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ABSTRACT 
Morphological, protein and SRAP markers among fourteen pea varieties (Pisum sativum L) were studied. Data on 15 morphological traits 
were collected and analyzed. A total of 32 protein bands and 162 polymorphic SRAP fragments were scored. A comparison between 
morphological and molecular data and morphological and protein data was carried out through a Procrustes Generalized Method. 
Previously we carried out a Principal Component Analysis (PCA) for morphological data and Principal Coordinates Analysis (PCoA) for 
the protein and SRAP data. The correlation between SRAP and morphological data was R=0.56 for 2005 and R=0.80 for 2006 showing 
the highest correlation between both data sets for the second year what presented unfavourable environmental conditions. Meanwhile, the 
correlation between protein and morphological data was R=0.56 for 2005 and R=0.63 for 2006. These results suggest that exposure to a 
combination of environmental stresses may increase the expression of genetic variability for productive traits. Genetic diversity is the 
basis for successful crop improvement and can be estimated by different methods such as protein or molecular markers but DNA markers 
provide an opportunity to characterize genotypes more precisely than proteins. Molecular markers were significantly correlated with 
markers based on agronomic traits, suggesting that the two systems give similar estimates of genetic relations among the varieties. 
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INTRODUCTION 
 
Since the beginning of agriculture, a considerable amount 
of biodiversity has built up in crop production. With the 
application of scientific methods to plant breeding, the 
world’s agricultural output has increased immensely. The 
application of tools such as plant breeding, however, has led 
to the substitution of traditional local varieties by wide-
spread genetically homogeneous varieties, and a loss of 
non-sustainable diversity. 

The importance of hybridization in crop improvement 
varies greatly from one crop to another and this is particu-
larly true when dealing with autogamous species as is the 
case for most grain legumes. However, the relatively nar-
row gene pool (Heath and Hebblethwaite 1985) and the 
heavy use of a small number of parents by competing 
breeding programs have led to low genetic diversity among 
pea varieties (Gantotti and Kartha 1986; Simioniuc et al. 
2002; Baranger et al. 2004). The latter occurred particularly 
after the introduction of the semileafless trait about 25 years 
ago (Heath and Hebblethwaite 1985). Extensive use of 
closely related cultivars by producers could result in 
vulnerability to pests and diseases (Duvick 1984; Cox et al. 
1986). The lack of genetic diversity also led to a plateau in 
the genetic improvement of yield in pea (McClean et al. 
1993; Tar’an et al. 2005). There are situations where lack of 
useful genetic diversity is considered the potential rate-limi-
ting factor for genetic progress (Shands and Weisner 1991, 
1992; Simmonds 1993; Kannerber and Falk 1995). Genetic 
diversity is the basis for successful crop improvement and 
can be estimated by different methods such as morpholo-
gical traits, end-use quality traits, and molecular markers 
(Fufa et al. 2005). 

The current pea variety identification system is based 
mainly on morphological and phenological characters. Al-
though these descriptors are useful, they are limited in num-

ber and may be affected by environmental factors. Seed sto-
rage protein profiles could be useful markers in cultivar 
identification, registration of new varieties, pedigree analy-
sis, and in the studies of genetic diversity and classification 
of adapted cultivars, thereby improving the efficiency of 
pea breeding programs in cultivar development. 

DNA markers are useful complements to morphological 
and phenological characters because they are plentiful, in-
dependent of tissue or environmental effects, and allow cul-
tivar identification in the early stages of development. The 
use of DNA markers for diversity analysis can also serve as 
a tool to discriminate between closely related individuals 
from different breeding sources. Sequence-related amplified 
polymorphism (SRAP) technology has been recognized as a 
new and useful molecular marker system for mapping and 
gene tagging in Brassica oleracea L. (Li and Quiros 2001), 
Curcubita moschata (Duchesne ex Lam.) Duchesne ex Poir 
(Ferriol et al. 2004), Cynara cardunculus complex (Cravero 
et al. 2007) and Pisum sativum L. (Espósito et al. 2007). 

The objective of this work was to characterize different 
accessions of pea through protein reserve profiles and DNA 
markers and their association with productive traits com-
paring the efficiency of both methods. 

 
MATERIALS AND METHODS 
 
Fourteen accessions of pea from North and South America, Europe, 
Australia, India and local breeding programs (Table 1) were sown 
in plots of twenty plants per accession in a completely randomized 
design with two replications in the Experimental Field of Rosario 
University (33º 1�S and 60º 53�W) during the 2005 and 2006 crop-
ping seasons. Plots were arranged in ten rows 2 m long with an 
inter- and intra row spacing of 70 and 10 cm, respectively. 
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Morphological traits 
 
In order to characterize the diversity in plant morphology, several 
traits were analyzed. Data were collected for fifteen traits. Length 
(LS) and width (WS) of stipule, leaflets (LL, WL), length of the 
internodes (LI), plant height (PH), number of nodes at the first 
flower (NF) and at the first pod (NV), and numbers of days to 
flowering (DF) were measured in period the flowering while that 
length and width of pod (LP, WP), numbers of pods (NP) and 
seeds per plot (NS), yield (Y) and grain diameter (GD) were mea-
sured at the dry seed stage. 

Four traits (plant height, size of pods and stipule, and diameter 
of grain), were recorded in cm, while the nodes at the first flower 
and at the first pod were counted with the average of three plants 
randomly selected in the centre of rows. The yield was estimated 
in g per plot at harvest. Seeds and pod per plot were counted. The 
days to flowering were estimated as days from sowing time to the 
day on which at least 50% of the plants in the plot had started to 
flower. 

The 2005 cropping season represented an agronomically well-
managed environment with irrigation and well-drained soils. Urea 
at the rate of 150 kg/ha and super phosphate at the rate 150 kg/ha 
were applied prior to sowing. The temperatures were appropriate 
during flowering stage (13-18°C). Low-input and abiotic stress 
caused by rainfed conditions, by using fields that were depleted of 
mineral nitrogen and with high average temperatures (25°C) con-
stituted the 2006 environment conditions. This total situation rep-
resents a stressful environment. 

Principal components analysis (PCA) was used for reducing 
set of correlated variables to a simpler set of orthogonal compo-
nents. PCA is the well-known method, described in many statis-
tical text books, by Jolliffe (1986) and was carried out in both sea-
sons. This method leads to synthetic variables which are a combi-
nation of the original ones. 
 
Protein extract and SDS-PAGE procedure 
 
Total pea protein extract was prepared by stirring 100 mg of 
ground pea seed in 1.5 mL of 0.125 M Tris HCl and SDS-Mg in 
1% buffer for 10 min at 14000 rpm (or 12700 × g) at room tempe-
rature to precipitate insoluble material. The protein composition of 
the supernatant, referred to as total pea protein extract (TPPE) was 
determined by SDS-PAGE (Laemmli 1970) on a Mini-Protein II 
electrophoresis system (Bio-Rad, Hercules, USA). Five hundred 
�L of TPPE was diluted 1+1 (v/v) in sample buffer, consisting of 
0.21 M Tris-HCl buffer (pH 8), 13.33 ml glycerol, 6.6% SDS, 8.4 
ml Tris 1 M (pH 6.8) and 20 mg bromophenol blue. The samples, 
sealed in 1.5 mL tubes, were heated at 95ºC in boiling water for 3 
min and proteins were separated using 12% Tris-HCl polyacryla-
mide. The gels were stained in a solution of 0.1% Coomassie 
Brilliant Blue R250, 40% methanol, and 10% acetic acid. In order 
to check reproducibility of the method three separate gels were run 
under similar electrophoretic conditions. Electrophoretograms for 
each variety were scored and the presence (1) or absence (0) of 
each band noted. Presence and absence of bands were entered in a 
binary data matrix for calculate the distances Dice’s and these 

matrix of genetic distances was subjected to Principal Coordinate 

Analysis (PcoA) (Gower 1966). 
 
DNA extraction and SRAP procedure 
 
For DNA extraction and SRAP procedure, about 100 mg of fresh 
leaf was ground in liquid nitrogen and the total genomic DNA was 
extracted using the commercial kit PureLinkTM (Invitrogen, Cali-
fornia, USA). The amplifications were carried out in a thermo-
cycler MyCyclerTM (Bio-Rad). At the beginning of the PCR reac-
tion, the annealing temperature was set at 35°C and run for 5 
cycles. Then the annealing temperature was raised to 50°C for 
another 35 cycles. Denaturing was done at 94°C for 1 min, while 
extension was carried out at 72°C for 1 min in all cycles. A total of 
15 primer combinations between 5 primers forward and 5 primers 
reverse (Table 2) were assayed on all accessions. Primer banding 
patterns that were difficult to score and those that failed to amplify 
consistently in all genotypes was excluded. Consequently, only 
seven combinations were selected. The amplified fragments sepa-
rated by denaturing acrylamide sequencing gels (6% w/v) and 
revealed with silver. SRAP fragments were scored for presence (1) 
or absence (0) in each sample. The procedure was done times for 
each combinations. Finally the distances Dice’s were calculated 
and these matrices of genetic distances were subjected to Principal 
Coordinate Analysis (PcoA) (Gower 1966). 
 

Comparisons between morphological traits, 
protein and SRAPs 
 
A comparison between morphological and protein and SRAP data 
was carried out using Procrustes Generalized Analysis (PGA) ob-
taining previously Principal Component Analysis (PCA) for mor-
phological data and Principal Coordinates Analysis (PCoA) for 
protein and SRAP data. These analyses were carried out with 
InfoGen software (Balzarini and di Renzo 2003). The PGA pro-
posed by Gower (1975) harmonizes the individual configurations, 
or geometrical representations in a plane, through iterative alge-
braic steps that transform each individual configuration. These 
steps include translation, rotation, reflection, and scaling of their 
point’s coordinates under two premises: to maintain the relative 
distance among elements of the individual configurations and to 
minimize the sums of squares between analogous points, i.e., 
points that correspond to the same element under different con-
figurations. The consensus configuration is obtained as the average 
of all these transformed individual configurations. The Gower’s 

general similarity coefficient (R) estimates the correlation between 
the sets data. 
 
RESULTS 
 
Morphological traits 
 
Morphological characters, especially quantitative traits, are 
subject to environmental influences. The mean values of 
productive traits were lower in the second season than in 
2005 (Table 3). 

Associations among the 14 accessions were examined 
by means of PCA. In this analysis, four PCs explained 

Table 1 Origin of the entire collection. 
Cultivars Origin 
Sring Pea Australia 
Canadá A Canada 
Erik 1 Canada 
Viper France 
DDR11 India 
C2001 Local breeding program 
B2001 Local breeding program 
Zav15 Local breeding program 
Amarilla Local breeding program 
Aparecida Local breeding program 
Marina Romania 
Sprut Russia 
Turf Russia 
Inca South America 

 

Table 2 Primer sequences used to generate molecular data. 
Name Sequence 
Primers F 

me1 5�-TGAGTCCAAACCGGATA-3� 
me2 5�-TGAGTCCAAACCGGAGC-3� 
me3 5�-TGAGTCCAAACCGGAAT-3� 
me4 5�-TGAGTCCAAACCGGACC-3� 
me5 5�-TGAGTCCAAACCGGAAG-3� 

Primers R 
em1 5�-GACTGCGTACGAATTAAT-3� 
em2 5�-GACTGCGTACGAATTTGC-3� 
em3 5�-GACTGCGTACGAATTGAC-3� 
em4 5�-GACTGCGTACGAATTTGA-3� 
em5 5�-GACTGCGTACGAATTAAC-3� 
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81.0% of the total variation observed among the varieties 
for both seasons. 

The first component (PC1) for 2005 accounted for 
34.0% of the variation and was characterized by length of 
the internodes, length and width of leaflets and days at 
flowering. The second component (PC2) accounted for 
24.0% of the variation and was characterized by plant 
height and the yield and its components. The third compo-
nent (PC3) represented for 12.0% of the variation and was 
characterized by length and width of stipules and length of 
pod. The fourth component (PC4) accounted for 11.0% of 
the variation and was characterized by number of nodes at 
the first flower and at the first pod, width of pod and grain 
diameter. 

For 2006, the first component (PC1), accounted for 
44.0% of the variation and was characterized by the yield 
and its components and length and width of leaflets. The 
second component (PC2) accounted for 16.0% of the varia-
tion and was characterized by length of the internodes, 
length and width of stipules and grain diameter. The third 

component (PC3) represented for 14.0% of the variation and 
was characterized by plant height, length and width of pod 
and number of nodes at the first flower. Finally the fourth 
component (PC4) accounted for 0.070% of the variation and 
was characterized by number of nodes at the first pod and 
days at flowering. 
 
Protein extract and SDS-PAGE procedure 
 
In this study SDS-PAGE of grain storage proteins was per-
formed in order to analyze molecular weight subunits and 
investigate genetic diversity among different pea varieties. 
The electrophoretogram showing proteins banding pattern 
of different pea varieties are given in Fig. 1. The banding 
pattern drawn from the photograph of gel is quite evident of 
variation among genotypes. A total of 31 bands were ob-
tained among which 20 bands were common in all varieties 
but the others 11 bands show variation. The analysis of pro-
tein profiles showed a polymorphism level of 33%. 

The four main eigenvalues of the PcoA on the simple 

Table 3 Means and standard errors for each morphological trait in the entire pea collection. 

Cultivar Year PH 

(m) 

LP 

(cm) 

WP 

(cm) 

Y 

(g/plot) 

NP NS NF LI 

(cm) 

WS 

(cm) 

LS 

(cm) 

NV WL 

(cm) 

LL 

(cm) 

GD 

(cm) 

DF 

Amarilla 2005 0.8±0.1 6.7±0.2 1.2±0.1 457.8±2.2 608.9±58.8 2797.8±395.5 11.7±0.1 3.7±0.4 3.9±0.3 6.9±0.4 12.9±1.0 0 0 0.6±0.0 87.0±0.6

Amarilla 2006 0.6±0.1 6.0±0.1 1.2±00 313.3±52.0 640.0±70.2 2643.3±525.6 13.4±0.3 3.8±0.7 2.7±0.2 4.5±0.4 12.8±0.6 0 0 0.6±0.0 97.0±2.3

Aparecida 2005 0.8±0.1 7.9±0.1 1.1±0.1 513.3±34.8 767.8±63.9 2716.7±164.6 13.3±1.4 3.1±0.4 4.4±0.5 6.8±0.8 16.0±0.6 0 0 0.6±0.0 98.7±0.3

Aparecida 2006 0.6±0.1 7.6±0.1 1.2±0.1 154.4±8.7 355.6±8.0 1231.1±41.5 8.3±0.3 2.3±0.4 2.1±0.2 3.8±0.3 15.6±0.3 0 0 0.6±0.1 107.0±0.6

B2001 2005 1.2±0.1 6.3±0.5 1.2±0.1 534.5±47.8 707.8±41.3 2663.3±271.3 10.0±2.7 7.7±0.9 5.0±0.3 7.3±1.0 13.9±0.9 3.1±0.1 5.1±0.2 0.7±0.1 77.3±1.2

B2001 2006 0.8±0.1 5.4±0.1 1.2±00 370.0±10.0 557.8±26.2 2293.3±476.8 11.7±0.5 4.1±0.9 2.8±0.3 5.2±0.5 10.6±1.4 2.2±0.1 3.5±0.4 0.7±0.1 88.0±0.6

C2001 2005 1.5±0.1 5.8±0.2 1.2±0.1 563.0±69.1 617.8±87.8 2506.7±590.7 12.7±2.4 7.1±0.9 4.8±0.5 7.6±0.5 14.1±0.8 3.0±0.14 5.2±0.2 0.8±0.1 84.7±1.7

C2001 2006 0.6±0.1 6.0±0.1 1.2±0.1 283.3±28.4 722.2±101.1 2520.0±225.2 13.8±2.5 5.7±0.4 2.8±0.4 5.3±0.3 12.2±1.7 1.8±0.0 3.2±0.2 0.6±0.1 88.0±0.7

Canada A 2005 0.9±0.1 6.9±0.1 1.2±0.1 676.7±58.8 546.7±12.0 1980.0±150.4 13.2±1.2 4.1±0.6 4.4±0.2 7.7±0.6 12.3±1.2 0 0 0.7±0.1 91.0±2.5

CanadaA 2006 0.6±0.1 6.5±0.1 1.1±0.1 223.3±44.1 368.9±11.1 1228.9±106.6 14.0±0.7 2.7±0.3 3.6±0.8 6.1±1.2 15.7±1.4 0 0 0.7±0.0 91.0±1.3

DDR11 2005 0.7±0.1 6.2±0.1 1.1±0.1 370.0±15.3 586.7±49.1 1976.7±149.5 10.6±1.6 3.3±0.4 4.7±0.3 7.4±0.3 12.6±0.9 3.2±0.1 5.0±0.2 0.7±0.1 87.7±0.9

DDR11 2006 0.4±0.1 6.1±0.1 1.3±00 330.0±45.8 413.3±26.9 1588.9±192.2 12.2±0.2 3.0±0.1 3.5±0.3 5.6±0.2 13.9±1.1 2.2±0.2 3.4±0.3 0.7±0.1 92.0±1.5

EI 2005 0.9±0.1 7.8±0.2 1.2±0.1 803.3±72.2 786.7±12.0 5046.7±421.5 11.2±1.3 3.5±0.1 4.4±0.2 7.7±0.3 12.9±1.6 0 0 0.7±0.0 94.3±0.9

EI 2006 0.7±0.1 7.3±0.1 1.2±0.1 313.3±17.6 571.1±40.4 2353.3±144.4 8.2±0.1 2.4±0.3 3.6±0.1 5.8±0.2 16.9±2.8 0 0 0.6±0.1 102.0±3.5

Inca 2005 0.8±0.1 7.4±0.1 1.1±0.1 533.3±98.4 713.3±58.9 4251.1±381.2 13.2±1.2 3.1±0.2 5.0±0.1 8.0±0.3 16.2±1.0 0 0 0.7±0.1 96.3±0.3

Inca 2006 0.7±0.1 6.6±0.1 1.2±0.1 353.3±37.1 458.9±39.7 2840.0±270.1 11.4±1.1 2.8±0.2 3.4±0.1 6.4±0.1 14.9±0.1 0 0 0.6±0.1 79.0±0.9

Marina 2005 0.9±0.1 7.6±0.5 1.3±0.1 499.3±93.7 594.4±37.2 2800.0±440.2 8.9±0.4 3.8±0.4 4.8±0.1 7.6±0.2 11.4±0.7 3.4±0.3 5.5±0.4 0.7±0.0 87.0±1.2

Marina 2006 0.8±0.1 5.9±0.3 1.1±0.1 381.1±39.7 695.6±27.8 2762.2±531.2 14.3±1.0 2.8±0.3 3.3±0.3 5.4±0.4 9.6±0.2 1.9±0.3 3.2±0.4 0.7±0.1 86.0±0.6

Sring Pea 2005 0.8±0.1 6.9±0.1 1.2±0.1 460.0±11.6 522.2±36.6 1984.4±38.6 7.58±0.5 4.2±0.1 4.1±0.1 6.7±0.1 12.0±1.0 2.4±0.1 5.1±0.3 0.7±0.0 83.0±0.1

SringPea 2006 0.8±0.1 6.3±0.1 1.2±0.1 636.7±31.8 1151±93.1 3373.3±235.0 11.6±0.3 4.3±0.6 3.1±0.2 5.9±0.2 12.3±1.50 2.0±0.3 3.3±0.2 0.7±0.1 70.0±3.8

Sprut 2005 0.8±0.1 7.4±0.3 1.4±0.1 486.7±63.6 780.0±23.1 3126.7±148.1 12.3±2.5 4.7±0.8 5.6±0.2 8.6±0.4 14.0±1.2 0 0 0.8±0.1 90.7±2.3

Sprut 2006 0.4±0.1 6.0±0.2 1.4±0.1 190.0±37.9 329.0±103.7 684.4±270.3 14.4±0.2 2.2±0.1 3.4±0.2 6.0±0.3 15.8±0.5 0 0 0.7±0.1 92.0±2.1

Turf 2005 0.8±0.1 6.9±0.2 1.2±0.1 465.6±84.3 497.8±86.2 2557.8±450.1 11.4±1.6 3.4±0.3 3.5±0.1 6.6±0.1 16.2±0.6 0 0 0.7±0.0 86.0±1.5

Turf 2006 0.5±0.1 6.1±0.1 1.1±0.1 173.3±10.2 388.9±8.0 826.7±24.0 13.4±0.8 3.7±0.9 2.8±0.2 5.4±0.3 18.0±0.5 0 0 0.6±0.1 92.0±1.8

Viper 2005 0.7±0.2 6.1±0.1 1.1±0.1 684.4±61.6 1113.3±92.5 5404.4±531.7 13.7±0.8 3.1±0.4 4.0±0.1 7.0±0.4 16.9±0.9 0 0 0.7±0.0 93.3±0.9

Viper 2006 0.6±0.0 5.9±0.1 1.1±0.1 191.1±4.4 424.4±37.0 1795.6±85.4 18.3±0.7 2.7±0.2 2.2±0.1 4.0±0.1 20.7±0.3 0 0 0.6±0.0 100.0±1.3

Zav15 2005 1.4±0.1 6.6±0.2 1.2±0.1 995.6±54.4 1180.0±75.1 4226.7±394.8 12.0±1.7 7.3±0.3 5.1±0.2 7.7±0.5 12.9±0.6 3.6±0.1 5.4±0.2 0.7±0.0 96.3±1.3

Zav15 2006 0.9±0.1 6.3±0.2 1.4±0.1 608.9±18.6 895.6±178.1 2795.6±454.3 11.6±0.1 4.9±0.6 3.3±0.1 5.2±0.1 13.9±0.4 2.1±0.2 3.3±0.4 0.7±0.0 73.0±0.9

Mean 2005 0.93 6.9 1.2 574.5 716 3145.6 11.6 4.5 4.5 7.4 13.9 1.3 2.2 0.7 89.5 

Mean 2006 0.65 6.2 1.2 323.0 569 2061 12.6 3.4 3 5.3 14.5 0.9 1.4 0.65 89.7 

 

MM 1 2 3 4 5 6 7 8 9 10 11 12 13 14MM 1 2 3 4 5 6 7 8 9 10 11 12 13 14

30 KDa

20 KDa
14 KDa

66 KDa

45 KDa

30 KDa

20 KDa
14 KDa

66 KDa

45 KDa

Fig. 1 Seed protein profile in pea. Arrows indi-
cate some polymorphic bands. MM) Molecular 
weight marker. 1) B2001, 2) Sprut, 3) Amarilla, 
4) DDR11, 5) C2001, 6) Zav 15, 7) Canadá A, 8) 
Marina, 9) Aparecida, 10) Erik 1, 11) Spring 
Pea, 12) Inca, 13) Turf, 14) Viper. 

 
 

131



International Journal of Plant Breeding 1(2), 129-134 ©2007 Global Science Books 

 

matching similarity matrix explained 38%, 60%, 75% and 
87% of the total variation, respectively. 

The PGA between morphological data, evaluated in 
both seasons, and the protein data showed a consensus 
value of R=56% for 2005 and R= 63% for 2006 (Fig. 2A, 
2B). 
 
DNA extraction and SRAP procedure 
 
Fifteen primer combinations were initially tested for ampli-
fication of pea genomic DNA. Eight of them showed incon-
sistent amplification or low polymorphism and were discar-
ded. Hence, the analysis of the 14 pea accessions was per-
formed with seven primer combinations. We found a total 
of 266 fragments which 162 showed variation (an average 
of 23 polymorphic bands per primer combination) ranging 
in size from 150 bp to 800 bp. The analysis of the SRAP re-

vealed a polymorphism of the 60% (Fig. 4). 
The four main eigenvalues of the PcoA on the simple 

matching similarity matrix explained 54%, 60%, 65% and 
70% of the total variation, respectively. 
 
Comparisons between morphological traits and 
SRAPs 
 
The PGA analysis between morphological and molecular 
data showed a consensus of R=56% in the first season 
(2005) and R=80% in the second, i.e. 2006 (Fig. 3A, 3B, 
respectively). 
 
DISCUSSION 
 
According to the results of the SDS-PAGE, the overall pat-
tern of seed storage-proteins shows low degree of hetero- 
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Fig. 2 Procrustes Generalized analysis between protein and morphological data in 2005 (above) and 2006 (below). 
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Fig. 3 Procrustes Generalized analysis between SRAP and morphological data in 2005 (A) and 2006 (B). 

 
MMMM Fig. 4 Srap profiles for 14 accessions of pea. 

Arrows indicate some polymorphic fragments. MM) 
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A, 8) Marina, 9) Aparecida, 10) Erik 1, 11) Spring 
Pea, 12) Inca, 13) Turf, 14) Viper. 
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geneity between the different accessions of analyzed pea. 
The PGA between morphological data, evaluated in 

both seasons, and the protein data showed a consensus 
value of 56% for 2005 and of 63% for 2006. These facts 
demonstrate that as biochemical marker storage protein is 
not very influenced by the environment. Gepts (1989) and 
Murphy et al. (1990) showed that the SDS-PAGE is a parti-
cularly reliable method because storage proteins are largely 
independent of environmental fluctuations. Nevertheless, 
according to several authors (Casey et al. 1982; Schroeder 
1982; Cousin 1983; Guéguen and Barbot 1988; Turner et al. 
1990) the variability in pea seed composition results from 
both genotypic and phenotypic factors. Ours results suggest 
that environmental conditions did have a slight effect on the 
synthesis of storage proteins. This may be mainly due to the 
synthesis of storage proteins in pea cultivars, mostly genetic 
in nature (Casey et al. 1986; Gepts 1990; Hany et al. 2000). 

Several molecular approaches have been employed to 
assess genetic diversity and taxonomic relationships. SRAP 
combines simplicity, repeatability and easy sequencing of 
select fragments in the characterization of pea germplasm 
(Espósito et al. 2007). SRAP analysis also revealed genetic 
variability between accessions but the level of polymor-
phism found was 60%, clearly superior to that shown for 
protein analysis. 

The relationship between protein and DNA markers 
showed a superior level of association when the environ-
ment conditions are stressful. The exposure to conditions of 
environmental stresses may increase the expression of 
genetic variability for productive traits. There is also evi-
dence that heritable variation in quantitative traits can be in-
creased by stressful conditions (Parsons 1987; Hoffmann 
and Parsons 1991). 

The initial intention of this study was to identify protein 
markers that could be used to separate accessions of pea but 
SDS-PAGE was not a sufficiently powerful technique to 
distinguish a specific cultivar but DNA markers provide an 
opportunity to characterize genotypes and to measure gene-
tic relationships more precisely than biochemical markers. 
Such information could be useful to determine optimal 
breeding strategies to allow continued progress in pea 
breeding. 
 
CONCLUSION 
 
Genetic diversity is the basis for successful crop improve-
ment and can be estimated by different methods such as 
protein or molecular markers but DNA markers provide an 
opportunity to characterize genotypes more precisely than 
proteins. 

Protein and SRAP markers showed a superior level of 
association with morphological traits when the environment 
conditions are stressful, suggesting that exposure to combi-
nations of environmental stresses may increase the expres-
sion of genetic variability for productive traits. 
 
ACKNOWLEDGEMENTS 
 
Financial support for this research work was provided by PICT N° 
08-14645 from the Agencia Nacional de Investigaciones Científi-
cas y Técnicas (ANCYT). 
 
REFERENCES 
 
Balzarini M, Di Renzo J (2003) Infogen: Software para análisis estadísticos de 

marcadores genéticos. Facultad de Ciencias Agropecuarias. Universidad Na-
cional de Córdoba. Córdoba, Argentina 

Baranger A, Aubert G, Arnau G, Lainé A, Deniot G, Potier J (2004) Genetic 
diversity within Pisum sativum using protein and PCR-based markers. Theo-
retical and Applied Genetics 108, 1309-1321 

Casey R, Domoney C, Ellis N (1986) Legume storage proteins and their genes. 
Plant Molecular and Cell Biology 3, 1-95 

Casey R, Sharman JE, Wright DJ, Bacon JR, Guldager P (1982) Quantita-
tive variability in Pisum seed globulins: Its assessment and significance. 
Plant Foods and Human Nutrition 31, 333-346 

Cousin R (1983) Breeding for yield and for protein content in pea. In: Thomson 

R, Casey R (Eds) Perspectives for Peas and Lupins as Protein Crops, Marti-
nus Nijhoff, The Hague, pp 146-164 

Cox TS, Murphy JP, Rodgers DM (1986) Changes in genetic diversity in the 
red and winter wheat regions in the United States. Proceedings of the Natio-
nal Academy of Sciences USA 83, 5583-5586 

Cravero V, Martin E, Cointry E (2007) Genetic diversity in Cynara cardun-
culus determined by sequence-related amplified polymorphism markers. 
Journal of the American Society of Horticulture Science 132, 208-212 

Duvick DN (1984) Genetic diversity in major farm crops on the farm and in 
reserve. Economical Botany 38, 161-178 

Esposito MA, Martin EA, Cravero VP, Cointry E (2007) Characterization of 
pea accessions by SRAPs markers. Scientia Horticulturae 113, 329-335 

Ferriol M, Picó B, Fernandez de Córdova P, Nuez F (2004) Molecular diver-
sity of a germplasm collection of squash (Cucurbita moschata) determined 
by SRAP and AFLP markers. Crop Science 44, 653-664 

Fufa H, Baenziger PS, Beecher I, Dweikat V, Graybosch RA, Eskridge KM 
(2005) Comparison of phenotypic and molecular marker-based classifications 
of hard red winter wheat cultivars. Euphytica 145, 133-146 

Gantotti BV, Kartha KK (1986) Pea. In: Evans DA, Sharp WR, Ammirato PV 
(Eds) Handbook of Plant Cell Culture (Vol 4) Techniques and Applications, 
MacMillan, New York, pp 370-418 

Gepts P (1989) Genetic diversity of seed storage proteins in plants. In: Brown 
AHD, Clegg MT, Kather AL, Weir BS (Eds) Plant Population Genetics, 
Breeding and Genetic Resources, Sinauer Associates Inc., Sunderland, Mas-
sachusetts, pp 64-82 

Gepts P (1990). Genetic diversity of seed storage proteins in plants. In: Brown 
HD, Clegg MT, Kahler AL, Weir BS (Eds) Plant Population Genetics, Breed-
ing and Genetic Resources, Sinauer Associates Inc., Sunderland, Massachu-
setts, pp 64-82 

Gower JC (1966) Some distance properties of latent root and vector methods in 
multivariate analysis. Biometrika 53, 315-328 

Gower JC (1975) Generalized procrustes analysis. Psychometrika 40, 33-51 
Guéguen J, Barbot J (1988) Quantitative and qualitative variability of pea 

(Pisum sativum L.) protein composition. Journal of the Science of Food and 
Agriculture 42, 209-224 

El-Shemy HA, Ahmed SH, Saneoka H, Fujita K (2000) Differences in com-
position of glycinin and �-conglycinin globulins in some legume cultivars. 
American Biotechnology Laboratory. Application Note 60-62. 

Heath M, Hebblethwaite P (1985) Agronomic problems associated with the 
pea crop. In: Hebblehwaite PD, Heath MC, Dawkins TCK (Eds) The Pea 
Crop: A Basis for Improvement, Butterworths, London, pp 19-30 

Hoffmann A, Parson PA (1991) Evolutionary, Genetic and Environment Stress, 
Oxford University Press, Oxford, 284 pp 

Jolliffe IT (1986) Principal Component Analysis, Springer-Verlag, Berlin, 271 
pp 

Kannenberg LW, Falk DE (1995) Models for activation of plant genetic re-
sources for crop breeding programs. Canadian Journal of Plant Breeding 75, 
45-53 

Laemmli UK (1970) Cleavage of structural proteins during the assembly of the 
head of the bacteriophage T4. Nature 227, 680-685 

Li G, Quirós C (2001) Sequence-Related Amplified Polymorphism (SRAP), a 
new marker system based on a simple PCR reaction: Its application to map-
ping and gene tagging in Brassica. Theoretical and Applied Genetics 103, 
455-461 

McClean PE, Myers JR, Hammond JJ (1993) Coefficient of parentage and 
cluster analysis of North American dry bean cultivars. Crop Science 33, 190-
197 

Murphy RW, Sites JW, Buth DG, Haufler CH (1990) Protein isozyme elec-
trophoresis. In: Hillis DH, Moritz C (Eds) Molecular Systematics, Sinauer 
Associates Inc., Sunderland, Massachusetts, pp 45-126 

Parson P (1987) Evolutionary rates under environmental stress. Journal of Evo-
lutionary Biology 21, 311-347 

Schroeder HE (1982) Quantitative studies on the cotyledonary proteins in the 
genus Pisum. Journal of the Science of Food and Agriculture 33, 623-633 

Shands HL, Weisner LE (1991) Use of plant introductions in cultivar deve-
lopment, Part I. CSSA Special Publication 17, CSSA and ASA, Madison, 
Wisconsin,164 pp 

Shands HL, Weisner LE (1992) Use of plant introductions in cultivar deve-
lopment, Part 2. CSSA Special Publication 20, CSSA and ASA, Madison, 
Wisconsin, 182 pp 

Simioniuc D, Uptmoor R, Friedt W, Ordon F (2002) Genetic diversity and 
relationships among pea cultivars revealed by RAPDs and AFLPs. Plant 
Breeding 121, 429-435 

Simmonds NW (1993) Introgresion and incorporation. Strategies for the use of 
crop genetic resources. Biological Reviews 68, 539-562 

Tar’an B, Zhang C, Warkenting T, Tullu A, Vandenberg A (2005) Genetic 
diversity among varieties and wild species accessions of pea (Pisum sativum 
L.) based on molecular markers, and morphological and physiological cha-
racters. Genome 48, 257-272 

Turner SR, Barrat DHP, Casey R (1990) The effect of different alleles at the r 
locus on the synthesis of seed storage proteins in Pisum sativum. Plant Mole-
cular Biology 14, 793-803 

 
 

134


