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INFLUENCE OF IN VITRO CULTURE ON SEED SIZE
IN SOMACLONAL VARIANTS OF SPELT

Aim. Study the seed size of Triticum spelta L.
regenerants obtained in the immature embryo culture
Rz generation in comparison with the original forms.
Methods. Measurement of length, width and area of
the grain using ImageJ software, statistical data anal-
ysis. Results. Measurements of spelt grains of five
original genotypes and their 26 somaclonal variants
were carried out. Significant differences in seed size
were found. The Oberkulmer Rotkorn and Zorya
Ukrainy spelt cultivars had the largest grains, and
their somaclones showed a significant decrease in
the grain size. Among the somaclonal variants of the
rest spelt genotypes, a significant increase in grain
size was observed with a high frequency (from 40 %
to 67 % of all somaclones) and no significant de-
crease. Two somaclones of the T. spelta 4 (UK
4C/15) breeding line had significantly higher grain
area values compared to all other studied genotypes.
Conclusions. Somaclonal variation in seed size was
revealed among biotechnological spelt plants. It was
shown that the character of changes in grain size pa-
rameters depended on the initial genotype. The de-
veloped method to obtain biotechnological spelt
plants makes it possible to develop high-quality
starting material for the plant breeding needs.

Keywords: Triticum spelta L., immature em-
bryo culture, regenerant plants, R> generation,
somaclonal variation.

Spelt wheat (Triticum spelta L.) occupies a
much smaller share of world production compared to
the more widespread common wheat (Triticum aes-
tivum L.) due to certain technological difficulties in
cultivation, although it has a greater content of pro-
tein, some trace elements, in particular selenium, and
other beneficial compounds. Spelt is more resistant
to diseases and undemanding to growing conditions,
does not require the application of significant
amounts of fertilizers, that makes it an attractive ob-
ject for organic farming, but has a lower yield (70—
80 % common wheat yield) [1]. Plant productivity is

affected by the number and weight of grains per
spike. The weight of the grain directly dependsonits
size. Certain genes regulate the size, weight and
guantity of grains in different ways. TaGS5 and
TaGW?2 are important genes affecting seed size and
weight at ahighlevel of expression [2]. High expres-
sion levels of TaSN1, TaFUL1, TaSH1 genes affect
the quantitative index of seeds per spike, control
spike development, and, as aresult, plant productiv-
ity [3].

Introducing useful traitsto valuable speciesis
an important element in breeding and biotechnol ogy,
where the phenomenon of somaclona variation
plays an important role. For the first time, this phe-
nomenon was noted only in the phenotypic manifes-
tations of in vitro regenerants, but today it is aready
known that somaclonal variation manifests itself in
changes in a significant number of various traitsin
the genotype of ex vitro plants and can be used inthe
breeding process to improve plant productivity [4-
6]. Although genomic changes (polyploidy and an-
euploidy, various mitotic abnormalities) as well as
mutationsin DNA segquence can be the cause of phe-
notypic variation in plants, epigenetic regulation of
gene expression at the molecular level through DNA
methylation, histone modifications or RNA interfer-
ence also play a major role [7]. DNA methylation
can induce high levels of gene expression [8].
Changes in gene expression can aso occur when
mobile DNA sequences, such as transposons, are ac-
tivated. Their location can influence gene stability
and contribute to both gene overexpression and si-
lencing, making those mobile DNA regions one of
the explanations for somaclonal variation at the mo-
lecular level [9]. The variability and genetic changes
of the obtained plants are affected by the conditions
of their in vitro cultivation. Changes in the obtained
somaclones can be reflected phenotypically and oc-
cur in the biochemical composition, or at the molec-
ular level [8]. Therefore, somaclonal variation that
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occursduring the in vitro cultivation of cellsand tis-
sues makes it possible to obtain awide range of phe-
notypicaly and biochemically diverse plants within
the same genotype. This method was repeatedly pre-
sented as efficient in research of geneticists and
breeders[5, 6, 10].

To date, there are a total of three scientific
works on obtaining spelt regenerants in aseptic cul-
ture[11-13] and no study on somaclonal variationin
spelt. Considering this, the aim of the work was to
study somaclonal variation in seed size among spelt
regenerants obtained in immature embryo culture.

Materials and methods

Spelt seeds of five original genotypes (the
Ukrainian cultivar Zorya Ukrainy, the German culti-
vars Zuricher Rotkorn and Filderweiss, the ancient
Swiss cultivar Oberkulmer Rotkorn and the Ukrain-
ian breeding line T. spelta 4 (UK 4C/15)) and 26
somaclona variants of these genotypes of the R;
generation (two variants of the Zorya Ukrainy culti-
var, five variants of the Zuricher Rotkorn cultivar,
eleven variants of the Filderweiss cultivar, two vari-

ants of the Oberkulmer Rotkorn cultivar and six var-
iants from the UK 4C/15 breeding line) were used in
thework. Seedsof the original genotypes of the 2022
reproduction were kindly provided by the Institute of
Plant Physiology and Genetics of the National Acad-
emy of Sciences of Ukraine. Spelt regenerants were
obtained in the immature embryo culture some of
which, during further cultivation in a greenhouse,
formed seeds of the R: generation. R: seeds of
somaclonal variants and seeds of the origina geno-
types were sown in an experimental plot of the Insti-
tute of Cell Biology and Genetic Engineering of the
NAS of Ukraine (ICBGE). The collected seeds from
the 2024 reproduction experimental plot served as
test material for grain size measurement.

In the study we estimated the length, width,
and area of 20 randomly taken grainsof each origina
genotype and somaclonal variant using ImageJver. 2
software. The grains of each genotype were scanned
separately using an HP LaserJet Professional M1132
MFP scanner at a resolution of 1200 dpi. The “Dis-
tancein pixels” parameter corresponded to 25.4 (the
number of millimeters per inch). Fileswere saved in
JPEG format (Fig. 1).

Fig. 1. Appearance of scans of 20 grains of the original spelt genotypes (ZU — cultivar Zorya Ukrainy, ZR —
Zuricher Rotkorn, Fw — Filderweiss, OR — Oberkulmer Rotkorn, S4 — Ukrainian breeding line T. spelta 4 (UK 4C/15))
and their somaclonal variants (Nos. 7, 11, 21, 34, and 27). Scan resolution 1200 dpi.

184 ISSN 2415-3826 (Online), ISSN 2219-3782 (Print). PakTopy excnepymeHTansHoI eBontoLi opraHiamie 2025. Tom 37



Influence of in vitro culture on seed size in somaclonal variants of spelt

Statistical analysisof datawas performed using
Python's dtatistical package Pingouin
(https://pingouin-stats.org, ver. 0.4). To compare 2
means between the original form and its somaclone
we used Student test. One-way ANOV A (Anaysis of
Variance) was used to compare the differences be-
tween the group means (initial genotypes or plants of
the same genotype). Tukey-HSD test was used for
multiple comparisons. Normality of datawas checked
with Shapiro-Wilk (omnibus) test. Homoscedasticity
was analyzed using Levene test. Results were consid-
ered statigtically significant at p < 0.05.

Results and discussion

As aresult of the measurements and calcula
tions, significant differencesin seed size between the
original genotypes, the origina genotype and
somaclona variants, and between somaclonal vari-
ants of the same genotype were found (Table). The

initial forms differed significantly in length, width
and area of the seeds. The Zuricher Rotkorn and
Filderweiss cultivars had shorter seeds. The Ober-
kulmer Rotkorn variety had a significantly larger
grain area compared to the others.

Somaclonal variation in morphological pa
rameters of seeds was observed among spelt regen-
erants obtained in the culture of immature embryos,
bothinincreasing grain size compared to the origina
form, and decreasing depending on the plant geno-
type. In somaclona variant No. 34 of the Ober-
kulmer Rotkorn, a decrease in the length, width and
area parameters of grainswas observed. The average
value of the grain area was 20.3 % less than that of
the original form. Also, asignificant decrease in the
area and width of the grains was found in the
somaclonal line No. 7 of Zorya Ukrainy with a de-
crease in the average value of the seed area by
15.8 % (Fig. 1, Table).

Table. Analysis of the size of spelt grains of five genotypes and their somaclonal variants of the R2

generation
OG Length, mm Width, mm Area, mm?
ZU ZR Fw OR A ZU /R Fw OR A ZU /R Fw OR A

SV | 962 |89°| 91° | 972 | 9,32 | 318 | 31° | 32 | 342 | 31° [ 22,80 | 20,82 | 21,22 | 24,1° | 21,22
e - - - o5 - - - ECIEE - - - (2267
3 |92¢| - - - - 33 - - - - 2160 - - - -

6 | - - - - 103 - - - ESEE - - - 2620
7 922 - - - - 29| - - - - 192 - - - -

8 | - EraE - - EEE - - - 203 - -
10 | - - 94| - - - EE - - - 2200 - -
11| - [96] - - - - 33| - - - - 228 - - -
14 | - - o6 | - - - EEIE - - - [232%] - -
15 | - - - - 99| - - - IR - - - [235%
21 | - - [1029] - - - - 36| - - - - 257 - -
22 | - - - EGEEE - - - 2P| - - - - |23
23 | - - 99| - - - NEEIE - - - 236" - -
24 | - -~ 999 - - - - 35 | - - - - |82 - -
25 | - - 989 - - - - 35 | - - - - | 2567 - -
27 | - - - - [104°] - - - EERE - - - | 26,45
28 | - - - - 104 - - - E R - - - [ 256°
29 | - - - 1007 - - - - 34| - - - - [ 236° | -
31 | - |95 - - - - 33 - - - - 228 - - -
32 | - - 99| - - - EEE - - - 253 - -
e - - 8% | - - - - 29| - - - - |19 -
%6 | - |86 - - - EIEE - - - 195 - - -
37 | - - [1019] - - - - [350| - - - - [ 579 - -
38| - [86°]| - - - EEE - - - [200®] - - -
39 | - | 87?| - - - - [31 | - - - - 204 - - -
40 | - - |95 | - - - EEEE - - - 28| - -
41 | - - 95 | - - - EEE - - - [ 252 - -

Notes: the means are presented in the table; means of the same parameter with the same letter when compared separately
between the origina genotypes and separately between the original genotype and its somaclonal variants are not significantly different
at the0.05 significancelevel; OG — original genotypes, SV — somaclonal variants; ZU — cultivar ZoryaUkrainy; ZR — Zuricher Rotkorn;
Fw — Filderweiss, OR — Oberkulmer Rotkorn; $4 — Ukrainian breeding line T. spelta 4 (UK 4C/15).
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Among the rest of genotypes, an increase in
grain size and no significant decrease were found. In
somaclones of Zuricher Rotkorn, the means of the
morphological parameters of the grains were both
larger and smaller than the original form; however,
we found asignificant difference only in cases of in-
creasing seed size. An increase in the morphological
parameters of the grains was observed in two
somaclones (Nos. 11 and 31) of Zuricher Rotkorn
with afreguency of 40 % of the total number, seven
somaclones (Nos. 14, 21, 23, 25, 32, 37, and 41) of
Filderweiss with a frequency of 63.6 % and four
(Nos. 6, 15, 27, and 28) somaclones of the Ukrainian
breeding line T. spelta 4 with afrequency of 67.7 %.
In astudy by other authors, only 10 % of somaclonal
variants of wheat had higher yield than the origina
forms[5].

In somaclones derived from Filderweiss and
T. spelta 4, greater deviations of the length, width
and grain area values of the initial forms were ob-
served compared to Zuricher Rotkorn somaclones
(Table). On average, theincreasein seed areaamong
somaclones was 19.9 % compared to the initial gen-
otype T. spelta 4, by 17.5 % from seeds of Filder-
weiss and by 9.6 % for the Zuricher Rotkorn geno-
type. This indicates a wider reaction norm by the
trait of grain sizein thefirst two genotypes compared
to the last one. In genera, the trait of seed size is

quite stable and does not depend strongly on cultiva-
tion conditions such as soil composition, insolation,
humidity, infections, etc. For example, the morpho-
logical parameters of the seeds of the original geno-
types of the 2022 reproduction (Hlevakha village,
Kyiv region) did not differ significantly from such
of seeds of the 2024 reproduction (Kyiv, ICBGI).
Therefore, somaclonal variation in spelt seed sizeis
apowerful source of biodiversity to addressbreeding
needs to improve spelt wheat productivity.

We found significant variations in grain size
parameters among somaclones of Filderweiss and
T. speta 4 genotypes. Thus, somaclonal lines
Nos. 21, 25, 32, and 37 of the Filderweiss cultivar
had a significantly stronger increase in grain size
compared to lines Nos. 14, 23, and 41 (Fig. 2, A).
Somaclones Nos. 6, 27, and 28 of the T. spelta 4 had
alarger grain size compared to somaclone 15, which
exceeded the original genotype in this trait (Fig. 2,
B). Somaclonal lines No. 6 and 27, which originated
from the initial form T. spelta 4, had significantly
larger grain area compared to all other genotypes, as
well as grain length and width values, which makes
them promising starting material for spelt breeding
to increase productivity (Fig. 3). Genotype No. 28,
also derived from T. spelta 4, had significantly supe-
rior area values compared to other somaclones of
thisgroup (Fig. 2, B) and the Zorya Ukrainy cultivar

(Fig. 3).

Fig. 2. lllustration of significant differences between the means in the grain area of Filderweiss (Fw, A) and the
breeding line T. spelta 4 ($4, B) genotypes and their somaclones. The means are given with confidence intervals a a
significance level of 0.05. *: 1.00e-02 < p <= 5.00e-02, ***: 1.00e-04 < p <= 1.00e-03.****: p <= 1.00e-04.
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Fig. 3. llustration of significant differences between the meansin the grain area of spelt somaclonal lines Nos. 6,
27,and 28 of the T. spelta 4 ($4) breeding line, Zorya Ukrainy (ZU), and Oberkulmer Rotkorn (OR) cultivars. The means
are given with confidence intervals at the 0.05 significance level. *: 1.00e-02 < p <= 5.00e-02, **: 1.00e-03 < p <= 1.00e-

02, ns: no significant difference.

The studied spelt wheat genotypes differed in
the manifestation of somaclonal variation in grain
size. For some genotypes (Zorya Ukrainy and Ober-
kulmer Rotkorn), which had the largest seed size
among the others, we observed an exceptionally sig-
nificant decrease in grain size in somaclonal vari-
ants. Among somaclones of other genotypes we de-
termined a significant increase in grain size, and no
significant reduction in grain size was observed at
all, although the number of somaclones of these gen-
otypes studied was several times greater. This may
be dueto the fact that grain size parameters have the
maximum expression in the Zorya Ukrainy and
Oberkulmer Rotkorn genotypes, and their change
leads only to a grain size reduction. Genotypes
Filderweiss and T. spelta 4 are geneticaly highly
plastic, since most somaclonal variants showed a
significant increase in grain size compared to the
origina genotypeswith awidereaction normfor this
trait. Other researchers have also observed the de-
pendence of somaclonal variation on plant species or
cultivar [4-7].
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Y Incmumym knimunnoi 6ionozii ma zenemuunoi inocenepii HAH Yrpainu,
Yxpaina, 03143, m. Kuis, éyn. Axademixa 3abonomuoeo, 148

2 [ucmumym ¢pizionozii pocnun i 2enemuxu Hayionanvnoi axademii nayk Yxpainu,
Yrpaina, 03022, m. Kuis, eyn. Bacunvkiecoka, 31/17

BIIVIUB KYJIBTYPHU IN VITRO HA PO3MIP HACIHHSI COMAKJIOHAJIbBHUX BAPIAHTIB CIIEJIBTU
Mema. Jlocnigntu po3Mipu 3epHIBOK pociuH-perenepantis cnenstu (Triticum spelta L.) mokominus Ry, oTpumanux y
KyJbTYpl HE3pUIMX 3apOJIKiB, y MOPIBHAHHI 3 BUXIIHUMHU reHOTUNAaMU. Memoou. BUMipioBaHHs JOBKUHH, IIUPUHH 1
IUTOLII 3EPHIBKM 3a JIONIOMOTOI0 NPOTpaMHOro 3adesneueHHs Imagel, craructuuHuil aHaniz naHux. Pesyasmamu.
[TpoBeneHo BUMIipH 3€pHIBOK CIIENBTH I'STH BHXIJHMX T'€HOTHIIB Ta iX 26 COMaKJIOHAIGHHX BapiaHTiB. BussieHo
3HAYYIIy Pi3HHII0 ¥ pO3Mipax MiK TeHOTHIIAMH Ta ix coMmakioHamu. Pocrmuanm crienbtu coptiB Oberkulmer Rotkorn ta
3ops YkpaiHu MajM HaMKpyNHille 3epHO cepel] BUXIAHUX I'CHOTHIB, a Yy X COMAKJIOHIB CIIOCTEpIraju 3Hadylle
3MEHIIICHHS 3€PHIBOK y po3Mipi. Y COMaKIOHAJIBHHUX BapiaHTIB PEIITH T€HOTHUIIB CIIOCTEPITaiy CyTTEBE 301TBIICHHS
PpO3Mipy 3epHIBOK MOPIBHIHO 31 BUXITHAMHU POCIMHAMHE 3 BHCOKOIO 4acToToro (Bixg 40 % mo 67 % Bcix COMakJOHIB) Ta
BiZICYTHICTh Horo 3meHiieHHs. [IBa comakionu cenekiiinoi minii T. spelta 4 (YK 4C/15) manu 3nauynio Oinbiii
MOKa3HUKKM IUIOLIl 3€pHA y TMOPIBHSAHHI 3 yCiMa IHIIMMH JOCHIJDKYBaHMMH TeHOTUnamu. Buchoexu. BusisieHo
COMAaKJIOHAJIbHY MIHJIMBICT 32 PO3MIpOM HACiHHS cepell O10TeXHOJIOTIYHMX POCIHH cnenbTh. [lokasaHo, 1o xapakrep
3MIHEHHS TIOKa3HUKIB pO3MIpYy 3€pHA 3ajJeKaB BiJ] BHUXITHOIO TCHOTHITy. PO3pOOJieHHMI METOJ OTPHUMAaHHS
010TEXHOJIOTIYHUX POCIIHH CHENbTH, A€ MOKIIMBICTh CTBOPIOBATH SIKICHMI BUXITHUN MaTepiai 1yis TOTped BiTYU3HSIHOT
CeJIeKI].

Kmiouosi cnosa: Triticum spelta L., kynbTypa HE3piaUX 3apOJIKiB, POCIMHU-PErEHEPAHTH, TOKOJIHHS R2, cOMakmoHansHa
MIHJIMBICTb.
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