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Ovaries with different heterozygosity levels of their genotypes have
equal chances to reach maturity on a buckwheat plant: Is it the main
condition for the start of the evolution toward selfing?
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Background. Inbreeding depression (ID) usually reduces the competitive ability of an individual compared to one of outbred
origin. Such competition could be especially clear between different ovaries developing on the same plant. It can be assumed
that ovaries with higher level of heterozygosity will have an advantage in competition for resources.

Material and methods. Homostylous buckwheat lines (Fagopyrum esculentum Moench with approx. 3% of closely related
selfer F homotropicum Ohnishi germplasm) of different inbred generations (I, - I,) were grown adjacent to the heterostylous
cv. ‘Molva’, and the share of seeds resulting from cross-pollination was assessed for each variant using the recessive marker det
(genotypes of the seeds were visualized according to phenotypes of the resulting plants).

Results and conclusions. The proportions of seeds originated from cross-pollination were similar across the inbreeding gen-
erations, with small stochastic variations. Thus, the ovaries resulting from both self- and cross-pollination have equal chances
to reach maturity on the same plant. It looks like a fundamental condition for the start of the evolution toward self-pollination.
The levels of ID at other developmental stages, apparently, are less crucial for the possibility of such evolution. For example, the
ID in the analyzed material was strong (> 0.5 for both vegetative development and seed productivity). It highly likely reflects the
level of ID of the common ancestor of E esculentum and F homotropicum. However, the strong ID did not make impossible the
speciation of the self-pollinator E. homotropicum.
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3aBA3M C pa3HbIM YPOBHEM reTepO3UroTHOCTHU reHOTUIIOB UMEKT
paBHbIE IIAHChI AOCTHUYb 3P€JIOCTH HA PAaCTEHUU IPEeYUXU: SIBJISAETCA
JIX 3TO OCHOBHBIM yCJIOBUEM JJI51 Ha4aJia 3BOJIIOIUU CAMOOIbIJIEHUS?

A. H. ®ecenko, U. H. ®PeceHko
DedepabHblll HAYUHDLIU YeHmp 3epH060608bIX U KpynsiHblx Kyasmyp, Opesa, Poccus

Aemop, omeemcmeeHHblii 3a nepenucky: Ban HukosaeBuyu ®ecenko, ivanfesenko@rambler.ru

AKTya/IbHOCTB. JBOJIIOLIHUS OT NepeKPEeCTHOTO ONblJIEHUsS K CAMOOMNbLIEHHIO — U3BECTHOE fIBJIeHHe ¥ pacTeHU. OCHOBHBIM
dakTOpOM, NPENATCTBYIOINM Pa3BUTHUIO CAMOOIBIIEHUS, IBJsIeTCS MHOpegHas aenpeccus (M/), u paboThbl 06 3BOJIIOLIUY CH-
CTeMbl Pa3MHOXKEHHS Y paCTEHUH MOCBSILEHbI IJIABHBIM 06pa3oM 3Toi npobJieMe. [l onvcanus M/l MOXXHO HCIOIb30BaTh
JiBa KpUTepus: 1) cuiy, TO eCTb ypOBEHb CHMXKEHUS BeJMYUHBI TOTO MM MHOIO NOKa3aTeJisl 10 CPAaBHEHUIO C ayTOpeHbIM
KOHTpOJIEM, U 2) CTAAUI0 Pa3BUTHUS, HA KOTOPOW OHA MpOsiBiseTcsA. BeposTHO, cusia U XapakTep nposiBjieHus W/l B Hauasne
Y KOHI|e YKU3HEHHOT'0 LIKJIa pacTeHUsl MOTYT [10-pa3HOMY BJIMATb Ha BEpPOSITHOCTb 3BOJIIOLIMK B CTOPOHY CaMOOTbIIEHUS.
MaTepuaJs u MeToAbl. [oMocTU/IbHbIE TUHUM I'peduxu (Fagopyrum esculentum Moench c npumepHo 3% 3apoabliieBoH mas-
MblI camoonbLiuTest . homotropicum Ohnishi) c seTepMUHaHTHBIM TUIIOM pocTa (MyTauus det) pa3HbIX UHOPEIHBIX TOKOJIE-
Hui (I, - 1) BhIpamMBaIU CMEXHO C PAaCTEHUSAMH Te€TEPOCTUJILHOrO copTa ‘MoJiBa' C MHAETEPMUHAHTHBIM THIIOM POCTa,
1 10JII0 CEMSTH, ITOJIyYeHHBIX B pe3y/IbTaTe epeKPeCcTHOTO ONbLJIEeHHUS, OLleHUBaJIU [JIJIs KXKJ0r0 BapHaHTa C IOMOIbIO peliec-
CHUBHOT0 MapKepa det (FeHOTHUIIbI CEMSIH ONPeEIsSIN 10 GEeHOTUIIAM MOJyYeHHbIX PACTEHUH).

Pe3ysbTaThl U 3aK/II04eHue. [lo/11 ceMsH, BO3HUKIINX B pe3yJibTaTe NepeKpeCcTHOr0 ONblIeHus, OblJIN 6JIM3KU B Pa3HbIX 110-
KOJIEHUSIX UHOPU/IMHTA C HeGO/IbIIUMU CTOXaCTUYeCKUMU BaprualuaMu. TakuM o6pa3oM, 3aBs3Y, BOSHUKIIMeE B pe3ysbTaTe
CaMOONbIIEHUs] U IepeKPeCTHOr'0 ONbIJIEHHUS, UMEIOT paBHble IIAHChI JOCTUYb 3PeJIOCTH Ha OHOM U TOM >Ke pacTeHHUH, He-
CMOTPS Ha pa3J/IMUuHMs 10 YPOBHIO FeTePO3UTOTHOCTH. ITO BBIIVIAUT KaK QyHAaMeHTa/lbHOe yCJI0BHe HayaJla 3BOJIIOLIUY CaMo-
onblieHUs. YpoBHU WU/l Ha Ipyrux cTausX pa3BUTHS, 10-BUJMMOMY, MeHee BaXKHbI [IJIs1 BO3MOXHOCTH TaKoH aBooui. Taxk,
W1/l no BereTaTUBHOMY Pa3BUTHIO U CEMEHHOW MPOAYKTUBHOCTH B aHAJU3UPyeMOM MaTepuase npesbimaia 0,5. BeposTHo,
3TO OTpaKaeT YPOBEeHb MHOPEHOM JleNlpecCrH, XapaKTepHbIH AJis obuiero npeaka F esculentum v E homotropicum. Takum 06-
pasoM, ucxo/iHO cuibHas W/ He cfesiasia HEBO3MOXKHBIM BOSHUKHOBEHHE caMOooNblIUTe s F homotropicum.

Kiouesble cno6a: nHOpejHast lenIpeccus, CTa/iusl Pa3BUTHSA, CAMOOIbLIEHHUE, IEPEKPECTHOE OIbLJIEHUE, FPEYrXa

baazodapHocmu: paboTa BbINOJHEHA TPU GUHAHCOBOU MoAAep>KKe MUHUCTEPCTBA HAYKU U BBICILIET0 06pa30BaHUs B paM-
Kax rocyJjlapCTBeHHOro 3aZilaHus PesepajbHOTO HAYYHOIO LIeHTPa 3epHOGOGOBBIX M KPYNSHbBIX KYJAbTYyp o TeMe Ne FGZZ-
2022-0006 «YupaBJsieHHE CeJEKIIMOHHBIM MIPOLIECCOM CO3/JaHHUsI HOBBIX COPTOB U T€EHOTUIIOB 3€PHOBbIX, 3€PHOO060BBIX U KPY-
MSTHBIX KYJIBTYP C BbICOKOLIEHHBIMH NPHU3HAKaMU MPOJYKTUBHOCTH, Ka4eCTBa, TOBbIIIEHHOW YCTOMYMBOCTBIO K 6M0- U abro-
cTpeccopam».

ABTOpBI 6J1aro1apsT peLleH3eHTOB 32 UX BKJIAJ, B 3KCIIEPTHYIO OLEHKY 3TOU paGOThI.

Jaa yumupoeaHus: Pecenko A.H., Pecenko U.H. 3aBsi3u ¢ pa3HbIM YPOBHEM reTEPO3UTOTHOCTU '€HOTUIIOB UMEIOT PaBHbIE
LIAHCBI JJOCTUYb 3PEJIOCTH Ha paCTeHUU T'PeYUXU: SBJISETCS JIM 3TO OCHOBHBIM YCJIOBUEM JJIsl HayaJla 3BOJIIOLMU CaMOOIIbI-
snenus? Tpydel no npukaadHoli 6omaHuke, 2eHemuke u ceaekyuu. 2025;186(1):131-138. DOI: 10.30901/2227-8834-2025-1-131-
138
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Introduction

The evolution of self-pollination is a common trend
among plants (Takebayashi, Morrell, 2001; Igic, Busch, 2013;
Wright etal,, 2013). There are two main preconditions for
such transition to be achievable. The first is a mutation that
makes possible the setting of seeds as a result of self-pollina-
tion, and the second is a fairly high tolerance to inbreeding de-
pression.

Self-fertile mutations occur sometimes, and their future
depends on anumber of environmental factors that have
been widely discussed in the literature (Baker, 1955; Voy-
lokov et al., 1998; Boggs et al., 2009; Cheptou, 2019; Cropano
etal, 2021; Slatter et al., 2021). However, the main factor hin-
dering the evolution of self-pollination is inbreeding depres-
sion (ID), and the works devoted to the evolution of the mat-

ing system in plants are focused mainly on this problem
(Lande, Schemske, 1985; Husband, Schemske, 1996).

ID can be described in terms of its strength and also in
terms of the plant’s developmental stage at which it is ex-
pressed (Husband, Schemske, 1996). Some models suggest
that ID greater than 0.5 prevents the transition to selfing
(Lande, Schemske, 1985). However, it is likely that the
strength and nature of the manifestation of the depression at
the beginning and at the end of the plant’s life cycle may have
a different impact on the likelihood of evolution towards self-
ing.

An example of the recent evolution of selfing (apparently
despite the initially very strong ID) is known in the genus Fa-
gopyrum Mill. E esculentum Moench (common buckwheat) is
a heterostylous cross-pollinator cultivated as a grain crop
(Figure).

Figure. Flowers of buckwheat: A - long-styled (pin), B - short-styled (thrum), and C - homostylous
(flower diameter is about 8-10 mm)

PucyHok. lIBeTKM rpeynxu: A - JJINHHOCT0J1649aThIi, B - KopoTkocTo/164aThii, C - rOMOCTH/IBHBIA
(mnameTp uBeTKa - 8-10 MM)
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Due to the almost complete range of homostyly muta-
tions, most of which are self-fertile, buckwheat has become
one of the objects for genetic studies of heterostyly (Fesenko,
1989). There were ideas to breed self-pollinating buckwheat
cultivars using homostylous mutations. All attempts to create
such cultivars failed due to severe inbreeding depression,
which could not be overcome. However, a wild autogamous
(i.e., highly tolerant to selfing) species was found to be very
closely related to the cultivated common buckwheat (Ohnishi,
Asano, 1999). The species was named F homotropicum Oh-
nishi. Thus, the experiment that seemed impossible in the
practice of buckwheat breeders and geneticists was success-
fully implemented in nature.

F. homotropicum was considered a useful resource for the
development of inbreeding-tolerant material for buckwheat
breeding. By now, a self-pollinating commercial cultivar of
common buckwheat has not yet been released. However,
some experiments with inbred lines allowed us to make some
conclusions on the problem of the evolution of selfing, espe-
cially at early stages of such evolution, with special attention
on inbreeding depression at various developmental stages.
The results and relevant discussion are presented in this pub-
lication.

Material and methods

Plant material

F esculentum cv.'Demetra’ with adeterminate growth
habit based on det-mutation, and cv. ‘Molva’ with an indeter-
minate growth habit, both bred at the Federal Scientific Cen-
ter (FSC) of Legumes and Groat Crops; and

E homotropicum, accession C9139 (Kyoto University col-
lection), the species discovered by Prof. O. Ohnishi in Yunnan
Province, China.

Obtaining a homostylous line through interspecific hybrid-
ization

The interspecific hybrid E esculentum (cv. ‘Demetra’) x
FE homotropicum (accession C9139) was obtained using the
conventional method (without embryo rescue technique).
The flower homostyly locus of F homotropicum is tightly
linked (recombination frequency = 0-2.4%) with the domi-
nant allele of SHT (seed shattering habit) (Fesenko etal,
2006). Within F, segregation, a plant with homostylous flow-
ers (see Figure) and nonshattering seeds was selected. The
plant was used for backcrossing on F esculentum (cv. ‘Deme-
tra’). Three backcrosses were made to obtain self-fertile ma-
terial with approximately 94% of F esculentum germplasm
and 6% of E homotropicum. Morphologically, such plants did
not differ from the cultivated F esculentum, with the excep-
tion of flower homostyly. The progeny of a BC,F, homostylous
plant was used for hybridization with F esculentum to pro-
duce lines for the evaluation of inbreeding depression. The
line was designated HL11.

Obtaining the set of lines for evaluating inbreeding depres-
sion

Since HL11 was not always homozygous for the homo-
styly gene, the F hybrids F esculentum, pin x HL11 were both
homostylous and pin. The homostylous plants produced
seeds due to self-pollination, while the pin-plants due to hand
cross-pollination with homostylous ones. Therefore, proge-
nies of the homostylous plants were considered the first in-
bred generation (I,). To obtain the lines of the second inbreed
generation, the seeds from homostylous plants of every indi-
vidual line were used. Five seeds of each line were sown.

Among the obtained plants, one with homostylous flowers
was selected, the seeds of which were used to obtain the next
generation. Every following inbred generation was obtained
in the same manner, using seeds from one homostylous plant
of every line of the previous generation. The progeny of the
pin F, hybrids F esculentum, pin x HL11 was used as the
cross-pollinated control to evaluate inbreeding depression in
all generations studied.

Evaluation of ID

The lines of all inbreed generations (I, - 1,) were previ-
ously obtained in an insect-free greenhouse. The lines were
sown in the field together with the cross-pollinated control
(see above). Twenty seeds of each line were planted. Sowing
dates were May 25, 2018, May 22, 2019, and May 19, 2020.
Plants were cut on August 10, 2018, August 15, 2019, and
August 10, 2020.

ID was evaluated for the characteristics listed in Table 1
(see Results). To measure the area of the largest leaf, photo-
graphs of the leaves were taken with a scale, on which mea-
surements were made using the AxioVision software. The
photos were taken on July 10,2018, and July 7, 2019. For each
line, the largest leaves from 3 randomly selected plants were
measured; the average was calculated and used in statistics.
To evaluate the ‘dry weight of a mature plant’ and ‘weight of
seeds per plant), after counting the plants of each line that sur-
vived until harvesting, they were cut and dried. Those dried
plants were then weighed and threshed. The resulting seeds
were also weighed. The results obtained were used for the
calculations. The value of inbreeding depression (8§) was cal-
culated as described by R. Lande and D. W. Schemske (1985),
ie,8=(w, -w)/w =1-w/w, wherew is the trait value in
the outcrossed progeny, and w, is the trait value in the selfed
progeny.

Evaluating competitive ability of ovaries

The evaluation of competitive ability of ovaries on a plant
depends on the genotype’s heterozygosity level. It was con-
ducted by analyzing results of spontaneous hybridization of
the inbred lines with the heterostylous cv. ‘Molva’. The ap-
proach is described in detail in the Results section.

Results

Dynamics of inbreeding depression (ID) during long-
term self-pollination of buckwheat

Dynamics of ID was typical for such cases. The ID for the
resulted trait, i.e., the weight of seeds per plant, was the high-
est, as expected. The value of the trait decreased sharply after
the first selfing (ID = 0.66 and 0.59 according to the data ob-
tained in 2018 and 2019, respectively). The additional
changes after subsequent self-pollinations were exponential
(see Table 1).

The ID for the weight of a mature plant was also strong af-
ter the first self-pollination and increased exponentially dur-
ing the following selfing. A similar trend is seen in another
trait reflecting the strength of the plant’s vegetative develop-
ment, i.e,, the area of the largest leaf on a plant, although the
level of ID was lower compared to that for the mature plant
weight (see Table 1).

The field germination rate showed low ID with little
changes across generations. In 2018, the ID increased slightly
from 0.12 in I, to 0.18 in I,; in 2019, the ID remained within
similar range across generations (see Table 1). The manifesta-
tion of the minimal depression is not associated with seed
germination, only with the reduced fitness of some seedlings.
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Table 1. Characterization of buckwheat lines according to the manifestation of inbreeding depression (mean * SE)
in a series of self-pollination generations

Ta6smua 1. XapakTepyCcTUKA JIMHUM IPeYyrxu 10 NpOosABJIeHNI0 UHOpeaHOH JenpeccuH (X + SE)
B psA/Jy NOKOJIEHHH CaMOONbIIEHU

Selfing generation
Trait
I 1, 1 1, I 1,

Year 2018
Lines studied 50 50 50 50 50 50
Field germination rate 0.12+0.014 | 0.15+0.015 | 0.17+0.015 | 0.18+0.012 | 0.18+0.013 | 0.17 £ 0.016
Largest leaf area 0.35+0.014 | 0.38+0.017 | 0.41+0.013 | 0.54+0.013 | 0.55+0.010 | 0.58+0.009
Dry weight of a mature plant | 0.52 +0.023 | 0.72+0.018 | 0.77 +0.017 | 0.81+0.014 | 0.83+0.014 | 0.85+0.014
Weight of seeds per plant 0.66 £0.028 | 0.81+0.020 | 0.87+0.015 | 0.89+0.013 | 0.92+0.011 | 0.93+0.009

Year 2019
Lines studied 37 37 37 37 37 37
Field germination rate 0.12£0.020 | 0.13+0.025 | 0.12+0.025 | 0.14+0.027 | 0.15+0.022 | 0.16 +0.020
Largest leaf area 0.29 +0.022 | 0.33+0.020 | 0.39+0.019 | 0.50+0.015 | 0.49+0.014 | 0.53+0.012
Dry weight of a mature plant | 0.51+0.015 | 0.57+0.018 | 0.62+0.016 | 0.69 £0.023 | 0.79+0.017 | 0.81+0.015
Weight of seeds per plant 0.59 £0.030 | 0.69+0.025 | 0.73+0.027 | 0.83+0.024 | 0.88+0.024 | 0.89+0.014

This conclusion was suggested by the fact that ID was not de-
tected when the seeds were germinated in Petri dishes, i.e.,
under controlled conditions. Inbreeding also had no notice-
able effect on the survival of emerging seedlings before har-
vesting (ID was at the level of 0.02-0.05 across generations
for both years).

Does competitive ability of ovaries on a plant depend
on the heterozygosity level of their genotypes?

ID usually reduces the competitive ability of an individual
plant compared to a plant of the outbred origin. Such compe-
tition could be especially clear between different ovaries de-
veloping on the same plant. It can be assumed that if ID ap-
pears at the stage of ovary development, ovaries with higher
level of heterozygosity will have an advantage in the competi-
tion for resources compared to those with more homozygous
genotypes.

To assess this relationship, an experiment was conducted
on the basis of the following assumptions: 1) the level of the
line’s (or plant’s) homozygosity correlates with the genera-
tion of inbreeding; 2) on the given plant, ovaries resulting
from self-pollination will obviously be more homozygous
than ovaries resulting from cross-pollination; 3) all such lines
have an equal tendency to cross-pollination with heterosty-
lous E esculentum, since they carry the same homostyly gene
S4, introgressed from F homotropicum C9139. So, if a higher
level of heterozygosity in an ovary’s genotype provides some
advantages, the proportion of ovaries resulted from cross-pol-
lination among ovaries that have turned into mature seeds
should increase in later inbred generations.

The experimental design was as follows. Inbred lines
I, - L (= F, - F,) with the determinate growth habit had been
obtained previously under the conditions of an insect-free
greenhouse using self-fertility of homostylous plants. In 2020,
the lines were grown adjacent to the indeterminate cv. ‘Molva’

in the following order: ‘Molva’- ‘Molva’ - inbred line -
‘Molva’ - ‘Molva’ - inbred line - ‘Molva) etc. The length of the
rows was 1.5 m. The distance between the rows was 30 cm.
The sowing was manual. There were 30-35 plants of ‘Molva’
or 10-12 plants of one of the inbred lines in a row. Seeds were
collected from all plants of each line. The number of seeds and
number of plants of each line were taken into account to as-
sess the average number of seeds per plant: the value was
used for the across-lines statistics. The seeds were sown in
2021 to estimate the proportion of seeds resulted from
cross-pollination using the morphological marker det: within
the progenies, any plants with the indeterminate growth
habit were hybrids with ‘Molva’, and the plants with determi-
nate growth resulted from self-pollination. The results of the
experiment are shown in Table 2.

Seed productivity, measured as the number of seeds per
plant, decreased substantially with inbreeding. In the I, gen-
eration, the trait’s mean value was 52.7 seeds per plant. This
indicator dropped steadily across generations down to
13.2 seeds per plant in [: the decline confirms strong in-
breeding depression for the trait.

In the context of this experiment, the fact is significant be-
cause when a plant can form fewer seeds, the competition
among the developing seeds for assimilates becomes greater.
Therefore, if ovaries with more heterozygous genotypes were
advantageous, the increased competition could further in-
crease the proportion of non-aborted ovaries (i.e., mature
seeds) resulting from cross-pollination. However, we did not
observe such a trend: there was some variation in this indica-
tor, but it was stochastic, and with the exception of some ex-
cess in I, the proportion of seeds resulted from cross-pollina-
tion among all the seeds formed on plants within the lines of
different inbred generations after growing adjacent to the
heterostylous cultivar was almost the same. Thus, the seeds
set as aresult of both self-pollination and cross-pollination
have equal chances for development on the same plant.
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Table 2. Seed productivity of inbred lines, and the dependence of the proportion of developed seeds from cross-polli-
nation with the adjacent heterostylous cv. ‘Molva’ on the depth of inbreeding

Ta6smna 2. CeMeHHasi NPOJYKTUBHOCTb MHGPEAHBIX TUHUN U 3aBUCHUMOCTD J0J1M COPMUPOBABIIUXCS CEMSIH,
NPOUCXOASAIIUX OT EPEONbIIEHHS C reTEPOCTUIBLHBIM COPTOM ‘MOJIBA’, OT VIyGHUHBI UHGPUAUHTA

Igr;?:;?tiii:f Lines analyzed Seeﬁz::;;;lg nt, Proportion of seeds from cross-pollination, Mean + SE
I, (F) 22 52.7 +2.75 16.2+1.51
L 21 34.6 £2.29 17.8 +1.27
L 21 15.2+0.81 17.9+1.83
I, 21 15.1+£0.76 17.1+2.09
I, 21 14.5+0.70 21.7£1.75
I 21 13.6 £ 0.65 18.5+1.75
L 21 13.2+0.70 15.5+1.55

Discussion

The cultivated cross-pollinator FE esculentum manifests
a typical reaction to inbreeding. Main genetic load is elimi-
nated mainly during two generations of selfing, and later the
fitness continues reducing, down to a plateau, usually during
three or four selfing generations. In the ontogenesis, ID was
barely noticeable at the stage of seedling emergence, in-
creased during further vegetative development (measured as
the size of the largest leaf), and reached a maximum at the
stage of grain filling, exceeding 0.5 (the level which allows the
evolution of autogamy, according to some theoretical mod-
els). At the same time, the level of homozygotization does not
influence competitive ability of developing seeds on a plant,
i.e,, the ovaries on the same plant resulted from both self- and
cross-pollination have similar chances to reach maturity.

The phenomenon of ID enhancement during ontogeny
has been documented for many species. Early-acting ID, i.e.,
ID at the stage of seed formation, also has been described in
a number of published works; however, in most cases, the dis-
turbances in seed development were due to strong deleteri-
ous recessives becoming homozygous. Such genetic load can
be easily eliminated during self-pollination. In some cases,
such mutations are maintained to provide early removal of
selfed offsprings from a population and, therefore, to increase
a share of outcrossed ones. It is especially useful when selfing
prevention mechanisms are not very effective. Thus, selfing
levels of aborted fruits of Platypodium elegans were 10%
higher than those of seeds and seedlings; it was attributed to
an early expression of genetic load (Hufford, Hamrick, 2003).
Selfing levels of died seeds of Caryocar brasiliense were higher
than those of viable seeds (Collevatti et al.,, 2009). Develop-
ment of selfed seeds continuously varies in Aconitum kusne-
zoffii, i.e., the embryos are aborted at different stages; it was
interpreted in terms of the expression of many deleterious al-
leles during seed maturation (Hao et al., 2012).

The embryonic lethality due to the homozygosity of
strong deleterious recessives cannot be equated with the
“true” ID. Such ovaries die in any case, regardless of the
strength of competition for resources with other ovaries. The
phenomenon of the effect of the genotype on competitiveness
(if the competing genotypes do not carry embryonic lethals)
has not yet been documented, apparently, for any plant spe-
cies. In our work, the phenomenon of the absence of such
competition was proved. This fact is very significant in the

context of the evolution of self-pollination. So, if ovaries orig-
inated from outcrossing had advantages over the ones from
self-pollination on the same plant, the evolution of autogamy
would hardly be possible. Selfed ovaries would die off when
any cross-pollination occurs, and mutations promoting self-
ing would tend to be eliminated from the population. When
cross-pollination becomes impossible, self-pollinated ovaries
might have a chance to develop. But if in a population that
may have already partially adapted to selfing and reduced the
level of ID the outcrossing is resumed, the outcrossed ovaries
will prevent the development of selfed ones. On the other
hand, if the heterozygosity level of the genotype of an ovary
does not affect the probability that it will turn into a mature
seed, less heterozygous ovaries have an opportunity to de-
velop and, therefore, become the founders of self-pollinated
lineages.

The absence of a noticeable effect of the level of heterozy-
gosity in the ovary’s genotype on its competitive ability dur-
ing its development on a plant is very important for the start
of the evolution towards self-pollination. The levels of ID at
other developmental stages are apparently less crucial for
a possibility of such evolution. Strong harmful recessives that
cause selfed seeds to die off can be eliminated quite quickly
after the process of such evolution has started. Further on, the
elimination of weaker harmful alleles can gradually occur.
This process can go on apparently for quite a long time. Ulti-
mately, it is possible to obtain some optimal combination of
genes, developing a sufficiently adapted self-pollinator, al-
though complete disposal of ID at the later stages of ontogeny
might fail to occur.

In this study, the selfed lines of F esculentum, even the
selfed interspecies hybrids F esculentum x F homotropicum,
showed ID higher than 0.5. F esculentum and E homotropicum
are very closely related species, obviously derived from
a common ancestor. This ancestor had highly likely the same
ID parameters as the cross-pollinator FE esculentum, i.e.,
ID > 0.5. However, it did not prevent the emergence of the
autogamous species E homotropicum.

Our experiment gives no answer to the question why the
speciation of the self-pollinator E homotropicum has started.
The data presented do not allow us to speculate on this topic.
It may have been the result of the isolation of small fragments
of a crossbreeding population in mountains, where the self-
fertility mutation became established. Apparently, it is not
entirely correct to speculate how beneficial it is for a particu-

136

TPY/IbI 110 TPUKJIAZJHOM BOTAHUKE, TEHETUKE U CEJIEKLIMH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(1):131-138



Fesenko A.N., Fesenko L.N.

. 186 (1),2025 o

lar species to become a selfer. A more correct logic is that
self-fertility mutations sometimes occur, but their evolution-
ary future, whether they will become founders of new spe-
cies, or will be rejected by natural selection, depends on
anumber of conditions. Evidently, in most cases such muta-
tions are eliminated from a population or maintained as a mi-
nor admixture. So, many self-fertile mutations of F esculen-
tum were isolated in a short time on experimental fields. It al-
lows us to assume that such forms should arise quite often,
but none of such mutants have become the basis for a new
species in nature. However, there is an exception like £ homo-
tropicum, when the one more self-fertile mutation was suc-
cessfully combined with an increase in tolerance to ID.

Conclusion

This study showed that ovaries differing in heterozygosity
levels of their genotypes had an equal chance to become ma-
ture seeds on a buckwheat plant. It looks like a key preadap-
tation for the possibility of evolution towards selfing. The lev-
els of ID at the stages of autotrophic development are less im-
portant for the possibility of such evolution. So, the ID of veg-
etative development and seed yield in the cross-pollinating
species F. esculentum significantly exceeds 0.5. It is highly
likely that the ancestral form of contemporary buckwheat
species manifested a similar ID level. Despite this fact, the
emergence of the autogamous species F. homotropicum,
closely related to E esculentum, became possible.
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