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Abstract 
The complete sequence of 16S rRNA gene for 54 diverse vertebrate taxa, in the present study, was 

collected from the Genbank database and they were manually aligned. From the resulted alignment, the 
conserved regions were searched and new conserved universal primers were designed. The reliability of 
these primers was tested and confirmed by amplifying and sequencing the targeted gene for taxa that are 
belonging to diverse vertebrate classes. This method helped in establishing a new set of primers to 
accelerate both the amplification and the sequencing of vertebrate mitogenomes. It also aids in building 
molecular markers for studying the genetic framework of different vertebrate taxa as a preliminary 
strategy for their biodiversity. 
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1. Introduction
The ability to rapidly assess vertebrate biodiversity without identifying formal 

taxonomic names for all samples is urgent. Approximately 1500 vertebrate mitochondrial 
genomes have been sequenced and deposited in the Genbank database right now. However, 
the species that comprise the majority of vertebrate biodiversity are huge and most of which 
are difficult to sample individually. For these reasons, the availability of second-generation 
sequencing methods has the potential to transform the ability to assess vertebrate biodiversity 
via metagenomic and/or metagenetic approaches (MACHIDA & al. [1]). Using 16S rRNA 
gene, many investigators have targeted microbes and protozoans (SOGIN & al. [2]; 
AMARAL-ZETTLER & al. [3]; PAWLOWSKI & al. [4]) and other studies have been 
conducted for higher animals (MACHIDA & al. [1]; CREER & al. [5]; FONSECA & al. [6]). 
It is well-known for microbes that the 16S ribosomal DNA is the appropriate molecular 
marker, while the situation for metazoan molecular studies is less clear, in spite of the 
applicability of cytochrome oxidase (CO1) as barcoding gene (HEBERT & al. [7]; 
SCHINDEL & al. [8]; LUO & al. [9]; YU & al. [10]).  
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Finding a single set of primers capable of amplifying most vertebrates has been 
challenging. Ribosomal RNA (rRNA) genes, including 4 nuclear rRNA genes and 2 
mitochondrial rRNA genes, are some of the most widely used genetic markers for such analyses 
(WANG & al. [11]). The mitochondrial rRNA genes, including 12S and 16S, acquire much 
more rapid changes than the nuclear rRNA genes. Because of such changes, rRNA sequences 
have been used to infer relationships across a very broad spectrum, from studies among the 
infra-orders to relationships among closely related species and populations (HILLIS and 
DIXON [12]). Of the rRNA genes, 12S mitochondrial rRNA has been widely used to study the 
relationships among different levels of taxa such as families (ALVES-GOMES & al. [13]; 
DOUZERY and CATZEFLIS [14]; LEDJE and ARNASON [15]), genera (GATESY & al. 
[16]; MURPHY and COLLIER [17]) and species (HALANYCH and ROBINSON [18]).  

Because of the broad spectrum of analyses of 16S rRNA, especially in vertebrates, 
using PCR to amplify the complete region of this gene for further analyses is very useful. 
Some investigators applied the same idea in amplifying and sequencing the entire 
mitochondrial genomes for some vertebrate groups such as reptiles (KUMAZAWA and 
ENDO [19]) and birds (SORENSON [20]; AMER & al. [21]). In the present study, newly 
developed pair of primers that target the mitochondrial 16S ribosomal DNA sequence of 
many vertebrates have been presented. 

 
 

2. Materials and Methods 
A total of 54 complete mitochondrial genome sequences were downloaded from 

GenBank from each taxonomic level ‘‘class’’ within vertebrates. Scientific names, taxonomy 
and accession numbers of the mitogenome sequences of these taxa are listed in Table 1. The 
sequences of the mitochondrial 16S ribosomal DNA gene were excised from these genomes 
using DNASIS program. Careful manual alignment was performed using MacClade 4.0.8a 
(MADDISON and MADDISON [22]). The conserved regions other than those used by PALUMBI 
& al. [23] and KUMAZAWA and ENDO [19] were identified. Target regions for the primers 
were searched for based on three criteria (MACHIDA & al. [1]) which are complete match, one 
mismatch and two or more mismatches. These conserved regions used to design the new 
primers were approximately at 100 bp (for the forward primer) and 1100 bp (for the reverse 
primers) from the beginning of the aligned data. Samples that are belonging to different 
vertebrate classes were collected. Mammalian samples were two individuals from Arabian 
camel, one human, one from goat and two from horse. From birds, one dove and one ostrich 
were collected. Two Uromastyx ornata (reptiles), two Bufo arabicus (Amphibia) and one fish 
Oreochromis niloticus were also collected.  Blood samples were taken from these animals, 
labeled and stored at -80 °C until further use. Mitochondrial DNA extraction, PCR experiments, 
product purification and DNA sequencing were conducted as described by AMER & al. [21]. 

 
Table 1. The selected vertebrate taxa with their taxonomy and accession numbers for which their 16S rDNA 

genes were taken from the Genbank database and aligned manually for designing new primers. 
 

Scientific Name Classification Accession No. 

Mus musculus Mammalia, Rodentia, Muridae J01420 

Rattus norvegicus Mammalia, Rodentia, Muridae X14848 

Homo sapiens Mammalia, Primates, Hominidae J01415 

Bos taurus Mammalia, Artiodactyla, Bovidae J01394 
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Balaenoptera physalus Mammalia, Cetacea, Balaenopteridae X61145 

Didelphis virginiana Mammalia, Didelphimorphia, Didelphidae Z29573 

Ornithorhynchus anatinus Mammalia, Ornithorhynchidae X83427 

Gallus gallus Aves, Galliformes, Phasianidae X52392 

Aythya americana Aves, Anseriformes, Anatidae AF090337 

Falco peregrinus Aves, Falconiformes, Falconidae AF090338 

Struthio camelus Aves, Struthioniformes, Struthionidae Y12025 

Rhea americana Aves, Rheiformes, Rheidae Y16884 

Vidua chalybeata Aves, Passeriformes, Estrildidae AF090341 

Smithornis sharpei Aves, Passeriformes, Eurylaimidae AF090340 

Corvus frugilegus Aves, Passeriformes, Corvidae Y18522 

Alligator mississippiensis Reptilia, Crocodylia, Alligatoridae Y13113 

Caiman crocodilus Reptilia, Crocodylia, Alligatoridae AJ404872 

Uromastyx benti Reptilia, Squamata, Agamidae AB114447 

Pogona vitticeps Reptilia, Squamata, Agamidae AB166795 

Calotes versicolor Reptilia, Squamata, Agamidae AB183287 

Iguana iguana Reptilia, Squamata, Iguanidae AJ278511 

Sceloporus occidentalis Reptilia, Squamata, Iguanidae AB079242 

Gekko vittatus Reptilia, Squamata, Gekkonidae AB178897 

Coleonyx variegatus Reptilia, Squamata, Eublepharidae AB114446 

Takydromus tachydromoides Reptilia, Squamata, Lacertidae AB080237 

Eumeces egregius lividus Reptilia, Squamata, Scincidae AB016606 

Cordylus warreni regius Reptilia, Squamata, Cordylidae AB079613 

Shinisaurus crocodilurus Reptilia, Squamata, Xenosauridae AB080274 

Abronia graminea Reptilia, Squamata, Anguidae AB080273 

Varanus komodoensis Reptilia, Squamata, Varanidae AB080276 

Varanus niloticus Reptilia, Squamata, Varanidae AB185327 

Holoderma suspectum Reptilia, Squamata, Helodermidae AB167711 

Geocalamus acutus Reptilia, Squamata, Amphisbaenidae AB162909 

Leptotyphlops dulcis Reptilia, Squamata, Leptotyphlopidae AB079597 

Dinodon semicarinatus Reptilia, Squamata, Colubridae AB008539 

Ovophis okinavensis Reptilia, Squamata, Viperidae AB175670 

Acrochordus granulatus Reptilia, Squamata, Acrochordidae AB177879 

Cylindrophis ruffus Reptilia, Squamata, Cylindrophiidae AB179619 

Xenopeltis unicolor Reptilia, Squamata, Xenopeltidae AB179620 

Boa constrictor Reptilia, Squamata, Boidae AB177354 

Python regius Reptilia, Squamata, Pythonidae AB177878 

Chelonia mydas Reptilia, Testudines, Chelonidae AB012104 

Chrysemys picta Reptilia, Testudines, Emydidae AF069423 

Pelomedusa subrufa Reptilia, Testudines, Pelomedusidae AF039066 

Xenopus laevis Amphibia, Anura, Pipidae M10217 

Typhlonectes natans Amphibia, Gymnophiona, Typhlonectidae AF154051 

Protopterus dolloi Osteichthyes , Protopteridae L42813 

Latimeria chalumnae Osteichthyes, Latimeriidae U82228 

Polypterus ornatipinnis Osteichthyes, Polypteridae U62532 

Cyprinus carpio Osteichthyes, Cyprinidae X61010 

Crossostoma lacustre Osteichthyes, Homalopteridae M91245 

Oncorhynchus mykiss Osteichthyes, Salmoniformes, Salmonidae L29771 

Gadus morhua Osteichthyes, Gadiformes, Gadidae X99772 
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In the PCR experiments, pairs of primers were used with annealing at a corresponding 
specific temperature listed in Table 2 at the same conditions explained by the previous 
authors. 

 
Table 2. Primers designed and used for PCR amplification and sequencing of the 16S rRNA mitochondrial gene. 

Y refers to mixed bases of C and T while R denotes A and G. Annealing temperature refers to that of the 
conducted PCR to obtain the amplified fragments. 

Primer 
name 

Sequence (5` -3`) 
Annealing 

temperature (°C) 
Product size (bp) 

16S-4L AGTACCGYAAGGGAAA 48  
16S-6H GCTACCTTTGCACGGTTA 52 800 - 1000 
16S-7H GGRTACCGCGGCCGTT 55  
16S-3H CCTGATCCAACATCGAGGTCGTAA 56  

 
 

3. Results and conclusion 
Three mitochondrial genes represented good candidates for vertebrate molecular 

biodiversity: the cytochrome oxidase subunit 1 protein-coding gene (CO1), 12S and 16S 
ribosomal DNA genes. The priority of the choice of a target gene depends mainly on the 
number of available sequences in public databases and therefore, the mitochondrial CO1 gene 
followed by the 12S gene have advantages in this regard. These genes exhibit different mode 
of variation per time. The protein-coding genes have higher variation rate compared to the 
two ribosomal mitochondrial genes (MACHIDA and TSUDA [24]; BÖTTGER-SCHNACK 
and MACHIDA [25]). Therefore, it is rather easy to design vertebrate universal primers for 
the ribosomal genes, but their ability to discriminate closely related species is lower. The 16S 
gene thus, has the potential to discriminate congeneric taxa (VAN DER KUYL & al. [26]; LI 
& al. [27]) without missing the potency to amplify a broad array of taxa. Two conserved 
regions were identified and selected and were used to design the new primers (Figure 1).  

 
 

 

 

 

 
 
 

Figure 1. The aligned nucleotide sequences of the newly designed primers for the different vertebrate classes. 
Dotes denote base identity to the first universal sequence. Base degeneracy is indicated as follow: R (A, G), Y 

(C, T) and D (A, G, T). 
 

The expected length of the majority of PCR products using these primers was 
approximately1046 bp. Positive PCR amplifications were obtained from all of the selected 
taxa except for one reptilian species Uromastyx ornata (Figures 2 and 3). To confirm the 
reliability of the amplified products, bands with the expected length were cut out from the gel 
and sequenced for these individuals and clear electropherograms were obtained in most cases 
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1000 bp 

500 bp 

1000 bp 

500 bp 

(data not shown). Table 3 showed the reproducibility of PCR and sequencing results for the 
selected taxa using the designed primers. Reliability of PCR results is determined by factors 
related to the reaction conditions such as annealing temperature, salt concentration, DNA 
concentration and inhibitors contamination. However, the most important factors are related 
to the primer conditions. These conditions are primer specificity, length, melting temperature, 
GC content and the compatibility between the primers and the target region sequences 
(MACHIDA & al. [1]). Some indications of amplification problems are likely in the designed 
primers, most probably, due to the mismatches problem (Figure 1).  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. PCR products for the different studied vertebrate taxa using 16S-4L 

and 16S-6H primers. L refers to forward primer while H refers to reverse primer. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. PCR products for the different studied vertebrate taxa using 16S-4L 
and 16S-7H (A), 16S-4L and 16S-6H (B) and 16S-4L and 16S-3H (C) primers. 
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Table 3. The reliability of primer pairs combinations used in PCR and sequencing. Symbols that refer to the 

PCR and sequencing results are as follows: excellent (*), good (I) and bad (-). Symbols outside parenthesis refer 
to PCR products, while those inside parenthesis refer to sequencing results. The PCR product sizes for all classes 

using any primer pairs were approximately 900 bp. 
 

Primer pairs PCR (sequencing) 
 

Mammals birds reptiles Amphibia fishes insects 

16S-4L & 16S-6H *(*) *(*) *(I) *(-) *(-) *(*) 

16S-4L & 16S-7H *(*) *(*) I(-) I(-) *(*) *(*) 

16S-4L & 16S-3H *(*) *(*) -(-) -(-) *(*) -(-) 

 
 

The most likely explanation of these problems is proposed by BRU & al. [28] that one 
mismatch on the 3′ end of the alignment largely precludes amplification, whereas mismatches 
closer to the 5′ end often have much lesser effects. For reptiles, 90% or more of the species 
have two mismatches for both the forward and reverse primers. Amphibia and fishes showed 
two mismatches in the reverse primers only. These mismatches could be the reasons of weak 
PCR products for these taxa, particularly, in using the reverse primer 16S-6H. Because the 
position of mismatches is known to influence amplification efficacy (BRU & al. [28]), it was 
tested for the selected taxa (Figure 1). In reptiles, the 6th and 8th positions of the primer 16S-
4L, the 9th and 18th positions from 3′ end of the primer 16S-6H, the 14th position of the primer 
16S-7H and the position 23 from 3′ end of the primer 16S-3H showed high tendency of 
mismatches. Among amphibians and fishes, two positions with a comparably low percentage 
of matches was the 9th and the 17th positions from 3′ end of the 16S-6H primer. In Aves, in 
spite of the occurrence of one mismatch in the first position of the primer 16S-4L, the 
amplification was good, most probably, due to that this mismatch is located at the 5′ end. In 
this study, because mismatches were less in the 3′ portion of both target sequences and 
primers, the reverse primers succeeded more for amplifying and sequencing the target 16S 
rDNA gene fragments. Although the newly designed primers herein were successfully used to 
obtain good quality PCR products and sequences for wide vertebrate taxa, double bands were 
shown in the PCR products from many samples. One possible explanation of this could be the 
high degeneracy of the designed primers. Using hot-start taq polymerase (Takara Taq™) 
together with a touchdown PCR thermal profile could minimize yielding of double bands. 
Cutting target length PCR products from agarose gels is also useful to get clear sequences 
from double-banded PCR products. 

It could be concluded that the newly designed primers are efficient in amplifying and 
sequencing the 16S rRNA mitochondrial gene for a wide diversified vertebrate taxa. These 
primers can be help in accelerating the sequencing of the entire vertebrate mitochondrial 
genome which interns aids in constructing the vertebrate genetic framework.  
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