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Abstract. Due to the fact that blast (causative agent - Pyricularia oryzae
Cav.) is considered to be one of the harmful diseases of rice around the
world, weeds compete with the crop for light, mineral nutrition and space,
the accelerated development of resistant genotypes for these stressors is
very relevant. The use of modern biotechnological approaches (molecular
marking) is promising and especially in demand in breeding rice varieties
of a new generation. This article presents the results on the introduction
and pyramiding in the same genotype blast resistance genes Pi-1, Pi-2, Pi-
33, Pi-ta, Pi-b, Pi-40 and the gene for tolerance to prolonged flooding Sub
14, as a weed control factor, based on domestic rice varieties Flagman,
Snezhinka, Novator, Boyarin, as well as large-grain lines, with a short
growing season VNIIR5242, KP-25-14, KP-163 and VNIIR9678. As a
result of the volumetric work using marker control of target genes in the
genotypes of hybrid plants, 4 modern varietal samples and more than 400
backcross self-pollinated rice lines with introduced and pyramided blast
resistance genes, as well as backcross self-pollinated lines with Pi and
SublA genes, were obtained. These plants are adapted for cultivation in the
south of Russia, have a duration of 115-117 days, a height of 87-100 cm, a
mass of 1000 grains - 30 or more grams, a yield of 8.5 - 11 t/ha, which is
significantly higher than that of the standard variety Flagman.

1 Introduction

The onset of blast caused by the phytopathogenic fungus Pyricularia oryzae Cav. is one of
the most dangerous rice diseases worldwide. The development of the disease under
ordinary conditions can contribute to a decrease in yield and grain quality from 5 to 25 %,
and with epiphytotia, losses can be from 60 to 90 % [1, 2].

Weeds compete with the rice crop for elements of mineral nutrition, space, light and are
one of the main limiting factors that reduce yield. Therefore, today, production requires
varieties resistant to the above listed stressors.
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The use of modern biotechnological approaches (molecular marking) in this direction
allows accelerating the process of developing such varieties and quickly introduce them
into production [3].

The introgression and integration of resistance genes in one genotype into a highly
productive domestic germplasm adapted to local conditions of rice cultivation is an
informative strategy in the fight against these stressors.

Blast resistance genes Pi-1, Pi-2, Pi-33, Pi-40, Pi-ta, Pi-b, located on chromosomes 11,
6, 8, 6, 12, and 2, respectively, determine resistance to P. oryzae in the South of Russia [4-
6]. Foreign scientists have identified informative flanking SSR markers closely linked to
the above genes [7-10], and we, together with colleagues from VNIISB (Moscow), have
developed intragenic molecular markers for the Pi-ta and Pi-b genes [ 11, 12], which are
recommended for practical breeding.

Gene SublA, discovered by Asian scientists (link), determines the tolerance of rice
plants to prolonged flooding with water and can be used to control weeds [13-17].

This will allow developing rice genetic sources for cultivation using environmentally
friendly technologies, without the use of highly toxic fungicides and herbicides.

In this regard, the aim of the study: to develop, on the basis of DNA technology,
valuable rice genetics sources with economically valuable traits that are resistant to biotic
(blast) and abiotic (tolerance to prolonged flooding, as a factor in controlling weeds)
stressors and good milled rice quality .

2 Methods of research

In program for the development of blast resistant rice varieties, the rice lines C104-LAC,
C101-A-51-LAC, C101-LAC, IR-8-2-10-2 IR-36 were used as donors, which have the
resistance genes Pi-1, Pi-2, Pi-1 + Pi-33, Pi-40, Pi-b, Pi-ta, respectively [1]. As the
maternal forms, the Russian rice varieties Flagman, Snezhinka and Boyarin were used. In
the frameworks of program on development of rice varieties tolerant to prolonged flooding,
variety of foreign breeding Khan Dan (Vietnam) served as donor for introduction of SubiA
gene into domestic rice germplasm. As a maternal form for hybridization early ripening rice
varieties and lines with duration of no more than 100-105 days were selected: rice variety
Novator as well as large-grained early ripening rice lines KP-163, VNIIR9678, VNIIR5242
and KP-25-14.

When conducting molecular genetic studies, genomic DNA from plant cells by the
Murray and Thompson method, using the main lysing buffer of cetyltrimethylammonium
bromide [5].

The amplification was carried out in the “Tercyc” and “Bio Rad” D-amplifiers, PCR
conditions were optimized.

The separation of the amplification products was carried out by electrophoresis in an
8 % polyacrylamide gel (PAAG) at a voltage of 3.9 - 4.5 V/ecm [16].

Visualization of the results of electrophoretic separation of PCR products was
performed with use of  ethidium bromide (BrEt) in UV light and photographed with
digital camera. To determine the length of amplified fragments molecular mass marker was
used: 100 bp+1,5 Kb +3Kb (SibEnZym).

Hybridization of maternal forms of rice plants was performed with pneumocastration
method, pollination - with «Twell»-method [1].

Donor alleles of Pi-1, Pi-2, Pi-33, Pi-40 genes were visualized by closely linked to
them flanking microsatellite markers (sequence taken from NCBI database, available at
web-site http://blast.ncbi.nlm.nih.gov/blast.cgi [1]. For identifying Pi-ta, Pi-b genes in
hybrid plants intragenic molecular markers were used [9].
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To identify SublA4 gene primer pairs of flanking microsatellite SSR-markers were used.
Their sequence is also taken from NCBI database. It was established that these markers are
closely linked to this trait [13-16].

Evaluation of rice donor lines and breeding samples for resistance to local population of
P. oryzae. Was performed in field conditions of FSI ESOS «Krasnaya» by the predecessor
perennial grasses, according to Averyanov’s guidelines (1990). As susceptible control
varieties Volgogradsky and Pobeda 65 were used, as resistant control — rice variety
Avangard.

Depending on the score of damage all varieties were divided into 4 groups: resistant
type, medium, susceptible, highly susceptible.

For evaluation on economically valuable traits all agro technical works were performed
by the common methods [17].

3 Results of research

For 10 years, in the laboratory of information, digital and biotechnologies of Federal
Scientific Rice Centre, using molecular marking methods, as part of the program to develop
varieties resistant to bio- and abiotic stressors, a wide range of rice germplasm with
introduced and pyramided genes with blast resistance and tolerance to prolonged flooding
was obtained. A number of backcrosses, accompanied by marker control of target genes
based on PCR analysis, as well as field tests, allowed obtaining rice lines with blast
resistant genes and genes with tolerance to prolonged flooding (Fig. 1, 2).

From figure 1, we can see that plants ## 31, 40, 35t, 16, 24 and 18, obtained from
combination KP-163 X IR 83260-2-10-5-2-1-B, have a dominant allele of Pi-40 gene in the
genotype; plants 64, 70, 67, 69, 7, 21, 35sv, 11, 39, 4, 6, 63 — homozygous by recessive. By
the results of marker analysis from the selection of 44 plants the following ratio was
obtained: 13 hybrid plants had dominant allele of Pi-40 gene in homozygous state in their
genotype, 21 — in heterozygous, 10 plants — homozygous by recessive, which corresponds
to Mendel splitting 1:2:1.

64 70 31 40 67 69 7 21 35tKP163Pi4035sv11 39 16 4 24 6 63 18

64...18 — analyzed hybrid plants of BC2F4-population;

KP-163 — large-grained, early ripening rice line KP-163;

Pi-40 - line IR 83260-2-10-5-2-1-B — donor of Pi-40 gene;

Red arrow shows donor allele of Pi-40 gene, blue one — recessive allele.

Fig 1. Results of PCR analysis for the presence of transferred gene of blast resistance Pi-40

Due to the small amount of obtained seeds in this combination, we selected plants with
Pi-40 gene in their genotype in homo- and heterozygous state with positive morphometric
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characteristics (growing season of no more than 125 days, plants height - 85-90 cm, panicle
length - 15-20 cm, mass of 1000 grains - 26-31 g). In 2020, their study will continue on
economically valuable traits in the field conditions.

400
300 g

Mm — marker of molecular DNA mass 100 bp+1,5 Kb +3Kb (SibEnZym);
P1 — parent form — rice variety Khan Dan;

P2 — parent form — rice variety Novator;

G1...G6 — hybrid plants of BC2F4-population.

Fig 2. PCR-analysis of rice plants from BC2F4-population by Sub1A203 locus

On electropherogram we can see that hybrid plant G6 by locus Sub1A203 has donor
allele in homozygous state, other plants by this locus are heterozygous. Plants which had
only maternal allele in their genotype were sorted out.

Among hybrid rice plants, with combined Pi and SublA genes, which according to the
results of PCR analysis showed the presence of target genes in the genotypes, selection by
phenotype was also performed. Phenotype evaluation was performed based on a laboratory
rapid method [15]. The seeds of hybrid plants were grown in test tubes. After the sprouts
reached a length of 2-3 cm, the plants in the test tubes were completely flooded with water,
and for 14 days the plants were evaluated for tolerance to deep immersion of plants under
water (Fig. 3 a, b, ¢).

Rl

Fig 3. Laboratory rapid test method for tolerance to long-term immersion of hybrid rice plants
(BC2F4 - generation) with the Sub1A gene under water

As a result of the experiment, plants were selected that, according to DNA analysis,
have the SublA gene in the genotype and, when assessed by the phenotype, showed
tolerance to long-term immersion in water. Such plants were observed to remain in growth
when completely submerged under water. After 14 days in the regime of complete flooding,
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the water was emptied from the samples, and within 2-3 days the plants came out of stress.
Then they restored their life functions by producing more new leaves.

As part of breeding program and state assignment No. 0494-2019-0001 in 2019, in the
competitive variety testing of the third year at FSI ESOS Krasnaya, branch of FSBSI
ARRRI, 6 rice varietal samples with blast resistance genes Pi-ta, Pi-2, Pi-1 were evaluated
by the economically valuable traits and resistance to blast.

As a result of severe rejection, two lines with the Pi-2 gene were selected, one with the
Pi-ta gene and one with the Pi-1 gene, which have positive indicators for economically
valuable traits and are also resistant to the Krasnodar population of P. oryzae. The best of
them will be submitted to the state variety test in 2020. The characteristics of these lines by
morphometric indicators, blast resistance and milled rice quality are presented in tables 1-3.

Table 1. Characteristics of varieties and some rice lines of competitive variety testing in 2019

Number
umbe . Number of | Mass of | Mass of
Name of . Plant of Panicle . X . .
. Duration, . . spikelets in | grain 1000 Yield,
line/ height, |producti| length, . .
. days panicle, | fromthe | grains, t/ha
variety cm ve stems, cm
pes pcs. plant, g g

KP-8 115-117 | 87.0-90.0| 2.9 19.0-20.0 | 136.8-158.1 | 9.9-10.3 | 30.2-32.4 | 8.5-9.5
KP-9 115-117 190.0-95.0| 3.1 18.2-19.4 | 126.0-155.6 |12.2-12.3]| 28.6-33.4 | 8.0-10.0
KP-27 | 115-117 [95.0-100,0] 2.9 15.4-18.8 | 94.5-151.0 | 7.3-11.5 | 31.7-32.1 | 8.0-10.0
KP-34 | 115-117 |95.0-100.0] 3.1 17.9-18.1 | 124.3-133.7| 9.2-10.8 | 31.8-31.9 | 10.0-11.0

Fl‘zirt‘)‘an 115-117 | 90-95 2.8 |16.0-18.0 | 147.0-150.0| 1.9-2.0 |26.7-28.4| 7.5-9.0
LSDys 0 0.98 0.03 1.35 19.89 1.84 2.17 0.57

The data in the table show that the plants of the studied varietal samples are adapted to
growing conditions in the south of Russia. They have an optimal duration (115-117 days),
high panicle spikelet fertility, plant height up to 100 cm, resistant to lodging, as well as to
the Krasnodar population of P. oryzae (table 2). Their panicle is slightly drooping,
compact, with a length from 16 to 20 and more cm. Grain is prolonged (I/b 2.3— 2.6), mass
of 1000 grains - about 30 and more grams. Milling yield — 71-73 % (table 3). When
converted to 1 ha, yield 9.0 -11.0 tons of grain is formed.

The evaluation results of these rice varietal samples for blast resistance are presented in
table 2.

Table 2. Evaluation of rice varietal samples with Pi genes for blast resistance in FSI ESOS
«Krasnaya», branch of FSBSI «cARRRI» in 2019

Name of Blast resistance .
# #1 #2 #3 #4 Mean Resistance
sample .. L L .
replication |replication |replication|replication| value degree
1 KP-8 28.9 12,2 12,2 17,7 17,7 resistant
2 KP-9 24,4 8,9 18,9 15,5 16,9 resistant
3 KP-27 33,3 28,9 15,5 12,2 21,8 resistant
4 KP-34 16,7 16,7 11,1 12,2 14,2 resistant
Flagman, St 65,5 53,0 47,5 46,0 53,0 | non-resistant
HCPs 0,09 0,11 0,09 0,19 0,01

The table shows that the selected promising varieties are resistant to the local population
of the pathogen P. oryzae. On average, their disease development index ranges from 14.2 to
21.8 %.
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An assessment of the technological traits (quality) of milled rice of these promising samples
was carried out in the rice quality laboratory. The results of the quality evaluation are
presented in table 3.

Table 3. Rsualts of evaluation of milled rice quality of samples with Pi genes, studied in FSI ESOS
«Krasnayay, branch of FSBST «ARRRI» in 2019

Grain size,
Mass I mm Total | Head
# |Name of Of 1000 Filmi WVitreou Fractu pece e mvn s ] Vo | itting] rice
absolu| ness, | sity, | ring, ratio .
sample telv drvl % o o mm | mm | ness, yield, |content,
yary s 0 1 | ® | mm % %
grains ©
1| KP-8 | 28,5 | 22,2 74 13 6,7 2,9 2,0 2,3 | 69,7 | 94,8
2| KP9 | 27,7 | 22,3 73 12 6,7 2,9 2,0 23 | 69,2 | 94,6
3| KP-27 | 28,0 | 22,7 75 11 6,7 2,9 2,0 2,3 | 68,9 | 952
4| KP-34 | 27,0 | 22,0 73 18 6,6 2,9 2,0 2,3 | 68,7 | 96,0
Flagman,

St 27,4 | 21,7 85 28 6,0 2,8 2,0 2,1 | 70,7 | 93,2
LSD s 1,51 1 0,16 | 296 | 1,97 | 0,19 | 0,18 | 0,22 | 0,22 | 0,82 | 0,70

The data in the table show that the studied varieties belong to the group of medium-
grained varieties. The technological characteristics are not inferior to the standard (milling
yield, head rice content). The best of them for testing in 2020 will be transferred to the State
Variety Test.

4 Conclusions

Based on MAS (breeding with use of molecular markers), rice varieties resistant to blast
and tolerance to prolonged flooding as a factor in the weed control, with yields exceeding
the standard by 3-5 kg/ha and good milled rice quality were developed. The introduction of
new varieties in agricultural production will lead to the additional production of more than
600 tons of rice grain for every thousand hectares in the amount of 10 million rubles. At
this time, the cost of treating with chemical means of protection against diseases and weeds
as a result of reducing the application rate will be significantly reduced.
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