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ABSTRACT

The castor bean plant, Ricinus communis L., belongs to the Euphorbiaceae family, which
includes approximately 300 genera and 7,500 species. This research focuses on investigating
the morphological characteristics, chemical properties, and genetic diversity of castor bean  Received: 05 March 2023

plants growing in Saudi Arabia. We used a modified Cetyl Trimethyl Ammonium Bromide Revised: 20 May 2023

(CTAB) method to extract genomic DNA from the young leaves. To analyze genetic variation, ~AcCepted: 04 June 2023

4 random HAP primers (HAP1, HAP2, HAP3, and HAP4) were used for RAPD-PCR analysis.

A total of 32 DNA fragments were generated, of which 4 were polymorphic and 28 were

monomorphic. Significant phenotypic differences were recorded between the two plant o\ to Cite This Article: Alsubeie
populations, and this was reflected in the genetic analysis. Chemical analysis showed a protein  MS. Comprehensive Analysis of Castor
content of 16% in sample A and 15% in sample B, with total ash contents of 2.7% and 2.3%, Bean (Ricinus communis): Morphology,
respectively. Both samples exhibited similar fat contents of around 47%. The study highlights ~ Genetics, and Chemical Composition in
the need for further research, including DNA sequencing, to gain deeper insights into the Riyadh, Saudi Arabia. Int J Vet Res
genetic and chemical differences between these two castor bean populations. Allied Sci. 2023;3(1):19-25.

Introduction

Castor oil, derived from Ricinus communis L. of the Euphorbiaceae family, is a significant non-edible oilseed
cultivated primarily in drylands and semi-arid regions, especially in tropical areas. Castor plants are the source of
castor oil, an essential raw material used in manufacturing a wide array of products that have many industrial,
medicinal, and agricultural applications. Despite its potential, the castor plant's history of global cultivation has
been limited due to the presence of the toxic protein ricin. In addition to oil, the seeds of R. communis have been
employed across various sectors, including medicine and industry [1-4]. This plant species belongs to the
Euphorbiaceae family, encompassing around 300 genera and 7,500 species, and is classified under the monotypic
genus Ricinus. Genetic studies have shown that the family consists of 3 major lineages, which are the
Phyllanthoids, Putranjivoids, and Euphorbioids, each distantly related. The castor plant shows substantial
diversity in its physical characteristics, including differences in growth habits, foliage color, stem appearance,
seed size, and oil content, which can make varieties appear quite distinct from one another. The plant produces a
spiny, three-chambered capsule that bursts open upon ripening to release the seeds, though some varieties have
capsules without spines or with softer, flexible, or non-irritating properties. Castor beans typically contain 35-
55% oil content [5-8].

Ricinoleic acid, a hydroxylated fatty acid comprising 80-90% of castor oil, is widely utilized in various industries,
alongside polysaccharides and numerous secondary metabolites. Recently, there has been growing interest in its
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potential as biodiesel [9]. In terms of mineral composition and proximate analysis, the mean castor seed from
Sokoto yields between 1 to 8 bunches, with every bunch containing 30 to 56 pods, averaging 43 pods per bunch.
Proximate analysis of the seeds reveals a composition of 28% carbohydrates, 11% protein, 3.5% ash, 1.78%
nitrogen, and 1.0% crude fiber [10, 11]. Advancements in biotechnology and molecular techniques have been
employed to enhance castor seed productivity, increase oil content, and reduce the toxicity of ricin, thus meeting
consumer demands. However, the genetic modification of castor remains a challenge due to the plant's resistance
to efficient regeneration of stable, transformed plants. Additionally, the high costs associated with these
biotechnological processes have limited their widespread adoption and accessibility [12-14]. Various molecular
methods, such as random amplified polymorphic DNA are used to assess genetic divergence and identify
differences and similarities between castor bean genotypes. RAPD has proven effective in identifying genetic
variations in numerous plant species [15]. DNA barcoding, which employs a standardized gene fragment for
species identification, has gained popularity in recent years as a valuable tool for biodiversity monitoring,
molecular phylogeny, and evolutionary studies [16].

The combination of both matK and rbcL primers and conserved DNA sequences as barcode primers has been
recognized as a reliable method for accurately identifying and distinguishing species [17]. The primary objective
is to enhance seed productivity content while minimizing ricin toxicity to better serve market demands and support
farmers. In particular, morphological traits are crucial phenotypic markers that play a key role in developing
sustainable crops [18]. However, relying solely on geographical and morphological traits to study genetic diversity
is ineffective because of the significant impact of environmental factors and plant genetic responses. In recent
years, several stable and effective molecular markers have been introduced to test and analyze genetic diversity
in castor beans, including SSR (single sequence repeat), AFLP (amplified fragment length polymorphism), RFLP
(restriction fragment length polymorphism), and SNPs (single nucleotide polymorphism) [19, 20]. These genetic
tools have enabled advancements in castor bean breeding programs, leading to the development of elite strains
and new morphological varieties. Our study wants to explore the genetic diversity and chemical composition of
castor bean (R. communis) cultivated in Saudi Arabia.

Materials and Methods

Samples of plants

Castor seeds, including hybrids and both male and female varieties, were gathered from Saudi Arabia. R.
communis seeds with spiny capsules having three lobes were provided by Dr. Moodi Saham Alsubeie from the
Biology Department at the College of Science, Imam Mohammad Ibn Saud Islamic University. The seeds were
stored until further use.

Sample preparation and chemical analysis
The seeds were ground into a fine powder, and any remaining seeds were stored in sealed containers for later use.

Ash content analysis

A 2-gram sample of the seeds was placed in a petri dish and dried in the oven at 105°C for three hours. The ash
content was determined by repeating the procedure in triplicate, and the percentage of residual weight was
calculated as the ash content.

Protein and fat percentage determination

For fat content determination, 2 grams of the seed sample were placed in a thimble and subjected to Soxhlet
extraction using petroleum ether (60-80 °C) for 5 hours. The total protein content was measured with the Kjeldahl
method [21].

DNA extraction

Total genomic DNA was taken from the leaves of each castor genotype using a modified Cetyl Trimethyl
Ammonium Bromide (CTAB) protocol. The quality and concentration of the DNA were assessed using a
NanoDrop system. DNA dilutions of approximately 100 ng/pl were stored at 4 °C for subsequent PCR analysis.

RAPD PCR analysis
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For RAPD-PCR, six oligonucleotide primers with an annealing temperature of either 36 °C or 38 °C were used:
HAP1 (GTGATCGCAG), HAP2 (GAAACGGGTG), HAP3 (GTGATCGCAG), and HAP4 (CCGGGAATCG).
PCR reactions were conducted as outlined by Williams et al. [22], with adjustments. The PCR reaction mixture
contained 1 pl of template DNA, 1 ul of each primer (at 10 pmol/ul concentration), 17 pl of double-distilled water,
and 5 pl of a PCR Pre-Mix Kit (which included 2.5 pl of I-Tag™ DNA Polymerase, 2.5 mM every
deoxyribonucleotide triphosphate (dNTPs), 1x reaction buffer, and 1x gel loading buffer; iNtRON Biotechnology,
INC.), making a total volume of 25 pl. The thermal cycling conditions were as follows: 35 cycles of 94 °C for 1
minute, 38 °C for 1 minute, and 72 °C for 2 minutes, with a denaturation step at 94 °C for three minutes and a
final extension at 72 °C for 10 minutes.

Agarose gel electrophoresis

The verification of PCR products was done through electrophoresis on a 2% agarose gel. The gel mixture was
prepared by dissolving 0.4 grams of agarose in 20 milliliters of 1x TBE buffer (Tris-borate EDTA), then heating
for 1 minute and adding 2 pl of Ethidium bromide to stain the gel. To visualize the DNA fragments, 1 ul of a 100
bp DNA ladder was loaded, and the gel was submerged in 1x TBE buffer. The electrophoresis was carried out at
84 volts for 2 hours, and the bands were visualized under ultraviolet light using a gel documentation system,
followed by photographic documentation. If weak bands were observed, the PCR was repeated using the same
protocol, adjusting the annealing temperature to 36 °C.

Statistical analysis

The sizes of the DNA fragments were determined using Gel Analyzer 19.1 software. Only consistently amplified
fragments were considered for further analysis. The protein data were processed and represented visually using
Microsoft Excel 2016 for graphical presentations.

Results and Discussion

Total genomic DNA was taken from castor bean leaves using the CTAB method. The DNA samples exhibited
absorbance ratios at A260/A280 that were from 1.72-1.89, with concentrations varying between 119.5 and 218.9

ng/ul.

Genotypic variations

A total of 32 DNA fragments were amplified using the primers, with 4 bands exhibiting polymorphism and 28
bands showing no variation. The polymorphic bands reflected genetic diversity between the 2 castor bean
populations, as indicated by the phenotypic data recorded in the study (Figure 1; Table 1). The RAPD analysis
was conducted using four random primers (HAP1, HAP2, HAP3, and HAP4) to assess polymorphism in the 2
populations of R. communis. Among the primers tested, HAP1 and HAP3 demonstrated successful amplification
in both populations, while HAP2 and HAP4 produced weaker results. This suggests that the latter primers may
have a lower affinity for binding to complementary sequences in the genomic DNA of the 2 castor bean
populations, possibly due to specific amplification conditions or sequence variations.

The morphological characteristics of the castor bean plants revealed a range of variations. The plant height ranged
from 2.4-3.6 cm for one group and 4.5-5.9 cm for another. The seed colors varied between brown and black/brown,
and the seed sizes ranged from 1.2-1.7 cm. The capsule sizes measured between 2.6 cm and 3.5 cm, and the
textures of the capsules were either spiny or spineless, corresponding to the 3-lobed and 4-lobed capsules of R.
communis, respectively (Table 2).

In terms of chemical analysis, the proximate composition of the seeds from different castor bean types in Saudi
Arabia was assessed. The protein content in the seeds was found to be 16% in sample A and 15% in sample B.
The total ash content was 2.7% for sample A and 2.3% for sample B, while the fat content was 47% and 47.8%
in the 3-lobed and 4-lobed capsule types, respectively (Figure 2).

However, there are certain limitations in our study. The size of the sample was small, with only one germinated
plant per variety, and the focus was primarily on varieties obtained from different sources. It would be interesting
to compare these varieties with those from natural populations of Ricinus. Some of the material came from
controlled environments like plant breeding programs, while others were sourced from botanical gardens, which
may introduce genetic diversity through outbreeding. Additionally, the classification of seeds was challenging
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due to significant variation in seed appearance within the same variety. Due to the limited number of available
samples, the seeds were grouped into two categories. The study focused mainly on visible traits, but a more
comprehensive investigation of the morphology of different Ricinus varieties is essential for proper field
identification. Polymorphisms observed in the RAPD analysis may be attributed to changes in the base sequence,
such as deletions, additions, or substitutions in the priming site region [22].

Genetic variation is essential for adapting to different environments, aiding in species propagation, resource
preservation, and the identification of specific genetic regions. Isolated populations typically accumulate diverse
genetic traits due to environmental pressures [23]. This research utilized RAPD markers to assess the genetic
diversity of castor bean plants. The high degree of polymorphism found suggests that RAPD markers are an
effective way for these studies. Our study lays the groundwork for future investigations into the genetic
differentiation of castor beans.

RAPD has been proven successful in identifying medicinal plants and their components [24, 25], as well as in
distinguishing various ornamental plant species [26]. Several plant characteristics, such as seed, prickles, and stem
color, showed notable genetic variation, likely because these traits were not selected during domestication [27,
28]. Understanding the genetic variation of castor accessions requires the analysis of both quantitative and
qualitative traits [29]. In a study involving 574 accessions, 22 polymorphic EST-SSR markers were used to
investigate oil content, fatty acid composition, and the plant's country of origin. Analysis methods like cluster
analysis and principal component analysis consistently grouped the accessions into four distinct subpopulations
[30]. The study revealed polymorphisms in EST-SSRs, with an average of 2.33 alleles per locus and allele sizes
ranging between 150 and 400 bp. Dendrogram analysis divided 27 accessions into two groups, with genetic
similarity coefficients ranging from 0.24-0.83. The polymorphic information content values of 0.28-0.49 indicated
a moderate level of diversity in the castor bean population [31].

Table 1. Random primers showing polymorphism among castor bean (R. communis) growing in Riyadh Saudi

Arabia
Sr No Primer code Prlme(l;:j;c;uence gel:;;ges Tota:)::wdp;llfled Pol)t/)r:r?gi)hlc Monsgzzphlcpo;;l;cre;;ism
1 HAP1 GTGATCGCAG 2 7 1 6 14.3%
2 HAP2 GAAACGGGTG 2 7 0 7 0%
3 HAP3 GTGATCGCAG 2 8 1 7 12.5%
4 HAP4 CCGGGAATCG 2 10 2 8 20%

M = DNA Ladder 1KB, 1, 2, 3, 4 3-lobe capsule and 5, 6, 7,8 4-lobed capsule
Figure 1. Electrophoretic pattern of two types of castor bean (R. communis) growing in Riyadh Saudi
Arabia (ethidium bromide-stained 2% agarose gel electropherogram of PCR products obtained from the
RAPD analysis)

Table 2. Morphological characterization of two R. communis types growing in Riyadh Saudi Arabia
R. communis 3-lobe capsule R. communis 4- lobed capsule
Plant height 2.4-3.6 cm 4.5-5.9 cm

Seed color Brown Black/Brown
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Seed size 1.2cm 1.7cm
Capsule size 2.6cm 3.5cm
Capsule texture Spiny Spineless

Length 17-21cm 19-23cm

2.8 100%
80%
26 2.3 0
S 24 60%
40%
2.2
20%
2
R.communis 3- R. communis 4- 0%
lobe capsule lobed capsule R.communis 3- R. communis 4-
lobe capsule lobed capsule
Total ash Fat
a) b)
16
155
S
15
145
R.communis 3-lobe R. communis 4-
capsule lobed capsule
Total proteins
c)
Figure 2. Chemical constituents in each 100 g of the seed of types R. communis growing in Riyadh Saudi
Arabia
Conclusion

This study utilized 4 random HAP primers (HAP1, HAP2, HAP3, and HAP4) for RAPD analysis to assess
polymorphism in two populations of castor beans (R. communis). Among the primers tested, HAP1 and HAP3
demonstrated successful amplification across both populations, while HAP2 and HAP4 exhibited weaker
amplification, possibly due to their lower affinity for the complementary binding sites in the genomic DNA of
these populations. Additionally, the primers might have specific requirements for effective amplification. The
morphological and chemical characteristics of the castor bean seeds also showed notable variation, with
differences observed in each 100 g seed sample. The genetic diversity revealed through marker analysis is valuable
for evaluating new genotypes, which could contribute to future breeding efforts and the conservation of castor
bean populations.
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