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Abstract 

Drought and salt stress are two major environmental constraints that limit the pro-
ductivity of agriculture crops worldwide. WRKY transcription factors are the plant- 
specific transcription factors that regulate several developmental events and stress 
responses in plants. The WRKY domain is defined by a 60-amino acid conserved se-
quence named WRKYGQK at N-terminal and a Zinc Finger-like motif at the C- 
terminal. WRKY genes are known to respond several stresses which may act as nega-
tive or positive regulators. The function of most of the WRKY transcription factors 
from non-model plants remains poorly understood. This investigation shows the ex-
pression levels of eight WRKY transcription factor genes from horsegram plant un-
der drought and salt stress conditions. The increase in mRNA transcript levels of 
WRKY transcription factor genes was found to be high in drought stressed plants 
compared to salt-stressed plants. The levels of MDA which indicates the lipid per-
oxidation were less in drought stress. More ROS is produced in salt stress conditions 
compared to drought. The results show that the expression of WRKY transcription 
factors in drought stress conditions is reducing the adverse effect of stress on plants. 
These results also suggest that, during abiotic stress conditions such as drought and 
salt stress, WRKY transcription factors are regulated at the transcription level. 
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1. Introduction 

Plants in their natural environmental conditions are always subjected to various biotic 
and abiotic stresses. Abiotic stresses are the primary reason behind the decline of crop 
quality and yield worldwide [1]. Drought and salt stress are two major abiotic stresses 
that limit crop productivity. Excessive amounts of salts in the agriculture soil cause 
both osmotic and ionic stresses [2]. The rapid spread of drought and soil salinity in 
many regions worldwide may cause serious salt contamination in more than 50% of all 
arable lands by the year 2050 [3]. Transcription factors (TFs) play a vital role in stress 
response by regulating their expression in target gene through interaction with specific 
cis-acting elements present in the promoter of the gene [4] [5]. WRKY TFs are the 
largest superfamily of TFs specific to plants. They are classified into three groups based 
on the number of WRKY domains and nature of their zinc-finger motif. Group I con-
tains two WRKY conserved domains and a classical Zinc finger motif. Group II con-
tains single WRKY domain and a classical zinc finger motif. Group II is divided into 
five or more subgroups based on short conserved structural WRKYGQK motif. Group 
III protein of WRKY superfamily contains a single WRKY domain and a modified zinc 
finger motif C2-CH rather than classical C2-H2. Group II WRKY TFs containing 
WRKYGQK heptapeptide with Zinc finger CX4-5CX22-23HHX1H is the largest group 
in most of the plants [6] [7].  

A wide range of WRKY TFs has been identified from different plants 72 WRKYs 
from Arabidopsis and 96 from rice [7] and 52 WRKYs in papaya [8] have been identi-
fied. Most of the WRKYs are found to play a role in biotic stress response, some in 
abiotic stress and few WRKYs are known for their role in both biotic and abiotic stress 
response. During normal growth conditions, WRKY TFs regulate plant processes like 
senescence, trichome development [9] biosynthesis of secondary metabolites [6] and 
dormancy [10]. Many research groups have investigated the role of WRKY TFs in bi-
otic and abiotic stress in various plants. Overexpression of WRKY33 a WRKY TF fami-
ly protein, providing resistance to necrotrophic fungi species such as Botrytis cinerea 
and Alterneria brassicicola has been reported in Arabidopsis [11]. WRKY TFs like 
HvWRKY33 involving in cold and drought tolerance in barley [12], oxidative stress re-
sponse WRKY TF like FcWRKY40 from Fortunella crassifolia [13], and ZmWRKY33 
conferring tolerance to salt stress were reported in Arabidopsis [14]. 46 different 
WRKY TFs were identified from Brassica napus expressing during infection with fun-
gal pathogens Sclerotinia sclerotiorum and Alternaria brassicae, and ABA, JA, SA and 
ET treatments [7]. However, the function of each WRKY in various stresses is poorly 
understood. It is important to get further insight and investigate the response of WRKY 
TFs under abiotic stress conditions. 

Membrane damage is taken as a parameter to determine the lipid destruction of the 
membrane under various stress conditions. Lipids peroxidation is considered as the 
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most desecrate process known to occur in every living organism. During lipid peroxi-
dation, small hydrocarbon fragments namely Malondialdehyde (MDA) is formed from  
polyunsaturated precursors [15]. Lipid peroxidation takes place when Reactive oxygen 
species (ROS) levels are reached above-threshold, directly affecting normal cellular 
functioning and also aggravating the oxidative stress through the production of 
lipid-derived radicals [16]. Level of ROS is controlled by plant cells through detoxifica-
tion of excess ROS during stress. To help in the detoxification of excess ROS, plants 
have evolved strong antioxidant defence mechanism [17]. 

Horsegram belongs to the family Fabaceae and is comparatively a hardy drought tol-
erant crop which grows well under adverse conditions. The crop accounts for approxi-
mately 5% - 10% of the India’s pulses, with annual production of about 0.65 million 
tonnes. It is considerably used as dry fodder, cattle feed, cover crop and for water con-
servation in the semi-arid region. Horsegram is widely grown in the semi-arid regions 
of India and generally considered as protein rich poor man’s crop. It grows well under 
dry conditions with the need of low rainfall and marginal soil fertility. Depending on its 
well adaptive growth conditions and life cycle, there is a high possibility that horsegram 
plant contains a variable number of genes that can be used to provide stress tolerance. 
Due to the higher similarity in genome among pulse crops, comprehension of the un-
derlying genetic mechanism of various stress related genes from this plant will be of 
significant advantage to transform these genes to other legume crops. 

The present investigation had made an attempt to identify, the abiotic stress respon-
sive role of horsegram WRKY TFs by qRT-PCR expression analysis under drought and 
salinity stresses. These experimental results, making feasible to use horsegram WRKY 
TF genes to develop abiotic stress tolerant crop plants in near future. 

2. Materials and Methods  
2.1. Plant Material and Stress Treatments 

Horsegram seeds were sown in pots containing mixed soil (soil: vermiculite in 3:1 ratio) 
and allowed to grow in a greenhouse under natural photoperiod and temperature con-
ditions for 19 days. To impose salt stress 19 days, old plants were irrigated with 1% and 
2 % NaCl solution. The electrical conductivity of the soil saturation extract was 4.0 
mScm−2 and care was taken to avoid drainage of solution during the treatment by giv-
ing the water slightly less than field capacity; stress was maintained for four days. The 
electrical conductivity was monitored and adjusted using conductivity bridge (Elico, 
Hyderabad, India) on alternate days. For drought stress, the plants were withheld from 
irrigation until to reach 50% and 25% soil moisture level (SML) and maintained at the 
same level for three days by measuring SML regularly by following standardised gra-
vimetric method. The samples from stressed and non-stressed plants were collected and 
flash frozen in liquid nitrogen. Each experiment was repeated at least three times. 

2.2. Determination of Growth under Stress 

After the stress treatments, plants were carefully uprooted from the soil, to avoid any 
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breakage of lateral roots and washed thoroughly under running tap water. Plant growth 
was determined by measuring the root length, shoot length, and plant fresh weight. 

2.3. Histochemical Localization of ROS 

ROS are produced as a result of stress which leads to oxidative damage. The levels of 
ROS species like 2O•−  and H2O2, produced during the stress treatments were detected 
using Diaminobenzidine (DAB) and Nitoblurtetrazolium chloride (NBT) [18]. For de-
tection of 2O•−  the leaf material was immersed in a solution of 0.1% NBT in 50 mM 
phosphate buffer (pH 7.8) at room temperature. The immersed leaves were illuminated 
with two 20-W fluorescent tubes for 2 - 4 h until the dark blue spots appear. For local-
ization of H2O2, excised leaves were immersed in a 0.1% DAB solution in 50 mM 
phosphate buffer (pH 3.8) and incubated at room temperature for 8 h until brown spots 
appear. The leaves were then bleached with 50% ethanol to visualize the spots. 

2.4. Determination of MDA Content  

The levels of lipid peroxidation were measured [19] by estimating the MDA content, 
which is a secondary product of polyunsaturated fatty acids and 2-thiobarbituric acid 
reactive substances. The MDA content was estimated using 2-thibarbutiric acid at 400, 
532 and 600 nm [19]. Five hundred milligrams of leaf tissue was used for the extraction 
of MDA. One millilitre of the supernatant was mixed with 1 ml of 20% TCA containing 
0.65% thiobarbituric acid in a clean glass tube, in another tube 1 ml of supernatant was 
treated with 1 ml of 20% TCA alone and mixed thoroughly. The mixtures were heated 
at 95˚C for 30 min and absorbance was recorded at 532 nm (MDA), 440 nm (carbohy-
drates) and 600 nm (phenylpropanoid pigments). The MDA content was determined 
by its molar extinction coefficient (155 mM−1∙cm−1) using the formula.  

( ) ( ) ( ) ( )Abs532 TBA Abs600 TBA Abs532 TBA Abs600 TBA A+ − + − − − − =    

( )Abs440 TBA Abs600 TBA 0.0571 B+ − + =    

( ) ( )1MDA equivalents mol ml A B 157000 103 C− µ ⋅ = − =   

( ) ( )1MDA equivalents mol g C 15 1 0.5 .−µ ⋅ = × ×  

2.5. Isolation of RNA and cDNA Synthesis 

Total RNA was isolated from the frozen leaf material using TRIzol reagent. RNA con-
centration was accurately quantified by the UV-spectrophotometric measurement and 
3 µg of total RNA was separated on 0.8% agarose gel containing formaldehyde to check 
RNA integrity. DNA contamination was removed with TURBO DNA-free kit accord-
ing to the instructions in the manual. Two hundred nanograms of RNA was used to 
construct cDNA by Thermo Scientific RevertAid Reverse Transcriptase enzyme and 
oligodT primers at 42˚C. Obtained cDNA was subsequently used as a template for qRT- 
PCR analysis [20]. 
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2.6. Quantitative Real-Time PCR Analysis 

Eight WRKY TF genes were selected to study the expression levels under drought and 
salt stress conditions by the qRT-PCR analysis. For qRT-PCR assay gene, WRKY spe-
cific expression primers were designed using the Primer Express 5.0 software at an-
nealing temperature of 56˚C - 60˚C. Primer sequences used for the amplification were 
listed in Table 1. qRT-PCR was performed using Applied biosystem power SYBR-green 
mix. The appearance of PCR products was monitored by detecting the increase in fluo-
rescence caused by binding of SYBR green dye. The length of amplification fragment 
was about 150 bp. Each reaction was repeated at least three times. The expression 
analysis was conducted in an Applied Biosystem StepOne Realtime PCR-System ther-
mal cycling block. Conditions maintained are, 1min at 95˚C; 1 min at 57˚C and 1 min 
at 72˚C for 40 cycles, followed by melting curves analysis at 95˚C for 1 min. Expression 
of MuActin gene was used as internal control for normalization. Relative expression of 
mRNA was calculated using 2−ΔΔct formula [21]. 

2.7. Data Analysis 

All physiological and biochemical data were analysed using SPSS version 16.0. Data 
presented were calculated using One-way ANOVA and statistical analysis was carried 
out by using Post hoc multiple comparisons Duncan’s test at a significance level of P < 
0.05. 
 
Table 1. Primers sequences used for the amplification of gene in qRT-PCR analysis. 

Primers  Sequence 

WRKY 3 
F 5’ATGGGCAGAAACATGTTAAA3’ 

R 5’TGAGTAACGGCGATTTGGTT3’ 

WRKY 12 
F 5’CCCGAGGAGTTATTACAGATGCA33’ 

R 5’CCGATAGTCGTCCCACTCTCTT3’ 

WRKY 40 
F 5’GTCGGAGAGTAGCTCAACGG3’ 

R 5’CCATCTTTCACAACGAGGGT3’ 

WRKY 75 
F 5’-GAGGGATATGATAATGGGTCG3’ 

R 5’CGACCACTTCTTGGTCCAC3’ 

WRKY 53 
F 5’CCAGAATCTCCGGCATCG3’ 

R 5’CTCCTTGGGAATTTGGCGCC3’ 

WRKY57 
F 5’GCAGATGCACGGTGAAGAAG3’ 

R 5’GGGAATCCAATGGTTTGATGGC3’ 

WRKY 65 
F 5’GCCTAAACCTAAACCCGAGC3’ 

R 5’-TCTCCCATCGGAAAGAACAC-3’ 

WRKY 33 
F 5’AAGGAGAGGATGGTTACAATTGGA3’ 

R 5’CGAGGATTCTCACTTCCTTTCAC3’ 

Actin 
F 5’TCCATAATGAAGTGTGATGT3’ 

R 5’GGACCTGACTCGTCATACTC3’ 
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3. Results  
3.1. Effect of Stress on Plant Growth 

Effect of stress is usually perceived as a decrease in photosynthesis and growth of the 
plant. Growth parameters were calculated for uprooted plants. In general, the overall 
growth of plant was decreased under both stress conditions. However, the inhibitory 
effect of salt stress was more on the growth of horsegram when compared to drought. 
Further, more reduction in the growth of the plant was observed with increased levels 
of stress. The decrease in root growth was up to 44% in drought and 60% in salt stress. 
Similarly, the shoot length was decreased up to 22% in drought and 48% under salt 
stress conditions (Figure 1). There was 37% reduction in the plant total biomass in 
drought stress conditions and up to 78% under salt stress conditions (Figure 2). The 
depletion of chlorophyll and leaf drying was also observed at 2% NaCl stress which 
leads to plant dying. Dying of leaves and eventually entire plant due to high salt con-
centration in plants was also reported [22].  
 

 
Figure 1. Varying root length and shoot length of horsegram plant under control, drought and 
salt stress conditions (±SD). And letters shown above the bars are significantly different at P < 
0.05 (DMR). 
 

 
Figure 2. Fresh biomass of horsegram plants under control, drought, and salt stress conditions 
(±SD), and letters shown above the bars are significantly different at P < 0.05 (DMR). 



K. Kiranmai et al. 
 

131 

3.2. Effect of Drought and Salt Stress on MDA Levels  

MDA, the product of lipid peroxidation is often used as an indicator to check the extent 
of oxidative stress in plant [23]. The formation of ROS increases the levels of cellular 
lipid peroxidation, such increase in the production of ROS and peroxidation levels dif-
fer from species and severity of stress [24]. Total MDA content was estimated from the 
leaf tissue of control and stressed plants. The results suggest that the MDA content was 
significantly increased under both the stresses and an increase in the MDA content was 
observed proportional to the intensity of stress applied. However, the level of MDA is 
more in salt stress than in drought stress conditions (Figure 3). An increase in the 
MDA concentration under abiotic stress conditions like Pb stress was previously re-
ported in groundnut plants by Nareshkumar et al. [25]. 

3.3. Histochemical Detection of 2O−  and H2O2 in Leaves 

In situ histochemical staining assay was employed to detect the accumulation of 2O−  
and H2O2, the two important ROS molecules produced during stress. Under control 
conditions there was no accumulation of free radicals, 2O−  and H2O2 was observed. 
However, remarkable differences were observed in the accumulation of ROS under 
stress conditions. Blue spots are the indicator of 2O−  and brown spots indicate the 
H2O2 accumulation. The results showed that the accumulation of ROS was more under 
salt stress conditions compared to drought (Figure 4). 

3.4. Expression Analysis of WRKY TFs under Drought and Salt Stresses 

qRT-PCR analysis was conducted to check the expression levels of different WRKY TF 
genes under drought and salt stress conditions. The results showed the different levels 
of regulation in the WRKY genes under different abiotic stresses conditions. In drought 
stress conditions, the highest level of expression was observed in WRKY3 and WRKY 
75 was found to be negatively regulated. There was an increase in the transcription lev-
els of different genes from 1.2 fold in WRKY33 to 12 folds in WRKY3 under drought  
 

 
Figure 3. MDA content in leaf samples of horsegram under control, drought and salt stress con-
ditions. The data represented is the mean of three different experiments ±SD, and the letters 
shown above the bars are significantly different at P < 0.05 (DMR). 
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(a)                                 (b) 

Figure 4. In situ histochemical detection of 2O−  and H2O2 under control, drought and salt stress 
conditions. (a) Brown spots indicate the H2O2 accumulation which is stained with DAB. (b) Blue 
colour spots indicate 2O−  accumulation stained with NBT. The intensity of colour spots is seen 
under salt stress conditions. Control plants did not show any colour due to the absence of ROS. 
 
stress conditions at 25% SML. In salt stress, at 2% NaCl, the expression levels of genes 
were increased up to 6.1 folds in WRKY33. However, the negative regulation was also 
recorded in WRKY40 and WRKY53 genes whose transcription levels were downregu-
lated by 0.63 fold in WRKY53 and 3.8 folds in WRKY40 genes (Figure 5). 

4. Discussion 

Abiotic stresses are the major limiting factors that reduce the productivity of crop 
worldwide. In the present investigation, we are delineated representing the role of 
WRKY TF gene from horsegram under drought and salt stress conditions. WRKY TFs 
are the largest superfamily TF that is specific to plants. WRKY recognize and bind to 
specific TTGAC (C/T) W-box elements found in promoters of a large number of plant 
defence related genes [6] [27] [28]. The first WRKY cDNAs were cloned from sweet 
potato, wild oat, parsley and Arabidopsis, based on the ability to bind specifically to the 
DNA sequence motif TTGACCT, which is known as the W box [29] [30] [31]. Current 
information available is suggesting that a large number of WRKY TFs plays a pivotal 
role in pathogen-induced defence mechanism [32]-[34]. However, there are fewer re-
ports on the involvement of WRKY TFs in drought and salt stress response. In earlier 
studies expression of six WRKY TFs under drought stress have been reported [8] in 
Carica papaya. AtWRKY57 conferring drought tolerance by elevated ABA levels was 
reported [35]. A group II WRKY TF named WRKY58 was characterized from maize 
enhancing the tolerance towards drought and salt stress [36]. There are reports that few 
WRKY genes can be induced by both biotic and abiotic stress conditions. Zheng et al. 
[11] have reported that AtWRKY33 is a multifunctional gene that involves both in bi-
otic and abiotic stresses.  

In this report, we studied eight WRKY TF genes from horsegram, under drought and 
salt stress. WRKY3 gene has shown the highest expression level with 12 folds increase 
in drought stress among eight genes selected. Strong VpWRKY3 transcription levels are  
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Figure 5. qRT-PCR analysis of WRKY TFs in horsegram plants after imposing drought and salt 
stress. The relative expression of WRKY TF was more under drought stress conditions. 
 
detected under abiotic stress conditions like high and low temperature, NaCl and 
drought in transgenic tobacco lines [26]. So we speculate that WRKY3 genes might be 
involved in stress response and tolerance under drought. All eight WRKY TFs studied 
are up-regulated in drought stress except the WRKY75 whose mRNA transcript levels 
are found to be down-regulated by one fold. In salt stress conditions the expression of 
WRKY33 is more with 6.1 folds increase in the mRNA transcript levels and two genes 
WRKY 40 and WRKY 53 were found to be down-regulated. In earlier reports, the 
overexpression of DgWRKY1 from chrysanthemum has shown better tolerance to salt 
stress in transgenic tobacco plants [37].  

The stress leads to trigger some of the key enzymes of antioxidant defence system. To 
resist oxidative damage in plants the antioxidant enzymes and certain metabolites; play 
a vital role leading to adaptation and the ultimate survival under stress [38]. In the pre-
sent study, we speculate that the expression of WRKY TFs in turn regulating the ex-
pression of other stress related antioxidative genes under drought stress conditions. The 
expression of antioxidative enzymes enhances the scavenging activity in plants and re-
duces the ROS produced under stress. The low levels of MDA in drought stress condi-
tions also represent the less lipid peroxidation and membrane damage. The overexpres-
sion of TaWRKY10 has been reported earlier to enhance the expression level of stress 
related antioxidant enzyme like SOD, CAT, and GPX in transgenic tobacco plant. The 
expression of FcWRKY40 altering the expression levels of two ROS scavenging genes 
like SOD and POD were reported previously [13]. Our results suggest that the up- 
regulation of WRKY TF genes contributes to plant defence under drought and salt 
stress conditions. But the genes we studied are upregulated well in drought stress con-
ditions than in salt stress conditions.  

5. Conclusion 

Based on the result obtained from this study we speculate that horsegram WRKY TF 
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genes are promising to stress responsible gene for modulation and enhancement of 
abiotic stress tolerance in sensitive crops. In this study, an attempt was made to identify 
the abiotic stress responsive WRKY TF genes from horsegram plant under various 
abiotic stress conditions. Furthermore, studies will be carried out to develop abiotic 
stress tolerant transgenic crops by genetic manipulation of WRKY TF genes and assess 
the function of these genes in abiotic stress tolerance. 
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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 
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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. 
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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% 



P. Okoth et al. 
 

146 

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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Abstract 

CTX-M-producing bacteria are known as a resistant source against oxyimino-    
cephalosporin such as cefotaxime and ceftazidime; although laboratory diagnosis of 
this gene has not been properly defined. The aims of this study are determining the 
rates of prevalence of CTX-M and CTX-M group 1 in the Escherichia coli (E. coli) 
obtained from urinary tract infections (UTI), and also determining their genetic rela-
tionship in the city of Sanandaj. In current study, 180 E. coli strains isolated from 
urinary tract infections were used. Sensitivity to common antibiotics was studied by 
the disc diffusion method. Phenotypic detection of isolated ESBL-producing starins 
was done by the combination disc test. CTX-M and CTX-M1 genes were detected 
using the PCR method and finally, the possible clonal relationship between isolates 
was determined using the REP-PCR method. 89 samples were ESBL-positive. The 
PCR assay used for detecting the CTX-M gene, showed that 48 samples out of 180 
samples (26.66%) contained that gene; also among these 48 samples, 23 (12.77%) had 
CTX-M group 1. Based on the REP-PCR assay, 48 genotypes among 48 samples were 
CTX-M-positive. Results from the REP-PCR assay indicated that the clonal propaga-
tion theory of one epidemic strain of Escherichia coli is not apply, i.e. all CTX-M- 
producing species are not originated from one single strain and the gene is spread 
between different isolates. Therefore, hospitals and their employees must be more 
hygiene and, proper disposal of hospital waste can help to prevent the spread of dif-
ferent resistances. 
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1. Introduction 

Extended-spectrum beta-lactamases (ESBLs) were reported for the first time in Ger-
many 1983 [1]. The CTX-M family of ESBLs is a serious threat for global health [2] to 
the extent that in the previous decade, it was described pandemic [3]. CTX-M is the 
most prevalent ESBL in antrobactericeas that produce nosocomial and society-acquired 
infections [2] [4]. CTX-M genes are usually found on plasmids and derivative chromo-
somes of Beta-lactamase genes are from the Kluyvera spp. genus which are created by 
“multiple delivery mechanisms” [2] [5]. Normally, these plasmids are easily spread 
among microbial populations and they carry the resistant genes against other antibio-
tics such as aminoglycoside acetyltransferases and dihydropteroate synthases or other 
beta-lactamases [6]. This increase in resistance, to a large extend, is due to the spread of 
E. coli bacteria and Klebsiella pneumonia that carry CTX-M [7]. CTX-M group 1 con-
tains six plasmid-dependent enzymes namely: CTX-M-1, CTX-M-3, CTX-M-10, CTX- 
M-12, CTX-M-15 and FEC-1 and, unprinted enzymes of CTX-M-22, CTX-M-23 and 
CTX-M-28 (corresponding gene bank numbers respectively are AY080894, AF488377 
and AJ549244) [2]. For epidemiological study and determining the genetic relation-
ships of resistant isolates, a rapid typing method could be a valuable tool. Repetitive 
Element Palindromic PCR (REP-PCR) is a suitable method for proliferation of repeti-
tive elements of bacterial DNA, with the following characteristics: 1) low costs, 2) high 
discriminatory power, 3) high speed, and 4) reliable tool for typing and classification of 
a wide range of Gram-negative and some Gram-positive bacteria [8] [9]. 

A lot of research has been done on identifying CTX-M in E. coli. Woodford et al. 
(2004) conducted a study to identify the CTX-M in E. coli isolated from community 
and hospital in Britain. In this study, 291 CTX-M-producing samples were identified in 
Britain which 279 sample involved CTX-M 1and 12 samples involved CTX-M-9. The 
result of dendrogram indicated that 279 CTX-M-producing samples are related with 
each other’s [10]. 

Leila Nasehi et al. (2010) studied the CTX-M, PER, SHV and TEM β-lactamase pre-
valence in Lebsiella pneumoniae isolated from clinical samples in Tehran. The results 
indicated that the prevalence of blaSHV, blaCTX-M, and blaTEM gens was 7.5%, 16%, 
22.5 % and 23%, respectively [11]. 

According to the above description, the aims of this study are determining the rate of 
prevalence of CTX-M and CTX-M group 1 genes in the Escherichia coli responsible for 
urinary tract infection and, determining the genetic relationship between isolated starin 
using the typing method of REP-PCR.  
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2. Material and Methods 
2.1. Sampling 

In 2015, 325 urine samples were collected from Sanandaj laboratories. E. coli isolated in 
180 samples that their presence were confirmed by biochemical test. 

2.2. Antibiotic Sensitivity and Phenotypic Identification of ESBLs 

The antibiotic sensitivity of the samples was conducted using the disc diffusion method 
and based on the Clinical and Laboratory Standards Institute (CLSI standards); also, 
the antibiotics that were used are listed in Table 2. ESBL-producing isolates were de-
tected by the CLSI combination disc test [12]. At first, bacterial suspensions equivalent 
to Mc-Farland half of resistant isolates were cultured on Molar-Hinton agar media; 
then, two Ceftazidime and Cefotaxime discs and also, two discs of these materials com-
bined with clavulanic acid were placed 25 mm apart on the media. After incubation, if 
the difference in diameters of the halos around the combined discs and the halos of the 
initial discs is ≥5 mm, the isolate is considered as a positive ESBLs phenotype. 

2.3. Determining MIC by the E-Test 

The E-test was performed with the antibiotics of Ceftazidime and Cefotaxime for all the 
samples that were detected as ESBLs. In this method, after making a bacterial suspen-
sion by the Mc-Farland half method, it was placed on the Molar Hinton agar plate; 
then, E-test strips, each representing one specific antibiotic, were placed on the Molar 
Hinton agar and after 24 h of incubation in 37˚C, a triangular growth zones of inhibi-
tion was formed. Then by referring to the table provided by the company that had 
created the E-test strips, the susceptibility of E. coli bacteria to the mentioned antibio-
tics was determined. 

2.4. DNA Extraction 

DNA of the bacterium was extracted using gram-negative DNA extraction kit (Sina 
Gene, Iran). The extracted DNA was checked by the agar gel electrophoresis.  

2.5. Detection of Resistant Genes 

In this study,primers from previous studies were used which their characteristics are 
listed in Table 1 [13] [14]. The PCR reaction was done with the final volume of 25 µl 
that contained 12.5 µl of PCR Master Mix (containing DNA polymerase, salts, magne-
sium, dNTPs and optimized reaction buffer), 1 µl of each primer, 2 µl of the sample’s 
DNA and 8.5 µl distilled water. The conditions of reaction for each primer are shown in 
Table 1. The product of PCR was analyzed by electrophoresis in agar gel 1.5% and fi-
nally it was visible under UV. 

2.6. REP-PCR 

In order to determine the genetic relationships between ESBL-producing samples, the  
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Table 1. Primers and the conditions of their reaction. 

Product  
size 

PCR condition Primer (5´→3´) Target 

759 bp 
94˚C, 5 min; 35 cycles of 94˚C,  

45 s; 58˚C, 45 s; 72˚C, 60 s 
Forward ACGCTGTTGTTAGGAAGTG 

Reverse TTGAGGCTGGGTGAAGT 
CTX-M 

864 bp 
94˚C, 2 min; 30 cycles of 95˚C,  

45 s; 58˚C, 30 s; 72˚C, 45 s 
Forward GGTTAAAAAATCACTGCGTC 
Reverse TTGGTGACGATTTTAGCCGC 

CTX-M-1  
group 

 
typing method of REP-PCR was used. The REP-PCR reaction was done with the final 
volume of 25 µl containing: 12.5 µl of PCR Master Mix, 1 µl of the sample’s DNA, 1 µl 
of each primer and 9.5 µl distilled water. REP1 (5'-IIIGCGCCGICATCAGGC-3') and 
REP2 (ACGTCTTATCAGGCCTAC-3') primers were used for amplification of repeti-
tive sequences in the bacterial genome [15]. The reaction took place in XP Thermal 
Cycler with the following circumstances: Initial denaturation (2 min at 95˚C), then, 35 
cycles of denaturation (1 min at 92˚C), annealing (1 min at 40˚C), extension (8 min at 
65˚C) and at last, final extension (8 min at 65˚C). The products of REP-PCR were elec-
trophoresed in Agar gel 1.5%. In the end, the bonds became visible by UV ray and then 
the image was recorded. The dendrogram relating to the analysis of fingerprinting was 
drawn by the algorithm of the Unweighted Pair-Group Method (UPGMA) using the 
software NTSYS v2.02e. 

3. Results 
3.1. Bacterial Isolated 

All the samples were separated from different patients that had referred to sanandaj di-
agnostic laboratories. The rates of prevalence of urinary tract infection based on sex 
and age are shown in Figure 1 and it is logical that UTIs are more prevalent in women. 

3.2. Sample Antibiotic Sensitivity 

CLSI standard was used to determine the sensitivity. Samples sensitivity to antibiotics 
was measured and presented in Table 2 as sensitive, semi sensitive, and resistant. 

3.3. Phenotypic Detection of ESBL Producers 

89 E. coli samples (49.44%) were detected as ESBL producers by the combination disc 
test (Figure 2). Antibiotic susceptibility of the positive- and negative-ESBL samples are 
compared in Figure 3. 

3.4. Results of E-Test 

The results of this E-test for the ESBL-producing samples were in the range of 2 - 4 
µg/ml for Cefotaxime and 1 - 16 µg/ml for Ceftazidime (Figure 4). 

3.5. Detection of Resistant Genes 

Among SBL-producing samples, 48 out of 89 samples contained the CTX-M gene; also 
23 out of 48 samples, were detected as CTX-M group 1. 
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(a) 

 
(b) 

Figure 1. (a) The rate of prevalence of UTI based on sex; (b) The rate of prevalence of UTI based 
on age. 
 

 
Figure 2. Phenotypic detection of ESBL producers by the combination disc test. 
 

 
Figure 3. Comparison of the susceptibility profiles of positive and negative ESBL-producing E. 
coli. 
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Figure 4. Non-growth triangle due to increased antibiotic density around T-Test strip. 
 
Table 2. Results of antibiotic sensitivity determination based on disc diffusion. 

 Resistant N. (%) Intermediate N. (%) Susceptible N. (%) 

Cefotaxime 144 (57.8) 8 (4.4) 68 (37.8) 

Ciprofloxacin 87 (48.3) 22 (12.2) 71 (39.4) 

Ceftriaxon 72 (40) 25 (13.9) 83 (46.1) 

Carbenicillin 67 (37.3) 17 (9.4) 96 (53.3) 

Ceftazidime 59 (32.8) 35 (19.4) 86 (41.8) 

Imipeneme 81 (45) 24 (13.3) 75 (41.7) 

Cefepime 52 (28.9) 16 (8.9) 112 (62.2) 

Piperacillin 111 (61.7) 25 (13.9) 44 (24.4) 

Amikacin 39 (21.7) 33 (18.3) 108 (60) 

Piperacillin-tazobactam 38 (21.1) 46 (25.6) 96 (53.3) 

Gentamicine 54 (30) 8 (4.4) 118 (65.6) 

3.6. Results of REP-PCR 

The next step was determining the genetic relationship between the samples. After 
drawing the dendrogram for the obtained results from REP-PCR (Figure 5), ESBL- 
producing samples which were patterned as the samples that had 100% genetic similar-
ity, were considered as one pattern and, other samples each were considered as a sepa-
rate pattern. Based on this, 89 patterns exist among 89 ESBL-producing samples; so 89 
positive-ESBL samples, had 89 different genotypes (Figure 6). 

In this dendrogram, 10 clusters which labeled by letters A-J can be observed. Each 
cluster A-C-D-F-G-H is divided by two sub-clusters.  
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Figure 5. Bands created by rep-PCR for sample type. 
 

 
Figure 6. Dendrogram related to rep-PCR analysis shows 89 genetic patterns in 89 ESBL 
producing samples. 

2500
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4. Discussion 

In 1992, a new type of ESBL that gave high level of resistance against Cefotaxime to 
bacteria was detected in members of Antrobactericeas [16] [17]. This new family of 
ESBLs are from the class A in the Ambler’s classification. As mentioned before, CTX-M 
is described pandemic. According to several reports, the number of CTX-M B. lacta-
mases is rapidly increasing [18]. In some reports from France [19], Sweden [20], and 
India [21] as well, the prevalence of this B. In a study performed in Tabriz on 188 E. co-
li separated from urine samples of outpatient and hospitalized patients, it was revealed 
that 84.1% of the isolates were contained the CTX-M type 1 B. lactamase gene [22]. In 
order to find a suitable strategy for stopping further spread of this gene, worldwide stu-
dies are required. According to Figure 1, UTI is most prevalent in ages between 16 - 30 
and 31 - 45. This result could be attributed to this fact that most sexual intercourses 
occur in these periods. Also, UTI was more prevalent in women, which seem logical 
because of anatomical reasons. 

In this study, CTX-M gene was detected in the E. coli isolated separated from UTIs 
in a specified period (2015). 48 out of 89 ESBL-producing samples (53.93%) contained 
the CTX-M gene. In addition, the results indicated that 23 samples (47.91%) of these 
48, contained CTX-M group 1. Our findings showed the high prevalence of CTX-M 
enzyme in the ESBL-producing E. coli in the Sanandaj. Furthermore, it was observed 
that almost half of these enzymes were from the CTX-M group 1. CTX-M-15, which is 
in CTX-M group 1, has the most rate of prevalence worldwide [2] [23] [24]. As it can 
be seen in Figure 2, ESBL-producing samples had high resistance against Cefotaxime 
(97.75%), Ciprofloxacin (78.65%), Ceftriaxone (74.15%), Carbenicillin (65.16%) Cefta-
zidime (88.76%), Imipenem (74.15%), Piperacillin (87.64%) and Piperacillin-tazobac- 
tam (61.79%) and, a moderate resistance against gentamicin (40.44%), Amikacin 
(50.56%) and Cefepime (52.8%). 

In a study in India, resistance of ESBL-producing isolates against non-beta lactam 
antibiotics were as follows: 93.8% to Ciprofloxacin, 79.1% to Sulfamethoxazole and 
14.7% to Amikacin [21]. It is possible that genes that code resistance against these anti-
biotics are transferred alongside the ESBL genes. In a study conducted in the USA, 
among 20 isolated bacteria resistant to antibiotics that were separated from patients 
from hospitals and nursing homes, 17 bacteria contained 54-kb plasmid that endoced 
the resistance to Ceftazidime by TEM-10.This plasmid was the mediator of resistance 
against Co-trimoxazole, Gentamicin and Tobramycin [25].  

According to reports, CTX-M B. lactamases hydrolyze Cefotaxime more than Cefta-
zidime [26]. In the present study, 95.83% of the CTX-M B. lactamase-producing iso-
lates that were detected in the study, were resistant to or an intermediary for Cefotax-
ime, while lack of sensitivity to Ceftazidime was equal to 87.5%. 

In order to differentiate between the two following hypotheses, the REP-PCR method 
was necessary. 1) An epidemic E. coli strain had been spread among all the patients, so 
one ancestral strain is possibly the cause of spread of resistance. 2) CTX-M gene had 
been spread among different E. coli isolated.  
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This study recognized 48 different genotypes as positive among 48 CTX-M samples; 
therefore, the results of this experiment indicated that the clonal propagation theory of 
one epidemic E. coli strain is not applicaple. This means that not all the types of 
CTX-M producers were originated from one single strain and, the gene had been 
spread among different isolates. Therefore, it can be concluded that one plasmid or 
mobile genetic element (MGE) containing the CTX-M gene, is responsible for the 
spread of the gene among different isolated of E. coli.  

In the drawn dendrogram, it was observed that the samples in Clusters B, E, I and J 
do not contain the CTX-M-resistant gene and the number of samples in these clusters 
is very low. For instance, in clusters E and J there are only one sample and in clusters B 
and I, there are 3 samples and based on that, it can be concluded that the samples 
without the CTX-M gene, have a lower survival rate and their spread among the pa-
tients are lower. 

5. Conclusions 

In this study genotyping of E. coli from urinary tract of infection patients containing 
B-lactamase resistance gene CTX-M group 1 was assessed. 48 out of 89 ESBL-produc- 
ing samples (53.93%) contained the CTX-M gene. In addition, the results indicated that 
23 out of (47.91%) of these 48 samples, contained CTX-M group 1. The samples with-
out the CTX-M gene, have a lower survival rate and the spread among the patients is 
lower. 

Our findings showed the high prevalence of CTX-M enzyme in the ESBL-producing 
E. coli in the Sanandaj. Also, UTI was more prevalent in women, which seemed logical 
because of anatomical reasons. According to the obtained results from REP-PCR, it was 
concluded that the resistant genes were spread among different isolates. So hospitals 
and their staff must be more hygiene and, proper disposal of hospital waste and using 
antibiotics only by the doctors’ order can help to prevent the spread of resistances.  

6. Limitations and Recommendations for Future Research 
Limitations of the current study were lack of proper access to some of the reagents and 
instruments in the tests and due to financial constraints, the study was under-powered, 
and because of small sample size, it is impossible to generalize the study results, cer-
tainly. For future studies, the results of study recommended that in order to generalize 
the results, study be repeated with big enough population of patients. Also, it is sug-
gested that other ESBL gens prevalence and risk factors related to the spread of ESBL 
genes can be studied in future. 
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