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Abstract

Grass pea (Lathyrus sativus L.) is a less common and nearly forgotten crop
in many countries, including Slovenia and Serbia. In the present study, genetic
analysis and seed characteristics of the collection of 21 grass pea accessions from
Southeast Europe were examined. The collection was produced in an open-field
experiment in two countries/ locations, i.e. Slovenia/Ljubljana —Jablje and Serbia/
Novi Sad — Rimski San&evi, during the 2019 growing season. To analyse genetic
diversity, specific high polymorphic SSR markers were applied. Initial screening at
12 species-specific SSR loci using binary data revealed great genetic diversity
among the grass pea accessions within a collection and three genetic groups were
formed. Differences in seed size were measured using descriptors for seed length,
width and thickness, and 100-seed weight. Furthermore, several seed colour
characters using IBPGR descriptors were visually assessed. The average seed
length, width, and thickness of the seeds in the collection were 9.0 mm, 8.3 mm,
and 5.4 mm, respectively, while 100-seed weight ranged considerably from 11.7 g
to 38.9 g. The highest differences between growing location were seen for 100-seed
weight where the coefficient of variability reached 23.5%. The examined grass pea
accessions had less monochromatic (one colour) and more colourful seeds, with
two or three colours. Based on the seed coat colour accessions were classified into
several groups, the most numerous being yellow-white and yellow-green seeds. The
data obtained will be the basis for describing Lathyrus sativus genetic resources in
databases. Further genetic studies such as next-generation sequencing are suggested.
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Introduction

Grass pea (Lathyrus sativus L.) belongs to Fabaceae (Leguminosae) family
and is the only species from the genus Lathyrus that is widely cultivated as a food
crop (Shiferaw et al., 2012). It is a robust self-pollinated legume that can survive in
harsh climate conditions and be survival food during drought-triggered famines.
Grass pea is a typical orphan or underutilised crop although it plays a significant
role in nutrition security in many developing countries (Lambein et al, 2019). The
domestication of grass pea began in the Balkan peninsula as the result of its
expansion from the Near East that is the probable origin of domestication (Asadova
et al., 2020; Hobdari and Gixhari, 2017; Chowdhury and Slinkard, 2000). Using the
pyrosequencing techniques, a large-scale microsatellite approach was developed for
Lathyrus sativus (Yang et al., 2014). SSR (Simple Sequence Repeats) markers can
potentially make a significant contribution to the genomics enabled improvement
of grass pea. Compared to other agronomically important plant species, SSR markers
are the most frequently employed to assess intra- and inter-specific genetic diversity and
its genetic structure (Pipan and Megli¢, 2019; Pipan et al., 2018; Sinkovi¢ et al., 2017).

Plants of grass pea are herbaceous annuals with upright, 20-90 cm high
stems, that often lie down. The flowers are solitary and axillary, usually reddish-
purple, pink, blue, or white coloured. A few centimetres long oblong pods typically
contain from two to five seeds that are white, greyish-brown, or yellowish, and usually
marbled or dotted (Girma and Korbu, 2012). Detailed descriptors for Lathyrus spp.
were developed by the International Plant Genetic Resources Institute (IBPGR) with
the purpose of conservation and use for the benefit of present and future generations
(Pandey, 2000). The Lathyrus sativus collection from several Southeast European
gene banks was established and cultivated within research activities of the two
countries, i.e. Slovenia and Serbia. A genetic diversity study was performed along
with measures of seed characteristics from both production locations. Genetic association
between the accessions was established according to species-specific SSR markers
using binary data. Multiplication and evaluation of the unexplored Lathyrus
sativus collection is the initial step for future utilization and breeding proposes.

Material and Methods

The grass pea collection comprised 21 accessions obtained from six
Southeast European national plant gene banks: from Portugal (3 accessions;
ISOP1177, ISOP1189, ISOP1190), B&H (6 accessions; GB00954, GB00999-
GB01003), Romania (2 accessions; SVGB19385, SVGB20803), Serbia (7 accessions;
KL2, KL4, KL5, KL7-KL10), Bulgaria (2 accessions; BGR40415, BGR43334),
and Slovenia (1 accession; SRGB5486). This collection was sown and cultivated in
the experimental fields in Slovenia (Jablje; 302 m a.s.l.; 46.08°N 14.33°E) and
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Serbia (Rimski Sancevi; 84 m a.s.l.; 45.20°N 19.51°E). The field trial was
performed in 2019 according to the established production technique in each
country. The climate data obtained from the national meteorological data service
centres for two experimental sites during the growing season are presented in Fig. 1.

Jablje, Ljubljana, Slovenia Rimski Sancevi, Novi Sad, Serbia
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Fig. 1. Climate data for experimental sites during the growing season of 2019

The field experiment was carried out under open-field conditions with
10 plants/ accessions at each location. In the initial phase of growth young leaves
from four individual plants/ accessions were sampled for the genetic analysis.
DNA extraction was performed on a MagMax isolation robot using BioSprint96
Plant kit (Qiagen) under optimized manufacturer’s instructions. To distinguish
Lathyrus spp. accessions, a genotyping procedure by Wang et al. (2015) was
performed using 12 SSR markers (G5, G9, G26, G67, G157, G17922, G18078,
G18109, G18308, G18549, G19207, G19337, G15771, G18200, and G17243). The
optimal PCR mixtures, applied chemistry, and PCR conditions for each specific
marker modifying with M13 label were used as described by Pipan and Megli¢
(2019); Megli¢ and Pipan (2018). From the agarose gel results (1,4%; EtBr staining,
100 bp DNA ladder), a binary matrix was performed for the combination of 12
analyzed loci. Genetic associations of grass pea accessions were analyzed according
to the Nei’s standard genetic distance (Nei, 1972) and UPGMA (Unweighted Pair
Group Method with Arithmetic mean) clustering method calculated in FreeTree
software (Pavlicek et al., 1999) and visualized using TreeView (Page, 1996).

Seed characteristics were measured using air-dried grains of individual grass
pea accessions produced within each country. The following quantitative characters
were evaluated: seed length (mm), seed width (mm), seed thickness (mm), and 100-
seed weight (g). These were measured on 10 individual representative seeds of each
sample using digital Vernier calliper readings to 0.1 mm. 100-seed weight was
determined in four replicates using an electronic laboratory-scale weight to 0.01 g.
The qualitative characters were the number of colours, seed coat colour, seed coat
pattern, and seed coat pattern colour, and were evaluated visually using IBPGR
descriptors. Results of seed characteristics were analysed using the MS Excel
program where the statistics included mean, minimum, maximum, standard
deviation (SD), and coefficient of variation (CV).
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Results and Discussion

Genetic association results, i.e. the Nei’s standard genetic distance and
UPGMA clustering method, of analysed grass pea samples within the genus Lathyrus
spp. are presented in the form of a dendrogram in Fig. 2. Three specific genetic
groups were formed. The accession GB1001 stands out the most based on genetic
background, followed by GB1001, KL4, GB00954, GB01000, and ISOP1190,
which together form the first diverse group. The second group of genetic resources
is the largest and consists of 11 genetic resources (ISOP1190, GB00999, GB01002,
SVGB19385, SVGB20803, KL2, KL5, KL7, KL8, KL,9 and BGR43334). The
third genetic group includes five accessions, namely 1ISOP1177, GB01003, KL10,
BGR40415, and SRGB5486. Compared with worldwide Lathyrus spp. germplasm,
a model-based population structure analysis divided the germplasm resources into
three subgroups: the relative species, the grass pea from Asia, and the grass pea from
Europe and Africa. Within the cultivated species, European and African accessions
were aggregated together and partially overlapped with some Asian accessions
due to the possibility of flow between the two subgroups (Wang et al. 2015).
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Fig. 2. Genetic association of grass pea samples within the collection.
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A total of 8 quantitative and qualitative descriptors considering the
seeds were evaluated for the collection of 21 grass pea accessions originating
from Southeast Europe. Table 1 summarises the statistics of the 4 quantitative
seed characteristics for this collection for an individual country and as the
means. The means for seed size characteristics produced in Slovenia were
recorded for seed length 9.4 mm, seed width 8.7 mm, seed thickness 5.4 mm,
and 100-seed weight 26.0 g. For the seeds produced in Serbia, the means were
as follows: seed length 8.7 mm, seed width 7.9 mm, seed thickness 5.4 mm, and
100-seed weight 22.4 9. The results showed that the seeds of grass pea
accessions grown in Slovenia were rather longer and wider but not thicker,
while the seed weight was to some extent higher. Regardless of the production
country, the highest coefficient of variation was calculated for the 100-seed
weight (23.5%), followed by seed width (12.6%), and seed length (11.1%).

Tab. 1. Summary statistics for numeric seed characteristics in the grass pea collection

Numeri_c . Country_ of Units Min-Max Average+=SD CV (%)
characteristic production

Slovenia 7.6-11.4 94+1.0 10.1

Seed length Serbia mm 7.2-11.3 8.7+0.9 10.3
Average 7.2-11.4 9.0+1.0 11.1

Slovenia 6.7 -10.8 87+1.1 12.2

Seed width Serbia mm 6.4-104 7.9+0.9 114
Average 6.4 -10.8 83+1.1 12.6

Slovenia 49-6.0 54+0.3 5.8

Seed thickness Serbia mm 42-59 5.3+0.5 8.7
Average 42-6.0 54+£04 7.4

Slovenia 185-34.4 26.0+4.5 17.2

100-seed weight Serbia g 11.7-38.9 22.6 +6.3 27.8
Average 11.7-38.9 24357 235

SD - standard deviation; CV - coefficient of variation.

The frequency distributions for four characteristics related to the seed
colour are shown in Fig. 3. The observed grass pea genetic resources had a
different number of colours within the individual accession: one (5 accessions),
two (9 accessions), and three colours (7 accessions). The most common seed
coat colours were yellow-white, yellow-green, brown, and green mottled. The
seed coat pattern was absent for 11 accessions and present as a mixture for
10 accessions. The most common seed coat pattern colours were green, brown,
and black.
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Fig. 3. Frequency distributions for descriptive characteristics related to seed colour
in the grass pea collection

Conclusion

The grass pea collection from Southeast Europe showed high genetic
diversity and seed characteristics variability was not influenced by the country
of genetic origin. Three specific genetic groups were formed based on the
genetic analysis using 12 SSR markers. The most variable characteristics
between seeds produced in Slovenia and Serbia were found for seed size, 100-
seed weight, and seed coat colour. Grass pea accessions within the collection
had less monochromatic and more colourful seeds, with two or three colours.
The most represented seed coat colours were yellow-white and yellow-green.
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['enercka pazHonmMKoCT Kosekmumje Lathyrus sativus L. u ocodune
3pHa npousBeaeHor y Cnoennju u CpOuju

JloBpo Cunkosuu®”, bap6apa ITunan®, Anexcanapa Casuh 2, Mupjana Bacuh 2,
Bnagumup Mermny®

Yowonpuspeonu uncmumym Crosenuje, Odjesmerve 3a nomonpuspedy,
Xopmuxyamypy, cenemuxy u onnemenusarne, SI-1000 Jbyb.wana, Cnosenuja
2Uncmumym 3a pamapcmeso u nospmapcemso, 21000 Hoeu Cao, Cp6uja

Caxerak

Cacrpuria win rpax mnosbak (Lathyrus sativus L.) je pjeha u roroso
3a00paBJbeHa KyJITypa y MHOTHM 3eMJbaMa, YKIbydyjyhu Crnosenujy u Cpoujy. ¥
0BOM pany ypal)eHe cy TeHETCKe aHaju3e W IMpoydeHe cy OcoOMHE cjeMeHa y
OKBHUPY KOIeKIHje of 22 y30pka cactpuie u3 jyrouctoune Espomne. Konekmumja je
y3rajaHa Ha OTBOPEHOM TOJbY y 00e 3emibe/nokanuje, 1j. Craosenuju/Jbydspana —
Jabme u Cpouju/Hosu Cax — Pumcku IllangeBu, Tokom Bererarje 2019. romume.
3a aHanM3y TEHETCKE PAa3HOIMKOCTH MPHMHUJEHEHO j€ JIBAHAECT CIEeNU(DUIHUX
BUCOKO rormmMopdHrX SSR Mapkepa. [lodeTnu mperien MUKpOCaTEMTHIM MapKepruMa
OTKPHO j€ BEJIMKY TeHETCKY Pa3HOJIMKOCT Mel)y y3opaka cactpuiie yHyTap KOJEKIHje.
Ha ocHoBy Tora y3opiu cy ce pa3iojuwin y Tpu crneuuduune rpyne. Pasiuke y
BEJIMYMHH 3pHA NPUKa3aHe Cy MPEeKo AyXKuHe, mupuHe, nedssune u mace 100 3pHa
npeMa JECKpUNTOpY 3a aHalu3y TeHEeTCKMX pecypca cactpuie. [lopen Ttora,
BU3YEJIHO je MpPOIHjeHhEHO HEKOJIMKO ocobumHa Ooje 3pHa. [Ipocjeuna nyxwuHa,
mupuHa U 1e0JbMHA 3pHA y Koneknuju n3nocuina je 9,0 mm, 8,3 mm u 5,4 mm,
nok je maca 100 3pHa 6una y pacnony ox 11,7 g mo 38,9 g. Hajeehu yrumaj mjecra
rajema 3a0ubekeH je kox Mmace 100 3pHa, a xoeWIMjEeHT BapujaOHIIHOCTH
nmocturao je 23,5%. McnurtuBaHu y30pIM CacTpUIle Cy MamHUM [IHjeIOM HUMald
jemHoOojHa 3pHa, a Behum AujenoM mapeHa, oa nBuje wiu Tpu 0oje. Ha ocHOBy
0oje cjeMeHOr OMOTaya CBPCTalM Cy CE€ Yy BHIIE rpyma, a HajOpojHuja Ccy Owia
KyToOHjena M KyToseneHa 3pHa. JJoOujenn momarm Ouhie OCHOBa 3a ONMUCHBAE
TeHeTHYKHX pecypca Lathyrus sativus y 6azama nmopataka u mpemiaxy ce Jabma
TeHETCKa HCTPaKHBAba MOMYT CeKBEHIMpama cibenehe renepariuje.

Kwyune pujeuu. neckpuntop, TeHETCKa Pa3HOIMKOCT, CACTPHLIA, BETUIMHA
3pHa, SSR mapkep.
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