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Abstract

Seven accessions of Jatropha platyphylla were evaluated for their phenotypic
traits and genetic diversity using inter-simple sequence repeats (ISSRs). Clus-
ter analyses with nine traits were performed: number of branches per plant;
fruit per bunch; bunch per branch; bunch per plant; total seed production;
total fruit production, protein content, oil content, and fatty acid profile. Ge-
notypes from Rosario, Sinaloa, Mexico (PR11) yielded the highest values in all
traits. The correlation analysis of the quantitative traits showed high correla-
tions between seed and total fruit production (r = 0.99). Unsaturated linoleic
acid was the most abundant fatty acid (57.64% - 52.39%). Within a genetic im-
provement program, two of the most important variables to be considered are
oil content and phenotypic characteristics of the plant. /. platyphylla has shown
viable selection traits that provide a possibility of producing interspecies hybr-
ids and giving them added value. ISSRs primers generated variable banding
patterns that were found to be polymorphic; the polymorphic information
content (PIC) of these loci ranged from 0.21 to 0.45 with an average of 0.34.
The unweighted pair group method (UPGMA) cluster analysis of the data
showed the formation of three groups, where the most divergent accession pair
was the genotype from Quelite (QP11) and Rosario (PR11).
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1. Introduction

Jatropha platyphylla' is a non-toxic wild plant in Mexico that promises to be an
alternative in oil and protein production for energy and food purposes [1]. Little
is known about this species, such as its geographical distribution in the low de-
ciduous forest, close to the Mexican Pacific coast [2]. The kernel seed of /. pla-
typhylla has high oil content (60%), and the oil extraction residue cake contains
75% crude protein, which does not contain phorbol esters known as the respon-
sible compounds for /. curcas toxicity [3]. Despite this potential, /. platyphylla is
a wild plant that has not been domesticated so far. Intensive human intervention
for the domestication of the plant is necessary to make the crop profitable [4].
Therefore, the establishment of crops that meet the needs of stable and commer-
cial cultivars with high oil content and tolerance to pests and diseases requires
developing a genetic improvement program [5]. However, lack of information
exists on molecular characterization of this plant, which makes the determina-
tion of genetic variability essential for this program. Molecular markers consti-
tute an important technological tool useful in the selection and increase of the
genetic variability process, especially when they are associated with phenotypic
population analysis [6].

Among available and widely used methods to characterize genetic diversity,
the Inter-Simple Sequence Repeat (ISSR) molecular marker technique offers
unique advantages over other molecular markers since its application does not
require prior genomic information of the species under study, except for only a
small amount of template DNA, which is quickly performed [7]. The ISSR tech-
nique has been used to identify the relationship between species of Jatropha
from different locations around the world [8]. Different levels of genetic diversi-
ty have been found. In America, high variability has been found [9] in compari-
son with accessions from Brazil [10], Taiwan, China [11], Africa and Asia [12]
that have shown low diversity. Previous studies conducted on Jatropha curcas
showed that the ISSR analysis allowed to identify the genetic diversity in the wild
germplasm of the different regions of Sinaloa, these researchers conclude that
this analysis is important in the selection of plants and the establishment of po-
tential crops for the production of biodiesel, as well as the possibility of improv-
ing and identifying new varieties [13]. Therefore, the aim of this study was to
evaluate the phenotypic traits and genetic diversity of /. platyphylla accessions by
molecular markers and ISSR to identify genotypes that could be utilized in the

breeding programs.

2. Material and Methods
2.1. Plant Material
The J. platyphylla representative collection was classified into seven accessions

based on their different geographical regions of origin and morphological and

distinguishing features (Table 1). The cuttings were disinfected (Blindaje 50

'Genetic Diversity in Jatropha platyphylla by ISSR.
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Table 1. Sampling sites and major characteristics of Jatropha platyphylla genotypes in
Mexico.

. Collection Latitude Longitude  Altitude Plant
Accession o
area (N) (W) (masl)  characteristics
Higuerita, e S High
LH3 . 24°45'37.6 107°08'39.1 200 .
Sinaloa oil content
Mocorito, o B o N Monoecious
PP1 . 25°04'11.4 107°43'10.7 51
Sinaloa plants
Mocorito, o B o N Most
PP3 . 25°04'11.4 107°43'10.7 51
Sinaloa branched
R io, High
PRI1 osario 23°11'185"  106°09'09.3" 15 B
Sinaloa oil content
Quelite, vy an e High
QP11 . 23°31'51.3 106°30'10.8 58 .
Sinaloa oil content
uelite, High
QP6 Q 23°31'51.3" 106°30'10.8" 58 . &
Sinaloa oil content
Tamazula, . B . B High
TP3 24°59'12.2 106°59'17.8 263 .
Durango oil content

ArystaLifeScience™, Mexico; 0.5 g-L) and kept in rooted solution for 24 h
(Rooting Agroenzymas™, Mexico, 200 mg-L). Subsequently, rooted cuttings
were planted in plastic bags (20 x 10 cm) with substrate [sand (40%), coconut
fiber (30%) and vermicompost (30%)]. Three months later (July 2017), they were
transferred on an experimental plot at “La Campana”, Culiacan, Sinaloa, Mexico
(N 24°59'29.0", W 107°34'25.1") in a completely randomized block design with a
distance of 3 x 3 m. The plants received integrated management for pest control
and fertilization with nitrogen, phosphorus, and potassium (NPK17-17-17; In-
novacionagricola, Mexico), compost, drip irrigation, and pruning. The plot con-
tained sandy loamy soils with pH of 7.2. Daily environmental conditions (tem-
perature, relative humidity, precipitation) were recorded at an automated station

of the brand AdcomTelemetry™ (Klosterneuburg, AT) located on the study site.

2.2. Phenotypic Trait Characterization

The variation observed in nine quantitative traits viz, number of branches per
plant (BP); fruit per bunch (FI); bunches per branch (NI); bunches per plant
(NF); total seed production (SWP); total fruit production (PFP), protein content
(P %), oil content (O %) and fatty acid profile (FAP) [14] [15] was recorded on
two-year-old plants.

The fatty acid content was performed by extraction, separation, methylation,

purification, and quantification according to Folch method [16] [17].

2.3.ISSR and Data Analysis

According to the CTAB protocol with minor modifications [18], the total ge-

nomic DNA was extracted from the youngest leaves of three plants of each /.
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platyphylla accession. ISSR 841, 836, 880, and 827 primers were used (UBC
Num. 9, University of British Columbia, CAN). The polymerase chain reaction
(PCR) mixture consisted of 50 ng DNA, 25 uL Amplitaq Gold 360 Master Mix
(Applied Biosystems™; USA) and ultrapure distilled water. DNA amplification
was performed by PCR in a Biorad Thermal Cycler (Biorad™, USA) with an ini-
tial denaturation at 95°C for 10 min followed by 39 cycles at 92°C, 1 min an-
nealing temperature (Ta), 2 min elongation at 72°C and final extension at 72°C
for 7 min. PCR products were subjected to 1.5% agarose gel electrophoresis in
tris-acetate-EDTA (TAE) buffer and stained with ethidium bromide at 70 V, 200
mA for 1 h. A gel was photographed on ultraviolet (UV) light Axygen® Gel Do-
cumentation System (Corning™, USA).

A binary matrix (absence = 0 and presence of the marker = 1) was created
from digitized banding profile of agarose gels using the software Image Lab
(Biorad™, USA). Two replications were performed per accession. Blurred bands
were discarded. This matrix was used to calculate the similarity between the ac-
cessions using the Dice and Jaccard Index. Afterwards, the accessions were
grouped according to UPGMA, using the software PAST v.3.17 [19]. The Poly-
morphism Information Content (PIC) value was calculated in accordance with
Tanya et al [20]. The number of bands and polymorphic markers and poly-
morphism percentage were calculated. Primers ISSRs that had a minimum PIC
value of 0.3 was set aside for analysis.

Phenotypic traits were evaluated using descriptive statistics to know the mean,
standard deviation, maximum and minimum values and the coefficient of varia-
tion. An analysis of variance (ANOVA p < 0.05) was performed to find signifi-
cant differences between genotypes for mean comparison followed by Fisher’s
post hoc tests and subjected to Principal Components Analysis (PCA). In addi-
tion, a correlation analysis was performed between phenotypic traits used with
MINITAB 17.

3. Results and Discussion

3.1. Environmental Conditions and Phenotypic Traits

Soil pH of the crop was 7.2, and soil type in this area was not limited for the
good development of the plantations. Jatropha adapts to a wide variety of soils,
including those with low nutrient content although it prefers light and
well-drained soils. Mixed clay and sandy soils provide a texture that promotes
better aeration, facilitates gas exchange, and increases photosynthetic activity
[21]. It usually develops in arid and semi-arid soils and responds well to a wide
range of pH levels although it prefers them slightly acidic [22].

Relative humidity data showed an average of 75% * 5%. The monthly average
of maximum temperature ranged from 25.5°C - 38.9°C and minimum from
10.2°C - 25°C. The mean temperature from December to January was 19.1°C,
while the minimum mean temperature was 4.9°C; the maximum temperature

from April to February was around 31.7°C. Two rain peaks were recorded, one
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from June to August and another one from October to December, which was
scanty. Overall, the mean annual precipitation ranged approximately 570 mm.
The accumulated annual precipitation of the area was below the optimum level
established for the Jatropha crop, which requires from 800 to 1500 mm [23];
hence, it was necessary to complement water requirements with assisted irriga-
tion. The reported temperature for J. platyphylla includes temperatures from
29°C to 34.0°C [23]. The maximum average temperature at the study site was
32.2°C. The annual minimum relative humidity was 55%, while the annual
maximum was 79%. At this relative humidity, the area was assumed to be in the
optimal range for crop establishment and should be supported by irrigation
during the driest months (April to June) to reduce the vapor pressure deficit.
Climate factors had significant effects on distribution, productivity, seed yield
and oil content of genotypes [1]. The most important factors for the superiority
of genotypes in terms of seed yield include annual temperature and precipitation
and soil parameters, which affect the availability of water and nutrients to plants.

A significant variation was observed in all the phenotypic traits recorded (p <
0.05) (Table 2). The phenotypic variation indicated the existence of diversity for
all traits. Phenotypic traits are important characteristics for genotype selection;
in addition, genetic variability is important to consider because environmental

effects can cause high variation to distinguish effectively between genotypes [24].

Table 2. Results of statistical analyses of phenotypic traits and oil and protein content of
Jatropha platyphylla genotypes.

Accession BP FI NI NF SWP PFP O % P %
LH3 1.50% 2,66  1.50°  2.33*  65.00° 124.20° 60.232 22.36¢
PP1 1.63° 1.54¢ 1.00¢ 1.81¢  43.64* 81.80° 54.59° 26.79*
PP3 2.50% 1.00¢ 1.004  2.00*  85.00® 153.80° 60.47* 25.73°
PRI11 2.58* 6.832 2.332 7.758  204.20° 336.30° 59.15® 27.292

QP11 2.42% 3,14  1.87° 3.57°  59.60° 110.10°® 59.90° 24.33¢
QP6 1.5% 4.00¢ 1.33¢ 1.33°  35.83® 69.17° 59.43® 25.64°
TP3 1.87®* 537> 1,50  3.37° 34,00° 7830° 57.71> 22.67¢

Mean 2.01 3.85 1.57 3.61 150.1 84.5 58.78 2497

Minimum 1.00 1.00 1.00 1.00 20.00 10.00  52.60 22.04
Maximum 5.00 8.00 3.00 13.00 605.00 360.00 61.25  28.19
SD 0.94 2.28 0.63 2.81 139.3 86.9 2.17 1.87

Ccv 46.64  59.33  40.18 77.85 92.81 102.87  3.69 7.50

Number of branches per plant (BP); fruit per bunch (FI); bunch per branch (NI); bunch
per plant (NF); total seed production (SWP) (g); total fruit production (PFP) (g); protein
content (% P) (%); and oil content (% O) (%). CV: coefficient of variation (%), SD: stan-
dard deviation. *Different letters within a row indicate significant differences p < 0.05.
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Knowing the relationship between genotypes under specific environmental and
soil conditions is valuable for improving growth and promoting seed and oil
yields [25].

The highest values were number of branches per plant (BP) (2.58); fruit per
bunch (FI) (6.83); bunch per branch (NI) (2.33); bunch per plant (NF) (7.75);
total seed production (SWP) (204.20 g); total fruit production (PFP) (336.30 g),
protein content (P %) (60.23% and 59.90%), and oil content (O %) (27.29% and
26.79%). PR11 genotype yielded the highest values of BP, FI, NI, NF, SWP, PFP
and P %, while the LH3 and QP11 genotypes yielded the highest oil content
(O %) values. PP1 yielded the highest value of protein content (P %), similar to
PR11. BP, FI, NI, NF, SWP and PFP, showed high CVs (>20%). Oil (O %) and
protein content (P %) had low coefficient of variation (CV) (<10%) (Table 2).
The populations evaluated in this study had sufficient variability for genotype
selection of superior agronomic performance [26]. This fact is important for the
establishment of a genetic improvement program. The coefficients of variation
(CV) showed the variability between accessions. The phenotypic differences
suggested genetic variation and/or variation in response to different environ-
mental conditions, since the influence of the genotype and the environment on
phenotypic variation may occur simultaneously [27]. The high endemism found
in Mexico could be responsible for the high variability between genotypes [28].

The quantitative trait correlation analysis showed high correlations between
SWP and PFP (r = 0.99). The traits that showed moderate correlation were BP
with NF (r = 0.42); FI with NI (r = 0.64), NF (r = 0.63), PFP (0.49), SWP (r =
0.48) and O % (0.57); NI with NF (r = 0.61), PFP (r = 0.44), SWP (r = 0.43) and
O % (0.44); NF with PFP (r = 0.65) and SWP (r = 0.66). PFP with P % (r = 0.35);
O % with P % (r = —0.49). Low correlations were observed between BP and NI (r
=0.23), PFP (r = 0.28) and SWP (r = 0.30) (Table 3).

Table 3. Correlation coefficient (r) values of the phenotypic characteristics and oil and
protein contents of Jatropha platyphylla genotypes. Number of branches per plant (BP);
fruit per bunch (FI); bunch per branch (NI); bunch per plant (NF); total seed production
(SWP) (g); total fruit production (PFP) (g); protein content (% P) (%); and oil content (%
0) (%). *p < 0.05.

BP FI NI NF PFP SWp 0 %
FI 0.15
NI 0.23* 0.64*
NF 0.42% 0.63* 0.61*
PFP 0.28% 0.49* 0.44* 0.65%

SWP 0.30* 0.48* 0.43* 0.66* 0.99*

0O % 0.06 0.57* 0.44* 0.25 0.08 0.08
P% 0.02 —0.08 0.05 0.20 0.35% 0.36% —0.49*
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The correlation coefficient for seed traits is shown in Table 4. All correlations
were significant. KW: kernel weight (KW) had a high and significant correlation
with seed weight (SW) and seed diameter (SD) (r = 0.95 and 0.97).

The highest direct effect on SWP was obtained by PFP (0.99), which is an es-
timate close to the phenotypic correlation (Table 3). Thus, SWP is the main de-
terminant in the variation of PFP and evidences the cause and effect relationship
between these traits, Ze., the higher the fruit production is, and the higher the
seed production is. The identification of traits that have high phenotypic corre-
lation and high direct effect in the same direction on the main trait is desirable,
since the correlated response by means of indirect selection can be effective [29].
The selection of genotypes with higher fruit and seed production aiming to in-
crease oil or protein yield is a promising strategy because of the cause and effect
relationship between these traits, as evidenced in this study. The negative corre-
lation between seed protein and oil contents has been documented in other
crops, such as soybean and castor bean [30] [31] [32]. Current evidence indicates
that seed storage protein and oil are synthesized during seed development, fol-
lowing stored-starch break-down [31]. Seed protein and oil content are both
complex quantitative traits, controlled by multiple genes and affected by envi-
ronmental factors.

In this study the principal component analysis (PCA) showed significant dif-
ferences in all traits evaluated. The first three components accounted for 81.5%
of the total variation. PC1 accounted for 47.1% of the variability, PC2 for 22%,
and PC3 for 11%. The first factor had high contributing factor loadings from FI,
NI, NF, PFP and SWP. The second factor had high negative contributing load-
ings from O % and positive loading in P %. The third factor had high negative
contributing loadings from BP (Table 5). The graphical biplot interpretation of
PC1 and PC2 revealed that the accessions showed differences in a set of eight
traits (Figure 1).

The most divergent accession pair was QP11 and PR11 (Figure 2). The high-
est similarity was observed between QP11 and LH3. The branching patterns in
the dendrogram resulted in three major groups. Group I was formed by QP11,
LH3, and PP3; group II by QP6, TP3, and PP1; and group III by PR11.

Fatty acid profile (FAP) was similar for the genotypes although concentration
of individual fatty acids differed significantly (p < 0.05) (Table 6). The most

Table 4. Correlation coefficient (r) values of the phenotypic characteristics of Jatropha
platyphylla genotypes. SW: Seed weight (g); SL: Seed longitude (mm); SD: Seed diameter
(mm); TW: Shell weight (g); KW: Kernel weight (g). *p < 0.05.

SW SD ™ SL
SD 0.44*
™ 0.85* 0.46*
SL 0.89* 0.48* 0.78*
Kw 0.95* 0.97* 0.66* 0.71*
DOI: 10.4236/ajps.2021.1211116 1664 American Journal of Plant Sciences
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Table 5. Eigenvalues of the first three principal components of Jatropha platyphylla
germplasm. PC1: First principal component, PC2: second principal component, PC3:
third principal component. Number of branches per plant (BP); fruit per bunch (FI);
bunch per branch (NI); bunch per plant (NF); total seed production (SWP) (g); total fruit
production (PFP) (g); protein content (% P) (%); and oil content (% O) (%).

Variable PC1 PC2 PC3
BP 0.22 0.055 -0.92

FI 0.40 -0.29 0.21

NI 0.38 -0.20 0.10

NF 0.44 0.02 0.11
PFP 0.44 0.25 0.11
SWP 0.44 0.26 0.09

0 % 0.19 -0.60 0.07

P % 0.11 0.60 0.21
Eigen value 3.76 1.83 0.91
Proportion 0.47 0.22 0.11
Cumulative 47.1 70.1 81.5

Table 6. Fatty acid composition (%) of Jatropha platyphylla. Means in a row followed by
the same letter are not significantly different by Fisher’s post hoc tests at the 5% level.
SFA, UFA, MUFA, PUFA denote saturated, unsaturated, monounsaturated and polyun-
saturated fatty acids, respectively.

Fatty acid LH3 PP1 PP3 PR11 QP11 QP6 TP3
Myristic C14:0 0.23® 017> 0.23*® 0.30® 0.36° 0.35* 0.19*
Palmitic C16:0 13.20% 14.16% 12.07° 16.55* 1526 14.31%¢ 7.414

Palmitoleic C16:1 0.45>  0.44>  029¢ 058  0.40¢ 0.37¢ 0.0
Heptadecanoic C17:0  0.14%«¢  0.13%¢  0.15%¢  0.11¢  0.16® 0.16® 0.12«¢
Stearic C18:0 9.65°  6.50<¢ 938> 5394 5324 493 771>
Oleic Cis 9 C18:1 21.44°  26.18* 24.76> 23.52° 2338 23.60° 26.07°
Linoleic C18:2 53.95% 52.39¢ 5379 5447° 54.64> 5529° 57.64°
Linolenic C18:3 0.10¢¢  0.11%  0.12%  0.09¢  0.09¢ 0.13® 0.15®

Arachidic C20:0 0.10° 0.15° 0.09¢ 0.10° 0.10° 0.10° 0.15%

SFA 2451 21.20 21.25 2031 21.22  20.62 17.20
UFA 75.55 7930 78.62 79.68 7877 79.27  82.79
MUFA 2141  27.07 2466 2682 24.09 23.87 26.40
PUFA 54.13 51.78 54.10 52.85 54.67 55.28 56.38
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Figure 1. Loading and score plots of the principal component analysis (PCA) of Jatro-
phaplatyphylla. Number of branches per plant (BP); fruit per bunch (FI); bunch per
branch (NI); bunch per plant (NF); total seed production (SWP) (g); total fruit produc-
tion (PFP) (g); protein content (% P) (%); and oil content (% O) (%). PC1: first principal
component, PC2: second principal component.

abundant fatty acids were the unsaturated linoleic (57.64% - 52.39%) and oleic
(26.07% - 21.44%) acids, and the saturated palmitic (16.55% - 12.07%) and stea-
ric (9.65% - 4.93%) acids. The composition of fatty acids plays an important role
in selection of oils with fuel and nutritional potential. The fatty acid profile is
dominated by palmitic and stearic saturated acid and linoleic and oleic unsatu-
rated acids. Linoleic acid was the main fatty acid that may have potential as edi-
ble oil for the food industry [2]. In contrast, soybean, and /. curcas oils showed
similar chemical profiles regarding main fatty acid content, mainly oleic acid

[33] for biodiesel production.
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Figure 2. Dendrogram of Jatropha platyphylla genotypes based on the Jaccard index cal-
culated from data of 122 ISSR loci, using the unweighted pair group method (UPGMA) as
the clustering method. Groups are described in the results and discussion section. Table 1
shows the accession codes.

3.2. ISSR Molecular Marker Diversity

Determining the genetic variation between /. platyphylla accessions using phe-
notypic traits and molecular analysis is critical to choosing the parents that will
cross paths to generate appropriate populations for breeding purposes [34]. The
genetic diversity status of J. platyphylla has not been clear yet. Therefore, this
study provided the first assessment of the genetic diversity of J. platyphylla ac-
cessions using ISSR markers. Despite the high genomic similarity, the profiles of
the molecular markers show different patterns of amplification in the accessions.
In this research the study pattern of specific alleles was observed whereby the
population had specific amplification to its accessions.

The number of bands formed by different ISSR primers ranged from 5 to 8
with an average of 7 bands per primer. The maximum number of amplified
product (8) was observed in the profiles of the primer UBC 827 and primer UBC
836. The minimum number of amplified product (5) was observed in the profiles
of primer UBC 841. In the seven accessions, a total of 122 bands were obtained.
Molecular weights ranged from 225.22 to 1500 bp. The percentage of polymor-
phic bands ranged between 40% and 100%. PIC values were in a range from 0.21
to 0.45, with a mean value 0.34. ISSR primers 836 showed the lowest PIC value,
while ISSR 880 showed the highest value (Table 7). The PIC value provides a
measure influenced by the number and frequency of alleles. The maximum value
of PIC for ISSR marker is 0.5 because of the presence of two alleles per locus [35]
[36]. The PIC value reveals the informativeness level and accordingly defined
into categories: low (0 to 0.10), medium (0.10 to 0.25), high (0.30 to 0.40) and
very high (0.40 to 0.50) [37]. The moderate PIC values for the ISSR primers
could have been attributed to the diverse nature of the accessions and/or highly

informative ISSR markers used in this study [38].
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Table 7. Genetic diversity parameters for Jatropha platyphylla genotypes.

. Number of
Primer Sequence Number olvmorphic % of PIC
ISSR a8 of bands POV OP polymorphism value
markers
UBC880 GGAGAGGAGAGGAGA 7 5 71.42 0.45
UBC827 ACACACACACACACACG 8 8 100 0.36
UBC836 AGAGAGAGAGAGAGAGYA 8 4 50 0.21
UBC841 GAGAGAGAGAGAGAGAYC 5 2 40 0.34

The generated mean Jaccard’s coefficient of similarity was 0.53. The maxi-
mum coefficient of similarity (0.76) was found between accessions PR11 and
PP3. The lowest coefficient of similarity (0.28) was found between accessions
LH3 and QP11. Dice index was 0.72. The maximum coefficient of similarity
(0.86) was found between accessions PR11 and PP3. The lowest coefficient of
similarity (0.43) was found between accessions LH3 and QP11.

Polymorphism and genetic information provided by ISSR technique can be
complemented with information from phenotypic and biochemical characteriza-
tion, and thus be able to elucidate in a clearer way the intricate relationships and
interactions that occur in most materials to assess their intraspecific diversity on
a much finer scale [39]. In plants of J. curcas, the genetic diversity of accessions
has been evaluated in populations of India and Brazil [9] [10] [40], Taiwan [11],
South America (Costa Rica) [41], Africa and Asia [42], Indonesia [43]. These
studies have revealed a low diversity attributed to the origin of plant material via
vegetative propagation, which increases the possibility that germplasm banks
store plants of identical provenance [40].

The high diversity found in Mexican accessions of J. curcas agrees with this
investigation [5] [13] [44], which may be because Mexico and Central American
is considered the center of origin of the Jatropha genus [45] [46] and has a high
endemism [28]. Polymorphism indicates that inter-simple sequence repeats are
abundant and highly dispersed through the genome [47].

4. Conclusion

The results of this study can be considered a starting point for future research
aimed at defining the level of genetic diversity to detect promising accessions to
generate /. platyphylla hybrids. To achieve this purpose, a greater number of
natural populations collected from the entire range should be analyzed and ad-
ditional ISSR primers tested. In addition, discriminating bands should be cloned
and sequenced. These studies have given important clues to understand the ge-
notype-phenotype relationship, which can further help develop plant reproduc-
tion strategies.
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