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Abstract: To investigate the inheritance of the Minolta b* value related to yellow pigment content, a biparental
winter durum wheat mapping population was created. The line ‘PWDI1216” was chosen as the parent with high
yellow pigment content, and ‘MvID10-98 as the low one. The Minolta b* values of the parents and lines were
evaluated for a total of 13 years. Measurement of gluten and thus gluten index were performed in 5 years. The
Minolta b* value of the semolina of the line with the highest yellow pigment content exceeded 24 in 12 years,
while the minimum values did not reach the value of 20 in most years. The gluten strength of the lines in
the population varied within a wide interval. The gluten index of the lines with the strongest gluten structure
significantly exceeded that of both parents. The gluten index of the line with the weakest gluten was between
1.18 and 9.93. The effect of years and genotypes was analyzed using a linear mixed model. In our experiment,
other traits (wet gluten content, plant height, heading time and cold tolerance under phytotron conditions) were
also observed in several years, so we could analyze the correlation of these traits with the Minolta b* value and
the gluten index. In this population the Minolta b* value and the gluten index proved to be genetically well-
determined traits, but in addition to these two more traits, the heading time and plant height were also controlled
to a decisive extent by the genetic background.
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INTRODUCTION
its cultivation is mainly concentrated to Eastern

Durum wheat is the second largest cultivated
Triticum species in the world. Its cultivation area
in Hungary exceeded 50,000 ha in 2024 (Euro-
stat, 2025), which is expected to increase due to
favorable market opportunities. The country’s cli-
matic conditions are favorable for the cultivation
of winter varieties, as these genotypes are able to
utilize winter precipitation and, due to their ear-
lier grain-filling period and ripening, their yield
can be several times higher than that of spring-
sown varieties. Winter durum wheat represents
a special group among durum wheat genotypes,

and Central-Eastern European countries (Pala-
marchuk, 2005). Durum wheat cultivation began
in Hungary in the 1980s (Beke and Barabas, 1981)
and has only been steadily exceeding 10,000 ha
since 2009 (Eurostat, 2025). The first winter du-
rum wheat varieties from Martonvasar were reg-
istered in 1996 (Szunics et al., 1998), and the pri-
mary goal during their breeding was to improve
cold tolerance. Additional years were needed for
the technological quality of the winter varieties to
be competitive with those of the spring varieties.
The yellow pigment content and gluten quality of
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the new varieties now meet the requirements of
the processing industry.

The development of the yellow color of dry
pasta made from durum wheat is influenced by
two main factors: the genetically determined
quality of the raw material and the technology
used by the processing industry (Irvine and Win-
kler, 1950; Irvine and Anderson, 1953). Among
the genetically determined traits, the yellow pig-
ment content ranks first (Borrelli et al., 1999),
which plays a special role in the technological
classification of durum wheat. The methods de-
veloped for determining the yellow pigment con-
tent are based on spectrophotometric measure-
ments, the versions of which are still widely used
today, and on chromatographic measurements. A
group of measurement methods is not based on
the chemical analysis of the compounds form-
ing the pigment, but on the determination of the
strength and depth of the yellow color in the vis-
ible or near infrared range. From a practical point
of view, the results of these measurements are
the easiest to interpret, since the consumer also
chooses a product based on the visible color and
not on the lutein content. Another advantage of
direct color measurement is that it eliminates
possible errors during extraction of sample prep-
aration, and also takes into account that other
factors (particle size, refractive index, lipoxy-
genase and peroxidase enzyme activity) play a
role in the formation of color intensity (Matz and
Larsen, 1954; Borrelli et al., 2008). After dem-
onstrating the correlation between optically mea-
sured values and carotenoid content (Johnston et
al., 1980), the method was clearly found suitable
for use in durum wheat breeding programs, as it
allows selection to increase the yellow pigment
content quickly and without the use of hazardous
chemicals.

Yellow pigment content is a highly heritable
trait, with /7 values ranging from 0.66 to 0.96 in
most of the studied spring durum wheat popula-
tions (Braaten et al., 1962; Lee et al., 1976; Santra
et al., 2005; Clarke et al., 2006). Several biparen-
tal mapping populations of spring durum wheat
were created until the mid-2010s to identify the
chromosomal regions determining yellow pig-
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ment content (Elouafi et al., 2001; Pozniak et al.,
2007; Blanco et al., 2011; Alsaleh et al., 2015), but
no similar study has been conducted in winter
durum wheat.

A valuable technological quality property of
durum wheat is the strong gluten matrix, which is
able to keep the starch molecules in a bound form
during processing and cooking (Feillet, 1984),
and as a result, the dough will retain its shape dur-
ing cooking. Reserve proteins, and within these,
gluten-forming proteins, play a prominent role in
the development of the technological quality of
bread and durum wheat. Durum wheat is a tet-
raploid species, thus in its natural form it carries
only the genes found on the A and B genomes.
The diversity is still extraordinary. Melnikova et
al. (2012) examined the gliadin composition of
700 durum wheat varieties from 45 countries and
revealed the presence of 16 Gli-Al, 41 Gli-A2,
19 Gli B1, 55 Gli-B2 and 1 Gli-B5 alleles. When
examining glutenins, Sissons et al. (2005) identi-
fied 9 HMW and 14 LMW subunits in a durum
wheat population consisting of 229 Canadian and
139 Australian genotypes. Several prolamin al-
leles also have a statistically proven effect on the
quality of durum wheat (Martinez et al., 2005).
The role of HMW glutenin subunits, which are
of paramount importance in shaping the baking
quality of wheat (Triticum aestivum), is less sig-
nificant in shaping the quality of dry pasta (Bran-
lard and Marion, 2011). Among the gliadins, the
first report was about the effect of y-gliadin sub-
units 42 and 45. According to the results of Dami-
daux and Feillet (1978), the average R value mea-
sured by viscoelastograph of varieties carrying
the y-gliadin subunit 45 exceeded those carrying
the gliadin protein subunit 42. Results of Payne
et al. (1984) and Pogna et al. (1988), on the oth-
er hand, proved that gliadin proteins can only be
considered as markers and that the real effect on
the viscoelastic properties and strength of gluten
is exerted by the LMW glutenin subunits (LM W-
1 and LMW-2) encoded by genes located on the
short arm of chromosome 1B. The genes respon-
sible for the production of HMW glutenin sub-
units located on the long arms of chromosomes
1A and 1B are also found in durum wheat. Bran-
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lard et al. (1989) identified 7 subunits encoded by
chromosome 1A and 11 by chromosome 1B in
502 durum varieties.

The strength of gluten can be determined by
several rheological testing methods. The mea-
surement of the gluten index (GI) is well-suited
for durum wheat breeding programs, the method-
ological basis of which was developed by Harald
Perten (1990). A modified version of the gluten
index method was developed by Cubadda et al.
(1992), who first used to investigate durum wheat
wholemeal and semolina. The gluten index is a
highly heritable genetic trait, and its heritability
value was between 0.84 and 0.93 in the experi-
ment of Clarke et al. (2000). Their results were
later confirmed using a wider range of varieties
(Clarke et al., 2009).

An outstanding goal in the winter durum wheat
breeding program in Martonvasar is to increase
the yellow pigment content. For a detailed molec-
ular investigation of the genetic background de-
termining the trait, we created a biparental map-
ping population by crossing the PWDI1216 high
Minolta b* value line and MvI'D10-98 line with
low Minolta b* value. In addition to the Minolta
b* value and the gluten index, we also observed
several morphological and phenotypic traits of
these lines and analyzed the correlation between
the traits. In our publication, we present the re-
sults of this work.

MATERIALS AND METHODS

Location

The experiments were set up between 2001
and 2014 on the same field (Martonvasar,
47°18’N/18°49°E). The forest residue chernozem
soil was sufficiently homogeneous. The soil was
neutral in pH (6.99) and loamy in physical form.
Based on its humus content (2.4 m/m%), it had
a medium nitrogen supply, the phosphorus con-
tent was medium (120 mg kg'), while the potas-
sium supply was uniformly good (>300 mg kg’
1. The precrop of the experiments was oil rad-
ish. The nutrient supply in the experiments was
carried out by applying 60:60:60 kg ha' N:P:K

in the autumn, which was followed by a single
60 kg ha! nitrogen top dressing in early spring.
The sowing was carried out with a HEGE-90
type plot drill (Hans-Ulrich Hege GmbH und
Co., Waldenburg, Germany). During the grow-
ing season, weed control (MCPA, clopyralid,
triasulfuron, tribenuron-methyl + fluroxypyr,
if necessary fenoxaprop-P-ethyl active ingre-
dient) and insecticide (lambda-cyhalothrin, es-
fenvalerate) were applied. The plots were har-
vested with a Wintersteiger plot combine har-
vester (Wintersteiger AG, Reid, Austria) at full
maturity. The meteorological characteristics of
the vegetation periods are presented in Table 1.
The plots were 2 m in length, with a row dis-
tance of 20 cm, the tests were carried out in two
replicates.

Phenotypic studies

For determining the chromosome regions con-
trolling Minolta b* value and gluten, a biparental
mapping population was created. Breeding lines
with extremely high and low Minolta b* values
were selected as parents. The high yellow pig-
ment parent was the durum wheat line ‘PWDI1216’
(Saatzuch Donau GmbH, Probstdorf, Austria),
and the low one was the ‘MvID10-98’from Mar-
tonvasar. After the crossing, a total of 240 lines
were generated from the F, generation. The first
technological quality test was performed in the
F, generation (samples of F . families) in 2001.
From the F, generation (2003), the population
was treated as consisting of recombinant inbred
lines. From then on, the Minolta b* value of the
samples was measured every year until 2014,
in accordance with the purpose of the mapping
population. The gluten index of the lines con-
stituting the population proved to be diverse as
well, therefore this trait was also determined over
five years. In addition to these two technological
quality traits, we examined the wet gluten con-
tent of the lines (according to the ICC158 stan-
dard, from semolina (ICC, 1995)) and among the
phenotypic data, we observed the heading time
(7 years, UPQV, 1988), the plant height (6 years,
measured in cm together with the awns accord-
ing to UPOV, 1988) and the phytotron cold toler-
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Table 1. Meteorological characteristics of the vegetation periods between 2000/2001 and 2013/2014 in

Martonvasar, Hungary

Precipitation Mean temperature No.of |Day of the year
Vegetation ~|(mm) (°O) he(;'to Relevant meteorological
period davs’ . stress factors
X! GFP? )y GFP ays sowing harvest
2000/2001 |450.2  |93.2 9.23 18.76 |5 269 188 Dry grain filling period
2001/2002 |188.8 450  |9.14 1991 |11 271 179 g"ld December, preharvest
eat stress
20022003 [231.0 1390  |7.00 2137 |27 283 178 gﬁilggwmter’ hot & dry grain
2003/2004 |484.4  [130.6  |7.35 18.46 |8 282 194 Cold January
2004/2005 |458.4  |49.2 6.96 18.69 |10 280 177 Wet harvest
20052006 4216|1184 730 1901 |17 283 191 sctgg;is]a““a"y’ preharvest heat
2006/2007 |167.8 86.6 10.64 20.71 30 285 173 Drought, preharvest heat stress
2007/2008 |361.4  |88.8 7.97 19.91 14 285 184 Above average amount of
precipitation
2008/2009 320.0  [85.5 8.32 18.06 |6 283 183 Dry April & grain filling period
2009/2010 |629.5 186.5  [8.06 1996 |14 281 195 Excessive amount of
precipitation
20102011 2381 1545 1726 11929 |3 287 192 E"ld December, preharvest
eat stress
2011/2012  |210.2 78.2 7.39 18.73 9 284 180 Drought, preharvest heat stress
2012/2013  |381.8 68.2 7.63 17.96 7 279 183 Strong cold snap in mid-March
2013/2014 |304.9  |87.7 9.22 17.78 |6 276 183 Dry January, mild winter

Notes: 12 = period from sowing to harvest, °GFP = Grain filling period, Daily maximum temperature > 30°C

ance of the lines (2 years, according to the meth-
od published by Tischner et al., 1997).

Technological quality testing

The gluten index of the winter durum wheat
samples was determined from semolina accord-
ing to the ICC158 (ICC, 1995) standard, using a
Perten Glutomatic 2200 and a Perten 2015 Cen-
trifuge (Perten Instruments AB, Hégersten, Swe-
den). The Minolta b* value was measured be-
tween 1996 and 2016 with a Minolta CR-300, and
from 2017 onwards with a Minolta CR-400 chro-
mameter (the data measured by the two devices
were compared when the type was changed, the
values were the same). The tests were performed
on semolina in all cases.

Semolina was produced until 2010 on a Bra-
bender Junior laboratory mill (Brabender GmbH
& Co. KG, Duisburg, Germany), which was
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adapted for milling durum wheat samples as
recommended by Vasiljevic et al. (1977). At this
time, the coarse bran fraction was separated on
a Retsch KS 1000 sieve (Retsch GmbH, Haan,
Germany). The 160-315 pum fraction was then
purified on a Chopin Semolina Purifier (Chopin
Technologies, Villeneuve-la-Garenne, France).
Since 2010, durum wheat samples have been
ground on a Chopin CD2 laboratory mill. Sem-
olina was purified on the previously used Cho-
pin Semolina Purifier, so the particle size of the
semolina produced before 2010 and on the new
mill was the same. Separation of HMW glutenin
subunits was performed on SDS polyacrylamide
gel (Jackson et al., 1996).

Statistical analyses
Statistical analyses were performed on the
data of the durum wheat lines used for mapping
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and the two parental varieties. Phenotypic data
were analyzed using the SPSS 16.0 (SPSS Inc.,
Chicago, IL, USA) program with the linear mixed
model (REML analysis) module. The fixed mod-
el was represented by the Constant + Genotype
factor, and the random model was represented by
Year. In the case of six traits for which we had
data from multiple years, we determined the vari-
ance components (G°, = genotypic variance; 6° .,
= Genotype x Year interaction variance; 6*, = re-
sidual variance; 6, = phenotypic variance) using
the method of Longin et al. (2013). REML analy-
sis (based on a random model), was performed,
and then the repeatability (genotypic/phenotypic
variance = A°) values were calculated. Pearson’s
correlation coefficients were used for demonstrat-
ing the relationships between phenotypic traits.

The lines forming the population can be di-
vided into two groups based on a morphological
difference. The statistical reliability of the dif-
ference between the phenotypic mean values of
the groups separated by the color of the awn was
checked with a #-test (Microsoft Excel 2013; Mi-
crosoft Corporation, Redmond, WA, USA). De-
pending on the result of the F-test, the #-test was
performed for equal or unequal standard devia-
tions. Descriptive statistics of the molecular data
were prepared using SPSS 16.0.

RESULTS AND DISCUSSION

Based on previously published results, it can
be stated that the environment and genotype
significantly influence both the Minolta b* val-
ue and the gluten index in winter durum wheat
populations (Vida et al., 2022). In plant breeding,
knowledge of the genetic factors encoding traits
can make the targeted selection of offspring more
efficient and faster. Following in the footsteps of
DNA-level research initiated in wheat, the first
results in spring durum wheat, were published
within a short time. However, information in this
regard was not available in winter durum wheat
around the turn of the millennium. During this
period, the low yellow pigment content of the
winter genotypes significantly impaired the mar-

ketability of newly produced varieties. Therefore,
two breeding lines with extremely high and low
Minolta b* values were used as parents to create a
mapping population. An Austrian line ‘PWD1216’
(Prostdorfer Saatzuch, currently Saatzucht Donau
GmbH) was chosen as the parent with high yellow
pigment content, and the line ‘MvI'D10-98” from
Martonvasar as the parent with low yellow pig-
ment content. Our primary goal was to identify
the chromosome regions linked to yellow pig-
ment content, and we measured the Minolta b*
value of the parents and the offspring lines for a
total of 13 years. We performed gluten washing
and thus gluten index measurement for 5 years,
so we were able to identify the genetic factors de-
termining this trait on the linkage map. We used
molecular data from 179 lines to compile the ge-
netic map, and the published phenotypic data,
also refer to this population and the two parents.

Descriptive statistics of the population and
data on the parent lines broken down by year are
included in Table 2.

Average values of the lines and parents did
not differ significantly from each other (the re-
sult of the paired #-test: Minolta b*: 1.841"; gluten
index: 1.669™). However, in the case of the two
traits, a remarkable difference is visible between
the values of the two parents and the extreme val-
ues of the population. The average Minolta b*
value of the parents ’PWDI216’ and "MvTDI10-
98’ differed significantly (+ = 20.815""). Among
the lines the lowest Minolta b* value approached
the value of the parent "MvIDI10-98’, and the
highest one was similar to the value of the parent
’PWDI1216’. The Minolta b* value of the semo-
lina of the line with the highest yellow pigment
content exceeded 24 in 12 years — except for the
2011 — which corresponds to a high-quality raw
material for the pasta industry, and in fact, in the
most favorable year (2004) a value above 30 was
measured. The minimum values did not reach the
Minolta b* value of 20 in most years. The size
of the range exceeded 7 in every year (the differ-
ence between the extreme values was 8.727 on
average over 13 years), the largest difference was
measured in 2005 between the two lines with ex-
treme Minolta b* values (11.08).
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Table 2. Descriptive statistics of the durum wheat lines forming the biparental population ‘PWD1216/
MvTD10-98’ and the Minolta b* value and gluten index of the parents

Lines Parents

Year Mean Minimum ~ Maximum 5229259 lpwiio16 MyID10-98 Mean
Minolta b*

2001 23.42 19.74 27.19 133 25.86 18.59 22.23
2003 2242 18.59 26.03 127 26.03 2032 23.18
2004 25.59 21.26 30.20 1.64 29.39 21.09 25.24
2005 21.98 16.65 27.73 2.05 25.28 18.42 21.85
2006 21.51 17.40 26.26 1.62 25.23 18.93 22.08
2007 24.67 19.63 29.57 1.92 2827 21.67 24.97
2008 22.88 18.36 28.03 1.78 27.87 20.03 23.95
2009 21.60 16.80 26.20 1.81 24.80 18.88 21.84
2010 19.98 16.55 24.70 1.40 23.81 17.37 20.59
2011 18.97 15.43 23.78 1.55 24.17 16.64 20.41
2012 20.11 16.80 24.41 1.49 21.87 17.86 19.87
2013 20.23 16.50 2434 1.66 2445 18.03 21.24
2014 20.81 16.15 24.87 1.49 24.14 18.74 21.44
Mean 21.86 17.93 25.47 132 25.47 18.96 2222
Gluten index

2007 57.55 1.53 90.91 21.87 50.90 81.38 66.14
2011 62.93 1.64 95.94 19.94 61.65 59.50 60.57
2012 32.71 272 67.94 17.81 32.55 39.51 36.03
2013 22.80 112 76.26 21.64 25.97 30.65 2831
2014 50.92 118 94.22 23.85 52.44 54.50 53.47
Mean 4538 321 78.77 17.75 44.70 53.11 48.90

The gluten index of the two parents did not
differ significantly on average over the years (¢
= 1.514™), despite this, the gluten strength of the
lines of the population varied within a wide in-
terval (average difference based on the 5-year
data was 83.416). The gluten index of the lines
with the strongest gluten structure significantly
exceeded that of both parents. The gluten index
of the line with the weakest gluten (G22) varied
between 1.18 and 9.93, and the gluten structure
was extremely soft regardless of the year. How-
ever, the data of the line with the highest glu-
ten index (G136) had a larger variance (60.23—
92.12). The gluten index of this line belonged
to the “very good” to “excellent” category in
four out of 5 years based on the Cubadda et al.
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(1992) classification system, only the 2012 sam-
ple was “above average”. Considering the fact
that the average gluten index in 2012 was 32.68,
this line had the strongest gluten in this year as
well.

The effect of years and genotypes was ana-
lyzed using a linear mixed model (REML analy-
sis). The genotype was treated as a fixed fac-
tor, and the years as a random factor (Table 3).
Variance components and the repeatability (/)
values for the examined traits were determined
(Table 4). Other traits (wet gluten content, plant
height, heading time and cold tolerance) were
also observed in several years, so the relation-
ship of these traits with the Minolta b* value and
the gluten index could be analyzed (Table 4).
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Based on the results of the REML analysis, a
difference can also be detected between the Mi-
nolta b* value and the gluten index of the geno-
types (F-value significant at p <0.001 level). How-
ever, the ‘year’ factor only affected the Minolta
b* value, and the differences were not statistically
proven during the analysis of the gluten index.

The values reported in Table 4 refer to the en-
tire population (179 mapping lines and the two

Table 3. Analysis of the effect of genotype and
year using REML analysis based on the data of
the 179 lines and parents, Martonvasar, Hungary,
2001-2014

Factor Minolta b* Gluten index
Fixed factor F F

Genotype 46.385 *118.841 "
Random factor Wald Z Wald Z

Year 2.448 *11.412

Residual 47.503 28.504

# dokok

Notes: F = Wald statistics/degrees of freedom; ;""" the
effect of the factor was significant at. p < 0.05 or < 0.001
level, respectively

parents combined). All traits varied within a wide
interval between the genotypes examined. The
difference observed in the Minolta b* and gluten
index data was already analyzed based on Table
2, but the difference recorded in the population
was 13.3% in wet gluten content between the gen-
otypes with the lowest and highest values, more
than two weeks in heading time, nearly 26 cm in
plant height and 50% in phytotron survival rate.
In terms of genetic determination, the majority of
the significant variance in the case of wet gluten
content, heading time, plant height and cold toler-
ance was determined by the genotype itself (c°
is a multiple of * . ), however, in the analysis of
Minolta b* and gluten index, o° ., was also signif-
icant. Repeatability (4°) represents the ratio of ge-
notypic to phenotypic variance, based on which a
conclusion can be drawn about the genetic deter-
mination of the trait. Based on our calculations,
we proved in this population that the Minolta b*
value and gluten index are genetically well-deter-
mined traits, but in addition to these two traits,
heading time and plant height were also largely
determined by the genetic background. The same

Table 4. Descriptive statistics, variance components, repeatability of technological quality and phenotypic
traits of durum wheat lines, and the correlation of Minolta b* value and gluten index with the other traits

tested

Yinolta Gluten index Wet gluten % Heading time Plant height  Cold tolerance
No. of years 13 5 5 7 6 2
Mean 21.864 45.356 39.778 143.036 87.111 13.166
Minimum 17.934 3.212 33.535 140.857 75.667 0.000
Maximum 25.473 78.770 46.855 156.429 101.33 50.000
St. deviation 1356 17.656 2.461 1.369 5.349 10.380
= 1763 ™ 279264 . 3.947 . 0933 . 25243 Y 72643 ¢
o, 0913 " 142987 " 0561 " 0057 ™ 9.071 6.548
o, 0.157 38.751 3.333 1.033 17.754 189.875
&, 1.839 311.736 6.056 1.036 28.235 0.675
Repeatability (4)  |0.959 0.896 0.651 0.900 0.894 0.675
P 0.104 009  * -0.05] 0668 0 -0.021
. 0.104 0011 70263 " 0157 " -0.005

*

Notes: &° , = genotypic, &°,_ genotype X year interaction, &°, = residual, 6>, = phenotypic variance; ", value is significant

atp < 0.01 or < 0.001 level, respectively
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cannot be said for wet gluten content and cold tol-
erance.

The correlation between the Minolta b* value
and three other traits, gluten index, wet gluten
content and plant height, was significant. Howev-
er, the correlation with gluten index (» = 0.104™)
and wet gluten content (= 0.096") is weak. Based
on the correlation coefficient of -0.668** calculat-
ed between the Minolta b* value and plant height,
a moderately strong, negative relationship existed
between the two traits, i.e., the yellow pigment
content of lower plants was higher compared to
higher ones. The gluten index correlated with
four other traits, but the strength of the relation-
ship was weak in all cases (-0.157 <r < 0.263).

The studied durum wheat lines can be di-
vided into two groups based on an easily iden-
tifiable morphological trait. All lines had white
ears, but many of them had black awns (79, type
‘PWDI1216’), while the others had white ones
(100, type ‘MvIDI10-98’). Calculations were per-
formed to determine whether the awn color was
associated with any of the technological quality or
phenotypic traits examined. The variance of the
two groups was determined with an F-test. Apart
from heading time, the standard deviations of all
traits were the same in the two groups. The statis-
tical similarity of the group means — taking into
account the identity or difference of the standard
deviations — was tested with a #-test (Table 5).

There were no statistically significant differ-
ences in 5 of the 6 traits in the two groups sepa-

rated by awn color. The only exception was the
gluten index (¢ = 3.141™), which was significantly
higher in the black awned lines (49.878) than in
the white awned ones (41.775). However, there
was a large overlap between the ranges of lines
with the two awn types (black: 17.399-78.770;
white: 3.212-76.812), so lines with strong gluten
were also found among the white awned lines
(gluten index of 9 white awned lines exceeded
the value of 65).

The two parental lines were located close to
the extreme values of the population based on
the Minolta b* value. At the time of the creation
of the mapping population, ‘PWDI1216” was one
of the lines with the highest Minolta b* value in
the entire breeding program based on yellow pig-
ment content, while ‘MvID10-98” was among
the worst ones. By creating the population, we
planned to identify the chromosomal regions de-
termining the Minolta b* value. During subse-
quent studies, we observed that the gluten index
of the lines in the population is also extremely di-
verse. This result was unexpected, since the glu-
ten index of the two parents was average and the
difference between them was not significant. In
the population, we demonstrated high level of di-
versity for the two traits that made it suitable for
performing QTL analysis.

Our studies conducted in the biparental map-
ping population demonstrated a strong correla-
tion between HMW glutenin subunits and glu-
ten index values. Since Payne et al.’s publication

Table 5. Mean and variance of lines (including parents) with different awn types, and comparing the means of

groups by z-test

Black awned lines

White awned lines

No. of lines 80 101 F t
Mean Variance Mean Variance

Minolta b* 21.894 1.909 21.840 1.801 1.060 0.266

Gluten index 49.878 273.103 41.775 316.063 0.864 3.141 -
Wet gluten % 40.038 5.660 39.573 6.331 0.894 1.266

Heading time 142.946 0.886 143.108 2.662 0.333 - -0.837

Plant height 86.646 28.619 87.480 28.576 1.002 -1.043

Cold tolerance 12.791 112.283 13.463 105.066 1.069 -0.432

*****

value is significant at p < 0.01 or < 0.001 level, respectively
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in 1979, it has been known that high molecular
weight subunits significantly determine gluten
strength in bread wheat. In durum wheat, a prima-
ry role was attributed to LMW subunits (Payne et
al., 1984; Pogna et al., 1988; Sissons et al., 2005).
However, some research groups have also dem-
onstrated a relationship between HMW glutenins
and gluten strength. Branlard et al. (1989) demon-
strated the presence of 11 alleles (three of which
were previously unknown) at the most significant
locus Glul-Bl in durum wheat, indicating that
genetic variability is present in this species on
chromosome arm 1BL. Brites and Carrillo (2001)
and Sissons et al. (2005) have also described the
beneficial effect of HMW subunit combinations
on gluten strength. The 10 lines with the highest
and 10 lowest gluten indices were examined by
SDS polyacrylamide gel electrophoresis to deter-
mine which subunits could have caused the dif-
ference in the gluten indices of the lines. The re-
sults of the study are included in Table 6.

The lines with extreme gluten index were
clearly distinguishable based on their HMW glu-
tenin subunit composition. The 7+8 pattern char-
acteristic of the parent ‘MvID10-98* was identi-
fied in all lines with high gluten structure, while
the subunit composition identical to the parent

‘PWDI1216’ was present in all lines with low glu-
ten index.

The data from the biparental population also
proved that the two technological quality traits
highly  genotype-determined, well-heritable
traits. The repeatability (4° = 0.978) reported ear-
lier (Vida et al., 2022) based on the data from the
broad genetic range of varieties differed by less
than 2% from that calculated from the data from
the mapping population (%’ = 0.959). The repeat-
ability of the gluten index differed to a greater
extent. Using the data from the genotypes of
the broad genetic range of varieties, an /7 value
approaching 0.95, was calculated while this re-
mained just below 0.9 for the lines of the map-
ping population. Our results are consistent with
those calculated by other research groups after
examining durum wheat genotypes (Braaten et
al., 1962; Clarke et al., 2000; 2006; 2009; Santra
et al., 2005; Taneva et al., 2019), as well as with
previous data on winter durum wheat popula-
tions (Longin et al., 2013; Vida et al., 2014). Other
research groups have also calculated high A? val-
ues for heading time and plant height (in spring
durum wheat Abinasa et al., 2011; Wolde et al.,
2016; Moreno-Amores et al., 2020; in winter du-
rum wheat Longin et al., 2013). In the experiment

Table 6. HMW glutenin subunit composition of the lines (based on 5-year average) with 10 highest and 10
lowest gluten index values of the biparental mapping population

High gluten index group

Low gluten index group

Line Gluten index Glul-Al Glul-B1 Line Gluten index Glul-Al Glul-B1
G58 75.17 0 7+8 G22 3.21 0 13+16
G135 71.68 0 7+8 G48 3.59 0 13+16
G136 78.11 0 7+8 G74 11.73 0 13+16
G137 71.90 0 7+8 G78 17.40 0 13+16
G138 71.81 0 7+8 G88 17.66 0 13+16
G155 75.79 0 7+8 G89 17.77 0 13+16
G157 73.07 0 7+8 G146 17.98 0 13+16
G171 76.81 0 7+8 G216 17.79 0 13+16
G180 70.36 0 7+8 G217 9.90 0 13+16
G223 73.91 0 7+8 G218 17.40 0 13+16
Mean 73.86 13.44

MvTD10-98 53.11 0 7+8 PWDI1216 44.70 0 13+16
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of Longin et al. (2013), the repeatability of wet
gluten content of winter durum wheat varieties
and lines was 0.62, which was also supported by
our own observations (4’ = 0.651). There is no
information available regarding the genetic de-
termination of cold tolerance. In a high-altitude
experiment (set up in free-standing boxes at 700
m above sea level), Longin et al. (2013) reported
an i’ value of 0.88 after testing “frost tolerance”.
This is significantly higher than what was deter-
mined in the phytotron test (0.675). However, the
two methods do not produce the same response,
so the results cannot be compared. While in the
box experiment the hardening process and the
determination of cold tolerance take place under
natural temperature and light conditions, phyto-
tron testing is carried out according to a strictly
defined program (Tischner et al., 1997).

Based on the results of the correlation analy-
sis, although we calculated several significant r-
values, they did not reach the medium strength
with one exception. The exception was the rela-
tionship between Minolta b* and plant height (r =
-0.668"). Several research groups have examined
the relationship between the two traits. In win-
ter durum wheat, Longin et al. (2013) reported a
correlation coefficient value of » = 0.38", which
is significant in the group of cold-tolerant geno-
types, but with our own measurements, it was of
the opposite sign, and » = 0.02 for non-cold-tol-
erant varieties. The same research group (Sieber
et al., 2015) determined the relationship to be » =
-0.12 after examining another group of varieties.
In the experiment of Amallah et al. (2015), the
plant height of Mediterranean landraces correlat-
ed with the Minolta b* value with a strength of
r = 0.346. In light of previously reported results,
the moderately strong, negative correlation ob-
served between Minolta b* value and plant height
is difficult to explain and is presumably typical of
the population we examined.

In the case of gluten index, the effect of the
Glul-Bl1 locus on chromosome arm 1BL is clear,
as was also demonstrated by SDS-PAGE sepa-
ration of HMW glutenin subunits of extremely
high and low value lines. The 7+8 subunit combi-
nation characteristic of the ‘MvID10-98” parent

38

differed from the 14+15 composition genotypes,
which had the best effect based on the study of
Brites and Carrillo (2001), only in the SDS sedi-
mentation value, while the mixographic dough
development time and stability were not statisti-
cally different. The 7+8 subunit combination also
favorably influenced the gluten index value in the
experiment of Sissons et al. (2005).

CONCLUSIONS

A unique mapping population was created to
identify QTLs determining Minolta b* by cross-
ing winter durum wheat lines. The population
later proved to be suitable for studying the ge-
netic control of gluten index. In this case, the 4’
values of both traits also supported strong genetic
determination (Minolta b* = 0.959; gluten index
= 0.896). Gluten index was clearly associated
with the locus on chromosome arm 1BS. We lat-
er demonstrated that this locus was linked to the
gene encoding Glul-Bl HMW glutenin subunits.

Due to the successful breeding work of the
past decades, winter durum wheat is now a real
choice for farmers. Our studies with the lines of
the mapping population prove that in this range of
genotypes, targeted selection definitely can help
to approach the technological quality of spring
durum wheat varieties, which may lead to the ex-
pansion of the sowing area of this species in the
Central and Eastern European region.
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