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A b s t r a c t  
 

Starch is the main pea (P. sativum L.) seed carbohydrate in which the amylose to amylo-
pectin ratio is controlled genetically. Recessive allele r of locus RUGOSUS determines an increase 
in the amylose fraction which leads to the wrinkled-seed character of vegetable peas. A high propor-
tion of amylose in pea starch (more than 70 %) promotes a slow transition of sugars to starch and 
results in a longer period of technical ripeness. High-amylose starch determines the use of peas in di-
etary nutrition, and also as raw materials for biodegradable plastics and films. Pea diversity on amyl-
ose content is poorly studied, and no data about the relationship between this trait and other agro-
nomically valuable parameters is available. This study is the first to report polymorphism of VIR Col-
lection accessions (Vavilov Institute of Plant Genetic Resources, St. Petersburg, Russia) and breeding 
forms from Krymsk Experimental Breeding Station (Krasnodarskii krai, Russia) on carbohydrate 
composition under contrast weather conditions, and a relationship between the amylose content in 
seeds, smaller seed size and seed number per pod. The objectives of this work were to reveal garden 
pea polymorphism on starch carbohydrate composition, to seek for genotypes with high-amylose 
starch in mature seeds and to estimate the relationships between the seed starch composition and 
other valuable traits in pea plants. In 2015 and 2016, 39 vegetable pea specimens were tested in field 
trials in Krasnodarskii krai. Starch content in seeds was determined polarimetrically, and iodine-
based calorimetry was used for amylose assessment. The biochemical traits were influenced by envi-
ronmental conditions. In more favorable 2016 as compared to 2015, seed productivity per plant was 
4.5 g higher, the starch accumulation decreased by 3.6 %, whereas the amylose content in starch in-
creased by 1.6 % (р < 0.05). There was no statistically significant difference in amylose content de-
tected between accessions of leafy (Af ) and semi-leafless (af ) morphotypes in contrast weather con-
ditions of 2015 and 2016 which indicates that both types may be involved in breeding programs. In 
both years, the highest amylose proportion in starch was in accessions with smaller 1000 seed weight 
(r = 0.34 in 2015, r = 0.32 in 2016; р < 0.05) and the largest seed number per pod (r = 0.47 in 
2015, r = 0.41 in 2016; р < 0.05). Starch and amylose contents correlated inversely (r = 0.60 in 
2015, r = 0.49 in 2016; р < 0.05). Varieties Grundy, Durango, and Gropesa were starch-rich with 
the high amylose level in starch and could serve as donor genotypes. Starch and amylose contents, 
as averaged over a two-year period, were 31.9 and 75.1 % (р < 0.05), respectively, for Grundy, 
32.0 and 74.1 % (р < 0.05) for Durango, 35.1 and 75.4 % (р < 0.05) for Gropesa. Among the va-
rieties studied, SV 0987 UC, Vinco, Omega, Gropesa, and Butana possessed the high amylose lev-
el in seeds (79.5, 72.2, 74.0, 75.4 and 72.4 %, respectively, as averaged over 2 years) and small-
sized seeds (р < 0.05). Varieties Mucio and Olinda were high in amylose (77.5 and 71.4 %, respec-
tively) in combination with more than 8 seeds per pod (р < 0.05).  
 

Keywords: starch, amylose, seed productivity, morphotypes, Pisum sativum L., garden peas, 
relations of the traits 

 

Vegetable pea (Pisum sativum L.) is the most important food crop being a 
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source of high quality proteins, carbohydrates, micronutrients and vitamins in its 
technical ripeness stage. Main form of carbohydrates in pea seeds is presented by 
starch. Polysaccharide ratio of amylose to amylopectin ratio forming the starch is 
controlled genetically. At least 60% of amylose is known to be accounted for pea 
starch with wrinkled seed character (marrowfat pea) typical to vegetable pea va-
riety, while 25-30% — to smooth-seeded pea [1]. It is similar to cellulose (which  
is very important in supporting bowel action thereby preventing colon cancer) in 
nature of monomers from which starch polysaccharide is made of, i.e. -form of 
glucose in starch and -form in cellulose, while structure of homopolymers to be 
formed is not the same [2-4].  

High amylose starch identifies slow overripenning of seeds at technical 
ripeness stage [5], which is required in vegetable pea processing. High amylose 
starch is also considered as valuable stock in chemical industry when manufactur-
ing biodegradable plastics [6], e.g. technical and packing (including edible packing 
for food industries), as well as thermoplastic films for medicine [7]. Thus, devel-
opment of vegetable pea cultivars, with seeds thereof containing larger content of 
both vitamins, micronutrients and amylose, is becoming the most important direc-
tion in breeding especially considering biofortification strategy i.e. increase of nu-
trition crop.  

At least 6 genes (loci) responsible for synthesis of starch, amylose and am-
ylopectin (r, rb, rug3, rug4, rug5, lam) [8] are described in peas. Recessive allele r 
of locus RUGOSUS is the most important one to be used for breeding. If it is in 
homozygous state it defines marrowfat (wrinkled) seed character. Activity of SBE 
(starch branching enzyme) responsible for amylopectin synthesis is greatly de-
creasing in rr genotypes in germs resulting accordingly in reducing of starch 
amount, increase of amylose and 2-fold sucrose accumulation as compared with 
similar values for smooth-seeded peas. These plant seeds are sweeter and absorb 
more water which they give back at ripening thereby becoming wrinkled over 
surface. Relative fraction of reserve protein legumin is reducing therewith [9]. 
Recessive mutation of rb gene reduces activity of ADP-Glucose Pyrophosphory-
lase responsible for rate of sucrose-to-starch transformation, thereby resulting in 
two-fold reducing of starch synthesis (as compared with wild type) and glucose 
and fat content increasing [10, 11]. Recessive allele rug3 is revealed by reducing 
starch content both in seeds (up to 1% of dry substance, while in wild types it 
reaches 50%), and in leaves due to no activity of plastid phosphoglucomutase 
(PGM) catalyzing transformation of glucose-6-phosphate to glucose-1-phosphate 
[12]. Mutation in locus rug4 results in reducing of sucrose (Sus) synthetase activ-
ity in growing seeds, roots, tubercules and leaves [13]. Recessive allele rug5 results 
in reducing of starch synthase activity II (SSII) involved in amylopectin synthesis 
by elongating molecules thereof as compared to the molecules of wild type [14]. 
Allele lam is encoding relaxed version of starch synthase I related to granules, af-
fecting neither seed shape change, not starch content thereby resulting in great 
changing of amylose synthesis in embryos [15, 16]. Amylose content in starch is 
known to be increased in final stage of seed growth [17].  

There are few papers in the world scientific literature devoted to screening 
of the pea varieties by amylose content in seeds and by type of this trait variation 
[2, 3, 18, 19]. M. Hybl et al. [19] in spite of large volume of the material ana-
lyzed (over 400 samples) have made evaluation within one year and they think 
the achieved results as preliminary ones. Therewith, there is absolutely no infor-
mation on relation between vegetable pea starch composition and other traits 
important for breeding. Besides, more leafless morphotypes (af ) and forms with 
determinant growth type (det, def) with vast changes in morpho-physiological 
plant state are involved in vegetable pea breeding [20]. Formation of leafless high 
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amylose pea variety was reported, with starch content in seeds being 28.8% and 
70.9% amylose in starch [21]. Generating of forms with stem fasciation combined 
with determinant growth type (det and fa gene alleles) is promising [22-24]. 
Therefore, to plant high amylose varieties possessing the above traits one should 
know relations between such traits and carbohydrate composition of seeds.  

For the first time in this paper we have studied polymorphism of the vege-
table peas samples set taken both from VIR collection and breeding forms by 
starch composition in ripened seeds having compared the figures in vegetation sea-
sons at various weather conditions, and we have identified genotypes with high 
amylose content in starch. Therewith we have found relation between amount of 
amylose, smaller seed size (low weight of 1000 seeds) and amount of seeds per 
pod, and saw no differences in amylose accumulation between traditional mor-
photypes and the ones obtained under mutations thereby indicating suitability of 
both usual and leafless forms in breeding high amylose varieties.  

This paper is devoted to quantitative evaluation of composition of starch 
and amylose in vegetable pea seeds and analysis of relations between this value 
and other plant traits important for breeding purposes. 

Techniques. A total of 39 samples of vegetable peas from VIR collection 
(Vavilov Institute of Plant Genetic Resources) and breeding forms from Krymsk 
Experimental Breeding Station were taken to be analyzed. The set of samples in-
cluded current varieties, perspective lines and original mutant forms from six 
countries: Russia (18 accessions), the Netherlands (16 accessions), Germany (2 
accessions), Belgium (1 accession), USA (1 accession) and Turkey (1 accession). 
Seeds from all samples are marrowfat (wrinkled) suggesting availability of reces-
sion allele r in homozygous state in genotype. Thirty samples out of 39 possessed 
usual morphotype by leafy (Af ) while 9 were leafless (no leaves) (mutation af ). 
Three samples therewith were homozygotes by allele det regulating limited (de-
terminant) growth type. Besides, the sampling included original fasciated form 
(spontaneous mutant by fa or fas alleles). 

Field survey took place in 2015-2016 in seed-trial grounds of Krymsk Ex-
perimental Breeding Station (Krasnodar Territory). Soil of the ground included 
argillaceous compact and degraded chernozem. Seeding was made by planter 
SKS-6-10 with 15 cm row width and 6 cm in depth, and plot area for each 
sample was 10 m2. According to vegetable pea seeding rate the plot includes 
900-1200 plants from which 15 plants in the technical ripeness stage have been 
taken for morphostructural analysis. At biological ripeness the seeds have been 
harvested by Sampo130 combine (Sampo Rosenlew Oy, Finland). After the seeds 
reach optimum humidity (14%), the samples have been taken for biochemical 
analysis. Phenological, morphological and biometric parameters have been ana-
lyzed as per recommendations [25] and field test procedure [26]. Bundles to be 
accounted have been gathered for evaluating plant productivity at technical ripe-
ness stage. Plants in bundles have been hand threshed, with the obtained green pea 
being weighed afterwards, and weight of one plant seed has been calculated.  

Starch content by Ewerse was measured using rotary polarimeter SM-З 
(Zagorsk Optical Mechanics Plant, Russia) [27], amylose content in starch — by a 
photocolorimeter (KFK-2MP, Zagorsk Optical Mechanics Plant, Russia) [27, 28]. 
Samples obtained have been triple analyzed biochemically. 

Average (M) and standard errors of mean (±SEM) have been calculated. 
Average values of usual and mutant forms have been compared by Student’s t-
criterion (t-test). Differences are considered significant at р < 0.05. Analysis of 
variance (ANOVA) has been conducted by the least significant difference test 
(LSD test). Statistica10 (StatSoft, Inc., USA) software has been applied for 
mathematical data processing. 
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Results. Conditions of plant vegetation during the analyzing period have 
been harsh. In 2015 hydrothermal index (GTI) was 7.9 (optimum value is 1.0-
1.2) for planting to seadling stage. During 2-3-leaf/blooming stage, the average 
daily temperature exceeded optimum temperature with actually no precipita-
tions, but as at May 31, 45.5 mm precipitations came down resulting in the fact 
that completion of pod formation coincided with water saturation conditions 
(GTI from 2.0 to 2.8). In 2016 after planting and till 2-3-leaf stage amount of 
effective temperatures (over 10 C) exceeded 2015 value making favorable condi-
tions for plant growth. During 2-3-leaf/blooming stage in 2016 amount of effec-
tive temperatures was lower, while precipitation amount was higher than in 
2015, with GTI being equal to 0.8. During pod formation effective temperatures 
(over 10 C) and a lot of precipitations have positively affected seed productivity 
from plant to technical ripeness stage. 

Comparing weather conditions for the last 2 years of monitoring it may 
be said the second year was more favorable for vegetable pea growth and for-
mation. Seed productivity (seed weight per plants) in technical ripeness stage 
in varieties and lines in 2015 was statistically far lower (р < 0.05) than in 2016 
(by 4.5 g/plant). In 2015 productivity was varying from 3.5 to 12.9 g/plant, in 
2016 — from 5.0 to 18.3 g/plant. On the contrary, average content of starch in 
biologically mature seeds was far higher (р < 0.05) in 2015 and depending on 
cultivar, was varying from 29.4 to 37.4%, while in 2016 — from 26.0 to 35.8%. 
Amylose content and variations thereof were almost the same within two years 
(from 61.2 to 82.1% in 2015 and from 61.9 to 82.6% in 2016) but average value 
in 2015 as compared with 2016 was lower by 1.6% (р < 0.05) (Table 1).  

1. Productivity and biochemical indicators in analyzed set of varieties, lines and mu-
tant forms of vegetable pea (Pisum sativum L.) by years of monitoring (n = 39, 
M±SEM, Krasnodar Territory) 

Name, number in VIR  
catalogue (genotype)  

Country  
of origin 

Productivity, g 
per plant 

Content, % 
starch amylose in starch 

2015  2016 2015  2016  2015  2016  
G-9349/5, k-9349 Russia 5.9 16.2 33.7 29.5 66.4 72.9 
Uvertura, i-148154 Belgium 3.7 14.5 36.6 31.9 61.3 73.6 
Salinero, i-148155 Netherlands 4.8 15.3 30.2 29.6 71.5 72.2 
Asana, i-148158 Netherlands 3.5 12.0 29.6 29.6 73.8 72.7 
Prim, i-0155213 Russia 5.0 12.9 32.0 27.1 70.0 70.0 
Stile, i-148163 (afaf ) USA 4.9 10.1 31.8 30.1 67.7 72.8 
Karina, i-630921 Netherlands 4.2 14.1 34.2 30.2 62.8 76.1 
Khesbana, i-148159 (afaf ) Netherlands 7.6 9.9 33.6 29.6 68.6 75.0 
Vinco, i-148164 Netherlands 5.8 8.6 31.2 29.8 68.5 75.9 
Alfa 2, k-7071 Russia 9.6 7.2 31.4 28.8 68.0 71.4 
Olinds, i-630922 Netherlands 6.6 17.2 34.0 31.7 70.1 72.6 
G-9424/7, k-9424 Russia 8.4 14.7 36.1 31.8 69.1 74.3 
Gropesa, k-9730 (afaf ) Netherlands 5.5 16.1 34.4 35.8 76.3 74.4 
G-305/28 Russia 8.9 18.3 35.5 28.1 61.2 72.6 
СВ 0987 UT, к-9728 Netherlands 6.7 9.4 30.3 32.2 82.1 76.8 
Grundy, i-148165 Netherlands 6.8 12.5 34.2 29.6 74.4 75.7 
Mutsio, i-148166 Netherlands 8.3 8.7 32.4 29.3 75.6 79.3 
Berkut, k-8856 Russia 11.6 11.0 33.8 29.5 67.5 74.6 
Eshton, i-148174 Netherlands 6.0 15.1 31.9 27.9 74.3 82.6 
Durango, i-148170 Netherlands 6.3 9.4 33.2 30.7 75.8 72.3 
Westa, k-9352 Russia 12.5 15.7 32.7 30.8 68.1 74.0 
Resal, i-148175 Netherlands 9.0 12.3 32.6 30.9 67.8 66.7 
Donana, i-148177 (afaf) Netherlands 7.5 5.0 32.7 32.0 66.5 64.3 
Bingo, i-148178 (afaf) Netherlands 9.1 12.2 34.8 31.6 70.1 68.0 
Omega, i-148176 Turkey 10.1 9.4 32.4 30.2 73.0 75.0 
Druzhny, k-9351 (detdet) Russia 10.0 14.6 37.4 31.8 66.8 64.2 
Spontanny mutant (fafa,fasfas) Russia 10.5 12.4 34.3 34.2 65.2 63.5 
G-388/45 Russia 10.7 15.9 35.1 31.1 64.7 66.8 
Rayner, i-148181 Germany 12.0 15.0 34.8 34.6 68.0 62.4 
Ambassador, i-148179 Germany 7.9 12.0 33.4 31.2 69.6 72.4 
Adagumsky, k-7071 Russia 9.3 8.7 36.3 31.7 66.8 64.9 
G-349/442 (afaf,detdet) Russia 7.4 13.8 32.7 32.8 72.8 67.7 
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Table 1 continued 

Parus, k-9350 (afaf ) Russia 8.1 11.2 30.3 26.0 75.0 78.4 
G-344/16 Russia 10.2 12.2 31.3 30.4 68.7 61.9 
Butana, i-148180 (afaf ) Netherlands 8.9 9.6 31.8 29.9 73.0 71.8 
G-387 (afaf, detdet ) Russia 7.8 14.2 33.3 32.2 72.0 69.5 
G-359/58 Russia 11.5 17.4 30.6 29.6 73.3 67.7 
Krasavchik, k-9449 Russia 11.3 15.7 29.4 27.6 78.3 77.2 
Istok, k-9353 Russia 12.9 11.8 32.5 30.9 74.4 76.8 

M±SEM  8.1±0.4* 12.6±0.5* 33.0±0.3* 30.6±0.3* 70.2±0.7 71.8±0.8 
* * Differences by years are statistically significant by Student’s t-test at p < 0.05. 

 

Comparison of seed productivity, starch content and composition in seeds 
of 35 samples with usual growth type but having different leafy morphotype by 
Student’s t-criterion has testified that there are no significant difference (at p < 
0.05) in manifestations of these traits between leafy (usual) and leafless (with no 
leaves) forms (Table 2). On average by years, productivity of leafy morphotypes 
was equal to 10.6 g/plant, starch content in seeds — 31.6%, amylose content in 
starch — 71.4%, while for leafless forms these values were 9.0 g/plant, 31.7% and 
71.6% (at р < 0.05), respectively. 

2. Seed productivity, starch content in seeds and amylose in starch in analyzed sam-
ples of vegetable pea (Pisum sativum L.) depending on morphotype by years of 
monitoring (M±SEM, Krasnodar Territory) 

Morphotype n 
Seed weight per 
plant, g 

Content, % 
starch in seeds amylose in starch, 

2015  2016  2015  2016  2015  2016  
L e a f  t y p e  

Usual  28 8.2±0.5 13.0±0.6 32.9±0.4 30.2±0.3 70.2±0.9 72.6±0.9 
Leafless 7 7.4±0.6 10.6±1.3 32.8±0.6 30.7±1.1 71.0±1.4 72.1±1.8 

S t e m  g r o w t h  t y p e  
Usual 35 8.0±0.4 12.5±0.5 32.9±0.3 30.3±0.3 70.4±0.8 72.5±0.8 
Determinate 4 8.9±0.8 13.8±0.5 34.4±1.0 32.8±0.5* 69.2±1.9 66.2±1.4* 
N o t e. For description of varieties (VIR collection, Vavilov Institute of Plant Genetic Resources, Saint-Petersburg) 
and breeding samples (Krymsk Experimental Breeding Station, Krasnodar Territory) see Table 1. 
* Differences with usual type are statistically significant by Student’s t-test at p < 0.05. 

 

It should be mentioned that over several decades the general direction in 
grain pea breeding is based on using leafless genotypes as being more technologi-
cal and adaptive. By environmental sustainability the best leafless varieties are 
highly competitive with leafy ones demonstrating advantages in crop yield in 
years contrasting by hydrothermal regime [22]. However, they are still to be 
considered for vegetable pea breeding in our country. Meanwhile earlier in 
Krasnodar Territory we have found vegetable varieties of leafless morphotype 
that are reliably similar in crop to standard varieties of usual morphotype [29] by 
green pea crop, dry matter distribution, productivity per leaf area and net 
productivity of photosynthesis. These results make us sure that high amylose va-
rieties may be formed from leafless morphotypes.  

Practical application of mutant forms with restricted stem growth is still 
to be investigated. In 2015 no certain peculiarities and significant differences in 
productivity and carbohydrate composition in seeds of determinate samples and 
stem faciation forms as compared with average values in sampling of plants with 
usual stem growth type was found either (see Table 2). However, in 2016 higher 
starch content in seeds and lower of amylose in starch as compared with the 
samples bearing no such mutations was found (see Table 2). On average over the 
years mutant forms productivity was 11.3 g/plant, starch content in seeds 33.6%, 
and that of amylose in starch 67.7% (p < 0.05). Varieties with determinate growth 
type are known to be technological one at cropping and they are characterized 
by reduced reproductive period, good ripening, and standing ability [21, 23]. 
Therefore, we consider that research of carbohydrate composition in such mu-
tant seeds is to be analyzed further with more samples.  
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Thus for two years of observation starch content in all analyzed samples 
of vegetable pea was changing within 26.0-37.4% range, and amylose from 61.9 
to 82.6%. Such large variability requires gene pool screening of vegetable pea 
when searching for original material for breeding high amylose varieties.  

3. Correlations between content of amylose and starch in seeds and other traits im-
portant for breeding in analyzed samples of vegetable pea (Pisum sativum L.) by 
years of monitoring (Krasnodar Territory) 

Trait 
 

Trait 
1 2 3 4 5 6 7 8 9 10 11 12 

2015  
1 1.00 0.31 0.92* 0.21 0.41* 0.78* 0.67* 0.24 0.15 0.67* 0.00 0.21 
2 

 
1.00 0.24 0.06 0.02 0.03 0.44* 0.61* 0.37* 0.22 0.08 0.34* 

3 
  

1.00 0.15 0.37* 0.67* 0.61* 0.25 0.20 0.61* 0.01 0.26 
4 

   
1.00 0.61* 0.39* 0.12 0.10 0.07 0.29 0.06 0.09 

5 
    

1.00 0.41* 0.09 0.06 0.01 0.30 0.07 0.21 
6 

     
1.00 0.37* 0.12 0.05 0.82* 0.02 0.19 

7 
      

1.00 0.27 0.45* 0.50* 0.07 0.08 
8 

       
1.00 0.28 0.30 0.16 0.34* 

9 
        

1.00 0.59* 0.05 0.47* 
10 

         
1.00 0.07 0.42* 

11 
          

1.00 0.60* 
12 

           
1.00 

2016  
1 1.00 0.03 0.91* 0.38* 0.34* 0.41* 0.39* 0.06 0.29 0.17 0.24 0.36* 
2 

 
1.00 0.05 0.08 0.17 0.62* 0.36* 0.64* 0.35* 0.69* 0.38* 0.32* 

3 
  

1.00 0.19 0.41* 0.38* 0.36* 0.05 0.15 0.21 0.14 0.20 
4 

   
1.00 0.58* 0.18 0.17 0.23 0.19 0.09 0.01 0.08 

5 
    

1.00 0.39* 0.00 0.06 0.04 0.26 0.29 0.17 
6 

     
1.00 0.04 0.56* 0.12 0.88* 0.42* 0.04 

7 
      

1.00 0.17 0.29 0.07 0.12 0.11 
8 

       
1.00 0.26 0.62* 0.18 0.23 

9 
        

1.00 0.57* 0.06 0.41* 
10 

         
1.00 0.32* 0.17 

11 
          

1.00 0.49* 
12 

           
1.00 

Not e . 1 — seadling/technical ripeness stage, days; 2 — weight of 1000 seeds, g; 3 — amount of nonproductive 
nodes, unit; 4 — amount of productive nodes, unit; 5 — number of pods per seedstalk, unit; 6 — number of filled 
pods per plant, units; 7 — pod length, cm; 8 — pod width, cm; 9 — number of seeds per pod, unit; 10 — seeds 
from plant, unit; 11 — starch content in seeds, %; 12 — amylose content in starch, %. 
* Correlations are statistically significant at p < 0.05. 

 

Correlation analysis (Table 3) has revealed stable relationship within 
two years. Starch and amylose contents correlated inversely (r = 0.60 in 2015, 
r = 0.49 in 2016). It should be mentioned that scientific literature information on 
correlation between amylose and starch content in wrinkled seeds is contradictory. 
R.Kosson et al. [30] indicate negative correlation, while M. Hybl et al. [19] dis-
covered positive relationship between these traits. However, the latter consider 
their results preliminary, and they also think such screening is to be used for 
breeding in improving carbohydrate composition in seeds of vegetable pea. We 
were the first in finding negative relationship between amylose content in starch 
and 1000 seed weight (r = 0.34 in 2015, r = 0.32 in 2016) and positive with 
the seed number per pod (r = 0.47, r = 0.41 over years). I.e. the less is weight of 
1000 seeds, the more is their number per pod and the higher is amylose content 
in starch, and higher starch content in seeds suggested decrease of amylose con-
tent. Therefore, the following samples with amylose content in starch exceeding 
70% and weight of 150 g per 1000 seeds may be considered promising varieties for 
breeding: SV 0987 UT (k-9728, 87g), Vinko (i-148164, 131g) and Omega (i-
148176,135g) of traditional morphotype, leafless varieties of Gropesa (k-9730, 
87g), Butana (i-148180, 146g) and varieties with 8-10 seeds per pod Mutsio (i-
148166, 10.0 seeds), Grundy (i-148165, 8.5 seeds), SV 0987 UT (8.4 seeds), Buta-
na (8.4 seeds), Olinda (i-630922, 8.3 seeds), Gropesa (8.0 seeds). Varieties Mutsio 
and Olinda are noted to be characterized by average variation of number of seeds 
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per pod for two years of monitoring (Сv from 10 to 20%), while this number was 
higher for the others. 

For two years of monitoring we have chosen 15 samples out of 39 with 
high amylose content in starch (over 70%) (Table 4). Varieties significantly ex-
ceeding the control variety by starch content in seeds have also been found/ 
These are Grundy with average starch content of 31.9% and amylose in starch of 
75.0% by years, Durango with 31.8 and 74.1%, respectively, and Gropesa of 
leafless morphotype with 35.0 and 75.4% (see Table 4). 

4. Vegetable pea varieties (Pisum sativum L.) with high content of starch and amyl-
ose among 39 analyzed samples (by years of monitoring, Krasnodar Territory) 

Variety Country of origin 
Content, % 

starch amylose in starch 
2015  2016  2015  2016  

Prima (C) Russia 32.2 27.1 70.0 70,0 
Salinero Netherlands 30.3* 29.6* 71.5 72,2 
Asana Netherlands 29.6* 29.6* 73.8* 72,7* 
Olinda Netherlands 33.8* 31.7* 70.1 72,6* 
Gropesaа Netherlands 34.2* 35.8* 76.3* 74,4* 
SV 0987 UT Netherlands 30.1* 32.2* 82.1* 76,8* 
Grundyа Netherlands 34.1* 29.6* 74.4* 75,7* 
Mutsio Netherlands 32.1 29.3* 75.6* 79,3* 
Eshton Netherlands 31.8 27.9* 74.3* 82,6* 
Durangoа Netherlands 32.9* 30.7* 75.8* 72,3* 
Omega  Turkey 32.3 30.2* 73.0* 75,0* 
Parus Russia 30.4* 26.0* 75.0* 78,4* 
Butana Netherlands 31.8 29.9* 73.0* 71,8 
Krasavchik  Russia 29.4* 27.6 78.3* 77,2* 
Istok  Russia 32.3 30.9* 74.4* 76,8* 

M±SEM 31,8±0,4 29.9±0.6 74.5±0.8 75.2±0.9 
N o t e. C  — control variety; а — sources of alleles with high content of starch in seeds and amylose in starch. 
For description of varieties (VIR collection, Vavilov Institute of Plant Genetic Resources, Saint-Petersburg) and 
breeding samples (Krymsk Experimental Breeding Station, Krasnodar Territory) see Table 1. 
* Differences from control are statistically significant at p < 0.05. 

 

So, the dependence of carbohydrate composition of vegetable pea seeds 
(amount of starch in seeds and amylose content therein) on vegetation condi-
tions is found, and relationship between these biochemical parameters and num-
ber of trait important for plant breeding is revealed. Both amylose content in 
seed and weight of 1000 seeds, as well as amount of starch in seeds and amylose 
content in starch correlate negatively; whereas the correlation between amylose 
content in starch and number of seed per pod is positive. No statistically signifi-
cant differences by seed productivity, starch content in ripened seeds and amyl-
ose in starch between leafy (usual) and leafless (with no leaves) morphotypes are 
found. Consequently, breeding with higher content of starch and amylose in seed 
is possible with the use of both morphotypes. Samples that may be used in 
breeding as gene sources identifying high content of starch in seeds and amylose 
in starch are revealed. Traits positively correlating with high accumulation of am-
ylose, i.e. small-sized seeds (weight of 1000 seeds less than 150 g), and number of 
seeds per pod over 8, are also found. 

 
R E F E R E N C E S  

 
1. Hilbert G.E., Mac Masters M.M. Pea starch, a starch of high amylose content. J. Biol. Chem., 

1946, 162: 229-238.  
2. Dostalova R., Horacek J., Hasalova I., Trojan R. Study of resistant starch (RS) content in peas 

during maturation. Czech. J. Food Sci., 2009, 27: 120-124. 
3. Pavlovskaya N.E., Zelenov A.N., Suchkova T.N. Khranenie i pererabotka sel'khozsyr'ya, 2007, 8: 

57-59 (in Russ.). 
4. Andreev N.R., Lukin N.D., Bykova S.T. Materialy Mezhdunarodnoi konferentsii «Khlebopekarnoe 

proizvodstvo-2014» [Proc. Int. Conf. «Bakery production-2014»]. Moscow, 2014: 143 (in Russ.). 
5. Drozd A.M., Samarina L.N., Shvetsov A.S. Trudy Krymskoi OSS (Krasnodar), 1968, IV: 146-



186 

152 (in Russ.). 
6. Karpunin I.I., Kuz'michev V.V., Balabanov T.F. Nauka i tekhnika, 2015, 5: 54-59 (in Russ.). 
7. Bogracheva T., Topliff I., Meares C., Rebrov A., Hedley C. Starch thermoplastic films from a 

range of pea (Pisum sativum) mutants. Proc. 5th European Conf. on Grain Legumes. Dijon, 
France, 2004: 47-48.  

8. Peas. John Innes Centre. Available https://www.jic.ac.uk/staff/trevor-wang/app-
gen/starch/mutants.html. Accessed March 29, 2016.  

9. Bhattacharyya M., Martin C., Smith A. The importance of starch biosynthesis in the wrinkled 
seed shape character of peas studied by Mendel. Plant Mol. Biol., 1993, 22(3): 525-531 (doi: 
10.1007/BF00015981). 

10. Smith A.M., Bettey M., Bedford I. D. Evidence that the rb locus alters the starch content of 
developing pea embryos through an effect on ADP glucose pyrophosphorylase. Plant Physiol., 
1989, 4: 1279-1284 (doi: 10.1104/pp.89.4.1279). 

11. Hylton C., Smith A.M. The rb mutation of peas causes structural and regulatory changes in 
ADP glucose pyrophosphorylase from developing embryos. Plant Physiol., 1992, 99(4): 1626-
1634 (doi: 10.1104/pp.99.4.1626). 

12. Harrison C.J., Hedley C.L., Wang T.L. Evidence that the rug3 locus of pea (Pisum sativum L.) 
encodes plastidial phosphoglucomutase confirms that the imported substrate for starch synthesis 
in pea amyloplasts is glucose-6-phosphate. The Plant Journal, 1998, 13(6): 753-762 (doi: 
10.1046/j.1365-313X.1998.00077.x). 

13. Creig J., Barratt P., Tatge H., Déjardin A., Handley L., Gardner C.D., Barber L., Wang T., 
Hedley C., Martin C., Smith A.M. Mutations at the rug4 locus alter the carbon and nitrogen 
metabolism of pea plants through an effect on sucrose synthase. The Plant Journal, 1999, 17(4): 
353-362 (doi: 10.1046/j.1365-313X.1999.00382.x). 

14. Creig J., Lloyd J.R., Tomlinson K., Barder L., Edwards A., Wang T.L., Martin C., Hedley C.L., 
Smith A.S. Mutations in the gene encoding starch synthase II profoundly alter amylopectin 
structure in pea embryos. Plant Cell, 1998, 10(3): 413-426 (doi: 10.1105/tpc.10.3.413). 

15. Denyer K., Barber L.M., Edwards E.A., Smith A.M., Wang T.L. Two isoforms of the GBSSI 
class of granule‐bound starch synthase are differentially expressed in the pea plant (Pisum sativum 
L.). Plant, Cell & Environment, 1997, 20(12): 1566-1572 (doi: 10.1046/j.1365-3040.1997.d01-48.x). 

16. Wang T.L., Domoney C., Hedley C.L., Casey R., Grusak M. A. Can we improve the nutrition-
al quality of legume seeds? Plant Physiol., 2003, 131(3): 886-891 (doi: 10.1104/pp.102.017665). 

17. Matters G.L., Boyer C.D. Soluble starch synthases and starch branching enzymes from cotyle-
dons of smooth- and wrinkled-seeded lines of Pisum sativum L. Biochem. Genet., 1982, 20(9-
10): 833-848. 

18. Haase N.U. A Rapid test procedure for estimating the amylose content of pea starch. Plant 
Breeding, 1993, 111(4): 325-329 (doi: 10.1111/j.1439-0523.1993.tb00649.x).  

19. Hybl M., Urban J., Vaclavikova J., Griga M. Evaluation of a collection of pea genetic resources for 
seed starch, amylose/amylopectin and protein content. Czech J. Genet. Plant, 2001, 37(4): 114-123.  

20. Kof E.M., Kondykov I.V. Pea (Pisum sativum L.) growth mutants. International Journal of Plant 
Developmental Biology, 2007, 1(1): 141-146.  

21. Zelenov A.N., Kondykov I.V., Suchkova T.N., Kuznetsova L.N. Zemledelie, 2012, 5: 36-37 (in Russ.).  
22. Kondykov I.V., Zotikov V.I., Zelenov A.N., Kondykova N.N., Uvarov V.N. Biologiya i selektsi-

ya determinantnykh form gorokha [Biology and selection of determinate forms of peas]. Orel, 
2006 (in Russ.).  

23. Sinjushin A.A. Mutations of determinate growth and their application in legume breeding. Leg-
ume Perspectives, 2015, 6: 14-15.  

24. Talucdar D., Sinjushin A. Cytogenomics and mutagenomics in plant functional biology and 
breeding. In: PlantOmics: the omics of plant science. D. Barh, M.S. Khan, E. Davies (eds.) 
Springer, India, 2015: 113-156 (doi: 10.1007/978-81-322-2172-2).  

25. Vishnyakova M.A., Burlyaeva M.O., Semenova E.V., Seferova I.V., Solov'eva A.E., Shelenga 
T.V., Bulyntsev S.V., Buravtseva T.V., Yan'kov I.I., Aleksandrova T.G., Egorova G.P. Kollektsiya 
mirovykh geneticheskikh resursov zernovykh bobovykh VIR: popolnenie, sokhranenie i izuchenie 
[VIR World Collection of genetic resources of grain legumes: replenishment, preservation and 
study]. St. Petersburg, 2010 (in Russ.). 

26. Dospekhov B.A. Metodika polevogo opyta (s osnovami statisticheskoi obrabotki rezul'tatov issledo-
vanii) [Methods of field trials with data statistical processing]. Moscow, 1979 (in Russ.). 

27. Ermakov A.I., Arasimovich V.V., Yarosh N.P., Peruanskii Yu.V., Lukovnikova G.A., Ikonniko-
va M.I. Metody biokhimicheskogo issledovaniya rastenii [Methods of biochemical study of plants]. 
Leningrad, 1987 (in Russ.). 

28. Juliano B.O. A simplified assay for milled-rice amylase. Cereal Science Today, 1971, 16(11): 
334-340. 

29. Alikina O.V., Besedin A.G., Putin O.V., Vishnyakova M.A. Trudy po prikladnoi botanike, ge-
netike i selektsii, 2016, 177(1): 35-51 (in Russ.). 

30. Kosson R., Czhuchajowska Z., Yeshaiahu P. Smooth and wrinkled peas. 1. General physical 
and chemical characteristics. J. Agric. Food Chem., 1994, 42: 92-99 (doi: 10.1021/jf00037a014). 


