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Abstract: Hoopoe has been traditionally treated as a single species within the order Coraciiformes. 

Presently, however, various authors have suggested separating the hoopoe into two or more species and 

even its order, Bucerotiformes. So, this work aimed to use the RAPD PCR and DNA sequences of the COI 

gene barcodes to confirm and to assess whether the Egyptian hoopoe is a different species named Upupa 

epops major from the European hoopoe called Upupa epops epops, and to determine the relationships 

among them. Five primers were used in this technique. Two hoopoes were taken in this work as studying 

birds, migratory and resident one. The results showed the highest genetic distance between them using 

different random primers while genetic identity was in general low, overall primers. DNA fingerprinting 

detected greater genetic distance between Upupa epops major and Upupa epops epops and low genetic 

identity, this may indicate that both hoopoes fall into two separate species. Furthermore, using mitochondrial 

cytochrome oxidase subunit I (COI) sequences in this study suggests the separation of Upupa epops major 

into a new species. 

Keywords: Bucerotiformes; DNA fingerprinting; genetic identity; Hoopoe; sequences. 

INTRODUCTION 

Random amplified polymorphic DNA (RAPD) developed by Welsh and McClelland [1] and Williams and 

coauthors [2], the methodology proved to be a powerful tool in different genetic analyses. This approach 

detects DNA polymorphisms based on amplification using a single primer of arbitrary nucleotide sequence 

HIGHLIGHTS 
 

 Hoopoe has been traditionally treated as a single species. 

 RAPD PCR and COI gene barcodes were used to separate hoopoes. 

 This study suggests the separation of Upupa epops major into a new species. 
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of genomic DNA fragments. RAPD markers are attractive because they are specific and quick, nanograms 

of DNA are required, automation is feasible, and there is no requirement for previous DNA sequence 

information Williams et al. [2], modest coast and ability to detect relatively small amounts of genetic variation 

[3]. DNA (RAPD) or arbitrarily primed PCR fingerprinting gave an advantage in which molecular preliminary 

information of the species studied is not necessary and polymorphism pattern obtained usually varies among 

the species [4].  

DNA barcode is a short sequence of standardized genomic region of mtDNA that is specific to a species. 

For the identification of most animal species a certain fragment of the mitochondrial gene COI, coding for a 

subunit of the enzyme cytochrome oxidase, has become widely known and used as ‘‘the DNA barcode’’ [5-

9].  It has succeeded in the identification of the phylogeny of many animal groups, including birds [6, 10, 11]. 

Also, it has perfected successfully in the identification of the phylogeny of many animal groups, including 

birds [10-15]. Genetic studies on the mitochondrial gene can be used to resolve the phylogenetic relationships 

of high-level category [16], and also has a better resolution on the genetic relationship of subfamily, genus, 

inter-species and even the genetic structure of populations [17]. Rather surprisingly, as useful as these 

studies are, to date there has been no research regarding the mitochondrial gene sequencing and 

phylogenetic studies of Upupa epops major and Upupa epops epops to confirm the validity of the hypothesis 

that the Upupa epops major is the Egyptian resident form of the European hoopoe, or they are two different 

species. 

Hoopoes are one of the most distinctive birds in the world. A migratory species, they are found in season 

throughout most of Europe, Asia and Africa and cannot be mistaken for anything else within that range. The 

hoopoe has been traditionally treated as a single species within the order Coraciiformes.  Recently, however, 

various authors have suggested separating the hoopoe into two or more species and even its order, 

Bucerotiformes [18, 19]. 

The study aimed to use the RAPD PCR and DNA sequences of the COI gene barcodes: to confirm and 

to assess whether the Egyptian Hoopoe is a different species named Upupa epops major from the European 

Hoopoe called Upupa epops epops, and to determine the relationships among them. 

MATERIAL AND METHODS  

Sample and extraction of DNA 

Fresh tissue samples of European Hoopoe Upupa epops epops (migratory Hoopoe) and Egyptian 

Hoopoe Upupa epops major (resident Hoopoe) (Figure 1) will be preserved in 100% ethanol for further 

molecular studies. DNA will be extracted from these samples using a GeneJET™ kit Genomic DNA 

Kit#K0721 following manufacturer’s protocol. All animal experiments involved in this study were approved by 

the Laboratory Animal Welfare and Animal Experimental Ethical Committee of IACUC Cairo University. We 

followed the guidelines of the Committee for experimental animals during this study. 

RAPD-PCR Procedures  

Five primers generated clear and reproducible bands: primer 13-16 (CAG GCC CCG AAC AAT), primer 

27-16 (GCA CGC ATG GTT TGC), 28-16 (CCC CGA GAA GCC TGA), primer 29-16 (CCC GCG GCC TAT 

GAG) and primer 30-16 (CCA GGG TGA GCG GCT). 

PCR technique was carried out in 0.2 µL microfuge tubes. The total volume consisting of reaction mixture 

was 25 µL consisting of 19.8 µL sterile distilled water, 2.5 µL 10x PCR optimize buffer, 0.5 µL 25 mM 

deoxyribonucleotide phosphate, 10 pmol primers, 0.2 µL of 0.5 units Taq DNA polymerase. The solution 

mixture was placed in the thermal cycler and subjected to 45 cycles. The cycling conditions were as follows; 

predenaturation at 94°C for 3 minutes, denaturation at 94°C for 1 minute, annealing at 36°C for 1 minute, 

and extension at 72°C for 5 minutes, with a final extension at 72°C for 7 minutes at the end of 45 cycles. The 

amplified products were electrophoresed in1% agarose gel with 0.5x TBE buffer.  After the gel had been 

stained with ethidium bromide, the fragment sizes were estimated using a 100-bp ladder and band patterns 

were visualized with a UV transilluminator. 

PCR amplification and sequencing 

Amplification of the COI gene fragments was carried out using the primer, BF1 (5’ TTC TCC AAC CAC 

AAA GAC ATT GGC AC 3’) and BR1 (5’ACG TGG GAG ATA ATT CCA AAT CCT G 3’). The 20 μL PCR 

reaction mix included 50 ng of genomic DNA template; 13.44 μl sterile ultrapure water, 2.0 μL of 10X buffer, 
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1.0 μL of MgCl, 0.8 units of Taq DNA polymerase, 0.4 μl of each forward and reverse primer and 2.0 μL of 

DNA template. The PCR amplification program consisted of 3 min at 94°C followed by five cycles of 35 sec 

at 94° C, 40 sec at 56° C and 35 sec at 72° C, followed by another 30 cycles of 35 sec at 94° C, 40 sec at 

58° C, and 35 sec at 72° C, and finally 7 min at 72° C.  The PCR products were visualized in 1.0% agarose 

gels and staining with ethidium bromide to visualize bands and viewed with an ultraviolet light source. A 

GeneJET™ kit (Thermo K0701) was used to purification the amplified PCR products according to the 

manufacturer’s protocol. An ABI 3730xl DNA sequencer was used to perform sequencing of amplified PCR 

products. 

Data analysis 

RAPD patterns were analyzed and scored from photographs. For the analysis and comparison of the 

patterns, a set of distinct, well separated bands were selected. Band sharing (BS) between European hoopoe, 

Upupa epops epops and Egyptian hoopoe, Upupa epops major was calculated according to the formula given 

by Nei and Li [20]: Bsij =2 Nij / (Ni +Nj), where Nij is the number of common bands observed in individuals i 

and j, and Ni and Nj are the total numbers of bands scored in individuals i and j respectively, with regard to 

all assay units. Thus, BS reflects the proportion of bands shared between two individuals and ranges from 

zero (no common bands) to one (all bands identical). Genetic distance (GD) was calculated as: GD = 1- Bs 

[21]. Genetic identity computed according to the equation [22]: 
                                                     N                          

I = 1/N ∑ 2Vi
 (1). Vi

(2) /(Vi)2+(Vi)2 

                                                                          i=1                        

Where, N is the number of different bands in two given breeds and Vi
(1) and Vi

(2) are the frequencies 

of band i in the two breeds, respectively. 

All mtDNA nucleotide sequences obtained in this work were aligned by using the Clustal W software and 

identical sequences were considered as the same haplotype. The Maximum Likelihood phylogenetic tree 

was constructed by calculating the distance matrix of different studied species through MEGA v.5.05 software 

[23]. Bootstrap values were used to estimating the support for tree nodes with 500 replicates. 

RESULTS 

RAPD analysis 

In the present study, five oligonucleotide primers of random sequences were used to amplify the DNA 

from 20 specimens and a total of 230 scorable RAPD bands were obtained. The DNA fragments amplified in 

20 specimens using primer 13-16, 27-16, 28-16, 29-16 and 30-16 have been presented in (Figure 2). The 

number of bands varied among species from 25 to 60 bands. The number size ranged between 184 bp and 

1680 bp length. Primer 30-16 gave the maximum number of bands 60, while the minimum number of bands 

25 was recorded with primer 27-16 in the studied species (Table 1). 

The Random amplified polymorphic DNA (RAPD) fingerprint was used for detection of the genetic 

diversity between Upupa epops major and Upupa epops epops. The results showed a high genetic distance 

range (0.17 to 1.00) with an average of 0.600 using different random primers. Band sharing indices between 

studied species using different primers are presented in Table 1. A high level of band sharing was found 

between Upupa epops major and Upupa epops epops with the primer 30-16. A low level of band sharing was 

found between studied species with both of the primers 27-16 and 28-16. The average of band sharing was 

in general low, with overall primers of 0.400. The results showed a genetic identity range (0 to 0.821) with an 

average of 0.428 (Table 1).  

Sequencing analysis 

COI barcodes were recovered for a total of twenty specimens (Seven from Upupa epops epops and 

thirteen from Upupa epops major) from the family Upupidae. No insertions/deletions, heterozygous sites or 

stop codons were discovered, accepting the view that all of the amplified sequences form functional 

mitochondrial COI sequences. 

To investigate and recognize created sequences, each was blast searched as a request through NCBI 

(National Center for Biotechnology Information) Blastn tool (www.ncbi.nlm.nih.gov/BLAST/). Sequences of 

Upupa epops epops with better hits were recovered and used for further comparison to COI gene sequences 
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from the current study. On the other hand, there is a lack of sequences for Upupa epops major. The resulted 

COI gene sequences of Upupidae were submitted to the GenBank (NCBI) and the accession numbers of 

Upupa epops epops were GQ482885, JF498815, KP252253, KP252254 and KY661879 and were used for 

constriction of phylogram and genetic distance detection.  

The average nucleotide frequencies of Upupa epops epops are 26.3% (A), 25.1% (T/U), 31.7% (C) and 

16.9% (G). The percent composition of nucleotide varied from 26.0 to 26.4% % (A), 24.8 to 25.6% (T), 31.3 

to 31.9% (C), and 16.6 to 17.2% (G), which indicate that the COI gene sequence of these species, are C rich 

and poor in T, A and G. While the average nucleotide frequencies of Upupa epops major are 26.4% (A), 

25.2% (T/U), 32.2% (C) and 16.2% (G), which indicate that the COI gene sequence of these species, are C 

rich and poor in T, A and G. 

Genetic distance was calculated between the species belonging to Upupidae. Distances calculated 

between specimens of Upupa epops epops showed that very smallest differences (from 0.000 to 0.022) and 

within specimens of Upupa epops major are 0.000 whereas the highest genetic distance detected between 

Upupa epops epops and Upupa epops major amounted to 0.508 (Table 2).  

The phylogenetic tree of the studied species of Upupidae was constructed using the Maximum Likelihood 

method, based on COI sequences (Figure 3). In the mitochondrial tree, a total of five unique haplotypes were 

identified in sequences from the COI gene of twenty specimens of Upupidae. The haplotypes of Upupa epops 

epops and Upupa epops major were deposited together in the phylogram and appeared as a sister group. 

Phylogenetic tree based on COI sequences data, two main clades were produced: in the first clade, Upupa 

epops epops. In the second branch, Upupa epops major was laid.  

 

Table 1. Total number of band, polymorphic bands, genetic distance, band sharing and genetic identity between Upupa 

epops epops and Upupa epops major using different RAPD primers. 

Primer No. Total 
bands 

Polymorphic 
bands 

Genetic 
distance 

Band 
sharing 

Genetic identity 

13 - 16 45.00 15.00 0.33 0.67 0.717 
27 - 16 25.00 25.00 1.00 0.00 0.000 
28 - 16 40.00 40.00 1.00 0.00 0.000 
29 - 16 60.00 30.00 0.50 0.50 0.606 
30 - 16 60.00 10.00 0.17 0.83 0.821 

Average 0.428 0.400 0.600 ـــــــــــــــ ـــــــــــــــ 
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Table 2. Total genetic distance between hoopoes' species. 

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1   

               0.000 P. d. (Out Group) 1 
              0.000 0.654 U. e. e. 1 2 
             0.000 0.022 0.641 U. e. e. 2 3 
            0.000 0.000 0.022 0.641 U. e. e. 3 4 
           0.000 0.000 0.000 0.022 0.641 U. e. e. 4 5 
          0.000 0.000 0.000 0.000 0.022 0.641 U. e. e. GQ482885 6 
         0.000 0.002 0.002 0.002 0.002 0.020 0.643 U. e. e. JF498815 7 
        0.000 0.002 0.000 0.000 0.000 0.000 0.022 0.641 U. e. e. KP252253 8 
       0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.022 0.641 U. e. e. KP252254 9 
      0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.022 0.641 U. e. e. KY661879 10 
     0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.022 0.641 U. e. e.  11 
    0.000 0.508 0.508 0.508 0.508 0.509 0.508 0.508 0.508 0.508 0.508 0.588 U. e. m. 1 12 
   0.000 0.000 0.508 0.508 0.508 0.508 0.509 0.508 0.508 0.508 0.508 0.508 0.588 U. e. m. 2 13 
  0.000 0.000 0.000 0.508 0.508 0.508 0.508 0.509 0.508 0.508 0.508 0.508 0.508 0.588 U. e. m. 3 14 
 0.000 0.000 0.000 0.000 0.508 0.508 0.508 0.508 0.509 0.508 0.508 0.508 0.508 0.508 0.588 U. e. m. 4 15 

0.000 0.000 0.000 0.000 0.000 0.508 0.508 0.508 0.508 0.509 0.508 0.508 0.508 0.508 0.508 0.588 U. e. m.  16 

U. e. e. refer to Upupa epops epops while U. e. m. is Upupa epops major and P. d. is Passer domesticus. Specimen’s number denotes the accession number 

of NCBI database. 
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Figure 1. Hoopoe species, A: Upupa epops epops and B: Upupa epops major, specimens caught from Coast of 
Damietta, Egypt. 

 

 

.  

Figure 2. RAPD amplification products; A: primer 13-16, B: primer 27-16, C: primer 28-16, D: primer 29-16 and E: primer 

30-16. Lane L: DNA marker, lanes from 1 to 5 are Upupa epops major and lanes a, b, c, d and e are Upupa epops 

epops. 
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Figure 3. Phylogenetic tree of Maximum Likelihood analyses based on the COI gene from Upupa epops epops and 

Upupa epops major using Kimura 2-Parameter distances and values at nodes represent bootstrap confidence level 

(1000 replicates). Specimen’s number denotes the accession number of NCBI database, rooted with Passer 

domesticus. 

DISCUSSION 

The main advantages of RAPD markers are the possibility of working with anonymous DNA and the 

relatively low expense, also fast and simple to produce RAPD marker [24-26]. Moreover, RAPD analysis 

might be useful for systematic investigation at the level of species and subspecies, and more sensitive and 

technically easier to perform and produced results with low statistical error. 

Bader [27] reported that divergent populations or separate species tend to have genetic identities (I) < 

0.8 and genetic distances (GD) > 0.2 whereas DNA fingerprinting detected greater genetic distance between 

European and Egyptian hoopoes was 0.60 and genetic identity was 0.428 which may indicate that both 

hoopoes were two separate species.  

In the past, the systematic position of many monotypic genera of birds was dubitable. This is because 

the genera were not based on phylogenetic studies but on subjectively deduce evolutionary specialty, which 

in turn was based on phenotypic distinctiveness and commonly their discrete location. Indeed, some 

taxonomists have grouped large numbers of species in monotypic genera but the introduction of molecular 

phylogenetic methods in bird taxonomy exposed that many of these were nested within other genera [28-30]. 

DNA barcoding using mitochondrial COI sequences has enormous potential of discriminating closely related 

species across diverse phyla in the animal kingdom [5,6].  

COI constructed Maximum Likelihood tree placed Upupa epops epops, Upupa epops major and Passer 

domesticus (as an outgroup of this study) in three different clades due to these are three distinct species. 

While Upupa epops epops and all deposited COI sequences from GenBank formed high bootstrap-supported 

clusters without any overlap between species and genetic distances among them were high as well supported 

with RAPD analyses. For this reason, the present results supported phylogenetic position of Upupa epops 

major outside the Upupa epops epops clade and give a new hypothesis that Upupa epops major and Upupa 

epops epops should be considered in two separate species. 
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CONCLUSION 

This is the first study to detect the genetic relationship between Upupa epops epops and Upupa epops major. 

Furthermore, using mitochondrial cytochrome oxidase subunit I (COI) sequences in this study suggests the 

separation of Upupa epops major into a new species. Moreover, the COI sequencing technique developed 

in this study was proved to be a simple, reliable and rapid method for differentiating closely related taxa and 

considered a useful source of phylogenetic data. 

Funding: This research received no external funding. 

Conflicts of Interest: The authors declare no conflict of interest.  
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