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Abstract: In spite the medicinal, nutritional and industrial importance of sesame in
Nigeria, its average annual production is still below expectation. Inadequate
information on genetic diversity of the crop has been reported as the major cause of
the poor production. To bridge this gap, the ribulose-1, 5-bisphosphate carboxylase
(rbcl) DNA sequence was used to assess the genetic relatedness
amongsesameaccessions from the six geo-political zones in Nigeria. Genomic DNA
extracted from the leaves of 24 landraces and 5 improved varieties using the CTAB
method was amplified and sequenced. Single Nucleotide Sequence (SNP) typing and
phylogenetic analyses were performed using neighbor joining method. BLASTN
nucleotide to nucleotide analysis of rbcL sequences generated for the 29 samples
matched Sesamumindicum with percentage similarity ranging from 98.73% to 100%.
The multiple alignments of the sequences revealed six polymorphic sites with both
substitutions (transversion) and indels (insertion-deletion) observed. Codon usage
bias showed that 43.75% of the codons did not show codon bias, 25% were highly
preferred codons, and 18.17% exhibited low codon bias usage while 12.50% of the
codons were moderately used.The 29 accessions did not cluster according to
geographical origin whichsuggests exchange of seeds by farmers across the
country.
Keywords: Sesamumindicum, Genetic variability, Barcoding, rbcL, Codon

1. Introduction
Sesame (Sesamumindicum L.) is an important oilseed crop cultivated for its
nutritious seeds and excellent oil production (Kumaraswamyet al., 2023). The crop
holds considerable economic and cultural significance in Nigeria. As a major
producer and consumer of sesame, Nigeria plays vital role in its global trade (Zhang
et al., 2021). According to HL-Agro (2022) Myanmar, India, China, Tanzania, Sudan,
Ethiopia, Nigeria, Burkina Faso, Uganda, and Niger are the top ten producers of
sesame which accounted for over 80% of world production. In Nigeria, sesame is
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majorly cultivated in states like Benue, Nassarawa, Jigawa, Kano, Kebbi, Yobe,
Borno, Gombe, Plateau and Taraba (Yunusaet al., 2019). Apart from the mentioned
states, sesame is also grown in other parts of Nigeria on a smaller scale.

Sesame is used for several culinary, medicinal and industrial purposes (Wei et al.,
2022; Chen et al., 2024). The seeds according to Abbas et al. (2022) is said to be a
rich source of oil which accounted for why the crop is included in recipes for the
production of food items like sesame oil, paste, candies, and several baked foods.
Medicinally, sesame oil is a very good remedy for high blood pressure, cough,
diabetes, high cholesterol, heart disease, hemorrhoid, constipations and other
health conditions (Singletary et al., 2022). According to Orielet al. (2024) sesame oil
is also used for several dermatological treatments owning to its natural anti-bacterial
and anti-fungi potentials. The oil has recently been included into a number of
cosmetics products because of its antiviral and anti-inflammatory properties. The
shafts from processed sesame seeds have been reported by Yeasminet al. (2021) to
be rich source of balance diet for farm animals.

Surprisingly, in spite the numerous medicinal and nutritional importance of sesame,
its average annual production has been below expected average annual production
(Shehu, 2023). In an attempt to increase the annual production of sesame in Nigeria,
area of land committed to its cultivation has been significantly increasedwhich still
did not get the crop to its annual yield potential (Ajibadeet al., 2023). To buttress
this, Shehu (2023)reported that the average yield of sesame is roughly 300 kg/ha
which is four times lower than that of other oilseed crops, such as soybeans and
groundnuts.Animasaunet al. (2022) precisely implicated insufficient knowledge of
genetic diversity as the major reason behind the poor production of this crop in
Nigeria. Therefore, very little is known about the genetic makeup of the native
sesame germplasm in Nigeria.

So far studies carried out on the genetic variations in sesame collections from
Nigeria have concentrated more on morphological markers (Alake et al., 2010;
Alegeet al., 2011; Ukaan and Ogbonna, 2012; Jakuskoet al., 2013; Zhigilaet al., 2015;
Falusiet al., 2015; Nwekeet al., 2019; Madina, 2020; Animasaunet al., 2022). Rani et
al. (2023) reported that molecular markers are more valuable tools for the
assessment of genetic diversities because unlike morphological markers they are
not influenced by environmental conditions, making them more reliable and
reproducible. To overcome the challenges associated with morphological markers,
some molecular markers have been employed for the evaluation of genetic diversity
as well as species identification in sesame collections from Nigeria. The molecular
markers employed so far for discriminating Nigeria sesame include SSRs (Simple
Sequence Repeats) (Nwekeet al., 2011; Durodolaet al., 2023; Odesolaet al., 2020;
Oduoyeet al., 2020), RAPD (Random Amplified Polymorphic DNA) (Alege 2019;
Nwekeet al., 2020) and microsatellite polymorphisms (Nwekeet al., 2012). There is
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information dearth on the use of DNA barcodesfor genetic characterization and
species identification of Nigerian sesame.

The two major barcodes used for such studies includes nuclear barcodes like ITSZ2,
and Cytoplasmic DNA, such as mitochondrial DNA (mtDNA) and chloroplast DNA
(cpDNA). The advantages of cytoplasmic DNAs over nuclear DNA include its
haploidy nature (Laczkéet al., 2022), maternally inheritance mode in most
eukaryotes (Merhebet al., 2019; Chac and Thinh, 2023) and its less prone to genetic
recombination (Camus et al., 2022).

Among the cytoplasmic barcoding techniques, Jianet al. (2022) stated that
mitochondrial DNA sequences are more suitable for the identification of animal
species, while DNA sequences in chloroplast genes are mostly used for the
identification of plant species. Li et al. (2021) reported that chloroplast barcodes
such as matK, rbcL, ndhF, and ycfl have been shown to enable rapid and accurate
identification of plant species. Among these four barcodes, Pere et al. (2023) singled
out the rbcL (ribulose-bisphosphate carboxylase) marker as the most suitable
chloroplast DNA barcode for plant species identification due to its widespread
presence, conserved nature, high PCR amplification and sequence recovery rate in
plants. To the best of our knowledge no known studies of the chloroplast (cp) DNA
sequence of sesame is available from Nigeria. Therefore, rbcLi gene sequences of
sesame collected from different geopolitical zones in Nigeria will be generated and
used to assess the level of genetic diversity among the samples.

2.0. Materials and Methods

Sample Collection

Seeds of sesame accessions were collected from farmers at four different locations
within each geopolitical zone to give a total of 24 sesame samples as shown in table
1. Selection of locations for sample collection was done using Simple Random
Sampling (SRS) techniques within each geopolitical zone. Two improved varieties
were obtained from Abeokuta (Ogun State) while three improved varieties were
obtained from National Cereals Research Institute (NCRI) Badeggi to make a total of
29 samples. Seeds of each sample were planted and young leaves from the plants
were obtained from healthy plants for DNA extraction and amplification.

Genomic DNA extraction
The CTAB method was used to extract genomic DNA from the samples.

The PCR sequencing and Amplification
The forward and reverse primers were designed using the reference gene, ribulose
1,5 bisphosphate carboxylase/oxygenase subunit (rbcL). PCR was carried out in a
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GeneAmp 9700 PCR System Thermalcycler (Applied Biosystem Inc., USA) with a
PCR condition as given below:

Gene of | Primer name | Primer sequence 5’-3’ PCR profile

interest

rbcL HIfF CCACAAACAGAGACTAAAGC initial denaturation at 94°C for
Fofana R GTAAAATCAAGTCCACCGCG 5 min, followed by 35cycles of

each cycle comprised of
30secs denaturation at 94°C,
30secs annealing of primer at
50°C, 40 sec extension at 72°C
and a final extension for 7min
at 72°C. Polymerase Chain
Reaction

Data analysis

BLASTn was used to compare the obtained sequence with DNA sequences from
GenBank. The codon usage frequency table of the 29 samples was generated using
the sequence manipulation suite software. Codon usage indices were calculated
using CodonW as implemented on a public Galaxy server (galaxy.pasteur.ir).
MEGA 11 software was used to construction the phylogenetic tree with Neighbor
Joint (N]) method (Tamura et al., 2021).

Figure 1: Samples collection locations across the six geo-political zones in Nigeria.
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3.0. Result and Discussion

Agarose gel showed positive amplification between the extracted DNA from the 29
accessions and the rbcLi gene sequence at approximately 550 bp (Plate 1). This
revealed universality of rbcL gene in the studied accessions. According to Antilet al.
(2023) the universality and ease of amplification of rbcl gene accounted for its
preferable use as a DNA barcode in plant. The observed band size (around 550 bp)
is consistent with the report of Xu and Tabita (1996) that the rbcLi genes commonly
have its bands around 500 bp.

BLASTN nucleotide to nucleotide analysis of rbcL sequences generated for the
twenty-nine samples revealed strong matching with only Sesamumindicumin the
database with percentage similarity ranging from 98.73% to 100% (Table 2). This
indicates that all the 29 samples are Sesamumindicum.

The narrow range in the total nucleotide length (546 bp to 551 bp) and GC content
(42.86% to 43.22%) of the sesame accessions studied (Table 3) suggests high
degree of conservation (with very little sequence variation) in the sequence of the
rbcL gene across the samples. This finding is consistent with the report of Wang et
al. (2024) that the rbcL gene is well conserved in plant. The GC range observed in
this study is similar to the 43.77% to 44.11% reported by Omonhinminet al. (2023) on
Moringaoleiferaaccessions but slightly higher than the 28.5% to 42.00% range
reported by Parvathyet al. (2022) using rbcL sequences.

In this study, single nucleotide polymorphisms (SNPs) revealed six variable or
polymorphic sites (representing 1.09% of the total sequence) (Table 4 and Figure 2).
The six mutational evens include five indels (insertion and deletion) and one
substitutions (transversion). Deletions of A were observed at positions 5 (13
accessions), 8 (4 accessions) and 18 (27 accessions) of the rbcL sequence, whereas
deletion of C and G were observed at 9% (27 accessions) and 385th positions (10
accessions) of the sequence respectively. Also, transversion of A to C was recorded
at the 11th position (4 accessions) of the sequence (Table 4 and Figure 2). This low
frequency of variable sites observed in this study further supported high degree of
conservation within the rbclh gene among the sesame accessions studied. This
pattern of mutation observed in this study suggests potential hotspots for indels
within the rbcL gene of Sesamumindicum which could serve as possible markers for
further analysis of genetic diversity within this species. Although, the 6 SNPs
observed in this study is notably lower than the 22 indels and 4 transversions events
reported byDevi and Chrungoo (2017) after nucleotide sequences alignment of rbcL
sequence of Chenopodium quinoa. The higher number of indel and transversion
reported in their study compared to ours may be attributed to the fact that whole
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rbcL gene of approximately 1183 bp was considered.Dossouet al. (2023) identified
indels as the major cause of variations in the genes responsible for Lignans synthesis
in sesame.

Interestingly, all the 20 standard amino acids were found in the rbcL protein (Table
5). However, cysteine (Cys) having the least occurrence (1.36%) in this study was
absent in accessions R7, R14, R15, R16, R20, R22 and R24. Generally, the sequence is
rich in Leucine (12.14%) and Arginine (9.89%). This complete absence of cysteine in
some accessions is connected to the earlier reported SNPs that resulted in codon
changes, leading to substitution of cysteine with other amino acids. This finding is
consistent with the report of Liu et al. (2018) that the codons for the production of
amino acid cysteine are the least frequent universal amino acid in Chrysanthemum
carinatum and Kalimerisindica.

Table 6 showed that 34 (excluding methionine and tryptophan) were preferred
codons. This result also revealed that termination codon was highly biased towards
UGA but UAG was not favoured while UAA was moderately used. The observed
strong bias towards UGA as a termination codon in this study is consistent with the
earlier report of Liuet al. (2005) that the UGA is favoured over UAA and UAG in
eukaryotes. From Figure 3 it was observed that 43.75% of the codons did not show
codon bias, 25% were highly preferred codons, and 18.17% exhibited low codon
bias usage while 12.50% of the codons were moderately used. The wide variations
observed in codon bias pattern suggests that some codons are used more frequently
(highly biased) than others for encoding the same amino acid. According to Bahiri-
Elitzur and Tuller (2021) codon bias occurs as a result of specific codons favoured by
the abundant tRNAs in the organism to ensure efficient translation of mRNA into
protein.Our study also revealed underlying preference for codons ending in A and U
at the third base position.Parvathyet al. (2022) reported predominance of A- and U-
ending codons inseven species of Citrus and FADT gene of dicots. Wang et al.
(2024) also reported that the chloroplast genomes of dicotyledons generally prefer
to use codons ending with A/U.

The Neighbor Joint (N]) analysis separated the 29 accessions into two main clusters
(Figure 4). This suggests a potential separation into two distinct lineages within the
studied Sesamumindicumsamples. Interestingly, a specific pattern of SNPs (deletion
of A at position 8 and transversion of C for A at position 11) was observed among the
four accessions in Cluster II. This reveals possible relationships between the SNPs
and the evolutionary patterns of the studied sesame samples. Therefore, accessions
that shared the same mutation types might have diverged from a common ancestor
more recently. Our study also revealed that accessions lacking cysteine in their rbcL
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sequence are scattered across the three sub-clustered which suggests divergent
evolution of those samples. The failure of accessions to cluster according to
geographical origin and grouping of accessions from the six geo-political zones in
the first sub-cluster of cluster 1 indicates that geographical origin does not correlate
with genetic diversity since genotypes from different geographical origins clustered
together in the same group. This finding is comnsistent with the report of
Bhattacharjeeet al. (2020) who observed grouping of sesame accessions from
different geographical regions in India into the same cluster. This grouping pattern
observed in this study may be facilitated by exchange of seeds among sesame
farmers across different zones in Nigeria.

Mk1 2 3 45 6 78 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

550bp

Plate 1: PCR amplification for the twenty nine Sesamumindicum accessions
using of rbcL marker.

Table 1: Details of Sesamumindicumaccessions collection and NCBI GenBank
submission codes.

S/ | Accessi | Area of collection State of | Collection
N | onNo. Collection Geopolitical
Zone

1 R1 E8 (Improved Variety) Abeokuta (Ogun) South West

2 R2 Yandev Y55 (Improved Variety) | Abeokuta (Ogun) South West

3 R3 NCRI BEN OIM (Improved | Badeggi (Niger) North Central
Variety)

4 R4 NCRI BEN O04E (Improved | Badeggi (Niger) North Central
Variety)

5 R5 NCRI BEN O0SE (Improved | Badeggi (Niger) North Central
Variety)

6 R6 Otukpo Benue North Central
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1 RT Akwanga Nasarawa North Central
8 R8 Offa Kwara North Central
9 R9 Yelwa FCT North Central
10 | R10 Gombi Adamawa North East

11 |RI1l1 Kashere Gombe North East

12 | RI12 Jalingo Taraba North East

13 |RI3 Maiduguri Borno North East

14 | R1l4 Dutse Jigawa North West

15 | R15 Dutsin-ma Kastina North West

16 | RI16 Bodinga Sokoto North West

17 |R17 Zaria Kaduna North West

18 | R18 Olokoro Abia South East

19 | RIS Abakaliki Ebonyi South East

20 | R20 Umuode Enugu South East

21 | R21 Umudioka Anambra South East

22 | R22 Kwale Delta South South
23 | R23 Elele Rivers South South
24 | R24 Igbogene Balyesa South South
25 | R25 Jattu Edo South South
26 | R26 Ede Osun South West
27 | R21 Ijebu-ode Ogun South West
28 | R28 Ognomosho Oyo South West
29 | R29 Iyin-Ekit Ekiti South West

Table 2: rbcL BLAST outcome for the 29 Sesamumindicum accessions

Sample | Scientific Name | Max Total | Query |E Percentage

ID Score Score | Cover | value | Identity
(%)

1 Sesamumindicum | 974 974 100% |0 98.73

2 Sesamumindicum | 1003 10083 100% |0 99.82

3 Sesamumindicum | 1009 1009 100% |0 100.00

4 Sesamumindicum | 1009 1009 100% |0 100.00

5 Sesamumindicum | 998 998 100% |0 99.63

6 Sesamumindicum | 1009 1009 100% |0 100.00

7 Sesamumindicum | 998 998 100% |0 99.63

8 Sesamumindicum | 1003 1003 100% |0 99.82

9 Sesamumindicum | 1009 1009 100% |0 100.00

10 Sesamumindicum | 1009 1009 100% |0 100.00
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11 Sesamumindicum | 974 974 100% |0 98.73

12 Sesamumindicum | 1003 1003 100% |0 99.82

13 Sesamumindicum | 1009 1009 99% 0 100.00

14 Sesamumindicum | 992 992 100% |0 99.45

15 Sesamumindicum | 998 998 100% |0 99.63

16 Sesamumindicum | 992 992 100% |0 99.45

17 Sesamumindicum | 1009 1009 100% |0 100.00

18 Sesamumindicum | 1009 1009 100% |0 100.00

19 Sesamumindicum | 1003 1003 100% |0 99.82

20 Sesamumindicum | 998 998 99% 0 99.63

21 Sesamumindicum | 1009 1009 99% 0 100.00

22 Sesamumindicum | 1009 1009 99% 0 100.00

23 Sesamumindicum | 992 992 100% |0 99.45

24 Sesamumindicum | 1003 1003 100% | O 99.82

25 Sesamumindicum | 1003 1003 100% |0 99.82

26 Sesamumindicum | 1005 1005 100% |0 99.82

27 Sesamumindicum | 1009 1009 99% 0 100.00

28 Sesamumindicum | 1009 1009 100% | O 100.00

29 Sesamumindicum | 1009 1009 100% | O 100.00
Table 3: Rbcl sequence length and proportion of nucleotide in the
Sesamumindicum
Accession | Geopolitical A T G C GC Sequenc
Number Zone (%) (%) (%) (%) (%) e Length
R1 South West 28.86 |27.95 |21.6 21.6 43.19 | 551
R2 South West 28.88 |28.15 |[21.94 |21.02 |42.96 |547
R3 North Central | 28.75 |28.21 |21.98 |21.06 |43.04 | 546
R4 North Central | 28.75 |28.21 |21.98 |21.06 |43.04 |546
R5 North Central |28.94 |28.21 |21.79 |21.06 |42.86 |546
R6 North Central |28.75 |28.21 |21.98 |21.06 |43.04 |546
R7 North Central |28.94 |28.21 |21.79 |21.06 |42.86 |546
R8 North Central | 28.70 |28.15 |21.94 |21.21 43.14 | 547
R9 North Central | 28.75 |28.21 |21.98 |21.06 |43.04 |546
R10 North East 28.75 |28.21 |21.98 |21.06 |43.04 |546
R11 North East 28.86 |27.95 |21.60 |21.60 |43.19 |55l
R12 North East 28.88 |28.15 | 21.94 |21.02 |42.96 |547
R13 North East 28.70 |28.15 |21.94 |21.21 43.14 | 547
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R14 North West 28.57 28.21 | 21.79 21.43 43.22 546
R15 North West 28.94 28.21 | 21.79 21.06 42.86 546
R16 North West 28.57 28.21 | 21.79 21.43 43.22 546
R17 North West 28.15 28.21 |21.98 21.06 43.04 546
R18 South East 28.15 28.21 | 21.98 21.06 43.04 546
R19 South East 28.88 28.15 | 21.94 21.02 42.96 547
R20 South East 28.88 28.15 | 21.76 21.21 42.96 547
R21 South East 28.70 28.15 | 21.94 21.21 43.14 547
R22 South South 28.57 28.21 | 21.79 21.43 43.22 546
R23 South South 28.70 28.15 | 21.94 21.21 43.14 547
R24 South South 28.57 28.21 | 21.79 21.43 43.22 546
R25 South South 28.88 28.15 | 21.94 21.02 42.96 547
R26 South West 28.94 28.21 | 21.98 21.06 43.04 546
R27 South West 28.83 28.28 | 21.9 20.99 42.88 548
R28 South West 28.70 28.15 | 21.94 21.21 43.14 547
R29 South West 28.15 28.21 |21.98 21.06 43.04 546

Table 4: Monomorphic and polymorphic sites in the Sesamumindicum

accessions
Total Aligned Variable Details of Variable Sites
Sequence (Monomorph | (Polymorph
Length ic) Sites ic) Sites
551 kb 545 kb | 6 kb | Locations | Mutation Accessions Affected
(98.91%) (1.09%) of Observed
Variable
Site
5th Deletion of | R3, R4, R6, R8, R9,
A R10, R13, R17, R18,
R21, R23, R28 and
R29
8th Deletion of | R14, R16, R22 and
A R24
gth Deletion of | All except accession
C Rl and R11
11th Transversio | R14, R16, R22 and
n(AtoC) R24
18th Deletion of | All except accession

A

Rl and R11
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385th Deletion of | R1, R5, R7, R11, R14,
G R15, R16, R20, R22
and R24.
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Figure 2: Multiple alignment of the rbcL sequence and the mutational evens of
the Sesamumindicum accessions.
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Acc. Ph | Leu |Ile |Me (Val [Ser |Pro | Thr |Ala |Tyr |His | Gln |Asn | Lys |Asp |Glu [ Cy |Trp | Axrg | Gly
No. e () [ [t [ () [ (%) | () | (R | (%) | (%) | (%) [ (%) | () [ (%) [(%) |[(0) |s [ (%) | (%) |(%)
(“0) (o) (%)
1 6.9 | 144 3.4 |28 |34 1.5 23 |46 |40 |46 |52 |[1.1 |46 |52 (23 |1.1 (104 |6.3
4 5 7 9 7 1.73 |1 1.51 |1 2 5 2 0 6 2 0 1 6 0 6
2 1.1 6.4 |52 (69 |17.4 |46 |151 (29 |34 |1.1 |17 |68 |1.7 |1.1 |05 (0.5 |1.1 5.2
6 8.14 |0 3 8 4 5 2 1 9 6 4 1 4 6 8 8 6 9.30 |3
3 79 | 159 |3.6 |3.0 |3.6 9.8 42 |06 |36 |42 (6.7 |24 |30 |18 |24 |18 |11.6 |8.5
8 5 8 7 8 1.23 |2 3.07 |9 1 8 9 5 5 1 4 5 4 6 9
4 79 | 159 |3.6 |3.0 |3.6 9.8 42 |06 |36 |42 |6.7 |24 |30 |18 |24 |18 |11.6 |85
8 5 8 7 8 1.23 |2 3.07 |9 1 8 9 5 5 1 4 5 4 6 9
5 4.1 41 |41 (82 |142 |59 |11.8 |83 |23 |1l.1 |17 |7.1 |23 |41 |05 [0.0 |1.1 5.3
4 8.88 |4 4 8 0 2 3 3 7 8 8 0 7 4 9 0 8 7.10 |3
6 7.9 | 159 |3.6 |3.0 |3.6 9.8 42 |06 |36 |42 |6.7 |24 |30 |18 |24 |18 |11.6 |85
8 5 8 7 8 1.23 |2 3.07 |9 1 8 9 5 5 7 4 5 4 6 9
1 4.1 41 (4.1 (82 |142 |59 |11.8 (83 |23 |1.1 |1.7 |7.1 |23 |4.1 |05 (0.0 |1.1 5.3
4 8.88 |4 4 8 0 2 3 3 7 8 8 0 7 4 9 0 8 7.10 |3
8 79 | 159 |3.6 |3.0 |3.6 9.8 42 |06 |36 |42 (6.7 |24 |30 |18 |24 |18 |11.6 |8.5
8 5 8 7 8 1.23 |2 3.07 |9 1 8 9 5 5 7 4 5 4 6 9
9 79 | 159 |3.6 |3.0 |3.6 9.8 42 |06 |36 |42 (6.7 |24 |30 |18 |24 |18 |11.6 |8.5
8 5 8 7 8 1.23 |2 3.07 |9 1 8 9 5 5 7 4 5 4 6 9
10 79 | 159 |3.6 |3.0 |3.6 9.8 42 |06 |36 |42 (6.7 |24 |30 |18 |24 |18 |11.6 |8.5
8 5 8 7 8 1.23 |2 3.07 |9 1 8 9 5 5 1 4 5 4 6 9
11 6.9 | 144 34 |28 |34 1.5 23 |46 |40 |46 |52 |1.1 |46 |52 (23 |1.1 (104 |6.3
4 5 7 9 7 1.73 |1 7.51 |1 2 5 2 0 6 2 0 1 6 0 6
12 1.1 6.4 (52 (69 |17.4 |46 |15.1 (29 |34 |1.1 |17 |58 |1.T |1.1 |05 (0.5 |1.1 5.2
6 8.14 |0 3 8 4 5 2 1 9 6 4 1 4 6 8 8 6 9.30 |3
13 79 |159 |36 |30 |36 |1.28 (98 |3.07 (42 06 |36 |42 |6.7 (24 |30 |18 (24 |18 [11.6 |85
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8 5 8 7 8 2 9 1 8 9 5 5 7 4 5 4 6 9
14 6.5 41 (4.1 |7.1 |119 |65 |10.1 |53 |23 (0.6 |29 |65 |29 |41 (0.6 0.0 |1.7 5.9
5 8.33 |7 7 4 0 5 2 6 8 0 8 5 8 7 0 0 9 1.74 |5
15 4.1 41 (4.1 |82 |142 |59 |11.8 |63 |23 |[1.1 |1.T |7.1 |23 |4.1 |05 0.0 |1.1 5.3
4 8.88 |4 4 8 0 2 3 3 7 8 8 0 1 4 9 0 8 7.10 |3
16 6.5 41 (41 |7.1 |119 |65 |10.1 |53 |23 (0.6 |29 |65 |29 |41 (0.6 0.0 |1.7 5.9
5 8.33 |7 7 4 0 5 2 6 8 0 8 5 8 7 0 0 9 1.74 |5
17 7.9 | 159 | 3.6 |3.0 |3.6 9.8 42 |06 |3.6 |42 |67 (24 |30 |18 |24 |18 |11.6 |85
8 5 8 7 8 1.23 |2 3.07 |9 1 8 9 5 5 7 4 5 4 6 9
18 7.9 | 159 | 3.6 | 3.0 |3.6 9.8 42 |06 |36 |42 (6.7 |24 |30 |18 |24 |18 |11.6 |85
8 5 8 7 8 1.23 |2 3.07 |9 1 8 9 5 5 7 4 5 4 6 9
19 1.1 6.4 |52 (69 |17.4 |46 |151 (29 (34 |1.1 |17 |58 |1.7T |[1.1 |05 |05 |1.1 5.2
6 8.14 |0 3 8 4 5 2 1 9 6 4 1 4 6 8 8 6 9.30 |3
20 4.1 41 |41 (82 |142 |59 |11.8 |83 (23 |1.1 |17 |7.1 |23 |4.1 |05 |0.0 |1.1 5.3
4 8.88 |4 4 8 0 2 3 3 7 8 8 0 7 4 9 0 8 7.10 |3
21 7.9 | 159 | 3.6 |3.0 |3.6 9.8 42 |06 |36 |42 (6.7 |24 |30 |18 |24 |18 |11.6 |85
8 5 8 7 8 1.23 |2 3.07 |9 1 8 9 5 5 7 4 5 4 6 9
22 6.5 41 (41 |7.1 |119 |65 |10.1 |53 |23 (0.6 |29 |65 |29 |41 (0.6 0.0 |1.7 5.9
5 8.33 |7 7 4 0 5 2 6 8 0 8 5 8 7 0 0 9 1.74 |5
23 7.9 | 159 |3.6 |3.0 |3.6 9.8 42 |06 |3.6 |42 |67 (24 |30 |18 |24 |18 |11.6 |8.5
8 5 8 7 8 1.23 |2 3.07 |9 1 8 9 5 5 7 4 5 4 6 9
24 6.5 41 (4.1 |7.1 |119 |65 |10.1 |53 |23 (0.6 |29 |65 |29 |41 (0.6 0.0 |1.7 5.9
5 8.33 |7 7 4 0 5 2 6 8 0 8 5 8 7 0 0 9 1.74 |5
25 1.1 6.4 |52 |69 |174 |46 |15.1 |29 |34 (1.1 |1.T |58 |1.7 |[1.1 |05 0.5 |1.1 5.2
6 8.14 |0 3 8 4 5 2 1 9 6 4 1 4 6 8 8 6 9.30 |3
26 1.1 6.4 |52 (69 |17.4 |46 |151 (29 (3.4 |1.1 |17 |58 |1.7 |[1.1 |05 |05 |1.1 5.2
6 8.14 |0 3 8 4 5 2 1 9 6 4 1 4 6 8 8 6 9.30 |3
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5.

1.1 6.4| 52| 69| 174| 46| 15.1| 29| 34| 1.1 | 1.7| 88| 1.7| 1.1| 05| 0.5| 1.1 2

6| 8.14 0 3 8 4 5 2 1 9 6 4 1 4 6 8 8 6| 9.30| 3

28 8.

79| 159| 3.6| 3.0| 3.6 9.8 42| 06| 36| 42| 67| 24| 3.0| 1.8 24| 18| 11.6| 5

8 5 8 1 8| 1.23 2| 3.07 9 1 8 9 5 5 1 4 5 4 6| 9

29 8.

79| 159 | 36| 3.0, 3.6 9.8 42| 06| 36| 42| 6.7| 24| 30| 18| 24| 18| 116| 5

8 5 8 7 8| 1.23 2| 3.07 9 1 8 9 5 5 7 4 5 4 6| 9

Mean 6.

(%)| 57| 12.1 | 43| 3.8| 5.4 1.5 41| 20| 23| 3.2| 64| 22| 30| 14| 13| 1.5 8

2 4 8 2 9| 8.01 5| 8.15 5 0 9 4 6 7 8 7 6 5| 9.89| 9

Table 5: Amino acid composition of the Sesamumindicum accessions from the RBCL sequences
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Table 6: Relative Synonymous Codon Usage for rbcL Sequences of Sesamumindicum

December 2024

Amin | Codo | Coun | RSC | Amin | Codo | Coun | RSC | Amin | Codo | Coun | RSC | Amin | Codo | Coun | RSC
o n t U o n t U o n t U o n t U
acids acids acids acids
Ala GCG | 1.66 0.83 | His CAU 2.03 1.69 | Thr ACG |0.45 0.16 | Trp UGG | 5.00 1.00
* *
Ala GCA |1.24 0.62 | His CAC |0.38 0.31 | Thr ACA | 3.07 1.08 | Arg AGG |4.83 1.61
* *
Ala GCU | 2.59 1.29 | Lys AAG |3.10 0.59 | Thr ACU 5.17 1.81 | Arg AGA |4.72 2.23
* * *
Ala GCC | 2.48 1.24 | Lys AAA 7.31 1.40 | Thr ACC |5.17 0.95 | Arg CGG | 0.62 0.29
* *
Cys UGU |4.59 1.34 | Leu UuG 3.59 1.04 | Val GUG 1.45 0.59 | Arg CGA |2.90 1.37
* * *
Cys UGC |2.24 0.65 | Leu UUA 4.55 1.32 | Val GUA | 2.97 1.21 | Arg CGU 1.66 0.78
* *
Phe UuuU 3.21 1.00 | Leu CUG |4.38 1.27 | Val GUU | 4.17 1.70 | Arg CGC |0.93 0.44
* * *
Phe uucC 3.17 1.00 | Leu CUA | 2.86 0.83 | Val GuC 1.21 0.49 | Ser AGU 1.72 0.75
*
Cly GGG | 2.69 1.02 | Leu CuU 3.55 1.03 | Tyr UAU 3.90 0.82 | Ser AGC |2.74 1.21
* * *
Gly GGA | 3.76 1.42 | Leu CcucC 1.69 0.49 | Tyr UAC 5.62 1.18 | Ser UcCG |0.83 0.36
* *
Gly GGU | 2.76 1.04 | Glu GAG | 2.66 0.75 | Pro CCG | 2.24 0.88 | Ser UCA 1.52 0.66
*
Gly GGC |1.38 0.52 | Glu GAA |4.41 1.25 | Pro CCA 1.45 0.57 | Ser UCU 3.41 1.48
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Ile AUA |2.28 |0.74 |Asn AAU |2.52 |0.13 |Pro CCU |4.76 |1.87 |Ser UucCC |3.52 |1.583
* *
Ile AUU |3.85 |1.15 |Asn AAC |4.41 |1.27 |Pro CCC |1.69 |0.67 |End UGA |2.90 |1.42
* * *
Ile AUC |3.41 |1.11 |GIn CAG |1.1T |0.39 |Asp GAU |4.10 |1.31 |End UAG |0.69 |0.34
* *
Met AUG |3.03 |[1.00 |GIn CAA [4.83 |1.61 |Asp GAC |2.14 |0.69 |End UAA |2.55 |1l.24
* * *
RSCU: Relative Synonymous Codon Usage, RSCU values greater than in asterisk (¥).

Categories of Relative synonymous codon usage (RSCU):
e Lack of bias (RSCU < 1.0)
e Low bias (1.0 <RSCU< 1.2)
e Moderately biased (1.2 < RSCU< 1.3)
e Highly biased (RSCU > 1.3)
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Figure 3: Frequency of Relative Synonymous Codon Usage (RSCU) in
Sesamumindicum
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Figure 4: Relationships among the Sesamumindicum accessions based on
sequences from the RBCL marker.

4.0. Conclusion

This study revealed that the rbcL sequence of the 29 accessions closely matched the
sequence of Sesamumindicumin the database. The low frequency of variable sites in
this study reveals high level of conservation within the rbcL gene in the studied
samples. This study also revealed relationship between the observed SNPs and
evolutionary patterns of the sesame. Accessions from different geographical origins
clustered together which suggests that there is no relationship between
geographical origins of samples and genetic diversity. This therefore suggests



exchange of sesame seeds among farmers across the six geopolitical zones in
Nigeria.
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