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The possibilities of GAIA method application
for DUS examination in Ukraine
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Purpose. To determine the applicability of the GAIA method for comparison of reference collection of maize lines based
on weights of the difference for morphological characteristics and SSR markers. Methods. Field methods (descriptive plant
morphology), molecular methods (PCR, capillary electrophoresis), and statistical methods (principal component analysis,
correlation analysis). Results. The study examined 57 lines of maize reference collection to determine their differences
based on phenotypic and molecular distances using the GAIA method. The comparison of maize lines, considering the
difference for morphological characteristics, identified 12 lines classified as “Distinct Plus” compared to other studied maize
lines. The obtained data indicate that most of the “Distinct Plus” lines were classified as distinct according to distinctness,
uniformity, and stability (DUS) testing. However, three pairs of lines identified as “Distinct Plus” were classified by the DUS
expert as similar or very similar. It was determined that the first two principal components explain 23.37% of characteristic
variability. Principal component analysis revealed that the high level of variability attributed to the differences of grouping
characteristics and traits which are not used for variety grouping during DUS testing. This suggests that to enhance
the effectiveness of the GAIA method, it is advisable to increase weights of the difference for qualitative morphological
characteristics. Based on the combination of phenotypic and molecular distances, an additional 35 pairs of maize lines were
identified with a high degree of distinction, eliminating the need for side-by-side field comparisons in the next growing
season. Conclusions. The application of the GAIA method for maize line analysis helps reduce the number of side-by-side
field comparisons by integrating morphological traits and molecular markers.

Keywords: weights of the difference for morphological characteristics; SSR markers; principal components; phenotypic and
molecular distances; maize.

the number of side-by-side field comparisons

Introduction and helps to select varieties for the reference

The use of molecular markers in plant varie-
ty evaluation has become routine, providing an
additional method of DUS testing. This reduces
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collection. It also helps to determine specific
traits, such as resistance to diseases or environ-
mental stressors and starch type [1, 2].

The International Union for the Protection of
New Varieties of Plants (UPOV) has approved
three models for using molecular markers in
DUS testing: gene-specific marker use, combi-
ning phenotypic and molecular distances to se-
lect varieties of reference collection, and using
calibrated molecular distances to manage re-
fence variety collections [3].

A number of UPOV member states use mo-
lecular markers in the initial stage of DUS tes-
ting, combining phenotypic and molecular dis-
tances to manage a reference collection [4].
Among these molecular analysis methods, DNA
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markers, particularly SNP (single nucleotide
polymorphism) and SSR (simple sequence re-
peat) markers, are widely used. Although SNPs,
particularly when used with KASP (competi-
tive allele-specific PCR) technology, are the
most commonly used as they allow maximum
automation of the polymerase chain reaction
(PCR) and data analysis, SSR markers remain a
reliable research method due to their high repro-
ducibility and ability to create a genetic profile of
a variety. This profile can be used in future re-
search, particularly to confirm varietal purity in
post-control testing or in cases of intellectual
property rights infringement at the initial stage
of establishing such infringement [5-7].

Although the combination of molecular me-
thods and phenotypic evaluation of varieties is
widely used among UPOV member states, recent
studies indicate that this approach must be vali-
dated for each country, considering the species
composition of botanical taxa for DUS testing
and the type of molecular markers used [8-10].

Given the increasing number of new plant
varieties being examined by the DUS for intel-
lectual property rights, the range of morpho-
logical characteristics used to determine com-
pliance with DUS criteria is narrowing. There-
fore, it is important to use molecular markers,
particularly DNA markers, when examining
plant varieties for DUS, to increase the accu-
racy of the examination and reduce labor costs
for side-by-side field comparisons research, as
well as reducing the number of varieties in the
reference variety collection. One approach to
using DNA markers to determine differences
between varieties during DUS testing is the
GAIA method. This method calculates pheno-
typic distances between each pair of varieties,
which are the sums of the distances between
each individual trait according to a particular
methodology’s table of traits. In combination
with molecular markers, comparisons are car-
ried out using molecular distances [11].

The aim of the research is to determine the
suitability of the GAIA method for comparing
maize lines based on the weighting coefficients
of differences in the degree of manifestation of
morphological traits and SSR markers.

Materials and Methods

The research was conducted at the Ukrainian
Institute for Plant Variety Examination
(UIPVE) between 2021 and 2023. One hundred
and fourteen maize lines from the common
knowledge variety collection were analyzed. Of
these, 38 were in the first year of testing, 66
were common knowledge varieties and 10 were
lines from the reference variety collection. Fif-

ty-seven lines were selected by the expert for
comparative evaluation of the GAIA method
and expert evaluation of the differences be-
tween the lines, including five reference lines.

Determination of morphological characteristics

The morphological characteristics of the
studied lines of maize were determined in the
field at the Poltava and Kirovohrad affiliates of
the UIPVE, in accordance with the methodology
for examining varieties of maize (Zea mays L.)
for DUS, according to 35 qualitative and quan-
titative traits [12]. The degree to which qualita-
tive morphological features were manifested
was indicated by numerical values from 1 to 9.
Quantitative traits were presented as the abso-
lute values of measurements taken at two re-
search points.

Principal component analysis was used to de-
termine the variability of morphological traits
using the XLSTAT trial version computer pro-
gram [13].

Determination of molecular characteristics

To determine the molecular characteristics,
PCR analysis of the maize lines was performed
using nine SSR markers, taking into account
the Polymorphic Index Content (PIC), accor-
ding to the following protocol: phi064, umc1448,
umcl061, bnlgl782, bnlgl129, phi093,
phi233376, phi083 and phi96100 [14]. The PCR
products were visualised by capillary electro-
phoresis using an Agilent Fragment Analyzer
(USA). The DNF 905 reagent kit (dsDNA 905
Reagent Kit, 1-500 bp, 55 cm matrix length)
was used and the analysis was performed ac-
cording to the manufacturer’s protocol.

Based on the obtained data, the presence or
absence of a particular allele in the maize lines
under study was indicated as 1/0. The R pro-
gramming language was used to convert the
sizes of the alleles obtained into binary code
and calculate Roger molecular distances [15].

Determining differences between maize lines
using the GAIA method

GAIA software, provided free of charge by
GEVES (the official French organization that
evaluates new varieties), was used to analyze
maize lines for the purpose of determining “Dis-
tinct Plus” lines, i.e. lines that exceeded the
threshold value of difference in phenotypic dis-
tances. To prepare the analysis data in GAIA, a
database was created containing downloadable
files with the following information: type of crop
being tested; test points (two geographical loca-
tions); list of lines (application number and line
denomination); years of testing; morphological
traits (qualitative and quantitative), molecular
data (names of SSR markers and sizes of iden-
tified alleles); significance matrices of the
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difference in the degree of manifestation of each
trait (for quantitative traits, the upper and lo-
wer limits of the difference in weight between
two lines were calculated at 15% and 20% of the
average for each experiment); molecular dis-
tance types (Roger’s distances); the degrees of
manifestation of the traits for each line were cal-
culated for qualitative and quantitative traits,
as well as for molecular characteristics by SSR
markers and molecular distances; session pa-
rameters were used to compare varieties with
each other and with lines from the reference va-
riety collection. This included threshold values
for differences in the total weight of the studied
characteristics, such as qualitative and quanti-
tative morphological traits and SSR markers.

To analyze and determine the differences
between the studied lines using phenotypic
and molecular distances, a session was created
with the following parameters: a threshold
value of 8, a phenotypic limit of 6, and a geno-
typic limit of 0.30. According to the analysis
algorithm, the difference between the maize
lines was first determined by qualitative mor-
phological traits, for which the overall signifi-
cance of the difference was greater than or
equal to the threshold value. Then, the lines
that were not “Distinct Plus” were compared
by quantitative traits [11].

Research results

Comparisons of maize lines according to es-
tablished parameters for a combination of qua-
litative and quantitative morphological traits
identified 12 lines as “Distinct Plus”: LN26,
LN41, LN56, LN54, LN50, LN17, LN51, LN27,
LN39, LN11, LN47 and LN46. The largest
number of lines (35 and 36 pairs, respectively)
had phenotypic distances of 7 and 6 (Fig. 1).

Based on the results of the comparisons, it
was determined that most of the lines found to
be “Distinct Plus” were also identified as “Dis-
tinct” in the DUS testing results. However, the
expert classified pairs of lines LN56 and LN53,
LN54 and LN57 as similar, and lines LN40 and
LN27 as very similar; the difference between
these could only be determined using additional
molecular methods. Conversely, lines LN50
and LN39 were not assigned to any group as
they were found to be different according to the
DUS testing results. However, the expert did
not identify a sufficiently different pair among
the tested lines [16]. Obtaining such a result
may be due to the peculiarities of the GAIA
method and depend on the different signifi-
cance of the differences in traits that are taken
into account by the expert when grouping maize
lines and are not taken into account during the
analysis using the GAIA method. The DUS ex-
pert determines the significance of the differ-
ence in the degree of trait expression based on
professional knowledge and experience using
the ‘try-and-verify’ approach [11]. As this is the
first time the method hasbeentested in Ukraine,
it is assumed that the difference in the degree
of manifestation of the grouping features re-
commended by the methodology [12] is maxi-
mum. The significance of differences in other
qualitative traits was determined by the relia-
bility with which each trait was manifested un-
der certain environmental conditions, taking
genetic variability into account.

To determine the variability of the morpho-
logical traits of the studied lines, and to use the
results to improve the determination of the sig-
nificance of differences in quality traits, the
principal components method was employed.
The results of the principal components analy-
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Fig. 1. Phenotypic distances between maze lines
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sis of maize morphological traits revealed that
only 12 out of 35 components were significant
at a level greater than 1.0, accounting for ap-
proximately 75.14% of the variability among
the studied traits (see Table 1).

Table 1
Significance of the principal components
for the morphological traits of the maize lines

cong:g:ﬁil(m) Eigenvalues | Variability, % | Cumulative, %
PC1 4.578 13.081 13.081
PC2 3.601 10.289 23.370
PC3 2.611 7.460 30.830
PC4 2.339 6.682 37.512
PC5 2.271 6.488 44.000
PC6 2.028 5.794 49.794
PC7 1.927 5.507 55.301
PC8 1.599 4.569 59.870
PC9 1.519 4.340 64.210
PC10 1.391 3.974 68.184
PC11 1.318 3.765 71.949
PC12 1.117 3.191 75.140

It was determined that PC1 accounted for
13.081% of the variation in maize morphologi-
cal traits in this study, PC2 for 10.289%, and

PC3 for 7.460%. PC1 is associated with trait 13
(panicle: position of lateral branches in space),
and PC2 is associated with trait 17 (stem: an-
thocyanin color of aerial roots) (Table 2).

According to the obtained data, the most in-
fluential trait in explaining the variability of
PC11 is trait 38 (ear: color of the top of the
grain, with a value of 0.522), while trait 7 (stem:
degree of zig-zag) is associated with PC12. No-
tably, PC1 and PC2, which together explain
23.37% of the variability among the traits, were
unaffected by the manifestation of grouping
traits. However, in PC3, the grouping traits
were the most decisive, namely trait 8 (tassel:
time of anthesis ) and trait 24.1 (plant length:
quantitative trait).

In [17], maize lines were studied for agromor-
phological traits in order to identify patterns of
variation in morphology. The results obtained
by the authors showed that PC1 explained
54.794% of the variation in traits and was as-
sociated with plant length and ear length. PC2
was responsible for variation in 1000-seed
weight, while PC3 was responsible for the

Table 2
Eigenvectors of principal components for morphological traits of maize lines
Trait PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12
1 0.010 | 0.012 | -0.076 | -0.227 | 0.446 | -0.003 | -0.102 | -0.022 | -0.087 | -0.165 | 0.207 | -0.218
2 -0.105 | 0.231 | 0.130 | -0.076 | -0.202 | 0.042 | 0.235 | -0.058 | 0.133 | -0.083 | 0.133 | -0.162
3 0.021 | 0.065 | -0.049 | 0.358 | -0.087 | -0.216 | 0.153 | 0.051 | -0.159 | -0.022 | 0.188 | -0.311
4 0.173 | 0.041 | -0.037 | 0.294 | -0.006 | —0.062 | 0.250 | -0.030 | 0.154 | 0.048 | -0.310 | 0.307
5 0.246 | 0.113 | 0.215| 0.286 | 0.026 | -0.027 | -0.082 | -0.217 | -0.094 | -0.227 | 0.138 | 0.121
6 0.222 | -0.078 | 0.300 | 0.086 | 0.088 | 0.068 | 0.101 | -0.061 | 0.244 | 0.269 | 0.120 | 0.129
7 -0.058 | -0.135 | 0.214 | -0.121 | 0.205 | -0.067 | 0.208 | -0.028 | -0.056 | -0.139 | -0.106 | 0.541
8** 0.015 | 0.196 | 0.318 | -0.200 | -0.205 | -0.077 | -0.165 | —-0.113 | -0.282 | 0.021 | -0.079 | 0.054
9** 0.092 | 0.208 | 0.166 | -0.027 | 0.093 | -0.295 | 0.205 | 0.042 | 0.061 | -0.172 | -0.321 | -0.212
10** 0.224 | 0.232 | -0.124 | 0.072 | -0.052 | 0.127 | 0.070 | 0.084 | 0.016 | -0.248 | 0.119 | -0.013
11** 0.063 | 0.278 | 0.164 | -0.281 | -0.083 | 0.117 | -0.092 | 0.177 | 0.067 | -0.053 | -0.196 | 0.203
12 0.284 | 0.010 | 0.068 | 0.143 | 0.171 | 0.143 | 0.089 | 0.078 | -0.304 | -0.175 | -0.028 | —-0.054
13 0.344* | -0.018 | 0.094 | 0.168 | 0.119 | 0.133 | -0.026 | -0.011 | -0.138 | -0.044 | 0.006 | 0.014
14** 0.070 | -0.072 | 0.145 | -0.195 | 0.084 | 0.419 | 0.060 | 0.005 | 0.137 | -0.213 | 0.040 | —-0.064
15** 0.155 | 0.263 | 0.024 | -0.117 | -0.229 | -0.094 | -0.168 | -0.188 | -0.284 | -0.096 | 0.168 | 0.144
16** 0.194 | 0.227 | -0.083 | -0.073 | -0.030 | 0.082 | -0.122 | 0.100 | 0.381 | 0.207 | -0.025 | -0.085
17 0.073 | 0.379 | 0.027 | 0.043 | 0.105 | -0.057 | -0.030 | 0.125 | 0.040 | -0.005 | -0.182 | —-0.180
18 -0.014 | -0.193 | -0.105 | 0.109 | -0.028 | 0.048 | 0.274 | 0.490 | -0.169 | -0.111 | -0.035 | 0.105
19 -0.145 | 0.180 | 0.059 | 0.062 | 0.017 | 0.223 | 0.128 | 0.131 |-0.287 | 0.449 | 0.057 | 0.003
20 -0.218 | 0.143 | -0.009 | 0.157 | 0.177 | 0.375| 0.001 | -0.093 | -0.216 | 0.096 | -0.038 | 0.005
21 0.191 | -0.264 | 0.155 | -0.150 | 0.096 | -0.055 | -0.178 | -0.252 | -0.003 | 0.047 | -0.185 | -0.187
22 0.284 | -0.192 | -0.298 | -0.015 | 0.027 | -0.149 | -0.126 | 0.029 | 0.012 | 0.141 | -0.076 | -0.015
23 0.207 | -0.174 | 0.174 | 0.182 | -0.092 | -0.011 | -0.259 | 0.194 | -0.094 | 0.022 | 0.188 | 0.056
24.1** | 0.038 | -0.152 | 0.345 | -0.205 | 0.028 | 0.035| 0.146 | 0.191 | -0.203 | 0.281 | -0.040 | —-0.205
25 -0.057 | 0.145 | -0.088 | 0.116 |-0.228 | 0.361 | 0.110 | -0.126 | 0.061 | -0.046 | -0.018 | 0.038
26 0.100 | 0.083 | -0.252 | -0.280 | -0.123 | -0.132 | -0.002 | 0.325 | -0.153 | -0.165 | -0.079 | 0.148
27 0.293 | 0.002 | -0.020 | -0.095 | 0.055 | 0.269 | -0.059 | 0.269 | 0.159 | -0.029 | 0.155 | -0.080
28** 0.198 | 0.113 | 0.014 | 0.032 | 0.046 | -0.121 | 0.307 | -0.201 | 0.123 | 0.189 | 0.000 | -0.034
29** 0.106 | -0.074 | -0.210 | -0.270 | -0.041 | 0.046 | 0.316 | -0.291 | -0.109 | 0.013 | 0.306 | 0.128
30** -0.218 | 0.050 | -0.063 | 0.119 | 0.303 | 0.071 | -0.157 | -0.088 | 0.183 | -0.242 | 0.052 | 0.102
31** 0.138 | -0.043 | -0.095 | -0.223 | 0.096 | 0.051 | 0.401 | -0.158 | -0.076 | -0.097 | -0.072 | -0.191
36%* 0.166 | -0.149 | -0.173 | -0.052 | -0.393 | 0.079 | 0.008 | -0.117 | 0.016 | 0.050 | 0.054 | 0.016
38** -0.021 | 0.092 | 0.209 | -0.081 | 0.063 | -0.230 | 0.107 | 0.221 | 0.242 | 0.055 | 0.522 | 0.151
39** -0.196 | -0.153 | 0.244 | 0.066 | -0.205 | -0.115 | 0.123 | 0.051 | 0.067 | -0.297 | 0.124 | -0.174
41** -0.009 | -0.257 | 0.199 | 0.036 | -0.316 | 0.217 | -0.002 | 0.015 | 0.141 | -0.208 | -0.177 | -0.128

* FEigenvectors of the principal components with an absolute value greater than 0.3 are marked in red;

**Grouping features according to the methodology [12].
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number of ear rows, ear length, and plant
length. However, the authors did not demon-
strate variability in the qualitative morpho-
logical features used for DUS testing. They
explained this by stating that only three prin-
cipal components had weights greater than
one. Similar studies were conducted by the
authors [18—-20]. These studies aimed to iden-
tify the principal components of variation in
valuable economic traits, such as yield, 1000-
seed weight, ear length, number of grains per
row and number of rows of grains. The au-
thors generally studied morphological traits
affecting maize maturity and yield, such as
the number of days to flowering and silking in
50% of plants, no of grains per the ear and ear
quantity without focusing on morphological
traits that determine the difference between
lines.

However, if we consider other studies in
which the authors focused on the variability of
morphological traits that determine differences
between varieties during DUS testing, this va-
riability is due to the manifestation of qualita-
tive and quantitative traits, as well as traits
that are not recommended for grouping varie-
ties. Work [21] shows that PC1 exhibits the
greatest variability (23.09%), associated with
leaf shape (0.963), spot intensity on petals
(0.963), and the boll surface (0.963). The first
characteristic is used for grouping in DUS tes-
ting, while the second and third are not. PC2
accounted for 9.66% of the variability and in-
cluded traits such as the pubescence of the leaf
hairiness (0.604), the growth habit (0.579), the
seed fuzz density (0.394) and the flower petal
color (0.273). Of these traits, only flower petal
color is a grouping trait [22].

Similar results were obtained by the authors
of [23], who conducted a comparative analysis
of morphological assessments for DUS in the
field and of DNA genotyping using SNP mar-
kers in cucumbers. The authors determined
through principal component analysis that the
greatest variability was due to the fruit length-
to-diameter ratio and the presence or absence
of warts. However, these traits were not useful
for grouping during DUS testing. However,
traits such as fruit length, the plant sex expres-
sion, and the ground color of fruit skin at mar-
ket stage also showed a high percentage of vari-
ability and are grouping traits [24]. Our re-
search also yielded similar results from the
analysis of the principal components based on
the morphological characteristics of maize stu-
died during the DUS testing. This indicates
that, in order to apply the GAIA method to de-
termine the significance of differences in trait

manifestation, attention must be paid to ad-
justing the weighting values for traits that
caused a high percentage of variability in the
principal component analysis.

According to the GAIA analysis algorithm,
after a cycle of comparisons based on qualita-
tive and quantitative morphological traits, line
pairs that were not “Distinct Plus” but over-
came the established phenotypic limit of 6 (35
line pairs) were compared in the next cycle of
comparisons based on molecular distances.

The genotypic boundary shows that, when
choosing a comparison based on qualitative and
quantitative, or qualitative/quantitative and
molecular distances, phenotypic and molecular
distances will be combined for a pair of lines
whose molecular distances are greater than or
equal to 0.30. In other words, when combining
qualitative and quantitative or qualitative/
quantitative and molecular distances, both
analyses will only be taken into account for
pairs of lines that meet the following conditions
simultaneously: a phenotypic limit greater than
or equal to 6 and a molecular distance greater
than or equal to 0.30.

As aresult of comparing maize lines based on
qualitative and quantitative traits and molecu-
lar distances, 12 “Distinct Plus” lines were ob-
tained that differ from the comparison group
only in terms of qualitative and quantitative
traits. A similar example is described in UPOV
TGP/8, where electrophoresis results confirm
the presence of “Distinct Plus” varieties for
qualitative and quantitative traits. However,
the molecular distance approach identified ad-
ditional pairs of “Distinct Plus” lines based on
established phenotypic and genotypic bounda-
ries. Based on these comparisons, four zones
were identified on the results display graph in
which pairs of maize lines were distributed ac-
cording to their phenotypic and molecular dis-
tances (see Fig. 2).

In accordance with the defined conditions
for combining morphological and molecular
distances, zone 4 is important when deciding
whether to compare lines side-by-side in the
field.

Zone 4 contains maize lines that exceed the
established limits in terms of both phenotypic
and molecular distances (phenotypic limit of 6
and genotypic limit of 0.30). Therefore, these
pairs of lines can be considered “Distinct Plus”
and do not require side-by-side testing in future
research years. According to the obtained data,
Zone 4 included 35 pairs of maize lines under
study (see Fig. 3).

Two pairs of lines in Zone 1 deserve special
attention: LN23 and LN55, and LN30 and
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LN37. According to the values obtained for total
significance by phenotypic and molecular dis-
tances, these lines were the most similar. It is
worth noting that the line pairs identified as
the most similar based on a comparison of phe-
notypic and molecular traits differ from the
conditional distribution of the studied lines, as
determined by an expert based on the results of
the DUS testing [16]. For instance, line LN30
was identified as being highly similar to line
LN29, whereas line LN23 was classified as being
similar to line LN25.

Paper [9] presents the results of an integra-
ted approach to evaluating new alfalfa varie-
ties, combining genotyping by sequencing with

morphological traits using the GAIA method.
The authors demonstrate the effectiveness of
combining molecular analysis and morphologi-
cal traits to determine the significance of diffe-
rences in trait expression. As the GAIA method
is one of the UPOV-approved approaches for
identifying differences between varieties du-
ring DUS testing and is employed in routine
testing of new varieties, it is also being consi-
dered for studying significantly derived varieties
[25]. The effectiveness of combining phenotypic
and molecular distances to distinguish durum
wheat varieties was also demonstrated in [26].
Our research indicates that the GAIA me-
thod can be used in DUS testing to determine
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differences in the combination of phenotypic
and molecular distances in maize lines in
Ukraine. However, while many UPOV member
states use molecular markers as part of DUS
testing, in Ukraine there are currently certain
legal restrictions on the use of molecular meth-
ods, which create additional difficulties for de-
tecting differences in new varieties given the
significant increase in number of common
knowledge varieties. Additionally, for botanical
taxa represented by hybrids, UPOV defines
testing approaches for hybrids and their paren-
tal components. When combining phenotypic
and molecular distances, for example, the total
significance of the difference is determined
based on the weights of the parental compo-
nents rather than by comparing hybrid to hy-
brid [11]. Currently, this approach is limited in
Ukraine, as according to the legislation, the pa-
rental components of a hybrid undergoing DUS
testing are not made available for research pur-
poses [28]. This, in turn, leads to problems with
outdated methods being used, creating addi-
tional obstacles to international cooperation in
plant variety rights protection and maintaining
the current level of DUS testing.

Thus, the research shows that it is currently
possible to use modern research methods, par-
ticularly molecular markers, to minimize the
risk of disclosing genetic information about the
varieties under study by comparing only statis-
tically processed data.

Conclusions

The study of 57 lines of maize revealed that,
based on the significance of the difference in
the manifestation of morphological traits
using the GAIA method, 12 “Distinct Plus”
lines were identified that do not require side-
by-side comparisons in the field during the
next vegetation cycle.

Based on the data obtained from the princi-
pal component analysis, it was determined
that, to improve the identification of significant
differences in qualitative morphological traits,
the range of traits for which maximum signifi-
cance values are set should be expanded beyond
grouping traits.

An additional 35 pairs of maize lines were
identified as sufficiently different based on
the results of combining phenotypic and mo-
lecular distances, and these lines do not re-
quire side-by-side comparisons. The use of
molecular markers has been identified as a
powerful modern auxiliary tool for DUS
testing that allows reliable results to be ob-
tained using methods approved and used by
UPOV member states.
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Meta. BusHauutu npupatHicte metoay GAIA pns
NOPiBHAHHA NiHi/ KYKYpYA3M 3BUYANHOT HA OCHOBI BaroBux
KoediLieHTiB BIAMIHHOCTI cTyneHiB NposBY MOPGONOriyHNX
o3Hak Ta SSR mapkepis. Mertoau. [MonboBi (onucosa
mopdonoria pocnun), monekynapHi (MJIP, kaninapHuit
enexkTpotopes), CTaTUCTUYHI (MeTOL rONIOBHUX KOMMOHEHT,
KopensauinHuit aHaniz). Pesynbratu. JocnigxeHo 57 niHii
KYKYPYA3M 3BUYANHOT KoneKuii 3aranbHOBifOMWUX cOpTiB
AN BCTAHOBNEHHA BiAMiHHOCTi Ha OCHOBi ()eHOTUNOBMX i
MOJNEKYNAPHUX AUCTAHUIN meTopoM GAIA. 12 niHiii BusABU-
aucs «BigMiHHMMUM NAC» [0 THWUX JOCHiAXYBAHUX, WO
BU3HAYEHO 3a pe3yNbTaTaMy iX NOPiBHAHHA 3 ypaxyBaHHAM
BaromocCTi pi3HMUi cTyneHiB nposBy MOpdONOriyHNX 03HaK.
3rigHo 3 OTPMMAHUMK AaHUMKM cepeq «BigMiHHUX naocy ni-
Hil 6inbwicTb KNacUdikoBaHO AK BiAMiHHI 3a pe3y/ibTaTamu
eKcnepTusu Ha BigMiHHiCTb, OAHOPiAHiCTb i cTabinbHicTb
(BOC), BTimM TpU Napu eKcnepToM 3apaxoBaHO A0 rpynu no-
Li6HMX i pyxe nofibHux. 3'acoBaHo, Wo nepwi fBi roNoBHi
KOMMNOHEHTU NOosACHI00Tb 23,37% BapiabenbHOCTi O3HaK.

3a pesynbTataMu aHanisy rofIOBHUX KOMMOHEHT BCTaHOB-
NEHO, W0 BWCOKMIA piBeHb BapiabenbHOCTi 3YMOBNEHUN
BiMIHHOCTAMM 33 rpynyBafbHUMU O03HAKaMW Ta O3HaKaMu,
fIKi He BMKOPWCTOBYIOTb ANA TPYMyBaHHSA COPTiB Mif yac
ekcneptusu Ha BOC. Lle cBigunTb npo Te, wWo Ana nigBu-
LWeHHsA edeKTUBHOCTI 3acTocyBaHHA MeTony GAIA pouinbHo
30iNbWWTK BaroMicTb BiAMIHHOCTI pi3HUMUi CTyNeHiB NposBy
UMX 03HaK. BHacnigok noepHaHHA ¢eHoTMNoBMX i Mone-
KYNSPHUX AUCTaHLiA BU3HA4YeHO [0AATKOBO 35 nap NiHiil
KYKYPYA3MY, WO MaloTb BUCOKMI CTYNiHb BifMiHHOCTI Ta He
noTpebyloTb NPAMUX NOPiBHAHbL Y MOALOBUX YMOBAX B Ha-
CTYNHOMY BereTauiiiHomy umkni. BucHoBKM. BctaHoBneHo,
wo 3actocyBaHHa metony GAIA ans mocnifgXeHHs HOBUX Ni-
Hil KYKYPYA3M JONOMAra€e 3MeHWMUTHN KilbKiCTb NPAMUX No-
PiBHAAHb Y MNOJILOBUX YMOBAX 3a NOERHAHHA MOP(ONOFiYHUX
03HaK i MONeKyNAPHUX MapKepiB.

Knrouosi cnosa: sacomicms pi3HUYi cmyneHig npossy
03HaK; SSR mapkepu; 207108HT KOMNOHeHMU,; heHomMuUNosi ma
MOSIeKYNAPHT QUCMAHUTT; KyKypyd3a 38uYaliva.
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