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Abstract

Lathyrus sativus is considered as an important economical source of high-quality proteins and adaptability to global climate
change. To detect accessions useful for future breeding strategies, the genetic variability among and within seven Lathyrus
sativus accessions was assessed by morphological characters and the in vitro digestibility study. An important genetic diver-
sity was found using various morphological traits. The significant heterogeneity revealed by variance analysis (ANOVA) and
correlation test could be elucidated by the different geographical origins of the studied accessions and the natural selection
of grass pea. The Principal Component Analysis (PCA) and Hierarchical Cluster Analysis (HCA) exhibited the accumula-
tion of several genotypes in the same cluster which confirm that these genotypes are not dispersed according to their origin.
Whereas, the individuals of grass pea from Ethiopia were collected in distinct group indicating that these samples are close
each other’s and are different from the other accessions. In the same aim, the in vitro digestion model showed that most of
the proteins were digested after 60-min incubation except the B-lathyrin protein. The different digestion kinetics found could
be used as a method to distinguish different crop accessions. In fact, the densitometry analysis of p-lathyrin protein band
showed that grass pea from Ethiopia, Germany, Bangladesh, and Morocco were more digested than grass pea from Canada,
Afghanistan, and Greece in gastric phase, and Grass pea from Afghanistan and Germany were more digested than the rest
of the samples in duodenal phase.

Keywords Grass pea - Quantitative and qualitative features - Significant variability - Gastric and duodenal digestion -
Densitometry analysis

Introduction

The cultivated Lathyrus species are considered as orphan
crops. Widely cultivated in poor countries, they constitute a
reliable resource in marginal low-input agricultural ecosys-
tems [1]. Grass pea (Lathyrus sativus L.) is one of the most
cultivated species in the genus Lathyrus because of their
economical source of high-quality proteins and adaptability
to global climate change [2]. It is considered as pasture crop,
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green fodder, animal feed, and human food [3]. Grass pea
has a special advantage over other species: its hardy and
penetrating root system allows cultivation in a wide spec-
trum of soil types, including very poor soils. Besides, grass
pea roots fix their nitrogen in the soil to provide their own
nitrogen needs which affects positively the soil nitrogen bal-
ance [4, 5]. These characteristics defined this crop as the
most potential genetic resources for feeding future breeding
programs to face the ongoing major world challenges and
climate changes [6].

The origin of L. sativus is unknown; however, their sup-
posed origin center is Southwest and Central Asia [7].

Different ways have been used to assess genetic diversity
like pedigree analysis, morphological traits, or using molecu-
lar markers [8]. Many studies based on morphological char-
acters, cytology, and enzyme electrophoresis have been used
to study the diversity of grass pea [9, 10]. In this scenario,
the assessment of digestibility and physiological effects of
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proteins is becoming progressively pertinent as novel dietary
protein sources to being explored, driven by food technological
advances, changing consumer awareness, and factors related
to cost and sustainability [11]. In vitro digestibility is a rapid
method, less labor intensive, and having significantly less
bioethical restrictions.

This study aimed to assess the genetic diversity among
and within seven populations of Lathyrus sativus using
morphological traits and to study the in vitro digestibility
of the studied grass pea flour for planning future breeding
programs.

Materials and methods
Morphological study

The experimental material comprised seven accessions of
Lathyrus sativus obtained from the International Center for
Agricultural Research in the Dry Areas (ICARDA) Syria
and Lebanon, and originating from seven countries: Can-
ada, Greece, Germany, Morocco, Ethiopia, Afghanistan,
and Bangladesh (Fig. 1); the seeds were kept in carton bags
with 100 seeds/bag. In this study, the accessions were chosen
according to the variability of the origins of each accession
itself. From a database of seed accessions of Lathyrus sati-
vus present in our laboratory, we selected all the accessions
having a different geographical origin. The seeds were sown
in Tunisia under a greenhouse in 25 cm diameter pots by ran-
domized block designed by two replicates of 10 plants each,
utilizing as substrate peat (Pindstrup plus LV10336, GHS,
Tunisia) and sand (1:1 in volume). The germination period
was from 16 November 2017 to 30 May 2018. No mineral
fertilization was applied during the growth and development
of plants. The plants were watered regularly with 200 mL
of tap water every two days. Ten plants from each popula-
tion were tagged randomly and evaluated for days to first
flowering (d), days to 50% flowering (d), maturation period
(d), days to first mature pod (d), number of pods/plant, plant
height (cm), leaflet length, length and width pod, length of
primary branch (cm), nodes number to the first bearing pod,
pod curvature, pod shape, flower color, pod curvature, seed
shape, seed coat color, and plant growth habit. All the mor-
phological traits mentioned above were scored according to
the suggestions given in the ‘‘Descriptors for Lathyrus ssp.”’
by IPGRI [12]. Additionally, the leaf area (mm?) trait was
calculated using the Mesurim software.

Biochemical study
Flour preparation

To prepare the flour from the seven Grass pea populations,
a step of grounding seeds for 5 min was performed using a
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variable speed laboratory blender (LB20ES, Waring Com-
mercial, Torrington, Connecticut, USA) to let the flour pass
through a 425-pm stainless steel sieve (Octagon Digital
Endecotts Limited, Lombard Road, London, UK). Then,
the flour samples were collected and stored in polyethylene
bags at 4 °C until used for analysis.

Protein content

The Kjeldahl method was used to extract and determine the
protein content in Grass pea flour. The amount of proteins
was determined by measuring the nitrogen content of the
material and multiplying that value by the factor of 6.25
[13]. To this aim, the samples were digested in concentrated
sulfuric acid, and then the acid was neutralized with con-
centrated sodium hydroxide, followed by distillation of the
ammonia (derived from the nitrogen of proteins) with HCI 1
N. Briefly, 0.25 g of grass pea flour were let to pass through
a sieve (cut-off 2 mm) and dried at 105 °C until the con-
stant weight was reached. When dried, the flour was poured
into the tubes with the following digestive reagent: 7 g of
potassium sulfate, 5 mg of selenium powder, 7 mL of con-
centrated sulfuric acid, 5 mL of hydrogen peroxide (35%),
and 2-3 glass beads. The solution was heated at 420 °C for
20 min and then was cooled to 50 °C, adding at the end
50 mL of distilled water. A mattress with 25 mL of boric
acid (5%) was assembled on the distillation unit and then
50 mL of sodium hydroxide (35%) were poured into the
tubes. The distillation continued until 100 mL of solutions
were collected.

The concentration of organic nitrogen was obtained by
pH titration of solution with HC1 0.1 N until the pH reached
the value of 4.7. The amount of HCI (1 mL of HCI 1N is
equal to 1.4 mg of N-NH;) used was directly proportional
to nitrogen content by multiplying with the factor value of
6.25 [13].

In vitro protein digestion

Grass pea flour was subjected to a three-stage in vitro diges-
tion by using an adult model [14-16], under simulated oral,
gastric and duodenal physiological conditions. To mimic the
oral phase digestion, 4 mL of grass pea flour (25 mg mL™!)
boiled at 100 °C for 15 min to simulate the cooking process.
Then, it was incubated for 2 min at 170 rpm and 37 °C with
amylase (150 U/mL) dissolved in 4 mL of simulated salivary
fluid (SSF, 0.15 M of NaCl, 3 mM of urea, pH 6.9). After-
ward, the samples were subjected to gastric and duodenal
digestion as described by Giosafatto et al. [14]. Briefly, ali-
quots (100 pL) of simulated gastric fluid (SGF, 0.15 M of
NaCl, pH 2.5) were placed in 1.5-mL microcentrifuge tubes
and incubated at 37 °C. 100 pL of oral samples, the pH of
which was adjusted to 2.5 with HCI 6 M, was added together
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Fig. 1 Accessions seeds of
Lathyrus sativus originating
from seven different countries

| Lathyrus sativus Canada ” Lathyrus sativus Ethiopie
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Lathyrus sativus Morocco

with pepsin (1:20 w/w respect to grass pea protein content) of 1,2, 5, 10, 20, 40, 60 min, 40 pL. of 0.5 M of ammonium
to each of the SGF vials to start the digestion reaction. The  bicarbonate (NH,HCO,) were added to each vial to stop the
ratio of pepsin to test proteins was 20:1 (w/w). Atintervals  pepsin reaction. The control was set up by incubating the
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sample for 60 min without the protease. Duodenal diges-
tions were performed using, as the starting material, the gas-
tric digests after the 60 min, adjusted to pH 6.5 with 0.5 M
Bis—Tris HCI pH 6.5. Bile salts (sodium taurocholate and
sodium glycodeoxycholate) dissolved in simulated duode-
nal fluid (SDF, 0.15 M of NaCl at pH 6.5) were added to a
final concentration of 4 mM. After equilibrating at 37 °C for
10 min, trypsin and chymotrypsin (the ratio of trypsin and
chymotrypsin with test proteins was 1:400 (w/w) and 1:100
(w/w), respectively) were added to the duodenal mix. Ali-
quots were removed over the 60-min digestion time course
and proteolysis was stopped by the addition of a twofold
excess of soybean Bowman-Birk trypsin—chymotrypsin
inhibitor above that calculated to inhibit trypsin and chy-
motrypsin of the digestion mix. The control was carried out
by incubating the sample without the proteases for 60 min.
The samples were then analyzed using the SDS-PAGE (12%)
procedure described below.

Sodium dodecylsulfate polyacrylamide gel electrophoresis
(SDS-PAGE)

2.5 pL of sample buffer (15 mM of Tris—HCI, pH6.8, con-
taining 0.5% (w/v) of SDS, 2.5% (v/v) of glycerol, 200 mM
of B-mercaptoethanol, and 0.003% (w/v) of bromophenol
blue) was added to aliquots of 10 pL of each protolyzed
sample and analyzed by 12% SDS-PAGE, as described by
Laemmli [17]. Electrophoresis was performed at constant
voltage (80 V for 2-3 h), and the proteins were stained with
Coomassie Brilliant Blue R250. Bio-Rad Precision Protein
Standards were used as molecular weight markers.

Statistical analyses
Morphological analysis

Several statistical procedures were estimated to study the
morphological diversity in seven Lathyrus sativus acces-
sions and to elucidate relationships between them. For
the morphological characterization by regions, the mean,
maximum and minimum values of different quantitative
traits were calculated. The qualitative morphological traits
of grass pea accessions were estimated. Analysis of vari-
ance (ANOVA) was treated by XLSTAT software version
2021.01.24 (Addinsoft, Paris, France), at a significant level
of p<0.01 and 95% of confidence limits. The differences
between the means values were compared using the Tukey
test (Table 3 in letters). The descriptive traits and the Pear-
son correlation analysis between all quantitative traits were
performed using the IBM SPSS Statistics software ver-
sion 20 [18]. A Hierarchical Cluster Analysis (HCA) using
Euclidean distance of Bray and Curtis following Ward’s
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method and Principal Component Analysis (PCA) were
performed using the XLSTAT Software version 2021.01.24.

Densitometry analysis of protein digestion

Densitometry analysis was carried out using Image Lab soft-
ware (version 5.2.1) from Bio-Rad Laboratories. Each SDS-
PAGE image was analyzed detecting all the lanes and protein
bands. The protein band having a Mr equal to ~45 kDa was
used to determine band intensity of gastric and duodenal
protein digestion of Grass pea flour with respect to the con-
trol that was not subjected to any treatment with both gastric
and duodenal proteases.

Results
Variation of morphological traits

The research results obtained from analyses and observation
of seventy grass pea samples indicated wide and significant
variations among and within themselves. The range, mean,
and coefficient variation percent (CV %) showed the exist-
ence of considerable variability among genotypes (Table 1).
The coefficient of variation ranged from 6.17% to 82.53%
which indicated a large variation in the studied characters.
Among the 12 traits, plant height, maturation period, leaf
area, and length of primary branch were found to have a
relatively higher coefficient of variation (37.44%, 61.38%,
64.45%, and 82.53%, respectively) than the other traits.
The differences between maximum and minimum val-
ues of the studied characters by region also exposed the
existence of diversity among samples (Table 2). Genotype
originating from Canada showed the tallest plant (183 cm),
height primary branch (109), maximum nodes per plant (33),
and maximum leaflet length and leaf area (3.8 cm, 80 mm?,
respectively), while genotype from Afghanistan showed the
least plant height and leaflet length (31 and 1.3 cm, respec-
tively). The least primary branch is obtained from Canada
accession (3 cm). Days to first flowering ranged from 99 to
153 days. Maximum days was observed in Canada accession
and minimum in Morocco accession. Similarly, days to first
fruiting varied from 118 to 158 days with maximum days
obtained from the Afghanistan population and minimum
from Ethiopia accession. Minimum and maximum days for
50% flowering were recorded at 125 and 152 days, respec-
tively. Maturation period ranged from 4 to 46 days, maxi-
mum days detected in Morocco accession and minimum in
Afghanistan accession. The highest pod length and broadest
pod (3 and 2 cm, respectively) were found in Morocco acces-
sion (Table 2). Comparing the mean values of the studied
traits, IFLA1720 and IFLA 274 accessions are presented by
the highest adult plant with higher nodes number and leaf



European Food Research and Technology (2023) 249:2419-2432 2423
Tab.le 1 . Morphological . Descriptive Range Minimum Maximum Sum Mean + SE SD Variance Coefficient
variability of 12 characters in 70 variation %
grass pea samples

pH 152.00 31.00 183.00 7263.00 103.75+4.64 38.85 1509.49 37.44

LPB 110.00 3.00 113.00 2517.80  35.96+3.54 29.68 881.13 82.53

NFP 26.00 7.00 33.00 1406.00 20.08+0.71 5.98 35.84 29.78

LL 2.70 1.30 4.00 191.30 2.73+0.07 0.66 044 2417

LA 75.69 4.89 80.57 178245 2546+1.96 1641 269.34 6445

NP 1.00 1.00 2.00 83.81 1.19+0.03 0.29 0.08 24.36

PL 1.50 1.50 3.00 150.84 2.15+0.03 0.27 0.07 12.55

PW 1.50 0.50 2.00 69.83 0.99+0.02 0.21 0.04 21.21

DFF 54.00  99.00 153.00 9471.23 13530x1.64 13.74 189.05 10.15

DFM 40.00 118.00 158.00 10,213.80 14591+1.06 8.89 79.11 692

MP 42.00 4.00 46.00 857.90 12.25+0.89 7.52 56.65 61.38

DF 27.00 125.00 152.00 10,120.00 144.57+1.06 8.92 79.66  6.17

PH plant height; LPB length of primary branch; NFP nodes number to the first bearing pod; LL leaflet
length; LA leaf area; NP number of pods per plant; PL pod length; PW pod width; DFF days to first flower-
ing (d); DFM days to first mature pod (d); MP maturation period (d); DF days to 50% flowering (d)

size, and later maturation pods. IFLA 242 is characterized
by the least high plant but highest branch length, few nods,
small leaves, and later flowering. IFLA 2636 and IFLA 134
are categorized by medium height plant and branch, some
nodes, small leaves and pods, and few days to mature pods.
IFLA 160 is presented by least height plant and branch, few
nodes, small leaves and pods and few days to first flowering.
IFLA 479 is described by highest plant and medium branch,
more nodes, big leaves, and early flowering (Table 3). Those
characteristics showed the high diversity among and within
accessions.

Analysis of variance (ANOVA) test was used to determine
the effect of geographic origin, pod shape, flower color, and
pod curvature on all the quantitative morphological char-
acters. This ANOVA test (Tukey Contrasts) confirmed the
obtained results and revealed statistically significant differ-
ences between genotypes for all morphological traits based
on the effect of geographic origin at p <0.01 (Table 3). The
effect of pod curvature and flower color were significantly
different for PH, LPB, NFP, LL, PN, and PW. Significant
effect of pod shape was observed on all quantitative traits
except on LPB and PN (Table 3). These results revealed an
important inter-population variability for the different stud-
ied quantitative traits.

Based on geographic origin, the Tukey test subdivided
our populations into two groups for the pods number, the
length of primary branch, the leaf length, and pod width.
It subdivided them into three groups for the leaf area, the
plant height, pod length, days to first mature pod, days to
first flowering and maturation period, and into four groups
for the nodes number (Table 3).

Regarding qualitative traits, Grass pea Morocco, Can-
ada, and Ethiopia are characterized by curved pod, broad
elliptical pod shape, and violet-blue flowers. Grass pea

Afghanistan is distinguished by pink flowers, broad linear
pod shape, and slightly curved pod. Grass pea Bangladesh
and Germany have broad linear pod shape, curved pod, and
violet-blue flowers. Grass pea Greece is presented by beaded
pod shape, curved shape, and violet-blue flowers. All acces-
sions are characterized by rhomboid seeds, red—purple seed
coat, and semi-erect growth habit (Table 4).

Additionally, the Pearson correlation results had con-
firmed this diversity. The plant height was highly correlated
with primary branch length (—0.610), nodes number (0.706),
leaflet length (0.299), leaf area (0.246), pod width (0.262),
days to first mature pod (—0.176), and days to 50% flowering
(—0.316). Length of primary branch was positively associ-
ated with maturation period and negatively associated with
nods number and pod width. A significant correlation of
nods number with leaflet length, leaf area, pod length and
width, days to first mature pod, and days to 50% flowering
was also recorded. Leaf length was negatively correlated
with days to first flowering, maturation period and days to
first and 50% flowering, and positively correlated with leaf
area and pod width. On the other hand, a significant cor-
relation was observed between leaf area, pod length, and
maturation period, between pods number, pod length, and
days to first flowering. A negative correlation was also
found among pod length, days to first flowering, and days
to the first mature pod (Table 5). Also high correlation was
observed among days to first flowering, first mature pod,
50% flowering and maturation period.

To study the genetic relationships between Lathyrus
sativus accessions based on 12 quantitative morphological
parameters, PCA and HCA were performed. The Principal
Component Analysis (PCA) (Fig. 2) allowed the original
variables to be condensed into a lower number of independ-
ent variables. All quantitative characteristics were selected
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Table 2 Minimum and maximum values of some quantitative traits by regions in grass pea accessions

PL(cm) PW(cm) DFF (d) DEM (d) MP() DF(@d)

NP

LPB (cm)  NFP LL (cm) LA (mm?)

PH (cm)

Origin

Accession code

149
139
148

3+25

05+2 99+150 145+ 156 5+46
05+1

0.5+09

05+1
07+1.2

1.5+3
1.5+2

3+109

4440

83+160

Morocco

IFLA 1720

4427
T+8

1

146 +155

121+153

+80

13+33
9+20

8+100

Canada 45+ 183

IFLA 274
IFLA242

139+158
148 +151

134+148
1141+ 151

1.5+25

1+£2

16

31+128
53+148

Afghanistan

152

+98

Bangladesh

IFLA 2636
IFLA134

149

+ 141+ 151 147152 5+6

1.5+25

24+96
5+28

60+154

Greece

150
125

2+3 05+1 100+150 142+150 8+12
125+133

1+1

T+21 6+19

42+141

Germany

IFLA 160
IFLA479

4+39

110+136

1+1.5

4446

62+171

Ethiopia

PH plant height; LPB length of primary branch; NFP nodes number to the first bearing pod; LL leaflet length; LA leaf area; NP number of pods per plant; PL pod length; PW pod width; DFF

days to first flowering (d); DFM days to first mature pod (d); MP maturation period (d); DF days to 50% flowering (d)

to display the discriminative analysis of the PCA as pre-
sented in the factors map (Fig. 2b). The percentage of vari-
ability revealed that the first two PCs accounted for 48.21%
of the whole variation observed in the dataset. The first
axis explained 29.68% of the variability. The second axis
explained 18.53% of the variability (Fig. 2a). The projection
of genotypes in the PCA map revealed the presence of three
major groups. The group I gathers all Ethiopian samples.
Group II consists of the samples of grass pea originating
from Canada and Morocco. The third group regrouped the
rest of the genotypes originating from Afghanistan, Ger-
many, Greece, and Bangladesh with one samples from Can-
ada. In this study, all samples appeared distributed in the
PCA plot without clear segregations.

However, the results obtained from the constructed den-
drogram via the Hierarchical Ascending Classification iden-
tified three major groups (Fig. 3). The first group englobes
the majority of grass pea Afghanistan with two samples from
each Canada, Bangladesh, and Greece. The second group
includes the majority of grass pea Ethiopia regrouped in
one sub-clade, five samples of grass pea Morocco, five sam-
ples from Canada, two from Bangladesh, one from Greece,
and one from Germany regrouped in another sub-clade.
The third group contains a large number of samples belong-
ing to six countries. It was subdivided into two clads, one
clade regrouped the majority of grass pea Bangladesh, and
Greece with some individuals from Morocco, Afghanistan
and Canada. The second clade was formed by all samples
of grass pea Germany with two samples from Ethiopia and
one from Afghanistan.

Protein analysis: content and in vitro digestion

Using the Kjeldahl method, the protein content of the seven
grass pea accessions ranged between 23% and 25% with
standard deviation equal to1.050 (Table 6). Grass pea Ger-
many was 23.04% and grass pea Morocco was 25.5%.

After checking that the flour has a protein tenor, the
concentration of seven grass pea proteins was visualized
by SDS-PAGE. Grass pea Canada and Afghanistan (25%
protein) seem to be more condensed than the rest of acces-
sions (Fig. 4).

To study the digestibility by the human gut of different
accessions of grass pea, oral, gastric, and duodenal digestion
experiments were performed under physiological conditions
[14,19].

The SDS-PAGE profiles of digestibility of all grass pea
accessions showed that the most of proteins are digested
after 60-min incubation at the gastric phase, except
the ~45-kDa protein which is even in the duodenal phase
and was not completely digested. For example, the SDS-
PAGE profile of digestibility of grass pea Afghanistan
(Fig. 5) exhibited clear digestion of all proteins for both
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Table 3 Mean values and analysis of variance (ANOVA) of different traits

Descriptions  pH LPB NFP LL LA PN PL PW DFF DFM MP DF
Unit (cm) (cm) (n) (cm) (mm® (0 (cm) (cm)  (d) (d (d) (d
IFLA 1720 1275a 152b 247ab 29a 45a 1.2ab 1.8¢c 1.1a 1337ab 1495ab 17.2ab 149 a
IFLA 274 124.8 ab 41 ab 252 a 3.1a 409ab 1b 2 be la 136.4ab  1519a 19.6 a 139 a
IFLA242 68.4 c 70.5a 13.8d 19b 283bc 1l4a 2 be 06b 1415a 150 ab 12 abc 148 a
IFLA 2636 102.4abc  39ab 20 abc 24ab  158¢ 1b 22ab  la 145.5a 1495ab 7.5¢ 152 a
IFLA134 94.7 abc 43 ab 19 bed 2.8a 159¢ 1.3ab  2.1b la 146.7 a 148.6ab 5.6¢ 149 a
IFLA 160 81.6 bc 154b 153cd 28a 14.8 ¢ 1b 25a la 124.6bc 146 b 10 be 150 a
IFLA479 126.9 ab 274b 226ab 3a 17¢ l4a 22ab 1l.la 118.6¢c 1258 ¢ 13.8abc  125a
Ps £ ns skek sk sksk ns 3 3 skek £ sk 3
PC K ok oK K ns K ns oK ns ns ns ns
FC ok e o e ns ok ns e ns ns ns ns

PH plant height; LPB length of primary branch; NFP nodes number to the first bearing pod; LL leaflet length; LA leaf area; NP number of pods
per plant; PL pod length; PW pod width; DFF days to first flowering (d); DFM days to first mature pod (d); MP maturation period (d); DF days
to 50% flowering (d); PC pod curvature; PS pod shape; FC flower color; OC origin country

ns and ** indicates that the ANOVA test is not significant or significant at p <0.01, respectively. The Tukey test results are presented by letters
(a, b, ¢, and d). Populations with the same letters did not show significant variability

Table 4 Estimation of some qualitative morphological traits of grass pea accessions

Accession code  Country of origin  Pod curvature Pod shape Flower color  Seed shape  Seed coat color  Plant growth habit
IFLA 1720 Morocco Curved Broad-elliptical ~ Blue Rhomboid ~ Red—purple Semi-erect
IFLA 274 Canada Curved Broad-elliptical ~ Blue Rhomboid ~ Red—purple Semi-erect
IFLA242 Afghanistan Slightly curved  Broad-linear Pink Rhomboid ~ Red—purple Semi-erect
IFLA 2636 Bangladesh Curved Broad-linear Blue Rhomboid ~ Red—purple Semi-erect
IFLA134 Greece Curved Beaded Blue Rhomboid ~ Red—purple Semi-erect
IFLA 160 Germany Curved Broad-linear Blue Rhomboid  Red—purple Semi-erect
IFLA479 Ethiopia Curved Broad-elliptical ~ Blue Rhomboid ~ Red—purple Semi-erect
Table 5 Pearson correlation test of 12 quantitative traits

PH LPB NFP LL LA NP PL PW DFF DFM MP
LPB  -0.610%*
NFP 0.706%*  —0.475%*
LL 0.299*  -0.129 0.297*
LA 0.246* 0.010 0.356%* 0.277*
NP —0.004 0.071 0.019 -0.176 0.013
PL —-0.200 —0.007 —0.353%* 0.201 —0.379%*  —0.241*
PW 0.262%  —0.294* 0.325%* 0.514%* 0.198 0.004 0.087
DFF  —0.203 0.179 —0.094 —0.259% 0.231 —0.342%*%  —-0.360** —0.297*
DFM 0.176 —0.045 0.269* 0.118 0.438%* 0.210 —0.288* 0.305*  —0.048
MP —-0.188 0.256*  —-0.100 —0.369**  —0.085 —-0.168 -0.220 —0.373%%* 0.599%* —(.438%*
DF —0.316%* 0.059 —0.299*  —0.307%** 0.004 -0.214 —-0.013 —0.165 0.783%* —0.274*  0.475%*

PH plant height; LPB length of primary branch; NFP nodes to the first bearing pod; LL leaflet length; LA leaf area; NP number of pods per
plant; PL pod length; PW pod width; DFF days to first flowering (d); DFM days to first mature pod (d); MP maturation period (d); DF days to
50% flowering (d)

**, *Correlation is significant at the 0.01 and 0.05 levels, respectively
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a Observations (axes F1etF2: 48,21 %)
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Se : grass pea Ethiopia
Sa I grass pea
Afghanistan
a4 Sc: grass pea Canada
Sgy: grass pea Germany
Sg: grass pea Greece
2
= sgy7 _ Sgy4
) %
m‘ +5BY8 sgs.sgiafﬂyq’,;y‘tf
) sa7 o sgyl
= . sa8 ]
o ‘ sg1°% sgy
w ’ sg3, s
osal 589 oyl
0 ®5a5 o T o
sa10 sc? 13}’;’38 sgd
-
| Group i _
-
KiSse" o
2
4
-6 4 -2 0 2 4 6 8
F1(29,68 %)
b Variables (axes F1 et F2: 48,21 %)
1 e ;
Pod length
0,75 L
0,5
g 0,25 Length of primary Number of pods per
S branch plant Leafletlength
Y :
o —a Pod width
=
o Maturation period
irst
Leafarea

-0,25

0 0,25 0,5

0,75

F1(29,68 %)

Fig.2 PCA plot of seventy Lathyrus sativus samples based on the
first two principal axes accounting for 48.21% of the total genetic
variation (first axis=29.68% and second=18.53% of total variation)

phases except the ~45-kDa protein. The SDS-PAGE pro-
file shown in Fig. 5 evidences that the 45-kDa protein band
(as indicated by the arrow) resulted in rapid breakdown
and proteolytic product appeared within 1-min incubation
with pepsin. However after 1-min digestion with pepsin,
the protein seems stable to be hydrolyzed by both gastric
and duodenal proteases. The density of digestibility of this
protein was different from one variety to another. In fact,
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based on 12 quantitative parameters. a Individuals factor map (PCA);
b variables factor map (PCA)

grass pea Ethiopia, Germany, Bangladesh, and Morocco
were more digested than grass pea, Canada, Afghanistan,
and Greece (Fig. 6) in the gastric phase. On the other hand,
grass pea Afghanistan and Germany were more digested
than the rest of the samples in the duodenal phase (Fig. 7).
The ~45-kDa protein is probably the p-Lathyrin (7S globu-
lin) made up of several polypeptides of different molecular
weights (14-66 kDa). The double band observed is due to
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Fig.3 Dendrogram constructed by Chi-square distance using Ward’s method, to study the relationships among the seven Lathyrus sativus acces-
sions based on 12 quantitative characters
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Table 6 The protein content of
eight grass pea flour measured

with Kjeldahl method % Of protein 25,367 24,846 25387 23,181 24442 23,041 25,562

Origin Afghanistan  Greece  Canada  Bangladesh  Ethiopia  Germany  Morocco

Std Ethiopla Canada Greece Afghanistan Germany Morocco Bangladesh
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Fig.4 SDS-PAGE analyses (12%) of seven accessions of grass pea proteins
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Fig.5 SDS-PAGE 12%. Of gastric and duodenal digestion of grass pea Afghanistan
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Fig.6 Densitometry analyses of 1,2

gastric digestion of seven grass = Germany
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Fig.7 Densitometry analyses
of duodenal digestion of seven
accessions of grass pea
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the fact that at least two of the subunits of p-lathyrin are
glycosylated [20].

Discussion

In the context of selection and conservation of the most
promising accessions, the estimation of morphological
and biochemical variability of seven grass pea accessions
was analyzed. An important intra- and inter-population
diversities were found in the studied L. sativus accessions
using various quantitative and qualitative morphologi-
cal analyses. Mean, range, and coefficient of variation in
quantitative traits are widely used to determine variations

within and between populations [21, 22]. In our study,
the observed variability was confirmed by the minimum
and maximum values, mean, and especially by the coef-
ficient of variation. The greatest variability as expressed
by the coefficient of variation for all the studied popula-
tions was founded in plant height, maturation period, leaf
area, length of primary branch. The least variability was
that relating to the dates of blooming and maturing first
pod (Table 1). Similar results were obtained by Rybifiski
et al. [23] using different morphological traits of grass pea
accessions originating from European countries. However,
according to De la Rosa and Martin [24], the lesser varia-
tion founded on grass pea Spain was due to the restriction
of the geographic origin of the used collection. In fact,
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the high variability in plant, pod, and seed traits found by
Jackson and Yunus [25] supports our results and assumes
that the great variation obtained by the studied L. sativus
accessions is due to their various geographical repartitions
as well as selection by man.

According to qualitative traits, the pod shape character
subdivided our populations into three groups: grass pea
Morocco, Canada, and Ethiopia which were regrouped into
a group with a broad elliptical pod. Afghanistan, Bangla-
desh, and Germany populations were collected in a group
that has broad linear pod, and grass pea Greece in a distinct
group has beaded pod. While, flower color and pod curva-
ture divided our accessions into two groups: one has a pink
flower and slightly curved, and one has violet-blue flower
and curved pod (Table 4). In fact, the array of variation in
the studied L. sativus based on qualitative traits was pod
shape, flower color, and pod curvature. However, the pattern
variation described by Jackson and Yunus [25] and Vavilov
[26] was flower color and seed coat color.

Moreover, the obtained results of analysis of variance
(ANOVA) based on the effect of geographic origin, pod
shape and curvature, and flower color showed significant
variability among and within accessions. This heterogene-
ity could be explained by the large distribution area of our
plants and their adaptability to abiotic and biotic stress [27].
Similarly, the presence of a strong significant correlation
among the studied traits could be due to natural selection
between samples within a population [21].

To study the phylogenetic relationships between the stud-
ied grass pea, the clustering pattern by Principal Compo-
nent Analysis (PCA) (Fig. 2) was in accordance with the
grouping pattern by Hierarchical Cluster Analysis (HCA)
(Fig. 3). These two models showed the accumulation of a
large number of genotypes from different geographic origins
in the same cluster which indicate that studied genotypes
are not distributed according to their origin as reported in a
previous study where 107 grass pea genotypes from differ-
ent geographic origin were analyzed and the founded results
confirmed that the natural distribution was completely dis-
connected from their cultivation [28]. Whereas, in PCA the
individuals of grass pea Ethiopia were collected in distinct
group (group I), which indicate that these samples were very
close between themselves and diversified regarding the other
accessions. The same results were obtained by Tsegaye [29]
in which the samples of grass pea Ethiopia were regrouped
into an individual group.

With the aim of selection and conservation of the most
promising accessions, the in vitro digestion models were
established to serve as research tools to characterize and
clarify the structural and biochemical changes of food com-
ponents under physiological conditions, caused by alimen-
tary enzymes [30].

@ Springer

As a first step for biochemical characterization of our
plants, the determination and visualization of different
protein content in the studied Lathyrus sativus acces-
sions were made. All samples possess a similar protein
content with no significant differences and the average of
protein ranged between 23% and 25%. Then the oral, gas-
tric, and duodenal in vitro digestion protein was studied
for seven accessions of grass pea. Most of the proteins
were digested in the gastric environment after 60 min incu-
bation with pepsin, except of the protein band having a
M~ 45 kDa likely corresponding to lathyrin protein [31].
In fact, the densitometry analysis of the 45-kDa protein
band showed that grass pea Ethiopia, Germany, Bang-
ladesh, and Morocco were more digested than grass pea
Canada, Afghanistan, and Greece (Fig. 6). Another study
focused on grass pea Italy found that this variety was com-
pletely digested during the gastric phase for both adult and
elderly models [32]. Hence, the proteins treated for 60 min
with the pepsin was subjected to duodenal digestion. The
densitometry analysis of the seven grass pea accessions
showed that the 45-kDa protein, the pf-lathyrin, was slowly
digested and even after 60-min duodenal digestion is still
present. However, this protein from grass pea Afghanistan
and Germany accessions seems to be more digested than
the rest of samples. It is worthy to mention that -lathyrin
contains IgE-binding epitopes and hence is considered as
an allergenic protein, and probably this is in line with its
resistances to protease hydrolysis. f-lathyrin was found to
be in common with other legume allergens and conserva-
tion of IgE-binding epitopes among the different legume
allergens may be responsible for the observed phenomenon
of cross-reactivity [31].

Conclusion

Morphological traits are affected by environmental factors
and the stage of development of the plant, and, as a conse-
quence, they do not entirely explain the genetic diversity
among samples or accessions. However, it is important to
use morphological data to evaluate qualitative and quanti-
tative characters in plant breeding [33]. Due to the various
geographic distributions of the studied L. sativus accessions
and their selection by man, an important intra- and inter-
population diversities were found using quantitative and
qualitative morphological features. The phylogenetic rela-
tionships obtained among the seven accessions of grass pea
were completely disconnected from their cultivation origin.
The in vitro digestibility was similar showed among all the
investigated samples even though different digestion kinetics
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were found, indicating that this kind of investigation could
be used as a method to distinguish different crop accessions.
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