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Abstract

Cowpea improvement has continued to play key roles in the quest for national food security.
This work elucidated the molecular genetic diversity and phylogenetics among four released
cowpea varieties (FUAMPEA-1, FUAMPEA-2, FUAMPEA-3 AND FUAMPEA-4). DNA was
extracted from 14 day old seedlings using the CTAB method. A total of nine (9) SSR (Simple
Sequence Repeats) markers were employed in DNA amplifications. Binary matrix was
generated from banding profiles of gel images and uploaded into the Minitab 17.0 software for
analysis. Polymorphic Information Content (PIC) was computed for the primers and cowpea
varieties. Cluster analysis was carried out using the Single Linkage method measured on
Euclidean Distance. Four primers (CLM 1190, CLM0342, RB38 and RB7) produced maximum
of two bands each resulting in 15.4% polymorphism and 0.977 Polymorphism Information
Content (PIC). Varietal Polymorphic Content (VPC) varied from 15.4% in FUAMPEA-2 as the
lowest to 38.5% in FUAMPEA-1 as the highest. FUAMPEA-1 had the lowest genetic
similarity index (19.82). Dendrogram further showed that FUAMPEA-2 and FUAMPEA-3
were more closely related than others with about 46.55 similarity index. Therefore,
FUAMPEA-1 was the most divergent and genetically diverse variety followed by FUAMPEA-
4. These are potential genetic resource material that can used to develop more cultivars when
their inherent agronomic traits and genes coding for the traits are identified and tapped.
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Introduction

Cowpea (Vigna unguiculata (L.) Walp), family Fabaceae, is an important leguminous food crop
of the sub-Saharan African countries and it has become a staple food produced and consumed
by almost every home in Nigeria. The grain is a source of cost effective plant based dietary
protein (25%) and amino acids in addition to high fiber, vitamin and mineral contents needed
to address malnutrition and poverty in developing countries (Aboki et al. 2013, Ahenkora et al.
2018). About 83.4% of the world’s overall production comes from Africa while over 80% of
African production comes from West Africa including Nigeria being the largest producer of
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cowpea in Africa (Omoigui et al. 2016). The crop is well adapted to drought. It competes
favourably well with other plants while playing an important role in nitrogen fixation, a process
that adds nutrients to the soil (Uzogara and Ofuya 2012, Taiwo et al. 2014). Although there
have been successes of cowpea production in the country, the crop is challenged by numerous
biotic and abiotic stresses that limit its productivity or consumption (Omoigui et al. 2017).
There is need for continuous improvement to ensure its sustainable production to feed the
growing human population. The use of modern biotechnology cannot be over-emphasized in
this regard (Singh et al. 2012).

To solve the numerous constraints to cowpea production, plant breeders have initiated many
improvement programmes aimed at addressing specific challenges to meet the demand of
farmers and consumers ((Singh et al. 2012). There are varieties that have been improved for
resistance against parasitic weeds, fungal and bacterial diseases (Omoigui et al. 2016, 2017).
Some varieties have been improved for nitrogen efficiency use and tolerance to pesticides and
drought (Boukar and Fatokun 2019). The lack of genetic diversity has made further
improvement in cowpea varieties an arduous task. New variation is critical for introducing
interesting characteristics into breeding programs. Diversity in plant genetic resources is needed
to provide opportunities for plant breeders to develop new improved cultivars with desirable
traits. Varietal development is a crucial aspect of crop improvement that provides genetic
resource to improve local landraces to achieve national food security (Boukar and Fatokun
2019).

Federal University of Agriculture Makurdi Nigeria (FUAM) in collaboration with 1ITA
(International Institute of Tropical Agriculture) has been in the front burner of cowpea
improvement programmes mainly to improve yield, maturity time and resistance to parasitic
weeds, pests and diseases (Omoigui et al. 2015, 2016, 2017). Consequently, the National
Variety Release Committee (NVRC) approved the release of two improved varieties
(FUAMPEA-1 and FUAMPEA-2) in 2016 and additional two varieties (FUAMPEA-3 and
FUAMPEA-4) in 2022. The overall aim is to boost cowpea production to achieve food security
not only in Nigeria but also in Africa in addition to boosting farmers’ income and improving
their livelihood. Studies on the genetic diversity and phylogenetic relationship have not been
conducted on these new varieties. This aspect is considered important in plant breeding and
improvement programmes (Boukar and Fatokun 2019, Olasan et al. 2020). Simple Sequence
Repeats (SSR) markers have been applied on a number of crops for cultivar identity, genetic
diversity, determination of evolutionary relationship, marker assisted selection and construction
of linkage maps (Dughdugh et al. 2017, Olasan et al. 2020, Tersoo et al. 2021, Aguoru et al.
2022). These repetitive DNA regions are reported to be polymorphic co-dominant markers with
high resolutions (Olasan et al. 2020). The aim of this work was to assess the genetic diversity
and phylogenetics among four newly released cowpea varieties using specific SSR markers.

Materials and Methods

Study area and plant sample collection

This study was carried out in the Molecular Biology Laboratory of the Federal University of
Agriculture Makurdi (Now Joseph Sarwuan Tarka University Makurdi). Seeds of four new
cowpea varieties developed by the Federal University of Agriculture Makurd (FUAM) were
sourced from the Seed Store of the institution. They were: FUAMPEA-1, FUAMPEA-2,
FUAMPEA-3 and FUAMPEA-4.

Molecular markers

A total of nine (9) cowpea specific SSR (Simple Sequence Repeats) primers were employed in
DNA amplifications. They were part of the routine primers used in cowpea breeding work. The
names and sequences of the primers are given in table 1.
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Seed planting for molecular studies

Four seeds of each variety were planted in separate pots filled with soil inside the Screen House
of the Department of Plant Breeding and Science of the same institution. Young leaves were
collected from 14 day old seedlings.

DNA extraction

CTAB (Cetyltrimethylammonium bromide) method of DNA extraction method was used
(Tersoo et al. 2021). Two leaves were placed in silica gel for three days to dry. The crispy dry
leaves were squeezed into 2ml eppendorf tubes containing two steel balls and grounded
vigorously using a vortex for one minute. Buffer (1M Tris-Hcl, 0.5M EDTA, 5M NaCl, 2-
Mecarptoethanol) was added and incubated in a water bath for 30minutes at 60°C. Exactly
600uL chloroform: Isoamylalcohol (24:1) was added and spun for 10minutes at 4000rpm. The
upper layer was transferred into new tubes and this step was repeated. 600uL of ice cold 2-
propanol was added into the supernatant and inverted for few seconds. Tubes were kept in -
20°C freezer to precipitate, after precipitation tubes were then centrifuge for 35minutes at
4000rpm to form pellets at the bottom of the tube and then supernatant was decanted. The
pellets were washed with 400uL of 70% ethanol, centrifuge for 15minutes and decant ethanol.
This process was repeated and the pellets were allowed to air dry for few hours by placing the
opened tubes on paper towel. The dried pellets were suspended in 90uL of molecular grade
water.

Polymerase chain reaction

SSR based PCR protocol was used (Omoigui et al. 2015). Each reaction contained 25uLlL of
double distilled water and 1.5 ul of one specific primer pair mixed in a PCR tube already
containing a customized BIONEER® Accupower PCR Premix (Top DNA polymerase (1U),
dNTPs (250uM), Tris-HCI of 9.0 pH (10mM), KCI (30mM), MgClz (1.5mM), stabilizer and
tracking dye). The PCR tubes were loaded on the thermal cycler and programmed with the
following temperature gradient profile as follows: 94°C denaturation temperature, 55°C
annealing temperature, 72°C elongation temperature and 35cycle running for 3hours on a
thermal cycler (Applied Biosystem in Life Technology version 2720).

Agarose gel electrophoresis

Exactly 0.8% agarose powder was poured into a beaker containing 1xTAE buffer and was
swirled gently. The beaker was placed into the microwave for few minutes till the solution
became crystal. The solution was allowed to cool and 5Sul. of EtBr was added and poured on an
already gel plate with comb. Solution was placed into the electrophoresis tank (Galileo
Bioscience tank connected to Consort EV243 electrophoresis power supply). The comb was
removed gently SuL of DNA sample was added into the PCR tube while 2uL of 6x loading dye
was also added and spun for few seconds. Sample was gently loaded into the wells using pipette
and finally 5uL of ladder was loaded. The gel ran at 120v for 45 minutes. DNA purity and
quality was checked using UV spectrometer light (Omoigui et al. 2015).

DNA band visualization

The banding pattern of the samples resolved on agarose gel was viewed on a UV Bench top
trans-illuminator and the gel image was captured using a camera for band scoring. Only distinct
bands were scored as present (1) or absent (0) (Omoigui et al. 2015).

Data analysis

Binary matrix was generated from DNA banding profiles of gel images and uploaded into the
Minitab 17.0 software for analysis. Polymorphic bands and % polymorphism were calculated
for each SSR primer used. Polymorphism Information Content (PIC) was calculated using the
formula adopted by Weir (1990) and Tersoo et al. (2021).
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PIC=1-3Xpi2

Where pi is the frequency of the i th allele for each SSR marker i th summed across all alleles
for the loci. Varietal Polymorphic Content (VPC) was calculated and expressed as percentages.
Cluster analysis was carried out in two forms (i) the markers and (ii) the varieties. This was
done using the Single Linkage method measured on Euclidean Distance resulting in the
dendrogram (Olasan et al. 2018).

Results and discussion

Selected gel images produced from the study are shown in Plates 1a-c while banding patterns
are pictorially given in figure 1. All the primers gave good amplification of DNA of the four
varieties of cowpea studied. The resulting number of band depends on the SSR primer type and
the cowpea variety. Three primers were clearly resolved in FUAMPEA-1 (CLMO0342,
CLM1190 and RB38) and FUAMPEA-3 (CLM0775, RB20 and RB43) while two primers were
resolved in FUAMPEA-2 (CLMO0218 and RB38) and FUAMPEA-4 (RB18 and RB7).
Therefore, two to three primers have helped to differentiate the released varieties. This study is
in agreement with previous reports on the high resolution of SSR markers in differentiating
heterozygosity of traits as co-dominant markers (Jonah et al. 2011, Mason 2015, Tersoo et al.
2021). Different alleles may exist at a given SSR locus and this makes SSR markers more useful
than other molecular markers including single nucleotide polymorphism (SNP) marker because
repetitive regions linked to traits are highly unstable due to their high rate of mutation (Mason,
2015).
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Plates 1. Selected Gel images of DNA from cowpea varieties as amplified by nine SRR primers
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Figure 1. DNA Banding pattern of SSR molecular markers in the four varieties of cowpea (F1-
F4 respectively)
Legend: FI= FUAMPEA-1; F2= FUAMPEA-2; F3= FUAMPEA-3; F4= FUAMPEA-4

Some levels of clustering were found among the primers based on their relatedness (Figure 2)
as observed between CLM1190 and CLMO0342 as well as CLM0775, RB43 and RB20. The
divergent primers were RB38, CLM0218, RB7 and RB18. Four primers produced two bands
each (CLM1190, CLM0342, RB38 and RB7) resulting in 15.4% polymorphism and 0.98
Polymorphic Information Content (PIC). Other primers produced one band each with 7.7%
polymorphism and 0.941 PIC. All the primers had average of 1.4 polymorphic bands, 11.1%
polymorphism and 0.957 PIC (Table 1). All the primers used in this study are highly
informative as revealed by their high PIC values. According to Nelson ef al. (2016), PIC values
of 0.5, 0.4 and 0.2 are classified as highly informative, moderately informative and little
informative respectively. The average PIC of 0.957 reported in this study was higher than
values obtained in most breeding reports on SSR markers (Dhaliwal et al. 2014, Kumar et al.
2016, Dughdugh et al. 2017, Alfred et al. 2019, Tersoo et al. 2021). A marker is said to be
polymorphic if it has at least two alleles and the allele frequency is up to 0.9 (Mason 2015).
Therefore, four markers including CLM1190, CLM0342, RB38 and RB7 may be selected for
cowpea improvement programmes because of their higher percentage polymorphism, PIC
values and existence of heterozygosity for different traits. Moreover, other regions of the DNA
identified by these primers may be coding for unique traits of breeding values. This outcome is
consistent with the report given by Omoigui et al. (2015) who determined the suitability and
use of two molecular markers to track race-specific resistance to Striga gesnerioides in cowpea.
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Figure 2. Relationship in banding pattern of SSR primers

Table 1. Primer name, Sequence and Polymorphism Information Content (PIC)

Primer Sequence > Polymorphi % PIC

name ¢ bands Polymorphism  1-X pi2

CLM119 ATTTGGCTGAATTGTTTC 2 15.4 0.9775

0 CA

CLMO034 GGATTGGATATGTGTCT 2 15.4 0.9775

2 GGC

RB38 GCGGCCGCTGCTCGTTC 2 15.4 0.9775
CCG

CLMO021 TTTCCGATTTGCGATTTT 1 7.7 0.9410

8 TA

CLMO077 GTGGCAGCACAAGTTAG 1 7.7 0.9410

5 TAG

RB43 CCATGGTCGCCCCTGCT 1 7.7 0.9410
GCACCTTG

RB20 CCATGGGGGCATCAACC 1 7.7 0.9410
TTGG

RB7 GGGCGTTAATTAAGCCC 2 15.4 0.9775
ACACA

RB18 AAGCTTACTTGTACAGC 1 7.7 0.9410
TCGTCCATGCCG

Total 13 100 8.615

Mean 1.4 11.1 0.957

Varietal Polymorphic Content (VPC) varied from 15.4% in FUAMPEA-2 as the lowest to
38.5% in FUAMPEA-1as the highest. FUAMPEA-3 and FUAMPEA-4 had VPC value of
23.1% each slightly below the mean VPC of 25.0% (Figure 3). Based on the phylogenetic
relationship among the varieties, FUAMPEA-1 was the most divergent variety with 19.82
similarity index followed by FUAMPEA-4. Dendrogram further showed that FUAMPEA-2
and FUAMPEA-3 were more closely related than others with about 46.55 similarity index
(Figure 4). This phylogenetic construction based on genetic diversity is useful in breeding
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programme to make an informed decision about a potential genetic material with high breeding
value whose genes could be tapped. It has given us an understanding of the genetic changes
that must have taken place in the course of the breeding work. This is consistent with findings
in other crops (Aguoru et al. 2015, 2022). As new varieties of cowpea are developed and
released, plant breeders need to utilize them to improve other varieties to achieve national food
security. This position is fully supported by plant breeders (Xu et al. 2010, Viswanatha et al.
2011, Atnafua and Endashaw 2014; Dughdugh et al. 2017).

% VPC (varietal polymorphic content)

FUAMPEA-1 FUAMPEA-2 FUAMPEA-3 FUAMPEA-4

Figure 3. Varietal Polymorphic Content
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Figure 4. Phylogenetic relationship among the four cowpea varieties
Legend: FI= FUAMPEA-1; F2= FUAMPEA-2; F3= FUAMPEA-3; F4= FUAMPEA-4

Characteristically, FUAMPEA-1 (UAMO09-1055-6) and FUAMPEA-2 (UAM09-1051-1) are
high yielding, early maturing varieties that are resistant to Striga and Alectra (Omoigui et al.
2015, 2016, 2017) while FUAMPEA-3 and FUAMPEA-4 were developed of recent as an
improvement over the previous varieties. They are brown, big seeded medium maturing types
that carry high yield and resistant properties. The present investigation has showcased
FUAMPEA-1as the most genetically divergent possibly in terms of other unidentified traits or
variability at the gene locus of the improved traits. Other varieties are more related as they stem
out of the parental source. Thus FUAMPEA-1 is a potential genetic resource material that can
used to develop more cultivars when its inherent agronomic traits are fully known and the genes
identified. FUAMPEA-4 is another divergent variety that may possibly carry useful genes on
its genome that should be tapped.

Conclusions

The nine SSR primers employed are highly informative but four of the markers (CLM1190,
CLMO0342, RB38 and RB7) are selected for cowpea improvement programmes as they had
higher PIC (0.98), % polymorphism (15.1%) than other primers. FUAMPEA-1 was the most
divergent and genetically diverset variety followed by FUAMPEA-4. They are potential genetic
resource material that can used to develop more cultivars when they are inherent agronomic
traits are fully known while the genes identified and tapped. With a robust sustainable system
of cowpea genetic improvement programme, national food security is assured.
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