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 ` Background. The reproductive incompatibility of cultivated (Pisum sativum) and wild (P. fulvum) pea species 
determines the difficulties of obtaining hybrids as well as the transfer of valuable wild parent alleles into inter-
specific hybrids and their use in the breeding process. The aim of the research was a comparative study of pro-
tein spectra of pea interspecific hybrids BC2F5 P. sativum × P. fulvum obtained by the authors and their parents. 
Materials©and©methods. The band composition of seed proteins in the interspecific hybrids of pea BC2F5, variety 
Stabil (P. sativum) × accession from VIR collection i-609881 (P. fulvum) has been studied. Effectiveness of parent 
gene transfer determining each polymorphic position of electrophoretic spectrum were evaluated. Results. The ratio 
of the actual frequencies of the bands of the cultivated and wild parents in the introgression lines corresponded to the 
expected level in 73% positions of the electrophoretic spectrum. The introgression rate of individual seed protein bands 
from wild parent into interspecific pea hybrids in the absence of selection significantly exceeded the expected level, 
which may indicate the adaptive value of alleles encoding unique seed protein isoforms. Conclusion. The possibility 
of introgressive transfer of wild-type alleles to the cultivated genotypes of pea, as well as the presence of identified 
cultivated isoforms of storage proteins in all studied lines of BC2F5 interspecific hybrids in 88.2% of the polymor-
phic positions of the electrophoretic spectrum, indicates the possibility of using the wild species P. fulvum in pea 
breeding.

 ` Keywords:©peas; Pisum sativum; P. fulvum; interspecific hybrid; SDS-PAGE; introgression; protein; protein band; 
isophorm.
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 ` У гороха передача ценных аллелей дикого вида в гибриды и их использование в селекции затруднительны 
вследствие низкой скрещиваемости видов. В случаях получения гибридов остается открытым вопрос о степени 
интрогрессии чужеродного материала. В статье приводятся результаты оценки результативности осуществленных 
авторами скрещиваний культурного гороха (Pisum sativum) c диким видом P. fulvum на основе анализа компо-
нентного состава белков семян родителей и гибридных линий BC2F5, полученных путем двух возвратных скрещи-
ваний. Анализ эффективности интрогрессии генетического материала родителей по каждой полиморфной позиции 
электрофоретического спектра показал, что соотношение фактических частот компонентов культурного и дикого 
видов у гибридов соответствовало ожидаемому уровню в 73 % позиций спектра. Эффективность интрогрессии 
генов, отвечающих за отдельные белковые компоненты, характерные для дикого вида, у межвидовых гибридов 
гороха при отсутствии отбора существенно превышала ожидаемый уровень.

 ` Ключевые©слова:©горох; Pisum sativum; P. fulvum; межвидовой гибрид; SDS-PAGE; интрогрессия; белок; бел-
ковый компонент; изоформа.
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introdUction
Recently, there has been increased interest to 

the “wild relatives” of cultivated plants, which is 
demonstrated by the new concepts of “neo-do-
mestication” and “reverse selection,” which at-
tempt to use the desirable traits of wild species for 
introgression into the cultivated ones [1, 2]. New 
evidence suggests the importance of using wild 
pea taxons to provide a source of genetic diver-
sity, which were not previously involved in the pea 
cultural evolution (Pisum sativum L.) [3, 4]. Mo-
lecular and genetic examination of the world pea 
collections promoted interest in using traits from 
wild species, such as the red-yellow pea (P. ful-
vum Sibth. еt Smith.), as the source of genes 
that may confer resistance to abiotic stressors, in-
cluding drought, extreme temperatures, diseases 
and pests [5–7]. The roots of P. fulvum quickly 
penetrate into the soil at great depths, which is 
an important feature for selection for resistance 
to drought [8]. Some accessions of P. fulvum 
have displayed genetic resistance to Ascochyta 
spot [9, 10], powdery mildew [11], rust [12], 
broomrape [13], and pea weevil [14]. Recent work 
identified the genes specific to resistance to pea 
weevil [6] and powdery mildew [11, 15] in P. ful-
vum were identified. In addition, the quantitative 
trait locus associated with resistance to rust was 
identified in the red-yellow pea [12]. Studies have 
shown that interspecific hybridization of the cul-
tivated pea with the wild species P. fulvum, re-
sulted in production of pea lines with elevated, 
though not as complete as in the parent species 
P. fulvum, resistance to pea weevil [16] and pow-
dery mildew [11].

However, the transfer of the valuable alleles 
from the wild parent to the interspecific hybrids is 
hampered by different sizes of the genomes, as the 
genome of P. fulvum is 108.9% as compared to 
that of Р. sativum [17], differences in the karyo-
types that lead to disruption of meiosis [18], and 
nucleocytoplasmic incompatibility [19], which all 
result in low efficiency of crosses [20, 21]. In ad-
dition, introgression of valuable alleles in suc-
cessful crosses is connected with the concurrent 
transfer of undesirable genetic material. Reduc-
tion of the quantity of harmful alleles requires a 
certain number of backcrossing events [2]. In or-

der to maintain high quality crops and a high yield 
rate in hybrids, the allele pool, which was devel-
oped during the cultural evolution process of the 
pea, must be retained [22].

the goal of the present research is to provide 
characterization of interspecific hybrid lines of pea 
P. sativum × Р. fulvum obtained via backcross-
ing (BC

2F5) and self-pollination. To this end, we as-
sessed the protein composition of the seeds, includ-
ing storage proteins, such as convicilin, vicilin, and 
legumin, and compared this composition with the 
protein spectra of the parental seeds.

mAteriAls And methods
Ten lines of interspecific hybrids of pea, includ-

ing А1-R, А2-R, А3-R, А4-S, А5-S, А6-S, А7-R, 
А11-R, А12-R, and А13-R, of generation BC

2F5 
were used in the study. These were obtained in 
crosses of variety Stabil (P. sativum) with acces-
sion I

608881 of the wild species P. fulvum from VIR 
collection [23]. Stabil, a variety of Austrian selec-
tion, is a high-yield grain, that is of a mid-ripen-
ing, leafless, and plastic variety that is included 
in the State register of selection achievements in 
2006 and was approved for use in three regions of 
the Russian Federation [24]. Among the studied 
lines, seven were previously assessed as having 
resistance to powdery mildew (indicated with in-
dex R) and three lines were characterized as sus-
ceptible (index S) [25].

Plants were grown in the non-regulated con-
ditions of a greenhouse (at high temperature in 
the summer and reduced temperature in autumn). 
Significant temperature fluctuations during the 
day and night were observed. This led to favor-
able conditions for assessing the effect of powdery 
mildew on the plants.

SDS-PADE electrophoresis was used for the 
pea seed protein separation [26]. Proteins were 
extracted from one seed obtained from the indi-
vidual plant of each line of interspecific hybrid. 
Four mg of flour in two replicate were taken from 
each seed for extraction. Electrophoresis was con-
ducted using a chamber for vertical electrophore-
sis VE4 (Helicon, Russia). Concentration of poly-
acrylamide in stacking and separating gel was 5% 
and 12.5%, respectively.
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The positions of protein bands in the hybrid 
lines spectra were determined using reference 
bands 10, 50, 90 of soybean protein spectrum [26]. 
Soybean variety Lantsetnaya produced in the Fed-
eral State Budgetary Scientific Institution “Feder-
al Scientific Center of Legumes and Groat Crops” 
and Belgorod State Agricultural University were 
used [24]. Protein band color density were char-
acterized as 1 – weak, 2 – intense, and 3 – very 
intense, as indicated in the text.

Non-processed legumin had a molecular weight 
of 60–65 kDa, while the α- and β-subunits of le-
gumin were at a molecular weight of 35–46 and 
21–23 kDa, respectively [27]. Non-processed 
vicilin (α-, β-, and γ-subunits) had a molecular 
weight of 47–50 kDa, while the vicilin contain-
ing the α + β subunits had a molecular weight of 
30–36 kDa, vicilin containing the β + γ subunits 
had a molecular weight of 25–30 kDa, and indi-
vidual fractions of either the α, β, γ subunit had 
a molecular weight of 13–20 kDa. Lipoxygenase 
and convicilin had a molecular weight of 100 or 
70 kDa, respectively [23, 28, 29]. A ladder with 
molecular weights from 6.5–200 kDa was used to 
compare size (Sigma-Aldrich, USA).

To calculate the index of polymorphism, the 
number of polymorphic protein bands was divided 

by the total number of compared pairs. Assess-
ment of polymorphisms took into account the dif-
ferences in availability and color density of the 
protein bands. Comparison of the spectra of the 
variety of Stabil and accession i-609881 con-
sidered polymorphic those bands, which differed 
either in availability (0 or 1, 2, 3) or density 
(1, 2, 3) of color [30].

Compliance of actual and anticipated frequen-
cies of phenotypic classes were assessed in each 
polymorphic position of protein bands in 10 intro-
gressive hybrids of pea by χ2-test using function 
CHISQ.TEST of computer program EXCEL 2010 
(Microsoft Corporation). Anticipated frequencies 
of the phenotypic classes were calculated based 
on frequencies of alleles of the parents with cor-
rection to two backcrossings.

resUlts And discUssion
Seventy positions of bands were revealed in 

the electrophoretic spectra of seed protein in pea 
interspecific hybrids and their parents. Among 
them, 40 positions were polymorphic. The index of 
polymorphism was 0.47. Differences between va-
riety Stabil and accession of P. fulvum i6098881 
were observed in both availability of protein bands 
and in their color intensity (Fig. 1). In 30 out 

Fig.©1. Electrophoresic spectra of the seed proteins of parents and pea introgressive lines in hybrid combination Stabil x i-609881 (P. fulvum). 
Introgressive lines: 1 – А1; 2 – А2; 4 – А3; 5 – А4; 6 – А5; 7 – А6; 8 – А7; 9 – А8; 10 – А9; 11 – А10; 12 – А11; 13 – А12; 
14 – А13. Parents: 15, 16 – i-609881 (P. fulvum); 17, 18 – variety Stabil. Proteins of soy beens variety Lantsetnaya are localized in 
spectrum 3

Lypoxigenase

Convicilin
Legumin, 60–65 kDa
Vicilin, 47–50 kDa

Vicilin, 30–36 kDa

Vicilin, 25–30 kDa

Vicilin, 13–20 kDa

Legumin, 35–46 kDa

Legumin, 21–23 kDa

1 105 143 127 162 116 154 138 179 18
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Electrophoresic© spectra© of© the© seed© proteins© of© parents© and© pea© introgressive© lines© in© hybrid© combination©
Stabil©×©i-609881©(P. fulvum)

Band

Pa-
rents

Introgressive lines of pea Number of lines with 
bands P. fulvum in 

groups А and B. and with 
bands of variety Stabil in 

groups C and D 
(actual ratio of phenotypi-

cal classes)

Value of differ-
ences 

(χ2. p) on an-
ticipated ratio 

9.84 : 0.16 
(62.5 : 1)

S
ta

bi
l

i-
60

98
81

А1 А2 А3 А4 А5 А6 А7 А11 А12 А13
Protein

Resistance to 
powdery mildew

R R R S S S R R R R

A .  A v a i l a b i l i t y  o f  b a n d s  o n l y  i n  w i l d  p a r e n t

21 0 1 0 0 0 0 0 1 0 0 0 0 Cv 1 (9 : 1) 0.034259481

22 0 1 0 0 0 0 0 0 0 1 1 1 Lg 3 (7 : 3) 8.21671E-13

30 0 1 0 0 0 0 0 0 0 0 0 0 Lg 0 (10 : 0) 0.686772471

38 0 1 0 0 0 0 0 0 0 0 0 0 – 0 (10 : 0) 0.686772471

41 0 3 0 0 0 0 0 0 0 0 0 0 – 0 (10 : 0) 0.686772471

54 0 2 0 0 0 0 0 0 0 0 0 0 Vc α + β 0 (10 : 0) 0.686772471

62 0 1 0 0 0 0 0 0 0 0 0 0 – 0 (10 : 0) 0.686772471

73 0 2 0 0 0 0 0 0 0 0 0 0 – 0 (10 : 0) 0.686772471

101 0 2 0 0 0 0 0 0 0 0 0 0 – 0 (10 : 0) 0.686772471

B .  G r e a t e r  q u a n t i t y  o f  p r o t e i n  i n  c o m p o n e n t s  o f  w i l d  p a r e n t

3 1 3 1 1 1 1 1 1 1 1 1 1 LOX 0 (10 : 0) 0.686772471

12 1 2 2 2 1 1 1 1 1 1 1 1 – 2 (8 : 2) 3.53079E-06

20 1 3 1 1 1 1 1 1 1 1 1 1 Cv 0 (10 : 0) 0.686772471

32 1 3 1 1 1 1 1 1 1 1 1 1 Lg 0 (10 : 0) 0.686772471

C .  A v a i l a b i l i t y  o f  c o m p o n e n t s  o n l y  i n  c u l t i v a t e d  p a r e n t

4 1 0 1 1 1 1 1 1 1 1 1 1 – 10 (10 : 0) 0.686772471

13 1 0 1 1 1 1 1 1 1 1 1 1 – 10 (10 : 0) 0.686772471

15 1 0 1 1 0 0 0 0 0 1 1 1 – 5 (5 : 5) 3.18641E-34

16 1 0 1 1 1 1 1 1 1 0 0 0 – 7 (7 : 3) 8.21671E-13

19 1 0 1 1 0 0 0 0 0 1 1 1 Cv 5 (5 : 5) 3.18641E-34

24 1 0 1 1 1 1 1 1 1 1 1 1 Lg 10 (10 : 0) 0.686772471

27 2 0 2 2 2 2 2 2 2 2 2 2 Lg 10 (10 : 0) 0.686772471

33 1 0 0 0 0 0 0 0 0 0 0 0 Lg 0 –

43 2 0 2 2 2 2 2 2 2 2 2 2 Lg α 10 (10 : 0) 0.686772471

45 1 0 0 0 1 1 1 1 1 1 1 1 – 8 (8 : 2) 3.53079E-06

51 1 0 1 1 1 1 1 1 1 1 1 1 Vc α + β 10 (10 : 0) 0.686772471

56 1 0 1 1 1 1 1 1 1 1 1 1 – 10 (10 : 0) 0.686772471

61 2 0 2 2 2 1 1 2 2 2 1 1 – 6 (6 : 4) 3.74934E-22

67 1 0 1 1 1 1 1 1 1 1 1 1 – 10 (10 : 0) 0.686772471

71 3 0 3 3 3 3 3 3 3 3 3 3 Vc β + γ 10 (10 : 0) 0.686772471

74 2 0 2 2 2 2 2 2 2 2 2 2 Vc β + γ 10 (10 : 0) 0.686772471

76 1 0 1 1 1 1 1 1 1 1 0 1 – 9 (9 : 1) 0.034259481

90 2 0 2 2 2 2 2 2 2 2 2 2 Lg β 10 (10 : 0) 0.686772471

104 1 0 1 1 1 1 1 1 1 1 1 1 Vc β 10 (10 : 0) 0.686772471

105 1 0 1 1 1 1 1 1 1 1 1 1 Vc γ 10 (10 : 0) 0.686772471

106 1 0 1 1 1 1 1 1 1 1 1 1 Vc γ 10 (10 : 0) 0.686772471
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Band

Pa-
rents

Introgressive lines of pea Number of lines with 
bands P. fulvum in 

groups А and B. and with 
bands of variety Stabil in 

groups C and D 
(actual ratio of phenotypi-

cal classes)

Value of differ-
ences 

(χ2. p) on an-
ticipated ratio 

9.84 : 0.16 
(62.5 : 1)

S
ta

bi
l

i-
60

98
81

А1 А2 А3 А4 А5 А6 А7 А11 А12 А13
Protein

Resistance to 
powdery mildew

R R R S S S R R R R

D .  G r e a t e r  q u a n t i t y  o f  p r o t e i n  i n  c o m p o n e n t s  o f  c u l t i v a t e d  p a r e n t

6 3 1 3 3 3 3 3 3 3 3 3 3 LOX 10 (10 : 0) 0.686772471

42 3 1 3 3 3 3 3 3 3 3 3 3 Lg α 10 (10 : 0) 0.686772471

50 3 2 2 3 3 3 3 3 3 3 3 3 Vc α + β 9 (9 : 1) 0.034259481

55 3 2 3 3 3 3 3 3 3 3 3 3 Vc α + β 10 (10 : 0) 0.686772471

86 3 1 3 3 3 3 3 3 3 3 3 3 Lg β 10 (10 : 0) 0.686772471

98 2 1 2 2 2 2 2 2 2 2 2 2 Vc α 10 (10 : 0) 0.686772471

note. Semi-bold fonts are used for bands with significant differences from the anticipated frequency, indices R and S are used to indicate 
introgressive pea lines resistant and sensitive to powdery mildew. Designation of proteins: Cv – convicilin, Lg – legumin, Vc – vicilin, 
LOX – lipoxygenase.

table (continued)

of 40 polymorphic positions of electrophoretic 
spectra, the polymorphism was expressed as the 
presence or absence of protein bands, and in 10 
positions as different intensities of their color, 
which represented the total amount of each pro-
tein band. In terms of band polymorphism, the 
parents were distributed in four groups: A, B, C, 
and D (see Table). In group A, the polymorphism 
was characterized as availability of bands in the 
wild parent and their absence in variety Stabil. 
In group B, the polymorphic bands of the par-
ents were different in color density, with the more 
intense bands in the accession of wild species. 
Group C and D polymorphisms, were character-
ized by the presence or more intense color density 
of the variety Stabil protein bands.

In variety Stabil, lipoxygenase was localized in 
bands 6, 7 and 8, while intense (3) colored band 
6 was polymorphic (see Table, Fig. 1). It should 
be noted that accession i-609881 was character-
ized by intense colored band 3 (see Table), which 
presumably contained specific isoforms of lipox-
ygenase [30, 31], which was absent in the pro-
tein complexes of variety Stabil. The intense (3) 
bands 3 and 6 are linked, as they are absent in 
one parent and present in the other, and thus, can 
be considered the major isoforms of lipoxygenase 

in the wild accession i-609881 and variety Sta-
bil, respectively (Fig. 1). Lines of the interspecific 
hybrids of the pea, both resistant and sensitive to 
the powdery mildew, were characterized and found 
to have only one intense band, 6.

Convicilin in parents of variety Stabil and ac-
cession i-609881 was located in two intense (1) 
bands, 17 and 20, and in three non-intense (1) 
bands– 18, 19, 21 (Fig. 1). Bands 19, 20, and 
21 were polymorphic (see Table). Intense band 
17 was present in both parents. The other in-
tense band, 20, was typical only for the spectrum 
of accession i-609881. Pea introgression lines 
contained only band 17; band 20 of accession 
i-609881 was lost as a result of backcros sing and 
self-pollination. The number of lines with not in-
tense bands 19 and 21 of variety Stabil amounted 
to 50%–92%.

In order to determine localization of the legu-
min storage proteins, electrophoresis of seed pro-
teins of variety Stabil in the presence and absence 
of β-mercaptoethanol was performed. In absence 
of β-mercaproethanol, accumulation of the non-
processed legumin took place in the bands with 
molecular weights 60–65 kDa. The presence of 
β-mercaproethanol in the buffer for protein extrac-
tion resulted in reduction of disulfide bonds, and 
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Fig.© 2. Electrophoresic spectra of seed proteins of variety Sta-
bil: 1–3 – spectra obtained in the presence of mercaptoethanol, 
4–9 – spectra without mercaptoethanol, 6 – soybean spectrum. 
Without mercaptoethanol, legumin is localized mostly at 60–
65 kDa. In presence of mercaptoethanol the legumin molecules 
are dissociated into 2 subunits with molecular weights 35–46 and 
21–23 kDa

Legumin, 60–65 kDa

Legumin, 35–46 kDa

Legumin, 21–23 kDa

1 53 72 64 8 9

the legumin molecular were split into two sub-
units, α and β, with molecular weights 35–46 and 
21–23 kDa, respectively (Fig. 2).

After use of β-mercaptoethanol, in the area 
of non-processed legumin there were 12 bands 
with low color intensity (1), which took the great 
part of electrophoresic spectrum. It is possible 
that proteins in these bands were not legumin 
(see Tab le, Fig. 1, 2). Only 7 out of 12 bands 
were polymorphic. Acidic subunit (α) of legumin 
(35–46 kDa) was presented by three protein 
bands 42, 43, and 44 (Fig. 1). Bands 42 and 43 
had intense color (2, 3) and were polymorphic 
(see Table). In general, the bands of the acces-
sion of wild species were characterized by lower 
color intensity, which indicated a smaller quantity 
of legumin in the seeds of wild pea. The lines of 
interspecific hybrids of the pea inherited the band 
composition of the acidic (α) subunit of legumin 
from the pea variety Stabil. The basic (β) subunit 
of the legumin was also localized in 3 bands of 
the electrophotesic spectrum of 86, 88 and 90. 
Bands 86 and 90 were polymorphic. More in-
tense bands were present in the spectrum of the 
variety Stabil. All pea lines contained bands of 
the β-subunit of legumin derived from the variety 
Stabil.

Non-processed vicilin (47–50 kDa) was lo-
cated in two adjacent bands 34 and 37 (Fig. 1). 
Variety Stabil and accession i-609881 did not dif-
fer in both the presence and color density of the 
non-processed vicilin bands. Introgressive lines 
retained the aforementioned bands. Processed 
vicilin α + β (30–36 kDa) was localized in four 
bands, 50, 51, 54, and 55. The major isoforms of 
vicilin α + β were present in two intensely (3) col-
ored bands, 50 and 55 (Fig. 1). Isoforms of pro-
cessed vicilin β + γ (25–30 kDa) were localized 
in four bands: 70, 71, 73, and 74. Three bands 
70, 71, and 73 of variety Stabil were intensely 
colored. Bands 71, 73, and 74 were polymorphic. 
In the introgressive lines of pea, all bands of pro-
cessed vicilin α + β и β + γ, as well as α, β, γ, 
were present with isoforms derived from the vari-
ety Stabil (see Table).

The fraction of wild species genome in pea 
lines BC

2F5 amounted to 12.5%. Two backcross-
ing events of the interspecific hybrids with the 
plants of variety Stabil and self-pollination for five 
generations should provide 99.2% homozygosity. 
The anticipated frequencies of alleles of the wild 
species accession and variety Stabil coding iso-
forms of proteins in polymorphic positions of the 
electrophoretic spectra amounted to 0.125 and 
0.875, and the anticipated frequencies of pheno-
typic classes amounted to 0.016 and 0.984, re-
spectively.

In lines of interspecific hybrids, the assessment 
of availability of the bands with proteins of the pea 
wild species was conducted only in groups A and 
B. In group C, only the presence of proteins of 
the cultivated pea was assessed due to absence 
of the wild species bands in polymorphic positions 
of the parental spectra. Group D may have latent 
introgression of genetic material of the wild spe-
cies; however, in general, the presence of proteins 
of the cultivated parent was assessed.

Assessment of parental gene transfer efficien-
cy in every polymorphic position of the electro-
phoretic spectrum demonstrated that the ratio 
of the actual band frequencies of cultivated and 
wild parents of the pea introgressive lines were 
consistent with the anticipated levels in 73% 
of the positions of the electrophoresic spectrum 
(see Table).
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In groups A and B, only 3 out of 13 (23%) 
bands of the wild species accession were pre-
sented in at least one introgressive line of pea. 
In group A, only 2 bands from P. fulvum acces-
sion out of 9, 21 (convicilin) and 22 (legumin), 
remained in the pea introgressive lines. The intro-
gression rate of these bands was significantly high-
er than the anticipated values (p = 0.034259481 
and 8.21671E-13, respectively). In group B of 
the introgressive lines of pea, only one intensive 
band out of four polymorphic was present, which 
was P. fulvum band 12 with a frequency of 0.2. 
It was determined that introgression rate of band 
12 was significantly higher than the anticipated 
value (p = 3.53079E-06). Ten bands of the wild 
parent were absent in all studied pea lines. How-
ever, the use of χ2 test confirmed the identity 
(p = 0.686772471) of anticipated and the actual 
distribution of these bands in the pea introgres-
sive lines.

In group C, bands of the variety Stabil were 
present in 15 positions out of 21 (71.4%) in all 
introgressive lines of pea. The actual frequency of 
the bands of the cultivated parent complied with 
the anticipated levels (p = 0.686772471). Among 
them 52.4% of the bands were presented with 
storage proteins (see Table). Six bands of variety 
Stabil in group C were detected in only 50%–
90% lines of interspecific hybrids. Bands 15, 19 
(convicilin) and 61 of variety Stabil were pres-
ent in the introgressive lines with frequencies of 
0.5–0.6, which is significantly lower than the an-
ticipated levels (p = 3.18641E-34, 3.18641E-34, 
and 3.74934E-22, respectively). The frequency 
of bands 16, 45, and 76 derived from the vari-
ety Stabil in the lines amounted to 0.7–0.9, 
which was also significantly lower than the an-
ticipated level (p = 8.21671E-13, 3.53079E-06, 
and 0.034259481, respectively). In group D, the 
protein bands of variety Stabil were present in all 
lines, except for band 50 (vicilin α + β), which 
was observed in the introgressive lines at a fre-
quency of 0.8, that is significantly lower than the 
anticipated frequency (p = 0.034259481).

Thus, according to preliminary data, in hybrid 
material BC

2F5 using two backcrosses without se-
lection in band composition of seed proteins, the 
presence of protein components 12, 21 and 22 in 

introgressive lines of groups A and B exceeded the 
anticipated levels. In the rest, 10 bands of the wild 
pea in polymorphic positions totally absent in all 
introgressive pea lines, which for hybrids BC

2F5 
conformed to anticipated levels. Groups C and D 
contained 27 polymorphic positions of the electro-
photesic spectrum. In these groups, 17 bands with 
identified storage proteins vicilin, convicilin, legu-
min, and lypoxygenase (88.2%) were present in 
all introgressive lines of pea. The frequency of the 
rest of the bands with identified storage proteins 
19 (convicilin) and 50 (vicilin α + β), was signifi-
cantly lower than the anticipated levels. It should 
be noted that the isoform of non-reduced legumin 
of band 33 present in variety Stabil was absent in 
all lines of interspecific hybrids. Four unidentified 
bands of the cultivated parent were found in all 
introgressive lines of pea. The frequency of un-
identified bands 15, 16, 45, 61, and 76 of the cul-
tivated parent in the introgressive lines appeared 
to be lower than the anticipated levels. According 
to the literature, unidentified bands of the seed 
proteins could be responsible for energy, metabo-
lism, or resistance to stress [31].

The high degree of introgression in some loci 
can serve as an indicator of genetic drift or adap-
tive value of genes having selective advantage or 
close links with other genes subject to positive se-
lection [32]. A low degree of introgression in some 
loci indicates availability of alleles responsible for 
reproductive isolation of species [33]. The study of 
the differentiated introgression of seed protein al-
leles from the genomes of the wild species P. ful-
vum and identification of alleles conferring adap-
tive features requires elimination of backcrosses at 
the first stage and the examination of frequencies 
of the individual proteins in seeds in different gen-
erations of the interspecific hybrids of pea. This 
will allow detection of alleles with adaptive traits. 
The data obtained can be used for selective trans-
fer of alleles of the wild relatives to genomes of 
elite varieties of pea.

conclUsions
The study of interspecific hybrids of the pea 

BC
2F5 (P. sativum × Р. fulvum) aimed to deter-

mine the degree of introgression of the wild pea 
genetic material into genome of the cultivated 
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pea, based on analysis of the seed protein band 
polymorphism, as compared with the parents. 
This is important for the selection of pea with 
high grain quality. Assessment of gene transfer 
efficiency from the parents in each polymorphic 
position of the electrophoretic spectrum, demon-
strated that the ratio of the actual frequencies of 
the cultivated and wild-parent bands in the pea 
introgressive lines are consistent with the an-
ticipated levels in 73% positions. According to 
the frequency of the individual protein bands of 
the wild parent, the rate of introgression into the 
pea interspecific hybrids significantly exceeded 
the anticipated levels in absence of selection. 
The rapid rate of introgression is likely inherent 
to alleles with adaptive value. Presence of bands 
of the storage proteins derived from cultivated 
species in all introgression lines obtained, as a 
result of two backcrossing events, was observed 
in 88.2% of polymorphic positions on the spec-
trum. Our experiments confirmed the possibil-
ity of using the wild species of Р. fulvum, which 
has a number of traits that provide adaptability, 
in the process of pea selection. These traits from 
Р. fulvum, can be transferred to cultivated spe-
cies.

This work was funded by the Ministry of Sci-
ence and Education, within the frame of the pro-
gram of fundamental research of the government 
academies 0636-2019-0008 “Mobilization of ge-
netic resources of leguminous and cereal crops 
for using in selection process” and the budget 
project 0662-2019-0002 in scientific support of 
an effective use of the global genetic pool of le-
guminous crops and their wild relatives from VIR 
collection.
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