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Aim. SNP analysis and estimation of genetic relations in maize inbreds with the alternative state of f-carotene hy-
droxylase 1 gene (crtRB1) by the molecular marker c#tRB1-3'TE. Methods. SNP analysis, statistical methods. BDI-
III panel with 384 SNP markers was used for comparative research of 35 maize inbreds developed and adopted in
the northern Steppe of Ukraine. Results. SNP analysis of investigated inbred set showed that the part of dimorphic
markers was 98.2 %, the average minor allele frequency (MAF) was 0.3040, the average polymorphism information
content (PIC) was 0.3064, and the average shift of genetic diversity of markers was 0.3898. There was no significant
difference between genetic SNP distances within both groups of inbreds with favourable/unfavourable alleles and
between these groups by ¢rfRB1-3'TE. The SNP distances were used to build a dendrogram of genetic relations be-
tween maize inbreds with an alternative state of the c##RB1-3'TE marker. Conclusions. The relationship between the
allelic state of the B-carotene hydroxylase 1 gene and single nucleotide polymorphism markers for maize inbreds is
presented. The alleles of SNP markers BDI-I1I-130A, BDI-III-15A, BDI-111-60C, BDI-11I-61C, BDI-11I-116G, BDI-
I11-128A, and BDI-III-129A were found to be most frequent in the inbreds, which are carriers of the favourable allele
of 543 bp of c¢rfRB1 gene by the ¢rfRB1-3'TE marker. The random distribution of alleles of this gene among maize
inbreds developed in the northern Steppe of Ukraine was demonstrated.
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INTRODUCTION

Maize has a relevant position in the diet of humans
and animals due to a rather high content of valuable
substances, including carotenoids, in the grain (Nuss
E, Tanumihardjo S, 2010). Carotenoids play an im-
portant role in the functioning of the digestive and im-
mune systems, vision, and skin; they are antioxidants

required for growth and development (Crupi P et al,
2023). The prevailing carotenoids in maize grain are
lutein, zeaxanthin, o- and B-carotenes, and a- and
B-cryptoxanthins, their number and ratio may vary
depending on the maize genotype, environmental con-
ditions, the genotype x environment interaction, the
stage of grain maturity, and the degree of substance
decomposition during storing (Simi¢ D et al, 2023;
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Djalovic et al, 2024). The amount of digestible indi-
vidual carotenoids in an animal organism increases in
the following direction: B-carotene — o-cryptoxan-
thin — B-cryptoxanthin — lutein — zeaxanthin (Zurak
et al, 2024). The degradation rate for individual carot-
enoids in the maize grain increases in the following
direction: lutein — zeaxanthin — a-cryptoxanthin —
B-cryptoxanthin — B-carotene (Gunjevi¢ et al, 2024).
The most valuable carotenoid is B-carotene, because
two molecules of vitamin A instead of one, notable for
other predecessors, are formed out of one molecule of
this substance in the organism of humans and animals
(Diepenbrock et al, 2021; Chandrasekharan et al, 2022;
Sun et al, 2022).

A higher content of carotenoids is common for maize
genotypes with harder grain than for genotypes with
softer grain (Saenz et al, 2020). Grain with a flint struc-
ture has a higher content of B-carotenoids (zeaxanthin,
B-cryptoxanthin, and P-carotene), and genotypes with
dent grain mainly accumulate o-carotenoids (lutein,
a-cryptoxanthin, and a-carotene), as a result flint grain
contains twice as much provitamin A (Saenz et al, 2021).

The regulation of carotenoid metabolism is compli-
cated and includes transcriptional, post-transcriptional,
post-translational, and epigenetic regulation (Sun et al,
2022).

One of the key genes in the biosynthesis of carot-
enoids is the B-carotene hydroxylase 1 gene (crtRB1),
which, along with lycopene-ge-cyclase gene (/cyE) and
phytoene synthase gene (psyl) is the most responsi-
ble for the content of provitamin A in mature maize
grain (Diepenbrock et al, 2021; Bacila et al, 2022). It
was shown that maize inbreds with favorable alleles
of gene lcyE had the highest content of carotenoids,
which were not predecessors of vitamin A, whereas the
inbreds with a favourable allele of gene crRB1 had
a high level of carotenoids-predecessors of vitamin A
(Maazou et al, 2021). The Romanian inbreds with the
favorable allele of gene crRB1 demonstrated a high
level of B-carotene and B-cryptoxanthin, and the in-
breds with a favourable allele of gene /cyE — a high
level of B-cryptoxanthin, first of all. In the inbreds with
favorable alleles of both genes the level of B-carotene
was 60 % higher than the inbreds with two unfavorable
alleles of these genes (Bacila et al, 2022). According
to (Satarova et al, 2019), the maize inbreds of Ukrai-
nian selection, which have the allele of 543 bp by the
crtRB1-3'TE marker, contain almost twice as much
B-carotene in mature grain than the inbreds with the
alleles of 296 bp and 296+875 bp.
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The enzyme B-carotene hydroxylase 1 catalyzes the
transformation of B-carotene into B-cryptoxanthin. The
mutations of this gene lead to slower disintegration of
B-carotene (Duo et al, 2021). Molecular DNA markers,
which permit to determine the allelic state of ¢rfRB1
gene are crtRB1-3'TE, crfRBI-5'TE, and crtRBI1-
InDel4 (Singh et al, 2021). Among these, one of the
most frequently used markers is c7#RB1-3'TE. PCR
with primers specific to c7fRB1-3'TE yields three am-
plification fragments of different lengths: 296 bp, 296 +
+ 875 bp and 543 bp (Yan et al, 2010), with which in
fact three different alleles of gene c7#RB1 can be identi-
fied. Very favorable for the accumulation of B-carotene
in mature maize grain is a chromosomal rearrangement,
which leads to blocking the enzymatic transformation
of B-carotene into B-cryptoxanthin and results in the
occurrence of the amplification fragment of 543 bp
(Yan et al, 2010; Duo et al, 2021). Among the investi-
gated inbreds of Ukrainian selection, the ratio of geno-
types with favorable (543 bp) and unfavorable (296 bp,
296 + 875 bp) allelic state of the B-carotene hydroxy-
lase 1 gene by the c7fRB1-3'TE marker is about 1 : 3
(Satarova et al, 2023D).

The analysis of global high- and low-carotene maize
inbreds was conducted either by classical PCR mark-
ers, such as ¢rfRB1-3'TE, crfRB1-InDel4, lcyE-5'TE
(Duo et al, 2021; Chandrasekharan et al, 2022; Singh et
al, 2023 and others), or by SNP markers, usually used
for genome-wide genotyping (Azmach et al, 2018;
Diepenbrock et al, 2021; Kebede et al, 2021), but the
information about the relevance of these types of mark-
ers is limited. SNP analysis of Ukrainian elite inbreds
was made depending on the germplasm origin (Derkach
et al, 2017), but there was no previous compared SNP
research of maize inbreds developed in the northern
zone of the Steppe of Ukraine with different allelic
states of the B-carotene hydroxylase 1 gene. Therefore,
our study aimed at a SNP analysis and estimation of
genetic relations of maize inbreds with the alternative
allelic state of the B-carotene hydroxylase 1 gene on
marker crfRB1-3'TE from the above-mentioned area.

MATERIALS AND METHODS

Research material consisted of 45 maize (Zea mays
L.) inbreds with perspective for maize breeding devel-
oped at the State Enterprise the Institute of Grain Crops
of NAAS of Ukraine, city Dnipro (with the index DK)
and three (MS252, MS381, and PHT60), by the private
breeding company, the Scientific and Production Farm-
ing Enterprise “Company Mais” (Dnipropetrovsk re-
gion). The inbreds used by us represent common types
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of maize germplasm, namely lodent, Lancaster, Reid,
BSSS, and Mixed.

The inbreds under investigation were divided into two
groups by the allelic state of the B-carotene hydroxylase
1 gene according to the results of our previous research
(Satarova et al, 2023b). The first group, marked as
Inb, . 645> InCluded thirty-five inbreds, characterized by
the allelic state of the c7fRB1 gene by the crfRB1-3'TE
marker (296 bp or 296 + 875 bp), unfavorable for the ac-
cumulation of B-carotene in the mature grain, viz: DK2,
DKS5, DK216, DK231, DK232, DK236/680, DK239,
DK247MV, DK272, DK272/273MV, DK276, DK296,
DK301, DK305, DK365, DK367, DK370, DK377, DK-
517MV, DK680MYV, DK 742, DK744, DK777, DK959,
DK2323, DK2442, DK3044, DK4173, DK4538,
DKK1874, DKV3151, DKV3451, MS252, MS381and
PHT60. The second group (marked as Inb,,.), the geno-
types of which had the allelic state of the c7fRB1 gene
by the c¢rfRB1-3'TE marker (543 bp), favorable for the
accumulation of B-carotene in the mature grain, included
ten inbreds, viz: DK200, DK253/129-4, DK267, DK273,
DK315, DK366M, DK366S, DK366zM, DK714/195
and DK7337.

The above-mentioned maize inbreds were analyzed
for single nucleotide polymorphism of the DNA using
the panel BDI-III, including 384 SNP-markers. This
panel was developed by BioDiagnostics, Inc. (USA),
based on Illumina VeraCode Bead Plate (www.biodi-
agnostics.net). SNP markers of this panel were selected
as highly polymorphic (PIC > 0.25) for modern maize
inbreds of the temperate zone. They are biallelic, lo-
cated on all ten chromosomes, and characterized by
a designability rank score >0.6 (Venkatramana et al,
2010). The SNP analysis was conducted using Gold-
enGate test and the system of result reading Illumina
VeraCode (Chao and Lawley, 2015) based on Eurofins
BioDiagnostics, (USA) using the method described in
detail in (Satarova et al, 2023a).

The results in Table 1 are presented in the form
of x + SE, where x is the average value, SE — the
standard error at the significance level of 0.05. To de-
termine the SNP markers specific for both groups of
maize inbreds, we used a chi-square test ()* test, Ew-
ens and Brumberg, 2023). While using the y? test, the
initial group Inb was considered as the initial

296,296+875
group , and Inb,,, as its derivative A significant disequi-

Table 1. SNP analysis of Ukrainian maize inbreds with alternative state of molecular carotenogenesis marker crtRB1-3'TE

Index Group Group

Ian‘)(), 296+875 IrlbS43
Number of analyzed inbreds 35 10
Homozygosity, % 100 100

Index of genetic diversity of the
inbreds, fractions of a unit

average
min-max
range
Genetic distance between the inbreds
of the same group, fractions of a unit

average
min-max
range

0.1798 £ 0.0067a
0.1701-0.1944
0.0243 £0.0027a

0,1776 £ 0,0125a
0.1675-0.1834
0.0159 + 0.0041b

0.4378 = 0.0288a 0.4320 £ 0.1044a
0.0526-0.7053 0.0456-0.5263
0.6527 = 0.0509a 0.4807 £ 0.1053b

Genetic distance between the inbreds
of different groups, fractions of a unit

average
min-max
range

0.4386 = 0.0530
0.1158-0.7053
0.5895 +0.0526

Note. Inb296, 296+875 — a group of inbreds with the state of the crtRB1-3'TE marker, unfavorable for the accumulation
of B-carotene in the mature grain; Inb543 — a group of inbreds with the state of the crtRB1-3"TE marker, favorable for the
accumulation of B-carotene in the mature grain. The results are presented in the form of x = SE, where x — the average value,
SE — the standard error at the significance level of 0.05. When two groups are compared, the average values with the same

letters are not different at the level of significance 0.05.
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Table 2. The frequencies of seven SNP alleles of the panel BDI-III in the two groups of maize inbreds defined
by their allelic state of the crtRB1 gene

SNP marker* Group Group
Inb296, 296+875 Inb543 D P
Number, Chromosome Major allele Frequency of the allele,

alternative alleles number frequency major in group Inb . ;0. .

130AG 3 G=0.74 G=0.10 0.64 0.0005
15AG 1 G=0.71 G=0.25 0.46 0.0216
60AC 2 A=0.71 A =030 0.41 0.0300
61AC 2 A=0.71 A =0.30 0.41 0.0300
116AG 3 A=0.79 A =040 0.39 0.0251
128AG 3 G=0.79 G=0.40 0.39 0.0441
129AG 3 G=0.79 G=0.40 0.39 0.0441
Average - 0.75 0.31 0.44 0.0279

Note. * The number of the SNP marker of the panel BDI-III and its alternative alleles are presented; the names of deoxyribo-
nucleotides are given by the shortened names of nitrogenous bases: A — adenine, T — thymine, G — guanine, C — cytosine; the
chromosome number where the SNP marker is located. Inb,, ,,. ... —a group of 35 inbreds with the states of the crZRB1-3'TE
marker, unfavorable for the accumulation of B-carotene in mature grain; Inb,,, —a group of 10 inbreds with the state of the
crtRB1-3'TE marker, favorable for the accumulation of B-carotene in mature grain. D — the difference between the frequency

of the major allele for each SNP marker in the initial group and the frequency of the allele with the same name for the same

marker in the derivative group. P — the probability by Fisher’s exact test.

librium in the major allele frequencies for the initial
and derivative groups by »* at a significance level of
0.05 was determined; the markers were selected from
L peerved = Xrnie00s- L€ difference between the frequen-
cy of the major allele in the initial group of inbreds
and the frequency of the same allele in the derivative
group was determined for each marker, by which the
disequilibrium of allelic frequencies was detected. This
difference was indicated as “D” and presented by an
absolute value. Table 2 presents seven SNP markers
with the highest D values; the relevance of the disequi-
librium alleles ratio by these markers for two groups
of inbreds was confirmed by Fisher’s exact test at the
significance level of 0.05 (Ewens and Brumberg 2023).
The dendrogram was built using single linkage cluster-
ing in Statistica 7 software (StatSoft Inc., “Statistica,”
Data Analysis Software System, version 7, 2004).

RESULTS

The genotyping by 384 SNP markers of panel BDI-
III for two groups of maize inbreds, Inb,y . ..o (35
inbreds) and Inb,,, (10 inbreds), demonstrated the
nucleotide content of 34,560 marker sites. The homo-
zygosity of all 45 investigated inbreds by these sites
was 100 %; heterozygous SNP sites were absent. The
identification of the allelic state of the investigated
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SNP markers was successful in 33,039 marker sites
(95.6 %). Eleven markers were characterized by a fre-
quency of missing data of > 20 % and removed from
further analysis. The part of monomorphic markers was
1.8 %, and of dimorphic markers 98.2 %, respectively.
The average frequency of the minor allele (MAF) was
at a level of 0.3040 + 0.0071 while MAF > 0.2 was
noted for the prevailing majority (76.4 %) of dimor-
phic markers.-The average polymorphism information
content of the used markers in the investigated inbreds
demonstrated a high PIC level of 0.3064 under the po-
tential range of values 0-0.3750. The average shift in
the gene diversity of markers was 0.3898 + 0.0075 un-
der the potential range of values 0-0.5000. Thus, the
values of the key indices of single nucleotide polymor-
phism in the investigated inbreds for the used set of
SNP markers were within the acceptable range, which
enabled direct analysis of the obtained data.

The SNP comparison of two groups of maize inbreds,
alternative on the allelic state of the c7/RB1 gene, dem-
onstrates the specificities of each group (Table 1). For
instance, the average genetic diversity of the inbreds
in the group Inb,, ... ... was 0.1798, and lower for
Inb,,,, 0.1776, of a considerably smaller range and
transferred to the area of lower values. The average ge-
netic SNP distance (pairwise genetic distance) between

AGRICULTURAL SCIENCE AND PRACTICE Vol. 11 No.1 2024
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The dendrogram of genetic SNP relations of 45 maize inbreds, by single linkage clustering. The inbreds of Inb, , group (with
the state of the f-carotene hydroxylase 1 gene by the c##RB1-3'TE marker, favorable for the accumulation of B-carotene) are

marked with bold lines; the light blue lines are referred to the group Inb

unfavorable for the accumulation of B-carotene.

the inbreds of group Inb,,. . ... Was 0.4378. Between
the inbreds of the group Inb_,,, it was lower, 0.4320,
with a considerably smaller range, and also trans-
ferred to the area of lower values as compared to the
initial group. The genetic SNP distances between the
inbreds of groups Inb,, ,,..,. and Inb,,, were within
limits 0.1158-0.7053. Thus, the minimum intergroup
SNP distance was 2—-3 times higher than the minimum
values of genetic distances inside the groups. A higher
maximum intergroup SNP distance was also noted as
compared to the maximum SNP distance between the
inbreds of group Inb,,.. No significant difference was
found between the average values of intragroup and in-

tergroup SNP distances.

The disequilibrium in the frequency of the allele, ma-
jor in the initial group Inb,, .., Was registered for
259 SNP markers (69.4 %); among these, a significant
impairment at the significance level of 0.05 was found

AGRICULTURAL SCIENCE AND PRACTICE Vol. 11 No.1 2024

106, 206+375 ad have the state of this gene by this marker,

for 45 SNPs (12.1 %). Therefore, there is some statisti-
cal relationship between the allelic state of B-carotene
hydroxylase 1 gene by the c¢7/RB1-3'TE marker and
some SNP markers of the panel BDI-III. To determine
the most specific markers, we selected 7 SNP markers,
characterized by the highest D values, i.e. the differ-
ence between the frequency of the major allele in the
initial group and the frequency of the same allele in the
derivative group of inbreds according to the Fisher’s
exact test (Table 2).

The selected markers were located in the non-genic
regions of chromosomes 1-3. The major alleles of the
markers from the initial group Inb,, .. ... were minor
for the derivative group Inb,,,, while the alternative de-
oxyribonucleotides of each bi-allelic marker were ma-
jor alleles for Inb,,,. For the initial group of inbreds,
the frequencies of the major alleles were in the range of
0.71-0.79, and for the derivative group, the frequencies

81



DENYSIUK et al.

of'the same alleles were in the range of 0.10-0.40. Thus,
the specific set of SNP alleles, for the group inbreds
Inb,,,, in the pairwise comparison with Inb,, .. ...
included: BDI-III-130A, BDI-III-15A, BDI-II-60C,
BDI-III-61C, BDI-III-116G, BDI-III-128A and BDI-
HI-129A. The specific set for group Inb,,, ..., Was:
BDI-III-130G, BDI-III-15G, BDI-III-60A, BDI-III-
61A, BDI-III-116A, BDI-I11-128G and BDI-III-129G.

A dendrogram of genetic SNP relations was built
based on SNP distances between the inbreds of the initial
and the derivative group (Figure). The inbreds of Inb,,,
did not form one definite cluster; they were scattered
among five of the 7 clusters of the unfavorable group of
inbreds of Inb,, . ... With one to three inbreds of the
favorable group present per cluster As seen, among the
inbreds represented in group Inb,,,, some are closer to

each other, and some are more distant.
DISCUSSION

The distribution of maize inbreds which carry favor-
able alleles of carotenoid pathway genes and the rel-
evant variants of molecular markers in a breeding pool
in different soil and climatic zones, breeding programs
and types of germplasm is an important challenge. The
understanding of the patterns of this distribution would
allow the prediction of favorable alleles and the con-
tent of carotenoids in breeding material. However, the
investigations of maize inbreds from the sub-Saharan
tropical zone in Africa, (Maazou et al, 2023, Sseru-
maga et al. 2019, Kondwakwenda et al, 2020), from
the Romanian breeding programs (Bacila et al, 2022),
southern European inbreds (Simi¢ et al, 2023), Serbian
inbreds (Djalovic et al, 2024), Ukrainian inbreds (Sa-
tarova et al, 2023b) and others did not determine clear
regularities in spreading favorable alleles of carotenoid
pathway genes. The clustering of the inbreds, conduct-
ed in most studies, demonstrated the distribution of fa-
vorable alleles of the genes of carotenogenesis among
different clusters, which made up the basis for specific
breeding programs. Maazou et al (2023) found that the
inbreds referred to one heterotic group by the content of
vitamin A predecessors and by grain productivity were
distributed among three clusters. The clustering of the
maize inbreds, which were adopted to the northern zone
of Steppe of Ukraine, investigated by us, demonstrated
specific grouping into clusters by SNP markers, but the
alleles of B-carotene hydroxylase 1 gene were random-
ly distributed. The intragroup and intergroup genetic
SNP distances did not differ considerably, which also
suggests a random distribution of maize inbreds with
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the favorable allele of crtRB1-3"TE-543 bp among the
inbred pool of the northern Steppe of Ukraine.

A relevant question, from both a practical and theo-
retical point of view, is how to apply the information
about single-nucleotide substitutions along genomic
DNA for marking valuable characters. It was found
that some single nucleotide replacements, revealed in
genome-wide genotyping, have a statistical association
with the allelic state of carotenoid pathway genes and
the content of carotenoids in maize grain (Diepenbrock
et al, 2021). In some studies, along with classic mark-
ers of the allelic state of the B-carotene hydroxylase 1
and lycopene-ge-cyclase genes, namely c7/RB1-3'TE,
crtRB1-5'TE, crtRB1-InDell4, [cyE-3'INDL, [cyE-
S'INDL, IcyE-SNP216, single nucleotide substitution-
sin these genes were significant for the same plant
(Maazou et al, 2023; Sserumaga et al, 2019; Kondwak-
wenda et al, 2020; LaPorte et al, 2023; Azmach et al,
2018; Kebede etal, 2021). LaPorte et al (2023) conclud-
ed that when genome-wide markers were used, the ac-
curacy of genomic prediction for the carotenoid content
in maize grain was higher than when only the markers
proximal to two carotenoid-related genes were used. A
whole-genome sequencing association study based on
109,937 SNPs (1658 typed) and 130 tropical inbreds of
yellow maize (Azmach et al, 2018) detected 13 SNPs,
located on chromosome 10, which were related to the
content of carotenoids of the B-branch and such de-
rivative traits as the content of B-carotene, B-crypto-
xanthin, their ratio and/or the ratio of B-carotene and
zeaxanthin. Another 10 SNPs on chromosome 8 had a
considerable impact on the ratio between the content of
carotenoids of a- and B-branches. One SNP from chro-
mosome 5, associated with B-carotene, was also found.
Kebede et al (2021) used alleles, favorable for the ac-
cumulation of B-carotene, for such specific SNP mark-
ers of CIMMYT, Mexico developed panel crfRB1-
KASP, as snpZM0013, snpZM0014, snpZMO0015, sn-
pZMO0017, snpZMO0018, and snpZMO0019 in two maize
synthetics. Only marker snpZMO0015 was present in
the gene; the other six were either higher or lower than
gene crfRB1. In another study a SNP marker was found
as a C/T transition in the first intron of the gene of
lycopene-g-cyclase, by which the investigated inbreds
were clearly divided into high and low-carotene con-
taining ones (Maazou et al, 2021). These are examples
of correlation of SNP substitutions in non-coding re-
gions for the carotene content. In our study, we found
SNP markers of the panel BDI-III, the allelic state of
which correlated with the allelic state of the functional
marker ¢rtRB1-3'TE where the major allele frequen-
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cy for a SNP marker changed in average from 0.75 in
Inb,, 16,575 group to 0.31 in Inb, ,, group and from 0.74
in Inb,, 5. ¢;5 t0 0.10 in Inb, .. The SNP markers iden-
tified by us and presented in Table 1 are localized in
the non-genic regions of chromosomes 1-3, although
the cr/RB1 gene is located on chromosome 10 (Val-

labhaneni et al, 2009).

Summing up the above-presented data, one may as-
sume that the association between the allelic state of
the genes crtRB1, Icy E, the content of 3-carotenoids
and single nucleotide substitutions to be localized in
non-coding regions of these genes, outside these genes
on the same chromosomes or even in non-coding re-
gions on the other chromosomes). The exact nature of
such association requires further study and is important
for the development of the theoretical basis of marker
assisted selection.

CONCLUSIONS

The statistical relationships between the allelic state
of the B-carotene hydroxylase 1 gene and markers of
single nucleotide polymorphism for maize were estab-
lished. The following SNP markers for maize inbreds
with favorable allelic state of the B-carotene hydroxy-
lase 1 gene by the molecular marker ctRB1-3'TE were
identified: BDI-III-130A, BDI-III-15A, BDI-III-60C,
BDI-III-61C, BDI-III-116G, BDI-III-128A, BDI-III-
129A. These SNP markers, especially marker BDI-
1II-130, are recommended to be used in maize breeding
programs for the increased content of B-carotene in ma-
ture grain. The SNP analysis of genetic interrelations
between inbreds with alternative state of the c7#RB1-
3'TE marker demonstrated their random localization in
the investigated pool of maize inbreds developed in the
northern Steppe of Ukraine.
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Mera. SNP anamni3z Ta OLIHKA I€HETUYHUX B3a€MOBIIHO-
CUH y JIHIM KyKypyA3W i3 aJbTEpHATUBHUM CTAaHOM TIeHa
B-xaporunrigpokcmnasu 1 (crfRB1) 3a mapkepom crfRB1-
3'TE. Metonu. MeTox OTHOHYKICOTHIHOTO TOMIMOPQi3-
My JHK 3 Buxopucranusm maneni BDI-III 3 384 SNP
Mapkepamu, crathucTuui Metornu. Pesyabraru. IpoBeneno
SNP anamiz 45 miHii KyKypy[I3W, CTBOPEHHX Yy IiBHIYHO-
My Cremy VYkpaiHu, 3aJie)KHO BiJ[ ajJelbHOTO CTaHy TI'eHa
B-xapoTHHTiApOKCHIA3 | 3a MOJICKYJISIPHUM MapKepoM
crtRB1-3'TE. Yactka pmuMophHHX MapKepiB CTaHOBHIIA
98,2 %, cepenHs yactora MiHopHOro aneiast — 0,3040,
cepemHiii impexc iHpopmaruBHOCTI MapkepiB (PIC) —
0,3064, cepemniif MOKa3HWK 3CYBYy T€HHOTO Pi3HOMAHITTS
MapkepiB — 0,3898. IcToTHOI pi3HULI MDK T€HETHYHHMH
SNP aucranmisiMu sik B CEepeAMHI Tpym JIHIH 31 CripusT-
JIMBUMU/HECTIPUSITIIMBUMHU allelisiMi 32 MapkepoM crtRB1-
3'TE, Tak 1 MK OMMH TpyImaMHd HE BCTaHOBIEHO. AJeni
SNP wmapxkepis BDI-III-130A, BDI-III-15A, BDI-III-601L1,
BDI-III-6111, BDI-III-116I, BDI-III-128A, BDI-III-129A
BM3HAYECHO SIK TaKi, [0 HaifyacTille 3yCTpiYaloThCs y JIHIH —
HOCIiB cripusTiuBoi aneni 543 m.H. rena crfRB1 3a mapke-
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pom crfRB1-3'TE. 3a SNP mucranmisimu moOymoBaHO JEH-
JpoTpaMy TeHETHYHHUX B3a€MOBITHOCHH MiX JIHISIMH KyKY-
pym3u 3 pizHUM cTaHoM Mapkepa crtRB1-3'TE. BucHoBkH.
BcranoBneHo iCHyBaHHA B3a€MO3B’S3KYy MK aJeIbHUM
CTaHOM TeHa (-KapOTHHTIIPOKCHIA3N | i MapKepamMH OTHO-
HykneotuaHoro nomimopdismy JHK mns  mocmimkxeHmX
TiHIA KyKypya3u. BusnaueHo anmenmpHUil ctan SNP mapxke-
piB, SIKMI KOPEJIOE 31 CHPUATIMBUM aJICIbHAUM CTaHOM I'eHa
B-xapoTuHTiTpOKCHIA3n 1 3a MOJEKYISIPHUM MapKepoM
crtRB1-3'TE. [loka3aHo BHITAIKOBHI XapakTep PO3IOILTY
aJeTiB IFOTO T€Ha Cepel JiHIA KyKypyI3H, CTBOPCHHX B
niBHivHOMY CTemy YKpaiHu.

Kirouosi cioBa: Zea mays L., B-xaporunrigpokcuiasza 1,
OJIHOHYKJICOTHTHUH TONIMOP(]i3M, MOJEKYJSIpHI MapKepH,
KapOTHUHOIIHU.
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