sativa
chromosomes varies within 0.91-1.00 pg (Bennet, Smit,
1991; Bai et al,, 2012).

The differences in morphological features were revealed
between the groups of haploids and doubled haploids ob-
tained from hybrid plants within the callus line (p < 0.05).
This was not observed among doubled haploids obtained
from varietal plants. Variability of intracallus morphological
features in varietal haploids was always accompanied by a de-
crease in the values of morphological features with an in-
crease in the serial number (Ilyushko, Romashova, 2019). In
some callus lines (459.1.2 and 124.2.2) in the second or third
group in hybrid haploids the number of panicles per plant
and the number of flowers per panicle increased. In general,
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Fig. 1. Nuclear DNA content in haploids of Oryza sativa L. androgenic callus lines

Puc. 1. Cogepxxanue saaepHoii JHK ransion 0B B aHAPOTreHHBIX Ka/UIYCHBIX TUHUAX puca (Oryza sativa L.)

Mean; Box: Mean+SE; Whisker: Mean+2*SD

1,35
1,30 ¢
1,25 ¢
1,20 t
1,15}
1,10 ¢
1,05}

1,00t

N RO
1 ¥ Extremes

ORr1

+ Extremes

0,95

Fig. 2. Nuclear DNA content in androgenic callus line 39.1.2 of the Magnat x Dolinny hybrid (Oryza sativa L.):
RO - doubled haploids R, R1 - doubled haploids R,

Puc. 2. Cogepxxanue saaepHoi IHK B aHaporeHHo# KautycHoi inanu 39.1.2 ru6puga puca (Oryza sativa L.)
Marnart x JJoruHHbii: RO - yaBoeHHbIe ramiousbl R, R1 - yaBoeHHble ramiouas R,

variability of intracallus morphological features in callus lines
with multiple regeneration may happen due to two reasons:
a) the callus line formation by several immature anther mi-
crospores, each of which is a separate genotype, and b) the re-
generant somaclonal variability, explained by transposition
explosions, the activation of mobile genetic elements occur-
ring both at the chromosomes number and structure level
and at the gene level (Scowcroff, 1985; Kunakh, 1998). Earli-
er, we detected morphological and genetic variability among
doubled rice haploids in five callus lines of the same hybrid
(Ilyushko etal,, 2020) and revealed intracallus genomic

changes among rice regenerants (Ilyushko, Romashova,
2020). These experiments included callus lines, where intra-
callus morphological polymorphism of haploids and doubled
haploids was observed. However, five callus lines with multi-
ple regeneration were obtained, where no variability was
found, i.e., the phenomenon is not a rule. The callus lines are
likely initiated by one microspore (Ilyushko et al., 2020; Ilyu-
shko, Romashova, 2020).

There are significant differences in the nuclear DNA con-
tent between the doubled haploids R and R,. To determine
the DNA content in R, regenerants, straw leaves were used,
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and young plants in the four-leaf phase were used in the R, re-
generates; the average value was higher - 1.09 pg. The cyto-
typic variability of three R, plants with large differentiation
numbers on the callus (56, 74, 92) was probably facilitated by
a longer stay of plants on a nutrient medium with hormones,
which in some cases leads to morphological and genetic vari-
ability (Ilyushko et al,, 2020). R, regenerants underwent seed
reproduction; however, an increased DNA content is detected
in the leaves of three plants relative to the entire group of
plants.

In rice in vitro culture, amplification of highly repetitive
DNA sequences from several to several thousand times is pos-
sible (Zheng et al., 1987, Kikuchi et al., 1987), accompanied by
aneuploid chromosome changes in some varieties (Zheng
etal, 1987; Wu etal, 2018). At the same time, Y. Wu et al.
(2018) documented that the gain of chromosomes is more
prevalent over their loss. Similar changes were fixed in the re-
generated corn and flax (Kunakh, 1998). This is a probable
way of increasing the DNA content in the haploids of callus
line 124.2.2 and individual doubled haploids R,. It does not
mean a mandatory change in the number of chromosomes; it
requires cytological confirmation. Nevertheless, calli of hap-
loid origin, especially from anthers, contain a small number of
aneuploid cells (Kunakh, 1998), and the cases of aneuhaploid
plant appearance are known (Khokhlov et al,, 1976, Tyrnov,
2005).

Thus, atheoretical basis appeared to suggest the exis-
tence of flowering plant species’ aneuhaploid evolution. It is
shown graphically in Figure 3. In rare aneuhaploid plants that
are formed under stress conditions, 0-n-type microsporoge-
nesis is possible; its frequency in diploid flowering plants is
very low, but in some cases 2n gametes with a somatic num-
ber of chromosomes occur with a high frequency - 14-36%
(Tsatsenko, Mosunov, 2008), and in haploid plants n-gametes
lead to the formation of fertile pollen up to 34% (Khokhlov
etal, 1976). The 0-n-type megasporogenesis also occurs in
haploids: up to 28% of normal embryo sacs are recorded in

various species. Despite the fact that haploid plants are ex-
tremely sterile, when pollinated with normal pollen from dip-
loid plants, they produce seeds, although in insignificant
quantities (Khokhlov et al., 1976). This is indirectly confirmed
by the fact that few (two to three) plants with single seeds ap-
pear on callus androgenic lines with multiple regeneration of
haploids (Ilyushko, Romashova, 2019), which are probably
formed through megasporogenesis and microsporogenesis
according to the 0-n type with subsequent self-pollination.
Aneuhaploid evolution explains the intraspecific variability of
chromosome numbers among plant species with low ploidy.

As for rice, Y. Wu et al. (2018) assume the creation of an-
euploid synthetic species. This is especially true for cultivated
species with unsuccessful polyploidy. Rice has relatively sta-
ble tetraploid formation (He et al,, 2010), including that in an-
ther in vitro culture (Ilyushko, Romashova, 2020). However,
there are no commercial polyploid cultivars due to low pollen
fertility (He etal,, 2010). Aneuploid technologies can help in
the artificial formation of new polyploid crops, and rice is giv-
en a primary role (Wu et al,, 2018).

Conclusions

The existing concepts of aneuploid evolution are strongly
associated with polyploid species, in which a high percentage
of duplicated genes makes possible the loss of a part of DNA
and even individual chromosomes without a drop in viability.
Diploid plant species are able to follow the aneuploid path of
development with an increase in DNA content, including ac-
quisition of additional chromosomes. This study clearly dem-
onstrated an increase in nuclear DNA content in 19 haploids
of the O. sativa androgenic callus line. The results obtained
are the theoretical basis for the creation of synthetic aneu-
haploid cultivated plant species using modern biotechnologi-
cal in vitro methods, and can explain the emergence of intra-
specific variability in chromosome numbers among wild
plant species with low ploidy.

Initial plant

2n

o

Aneuhaploid plants

n+1

<

Megasporogenesis and microsporogenesis
on type 0-n, formation of fertile pollen

n+1

Fig. 3. Diagram of aneuhaploid plant evolution

Puc. 3. Cxema aHeyranjiouJHOH 3BOJIOIMY pacTeHUu
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