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Effects of the Bipl1 locus, which controls melanin accumulation
in the barley ear, on the size and weight of seeds
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Background. In cereals, photosynthetically active parts of
the ear significantly contribute to seed size and weight at
the grain-filling stage. In barley, ear tissues may accumulate
melanin pigments synthesized in chloroplast-derived mela-
noplasts. Effects of such pigments on yield parameters of
seeds have not been evaluated to date.

Materials and methods. Seed weight and size assessed by
image analysis were compared between two near-isogenic
barley lines differing in alleles of the BlpI gene, which deter-
mines melanin accumulation in ear tissues. Data on grain-
related parameters were collected during 6 years and in-
clude data on seeds grown either in the field or under green-
house conditions.

Results and discussion. A negative effect of the Blp1 locus
on the weight of 1000 seeds harvested in the field but not in
the greenhouse was revealed. To determine whether this ef-
fectisrelated to grain size, a comparison of two-dimension-
al linear parameters of seeds between the lines was per-
formed. It was shown that unlike the length and the area of
seeds, the width of seeds was also negatively affected by the
Blp1 locus. Although the same factors affected the weight of
1000 seeds and the width of seeds, a correlation between
them was not found, implying a dependence of seed weight
on other factors such as thickness and its related parameter,
seed volume.

Conclusion. Effects of barely ear pigmentation and of the
gene controlling it on yield-related parameters of seeds
were studied here for the first time. The observed negative
impact of the Blp1 locus on seed weight and size may be me-
diated by an interfering chloroplast activity and/or accu-
mulation of assimilates via melanogenesis. Additional stud-
ies are necessary to test this supposition and to investigate
the interaction of melanin synthesis and photosynthetic
activity of the tissues accumulating this pigment.

Key words: Hordeum vulgare L., melanoplast, photosynthe-
sis, assimilate, grain filling.

AxTyanbHOCTb. PoTOCHHTE3UpPYIOIIME TKAHU KoJioca sTuMe-
HA ABJAKTCA UCTOYHUKAMHU ACCUMMUJIMPYIOUIUXCA BelleCTB,
KOTOpbIe BHOCAT 60JIbLIOH BKJIaJ B GOPMUpPOBAHUE pa3Mepa
W MacCChbl 3€pHa. Y auMeHs1 B TKaHAX KoJioca MOTYT HaKalJu-
BAaTbCA MEJIAHUHOBbIE€ MTUTMEHTHI, BJIMAHHE KOTOPBIX Ha IO~
KasaTeJd ypoXKaHOCTH 3epHa HCClel0BaHbl He GbLIH.
Martepuasibl 1 MeTOABIL B pabGoTe 66110 TPOBEIEHO CPABHU-
TeJIbHOEe MCCIeJOBaH/e MacChl ¥ IMHEHHbBIX pa3MepoB 3epHa,
[OJIyYeHHBIX CIIOMOLIbI0 AHA/JIM3a HU300PKEHHUH, MOYTH
M30TEHHbIX JJUHUHN SYMEHS, OTIMYAIOLIUMXCS 110 JIOKycy Blpl,
KOHTPOJIUPYIOLIEMY CUHTEe3 MeJIAHWHOBBIX IIUIMEHTOB
B TKaHSX KOJIOCA TYMEHS — B [[BETKOBOH Yelllye, IepruKapnuu
3epHa 1 OCTHX.

Pe3ynbTaThl M 06CyXAeHUe. Bblio MoKasaHo, YTO B IOJIe-
BBIX YCJIOBUSAX JIOKYC Blpl oTpunaTeJbHO BJHsSET Ha Maccy
1000 3epeH. UT0OBI OonpesieuTh 06YCJI0BJIEH JIK HabJI0ae-
MbIH 3QPeKT yMeHblLIEHHEeM pa3MepoB 3epHa, 6bLJI0 MpoBe-
JIeHO CpaBHEHMe JIMHEeHWHbIX NapaMeTPOB 3epHA MEXJy JIU-
HUSIMH. Bb1JI0 TOKa3aHO, YTO, B OT/JIMYKE OT JJIMHBI U IJIOIIA-
1 ceMsIH, JIOKyC Blp1 oTpunaTeJbHO BJAHSET Ha MIUPUHY Ce-
MAH. HeCMOTpH HaA TO YTO HA MACCy U IMPUHY 3€pPHA BJIUAIH
OJIHU U Te ke GpaKTOophl, KOPPessAL U MeXy STUMHU IapaMe-
TpaMU BbISIBJIEHO He ObLJIO, YTO, BO3MOXKHO, CBSI3aHO C 3aBU-
CHUMOCTBIO MacChl 3epHa OT APYTHUX NapaMeTpoB, HallpuMep
TOJIL[MHBI U CBSI3aHHOTO C Hell 00'beMa 3epHa.

3akoueHue. BrepBble ObLIO NMPOBEJEHO HCCJEJL0BaHUE
pOJIM MUIMEHTOB U KOHTPOJHPYIOLUIMX UX GOpMHUPOBaHHE
reHOB Ha MOKa3aTesJ U NPOAYKTHBHOCTU 3epHa. OGHapyxeH-
HBIH oTpullaTeabHbIN 3ddekT nokyca Blpl Ha Maccy U LIU-
pHHY 3epHa MOXKeT ObITb CBSI3aH C HapyLIeHUAMH GOTOCHUH-
TETUYECKOM aKTHBHOCTU W HaKOILJIEHWEM aCCHMUJISTOB
B 3€pHE, BbI3BBAHHBIX CUHTE€30M MEJIAHMHOB B TKaHAX KOJIOCA.
JlJ11 1pOBEpPKHU BbIJBUHYTOI0 NIPEAINOJIOKEHU U yCTAHOBJIe-
HUS XapaKTepa CBSI3U MeX/y MeJlaHOreHe30M U GOTOCHHTe-
30M HEO6XOAI/IMBI AOIIOJIHUTEJIbHbIE UCCI€JOBAHHUA.

KniwoueBbie ciioBa: Hordeum vulgare L., Menanoniactsl, ¢po-
TOCHUHTE3, aCCUMUJIATBI, HAJIUB 3€PHA.
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Introduction

The size and weight of barley grains are agronomically
important traits that significantly contribute to the final
yield. These traits are determined by linear parameters of
seeds: length, width, and thickness as well as the degree of
grain filling (Zhang etal.,, 2012). They are considered the
primary traits for crop domestication and artificial breed-
ing. Modern barley varieties have larger grains as compared
to their ancestors (Hughes et al., 2019). Although grain size
and weight have a favorable influence on seedling vigor and
yield, including malt yields and feed production capacity,
little is known about the genes that determine these param-
eters in barley. Some attempts have been made to clarify the
genetic control of these traits. Quantitative trait loci and
hotspots for grain size and weight are reported to be dis-
tributed on all seven chromosomes (Ayoub etal., 2002;
Walker etal., 2013; Wang et al., 2019). Additionally, several
genes have been identified that affect barley grain size or
weight, e.g., Nud (Taketa etal., 2008), Int-c (Ramsay etal.,,
2011), Vrs1 (Sakumaetal., 2017), Vrs2 (Youssefetal., 2017),
Vrs3 (Bull etal., 2017), and Vrs4 (Koppolu et al., 2013).

Besides the aforementioned genetic factors, grain yield
parameters in cereals are influenced by plant nutrition
during the grain-filling stage. Photosynthetically active or-
gans of the ear such as lemmas, paleas, glumes, and awns
may significantly contribute to grain size and weight (Bra-
zel, 0’Maoiléidigh, 2019). For example, in wheat, the ear
contributes 45-65% of grain filling whereas the rest of the
above-ground parts of the plant contribute 35-69% (San-
chez-Bragado et al.,, 2016). Although awn length not always
contributes to an enhanced grain yield, reduced awn size
correlates with a reduction in individual grain size and an
increased number of shriveled grains (Rebetzke etal.,
2016).

Some specimens of barley can accumulate melanin pig-
ments in such ear tissues as the grain pericarp, husks, and
awns (Shoeva etal,, 2020). This trait is under the control of
the Blp1 (Black lemma and pericarp 1) locus mapped to chro-
mosome 1HL (Long etal, 2019). Because melanin accumu-
lates at the grain-filling stage, which is crucial for grain size
development, this pigment is assumed to affect grain yield-
associated traits. To test the impact of the Blp1 locus on the
size and weight of barley (Hordeum vulgare L.) seeds, a com-
parative analysis of these traits between two near-isogenic
lines (NILs) having different alleles of the Blp1 locus was car-
ried out in this study.

Material and methods

Plant material and growth conditions

Spring barley cv.‘Bowman’ (‘Bowman From Fargo)
NGB22812, www.nordgen.org) and its NIL i:BwBIpl
(NGB20470) developed for the Blp1 locus controlling melanin
accumulation in spike tissues - the grain pericarp, husks, and
awns (Figure) (Druka etal, 2011) - were grown either in
a greenhouse of the ICG SB RAS (Novosibirsk, Russia) under
a 12 h photoperiod in a temperature range of 20-25°C in au-
tumn (from October to January) or spring (from February to
May) vegetation seasons or in the experimental field of the
ICG Breeding Genetic Complex (Novosibirsk, N54.847102,
E83.127422). During 2015-2020, seeds of both lines were
collected and subjected to the comparative analysis. In total,
data on 14 trials (seed weight measurement; each trial cor-
responds to a distinct vegetation season and study site; Ta-
ble 1) and 12 trials (measurement of all other parameters;
Table 2) were collected including data on 6-year observations
of the plants under field conditions and 4- or 3-year observa-
tions in autumn and spring vegetation seasons in the green-
house.

Figure. Ears of ‘Bowman’ (top) and its NIL i:BwBIp1 (bottom) at the full-maturity stage

PucyHok. Kosioc sumeHs copta ‘Bowman’ (cBepxy) ¥ ero no4Ts M30oreHHou JimHuu i:BwBIp1 (cHusy)
Ha CTaJ UM MOJIHOM CNeJI0CTH 3epHa
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Table 1. The weight of 1000 seeds in ‘Bowman’ and i:BwBIp1
Ta6suua 1. lokasaTesn Mmaccobl 1000 3epeH copta ‘Bowman’ u imHuM i:BwBIp1

Growth . Significant
Year . Bowman i:BwBIp1 p-value .
conditions difference
field 58.7+0.8 53.0+0.3 0.0495 yes
2015
greenhouse, S 47.1+0.1 45.7 £2.2 0.5127 no
field 58.6 £ 0.7 50.6 +2.7 0.0495 yes
2016
greenhouse, A 544 +0.8 41.4+0.8 0.0495 yes
2017 field 571+1.0 57.0+0.3 0.8273 no
field 49.6 £ 0.6 47.4+0.3 0.0495 yes
2018 greenhouse, S 44.7 £ 0.7 44.0+0.2 0.1840 no
greenhouse, A 46.6 +1.2 47.2+0.3 0.8222 no
field 47.3+0.1 454 +0.4 0.0431 yes
2019 greenhouse, S 46.0 0.7 53.4+0.7 0.0495 yes
greenhouse, A 36.2+1.3 394+15 0.0495 yes
field 48.1+0.7 47.5+0.5 0.5127 no
2020 greenhouse, S 494 +1.7 45.0+1.1 0.0495 yes
greenhouse, A 37.9+0.1 44.6 £ 0.0 0.0339 yes

Note: mean of three biological replicates + standard deviation, in grams; differences are significant at p < 0.05, U test; A: autumn; S: spring

[IpuMeuaHue: cpeiHee 3HaYEHUE TPeX GHOJIOTHYECKUX TOBTOPEHUH + CTAaHAAPTHOE OTKJIOHEHHE, B 'PAMMax; pa3/INyusl 3HAYUMbI IPU
p < 0.05, U-xpuTtepuii ManHa-YUTHH; A: OCEHHsIs1 BereTalus; S: BeCEHHsIsl BereTalnus

Table 2. The linear parameters and weight of 30 seeds in ‘Bowman’ and i:BwBIp1

Ta6uuna 2. JInHelHbIe pa3Mepsl 1 Macca 30 3epeH copta ‘Bowman’ u imanu i:BwBIp1

Growth . Significant
Year . Parameter Bowman i:BwBIp1 p-value i
conditions difference

length, mm 7.50 £ 0.25 7.59 £0.16 0.6015 no

width, mm 343 +£0.11 3.07 £0.05 0.0086 yes
2015 field

area, mm? 19.48 +1.20 17.97 £ 0.62 0.0163 yes

mass, g 1.76 + 0.04 1.56 £ 0.05 0.0082 yes

length, mm 7.79 + 0.25 7.67 +0.11 0.2506 no

width, mm 3.28 £0.09 3.12 £ 0.06 0.0163 yes
2016 field

area, mm? 19.70 + 1.00 18.41 +0.10 0.1172 no

mass, g 1.59 +0.07 1.53+0.05 0.1161 no

length, mm 7.51+0.19 8.06 £ 0.23 0.0163 yes

width, mm 3.15+0.03 3.20 £ 0.07 0.1172 no
2017 field

area, mm? 18.31+0.55 19.85+0.90 0.0163 yes

mass, g 1.47 £0.03 1.65+0.07 0.0088 yes

length, mm 9.89 £ 0.28 9.27 £0.35 0.0283 yes

width, mm 3.67 £0.10 3.38+0.10 0.0090 yes
2018 field

area, mm? 27.49 + 1.57 23.89+1.41 0.0283 yes

mass, g 1.51+0.05 1.44 +0.02 0.0350 yes
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Table 2. The end
Ta6mna 2. OKOHYaHHe

Growth ) Significant
Year . Parameter Bowman i:BwBIp1 p-value .
conditions difference
length, mm 7.44 +0.82 8.00 + 0.51 0.1172 no
width, mm 3.33+£0.39 3.36+0.13 0.9168 no
greenhouse, S
area, mm? 18.86 + 4.45 20.46 +1.98 0.7540 no
mass, g 1.39 + 0.04 1.33 £ 0.04 0.0356 yes
2018
length, mm 7.87 £0.76 8.56 +0.19 0.0283 yes
width, mm 3.50+0.36 3.66+0.12 0.2506 no
greenhouse, A
area, mm? 21.00 £ 3.83 24.07 £1.21 0.0472 yes
mass, g 1.42 +0.02 1.46 + 0.03 0.0555 no
length, mm 9.18 £0.10 8.67 £ 0.34 0.0163 yes
width, mm 3.40+0.12 3.30+0.13 0.1172 no
field
area, mm? 23.66 + 1.08 2191 +1.78 0.1172 no
mass, g 1.44 £ 0.03 1.35+0.04 0.0278 yes
length, mm 797 £0.13 9.45 +0.20 0.0090 yes
width, mm 3.63+£0.11 3.53+0.04 0.1172 no
2019 greenhouse, S
area, mm? 21.46 +£0.82 25.48 + 0.65 0.0090 yes
mass, g 1.39+0.09 1.60 + 0.04 0.0090 yes
length, mm 7.71+0.34 7.72 +0.47 0.7540 no
width, mm 3.37+0.21 3.09 £0.20 0.0758 no
greenhouse, A
area, mm? 19.49 + 2.00 18.35 + 2.27 0.6015 no
mass, g 1.12 £ 0.05 1.19 £ 0.03 0.0723 no
length, mm 8.44 +0.35 8.03+£0.47 0.0758 no
width, mm 3.58+0.13 3.39+0.17 0.0758 no
field
area, mm? 23.05+1.77 20.86 £ 2.38 0.1172 no
mass, g 1.44 £ 0.04 1.42 £0.06 0.2933 no
length, mm 8.34 +0.95 8.03 +0.35 0.1172 no
width, mm 3.60£0.26 3.39+0.20 0.1172 no
2020 greenhouse, S
area, mm? 22.32 +3.87 20.85 +2.02 0.1745 no
mass, g 1.50 £ 0.06 1.38£0.03 0.0090 yes
length, mm 7.78 £ 0.47 7.73 £0.45 0.7540 no
width, mm 3.36+0.13 3.22+0.12 0.0758 no
greenhouse, A
area, mm? 19.40 + 1.80 19.21+191 09168 no
mass, g 1.15+0.05 1.31 £ 0.04 0.0090 yes

Note: mean of five biological replicates + standard deviation; differences are significant at p < 0.05, U test; A: autumn; S: spring

[IpusoxkeHue: cpe/jHee 3HaYeHHe NATH GMOJIOTMUECKUX MOBTOPEHHUH * CTaHZAPTHOE OTKJIOHEHHWE; Pasjndus 3Ha4uMbl pu p < 0.05,
U-kpuTepuil MaHHa-YUTHY; A: OCEHHSA BereTalus; S: BeCEHHss BereTanus
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Evaluation of grain yield-associated traits

The weight of 1000 seeds was measured in triplicate
(three biological replicates) in each trial. Linear parameters
of seeds (length, width, and area) were measured in five bio-
logical replicates with 30 seeds per replicate using the Seed-
Counter application for Android (Komyshev et al,, 2017). The
same 30 seeds were weighed in each replicate. The signifi-
cance (p < 0.05) of differences in parameters between the two
lines was assessed by the nonparametric Mann-Whitney
Utest. The nonparametric Kruskal-Wallis H test was per-
formed for determining the influence of factors “growth con-
ditions” (greenhouse or field), “year” (field conditions in
a distinct year) and “genotype” (‘Bowman’ or i:BwBIp1) on
seed size parameters. Correlations between the linear param-
eters of seeds and their weight were evaluated by means of
Spearman’s rank correlation coefficient. Statistical analysis of
the resulting data was carried out in Statistica v.6.1 (StatSoft
Inc., 2004).

Results

The weight of 1000 seeds

These data were collected for the NILs grown under the
field or greenhouse conditions during 6 consecutive years
(Table 1). The parameter was within ranges 36.2-58.7 and
39.4-57.0 g in ‘Bowman’ and i:BwBIp1, respectively. ‘Bow-
man’ was found to have heavier seeds in comparison with the
i:BwBIp1 line in 10 of 14 trials, and in six of them, the differ-
ences in the weight of 1000 seeds were statistically signifi-
cant including four field trials (Table 1).

One-way ANOVA on ranks was conducted to evaluate the
effects of different factors on the weight of 1000 seeds (Sup-
plementary Materials, Table S1)*. It was revealed that growth
conditions and the year significantly affected this parameter
when assessed either in the whole dataset of 14 trials or in
the datasets of ‘Bowman’ and i:BwBIp1 separately. We showed
that on average, both genotypes have heavier seeds when har-
vested from the plants grown under field conditions in com-
parison with those grown in the greenhouse (Supplementary
Materials, Table S2). Under the field conditions, the genotype
affected the weight of 1000 seeds significantly. Independent
on years being compared ‘Bowman’ seeds harvested from the
plants grown under the field conditions were on average
heavier than i:BwBIp1 seeds (Supplementary Materials, Ta-
ble S3). Under the greenhouse conditions, the influence of
factor genotype on this parameter was not detectable in the
combined dataset of spring and autumn vegetation seasons
and in the separate datasets of these vegetation seasons. In
dependence on years being compared, greenhouse-harvested
‘Bowman’ seeds were more often either heavier or lighter in
weight and in some cases did not differ from greenhouse-har-
vested i:BwBIp1 seeds (Supplementary Materials, Table S3).

Linear parameters of seeds

The length of seeds varied within ranges 7.44-9.89 and
7.59-9.45 mm in ‘Bowman’ and i:BwBIp1, respectively (Ta-
ble 2). ‘Bowman’ was found to have longer seeds in compari-
son with the i:BwBIp1 line in 6 of 12 trials, and in two of them,
the differences in the length of seeds were statistically signifi-
cant, while in three trials, i:BwBIp1 had significantly longer
seeds in comparison with ‘Bowman’. In 7 of 12 trials, the dif-
ferences in the seed length between the lines were not signifi-
cant. Factors growth conditions and genotype did not affect
this parameter, while the year did, both in ‘Bowman’ and in

! Electronic supplementary material. The online version of
this article (https://doi.org/10.30901/2227-8834-2021-2-89-95)

i:BwBIp1 (Supplementary Materials, Table S1). In depen-
dence on years being compared, the seeds of both genotypes
either were longer or did not differ when harvested from the
plants grown under the field conditions in comparison with
those grown in the greenhouse. In a few cases only, the seeds
harvested in the greenhouse were longer in comparison with
those harvested under the field conditions (Supplementary
Materials, Table S4). In dependence on years being compared,
‘Bowman’ seeds were either longer or shorter or did not dif-
fer from i:BwBlIp1 seeds when harvested in the field, but there
were no ‘Bowman’ seeds longer than BwBIp1 seeds when har-
vested in the greenhouse (Supplementary Materials, Ta-
ble S5).

The width of seeds was within ranges 3.15-3.67 and
3.07-3.66 mm in ‘Bowman’ and i:BwBIp1, respectively (Ta-
ble 2). The seeds harvested from ‘Bowman’ plants were wider
than i:BwBIp1 seeds in 9 of 12 trials, and in three of them, the
differences were statistically significant (Table 2). Unlike the
length of seeds, the width was influenced by the growth con-
ditions, year, and genotype (Supplementary Materials, Ta-
ble S1). For both lines, grains were either wider or did not
differ when harvested from plants grown in the greenhouse
than in the field; only in a few cases, the seeds harvested in
the field were wider than those harvested in the greenhouse
(Supplementary Materials, Table S6). In dependence on years
being compared, Bowman seeds were more often wider than
i:BwBIp1 seeds when harvested in the field, while they did not
differ more often from i:BwBIp1 seeds harvested in the green-
house; in a few cases only, i:BwBIp1 seeds were wider than
‘Bowman’ seeds (Supplementary Materials, Table S7).

The area of seeds varied within ranges 18.31-27.49 and
17.97-25.48 in ‘Bowman’ and in the i:BwBIp1 line, respec-
tively. ‘Bowman’ was found to have larger seeds in compari-
son with the i:BwBIp1 line in eight of 12 trials, and in two of
them, the differences were statistically significant (Table 2).
As in the case of seed length, the growth conditions and geno-
type did not affect seed area, while the year did, both in ‘Bow-
man’ and in i:BwBIp1 (Supplementary Materials, Table S1). In
dependence on years being compared, field-harvested ‘Bow-
man’ seeds were more often either larger or did not differ
from greenhouse-harvested seeds, while BwBIp1 seeds har-
vested in the greenhouse were more often either larger or did
not differ from seeds harvested in the field (Supplementary
Materials, Table S8). ‘Bowman’ seeds were more often larger
or did not differ from i:BwBIp1 seeds when harvested in the
field, while ‘Bowman’ seeds were more often smaller or did
not differ from i:BwBIp1 seeds when harvested in the green-
house (Supplementary Materials, Table S9).

A moderate positive correlation between the length and
width of seeds (r, = 0.70, p < 0.0001) was revealed. Seed area
positively correlated with seed length (r, = 0.95, p <0.0001)
and width (r,=0.86, p <0.0001), while seed weight did not
show associations with any linear parameters of the seeds.

Discussion

Plant melanin can accumulate in covering tissues of seeds,
where its role is not obvious at present. According to summa-
rized data reviewed by Glagoleva et al. (2020), melanin is not
essential for plants, but under some conditions, it can give
them some advantages. For instance, melanin can confer
more vigor on seeds, as in brown seeds of watermelon, which
are heavier and have higher germination and emergence per-
centages and seedling fresh and dry weights relative to light-
colored seeds (Mavi, 2010). There have been attempts to de-
termine the function of melanin pigments accumulating in
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barley seeds during exposure to salinity, drought, or cadmium
toxicity in the same genetic model of NILs differing in grain
color that are used in the current study. The results indicated
that melanin does not give any advantages to barley seedlings
under the stressful conditions tested (Glagoleva et al., 2020).

Recently, the localization of the melanin pigment in aging
chloroplasts of pericarp and husk tissues was identified in
barley seeds (Shoeva et al.,, 2020). Dynamics of melanin pig-
mentation development coincided with the grain-filling stage.
This finding suggests that melanin can affect photosynthetic
activity of ear tissues accumulating it and, as a consequence,
some parameters of seeds.

To identify a possible effect of melanin itself or the gene
that determines its accumulation on grain weight and size,
a comparative study of two NILs differing in grain color was
carried out here. Datasets on the weight of 1000 seeds and
linear parameters of seeds were collected, respectively, for 14
and 12 trials (Tables 1, 2, respectively) including 6-year ob-
servations on the seeds harvested in the field.

The observed impact of growth conditions in a given year
on seed weight and size in both studied genotypes (‘Bowman’
and its NIL i:BwBIp1) was an expected one, while the effect of
the Blp1 locus (controlling melanin accumulation in the bar-
ley ear) on these parameters was shown for the first time. The
negative effect of melanin accumulation in ear tissues on the
weight of 1000 seeds was small and depended on growth con-
ditions: it was more pronounced in seeds harvested in the
field but not in the greenhouse. To determine whether this
effect on weight is related to grain size, a comparison of two-
dimensional linear parameters of seeds between the NILs
was performed here by image analysis.

Unlike seed length and area, the width of seeds was af-
fected by factor genotype. The parameter was on average
greater in noncolored ‘Bowman’ than in the black-grained
line. Even though the same factors affected the weight of
1000 seeds and seed width, there was no correlation between
these parameters. Moreover, seed weight did not correlate
with any two-dimensional linear parameters of seeds (length,
width, and area of seeds), while there were strong positive
correlations among the linear parameters. Earlier, a depen-
dence of the volume of wheat and barley seeds on the death
and to a lesser extent on the width of seeds was demonstrated
(Hughes etal.,, 2019). Different contributions of morphomet-
ric parameters to seed shape and as a consequence to seed
volume and weight may explain the absence of associations
between seed weight and the two-dimensional parameters of
seeds assessed here.

The size of seeds is determined by the accumulation of as-
similates originating from photosynthetically active tissues of
plants, including ear tissues such as the husk and awns (Bra-
zel, O’Maoiléidigh, 2019). As a possible explanation of the
negative impact of melanogenesis on the weight and size of
barley seeds, one can consider declining photosynthetic pro-
cesses in chloroplasts of the ear tissues accumulating mela-
nins. This notion is supported by downregulation of photo-
synthesis-related genes in the melanin-accumulating
i:BwBIp1 line in comparison to control ‘Bowman’ plants as
evidenced by high-throughput RNA sequencing (Glagoleva
etal,, 2017).

Conclusion

For the first time, attempts were undertaken to evaluate
the influence of pigmentation and of the gene controlling it
on yield-related parameters of seeds such as weight and
size. Some negative effects of melanin presence in ear tis-

sues on the weight of 1000 seeds and their width were iden-
tified. The negative effect of the Blp1 locus on seed weight
and size did not manifest itself in all trials (i.e., vegetation
seasons and study sites) and was dependent on growth con-
ditions in different years. The observed negative impact of
the BIp1 locus on seed weight and size may be mediated by
an interfering chloroplast activity and/or by the accumula-
tion of assimilates via melanogenesis. Additional research is
necessary to investigate the interaction of melanin synthe-
sis and photosynthetic activity of the tissues accumulating
this pigment.
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