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Abstract 
The novelty and suitability of the mitochondrial gene CO1 in DNA barcoding as a 
reliable identification tool in animal species are undisputed. This is attributed to its 
standardized sequencing segment of the mitochondrial cytochrome c oxidase-1 gene 
(CO1) which has the necessary universality and variability making it a generally ac-
ceptable barcode region. CO1 is a haploid single locus that is uniparentally-inherited. 
Protein-coding regions are present in high-copy numbers making it an ideal barcode. 
The mitochondrial oxidase subunit I (COI) gene is a robust barcode with a suitable 
threshold for delineating animals and is not subject to drastic length variation, fre-
quent mononucleotide repeats or microinversions. However, a low nucleotide sub-
stitution rate of plant mitochondrial genome [mtDNA] precludes the use of CO1 as a 
universal plant DNA barcode and makes the search for alternative barcode regions 
necessary. Currently, there exists no universal barcode for plants. The plastid region 
reveals leading candidate loci as appropriate DNA barcodes yet to be explored in 
biodiversity studies in Kenya. Four of these plastid regions are portions of coding 
genes (matK, rbcL, rpoB, and rpoC1), and three noncoding spacers (atpF-atpH, 
trnH-psbA, and psbK-psbL) which emerge as ideal candidate DNA loci. While dif-
ferent research groups propose various combinations of these loci, there exists no 
consensus; the lack thereof impedes progress in getting a suitable universal DNA 
barcode. Little research has attempted to investigate and document the applicability 
and extend of effectiveness of different DNA regions as barcodes to delineate cowpea 
at subspecies level. In this study we sought to test feasibility of the seven putative 

How to cite this paper: Okoth, P., Muoma, 
J., Emmanuel, M., Clabe, W., Omayio, D.O. 
and Angienda, P.O. (2016) The Potential of 
DNA Barcode-Based Delineation Using Seven 
Putative Candidate Loci of the Plastid Re-
gion in Inferring Molecular Diversity of Cow-
pea at Sub-Species Level. American Journal  
of Molecular Biology, 6, 138-158. 
http://dx.doi.org/10.4236/ajmb.2016.64014 
 
Received: September 12, 2016 
Accepted: October 10, 2016 
Published: October 13, 2016 
 
Copyright © 2016 by authors and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

   
Open Access

http://www.scirp.org/journal/ajmb
http://dx.doi.org/10.4236/ajmb.2016.64014
http://www.scirp.org
http://dx.doi.org/10.4236/ajmb.2016.64014
http://creativecommons.org/licenses/by/4.0/


P. Okoth et al. 
 

139 

candidate DNA loci singly and in combination in order to establish a suitable single 
and multi-locus barcode regions that can have universal application in delineating 
diverse phylogeographic groups of closely related Kenyan cowpea variants. In this 
study, our focus was based on genetic parameters including analyses of intra- and in-
fra-specific genetic divergence based on intra- and infra-specific K2P distances; cal-
culation of Wilcoxon signed rank tests of intra-specific divergence among loci and 
coalescence analyses to delineate independent genetic clusters. Knowledge of DNA 
candidate loci that are informative will reveal the suitability of DNA barcoding as a 
tool in biodiversity studies. Results of this study indicate that: matK, trnH-psbA, 
psbK-psbL, and rbcL are good barcodes for delineating intra and infraspecific dis-
tances at single loci level. However, among the combinations, matK + trnH-psbA, 
rpoB + atpF-atpH + matK are the best barcodes in delineating cowpea subvariants. 
rbcL gene can be a suitable barcode marker at single locus level, but overall, multi 
locus approach appears more informative than single locus approach. The present 
study hopes to immensely contribute to the scanty body of knowledge on the novelty 
of DNA barcoding in cataloguing closely related cowpea variants at molecular level 
and hopes to open up future research on genomics and the possibility of use of con-
served regions within DNA in inferring phylogenetic relationships among Kenyan 
cowpea variants. 
 

Keywords 

DNA Barcoding, Plastid Region, DNA Sequencing, Intergenic Spacers, cp DNA, 
Molecular Phylogenetics, Intraspecific, Infraspecific 

 

1. Background  

DNA-barcoding is a technique used for the taxonomic characterization and phyloge-
netic analysis of organisms and entails the use of defined regions within the DNA ge-
netic material of an organism, which though exposed to evolution mechanism, is con-
served between and within the species. This region serves as a tool to uniquely identify 
two individuals with unique ancestral-lineage. DNA barcoding is a sequence-based 
identification system that may be constructed of one or several loci taken together as a 
complementary unit in delineating relationships and inferring patterns of change 
among related organisms. It employs short highly variable regions of the genome to de-
lineate organism that are closely related. In animals including human, cytochrome oxi-
dase I (coI-gene) has vastly been utilized as a unique barcoding region for phylogenetic 
analysis. The mitochondrial coxidase subunit I (COI) gene has demonstrated signifi-
cant reliability and recoverability notwithstanding its limited application in the plant 
kingdom [1]. The Consortium for the Barcode of Life (CBOL) plant-working group 
proposes seven Barcode regions for use as barcoding markers [2]. The feasibility of 
DNA barcoding and the use of plastid regions in biodiversity studies can be an impor-
tant tool of utility at molecular level. Plastid DNA candidate loci are universally present 
and conserved in the plant target lineages and can provide a rapid and reproducible  
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molecular identification away from the Linnaean system of nomenclature. The infor-
mativeness of each barcode region was therefore explored singly and in combination 
with a view to assessing the feasibility of these candidate loci in infra-specific and intra- 
specific discrimination of phylogeographic groups among Kenyan cowpea variants. 
This was informed by the fact that chloroplast genes exist in a single copy and are con-
served among plant eukaryotic genomes. These regions undergo limited mutation over- 
time and are considered novel in revealing evolutionary divergences and ancestral li-
neages within species. A single and multilocus approach was explored using seven 
chloroplast genic candidate DNA regions (rbcL gene, atpF-atpH spacer, matK gene, 
rpoB gene, rpoC1 gene, trnH-psbA spacer and psbK-psbI spacer. 

2. Single-Locus DNA Barcode Typing 
2.1. MatK 

matK is considered an important tool in plant evolutionary studies and systematics. 
matK gene loci is the only putative group II intron maturase encoded in the chloroplast 
genome of plants and is the only plastid gene containing this putative maturase domain 
in higher plants [3]. matK is Maturase-Kinase gene, a plastid gene responsible for the 
chloroplast post-transcriptional processing. It has an unusual evolutionary tempo, with 
relatively high substitution rates at both nucleotide and amino acid levels according to 
[4]. The strong phylogenetic signal from matK gene renders it invaluable gene loci in 
plant systematics and evolutionary studies at various evolutionary depths. This gene is 
proposed as the only chloroplast-encoded group II intron maturase, and is suggested to 
play a role in chloroplast post-transcriptional processing. The ability of Maturase kinase 
sequence to solely work as a barcoding candidate was assayed together with the six oth-
er candidates in the present study to delineate distance characterization. matK has in 
the recent past emerged as an invaluable locus in plant biodiversity and systematics 
based on its highly informative ability to decode phylogenetic distinctiveness unlike 
other candidate loci [5]. This genelocus has 1500 base pair nested in the group II intron 
of the 50 and 30 exons of trnK in the large single copy region of the chloroplast genome 
of green plants. matK gene sequence is one of the seven putative gene loci widely uti-
lized in the DNA barcoding of land plants [6]. Phylogenetic analysis based on matK, 
against other candidate genes has demonstrated excellent parsimony informative cha-
racters with significantly more phylogenetic structure pereach parsimony-informative 
site contrary to the highly conserved chloroplast/plastid region. matK sequence infor-
mation has been reported to generate robust phylogenies [7] and is considered to have 
reliable evolutionary rate, suitable length and good inter specific divergence as well as a 
low transversion rate [8]. matK is however difficult to amplify universally demonstrat-
ing that matK barcode albeit informative, may be inadequate and inconclusive when 
used in isolation as a universal barcode. This study therefore considered matK along-
side other six barcode. 

2.2. rbcL 

A region of the chloroplast gene rbcL—RuBisCo large subunit has been considered an  
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ideal candidate barcode region in plants and is famed as the most abundant protein on 
earth. The region, RuBisCo (Ribulose-1, 5-bisphosphate carboxylase oxygenase) is used 
in the catalysis of the first step of carbon fixation and is a target region in phylogenetic 
investigations due to its easy amplification, sequencing and alignment. Many taxonom-
ists consider rbcL gene as ideal DNA barcoding region for plants at both family and 
generic level. However, rbcL sequences have the limitation of slow evolution. The rbcL 
locus has the lowest divergence of plastid genes in flowering plants according to [1]. 
Studies by (CBOL Plant Working Group [9]-[12] report modest discriminatory power 
of this locus. Other studies however indicate that rbcL remains one of the best candi-
date barcodes based on the straightforward recovery of the gene sequence, easy accessi-
bility and discriminatory power [13]. 

2.3. trnH-psbA 

The trnH-psbA region is a straightforward region easily amplifiable across land plants, 
and is one of the most variable intergenicspacers [14]. It has been used successfully in a 
range of barcoding studies. [15] report that the trnH-psbA, non-coding intergenic re-
gion exhibits significant sequence divergence with notable insertion/deletion rates. Stu-
dies by [16] indicate that this plastid region has highly conserved coding sequences that 
makes it an attractive marker. These attributes make trnH-psbA an important plant 
barcode for species discrimination [15]. However, the complex molecular evolution and 
considerable length variation of trnH-psbA limits it as a barcode singly [17]. However, 
trnH-psbA is reported to suffer high rates of insertion or deletion in larger families of 
angiosperms. The trnH-psbA putative gene loci albeit a standard barcode region in 
most plants has been reported to suffer frequent inversions in some lineages of plants 
and singly as a barcode marker, may result to overestimation of genetic divergence and 
consequently inaccurate assignment of phylogenetic position [18]. 

2.4. atpF-atpH 

The second International Barcode of Life Conference proposes that at pF-atpH inter-
genic spacer is a potential plant barcode region [9]. The fact that atpF-atpH marker has 
not been widely used in studies of plant systematic and phylogeographics has led to 
paucity of data on its performance as barcodes. However, the CBOL Plant Working 
Group indicate that atpF-atpH has relatively modest discriminatory power, interme-
diate sequence quality and universality and could be used as a plant DNA barcode. Re-
cent studies document positive reports on the performance of atpF-atpH as a plant 
barcode region [19]. Ki-Joong Kim, pers. Comm reports usefulness of atpF-atpH on the 
Korean flora biodiversity studies. Studies on duckweeds [20] also demonstrated that 
atpF-atpH, a noncoding spacer could serve as a universal DNA barcoding marker for 
species-level identification. In their study, the utility of this non cording region in iden-
tification of new species by reason of its ease of amplification, straightforward sequence 
alignment and rates of DNA variation was reported [20]. In the same study, it’s docu-
mented that DNA barcoding made significant contribution to the taxonomical struc-
ture in duckweeds as opposed to the less informative morphological classification and 
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therefore recommends atpF-atpH as an important barcode region in biodiversity stu-
dies. The current study therefore seeks to among others test the in formativeness of this 
barcode region in delineating cowpea diversity at sub-species level. 

2.5. Multi-Locus Candidate DNA Barcode Typing [MLA] 

Lack of adequate variation within single loci makes it difficult to get a universal plant 
barcode comparable to CO1 in animal species [11]; [12]; [15]; [21]-[24]. Amulti-locus 
approach has been suggested as ideal in delineating species [9]; [12]; [15]; [25]-[28]. 
Various combinations of plastid loci have been proposed by many studies because 
combined barcodes exhibit satisfactory discrimination as opposed to single-locus ap-
proaches; rbcL + trnH-psbA [15], or rpoC1 + matK + trnH-psbA or rpoC1 + rpoB + 
matK [21] and matK + atpF-atpH + psbK-psbL or matK + atpFatpH + trnH-psbA [29]. 
Previous studies by [15] support the earlier observation that trnH-psbA coupled with 
rbcL can correctly delineate and discriminate among related species. In the same study, 
a combination of the non-coding trnH-psbA spacer region and a portion of the coding 
rbcL locus are considered ideal two-locus global land plant barcode that provides the 
necessary universality and species discrimination that meets good threshold of CBoL. 
The Consortium for the Barcode of Life-Plant Working Group (CBOL) recommends a 
two-locus combination of matK and rbcL as suitable plant barcode with a discrimina-
tory efficiency of 72% [9]. A multi-locus approach has been suggested in typing plant 
species by taxonomists [12]; [21]; [30]; [31]. However, CBOL demonstrated that mul-
tiple loci approach did not clearly improve the species-level discrimination. According-
ly whole-plastid genome sequence has been suggested by other studies as appropriate in 
plant identification [32]-[34]. Overall, a MLA exhibit higher discriminatory ability as 
opposed to single-locus barcodes in most studies. Accordingly, several combinations of 
plastid loci have been suggested among them rbcL + trnH-psbA [15], rpoC1 + matK + 
trnH-psbA or rpoC1 + rpoB + matK [18] and matK + atpF-atpH + psbK-psbL or matK 
+ atpFatpH + trnH-psbA [29]. The current study seeks to test this at sub species level. 
In this study, we sought to test these combinations in delineating cowpea accessions at 
varietal level. An investigation of the relevance of DNA barcoding to correctly delineate 
and discriminate between closely related cowpea variants is therefore presented for 
biodiversity analysis and to evaluate the overall utility of chloroplast DNA barcode 
candidates in reconstructing their ancestry.  

3. Statistical Analysis 

BIOEDIT Software was used to analyze raw sequence data chromatograms by trimming 
and assembling. MEGA 6.06 software was then used for multiple sequence alignment. 
The UPGMA was used for clustering and generating an accurate topology with refer-
ence to the molecular clock based on the greatest similarity amongst pairs [35]. Dis-
tance estimation model used the Kimura 2 Parameter (K2P) model. This was because 
K2P distances are best when distance is low especially in highly similar sequences [36]. 
This was further informed by the fact that our sequences were from closely related 
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cowpea sub variants. The K2P distances generated were exported into an Excel format 
which was uploaded into GraphPad software and STATA for further statistical analysis. 
GraphPad Prism v. 7 was then used to plot the histograms on Intra-specific and In-
fra-specific distances after importing the excel file containing the K2P distances. Wil-
coxon Signed Ranks test was performed to separately compare the intra-specific and 
infra-specific distances of between markers at single and multi-locus level. The choice 
of Wilcoxon test was informed by the fact that data was non-parametric and did not 
assume a normal Gaussian distribution [37]. STATA 13 was then used to perform the 
Moods median Test and the Wilcoxon Two Sample Test for Table 7. Moods median 
test was used because the data was not normally distributed and yet the mean would 
not be a good representative of “location” [37]; hence the need to employ a statistical 
tool which utilized the median as a better estimator of “location”. The Moods Median 
test was then preferred to the Sign test. The Wilcoxon two sample tests acted as a qual-
ity control for the median test by comparing the P-values of both for significance. 

4. Materials and Methods 
4.1. DNA Extraction, PCR Amplification, and Sequencing  

57 cowpea accessions from different phylogeographic locations of Kenya deposited in 
the National Gene Bank of Kenya were used for this study. The accessions were collec-
tions from different agro-ecological zones of Kenya. Seeds were planted in the green 
house at Masinde Muliro University of Science and Technology under strict conditions. 
Young leaves were sampled eight days after planting in 1.5 mL Eppendorf tubes. They 
were immediately frozen in liquid nitrogen and stored at −80˚C. Leave samples were 
then manually ground using a micropestle. DNA quality and quantity control was done 
using Nano-drop spectrophotometer. DNA was normalized by adjusting its concentra-
tion to 25 ngμL in an optical 96-well Reaction plates using sterile de-ionized water. To-
tal DNA was extracted using Qiagen plant DNA extraction protocol as per the manu-
facturer’s guidelines with slight modifications. Total DNA was extracted from each sam-
ple and quantified using the DNA Nano Drop ND-1000 by Thermo Fisher at the Kenya 
Medical Research Institute [KEMRI-Kisumu Kenya]. This was followed by amplifica-
tion of three intergenic spacers’ atpF-atpH, psbK-psbI and trnH-psbA and four genes: 
matK, rbcL, rpoB, rpoC1using the primers as shown in Table 1. The amplicons were 
resolved on 3% agarose gel at 80 V for 48 minutes. The gels were observed for bands 
using a UV trans-illuminator (FotoDyne model 3 3500 Foto-Prep). Photographs of the 
bands were taken using the software “Strata-gene Eagle View” that was integrated with 
the digital camera on the UV trans-illuminator. The bands containing DNA of interest 
which is 400 bp long was excised and the DNA purified using the DNA purification kit 
from Qiagen. Sequenced products were then analyzed using an automatic sequencer, 
ABI3730XL (Applied Biosystems). The sequence chromatograms were analyzed and the 
terminals were trimmed using the BioEdit software (Thomas Hall & Abbott). Similarity 
searches were conducted based on Basic Local Alignment Search Tool (BLAST) located 
at www.ncbi.nih.gov/blast; with the parameters set as follows: database-non redundant; 

http://www.ncbi.nih.gov/blast
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Table 1. List of cpDNA genes/intergenic spacers amplified in the present study including primers and approximate amplicon lengths. 

Genes/intergenic 
pacers 

Primer pair (5′-3′) Amplicon length Ta (˚C) Source 

atpF-atpH 
ACTCGCACACACTCCCTTTCC 

GCTTTTATGGAAGCTTTAACAAT 
621 bp 48˚C Ki-Joong Kim; kimkj@KOREA.AC.KR  

rpoc1 
GGCAAAGAGGGAAGATTTCG 

CCATAAGCATATCTTGAGTTGG 
490 bp 53˚C http://www.kew.org/barcoding/protocols.html  

rpoB 
ATGCAACGTCAAGCAGTTCC 

CCGTATGTGAAAAGAAGTATA 
490 bp 51˚C http://www.kew.org/barcoding/protocols.html  

matK 
CGTACAGTACTTTTGTGTTTACGAG 

ACCCAGTCCATCTGGAAATCTTGGTTC 
892 bp 49.5˚C Ki-Joong Kim; kimkj@KOREA.AC.KR  

psbK-psbI 
TTAGCCTTTGTTTGGCAAG 
AGAGTTTGAGAGTAAGCAT 

576 bp 60˚C Ki-Joong Kim; kimkj@KOREA.AC.KR  

rbcL 
GTAAAATCAAGTCCACCRCG 

ATGTCACCACAAACAGAGACTAAAGC 
596 bp 50˚C David Erickson; ERICKSOND@si.edu   

trnH-psbA 
GTTATGCATGAACGTAATGCTC 

CGCGCATGGTGGATTCACAATCC 
812 bp 50˚C David Erickson; ERICKSOND@si.edu  

 
search-megablast and the expectant value set at 10−9. The sequence that had the lowest 
expectant value (E-value) and the highest identity score was considered to be a similar 
sequence. The NCBI taxonomy tool (https://www.ncbi.nih.gov/taxonomy) was then used 
to determine the complete classification of the sequence which was confirmed in the Inter-
national Plant Names Index website (https://www.ipni.org/ipni/plantnamessearchpage.do). 
The sequences were then named as per the molecular characterization. Three subspe-
cies were identified namely: Vigna unguiculata (L.) Walp. Subsp. Cylindrica; Vigna 
unguiculata var. serotina Bertoni; Vigna unguiculata subvar. Deflexa Bertoni. Also in-
cluded in our analysis were two other species namely Rhynchosia minima and Vigna-
luteola to act as out groups for the phylogenetic analysis. The sequences were then as-
sembled into a single Fasta file format in BioEdit software version 7 (Thomas Hall & 
Abbott). This was followed by performing a local alignment using muscle in Mega 6 
software with UPGMA as the clustering method. The intra-specific and infra-specific 
distances were determined using Kimura-2-parameters in mega 6. Since all the sequences 
were from the genus Vigna unguiculata but different sub-variants; therefore in Mega 6; 
the intraspecific distances were determined as “between the various group mean distances” 
and the infraspecific sequences inferred based on “within group mean distance”. 

4.2. Sequence Alignment, Analysis and Amplification Efficiency 

Consensus sequences were generated and sequences of the candidate DNA barcodes 
aligned using muscle. Genetic distance matrices were calculated on the basis of Kimura 
2-Parameter (K2P) substitution model for the seven chloroplast candidate DNA loci 
and the average values between subpopulations inferred. Combined DNA barcode se-
quences showed significant intra specific but low infra-specific variation rates (Table 3 
and Table 4). Average infra and intra-specific distance, mean theta and coalescent 
depth were calculated to determine infra and intra-specific variation [Table 3 and Ta-
ble 4]. Wilcoxon signed-rank tests were performed. The distribution of intra-specific 
versus infra specific variability was evaluated by assessment of the DNA barcoding 

mailto:kimkj@KOREA.AC.KR
http://www.kew.org/barcoding/protocols.html
http://www.kew.org/barcoding/protocols.html
mailto:kimkj@KOREA.AC.KR
mailto:kimkj@KOREA.AC.KR
mailto:ERICKSOND@si.edu
mailto:ERICKSOND@si.edu
https://www.ncbi.nih.gov/taxonomy
https://www.ipni.org/ipni/plantnamessearchpage.do
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gaps. The average intra-specific distance, mean theta, and coalescent depth were calcu-
lated to evaluate the intra-specific variation [Table 3 and Table 4]. Wilcoxon signed- 
rank tests were used [Table 5 and Table 6]. Infra- and intra-specific genetic diver-
gences were calculated based on each putative candidate loci. To characterize intra- 
specific divergence it was necessary to invoke three different metrics. Genetic distances 
between cowpea variants were used to characterize intra-specific divergence. For each 
barcode, pairwise distances were calculated with the simplest K2P model followed by 
Wilcoxon Signed Rank Tests to compare infra- and intra-specific variability for every 
barcodes following Kress and Erickson [Table 5 and Table 6. DNA barcoding gaps 
were evaluated by comparing the distribution of infra- versus intra-specific diver-
gences. Median and Wilcoxon Two-Sample Tests were used to evaluate any overlaps in 
the distributions with a view to establishing a suitable single and multilocus barcode for 
cowpea at sub-species level [Table 6]. 

5. Results and Discussion 
5.1. DNA Barcoding Success and Levels of Variability 

Overall, PCR amplifications were largely successful and any low quality sequences and 
dubious amplicons were excluded from the analyses [Table 2]. Similar observations 
were made by [11]; [15]. However, all the primer pairs designed for each DNA region 
proved highly successful [Table 1]. 

5.2. Evaluating the Feasibility of Using DNA Barcodes in  
Delineating Subspecies of Cowpea 

Infra- and Intra-Specific Diversities 
Performances of each of the seven candidate DNA barcode loci was assessed by means 
of intra- and infra-specific diversity calculated from K2P (Kimura’s two parameters) 
pairwise distance matrices [12]. The highest intraspecific diversity was reached by rbcL 
[Table 3] followed by matK and psbL-psbK respectively. However, the lowest intraspe-
cific distance was reported by rpoB [Table 3 and Table 4]. The mean coalescent depth 
was slightly superior to the average of overall intraspecific distances because it takes 
into consideration only the highest distance. Results showed the highest mean of in-
traspecific differences was recorded by rbcL (Table 4).  

Three different metrics were used to characterize intra and infra-specific divergence 
between average of all the pairwise distances between all individuals sampled within the 
samples and mean theta with theta being the average pairwise distances calculated for 
each sample and the coalescent depth [Table 3 and Table 4]. To test the applicability of  

 
Table 2. Sequence analysis and PCR amplification performance efficiency of seven candidate plastid DNA regions (atpF-atpH spacer, 
matK gene, rbcL gene, rpoB gene, rpoC1 gene, psbK-psbI spacer, and trnH-psbA spacer). 

 matK psbK-psbL trnH-psbA atpF-atpH rpoB rpoC1 rbcL 

Success of Sequencing (%) 100 100 100 100 100 100 100 

Amplification Success (%) 96% 86% 96% 94% 92% 92% 93% 
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Table 3. Measurements of intra- and infra-specific K2P distances matrices for four potential barcode regions, three intergenic spacers and 
multi locus combinations  

 matK trnH-psbA atpF-atpH psbK-psbL 4 loci 
matK + 

trnH-psbA 

matK + 
atpF-atpH + 
trnH-psbA 

matK + 
psbK-psbL + 
trnH-psbA 

matK + 
atpF-atpH 

matK + 
psbK-psbL 

matK + 
psbK-psbL + 

atpF-atpH 
Mean of all  

intra-specific  
distances 

0.2776 0.1148 0.1619 0.2377 0.8042 0.8214 0.6915 0.9144 0.3681 0.6992 1.0186 

St. deviation± 0.2095 0.089 0.0378 0.2195 0.209 0.076 0.2530 0.2340 0.305 0.423 0.346 
Mean of all  

infra-specific  
distances 

0.0773 0.0116 0.1615 0.1103 0.7878 1.2656 0.9112 0.8594 0.1271 0.7476 0.9266 

St. deviation± 0.1155 0.0108 0.1156 0.2129 0.7146 0.4456 0.8282 0.6822 0.1538 0.6130 0.8124 

Mean Theta 0.1319 0.1003 0.1902 0.2869 0.7287 0.9241 0.3318 0.8678 0.1689 0.7671 0.8987 

St. deviation± 0.0682 0.109 0.0182 0.2435 0.141 0.001 0.068 0.154 0.077 0.164 0.154 

Mean  
coalescent depth 

0.0296 0.0153 0.0471 0.036 0.0316 0.0227 0.0123 0.0112 0.1171 0.0134 0.0138 

St. deviation± 0.0713 0.0289 0.1157 0.098 0.0621 0.0975 0.0413 0.0399 0.9045 0.0438 0.0461 
Number of  

measurements  
for all infraspecific  

distances 

344 460 222 196 5121 1853 3323 3300 1325 1216 2543 

Number of  
measurements for  

all intraspecific 
distances 

1107 980 339 270 9745 3910 6705 6304 2501 2340 4484 

Legend: Table 3 above and Table 4 below: The intra-specific and infra-specific genetic divergences were calculated for each DNA barcode. Measures used include: 
the average pair wise distances between all the sampled within subspecies having a minimum of two representatives; the “mean-theta” where theta is the average pair 
wise distance computed for each species having more than one representative thus eliminating partiality due to uneven sampling among taxa; and the average coales-
cent depth which is the depth of a node linking all samples. The aforementioned parameters were deemed important in characterizing infra-specific divergence. 

 
Table 4. Measurements of intra- and infra-specific K2P distances matrices for three potential barcode regions, three intergenic spacers 
and multi locus combinations  

 rpoB rpoC1 rbcL 
psbK-psbL  

+ atpF-atpH + matK 
trnH-psbA  

+ atpF-atpH 
rpoB + atpF-atpH  

+ matK 
rpoC1 +  

atpF-atpH + matK 

Mean of all intra-specific  
distances 

0.0969 0.1561 0.5015 1.0186 0.6084 0.6824 0.7514 

St. deviation± 0.0591 0.038 0.2494 0.346 0.211 0.508 0.42 

Mean of all infra-specific  
distances 

0.0892 0.1505 0.1784 0.92662 0.9138 0.3448 1.2786 

St. deviation± 0.1075 0.1077 0.2080 0.81239 0.8469 0.1518 0.6381 

Mean Theta 0.1229 0.1589 0.4556 0.8987 0.5179 0.2799 1.0389 

St. deviation± 0.0502 0.048 0.0733 0.154 0.116 0.063 0.184 

Mean coalescent depth 0.0168 0.0144 0.0147 0.0132 0.0114 0.0131 0.0137 

St. deviation± 0.0724 0.0610 0.0705 0.0449 0.0427 0.0450 0.0452 

Number of measurements  
for all infraspecific distances 

229 217 419 2543 1304 2636 2462 

Number of measurements for 
all intraspecific distances 

366 344 907 4478 2538 4745 4739 
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the seven loci at single and multi-loci level for sub-species identification, BLAST1 
searches and the nearest genetic distance were used (Table 3 and Table 4). The goal 
was to identify the most informative single locus candidate DNA barcode gene markers 
that show the best discriminatory power at the varietal level in common cowpea acces-
sions. Our results revealed that at intraspecific level, rbcL [50.15%] possessed the high-
est identification efficiency among the seven loci followed by matK [27.76%] and 
psbK-psbL [23.77%] respectively at single locus level [Table 2 and Table 3]. The lowest 
intra-specific variation was reported by rpoB [9.69%]. On the other hand, the highest 
infraspecific variation was reported by rbcL [17.84%] followed by atpF-atpH [16.5%], 
rpoC1 [15.05%] and subsequently psbK-psbL [11.03%] respectively. The lowest infra- 
specific variation was reported by trnH-psbA [1.16%]. Overall, the means of infra-spe- 
cific variation were significantly lower than those of intraspecific variation as expected. 
To circumvent the challenges associated with single locus approach, this study under-
took a multilocus analysis (MLA) as a useful option in delineating closely related cow-
pea variants based on the following multigenic combination matK + atpF-atpH; matK 
+ trnH-psbA; matK + atpF-atpH + psbKpsbI; matK + psbK-psbI; matK + trnH-psbA + 
atpFatpH and matK + trnH-psbA + psbKpsbI. It is worth noting that the success rates 
of combined barcodes were higher than those of the single locus for intraspecific varia-
tion as well as infraspecific variation as expected with matK + psbK-psbL + atpF-atpH 
and psbK-psbL + atpF-atpH + matK giving the highest identification at 108.6% [Table 
3 and Table 4]. Overall, however, the means of all infraspecific distances were signifi-
cantly lower than those of intraspecific distances as expected [Table 3 & Table 4]. 
Overall, the findings of this study reveal the novelty of chloroplast genes in delineating 
the diversity of cowpea at sub-species level. The superiority of rbcL as a suitable single 
loci candidate in delineatingcowpea variants is demonstrated and continues to reveal 
multigenic combinations as being equally informative. 

5.3. DNA Barcode Gap Analysis 
5.3.1. Single Locus Approach [SLA] 
The infra and intraspecific genetic divergence was inferred based on the seven candi-
date DNA barcode loci at a scale of 0.001 distance units [Figure 1 for single loci and 
Figure 2 for multiple loci combinations]. The goal was to identify the most informative 
single locus candidate DNA barcode gene markers that show the best discriminatory 
power at varietietal level in common cowpea. DNA barcoding gaps were evaluated by 
comparing the distribution of intra-versus infra-specific divergences [38]. Median and 
Wilcoxon Two-Sample Tests were used to evaluate whether these distributions over-
lapped. The assessment of the informativeness of each candidate loci was therefore 
done by analyses of intra and infraspecific K2P distance matrices. The purpose was to 
delineate the barcoding gap. It is noteworthy that the distance distribution for each sin-
gle loci gene displayed the characteristic peaks [Figure 1 & Figure 2]. In this study 
however, no distinct barcoding gaps typical of CO1 may have been reported but it lends 
credence to a clearly defined range where the infraspecific variation is significantly 



P. Okoth et al. 
 

148 

lower than the intraspecific divergence as expected. Out of the seven candidate loci, 
rbcL loci reveal a relatively well separated distribution followed by matK at single locus 
level [Figure 1 & Figure 2]. Furthermore, it was confirmed that the intraspecific diver-
gences of all the seven loci was significantly higher than that of the corresponding in-
fraspecific variations by Wilcoxon two-sample tests [Table 5 and Table 6].  

5.3.2. Multi Locus Approach [MLA] 
Previous studies have raised concerns about SLA in discriminating between closely re-
lated organisms [9]; [12]; [15]; [25]; [26] and [28]. To circumvent this, a multilocus ap-
proach (MLA) was employed in delineating infra and intra-specific genetic diver-
gencebetween the samples based on the following multigenic combination matK + 
atpF-atpH; matK + trnH-psbA; matK + atpF-atpH + psbKpsbI; matK + psbK-psbI; 
matK + trnH-psbA + atpFatpH and matK + trnH-psbA. Overall, the findings of this 
study reveal the informativeness of chloroplast genes in delineating the diversity of 
cowpea at sub-species level and continue to reveal further that MLA is more informa-
tive [Tables 3-5]. The superiority of rbcLas a suitable single loci candidate in delineat-
ing cowpea variants is demonstrated, and continues to reveal multigenic combinations 
as being more informative. Two clear peaks appear distinguishable albeit some overlap 
of intra- and infra-specific distances [Figure 2]. These observations are confirmed by 
median and Wilcoxon two samples statistical tests differentiating the medians for the 
former and the medians plus the distributions between the infra- and intra-specific 
distances for the latter Table 5 and Table 6]. For each distribution, Median and Wil-
coxon two sample tests were largely significant which agrees with studies by [12]. 

The histograms above give a visual impression of the bar-coding gap for each poten-
tial marker. A good marker for DNA bar-coding should have “good” gap and no over-
laps between the peaks [12]; [28], [38]. However, a marker with overlaps between the 
extreme peaks is not necessarily a bad candidate for bar-coding. Therefore to test this, a 
statistical tool was employed to evaluate each of the markers and the different marker 
combinations as a potential barcode candidate despite the overlaps and issues with the 
bar-coding gap. The use of the Wilcoxon signed rank tests was specifically due to the 
fact that our data on the Kimura Two Parameters Pairwise Distances (K2P) do not as-
sume a normal Gaussian distribution as well as sample means did not assume a normal 
distribution. So instead of testing for the difference between the means we tested for the 
difference in distribution. Consider the case of matK vs atpF-atpH below; W+ = 25350, 
W− = 31600, N = 1446, P = 0.0808, matK = atpF-atpH. Looking at the histograms, the 
marker atpF-atpH seems to be more superior to matK because matK has a lot of over-
laps. However upon conducting the Wilcoxon Signed Sum Rank test comparing the 
data on the two markers, we find that there is no significant difference in the distribu-
tion of the datasets within the two markers since P = 0.0808 which is more than the P 
value threshold at 95% confidence (P = 0.05). 

In Table 7 above, a comparison of intra and infraspecific distance medians was ex-
plored in order to determine the best barcode marker. In this table, the P value for the 
median test is the probability that the difference between intra and infraspecific  
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Table 5. Wilcoxon signed-ranks test for intra-specific pair-distances. 

matK vs trnH-psbA 
W+ = 276,200, W− = 203,600,  

N = 2087, P < 0.0001 
matk >> trnH-psbA 

matK vs atpF-atpH 
W+ = 25,350, W− = 31,600,  

N = 1446, P = 0.0808 
matk = atpF-atpH 

matK vs psbK-psbL 
W+ = 14,830, W− = 21,480,  

N = 1377, P = 0.0092 
matK < psbK-psbL 

trnH-psbA vs atpF-atpH 
W+ = 28,180, W− = 29,110,  

N = 1319, P = 0.7963 
trnH-psbA = atpF-atpH 

trnH-psbA vs psbK-psbL 
W+ = 17,120, W− = 19,200,  

N = 1250, P = 0.4146 
trnH-psbA = psbK-psbL 

atpF-atpH vs psbK-psbL 
W+ = 18,780, W− = 13,100,  

N = 609, P = 0.0142 
atpF-atpH > psbK-psbL 

4 loci vs matK + trnH-psbA 
W+ = 878,500, W− = 5,154,000,  

N = 13,655, P < 0.0001 
4 loci <<< matK_trnH-psbA 

4 loci vs matK + trnH-psbA + atpF-atpH 
W+ = 4,479,000, W− = 2,667,000,  

N = 10,725, P < 0.0001 
4 loci >>> matk_trnH-psbA_atpF-atpH 

4 loci vs matK + trnH-psbA + psbK-psbL 
W+ = 2,338,000, W− = 6,205,000,  

N = 16,049, P < 0.0001 
4 loci <<< matK_trnH-psbA_psbK-psbL 

4 loci vs matK + atpF-atpH 
W+ = 3,256,000, W− = 307,800,  

N = 12,246, P = 0.4089 
4 loci = matK_atpF-atpH 

4 loci vs matK + pbsK-pbsl 
W+ = 7404, W− = 24,220,  

N = 12,085, P < 0.0001 
4 loci <<< matK_psbK-psbL 

4 loci vs matK + psbK-psbL + atpF-atpH 
W+ = 912,700, W− = 2,068,000,  

N = 14,229, P < 0.0001 
4 loci <<< matK_psbK-psbL_atpF-atpH 

matK + trnH-psbA vs matK + trnH-psbA + atpF-atpH 
W+ = 5466000, W− = 480300,  

N = 6411, P < 0.0001 
matK_trnH-psbA >>> matK_trnH-psbA_atpF-atpH 

matK + trnH-psbA vs matK + trnH-psbA + psbK-psbL 
W+ = 4,442,000, W− = 1,748,000,  

N = 10,214, P < 0.0001 
matK_trnH-psbA >>> matK_trnH-psbA_psbK-psbL 

matK + trnH-psbA vs matK + atpF-atpH 
W+ = 2,030,000, W− = 169,900,  

N = 6411, P < 0.0001 
matK_trnH-psbA >>> matK_atpF-atpH 

matK + trnH-psbA vs matK + psbK-psbL 
W+ = 1,234,000, W− = 746,900,  

N = 6250, P < 0.0001 
matK_trnH-psbA >> matK_psbK-psbL 

Matk + trnH-psbA vs matK + atpF-atpH + psbk-psbL 
W+ = 4,805,000, W− = 1,242,000,  

N = 8394, P < 0.001 
matK_trnH-psbA >> matK_atpF-atpH_psbK-psbL 

rpoB vs rbcL 
W+ = 6460, W− = 57,440,  

N = 1273, P < 0.0001 
rpoB << rbcL 

rpoB vs rpoC1 
W+ = 18,320, W− = 27,740,  

N = 710, P = 0.002 
rpoB < rpoC1 

rbcL vs rpoC1 
W+ = 48,890, W− = 10,110,  

N = 1251, P < 0.0001 
rbcL >>> rpoC1 

rbcL_atpF-atpH_matK vs rpoB_atpF-atpH_matK 
W+ = 18,800,000, W− = 2,636,000,  

N = 11,217, P < 0.0001 
rbcL_atpF-atpH_matK >>> rpoB_atpF-atpH_ 

rbcL_atpF-atpH_matK vs rpoC1_atpF-atpH_matK 
W+ = 1,747,000, W− = 3292,000,  

N = 11,211, P < 0.0001 
rbcL_atpF-atpH_matK <<< rpoC1_atpF-atpH_matK 

matK vs rpoB 
W+ = 42,170, W− = 23,900,  

N = 1473, P < 0.0001 
matK >>> rpoB 
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matK vs rbcL 
W+ = 76,380, W− = 332,700,  

N = 2014, P < 0.0001 
matK <<< rbcL 

matK vs rpoC1 
W+ = 29,400, W− = 29,600,  

N = 1451, P = 0.9573 
matK = rpoC1 

rpoC1_atpF-atpH_matK vs rpoB_atpF-atpH_matK 
W+ = 2,413,000, W− = 1,843,000,  

N = 9484, P < 0.0001 
rpoC1_atpF-atpH_matK >>> rpoB_atpF-atpH_matK 

Legend: From the table above, N refers to the total number of pairwise comparisons while W+ is the sum of positive runs for the first column while W− is the sum of 
negative runs for the second column. The efficiency of one marker, or a combination of markers was evaluated in determining intraspecific distances. Results here 
indicate that matK >> trnH-psbA [P < 0.0001] while psbK-psbL seems to be a relatively better barcode than matK, P = 0.0092. rbCL is a better barcode than rpoC1 
where P < 0.0001. In the multi locus approach, the two combinations matK + psbK-psbL and the three loci combination matK + _psbK-psbL + _atpF-atpH were 
superior to the 4loci [matK + trnH-psbA + atpF-atpH + psbK-psbL] approach [P < 0.0001] in delineating intraspecific distances. However, the 4loci performed better 
than the combination matK + trnH-psbA + atpF-atpH, P < 0.0001. 

 
Table 6. Wilcoxon signed rank tests for infra-specific differences among loci. 

Wilcoxon signed-ranks test—infra-specific pair-distances 

matK vs trnH-psbA 
W+ = 32,340, W− = 27,000,  

N = 804, P = 0.1487 
matK = trnH-psbA 

matK vs atpF-atpH 
W+ = 8512, W− = 13,220,  

N = 566, P = 0.0067 
matK < atpF-atpH 

matK vs psbK-psbL 
W+ = 13,150, W− = 5375,  

N = 540, P < 0.0001 
matK >>> psbK-psbL 

trnH-psbA vs atpF-atpH 
W+ = 10340, W− = 13750,  

N = 682, P = 0.0700 
trnH-psbA = atpF-atpH 

trnH-psbA vs psbK-psbL 
W+ = 15,500, W− = 3615,  

N = 656, P < 0.0001 
trnH-psbA >>> psbK-psbL 

atpF-atpH vs psbK-psbL 
W+ = 11,400, W− = 4886,  

N = 418, P < 0.01 
atpF-atpH >> psbK-psbL 

4 loci vs matK + trnH-psbA 
W+ = 1,064,000, W− = 1,047,000,  

N = 6974, P < 0.0001 
4 loci >>> matK_trnH-psbA 

4 loci vs matK + trnH-psbA + atpF-atpH 
W+ = 1,127,000, W− = 605,200,  

N = 5581, P < 0.0001 
4loci >>> matK_trnH-psbA_psbK-psbL 

4 loci vs matK + trnH-psbA + psbK-psbL 
W+ = 967,800, W− = 2,305,000,  

N = 8421, P < 0.0001 
4 loci >>> matK_trnH-psbA_psbK-psbL 

4 loci vs matK + atpF-atpH 
W+ = 183,300, W− = 215,900,  

N = 6446, P = 0.0281 
4 loci < matK_atpF-atpH 

4 loci vs matK + pbsK-pbsl 
W+ = 7798, W− = 7778,  

N = 6337, P = 0.9987 
4 loci = matK_psbK-psbL 

4 loci vs matK + psbK-psbL + atpF-atpH 
W+ = 689,300, W− = 716,100,  

N = 7664, P = 0.4903 
4 loci = matK_psbK-psbL_atpF-atpH 

matK + trnH-psbA vs matK + trnH-psbA + atpF-atpH 
W+ = 1,446,000, W− = 42,530,  

N = 3178, P < 0.0001 
matK_trnH-psbA >>> matK_trnH-psbA_atpF-atpH 

matK + trnH-psbA vs matK + trnH-psbA + psbK-psbL 
W+ = 1,085,000, W− = 434,400,  

N = 5153, P < 0.0001 
matK_trnHpsbA >> matK_trnH-psbA_psbK-psbL 

matK + trnH-psbA vs matK + atpF-atpH 
W+ = 734000, W− = 41,630,  

N = 3178, P < 0.0001 
Matk_trnH-psbA >>> matK_atpF-atPH 

matK + trnH-psbA vs matK + psbK-psbL 
W+ = 400,900, W− = 223,500,  

N = 3069, P < 0.0001 
MatK_trnH-psbA >> matK_psbK-psbL 

matk + trnH-psbA vs matK + atpF-atpH + psbk-psbL 
W+ = 1,357,000, W− = 155,500,  

N = 4398, P < 0.0001 
matK_trnH-psbA >>> matK_atpF-atpH_psbK-psbL 

rpoB vs rbcL 
W+ = 6142, W− = 18,830,  

N = 648, P < 0.0001 
rpoB <<< rbCL 
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rpoB vs rpoC1 
W+ = 9007, W− = 7829,  

N = 446, P = 0.4116 
rpoB = rpoC1 

rbCL vs rpoC1 
W+ = 15,840, W− = 7601,  

N = 636, P < 0.0001 
rbCL >>> rpoC1 

rbcL_atpF-atpH_matK vs rpoB_atpF-atpH_matK 
W+ = 464,600, W− = 824,200,  

N = 5894, P < 0.0001 
rbCL_atpF-atpH_matK <<< rpoB_atpF-atpH_matK 

rbcL_atpF-atpH_matK vs rpoC1_atpF-atpH_matK 
W+ = 553,200, W− = 985,900,  

N = 5720, P < 0.0001 
rbcL_atpF-atpH_matK <<< rpoC1_atpF-atpH_matK 

matK vs rpoB 
W+ = 10,340, W− = 11,810,  

N = 573, P = 0.4056 
matK = rpoB 

matK vs rbcL 
W+ = 20,870, W− = 36,760,  

N = 763, P < 0.0001 
matK <<< rbcL 

matK vs rpoC1 
W+ = 8329, W− = 13,830,  

N = 688, P = 0.0018 
matK << rpoC1 

rpoC1_atpF-atpH_matK vs rpoB_atpF-atpH_matK 
W+ = 753,200, W− = 657,200,  

N = 5098, P = 0.0123 
rpoC1_atpF-atpH_matK > rpoB_atpF-atpH_matK 

Legend: From the table above, N refers to the total number of pairwise comparisons while W+ is the sum of positive runs for the first column while W− is the sum of 
negative runs for the second column. In this table, a comparison of one markervs another marker and or combinations in order to determine which marker is supe-
rior to the other. Results here indicate that among single loci matK and trnH-psbA are superior to psbK-psbL [P < 0.0001]. rbcL is superior to rpoB and rpoC1 [P < 
0.0001]. Amongst the combinations, the 4 loci [matK + trnH-psbA + atpF-atpH + psbL-psbK] approach was superior to all the other two loci combinations P < 
0.0001 except for matK + atpF-atpH [P = 0.0281]. For two loci combinations, matK = trnH-psbA was greater than the combinations matK + atpF-atpH and matK + 
psbK-psbL. Overall matK, trnH-psbA and rpoB would seem the best marker for determining infraspecific distances. 

 
Table 7. Median and Wilcoxon two sample statistical tests applied to the distributions of intra- and infra-specific K2P distances for each 
potential DNA barcode. In this case #A refers to the number of pairwise comparisons for intraspecific while #B is the number of pairwise 
comparisons for infraspecific distances Barcoding gaps were assessed with Median and Wilcoxon Two sample statistical Tests. Wilcoxon 
test served as a QC for median test. These observations were confirmed by two sample statistical tests differentiating the means for the 
former and the means plus distributions between the intra and infraspecific distance for the latter. 

K2P distributions Median test Wilcoxon Two Sample Test 

matK #A = 1107 #B = 344, Median = 0.00733, P = 0.0387 #A = 1107 #B = 344, W = 27,800, P = 1.66e−05 

trnH-psbA #A = 980 #B = 460, Median = 0.01723, P = 0.0002 #A = 980 #B = 460, W = 56,980, P = 0.0003 

atpF-atpH #A = 339 #B = 222, Median = 0.0000, P = 0.8473 #A = 339 #B = 222, W = 7369, P = 0.1523 

psbK-psbL #A = 269 #B = 196, Median = 0.00494, P < 0.0001 #A = 269 #B = 196, W = 10,740, P < 0.0001 

4 loci #A = 9745 #B = 5122, Median = −214748364, P = 0.922 #A = 9745 #B = 5122, W = 745,900, P < 0.0001 

matK + trnH-psbA #A = 3909 #B = 1853, Median = 0.61702, P = 0.0035 #A = 3909 #B = 1853, W = 600,500, P < 0.0001 

matK + trnH-pbsA + atpF-atpH #A = 6704 #B = 3323, Median = −214748364, P = 0.1013 #A = 6704 #B = 3323, W = 942,500, P < 0.0001 

matK + trnH-pbsA + psbK-psbL #A = 6305 #B = 3300, Median = 0.02004, P = 0.0551 #A = 6305 #B = 3300, W = 2,145,000, P < 0.0001 

matK + atpF-atpH #A = 2501 #B = 1325, Median = 0.0000, P = 0.6871 #A = 2501 #B = 1325, W = 398,500, P < 0.0001 

matK + psbK-psbL #A = 2340 #B = 1216, Median = 0.00683, P = 0.2175 #A = 2340 #B = 1216, W = 204,700, P < 0.0001 

matK + atpF-atpH + psbK-psbL #A = 4484 #B = 2543, Median = 0.0000, P = 0.0488 #A = 4484 #B = 2543, W = 658,800, P < 0.0001 

rpoB #A = 366 #B = 229, Median = 0.0000, P = 0.4224 #A = 366 #B = 229, W = 3350, P = 0.1446 

rpoC1 #A = 344 #B = 217, Median = 0.0089, P = 0.5144 #A = 344 #B = 217, W = 7167, P = 0.2458 

rbcL #A = 907 #B = 419, Median = 0.0709, P < 0.0001 #A = 907 #B = 419, W = 57,370, P < 0.0001 

rbcL_atpF-atpH_matK #A = 6472 #B = 3258, Median = 0.0000, P = 0.04032 #A = 6472 #B = 3258, W = 1,229,000, P < 0.0001 

rpoB_atpF-atpH_matK #A = 4745 #B = 2636, Median = 0.55038, P = 0.0011 #A = 4745 #B = 2636, W = 647,200, P < 0.0002 

rpoC1_atpF-atpH_matK #A = 4739 #B = 2642, Median = −107,374,182, P = 0.6840 #A = 4739 #B = 2642, W = 728,600, P < 0.0001 
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Figure 1. Relative distributions of intraspecific divergence between Vigna unquiculata variants (yellow) and infraspecific distances (red) 
for seven candidate single loci genes matK, rbcL, rpoB, and rpoC1, and three noncoding spacers (atpF-atpH, trnH-psbA, and psbK- 
psbL). 
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Figure 2. Relative distributions of intraspecific divergence between congeneric (yellow) and infraspecific K2P distances (red) for 
12different combinations keeping matK for each. 
 

divergence does not occur for example, the P value for matK is 0.0387 signifying a 
3.87% type two error rate. Therefore, in determining intra and infra specific distances, 
matK has an accuracy of more than 95% where P < 0.05. This is confirmed by the Wil-
coxon test where P = 1.66−5 which is the type one error rate. Compared to the marker 
atpF-atpH, the median test P value = 0.8473 signifying an 84.73% error rate with Wil-
coxon P value = 0.1523 making it an unsuitable marker for delineating intra and in-
fraspecific distances.  

6. Conclusion 

This study sought to investigate the plastid sequences in Kenyan cowpea variants look-
ing for the loci that could be used for delineating different phylogeographic groups. 
Based on the results presented here, the study concludes the best locus combinations 
for DNA-barcoding of Kenyan cowpea. The evidence presented here clearly demon-
strates the overall utility of DNA barcoding in delineating molecular diversity of Ke-
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nyan cowpea at sub-species level. The results of this study demonstrate the informa-
tiveness of plastid region in delineating intra and infra-specific distances at single loci 
level; matK, trnH-psbA, psbK-psbL, and rbcL. rbcL and matK distinguish themselves as 
ideal barcodes at single loci level. However, among the combinations, matK + trnH- 
psbA, rpoB + atpF-atpH + matK appear to be the best barcodes in delineating genetic 
distances. The current study however demonstrates that using combinations of DNA 
barcodes [MLA] improves accuracy of delineation. This study therefore recommends a 
multi locus approach in delineating cowpea at varietal level. 
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