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Abstract

Bitter vetch (Vicia ervilia (L.) Willd) is a minor crop in the traditional agroecosystems of north-western Morocco. Polymorphism of
microsatellite and morphological markers were used to investigate 19 Moroccan landraces by morphological and molecular markers.
Thirteen morphological characters of the seed and pod showed great variability and differentiation between ecotypes. Eight
microsatellite loci were used to study the genetic structure and diversity of bitter vetch landraces. SSR markers were very
polymorphic and evidenced strong heterozygosity (Hy=0.662). Heterozygote deficiency in relation to the regime self-fertilizing
species was observed. A high level of diversity was observed within populations (81.72%) while and only 18.28% among population.
The differentiation of ecotypes is relatively important and there is little isolation by distance. Because of the rarity of this culture it is
important to support ex situ and in situ conservation initiatives of these genetic resources.
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Introduction

Bitter vetch, Vicia ervilia (L) Willd is an ancient farming practices within the traditional agro-ecosystem of the
domesticated legume crop (Zohary et al., 2012). Indeed, Rif Mountains (Hmimsa and Ater, 2008; Ater and Hmimsa,
archaeobotanical data have shown its presence around 65 000 2008). This local selection has resulted in the formation of
to 48 000 years BC in the Kebara Cave in Israel (Lev et al., ecotypes that may be adapted to local agro-climatic
2005). In the Western Mediterranean area, this culture seems conditions. The diversity of these genetic resources is
more recent and it has only documented since the beginning however almost unknown. At a phenotypic level, previous
of the Neolithic (i.e. 10,200-8,800 BC, Pefia-Chocarro and studies have shown that ecotypes were variable within
Zapata, 2010). Currently, it is a minor crop grown in populations and differentiated among populations, suggesting
Southern Europe, Western and Central Asia and Northern an underlying genetic diversity (El Fatehi et al., 2014). The
Africa (GRIN, 2008). World production is estimated around study was carried out on landraces harvested directly from
800 000 tons per year with an average yield of 1.600 ton/ha the field (in-situ). Local varieties generally present a more
(FAO, 2015). The primary use of bitter vetch seeds is as diversified genetic base than improved (modern) varieties,
animal feed (Enneking, 1995; Francis et al., 1999), although, which are genetically more homogeneous (Frankel et al.,
it has been consumed by humans during dearth periods. In the 1995). Landraces are a source of genetic diversity for plant
Mediterranean area, where rainfed agriculture is now facing breeding. Under the hypothesis that these local varieties have
threats mostly due to climatic uncertainties (Trnka et al., differentiated in response to local conditions (edaphic,
2011), V. ervilia appears as a promising crop species: its climatic and ecological) we will thus name these entities
adaptive capacities, especially tolerance to aridity, make it ecotypes rather than varieties or populations. Major
suitable for cultivation in situations of poor rainfall(Foury, advantages of ecotypes are adaptation to their specific
1954; Maxted, 1995 ; Abd EI-Moneim and Saxena, 1997). In agrosystems and low input requirements in traditional
Morocco, it is grown in the northern part of the country agriculture practices. Traditional agroecosystems are refuges
(Foury, 1954). Actually, this culture is heavily marginalized for agrodiversity and local races in different cultures
and reduced to a small area. The cultivated area was (Hmimsa and Ater, 2008; Djé et al., 2000, 2007; Lazaro et
estimated in the 80s and 90s around 20 000 ha (Bounejmate, al., 2013). Hence, within a context of climatic transition and
1997) decreasing nowadays to 10 000 ha (FAO, 2015). The increasing food demand, there is a strong interest in local
varieties sown are landraces maintained by traditional ecotypes genetic resources characterization and conservation.
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The assessment of the diversity and genetic structure of these
ecotypes are essential for the conservation and valorization of
genetic resources of this crop. Our study aims to contribute to
this evaluation by using morphological and Simple Sequence
Repeat (SSR) markers. A preliminary study (El Fatehi et al.,
2013) allowed to adapt the DNA extraction protocol and to
select SSR markers for this species. Despite their plastic
response to environmental variation, morphological traits also
have strong genetic bases that provide complementary
information to that of neutral molecular markers, especially
in terms of morphological and life cycle adaptation to local
environmental parameters. In the present study, we examined
19 local bitter vetch ecotypes from Northern Western
Morocco with 8 SSR markers and 13 morphological traits.
Our objectives were to estimate the genetic diversity within
and among ecotypes and compare morphological and genetic
diversities.

Results
Morphological markers:

We characterized the size and the shape of seeds and pods, by
measuring length, height, width, diameter and weight of the
seeds, while the shape was characterized from the
relationship among these measures (Table 1). The results of
the analysis of variance for the various parameters show
highly significant differences between the different
populations (P <0.001, Table 2).

For seed parameters, the variance ratios (F) that expressed
differences among populations were higher for traits related
to size than for shape. Seed height (SH) and seed diameter
(SD) present a highly significant F and a limited coefficient
of variation (CV) (Table 2). SH ranged from small (3.80 mm)
in the ecotype of Bouatou to large seeds (4.54 mm) in
Dharlahdida. SD ranged from 3.59 mm (Bab el hourate) to
4.18 mm (Dharlahdida). The ratio of the two parameters
(SH/SD) varied between 1.06 (representing a more spherical
shape) and 1.1 (for more conical shape). However, the seed
yield (SY) is the least discriminating character (F=4.80) with
the highest CV. Indeed, it ranged between 0.03 mg
(Achakrad) and 0.05 mg (Kramat) with an average of 0.04
mg, and a coefficient of variation of 39.47%. The weight of
100 seeds (HSW) varies from 3.30 g in Bab el hourrate to
5.09 g in Dharlahdida, with an average value of 3.93 g, a
value similar to the value of 3.72 g observed by Berger et al.
(2002). Regarding the pod, the total length (PLT) mean is
21.86 mm. It ranged between 19.88 mm in Tafifoute and
25.29 mm in Kramat, whereas the smallest value (17.16 mm)
of the basal length (PLB) was observed in the population in
Bouatou and the largest (21.37 mm) in Adrou. The mean
values of the ratio (PLT/PLB) and the difference (PLT —
PLB) are respectively 1.13 and 2.46 corresponding to more or
less slivered shape. The average weight of pods (PY) is 0.16
mg, with the smallest sampled in Bab el hourrate (0.12 mg)
and the biggest in Dharlahdida (0.21 mg). The number of
seeds per pod (NSP) showed very little variation, with an
average of 3.42 and a coefficient of variation 3.26%. A
hierarchical classification of 19 ecotypes was carried out
using the mean values of all quantitative variables (Fig 1). It
represented the similitudes among the different ecotypes
based on Euclidean distance. Four groups are distinguished
according to a size gradient. Group 1 is formed mostly by
populations with large size, heavy seeds and pods. A group 2
and 3 includes intermediate forms while group 4 includes
ecotypes with smaller seeds and pods. Some morphologically
highly differentiated populations ascribed to group 1
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(Kramat, Dharlahdida) and group 4 (Tatifoute, Bouatou) are
located in the same area and belong to the same watershed.
There is a limited relationship between the size gradient
observed and geography, with only a slight tendency for the
size of the pods and seeds to decrease from north to south.
SSR markers:

Genetic diversity among ecotypes

The genotypes of 19 ecotypes of Vicia ervilia were
characterized for 8 microsatellite loci (Supplementary Table
1). The level of polymorphism revealed by these markers is
relatively high, with an average index of polymorphism (PIC)
of 0.6620.19, an allelic richness (A) of 8.12+4.88 alleles and
an average number of alleles per locus (N,) of 2.04+0.53
(Table 3). The estimated effective number of alleles (Ng)
reaches 2.046+0.532. The levels of polymorphism observed
show however some heterogeneity, as it varies among loci,
ranging from a minimum for VE27 to a maximum for VEO7.
Indeed, the major allele frequency (Mag) per locus ranges
between 0.25 and 0.86 with an average at 0.45+0.19. Other
indices confirmed the high level of polymorphism and
revealed heterogeneity among loci. Thus, the number of
genotypes (Ng) per locus varies from 4 to 21, with an average
at 1045.75. Nevertheless, observed heterozygosity values
(Ho) are low and vary between 0.012 and 0.044 with an
average of 0.026+0.012, whereas the values of expected
heterozygosity (Hg) are much higher and vary between 0.148
and 0.654 with an average is 0.477+0.156. Thus, there is a
deficit of heterozygous compared to Hardy-Weinberg
expected values . Regarding the within-ecotype genetic
diversity, the polymorphism of loci (P) is very high and
varies between 0.875 and 1 with an average of 0.861, except
for the population of Khizana that was monomorphic (Table
4). The average number of alleles per locus (NA) and ecotype
is 3.02 and varies between 1 in monomorphic of Khizana
ecotype and 3.87 in the ecotype “Pont Talambote”. The
observed heterozygosity (Ho) is low and less than the
expected heterozygosity (Hg); 5 ecotypes (Kramat, Khizana,
Bab el Hourrate, Asserdoune and EI Jabriyine) are
homozygous.

Genetic structure of studied accessions

The Nei diversity indices were estimated for all ecotypes
studied (Table 5). The total genetic diversity (Ht), the genetic
diversity within population (Hs), the genetic diversity among
population (Dst) and the coefficient of genetic differentiation
(Gst) were calculated from the allele frequencies obtained at
the various loci. The results show a relatively high level of
genetic diversity with an average of H=0.662 and values that
vary between 0.239 for VE27 and 0.871 for VEO7. The bulk
of this diversity is expressed at a within population level with
Hs=0.541 that correspond to 81.72% of revealed diversity. In
contrast, the differentiation among populations (Dst = 0.121)
is much smaller and included only 18.28% of the expressed
diversity. Characterization of population structure was also
evaluated according to the Wright’s indices of fixation
(Wright, 1969) (Table 6). The overall deficit in
heterozygosity was confirmed with the values of the
coefficient of inbreeding for the entire population (F,+=0.957)
and the coefficient of inbreeding within each subpopulations
(F1s=0.944). The values confirm a heterozygosity deficiency
in relation to the self-fertilizing system. The genetic
differentiation between populations Fst is 0.194. The genetic
distances of Nei calculated from mean values of the allele
frequencies were used to produce a hierarchical classification



Table 1. List of the morphological characters studied.

Character Code

Seed height (mm) SH

Seed diameter (mm) SD

Seed yield (g) SY
Hundred seed weight (g) HSW
Seed height / Seed diameter SH/SD
Pod length total (mm) PLT

Pod length basal (mm) PLB

Pod width (mm) PW
Number of the seed per pod NSP

Pod yield (g) PY

Pod length total / Pod length basal PLT/PLB
Pod length total - Pod length basal PLT - PLB
Pod length total / Pod width PLT/ PW

Kramat
Dharlah nfda
Ad’ou
Rouman ——

H

PontTal anboute
Babelhourrate

Taﬁﬁnae
Bouatou

Ahrit
Jnanae
Iabasan

Khizana
AinBeida
Talanboute

Fig 1. Dendrogram of distance between 19 ecotypes of Vicia ervilia as obtained by the unweighted pair group method with
arithmetic means (UPGMA) based on matrix of pairwise Euclidean distance calculated on morphological markers.

(Fig 2). This distance is used to represent the similarity of the
genetic structure among populations. The dendrogram
clustered four principal groups at a threshold of 0.17. The
three populations Douaher, El Jabriyine and Tiamma are
clustered in the same group 3 and are very close to one
another in the south of the studied area. The strong similarity
among these ecotypes for both morphological and genetic
characterization might be explained by the geographic
isolation of these sites and their position at the border of
vetch culture distribution. We tested for a significant
differentiation along a geographical gradient between the
north and south of the study area with a Mantel test (Mantel,
1967). This test helps in determining if there is a positive
correlation between genetic and geographical distances
calculated for the ecotypes studied. The test showed little but
significant correlation (r=0.171, p=0.034) suggesting that
more distant ecotypes are more different genetically.
Therefore, a relative isolation by distance, the measured
differentiation Fst/(1-Fst) is correlated with the logarithm of
the  geographical distance  between populations
(Supplementary Fig 1).

Discussion

The pods’ weight is the most discriminating and variable
character. The pods’ total length mean is substantially longer
than in the accessions studied by Berger et al. (2002), but the
average width of the fruit is similar. The average of all
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populations for the size and shape of the seed of V. ervilia are
similar to those observed by Altuntas and Karadag (2006)
and Hosseinzadeh et al. (2008). The Moroccan ecotypes we
measured fall in the average of the species distribution
previously described in other studies.

We showed however an important degree of variability for
both the size and shape of pods and seeds, resulting in a
significant differentiation among the ecotypes we included in
our study. The population differentiation along a size gradient
was observed but without a clear spatial structure. Indeed,
they differ more by the size than by shape.

Significant variations in the size and weight of seeds can
open up interesting opportunities for improvement and
breeding, and these ecotypes might be included in selection
program.. Previous experiments in controlled environments
have shown that these variations persist and therefore have a
genetic component (El Fatehi et al., 2014) in combination
with environmental components. Contrary to morphological
data, there is no other study, to our knowledge, that analyzed
the genetic diversity in Vicia ervilia with molecular markers.
We can thus only compare our results with those from other
leguminous species. Therefore, the values of genetic diversity
are close to those obtained for other leguminous crops such
Vicia faba and Vicia sativa (Suresh et al., 2013; Chung et al.,
2013). The various indices estimated showed a high level of
polymorphism revealed by SSR markers in Vicia ervilia local



Table 2. Results of the analysis of variance of the different morphological characteristics of the seed and pod studied in ecotypes of Vicia ervilia. Multiple comparisons of means were performed
by Student's Newman and Keuls test (SNK) at the threshold of 5%.

Seed Pod
c SH (mm) SD (mm) SY(g  Hsw( ~ SH/SP PLT(mm)  PLB(MM)  5\yimm) NSP PY(g) PLT/PLB  PLT-PLB  PLTPW
cotype Mean + Mean + Mean + Mean + Mean +
Mean + SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD  Mean+SD
sD D D D D

Kramat 45210282 41720222 0.05:004a 3975  1080.056a 2520£3.13a  21.28%2a 5322070 3.73%045a  02:003b  119x0.09a 4012072  4.76£0.6a
Dharlahdida  4.54+0.26a 4.18+0.24a 0.05:0.01b 509 1090052 2417+1.88a 2091+2.0db  55:123a  3.63+049 0.21:0.04a 116+0.07b 3.27+123h  4.41+0.30b
Rouman 4.46+0.35¢ 4.11%0.27¢ 0.05:001d 3656  108+0.06a 21.78+2.00b  18.02+2.16c  4.92:0.98c 3.33:0.48b 0.16:0.04c 115:0.06c 2.86+0.98c  4.45:0.5b
Ahrit 4.12+0.4b 3.8140.31b 0.04+0.01c 4663 1080052 2225:2.05c 19.43t2.23b 531+042b 3.23+043c 0.18+0.04d 115t0.06d 283+106d  4.2+0.45¢
Adrou 41240330 3.85+0.27d 0.04+001c 3732  107+005a 24.16:1.76a 2137+L.77a 482:0.86c 3.67+048d 017:0.04d 113t0.0de 2.79+0.86e  5.03:0.49d
Achakrad 3.09+0.36d 3.75+0.27e 0.03:0.01° 3711  107+005b 2057+1.96d  181+21de  4.89+0.72c 337049 0.14+0.03e  114+0.05i 2470729  4.24+0.5¢
Tafifoute 3.94+0.39d 3.50:0.30f 0.04x0.03f 3606  11:0.08c  10.88+253¢  17.36:2.24f  4.87+lc  323t05c  0.14:0.03f 1.14+006d  251xlg  4.11£0.59c
Bouatou 3.8+0.283¢ 3.50:+0.26f 0.04+001g 3674  106:0.05d  20+2.75f  17.16+2.96h 4.73+l4dd 3.37+0.61b 0.14:0.04e 1180129 284+lddc  4.25+0.58¢
Jnanate 4.18+0.31f 3.9:0.28g 0.04+001c 4178  107+006a  22.2:2.04d  10.8:2.28g  4.93t0.87c 3.47+05lb 018:0.04d 113t0.06e  2.4+0.87g  4.53+051f
labasan 4.1:0.31b 3.87+0.33d 0.04+0.01c 4005  106:005d 22.20+2.96c  20.00+2.83i 4.714047d 3.7+053d  0.16+0.05i 111+0.0% 22+047g  4.75:0.7a
Talamboute  4.380.28g 4.05£0.21i 0.05:0.01h 4494  108+006a 22.72+1.83g 20.64+184j  508+0.6f 353051b 0.19+0.02h 11:0.03h  2.07+0.6g  4.5+0.49f
o houte | 4214032 3.9:0.27g 0.04001c 4191  108006a  203+2.35f  183:210k  51+084f  327+045c 0.16:0.03c 111+0.05¢  2:0.84g  4.02+0.64g
Khizana 4.31£0.24i 3.9940.24j 0.04:001c 3735 1080062 2255:2.0lg  20.08+2.2i  485:0.95¢ 3.37+049  016+0.02i 113+0.05¢ 2460959  4.66+0.49h
pabel 3.92+0.24d 3.50:+0,22f 0.03:0.02 3301  1000.07d  20.26+2.18f  1851x2l  462:0.52¢  3.4+05b  0.12002g 109+0.03f 1.75:0.52f 4.41%0.54b
Asserdoune  3.98:0.22d 3.60+0.25k 0.04+0.033 3321  108+006a 21.16+1.98h  10.07+1.96c  5.16:0.63f 3.27+045c 0.13+0.03f 111+0.0de 2.09+0.63g  4.1130.36c
Ain Beida 4.20+0.22i 3.95£0.211 0.05:003h 3792 1090052  2221+23c  2018+2.3lm 5010.829 3.37+049 0.17:0.03d  1.1£0.05h  2.02+0.82g 4.44+0.41b
Tiamma 4.26+0.22h 3.9+0.25g 0.040.03c 379  109+007d  2143+18h  1045+1.86b 4.95+078g 343:05b  0.16:0.02c  11+0.05  1.98:0.78i  4.34+0.4b
Douaher 4.18+0.31f 3.87+0.27d 0.04+0.0lc 3883 1080052 2093t2.16h  18.99+2.2c  5.08:0.54f 327+0.45c 0.15:002c  1.1+0.03]  1.95:054j  4.14+0.5¢
El Jabriyine  4.12+0.32b 3.85+0.29d 0.04+0.01c 3781  107+005a 2112+172h 1895:1.82c 487+1.03c  33047d  0.16:0.03c 111+0.06e 2.18+103g 4.37+0.53b
Mean+SD  4.18+0.30 3.8740.27 0.042£002 393044 108:0.06  21.86+218  10.40+216  4.99+0.88  3.42:0.49 016003  1.13:0.05  246:0.92 441051
CV % 713 6.9 39.47 11.2 5.29 10.03 11.21 17.66 14.31 19.66 4.72 36.51 1157
F 41115 37.723 4.809 3.058 13.625 9.282 9.972 3.267 15518 6.357 9.323 7.65
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.008 <00001  <00001  <0.0001  <0.0001

SD: standard deviation, CV: coefficient of variation, F: variance ratio (df=1.18) and P: probability. Code for each character is given in Table 1. For each character, values with the same letter are statistically equal.

Kramat

Ahrit
Talanboute
Tafifoute
Rouman
Jnanate————— |
PontTalanboute

Dharlahdida
Adrou
Babelhowrrate
4mBe1dn

{ EUabm me

[-]

I

Achakrad
Khizana
Iabasan

(=] [«] []

Fig 2. UPGMA tree showing relationships among bitter vetch ecotypes based on Nei’s distance calculated on 8 SSR markers.
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Table 3. Genetic diversity of 19 ecotypes of Vicia ervilia at 8 polymorphic loci.

Locus Ap Na Ng PIC Mar Ng Ho He

VE 02 15 4 242 0.79 0.37 16 0.043 0.587
VE 03 8 2.63 1.83 0.62 0.55 10 0.030 0.455
VE 05 5 2.58 1.75 0.59 0.56 5 0.012 0.430
VE 07 16 4.53 2.89 0.87 0.28 21 0.044 0.654
VE 09 6 3.58 2.44 0.80 0.25 8 0.018 0.591
VE 14 8 2.84 2.07 0.69 0.40 9 0.018 0.518
VE 19 4 2.63 1.77 0.68 0.35 7 0.029 0.436
VE 27 3 1.42 1.17 0.24 0.86 4 0.017 0.148
Mean 8.12 3.02 2.04 0.66 0.45 10 0.026 0.477
Standard deviation 4.88 0.97 0.53 0.19 0.19 5.75 0.012 0.156
CV(%) 60.09 32.15 25.99 29.47 44.04 5757 46.25 32.71

Ap: allelic richness, Na: average number of alleles per locus, Ne: effective number of alleles, PIC: polymorphism information content, Mag: frequency of the major allele,
Ng: number of genotype, Ho: observed heterozygosity, He: expected heterozygosity and CV: coefficient of variation
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Fig 3. Location map of the surveyed sites.

ecotypes. These values are slightly higher than those
observed in other pollinated legumes. Indeed, the number of
alleles per locus (Ap) observed is higher than in Medicago
truncatula (Ap=3.14 with 7 loci and 200 accessions, Siol et
al., 2008), Lathyrus sativus (Ap=3.88, 44 loci, 24 accessions;
Sun et al, 2012) and V. sativa (Ap=5.7, 65 loci, 32
accessions; Chung et al.,, 2013). However, the average
number of alleles per locus (3.026), is higher to that observed
in Phaseolus lunatus (Na=1.64) (Ouédraogo et al., 2005).
The high contribution of the within-population genetic
diversity in the total genetic diversity resulted in a moderate
level of genetic differentiation among populations. The value
of the Fsr (0.194) confirmed the moderate level of genetic
differentiation among ecotypes, although significant, as
suggested by Wright (1931) who considered that the values
of Fst between 0.15 and 0.25 indicated a significant genetic
differentiation. Similar distribution of genetic diversity was
observed in other facultative selfing legumes such as
Phaseolus lunatus (Hy=0.220, Hs=0.153 and Ds1=0.067)
(Ouédraogo et al., 2005). This type of genetic structure was
also found in the same study area in Northern Morocco,
among ecotypes of Sorghum (Djé et al., 1999), a
predominantly selfing species for which however high
outcrossing rates in fields have been observed (Barnaud et al.,
2008). In these areas, the traditional practices of farmers may
explain the persistence of genetic flows between fields. Based
on farmer’s interviews (EI Fatehi et al., 2014), it appears that,
if necessary, seeds are obtained from farmers in the
neighborhood or in the local market, and thus contribute to a
genetic  homogenization  among  populations. A
heterozygosity deficit is usually common in self-pollinated
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crops (Charlesworth and Wright, 2001) and is well-illustrated
in leguminous. Indeed V. ervilia has been described as a self-
fertilizing species (Hanelt and Mettin, 1989; Zhang and
Mosjidis, 1995). This is also the case for Medicago
truncatula (Hg=0.457 and Ho= 0.011; Siol et al., 2008),
Medicago lupulina (Hg=0.246 and Hp= 0.017; Yan et al,,
2009) and Phaseolus lunatus (Hg=0.143 and Ho= 0.012;
Ouédraogo, 2005). The same observation is reported in other
self-fertilizing species in the same region and within the same
type of agroecosystems Sorghum bicolor (Djé et al., 1999).
Conversely it is different in other species with cross-
fertilizing mating system like V. faba (Hg=0.339 and
Ho=0.612; Yang et al., 2012) and Medicago ruthenica
(He=0.677 and Ho=0.577; Yan et al., 2009). Such high
genetic diversity, with most of the diversity present within
population, is paradoxical regarding the self-fertilizer status
of this species. However, such unexpected results have been
observed in other selfing species like Medicago truncutula
(Siol et al., 2008) and Sorghum bicolor (Djé et al., 1999).
This situation could be explained by foundation effects
associated with self-fertilization that give birth to subdivided
populations into differentiated lineages that escape the effect
of drift populations, and maintain diversity (Barton and
Whitlock, 1997). Both morphological and molecular
approaches have revealed a high level of diversity within
ecotypes studied despite the narrowness of the territory and
the regression of its culture. The differentiation between
ecotypes seems higher from morphological markers. These
differences reflect the selective pressures applied by both
environmental conditions and selection by cultivation
practices of farmers (Djé et al., 1998), relatively to the



Table 4. Genetic diversity for 19 ecotypes of Vicia ervilia by microsatellites marker.

Accession He Ho P Na
Kramat 0.363 0 0.87 2.37
Dharlahdida 0.588 0.050 1 3.50
Rouman 0.510 0.028 0.87 3.12
Ahrit 0.519 0.016 1 3.12
Adrou 0.473 0.087 0.87 3
Achakrad 0.508 0.021 0.87 2.87
Tafifoute 0.503 0.014 0.87 3.50
Bouatou 0.628 0.083 1 3.75
Jnanate 0.511 0.028 0.87 2.75
labasan 0.554 0.028 1 3.25
Talamboute 0.590 0.056 1 3.62
Pont Talamboute 0.575 0.013 1 3.87
Khizana 0 0 0 1
Bab el hourrate 0.445 0 0.87 2.75
Asserdoune 0.408 0 0.87 2.50
Ain Beida 0.546 0.014 0.87 3.25
Tiamma 0.491 0.05 0.87 3.25
Douaher 0.422 0.016 0.75 3.12
El Jabriyine 0.438 0 0.87 2.87
Mean 0.477 0.026 0.86 3.02
Standard deviation 0.134 0.027 0.22 0.63
CV (%) 28.14 101.66 25.53 20.95

He: expected heterozygosity, Ho: observed heterozygosity, P: percentage of polymorphic loci, Na: average number of alleles per locus and CV: coefficient of variation

Table 5. Estimated Nei’s genetic diversity in 19 ecotypes of Vicia ervilia.

Locus HT HS DST GST

VE 02 0.798 0.662 0.136 0.170
VE 03 0.625 0.516 0.109 0.174
VE 05 0.594 0.487 0.106 0.179
VE 07 0.871 0.739 0.132 0.152
VE 09 0.800 0.675 0.125 0.156
VE 14 0.691 0.590 0.101 0.146
VE 19 0.678 0.493 0.185 0.273
VE 27 0.239 0.166 0.072 0.304
Mean 0.662 0.541 0.121 0.194
Standard deviation 0.195 0.178 0.033 0.060
CV(%) 29.52 32.82 27.34 30.80

Hr: Total genetic diversity, Hs: genetic diversity within populations, Dsr: genetic diversity among populations, Gst: coefficient of genetic differentiation and CV:
coefficient of variation.

Table 6. F-statistics for 8 polymorphic loci in Vicia ervilia.

Locus Fir Fst Fis

VE 02 0.947 0.160 0.937
VE 03 0.951 0.159 0.942
VE 05 0.980 0.173 0.976
VE 07 0.945 0.154 0.935
VE 09 0.976 0.128 0.973
VE 14 0.973 0.146 0.968
VE 19 0.956 0.276 0.939
VE 27 0.928 0.356 0.883
Mean 0.957 0.194 0.944
Standard deviation 0.016 0.074 0.028
CV (%) 1.759 38.250 2.977

Fir: fixation of alleles in all populations, Fst: genetic differentiation among subpopulations, Fs: fixation of alleles within subpopulations and CV: coefficient of variation.
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supposedly neutral SSR markers. The relative contribution of
human selection and environmental pressures in the
differentiation among ecotypes remain to be deciphered.
Despite a tendency for geographical structuring of genetic
differentiation to be low, most of the revealed diversity is
within population level. This genetic structure will have a
deep impact on the conservation program that should be
launched. In the absence of official programs for ex situ
conservation, in situ conservation alone is the simplest
solution to preserve these genetic resources. Given the nature
of the structure of genetic diversity, ecotypes appear as good
units for a conservation scheme. Promoting the maintenance
of these crops in their traditional agroecosystem is currently
the only way to conserved and maintain of the genetic
diversity of these local ecotypes. However, at short term, this
may not be sufficient because of the threats that endangered
this culture; it is thus important to rapidly launch an ex situ
conservation plan, including collection and storage of seeds
of the various ecotypes.

Materials and Methods
Plant materials

A first survey was conducted in the main area of cultivation
of bitter vetch in Morocco, in the Tingitan peninsula, in the
western Rif (Hmimsa and Ater, 2008). Nineteen sites where
bitter vetch was cultivated were chosen and seeds were
collected in each of them (Fig 3; Supplementary Table 2).
Each accession is composed of 30 individuals sampled
directly in bulk from the fields. The pods were sampling from
individuals randomly chosen along a diagonal line across the
field. Sampling was performing during spring 2009 when
pods and seeds were mature, just before harvesting.

Experimental device

For each accession, 30 pods and 3 seeds per pod were used
for the morphological characterization. Thirteen quantitative
characters related to size and shape of pod and seed were
measured (Table 1). For SSR markers, only 10 individuals
per accession were included in the study, resulting in a total
of 190 individuals genotyped.

DNA extraction and SSR typing

Extraction of genomic DNA of V. ervilia was made from
fresh plant material as described in El Fatehi et al. (2013),
adapted from Khanuja et al. (1999). Genotypic typing for
each individual was performed according to El Fatehi et al.
(2013). Among 24 loci tested (El Fatehi et al., 2013), 9 loci
were interpretable and polymorphic. Only eight loci were
used in this study (Table 3). The lengths of the PCR products
are revealed by capillary electrophoresis using an ABI 3730
sequencer, using the size marker Liz500 (Applied
Biosystems). The reading of lengths of the fragments is
performed using the GeneMapper® software (Applied
Biosystems.

Data analyses

The descriptive statistics, analysis of variance (ANOVA) and
multiple comparisons of means (Student's Newman and
Keuls test) were performed with the SPSS Statistics Software
(17.0). Hierarchical classification (Nei distance for
microsatellite data, Euclidean distance for morphological
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characters and UPGMA clustering method) was performed
using the NTSY Spc software (1.05).

The polymorphism was estimated by the average number of
alleles per locus (Na), the allelic richness (Ap), the
percentage of polymorphic loci (P), the major allele
frequency (Mag), the number of genotype (Ng), the effective
number of alleles (Ng) and the PIC (Polymorphism
Information Content). The effective number of alleles (Ng)
was calculated with the formula Ng = 1/(1-Hg), (Berg and
Hamrick, 1997). The PIC value was calculated according to
the formula: PIC= 1 — 1L, Pij?, where Pij is the frequency of
the jth allele at the ith locus (Anderson et al., 1993).

Estimation of the various parameters of genetic diversity is
performed using GENETIX (4.03) and FSTAT (2.9.3.2)
software. We estimated the observed heterozygosity (Hy), the
expected heterozygosity (Hg), the total genetic diversity (Hy),
the genetic diversity within populations (Hs), the genetic
diversity among populations (Dsr= Hi-Hg) and the
coefficient of gene differentiation (Gsr= Dst/ Hg) (Nei,
1987). Wright’s fixation indices (Fs, Fst and F1) (Weir and
Cockerhamm, 1984), partitions the genetic diversity within a
species by estimating: the fixation of alleles in all populations
(Fy7) and in subpopulations (Fs), and genetic differentiation
among subpopulations (Fst).

The isolation by distance among populations was tested
through the Mantel procedure implemented in GenAlex
(Peakall and Smouse, 2012), with 1000 random permutations.
Genetic differentiation between each pair of populations was
tested using Genepop 4.0 (Rousset, 2008), with 1000
iterations and 1000 iterations per batch.

Conclusion

Both morphological and molecular approaches have revealed
a high level of diversity within ecotypes studied despite the
narrowness of the territory and the regression of culture. The
differentiation  between ecotypes is higher from
morphological markers relative to molecular markers. This
result can be explained by the nature of morphological
markers which are more exposed to the environment and
subjected to selection by cultivation practices of farmers.
These ecotypes are maintained in traditional agroecosystems
which play the role of neglected resource conservatory. So
the conservation of these genetic resources depends on the
conservation of traditional agroecosystem and local
knowledge.
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