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Abstract 

 

Albumins SCA and SAA are short, highly hydrohylic proteins accumulated in large 

quantity in the cotyledons and seed axes, respectively, of a dry pea (Pisum sativum L.) 

seed. SCA was earlier shown to have two allelic variants differing in mobility in 

polyacrylamide gel electrophoresis in acid medium. Using them the corresponding gene 

SCA was mapped on Linkage Group V. This gene was used as a useful genetic and 

phylogeographical marker that still required electrophoretic analysis of the protein while 

the DNA sequence of the corresponding SCA gene remained unknown. Based the length, 

the positive charge in acid conditions and the number of lysine residues of SCA and SAA 

albumins, estimated earlier electrophoretically, the high throughput sequencing data 

available in public databases were searched for the respective candidates for the 

corresponding genes SCA and SAA genes among coding sequences residing in the region 

of the pea genome corresponding to the map position of SCA. Then we sequenced them 

in a number of pea accessions. Concordance of the earlier electrophoretic data and 

sequence variation indicated the sequence Psat0s797g0160 of the reference pea genome 

to be the SCA gene. The sequence Psat0s797g0240 could encode a minor related albumin 

SA-a2, while a candidate gene for albumin SAA is still missing (as well as 

electrophoretic variation of both latter albumins). DNA amplification using original 

primers SCA1_3f and SCA1_3r from genomic DNA and restriction by endonuclease 

Hind II made SCA a convenient CAPS marker in peas. Thus, the gene encoding the 

highly hydrophilic albumin SCA accumulated in pea seeds, with its alleles useful 

classification of pea wild relatives, is now identified in the pea genome and a convenient 

CAPS marker is worked out on its base. 

 

Keywords: late embryogenesis proteins; seed cotyledon albumin; peas; Pisum sativum 

L.; CAPS marker 

 

Introduction 

 

Mature pea (Pisum sativum L.) seeds contain a number of albumins extractable 

from their mill with 5% perchloric acid, which were characterised in detail by Smirnova 

et al. (1990; 1992). A special attention was drawn by the two most abundant of these 

albumins, which are biochemically and immunologically related and quite short (about 

100 amino acid residues) highly hydrophylic peptides. One of them predominates in the 

cotyledons and the other in the seed axis, both accumulating during seed formation and 
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depleting while germination. They were respectively named SCA (seed cotyledon 

protein) and SAA (seed axis protein). Their gross amino acid content and the 

accumulation pattern in seeds left no doubt in their participation in substitution of water 

in dry seed cells, that is in a dehydrin-like function, although they differed in many 

respects from the known dehydrins and had much smaller molecules (Smirnova et al., 

1992). While the SAA protein was electrophoretically monomorphic in peas, two allelic 

variants of SCA were revealed differing in electrophoretic mobility in 15% 

polyacrilamide gels containing acetic acid and urea according to Panyim & Chalkley 

(1969), which allowed to genetically map the relevant gene SCA (Smirnova et al., 1992; 

Rozov et al., 1993; Gorel et al., 1998) on linkage group V (corresponding to chromosome 

3; see Smýkal et al. 2012; Kreplak et al., 2019). 

Smirnova et al., (1992) found out that the fast electromorph SCA
f
 was frequent in 

the wild subspecies of the common pea (P. sativum subsp. elatius Aschers. et Graebn.) 

but was extremely rare in the cultivated subspecies P. sativum L. subsp. sativum. (Here 

the inclusive taxonomic system of peas according to Maxted and Ambrose (2001) is 

followed.) Kosterin and Bogdanova (2008) and Kosterin et al. (2010) noticed a strong 

concordance of the occurrence of SCA
f
 with that of the plastidic rbcL allele containing a 

recognition site for the Hsp AI restriction endonuclease, and a less strong concordance 

with that of the mitochondrial cox1 allele containing recognition site for the Psi I 

restriction endonuclease. This concordance was interpreted in terms of the common 

phyletic origin and as evidence of existence of two different wild pea lineages. Based on 

this, different combinations (A, B and C) of alleles of the three mentioned dimorphic 

marker genes SCA, rbcL and cox1 from different cellular genomes, respectively nuclear, 

plastidic and mitochondrial, were proposed for a simple classification of evolutionary 

lineages of the wild pea subspecies P. sativum subsp. elatius (Kosterin, Bogdanova, 

2008; Kosterin et al., 2010), which was then used repeatedly (Zaytseva et al., 2012; 2015; 

2018; Kosterin, Bogdanova 2021, Bogdanova et al., 2021 etc.). So the electromorphs of 

SCA appeared to be useful in the studies of genetic diversity of the pea crop wild 

relatives, which are important for involvement of their potentially useful genetic 

resources into breeding (Ali et al., 1994; Maxted, Kell, 2009; Coyne et al., 2011; Ford-

Lloyd et al., 2011; Maxted et al., 2012). However, while the plastidic and mitochomdrial 

markers were scored by the CAPS approach involving DNA amplification and restriction, 

the SCA gene sequence remained unknown and analysis of this marker required more 

laborious protein electrophoresis. Molecular identification of this gene would be 

desirable to facilitate the analysis. This became possible when the pea nuclear genome 

was published by Kreplak et al. (2019). This communication is devoted to identification 

of the SCA gene in the pea genome, its brief characterisation and working out a 

convenient CAPS marker based on this gene. 

 

Material and methods 

 

The gene SCA was sequenced from samples of DNA extracted in the course of 

our previous work (Kosterin, Bogdanova, 2008 to be consulted for details), from the 

following pea germplasm accessions: 721, CE1, CE11, JI1794, L100, PI344538, Pse001, 

Pe013, P015, P017, VIR320’ (P. sativum subsp. elatius), VIR3429, VIR4911, VIR5416, 

VIR7335, WL1238, Cameor (P. sativum subsp. sativum), VIR4871 (Pisum sativum 
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subsp. transcaucasicum Govorov), VIR2759 (Pisum abyssinicum A. Br.), and WL2140 

(P. fulvum Sibth. et Smith). Polymerase chain reaction to amplify the fragment 

corresponding to Psat0s797g0160 was carried out in 20 μl of the PCR reaction mixture 

under a mineral oil layer with the following cycling parameters: 95°C for 3 min; 45 

cycles consisting of denaturation at 94°C for 30 s, annealing at 56°C for 25 s and 

elongation at 72°C for 40 s; final elongation at 72°C for 5 min; for amplification of the 

fragment corresponding to Psat0s797g0240 the same parametres were used but annealing 

was at 59°C. For restriction analysis, 5 μl of the resulting reaction mixture were digested 

with 1 unit of HindII endonuclease according to manufacturer’s instructions and the 

products analysed on 1.5% agarose gel in TAE buffer. For sequencing, PCR products 

were purified by 20%  polyethylene glycol 800 in 2.5 M NaCl. Sanger reaction was 

carried out using BrightDye Terminator version 3-100 (Nimagen, Netherlands) with the 

conditions recommended by the manufacturer for 50 cycles. The Sanger reaction 

products were purified using Sephadex G-75. Sequencing was carried out in Genomic 

Core Facility SB RAS, Novosibirsk. The sequences obtained in this study were submitted 

to European Nucleotide Archive with the following entry numbers OU953856- 

OU953865, OU953869- OU953881 for SCA and OU953866- OU953868, OU953882- 

OU953894 for alleles of Psat0s797g0240.  

 

Results and Discussion 

 

Candidate gene for SCA  seed albumin in public databases 

 

The SCA gene is mapped on likage group V (LGV) between the loci His1 (coding for 

histone H1 subtype 1) and coch (Gorel et al., 1998) (its earlier published position behind 

coch (Rozov et al., 1993) was tentative as based on non-additive data with respect to 

these three loci). The potential candidates were searched in the annotated genome of 

Medicago truncatula Gaertn. making use of its syntheny with the genome of Pisum (Kalo 

et al., 2004). The bordering markers coch and His1 of pea correspond to the loci with 

Gene IDs 11417633 and 25499208, respectively, therefore suitable candidates found in 

Medicago truncatula should map to chromosome 7, synthenic to LGV of P. sativum 

(Kalo et al., 2004, Kreplak et al., 2019) at physical position between 42,203,622 

(GeneID: 11417633) and 45,488,994 (GeneID: 25499208) on NC_053048.1 (M. 

truncatula strain A17 chromosome 7). This region contained 421 coding sequences, of 

which three neighbouring loci were annotated as "18 kDa seed maturation protein". Two 

of them, LOC11421661 and LOC11437338, encoded polypeptides of 105 and 101 amino 

acids, respectively. The third locus, LOC11437936 encoded polypeptide of 177 amino 

acids. These polypeptides were used as a query to search the P. satvum genome assembly 

at https://urgi.versailles.inra.fr/blast. All three searches retrieved the same hits, 

Psat0s797g0240 and Psat0s797g0160, separated by about 25 Kb on the scaffold 00797 

not attributed to any chromosome and Psat3g068920 on chr3LG5 with physical position 

between the loci coch and His1. Psat3g068920 encoded polypeptide of 190 amino acids 

and probably corresponded to the LOC11437936 of M. truncatula while Psat0s797g0240 

and Psat0s797g0160 probably corresponding to LOC11421661 and LOC11437338 both 

encoded polypeptides of 101 amino acids and were concluded to be ideal candidates to 

represent the SCA locus.  
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Psat0s797g0160 with position 57,48857,939 on scaffold00797 annotated as "Late 

embryogenesis abundant (LEA) group 1" encoded a polypeptide of 101 amino acid 

residues including 18 positively charged residues, of which 10 were lysines. 

Psat0s797g0240 with position 83,88584,190 on scaffold00797 also annotated as "Late 

embryogenesis abundant (LEA) group 1" encoded a polypeptide of 101 residues 

including 20 charged residues of which 11 were lysines. The earlier obtained data on 

amino acid composition of the SCA protein were as follows. The slow electromorh SCA
s
, 

common in cultivated peas, was estimated by the incomplete succinylation method to 

possess 17 positively charged residues, including 9 lysines, and, together with data on 

gross amino acid content, as being ca 107 residues long (Smirnova et al., 1992). This was 

rather a good correspondence of data from protein chemistry and sequencing. The 

estimate of 9 rather than 10 lysine residues in SCA
s
 with the incomplete succynilation 

method (Smirnova et al., 1992) may be explained by a tandem of two lysine residues in 

positions 47-48 of the deduced protein product, which could not both bound to succinic 

acid residues for steric reasons. 

Hence the size and amino acid content of the protein products and genome 

location of both Psat0s797g0160 and Psat0s797g0240 corresponded to SCA (Smirnova 

et al., 1992; Gorel et al., 1998). To choose between them for a candidate for SCA we 

made use of the genetic data. SCA was shown to be dimorphic with allelic variants 

differing in respect of the number of positively charged amino acid residues while SAA 

was monomorphic in this respect (Smirnova et al., 1992). Sequences available in 

sequence read archives (SRA) at NCBI containing data of high throughput resequencing 

of pea accessions were used to assemble alleles of Psat0s797g0160 and Psat0s797g0240 

from pea accessions W6_2107 (BioProject PRJNA431567), JI1794, WL 2140 (Pisum 

fulvum Sibth. et Smith) (BioProject PRJNA431567), JI2202 (Pisum abyssinicum A.Br.) 

(BioProject PRJNA285605), 711 (BioProject PRJEB30482), 721 (BioProject 

PRJNA431567, PRJEB30482). Five of these accessions were involved in our previous 

electrophoretic studies of SCA (Kosterin, Bogdanova, 2008); Cameor and JI1794 were 

shown to have the slow electromorph SCA
s
 while WL2140, 711 and 721 had the fast 

electromoph SCA
f
. There was some sequence variability among alleles of 

Psat0s797g0160. However, two nucleotide substitutions differed in the alleles  of 

Cameor, W6_2107 and JI1794 from those of WL2140, JI2202, 711, 721, namely T/G in 

the position 215 (from start codon) and A/C in the position 238. The T/G substitution 

changed valine for glycine, and the A/C substitution changed asparagine to histidine, 

wich is positively charged under conditions of acetic acid-urea PAAG used for SCA 

analysis. Thus, the latter amino acid replacement affects electrophoretic mobility of the 

encoded protein and is associated with fast electromorph. Allelic variants of 

Psat0s797g0240 did not carry amino acid substitutions associated with the change of 

electrophoretic mobility. This allowed us to nominate Psat0s797g0160 as a candidate for 

the SCA gene.  

 

Concordance of the sequence variation of the candidate gene for SCA with SCA 

electrophoretic pattern 

 

To confirm Psat0s797g0160 to be the SCA gene we resequenced it in 20 pea 

accessions in which SCA was previously studied electrophoretically (Smirnova et al., 
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1992; Kosterin, Bogdanova, 2008; Kosterin et al., 2010). To design primers matching 3' 

and 5' non-coding regions we searched public databases for pea sequences coding for the 

same protein as Psat0s797g0160. The search retrieved the sequence PUCA013656022.1 

(Pisum sativum, cultivar Gradus No 2 flattened_line_3009, whole genome shotgun 

sequence) containing the coding sequence as well as 5' and 3' non-coding regions. The 

primers Ps_SCA1_3F (5' GCATCATACTCTTCAACACAT) and Ps_SCA1_3R (5' 

GTAGGAACATTCACAACATCA) were designed to match those non-coding regions. 

We sequenced the coding sequence of the SCA gene in two groups of 10 pea accessions 

each: (i) L100, 721, VIR320’, CE11, PI344538, Pe013 (P. sativum subsp. elatius), 

VIR2759 (Pisum abyssinicum A.B.), VIR3429, VIR7335 (P. sativum subsp. sativum) and 

WL2140 (P. fulvum) which were shown to have the fast SCA electromorph (SCA
f
), 

frequent in wild peas, and (ii) accessions CE1, JI1794, Pse001, P015, P017 (P. sativum 

subsp. elatius), VIR4871 (Pisum sativum subsp. transcaucasicum), VIR4911, VIR5416, 

WL1238 and Cameor (P. sativum subsp. sativum) shown to have the slow SCA 

electromorph (SCA
s
), predominating overwhelmingly in the cultivated pea but occurring 

in wild peas as well. The derived amino acid sequences had 19 and 18 positively charged 

amino acid residues in the first and second group, respectively. Full correspondence of 

the electrophoretic and sequence data, together with the genomic position and the size 

and content of the protein product, indicate that Psat0s797g0160 is the SCA gene (the 

latter designation will be used in the text below). 

 

The related gene Psat0s797g0240 

 

The gene Psat0s797g0240 resides in the pea genome (cultivar Cameor) in about 

25 Kb from Psat0s797g0160, the two loci have very similar sequence, and the difference 

in their coding sequences is just 25 nucleotides (8.2 %). Obviously these genes are 

paralogs originated by tandem duplication of a genome region. The inferred amino acid 

sequence of the Psat0s797g0240 polypeptide product has the same length of 101 amino 

acid sequences and differs (in cv. Cameor) by eight amino acid substitutions from that of 

Psat0s797g0160 (their positions are given in parenthesis): ala→ser (14), arg→lys (32), 

tre→ala (35), arg→his (36), tre→ser (70), val→gln (72), gln→arg (79), asn→his (80). 

Due to the two latter substitutions this polypeptide has two positively charged residues 

more than SCA. The mobility of polypeptides of equal length in the involved 

electrophoretic procedure in acid denaturing conditions is proportional to the number of 

positively charged residues, so we can expect the Psat0s797g0240 product mobility to be 

11% greater than that of SCA
s
. However, the SAA mobility is only 7% greater than that 

of SCA
s
 (Smirnova et al., 1992). This is close with the mobility of SCA

f
, which is 5% 

greater than that of SCA
s
 (Smirnova et al., 1992), as expected from their difference for 

one positively charged residue. Most probably, Psat0s797g0240 is not the gene coding 

for SAA but may encode an immunologically related minor protein SA-a2 with 

electrophoretic mobility 9% greater than in SCA
s
. Electrophoretic monomorphism of 

both SAA and SA-a2 so far observed (Smirnova et al., 1992) does not allow us to check 

these options genetically. We attempted resequencing the Psat0s797g0240 alleles in the 

same set of accessions as for SCA (see above) using primers Ps_SCA2_1F (5' 

CACGTGTTCAATAATCTAACGC) and Ps_SCA2_1R (5' 

AAGAAAAAGAAACGAGCCATCA) matching the 5’- and 3’ non-coding regions of 
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PUCA011001169.1 (Pisum sativum cultivar Gradus No 2 flattened_line_64181, the 

whole genome shotgun sequence). Possibly, due to the abundance of poly-A and poly-T 

in the 5’- and 3’non-coding regions, respectively, amplification was not successful for 7 

of 20 accessions involved (JI1794, 721, Pe013, P014, P017, VIR5416, WL1238, 

Cameor), so only 13 accessions were sequenced. The variation of protein products 

inferred from the obtained sequences was confined to 5 variable amino acid positions and 

did not affect electrophoretic mobility. 

 

Protein product of SCA and its variation 

 

The SCA protein product is remarkable for its extreme hydrophily and high 

content of charged (at normal pH) residues (Table 1). Among its 101 amino acid residues 

in Cameor, 70 are hydrophylic, of which 30 charged, including 18 positively charged 

(lysine – 10, arginine – 5, histidine –  3), and 12  negatively charged (glutamate – 10, 

aspartate – 2) residues. (the numbers of residues almost coinciding with their 

percentages) (Table 1). Interestingly, 11 of 12 negatively charged residues have 

positively charged nearest neighbour(s) and 4 of 18 positively charged residues have 

negatively charged neighbour(s). There are tracts of three (glu-lys-glu) and five (lys-lys-

glu-glu-arg) charged residues in a row. There are only two proline residues and only one 

aromatic residue (tyrosine). Such a content and structure, with alternating residues of 

opposite charge, suggest that in water solution, the SCA molecule has a rigid expanded 

(linear) structure.  

 

Table 1. Variants of the deduced amino acid sequences encoded by SCA alleles 

sequenced from pea accessions (polymorphic positions boldfaced). The lowest line shows 

amino acid types encoded as follows: a – alyphatic, h – hydrophylic, n – negatively 

charged in neutral conditions, p – positively charged in neutal conditions, r – proline, y – 

aromatic (tyrosine) (charged types boldfaced) 
accession amino acid sequence 
Cameor1 MEKTKETAANVGAAAKSGMEKTKANVQEKTERLTTRDPLEKELATQKKEERVAQAELDKQAARNHNAAATAVNTLGQGQNHTTGTGGNPNATGYGTGGTHR 

VIR48712 MEKTKETAANVGASAKSGMEKTKANVQEKTERLTTRDPLEKELATQKKEERVAQAELDKQAARNHNAAATAVNTLGQGQNHTTGTGGNPNATGYGTGGTHR 

L1003 MEKTKETAANVGASAKSGMEKTKANVQEKTERLTTRDPLEKELATQKKEERVAQAELDKQAARNHNAAATAGNTVGQGQHHTTGTGGNPNATGYGTGGTHR 

7214 MEKTKETAANVGAAAKSGMEKTKANVQEKTERLTTRDPLEKELATQKKEERVAQAELDKQAARNHNAAATAGNTLGQGQHHTTGTGGNPNATGYGTGGTHR 

Pse001 MEKTKETAANVGASAKSGMEKTKANVQEKTERLTTRDPLEKELATQKKEERVAQAELDKQAARNHNAAATAGNTLGQGQNHTTGTGGNPNATGYGTGGTHR 

WL2140 MEKTKETAANVGAAAKSGMEKTKANVQEKTERLTTRDPLEKELATQKKEERVAQAELDKQAARNHNAAATAGNTLGQGQHHTTGTGGNPNATGYVTGGTHR 

amino 

acid type 

hnphpnaaahahahaphhhnpapahahnphnpahhpnranpnaahhppnnpaahananphaaphphaaahaahhahhhhhphhhhhhhrhahhyhhhhhpp 

1
 the same in WL1238, VIR4911, VIR_5414, JI1794, CE1, P017, W6_10925; 

2
 the same in P015; 

3
 the same in VIR320’, VIR2759, VIR3429, VIR7335; 

4
 the same in W6_26109, Pe013, CE11, PI344009, PI344538 

 

 

Five variable amino acid positions were revealed in the SCA product: 14 (ala/ser), 

72 (gly/val), 75 (leu/val), 80 (his/asn) and 95 (gly/val) (Fig. 1), the fourth changing the 

molecule positive charge as discussed above. The SCA gene sequences obtained had 11 

(3.6 %) variable nucleotide positions. 

 

SCA gene as a CAPS marker 
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The A→C substitution in position 238 of the SCA gene creates the recognition 

site GTCAAC for HindII restriction endonuclease, missing in the rest of the gene. PCR 

amplification of genomic DNA with Ps_SCA1_3F and Ps_SCA1_3R primers resulted in 

a product of 512 bp, which was subsequently digested with HindII endonuclease. The 

allele coding for SCA
f
 was cleaved into two fragments, 326 and 186 bp in size, while 

amplicon from the SCA
s
 allele remained 512 bp, the difference clearly seen on agarose 

gel (Fig. 1).  

 

 
Figure 1. An example of agarose gel electrophoresis of the PCR products obtained from 

genomic DNA of the indicated pea accessions with primers Ps_SCA1_3F and 

Ps_SCA1_3R, matching the SCA gene adjacent non-coding regions, digested with by 

HindII restriction endonuclease. 

 

This makes SCA a convenient CAPS (cleaved amplified polymorphic sequence) 

marker which permits scoring SCA allelic state without invoking protein electrophoresis. 

It should be noted that in spite of great similarity of the coding sequences of SCA and 

Psat0s797g0240, their adjacent non-coding regions appeared diverged enough to avoid 

cross-amplification. 
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