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Abstract 
Walterinnesia aegyptia is one of the most venomous snakes belonging to the 
family Elapidae found in the Middle East and Africa. In addition to its eco-
logical importance, it is accused of millions of deaths due to snakebites. Be-
cause molecular identification of snakes is crucial for the antivenom drug in-
dustry, mitochondrial genes are used to identify, characterize, and infer ge-
netic diversity among different venomous snake species. Data of Walterinne-
sia collected from samples across Saudi Arabia were compared based on the 
mitochondrial 16S and 12S rRNA sequences with other Elapidae related taxa 
to assess the phylogenetic relationship. The phylogenetic analysis strongly 
supports the monophyly of the genus Walterinnesia based on two genes that 
represent different species of Elapidae. In addition, a close relationship be-
tween Walterinnesia aegyptia and W. morgani was found. Our molecular da-
ta showed that W. morgani from Riyadh, Saudi Arabia, is nearly genetically 
identical (D = 0) with W. aegyptia from Ha’il and Riyadh, Saudi Arabia, and 
Sinai, Egypt. Further study is required based on more material and detailed 
morphological and genetic analysis. 
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1. Introduction 

The family Elapidae consists of about 389 species, including the cobras, mambas, 
and sea snakes. In Saudi Araba, two species Walterinnesia represent it, which in-
clude mainly two species W. aegyptia [1], W. morgani [2], and its relative spe-

How to cite this paper: Alshammari, A.M., 
Badry, A., Aloufi, B.H. and El-Abd, E. (2022) 
Molecular Phylogeny of Walterinnesia ae-
gyptia (Reptilia, Elapidae) Isolated from 
Ha’il Province, Saudi Arabia. Open Journal 
of Applied Sciences, 12, 1661-1672. 
https://doi.org/10.4236/ojapps.2022.1210113 
 
Received: September 15, 2022 
Accepted: October 22, 2022 
Published: October 25, 2022 
 
Copyright © 2022 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/   

  
Open Access

https://www.scirp.org/journal/ojapps
https://doi.org/10.4236/ojapps.2022.1210113
https://www.scirp.org/
https://doi.org/10.4236/ojapps.2022.1210113
http://creativecommons.org/licenses/by/4.0/


A. M. Alshammari et al. 
 

 

DOI: 10.4236/ojapps.2022.1210113 1662 Open Journal of Applied Sciences 
 

cies, which belong to the Naja genus including one species reported in Saudi 
Arabia, the N. haje arabica [3]. The geographical distribution of the Arabian co-
bra (N. haje arabica) is the southwestern region while W. aegyptia belongs to the 
central, northern, and western regions of Saudi Arabia. However, W. morgani is 
distributed along with the Eastern parts of Saudi Arabia [4] [5] [6] [7] [8]. 

Snakebites represent a neglected health problem worldwide as well as in Saudi 
Arabia  
(https://www.who.int/news-room/fact-sheets/detail/snakebite-envenoming), [9] 
[10] [11]. In a recent review, 1688 snake bite cases were reported in Arab coun-
tries from 1983 to 2010 [12]. W. aegyptia envenomation causes respiratory fail-
ure and muscle paralysis in mice and humans, followed by rapid death when le-
thal doses of the venom are injected [12] [13] [14]. To the best of our knowledge, 
only two previous studies on phylogenetic analysis (using venom and/or 16S and 
12S rRNA mitochondrial genes) of Walterinnesia and Naja snake species sam-
ples collected from across Saudi Arabia [15] [16]. Therefore, the present study 
aimed to determine the phylogenetic relationships in Walterinnesia and Naja 
species in Saudi Arabia using the mitochondrial 16S and 12S rRNA gene se-
quences. 

2. Materials and Methods 
2.1. Materials 

Two samples of W. aegyptia were collected from Hail, Saudi Arabia, and identi-
fied morphologically according to Egan [17] and Alshammari and Ibrahim [6] 
(Figure 1 and Table 1). 

2.2. Methods 
2.2.1. DNA Extraction, Amplification, and Sequencing 
DNA was extracted using the Axy Prep Blood Genomic DNA Miniprep kit 
(Axygen Biosciences, USA), amplified, and sequenced for the 12S and 16S rRNA 
genes as described by Alshammari [18]. The obtained sequences were analyzed 
and submitted to GenBank (Table 1). Additional sequences of W. aegyptia from 
Saudi Arabia and Egypt, as well as available data sequences for other species of 
genus Walterinnesia from Saudi Arabia (Table 1) were downloaded from Gen-
Bank. Additional sequences of other genera were retrieved from GenBank to in-
vestigate the phylogenetic relationships of Walterinnesia within Elapidae. Ther-
mophis baileyi [19] was used as an outgroup. 

2.2.2. Phylogenetic Analyses 
Finch TV 1.4.0 was used to screen and analyze the sequences, which were 
aligned using Clustal W [20] in Mega 6 using the default settings [21]. The 
aligned 12S and 16S sequences were concatenated and combined into a single 
alignment using the Mesquite v3.2 software [22], and the nucleotide composi-
tion was calculated. To estimate the sequence divergence for the whole data set, 
genetic distances were calculated using Mega v.6. Phylogenetic analyses were  
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Figure 1. Records and collection records of Walterinnesia sp. in Saudi Arabia and North 
Africa. Sources of records are given in Table 1. 

 
Table 1. Records of Walterinnesia sp. reported over the period from 1930 to 2022 and their accession number submitted to Gen-
Bank (from Saudi Arabia) (HUM = Ha’il University Museum). 

No. Species Location Coordinates 12S 16S MC1R References 

1 W. aegyptia Al-Quwayiah 
24˚03'N 
45˚15'E 

- - - 

[38] 

2 W. aegyptia Ayan Dar 
25˚59'N 
49˚23'E 

- - - 

3 W. aegyptia AlMishab 
28˚12'N 
48˚37'E 

- - - 

4 W. aegyptia 30 mi. N of Riyadh 
25˚04'N 
46˚45'E 

- - - 

5 W. aegyptia NW of Khaybar 
26˚N 
39˚'E 

- - - 

6 W. aegyptia Thuqbah 
26˚15'N 
50˚09'E 

- - - 

7 W. aegyptia Wadi Qatan 
18˚06'N 
44˚07'E 

-  - 

8 W. aegyptia Jabal as Sinfa 
27˚57'N 
35˚47'E 

- - - 

9 W. aegyptia NE of Hafr AlBatin 
28 3/4˚N 
46 1/4˚E 

- - - 

10 W. aegyptia N of Riyadh 
25˚N 

46 3/4˚E 
- - - 

11 W. aegyptia Durma 
24˚37'N 
46˚08'E 

- - - 

12 W. aegyptia Wadi Amariyyah 
24˚49'N 
46˚28'E 

- - - 

13 W. aegyptia Al Majmaah 
25˚54'N 
45˚21'E 

- - - 
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Continued 

14 W. aegyptia Khurays 
25˚05'N 
48˚02'E 

- - - 

[38] 
15 W. aegyptia Ar Riyadh 

24˚38'N 
46˚43'E 

- - - 

16 W. aegyptia Al Huwah 
23˚02'N 
45˚48'E 

- - - 

17 W. aegyptia Ar Ruwaydah 
25˚53'N 
45˚09'E 

- - - 

18 W. aegyptia 
Al-Jouf-South 
of Abo Ajram 

29˚47'56"N 
39˚17'16"E 

- - - 
[5] 

19 W. aegyptia 
Al-Jouf-Wadi 

Al-Aqra’a 
30˚47'59"N 
40˚30'16"E 

- - - 

20 W. aegyptia Ha’il-Aja Mountain 
27˚13'35"N 
41˚16'40"E 

- - - [39] 

21 W. aegyptia Al-Hasa - - - - [40] 

22 W. aegyptia Ha’il, Baqa’a 
27˚54'02.5"N 
42˚31'56.9"E 

HQ658416.1 HQ267785 - 
This Study 

23 W. aegyptia Ha’il, Faid 
27˚22'01.1"N 
41˚04'07.7"E 

- - - 

24 W. aegyptia Tabouk-Alqelebah 
28˚22'48"N 
37˚41'39"E 

- - - [41] 

25 W. aegyptia 
Ha’il between Taba 

and Assaba’an 
27˚02'15''N 
42˚01'25''E 

- - - [6] 

26 W. aegyptia Turaif 
31˚58'458"N 
39˚01'918"E 

- - - 

[5] 

27 W. aegyptia Turaif 
31˚42'954"N 
39˚02'424"E 

-  - 

28 W. aegyptia Turaif 
31˚58'603"N 
38˚02'102"E 

- - - 

29 W. aegyptia Turaif 
31˚46'231"N 
38˚55'925" E 

- - - 

30 W. morgani Turaif 
31˚58'603" N 
38˚02'102"E 

- - - 

31 W. aegyptia Ha’il, Faid 
27˚07'21"N 
42˚31'12"E 

- - - 

[8] 32 W. aegyptia Ha’il, Ar-Rawdha 
26˚49'18"N 
41˚38'26"E 

- - - 

33 W. aegyptia Ha’il, Baqa’a 
27˚55'19"N 
42˚34'09"E 

- - - 

34 W. morgani Riyadh - - MW198209.1 - [16] 

35 W. aegyptia Alab 
24˚06'13.08"N 
38˚55'48.13"E 

- - - 

[42] 
36 W. aegyptia Suwaydrah 

24˚43'31.77"N 
40˚08'32.70"E 

- - - 

37 W. aegyptia Wadi khadhrah 
23˚07'26.71"N 
39˚40'24.28"E 

- - - 

38 W. aegyptia Al Ays 
25˚01'49.91"N 
38˚05'21.45"E 

- - - 

https://doi.org/10.4236/ojapps.2022.1210113


A. M. Alshammari et al. 
 

 

DOI: 10.4236/ojapps.2022.1210113 1665 Open Journal of Applied Sciences 
 

Continued 

39 W. aegyptia Hazarah 
24˚17'23.53"N 
39˚14'35.68"E 

- - - 

[42] 

40 W. aegyptia Al Nekhael 
25˚05'55.92"N 
40˚29'34.05"E 

- - - 

41 W. aegyptia Wadi Alkhung 
24˚28'41.64"N 
39˚50'10.77"E 

- - - 

42 W. aegyptia Wadi Reem 
24˚10'13.58"N 
39˚19'50.03"E 

- - - 

43 W. aegyptia Far’a Alradadi 
24˚18'04.20"N 
39˚10'08.18"E 

- -- - 

44 W. aegyptia Ha’il, Hofair 
27˚38'18.6"N 
41˚13'13.9"E 

- - - 
Alshammari and 

Aloufi 2021 
(HUM) 

45 W. aegyptia Riyadh - - MZ520322.1 - 

[43] 46 W. aegyptia 
Egypt 
Sinai 

- - MZ520323 MZ520319.1 

47 W. aegyptia Riyadh - - - MZ520318.1 

48 W. morgani Riyadh - MW198201.1 - - [16] 

49 W. aegyptia Ha’il, Jetheathah 
27˚42'33.8"N 
42˚37'36.5"E 

- - - 
Alshammari and 

Aloufi 2022 
(HUM) 

50 W. aegyptia North Border-Ar’ar 
31˚04'57"N 
41˚09'50"E 

- - - 

[44] 51 W. aegyptia North Border-Ar’ar 
31˚00'40"N 
40˚59'09"E 

- - - 

52 W. aegyptia North Border-Ar’ar 
31˚37'25"N 
40˚46'47"E 

- - - 

53 W. aegyptia - - U96807.1 -  [45] 

 
performed on the combined data set (n = 19), as well as separate analyses on the 
individual gene was performed to determine the signal in the individual gene. 
The maximum parsimony (MP) and neighbor-joining (NJ) analyses were per-
formed with Paup v.4 [23] with heuristic searches using stepwise addition fol-
lowed by tree bisection reconnection (TBR) branch swapping [24]. In all align-
ments, gaps were treated as missing characters. Confidence within the nodes was 
evaluated using 1000 bootstrap replicates [25] [26] with random addition of 
taxa. MrModeltest 2.3 [27] was used to select the best-fit models of nucleotide 
evolution supported by Akaike information criterion (AIC) [28]. The geographic 
structure was inferred using Bayesian inference (BI) implemented with MrBayes 
3.1.2 [29]. Analyses were run for one million generations and the output para-
meters were visualized to determine stationarity and convergence using Tracer 
1.4 [30]. 

3. Results 

Across all combined sequences, there were 799 aligned nucleotides. Of these, 655 
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bases (80.9%) were constant; 144 (18.0%) were variable, and 89 (12.2%) were 
parsimony informative. Within the 799 bp, 141 polymorphic segregating sites 
were detected. Divergence among Walterinnesia and different Elapidae related 
taxa ranged from 0 to 0.06 (Table 2). For the 16S rRNA fragment, there were 
468 aligned sites, of which 323 (69.0%) bases were constant, 142 (30.3%) bases 
were variable, and 111 (23.7%) were parsimony informative. The mean values of 
T, C, A, and G within the sequence data were 23.6%, 23.6%, 34.1%, and 18.7%, 
respectively. Within the 468 bp, 31 polymorphic segregating sites were detected. 
The sequence divergences among Walterinnesia and Elapidae related taxa li-
neages ranged from 0.05 to 0.05 as represented in Table 2. For the 12S rRNA 
fragment, there were 390 aligned sites, of which 258 (66.1%) bases were con-
stant, 123 (31.5%) bases were variable, and 97 (24.8%) were parsimony informa-
tive. Within the 413 bp, 30 polymorphic segregating sites were detected. The 
mean values of T, C, A, and G within the sequence data were 19.8%, 25.0%, 
36.9%, and 18.3%, respectively. Within the 390 bp, 26 polymorphic segregating 
sites were detected. The sequence divergences among Walterinnesia and Naja sp. 
lineages ranged from 0.00 to 0.07 as shown in Figure 2-4 and Table 2. The tree 
topologies were improved based on the 12 S rRNA and 16 S rRNA data sets. The 
NJ and MP analyses were comparable in defining two main clades. The first 
clade includes all taxa that belonged to the family Colubridae. Another clade 
encompassed all taxa belonging to the family Elapidae. In addition, the phyloge-
netic analysis revealed the monophyletic status of the genus Walterinnesia based 
on the 12s rRNA gene and the paraphyletic status between the genus Walterin-
nesia and Naja. 

4. Discussion 

The Saudi Arabia landscape has an extremely diverse topographic and biocli-
matic profile resulting in the development of numerous habitats of diverse fauna 
and flora that is a blend of Indomalayan, Palearctic, and Ethiopian species [31] 
[32]. 

W. aegyptia, is known as the desert black snake or desert cobra. This species’ 
geographical distribution includes northern and southern Saudi Arabia, south-
ern Israel, western Jordan, and possibly Lebanon [5] [33]. Our data showed a 
generally well-supported phylogenetic hypothesis for the Walterinnesia and dif-
ferent Elapidae snake species across Saudi Arabia. This provides the raw material 
for a discussion of the evolution of spitting in cobras and long-standing tax-
onomic issues. Phylogenetic analysis using 16 S and 12 S mtDNA gene sequences 
has produced distinctive clades for Walterinnesia and Naja snake species. 

The phylogenetic analyses (NJ, MP and PI) weakly support the monophyly of 
the genus Walterinnesia, based on two combined genes representing different 
species of Elapidae taxa (Figures 2-4). When analyzed separately, the 12S rRNA 
and 16s rRNA genes support the monophyly of Walterinnesia, Naja, and Aspi-
delaps. However, the 16S rRNA gene showed a sister relationship between Wal-
terinnesia and Aspidelaps (Supplemental material Figure 1, Figure 2). Wüster  
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Table 2. Uncorrected pairwise distances among Walterinnesia samples based on concatenated mitochondrial 12S rRNA and 16S 
rRNA sequences. Standard error estimates are shown above the diagonal. SA = Saudi Arabia. 

Species 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
1) Walterinnesia_aegyptia 
SA                   

2) Walterinnesia_morgani 
SA 0.00 

                 
3) Naja_haje 0.05 0.05 

                
4) Naja_kaouthia 0.04 0.05 0.04 

               
5) Naja_sumatrana 0.05 0.05 0.05 0.02 

              
6) Naja_annulifera 0.05 0.05 0.01 0.04 0.05 

             
7) Naja_haje_arabica 0.05 0.05 0.00 0.04 0.05 0.01 

            
8) Naja_pallida 0.05 0.05 0.03 0.04 0.04 0.03 0.03 

           
9) Naja_melanoleuca 0.05 0.05 0.03 0.04 0.04 0.03 0.03 0.03 

          
10) Naja_siamensis 0.05 0.06 0.05 0.03 0.02 0.05 0.05 0.05 0.04 

         
11) Naja_mossambica 0.05 0.05 0.04 0.04 0.05 0.04 0.04 0.04 0.03 0.05 

        
12) Sinomicrurus_kelloggi 0.06 0.06 0.07 0.06 0.06 0.07 0.07 0.06 0.06 0.07 0.06 

       
13) Naja_katiensis 0.05 0.05 0.03 0.04 0.04 0.04 0.04 0.03 0.03 0.05 0.02 0.06 

      
14) Naja_ashei 0.05 0.05 0.04 0.05 0.05 0.04 0.04 0.04 0.03 0.05 0.01 0.07 0.02 

     
15) Boulengerina_annulata 0.06 0.06 0.06 0.06 0.06 0.05 0.06 0.05 0.05 0.07 0.05 0.06 0.05 0.05 

    
16) Naja_atra 0.05 0.05 0.05 0.01 0.02 0.05 0.05 0.04 0.03 0.02 0.05 0.06 0.04 0.05 0.06 

   
17) Ophiophagus_hannah 0.06 0.06 0.05 0.06 0.06 0.06 0.05 0.05 0.05 0.07 0.06 0.06 0.06 0.06 0.06 0.06 

  
18) Sinomicrurus_peinani 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.04 0.06 0.07 0.07 0.06 0.07 

 
19) Thermophis_baileyi 
(Outgroup) 

0.07 0.08 0.08 0.07 0.08 0.07 0.08 0.07 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.07 0.08 0.08 

 

 
Figure 2. Maximum parsimony phylogenetic tree of the Walterinnesia species and Elapidae 
related taxa based on the concatenated mitochondrial 12S rRNA and 16S rRNA sequences. 
The number above the branches indicates bootstrap values. 
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Figure 3. Neighbor-Joining phylogenetic tree of the Walterinnesia species and Elapidae re-
lated taxa based on the concatenated mitochondrial 12S rRNA and 16S rRNA sequences. 
The number above the branches indicates distance values. 
 
et al. [34] confirmed the strongly supported monophyletic relationship between 
the core cobra clade, which includes Aspidelaps, Boulengerina, Hemachatus, 
Naja, Paranaja, and Walterinnesia. In addition, the two genera Walterinnesia 
and Aspidelaps formed two basal lineages to the other members of the cobra 
clade. However, the sister–group affinities between the above genuses remained 
uncertain [34] [35] [36] [37]. Our data strongly support the sister relationship 
between Walterinnesia and Aspidelaps based on the 16S and 12S rRNA genes. 

Within the Walterinnesia, there is a strong support for the sister relationship 
between W. aegyptia and W. morgani based on 16S rRNA and 12S rRNA genes. 
The two species are closely similar and are related in their external morphology. 
W. morgani can be distinguished from W. aegyptia by its lower number of sub-
caudal and ventral scales in both sexes; a lower number of united subcaudals in 
females, by having a juvenile pattern of reddish crossbars on the back, and lower 
average ventral and subcaudal scale counts [4]. This information was originally 
described as W. aegyptia [1] from Egypt, or as N. morgani [2] or Atractaspis 
wilsoni [19] from Iran and they have appeared in the literature over time. Sub-
sequently, the eastern populations represent a different species, W. morgani [4].  
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Figure 4. Bayesian inference tree of the Walterinnesia species and Elapidae related taxa based on the concatenated mitochondrial 
12S rRNA and 16S rRNA sequences. The number above the branches indicates bootstrap values. 

5. Conclusion 

Our molecular data showed that W. morgani from Riyadh, Saudi Arabia, is 
nearly genetically identical (D = 0) to W. aegyptia from Ha’il and Ryiadh, Saudi 
Arabia, and Sinai, Egypt. As a result, it is certain that the samples identified as 
W. morgani from Riyadh, Saudi Arabia [16] are conspecific with W. aegyptia. 
Additional research based on more data and thorough morphological and ge-
netic analysis is needed. 

Acknowledgments 

I would like to thank Dr. Ali Al-Odaib, Dr. Brian Meyer, Dr. Dorota Monies, 
and Mr. Mohamed Rajab (King Faisal Specialist Hospital & Research Centre, 
Riyadh, Kingdom of Saudi Arabia) for their assistance in providing the se-
quencing services. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Lataste, F. (1887) Description d’un nouveau genre et d’une nouvelle espéce 

https://doi.org/10.4236/ojapps.2022.1210113


A. M. Alshammari et al. 
 

 

DOI: 10.4236/ojapps.2022.1210113 1670 Open Journal of Applied Sciences 
 

d’ophidien protéroglyphe. Le Naturaliste, 9, 411-413. 

[2] Mocquard, M.F. (1905) Diagnoses de quelques espèces nouvelles de reptiles. 
Bulletin du Museum National d’Histoire Naturelle. Paris, 11, 76-79 

[3] Scortecci, G. (1932) Rettili dello Yemen. Atti soc. Italiana di Scienze Naturali, 71, 
39-49. 

[4] Nilson, G. and Rastegar-Pouyani, N. (2007) Walterinnesia aegyptia Lataste, 1887 
(Ophidia: Elapidae) and the Status of Naga morgani Mocquard, 1905. Russian 
Journal of Herpetology, 14, 7-14. 

[5] Al-Sadoon, M.K., Paray, B.A. and Al-Otaibi, H. (2017) Survey of the Reptilian Fau-
na of the Kingdom of Saudi Arabia. VI. The Snake Fauna of Turaif Region. Saudi 
Journal of Biological Sciences, 24, 925-928.  
https://doi.org/10.1016/j.sjbs.2017.02.007  

[6] Alshammari, A.M. and Ibrahim, A.A. (2015) Lizards and Snakes in the Historical 
Faid Protected Area (Faid Hema), Ha’il Region, Saudi Arabia. Herpetological Con-
servation and Biology, 10, 1021-1029. 

[7] Alshammari, A.M., Busais, S.M. and Ibrahim, A.A. (2017) Snakes in the Province of 
Ha’il, Kingdom of Saudi Arabia, Including Two New Records. Herpetozoa, 30, 
59-63. 

[8] Alshammari, A.M. and Busais, S.M. (2020) Distribution of Snakes in Ha’il Province, 
Saudi Arabia Arabia, with an Identification Key to the Species. Russian Journal of 
Herpetology, 27, 5-10. https://doi.org/10.30906/1026-2296-2020-27-1-5-10  

[9] Gouda, A.S.E., Al Balwi, B.S., Alanazi, F.I., Alanazi, S.T. and Al-Enezi, K.A. (2019) 
Snakebite in Saudi Arabia: A Public Health Risk Needs to Be Re-Visited. The Saudi 
Journal of Forensic Medicine and Sciences, 2, 21-27. 

[10] Williams, D.J., Faiz, M.A., Abela-Ridder, B., Ainsworth, S., Bulfone, T.C., Nicker-
son, A.D., Habib, A.G., Junghanss, T., Fan, H.W., Turner, M. and Harrison, R.A. 
(2019) Strategy for a Globally Coordinated Response to a Priority Neglected Tropi-
cal Disease: Snakebite Envenoming. PLOS Neglected Tropical Diseases, 13, 
e0007059. https://doi.org/10.1371/journal.pntd.0007059  

[11] Al-Sadoon, M.K., Fahad Albeshr, M., Ahamad Paray, B. and Rahman Al-Mfarij, A. 
(2021) Envenomation and the Bite Rate by Venomous Snakes in the Kingdom of 
Saudi Arabia over the Period 2015-2018. Saudi Journal of Biological Sciences, 28, 
582-586. https://doi.org/10.1016/j.sjbs.2020.10.046  

[12] Amr, Z.S., Baker, M.M.A. and Warrell, D.A. (2020) Terrestrial Venomous Snakes 
and Snakebites in the Arab Countries of the Middle East. Toxicon, 177, 1-15.  
https://doi.org/10.1016/j.toxicon.2020.01.012  

[13] Amr, Z.S. and Disi, A.M. (2011) Systematics, Distribution and Ecology of the 
Snakes of Jordan. Vertebrate Zoology, 61, 179-266. 

[14] Sindaco, R., Venchi, A. and Grieco, C. (2013) The Reptiles of the Western Palearc-
tic, Volume 2: Annotated Checklist and Distributional Atlas of the Snakes of Eu-
rope, North Africa, Middle East and Central Asia, with an Update to Volume 1. 
Edizioni Belvedere, Latin. 

[15] Al Asmari, A., Manthiri, R.A. and Khan, H.A. (2014) Identification and Phylogeny 
of Arabian Snakes: Comparison of Venom Chromatographic Profiles versus 16S 
rRNA Gene Sequences. Saudi Journal of Biological Sciences, 21, 436-441.  
https://doi.org/10.1016/j.sjbs.2014.05.002  

[16] Šmíd, J., Sindaco, R., Shobrak, M., Busais, S., Tamar, K., Aghová, T., Simó-Riudalbas, 
M., Tarroso, P., Geniez, P., Crochet, P.A. and Els, J. (2021) Diversity Patterns and 

https://doi.org/10.4236/ojapps.2022.1210113
https://doi.org/10.1016/j.sjbs.2017.02.007
https://doi.org/10.30906/1026-2296-2020-27-1-5-10
https://doi.org/10.1371/journal.pntd.0007059
https://doi.org/10.1016/j.sjbs.2020.10.046
https://doi.org/10.1016/j.toxicon.2020.01.012
https://doi.org/10.1016/j.sjbs.2014.05.002


A. M. Alshammari et al. 
 

 

DOI: 10.4236/ojapps.2022.1210113 1671 Open Journal of Applied Sciences 
 

Evolutionary History of Arabian Squamates. Journal of Biogeography, 48, 1183-1199.  
https://doi.org/10.1111/jbi.14070  

[17] Egan, D. (2007) Snakes of Arabia: A Field Guide to the Snakes of the Arabian Pe-
ninsula and Its Shores. Motivate Publishing, Dubai. 

[18] Alshammari, A.M. (2011) Molecular Phylogeny of Viperidae Family from Different 
Provinces in Saudi Arabia. International Journal of Biology, 3, 56-63.  
https://doi.org/10.5539/ijb.v3n4p56  

[19] Wall, F. (1907) Some New Asian Snakes. Journal of the Bombay Natural History 
Society, 17, 612-618. 

[20] Thompson, J.D., Higgins, D.G. and Gibson, T.J. (1994) CLUSTAL W: Improving 
the Sensitivity of Progressive Multiple Sequence Alignment through Sequence 
Weighting, Position-Specific Gap Penalties and Weight Matrix Choice. Nucleic 
Acids Research, 22, 4673-4680. https://doi.org/10.1093/nar/22.22.4673  

[21] Tamura, K., Stecher, G., Peterson, D., Filipski, A. and Kumar, S. (2013) MEGA6: 
Molecular Evolutionary Genetics Analyses Version 6.0. Molecular Phylogenetics 
and Evolution, 30, 2725-2729. https://doi.org/10.1093/molbev/mst197  

[22] Maddison, W. and Maddison, D.R. (2019) Mesquite: A Modular System for 
Evolutionary Analysis. Version: 3.61.  

[23] Swofford, D.L. (2001) Phylogenetic Analysis Using Parsimony (* and Other Me-
thods). Version 4.06b. Sinauer Associates, Sunderland, Massachusetts. 

[24] Swofford, D.L., Olsen, G.J., Waddell, P.J. and Hillis, D.M. (1996) Phylogenetic Infe-
rence. In: Hillis, D.M., Moritz, C., Mable, B.K., Eds., Molecular Systematic, Sinauer 
Associates, Sunderland, 407-510. 

[25] Felsenstein, J. (2002) Bootstraps and Testing Trees. Transition, 5, 20. 

[26] Ray, D., Mohandass, S.N. and Roy, P. (2014) Molecular Phylogeny of Arctic 
Microbes Using Metagenomic Approach. Advances in Microbiology, 4, 1278-1284.  
https://doi.org/10.4236/aim.2014.416137  

[27] Nylander, J.A., Ronquist, F., Huelsenbeck, J.P. and Nieves-Aldrey, J. (2004) Bayesian 
Phylogenetic Analysis of Combined Data. Systematic Biology, 53, 47-67.  
https://doi.org/10.1080/10635150490264699  

[28] Akaike, H. (1998) Information Theory and an Extension of the Maximum Likelih-
ood Principle. In: Selected Papers of Hirotugu Akaike (pp. 199-213), Springer, New 
York, NY. 

[29] Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D.L., Darling, A., Höhna, S., 
Larget, B., Liu, L., Suchard, M.A. and Huelsenbeck, J.P. (2012) MrBayes 3.2: 
Efficient Bayesian Phylogenetic Inference and Model Choice Across a Large Model 
Space. Systematic Biology, 61, 539-542. https://doi.org/10.1093/sysbio/sys029  

[30] Rambaut, A. and Drummond, A.J. (2007) Tracer v1. 4: MCMC Trace Analyses 
Tool. http://tree.bio.ed.ac.uk/software/tracer 

[31] Addas, A. and Rishbeth, C. (2018) The Transnational Gulf City: Saudi and Migrant 
Values of Public Open Spaces in Jeddah. Landscape Research, 43, 939-951.  
https://doi.org/10.1080/01426397.2018.1427709  

[32] Sobaihi, M.M. (2019) Mapping the History of Landscape Architecture Programmes 
in Saudi Arabia. ECLAS and UNISCAPE Annual Conference, Ås, 16-17 September 
2019, 120. 

[33] Aloufi, A.A., Amr, Z.S., Abu Baker, M.A. and Hamidan, N. (2019) Diversity and 
Conservation of Terrestrial, Freshwater, and Marine Reptiles and Amphibians in 
Saudi Arabia. Amphibian and Reptile Conservation, 13, 181-202. 

https://doi.org/10.4236/ojapps.2022.1210113
https://doi.org/10.1111/jbi.14070
https://doi.org/10.5539/ijb.v3n4p56
https://doi.org/10.1093/nar/22.22.4673
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.4236/aim.2014.416137
https://doi.org/10.1080/10635150490264699
https://doi.org/10.1093/sysbio/sys029
http://tree.bio.ed.ac.uk/software/tracer
https://doi.org/10.1080/01426397.2018.1427709


A. M. Alshammari et al. 
 

 

DOI: 10.4236/ojapps.2022.1210113 1672 Open Journal of Applied Sciences 
 

[34] Wüster, W., Crookes, S., Ineich, I., Mané, Y., Pook, C.E., Trape, J.F. and Broadley, 
D.G. (2007) The Phylogeny of Cobras Inferred from Mitochondrial DNA Se-
quences: Evolution of Venom Spitting and the Phylogeography of the African Spit-
ting Cobras (Serpentes: Elapidae: Naja nigricollis Complex). Molecular Phylogenet-
ics and Evolution, 45, 437-453. https://doi.org/10.1016/j.ympev.2007.07.021  

[35] Zaher, H., Murphy, R.W., Arredondo, J.C., Graboski, R., Machado-Filho, P.R., 
Mahlow, K., Montingelli, G.G., Quadros, A.B., Orlov, N.L., Wilkinson, M. and Zhang, 
Y.P. (2019) Large-Scale Molecular Phylogeny, Morphology, Divergence-Time Esti- 
mation, and the Fossil Record of Advanced Caenophidian Snakes (Squamata: 
Serpentes). PLOS ONE, 14, e0216148.  
https://doi.org/10.1371/journal.pone.0216148  

[36] Kelly, C.M., Barker, N.P., Villet, M.H. and Broadley, D.G. (2009) Phylogeny, 
Biogeography and Classification of the Snake Superfamily Elapoidea: A Rapid 
Radiation in the Late Eocene. Cladistics, 25, 38-63.  
https://doi.org/10.1111/j.1096-0031.2008.00237.x  

[37] Pyron, R.A., Burbrink, F.T. and Wiens, J.J. (2013) A Phylogeny and Revised 
Classification of Squamata, Including 4161 Species of Lizards and Snakes. BMC 
Evolutionary Biology, 13, Article No. 93. https://doi.org/10.1186/1471-2148-13-93  

[38] Gasperetti, J. (1988) Snakes of Arabia. Fauna of Saudi Arabia, 9, 169-450. 

[39] Sharawy, S.M. and Alshammari, A.M. (2009) Checklist of Poisonous Plants and 
Animals in Aja Mountain, Ha’il Region, Saudi Arabia. Australian Journal of Basic 
and Applied Sciences, 3, 2217-2225. 

[40] Al-Sadoon, M.K. (2010) Survey of the Reptilian Fauna of the Kingdom of Saudi 
Arabia IV. The Lizards, Snakes and Amphisbaenian Fauna of Al-Hassa Region. 
Journal of the Egyptian-German Society of Zoology B, 61, 59-85. 

[41] Aloufi, A.A. and Amr, Z.S. (2015) On the Herpetofauna of the Province of Tabuk, 
Northwest Saudi Arabia. Herpetozoa, 27, 147-158. 

[42] Aloufi, A.A., Amr, Z.S. and Abu Baker, M.A. (2021) Reptiles and Amphibians of Al 
Madinah Al Munawwarah Province, Saudi Arabia. Russian Journal of Herpetology, 
28, 123-137. https://doi.org/10.30906/1026-2296-2021-28-3-123-137  

[43] Calvete, J.J., Pla, D., Els, J., Carranza, S., Damm, M., Hempel, B.F., Encinar, J.R. 
(2021) Combined Molecular and Elemental Mass Spectrometry Approaches for 
Absolute Quantification of Proteomes: Application to the Venomics Characteriza-
tion of the Two Species of Desert Black Cobras, Walterinnesia aegyptia and Walte-
rinnesia morgani. Journal of Proteome Research, 20, 5064-5078.  
https://doi.org/10.1021/acs.jproteome.1c00608  

[44] Alshammari AM. (2022) Four New Records of Snake Species in Ar’ar Region, 
Northern Border of Saudi Arabi. Jordan Journal of Natural History, 9, 41-48. 

[45] Slowinski, J.B., Knight, A. and Rooney, A.P. (1997) Inferring Species Trees from 
Gene Trees: A Phylogenetic Analysis of the Elapidae (Serpentes) Based on the 
Amino Acid Sequences of Venom Proteins. Molecular Phylogenetics and Evolution, 
8, 349-362. https://doi.org/10.1006/mpev.1997.0434 

 
 

https://doi.org/10.4236/ojapps.2022.1210113
https://doi.org/10.1016/j.ympev.2007.07.021
https://doi.org/10.1371/journal.pone.0216148
https://doi.org/10.1111/j.1096-0031.2008.00237.x
https://doi.org/10.1186/1471-2148-13-93
https://doi.org/10.30906/1026-2296-2021-28-3-123-137
https://doi.org/10.1021/acs.jproteome.1c00608
https://doi.org/10.1006/mpev.1997.0434

	Molecular Phylogeny of Walterinnesia aegyptia (Reptilia, Elapidae) Isolated from Ha’il Province, Saudi Arabia
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Materials
	2.2. Methods
	2.2.1. DNA Extraction, Amplification, and Sequencing
	2.2.2. Phylogenetic Analyses


	3. Results
	4. Discussion
	5. Conclusion
	Acknowledgments
	Conflicts of Interest
	References

