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Donors of valuable breeding traits of pea (Pisum sativum L.)
A.O. Vasylenko, N.O. Vus, |.N. Bezuhlyi, O.N. Bezuhla, L.N. Shevchenko,
Ye.Yu. Kucherenko, A.V. Hliantsev

Analysis of the existing basic collections and identification of the core collections with clearly defined properties are
important stages of the plant genetic banks activities. The NCPGRU pea collection has not been studied through this
lens. The article presents results of the study of pea (Pisum sativum L. subsp. sativum) accessions as donors of
valuable breeding traits for its multipurpose use in agriculture and processing industries. We examined 307
accessions representing the breeding material from the working pea collection of the Laboratory of Grain Legume
Breeding of the Plant Production Institute named after V.Ya. Yuriev and the collection accessions of various eco-
geographical origins of the National Center for Plant Genetic Resources of Ukraine (NCPGRU). Eleven donors were
selected by one or more important agronomic traits in combination with valuable economic characteristics (yield,
performance, protein content in seeds, disease resistance (Fusarium wilt and Ascochyta blight)). The cultivars
Modus, Efektnyi (multi-flowering (fn fna), leafless (tendril) (af)), Tsarevych (seed shedding resistance (def), leafless
(af)), and SL DTR 94-120 (multi-flowering (fn fna), luhansk type of determinancy (d)) were chosen as donors for the
grain pea breeding. Orpella (anthocyanin pigmentation of the corolla (A)) and Rezonator (stem length (Le)) were
used for the grain/fodder pea breeding; Kharkivskyi Yantarnyi and Banan (seed culinary qualities) — for the groats
pea breeding; Stambovyi (parchmentless pods (pv), fascicle stems (fa fas) and Asgrow sead (wrinkled seeds (r),
leafless (af), multi-flowering (fn fna)) — for the garden pea breeding; Violena (the rb gene carrier — amylose-free
starch) — for the technical pea breeding. All the accessions proved their donor capacities. A qualitatively new input
material for practical selection has been derived by means of hybridization with some cultivars (Kharkivskyi
Yantarnyi, Banan, Tsarevych, Violena, Asgrow seed). Further study of the NCHRRU pea collection aimed at
identification of valuable accessions and creation a core collection is essential.
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Introduction

Pea is one of the most important legume crops. In terms of world production, it ranks second after
the bean (FAOSTAT, 2021). Being the basic object of genetic research since G. Mendel and Ch. Darwin,
it has not lost its importance in genetics and breeding yet. Ukraine is among the top 10 pea producing
countries; the collection of the National Center for Plant Genetic Resources of Ukraine (NCPGRU) is
among the 10 largest world collections.

Since the beginning of the 215t century, the scientific and international community attitude to
genetic resources has changed fundamentally (Zhuchenko Jr., 2014). The modern breeding process
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requires extended studies and analyses of the plant pool available, in particular, its genetic
characteristics. Attention to genetic resources has rose due to the narrowing genetic base of the breeding
cultivars and reduction in their genetic variability (heterogeneity, heterozygosity), which increase
epiphytotic risk.

The objectives and prospects of breeding and seed production cannot be achieved without
mobilizing the world's plant resources. Here, national breeding centers have the real advantages, as they
possess unique genetic donors for the most important species that are resistant to the most harmful
abiotic and biotic stressors and have a high nutritional value (Zhuchenko, 2012). Thus, in Belarus, new
cultivars and hybrids based on collections of genetic resources were introduced in agriculture and forestry
with an economic effect of $ 116.9 million and $ 5.7 million, respectively (Privalov et al., 2016).

M.A. Vishnyakova demonstrated the possibilities and necessity of more efficient use of the
legumes’ gene pool in new directions of breeding: symbiotic, ecological, ecotypic, phytocenotic, and
bioenergetic (Vishnyakova, 2012). The pea collection of the All-Russian Research Institute of Plant
Industry comprises 8,057 accessions (as at 01/01/2014); of these, the 685 are from the Mediterranean
pool (center of the crop origin). Commercial cultivars and landraces account for 46.0 % and 38.0 %,
respectively, while wild forms and accessions with unknown status comprise 1.5 % and 13.0 %. A long-
term analysis allowed identifying individual accessions that are sources of alleles determining valuable
traits (Vishnyakova et al., 2016). Having studied retrotransposons in 3,020 accessions of the pea
collection of the John Innes Center (Great Britain), which is one of the most diverse and representative
collections of the world gene pool of the genus Pisum L., the researchers found that the greatest genetic
diversity is represented not by breeding cultivars, but by their wild congeners. At the same time, "wild"
alleles are rarely present in cultivars, and the genome of pea cultivars is rather poor. As a result, the
knowledge about the pea gene pool has been expanded, which contributes to its more efficient
application in the breeding practice (Jing et al., 2010).

The pea collection of Ukraine (NCPGRU) contains 2,683 specimens (as at 01/01/2018); 49 % of
them are breeding cultivars created in Ukraine and/or other countries (Kobyzeva et al., 2018). The gene
pool is evaluated in terms of a wide range of morphological and agronomic characteristics. The studied
accessions are being used to form collections for different purposes. Unfortunately, the National Center
for Plant Genetic Resources of Ukraine has no accessible genotypic and/or phenotypic database of
available accessions (Smykal et al., 2012).

In India, where the chickpea is the legume crop number one, a similar work has already been done.
In the Indian National Genebank (New Delhi), the available gene pool of the basic collection had been
fully assessed; the especially valuable accessions were selected, which provided basis for a core
collection. To increase selection efficiency, the basic chickpea collection (14,651 accessions) was
evaluated by eight quantitative and 12 qualitative agronomic and morphological traits. The database is
now publicly accessible (Singh et al., 2012; Archak et al., 2016).

A.A. Churakov and L.I. Valiulina emphasize that assessment of genetic resources in a particular
region can increase selection efficiency. For example, in the Krasnoyarsk Krai, the growing period of pea
plants (80-90 days) is a limiting trait when assessing the resource material. Therefore, the material
involved in crossing has to combine this growing period and a set of economically useful traits (Churakov
et al., 2021).

In China, the pea basic collection contains almost 5,000 specimens from 70 countries. To assess
the accessions’ genetic diversity, a core collection of 731 specimens from 67 countries was analyzed with
the use of 21 SSR primers. This study showed the greatest genetic heterogeneity of the Asian
accessions. The European accessions ranked the second place, while the accessions from the other
countries were less heterogenic. It turned out that 48 accessions (6.57 % of the collection) cover 84.4 %
of all allelic variations (Zong et al., 2008).

An investigation of genetic resource collections by modern methods of genome analysis can
evaluate not only genetic diversity of the modern gene pool, but also evolutionary relationships and
development paths of agricultural crops (Jing et al., 2010).

An amount of the studied collection material can be quite extensive while the number of accessions
chosen for the further research can be very small. Nevertheless, this is the promising material that
determines selection effectiveness. When assessing a garden pea collection, consisted of 277 specimens
of different eco-geographical origins, I.M. Kaigorodova et al. (2013) chose only six accessions with
several valuable agronomic traits. Based on the traits relevant for the crop breeding, O.V. Alikina and
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A.G. Besedin (2016) selected only 25 out of 522 accessions from the garden pea collection of the All-
Russian Research Institute of Plant Industry.

Given the available diversity of initial material, a chose of the most promising parents for crossing
remains a challenging task of selection. Comprehensive studies of genetic resource collections are a way
to solve this problem (Merezhko, 2005). At the same time, it is obvious that the current prevailing trends
in the choice of parental pairs for crossing (the best commercial cultivars) inevitably lead to an increase in
genetic vulnerability of closely related cultivars. Only few of numerous cultivars involved in hybridization
are proved to be outstanding donors of economically valuable traits and corresponding blocks of co-
adapted genes (resistance, performance, quality, etc.) (Zhuchenko Jr., 2014).

Based on the above, our purpose was to reveal and identify accessions with a pool of valuable
economic characteristics that can be donors for one or more agronomic traits.

Study objects and methods

The research objects were 307 accessions (Pisum sativum L. subsp. Sativum) representing the
pea breeding material from a working collection of the Laboratory of Grain Legume Breeding of the Plant
Production Institute named after V.Ya. Yuriev as well as the collection accessions of different eco-
geographical origin deposited in the National Center for Plant Genetic Resources of Ukraine (NCPGRU)
and defined as a source of valuable traits. The field experiments were carried out in the scientific crop
rotation of the Plant Production Institute named after V.Ya. Yuriev (Kharkiv, Ukraine) in 2016-2020 in
accordance with the methods of field experimentation (Dospekhov, 1985).

The pea collection accessions were studied according to "Guidelines on studying genetic resources
of grain legumes" (Kobyzeva et al., 2016). Morphological description of the accessions, their classification
by economic and biological features, identification of the genes of the above-mentioned traits were
performed by morphological and phenological methods specified in the Classifier of the genus Pisum
(CMEA’s international classifier..., 1990; Makasheva, 1979; Genetics of domestic plants..., 1990).

Carriers of the r and rb mutations were identified by the starch granule morphology and the
amylose content in starch (Wang et al., 1998; Hedley et al., 1996). Starch granule morphology was
analyzed in light microscopy (Large workshop on plant physiology, 1978) after 48-hour fixation of seeds in
a mixture of 96 % ethanol, glycerin and water (in a ratio of 1: 1: 1) and 0.01 M sodium azide as a
bacteriostatic preservative. After fixation, the seeds were grounded in a porcelain mortar. Granules were
photographed with a DMC-FZ300 digital camera and microscopically analyzed in a Biolam-15 microscope
with the lens x40.

Results and discussion

The NCPGRU'’s pea collection has no complete genetic database. A pea genetic collection formed
in 2014 was the first step in resolving this problem (Bezuhla et al., 2014). Donor identification is the next
important stage in the gene pool classification and systematization. The field and laboratory investigations
conducted in the Laboratory of Grain Legume Breeding and the Laboratory of Genetic Resources of
Grain Legumes and Groats Crops resulted in identification the donors of valuable agronomic traits.

The modern trend in the pea breeding is creating vegetable cultivars, which, in addition to high
yields and protein content in seeds, have good culinary properties (cooked seed weight/dry seed weight
ratio, cooking time, palatability). The cultivars Kharkivskyi Yantarnyi (UD0101296), UKR and Banan
(UD0101543), UKR, have confirmed their donor capacities for the “seed culinary quality” trait. They have
good cooking properties: seed cooking coefficient 2.26; cooking time 80-90 min. (rating "good"), excellent
palatability (7+). Kharkivskyi Yantarnyi and Banan are leafy, mid-tall (the stem length is 105-110 cm and
80-110 cm, respectively), highly productive (their yields amount to 5.5 t/ha), high-protein (the protein
content in seeds is 23-26 % and 24-28 %, respectively) cultivars. Kharkivskyi Yantarnyi has bright
orange cotyledons. These cultivars have moderate resistance to Fusarium wild (5 points) and Ascochyta
blight (7 points). When these cultivars were used as female components in regular crosses, the obtained
hybrids got higher protein content in seeds (by 6-12 %) and better culinary quality than their parents
(Bezuhlyi et al., 2018; Vasylenko et al., 2018).

In peas, like in many other legumes, flowers develop in racemes on the specialized lateral flower-
bearing stems (12), while the main stem (I1) grows indefinitely. Usually, the pea racemes have two
flowers. In addition to fundamental interest, data on the regulation of inflorescence development and
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formation of multi-flowered inflorescences are of particular practical value for the breeding of new high-
performance pea cultivars (Sinjushin, Liberzon, 2016).

We distinguished the cultivars Modus (UD0101938) and Efektnyi (UD0102018) as donors of a
“‘multi-flowering” trait controlled by the fn fna genes. Being leafless, these cultivars form three fully
developed pods in the first and/or second productive node. Resistance to Fusarium wilt: Modus — 3
points, Efektnyi — 5 points; to Ascochyta blight: Modus and Efektnyi — 5 points each. The cultivars’
potential capacity amounts to 6.0 t/ha; both of them are lodging resistant and suitable for direct
combining.

The “leafless" trait is attributed to the af gene, which is phenotypically manifested as the formation
of tendrils instead of normal leaves that increases lodging resistance. Leafless pea cultivars are
considered to give some 10 % lower yields (Pesic et al., 2013). When lodging, yield losses in leafy pea
cultivars reach 32-43 % compared to the tendril (leafless) cultivars (Bugrej, Avdeenko, 2012). Seed
shedding is prevented by the def gene expression, causing hypertrophy of the seed pedicel tissue. After
seed ripen, seed pedicels do not come off and remain attached to the central raphes of the beans
(Makasheva, 1979; Genetics of domestic plants..., 1990; Ayeh et al., 2011). This mutation can slightly
decrease the yield due to a lower seed number per pod. Nevertheless, in a zone with unstable
precipitation, the losses caused by an overmature stand can be outstanding, and the cultivation of non-
shedding pea cultivars is economically profitable (Zelenov, 2013). Seed non-shedding makes it possible
to reduce losses during harvest by 10—-20 % (Zubov, Katyuk, 2007). A combination of these features was
discovered in Tsarevych (UD0102105) that gives the reason to recommend it as a donor of both “leafless”
and “shedding resistance” traits. The cultivar yield amounts to 6.0 t/ha (Bezuhlyi et al., 2016); it is highly
resistant to lodging (8-9 points), suitable for direct combining, shows weak resistance to Fusarium wilt (3
points) and high resistance to Ascochyta blight (7 points).

Determinant forms are of particular value in breeding, since their seeds ripen from lower to upper
productive nodes processes more evenly than that in the indeterminate forms. On the other hand, they
have a number of disadvantages: poor performance (only 3—4 pods on the main stem), late fruiting and a
tendency to generate lateral shoots (Alikina, Besedin, 2016). The breeding line SL DTR 94-120 was
distinguished as a donor of the "determinancy" and the "multi-flowering". The determinancy is caused by
the r genes, manifested phenotypically as the presence of 1-2 productive nodes only; two carpophores
emerge from the last node. A determinant type of the stem growth ensures shorter anthesis and a good
yield due to the total apical meristem transformation into the apical inflorescence (Kotlyar et al., 2019).
Such cultivars can be used for post-harvest crops in areas with sufficient precipitation or with irrigation. In
the breeding line DTR 94-120, the reduced number of productive nodes, characteristic of determinant
cultivars, is compensated by the “multi-flowering” fn fna gene that makes it possible to form a sufficient
performance. The line is leafy; its performance is 7.2 g of seeds per plant; the stem length is 55-65 cm;
the protein content in seeds is 21-23 %; the resistance is moderate, to Fusarium wild — 5 points, and to
Ascochyta blight — 7 points.

The listed traits ("multi-flowering" (fn fna), "leafless" (af), "shedding resistance" (def), and
"determinancy" (r)) are monogenic, recessive and clearly diagnosed by phenotype (Ellis et al., 2010)
(Fig. 1). Therefore, when such donors are involved in both simple combination and backcrossing, the trait
appearance in a hybrid confirms its monogenicity.

Year 1 AfFAf x afaf
Crossing leafy i leafless

Year 2 F1 Afaf x afaf
Crossing leafy

Year 3
Selection

F1 Afaf (leafy) and afaf (leafless)

Fig. 1. An example of a complex pea hybridization scheme
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Grain/fodder cultivars can be sown as a monocrop for commercial grain and as a mixed crop with
cereals for green fodder, hay and silage. In the grain/fodder pea breeding, both anthocyanin-free cultivars
and cultivars with anthocyanin pigmentation of the corolla (field pea) are used in crossing as initial forms
(Kosterin, 2015). We chose the leafy cultivar Orpella (UD0100520), a carrier of the “anthocyanin
pigmentation of the corolla” trait controlled by the A gene. This cultivar shows good performance (an
average seed weight per plant is 10.4 g; an average number of beans per pod is 4.7); it is resistant to
Fusarium wilt (5 points) and Ascochyta blight (5 points).

Grain/fodder cultivars are to have long stems and many leaves. The pea stem length (up to 150
cm) is controlled by the Le gene, which is responsible for the gibberellin synthesis. It also can stimulate
internode growing in the pea plants (Martin et al., 1997).The cultivar Rezonator (UD0100668) is a donor
of the "long stem" trait; it is a leafy cultivar with a maximum of seed performance of 5.0 t/ha and green
mass productivity of 30.0-35.0 t/ha. In the phase of the bean complete filling, the percentage of green
beans is 32—-34 % of the total number of seeds; the protein content in seeds is 22-24 %; the resistance to
Fusarium wilt and Ascochyta blight is 3 and 5 points, respectively.

The “anthocyanin pigmentation of the corolla® and the “stem length” traits are monogenic and
dominant. Selection is conducted in F2 hybrids with the trait control in subsequent generations.

Vegetable cultivars can be grouped into two categories with a purpose of green seed and green
pod production. Green seeds are used as raw material for canning and processing industries. When
breeding these cultivars, it is necessity to pay attention at the green seeds’ yield, seed yield per plant,
contents of dry matter and carbohydrates in seeds, seed color and size, etc. Mature seeds are wrinkled,
which is a characteristic feature of these cultivars. This trait is controlled by the r gene (linkage group (LG)
7 (Genetics of domestic plants..., 1990)) responsible for the higher concentration of sucrose in developing
corcules of pea plants that, in turn, increases water absorption, cell size, and fresh seed weight. During
maturation, such seeds experience significant water loss, which makes the seed surface wrinkled. In
addition to this morphological variation, the mutation also causes changes in the amount of lipids and
storage proteins (legumins) (Bhattacharyya et al., 1993).

Since Asgrow seed (UD0101648, USA) is a donor of a bulk of important traits: “wrinkled seeds”
(rgene) (Tymchuk et al., 2017), “leafless (tendril)” (af gene), "multi-flowering" (fnfna gene), it was
proposed for creating new vegetable (garden) cultivars. The protein content in dry seeds is 22.0-27.8 %;
the starch content is 26.85 %; the sugar content in seeds in the phase of technical ripeness (green peas)
is 3.92— 5.32 %. The cultivar is highly resistant to Fusarium wilt (7 points) and Ascochyta blight (5 points).

Garden cultivars, used to obtain green pods in the “unripe, flat and long pod” phase, have very
wide parchmentless pods. Two non-complementary recessive genes — p and v, determine a
parchmentless or «sugar» pod; each of them reduces the parchment layer in great extent, and, acting
together, they eliminate it completely. These genes determine thick shells of pea pods that makes the
whole pod (with shell) edible (McGee, Baggett, 1992). Shtambovyi Sakharnyi (UD0101816, Russia) is a
donor of the “parchmentless (sugar) pods” (pv) and “fascicle stems” (fa fas) traits. The fascicle stem is
attributed to two independent genes, fa in LG 4 and fas in LG 3. This trait changes both the stem
architecture and the physiology of plant blossoming and ripening. Its characteristic feature is a pod
grouping at the top of the stem; consequently, the pea plants lodge and become vulnerable to drought
during the short periods of their anthesis and pod formation (Gawlowska, Swiecicki, 2016; Siniushin,
Gostimskii, 2008). Shtambovyi Sakharnyi is highly resistant to Fusarium wilt (7 points) and Ascochyta
blight (7 points).

In the modern processing industry, pea is considered a source of high-quality starch. Therefore,
creation of cultivars with a high starch content in seeds and a high amylose/amylopectin ratio is another
direction of breeding. Carriers of the rb mutation in pea (LG 3 (Genetics of domestic plants..., 1990)) are
richer in the oil content in seeds than the carriers of smooth-seed and r mutation (Wang et al., 1990). An
influence of the rb locus on the starch content in pea seeds is mediated by changes in the ADP-glucose
pyrophosphorylase activity in developing corcules (Smith et al., 1989). The RRrbrb genotype is
characterized by a higher content of amylopectin in the seed starch (Bhattacharyya et al., 1993).
Phenotypically, the RRrbrb genotype manifests itself as wrinkled cotyledons and simple starch granules.

In the pea collection studied, we distinguished only one carrier of the rb gene, the cultivar Violena
(UD010077). The amylose rate in seed starch of Violena is only 28.2 %, compared with 63.9 % of
amylose in the carriers of the r gene (Asgrow sead). Analyzing crosses and light microscopy of the seed
samples have also confirmed the presence of the rb gene (Tymchuk et al., 2017; Vasylenko et al., 2017).
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In Violena, the starch content in seeds is 26.85 %; the protein content is 21-23 %. It has an average
resistance to Fusarium wilt (3 points) and high resistance to Ascochyta blight (7 points).

Conclusions

Since the National Center for Plant Genetic Resources of Ukraine has no publicly accessible
genotypic and phenotypic databases of available pea specimens, our work on identification of the donors
of valuable agronomic traits can provide the beginning of a creation of pea core collection in the
NCPGRU.

In practical terms, the use of presented donors with a set of economic performance in specialized
breeding programs can increase their efficiency. Eleven donors were selected for various directions of
pea breeding: Modus and Efektnyi (multi-flowering, leafless (tendril)), Tsarevych (seed shedding
resistant, leafless), SL DTR 94-120 (multi-flowering, determinancy), Orpella (anthocyanin pigmentation of
the corolla), Rezonator (stem length), Kharkivskyi Yantarnyi and Banan (culinary qualities of seeds),
Stambovyi (parchmentless pods, fascicle stems), Asgrow sead (wrinkled seeds, leafless, multi-flowering),
and Violena (amilose-free starch).

In the future, the need in more profound studies of genetic resources by both the classical methods
and the molecular genetic technologies will be growing.
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HoHopM LiHHUX ceneKuinHMX O3HaK ropoxy nociBHoro (Pisum sativum L.)
A.O. BacuneHko, H.O. Byc, I.M. Besyrnun, O.M. Be3syrna, J1.M. LLleBYeHKo,
€.10. KyuepeHko, A.B. NsaHues

Baxnueuin etan poboTu reHeTU4YHUX GaHKiB pocnunH — aHani3 icHyto4oi 6a30Boi konekuil i BUAINEHHsT cepLeBUHHNX
KOMekKui 3 4iTKO BM3HaYeHMMM BnactmBocTamu. [Ons konekuii ropoxy HUIMPPY Taka poGoTta paHiwe He
nposoaunacs. Y ctaTTi NpeAcTaBneHi pesynbTatv poboTu 3 ineHTudikaLii AOHOPIB LiHHUX CENEKLIMHMX 03HaK ropoxy
nocisHoro (Pisum sativum L. subsp. sativum), 3 ypaxyBaHHAM O0araTouiNlbOBOrO BWKOPUCTaHHS KynbTypu Y
CinbCbKOMY rocnogapcTsi i nepepobHin npomucnosocTi. O6’ekTamun BuBYeHHSA 6ynn 307 3paskiB 3 pobo4oi Konekuii
CernekuinHoro marepiany ropoxy, sikui 6yB cTBopeHun y nabopartopii cenekuii 3epHO6060BUX KynbTyp IHCTUTYTY
pocnvHHMuTBa iMeHi B.A. HOp’eBa, i konekuii HauioHanbHOro LUEHTPY rEeHETUYHMX PECYPCiB POCNUH  YKpaiHu
(HUIPPY) pisHoro ekornoro-reorpadivyHoro noxomxeHHs. BugineHo 11 3paskiB JOHOpPIB 3a OAHiE 4M Aekinbkoma
BaXXMMBMMW arpoOHOMIYHUMM O3HaKamy 3 KOMMMEKCOM ULiHHWX TOCMOQAPChKMX XapaKTepuUCTMK (YpPOXamHiCTb,
NPOOYKTUBHICTb, BMICT 6inka y HaciHHi, CTilkicTb Ao xBopob (dy3apio3 Ta ackoxitos)). B sakocTi goHopis Ans
BMKOPUCTaHHS 3a HanpaAMamu cernekuii BUGINeHo: AN 3epHOBOro HanpsiMy BUKOPUCTaHHA — copTu Moayc, EdexTHuia
(baraTtoksiTkoBiCTb (fn fna), Bycatmn Tun nucta (af)), LlapeBuy (CTinkicTb 4O ocunaHHA HaciHHS (def), BycaTui Tun
nucrta (af)), CN OTP 94-120 (6araTtokBiTkoBiCTb (fn fna), nyraHCbKMIA TN AeTepMiHaHTHOCTI (dfr)); Ans 3epHOyKiCHOro
Hanpsimy BuKOpUCTaHHs — Opnenna (aHTouiaHoBe 3abapBneHHs BiH4Yuka (A)), PesoHatop (goexuHa ctebna (Le));
0N Xap4yoBOro HanpsMy BMKOPUCTaHHSA — XapKiBCbkuni sHTapHUi, baHaH (kyniHapHa SiKiCTb HaCiHHSA); ANS OBOYEBOro
Hanpsimy BukopucTaHHs — LLTamboBun (6eaneprameHTHuiA TN 606a (pv), dacuinoBaHuii Tun crebna(fa fas), Asgrow
sead (3MOpLUKYBaTUA TUN HaciHWHK (r), BycaTui Tvn nucta (af), 6araToksiTkoBiCcTb (fn fna); AN TexHiYHOro HanpsiMy
BMKOPUCTaHHs — BioneHa (HOCi reHy rb — aminonekTMHOBMI TUN Kpoxmanto). Bci 3pasku nigTBepavMnu AOHOPCHKI
BnactusocTi. Lnsaxom ribpuamsadii 3 BMKOPUCTaAHHAM Aesdkux copTiB (XapkiBcbkui sHTapHui, baHaH, Liapesuy,
BioneHa, Asgrow seed) oTpMMaHO SIKIiCHO HOBMI BUXIOHUIA MaTepian Ans npakTUYHOI cenekuiiHoi pobotu. 3pobneHo
BMCHOBKM MPO HeOOXiAHICTb NoaanbLIoro BUBYEHHs konekuii ropoxy HLUITPPY 3 meToto ineHTudikadii LuiHHMX 3paskis
Ta CTBOPEHHS CepLEeBUHHOI KOMneKLii.

KnrouoBi cnoBa: 2opox, Konekuisi, 00HOpU, 2eHeMUYHUU KOHMPOJIb O3HaKU, CeNeKuisi, cefieKkyitiHa UiHHicmb.
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[OHOpbI LeHHbIX CeNeKLUMOHHbIX NPU3HaAKOB ropoxa noceBHoro (Pisum sativum L.)
A.A. BacuneHko, H.A. Byc, W.H. Be3yrnbiin, O.H. Besyrnas, J1.H. LleByeHko, E.}O. KyuyepeHko,
A.B. NnsAHueB

BaxHbIn 3Tan paboTbl reHeTn4ecknx GaHKOB pacTEHUIN — aHanu3 CyLecTByoLen 6a30BON KONMEKUMN U BbiAENeHe
CepALEBMHHbIX KOMMEKLUMIN C YETKO onpeaerneHHbIMU cBocTBamu. Ons konnekumm ropoxa HLIPPY Takasa pabota
paHee He npoBoaunacb. B ctatbe npeacTtaBneHbl pesynbTatbl paboTbl N0 MAeHTUdMKALMU OOHOPOB LEHHbIX
CEneKLMOHHbIX MPU3HAKOB ropoxa noceBHoro (Pisum sativum L. subsp. sativum) ¢ y4eTOM MHOroueneBoro
UCMNOMb30BaHUSA KymnbTypbl B CEMbCKOM XO3ANCTBE W nepepabaTbiBalollerr MNPOMbIWMAEHHOCTU. 3a rogpl
nccnegoBaHus 6bino nsydeHo 307 obpasuos (Pisum sativum L. subsp. sativum), npeacTaBnstoWmX CenekUMOoHHbIV
maTtepwuan 13 pabo4en Konnekumn ropoxa, cosgaHHon B nabopaTtopun cenekumm 3epHobo60BbIX KynbTyp MHCTUTYTa
pacteHveBoacTea nmeHn B.A. FOpbeBa, 1 konnekumo HaumoHanbHOro LEHTpa reHeTUYECKUX PECYPCOB paCTEHUN
YkpauvHbl (HUMPPY) pasnuuHoro akonoro-reorpaduyeckoro nponcxoxaeHus. BoigeneHo 11 obpasuoB OHOPOB Mo
OQHOMY WM HECKOINbKUM BaKHbIM arpOHOMUYECKMMM MNPU3HAKaM C KOMIMIMEKCOM LEHHbIX XO3AWCTBEHHbIX
XapakTepucTuk (ypoXkalHOCTb, MNPOAYKTUBHOCTb, COAepXaHue Oenka B CeMeHax, YCTOMYMBOCTb K OonesHsm
(dby3apuos 1 ackoxuto3s)). B ka4ecTBe AOHOPOB AMS MCMOMb30BaHMS MO HanpaBneHUsM Cenekuun BblaeneHsbl: Ans
3epHOBOr0 HanpaBneHus ucrnonb3oBaHuss — copta Moayc, OddekTHbIn (MHOrouBeTkoBoCTb (fn fha), ycatblin Tun
nucta (af)), LlapeBuy (ycTonMumMBOCTb K OCbiNaHuio cemsH (def), ycateim tun nwucta (af)) v CITOTP 94-120
(mHorouBeTtkoBoCTb (fn fna), nyraHCKuiA Tun AeTepMUHAHTHOCTU (dfr)); OnNA  3epHOYKOCHOrO HanpaBsrieHus
ucnons3oBaHusa — Opnenna (aHTounaHoBas okpacka BeHuuka (A)), PesoHaTtop (anvHa ctebns (Le)); Ans nuwiesoro
HanpaBneHUs NUCMonb3oBaHWs — XapbKOBCKUN sIHTapHbIN, BaHaH (KynuHapHoe Ka4vecTBO CeMSsH); AMNs OBOLLHOMO
HanpaBneHusa ucnonb3oBaHusa — LtamboBbin (GecneprameHTHbIn Tun 606a (pv), dacummpoBaHHbIM TUN cTEbnA
(fa fas)), Asgrow sead (MOPLIMHMCTBLIA TUN ceMsaH (r), ycaTbin TMn nucta (af), mHorouBeTkoBocCTb (fn fna)); ona
TEXHWYECKOro HanpaBrieHust Ucnosnb3oBaHus — BuoneHa (HocuTenb reHa rb — amMunoneKTMHOBLIA TUM Kpaxmana).
MyTem rubpmamnsauum ¢ UCNonNb30BaHWEM HEKOTOPbIX COPTOB (XapbKOBCKMI siHTapHbIW, BaHaH, LilapeBny, Buonewa,
Asgrow seed) nony4yeH KayeCTBEHHO HOBbI WCXOAHbLI MaTepuan Ansi NpakTUYecKoW CenekumoHHOW paboTbl.
CpaenaHbl BbIBOAbl 0 HEOOXOAMMOCTHY AanbHenLWero udydeHus konnekuum ropoxa HUMPPY ¢ uenbio ngeHtudmkaumm
LeHHbIX 06pa3uoB 1 Co3aaHus CepALEBMHHON KOMMEKLUN.

KniouyeBble cnoBa: 20pox, KoseKyus, OOHOpr, 2eHemuYecKuli KOHMpPO/b fpu3HaKa, Cerekuus, CeneKkyUuoHHas
UEeHHOCMb.
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	Introduction
	Pea is one of the most important legume crops. In terms of world production, it ranks second after the bean (FAOSTAT, 2021). Being the basic object of genetic research since G. Mendel and Ch. Darwin, it has not lost its importance in genetics and bree...
	Since the beginning of the 21st century, the scientific and international community attitude to genetic resources has changed fundamentally (Zhuchenko Jr., 2014). The modern breeding process requires extended studies and analyses of the plant pool ava...
	The objectives and prospects of breeding and seed production cannot be achieved without mobilizing the world's plant resources. Here, national breeding centers have the real advantages, as they possess unique genetic donors for the most important spec...
	M.A. Vishnyakova demonstrated the possibilities and necessity of more efficient use of the legumes’ gene pool in new directions of breeding: symbiotic, ecological, ecotypic, phytocenotic, and bioenergetic (Vishnyakova, 2012). The pea collection of the...
	The pea collection of Ukraine (NCPGRU) contains 2,683 specimens (as at 01/01/2018); 49 % of them are breeding cultivars created in Ukraine and/or other countries (Kobyzeva et al., 2018). The gene pool is evaluated in terms of a wide range of morpholog...
	In India, where the chickpea is the legume crop number one, a similar work has already been done. In the Indian National Genebank (New Delhi), the available gene pool of the basic collection had been fully assessed; the especially valuable accessions ...
	A.A. Churakov and L.I. Valiulina emphasize that assessment of genetic resources in a particular region can increase selection efficiency. For example, in the Krasnoyarsk Krai, the growing period of pea plants (80–90 days) is a limiting trait when asse...
	In China, the pea basic collection contains almost 5,000 specimens from 70 countries. To assess the accessions’ genetic diversity, a core collection of 731 specimens from 67 countries was analyzed with the use of 21 SSR primers. This study showed the ...
	An investigation of genetic resource collections by modern methods of genome analysis can evaluate not only genetic diversity of the modern gene pool, but also evolutionary relationships and development paths of agricultural crops (Jing et al., 2010).
	An amount of the studied collection material can be quite extensive while the number of accessions chosen for the further research can be very small. Nevertheless, this is the promising material that determines selection effectiveness. When assessing ...
	Given the available diversity of initial material, a chose of the most promising parents for crossing remains a challenging task of selection. Comprehensive studies of genetic resource collections are a way to solve this problem (Merezhko, 2005). At t...
	Based on the above, our purpose was to reveal and identify accessions with a pool of valuable economic characteristics that can be donors for one or more agronomic traits.
	Study objects and methods
	The research objects were 307 accessions (Pisum sativum L. subsp. Sativum) representing the pea breeding material from a working collection of the Laboratory of Grain Legume Breeding of the Plant Production Institute named after V.Ya. Yuriev as well a...
	The pea collection accessions were studied according to "Guidelines on studying genetic resources of grain legumes" (Kobyzeva et al., 2016). Morphological description of the accessions, their classification by economic and biological features, identif...
	Carriers of the r and rb mutations were identified by the starch granule morphology and the amylose content in starch (Wang et al., 1998; Hedley et al., 1996). Starch granule morphology was analyzed in light microscopy (Large workshop on plant physiol...
	Results and discussion
	The NCPGRU’s pea collection has no complete genetic database. A pea genetic collection formed in 2014 was the first step in resolving this problem (Bezuhla et al., 2014). Donor identification is the next important stage in the gene pool classification...
	The modern trend in the pea breeding is creating  vegetable cultivars, which, in addition to high yields and protein content in seeds, have good culinary properties (cooked seed weight/dry seed weight ratio, cooking time, palatability). The cultivars ...
	In peas, like in many other legumes, flowers develop in racemes on the specialized lateral flower-bearing stems (I2), while the main stem (I1) grows indefinitely. Usually, the pea racemes have two flowers. In addition to fundamental interest, data on ...
	We distinguished the cultivars Modus (UD0101938) and Efektnyi (UD0102018) as donors of a “multi-flowering” trait controlled by the fn fna genes. Being leafless, these cultivars form three fully developed pods in the first and/or second productive node...
	The “leafless" trait is attributed to the af gene, which is phenotypically manifested as the formation of tendrils instead of normal leaves that increases lodging resistance. Leafless pea cultivars are considered to give some 10 % lower yields (Pesic ...
	Determinant forms are of particular value in breeding, since their seeds ripen from lower to upper productive nodes processes more evenly than that in the indeterminate forms. On the other hand, they have a number of disadvantages: poor performance (o...
	The listed traits ("multi-flowering" (fn fna), "leafless" (af), "shedding resistance" (def), and "determinancy" (r)) are monogenic, recessive and clearly diagnosed by phenotype (Ellis et al., 2010) (Fig. 1). Therefore, when such donors are involved in...
	Fig. 1. An example of a complex pea hybridization scheme
	Grain/fodder cultivars can be sown as a monocrop for commercial grain and as a mixed crop with cereals for green fodder, hay and silage. In the grain/fodder pea breeding, both anthocyanin-free cultivars and cultivars with anthocyanin pigmentation of t...
	Grain/fodder cultivars are to have long stems and many leaves. The pea stem length (up to 150 cm) is controlled by the Le gene, which is responsible for the gibberellin synthesis. It also can stimulate internode growing in the pea plants (Martin et al...
	The “anthocyanin pigmentation of the corolla” and the “stem length” traits are monogenic and dominant. Selection is conducted in F2 hybrids with the trait control in subsequent generations.
	Vegetable cultivars can be grouped into two categories with a purpose of green seed and green pod production. Green seeds are used as raw material for canning and processing industries. When breeding these cultivars, it is necessity to pay attention a...
	Since Asgrow seed (UD0101648, USA) is a donor of a bulk of important traits: “wrinkled seeds” (r gene) (Tymchuk et al., 2017), “leafless (tendril)” (af gene), "multi-flowering" (fnfna gene), it was proposed for creating new vegetable (garden) cultivar...
	Garden cultivars, used to obtain green pods in the “unripe, flat and long pod” phase, have very wide parchmentless pods. Two non-complementary recessive genes – p and v, determine a parchmentless or «sugar» pod; each of them reduces the parchment laye...
	In the modern processing industry, pea is considered a source of high-quality starch. Therefore, creation of cultivars with a high starch content in seeds and a high amylose/amylopectin ratio is another direction of breeding. Carriers of the rb mutati...
	In the pea collection studied, we distinguished only one carrier of the rb gene, the cultivar Violena (UD010077). The amylose rate in seed starch of Violena is only 28.2 %, compared with 63.9 % of amylose in the carriers of the r gene (Asgrow sead). A...
	Conclusions
	Since the National Center for Plant Genetic Resources of Ukraine has no publicly accessible genotypic and phenotypic databases of available pea specimens, our work on identification of the donors of valuable agronomic traits can provide the beginning ...
	In practical terms, the use of presented donors with a set of economic performance in specialized breeding programs can increase their efficiency. Eleven donors were selected for various directions of  pea breeding: Modus and Efektnyi (multi-flowering...
	In the future, the need in more profound studies of genetic resources by both the classical methods and the molecular genetic technologies will be growing.
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